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EDITORIALS 


BY  WAY  OF  INTRODUCTION 

The  first  early  morning  plunge  into  a  Maine  lake  is  ac- 
companied by  an  awful  shiver.  With  the  exercise  of 
continued  swimming  this  sensation  fortunately  changes, 
the  body  adapts  itself  to  the  new  environment,  a  glow 
succeeds  the  shiver  and  all  is  well.  At  this  writing 
the  editorial  shiver  is  in  full  sway.  It  is  to  be  hoped 
that   the   aquatic   analogy   will   be   complete. 

AN    ACKNOWLEDGMENT 

To  every  honest-thinking  human  being  there 
come  times  when  a  sense  of  utter  unworthiness  results 
from  unmistakable  evidences  of  kindly  thought  and 
generous  support.  Such  a  time  is  the  present.  It 
is  difficult  to  put  into  words  the  deep  feeling  of  appre- 
ciation which  arises  at  the  thought  of  all  the  good 
that  has  fallen  to  our  lot  within  the  past  few  months. 
The  sympathetic  response  of  former  associates  to  the 
request  for  early  release  from  the  old  to  the  new 
responsibilities;  the  cordial  cooperation  of  the  Council 
and  the  Directors  in  planning  the  new  work;  the 
personal  interest  and  wise  decision  of  the  Advertising 
Committee  in  the  selection  of  the  new  offices;  the  easy 
induction  into  the  new  position  by  the  former  Editor, 
and  his  all  too  generous  words  in  the  last  issue  of  This 
Journal;  the  effective  work  of  the  staff  who,  in  the 
midst  of  the  turmoil  and  topsy-turveydom  of  re- 
moval to  new  quarters,  have  accomplished  the  arduous 
task  of  issuing  this  number  on  the  first  day  of  the  month, 
five  days  earlier  than  usual;  the  many  tenders  of 
active  support  in  the  new  work  from  members  of  the 
Society  in  all  sections  of  the  country — for  all  of  these 
we  would  express  an  overwhelming  sense  of  grati- 
tude, which  must  manifest  itself,  however,  not  so 
much  by  words  as  by  devotion  to  the  interests  of  This 
Journal  and  through  this  medium  to  the  welfare 
of  The  American  Chemical  Society. 

OUR  HOME  AND  HOUSEHOLD 

The  new  home  of  This  Journal  is  the  eleventh 
floor  of  No.  35  East  41st  Street,  New  York  City,  an 
address  indicative  of  proximity  to  the  Chemists'  Club 
and  its  library  and  to  the  city  public  library.  Here 
are  provided  offices  for  the  Editor,  the  Assistant 
Editor,  the  Advertising  Manager,  the  Treasurer, 
and  the  clerical  force,  these  offices  being  reasonably 
fitted  out  for  efficient  work  on  the  part  of  the  staff. 
Further  description  will  not  be  attempted.  Drop  in 
and  see  for  yourselves  and  let  us  welcome  you. 

Fortunately  opportunity  was  afforded  to  view  the 
work  in  the  old  quarters  before  removal  to  the  new, 
and  that  sight  of  four  people  at  work  in  the  smaller 
half  (without  any  violation  of  arithmetic)  of  a  very 
small  office  w.ns  sufficient  to  justify  amply  the  state- 
ment (hat  the  Journal  of  Indiistrial  and  Engi- 
NKERiNG  Chemistry  as  formerly  produced  was  a  wonder 
of  modern  journalism  and  a  triumph  of  engineering 
skill  in  office  manipulation. 

Of  the  immediate  staff.  Miss  Marrs,  Miss  Reynolds, 
Mrs.    Price    and    Mr.    Marrs    continue    their    faithful 


and  efficient  work.  A  new  member  of  the  household 
is  Mr.  M.  A.  Williamson,  who  to-day  assumes  the 
office  of  Advertising  Manager  of  the  Society. 

If  the  same  fine  spirit  which  permeated  the  former 
microscopic  quarters  transfuses  itself  throughout  the 
present  commodious  offices,  all  will  be  well. 

THE    MOTTO    OVER    OUR    FIREPLACE 


cooperation 


THE    OUTSIDE    KIN 

Under  this  title  is  embraced  the  Board  of  Associate 
Editors.  The  Council  at  its  last  meeting  authorized 
the  new  editor  to  select  the  associate  editors,  dele- 
gating its  approval  of  such  selections  to  the  Board  of 
Directors.  The  Council  further  authorized  the  cur- 
tailment of  the  number  of  Associate  Editors  if  it  were 
deemed  advisable. 

In  view  of  the  almost  infinite  variety  of  subjects  in 
industrial  and  in  engineering  chemistry  calling  for 
critical  review  of  papers  submitted  for  publication, 
and  in  view  of  the  authorization  above  noted,  we 
have  construed  this  broadly  as  meaning  permission 
to  change  the  existing  order  of  things.  With  char- 
acteristic Irish  perversity,  but  with  the  utmost  con- 
fidence in  the  sincerity  of  the  many  offers  of  assist- 
ance in  the  work  of  the  Journal,  we  have  decided,  with 
the  approval  of  the  Directors,  upon  a  change  in  a 
direction  opposite  to  that  contemplated  in  the  author- 
ization of  the  Council.  Briefly,  the  Board  of  .Associate 
Editors  has  now  been  expanded  to  include  the  entire 
membership  of  the  Society.  There  are,  however, 
pitfalls  ahead  for  the  Editor.  To  guide  his  steps,  as 
far  as  possible,  around  such  unfortunate  certainties 
and  to  aid  further  by  friendly  counsel  as  to  the  future 
policies  and  development  of  This  Journal,  an  .Advisory 
Board  has  been  added.  It  consists  of  H.  E.  Barnard, 
H.  K.  Benson,  F.  K.  Cameron,  B.  C.  Hesse,  A.  D. 
Little,  A.  V.  H.  Mory  and  M.  C.  Whitaker. 

THE    ADVERTISING    MANAGER 

Even  in  the  face  of  the  steady  increase  in  pages  of 
advertising  matter  secured  for  the  Society's  publica- 
tions by  the  admirable  work  of  Messrs.  Gibling  and 
Xellis,  the  Advertising  Committee  felt  that  the  time 
had  now  arrived  for  the  Society  to  take  over  in  its 
entirety  this  feature.  After  a  careful  survey  the  Com- 
mittee selected  for  this  important  work  Mr.  M.  A. 
Williamson,  formerly  of  the  Norton  Company  of 
Worcester,  Massachusetts.  Possessing  a  strong  per- 
sonality in  which  is  blended  a  pleasing  manner  and  3»i 
aggressive  disposition,  confident  through  past  success- 
ful experience  in  publicity  work,  Mr.  Williamson  enters 
upon  his  new  duties  filled  with  a  boundless  enthusiasm 
for  the  upbuilding  of  his  department  and  with  the 
determination  that  the  advertising  pages  of  t^e  Society 
shall  be  the  true  reflection  of  the  increased  activity 
in  the  chemical  industries  of  America. 
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AN    INVITATION 

This  publication  is  the  property  of  the  members 
of  the  American  Chemical  Society.  That  it  has  the 
good  will  of  the  membership  is  unquestionable.  Abun- 
dant testimony  to  this  effect  exists  in  the  office  files 
and  in  the  memory  of  the  Editor.  The  responsibility 
for  future  growth  and  usefulness,  however,  has  been 
placed  upon  one  person,  and  that  person  without 
editorial  experience.  Two  saving  features  make  up,  in 
part  at  least,  for  this  lack  of  experience:  no  cerebral 
crusts  have  yet  formed,  and  the  heart  is  always  apprecia- 
tive of  friendly  suggestion  and  constructive  criticism. 

It  is  hoped,  therefore,  that  all  who  may  be  interested 
will  not  hesitate  to  communicate  their  ideas  of  the 
future  development  of  this  publication  and  their 
frank  criticism  of  anything  connected  with  its  make- 


M    A.   Williamson 
Aiherlising  Manager,  Amtrican  Chen 


at  Society 

up  and  operation.  A.ssurancc  is  hereby  given  that  each 
such  suggestion  or  criticism  will  receive  sincere  and 
careful  consideration.  Some  have  already  been  made 
which  can  be  counted  on  to  make  their  influence 
for  bcttcnncnl    felt  as  the  months  go  by 

A    HOPE 

May  we  speak  just  n  bit  confidentially?  All  right, 
'■TO  it  is.  One  of  the  chief  motives  which  led  us  to 
accept  the  editorship  was  the  earnest  hope  (hot  in 
some  ,18  yet  undefined  and  still  hazy  way  wt  might 
Kfadually  serve  more  and  more  as  a  coordinating  in 
Hiienct  or  agency  in  these  hellcr-skeltcr,  cvervbodv- 
on-the-jmni.,  vibrant  days  of  individualistic  efTorl  in 
Ihc  rapid  e.p.nision  of  Anieriian  chemical  indu;tric.s, 
rsponally    anu.,,^;    such    as    ulili/,e    coal-tar    distillatM 


as  raw  material.  That  there  is  need  of  coordination 
no  one  questions;  that  any  exists  no  one  avers.  We 
all  know  nevertheless  that  the  halcyon  days  of  high 
prices,  pressing  demand  and  almost  absolute  freedom 
from  foreign  competition  must  pass.  Will  we  be 
ready  to  meet  the  grim  conditions  which  then  must 
be  faced?  Are  we  not  already  beginning  to  suffer 
from  lack  of  coordinated  effort?  What  will  it  profit 
us  if  we  gain  a  whole  world's  supply  of  6e/a-naphthol 
or  /"ara-nitraniline  and  lose  a  market  which  will  pay 
at  least  as  much  as  the  cost  of  production?  These 
are  merely  imaginary  illustrations  and  their  mention 
is  not  at  all  based  upon  statistical  information. 

The  glamour  of  the  successful  achievement  of  American 
chemists  is  even  now  hiding  some  of  the  failures  which 
have  already  occurred  and  which  are  certain  to  increase 
if  overproduction  along  certain  lines  is  not  avoided. 
Meanwhile  there  are  many  neglected  lines,  and  they 
must  be  developed  if  manufacture  is  to  reach  that 
point  of  efficiency  which  will  guarantee  successful 
ability  to  meet  world-wide  competition.  Now  is  the 
time  for  such  adjustments.  No  illegal  division  of  the 
field  is  intended,  but  a  common-sense,  uniform  growth 
of  the  whole  of  the  coal-tar  chemical  industries  must  be 
provided  for,  if  our  great  mass  of  raw  material  is  to  be 
properly  utilized  and  our  country  freed  from  outside 
dependence  for  supplies  of  such  products. 

We  are  rushing  along  blindly,  each  busy  with  his 
own  thoughts  and  plans,  while  plainly  before  our  eyes 
are  the  completely  unified  industries  of  each  of  the  great 
nations  of  Europe,  forced  into  such  unity  of  national 
and  even  international  effort  by  the  exigencies  of  the 
great  war.  For  such  coordination  of  industrial  effort. 
facts  are  needed— facts  as  to  what  is  now  being  manu- 
factured and  in  what  quantities.  From  such  data  could 
be  readily  gleaned  information  as  to  where  danger  of 
overproduction  lies  and  where  need  of  expansion  exi.sts. 
Can  This  Journal  or  its  Editor  be  of  service  in 
such  a  situation?  An  affirmative  answer  to  this 
question  would  depend  upon  two  things:  First, 
absolute  frankness  on  the  part  of  manufacturers  in 
giving  information;  second,  confidence  of  manu- 
facturers in  the  sincerity  and  disintcre.<:tcdncss  of  the 
Editor.  The  suggestion  carries  with  it  rather  grave 
responsibilities  and  is  therefore  not  put  forward  lightly, 
but  the  situation  is  such  that  it  is  willingly  proposed  in 
the  belief  that  genuine  service  might  be  performed. 

CHEMISTRY  AND  THE  TARIFF  COMMISSION 

That  motto  over  the  fireplace  continues  to  stare  at 
us  and  seems  to  be  all -controlling  over  thoughts  for 
this  issue.  Another  interesting  phase  of  co6peration 
is  now  a  matter  of  record. 

Among  the  many  subjects  which  will  engage  the  nt- 
tention  anil  study  of  the  Tariff  Commission,  none  will 
present  more  pressing  claims  or  more  inherent  Hifli- 
niltios  than  thai  of  the  chemical  industries.  The 
country  is  convinced  as  to  the  abundance  and  variety 
of  the  raw  materials  upon  which  such  industries  de- 
pond  and  is  thoroughly  aroused  to  the  necessity  of 
their  full  and  prompt  development;  moreover,  the 
country    has   gained   confidence   in   the   ability   of  ita 
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chemists  as  a  result  of  the  remarkable  showing  made 
at  the  Second  National  Exposition  of  Chemical  In- 
dustries. 

Chemists,  however,  as  a  class  are  not  capitalists. 
Their  work  is  the  transformation  of  matter  by  reagents, 
in  apparatus,  on  land  and  in  buildings  supplied  by 
enlisted  capital,  and  few  are  the  cases  where  efficiency 
in  manufacturing  is  immediately  attained.  In  the  en- 
listment of  such  capital  the  chief  restraining  influence  is 
the  question  of  foreign  competition.  No  greater 
blessing,  therefore,  has  come  to  American  chemical 
industries  than  the  creation  of  the  Tariff  Commission, 
which  will  report  to  the  President  or  to  Congress 
impartial  studies  of  existing  facts  and  conditions. 
With  the  publication  of  such  reports  invidious  ques- 
tions as  to  motive  in  asking  compensatory  protective 
legislation  will  be  removed  or,  equally  important, 
capital  will  be  encouraged  to  invest  in  such  industries 
without  the  imagined  necessity  for  such  legislation. 

Bewildering,  however,  will  these  studies  be,  if  no 
member  of  the  Tariff  Commission  has  intimate  knowl- 
edge, along  broad  lines,  of  the  inter-relations  of  these 
industries,  of  the  technical  problems  involved,  of  rela- 
tive domestic  and  foreign  conditions  of  manufacture 
in  this  complicated  field,  and  of  the  blending  of  these 
threads  into  the  warp  and  woof  of  the  national  in- 
dustrial organization. 

Realizing  this  the  Directors  of  our  Society  for- 
warded to  President  Wilson  an  endorsement  of  Mr. 
Ellwood  Hendrick,  of  New  York  City,  for  nomination 
as  a  Member  of  the  Tariff  Commission,  believing  that 
in  Mr.  Hendrick  would  be  found  those  qualities  which 
would  insure  to  the  nation  expert  knowledge,  balanced 
judgment,  business  experience,  disinterestedness  and 
conscientious  discharge  of  duty. 

It  is  a  matter  of  all-round  congratulation,  as  presag- 
ing future  cooperation,  that  in  this  endorsement  the 
American  Chemical  Society  has  been  joined  by  the 
American  Electrochemical  Society,  the  Manufacturing 
Chemists'  Association  of  the  United  States,  the 
American  Institute  of  Chemical  Engineers,  the 
Chemists'  Club,  the  American  Pharmaceutical  As- 
sociation, the  National  Wholesale  Druggists'  Associa- 
tion, the  National  Association  of  Manufacturers  of 
Medicinal  Products,  and  the  Technical  Association  of 
the  Pulp  and  Paper  Industry. 


THE  NEW  PRESS  AND  PUBLICITY  COMMITTEE 

Among  the  many  noteworthy  features  of  chemical 
achievement  during  the  week  of  September  25,  1916, 
none  was  more  striking  than  the  admirably  planned 
and  thoroughly  executed  work  of  the  Press  and  Pub- 
licity Committee  of  the  New  York  Section  of  our 
Society.  Many  were  amazed  at  the  results  attained, 
in  spite  of  the  space  demands  made  upon  the  daily 
press  by  the  presidential  election,  the  European  war, 
and  the  threatened  strike  of  eight  hundred  thousand 
laborers  in  New  York  City. 

At  former  meetings  we  had  often  witnessed  the 
hopeless  efforts  of  reporters  to  select  from  the  mass  of 
technical  papers  presented  material  for  some  kind  of 
story  interesting  to  the  newspaper-reading  public. 
To  all  the  sight  of  this  new  machinery  in  action  was 


inspiring.  No  mystery  surrounded  the  proceedings; 
men  high  in  the  ranks  of  chemistry  sacrified  their 
desire  to  participate  in  the  varied  program,  pulled 
off  their  coats  and  were  daily  "on  the  job"  in 
Room  D  of  the  Chemists'  Club.  With  keen  news- 
paper sense,  they  prepared  abstracts  of  papers  in 
language  which  even  the  veriest  layman  could  under- 
stand. At  appointed  times  the  reporters  were  met  and 
from  this  prepared  material  they  made  selection  ad 
libitum.  To  this  effort  of  chemists  the  press  in  turn 
responded  splendidly.  \ 

The  work,  however,  was  not  to  end  with  the  close  ^ 
of  that  memorable  week.  The  New  York  Section 
continued  the  Committee  as  a  local  activity  and  ap- 
propriated funds  for  its  use.  Regular  meetings  have 
been  held  and  the  publicity  campaign  has  gone  merrily 
on.  During  the  past  summer  a  Publicity  Committee 
of  the  American  Chemical  Society,  also  a  working 
committee,  studied  carefully  the  publicity  methods  of 
allied  organizations  and  submitted  a  report  to  the 
Council  which  was  approved  by  that  body  and  referred 
to  the  Directors.  It  is  a  pleasure  fo  record  that  at  the 
annual  meeting  of  the  Directors,  December  9,  1916 
these  two  committees  were  consolidated  as  the  Press 
and  Publicity  Committee  of  the  Society,  with  Mr. 
Allen  Rogers  of  the  Pratt  Institute,  Brooklyn,  Ne»7 
York,  as  Chairman.  A  modest  appropriation  was 
voted  for  the  clerical  expenses  of  the  enlarged 
committee.  More  extensive  plans  can  now  be  laid  to 
continue  the  task  of  effectively  bringing  together  the 
public  and  the  chemist. 

AN  OPEN  LETTER 

To  THE  House  of  Representatives  of  the  Sixty- 
fourth  Congress: 
Sirs: 

On  the  closing  day  of  your  last  session  legislation 
was  enacted,  as  a  part  of  the  General  Revenue  Bill, 
for  the  avowed  and  express  purpose  of  promoting  and 
encouraging  the  development  of  an  American  dye- 
stuff  industry. 

This  action  of  the  Congress,  controlled  in  both  Senate 
and  House  by  a  political  party  long  opposed  to  protec- 
tive duties  as  a  stimulus  to  industrial  development, 
has  been  justly  interpreted  by  the  country  as  a  patriotic 
answer  to  the  nation-wide  call  for  a  domestic  industry, 
peculiarly  intricate  in  its  character,  which  would  free  this 
country  from  the  domination  of  a  foreign  monopoly; 
which  would  relieve  manufacturers  and  laborers  in 
many  other  lines  from  threatened  distress;  and  which 
would  furnish  a  nucleus  of  superintendents,  foremen 
and  workmen  who  would  be  needed  for  training  others 
in  the  manufacture  of  high  explosives,  in  case  at  any 
time  our  country  should  be  involved  in  a  great  war. 

The  legislation  was  not  hurriedly  framed.  Exten- 
sive hearings  were  held,  and  after  considerable  deUVi 
a  conference  was  held  between  members  of  both  the 
Senate  and  the  House,  in  charge  of  the  matter,  and 
representatives  of  both  manufacturers  and  consumers 
of  dyestuffs.  This  was  no  secret  conference  for  it 
was  freely  mentioned  on  the  floors  of  both  Senate 
and  House  in  the  course  of  public  debate.  The  re- 
sult   of    the    conference    was   satisfactory,   though    the 


Jan.,  1917 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


proposed  rates  were  somewhaL  lower  than  had  been 
hoped  for  by  many.  As  manufacturers  learned  of 
the  agreement,  increased  activity  in  development 
of  plaiits  was  noticeable. 

Then  to  the  utter  surprise  of  all  of  the  manufac- 
turers, the  dyestufif  section,  as  finally  submitted  to 
tba  House  by  the  Ways  and  Means  Committee,  con- 
tained a  feature  which  had  entered  into  none  of  the 
previous  discussions,  namely,  an  exception  from  the 
special  temporary  duty  of  5  cents  per  pound  of  "natural 
and  synthetic  alizarin,  and  dyes  obtained  from  alizarin, 
anthracene,  and  carbazol;  and  natural  and  synthetic 
indigo,  and  all  indigoids,  whether  or  not  obtained  from 
indigo." 

After  a  speech  on  this  portion  of  the  bill,  a  speech 
which  marked  the  closing  of  debate,  the  bill  as  intro- 
duced by  the  Committee  was  passed  by  a  party  vote. 
Promptly  after  its  transmittal  to  the  Senate,  hearings 
were  held  by  and  briefs  were  filed  with  the  sub-com- 
mittee of  the  Senate  Finance  Committee.  All  of  the 
manufacturers  and  all,  except  one,  of  the  consumers 
protested  against  the  exception  in  the  bill  as  passed 
by  your  body  The  one  exception  was  The  Proximity 
Manufacturing  Company,  of  Greensboro,  North  Caro- 
lina (see  Senate  Hearings  on  H.  R.  16763,  p.  145, 
.and  Senate  Briefs  on  H.  R.  16763,  p.  253).  of  ^'bich 
Mr.  Caesar  Cone,  of  Greensboro,  N.  C,  is  President 
(see  Senate  Hearings,  p.  156).  Not  content  with  the 
special  treatment  already  accorded,  he  asked  that 
indigo  be  returned  to  the  free  list.  The  sub-committee 
rejected  the  argument  of  this  one  consumer,  removed 
from  the  bill  the  excepting  clause  and  added  coal-tar 
medicinals,  thereby  making  the  classifications  of  the 
bill  thoroughly  sound  and  logical. 

In  the  conference  committee,  however,  the  views 
of  your  representatives  prevailed  and  the  excepting 
clause  was  finally  restored  to  the  bill  and  in  this  form 
passed  both  bodies  in  the  closing  hours  of  the  session. 
In  behalf  of  the  chemists  and  chemical  manufac- 
turers of  the  country  I  would  respectfully  call  your 
attention  to  the  following: 

I — These  sub.stances  so  excepted  are  just  as  truly 
"coal-tar  dyestufTs"  as  those  to  which  you  have  given 
the  full   measure  of  protective  rates. 

II — The  difficulties  involved  in  their  manufacture  arc- 
fully  as  great  as  in  that  of  the  others. 

in — Their  manufacture  outside  of  our  borders  is 
just  as  highly  developed  as  that  in  any  other  line  of 
dyestufTs. 

IV — II  wouitl  seem  to  be  illogical  to  relievo  from  the 
special  duly  the  indigo  which  is  used  in  the  manufac- 
ture of  the  workman's  overalls,  while  other  colored 
apparel  which  he  and  his  family  wear  is  left  subject 
to  the  higher  rale. 

V-  It  can  scarcely  be  argued  tlial  since  these  ex 
ccpiod  dyeslulTs  have  been  raised  from  the  free  lisl 
to  the  30  per  cent  nd  valorem  class  that  therefore  they 
have  received  their  proportionate  raise.  That  is  not 
the  qu-stion  involved  in  this  legislation.  These 
products  were  on  the  free  list  at  n  time  when  tnrifT 
legislation  was  constructed  on  lines  of  revenue  only. 
This  present  bill  was  intended  to  rrento  n  complete, 
self-contained,      American     dyestufT     industry.      The 


point  of  view  is  a  new  one  and  calls  for  equal  develop- 
ment on  all  lines. 

VI — If  it  be  argued  that  the  special  duty  of  five 
cents  on  indigo  would  benefit  only  one  manufacturer, 
it  can  freely  be  said  that  a  direct  statement  from 
another  strong  chemical  manufacturing  firm  was  filed 
with  the  chairman  of  the  Senate  Finance  Committee 
stating  that  experimental  work  was  well  advanced  and 
plans  were  being  laid  for  the  manufacture  of  indigo 
on  a  large  scale,  provided  tariff  legislation  was  suffi- 
ciently favorable.  Moreover,  such  an  argument  can 
scarcely  hold  in  view  of  the  many  dyestuffs  which  are 
subject  to  the  special  duty  and  for  whose  manufac- 
ture no  steps  have  as  yet  been  taken,  due  to  the  im- 
possibility of  beginning  all  lines  at  once. 

With  such  thoughts  in  mind,  the  DyestufT  Confer- 
ence, held  during  the  last  annual  meeting  of  the 
American  Chemical  Society  in  New  York  City,  in  a 
large  auditorium  crowded  to  its  utmost  limit,  created 
by  a  unanimous  rising  vote  a  committee  to  draft  a 
resolution  protesting  against  the  excepting  clause  of 
the  dyestuff  legislation.  The  resolution  reported  by 
the  Committee  is  as  follows: 

"Therefore,  be  it  Resolved  that  we  condemn  the  re- 
moval of  these  dyestufTs  from  the  special  tarifT  accorded 
them  by  the  Senate  as  detrimental  to  the  establishment 
and  development  of  the  American  DyestufT  Industry  and 
subversive  of  the  best  interests  of  the  American  people." 

The  proof  of  the  contention  lies  in  the  industrial 
situation  as  it  exists  to-day,  namely,  on  the  one  hand 
tremendous  activity  in  those  lines  which  received  the 
full  benefit  of  the  protective  rates;  on  the  other,  slug- 
gishness where  the  special  duty  was  withheld.  Chem- 
ists and  manufacturers  have  courageously  met  the 
critical  situation  facing  our  inilustrics  since  the  prac- 
tical cessation  of  European  supplies.  This  has  been 
done  in  the  face  of  much  foolish  talk  about  the  unsuit- 
ability  of  American  coal  for  this  purpose;  of  many 
unjust  remarks  about  the  inferiority  of  American 
dyestufTs;  and  of  difficulties  in  the  raw  material  situa- 
tion due  to  the  intense  foreign  demand  for  munitions. 
Gradually  our  manufacturers  are  gaining  that  experience 
which  will  eventually  lead  to  efficient  manufacture. 

Must  the  greater  part  of  this  development  be  sacri- 
ficed at  the  cessation  of  the  European  war?  Have 
we  built  a  bridge,  across  which  our  nation  would  pass 
to  the  land  of  industrial  independence  and  adequate 
preparedness,  a  bridge  with  solid  pillars  consisting 
of  the  ad  valorem  duties  but  with  one-fourth  of 
the  superstructure,  the  special  duly.  delil>crately 
omitted? 

It  is  rcftliicd  that  the  present  session  is  brief,  and 
that  you  have  many  weighty  problems  Iwfore  you 
for  solution;  nevertheless,  it  is  earnestly  hoped  that 
the  same  patriotic  spirit  which  led  to  your  willinKne.vs 
to  depart  from  n  cherished  party  tenet  in  order  to  meet 
a  national  crisis,  will  nj;ain  leail  you,  and  thai  you  will 
strike  from  the  General  Revenue  bill  ihe  exix-ption  to 
the  special  duty,  which  the  facts  of  experience  have  now 
demonstrated  to  be  so  at  variance  with  the  purpose 
and  power  of  this  otherwise  admirahlc  lexitlative  acl. 
Rospectfiilly  submilled. 

Tiir  KutTo« 
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THE  MANUFACTURE  OF  LINOLEUM  AND  ITS 

VALUATION 

By  Armand  de  Waele 

Received  August  26,  1916 

The  literature  on  the  subject  of  the  valuation  of 
floor  coverings  embodied  under  the  various  descriptions 
of  floor-cloth,  linoleum  and  cork  carpet  is  somewhat 
scant  and,  apart  from  a  paper  on  the  subject  by  Ingle' 
in  which  the  author  submits  a  limited  amount  of 
chemical  data,  for  the  most  part  the  testing  of  these 
products  is  limited  to  crude  rule  of  thumb  methods. 
As  Ingle  paints  out,  an  exception  is  to  be  found  in  a 
publication  of  Burchartz^  who  gives  the  tests  of  the 
German  Government.  Most  of  the  English  Govern- 
ment tests  are  physical,  embodying  determinations  of 
specific  gravity,  water  absorption  and  in  rare  cases  a 
bending  test,  /.  e.,  the  manufacturers  have  to  tender 
a  sample  which  will  bend  over  mandrils  of  stated 
diameters  without  breaking.  More  recently  certain 
of  the  governmental  departments  have  specified  com- 
pliance of  goods  submitted  with  certain  chemical 
tests,  principal  among  which  are  moisture  and  ash 
content  together  with  two  determinations,  the  value 
of  which  are  questioned  by  the  writer  for  reasons 
stated  below,  viz:  "Acetone  extract,"  and  "Unsaponi- 
fiable  matter  insoluble  in  acetone."  The  latter  test 
in  the  writer's  opinion  is  an  attempt  to  obtain  an  idea 
of  the  cork  content  of  the  material. 

Attrition  or  wearing  tests  have  from  time  to  time 
been  suggested,  and  various  methods  adopted  with  a 
view  to  obtaining  a  comparative  measure  of  the  wear- 
ing power  of  linoleums.  Experience,  however,  has 
shown  that  none  of  these  tests  give  results  which  are 
in  any  way  trustworthy. 

The  determination  of  the  ether  extract  as  suggested 
by  Pinette'  is  very  misleading,  for  as  Ingle  points  out 
in  his  paper  referred  to  above,  no  judgment  can  be 
made  unless  the  constituents  of  the  linoleum  are  known 
both  qualitatively  and  quantitatively.  With  regard 
to  the  government  tests  of  "Acetone  extract"  and 
"Unsaponifiable  matter  insoluble  in  acetone,"  the 
later  remarks  as  to  the  indefinite  amount  of  soluble 
matter  extracted  by  ether  from  oxidized  oils  apply 
even  more  forcibly  in  the  case  of  acetone  extracting, 
especially  as  no  stipulations  are  made  as  to  the  sub- 
division of  the  sample,  and  no  period  of  exhaustion  is 
specified.  In  the  case  of  "unsaponifiable  matter"  it 
had  been  remarked  in  Ingle's  paper  previously  re- 
ferred to  by  S.  Stewart  (discussion)  that  this  quantity 
was  very  variable  and  depended  on  the  conditions 
under  which  saponification  was  effected.  Thus 
saponification  of  cork  by  alcoholic  potash  in  an  open 
basin  yielded  33  to  36  per  cent  unsaponifiable  matter 
while  saponification  under  a  reflux  condenser  yielded 
about  72  per  cent.  In  the  case  of  a  plain  linoleum 
examined  for  a  government  tender,  a  great  divergence 

'  J.  Soc.  Chem.  Ind.,  SS  (1904).  1197-1201. 
»/6id..  19  (1900),  255. 
'IbiJ..  1892,  550. 


due  to  the  cork  present  is  seen  in  .the  following  un- 
saponifiable organic  matter  insoluble  in  acetone: 


Saponification  under  Reflux 
With  8  per  cent,  alcoholic  soda. .  . 
With  0.25  per  cent,  aqueous  soda 


Per  cent  unsaponifiable 

11.11 

16.47 


The  unsaponifiable  matter  in  each  case  was  dried, 
weighed,  extracted  with  acetone,  weighed,  and  the 
organic  matter  therein  determined  by  incineration. 
It  may  be  mentioned  that  constancy  is  obtained  by 
the  0.25  per  cent  aqueous  soda  saponification  of  cork, 
the  unsaponifiable  matter  thus  obtained  X  1.43  giving 
a  fair  approximation  to  the  cork  present. 

MANUFACTURE    OF    LINOLEUM 

The  name  "linoleum"  defines  a  product  of  fairly 
characteristic  composition,  and  represents  practically 
the  same  product  as  that  patented  in  1864  by  Frederick 
Walton,  who  may  justly  be  deemed  the  father  of  the 
linoleum  industry.  The  adoption  of  the  processes 
employed  appears  to  have  been  arrived  at  by  a  tnethod 
of  evolution,  little  chemical  knowledge  seeming  to  be 
possessed  on  the  nature  of  the  reactions  involved  or 
justification  for  the  choice  of  materials;  nevertheless 
it  stands  highly  to  the  credit  of  the  original  inventor 
that  the  attention  of  chemists  and  technologists  has 
hitherto  not  succeeded  in  effecting  any  change  from  the 
process  as  originally  conceived  by  him  half  a  century 
ago. 

Floorcloth,  so-called  "floor  oil  cloth,"  is  a  material 
quite  distinct  from  linoleum,  consisting  as  it  does  of  a 
strong,  coarse,  jute  canvas  to  which  a  variable  number 
of  coats  of  a  coarse,  low-grade  paint  have  been  applied 
on  either  side,  a  finishing  application  of  a  printed  paint 
design  followed  by  a  light  coating  of  varnish  being 
applied  to  the  wearing  surface.  The  manufacture  of 
floorcloth  at  the  present  day  is  comparatively  unim- 
portant, as  it  possesses  none  of  those  qualities  of 
resiliency  and  nonconductivity  to  heat  which  mark 
linoleum.  It  is,  therefore,  not  my  intention  to  include 
its  discussion  in  the  present  paper. 

The  Taylor-Parnacott  or  Corticine  floor  coverings 
are,  strictly  speaking,  not  coterminous  with  true 
linoleums,  as  the  method  of  manufacture  of  the 
solidified  oil  necessary  for  their  production  differs 
from  the  linoleum  process  in  being  mainly  a  polym- 
erization process  as  distinct  from  the  oxidation  treat- 
ment used  in  true  linoleum.  This  class  of  floor  cover- 
ing, however,  differs  from  floorcloths  and  resembles 
linoleums  in  that  its  manufacture  consists  in  the 
application  of  a  previously  prepared  composition  con- 
taining solidified  oil  to  canvas,  instead  of  allowing  the 
oil  to  solidify  in  combination  with  filler  actually  op 
the  canvas  support  as  in  the  case  of  floorcloth.  The 
main  difference,  however,  between  linoleums  and 
"corticines"  from  the  manufacturers'  standpoint  is 
that,  considered  at  the  particular  stage  of  the  process 
where  the  solidified  oil  is  directly  mixed  with  cork  and 
pigment  to  make  the  linoleum  material,  tiie  cohesive 
properties  of  "corticine"  oil  arc  too  poor  to  allow  of 
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its  emplojrment  for  those  products  which  demand  the 
use  of  an  oi!  of  high  binding  power  such  as  is  used  for 
inlaid  linoleums.  Thus  oil  prepared  by  the  Taylor- 
Parnacott  or  corticine  process  is  used  only  for  the 
manufacture  of  uni-colored  or  plain  cloths  and  for 
"cork  carpets,"  these  latter  products  merely  con- 
sisting of  an  oil-cork-pigment  mixture  in  which  the 
cork  employed  is  of  a  coarse  variety,  thus  ensuring  the 
lUaximum  of  resiliency  and  warmth  to  the  feet. 

MANUFACTURE    OF    CORTICINE    PRODUCTS 

The  manufacture  of  the  oil-binding  medium  involves 
a  partial  solidification  by  a  process  of  combined  oxida- 
tion and  polymerization  at  a  high  temperature.  The  ob- 
ject aimed  at  in  the  several  processes  is  to  obtain  a 
product  resembling  an  unvulcanized  india  rubber  of 
maximum  "covering  power"  or  power  to  take  up 
filler,  this  rubber-like  product  being  capable  of  under- 
going subsequently  a  further  change  in  order  to  obtain 
a  product  of  increased  solidity  resembling  leather. 
It  thus  becomes  at  once  apparent  why  the  drying  oils 
are  universally  chosen  as  the  basis  for  the  binder. 
Linseed  oil  possesses  the  property  of  finally  yielding  a 
dry  elastic  body  (the  main  constituent  of  which  is 
Mulder  a  "linoxyn,"  vide  infra)  and  at  the  same  time 
by  special  treatment  can  be  caused  to  appear  in  an 
mtermediate  stage  as  a  body  possessing  the  optimum 
of  tackiness. 

In  manufacturing  the  Taylor-Parnacott  or  "corti- 
cine" product  a  quantity  representing  about  2V2 
tons  of  (preferably)  tanked  Baltic  linseed  oil  is  heated 
to  a  temperature  in  the  neighborhood  of  220°  C.  in  a 
large  open  iron  pan.  Driers  consisting  of  a  mixture 
of  about  2  per  cent  of  flake  litharge  and  1  per  cent  of 
crystallized  lead  acetate  are  then  dusted  in.  The 
latter  drier  has  the  effect  of  partly  redissolving  any 
metallic  lead  formed  by  reduction  of  the  litharge  by 
the  hot  oil  and  the  water  of  crystallization  of  the  salt 
has  possibly  some  obscure  action  in  distilling  off  volatile 
products'  formed  by  the  saponification  of  the  oil  by 
the  basic  lead  drier.  A  certain  amount  of  mucilage 
or  foots  will  have  separated  out  at  this  temperature 
together  with  some  spongy  lead.  The  hot  oil  is  then 
blown  for  2  or  3  hours,  the  fire  being  previously  with- 
drawn. The  object  of  the  blowing  is  many  fold:  it 
ensures  a  thorough  agitation  of  the  oil  and  supplies 
the  best  conditions  for  the  solution  of  the  driers;  it 
also  gives  an  initial  start  to  the  oxidation  and  thus 
facilitates  subsequent  polymerization;  furthermore,  it 
is  the  means  of  rcoxidizing  any  metallic  lead  in  the 
spongy  condition  and  it  has  probably  also  the  cfTccl 
of  oxidizing  away  the  separated  nuicilagc. 

This  oil  is  alh)wed  to  cool  12  hrs.  and  is  lliun  trans- 
ferred to  pots  Cj-lon  capacity),  fixed  in  a  brickwork 
sttlifig  and  heated  by  direct  fire,  the  coal  being  con- 
lanicd  in  a  grate  on  wheels  in  such  nianner  as  to  per- 
mit iiisiant  withdrawal  of  the  source  of  lical  when 
necess,ii\.  The  contents  of  these  smaller  pans  arc 
then   rai.cd   to  a  teniporaltire  in  the  neighborhood  of 

'  1  |>urpii,Hy  rofmln  fram  ntiitliiK  ilmi  llicw  volatile  pnidiu-l^  i-uii«l.l 
of  cither  iicrulciii  or  Klyicrlu  In  .pile  nt  tlie  iteiieral  ■,,iirame  ..I  iimi.v 
wrlleri  il„.t  ,ucli  i,  the  .u^e.  u  It  U  obviou,  llmt  the  eqiwllon  inv.lvp.l 
does  not  lioiir  im-li  ^l.ii,  t„oni  »..( 


250°  C.  and  maintained  thus,  receiving  occasional 
stirring  by  hand.  In  something  like  8  to  12  hours, 
thick  skins  form  on  the  surface  of  the  hot  oil  which  has 
gradually  increased  in  viscosity.  From  this  point 
vigorous  agitation  of  the  oil  is  resorted  to  until  solid 
rubber-like  nuclei  make  their  appearance.  At  a  point 
judged  by  the  oil  boiler,  stirring  is  stopped  and  the 
fire  withdrawn.  Solidification  takes  place  gradually 
throughout  the  mass,  the  top  surface  of  the  oil  being 
quite  dry  and  leathery,  and  small  vents  form,  through 
which  acrid  vapors  escape.  The  partly  entrapped 
gaseous  products  within  the  mass  then  expand  the 
contents  of  the  pot,  the  rising  of  the  "head"  necessitat- 
ing the  placing  of  short  tubes  or  rings  of  •  the  same 
diameter  as  the  pan  on  the  upper  edge  to  prevent 
overflowing.  The  treatment  of  the  oil  is  then  con- 
cluded and  after  the  rising  is  finished  the  mass  con- 
tracts somewhat.  The  contents  of  the  pot  are  then 
allowed  to  cool  for  2  or  3  days,  then  cut  into  segments 
in  situ  and  finally  floated  out  by  water. 

This  solidified  oil  presents  the  honeycombed  ap- 
pearance of  a  loaf  of  bread  except  that  the  bottom 
and  those  parts  immediately  adjacent  to  the  sides 
are  somewhat  greasy.  The  actual  treatment  of  the  oil 
being  concluded,  the  remainder  of  the  process  neces- 
sary to  manufacture  "Taylor  cloth"  or  "cork  carpet" 
consists  cf  the  mixing  together  of  the  oil  with  fine 
or  coarse  cork  and  the  necessary  pigment  and  a  final 
rolling  on  to  a  canvas  backing. 

The  so-obtained  "raw"  or  "green"  cloth  is  then 
hung  for  several  weeks  in  bights  in  a  "stove"  or  large 
steam-coil  heated  room  maintained  at  120  to  160°  F.  in 
order  to  convert  it  from  the  plastic  to  the  leathery  or 
finished  condition.  This  subsequent  treatment  of 
"cloth"  is  the  same  whatever  oil  basis  is  used,  so  far 
as  the  manufacture  in  a  plastic  state  followed  by  the 
stoving  is  concerned,  and  it  is  the  aim  of  the  manu- 
facturer to  obtain  the  maximum  binding  or  cohesive 
property  of  his  product  at  this  intermediate  stage 
together  with  the  highest  degree  of  leatheriness  after 
stoving.  It  is  somewhat  difficult  to  describe  the 
physical  properties  of  the  products  which  constitute 
what  is  regarded  in  the  trade  as  a  good  cloth,  but  the 
subsequent  descriptions  of  the  methods  I  have  cm- 
ployed  in  the  valuation  of  linoleums  may  give  the 
reader  the  clue  to  this  conception. 

It  is  here  necessary  to  mention  that  "cork  carpets" 
or  cloths  of  high  resiliency  made  with  coarse  corks 
stand  by  themselves  as  a  class  of  floor  covcrinc  made 
entirely  by  the  process  just  descriljcd.  The  reason  (or 
this  is  that  the  oil  basis  used  for  true  linolcxnn  in- 
variably contains  a  certain  proportion  of  resins  which 
would  not  only  detract  from  the  high  resiliency  for 
which  cork  carpet  is  noted  but  would  f(»r  mechanical 
reasons  prevent  the  sandpapering  of  the  rough  face 
of  a  cork  carpet,  there  being  a  fair  demand  in  the 
trade  for  such  "huffed  '  goods.  A  "Taylor  cloth," 
however,  represents  the  other  class  of  floor  covering 
made  with  this  polymeritetl  oil  and  merely  consists 
of  a  similar  admixture  with  tine  instead  of  coarse  cork. 
Apart  from  the  reason  that  it  is  the  staple  product 
of  the  few  mnnufaclurers  who  tlo  not  possess  the  con- 
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siderably  more  expensive  "linoleum  cement"  plant, 
there  exists  a  certain  demand  for  it  by  some  govern- 
mental departments.  It  possesses  nothing  but  dis- 
advantages over  linoleum  and  is  more  expensive  to 
make. 

THE    WALTON    "cement" 

The  other,  and  by  far  the  more  important  process 
for  the  manufacture  of  a  solidified  oil  basis,  is  the 
invention  of  Frederick  Walton  in  1864.  The  prep- 
aration of  this  oil  basis  which  will  hereinafter  be 
referred  to  under  its  technical  name  of  "cement" 
involves  two  distinct  treatments.  The  raw  linseed 
oil  is  first  of  all  converted  into  a  solid  oxidized  product 
of  moderate  greasiness,  low  elasticity  and  binding 
power;  this  product  is  then  transformed  by  a  heating 
process,  consisting  probably  of  an  intramolecular 
rearrangement,  into  a  body  which  has  lost  the  greater 
part  of  its  greasiness  and  possesses  an  elasticity  and 
binding  power  of  very  high  degree.  Although  there 
are  no  less  than  three  distinct  processes  for  solidifying 
the  oil  by  oxidation,  the  second  treatment  referred  to 
(the  conversion  of  the  oxidized  oil  into  "cement")  is 
the  same  in  every  case. 

Of  the  three  oxidation  processes  now  in  use,  two 
are  the  invention  of  Frederick  Walton.  The  third, 
or  Wood-Bedford  process,  in  spite  of  its  being  the  sub- 
ject of  a  more  recent  invention  (being  a  derivation  of 
one  of  the  former  processes  and  yielding  a  very  con- 
siderably inferior  product),  is  adaptable  only  to  the 
lower  qualities  of  plain  cloths  and  impossible  of  applica- 
tion for  inlaid  linoleums  which  necessitate  high  cohesive 
qualities  when  in  the  intermediate  or  plastic  stage. 
The  Wood-Bedford  process,  it  may  be  mentioned,  is 
very  little  used. 

The  first  of  the  Walton  processes  for  the  oxidation 
of  linseed  oil  is  the  "scrim"  process,  so-called  for  the 
reason  that  light  cotton  fabrics  or  "scrims"  are  suc- 
cessively flooded  with  an  oil  boiled  with  suitable  driers, 
each  layer  being  allowed  to  dry  before  being  followed 
by  the  next  flooding.  The  scrims  are  in  widths  of 
,3  ft.  and  20  ft.  in  length  and  are  suspended  vertically 
in  a  tall  building,  capable  of  accommodating  1000  to 
2000  and  maintained  at  a  temperature  of  80  to  90  °  F. 
The  drainings  from  the  scrims  are  returned  for  a 
further  flooding,  being  replenished  with  fresh  oil  when 
necessary.  According  to  the  nature  and  amount  of 
the  driers  used  either  one  or  two  floodings  are  per- 
formed every  24  hrs.  The  skin  formed  will  attain  as 
a  rule  a  thickness  of  about  one  inch  in  4  mos.,  when  its 
excessive  weight  renders  it  liable  to  fall  and  flooding 
is  stopped.  A  final  drying  off  is  then  given  and  the 
skins  cut  down.  They  are  then  ready  for  conversion 
into  cement. 

In  the  second  Walton  process,  commonly  known  as 
the  "shower  bath"  process,  the  rqw  oil  is  admixed 
in  the  cold  with  a  very  small  percentage  of  insoluble 
drier,  and  subjected  to  a  preliminary  pxidation  in  a 
large  "shower  bath"  which  consists  of  an  enclosed 
rectangular  box  about  18  ft.  high,  having  its  roof 
perforated  with  a  number  of  holes,  the  upper  extension 
forming  a  shallow  open  tank.  The  lower  portion  of 
the   box   contains  steam   coils   to   heat   the   oil   to   the 


temperature  necessary,  usually  90°  F.  A  large  pipe 
fitted  with  a  rotary  pump  connects  the  lower  level 
to  the  top  tank  by  which  means  the  oil  descends  in  a 
continual  rain  to  the  lower  tank.  A  fan  is  fitted  to  the 
body  of  the  box  to  replenish  the  air  and  remove  acrid 
vapors. 

As  a  rule  a  lo-ton  lot  of  oil  will  have  attained  such  a 
viscosity  in  72  hours  that  it  will  no  longer  flow  through 
the  openings  in  the  roof;  then  the  thickened  oil  ii 
admixed  with  about  5  per  cent  of  whiting  and  trans- 
ferred in  ton  lots  to  short,  horizontal  jacketed  drums 
fitted  with  a  horizontal  shaft  with  radial  arms.  Steam 
is  first  of  all  admitted  to  raise  the  oil  to  about  120°  F. 
but  subsequently,  as  oxidation  proceeds  rapidly,  it  is 
necessary  to  admit  cold  water  to  the  jacket  to  keep  the 
temperature  under  control.  The  object  of  this 
"smacker,"  as  it  is  called,  is  to  perform  an  oxidation 
that  it  is  beyond  the  power  of  the  shower  bath  to 
continue,  while  the  latter  apparatus  is  employed  on 
account  of  its  high  efficiency  and  the  low  power  re- 
quired. A  powerful  draft  of  air  is  admitted  into  the 
smacker  during  its  operation. 

The  "smacking"  treatment  is  continued  until  a 
sample  withdrawn  will  just  barely  flow,  a  point  usually 
arrived  at  in  about  48  hrs.  A  treacle  valve  ic  then 
opened  in  the  bottom  of  the  vessel  and  the  nearly  solid 
oil  received  onto  a  layer  of  whiting  in  a  room  im- 
mediately underneath.  The  oil  solidifies  on  attain- 
ing room  temperature  to  a  mass  of  the  consistency  of 
liver,  when  it  is  cut  into  slabs,  transferred  to  trays  and 
kept  in  stoves  at  100°  F.  for  several  days,  when  the 
action  of  the  evolved  acid  products  on  the  contained 
whiting  causes  the  mass  to  rise  somewhat  and  develop 
an  internally  honeycombed  structure.  An  increase  in 
body,  possibly  due  to  further  oxidation  facilitated  by 
the  greater  surface  exposed,  is  the  result  of  this  stoving. 
The  oil  thus  prepared  is  then  ready  for  conversion  into 
cement  in  precisely  the  same  way  as  in  the  case  of  oil 
prepared  as  previously  described. 

It  has  been  observed  as  a  general  rule  that  slow 
oxidation  yields  a  more  favorable  product  than  one 
that  is  obtained  by  rapid  methods;  hence  it  is  ad- 
vantageous from  this  point  of  view  to  prolong  as  much 
as  possible  the  shower  bath  treatment  at  the  expense 
of  the  smacker  treatment. 

The  Wood-Bedford  process  consists  merely  in  the 
performance  of  the  oxidation  throughout  in  the 
smacker,  temperatures  up  to  140°  F.  being  obtained. 
The  whole  oxidation  can  be  completed  in  48  hours,  but 
as  a  consequence  of  the  rapidity  of  reaction  a  vastly 
inferior  product  is  obtained,  suitable  for  thin  qualities 
only. 

It  may  be  mentioned  at  this  point  that  thickness  of 
"cloth"  obtained  and  "quality"  are  practically 
synonymous  terrns,  the  several  degrees  of  the  higher 
qualities  being  usually  made  with  similar  ingredients 
while  for  the  lower  grades  or  thicknesses  of  cloth  the 
high  standard  of  ingredients  employed  need  not  be 
adhered  to. 

The  next  stage  of  the  process  is  that  of  the  further 
treatment  of  the  oil  that  has  been  oxidized  by  the 
"scrim,"  "shower  bath"  or  Wood-Bedford  processes. 
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The  original  and  yet  up-to-date  process  as  originally 
patented, by  F.  Walton  is  as  follows:  15  to  17  cwt.  of 
oxidized  oil  are  put  into  a  large  pan  fitted  with  a  steam 
jacket  and  agitators.  The  pressure  of  steam  is  such 
that  temperatures  of  130  to  150°  C.  are  easily  obtained. 
A  quantity  of  molten  rosin  in  the  proportion  of  i  :  8 
of  the  oil  is  then  poured  on,  followed  by  a  similar 
Quantity  of  powdered  gum  kauri.  Agitation  is  con- 
tinued at  a  slow  speed  until  the  oxidized  oil  runs  down 
to  a  thick  fluid,  a  considerable  evolution  of  water, 
formic  acid,  etc.,  taking  place.  After  the  melting  of 
the  oil,  when  the  mass  rises  up,  the  speed  of  the  stirrers 
is  increased  to  cause  it  to  return.  From  the  point  at 
which  the  "turning"  or  diminishing  of  the  head  takes 
place,  thickening  of  the  mixture  occurs  with  more  or 
less  rapidity.  At  the  same  time  the  oil  changes  from 
its  characteristic  butter-yellow  to  a  reddish  brown, 
this  darkening  being  independent  of  the  influence 
of  the  rather  dark  gum  employed.  At  a  point  judged 
by  the  operator,  the  "cement,"  as  it  is  termed,  is 
tipped  out  of  the  pan  either  by  overturning  on  its 
swivel  or  in  other  forms  of  plant  by  opening  a  sluice 
valve  at  the  bottom.  As  the  hot  mass  does  not  cool 
rapidly,  means  are  adopted  to  reduce  the  continuation 
of  tl^e  cooking  action  after  leaving  the  cement  pan. 
Tnis  is  accomplished  either  by  running  the  hot  cement 
out  onto  a  concrete  floor  mounded  up  to  a  low  cone  or 
tipping  directly  onto  revolving  water-cooled  rolls. 
The  "cement,"  after  cooling,  is  then  cut  up  into  slabs, 
and  left  to  "hang"  or  mature  for  a  week  or  two  to 
increase  its  body. 

REACTIONS 

We  have  thus  in  the  linoleum  process  two  definite 
reactions,  the  first  being  a  simple  oxidation  and  the 
second  a  process  for  which  I  suggest  the  explanation 
of  either  a  molecular  rearrangement  of  complex  group- 
ings or  a  condensation,  or  even  possibly  a  combination 
of  the  two.  At  first  sight  the  reaction  occurring  in  the 
cement  pan  would  suggest  itself  as  a  polymerization. 
A  polymerization  would  include  a  linking  together  of 
double  bonds  together  with  an  increase  of  molecular 
weight.  Ingle'  suggests  that  the  reaction  occurring 
is  one  of  rupture  in  the  chain  in  the  middle  of  a  peroxide 
group,  such  group  being  in  the  position  of  the  original 
double  linkage,  thus: 

CH,.CH,.CH:CH.(CIIs),CH:CH.(CHj)»CH:CII.CO().g/y 
to  CH,.CH,.CH.CH(CH5)4CII.CH.(CH,)5CH.CH.CO().g/y 

II  !     I  II 

0—0  0-0  0   0 

This  would  be  transformed  more  or  less  coniplrtcly  in 

the  cement  process  to 

CH,.CH,  Cno.CHO.(CH,),.CHO.CHO. 

Till'  above  e(|ualions  linvo  been  shown  for  the  sake  of 
cotivcnicncc  as  occurring  on  a  monobasic  nidicle,  j{/y. 
Altiiotigh  the  above  equations  us  submitted  by 
In^jli'  fnr  linolcnin  do  not  coincide  as  rogiirds  the 
position  of  the  double  bonds  to  the  slruclure  grncrally 
accorded  to  this  body,  the  meclKinism  of  Ihc  do 
lomposilion  of  the  peroxides  is  prol)(il)ly  depitlcd  ror 
eclly.      Wc  have  evidence  for  tins  in  the  evolution  <>( 
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volatile  bodies  of  low  molecular  weight,  among  which 
I  have  identified  bodies  with  aldehydic  groupings, 
formic  acid,  etc.  It  is  probable  also  that  decom- 
position of  the  peroxides  takes  place  ift  a  somewhat 
similar  manner  under  hydrolysis  by  alkali,  ».  e.,  that 
disrupture  of  the  chain  at  the  position  originally 
occupied  by  the  double  bond  may  occur,  thus  yielding 
smaller   molecules, 

— CHO  — COOH 

I      I    +  H-O  -^ 
—CHO  — CHjOH 

an  oxidized  linseed  oil  by  saponification  yielding 
considerable  quantities  of  soluble  (lower)  fatty  acids, 
together  with  the  invariable  "oxidized"  acids'  which 
in  my  opinion  consist  of  the  nine-carbon  radicle 
terminated  by  an  aldehydic  group  at  one  or  both  ends 
resinifying.  The  actual  proof  of  such  action  occurring 
as  suggested  by  Ingle  is  somewhat  difficult  but  I 
offer  the  following  as  a  proof  negating  the  suggestion 
of  polymerization. 

Determinations  of  the  content  of  solid  fatty  acids 
on  an  oil  during  the  process  to  oxidation  till  solid  and 
then  subsequently  after  its  treatment  by  heat  at 
150°  C.  in  the  cementing  process  have  invariably 
shown  the  percentage  of  the  same  to  remain  constant. 
An  oil  polymerized  till  solid  at  250°  C.  in  an  atmos- 
phere of  carbonic  acid  showed  an  increase  in  acids 
behaving  as  solid  or  saturated  acids'  of  from  5.25 
to  48.8  per  cent.  The  acids  isolated  possessed  prop- 
erties different  from  true  saturated  acids  in  that  they 
were  viscous,  gummy  solids,  instead  of  being  hard 
and  crystalline,  and  furthermore  showed  an  iodine 
value  of  86  instead  of  in  the  neighborhood  of  rero. 
The  48.8  per  cent  obtained  would  include  (unless 
destruction  of  the  5.25  per  cent  of  true  saturated  acids 
be  presumed)  the  original  saturated  acids  present,  and 
the  difference  of  43.55  per'ccnt  I  have  assumed  to  be 
true  polymerized  acids.  I  may  mention  that  various 
trials  have  so  far  convinced  me  as  to  the  infallibility 
of  this  test  for  determining  polymeritation,  that  I 
have  constantly  used  it  for  recognizing  this  treatment. 

Further  elucidation  of  the  cement  pan  reaction  ha* 
as  yet  yielded  no  definite  results.  Measurement  of 
the  possible  increase  in  the  number  of  molerule.t  by 
subdivision  of  the  original  chain,  as  determined  by 
increased  saponification  values  yielded,  ns  I  hnd 
anticipated,  no  data,  since  lus  suggested  above,  hy 
drolysis  of  the  uncooked  soli<l  oil  would  similarly  affect 
the  breaking  down  at  the  double  bond  positions. 

Working  on  the  evidence  at  my  disponnl  afforded  by 
the  possibdily  of  resolving  linoletim  into  fxlrailahlf  -f 
residual  fractions,  I  have  performed  •  ^ 
throughout  during  the  course  of  transform 
raw  oil  to  tho  oxidised,  "cemented"  on-,  .n..  <m... 
product  in  order  to  determine  the  change:*  oortirnng 
therein. 

KXrKRIUKNTAL 

Some  experiincnt.H  perfurnied  as  a  side   issue   have 
shown  me  that   my  nhvious  surmise  that  the  sulwc- 

<  Kahritin 
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quenl  changes  taking  place  on  oxidized  oils  after  their 
solidification  by  oxidation  whether  by  the  "scrini," 
"shower  bath"  or  Wood  and  Bedford  process  are  of  the 
same  order,  has  proved  to  be  correct,  and  I  need  not 
detail  the  data  that  have  led  up  to  this  assumption. 
For  reasons  of  expediency,  however,  my  work  has 
been  mostly  done  on  the  oxidized  oil  obtained  by  the 
"scrim"  process,  as  the  solid  oils  obtained  thus  have 
lower  extracts  as  a  general  rule,  or  in  other  words  are 
drier,  and  consequently  facilitate  extraction.  Thus 
the  skins  obtained  by  the  scrim  process  can  be  run  into 
very  thin  sheets  by  passing  through  cold  rolls  and 
extract  figures  can  be  obtained  which  represent  suffi- 
ciently accurate  values  for  our  purposes,  by  24  hours 
continuous  exhaustion.  It  will  be  noted  that  I  make  a 
reservation  in  the  foregoing  statement  as  to  the  ab- 
solute value  of  the  figures  obtained  for  extracts,  the 
qualification  therefor  being  as  follows: 

The  "skin"  obtained  by  the  "scrim"  or  natural 
oxidation  process  presents  an  appearance  and  physical 
properties  somewhat  resembling  a  piece  of  bichromated 
glue  jelly.  It  is  somewhat  harder,  if  anything,  opaque 
brown  to  transparent  yellow,  according  tc^  the  nature 
of  the  driers  used,  and  in  thicknesses  of  about  an  inch 
usually  breaks  when  bent  double  thus  showing  its 
limited  elasticity.  When  sheeted  through  cold  rolls 
it  is  opaque  light  yellow.  In  this  latter  form  the 
maximum  surface  can  be  obtained  for  extraction  for  a 
given  weight. 

A  lo-gram  lot  of  sheeted  skins  was  transferred  to  an 
extraction  thimble  formed  by  cutting  off  the  lower  end 
of  an  ordinary  6  in.  X  1  in.  boiling  tube  and  tying  a 
piece  of  linen  over  the  top  lip.  This  was  then  put, 
linen  end  downwards,  into  an  ordinary  Soxhlet  ex- 
tractor. The  apparatus,  fitted  up  in  the  usual  manner, 
was  transferred  to  a  water  bath,  and  the  skin  extracted 
with  ordinary  ether  of  0.720  sp.  gr.  At  the  end  of 
24  hrs.  the  ether  was  driven  off  from  the  extraction 
flask,  CO2  being  used  to  drive  off  the  final  traces. 
The  extract  obtained  amounted  to  67.5  per  cent.  A 
further  extraction  of  24,  48  and  72  hrs.  was  then  done 
in  order  to  determine  whether  the  exhaustion  was 
complete.  As  a  consequence  of  the  results  obtained, 
extraction  was  continued  for  a  period  up  to  4Vj  mos. 
The  figures  obtained  for  the  whole  period  of  extraction 

are  as  follows: 

Total 

Hours — -      • -Days •     Per 

135th     cent 
1.65     85.32 


Period  24       48       72       96      9th    23rd  43rd  74th 

Kthcr  Extract  67.50  3.96  0.93    1.11   2.80  3.61    1.66  2.10 


The  above  values  when  plotted  in  form  of  a  curve 
with  per  cent  extract  as  ordinates  and  time  as  abscissae 
give  a  parabolic  figure.  From  a  consideration  of  the 
enormous  number  of  continuous  extractions  that  the 
substance  must  have  received  at  the  end  of  the  period 
quoted  without  an  end-point  having  been  obtained,  it 
seems  highly  improbable  that  the  simple  explanation 
of  high  insolubility  of  any  particular  constituent  would 
serve.  The  explanation  suggested  would  be  rather 
that  of  either  the  solvent  having  the  definite  effect  of 
slowly  rendering  solublfe  a  previously  insoluble  sub- 
stance, or  else  the  extracted  portion  consisting  of  two 
distinct   bodies  of  vastly  differing  solubilities,  the  less 


soluble  acting  as  a  "latent"  solvent  to  the  other. 
In  the  first  suggestion  it  is  necessary  to  assume  that  the 
high  initial  extract  represents  some  true  soluble  matter 
whereas  the  succeeding  small  extracts  consist  of  the 
transformed  insoluble  body.  This  particular  phenom- 
enon is  emphasized  as  being  of  importance  in  showing 
analogy  with  subsequently  described  reactions. 

Similar  results  were  obtained  with  alcohol,  benzene, 
chloroform  and  acetone.  Petroleum  ether  of  B.  P. 
35  to  50°  C,  however,  while  still  showing  no  definite 
end-point  of  extractable  matter,  gave  an  extract  which 
in  quantity  and  appearance  differed  so  far  from  that 
obtained  by  the  other  solvents  as  to  warrant  further 
investigation. 

During  the  course  of  the  routine  examination  of 
samples  of  skins  for  extractable  matter,  the  fusibility 
of  the  skins  for  purposes  of  conversion  into  cement 
being  roughly  proportioned  to  the  ether  extract,  it  was 
often  observed  that  skins  of'similar  extract  gave  very 
different  results  in  practice.  Thus  it  would  often 
happen  that  two  apparently  different  skins  of  which 
one  would  be  adjudged  by  the  rule  of  thumb  and  fairly 
accurate  test  to  be  superior  to  the  other,  while  yielding 
the  same  quantity,  gave  extracts  differing  in  physical 
and  chemical  properties.  Thus  the  extract  would 
be  more  or  less  viscous,  and  would  differ  in  color, 
while  the  acid  value  and  yield  of  "oxidized  acids" 
obtained  on  saponification  would  be  dissimilar. 

The  result  of  a  very  long  series  of  test  experiments 
has  finally  shown  me  that  the  total  extract  can  be 
resolved  into  two  or  even  more  fractions,  for  practical 
purposes  being  limited  in  utility  to  two:  (i)  the  ex- 
tract obtained  by  24  hours  extraction  with  low  boiling 
point  petroleum  ether,  and  (2)  the  extract  obtained 
by  a  further  extraction  of  the  residue  with  ordinary 
ether.  Very  striking  is  a  comparison  of  the  physical 
properties  of  these  two  fractions.  The  petroleum  ether 
extract  consists  of  a  pale  greenish  yellow,  fairly  mobile 
oil,  a  turbidity  being  apparent  in  it  due  to  white 
crystals  which  settle  out  on  standing:  exposure  to 
air  for  very  long  periods  shows  it  to  possess  no  power 
to  dry  to  a  hard  skin,  a  certain  amount  of  thickening 
however  taking  place.  The  subsequent  ether  extract 
is  a  yellowish  brown  oil  of  such  extraordinary  vis- 
cosity and  tackiness  that  it  resembles  melted  India 
rubber:  exposure  to  air  resulted  in  its  drying  to  a 
moderately  hard  but  highly  elastic  skin. 

A  cursory  examination  of  these  two  oils  side  by  side, 
considered  from  the  point  of  view  of  their  bearing  on 
the  physical  properties  of  the  skin  from  which  they 
originated,  would  at  once  suggest  that  the  quality  of 
the  latter  would  be  proportional  to  the  quantity  of  the 
ether  extract,  and  inversely  so  to  the  petroleum  ether 
extract,  the  residual  linoxyn  affecting  the  "body"  or 
solidity  of  the  whole.  This  expectation  has  been  fully 
realized,  so  that  the  valuation  of  various  samples  has 
been  performed  by  me  by  these  means  for  a  con- 
siderable time  past. 

Before  proceeding  to  the  description  of  the  uses  of 
this  test  in  other  directions,  it  will  be  as  well  to  append 
the  data  obtained  in  the  hitherto  unsuccessful  at- 
tempts  at   solving   the   composition   of   the    fractions. 
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In  the  following,  linoxyn  (so  named  by  the  Dutch 
chemist  Mulder)  will  be  considered  to  represent  the 
body  which  is  insoluble  after  successive  extraction  with 
petroleum  ether  and  finally  ether,  the  petroleum- 
ether-insoluble  but  ether-soluble  extract  being  simply 
named  "ether  extract." 

The  following  figures  have  been  obtained  from 
various  samples  as  necessity  arose;  it  will  be  seen  that 
wide  variations  occur  in  many  cases.  This  may  be 
due  either  to  actual  differences  in  the  ultimate  com- 
position of  various  samples  or  to  the  fact  that  distinct 
fractionation  cannot  be  obtained,  owing  to  insolubility 
in  a  given  solvent  being  only  relative  as  stated  above. 

Petroleum- 
Ether  Ether 
Linoxyn     Extract  Extr.\ct 

Iodine  value  (Wijs) 51.5  51.8       58.0  81.6  88.4  88  6 

Iodine  value  (Hubl) 39.5  41.4       53,9  87    1 

ae  value  (modified  Waller)..  .            57.8              43.0  46  5 

ne  value  (from  Br  value) 89.3              89.0  75.9 

Iodine     substitution      (from      Br 

value) 24.9              11.2  12.5 

Saponification  value 250  262  254 

\cid  value ....               32.1  22.5 

idized  acids,"  per  cent....    j    48.6  50.7        46.9  41.7  14.5 

Fatty  acids  freed  (from  above    i     12.9    15.8        13.5    17.9  72.5 

percent) }     15.3    13.3        23.8  21.6 

True  acetyl  value 110.4  48.9 

The  distribution  of  the  various  fractions  in  average 
'skins"  of  oxidized  oil  is  given  in  the  following  table: 


ino.xyn 49.57  47.08  43.62  48.41   49.22  57.09  42.46 

ther  extract 31.16  26.79  27.93   29.38  25.45  25.16  32.91 

ctrolcum-cther  extract.  ..    19.27   26.13  26.45   22.21   25.33    17.75  24.63 

A  wide  variation  also  occurs  in  the  analyses  of  such 
)xidized  oils  to  which  reference  will  be  made  later,  the 
ibove  figures  being  shown  merely  to  give  a  general  idea 
)f  the  composition  of  skins  as  ordinarily  obtained  in 
arge  scale  practice.  It  will  be  noted  that  in  Nos.  i 
o  6,  No.  I  shows  the  highest  proportion  of  ether 
xtract,  but  as  the  advantageous  significance  of  this  is 
omewhat  neutralized  by  the  high  linoxyn  which  would 
educe  its  fusibility  to  below  the  favorable  limit,  it 
i-ould  thus  be  adjudged  equal  only  to  No.  3,  taking 
11  three  constituents  into  consideration.  No.  6  would 
e  classed  as  a  poor  sample.     No.  7  is  a  skin  made  with 

specially  chosen  drier  and  as  seen  from  its  analysis 
r'ould  be  adjudged  as  of  excellent  quality,  and  such 
idccd  it  proved  in  practice. 

For  purposes  of  comparison  the  following  tabic 
ives  the  extraction  analyses  of  oxidized  oils  prepared 
y  the  Walton  "shower  bath"  process: 


No. 


I  hi 


1 40.2     32.4     son     42.2     37.4     37.7 

xtroct 35.0     38.1      30.3     31.2     29.6     34.9 

'Iriilcuni  ether  extract 24.7      27.7      18.3     26.3     33.0     26.4 

NoTn.-  No.  5  rcprcscnlH  oil  as  turned  out  of  the  iinackcr,  No.  4  being 
same  oil  after  further  treatment  in  the  ovens. 

It  will  be  seen  from  these  analyses  that,  according 
)  I  lie  principles  I  have  stated  as  governing  the  valun- 
nii  of  oxidized  oils,  the  "shower  bnth"  products  are 
istly    superior    to    those    obtained    by    the    "scrim" 

(iccss.  The  higher  ether  extracts  in  the  former  case 
dcfil  have  the  very  definite  effect  in  the  finished 
■nicnls  of  increasing  the  "covering  power,"  or  j)owcr 
lisorb  fillers  (cork,  pigment,  etc.),  but  the  principal 
Kanlagcous  difi'ercncc  is  to  be  noted  in  that  none 
It  cements  made  with  tlic  "shower  bnth"  process 
('   r.'i|i,il)|f   r)f   bi'ing   uscil   for   the   ticw   "Walton    In- 


laids."  These  products,  owing  to  the  exigencies  of  the 
mechanical  treatment  involved,  necessitate  a  degree  of 
tenacity  and  binding  power  in  the  cement  that  is  quite 
unobtainable  in  the  case  of  those  made  by  the  "scrim" 
process.     A  later  remark  will  make  this  point  clear. 

The  impossibility  of  making  inlaid  linoleums  with 
Taylor-Parnacott  or  Corticine  oil  is  shown  by  the 
following  extraction  analysis: 


Linoxyn 
60.4 


Etrsr  Extract 
9.6 


Pbtrolbitm-Etbbr  Extract 
30.0 


This  also  explains  the  low  covering  power  of  the  oil, 
the  proportion  of  oil  to  filler  being  usually  loo  :  io6 
as  against  loo  :   200  in  the  Walton  cements. 

USE    OF    GUM    KAURI 

Before  proceeding  to  the  description  of  an  in- 
vestigation I  have  undertaken  in  order  to  determine 
the  influence  of  the  rosin  and  gum  resin  on  the  final 
product,  a  word  here  is  necessary  as  to  the  particular 
reason  for  which  gum  kauri  has  been  adopted. 
Walton's  original  patent  for  the  preparation  of  cement 
from  oxidized  oil  specifies  the  use  of  gum  kauri  in 
conjunction  with  rosin.  It  is  to  be  remarked  that 
kauri  gum  at  the  present  day  can  be  obtained  only  at  a 
very  high  cost.  The  scarcity  of  the  gum  is  consequent 
upon  the  huge  drain  on  the  deposits  occasioned  by 
the  demand  for  linoleum  manufacture.  The  con- 
stantly increasing  price  since  the  '6o's  is  most  probably 
to  be  attributed  to  this  cause,  and  at  the  present  time, 
gum  is  actually  being  sold  which  has  been  obtained 
from  the  screenings  or  rejected  portions  of  previously 
"mined"  deposits.  At  the  same  time  it  would  be 
unfair  to  the  linoleum  manufacturers  to  say  thai  no 
attempt  has  been  made  to  find  a  substitute  for  this 
gum. 

Taking  into  consideration  this  question,  we  have 
to  bear  in  mind  that  the  gum  resin  adopted  for  use  in 
cement  making  must  conform  to  the  following  require- 
ments: 

(i)  The  melting  or  softening  point,  although  not 
needing  to  be  kept  to  the  low  limit  of  the  temperature 
of  "cementation,"  should  be  sufficiently  low  to  allow  a 
homogeneous  amalgamation  to  take  place  at  150°  C, 
when  in  presence  of  a  large  quantity  of  an  already 
melted  flux — in  this  ca,se  rosin  ond  molten  oxidi«cd 
oil.  Such  requirement  eliminates  the  harder  (o.-isil 
gum  resins,  such  as  the  African  Copals,  etc.  At  the  same 
lime  the  melting  point  must  hv  sufliricnlly  high  to 
furnish  the  botly  or  solidity  necessary  to  the  cement. 
This  is  then  the  reason  why  rosin  .ilonc  i«  not  ««c<!. 
The  latter  requirement  eliminates  the  softer  guiOM 
(such  as  dummar,  maniln)  appearing  below  kauri  in 
the  scale  of  hanlncsui. 

(1)  For  the  manufacture  of  linoleums  in  which  the 
grounti  apptvirs.  r  ;.,  "plain*"  and  "inlaid^."  the 
gum  resin  •  houUl  have  the  lea»t  .>• 

darkoninK  '>le.     Aaphaltum  and  : 

pitchc.H  arc  tlur.  rlmnnatcd. 

(j)  The  Ntability  or  reaiilance  to  (ponlaneou*  de- 
compoiiition  and  atmoaphcric  influences  should  )>c  .11  a 
minintum.  Koiin  b«havea  unfavorably  in  ihit  ro> 
spcct. 
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ATTEMPT     TO     SUBSTITUTE     CHINA     WOOD     OIL     FOR     GUM 
KAURI 

In  view  of  the  above  considerations,  however,  a 
substitute  has  been  patented,  the  claim  to  efficacy  of 
which  appears  somewhat  remarkable.  I  refer  to  the 
use  of  china  wood  or  tung  oil.  If  this  oil  be  held  at  a 
temperature  of  from  180  to  250°  C,  a  sudden  polym- 
erization or  gelatinization  occurs,  the  center  of  the 
solidified  mass  being  very  hard  and  elastic,  while  the 
outside  portions  (which  do  not  so  persistently  retain 
their  heat  during  cooling)  are  possessed  of  an  extraor- 
dinary tackiness.  Under  carefully  chosen  conditions 
a  balance  may  be  struck  as  regards  the  proportion  of 
inner  solid  portion  and  outside  tacky  portion,  so  that 
the  whole,  when  mixed  through  rolls,  at  first  sight 
would  give  the  impression  of  being  an  ideal  material 
for  use  as  a  basis  of  binder  for  linoleum. 

This  phenomenon  has  long  been  known  among  oil 
technologists,  but  the  difficulties  of  controlling  the 
solidification  have  more  than  neutralized  the  ad- 
vantages which  this  oil  seemed  to  offer  in  the  short 
time  necessary  for  its  solidification  (on  the  laboratory 
scale  100  g.  can  be  solidified  at  250°  C.  in  5  to  8 
minutes).  Certain  other  workers,  rather  more  success- 
ful in  the  control  of  the  polymerization  process,  have 
made  serious  attempts  to  use  it  as  a  linoleum  material; 
but  the  promising  tackiness  seemed  to  disappear 
entirely  as  soon  as  amalgamation  with  filler  was  made. 
It  occurred  to  me  to  investigate  this  failure  to  bind, 
by  the  extraction  method  described,  and  as  a  result 
1  found  my  previous  postulation  of  the  necessity  of 
high  ether  extract  fully  borne  out.  While  I  could 
regulate  the  amount  of  "linoxyn"  or  solvent  insoluble 
portion  within  the  very  wide  limits  of  30  per  cent  to 
92  per  cent  quite  easily  when  certain  principles  were 
borne  in  mind,  the  ether  extract  in  no  case  was  higher 
than  i.i  per  cent.  A  recent  German  writer  has  sug- 
gested that  the  tacky  portion  probably  consists  of  a 
gel  of  the  insoluble  "linoxyn"  in  unpolymerized  oil. 
While  having  insufficient  evidence  to  agree  entirely 
with  this  statement  I  may  mention  that  the  extract- 
able  portion  possesses  no  tackiness  such  as  was  ob- 
served in  the  case  of  oxidized  linseed  oil  extracts, 
being  merely  a  thin  greasy  oil. 

The  result  of  this  disqualification  of  wood  oil  as  the 
principal  basis  for  linoleum,  has,  however,  not  been  the 
means  of  causing  its  entire  dismissal  from  the  industry 
and  it  appears  in  the  patent  literature  as  a  substitute 
for  kauri  gum.  By  this  I  mean  to  infer  that  the 
patentees  quote  formulas  for  linoleum  in  which  polym- 
erized wood  oil  is  used  in  conjunction  with  ordinary 
oxidized  oil  and  rosin  in  the  absence  of  gum. 

In  view  of  the  wholesale  condemnation  of  such  sub- 
stitute by  a  German  writer  I  have  thought  it  of  interest 
to  investigate  this  point,  using  the  method  of  valuation 
described  as  my  basis  of  judgment. 

It  might  be  imagined  at  first  sight  that  the  addi- 
tions of  rosin  and  gum  kauri  to  the  oxidized  linseed 
oil  in  the  cement  pan  might  be  made  in  order  to  induce 
an  economy  in  the  final  product.  Without  entering 
too  deeply  into  a  discussion  as  to  how  far  economies 
in  the  materials  are  borne  out  in  the  final  product,  the 


whole  question  can  be  easily  and  finally  decided  by  the 
statement  that  a  linoleum  cement  to  be  cheap  must 
be  capable  of  taking  up  the  maximum  amount  of  filler. 
as  cork  or  wood  fiber,  and  pigment.  Now  for  a  reason 
which  will  become  apparent  when  the  experiments  to 
be  described  are  discussed,  apart  from  the  binding 
effect  of  the  resins  per  se.  they  have  a  very  definite 
influence  in  advantageously  modifying  the  covering 
power  of  the  oil  with  which  they  are  admixed.  For 
eflFecting  such  change,  in  common  with  all  chemical 
reactions,  it  must  be  presumed  that  a  certain  amount 
of  solution  of  the  resins  in  the  oil,  or  vice  versa,  must 
occur. 

Coming  now  to  the  consideration  of  the  employment 
of  solidified  wood  oil  in  place  of  the  gum  kauri,  two 
methods  of  employment  of  the  same  have  been  sug- 
gested. In  the  first,  mere  admixture  of  "cjement"' 
with  solid  wood  oil  and  the  usual  fillers  is  made  on  the 
rolls.  The  judgment  as  to  the  utility  of  this  is  not 
difficult  to  arrive  at.  If  the  solid  wood  oil  be  prepared 
in  the  tacky  condition,  no  increase  in  covering  power 
will  result,  as  I  have  already  pointed  out,  and  in  fact 
the  greasy  softness  of  the  product  will  be  detrimental 
to  the  finished  article.  A  certain  amount  of  diminu- 
tion of  extract  of  the  actual  wood  oil  will  naturally 
take  place  during  the  subsequent  maturing  process, 
but  it  is  nevertheless  considered  as  a  sine  qua  fion  by 
experienced  manufacturers  that  to  obtain  a  satis- 
factory finished  cloth  the  linoleum  at  the  intermediate 
stage  of  manufacture  must  be  good,  otherwise  the 
cohesion  of  the  individual  components  will  be  un- 
satisfactory. In  the  second  suggested  process  which 
forms  the  subject  of  a  patent  specification,  the  ground 
solidified  wood  oil  is  mixed  in  along  with  rosin  and 
oxidized  oil  in  the  cement  pan  and  the  mixture  con- 
verted into  cement  in  the  ordinary  way.  It  is  further 
claimed  that  the  solid  wood  oil  when  admixed  with 
oxidized  oil  will  then  run  down  at  the  temperature 
of  the  cement  pan  (130  to  150°  C).  Now,  unless  the 
latter  claim  is  substantiated  and  some  transformation 
to  a  soluble  or  miscible  form  of  the  wood  oil  takes  place 
as  suggested,  this  process  differs  in  no  way  from  the 
previous.  We  need  not  enter  into  a  discussion  as  to 
whether  an  oil  polymerized  at  a  minimum  tempera- 
ture of  180°  C.  can  be  caused  to  melt  alone  at  130  to 
150°  C;  it  merely  remains  to  consider  whether  the 
oxidized  oil  or  rosin  can  have  any  influence. 

The  experiments  which  I  shall  describe  were  under- 
taken among  other  things  to  investigate  this  particular 
point,  but  it  may  be  stated  that  in  a  series  of  many 
other  experiments  unpublished  in  this  communication, 
no  melting  of  the  solidified  wood  oil  could  in  any  case 
be  observed.  In  every  case  the  finished  cement  was 
examined  under  a  microscope  and  the  individual  sharp 
cornered  pieces  of  the  ground  wood  oil  were  seen  with- 
out any  difficulty.  However,  my  conclusions  were  not 
based  entirely  on  such  method  of  investigation,  but  as 
follows: 

COMPARISON    OF    LINOXYN    AND    "CYCLOLIN" 

In  the  course  of  some  investigations  on  the  nature 
of  the  comparatively  ether-insoluble  body  linoxyn 
and  on  comparisons  between  it  and  the  insoluble  body 
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obtained  by  polymerizing  a  linseed  oil  by  heat  (a 
body  I  have  provisionally  named  cyclolin  in  reference 
to  its  supposed  ring  structure)  I  found  a  very  definite 
distinction  between  the  two  bodies.  The  following 
table  gives  a  preliminary  comparison  of  certain  of  their 
more  important  properties,  the  one  under  discussion 
being  left  till  the  last: 

LiNOxvN  Cyclolin 

Appearance,  etc Leathery  yellow  to  yellowish  brown  solids 

Saponification  value...         High  (see  above)  Not      increased      over 

raw  oil 

Saponifiable By  1  per  cent  aqueous        Difficult     to     saponify 

NaOH  in  the  acid  even      by      alcoholic 

potash 

Stability Spontaneously     slowly        Very      stable      indeed. 

evolves    acid    volatile  Samples   kept  tor    18 

products      and      ulti-  inos.     not     appearing 

matelyliquefies  to  change 

Oxidized  acids About     50     per     cent        Nil 

(see  above) 

Pursuing  the  clue  afforded  by  the  continuous  solu- 
bility of  linoxyn  in  ether,  it  dccurred  to  me  to  employ 
a  solvent  of  higher  boiling  point  in  order  to  accelerate 
solution.  The  use  of  amyl  alcohol  in  this  respect  was 
very  remarkable.  In  the  case  of  linoxyn,  the  sub- 
stance swelled  when  heated  in  this  solvent  at  120°  C. 
and  in  6  to  12  hrs.  went  entirely  into  solution.  The 
substance  left  by  evaporation  of  the  amyl  alcohol 
was  a  viscous  tacky  oil  possessing  all  the  properties  of 
ether  extract  from  oxidized  linseed  oil.  Further  in- 
vestigation is  proceeding  at  present  but  it  may  be 
remarked  that  neither  the  saponification  nor  iodine 
values  were  altered  by  the  process  of  solution. 

The  cyclolin  on  the  other  hand  swelled  to  a  certain 
extent  and  some  slight  solution  occurred  as  seen  by  the 
yellow  coloration  in  the  amyl  alcohol.  It  was  heated 
for  72  hrs.  at  120°  C,  cooled,  and  the  solution  de- 
canted off.  The  residue  was  washed,  again  heated  up 
for  24  hrs.,  decanted  off,  washed,  and  in  further  treat- 
ment, even  up  to  another  72  hrs.,  no  further  solution 
occurred  even  in  traces.  Thus  it  was  possible  to  obtain 
a  distinctly  insoluble  portion  from  the  cyclolin,  the 
amount  being  roughly  80  per  cent  of  the  total.  Similar 
experiments  on  oxidized  oil  from  other  sources  and 
polymerized  wood  oil  showed  a  general  rule  to  hold  that 
oxidized  oils  are  completely  soluble  while  polymerized 
(solid)  oils  contain  an  insoluble  portion. 

Such  was  the  method  adopted  for  recognizing  and 
isolating  the  unchanged  polymerized  wood  oil  in 
cements.  In  every  case  in  which  ground  polymerized 
wood  oil  was  used,  its  presence  could  be  recognized  by 
the  above  descriljcd  treatment  on  the  cement.  It 
remained  yet  to  determine  if,  in  spite  of  the  insolubility 
of  the  major  part  of  it,  it  had  an  advantageous  or  other 
influence  on  the  oxidized  oil.  Should  the  conclusion 
be  reached  that  it  was  without  beneficial  iiilliiencc 
on  the  oxidized  oil,  it  would  still  unfavorably  affect  the 
cement  in  that,  it  being  no  better  than  so  much  (illcr, 
the  actual  covering  or  binding  power  nf  the  ccnient 
would  be  decreased  by  nn  amount  proportional  to  the 
solid  wood  oil  present. 

The  investigations  uiulertnkcn  wore  as  follows: 

Comparisons  of  analyses  of  actual  oil  before  and  nfter 
tiinviTsion  into  cement. 

Coinparisons  of  analyses  of  <i</m<i/  oil  existing  in 
linoleum  before  nnti  after  niuturinvr.  "ti  ivpi'.il  "I'l 
positions  consisting  of: 
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PSRCe.VTAGES               No.        I  2        3  4            S             6           7           8 

Oxidized  Oil 85. 0  81.0  79  90       81.0       90       90        100 

Rosin 5.0  9.5     7  10         9.5        

Gum 10.0  7                   9.5       10       

Solid  Wood  Oil 9.5     7 10 

The  particular  compositions  chosen  were  those  which 
would  be  actually  practicable  from  conditions  of  not 
only  limitations  of  cost  but  considerations  of  working 
practice. 

METHODS    OF    EXAMINATION 

A  quantity  of  the  middle  portions  of  a  batch  of 
"skins"  was  chosen  having  a  sufiBciently  high  extract 
to  enable  them  to  melt  without  the  addition  of  any 
added  resinous  flux.  A  very  careful  sampling  was 
performed,  the  sample  chosen  being  then  ground  to  a 
meal  in  the  manner  described  and  then  extracted  with 
petroleum  ether  for  24  hours  in  a  Soxhlet  extractor. 
The  extract  was  evaporated,  the  last  traces  of  solvent 
being  driven  off  in  a  current  of  COj.  The  insoluble 
residue  was  then  freed  as  far  as  possible  from  petroleum 
ether,  and  further  extracted  with  ordinary  0.720 
methylated  ether  for  24  hours.  The  extract  was  then 
evaporated  and  weighed  as  before.  A  check  de- 
termination by  extracting  with  ether  in  the  first  in- 
stance showed  the  total  extract  obtained  in  the  two 
steps  described  above  to  agree  with  this  within  very 
narrow  limits.  Such  analyses  appear  in  the  accom- 
panying figures  as  the  "theoretical"  or  "calculated" 
values  in  the  case  of  those  compositions  containing 
no  added  wood  oil.  In  the  case  of  other  compositions 
containing  wood  oil,  1.  <•.,  in  Nos.  2,  3  and  7,  the 
"theoretical"  or  "calculated"  values  represent  the 
analyses  of  the  resin-free  mixtures  of  oxidized  linseed 
oil  with  polymerized  wood  oil,  as  obtained  both  from 
separate  analyses  of  these  two  constituents  and  by 
analysis  of  the  mixture. 

The  "observed"  values  in  the  case  of  compositions 
containing  resins  arc  obtained  by  deducting  the  amount 
of  resin  mixture  added  originally,  from  the  pctrolcum- 
ether  extract  and  calculating  this  residue  to  100  parU. 
Thus  the  treatment  of  the  appended  hypothetical 
composition  would  be  as  follows: 

BuTHACTioM  Rnta  Im  Kxracltaa  Aaalr*** 

CuMrt»iTioN  Akalv»i»  p«  IOO-»pU     pMlOOpU 

<  l.l.li.ed  Oil  H"  l.inoirn  40  O  40  0  »  O 

Ko«iii  H>  Kthet  K»ir«c«      »0  <i  «l  o  i..S 

Cum  Kauri  1)1  IVtr  .Rllm  K>t  *«  O  10  0  I'  > 

A  long  scries  of  experiments  has  led  mc  to  the 
conclusion  that  the  resinous  matter,  after  conversion 
of  the  mixture  into  cement,  is  to  be  found  entirely  in 
the  petroleum-ether  extract.  The  combination  of  true 
"petroleum  other  cxirncl"  of  the  oil  acting  in  con- 
junction with  the  jMMroleum  ether  serm*  to  art  m  a 
perfect  solvent  for  both  gum  kauri  and  roain. 

Fig.    II.    cmbodvinu    the    order    of    quality    o(    Um 

....  .......   .^, 

•ho 

■     I 

\i» 

V ^"« 

lower  part  ■ 

!?,,{.    Ill    ^>                   id   by   mating   thr  anslytlcml 

Aguro*    a«    l>c(oro.    imall    corrections    '  ef 

necessary  to  allow  for  the  cork  and  w.  ol 
the  linoleum  compoaition 
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Fig.  V  needs  little  explanation.  The  testing  was 
performed  on  unit  width  on  a  dynamometer  and  in 
any  case  the  values  obtained  are  strictly  comparative. 

FIGDRfi    I 

LINOXYN- — It  will  be  observed  that  in  all  cases 
a  loss  of  linoxyn  has  occurred.  The  importance  of 
the  proportion  of  this  constituent  is  not  great  provided 
that  the  percentage  remains  within  certain  limits. 
Thus  No.  4  cement  we  should  pronounce  as  being 
somewhat  too  soft  for  very  successful  working  as  the 
effect   of  such   softness   would   be   a   disadvantage  for 

/  Z  3  4  S  6  7  3 
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Difference 


Fig.  I — CoMp.\RisoN  of  Pkrckntage  Composition  op  Oils  Existing 

IN    CUMBNTS    WITH    ThAT    CALCULATED    FROM    ThBORKTICAL 

manufacture    of   inlaid   linoleum,    the   rigidity    of    the 
inlaid  "unit"  being  affected  by  the  softness. 

The  disappearance  of  linoxyn  during  cementation  is 
an  interesting  point.  The  fact  that  the  proportion 
of  linoxyn  present  influences  the  "body"  of  the  product 
shows  that  some  softening  occurs  during  the  trans- 
formation and  again  indicates  the  probability  of  the 
reaction  not  being  due  to  polymerization.  The 
amount   of  linoxyn   present   in  the   cement  from   con- 


sideration of  many  experiments  seems  to  point  to  the 
fact  that  it  is  influenced  by  two  distinct  reactions. 
One  of  these  is  due  to  the  influence  of  gum,  which,  when 
present,  seems  to  increase  the  linoxyn  at  the  expense  of 
the  petroleum-ether  extract.  With  the  exception  of 
cement  No.  4  it  will  be  seen  that  only  those  com- 
positions containing  gum  have  materially  decreased 
in  petroleum-ether  extract  during  the  cementing  pro- 
cess. The  other  reaction  appears  to  be  an  exchange  of 
linoxyn  for  ether  extract  during  the  cementing  pro- 
cess, the  amount  thus  exchanged  being  proportional  to 
the  total  resin  present  and  the  gum  kauri  having  a 
decidedly  stronger  eff'ect  than  the  rosin. 

Such  hypothesis  afforded  me  a  clue  to  a  further 
investigation  in  which  I  endeavor  to  submit  analogy 
with  the  phenomena  mentioned  earlier  in  the  com- 
munication. I  refer  to. the  continuous  solubility  of 
linoxyn  in  certain  solvents  (ether,  acetone,  etc.)  to- 
gether with  the  complete  solubility  in  amyl  alcohol  and 
acetate.  It  will  be  interesting  to  mention  that  other 
solvents  were  tried,  among  them  being  coal-tar  naphtha, 
turpentine  and  benzene,  and  in  none  of  these  cases  was 
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Analyses^  Calculated  To  Reiin-free  Cemenis 
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Fig.  II — Negative  Points  Obtained  prom  Analytical  Data  on 
Experimental  Cements 

it  possible  to  obtain  solution  as  in  the  case  of  amyl 
alcohol  and  acetate.  A  generalization  as  to  the  class 
of  compounds  which  effected  solution  as  distinct  from 
the  others,  I  have  hitherto  failed  in,  beyond  the  general 
statement  that  a  body  to  act  as  a  solvent  must 
contain  oxygen  in  its  molecule.  An  experiment  in 
which  rosin  at  a  temperature  of  120°  C.  was  used 
showed  that  it  behaved  in  a  manner  exactly  similar  to 
amyl  alcohol  and  acetate.  The  mass  obtained  was 
perfectly  transparent  and  was  soluble  to  a  clear  solu- 
tion in  ether,  but  in  petroleum  ether  showed  an  in- 
soluble fraction  of  an  oily  nature.  The  two  fractions 
obtained  may  possibly  be  identical  with  "ether  ex- 
tract" and  "petroleum-ether  extract,"  which  would 
indicate  that  the  reaction  occurring  in  the  cement 
pan  is  very  far-reaching  and  complex.  A  similar 
experiment  with  rosin  as  a  solvent  and  employing 
polymerized  wood  oil  showed  perfect  analogy  with  the 
other  solvents,  an  insoluble  residue  being  obtained 
nearly  equal  in  amount  to  the  solid  oil  originally  used. 
This,  I  submit,  completely  confirms  my  other  experi- 
ments and  shows  that  solidified  wood  oil  undergoes  no 
transformation    during   the    cementing   process.     Con- 
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sideration  of  the  figures  will  show  that  this  is  fully 
borne  out,  those  cements  containing  wood  oil  being 
decidedly  inferior  in  every  way  to  those  containing 
gum.  The  direct  comparison  of  gum  with  wood  oil  is 
easily  seen  by  comparing  compositions  Xos.  6  and  7, 
although  I  should  like  to  state  that  rosin  has  its  own 
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l.arlioular  dccidi-d   fitmtion   i-spccinlly   in   Ihi-  form  of 
gum-rosin  inixliiri'. 

A  further  slnlptnciil  is  ni-ccs.sary  to  the  effect  that 
on  account  of  the  necessity  of  experimenting  with  coin- 
positions  containing  no  added  (lux  (Nos.  7  and  8)  it 
was  expedient  to  employ  tin  oxidized  oil  with  nn  extract 


rather  higher  than  would  correspond  with  a  good  skin, 
and  it  may  be  remarked  that  the  gum  vs.  wood  oil  differ- 
ences would  be  far  more  apparent  if  an  oxidized  oil  with 
an  extract  just  sufficient  to  run  down  had  been  chosen. 

ETHER  EXTRACT^ The  formation  of  ether  extract 
by  means  of  resins  is  well  demonstrated  here,  the  resin- 
free  compositions  7  and  8  being  markedly  deficient  in 
this  respect.  The  comparatively  small  increase  (see 
difference  column)  in  the  case  of  No.  ?  is  probably 
accounted  for  by  the  wood  oil  diminishing  as  it  were 
the  concentration  of  the  rosin  by  its  presence. 

PETROLEVM-ETHER  EXTR.ACT — Here  the  effect  pro- 
duced by  economy  of  gum  as  predicted  earlier  is  well 
shown.  The  compositions  containing  no  gum  (N'os. 
2,  4,  7  and  8)  are  remarkable  in  showing  a  high  per- 
centage of  the  petroleum-ether  extract,  while  Nos. 
2  and  7  have  actually  gained  in  this  constituent  during 
cementing.  It  should  be  mentioned  that  No.  5  is  the 
standard  composition  used  by  most  linoleum  manu- 
facturers. 

FIGURE   :ii 

LiNOXYN-  It  is  necessary  here  to  state  that  this 
constituent  should  be  high  in  a  matured  linoleum. 
the  body  or  hardness  of  the  product  being  dependent 


%                                  ,             A            &            2 

i  'n    n 

Fio.  IV — N«oATiv«  Point*  Obtainsd  moM  Amalttical  Data  Com- 
PAimn  WITH  Tiioiiic  OUTAINBD  molt  Tti«  M«AN  R«inLT»  or  Foe» 

iNOKrINDINT    OlMllvais'    rHACTICAI.    TsSTt 

on  this.  Gum  itself,  however,  confers  a  very  great 
degree  of  resistance  to  wear  and  has  the  advantage  of 
being  resistant  to  atmospheric  influences  and  spontane- 
ous decomposition.  The  wood  oil  linoleums  here  show 
up  rather  belter  on  account  of  the  contained  wood  oil 
consisting  of  about  gi  per  cent  of  linoxyn. 

ETHER  EXTRACT — The  pliability  and  cohesion  of 
the  linishcd  linoleum  is  absolutely  dependent  on  the 
proportion  of  this  constituent  and  the  loss  during 
maturing  should  be  as  little  as  possible;  the  increase 
of  linoxyn  during  maturing  should  depend  as  far  as 
possible  for  its  formation  on  the  jjelroleum-ether 
extract.     It  will  be  seen  tha:     '  "     •   '  rwn 

in  the  ease  of  No.  f.  which  .  'he 

highest   proportion.      It   will the 

1yi>iial  iir.iitii  able  woimI  oil  linoleum.  No.  j.  shows  up 
ui  a  disadvantage  in  this  important  table:  No.  7 
shows  up  even  less  favorably  than  the  No.  8  "all-oil" 
composition. 

PKTRoirt'v  KTiin  KXTiACT-  This  tabic  is  very  im 
port  ant  in  that  a  linoleum  with  .1  hijrh  iMTcrnUg*  of 
ihiH  constituent   will   have  a  chm  v   flabby 

(if  "rotten"  feel  and  be  of  open  r  tcxtur*. 

The  standard   gum  roain  linoleum,    No    j.   again  ap- 
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pears  first  in  this  table  while  the  typical  wood  oil  rosin 
linoleum,  No.  2,  appears  distinctly  inferior  to  it. 
Looking  at  7  and  8,  the  failure  here  appears  to  be  not 
so  much  wood  oil  as  absence  of  resins. 

riG.  IV — The  comparison  of  agreement  between  the 
analytical  data  and  the  practical  tests  in  these  tables 
cannot,  it  must  be  remembered,  be  quite  perfect  owing 
to  the  fact  that  the  former  takes  no  cognizance  of  the 
properties  intrinsically  conferred  on  the  linoleums 
by  the  physical  properties  of  the  non-oily  constituents 
of  the  cements.  Taking  into  account  my  previous 
statements  as  to  the  advantages  accruing  from  the 
presence  of  the  gum  itself  (within  certain  definite 
limits.  No.  5  composition  being  considered  the  ideal 
mixture)  any  tendencies  to  show  the  gum  cements  as 
favorable  in  the  upper  table  ought  to  be  amplified  in 
the  lower  table. 

FIG.  V — It  will  be  seen  that  generally  speaking  the 
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Fig.  V — Tests  o?  Experimentai,  Linoleums 
more  resinous  linoleums  are  less  porous  (and  thus 
more  resistant  to  disintegration  by  damp)  than  the 
others,  the  standard  No.  5  linoleum  being  the  best  in 
this  respect.  The  impermeability  of  No.  4  is  explained 
by  the  fact  that  the  low  melting  point  rosin  has  been 
brought  to  the  surface  by  the  hot  rolling  treatment 
to  which  the  cloth  was  subjected.  Indeed  on  rubbing 
lightly  with  the  hands,  the  presence  of  a  sticky  coating 
was  made  apparent. 

The  adhesion  to  canvas  is  an  important  considera- 
tion, separation  of  canvas  and  body,  especially  in  the 
case  of  "granular  inlaids"  linoleum,  being  more  com- 
mon than  is  generally  supposed  when  the  cloth  is  laid 
on  a  floor  which  has  a  tendency  to  dampness.  Lack 
of  adhesion  is  due  to  both  absence  of  gum  and  a  low 
"ether  extract"  and  the  table  bears  out  well  the  superi- 
ority of  linoleums  containing  gum. 

The  general  conclusions  to  be  derived  from  these 
analytical  data  are  therefore  summarized  as  follows: 

(i)  The  presence  of  resins  to  a  full  20  per  cent  of 
the  cement  is  essential  to  obtaining  the  maximum 
transformation  of  the  oily  matter  during  cementing 
to  a  material  with  high  binding  poWer. 

(2)  The  said  transformation  is  too  far-reaching  if  the 
oily  resin  present  is  rosin,  in  that  the  body  (as 
measured  by  linoxyn)  is  liable  to  diminish  to  below  the 
limit  fixed  by  working  conditions. 

(3)  The  presence  of  gum  is  essential  to  secure  the 
diminution  in  greasiness   (petroleum-ether  extract). 


(4)  The  chemical  influence  of  wood  oil  on  the  cement 
pan  transformation  is  nil,  the  apparent  disadvantages 
from  its  presence  being  merely  made  up  of  the  diminu- 
tion of  action  taking  place,  owing  to  the  smaller  amount 
(lower  concentration)  of  oxidized  oil  present. 

(5)  The  best  balance  of  oil-gum-rosin  is  in  the  pro- 
portion of  roughly  80  :  10  :  10,  no  advantage  being 
obtained  by  diminishing  rosin  and  consequently  in- 
creasing the  cost. 

These  conclusions  apply  merely  to  the  chemical 
properties,  the  general  physical  qualities  of  the  various 
compositions  being  further  influenced  according  to  the 
particular  non-oily  matter  present.  The  concluding 
test  to  which  the  several  linoleums  have  been  subjected 
was  that  of  actual  wear  under  standard  conditions. 
It  may  be  remarked  that  in  order  to  get  strictly  com- 
parative results  of  such  wearing  tests  a  good  deal  of 
difficulty  is  experienced  in  according  equal  conditions 
to  all  of  the  several  products  examined.  The  best 
method  is  to  map  out  a  ground  plan  carefully,  and  to 
subdivide  the  pieces  into  many  units,  repeating  indi- 
vidual samples  two,  three  or  even  more  times.  After 
a  period  depending  on  the  heaviness  of  the  traffic,  a 
careful  examination  is  made  and  comparisons  noted 
between  each  particular  piece  and  the  one  immediately 
adjacent.  By  a  process  of  classification  the  result  of 
observation  in  the  form  of  "A  in  better  condition  than 
B,  B  in  better  condition  than  C,  etc.,"  and  collating 
together  duplicates,  a  r^sum^  can  be  arrived  at  which 
shows  the  relative  order  of  resistance  to  wearing.  It 
may  be  stated  that  in  these  particular  tests  another 
series  of  samples  was  arranged  on  stairs  attached  to  a 
building  out  of  doors.  These  latter  tests  yielded  more 
marked  results  than  the  indoor  tests. 

The  results  appear  in  the  following  order,  the 
linoleum  showing  the  highest  resistance  being  placed 
first: 


2nd 
s.  1  &  6 


5lh 
No   2 


6th 
Nos.  7  I 


Apart  from  the  foregone  conclusion  showing  the 
necessity  for  the  presence  of  gum  in  linoleum,  the 
result  is  interesting  in  that  it  shows  that  the  standard 
composition  No.  5,  consisting  of  a  cement  made  with 
10  per  cent  each  rosin  and  gum  kauri  to  be  the  best, 
in  spite  of  the  fact  that  Nos.  i  and  6  are  made  with 
more  expensive  materials,  i.  c,  the  cheaper  con- 
stituent rosin  is  highest  in  the  case  of  No.  $• 

It  being  beyond  the  purposes  of  this  communication 
to  deal  with  a  description  of  the  mechanical  processes 
involved  in  the  manufacture  of  linoleum,  I  think  it 
however  necessary  to  qualify  my  previous  statement 
as  to  the  necessity  for  employment  of  gum-rosin 
cements  from  "shower  bath"  oxidized  oil  in  the  new 
Walton  inlaids.  These  products  will  be  familiar  to 
all  as  the  inlaid  or  "solid  right  through  to  the  back" 
linoleums  which  have  as  their  distinguishing  feature  a 
sharpness  of  outline  of  the  individual  figures  or  units. 
I  exclude,  however,  under  this  denomination,  imitations 
of  parquet  flooring  which  are  made  by  stamping  the 
figures  out  of  a  sheet,  reuniting  them  by  hand  on  a 
table  and  consolidating  a  new  sheet  under  a  hydraulic 
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press.  The  Walton  inlaids  are  of  two  kinds,  those  in 
which  the  individual  figures  are  "solo"  or  shaped  in  a 
definite  (usually  floral  or  scroll)  pattern  and  those  in 
which  a  particular  figure  is  composed  of  a  number  of 
little  squares  or  hexagonal  units  known  as  "universal" 
patterns.  In  the  case  of  the  square  units,  the  designer 
has  at  his  disposal  any  combination  of  pattern  which 
can  be  made  by  coloring  singly  or  collectively  the 
squares  on  a  piece  of  squared  paper.  The  actual 
mechanical  treatment  is  briefly  the  stamping  out  of 
the  desired  units  from  several  sheets  of  different  colors 
and  the  transference  of  such  cut-out  pieces  on  to  a  roller 
fitted  with  pins  where  the  reunited  pieces  are  tem- 
porarily held  previous  to  their  subsequent  transference 
on  to  the  canvas  backing.  The  point  I  wish  to  draw 
attention  to  is  that  in  order  to  allow  the  several  colored 
sheets  to  be  brought  simultaneously  together  on  to  the 
cutting  roller  they  need  to  be  suspended  without  any 
support  whatever  in  the  •  bight  in  lengths  of  several 
feet  in  mid  air  in  a  nearly  horizontal  position.  Thus 
the  cohesion  of  the  sheets,  which  it  must  be  remem- 
bered are  in  the  "green"  or  unmatured  condition,  must 
be  very  great  indeed,  and  it  has  been  found  by  experi- 
ence that  none  but  the  true  Walton  shower  bath  oil 
cements  made  with  the  original  materials  specified  by 
the  inventor  are  capable  of  undergoing  the  exigencies 
of  such  treatment. 

I  have  referred  earlier  to  the  possibility  of  obtaining 
yet  a  fourth  fraction  from  a  solid  oxidized  oil.  If  the 
petroleum-ether  extract  be  dissolved  in  petroleum 
ether  a  clear  solution  will  be  obtained  which,  however, 
on  dilution  becomes  turbid,  owing  to  the  separation 
of  an  oil.  The  precipitation  is  complete  at  an  80-fold 
dilution,  and  on  being  left  to  settle  out  appears  as  a 
thick  tacky  oil,  about  intermediate  in  physical  prop- 
erties between  "petroleum-ether  extract"  and  "ether 
extract."  The  soluble  portion  resembles  in  ap- 
pearance raw  linseed  oil.  The  same  difficulties  of 
examination  were  found  as  in  the  case  of  the  other 
fractions  but  I  submit,  however,  elementary  analyses 
of  the  four  fractions  obtained  in  order  to  show  that 
they  correspond  to  fractions  increasing  in  oxygen 
content. 

Pktkolkum- 

RqW  IvTIIIIK   lixTRACT 

Per  linseed  Soluble  Insohililc      Htiikk 

cent  oil  (a)  in  excess  in  excess  lixTRACT  I.tNoxvN 

C 74.40  73.00  68.74          65.97         M  iS 

H 10.64  10.45  9.65            9.50           8.75 

0 13.96  16.55  21.61          ?5.5.^          77.90 

(a)  Williams.  AnalyU.  18  (IS'^S).  2SS. 

The  insoluble  fraction  referred  to  above  cm  be 
isolated  from  any  oil  that  has  suffered  oxidation 
(including  ordinary  "boiled  oil")  by  dissolving  to  a. 
concentrated  .solution  in  petroleum  clliiT  and  tht-n 
largely  diluting.  The  resultant  turbidity  I  employ 
as  a  quick  (|ualilalivc  test  for  oxidation  in  oils.  The 
oxidation  need  not  have  been  .siifncionl  to  produce 
linoxyn. 

In  conclusion  I  suggest  that  my  mcllioil  of  extraction 
analysis     might    be    advantageously    applied    (<>    in 
vcsligations  connected  with  the  exiiminntinn  of  paini 
and  varnishes. 


ADDEXDA 

Fahrion'  on  the  subject  of  the  determination  of  "oxidized 
acids"  separates  the  petroleum  ether  insoluble  fatty  acids  into 
two  portions:  the  ether  soluble  on  the  one  hand  and  the  ether 
insoluble  alcohol  soluble  on  the  other.  These  fractions  he 
interprets  as  follows: 

(i)  Ether  Soluble  =  peroxylinolic  acid  (Ci»H.:0«)  or  linolic 
acid  in  which  one  double  bond  of  the  two  has  been  ^turated  by 
peroxidic  oxygen  leaving  one  double  bond  still  unsaturated. 

v^)      ..   ^l.  ."<^."ui*.*  =  DiPERox\T.iNOLBKic  Acid  (CiiHbO.) 
1  Alcohol  Soluble  J 

or  linolenic  acid  ^CuHjoOj)  in  which  two  of  the  three  double 
bonds  have  been  saturated  by  peroxide  oxygen. 

Without  discussing  at  length  ray  reasons  for  not  agreeing 
with  Fahrion's  hj-pothesis  as  to  the  identity  of  these  fractions, 
I  would  alternatively  suggest  the  following  hypothesis. 

The  accepted  structural  formulas  for  the  commonly  occurring 
unsaturated  acids,  oleic,  linolic,  linolenic  and  clocomargaric. 
all  agree  in  showing  tliat  the  limiting  position  of  the  double 
bond  nearest  the  carboxyl  group  occurs  in  such  manner  that  the 
length  of  the  residual  saturated  group  containing  carboxyl  is 
rcpresentable  by  Ct.  It  is  not  improbable  al.>w  that  the  end 
represented  in  the  unoxidizcd  compound  by  the  double  bond, 
on  oxidation,  would  become  converted  into  an  aldchydic  group 
under  the  influence  of  peroxide  addition  and  subsequent  hy_ 
drolysis.  Indeed  Bouchard'  claims  to  have  obtained  phenyl 
hydrazine  compounds  of  the  same.  The  physical  propcrtie 
of  the  oxidized  acids  are  moreover  not  imlikc  aldehyde  resinss 
Oil  oxidized  to  solidity  is  ver\-  easily  and  rapidly  obtained  in. 
the  form  of  ctliyl  esters  by  boiling  with  three  times  its  weight 
of  alcohol  and  2  per  cent  hydrochloric  acid,  while  the  free  oxidized 
acids  are  practically  impossible  to  estcrify.  Thus  I  would 
suggest  that  these  acids  arc  merely  products  of  saponification 
and  arc  not  the  free  acids  of  which  the  glycerides  constitute 
oxidized  oil  Tliat  no  matter  how  far  oxidation  of  an  oil  is 
developed  it  is  imiwissible  to  obtain  more  than  about  .s.s  to  6»> 
per  cent  of  oxidized  acids  wotdd  lend  support  to  the  suggestion 
that  they  consist  of  bodies  of  which  azclaic  acid  is  the  l>as«c 
representative.  Tlu-ory  demamls  al>out  6i  per  cent  of  oxidized 
acids  from  a  fully  oxidized  oil  assuming  them  to  have  tlie  formula 
CHOiCHjiiCfX)!!.  Klucidution  of  their  constitution  i» 
rciulired  diflicult  on  account  of  their  instability,  scivir.ition 
from  anhydride  or  lactonic  bodies  giving  no  end-point  after  as 
many  as  |6  reiieated  separations.  Kcductioiu  by  nickel  and 
also  colloidal  pallndium  have  l>een  fruitlevt  as  the  oxidized 
acids  ropidly  ixii.son  the  solution  However,  adopting  as  a 
basis  of  reasoning  Fahrion'*  suggeslion  that  in  the  two  dcgrrc* 
of  unH;itiirntion  represented  by  linolic  and  linolenic  acid*,  no 
full  satur.ition  by  oxygen  can  lake  place,  one  douMr  ImmhI  rr- 
inainiiiK  intact,  mid  extcndiuK  this  to  coinpriw  noiio&idiralUr 
olcin  we  might  .ipply  such  to  the  oxidatum  o(  the  gl)xcndrs  as 
follows  Thus  the  niixnl  glyceride  olcin  linolin  linolcnin  would 
on  full  |>oviil>le  siitiiruliiMi  bv  owgrn  (om  '^i 

di|>croxvliiiolrniii.    while   «iiiiplr    triolein  ' 

as  such.     Tlii»  latter   ixiint    i«   rather   K;;  :\ 

oxidiraliilily  of  purr  triolein  Mich  as  con«tHulc»  0»e  Inilk  o(  the 
true  iioiulryinK  oU« 

Considering  now  the  oxidalitN)  pmliirl*  of  the  ten  iKnaaltir 
inixc<l  and  simple  iilvixriden  occnmng  in  lm»cr«l  oil  (*atutalrd 

«i-i<l«   li.ive   iu>l    '  I   -     I    .    .    .1.      .  .1         I     1.  ...      ,( 

tlirv    lire    rrpi'  ' 

VCIlirlKT    llllilri 
wc  have 


>  ijrm  M>«t4t«*  (• 
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The   calculated   elementary   analyses   of   these   bodies   when 
oxidized  according  to  the  hypothesis  would  be 


(a)          (6) 

(c) 

(<fl 

W 

(/) 

(g1 

(*) 

(0 

(f) 

77.4     74.8 
11.7      11.2 
10.9      14.0 

72.5 
10.6 
16.9 

70.3 
10.0 
19.7 

72.5 
10.6 
16.9 

68.1 
9.6 
22.3 

64.3 
8.6 
27.1 

70.3 
10.0 
19.7 

66.1 
9.1 
25.6 

68.1 
9.6 
22.3 

,  On  comparing  these  figures  with  those  agreeing  the  more 
nearly  with  those  obtained  and  having  chosen  these,  appending 
the  approximate  iodine  values  of  "theoretical"  and  "found" 
together  with  the  oxidized  acids  theoretically  yielded  with  that 
found  actually,  we  have,  assuming  the  maximum  yield  of  oxidized 
acids  from  an  unsaturated  chain  to  be  61  per  cent: 


TlIHORY 

\6 

\^ 

<i 

\6 

C 

H 

0 

Iodine  value 

Oxidized  acids. . 

...      72.5 
...      10.6 
...      16.9 
...      80.8 
.  .  .      20% 

68.1 
9.6 

22.3 
76.0 
40% 

66.1 
9.1 
25.6 

73.7 
61% 

64.3 
8.6 

27.1 
71.6 
61% 

Found 

Petroleum 
-Soluble' 

•lither  Extract 
"Insoluble" 

Ether 
extract 

Linoxyi 

C 

H 

0 

Iodine  value 

Oxyacids 

...      73 . 00 

...       10.45 

...       16.55 

85 

17% 

68.74 

9.65 

21.61 

79 

38% 

65.97 
9.50 

25.53 
58 
52% 

63.35 
8.75 

27.90 
52 
57% 

The  iodine  value  comparison  I  consider  to  be  of  little  value  as 
obscure  reactions  probably  occur  on  such  complex  molecules. 
This  is  borne  out  by  the  lack  of  agreement  in  values  obtained 
by  the  use  of  different  methods  (see  above). 

That  on  taking  another  oxidized  oil,  fractionating  by  ex- 
traction, and  performing  elementary  analyses  of  the  fractions, 
slightly  different  results  would  be  obtained  is  highly  probable; 
in  fact  it  is  likely  that  the  suggested  formulas  submitted  as 
approximating  to  the  theoretical  glycerides  are  mixtures  of 
which  the  most  that  one  can  say  is  that  one  particular  member 
is  distinguished  by  preponderating  in  linolenic  as  distinguished 
from  oleic  acid  glyceride.  Common  sense  would  support  the 
view  that  the  insoluble  fraction  linoxyn  is  likely  to  preponderate 
in  linolenic  while  inferior  or  semi-drying  oils  yield  relatively 
large  proportions  of  the  less  oxygenated  fractions. 

The  transformation  of  one  fraction  into  another  as  shown 
in    tlie    experiments    merely    presupposes    partial    exchange    of 
acidic  groups,  a  phenomenon  already  suggested  in  the  case  of 
polymerization  at  high  temperatures  by  Morrell.' 
dundbs,  r0suf1bi,d  roau 
Staines.  England 


THE  REMOVAL  OF  BARIUM  FROM  BRINES  USED  IN 
THE  MANUFACTURE  OF  SALT 

By  W.   \V.  .Skinnhk   anb  \V.   K.   Baughman 
Received  October  18.  1916 

The  impurities  which  are  found  in  rock  salt  and  in 
natural  and  artificial  brines  are  many ,  but  forthe  most  part 
are  not  substances  of  such  a  markedly  deleterious  char- 
acter from  a  food  standpoint  that  they  are  to  be  regarded 
as  seriously  objectionable  if,  in  the  manufacture  of  salt, 
small  quantities  of  them  are  permitted  to  remain  in 
the  finished  product.  This  is  not  true,  however,  of  the 
salts  of  barium  which  occur  in  certain  brines  in  notable 
amounts,  as,  for  instance,  in  the  brines  from  the  Ohio 
Valley  District  of  West  Virginia  and  Ohio,  also 
known  as  the  Kanawha  District. 

That  the  Ohio  Valley  brines  contain  barium  has  been 
known  for  many  years.  Hunt  in  his  "Chemical  and 
Geological  Essays"^  says,  quoting  Leney,  that  the  pres- 
ence of  barium  salts  is  a  constant  characteristic  of  the 

'  J.  Soc.  Chrm.  Ind.,  1,916,  Feb.  15th. 
«4th  Ed..  1891.  p.  121. 


Allegheny  River  brines  and  Dr.  Stieren  in  the  American 
Journal  of  Science^  gives  the  analysis  of  a  brine  from 
Tarentum,  Pennsylvania,  which  contained  0.00612  part 
of  barium  chloride,  0.00378  part  barium  carbonate, 
0.00959  part  strontium  chloride,  and  8.586  parts 
calcium  chloride  in  1000  parts  of  brine.  Dr.  Robert 
Peter  reports  in  the  Kentucky  Geological  Survey-  for 
1878  the  analysis  of  a  brine  from  Clay  County,  Ken- 
tucky, which  was  found  to  contain  23  grains  of  barium 
chloride  per  wine  gallon,  equivalent  to  0.393  P^ri  per 
1000. 

While  it  has  not  attracted  much  attention,  the  poison- 
ing of  animals  by  salt  has  frequently  been  noted  and 
reported.  Howard  in  1889'  reported  the  examination 
of  a  sample  of  salt  which  was  supposed  to  have  caused 
the  death  of  mules  and  which  was  found  to  contain  a 
considerable  quantity  (per  cent  not  given)  of  barium 
chloride.  The  same  year  he  reported  the  poisoning  of 
two  horses,  arsenic  being  suspected.  An  examination 
of  the  viscera  showed  no  arsenic,  but  a  quantity  of 
sodium  salts,  and  the  precipitant  for  the  calcium  group 
gave  an  especially  marked  reaction  (possibly  barium). 
Several  cases  of  poisoning  of  stock  were  reported  from 
Kentucky.^  No  poison  could  be  found  in  the  sam- 
ples of  salt  examined.  Two  cases  of  fatal  poisoning  of 
horses  and  cattle  from  salt  have  come  to  the  attention 
of  the  authors,  the  trouble  being  due  undoubtedly  to 
the  presence  of  barium  chloride  in  the  impure  salts  fed 
to  the  animals.  This  salt  was  produced  in  the  Ohio 
River  District. 

In  1913  a  number  of  dairy  cows  in  Cincinnati  were 
killed,  death  being  attributed  to  the  use  of  salt  in  the 
ration.  Upon  examination  it  was  found  that  the  salt 
used  contained  a  considerable  amount  of  barium  chlor- 
ide. The  salt  was  produced  by  a  salt  works  in  the  Ohio 
River  Salt  District. 

OBJECT  OF  THfi  INVESTIGATION 

Owing  to  the  meager  information  available,  it  seemed 
necessary  and  desirable  to  investigate  the  character 
of  the  brines  of  the  Ohio  Valley  to  determine:  (i)  their 
normal  constituents,  especially  their  content  of  barium; 

(2)  the  efficiency  of  the  elimination  of  barium  by  the 
methods  now  employed  in  the   manufacture  of  salt; 

(3)  the  normal  amount  of  barium  chloride  to  be  ex- 
pected in  the  several  grades  of  salt  manufactured  from 
these  brines,  and  if,  by  ignorant  or  careless  methods  of 
manufacture,  an  excessive  amount  of  barium  was  likely 
to  occur  in  the  salt;  also  to  study  briefly  the  methods 
of  production  with  the  idea  of  suggesting,  if  possible, 
either  some  modification  of  the  present  process  or  the 
development  of  some  new  method  of  treatment  by 
which  the  barium  chloride  could  be  entirely  removed 
from  the  brine  or  reduced  to  such  a  small  amount  that 
the  salt  obtained,,  especially  those  grades  known  as 
No.  I  "Fine,"  "Common  Fine"'  and  "Table  and  Dairy," 
which  enter  so  largely  into  products  used  for  human 
food,  or  of  grades  of  salt  which  might  be  substituted 
for  them,  should  contain  at  most  only  traces  of  barium. 

■  Vol.  34  (1862).  55. 
'  Chrm.  Repl.,  [I]  4,  2nd  scries.  52. 
>  West  Virginia  Station.  Bull.  108. 
<  Kentucky  Slalion  Rfporl,  ISM,  20. 


Jan.,  1917 


THE  JOURNAL  OF  IXDCSTRIAL   AXD  EXGI.\ BERING  CHEMISTRY 


SOURCE   OF  THE   BRINE 

The  Ohio  River  or  Kanawha  Salt  District  is  com- 
posed at  the  present  time  of  Kanawha  and  Mason 
Counties,  West  Virginia,  and  Meigs  County,  Ohio,  all 
of  the  producing  salt  works  being  located  in  these  three 
counties.  Formerly,  the  district  was  much  more  ex- 
tensive than  it  is  at  present;  according  to  report,  there 
were  at  one  time  about  30  works  in  operation.  How- 
ever, the  natural  advantages  in  the  production  of  salt 
in  the  Michigan  District  and  the  Northern  Ohio  Dis- 
trict are  such  that  the  Ohio  River  salt  makers  cannot 
successfully  compete  unless  peculiarly  well  located  re- 
garding fuel  supply,  etc.,  the  result  being  that  salt 
making  in  the  latter  district  has  declined  until 
in  1 9 14  but  s  works  were  in  operation.  The 
industry,  however,  has  recently  shown  signs  of 
recuperation.  One  old  works  has  been  re-estab- 
lished and  a  practically  new  and  extensive 
plant  has  been  erected  on  the  site  of  an  abandoned 
property  at  Mason  City,  West  Virginia.  From 
data  gathered  directly  from  the  producers,  the  pro- 
duction of  salt  in  this  district  in  191 5  is  estimated  at 
approximately  500,000  barrels. 

The  salt  in  the  Ohio  River  District  is  produced  from 
natural  brines  obtained  from  bored  wells.  Origi- 
nally, the  wells  were  from  450  to  1000  ft.  deep  and 
yielded  a  rather  weak  brine.  When  it  was  discovered 
that  brine  of  a  higher  degree  of  salinity  could  be  had 
at  lower  levels,  deeper  wells  were  bored.  Most  of 
the  newer  wells  are  about  1 100  to  1300  ft.;  one  well, 
however,  was  reported  to  be  about  1600  ft.  The 
salinity  of  the  brines  directly  from  the  wells  varies 
from  about  S'A  to  10°  Be.  at  20°  C,  and  when 
first  pumped  is  clear  if  an  ordinary  valve  pump  is 
u.sed.  When,  as  in  one  case,  an  air  lift  is  used,  the 
brine  is  cloudy,  due  to  the  decomposition  of  the  fer- 
rous Vjicarbonate   present. 

To  determine  the  character  of  the  brines,  several 
representative  samples  were  collected  and  analyzed, 
the    results    appearing   in    Table    I.     For   purposes   of 


analyses  which  is  of  particular  interest  in  the  con- 
sideration of  the  treatment  of  the  brine  for  the  removal 
of  the  barium  is  the  content  of  ferrous  bicarbonate, 
the  importance  of  which   will  be  discussed  later. 

TECHNOLOGY  OF  SALT  PRODUCTION 

A  brief  description  of  the  technology  of  the  pro- 
duction of  salt  in  the  Kanawha  District  seems  de- 
sirable to  a  proper  understanding  of  the  application 
of  the  method  and  an  interpretation  of  the  resulu 
of  the  treatment  of  the  brine  for  the  removal  of  barium. 
No  attempt  will  be  made  to  give  in  detail  the  complete 
treatment  of  the  brine  for  the  production  of  salt  and  the 
separation  and  recovery  of  the  several  valuable  by- 
products. As  previously  stated,  the  brines  are  nat- 
ural and  pumped  from  deep  wells.  In  most  cases 
it  is  practically  pumped  directly  from  the  wells  to 
the  evaporators;  in  one  or  two  cases  a  small  amount 
of  storage  for  the  brine  is  provided.  However,  in  the 
largest  works  in  the  district,  storage  capacity  was 
provided  for  only  about  one-fourth  of  the  daily  capac- 
ity of  the  plant. 

All  of  the  salt  in  this  district  is  produced  by  the  steam- 
heated  or  direct-fired  pan  or  evaporator  and  the 
grainer  system.  The  kettle  process,  formerly  largely 
employed  in  this  district,  has  been  entirely  aban- 
doned and  the  vacuum  pan  has  not  been  introduced 
because,  as  claimed  by  the  most  experienced  manu- 
facturers, the  corrosive  action  of  the  concentrated 
brine  and  the  bittern  or  mother  liquor  is  so  great  as 
to  make  the  use  of  the  vacuum  pan  impracticable. 
In  the  evaporator,  the  brine  is  boiled  and  the  steam 
later  utilized  for  further  concentration  of  the  brine  in 
the  settlers  and  grainers.  The  salt  is  removed  from 
the  grainers  cither  by  manual  labor,  shovels  being 
used  to  remove  the  accumulated  salt  on  the  bottom 
of  the  grainer  to  draining  racks  immediately  al>ove 
the  same,  or.  as  in  two  instances,  by  a  mechanical 
scraper  and  conveyor  belts.  The  brine  is  usually 
drawn  directly  into  the  evaporator,  heated  to  boil- 
ing and  concentrated  to  about  19°  B6.,'  although 
in  one  case  it  is  passed  through  a    preheater    liefore 


comparison  there   has  been   included  in  the   table  an 

»DL«    I-AnALYSKS*    of    IlklMlS    KROM    Tllll    OHIO    RlV«l«    VAUWV    (RUULT*    IN    0«A«l>    r»    UT««) 

S"  «f        ^^.^        jj,^.,       j,,,.^      g^,,     n,ci,     Mg<.-b    Krdico,)! 


10078 
IM84 
16080 


Location 
MaW.i..  W.  Vll. 
Ihirld.r.l.  W.  Va 
P,.,„.r„y.  (). 


Dhschiption 
Direct  (rom  well 
Direct  from  well 
Direct  from  well 
Direct  Irolll  well 
Direct  (roill  well 
I'roiii  atoranc  mnk 


2dV20» 
l.(Ki02 
1.0641 
1.0705 
1  07.16 
\.01S.\ 
l.065.t 
1.07.1 
I   OoJS 


O.SI 
0.44 
0.44 


NaCI 
61  7.« 
T«..16 
»}.}0 
SO. II 
MM 
74  .W 
«4  .to 
y»  05 


CaCb 
16  IJ 
I.VOt 
1.1  54 
15  «i 
14.66 
II  W 

14  .M 

15  95 


ScCI> 
0  55 
0.46 
0  41 
0  .17 
0.56 
0  74 
O  26 
0  Jl 


BaCb 
0  60 

0  »: 

0  5} 
O.Jt> 
0.5a 
0  71 
0.54 
O  ?« 


5  75 

6  01 
6  «l 
6.16 
S.II 

s  w 

S.}» 


oil 

0  10 
O  10 

o  o» 

O  05 
0  04 
0  I* 

0  at 


Total 
•4  49 
9»  07 
10;  5« 
104  75 
I07.lt 
9}  50 
105. 1; 

•6  t: 


•  Small  iimniiiitt  of  iodine.  Iiromiiie.  silica,  lilhilim 

•  •  I'oliMsiiim  not  scparnterl ;  iiiclii<led  with  NaCl. 

(a)  Anulyiiii  liy  I'tot.  C.  W.  I'oiilkc.  Ohio  Stnle  I'l 

(b)  Analytia  by  C.  D.  Howard.  W.  Va.  H«|it,  3ta  . 


(piraent  but  not  determined). 
nnll  t,  |>   .': 


analysis  of  a  Pomeroy,  Ohio,  brine  made  by  Professor 
C.  W.  Foulkc,  and  an  analysis  of  brine  from  Maiden, 
West  Virginia,  made  by  Professor  C.  I).  Howard. 
It  will  be  noted  that  the  Maiden  brine  contains  about 
twice  as  much  l)arium  chloride  as  do  the  brines  from 
the  vicinity  of  Pomeroy  which  is  the  center  of  the  unit 
production  district  on  the  Ohio  Kiver.  It  iH  to  be 
notcil  also  that  the  barium  chlorifle  in  the  case  of  the 
Maiden  brine  is  et|uivuU'nt  to  about  1  per  cent  of 
the  .sodium  chloride  and  n  little  loss  than  1  per  cent 
of  the  total  salts  in  solution.     The  only  feature  of  the 


being  drawn  into  the  evaporator  From  the  evapo- 
rator the  brine  i!i  pawetl  through  filtem  and  then  into 
settling  tanks  about  1  j  x  1  JO  x  j  ft,  contlructcd  of  wood 
or  cement,  through  which  paw  Urge  copper  p«p« 
carrying  ntenm  from  the  Meam  rhe«t»  over  the 
pan*  or  from  the  cvnporatom  In  thetc  •etlling 
tank*,  technically  known  an  "imidicUlcft."  • 
\nry,e  amount  of    ih*    Iron    i«    removed.      Thit    iron 
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exists  in  the  brines  pumped  from  the  wells  as  ferrous  while  oflf-grade  salt  comes  from  the  others.  The 
bicarbonate  which  is  broken  down  in  boiling  and  is  course  of  the  brine  in  the  works  may  be  briefly  sum- 
partly  removed  by  the  filters,  a  further  amount  being  marized  as  follows:  Well,  storage  tanks,  preheater, 
precipitated  in  the  settler.  The  brine  from  which  evaporator,  collecting  well,  filters,  mud  settler,  draw 
the  greater  portion  of  the  iron  has  been  removed  settler,  No.  i  salt  grainers,  No.  2  salt  grainer,  bittern  con- 
is  concentrated  to  from  20  to  21°  B^.  at  a  temperature  centrator,  bromine  works,  calcium  chloride  works. 
of  about  170°  F.  and  run  into  what  is  known  as  the  With  either  of  the  above  systems  of  salt  making, 
"draw  settler"  where  just  a  little  of  the  salt  is  allowed  one  would  expect  that  as  the  degree  Baumd  in- 
to crystallize  out  and  in  so  doing  removes  with  it  the  creased,  the  yield  of  salt  would  be  proportionately 
last  visible  trace  of  iron  in  suspension.  The  clear  brine  more  impure,  but  from  the  analysis  of  the  samples 
with  a  pale  straw  color  is  then  drawn  off  to  the  crystal-  obtained  from  the  grainers  of  different  concentration, 
lizing  tanks  technically  known  as  "grainers,"  where  there  appears  to  be  very  little  increase  in  the  amount 
it  is  evaporated  by  a  system  of  copper  steam  pipes  of  impurities,  at  least  of  b&rium  chloride,  until  the 
as  in  the  settling  tanks.  concentration  reaches  about  30°  B6.,  provided  the 
The  first  crop  of  salt  is  obtained  at  about  23°  to  temperature  in  the  grainers  is  maintained  and  salt  of 
24°  B^.  at  a  temperature  of  from  175  to  180°  F.  main-  uniform  grain  is  produced.  In  the  best  works,  there- 
tained  in  the  grainer.  As  the  salt  is  removed  and  the  fore,  it  has  been  the  practice  to  use  only  brine  under 
volume  of  the  brine  reduced  by  evaporation,  more  30°  Be.  for  the  production  of  Xo.  i  or  table  and  dairy 
brine  is  run  into  the  grainers,  which  is  continued  until  salt. 

the  gravity  is  increased  to  about  30°  B6.,  the  concentra-  As  the  object  of  the  preliminary  work  was  to  de- 

tion  at  which  it  is  considered  advisable  in  the  best  termine  the   character  of  the  salt  produced  and   the 

salt  works  practice   to    discontinue  the  production  of  impurities  which  it  contained  rather  than  a  technical 

No.  I  salt,  although  some  producers  run  up  to  32°  B^.,  study  of  the  production  of  salt,   only  such  samples  of 

Tabi.b  II — Analyses  Showing  Composition  of  Salt  Obtainrd  from  Untreated  Ohio  River  Valley  Brines 

Lab.  Per  cent                 Percentage.^  on  Water-Free  Basis 

No.         Works      Salt                   Grads                                     Source  Moisture           CaClj       MgCh       SrCh         BaCli         NaCi 

16086  A           No.  1          Coarse                               Warehouse  4.07                   1.22         0.39          ....            0.20         98.19 

16087  "Table  and  Dairy"        Warehouse  3.32                  0.89         0.27          ....            0.03          98.81 

16088  Coarse  grain                    Warehouse  6.44                  2.30         0.74         0.07            0.20         96.69 

16089  Table  and  Dairy             DraininR  board  of  No.  1  Grainer  6.0.S                   2.05          0.74          ....            0.09         97.12 

16090  Draining  board  of  No.  2  Grainer  10.17                  2.22         0.70         0.09            0.09         96.90 

16091  Draining  board  of  No.  3  Grainer  11.45                  2.32         0.78         0.07            0.08         96.75 

16092  Draining  board  of  No.  4  Grainer  6,40                  2.71          0.82         0.07            0  23          96.17 

16094  B           No.  1          Table  and  Dairy             Grainer  10.41                   1.86         0,78          ....            0.04         97.32 

16095  Warehouse  7.35  1.63         0.70  0.04         97.63 

I1233K  C  No.  1  Table  and  Dairy  Marlcet  2.26  0.56         0.24  0.01  99.31 

16097  Warehouse  5.97                   1.22          0.51           ....            0.03         98.24 

16098  No.  3  Grainer  9.76                  2.19         0.98         0.09            0.06         96.68 
W.  I,.  A                                                                                       Warehouse                                                            8.55                  2.02         0.86          0.05         96.97 

21416  .  Warehouse  8.33  1.85         0.76  0.02         97.42 

16101  D  No.  1  Talile  and  Dairy  Grainer  5.23  0.78         0.31  0.02         98.89 

I8242-L  Market  6.64  1.27  0.54  0.04         98.34 

W.  L.  156        E  No,  I  Table  and  Dairy  Warehouse  6,88  2.17  0.91  0.05  96.86 

W.  1-.  157  No.  4  Bin  11.64  1.95  0,81  0,05         97.18 

W.  L.  158  No.  I  Grainer  19.71  1.86         0.79  0.04         97.29 

W.  I,.  159  No.  3  Grainer  20.58  2.10         0.88  0.05  96.94 

W.  L.  160  No.  5  Grainer  11.90  3.38  140  0.13         95.06 

I8225-I,  Market  3.69  0.51         0.22         0.01         99.27 

16093  A           No.  2                       Off                              10.57                  3.38         0.94          1.19            5.17          89.25 

16096  B           No.  2                       Off                         No.  7  Grainer  6.33                  2.32          1.02          0.27            1.46         94.92 

21417  C           No.  2          Table  and  Dairy             Warehouse  11.32                  4.22          1.96         O.ll            0.95         92.65 
W.  L.  n                                                                                       Warehouse  12.55                  5.54         2.60         0.16            1.15         90.51 

16099  Warehouse  7.35                  2.58          1.10         0.09            1.18         95.04 

16100  Sludge  salt  from  cone,  bittern  tank              5.49                16.48          7.12          0.69            5.47          70.23 

16102  D          No.  2                      Off                          Warehouse  5.66                  3.68          1.13          1.46            1.02         92.70 
W.  L.  155        E           No.  3                      Off                          Warehouse  19.98                  4.31          1.99         0.31          10.75          82.67 

(o)  Cattle  Salt  0£f  1,86  1,42  16,18         80.54 

(o)  Agricultural  Salt  Off  3.44         1.11  18.52         76.93 

(o)  Analysis  by  C.  D.  Howard,  W.  Va.  Bult.  103,  p.  291. 

and  possibly  more.     From  the  grainers  in  which  the  brine    and   salt    were    obtained    as    it    was    considered 

No.    I   or   Table  and   Dairy  salt  is   made,  the  brine,  would  afford  data  of  value  upon  this  particular  phase 

when  it  has  reached  28  to  30°  B6.,  is  drawn  off  to  the  of  the  question. 

"bitter   water   grainer"   in   which   the  No.    2  or  "off-  Samples    of    salt    were    collected    representing    the 

grade"  salt  is  made  and  in  which  the  concentration  product    of    the  five  plants  in  operation  at  the  time, 

is  carried  to  38  to  40°  B6.     The  bittern  is  then  drawn  and  were  taken  from  the  salt  stored  in  bulk  in  the 

off  to  the  by-products  works  and  further  treated  for  warehouses,  where  possible,  as  such  samples  represent 

the    recovery    of    bromine,    calcium    and    magnesium  the  mixed  salt  from  the  several  grainers  and  are  repre- 

chlorides.  sentative  of  the  product  as    placed    on    the    market. 

In  some  cases  instead  of   filling  each   grainer   with  Samples  were  also  obtained  in  the  works  either  directly 

fresh    brine    as   the    volume   is   reduced,    the   brine    is  from   the   grainers   or   from   the   draining   boards   and 

run  from  No.  i  grainer  to  No.  2,  then  to  Nos.  3,  4,  5,  bins.     Samples  of  both  the  No.  i,  "Table  and  Dairy" 

6,    7,    as   the   case    may    be,   throughout   the   system,  grade  and  the  No.  2,  "Off"  grade  salts  were  obtained, 

the  new  or  least  impure  brine  being  always  introduced  Table  II  gives  the  results  of  the  analysis  of  the  several 

at  the  No.  1  grainer.     The  concentration  of  the  brine  samples.     There    have    also    been    included    for    com- 

gradually  rises  in  each  grainer  as  the  impurities  in-  parison  the  analyses  of  two  samples  of    off-grade  salt 

crease,  the  No.  i  table  and  dairy  grade  salt  being  ob-  reported  by  Howard, 

tained    generally   only   from   grainers    i,    2,    3    and    4,  It  will  be  noted  that  the  content  of  barium  chloride 
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in  the  22  samples  of  No.  i  salt  varied  from  0.02  to  0.23 
per  cent  expressed  on  the  dry  basis.  Four  of  these 
samples,  Nos.  16087,  16095,  16097,  and  W.  L.  156, 
taken  from  the  warehouses  of  four  different  salt  works 
may  be  taken  to  represent  fairly  the  character  of  the 
high-grade  table  and  dairy  S£^t,  well  drained  and 
ready  to  be  barreled.  The  barium  chloride  content 
of  these  four  samples  is  0.03,  0.04,  0.03  and  0.05  per 
cent,  respectively.  The  samples  taken  from  the 
draining  boards  and  bins,  or  when  recently  removed 
to  the  warehouse,  show  a  higher  content  of  barium  chlo- 
ride than  does  the  finished  product,  because  the  mother 
liquor  which  contains  the  impurities  has  not 
sufficiently  drained  ofiF.  Salt  requires  a  storage  of  from 
10  to  IS  days  to  be  properly  cured.  In  the  state  of 
New  York,  a  storage  of  14  days  is  required  by  law. 

By  reference  to  the  table  it  will  be  observed  that 
the  barium  chloride  content  of  the  off-grade  salt,  in- 
cluding the  two  samples  quoted  from  Howard,  varies 
from  1.02  to  18.52  per  cent.  The  largest  amount 
found  by  the  authors  was  10.75  P^r  cent.  The  off- 
grade,  or  No.  2  salt,  constitutes  from  7  to  10  or  12 
per  cent  of  the  total  salt  produced  by  a  works,  the 
quantity  depending  upon  the  concentration  at  which 
the  brine  is  drawn  to  the  bitter  water  grainer 
and  to  which  it  is  concentrated  before  backing  off 
the   mother   liquor   to   the   bromine    works. 

The  No.  2  or  off-grade  salt  is  not  sold  for  table  or 
dairy  purposes  or  for  packing  meat,  but  is  used  largely 
in  the  manufacture  of  ice,  salting  of  hides,  glazing  and 
agricultural  purposes,  and  in  recent  years  has  been 
quite  generally  labeled  "Nor  for  food  purposes"  or 
"Do  not  feed  lo  slock,"  or  in  some  other  manner  to 
indicate  that  it  is  not  intended  for  food.  The  de- 
mand for  this  low-grade  salt,  however,  is  quite  lim- 
ited. Consequently,  there  is  a  great  temptation 
to  utilize  it  by  substitution  for,  or  mixing  with 
a  higher  grade  salt  or  by  "melting"  it  in  the  settlers 
in  order  to  bring  the  brine  more  rapidly  to  the  satura- 
tion point.  Where  this  is  done,  of  course,  the  impur- 
ities in  the  brine  in  the  graincrs  from  which  the  table 
and  dairy  grade  salt  is  obtained  are  greatly  increased 
and  No.  t  salt  produced  from  a  brine  so  fortified  will 
invariably  show  a  high  content  of  barium  chloride. 
It  is  also  a  great  temptation  for  the  works  manager 
to  run  up  the  concentration  in  the  first  grainers  as 
high  as  he  dare  in  order  to  increase  the  yield  of  N'o.  i 
salt  and  decrease  the  yield  of  No.  1  or  off-grade  salt, 
resulting  in  an  increase  of  impurities,  including  barium 
chloride,  in  the  No.  1  salt.  Furthermore,  the  No.  j 
salt  is  frequently  almost  as  white  ami  of  as  good  a 
grain  as  the  No.  i  salt,  and  although  it  may  be  labeled 
or  invoiced  when  shipped  in  bulk  " Not  for  food  pur 
poses,"  it  is  a  great  temptation  to  the  unscnipulous 
jobber,  or  a  dealer  ignorant  of  the  content  of  deleteri- 
ous matter,  to  substitute  the  inferior  and  cheaper  for 
the  better  grade  and,  of  course,  higher  i>rice<l  salt. 
The  problem,  therefore,  was  one  of  removing  the 
barium  from  the  brine  before  it  is  drawn  into  the  grain- 
crs for  crystallizing  out  the  salt,  thus,  if  possible,  elim- 
inating it  completely  from  any  of  the  finished  product, 
provided    a    method    of    treatment    could    be    dcvcl 


oped  within  the  narrow  margin  of  profit  of  salt  mak- 
ing; in  other  words,  producing  a  greater  yield  of  Xo.  1 
salt  for  a  given  quantity  of  brine,  since  if  the  barium 
were  removed  the  concentration  of  the  hot  brine  could 
be  raised  considerably  above  the  28°  or  30°  B^.  found  to 
be  the  limit  for  the  production  of  a  high-grade  salt 
by  the  technique  of  salt  manufacture  as  heretofore 
employed. 

METHOD  OF   TRE.^TMEXT 

The  removal  of  the  barium  as  sulfate  was  considered 
as  probably  the  most  practicable  method  of  treat- 
ment, primarily  because  of  the  insolubility  of  the  com- 
pound and  also  because  sodium  sulfate,  commercially 
known  as  salt  cake,  which  it  was  thought  could  be 
used,  is  one  of  the  cheapest  of  the  heavy  chemicals, 
a  by-product  of  several  industries,  being  quoted  in  1915 
at  $12  per  ton  delivered  at  points  in  southern  Ohio. 
It  can  be  obtained  in  bulk  and  in  granulated  form, 
therefore  easy  of  solution,  and  may  be  had  free  from 
any  significant  impurities. 

The  critical  points  in  a  mtthod  attempting  to  re- 
move the  barium  as  sulfate  were  considered  to  be: 

(i)  The  practically  complete  removal  of  the  pre- 
cipitated barium  sulfate  formed  before  the  salt  crys- 
tallized out  of  the  brine;  otherwise  any  suspended  bar- 
ium sulfate   would   be  carried   down   with  the  salt. 

(2)  While  adding  sufficient  sulfate  for  this  purpose, 
the  formation  of  any  calcium  sulfate  should 
be  avoided,  or  at  least  if  formed,  the  amount  should  be 
kept  within  the  solubility  of  calcium  sulfate  in  the 
brine  and  bittern,  thus  preventing  the  formation  of 
scale,  which,  because  of  its  insulating  effect,  would 
seriously  interfere  with  the  efficiency  of  the  whole 
works,  since  for  the  most  part  thin  copper  pipe  of  large 
diameter  is  used  throughout  the  evaporation  system, 
the  cleaning  of  which  from  any  accumulated  scale, 
it  was  thought,  would  be  a  laborious  and  costly  under- 
taking. 

(3)  The  cost  of  treatment  must  be  low,  since  the 
margin  of  profit  in  the  manufacture  of  salt  is  so  small 
that  unless  the  cost  of  treat menl  were  very  low  or  off- 
set by  an  increased  value  nf  the  product,  the  method 
would  be  impracticable. 

(4)  The  application  of  the  method  of  treatment 
must  not  interfere  with  the  present  general  plan  of 
operation  and  equipment  which  has  been  found  by 
experience  best  suited  to  the  production  of  salt  in  the 
district. 

(5)  The  treatment  must  not  decrease  the  pnuluc- 
tion  of  the  valuable  by  pnxlucts  upon  which  the  profit- 
able management   of  the   w.-'      ' '-    depends. 

From  some  preliminary    r  work  on  the 

preciiiitalion   of   btr'  ""     ■       ;:i   the   oripnal 

brine  by  tising  S"  '•,  it  was  learned  that  in 

following   the   tc< !  'he  salt    works   and   ron- 

oentratinK  the  brine  to  a)>out  onothird  o(  its  original 
volume,  as  occnrn  in  the  evaporators,  only  about  So 
per  cent  of  the  baritim  could  l>e  rcmovol  when  an 
amiuint  of  salt  cake  was  added  which  was  chemically 
equivalent  to  the  barium  present  in  the  brine.  It 
wa«  evident,  therefore,  that  an  cxc«ss  of  sodium 
sulfate   must    l>e  added,  but  it   was  appr«ciaUd   that 
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the  excess  must  be  kept  within  the  limit  of  solubility 
of  calcium  sulfate  in  the  complex  bitter  water  solution 
of  the  last  grainers  in  order  to  prevent  calcium  sul- 
fate scale  formation.  To  determine  the  effect  of 
adding  the  precipitant  in  excess,  the  following  experi- 
ment   was    performed: 

To  one  500  cc.  portion  of  the  original  cold  brine 
was  added  sodium  sulfate  just  equivalent  to  the  bar- 
ium present,  and  to  succeeding  500  cc.  portions  was 
added  an  excess  of  sodium  sulfate  amounting  to 
I  Si  3o>  45.  60  and  75  per  cent,  respectively;  the  solu- 
tions, after  standing  from  3  to  4  hours,  were  boiled 
and  evaporated  to  one-third  their  original  volume, 
thus  simulating  the  process  in  the  works.  The  brines, 
as  before  noted,  contain  very  considerable  quanti- 
ties of  ferrous  bicarbonate,  averaging  about  100  mg. 
per  liter.  The  presence  of  the  iron  as  bicarbonate  and 
in  large  amount  is  a  fortunate  circumstance,  since 
it  may  be  broken  down  either  by  aeration  or  boiling, 
yielding  a  "flock"  which  materially  aids  in  the  rapid 
deposition  of  the  barium  sulfate  formed.  It  was 
also  found  that  the  precipitated  barium  sulfate  had 
a  mutually  beneficial  action  on  the  rapid  deposition 
of  the  iron  which  will  be  referred  to  further  under 
the  application  of  the  method.  The  results  appear 
in  Table  III,  and  are  shown  graphically  in  Fig.  I. 


Table  III — Prkcipitation  ok  Barium 
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Mr.  Barium. 
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in  500  cc.  of      NaiSO 
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Direct 

original             Wt. 
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By  difference 

brine               Mg. 

excess 
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Mr. 

Mg. 

Per  cent 

122             126.1 

0 

22.1 

101.9 

99.9 

81.9 

122            145.0 

15 

12.3 

110.5 

109.7 

89.9 

122             163.9 

30 

7.7 

111.4 

114.3 

93.7 

122            182.8 

45 

4.9 

113.8 

117.1 

96.0 

122            201.8 

60 

2.8 

118.6 

119.2 

97.7 

122            220.7 

75 

2.4 

118.6 

119.6 

98.0 

The  requisite  amount  of  sodium  sulfate  to  add  to 
remove  the  maximum  amount  of  barium  and  at  the  same 
time  to  produce  the  minimum 
amount  of  scale,  could  only  be 
approximated,  because  of  a  lack 
of  reliable  data  regarding  the 
solubility  of  calcium  sulfate  in 
the  complex  bittern  composed  of 
chlorides,  bromides,  and  iodides 
of  sodium,  potassium,  magnesium, 
strontium,  calcium  and  iron  at 
the  varying  temperatures  of  the 
solutions  while  in  the  bitter 
water  grainer,  and  while  con- 
sideration was  given  to  the  de- 
termination of  such  data,  it  was 
finally  abandoned  as  being  prob- 
ably unprofitable,  since  its  value 
would  depend  upon  accurate 
volume  determinations  of  the 
bittern  which,  it  was  found, 
would  be  exceedingly  difficult 
to  obtain.  An  approximation  of  the  requisite  amount 
of  sulfate  to  add  could  be  made,  however,  by  deter- 
mining the  amount  of  barium  remaining  in  the  salt 
by  the  old  process  of  manufacture.  A  representative 
sample  of  bitter  water  was  found  by  analysis  to  con- 
tain 2164  mg.  of  barium  per  liter.  As  the  quantity 
of  bittern  at  this  time  was  approximately  3,000  gals. 
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per  day,  this  was  equivalent  to  54.2  lbs.  of  barium 
which  is  carried  on  through  and  removed  in  the  bittern. 
The  original  brine  contained  per  liter  241.6  mg.  of  bar- 
ium which,  based  on  a  consumption  of  158,000  gallons 
per  day,  gives  approximately  319  lbs.  The  differ- 
ence, 265  lbs.,  is,  therefore,  the  amount  of  barium 
whi6h  has  remained  in  the  salt  and  represents  approx- 
imately 83  per  cent  of  the  total  barium  in  the  original 
brine.  It  was  evident,  therefore,  that  the  treatment 
to  be  efficient  must  remove  approximately  this  amount. 
It  was  surmised  that  the  efficiency  of  the  treat- 
ment in  the  plant  would  be  less  than  shown  by  experi- 
ments in  the  laboratory  and  therefore  it  would  be 
advisable  to  add  an  amount  of  sodium  sulfate  which 
would  remove  about  90  per  cent  of  the  barium.  From 
the  table  it  will  be  noted  that  a  30  per  cent  excess  gave 
a  precipitation  efficiency  of  93.7  per  cent.  It  was  de- 
cided, therefore,  to  use  this  amount  in  the  experi- 
mental application  in  the  plant.  From  the  table  it 
will  be  noted  further  that,  theoretically,  it  required 
1 26. 1  mg.  of  sodium  sulfate  per  500  cc.  of  brine  to 
precipitate  the  barium,  and  that  a  30  per  cent  ex- 
cess required  163.9  ™g-  oi  sodium  sulfate,  a  differ- 
ence of  approximately  76  mg.  per  liter.  It  was  esti- 
mated that  brine  which  flows  from  the  salt  grainer  to 
the  bitter  water  grainers  represents  a  concentra- 
tion of  about  15  to  I.  It  is  apparent  from  the 
above,  therefore,  that  the  excess  of  sulfate  in  a 
liter  of  brine  drawn  into  the  bitter  water  grainer  is 
equivalent  to  770  mg.  of  SO4,  which  is  equivalent  to 
1. 091  g.  of  calcium  sulfate  per  liter,  an  amount 
which  it  was  anticipated  would  form  some  scale.  To 
determine  if  calcium  sulfate  scale  was  likely  to  be 
formed  in  the  No.  i  salt  grainers  and  to  what  ex- 
tent in  the  bitter  water  grainers  from  using  a  30  per 
cent  excess  of  sodium  sulfate  and  also  to  study  the 
character  of  the  barium  sulfate  and  iron  hydroxide 
deposited  in  the  evaporators  by  the  proposed  treat- 
ment, a  small  improvised  salt  works  was  constructed 
and  operated  in  the  laboratory.  The  salt  produced 
was  of  a  high  grade  and  after  a  run  of  about  10  days, 
no  scale  could  be  observed  in  the  grainer,  while  the 
precipitated  barium  sulfate  and  iron  hydroxide,  most 
of  which  was  kept  in  suspension  by  the  boiling,  was 
almost  completely  removed  when  the  brine  was  drawn 
off,  the  small  amount  of  deposit  formed  being  quite 
soft,  having  very  little  the  character  of  scale. 

APPLICATION   OF  THE    METHOD FACTORY   TEST 

The  preliminary  experimental  work  and  the  calcu- 
lations regarding  the  cost  of  treatment  were  such  as 
to  lead  to  the  conclusion  that  a  method  of  treatment 
using  salt  cake  was  both  practicable  and  profitable.  The 
manager  of  one  of  the  large  salt  works  having  be- 
come thoroughly  interested  in  the  matter,  kindly 
offered  to  furnish  the  necessary  equipment  and  place 
his  works  at  our  disposal  for  a  factory  test  to  deter- 
mine if  the  method  could  be  applied  in  such  a  manner 
as  to  remove  the  barium  without  seriously  interfer- 
ing with  the  production  of  salt  or  of  the  profitable  by- 
products from  the  concentrated  mother  liquors  or 
"bitterns."     Accordingly  there  was  installed  the  neces- 
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sary  solution  and  dosing  tanks,  dosing  device  and 
meter  for  the  daily  treatment  of  200,000  gals,  of  brine 
the  maximum  capacity  of  the  plant.  The  test  con- 
tinued for  a  period  of  about  7  days,  the  estimated  out- 
put of  the  plant  for  the  period  being  from  375  to  400 
bbls.  of  salt  of  all  grades  per  day. 

The  brine  as  it  flowed  from  the  two  wells  contained, 
respectively,  243.7  and  239.6  or  an  average  of  241.6  mg. 
of  barium  (Ba)  per  liter.  The  laboratory  experiments 
had  shown  that  by  adding  an  amoupt  of  sodium  sul- 
fate equivalent  to  the  barium  content  of  the  brine  it 
was  possible  to  remove  only  82.0  per  cent  of  the  barium 
and  that  a  30  per  cent  excess  removed  approxi- 
mately 93.7  per  cent:  241.6  mg.  of  barium  are  equiv- 
alent to  250  mg.  sodium  sulfate,  or  0.002086  lb.  sodium 
sulfate  per  gal.  of  brine.  Using  a  30  per  cent  excess, 
one  gallon  of  brine  required  0.00271  lb.  of  sodium 
sulfate. 

A  meter  placed  on  the  outflow  pipe  of  the  brine 
supply  tank  showed  that  158,000  gals,  of  brine  was 
the  daily  consumption  of  the  plant  at  the  time.  The 
cocks  were,  therefore,  set  so  that  exactly  the  above 
amount  of  brine  would  flow  to  the  evaporators  every 
24  hours  during  the  7  days.  Using  30  per  cent  more 
sodium  sulfate  than  the  amount  equivalent  to  the 
barium  present  in  the  brine  required  428  lbs.  sodium 
sulfate  for  a  24-hour  treatment.  The  sodium  sulfate 
employed  in  the  experimental  work  was  ordinary 
salt  cake  of  commerce  such  as  is  used  in  glass  making, 
etc.,  and  sells  for  ss  to  65c  per  100  lbs.  The  salt  cake 
used  was  found  upon  analysis  to  have  the  following 
percentage  composition: 

XaCl   NaHSO<  CaSOi  FejCSOi  Moisture     Iiisoli.l.U-  NniSO,  Pli  &  .\.s 
0  38        l.W       0.78         0,10         0.21  0   10         95.69       None 

The  absence  of  lead  and  arsenic  is  important  since 
they  are  impurities  which  may  be  anticipated  in  salt 
cake  and  which  it  would  be  highly  undesirable  to  intro- 
duce into  the  salt. 

The  requisite  amount  of  sodium  sulfate  for  the  treat- 
ment of  one  day's  supply  of  brine  was  dissolved  in 
condenser  water,  which  was  used  instead  of  river  water 
because  an  ample  supply  was  available,  it  being  used 
as  feed  water  for  the  boilers.  The  fresh  brine  could 
not  be  used  for  making  the  solution  of  sodium  sul- 
fate because  the  brine  contains  approximately  14.5  g. 
of  calcium  chloride  per  liter  and  a  precipitate  of 
calcium  sulfate  would  result.  It  was  also  found 
necessary  to  neutralize  the  acidity  of  the  salt  cake, 
the  4  28 -lbs.  rcr|uiring  theoretically  about  4  lbs.  of  cal- 
cium oxide;  5  "'S.  of  good  burnt  linie  were  used,  or 
its    equivalent    of    hydrate. 

In  order  to  obtain  full  advantage  of  the  "flock" 
of  iron  hydroxide  resulting  from  the  decomposition 
of  the  ferrous  bicarbonate  naturally  present  in  the 
brine  in  a  largo  amount,  it  was  found  advisable  I"  add 
the  sodium  sulfate  as  early  as  possible  in  the  prorrss 
and  before  the  brine  was  healed. 

It  was  decided,  therefore,  to  dose  the  brine  at  the 
point  where  it  was  drawn  from  the  storage  tanks  into 
the  lirst  prehcalcr.  Merc  the  content  of  barium  in  a 
given  volume  of  brine  is  constant,  which  is  not  llu'  iii!««" 
laler   in    the    process,    the   concentration   of   the   bnnc 


at  a  given  point  varying  from  time  to  time.  This 
is  a  matter  of  vital  importance  in  the  addition  of  just 
the  right  amount  of  precipitant  to  remove  the  barium 
and  yet  not  a  sufficient  excess  to  produce  scale. 

To  check  the  results  of  the  dosing  and  to  deter- 
mine where  and  to  what  extent  the  barium  was  re- 
moved, analyses  were  made  of  the  treated  brine  at 
various  points  in  the  works.  The  character  of  the 
brine  taken  from  the  draw  settler  before  and  after 
treatment,  it  was  considered,  gave  the  most  certain 
indication  of  the  efficiency  of  the  removal  of  the 
barium.  At  this  point  the  brine  is  clear,  all  sus- 
pended matter  having  been  removed,  and  the  com- 
position is  practically  constant,  being  just  at  the  crys- 
tallization   point    of    sodium    chloride.     These    results 
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show  that  an  average  of  88.6  per  cent  of  the  barium 
in  the  original  brine  was  removed  by  the  treatment 
before  the  concentrated  brine  was  drawn  into  the 
grainers.  This  apparent  efficiency  was  considered 
highly  satisfactory  in  view  of  the  fact  that  an  appreci- 
able quantity  of  impurity,  including  barium  chloride, 
was  being  constantly  returned  to  the  mud  settlers 
from  the  drainage  bin,  which  could  not  be  provided 
for  in  the  treatment.  Table  IV  gives  the  analysis 
of  salt  made  from  the  same  brine  after  treatment, 
compared  with  salt  produced  by  the  same  works  be- 
fore  treatment. 

Tablb  IV — PiB  Cbnt  Babii-h  Chlubiub  in  Salt  by  Usi'al  TaKATMsitT 

AND    ArTBB    TbKATMBNT    IN    FaCTOB    TBST 

Salt  Hrforc  treatment  After  trr-Btment 

N'o.  I..     oo.«  n.n.i  oiM  o(H  o.06i<)  nos        n.oS(»)  n.o;«)  oa.«(«) 

No.  2    .      118    11.'    lis  0  10(B)  0  1  l(«i  0  10(B) 

(a)  Prom  drmin  bomrd  of  crminer. 

(M  Sainplr  taken  from  grainer  N'o.  I.  I»t  flay  after  AUinc.  only  partiaUy 
treated. 

Salt  taken  directly  from  the  grainers  always  contains 
a  higher  percentage  of  impurities  than  salt  from  the 
warehouse  because  the  n^other  liquor  in  the  former 
has  not  had  a  chance  to  drain  off  thoroughly.  Con- 
sequently, the  results  for  the  above-treated  salts  arc 
higher  than  they  would  have  l)c«n  had  the  taking 
of  the  samples  been  delayed  until  the  salt  had  se.tsoned 
for  ten  days  or  two  weeks  in  the  warehouse.  The 
results  show  that  the  No.  1  salt  after  treatment  con- 
tains only  about  half  the  amount  of  barium  which 
it  docs  before  treatment,  while  the  quantity  of  barium 
in  the  No.  j  salt  S.<t  tlccreosed  by  opproxininti-ly  00 
per  cent.  Therefore,  not  «inly  w  the  i|uality  <>(  the 
No.  I  salt  improved,  but  the  character  of  the  No.  3, 
or  off-grailo  •-•I'  '■•  •-■>  greatly  iniprov  i-il  s..  fur  a»  the 
content    of  if    hariun)  <-i|    that 

.it    grades   \>\  formerly  No     1 

grailc. 

Thin  rcHull  wu  eontidcrvd  encouraging  for  an  ex- 
perimental run  and  there  wan  every  reason  to  )>eliev* 
that  the  enicienry  "f  th**  prrnew  rtiuld  l»e  malenally 
increaaed.  For  f.  '  ilrninagc  from  the  italt, 
the  mother  Ik|ii  'ig  the  impuritie*.  wm 
returned  to  the  ilr.i»  •.rui.i  .md  wa*  fotir  '  '  ' .  .m 

to   cnntain    iMjft    mg.    <i(    barium    |M-r    ^  ut 

eight    time*    the   content    of    the   (re»h    i •> 
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the  experiment  was  tried,  it  was  not  thought  advis- 
able to  complicate  the  operation  by  attempting  to  treat 
this  drainage  liquor,  since  the  barium  in  it  would 
gradually  decrease  as  a  result  of  the  treatment. 

The  brine  in  the  "bitter  water  grainer"  contained, 
before  treatment,  2164  mg.  barium  per  liter  and  7 
days  after  the  treatment  began,  903  mg.  barium.  All 
of  the  old  brine  was  drained  out  of  the  bitter  water 
grainer  before  it  was  filled  with  treated  brine,  but 
there  still  remained  a  considerable  quantity  of  the  old 
impure  salt  from  previous  runs  on  the  bottom  and  sides 
of  the  grainer,  which  undoubtedly  increased  the  barium 
content  of  the  liquor,  but  which  could  not  be  con- 
veniently removed  without  closing  down  the  plant. 
Similarly,  there  was  an  accumulation  of  old  salt  in  all 
the  draw  settlers  and  grainers.  If  the  treatment 
had  been  continued  long  enough  to  have  removed  from 
the  system  all  the  accumulated  barium  salts  that  re- 
mained from  the  old  method  of  treatment,  or  if  the 
plant  had  been  thoroughly  cleaned  and  started  with 
treated  brine,  there  is  no  doubt  but  the  removal  of 
barium  would  have  been  more  complete  and  a  higher 
efficiency  shown  by  the  method  during  the  preliminary 
test. 

Previous  to  the  treatment,  the  brine  in  the  grainers 
was  of  a  light  yellowish  green  color  and  the  salt  some- 
times had  a  yellow  or  slightly  red  tint  from  the  traces 
of  iron  present.  After  treatment,  the  brine  in  the 
grainers  was  almost  colorless,  having  only  a  faint 
greenish  cast,  and  the  salt  was  snow-white  and  spark- 
ling. The  brine  in  the  bitter  water  grainer  before 
treatment  was  red  in  color  and  the  salt  also  had  a  red 
color;  after  treatment  the  brine  had  very  much  less 
color  and  the  salt  was  almost  as  white  as  the  No.  i. 
In  fact,  it  was  difficult  to  distinguish  by  the  color 
between  the  No.  2  made  after  treatment  and  the  No.  i 
made    before    treatment. 

The  danger  from  overdosing  and  the  formation 
of  a  hard  scale  of  calcium  sulfate  and  the  serious  effect 
the  deposition  of  such  hard  scale  upon  the  elaborate 
copper  pipe  evaporating  system  would  have  upon 
the  efficiency  of  the  salt  works  has  been  referred  to 
before.  The  preliminary  laboratory  work  indicated 
that  barium  sulfate  precipitated  with  the  iron  hydroxide 
would  not  form  a  hard  scale,  and  it  was  thought  that 
the  residual  barium  sulfate  and  ferric  hydroxide  not 
eliminated  in  the  preheaters  would  be  prevented 
from  sludging  the  evaporators  by  the  violent  boil- 
ing to  which  the  brine  is  subjected  in  the  evaporators. 
It  was  found,  however,  that  while  there  was  very 
little  increased  accumulation  of  sludge  in  the 
evaporators  the  barium  sulfate  had  a  tendency  to 
adhere  to  the  steam  pipes.  In  the  preheaters  the. 
barium  sulfate  and  iron  hydroxide  settled  as  a  soft 
sludge  on  the  pipes  as  well  as  on  the  sides  and  bottom. 
Most  of  this  could  be  easily  swept  off  with  a  broom, 
but  a  deposit  about  '/si  in.  thick  remained  quite  firmly 
attached,  not  as  a  hard  scale,  but  as  a  friable  sedi- 
ment which  could  be  easily  scraped  off  with  a  knife. 

After  the  works  had  been  run  for  7  days  with  the 
treated  brine,  the  evaporators  were  drained  and  exam- 
ined.    A    deposit    of    barium    sulfate    and    iron    was 


found  on  the  copper  steam  coils  of  the  same  char- 
acter as  that  found  in  the  preheaters.  There  was  no 
deposit  on  the  iron  shell  of  the  evaporators,  but  a 
small  amount  of  barium  sulfate  and  iron  hydroxide 
sludge  had  settled  out  on  the  bottom.  No  trouble 
was  apparent  from  the  formation  of  any  calcium 
sulfate  scale. 

The  deposit  of  barium  sulfate  and  iron  hydroxide 
could  be  removed  from  the  pipes  with  v.ire  brushes, 
but  it  was  appreciated  that  if  it  accumulated  to  such 
an  extent  as  to  cause  insulation  of  the  pipes,  the  evap- 
orators would  have  to  be  shut  down  occasionallj' 
and  cleaned.  This  would  be  quite  a  serious  difficulty, 
as  ordinarily  the  evaporators  are  cleaned  only  once  a 
year.  From  the  experimental  run  of  7  days  the  full 
significance  of  the  difficulties  could  not  be  satisfactorily 
estimated.  Some  idea  of  the  amount  of  barium  sul- 
fate remaining  in  the  evaporators  and  mud  settlers 
is  shown  by  check  analyses  made  of  samples  of  the 
treated  brine  taken  just  before  entering  the  evapo- 
rators and  again  just  before  being  drawn  to  the  grainers. 
These  analyses  show  that  50  per  cent  of  the  barium 
is  deposited  in  the  preheaters  before  the  treated 
brine  enters  the  evaporators  and  since  88.5  per  cent 
of  the  total  barium  has  been  removed  by  the  time  the 
brine  reaches  the  grainers,  it  is  evident  that  the  differ- 
ence, or  38.5  per  cent,  has  been  deposited  between 
these  two  points;  that  is,  in  the  evaporators,  on  the 
filters,  and  in  the  mud  settlers.  What  portion  of  this 
remains  in  the  evaporators  when  the  brine  is  boiled, 
it   was  impossible   to   estimate   accurately. 

It  was  concluded  from  the  laboratory  work  and 
from  the  preliminary  test  in  the  works  that  the  most 
effective  method  of  .treatment  was  to  add  the  sodium 
sulfate  solution,  the  acidity  of  which  had  been  neutral- 
ized with  lime,  to  the  cold  brine  and  by  decomposing 
the  ferrous  bicarbonate  to  obtain  a  fairly  rapid  pre- 
cipitation, the  iron  flock  very  materially  aiding  in 
settling  out  the  barium  sulfate,  which,  it  was  found 
by  experiment,  required  about  16  hours.  The  re- 
sults obtained  were  so  encouraging  that  the  manager 
of  the  salt  works  decided  to  employ  the  process  for  the 
permanent  treatment  of  the  brine  and  the  necessary 
equipment  outlined  by  us  was  installed,  consisting 
of  four  so,ooo-gal.  settling  tanks  to  take  care  of  the 
estimated  maximum  daily  capacity  of  the  works, 
a  500-gal.  solution  tank,  pump,  blower,  the  necessary 
pipe  lines,  etc.  The  volume  of  each  of  the  storage 
tanks  was  determined  to  a  point  about  8  in.  from  the  top 
and  found  to  be  47,700  gals.  The  procedure  as  finally 
worked  out   was  as  follows: 

The  accurately  weighed  charge  of  salt  cake  for 
treating  the  above  amount  of  brine  was  transferred  to 
the  500-gallon  solution  tank  nearly  filled  with  con- 
densed water.  The  mixture  was  occasionally  stirred 
and  live  steam  was  forced  through  until  the  sodium 
sulfate  had  dissolved,  requiring  usually  about  30  min. 
Lime  which  had  been  slaked  and  rubbed  to  a  paste  was 
then  added  to  neutralize  the  acidity  of  the  salt  cake. 
To  stir  the  brine  thoroughly  after  treatment  with  the 
neutralized  sodium  sulfate  solution,  air  was  blown 
through  the  mixture,  by  placing  in  the  bottom  of  each 
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tank  a  cross  made  of  ^'4-in.  iron  pipe;  in  each  arm  of  result,  while  slightly  higher  than  the  efficiency  ob- 
the  cross  were  drilled  '/a-in.  holes  about  12  in.  apart,  tained  in  the  laboratory  experiments,  may  be  regarded 
This  cross  was  connected  with  the  compressed  air  sys-  as  practically  identical  with  it  and  quite  satisfactory. 
tem  under  about  75  lbs.  pressure,  and  proved  to  be  a  The  works  were  operated  for  3.3  months,  using 
most  effective  stirring  device.  Air  was  forced  through  brine  treated  as  outlined  above  with  a  30  per  cent  excess 
the  mixture  for  one  hour,  by  which  time  the  ferrous  of  sodium  sulfate.  The  operation  of  treating  the 
bicarbonate  had  been  broken  down  and  a  flock  formed.  brine  was  reduced  to  a  system  whereby  the  addi- 
The  solution  was  then  permitted  to  stand  for  16  hrs.,  tional  labor  involved  was  almost  a  negligible  factor 
tests  showing  that  practically  all  of  the  barium  sulfate  in  the  cost  of  operation  and  without  interrupting  or 
in  suspension  and  a  large  part  of  the  iron  had  settled  interfering  with  the  regular  work  of  the  plant.  How- 
out  by  this  time.  The  treated  brine  was  then  ready  ever,  at  the  end  of  the  3Vi-month  period,  consider- 
to  be  drawn  to  the  preheater  or  evaporator  as  needed.  able  scale  had  deposited  on  the  pipes  of  the  bitter 
Careful  control  and  observation  were  maintained  water  grainer  and  scale  was  also  beginning  to  show 
in  the  plant  during  the  first  10  days  of  operation  under  quite  distinctly  on  the  pipes  in  the  grainers.  It 
the  new  method  and  periodic  inspections  have  been  was  decided,  therefore,  to  reduce  the  amount  of 
made  since.  Samples  collected  during  the  control  sodium  sulfate  to  approximately  the  equivalent 
period  from  various  places  in  the  plant  were  analyzed  amount  necessary  to  combine  with  the  barium.  Some 
to  show  the  efficiency  of  the  process.  Some  of  the  re-  of  the  pipes  were  removed  from  the  bitter  water 
suits  are  shown  briefly  in  Table  V.  grainer  and  cleaned.  The  removal  of  the  scale, 
Table  V— Data  on  Control  of  Plant  which  was  about  '  'u  in.  thick  and  father  soft  and  fri- 
Barium  content  of  original  brine  unconccntrated—Mg.  per  liter  able,  did  not  prove  to  be  as  difficult  an  Operation  as 

Upper  well 243.7  »Av.      I         ,,    ,                     ,  •                         r                                                                         r 

Lowerweii              239.6i24i.6}  =  14. 1  gr.  per  gal.  ^,g^    anticipated.     The    labor   of   removing    the   scale 
Storage  Tanks  with    wire'  brushes   was   relatively   easy.     The    works 
movai  were  then  run  for  another  3Vj  months,  using  an  equiva- 
'^'p^eheaterr  "' '"'°"" '"■°'° '""''' '""'          "il-'suT- 'sJ.t'JVIoH  ciency  '^nt  amount  of    sodium  Sulfate  at  the  end  of  which 
Treatment,  130  lbs.  salt  cake  per  tank             pension  Mg.           in  tank  period  the  plant  was  shut  down  for  inspection  and  clean- 
Date                                                                     Mg.      per      Per      Per  ■                         "^                                                               "^ 

No.  1915                                                   per  liter  liter  cent   cent  in}.'.      The    pipes    in    the    bitter    water    grainer    at    the 

2    9/i'8    Afte?  standing  l6brl::: ::::::::    N„ne    "     11    l°i  end   of. the  second   period  showed   only   a   very  slight 

4    9^10    fhr.7rr1\"aWin?[o  draw- off-.: :    Ts     V?     11   IVo  deposition  of  scale..an  interesting  observation   being 

s    9/20    From  same  tank  as  (4).  3  hrs.  that   some   ncw   lengths   of   hard   drawn   copper   pipe 

after  startmg  to  draw  off 1.8        ..        ..  **                                                                                  "^ 

6  9/22    I  hr.  after  starting  to  draw  off...    Trace uscd   to  replace  somc  of  the  older  soft  coppcr  pipe 

7  9/23     After  standing  16  hrs 1.8        18       7.4     92.6  ,              .           ^         ,            ,                           -.                 •         ,,             -. 

8  9/30    Treated  with  125  lbs.  salt  cake  showed   no  scale   whatever.     No  noticeable   evidence 

per  tank Ni)ne      27      11.2     88  8  ,           ,               tit          i.-j            .^i_               *               •                t-t. 

9  9/22    Treated  brine  as  it  flows  from  pre-  of  Scale  could  be  detected  on  thc  gfaincr  pipes  whicb 

Ume'«  (6)°.!!'^°"!'°":  .".'.""■    None had  bccn  cleaned  at  the  end  of  thc  first  period.     Some 

10    9/23    Sameaa(7) 1.2     20     8.3    9i.7  sludge  Composed  of  barium  Sulfite  and  fcrrous  hvdrox- 

draw  skttluks  i(le  accumulated   in   thc  one  evaporator  of  thc  hori- 

Removal  •         t              a                         \       ■      t 

barivh  in  Solution     efficiency  a.i  zontal  type  upon  the  pipcs  m  thc  cnd  next  to  thc  intiow 

Corrected  for             brine  flows  from  •";                          .       j     i       t        .              ci.u    .i       i       _.». 

Brine  after  treatment  130                         concentration    Per       draw  settlers  of    the    brinc    and    CXlCndca    aboUt    onC-ntth    tllC    length 

u' ■  "m"'": .".".''."''                     Mk  pcr^hter    c«,t       Per  cent  ^j  ^^^  cvaporator.      This  dcposit  was  soft  and  sjKingy 

{2    9/20 13.3          5.5          94  5  and    casily    removed    by    a    wire    brush.     No   deposit 

13  9/21 10,6               4.4               *'5.6  ^                                           * 

14  9/22 10.8          4.5          9.^.5  formcd   in   the   cvaporator  of   the   vertical   type. 

1 5  9/23                                                          11849             951  ' 

16  9/3o'(V2S  ib.'.Mit  cake  per  The  No.  I  and  the  No.  3  salts  produced  as  a  result 

'""''' "*          *^          "  *  of  the  treatment  were  exceptionally   white,  due  to  a 

The   results  show  that  after  standing  for    i6   hrs.,  more   complete   removal   of   the   iron   from   the   brinc 

practically  all  of  the  barium  sulfate  in  suspension  is  than    was    possible    formerly.     The    salt    apparently 

deposited  in  the  tanks,  accompanied  i)y  a  large  p(»r-  crystallizes  faster  in   thc  grainers  and  should   give  a 

tion    of   iron.     The   small   amount   of   iiariuni   sulfate  gre.itcr  yield  from  a  given  amount  of  brine  and  fuel, 

found  in  suspension  in  several  instances  may  be  atlrib-  though  this  could  not  he  definitely  determined  in* the 

utcd  to  a  leaky  valve  on  the  air  system.     Thc  outflow  of  absence    of    any    reliable    data    on    yield.     Thc    char- 

the   tanks   was   placed    i   ft.   above  thc  bottom  so  as  actor  of  the  s.ilt  produced  is  shown  in  Table  VI. 

not  to  disturb  thc  deposit  when  thc  brinc  was  drawn  From   thc   results  on    No.    i  »alt   nnl     '      "'      'icd 

to  thc  preheater.       It  has  been  found  necessary  to  clear  proiluct  reprc.icntcd  by  thc  mixed  No.  t  a-                      :», 

the    tanks   of   the   accumulated   sludge   once   a    week,  it  will  be  notcil  that  thc  entire  output                           i» 

Thc  removal  efficiency  in  the  tank  of  tji.i  per  cent  as  of   a    quality   equal    to   or   «ui>crior   to    ■                      .nd 

an    average   of    j    delerniin.ilions    represents   n    period  dairy  grade  of  nalt  produced  by  thi«  »«t       .            .    i.»r 

of  6  days.     There  was  an  additional  removal  from  thc  to  the  inRtallatinn  of  the   mclhiMl  of  trvalment.     In 

boiling  of  the   treated   brinc   in   the  evaporators  and  fact,   the  Halt   from   thc   biller   water  K^Ainer.   known 

its   further   concentration   in    thc    mud   settlers.     The  heretofore  on  off  grade.  i«  of  a  quality.  «o  far  «a  the 

determination  of  the  barium  in  solution  in  thc  brine  content  of  barium  i«  conrrrned.  *u|>eni>r  to  much  o( 

as  it  is  drawn  from  the  draw  settlers,  practically  at  thc   No.    i   wait   produced  by  other  plant*  of  th«  tlia- 

the  point  of  crystallization  of  thc  salt,  shows  that  the  trict.        In   other   word*,   applualiun   of   thia   mtthod 

average  percentage  rcmoviil  was  Q4.5  per  cent        This  to  all  barium-bearinK  brine*  would  eliminate  from  tht 
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Table  VI — Analysis  of  Salt  Produced  after  Treatment 
Per  cent     Per  cent 
Moisture  Insoluble 

No.  2  Salt,  the  first  produced  after  treatment.      10/9/15 10.06(a)    0.03S 

No.  2  Salt,  the  first  produced  after  treatment.     Sept.,  1915 8.425(a)  0.038 

No.  2  Salt.  12  days  after  beginning  treatment.      I0/16/1S 15.52  0.008 

No.  2  Salt,  19  days  after  beginning  treatment.      10/23/15 13.12         0.018 

No.  2  Salt,  27  days  after  beginning  treatment.      10/31/15 16.00         0.008 

No.    2   Salt,   representative   sample   of   above   taken   from   warehouse. 

11/1/15 5.91  0.023 

No.  I  Salt,  after  treatment.     9 '19/15 5.  247(a)  0.013 

No.  1  Salt,  after  treatment;  collected  in  open  market.      10/22/15 7.20         0.010 

Mixed  Salt.  No.   1  and  No.  2  as  delivered  to  warehouse.     Jan.,  1916..  .    10.22         0.010 
Mixed  Salt,  No.  1  and  No.  2  after  seasoning  in  warehouse.     2/16/16..      3.73  0.010 

Mixed  Salt,  No.  1  and  No.  2,  from  warehouse.     9/6/16 6  89         0.010 

No.  2  Salt    after  treatment  with  equiv.  NaiSOj.     Jan.,  1916 14.01  0.037 

No.  2  Salt    after  treatment  with  equiv.  NajSOi.      1  mo.  later.     2/16/16    10.55  0  035 

No.  2  Salt  from  grainer,  after  treatment  with  equiv.  NasSOi.     9  mos. 

later.     9/6/16 16.15         0.010 


Brine  with  Sodium  Sulfate 

-Percentages  on  Moisture-free  Basis- 


NaCl 
95.62 
95.44 
92.68 
93 .  84 
91.98 

97.22 
97.38 
97.94 
96.54 
97.58 
97  .56 
93.80 
90.30 

95.06 


MgClj 
1.24 


0.80 
0.78 
0.61 
1.00 
0.72 
0.70 
1.80 
2.83 

1.43 


CaCls 
3.00 
3.01 


1.97 
1.78 
1.42 
2.39 
1.68 
1.72 
4.30 
6.70 

3.48 


CaSO. 
0.09 
0.18 
0.09 
0.11 
0.10 

0.08 
0.03 
0.02 
r).01 
0.00 

o.on 

0.00 
0   00 

0.00 


BaSO. 

0.02 

0.03 

0,03 

0.01 

0.02 

0.04 
0.02 
0  02 
0.01 
0.02 
0.01 
0.04 
0.02 

0.02 


.\nalvsis  of  Salt  befors  Treatment  op  Bkine  with  NaiSO* 


No.  1  Salt. 
No.  1  Salt, 
No.  1  Salt 
No.  I  Salt. 
No.  I  Salt 
No.  2  Salt. 
No.  2  Salt. 
No.  2  Salt. 
No.  2  Salt. 


From  market.      (11232-K) 2.26 

From  warehouse  (16097) 5.97 

From  No.  3  grainer  (16098) 9.76 

From  warehouse  (W.  I,.  A) 8.55 

From  warehouse  (21416) 8.33 

From  warehouse  (21417) 11.32 

From  warehouse  (W.  I,.  B) 12.55 

From  warehouse  (16099) 7.35 

Sludge  salt  from  cone   bittern  tank  (16100) 5.49 

(a)  Moisture  by  difference. 

market  food  salt  which  contains  an  appreciable  quan- 
tity of  barium.  The  highest  content  of  barium  found 
in  the  No.  2  salt  has  been  0.06  per  cent,  expressed  as 
mixed  barium  sulfate  and  chloride.  A  sample,  repre- 
senting the  mixed  No.  i  and  No.  2  salts,  obtained 
from  the  works  in  February,  showed  0.02  per  cent 
barium  sulfate.  Since  the  installation  of  the  pro- 
cess, the  estimated  production  of  salt  by  the  works 
has  been  about  100,000  bbls.  or  approximately  14,000 
tons. 

The  cost  of  treatment  is  low.  Based  upon  tHe  maxi- 
mum capacity  of  the  plant,  400  bbls.  of  salt  per  day, 
the  actual  cost  of  treatment,  not  including  cost  of 
original  installation  of  tanks  and  equipment,  and  using 
an  amount  of  sodium  sulfate  equivalent  to  the  barium 
present,  is  approximately  0.5  cent  per  barrel,  based 
on  salt  cake  at  $12  per  ton  delivered  at  the  plant. 
The  cost  of  equipment,  tanks,  pumps,  blower,  pipe 
lines,  etc.,  could  not  be  definitely  determined,  since 
part  of  the  equipment,  for  instance  the  compressed 
air  system,  had  been  installed  previously  for  other  pur- 
poses. A  careful  estimate  places  the  cost  of  equip- 
ment and  installation  at  about  $2,000.  This  is  some- 
what higher  than  a  similar  installation  would  cost 
at  other  plants,  since  the  installation  described  neces- 
sitated an  unusually  high  cost  for  foundation  and 
emplacement  of  the  storage  tanks,  due  to  the  location 
of  the  plant  on  a  very  steep  hillside.  The  interest  on 
this  investment  and  the  depreciation  of  the  equip- 
ment plus  the  labor  cost,  which  it  has  been  difficult 
to  estimate,  will  not,  it  is  believed,  make  the  total 
cost  of  treatment  over  i  cent  per  bbl.,  which  is  more  than 
compensated  for  by  the  increased  value  of  the 
product. 

SUMMARY 

The  results   may  be  summarized  as  follows: 
I — The    process    enables    the    salt    manufacturer    to 
eliminate    from   the    total    product    Of     the     plant    all 
but  insignificant  traces  of  an  impurity  which  has  been 
a  constant  source  of  concern. 

II — The  difference  in  the  price  of  the  heretofore 
off-grade  salt,  but  which  now  forms  a  part  of  the  first- 
grade  salt,  will  more  than  offset  the  entire  cost  of 
the  treatment. 


99.31 
98.24 
96.68 
97.42 
97.42 
92.65 
90.51 
95.04 
70.23 


0.24 
0.51 
0.98 
0.86 
0.76 
1.96 
2  60 
1.10 
7.12 


2.19 
2.02 
1.85 
4.22 
5.54 
2.58 
16.48 


BaCli 
0.00 
0.00 
0.00 
0.00 
0.00 

0  00 
0.00 
0.00 
0.00 
0.00 

0.00 

0.01 
0.04 

0.00 


0.01 
0.03 
0.06 
0.05 
0.02 
0.95 
1.15 
1.18 
5.47 


0.16 
0.09 
0.69 


III — The  installation  of  the  necessary  equipment 
is  a  comparatively  simple  matter  and  does  not  neces- 
sitate any  material  change  in  the  equipment  at  pres- 
ent employed  in  salt   works. 

IV — The  application  of  the  method  eliminates 
the  production  of  an  off-grade  salt  and  therefore  re- 
moves from  the  market  a  potentially  dangerous  food 
product. 

V — There  is  produced  about  400  lbs.  per  day  of  bar- 
ium sulfate  as  a  by-product,  for  which  it  is  expected 
to  find  a  satisfactory  market,  although  this  has  not 
yet  been  definitely  determined. 

Bvkeau  of  Chemistry.  U'ashington 


THE  USE  OF  THE  COTTRELL  PRECIPITATOR  IN  RE- 
COVERING THE  PHOSPHORIC  ACID  EVOLVED 
IN  THE  VOLATILIZATION  METHOD  OF 
TREATING  PHOSPHATE  ROCK 

By  W.    H.   Ross,  J.    N.   CarothERS  and   A.    R,    MerJ 
Received  October  26,  1916 

The  basis  of  nearly  all  mixed  fertilizers  is  phos- 
phoric acid  in  so-called  available  form  as  indicated 
by  its  solubility  in  water  or  in  solutions  of  certain 
organic  compounds.  In  this  country  phosphate  rock 
constitutes  by  far  the  principal  source  of  the  phos- 
phoric acid  used  in  the  manufacture  of  fertilizers. 
Other  sources  of  relatively  much  less  importance 
are  bones,  basic  slag  and  certain  organic  wastes,  such  as 
fish  scrap.  The  relative  amounts  of  these  different 
materials  which  enter  into  the  fertilizer  trade  are  gov- 
erned by  their  supply  rather  than  any  difference  in 
the  fertilizing  value  of  the  materials.  At  present  only 
one  firm  in  this  country  is  producing  basic  slag  of 
sufficiently  high  grade  to  be  used  as  a  fertilizer.  The 
supply  of  bones  and  fish  scrap  is  also  entirely  inade- 
quate to  meet  the  present  demands  of  the  fertilizer 
trade.  In  the  form  of  rock  phosphate,  however, 
phosphorus  occurs  in  this  country  in  such  immense 
deposits  that  this  source  will  undoubtedly  continue 
to  supply  for  an  indefinite  period  the  phosphoric 
acid  used  in  the  manufacture  of  commercial  fertilizers. 

The  treatment  to  which  phosphate  rock  is  subjected 
in  the  manufacture  of  commercial  fertilizers  is  still 
almost  entirely  limited  to  digestion  with  sulfuric  acid 
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for  the  preparation  of  so-called  superphosphate  or 
acid  phosphate.  This  process  is  a  comparatively 
simple  one  and  where  cheap  sulfuric  acid  is  available 
or  can  be  produced  cheaply  in  districts  where  fer- 
tilizers are  used  in  largest  quantities,  this  method  of 
making  available  the  phosphoric  acid  in  phosphate 
rock  can  be  operated  at  a  comparatively  low  cost. 

There  are  many  disadvantages,  however,  in  making 
phosphoric  acid  water-soluble  in  the  form  of  super- 
phosphate: 

I — Such  a  product  is  not  suitable  for  mixing  with 
considerable  quantities  of  certain  other  fertilizers, 
such  as  lime,  calcium  cyanamid  and  sodium  nitrate. 
Lime  compounds  have  the  property  of  reverting  the 
acid  phosphate  back  again  into  the  insoluble  form. 
Sodium  nitrate  docs  not  have  this  effect  on  superphos- 
phate but  the  acid  properties  of  the  latter,  particu- 
larly if  an  excess  of  sulfuric  acid  is  present,  have  a 
tendency  to  set  free  nitric  acid  from  the  nitrate  with 
which    it    is    mixed. 

3 — When  continuously  applied  to  certain  soils 
deficient  in  lime  the  aci<l  properties  of  supcrphos 
pliatc  may  tend  to  counter.ict  in  a  measure  the  bene 
ficial  efTecls  which  the  phosphate  present  might 
otherwise  produce. 

,}  In  the  mnnufatlure  of  superphosphate,  ordiniirv 
chamber  acid  (50°  Mr.)  and  ground  phospliati-  t>"\ 
are  thoroughly  mixed  in  e(iual  projjortions  by  wrii;li( 
and  the  ma.is  allowed  to  cool  for  j.|  to  j6  lirs.  The 
pcrccntrtgc  of  phimphoric  ncid  in  the  final  product 
will  thus  l>e  only  one  half  u»  great  as  in  the  original 


phosphate  rock.  It  thus  happens  that  the  richest 
superphosphate  that  can  be  made  by  a  single  ncid 
treatment  of  the  highest  grade  phosphate  mined  in 
the  United  States  contains  only  about  18  per  cent 
of  phosphoric  anhydride.  The  remaining  8j  per  cent 
consists  of  gypsum,  water  of  combination  and  the  im- 
purities occurring  originally  in  the  phosphate  rock. 
I'hosphoric  acid  being  worth  as  a  fertiliier  only  about 
SO  cents  a  unit  wholesale,  it  follows  that  material 
of  the  nature  of  superphosphate  will  not  admit  of  iK-ing 
shipped  to  places  remote  froni*where  it  is  mnnufnr' 
t\ired.  Por  this  reason,  since  the  present  market 
fur  phosphate  fcrtili«crs  is  to  be  found  almost  entirely 
in  the  eastern  states,  the  superphosphate  method 
is  not  considered  to  l>e  applicable  to  the  utilitntion 
of  the  extensive  phosphate  deposit.s  occurring  in  the 
states  of   Utah,   Idoho,   Wyoming  and    Montana. 

These  disadvantages  in  the  manufacture  of  super- 
phosphate were  early  recognited  and  a  great  many 
processes  have  been  proposed  and  potent ed  with  n  view 
to  producing  soluble  phosphates  at  a  cheaper  rate  or 
in  a   n  woy  thon  .■»!•  "  with  the 

super)  1.      A     ct>:  (     these 

variod-.   I'l.  ....'.    1  Wagga 

man  and  I-"i  in  brief 

iibstrart    til'  irnt    pro- 

piiM'cl  jinil  t  !  by  the  inventor* 

i'linsr    proi  1  .to   with   the   treat 

ment  of  phosphate  nnk,  are  cia»<t«ried  by  them  av 
follows:     (i)  ariil  treatment  which  includes  the  man- 

•  I'    a   |t(»M«m*iil  al  Aftfciitlar*    n»n   lit 
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ufacture  of  superphosphate  and  phosphoric  acid; 
(2)  combined  heating  and  acid  treatment;  (3)  double 
decomposition  by  means  of  ^  silicate  or  an  alkali; 
(4)  processes  used  in  connection  with  the  steel  indus- 
try; (5)  processes  in  which  the  phosphorus  or  phos- 
phoric acid  is  volatilized;  (6)  treatment  dealing  with 
the  production  of  two  or  more  fertilizer  elements; 
(7)  electrolysis;  (8)  enrichment  or  concentration  of 
phosphates;  (9)  processes  and  apparatus  for  the  me- 
chanical treatment  of  phosphates;  (10)  miscellaneous 
processes. 

As  Waggaman  and  Fry  have  pointed  out,  the  claims 
made  for  some  of  these  processes  are  not  justified 
while  many  other  processes  are  entirely  impractical 
from  a  commercial  standpoint. 

The  processes  which  have  attracted  most  interest 
during  recent  years,  and  which  give  most  promise 
of  replacing,  in  part  at  least,  the  sulfuric  acid  method, 
belong  to'Group  (5)  and  have  to  do  with  the  volatiliza- 
tion of  the  phosphorus  from  phosphate  rock.  All 
are  based  on  the  method  long  in  use  for  the  manufac- 
ture of  elementary  phosphorus  and  consist  in  igniting 
phosphate  rock  at  a  high  temperature  with  or  without 
one  or  more  reagents  such  as  coke  and  silica.  The  main 
advantages  in  this  procedure  lie  in  the  fact  that  from 
rather  impure  raw  materials  there  may  be  obtained 
comparatively  pure  phosphoric  acid  of  high  concen- 
tration which  may  readily  be  adapted  to  the  prepara- 
tion of  fertilizers  containing  two  or  more  fertilizing 
elements  in  concentrated  form.  Such  a  fertilizer 
would  admit  of  shipment  to  places  remote  from  where 
it  is  manufactured.  The  chief  disadvantage  of  the 
superphosphate  method  in  the  utilization  of  the  west- 
ern phosphate  is  thus  overcome  by  the  volatilization 
method.  As  this  method,  moreover,  is  particularly 
adapted  to  the  use  of  hydro-electric  power  it  is  proba- 
ble that  phosphoric  acid  prepared  by  volatilization 
will  in  the  future  compete  as  a  fertilizer  with  that  pre- 
pared in  the  form  of  superphosphate. 

The  processes  of  Wing,'  Ruymbeke,^  Landis,' 
Washburn,*  Haff,'  and  Hechenbleikner,'  all  call  for 
the  ignition  of  phosphate  rock  with  coke  and  silica 
in  an  electric  or  blast  furnace  at  such  temperature 
that  the  phosphate  radical  is  replaced  by  the  silica  and 
in  the  presence  of  the  reducing  atmosphere  caused  by 
the  coke,  the  phosphorus  is  first  volatilized  in  the  ele- 
mental form  to  be  at  once  changed  into  phosphoric 
acid  by  oxidation  with  air  and  absorption  in  water. 

In  the  processes  proposed  by  van  Denbergh,'  De 
Chalmot,'  Levi,'  Haff,'°  Haff  and  Willson,"  and  Will- 
son  and  Haff,"  the  use  of  coke  is  omitted  and  the  phos- 
phate rock  is  simply  ignited  with  sand  or  some  other 
siliceous  material  as  feldspar. 

I  United  States  Patent  No.  452,  821. 

'  United  States  Patent  No.  540,124. 

'  United  States  Patent  No.  859.086. 

'  United  States  Patents  Nos.   1.044.957,   1,047,864  and  1.100,6.19, 

>  United  Slates  Patent  No.  1,084,856. 

•  United  Slates  Patent  No.  1,112,211. 
'  United  States  Patent  No.  669.271. 

•  United  States  Patent  No.  689,286. 

•  United  States  Patent  No.  984,769. 
"  United  States  Patent  No.  1,018,186. 
"  United  Slates  Patent  No.  1.076,499. 
"  I'nitcd  Stales  Patent  No.  1.10.1,910. 


In  Morehead'  and  Duncan's^  processes,  on  the  other 
hand,  for  producing  elementary  phosphorus  the  sili- 
ceous material  is  omitted  and  the  phosphate  rock 
ignited  with  coke  or  other  reducing  material. 

According  to  Maywald,'  phosphorus  pentoxide 
may  be  volatilized  from  phosphate  rock  by  simply 
passing  an  electric  current  through  the  latter  in  a 
furnace  to  which  air  is  admitted. 

The  processes  proposed  by  Machalske*  differ  from 
any  of  the  others  in  that  the  ground  rock  is  ignited 
with  a  mixture  of  sodium  chloride  and  coke.  The 
phosphorus  chloride  formed  is  led  off  and  treated 
with  water  to  form  phosphoric  acid  and  hydrochloric 
acid.  It  is  suggested  that  the  carbide  remaining 
in  the  furnace  may  be  used  in  the  fixation  of  atmos- 
pheric nitrogen. 

Of  these  different  processes  for  treating  phosphate 
rock  those  which  apparently  offer  most  promise  in- 
volve the  use  of  both  silica  and  coke.  In  experiments 
made  in  this  laboratory  it  was  found  that  when  the 
rock  was  ignited  with  these  two  reagents,  the  phosphorus 
was  driven  off  much  more  readily  and  completely 
and  at  a  lower  temperature  than  when  the  ignition 
was  made  with  either  of  them  alone. 

The  feasibility  of  the  process  as  a  method  of  ex- 
tracting phosphoric  acid  from  phosphate  rock  has 
been  demonstrated  by  the  large  scale  operations  which 
have  been  carried  on  in  a  commercial  way  at  Mt. 
Holly,  N.  C,  under  the  rights  of  the  Hechenbleikner' 
patents. 

The  furnace  used  in  this  plant  has  a  capacity  of 
5,ooo  kw.  and  is  operated  by  a  3-phase  alternating 
current  at  250-500  volts.  The  charge  consists  of  a 
mixture  of  phosphate  rock,  sand  and  coke  in  such 
proportions  that  the  quantities  of  silica  and  carbon 
in  the  charge  are  about  20  per  cent  in  excess  of  that 
required    by    the    equation : 

Ca,(P0,)2  +  3Si02  +  sC  =  aCaSiOs  +  5CO  -|-  2P 
This  charge  is  fed  into  the  furnace  through  openings 
around  the  electrodes.  In  this  way  the  double  pur- 
pose is  served  of  permitting  the  electrodes  to  be  ad- 
justed without  allowing  the  fumes  of  phosphorus 
to  escape,  and  the  cool  charge  likewise  forms  a  pro- 
tection against  too  rapid  oxidation  of  the  electrodes. 
As  the  phosphorus  is  driven  off  it  is  first  oxidized  with 
air  in  an  oxidizing  tower  and  then  passed  through  a 
series  of  scrubbing  towers  where  absorption  of  the 
oxides  takes  place.  By  circulating  the  solution 
through  the  towers  a  solution  may  finally  be  obtained 
containing  as  high  as  50  per  cent  of  phosphoric  anhy- 
dride. With  the  solution  thus  recovered  there  may 
be  prepared  ammonium  phosphate  by  neutralizing 
with  ammonia;  or  by  treating  a  fresh  lot  of  phosphate 
rock  with  a  quantity  of  acid  equivalent  to  the  phos- 
phoric acid  in  the  quantity  of  rock  taken,  there  may 
be  prepared  double  superphosphate  which  contains 
upwards  of    three  times  the  percentage  of  phosphoric 

>  United  Stales  Patents  Nos.  862,092  and  862.09.V 

1  I'niled  States  Patent  No.  733,316. 

'  United  States  Palent  No.  902.157. 

<  United  States  Patents  Nos.  709,4.18,  789,439  and  789,440. 

•  United  States  Patents  Nos.  1,112,211,  1.167,755  and  1.173.960. 
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anhydride  that  is  contained  in  superphosphate  made 
in  the  ordinary  way  from  the  same  phosphate  rock. 

A  number  of  disadvantages,  however,  attend  the 
scrubbing  tower  method  of  recovering  the  oxides  of 
phosphorus  when  volatilized  in  the  way  described: 

(i)  Notwithstanding  the  extreme  hygroscopic 
nature  of  phosphorus  pentoxide  it  is  nevertheless  not 
readily  absorbed  by  water  when  volatilized  from 
phosphate  rock  and  complete  absorption  can  be  ef- 
fected only  by  a  more  or  less  extended  series  of  towers 
provided  with  a  system  of  baffle  plates  over  which 
water  is   made  to   circulate. 

(2)  The  acid  has  an  injurious  effect  on  all  metal 
parts  required  in  the  pumping  system  necessary  for 
maintaining  a  circulation  of  the  solution  through  the 
towers. 

(3)  The  hydrofluoric  acid  evolved  in  the  process 
from  the  fluorine  occurring  in  the  phosphate  rock 
also  acts  injuriously  in  the  case  of  any  extensive  ab- 
sorbing system,  and  it  is  considered  by  those  engaged 
in  the  practical  operation  of  this  process  that  the  hydro- 
fluoric acid  has  a  retarding  effect  on  the  absorption 
of  phosphorus  pentoxide  as  evidenced  by  the  obser- 
vation that  the  absorption  of  the  pentoxide  from  phos- 
phate rock  free  from  fluorine  takes  place  more  readily 
than  from  rock  which  contains  fluorine. 

(4)  By  use  of  scrubbing  towers  it  has  been  found 
impractical  to  obtain  a  solution  containing  more 
than  50  per  cent  phosphoric  anhydride.  When  such 
a  solution  is  neutralized  with  ammonia  gas  to  make 
mono-ammonium  phosphate  the  product  obtained 
will  contain  about  25  per  cent  of  water  and  will  conse- 
quently have  to  be  dried  before  being  placed  on  the 
market.  Drying  is  also  necessary  in  the  manufac- 
ture of  double  superphosphate,  which  adds  consid- 
erably to  the  cost  of  manufacture. 

It  has  occurred  to  the  authors  that  by  the  use  of 
the  Cottrcll  precipitator  in  place  of  the  scrubbing 
tower  system  now  used  for  collecting  the  fumes  evolved 
from  the  furnace,  most  if  not  all  of  the  disadvantages 
cited  might  be  avoided. 

The  results  which  have  now  been  obtained  with 
the  precipitator  in  experiments  undertaken  on  a 
fairly  large  scale  have  justified  expectations,  and  it 
has  been  found  that  the  chemical  and  physical  proper- 
ties of  phosphorus  pentoxide  arc  such  that  the  Cot- 
trcll precipitator  is  partictilarly  adapted  to  its  pre- 
cipitation  in  the  form  of  phosphoric  acid. 

The  furnace  used  in  these  experiments  consisted  of 
an  iron  cylinder  lined  on  the  inside  with  fire  brick, 
and  i)rovided  with  an  opening  near  the  bottom  for  the 
removal  of  the  slag.  The  j-phnsc  alternating  current 
used  was  stepped  down  from  2 jo  volts  by  two  sinKle- 
phnsc  7  5  K.  V.  A.  transformers.  Each  trannformcr 
was  provided  with  a  split  primary  and  by  joining  in 
(lifTiTcnt  combinations  in  scries  and  in  pnrnllcl  the 
roils  in  the  secondary  different  voltages  could  be  ob- 
tained, varying  from  40  to  100  in  steps  of  jo,  and  nU" 
halves  of  these  voltages. 

In  llic  ])reliminary  expcrinicnis  there  was  used  an 
absorliing  tower  iH  ft.  high  and  4  ft.  8(|uaro  cross 
section   with  an  effective  absorption  siirfu'''  "'  mIh.ui 


3,000  sq.  ft.  These  experiments  demonstrated  the 
difficulty  of  recovering  all  of  the  phosphoric  acid  by 
this  means. 

When  the  Cottrell  precipitator  was  installed  the 
gases  in  the  first  series  of  experiments  were  still  al- 
lowed to  pass  through  the  tower,  but  with  no  water 
present.  This  then  simply  served  as  a  baffle  tower 
and  as  a  means  of  cooling  the  gases,  thereby  permitting 
experiments  to  be  made  on  the  precipitation  of  the 
phosphoric  acid  at  temperatures  but  little  above  the 
ordinary  temperature. 

The  power  used  in  the  precipitator  was  provided  by 
a  110  volt,  60  cycle,  alternating  current  motor-genera- 
tor set,  and  was  stepped  up  by  an  8  K.  V.  A.  trans- 
former capable  of  yielding  voltages  of  10,000,  20,000 
and  40,000  volts.  In  these  experiments  the  highest 
voltage  only  was  used.  From  the  transformer  the 
current  was  changed  to  intermittent  d.  c.  by  a  small 
mechanical  rectifier  attached  to  the  shaft  of  the  gen- 
erator and  so  adjusted  as  to  operate  in  synchronism 
with  it.  The  positive  lead  from  the  d.  c.  side  of  the 
rectifier  was  earthed  while  the  other  terminal  was  con- 
nected to  the  wires  suspended  in  multiple,  one  in  each 
of  the  pipes  used  in  the  precipitator.  Each  pipe  was 
then  earthed.  In  the  accompanying  diagrammatic 
sketch  is  represented  the  equipment  used  in  these 
experiments.' 

In  the  preliminary  experiments  made  with  the  pre- 
cipitator, sheet  iron  pipes  were  used,  6  in.  in  diameter 
and  10  ft.  high.  The  precipitated  acid,  however, 
had  such  a  corrosive  action  on  the  pipes  that  they  had 
to  be  abandoned.  Pipes  were  then  constructed 
from  ordinary  6-in.  glazed  terra  cotta  tile,  5  sections 
being  taken  for  each  pipe.  The  precipitated  acid 
gave  to  the  inside  of  the  pipes  an  effective  conductive 
surface  and  in  grounding  the  pipes  it  was  found  suffi- 
cient simply  to  bring  the  ground  wire  to  the  inside 
surface  of  each  pipe  at  one  point.  Arranged  in  this 
way  the  terra  cotta  pipes  could  be  used  just  as  efficiently 
in  the  precipitation  of  the  ocid  as  metal  pi|>es  and  they 
had  the  very  important  advantage  of  being  un- 
affected by  phosphoric  acid.  Wires  of  monel  metal 
were  found  to  be  least  acted  upon  when  sus|>ended 
in  the  pipes  but  nichromc  wire  also  served  quite  well. 
Weights  were  suspended  at  the  ends  of  the  wires 
,  and  indivitlual  iiscillations  were  prevented  by  a  wir« 
connecting  all  the  weights. 

The  fumes  evolved  from  tlie  charge  in  the  (urnacs 

were  drawn  off  bv  ■' '    .i...,,.t  1  ..,    . ■.,#,. 

slructcd  of  antii'  '  ■ 

passed    before    01. : „  '"' 

of  llie  fiin  was  coated  with  I  1  nl 

contomination   of  the  acid    !  :.»n. 

Entrance  of  air  into  the  furnm^  wi«»  allowed  to  take 
place  around  one  or  more  of  the  oleciroiles,  and  iho 
charge  fed  in  arouml  one  or  more  of  the  others.  In 
this  way  oxidation  of  the  evolved  phosphorus  wu 
r fleeted  in  the  furnace  as  it  iasued  above  the  charge. 

The  capacity  of  the  fan  used  in  drawing  off  th« 
funics  from   the  '  ru.  ft.  per  minut*. 
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As  shown  later,  this  flow  of  air  was  much  in  excess 
of  that  necessary  to  oxidize  the  phosphorus  evolved 
from  the  furnace.  Using  a  fan  of  this  capacity  it  was 
found  necessary  to  use  6  pipes  to  bring  about  com- 
plete precipitation  of  the  fumes.  By  cutting  down  the 
volume  of  air  treated  the  number  of  pipes  necessary 
might  be  reduced  in  proportion.  Moreover,  with 
a  higher  potential  than  was  available,  pipes  of  even 
double  the  diameter  might  be  used.  In  a  plant  of 
commercial  size,  therefore,  the  increase  in  the  capacity 
of  the  furnace  over  that  which  we  used  should  call 
for  a  much  less  proportionate  increase  in  the  number 
of  pipes. 

Since  the  phosphorus  passes  off  from  the  furnace 
for  the  most  part  in  the  form  of  phosphorus  pentoxide 
it  might  be  expected  at  first  thought  that  it  would  be 
collected  as  such  in  the  precipitator.  A  simple  calcula- 
tion will  show,  however,  that  this  is  not  practical  for 
there  will  always  be  enough  moisture  in  the  charge 
used  and  in  the  air  required  to  oxidize  the  phosphorus 
evolved  to  convert  the  phosphorus  pentoxide  either 
in  whole  or  in  part  into  phosphoric  acid. 

Thus  in  air  saturated  at,  say  20°,  and  of  sufficient 
volume  to  supply  the  gram  molecules  of  oxygen  called 
for  in  the  equations,  Ca3(P04)2  -|-  sSiOj  -|-  sC  = 
aCaSiOa  +  sCO  +  2P;  CO  -j-  O  =  CO-,;  and  2P  + 
sO  =  PjOj,  there  are  9.9  grams  of  water,  sufficient  to 
convert  18  per  cent  of  the  pentoxide  into  orthophos- 
phoric  acid.  If  it  be  assumed,  moreover,  that  the 
phosphoric  acid  in  the  phosphate  rock  amounts  on 
an  average  to  19  per  cent  of  the  charge  used,  and  that 
the  moisture  in  the  latter  amounts  to,  say,  5  percent, 
then  this  source  of  moisture  will  be  equivalent  to  a 
further    69    per    cent    of    the    phosphorus   pentoxide. 

By  increasing  the  quantity  of  water  vapor  passing 
into  the  precipitator,  acid  of  any  dilution  may  be  ob- 
tained; conversely,  if  the  air  is  dried  before  entering 
the  furnace  and  likewise  the  charge  used,  the  evolved 
phosphorus  pentoxide  should  be  precipitated  in  the 
solid  state,  but  from  a  commercial  point  of  view  there 
would  be  little  or  no  advantage  in  collecting  the  phos- 
phorus pentoxide  as  such  on  account  of  the  extremely 
hygroscopic  nature  of  this  material. 

This  hygroscopic  nature  of  phosphorus  pentoxide 
makes  it  particularly  adapted  to  precipitation  with 
the  Cottrell  precipitator.  If  it  precipitated  in  a  lloc- 
culent  state  as  it  occurs  in  the  anhydrous  form,  or 
in  a  pasty  condition  too  thick  to  run  down  the  sides 
of  the  pipes  its  recovery  with  the  precipitator  would 
be  a  matter  of  difficulty.  In  our  experiments,  how- 
ever, it  was  found  that  there  was  always  an  excess  of 
moisture  in  the  air  drawn  through  the  furnace  and 
in  the  charge  used  above  that  necessary  completely  to 
convert  the  phosphorus  pentoxide  into  phosphoric 
acid.  This  was  then  precipitated  in  the  form  of  a 
solution  which  ran  down  the  sides  of  the  pipes  and  was 
collected  in  a  continuous  stream  from  the  delivery 
tube  leading  from  the  stoneware  receiver,  which  also 
served  as  a  baffle  in  the  box  which  supports  the  pre- 
cipitating pipes  as  shown  in  the  sketch. 

When  the  fumes  were  passed  through  the  tower 
and   precipitation   thus    made   at   a   temperature   but 


little  above  normal,  the  concentration  of  the  acid  first 
collected  was  in  the  neighborhood  of  60  per  cent 
phosphoric  acid.  The  moisture  content  of  the  charge 
used  amounted  to  only  about  i  per  cent.  From  the 
calculation  already  given  it  must  follow  therefore  that 
the  rate  of  air  which  was  passed  through  the  furnace  to 
carry  off  the  fumes  must  have  been  much  in  excess  of 
that  necessary  to  oxidize  the  phosphorus  evolved.  On 
cutting  down  the  flow  of  air  somewhat  the  concentra- 
tion of  the  acid  was  increased  to  about  80  per  cent, 
and  it  is  quite  evident  that  with  the  humidity  of  the 
air  remaining  the  same  a  still  more  concentrated 
acid  might  be  obtained  by  still  further  limiting  the  flow 
of  air  through  the  furnace.  It  was  thought,  how- 
ever, that  without  changing  the  rate  of  flow  of  the  air 
through  the  furnace  a  more  concentrated  acid  might 
also  be  obtained  by  increasing  the  temperature  at 
which  the  precipitation  was  made. 

In  carrying  out  experiments  on  the  precipitation 
of  the  acid  at  higher  temperature,  the  baffle  tower 
was  cut  out  and  the  fumes  passed  directly  into  the 
precipitator  through  the  terra  cotta  by-pass  as  shown 
in  the  sketch.  Under  these  conditions  the  fumes  from 
the  furnace  entering  the  precipitator  reached  in  the 
course  of  two  or  three  hours  a  temperature  of  about 
175°  and  remained  fairly  constant  at  this  tempera- 
ture for  several  hours  longer.  In  passing  through 
the  pipes  the  temperature  of  the  gas  fell  to  about 
100°.  As  shown  in  Table  I,  the  concentration  of  the 
acid  collected  in  this  way,  with  either  a  maximum 
or  minimum  flow  of  air  passing  through  the  furnace, 
was  considerably  in  excess  of  that  collected  in  a  corre- 
sponding way  at  a  lower  temperature. 

Table  I — ^Variation  in  Concentration  op  Acid  with  tbb  Tbmperaturb 
OF  Precipitation  and  with  the  Flow  ok   Air  through  the 
Furnace 
Temperature  Flow  of  Air       Sp.  pj.  25°/25°  Concentra- 

of  through  of  tion  of  Acid. 

Precipitation  Furnace  .Vcid  Collected      Per  cent  HjPOi 

About  30°  C Maximum  1.448  6i.07 

About  30° Minimum  1.530  80.23 

About  100° Maximum  1.766  90.82 

About  100° Minimum  1.800  95.23 

In  Table  II  are  given  analyses  of  two  samples  of  phos- 
phoric acid  collected  on  different  dates  and  which 
are  thought  to  represent  extremes  as  regards  im- 
purity in  the  samples  of  acid  so  far  collected. 

Table   II — .\nalyses   Representing  Extremes  as   Regards   Impurity 
in  the  Phosphoric  Acid  Collected  in  the  Cottrell  Precipitator 

A            B  A             B 

HiPOi 63.68     63.07  FeiOj  4-  AliOj. .        0.06       Trace 

HiSO. 0.21        n.04  Arsenic Trace     Trace 

HF 0.49     Trace  Heavy  metals. .        None      None 

HCI 0.04     None  Residue  on 

SiOi 0.26       0.03  igniting  to 

CaO 0.03     None  redness 0.85  0.11 

The  rock  used  in  these  experiments  consisted  of 
Florida  land-pebble  phosphate  and  was  used  with- 
out grinding.  The  phosphorus  present  amounted 
to  32.14  per  cent  expressed  as  PjOs  and  the  fluorine 
to  2.33  per  cent.  If  all  the  fluorine  as  well  as  all  the 
phosphorus  were  volatilized  and  precipitated,  then 
the  hydrofluoric  acid  in  a  phosphoric  acid  solution 
of  the  concentration  of,  say.  Solution  A,  Table  II, 
should  amount  to  3.52  per  cent.  Likewise,  since 
the  coke  used  contained  2.56  per  cent  of  sulfur  ex- 
pressed as  SO3,  the  percentage  of  sulfuric  acid  in  the 
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same  phosphoric  acid  solution,  if  all  were  volatilized 
and  precipitated,  would  amount  to  0.75  per  cent. 
Since  the  amounts  of  hydrofluoric  and  sulfuric  acids 
found  even  in  Solution  A  form  only  a  comparatively 
small  part  of  that  which  would  be  present  in  the  phos- 
phoric acid  if  all  were  volatilized  and  precipitated, 
it  is  evident  that  under  the  conditions  of  the  precipi- 
tation the  greater  part  of  the  hydrofluoric  and  sul- 
furic acids  pass  through  the  apparatus  in  the  form  of 
gas  and  are  therefore  not  acted  upon  by  the  precipi- 
tator. 

The  acid  collected  when  the  fumes  were  passed 
through  the  baffle  tower  contained  in  suspension  a 
slight  amount  of  insoluble  material  consisting  mostly 
of  volatilized  silica,  but  when  this  was  removed  by 
filtering,  or  by  decantation  on  settling,  the  acid  ob- 
tained was  then  perfectly  transparent.  When  the 
baffle  tower  was  cut  out,  the  acid  collected  naturally 
contained  a  larger  amount  of  suspended  matter  with 
a  consequent  small  increase  of  bases  in  solution  and 
was  somewhat  colored,  due,  no  doubt,  to  carbonaceous 
matter  carried  over  with  the  current  of  air. 

By  operating  the  furnace  continuously  and  by  re- 
ducing the  amount  of  heat  radiated,  it  should  be  possi- 
ble to  pass  the  fumes  from  the  furnace  through  an 
efficient  baffle  tower  and  yet  make  the  precipitation 
at  temperatures  above  100°.  Judging  from  the  re- 
sults already  obtained,  the  acid  collected  under  these 
conditions  should  be  of  sufficient  purity  for  use  in 
those  industries  where  a  relatively  pure  acid  is  re- 
quired. To  prevent  contamination  of  the  acid  in 
its  preparation  the  precipitator  must  be  made  of 
stoneware  or  porcelain  and  all  metal  must  be  avoided 
in  all  parts  of  the  equipment  that  come  in  contact 
with  the  fumes.  In  the  manufacture  of  phosphoric 
acid  for  use  in  fertilizers  these  special  precautions 
for  collecting  pure  acid  would  of  course  be  unneces- 
sary. 

SU.MMARY 

An  investigation  on  a  semi-commercial  scale  has 
been  made  of  the  use  of  the  Cottrell  precipitator  in 
recovering  the  phosphoric  acid  evolved  in  the  vola- 
tilization method  of  treating  phosphate  rock  by  igni- 
tion with  coke  and  silica  in  an  electric  furnace.  A 
current  of  air  which  was  passed  over  the  charge  in 
the  furnace  served  the  double-  purpose  of  oxidizing 
the  fumes  of  phosphorus  to  phosphorus  pcntoxide 
and  of  carrying  the  latter  to  the  precipitator.  In 
one  scries  of  experiments  the  fumes  from  the  furnace 
before  entering  the  precipitator  were  pn.ssod  throuRh 
a  tower  provided  with  b.ifllc  plates  which  had  the  ef- 
fect of  cooling  down  the  gases  to  about  onlinnry 
temperature.  In  a  sccoml  series  of  cxpcrimcnl.s  Ihc 
tower  was  cut  out  and  the  fumes  passcil  almost  ili- 
rcctly  into  the  precipitator  at  a  tcmp«^''aturr  nbovc 
100°.  In  each  case  the  phosphorus  pcntoxide,  which 
takes  up  water  from  the  current  of  air  passing  throuRh 
the  furnace  and  also  from  the  moisture  driven  off 
from  the  charge,  is  precipitated  in  the  form  of  a  solu- 
tion  of  phosphoric  acid.  When  the  prccipitfttion  U 
made  at  tenipcralurcs  of  uboul  100',  or  obovc.  the  con- 
cent ration   of   the   ocirl   is   grcalcr   than   that  collected 


at  a  lower  temperature,  but  by  reducing  the  flow  of 
air  through  the  furnace,  acid  of  high  concentration 
may  also  be  obtained  with  low  temperature  precipi- 
tation. 

The  advantages  of  this  method  of  collecting  the 
phosphoric  acid  over  the  scrubbing  tower  method 
tiow  in  use  are  as  follows: 

I — The  equipment  required  is  simple  in  construc- 
tion and  automatic  in  operation. 

2 — The  simplicity  of  the  construction  of  the  pre- 
cipitating pipes  decreases  the  difficulties  arising  from 
the  corrosive  action  of  the  phosphoric  and  hydro- 
fluoric acids  evolved  from  the  phosphate  rock. 

3 — In  this  way  there  may  be  recovered  phosphoric 
acid  of  a  high  degree  of  purity  suited  for  direct 
use  without  further  purification  in  those  industries 
where  a  relatively  pure  acid  is  required. 

4 — A  more  concentrated  acid  can  be  obtained  in 
this  way  than  is  possible  to  prepare  directly  by  any 
other  commercial  process,  and  when  this  acid  is  used 
in  the  preparation  of  concentrated  fertilizers,  such 
as  mono-ammonium  phosphate,  a  dry  product  may  be 
obtained  directly  without  the  necessity  of  evaporating 
solutions,  or  of  drying  the  resultant  product. 

This  is  the  first  time  that  the  Cottrell  precipitator 
has  been  used  for  the  precipitation  of  a  product  which 
has  been  purposely  volatilised  with  .-1  view  to  its  re- 
covery in  this  way. 

BuKKAti  or  Soils 

1'.    S.    PllPAIITHBNT    or    AoalCl'LTl'KK 

Washington.  D.  C. 

EMULSIONS  AND  SUSPENSIONS  WITH  MOLTEN 

METALS' 

By  II    W    <;iL-.«rr' 

The  object  of  this  paper,  which  is  written  at  Prof. 
Bancrofts  request,  is  not  to  present  any  new  informa- 
tion, but  to  suggest  a  line  of  thought. 

In  the  refining  of  aluminum  chips  to  ingot  a  loss  of 
30  per  cent  of  the  metallic  content  is  common  and  a 
15  per  cent  loss  rcprcscnls  very  good  practice.  In 
a  study*  of  these  losses  it  was  found  that  the  cause 
for  the  high  loss  is  not  j)rimarily  the  ease  of  oxida- 
tion of  aluminum,  but  the  failure  of  the  globules  to 
coalesce;  that  is,  the  loss  is  not  due  to  oxidation  in 
the  furnace  unless  abnormally  oxidising  condilions 
obtain  there,  and  is  not  preventable  by  retorting, 
vacuum  furnaces,  electric  furnni-e.i.  etc.  Commer- 
cial oluminum     ' •-   "•.  the   machine  shops  of  the 

automobile    m  conlain    about    to    or    .«o 

per  cent  of  tlu    ^ht  that  will  pass  a   jo-mesh 

sieve  and  arc  about  o  005  in  thick.  There  is  usually 
not  less  than  .1  per  i-rnt  and  sometimes  15  P*""  <*«>* 
of  cutting  oil  or  com|Miwn«l  and  usually  not  less  than 
S  per  cent  and  sometimes  15  |>er  crnl  of  very  (in* 
dirt,  such  as  floor  sweepings  nuxe«l  with  the  chips. 

If  one  tries  to  melt  do«n  aluminum  chips  in  lh« 
way  l>ra«  chips  would  !><«  melted,  the  larger  and  thicker 

•  t>«<TnlM<  •>  ••>•  *V<I  U»iiit«  erf  <lw  ^iwwhm  (.'k*a«t«l  llw««4.r. 
N««  Vwk  <•.'  <•'* 

•  I-,,!,!,,!  IW  IHm«a>  M  llw  RMrax  «4  MlaM 
I  II    M  '  MrlMMf  AImoMmiik  Ct>l|o      *»«•■ 

.,(  MiM«  ^•'i  ">•     ■  • 
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chips  melt  down  to  fairly  large  globules  that  succeed 
in  breaking  through  the  skin  of  dross,  getting  into 
true  metallic  contact  with  each  other  and  coalescing 
into  a  pool  of  metal  that  can  be  poured  satisfactorily. 
But  the  tiny  droplets  formed  by  the  melting  of  the 
smaller  chips  are  so  microscopic  in  size  and  so  infinitely 
light  in  weight  that  they  cannot  break  through  the 
honeycomb  of  oxide  and  dross  about  them.  So,  in- 
stead of  going  down  where  they  are  wanted,  they  re- 
main in  the  dross. 

In  order  that  as  many  of  the  medium  sized  drops 
•  as  possible  may  not  be  too  viscous  to  flow  down, 
the  temperature  is  rajsed  far  above  the  melting  point. 
When  the  very  hot  dross,  which  is  dry  and  powdery, 
is  skimmed  off  and  reaches  the  air,  the  tiny  entangled 
globules  burn  up  at  once,  with  a  thermit-like  behavior. 
The  pool  of  coalesced  metal,  even  in  the  open  air, 
takes  on  a  thin  coat  of  oxide  which  then  protects  it 
from  further  oxidation. 

So  while  oxidation  (and.  nitridation  as  well)  is  the 
ultimate  cause  of  the  loss,  this  oxidation  would  not 
take  place  save  for  the  very  finely  divided  physical 
state  of  the  metal. 

Two  methods  serve  to  reduce  the  loss  by  promoting 
coalescence,  and  both  are  in  commercial  use,  though 
the  details  of  the  methods  appear  to  be  known  only 
by  a  few  refiners.  One  is  the  "puddling"  process 
where  the  chips  are  melted  in  an  open  iron  pot,  small 
amounts  being  added  at  a  time,  and  each  addition 
being  thoroughly  stirred  and  pushed  into  the  main 
mass,  the  temperature  being  very  carefully  kept 
only  just  above  the  melting  point,  so  that  the  mass  is 
pasty,  but  not  truly  fluid. 

By  the  constant  working  over  of  the  mass,  the  tiny 
globules  are  squeezed  together  with  enough  force 
to  break  the  entangling  film  and  bring  them  into 
metallic  contact.  Finally,  after  the  mass  of  metal 
surrounds  the  particles  of  dirt  and  oxide  instead  of 
the  honeycomb  of  dirt  surrounding  the  globules,  i.  e., 
the  disperse  phase  of  the  emulsion — using  this  term 
loosely  to  include  suspensions  also — has  been  reversed, 
and  the  mass  is  heated  up  so  that  the  dross  will  rise.  The 
other  method  is  to  mix  large  amounts  of  NaCl  with 
the  chips,  as  a  menstruum  to  dilute  or  soak  up  the  en- 
velope phase  of  dirt,  preferably  using  with  the  NaCl 
a  small  amount  (say  15  parts  to  85  parts  of  NaCl)  of 
some  fluoride,  such  as  CaF;,  to  dissolve  the  little 
AliOj  present  and  heating  without  much  stirring. 
This  method  also  breaks  up  the  emulsion  and  the  tiny 
globules  settle  satisfactorily.  Of  course  the  best 
method  is  one  of  prevention,  that  is,  collecting  the 
chips  without  contamination  by  dirt.  Removing  the 
dirt  by  washing  and  screening  is  possible,  but  trouble- 
some and  expensive. 

There  arc  many  other  cases  where  a  molten  metal 
or  alloy  forms  an  emulsion  or  suspension  with  a  solid, 
a  liquid  or  a  gas. 

"Floured"  or  "sickened"  mercury,  where  globules 
of  mercury  refuse  to  coalesce  when  coated  with  talc, 
graphite,  grease,  etc.,  is  one,  and  dirty  molten  sodium, 
another  example  of  a  liquid  and  a  solid.  Blue  pow- 
der  is   an   interesting   example,    and   the   problem   of 


melting  it  is  quite  analogous  to  that  of  aluminum 
chips.  Roeber"  distinguishes  between  "physical"  blue 
powder,  or  "zinc  snow,"  which  consists  of  particles 
of  zinc  uncoated  by  foreign  materials,  and  which  coa- 
lesces on  melting,  and  "chemical"  blue  powder,  in  which 
each  particle  is  coated  with  a  skin  of  ZnO  and  proba- 
bly a  little  SiOj.  The  methods  of  separating  the 
phases  in  this  case  are,  distilling  the  volatile  zinc 
away  from  the  non-volatile  impurities,  heating  under 
pressure,  to  break  up  the  enveloping  skin,  as  in  the 
old  Montefiore  system,  or  dissolving  off  the  skin  by 
the  process  of  Bleecker,^  who  adds  the  blue  powder 
to  an  electrolytic  bath  of  fused  ZnCli  kept  above 
the  melting  point  of  zinc.  The  ZnClj  has  some  sol- 
vent action  on  the  coating  and  the  particles  migrate  to 
the  cathode  and  coalesce. 

Another  case  where  a  small  amount  of  a  solid  phase 
distributed  through,  or  emulsified  with  a  molten 
metal,  is  in  defective  fusible  boiler  plugs,  where  Bur- 
gess and  Merica'  find  that  a  network  of  oxides  may 
prevent  the  plug  from  blowing  out  although  the  metal 
of  the  plug  is  fully  molten. 

Entangled  oxides,  the  bane  of  the  foundryman  in 
steel,  brass,  bronze,  and  aluminum,  are,  in  a  sense  at 
least,  emulsions  of  a  solid  phase  with  the  liquid  metal 
which  are  not  broken  up,  but  freeze  into  place  and 
result  in  unsound  castings.  Here  one  either  reduces 
the  oxide  chemically  or  attempts  to  collect  it  in  a  slag 
by  means  of  some  flux. 

The  retention  of  metal  by  slag  in  reduction  and  re- 
fining processes  is  a  case  of  an  emulsion  of  two  liquids. 
In  the  Pattison  process  we  have  another  case  where 
the  breaking  of  the  emulsion  is  essential.  Metal  fog 
in  the  electrolysis  of  fused  salts  is  still  another  ex- 
ample. 

Richards*  has  recently  brought  this  out  in  the  cases 
of  strontium  and  cerium. 

The  emulsion  of  a  gas  in  a  metal  gives  rise  to  a  prob- 
lem no  less  serious  to  the  foundryman  than  that  of 
a  solid  or  a  liquid  with  the  molten  metal,  for  if  the 
emulsion  is  not  broken,  we  have  blowholes  and  porous 
castings. 

Sometimes  it  is  desirable  to  maintain  an  emulsion 
or  suspension  of  a  metal  with  another  phase.  Ex- 
amples of  a  suspension  of  some  solid  with  a  liquid 
metal  (or,  more  strictly,  of  a  solid  with  a  plastic  mix- 
ture of  solid  eutectic  and  liquid  metal)  are  the  "near 
alloys"  of  Friedrich'  where  such  materials  as  cobalt 
silicate  are  mixed  with  an  alloy  of  QoSn  loCu  kept 
within  the  eutectic  range.  Here  the  cobalt  silicate 
is  probably  the  disperse  phase.  But  there  are  useful 
cases  where  the  metal  is  the  disperse  phase  within 
a  solid. 

In  sherardizing,  zinc  dust  coated  with  enough  oxide 
to  prevent  coalescence  is  a  necessity.  In  calorizing, 
aluminum  oxide  is  mixed  with  the  aluminum  powder  for 

■  E.  r.  Rocbcr.  Mel.  &•  Chem.  Eng.,  10  (1912).  451. 

'  W.  V.  Blcfcktr,  "The  Klcctrolytic  Method  (or  the  Rcduetion  of  Blue 
Powder,"  Trans.  .4m.  Eleclrochtm.  .Sm.,  %l  (1912).  359. 

'  G.  K.  Burgess  and  F.  D.  Mcrtca,  "An  Investigation  of  Fusible  Tin 
Boiler  Plugs,"  Trans.  Am.  Inst.  Metals,  9  (1915),  advance  copy,  3  pp. 

'  J.  W.  Richards,  "The  Metallurgy  of  the  Rarer  Metals,"  Mel.  &•  Cktm. 
Eng..  IB  (1916),  26;  This  Journal.  8  (1916),  736. 

•K.  Friedrich,  "Near  Alloys."  Mel   &•  Chem.  Eng..  8  (1910),  191. 
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the  same  purpose.  Here  an  "emulsion"  of  solid  metal 
and  solid  oxide,  if  the  process  is  run  below  the  melt- 
ing point  of  the  metal,  is  required  to  prevent  the  weld- 
ing together  of  clean  metal  surfaces  below  the  fusion 
point  of  the  metal,  or  one  of  liquid  metal  and  solid 
oxide  to  prevent  coalescence  of  the  globules,  if  run 
above  the  fusion  point. 

Emulsions  of  two  liquid  metals  find  a  notable  ex- 
ample in  the  mixture  of  half  copper  and  half  lead 
used  for  packing  bearings,  brake  bands,  etc.  Molten 
copper  and  lead,  in  equilibrium,  form  a  two-liquid 
layer  system,  being  immiscible.  Yet  it  is  possible, 
by  the  use  of  sulfur  or  nickel  as  an  emulsifying  agent, 
to  produce  a  quite  uniform  mixture  of  the  two  metals, 
though  it  is  as  ticklish  a  job  as  the  foundryman  often 
attempts.  To  a  lesser  degree,  the  liquation  of  lead  or 
of  some  other  low  melting,  immiscible  phase  in  brass 
and  bronze  casting,  offers  the  same  problem. 

Could  we  obtain  stable  emulsions  of  metals  nor- 
mally immiscible  in  the  liquid  state  surely  some  of 
them,  after  solidification,  would  be  industrially  use- 
ful. Useful  emulsions  of  gases  with  metals  are  hard 
to  find.  Yet  uniformly  porous  metals  or  alloys  might 
be  useful.  Hannover'  has  shown  that  lead,  made 
porous  by  an  indirect  method,  makes  a  storage  battery 
of  four  times  the  capacity  for  the  same  weight  as  one 
with  solid  lead  plates. 

The  chemistry  of  colloids  is  proving  of  immense 
use  to  industry.  It  is  right  that  the  colloid  chemist 
should  deal  with  the  system  water,  benzene,  soap  at 
room  temperatures  at  the  start,  for  seldom  is  much 
gained  by  attacking  the  more  complicated  problems 
before  the  simple  ones  are  solved.  Yet  when  he  has 
flocculated  and  peptized,  frothed  and  floated,  long 
enough  to  bring  some  semblance  of  order  out  of  chaos 
and  to  get  some  working  hypotheses  on  the  mechanism 
and  causes  of  emulsions  and  suspensions,  he  may  find 
it  of  use  for  the  clarification  of  the  present  somewhat 
emulsified  theories,  as  well  as  of  practical  value,  if 
he  will  remember  that  there  arc  other  systems  than 
water  and  oil  and  other  temperatures  than  o  to  100  C. 
Molten  metals  and  alloys,  from  mercury  to  tungsten, 
also  offer  their  problems  of  colloid  chemistry.  And 
when  the  colloid  chemist  shall  have  solved  only  a  few 
of  the  problems  waiting  for  him  in  that  field,  the 
foundrymcn  and  metallurgists,  at  least,  will  rise  up 
and  call   him  blessed. 

MciHHIC    IlAI.I. 

Ithaca.   Nhw  V'ohk 

SIMILARITY  OF  VITREOUS  AND  AQUEOUS  SOLUTIONS' 
Uy  Alkxanukk  Silvukman 
Kcrrivccl  Srplrinlicr  IV,  luid 

The  striking  similarity  of  properties  of  vilroou.-t 
and  aqueous  solution,  both  as  to  oppoarance  and 
behavior,  has  led  the  writer  to  refer  to  them  frc(iucnlly 
in  lectures  on  glass.  They  are  collected  here  as  an 
introduction  to  a  series  of  papers,  covering  rosciirchcs 
on  individual  cases,  wliirh  will  appear  from  time  to 
time. 

<  II  I  llBiinovrr.  "Tin  l'r.MliKll..i.  ..I  I'woun  MitsU."  «»•  »•<»«" 
I'.Ht .  10  (l'»W).  !,m. 

•  l-rrirnlril  at  llie  .l.lrfl  Mrfllni  o(  Ihc  Aii«rlc«n  fh»mk«l  Sorkly. 
Nrw  Voik  (.Uy.  Sriitrllihrr  J^  lo  W.  I«U. 


Zsigmondy,  in  his  work  on  "Colloids  and  the  Ultra- 
microscope,"  calls  attention  to  the  size  and  proper- 
ties of  small  particles  in  solutions.  When  gold  is 
introduced  into  the  batch  as  element  or  in  compounds, 
the  melt  results  in  a  yellow  vitreous  solution  resembling 
aqueous  solutions  of  the  chloride.  When  the  glass  is 
reheated  the  unstable  compound  breaks  up  and  the 
red  colloid  results.  This  again  resembles  the  aqueous 
solution  in  appearance.  If  reheated  a  number  of 
times  the  glass  mass  becomes  brown  by  reflected  light 
and  blue  by  transmitted  light,  just  as  the  oxalic 
acid  reduction  of  an  aqueous  chloride  solution  yields 
a  brown  precipitate  and  blue  supernatant  liquid. 
That  the  particles  are  of  colloidal  size  is  evident 
from  the  researches  on  glass  by  Siedentopf  and 
Zsigmondy.' 

Copper  is  introduced  into  the  batch  as  CujO  or 
CuO  or  as  a  cupric  salt.  Reducing  agents  are  added. 
The  resulting  glass  resembles  aqueous  solutions  of 
cuprous  salts  in  appearance.  On  reheating,  the  glass 
turns  red  and  with  continuous  heating  and  greater 
reduction  it  assumes  a  liver-color.  As  in  gold  solu- 
tions the  red  color  is  due  to  the  colloid;  the  liver  or 
red-brown  mass  consists  of  the  coarser  precipitate.' 

Selenium  enters  the  batch  as  element,  sodium 
selenitc  or  sodium  selenatc.  together  with  a  reducing 
agent.  The  resulting  vitreous  solution  is  black  while 
hot  and  changes  to  a  colorless,  yellow,  red,  or  dark 
mass  on  cooling,  depending  upon  the  quantity  of 
selenium  present.  When  the  colorless  or  light  solu- 
tion is  heated  it  again  turns  dark  and  if  the  correct 
amount  of  selenium  is  present  becomes  red  on  cool- 
ing. Fenaroli'  has  shown  that  the  red  solution  con- 
sists of  polyselenidcs  resembling  the  polysulfides  it« 
sulfur-amber  gla.sscs.  The  writer  examined  some 
selenium  ruby  gla.sscs  for  colloids  while  \h'-  i"-"  .--..li 
experiments  were  under  way,  because  of  tli' 
of  behavior  of  gold,  copper  and  selenium  ^ 
heat  treatment,  but  found  no  obstruction  to  the  pas- 
sage of  light  rays  in  the  ultramicroscope.  A  {icculiar 
fluorescence  or  bloom  on  the  surface  of  the  gloss  prior 
to  reheating  was  attributed  to  partial  reduction  of 
zinc  compound,  a.i  the  glosses  were  high  in  tine.  Thi« 
cloud,  which    Fenaroli    subsequcnilv    examined    ultra- 

microscopically,  proved  lo  be  i  ■ 

pounds  which  in  the  presence 
on  reheating  in  o  reducing  rtonu-  i    ' 
with   the   ulkiilics   in   the   gla«».      As 
is   inlrofluicd    into   the    botch.    '•'■'■ 
also  that  Kflonuim  may  go  into 
or    sulfides    farmed    from    thi» 
of  the  batch. 

One  chromium  boro-«iliii>to  k:bl•.^   whiih   th.-   « Titer 
prepared  tron«mit«  green 
and  ct  irV   i.-.t  l!irn\i>;h  a  ■! 
re»> 
chr. 

Koluti»l)   ;  '  '' 

Vitreiu,  ueoui 

•  Amm*l,  M»     I*.  >■ 

>  l*aal  aiHl  !.*■•«.  IV>  .  W,  I  MO 
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relatives.  The  ferrous  silicates  are  green,  the  ferric, 
yellow. 

Copper  glasses,  when  the  batch  contains  an  oxi- 
dizing agent,  are  blue  and  here  again  the  color  is  the 
same  as  that  imparted  to  a  dilute  aqueous  solution 
by  the  cupric  ion. 

The  color  imparted  to  glass  by  cobalt  oxide  is  prac- 
tically identical  with  that  produced  by  an  excess  of 
concentrated  HCl  in  aqueous  C0CI2  solution  where 
the  complex  CoCU  is  supposed  to  form. 

The  color  of  vitreous  manganese  solutions  resem- 
bles that  of  aqueous  solutions.  Similarity  in  valence 
was  recently  shown  by  Scholes'  in  his  article  on  "Tri- 
valent   Manganese  in  Glass." 

In  opal  and  alabaster  glasses  we  encounter  another 
striking  parallel  to  conditions  in  aqueous  solutions. 
Opalescence  is  largely  due  to  finely  divided  alumina 
of  colloidal  size.  Just  as  electrolytes  will  precipitate 
such  colloids  from  aqueous  solutions,  so  NaCl  or 
Na2S04  or  other  chlorides  or  sulfates  will  precipitate 
this  colloid  from  vitreous  solution.  As  a  result,  a 
glass  which  is  opalescent  without  the  addition  of  one 
of  these  salts  becomes  an  alabaster  glass  if  they  are 
added,  through  the  precipitation  of  the  colloid  by  the 
salt.  The  light  then  transmitted  is  white.  When 
the  sulfate  ion  is  present  the  color  is  more  intense 
than  with  the  chloride  ion. 

Effects  resembling  the  Liesegang  layers  have  been 
obtained  in  opal  glasses  to  which  CoO  and  selenium 
were  added.  The  alternating  strata  are  blue  and 
white  when  the  glass  gathered  from  the  pot  is  allowed 
to   cool    without   reheating. 

CONCLUSION 

The  data  presented  seem  to  indicate  clearly  that 
much  might  be  accomplished  by  studying  vitreous 
solutions,  in  part  at  least,  on  the  basis  of  similar  phe- 
nomena observed  in  aqueous  solutions  of  some  of  their 
constituents.  The  writer  hopes  to  add  evidence 
through  researches  which  are  under  way  and  planned. 

SCHOOI.    op    CilBMISTRY 

Univkrsitv  of  Pittsdur(;ii 
Pittsburgh 

CHEMICAL  COMPOSITION  vs.  ELECTRICAL 

CONDUCTIVITY^ 

By  Colin  G.  Fink 

Some  years  ago,  while  still  at  the  university,  I 
carried  out  a  number  of  experiments  on  the  electro- 
thermic  production  of  ultramarine.  Powdered  mix- 
tures of  sodium  sulfide,  china  clay  and  carbon  were 
interposed  between  carbon  electrodes  in  a  closed 
crucible  furnace.  I  observed  at  the  time  that  in  order 
to  keep  the  electrical  resistance  and  the  temperature 
of  the  charge  fairly  low  so  as  to  avoid  decomposition 
of  the  ultramarine  as  soon  as  it  was  formed,  it  was 
necessary  to  use  very  finely  divided  carbon,  such  as 
lampblack.  With  charges  made  up  of  powdered  coke 
which  was  coarse  compared  to  the  lampblack,  I  could 

'  This  Journal,  7  (1915).  1037. 

*  Presented  at  the  5Jrd  Meeting  of   the   American   Chemical   Society, 
New  York  City,  .September  25  to  30,   1916. 


not  get  any  appreciable  current  to  pass  between  the 
carbon  electrodes  up  to  potentials  of  250  volts. 

Subsequently,  I  have  found  repeatedly  that  the 
electrical  conductivity  of  mixtures  of  finely  divided 
substances  is  a  function  of  the  relative  size  of  the 
components. 

EXPERIMENTAL 

A  series  of  tests  was  made  in  order  to  get  values  of 
a  more  quantitative  nature.  Two  substances  were 
selected,  the  physical  properties  of  the  one  as  divergent 
as  possible  from  those  of  the  other:  a  black  metal 
powder,  tungsten,  and  a  white  insulator  powder, 
thoria.  The  advantages  in  this  selection  are  manifold; 
both  tungsten  and  thoria  will  stand  very  high  tem- 
peratures and  can  therefore  be  made  practically 
moisture-proof.  It  is  a  well  known  fact  that  in  all 
high-resistance  tests  adsorbed  moisture  is  a  very  dis- 
turbing factor.  Metals  such  as  copper  and  silver  were 
not  serviceable  since  they  cannot  be  heated  to  high 
temperatures  without  partial  vaporization,  which 
though  slight  was  sufficient  to  cover  the  surface  of  the 
insulator  granules  with  a  highly  conductive  film. 
Other  factors  that  decided  our  selection  in  favor  of 
tungsten  and  thoria  were:  (t)  high  state  of  purity; 
(2)  availability  of  both  in  extremely  fine  powdered 
form  (readily  sifted  through  250  mesh  gauze);  (3) 
constancy  and  stability  under  ordinary  atmospheric 
conditions;  (4)  sharp  distinction  in  color;  (5)  high  spe- 
cific gravities  (which  reduced  the  tendency  to  dust). 

All  mixtures  here  recorded  were  made  up  of  equal 
weights  of  tungsten  and  thoria.  As  regards  the  size 
of  the  particles,  as  stated  above,  the  mixtures  would 
pass  readily  through  silk  having  250  meshes  to  the 
inch.  The  holes  in  this  silk  are  about  o.ooi  in.  in 
diameter. 

All  attempts  to  segregate  particles  of  a  well-defined 
size  by  such  methods  as  suspending  water,  organic 
liquids  or  air,  were  frustrated  on  account  of  the  per- 
sistent tendency  of  the  very  fine  particles  to  form 
agglomerates. 

We  finally  resorted  to  the  familiar  "tap  test." 
This  gave  us  fairly  good  comparative  values  of  the 
fineness  of  the  various  powders  used.  Ten  grams  of 
the  powder  or  powder  mixture  were  filled  into  a  lo  cc. 
glass  graduate  and  tapped  to  constant  volume;  usually, 
after  7  minutes  no  further  decrease  in  volume  could 
be  detected.  The  ultimate  volume  in  cc.  divided  by 
10  gave  us  the  relative  volume  {Vr)  as  recorded  in  Table 
I.  It  can  easily  be  demonstrated  that  the  values  for 
Vr  are  a  function  of  the  density  and  mean  particle 
size.  At  first  there  seemed  to  be  a  serious  objection 
to  the  tap  test,  namely  this,  that  a  powder  composed 
of,  say,  equal  parts  of  coarse  and  fine  particles  would 
give  the  same  figure  for  v,  as  a  second  powder  whose 
particle  size  was  a  mean  between  the  two  limiting 
sizes  of  the  first  powder. 

This  objection  to  the  tap  test  was  automatically 
set  aside  since  in  the  ordinary  preparation  of  metal  or 
oxide  powders  in  single  small  lots  by  far  the  greater 
majority  of  particles  are  approximately  of  the  same  size. 
This  tendency  to  form  a  "standard"  size  is  a  universal 
phenomenon,  the  dimensions  of  any  particular  standard 
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tjeing   dependent   upon    the    physical   factors   such   as  Our  results  tend  to  show  that  under  ideal  conditions 

temperature,   strength   of   solution,   etc.,  under  which  of   mixture   relative   grain   size,    uniform   distribution, 

the    particular   powder    is    prepared.      (Compare    also,  etc.,  the  resistivity  values  for  white  mixtures  such  as 

the  size  of  the   crystals  of  granulated  sugar  and  the  Z  would  be  even  higher  than  here  recorded.     Similarly, 

"Strike  pan.")  the   resistivity   values  for  black   mixtures  such   as   X 

■ RELATivJvoluME  Oy)  OF .  ^o"!*!  be  lower  than  those  found,  approaching  a  limit- 

MixTURE           Appearance  Jng  value  cqual  to  twice  that  of  the  100  per  cent  metal 

Mixture            Th02                 W              Found             Cale.         of  Mixture  rod 

R 0.720  0.113  0.4.30  0.417  White 

P 0.720              0.350              0.565             0.535              White  CONCtCSIO\ 

Z 0.576  0.235  0.389  0.406  White 

T 0..TO5          0.113          0.200         0.209          White  In  general  we  may  Say  that  the  clectrical  conductivitv 

S 0.305             0.330             0.275             0.318             Black  t             v.   .              •           •           -i       j            j       »                 .u        u      " 

X 0.238          0.577         0.420         0.408          Black  oi  a  substance  IS  pnmarily  dependent  upon  the  shape 

and   the    distribution    of    the    fundamental    grains   or 

Referring  to  Table  I,  we  note  that  the  thoria  pow-  particles    composing    the    substance,    and    secondly, 

ders  varied  in  relative  fineness  between  0.720  and  0.238  ^p^^  the  presence  or  absence  of  thin  films  of  secondary 

and  the  tungsten  powders  between   0.577   and  0.113.  material  enveloping  these  ultimate  grains. 

The  calculated  value  for  v,  of  any  mixture  is  equal  to  On  the  basis  of  this  theory  we  can  account  for  the 

r.ne-half  the  sum  of  the  v,  values  of  the  ThO^  and  W  comparatively  high  conductivity  of  gels  that  contain 

constituents.     These    calculated    values    agree    fairly  but   a   trace   of   conducting    material.      We   can   also 

well    with    the    experimental    and    support    our    con-  account  for  the  marked  difference  in  resistance  of  say 

tention    that    the    particles    of    any    freshly    prepared  two    samples    of    commercial    copper    whose    chemical 

powder  are  of  fairly  uniform  size.     If  this   were  not  composition  is  identical,  depending  upon  whether  the 

the   case   no   such   agreement   between  the  calculated  impurity,  such  as  sulfur,  is  uniformly  dissolved  in  the 

and  experimental  values  would  be  possible.  n,etal  or  whether  it  forms  a  film  ("cement")  of  copper 

As  to  the  appearance  of  the  mixture,  if  the  ty  value  sulfide  around  pure  granules  of  copper.  The  latter 
for  the  white  powder  is  high  as  compared  with  the  (.^se  is  to  be  regarded,  as  Bancroft  suggested,  as  an 
value  for  the  black  powder,  the  appearance  of  the  mix-  emulsification  of  copper  in  copper  sulfide.  The  high 
lure  is  light;  if  the  white  powder  is  coarser  than  the  resistance  of  the.se  surface  films  composed  of  say  sul- 
black  powder,  the  appearance  of  the  mi.xture  is  dark.  fj^jg  ^^  ^^^^^^  „r  arsenide  accounts  for  the  high  re- 
in other  words,  whenever  the  ratio  of  v,  for  ThOj  to  sjstivity  values  of  copper  when  but  a  trace  of  the  im- 
V,  for  W  is  greater  than  2,  the  mixture  is  white;  if  less  purity  is  present. 
than  2  the  mixture  is  black.  [The  absolute  density  of  edison  Lamp  Woum 
W    (19.6)    divided    by   the    absolute    density   of    ThO-  r  ".""ItoB^N.w^'MKv 

(Q.8)   =   2].  '  ■  

liLECTRlCAL   MEASUREMENTS  VARNISH  ANALYSIS  AND  VARNISH  CONTROL 

The  powders  were  pressed  into  rods  4  cm.  long  and  II    VISCOSITY  OF  VARNISHES 

0.5  cm.  square.     They  were  then  placed  in  a  tungsten-  jiy  Max  v.  skatiln.  k  j.  i'hobkck  »no  o  b.  sawthi 

hydrogen  furnace  and  fired  at   1600-1650°  for  3  hrs.  Received  SrptemiKT  15.  I9i6 

This  firing  caused  the  rods  to  sinter  together  and  ren-  The   first  paper  of  this  series,    entitled   "Molecular 

dcrcd   them   practically   proof  against   moisture.     The  Weights  of  Vegetable  Oils,"'  dealt  with  n  method  for 

fired  rods  were  kept  in  a  PjOs  desiccator.     The  rods  determining    the    apparent    molecular    weights    of    oil 

were  then  mounted  between  brass  clamps  and  the  re-  and   varnish   products,  and  pointed  out   the  vnluc  of 

sistance    measured    on   a   Wheatstone    bridge    with    a  such    a.    determination.     The    following    paper    will, 

sensitive    galvanometer.     Care    was    taken    to    make  in  the  same  way,  deal  not  only  with  the  methods  found 

these  measurements  on  days  when  the  humidity  of  the  valuable  for  determination  of  the  viscosity  of  varnishes. 

lii  was  low.'  but  will  also  show  some  <^i  the  deduction.-!  which  can 

In  view  of  the  difTerenccs  in  "Color"  of  the  various  be  made  from  the  study  of  the  viscosity  determined 

mixtures  in  the  powdered  form,  it  was  not  very  sur-  under  vorying  conditions. 

pri.sing    to    find    marked    dilTcrcnccs    in    the    electrical  Viscosity    of   such    producU   «s   petroleum   Oils   h«« 

resistances.     The  firing  at  1600°.  however,  resulted  in  long  been  rcti',          "                          ...    -     -ristic, 

an  almost  uniform  shade  for  all  of  the  mixtures.     In  and   standard                                                                   pur- 

Table  II  below  are  recordcil  four  of  the  characteristic      chasers    of    su.  1.     j '' "< 

resistance   values  founil.      In   the  last   column  are  the  been    publishrd,    both    on    the 

calculated  specific  resistance  values.  of  tl"-  im"    .",1  on  the  metho<ls 

Ta„,„  II  del'                         the    Bureau    o(    Standard*    and    the 

I'owdrr                    Rr.iniamc               Re.i.tiviiv  y,,,,                     ,,.»  havini!  uftid  particular  attention  to 

ThOt  Nil   i                  (ivcr  IOi>  nliiiit           Over  10"  <>hni«  ....                                           , 

1^                            ,1  H                      I7.i  0  the    i>ui»)cci.     Kotitine     dctorminationK    of     viscosity 

^f,„  ,                    %^iiw\                   I)  mo  n«  »  «j>eciricalion  rnnstanl  have  aUo  »»een  mile  r.n  r» 

numlier  of   conimrrvial    products,   among    ^' 

The  powders.  ThO,  No.  j  and  W  No.  i,  were  pres.se.l  ^^^^,   gdatine  tolutmns   may   l>c   cile.l.     It 

up  into  rods  the  same  size  as  tho.sc  for  tlw  mixtures;  j^^^  ^^^^  „^^j   ^^^^   ronaidcrahle  attenti.ni   h.»s    -rr,, 

they  were  likewise  fired  at  1600°  for  3  hrs.  ^^^.j    ,„    ,,,,,    j^^,^^    j„    „,p    p,„niinntii.n    of    vainish 

■  Comparr    ill    tlll>   rnnnrrtlon    II     I       iHtli.     ".Siit»«.  r    Lrakmr    orrt 

In.iil.lor.."  Vhyx    He,  .  ».  «90.  '  T"«  lo.-«««..  •  (l»l»).  ««0 
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products,  but  the  importance  of  the  determination  is 
being  more  thoroughly  recognized  every  day. 

The  physical  constant  which  is  correctly  designated 
as  the  "viscosity"  of  a  varnish  has  often  been  referred 
to  by  other  names.  In  most  common  use  is  perhaps 
the  term  "body"  of  varnish,  by  which  most  varnish 
manufacturers  mean  "viscosity."  Continued  use  of 
this  phrase  is  inadvisable,  however,  as  several  writers' 
have  recently  used  the  term  in  designating  the  amount 
of  solid  material  present  in  the  varnish,  and  applied  in 
this  manner  it  is  a  more  accurate  and  expressive 
term.  The  term  "gravity"  has  also  been  misused 
by  its  substitution  for  "viscosity"  and  it  is  still  used 
in  this  sense  by  some  workers.  An  example  of  this 
use  is  seen  in  the  phrase  "gravity  bottles,"  which  is 
applied  by  many  v^irnish  makers  to  the  small  vial 
in  which  they  place  varnishes  for  observation  of  the 
viscosity  by  following  the  rate  of  rise  of  an  air  bubble 
of  definite  size.  Such  a  bottle  is  shown  in  Fig.  I. 
It  is  filled  with  varnish  to  the  lower  of  the  two  etched 
marks  on  the  .t;lass  and  the  cork  inserted  to  the  upper 
mark,  thus  enclosing  air  of 
a  definite  volume.  By  in- 
verting the  bottle  and  fol- 
lowing the  rise  of  the  air 
bubble,  viscosity  can  be 
roughly  judged.  The  var- 
nish maker  usually  has  a 
number  of  tubes  of  standard 
varnishes  with  which  he 
compares  the  varnish  under 
test.  This  method,  crude 
as  it  is,  is  in  a  majority 
"f  the  cases  the  only  one 
\'.  hich  is  used.  It  should  be 
noted  that  the  bottles 
i  nally  sold  for  this  purpose 
vary  greatly  in  interior 
diameter  so  that  an  assort- 
ment of  them  will  not  neces- 
sarily show  the  same  rate 
of  rise  of  air  bubble  in  the  same  varnish.  On  this 
account  it  is  necessary  carefully  to  examine  shipments 
of  these  bottles  and  make  sure  that  they  are  of  uniform 
size. 

The  use  of  viscosimeters  of  various  types  in  the  de- 
terminaton  of  varnish  viscosity  is  coming  into  practice 
with  rftost  manufacturers.  The  Tagliabue,  Engler 
and  Saybolt  instruments,  which  are  familiar  to  all 
workers  with  petroleum  products,  have  been  used  to 
a  considerable  extent.  Varnish  viscosity  is  usually 
determined  at  about  ordinary  room  temperature. 
However,  many  varnishes  are  far  too  viscous  at  this 
temperature  to  flow  easily  through  these  instruments, 
and  it  is  often  necessary  to  raise  the  temperature 
very  considerably  before  a  determination  can  be  made, 
often,  in  fact,  determining  viscosity  at  the  boiling  point 
of  water.  This  is  rather  unfortunate,  for,  as  will  be 
shown  later,  the  temperature  coefficient  of  viscosity 
differs  greatly  with  different  varnishes.  Although  it 
is  certain  that  by  the  use  of  any  one    of   the  viscos- 

'  Brown,  A    S.  T.  M.  (IB),  Part  II,  p    467. 
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imeters  noted  greatly  improved  results  can  be  obtained 
over  the  results  secured  by  the  use  of  the  so-called 
"gravity  bottle,"  yet  these  instruments  are  not  pre- 
eminently suited  for  viscosity  determinations  on  the 
general  line  of  commercial  varnishes.  From  the 
manufacturer's  standpoint  it  is  important  in  most 
cases  to  determine  viscosity  before  the  varnish  has 
been  filtered.  Generally,  at  this  stage  it  will  contain 
a  considerable  amount  of  finely  divided  precipitate 
or  "flock."  In  a  viscosimeter  which  depends  on  the 
measurement  of  the  rate  of  flow  through  a  small  ori- 
fice, presence  of  foreign  material  of  this  kind  is  almost 
sure  to  influence  results  to  such  an  extent  as  to  render 
accuracy  impossible.     Any  instrument   in   which  this 


defect  can  be  avoided  will  thus  have  considerable 
advantage  as  regards  accuracy.  Most  suitable  in 
this  respect  are  instruments  which  depend  on  obser- 
vation of  the  rotation  of  a  disk,  sphere  or  cylinder  in 
the  liquid,  as  with  such  instruments  the  presence  of  a 
considerable  amount  of  precipitate  will  not  influence 
results.  Among  the  commercial  instruments  which 
meet  these  requirements  are  the  Stormer  viscosimeter, 
the  MacMichael  torsion  viscosimeter,  and  the  Doo- 
little  viscosimeter. 

The  Stormer  viscosimeter  undoubtedly  has  a  dis- 
tinct field  in  which  it  is  of  value,  but  it  has  not  been 
found  in  this  laboratory  to  give  results  as  accurate 
as  those  desired  in  general  varnish  viscosity  determi- 
nations, nor  is  it  as  rapid  as  the  instrument  in  use  by 
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the  writers.  The  MacMichael  instrument'  is  an 
interesting  one.  It  is  accurate  and  permits  rapid 
working,  but  it  has  not  been  investigated  by  the 
writers,  owing  to  the  fact  that  in  th'is  laboratory 
electric  power  fluctuations  are  so  excessive  that  driving 
the  bath  at  a  constant  rate  of  speed  would  be  prac- 


tically impossible.  The  Doolittle  instrument,  properly 
handled,  is  undoubtedly  as  accurate  as  either  of  the 
others  and,  in  addition,  by  proper  arrangement  of  the 
heating  baths  is  capable  of  more  rapid  manipulation 
than  the  other  two.  All  of  these  instruments  are 
free  from  the  error  due  to  suspended  flock,  and  arc 
also  capable  of  giving  results  on  varnishes  of  widely 
varying  viscosity. 

In  order  to  make  viscosity  of  value  as  a  routine 
determination,  it  is  necessary  that  che  methods  em- 
ployed shall  admit  of  obtaining  results  with  great 
rapidity.  To  this  end,  the  apparatus  shown  in  Fig. 
II  and  III  has  been  devised  in  this  laboratory.  The 
viscosimeler  employed  is  a  standard  Doolittle  instru- 
ment in  which  the  retardation  of  the  rotation  of  a 
cylinder  of  standard  size,  immersed  in  the  varnish, 
is  noted  while  this  cylinder  is  swinging  under  the 
driving  force  of  a  twisted  steel  wire.  As  the  tempera- 
ture of  this  laboratory  is  often  very  high  during  the 
summer  months,  and  as  maintenance  of  cool  baths  is 
always  difficult,  a  standard  temperature  for  viscosity 
determination  has  been  set  considerably  above  any 
normal  room  temperature,  and  yet  not  high  enough 
to  cause  serious  error  when  varnishes  possessing 
dilTcrcnt  viscosity  temperature  coefficients  arc  ex- 
amined. This  temperature  is  40°  t\  Many  varnishes 
arc  so  viscous  at  this  temperature  that  the  standard 
cylinder  of  the  Doolittle  instrument,  which  is  1.5  in. 
in  diameter,  cannot  be  used.  In  such  cn.scs  smaller 
cylinders,  cillier  i  of  '/;  in.  in  (li.imelcr,  arc  substituted 
for  the  larger  one,  and  the  results  thus  ol)tainrd  ex- 
pressed in  terms  of  viscosities  on  the  standard  cylinder 
by  reference  to  comparison  curves  showinK  the  relations 
between  the  different  lylinders. 

It  re<iuirc8  between  10  atid  15  minutes  for  the  var- 
nish contained  in  the  sniall  cup  of  the  instrtinienl  to 
come  to  the  proper  lemperatiirc  after  tillinij.  Delay 
of  this  length  of  lime  wotihl,  of  course,  make  viscosity 

'  Tiim  JiiiiiiNAL.  1  (  \'>if<),  'lt,\ 


determinations  rather  slow.  To  avoid  this  difficulty, 
the  viscosimeter  is  connected,  as  is  shown  in  Fig.  Ill, 
with  a  constant  temperature  bath  which  is  arranged 
to  supply  to  the  water  bath  of  the  instrument  a  rapid 
current  of  water  at  the  unvarying  temperature  of 
40°  C.  This  bath  consists  merely  of  a  galvanized 
iron  tank,  holding  about  40  liters  of  water,  and  contain- 
ing several  electric  heating  elements  regulated  by  means 
of  a  mercury-toluene  regulator  through  suitable 
relays.  The  water  is  circulated  from  this  bath, 
placed  on  a  shelf  below  the  viscosimeter,  by  means  of  a 
small  centrifugal  pump.  After  passage  through  the 
water  bath  of  the  instrument  proper,  the  water  goes 
to  the  varnish  preheater,  shown  to  the  right  in  Fig.  III. 
This  consists  of  a  long  narrow  copper  box  haNnng 
4  holes  in  the  cover  of  a  size  sufficient  to  hold  a  vis- 
cosity cup.  With  5  cups  in  use  it  is  possible  to  fill 
ind  place  4  in  the  preheater  and  1  in  the  main  bath 
"f  the  viscosimeter.  As  fast  as  a  determination  is 
finished  the  cup  can  be  emptied,  cleaned,  refilled  with 
cold  varnish  and  placed  in  the  preheater  in  the  opening 
previously  occupied  by  the  cup  which  is  now  removed 
for  viscosity  determination.  With  occasional  stirring 
the  cups  in  the  preheater  come  to  constant  temperature 
in  15  minutes.  By  this  method  a  cup  is  ready  for 
the  operator  every  4  or  5  mins.  and  an  experienced 
man  can  make  a  large  number  of  determinations  in 
an  hour. 

The  results  of  viscosity  determinations  made  with 
the  Doolittle  instrument  are  usually  expressed  as 
"degrees  of  retrfrdation,"  which  factor  is  read  off 
directly  from  the  revolving  disk  which  is  divided  into 
360  parts.  Viscosity  is  expressed  in  these  terms 
throughout  this  paper.  In  published  viscosity  tables 
Doolittle  viscosity  will  often  be  found  expressed  in 
terms  of  grams  of  sugar.  The  factor  necessary  for 
transference  to  this  system  is  obtained  during  stand- 
ardization of  the  viscosimeter.  This  is  done  by  means 
of  sugar  solutions  of  various  percentages.  Such  a 
standardization  curve  is  shown  in  Fig.  IV.     By  use  of 
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this  curve,  and  by  r«(eronc«  to  the  fi|urM  publishtd 
in  such  a  work  a.*  Oill's  "Oil  Annlysi*."  viiic<»«ities 
obtained  on  the  Doolittle  inftrunirnt  ran  In*  compared 
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be  valuable  if  for  nothing  else  than  as  a  method  of 
insuring  a  material  of  constant  properties.  It  is  very- 
desirable  that  successive  shipments  of  commercial 
varnishes  leaving  the  manufacturer  possess  as  closely 
as  possible  the  same  general  physical  properties, 
especially  as  regards  to  working  under  the  brush. 
Viscosity  plays  a  very  important  part  in  determining 
this  characteristic. 

Accordingly,  in  this  laboratory,  and  in  several 
others,  the  viscosity  of  each  tank  of  varnish  is  deter- 
mined before  shipments  are  made,  and  a  rigid  viscosity 
specification  is  adhered  to.  The  greater  part  of  the 
value  of  viscosity  determinations  is  lost,  however, 
if  only  this  feature  of  the  determination  is  seen.  The 
fact  is  that  careful  study  of  viscosity  gives  probably 
more  information  as  to  the  nature  of  the  varnish 
itself  than  any  other  single  constant.  However, 
in  order  for  a  viscosity  determination  to  be  of  most 
value  it  is  necessary  that  a  close  understanding  and 
cooperation  exist  between  the  manufacturing  and  test 
ing  departments,  with  a  full  knowledge  in  both  de- 
partments of  what  changes  in  viscosity  in  one  direction 
or  another  may  mean.  To  this  end  it  is  almost  essen- 
tial that  a  record  of  the  heats  used  in  varnish  practice 
be  obtained  and  compared  side  by  side  with  viscosity 
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figures.  Such  a  record  is  available  when,  as  in  many 
progressive  plants,  an  automatic  recording  electric 
resistance  thermometer  or  pyrometer  installation  is 
in  use.  By  study  of  such  temperature  charts  together 
with  investigation  of  the  viscosity  characteristics 
of  the  varnish  produced,  it  has  been  found  possible 
in  every  case  not  only  to  discover  abnormal  con- 
ditions but  also  to  predict  methods  for  remedying  them 
rapidly  and  efficiently. 

In  considering  the  viscosity  of  a  varnish  we  must 
realize  that  we  are  dealing  with  a  material  which  rep- 
resents two  types  of  solutions,  viz.,  true  and  colloidal. 
As  far  as  can  be  judged  at  present  all  varnishes  con- 
tain material  of  both  types,  and  the  viscosity  of  the 
complete  varnish  will  be  a  combination  of  the  viscosity 
effects  produced  by  the  constituent  materials.  It  is 
interesting  to  note,  also,  that  the  colloids  may  be  of 
two  different  types  which  differ  radically  in  their 
viscosity  characteristics,  that  is,  they  may  be  sus- 
pensoids,  which  possess  a  viscosity  very  little  higher 
than  that  of  the  dispersion  means,  or  emulsoids,  the 
viscosity  of  which  may  be  very  great  indeed.  The 
changes  in  viscosity  of  varnishes  which  are  found  to 
occur  on  ageing  or  which  develop  to  an  abnormal 
extent  after  the  addition  of  some  solvents  can  usually 


be  traced  to  a  change  in  the  character  of  the  colloids 
present. 

It  is  fortunate  that  the  colloidal  material  is  usually 
found  in  the  emulsoid  form,  for  emulsion  type  colloids 
possess  characteristics  so  radically  different  from  those 
found  in  true  solution  that  it  is  possible  to  distinguish 
fairly  readily  between  the  two  types.  Emulsoids, 
for  example,  in  certain  concentration  ranges,  vary 
their  viscosity  tremendously  with  slight  increase  in 
concentration.  It  is  also  usually  possible  by  suitable 
means  to  change  their  degree  of  dispersion,  and  when- 
ever such  a  change  can  be  produced  the  viscosity  of 
the  varnish  will  vary  considerably.  Ostwald,  Freund- 
lich,  Zsigmondy,  and  other  writers  have  pointed  out 
that  colloids  of  the  emulsion  type  possess  abnormal 
temperature  coefficients  of  viscosity.  With  a  colloid 
of  definite  concentration  the  temperature  coefficient 
may  be  either  higher  or  lower  than  would  normally 
be  expected  in  a  true  solution  of  about  the  same  per- 
centage composition.  The  curves  in  Fig.  V  show 
the  change  in  viscosity  with  temperature  of  three 
varnishes  which  are  probably  representative  of  the 
true  solution  type.  They  are,  in  other  words,  very 
high  in  soluble  gum  and  low  in  polymerized  oil.  One 
of  these  curves,  for  example,  is  that  of  an  ordinary 
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rosin  gloss  oil  which  does  not  exhibit  colloidal  prop- 
erties. The  shape  of  the  viscosity  temperature  curves 
should  be  particularly  noticed  and  the  resemblance 
between  the  three  observed.  Fig.  VI,  on  the  other  hand, 
shows  three  varnishes  which  can  be  fairly  safely  said 
to  be  colloidal  in  nature.  For  example,  the  varnish 
represented  by  Curve  A  shows  the  Tyndall  effect  very 
markedly,  that  is,  it  is  strongly  opalescent  when  a 
beam  of  light  is  passed  through  it.  although  the  in- 
dividual particles  in  this  particular  sample  cannot  be 
distinguished  by  the  ultramicroscopic  methods  avail- 
able in  this  laboratory.  In  the  case  of  this  varnish  and 
of  those  represented  by  Curves  B  and  C,  which  are 
known  to  contain  highly  polymerized  oil,  it  will  be 
seen  that  the  viscosity  temperature  curve  is  prac- 
tically a  straight  line.  The  method,  then,  of  de- 
termining viscosity  of  a  varnish  at  various  tempera- 
tures and  plotting  the  results  obtained,  will  often  give 
information  as  to  the  nature  of  the  varnish  solution. 

The  writers  on  colloids,  quoted  above,  also  show 
that  change  in  degree  of  dispersion  of  the  dispersed 
phase  influences  the  viscosity  of  emulsoids  in  a  radical 
way,  viscosity  in  general  rising  with  decrease  in  the 
degree  of  dispersion.  We  would  predict,  therefore, 
that  if  we  add  to  the  varnish,  which  is  in  this  case  a 
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colloid  of  the  emulsion  type,  a  true  solvent  for  the 
dispersed  phase,  which  in  other  words  would  increase 
its  degree  of  dispersion,  viscosity  would  be  lowered. 
Such  solvents  are  found  in  substances  such  as  rosin 
acids  or  acid  linseed  oil,  which  will  hold  in  true  solution 
considerable  amounts  of  the  highly  polymerized  oils 
which  occur  in  varnishes.  The  radical  change  which 
occurs  when  such  a  product  is  added  to  the  varnish 
containing  colloidal  material  soluble  in  such  a  sub- 
stance, is  shown  in  Fig.  VII.  Curve  A  indicates  the 
change  in  viscosity  produced  on  an  overcooked  wood 
oii  varnish  which  undoubtedly  contains  a  considerable 
amount  of  colloidal  material,  while  Curve  B  shows  the 
very  slight  effect  produced  by  the  same  addition  on  a 
varnish  of  more  normal  composition.  This  method  of 
addition  of  a  solvent  for  polymerized  products  fol- 
lowed by  observation  of  the  change  in  viscosity  can 
furnish  a  great  amount  of  information  as  to  the  physical 
nature  of  the  varnish  solution  which,  in  the  belief  of 
the  writers,  is  even  more  responsible  for  the  practical 


is  of  value  to  the  manufacturer  is  an  observation  of  the 
changes  which  occur  during  ageing.  The  meaning  of 
the  complex  changes  which  occur  has  always  been 
obscure  as  the  change  in  the  usually  determined  con- 
stants was  not  sufiScient  to  account  for  the  radical 
diflferences  observed  in  brushing,  drying  and  luster. 
Observations  of  varnishes  of  radically  different  types 
during  ageing  periods  of  many  months,  and  in  some 
cases,  years  in  this  laboratory,  have  indicated  that 
in  many  cases  the  changes  in  properties  must  be  due 
to  a  gradual  change  in  the  degree  of  dispersion  of  the 
colloidal  material  present.  A  typical  example  of  this 
is  found  in  a  black  baking  japan  which  when  incor- 
rectly cooked  rose  from  an  original  viscosity  of  83  to  a 
final  viscosity  of  no  in  one  month.  This  heavy  ma- 
terial was  greatly  reduced  in  viscosity  by  the  addition 
of  some  rosin  solution,  which  is  a  solvent  for  the  asphalt 
used.  The  presence  of  asphalt  in  colloidal  solution  is 
indicated,  and  the  gradual  change  in  degree  of  dis- 
persion is  undoubtedly  the  cause  for  the  constantly 
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service  characteristics  of  the  varnish  than  is  the  actual 
chemical  composition  of  the  products  occurring  in  it. 

We  have  assumed  above  that  addition  of  a  suitable 
solvent  might  be  expected  to  change  the  type  of 
solution  existing  in  the  varnish,  that  is,  from  colloidal  to 
true  solution,  and  we  have  previously  indicated  the 
fliffcrence  in  the  temperature  viscosity  curves  exhibited 
liy  the  two  types  of  varnish.  A  simple  proof  is  at 
iKind,  then,  as  to  the  nature  of  the  chanj;*'  wc  have 
I)ro(luce(l  in  Varnish  B  of  Fig.  VII.  We  can  take  the 
Icinperatiire  cneffi(  ient  of  viscosity  of  this  varnish 
before  anrl  after  adding  acti\i'  (liinncr.  If  our  theory 
is  sound,  wc  shall  expect  (lie  visco.sity  icmpcrntun- 
graph  to  be  a  straight  line  1.  tore  this  addition,  but  to 
be  curved  after  the  thinning  has  been  done.  TIml 
this  is  ftclually  the  case  is  Ih.wm  in  Fijj.  VIII.  where  A 
is  the  viscosity  Icmpernlnic  lurvo  of  the  varnish  be- 
fore any  addition,  and  B  that  after  addition  of  acid 
linseed  oil  has  been  lu.ide.  This  in,  wc  believe,  it 
fairly  dennile  proof  oi  the  existence  of  coiluidiil  solii 
lions  in  vjirnishcs  of  this  type,  and  of  the  chnnKC  which 
ciin  be  produced  by  the  use  of  active  thinners. 

One  other  fc.it >ire  of  viscosity  deternuniitionN  which 


increasing  viscosity.  A  slight  change  in  the  method  of 
manufacturing  gave  a  product  which  fell  from  a  vis- 
cosity of  Qi  to  a  value  of  74  during  one  month,  at  which 
point  the  viscosity  remained  constant.  The  second 
material  showed  little  change  in  viscosity  when  ad- 
ditional active  solvent  was  added. 

Another  example  of  the  two  ty|>e4i  of  changes  which 

arc  possible,  that  is,  increase  or  decrease,  in    '' ' 

dispersion,  is  found  in  an  investigation  of  t! 

of  lithographic  linseed  oil  during  ageing.      It  .    , 

by  proper  treatment  to  produce  oils  which  will  cither 

increuiie    or    decrease    in    viscosity      One    sample,    for 

example,   had   an   original    viscosity   of   .Si    which   fell 

to  a  vtthic  of  60  at  the  end  of  one  month  and  remained 

at   that    figure  for  some  time       A   somewhat   different 

type  of  oil  of  an  original  vn<"«j<v  of  6S  row  to  n  v«hir 

of  80  in  one  month,  at  wli 

stnnt.     The  second  oil  w.. 

with  pigments  than  the   lir-t    .tmi    « 

siderrd    as    valuable    as   A    paint    .'«nil 
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the  viscosity  remained  approximately  constant,  rising 
only  three  points  during  a  further  three  months' 
ageing.  The  changes  in  other  physical  and  chemical 
characteristics  which  accompany  this  interesting  vis- 
cosity change  in  lithographic  linseed  oils  are  being 
further  investigated  and  additional  information  will  be 
published  as  soon  as  the  results  are  complete. 

With  many  varnishes  very  great  viscosity  changes 
occur  during  the  first  24  hrs.  Surprise  has  often  been 
expressed  that  a  batch  of  varnish,  a  sample  from  which 
was  removed  and  tested  when  hot,  did  not  have  the 
proper  viscosity  when  the  entire  batch  had  cooled, 
say  about  24  hrs.  later.  A  sample  removed  from  a 
fresh  batch  and  cooled  rapidly  almost  invariably 
shows  a  much  lower  viscosity  than  one  taken  later 
when  the  entire  batch  has  fallen  to  room  temperature. 
This  is  undoubtedly  merely  an  extreme  case  of  the 
general  phenomena  which  occur  during  the  ageing  of 
varnishes.  In  general  a  review  of  the  ageing  processes 
shows  that  with  stable  varnishes  viscosity  approaches 
a  constant  value  at  the  end  of  about  one  month's 
time.  If  viscosity  continues  to  rise  to  any  considerable 
extent  for  longer  than  this  period  trouble  with  the 
varnish  must  be  feared  as  it  will  usually  be  found  that 
this  increase  will  go  on  for  a  long  time  until  finally  the 
consistency  of  the  varnish  will  become  such  as  to  make 
it  unsuitable  for  general  use. 

The  results  quoted  above  have  shown  in  a  very 
brief  way  some  of  the  values  of  viscosity  determina- 
tions. It  is  not  intended  to  intimate  that  these  are 
by  any  means  the  only  lines  along  which  this  determina- 
tion can  prove  of  value.  They  merely  indicate  that 
continued  study  of  such  factors  as  this  can  teach 
the  varnish  manufacturer  the  general  nature  of  the 
products  occurring  in  the  various  materials  which  he 
manufactures,  and  can  also  show  him  in  what  direction 
changes  in  the  physical  nature  of  the  constituents 
will  influence  the  practical  characteristics  which  he  is 
attempting  to  obtain.  The  generally  recognized  fact 
that  varnish  drying  is  closely  related  to  the  phenomena 
of  jell  formation  shows  at  once  how  important  a  knowl- 
edge of  the  nature  and  amount  of  colloidal  matter 
present  in  the  liquid  varnish  is.  Study  of  this  and  other 
factors  will  end  by  proving  the  most  instructive  work 
possible  and  will  well  repay  all  the  time  and  expense 
spent  on  it,  as  it  will  enable  the  producer  to  construct 
varnish  formulas  and  indicate  heat  treatments  which 
will  give  him  practically  any  characteristic  which  he 
desires  in  the  completed  product. 

RSSEARCII  Laboratoribs,  Thb  Arco  Coupanv 
Clbveuand.  Ohio 


THE    CRACKING    OF    AN    AROMATIC    BASE    OIL 

THE  TEMPERATURE  FACTOR  AT  CONSTANT 

RATE  UNDER  PRESSURE 

By  GusTAV  EcLOFP  and  RoBiiRT  J.  Moors 

Received  November  10.  1916 

The  greatly  increased  demand  for  the  aromatic 
hydrocarbons,  benzene  and  toluene,  due  to  their 
use  in  explosives  and  dyes,  has  led  to  a  systematic  re- 
view of  their  sources  with  the  object  of  obtaining 
new  or  greater  yields  of  these  two  fundamental  sub- 


stances in  the  production  of  picric  acid  and  trini- 
trotoluene, and  the  varied  dye  compounds.  This  ac- 
tivity towards  increased  efficiency  in  method  and  better 
utilization  of  by-products,  although  fostered  by 
present  immediate  demands  brought  on  by  war  con- 
ditions, has  nevertheless  been  in  accord  with  the 
ideals  of  conservation  of  resources,  lately  taking  root 
in  our  American  industries.  A  number  of  communi- 
cations for  the  production  of  the  above-mentioned 
hydrocarbons  from  paraffin  and  naphthene  base 
oils  have  already  appeared.'  In  the  present  paper 
the  formation  of  benzene  and  toluene  from  an  aro- 
matic base  oil — solvent  naphtha — at  temperatures 
from  500  to  800°  C.  at  the  rate  of  oil  flow  of  15  gals, 
per  hr.  and  11  atmospheres  pressure  has  been  stud- 
ied. These  results  are  then  compared  with  the  per- 
centage yields  of  benzene  and  toluene  from  other 
hydrocarbon    oils. 

EXPERIMENTAL  PROCEDURE 

The  apparatus  used  in  the  following  series  of  ex- 
periments was  one  which  has  been  described  in  some 
detail.-  It  consisted  essentially  of  an  8  in.  diameter 
steel  tube  ii'/sfeet  in  length,  gas-heated  in  a  muffle  type 
furnace.  The  temperature,  pressure  and  rate  of  oil 
flow  was  controlled  with  care,  since  any  change  tak- 
ing place  in  one  of  these  factors  would  give  widely 
different  percentage  yields  of  products  resulting 
from  the  reaction. 

The  temperatures  used  were  500,  550,  600,  650, 
700,  750  and  800°  C,  at  a  pressure  of  11  atmospheres 
and  rate  of  oil  flow  of  1 5  gals,  per  hr. ;  20  gals,  of  sol- 
vent  naphtha   were   used   in   each   experiment. 

The  analyses  of  the  recovered  oils  for  their  ben- 
zene and  toluene  content  were  made  by  means  of 
fractional  distillation  in  a  Hempel  column,  Specific 
gravity  determinations  and  nitrations  of  the  frac- 
tions. Three  hundred  cc.  of  the  oil  were  distilled  to 
170°  C.  This  cut  was  redistilled  to  105°  and  105 
to  135°.  The  cut  to  105°  redistilled  to  95°.  This 
95°  cut  was  the  benzene  fraction.  The  residue 
from  this  distillation  was  then  added  to  the  105  to 
135°  cut.  The  latter  fraction,  105  to  135°,  was  in 
turn  redistilled  from  95  to  120°.  This  cut  repre- 
sented the  toluene.  The  benzene  was  further  deter- 
mined as  the  dinitrocompound,  and  the  toluene  as 
trinitrotoluene. 

TYPE   OF   OIL   USED 

The  oil  used  in  the  following  experiments  was  one 
derived  from  the  thermal  decomposition  of  coal, 
and  was  the  cut  known  as  solvent  naphtha.  The 
solvent  naphtha  gave  upon  sulfuric  acid  treatment 
only  a  slight  yellow-lemon  in  the  acid  layer.  The 
per  cent  of  0-  m-,  and  ^-xylenes  was  70  per  cent;  the 
other  30  per  cent  was  composed  of  higher  methyl  and 
isopropyl  derivatives  of  benzene.  A  trace  of  naphtha- 
lene was  also  present  and  was  detected  as  a  while 
solid  at  the  end  of  the  condenser  at  the  completion 
of  the  distillation.  The  melting  point  of  the  naphtha- 
lene was  79.8°  C. 

'  EglofT,  Mel.  &•  Ckem.  Eng..  16  (1916).  125;  UglolT,  Twomey  and  Moore. 
This  Journal.  8  (1916).  1102;  Egloff  and  Twomej*.  J .  Phyi.  Cktm  .  V> 
(1916),  597;  Loc.  cit.;   Mel.  &•  Chem.  Ens..  1»  (1916).  523. 

>  nglofT  and  Twomey.  Mel.  6*  Chem.  Eng..  IS  (1916).  IS. 
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The  distillation  analysis  (Table  I)  was  made  by 
means  of  a  Hempel  distilling  head  and  conducted 
at  the  rate  of  2  drops  per  sec.  at  the  end  of  a  24  in. 
Liebig  condenser.  The  sp.  gr.  of  the  oil  and  frac- 
tions were  taken  by  means  of  a  Westphal  balance  at 
15-5°   C. 

Table  I — Distillation  Analvsis  op  Oil  Used 
Specific  Gravity  0.868/15.5°  C. 


emperature 

Per  cent 
by  Vol. 

Specific 
Gravity 

1.15  to  145 
145  to  160 
160  to  170 
170  to  183 
Loss 

70.1 
15.0 
12.0 
1.6 
1.3 

0.866 
0.869 
0.869 

THE  RECOVERED  OILS — The  general  phenomena  of 
the  thermal  decomposition  of  hydrocarbons  is  to  give 
a  lower  percentage  yield  of  recovery  of  the  starting 
oil  with  increase  of  temperature.  A  temperature 
change  from  500  to  650°  changed  the  percentage  yield 
only  2  per  cent,  whereas  a  similar  change  of  150°  (650  to 
Soo°)  gave  afdecomposition  of  39.3  per  cent  (Table  II). 
The  greatest  decomposition  took  place  between  tem- 
peratures of  700  and  750°,  where  a  percentage  change 
of   25   per  cent  is  to  be  noted. 

Table  II 
Percentages  Benzene  and  Toli.'Bne 


EMP. 

Recove 

RED  Oil 

Basis  of  R 

:covercd  Oil 

Basis  of  Oil  Used 

°  C. 

Per  cent 

Sp.  Gr. 

Benzene 

Toluene 

Benzene 

Tolucn 

500 

100 

0.868 

0.0 

0.0 

0.0 

0.0 

550 

99.5 

0.8)5 

1.4 

6.5 

1.3 

6.4 

600 

99.0 

0.8(8 

1.6 

8.0 

1.5 

7.9 

650 

98.0 

0.901 

2.4 

13.0 

2.3 

12.7 

700 

76.6 

0.925 

8.0 

23.3 

6.1 

17.8 

750 

51.6 

0.940 

19.1 

39.9 

9.8 

20.6 

800 

37.3 

0.989 

42.5 

17.3 

15.9 

6.5 

The  specific  gravity  of  the  recovered  oils  increased 
with  increase  of  temperature,  which  indicated  the 
formation    of    polycyclic    aromatic    hydrocarbons    of 

ritjl  Perctn/aqes  and  Sp^'ftc  CrAVihr<, 


have  been  formed  at  a  lower  temperature  in  greater 
quantities.  The  toluene  formation  from  the  start- 
ing oil  at  temperatures  from  550  to  750°  shows  a  higher 
percentage  yield  than  benzene,  while  a  change  of  50° 
between  750  to  800°  shows  a  percentage  increase  of 
benzene  of  23.4  per  cent  and  a  drop  of  toluene  formation 
of  22.6  per  cent,  this  drop  of  22.6  per  cent  of  toluene 
formation  clearly  forming  part  of  the  23.4  per  cent  in- 
crease of  benzene  formation.  This  phenomenon  gives 
added  experimental  evidence  as  to  the  course  of  the  aro- 
matic hydrocarbon  reaction;  in  short,  the  higher  alkyl 
derivatives  of  benzene  of  the  dimethyl,  trimcthyl  and 
isopropyl  groups,  go  to  toluene  and  toluene  to 
benzene. 

The  percentage  yield  of  benzene  at  500°  was  zero 
and  with  increase  in  50°  increments,  gave  a  maximum 
of  42.5  per  cent  at  800°.  The  formation  of  toluene 
reached  a  maximum  of  39.9  per  cent  at  750°  and  de- 
creased to  17.3  per  cent  at  800°  during  a  change  of 
50°.  The  data  have  been  graphically  shown  in  Fig.  j, 
which  indicates  the  smoothness  of  the  curve  for  ben- 
zene formation,  while  a  sharp  break  is  to  be  noted 
for   toluene   formation    at    750°. 

BENZENE  AND  TOLUENE  ON   THE   BASIS    OF     OIL     ISED 

FOR  PRODUCTION — Upon  the  basis  of  100  gals,  of  oil 
used,  the  percentage  yield  of  toluene,,  within  the  limits 
of  practical  experimentation,  exceeds  that  of  ben- 
zene by  4.7  per  cent  (Table  II).  The  maximum 
yield  of  20.6  per  cent  of  toluene  occurred  at  750°, 
whereas  at  800°  benzene  showed  a  maximum  of  15.Q 
per  cent.  The  critical  temperature  of  maximum 
formation   for   toluene   occurs   between   the   tempcra- 

F,g  3-  Btnttm  »nt  Tolut-^ 
0aut  *r  Ot/  UuaO 


Fig-  Z-Bmnrtne  and  Toiu^nm 
in  ^«V0MPn^  Oilt 


Rccoi/ered  Ofis 


high  molecular  weight.  The  specific  gravity  changed 
from  0.868  at  500°  to  o.qSg  nl  800°.  The  ilnta  arc 
expressed   graphically  in   Fig.    i. 

BENZENE   AND  TOUIENK    IN     THE     RECOVK.MKn    OILS- 

In  the  thermal  dcromposilion  of  hydrociirbon  oils 
the  formation  of  benzene  apparently  inviiriiibly  in- 
creases at  n  more  rapid  rate  in  the  rccovornl  oil  than 
toluene,  particularly  nt  the  higher  ti-iniiiraiiirc* 
(Tabic  II).  This  is  no  iloiibt  due  to  the  .jci  i.im|>....j 
tion  of  the  liighcr  iijkyl  (li-rivativrs  of  Ihmi/imu-  which 


tures  of  750  and  Moo*  ('.  Hclwern  thcv  tempera- 
ture limits  n  drop  of  14.1  per  ixnt  of  toluene  is  to  \\f 
noteil.  This  fad  indiiMir";  thr  !<»nii>rr«turc  control 
necessary    when  are    required 

for  a  particular  I,  u-rrAse  in  tem- 

perature   above    ;jiT      •  .«lly    the    per- 

centage yield  of  toluene  01  ■>'  oil  u»ed  (or 

production,  as  in  shown  in   \\^ 

In   the   re«i»vrrrd   oil,  l»en»enr   «how«   a   higher   per 
cent,  but,  when  ihe  factor  of  p»rcenta|te  of  recovered 
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oil  is  taken  into  consideration,  the  conditions  reverse 
and  toluene  reaches  a  higher  percentage  yield,  when 
taken  on  the  basis  of  oil  required  for  the  produc- 
tion  of  benzene  and  toluene. 

MECHANISM    OF   THE    REACTIOX 

In  the  thermal  decomposition  of  paraffin  and  naph- 
thene  base  oils  the  mechanism  of  the  reaction  is  very 
complex  and  not  thoroughly  understood  at  the  pres- 
ent time.  But  with  an  aromatic  base  oil  of  the  type 
utilized  in  the  present  series  of  experiments  the  mech- 
anism of  the  reaction  is  relatively  simple.  The 
course  of  the  reaction  has  been  already  worked  out 
in  the  case  of  the  effect  of  aluminum  chloride  upon 
the  methyl  derivatives  of  benzene  as  the  xylenes, 
trimcthyl  benzenes  and  higher  derivatives.  Anschutz 
and  ImmendorfF,'  and  Jacobsen^  found  the  following 
reaction  taking  place  in  general  when  xylene  and 
aluminum  chloride  reacted: 

<CH3  yCMj 

— >■  CsHs^  CH3 
CHa  ^CHj 

No  (juantitative  yields  are  noted  in  the  above  experi- 
ments. In  the  present  communication,  dependent 
upon  the  temperature,  the  percentage  yields  of  ben- 
zene and  toluene  varied.  Now  since  the  starting 
oil  was  composed  mainly  of  alkyl  derivatives  of  ben- 
zene of  the  methyl  group,  the  course  of  the  reaction 
was  found  to  go  mainly  in  the  direction  of: 
/CH3 
CoH/  — >■  C6H5.CH3  — >  CcHfi 

^CH,   (o)  (m)  ip) 
From    two    entirely    different    methods    it    has    been 
shown  that  the   mechanism   of  the   reaction   is  essen- 
tially  as  shown   above. 

DISCUSSION   OF   RESULTS 

The  aromatic  base  oil,  solvent  naphtha,  is  without 
question  the  most  satisfactory  oil  for  the  production 
of  benzene  and  toluene  yet  studied.  In  comparing 
the  percentage  yields  of  benzene  and  toluene  from 
the  solvent  naphtha,  with  a  paraffin  and  a  naphthenc 
base  oil  (Table  III),  an  increased  yield  of  benzene  of 
140  per  cent,  and,  for  toluene  about  350  per  cent,  is 
to  be  noted. 

Tabub  III 

Paraffin  Oil  (fl)     Naphtubnb  OilC6)  Aromatic  Oil 

Per  cent  Temp.          Per  cent  Temp.  Per  cent  Temp. 

by  Vol.     "  C.             by  Vol.    °  C.  by  Vol.      °  C. 

Hcnzcne 6.6         750                 7.2-       650  15.9         800 

Toluene 4.5         650                  6.0         650  20.6         750 

(a)  KKloff,  Twomey  and  Moore.  Mel.  b-  Chem.  Ens.  16  (1916),  523. 
ib)  Ibid.,  IB  (1916).  387. 

Solvent  naphtha  after  thermal  decomposition  gave 
a  clean  water-clear  benzene  and  toluene  which  lend 
themselves  readily  to  the  formation  of  phenol  or 
picric  acid,  and  the  trinitrotoluene  nitration  can 
readily  be  conducted  by  the  one-step  process  giving 
a  water-washed  trinitrotoluene,  with  a  melting  point 
of  79  to  8o°  C. 

Solvent  naphtha  opens  up  a  prolific  source  for  ben- 
zene and  toluene  formation,  simple  to  make  and  of  a 
high  degree  of  purity. 

'  Bcr.,  IT  (1884).  2816. 
'Ibid..  18  (188.5).  338. 


SUMMARY 

I — The  aromatic  base  oil,  solvent  naphtha,  has 
been  thermolized  at  temperatures  500,  550,  600,  650, 
700,  750  and  800°  C.  for  the  production  of  benzene 
and  toluene  at  a  pressure  of  11  atmospheres  and  con- 
stant rate  of  oil  flow  of  15  gals,  per  hour. 

II — In  the  recovered  oil  the  maximum  percentage 
yield  for  benzene  was  42.5  at  800°,  and  for  toluene 
39.9  per  cent  at   750°  C. 

Ill — ^Upon  the  basis  of  100  gals,  of  solvent  naphtha 
used  the  maximum  percentage  for  benzene  was  15.9  at 
800°  and  for  toluene  20.6  per  cent  at  750°  C. 

IV — The    mechanism    of    the    reaction     from     the 
thermal  decomposition  point  of  view  is  the  same  as  of 
the  reaction  of  aluminum  chloride  upon  alkyl  deriva- 
tives   of    benzene. 
Higher  — >  Lower  Alkyl  Derivatives  of  Benzene 

— >■  Toluene  — >■  Benzene 

V — A  comparison  of  the  percentage  yields  of  ben- 
zene and  toluene  upon  the  basis  of  oil  used  from  a 
paraffin,  naphthene  and  aromatic  base  oils,  under 
maximum  conditions  has  been  made. 

Departmbnt  op  Chemistry.  Columbia  Univijrsity 
New  York  City 


THE  ANALYSIS  OF   ANTIMONIAL  LEAD 

By  C.   R.   McCabe 
Received  September   11,  1916 

The  alloy  known  as  antimonial  lead  contains  some 
80  to  90  per  cent  lead.  The  remaining  percentage 
consists  of  antimony  and  tin,  the  former  usually  pre- 
dominating. 

For  the  analysis  of  this  alloy,  the  writer  has  found 
the  method  of  D.  J.  Demorest,'  with  modifications,  very 
serviceable.  The  difficulty  encountered  in  apply- 
ing Demorest's  method  to  this  alloy  lies  in  the  occlusion 
or  adsorption  of  antimonious  sulfate  by  the  precipi- 
tated lead  sulfate.  A  mere  decomposition  of  the  alloy 
by  concentrated  sulfuric  acid  leaves  the  lead  sulfate 
so  heavily  contaminated  that  it  is  discolored,  and  the 
error  introduced  is  too  serious  for  any  degree  of  approx- 
imation which  may  be  accepted  in  technical  work. 
In  the  modified  procedure  to  be  described,  the  puri- 
fication of  th#  lead  sulfate  requires  only  a  few  addi- 
tional operations  which  occasion  little  delay;  other- 
wise the  method  is  essentially  that  of  Demorest. 

The  successive  steps  of  the  procedure  are  as  follows: 

(i)  The  alloy  is  wholly  dissolved  in  a  liberal  excess 
of  concentrated  sulfuric  acid. 

(2)  The  solution  is  diluted,  whereby  lead  is  pre- 
cipitated as  sulfate  in  a  more  pure  condition  than  when 
the  alloy  is  merely  decomposed. 

(3)  The  solution  is  boiled,  which  operation  further 
purifies  the  lead  sulfate.  Tin  is  now  wholly  in  solu- 
tion in  the  tetravalent  form.  Antimony  is  in  the  tri- 
valent  condition  and  the  greater  part  of  it  is  in  solu- 
tion; however,  the  lead  sulfate  still  retains  antimonious 
sulfate  corresponding  to  some  7  to  15  mg.  antimony 
per  gram  of  alloy  taken. 

(4)  The  solution  is  filtered  and  the  filtrate  set  aside. 

(5)  The    lead    sulfate    is    dissolved    in    ammonium 

'  This  Journal.  5  (1913).  842. 
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acetate  and  reprecipitated  with  sulfuric  acid.  Anti- 
mony is  now  wholly  in  solution. 

(6)  The  solution  is  filtered.  Lead  is  determined  as 
sulfate;  antimony  is  determined  in  the  two  filtrates 
separately  by  titration  with  potassium  perman- 
ganate and  equivalent  ferrous  solution;  tin  is  deter- 
mined in  the  first  filtrate  by  the  iron  reduction  and 
iodine  titration  method. 

PROCEDURE — Weigh  I  g.  of  the  alloy  into  a  300  cc. 
flask  and  add  50  cc.  concentrated  sulfuric  acid.  Heat 
strongly  over  a  bare  flame  until  the  alloy  is  dissolved. 
Boil  s  minutes  after  solution  is  complete  in  order  to 
oxidize  the  tin.  Only  an  insignificant  quantity  of 
separated    sulfates    should    be    visible. 

Allow  the  solution  to  cool  and  precipitate  the  lead 
as  sulfate  by  the  addition  of  50  cc.  of  water.  Boil  10 
minutes,  allow  to  cool  somewhat  and  again  add  50  cc. 
of  water.     Shake  and  let  the  lead  sulfate  settle. 

Fit  an  asbestos  blanket  not  less  than  V4  in.  thick 
in  a  Gooch  crucible,  ignite  strongly,  cool  in  a  desic- 
cator and  weigh.  Through  this  crucible  filter  the 
supernatant  solution,  decanting  carefully  from  the 
lead  sulfate.  Wash  lead  sulfate  and  every  part  of 
the  inside  of  flask  twice  with  water,  using  25  cc.  each 
time.  Decant  from  lead  sulfate  and  pass  the  washings 
through  the  filter.  Transfer  the  filtrate  to  a  600  cc. 
beaker. 

Dissolve  10  g.  of  ammonium  acetate  in  50  cc.  of 
water.  Pour  this  solution  into  the  flask  containing 
the  lead  sulfate,  washing  down  the  sides  carefully. 
Shake  the  flask,  warming  slightly,  until  the  lead  sul- 
fate is  dissolved.  Add  25  cc.  of  concentrated  sulfuric 
acid,  shake,  and  let  the  lead  sulfate  settle  s  minutes. 

Filter  through  the  Gooch  crucible,  bringing  the 
lead  sulfate  into  the  crucible  with  water.  Fill  the 
crucible  once  with  water  and  exhaust  thoroughly. 
Dry  the  crucible  containing  the  lead  sulfate  in  an 
oven  at  120°  C.,  ignite  over  a  low  Bunscn  flame  s 
minutes,  cool  in  a  desiccator  and  weigh.  The  in- 
crease in  weight   X  68.3    =   per  cent  Pb. 

To  the  first  filtrate  add  a  liberal  excess  of  jV,  10 
potassium  permanganate  solution.  Titrate  the  ex- 
cess with  equivalent  ferrous  sulfate  (or  ferrous  ammo- 
nium sulfate)  solution.  The  end-point  is  reached 
when  a  drop  discharges  the  last  shade  of  permanga- 
nate color. 

The  small  amount  of  antimonious  sulfate  in  tho 
second  filtrate  is  titrated  in  the  same  manner.  From 
the  total  amount  of  N/io  potassium  pormanganatc  solu- 
tion rec|uired,  deduct  0.3  cc.  The  ilifTcrence  X  0.006 
X    100    =    per  cent  Sb. 

Add  25  cc.  concentrated  sulfuric  acid  to  the  first 
filtrate,  the  total  Vf)lume  now  amounting  to  not  more 
than  300  cc.  If  antimony  in  this  filtrate  is  less  than 
o.io  g.  suRicient  pure  antimony  is  previously  dissolved 
in  the  sulfuric  acid  to  make  the  total  vt\\\:\\  about 
0.10    g. 

Place  about  15  K-  iron  (small  nails  are  suitiililc)  in 
the  solution  and  heat  until  the  iron  is  nearly  dissnivrd. 
Add  150  cc.  water,  cool,  filter  through  absorbent  i<il- 
ton  and  wash  with  dilute  (i.s)  sulfuric  acid.  Titrate 
the  reduced  tin  with  the  standanl  iodine,  using  ntiireh 


liquor  as  an  indicator.  The  end-point  is  reached 
when  a  blue  color  is  developed  which  does  not  per- 
ceptibly  fade   in   two    minutes. 

To  standardize  the  permanganate  solution,  dis- 
solve 0.20  gram  pure  antimony  in  25  cc.  concentrated 
sulfuric  acid;  cool,  dilute  to  200  cc.  and  titrate  the 
antimonious  sulfate  in  the  same  manner  as  in  a  deter- 
mination. The  derived  factor  for  the  permanganate 
should  agree   closely   with   the  theoretical. 

The  iodine  solution  is  prepared  and  standardized 
as  follows:  Place  25  g.  potassium  iodide  and  10.67  g- 
pure  iodine  in  a  beaker,  add  25  to  50  cc.  water  and 
shake  till  dissolved.  Dilute  to  a  liter.  Dissolve 
0.10  g.  pure  tin  in  75  cc.  concentrated  sulfuric  acid, 
cool,  dilute  to  300  cc,  and  standardize  the  iodine 
against  this  solution  following  the  procedure  described 
for  the  determination.  One  cc.  of  iodine  should 
equal  0.005  g-  tin. 

Some  experimental  results  follow.  The  metal  mix- 
tures analyzed  resemble  antimonial  lead.  The  purity 
of  the  metals  used  may  be  considered  for  practical 
purposes  absolute. 


No. 


Taken 


'  Pb.  .  .      0.8(H0  8S88  t\U  8540  t}\2  8056  8.544  '»O90 

Sb  .  .  .      0.1914  1.110  0586  1274  0596  I8<>6  1578  0654 

I  Sn  .  .  .      0.0100  0218  0542  0248  0560  0055  0270  0552 

Pb....      0.80.15  8568  9150  852.1  9104  80.16  8524  9074 

Found       ]  Sb  . .  .      0.1902  1320  0591  1281  0606  1896  1.185  0666 

(Sn...      0.0093  0218  0530  0252  0555  0057  0268  0540 

A  few  typical  analyses  of  alloys,  representing  routine 

results,    follow; 


Sn 3.J5 

Total  Pcmntacn 99.(9 


80.56  84.69 
13.95  12.74 
5.20       7. 65 

99.71  100.08     99.89 


8.1.40 
8.27 
S.22 


NOTKS 

II)  In  eiiipUivin);  tlii.s  iiic-thud.  the  ilangcrous  character  of 
hot.  concentrated  suiriiric  acid  shniiUl  not  Ik-  forgotten  t'ila.ss- 
ware  of  first  iiiiality  only  >houlil  Ik-  iisctl  and  no  nttrmpt  should 
he  made  to  ha-iteii  co<ilinK 

(jl  While  the  tin  (letermiiialimi  is  ver>-  satisfactort-.  it  vhoulil 
l>e  noted  that  iron  reiluctioii  and  iodine  titration  f«>r  tin  is  not 
siiitatile  in  sulfuric  acid  solution  exct-pt  when  lus  in  antimonial 
lead)  tin  is  presi-nt  in  low  |>crcentagcs  and  can  l>c  ct»n\xniciuly 
brought  into  solution  previous  to  mliiction  The  writer's 
experience  is  that  tin  uI>ove  oio  g.  is  dilTictilt  to  retluce  com- 
pletely ill  sulfuric  aciil  solution  tiniier  ordinary  .  '  '  ■' 
technical  work  I-'iirtlierniore,  if  tin  is  in  the  i 
when  reduction  is  alteinptetl,  the  low  acid  omcriii 
sary  tf)  react  with  the  iron  fails  to  tlisml^-r  the  o\i«le  and  w> 
renders  the  method  niapplic«l>le 

(.()  There  is  n  tendency  for  fin  to  fall  MTioiisly  Iwlow  tlw 
tnith  unless  certain  ptecautions  are  ohscrv-etl.  A  crttam  anvnini 
of  antimony  is  esurnlial  to  complete  rr<liiction  of  tin.  hut  a«  tlie 
precipitatril  antimony  lias  the  ptoj>erty  of  •Kvliidini;  tin.  it 
iniisl  U-  present  in  limitetl  amoiiiil  In  most  cases  the  alUiy 
Itself  contains  nitliet  more  antimony  than  i»  desiralJc  for  the  lin 
rediiclion  Altoiil  o  lo  g  is  lir<l.  if  anlimonv  must  Iw  aildrst. 
the  total  ainoiinl  slioiiM  not  .  .  mr       llii*  trmlency 

of   pii'<  ipil.ili'd   uiilillliinv   to   !■  iraicil   l<\    toi»  low 

acidity  iiiiUTiitralliMi,   lirn<T  t!>  nniM  l>r  lalrn  into 

ueenuni  ColUTilliutlim  i  ,\  when  mlitction  i«  o>mn«cm-nl  i« 
mllsfacloty  Al»«.  imle»»  the  mliu-nl  soliilion  is  otnMilrtal>ly 
iMllllc<l  l»efo»r  liring  i-tiolr<l,  fertiMis  siillatr  sr|Mtatrs  and  it- 
lams  till      llriKx  the  iierrssiiy  of  diluting  l<rfnrr  o<o)ing 

|)   Stierrss   in   drtrrminmg   lead    a«   sulfate   ilr|irnd>   largely 
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on  jjroper  ignition.  The  temperature  of  a  Bunscn  flame  is 
necessary  to  complete  expulsion  of  moisture  and  acid,  but 
(liis  must  be  moderate  and  can  be  safely  a])plicd  only  after  a 
preliminary  oven  drying. 

(5)  Presence  of  the  permanganate  blank  in  the  antimony 
titration  may  be  experimentally  shown  by  treating  a  mixture 
of  about  0.8  g.  lead  and  o.o.s  g.  tin  in  the  manner  of  a  determina- 
tion. This  blank  is  possibly  due  to  empyreuma  of  the  acetate, 
or  traces  of  sulfur  compounds  formed  in  solution  of  the  alloy. 

(6)  Nothing  was  observed  in  these  experiments  to  indicate 
that  the  temperature  of  the  solution  bears  any  important  influ- 
ence in  the  titration  of  antimonious  sulfate.  The  titrations  were 
all  made  without  regard  to  temperature,  though  the  probable 
range  was  from  room  temperature  to  40°  C. 

(7)  An  important  precaution  in  the  antimony  titration  is  to 
add  sufficient  permanganate  to  oxidize  all  antimony  before  the 
back  titration  with  ferrous  solution.  If  an  insufficient  amount 
should  be  added,  the  color  (which  appears  before  oxidation  is 
complete)  vanishes  in  the  usual  way  upon  addition  of  ferrous  solu- 
tion, and  thus  a  low  result  is  obtained  without  anything  to  direct 
suspicion  toward  it.  To  guard  against  such  an  error  add  a 
drop  of  permanganate  to  the  colorless  solution  after  titration 
is  ])resumably  complete.  The  solution  is  colored  if  all  antimoni- 
ous sulfate  is  oxidized,  but  otherwise  it  remains  colorless.  Any 
unoxidizcd  antimony  thus  found  may  be  titrated  and  new  read- 
ings taken.     No  impairment  of  the  result  follows  this  correction. 

1 16  South  Jameson  AvENtie 
Lima.  Ohio 

THE  DETECTION  OF  ADDED  WATER  IN  MILK' 
By  Halsey  Durand 

The  extreme  variability  in  the  fat  and  water  con- 
tent of  milk  has  nocisssitated  the  establishment  of 
\ery  low  standards  for  fat  and  total  solids,  the  standard 
in  New'  York  being  11.50  per  cent  total  solids,  3.00 
per  cent  fat  and  8.50  per  cent  solids-not-fat. 

Konig,  in  Clicmie  dcr  Mcnschlichen  Nahrungs  uiid 
Grnussmittcl,  gives  the  results  of  800  analyses  of  cow 
milk  as  follows: 

Total  Solids  Fat  Solids-not-Fat 

Minimuni 9.68  1.67  8.01 

Maximum 19.68  6.47  1.1.21 

Mi-aii 12.7,1  3.64  9.09 

A  very  valuable  paper  has  been  prepared  on  the 
composition  of  milk  by  Brown  and  Ekroth  to  be 
presented  at  this  meeting. 

Assuming  a  sample  of  milk  to  be  of  the  maximum 
<iuality,  it  will  be  seen  that  a  large  amount  of  water 
may  be  added  and  a  large  amount  of  fat  removed  and 
still  be  within  the  legal  standard.  From  this  it  be- 
comes apparent  that  a  method  for  the  accurate  de- 
tection of  added  water  in  milk  would  be  of  the  greatest 
value. 

Two  methods  have  been  proposed,  viz.: 

I — The  determination  of  the  refractive  index  of  the 
serum. 

2 — The  determination  of  the  freezing  point  of  the 
whole  milk. 

A  third  method  may  also  be  mentioned,  viz.:  The 
determination  of  the  specific  gravity  of  the  whole  milk 
and  of  the  serum.  This  method  has  been  in  use  for 
many  years. 

The  first  method  consists,  without  going  into  de- 
tail, of  the  coagulation  of  the  milk  by  acetic  acid  of 

'  Presented  at  the  Annual  Meeting  of  the  American  Chemical  Society 
New  York  City,  September  27,  1916. 
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known  strength  and  the  determination  of  the  re- 
fractive index  by  the  immersion  refractometer  and 
comparing  the  results  with  standards  determined' for 
whole  and  adulterated  milks.  This  method  has  been 
very  carefully  tested  out  in  the  Department  laboratory. 
It  has  the  advantage  of  speed,  a  very  important 
factor  when  a  large  number  of  milks  are  run  each  day. 
It  has  been  found,  on  the  other  hand,  to  be  unreliable 
for  the  detection  of  less  than  10  per  cent  of  added 
water  which  is  decidedly  too  great  a  margin. 

The  second  method,  depending  on  the  elevation 
(by  added  water)  of  the  freezing  point  above  the  normal 
established  for  whole  milk,  is  deserving  of  careful 
consideration.  This  method  is  incorporated  in  the 
Legal  Standard  for  Queensland:  Solids-not-fat, 
not  less  than  8.50  per  cent;  fat,  3.30  per  cent;  total 
solids,  not  less  than  12.00  per  cent.  Its  freezing  point 
shall  not  be  higher  than  0.55°  C.  below  zero. 

The  work  of  the  department  laboratory  was  carried 
on,  after  the  method  used  by  Henderson  and  Meston 
in  their  excellent  article,  "The  Freezing  Point  of  Milk," 
published  in  The  Chemical  News,  no  (1014),  259. 
It  was  found  that  the  form  of  apparatus  suggested  in 
the  above  paper  did  not  give  uniform  results  with  milk 
of  known  purity.  This  was  found  to  be  due  to  the 
fact  that  the  tube  in  which  the  milk  was  frozen  was  not 
provided  with  an  outer  tube,  to  form  an  air  jacket, 
and  thus  did  not  permit  of  a  uniform  undercooling. 
A  Beckmann  freezing  point  apparatus  was  substituted 
and  a  considerable  number  of  milks  were  run  and  very 
good  results  were  obtained.  All  results  were  run  in 
duplicate  as  checks  in  such  delicate  work  are  an  ab- 
solute necessity.  In  the  writer's  opinion,  the  method 
is  an  excellent  one,  but  requires  the  most  careful 
manipulation  and  constant  attention,  in  the  preparation 
of  the  freezing  mixture,  the  degree  of  undercooling, 
the  stirring  and  the  setting  of  the  thermometer.  The 
great  objection  to  this  method  is  the  length  of  time 
required  for  its  completion.  In  the  Department 
laboratory  it  was  found  that  the  average  time  required 
for  a  duplicate  determination  was  not  less  than  45 
minutes,  a  time  which  would  render  the  method  im- 
possible for  a  routine  laboratory. 

The  fact  that  the  serum  of  whole  milk  is  constant 
having  been  established,  by  the  foregoing  methods, 
the  writer  has  sought  for  a  rapid  and  trustworthy 
means  of  determining  changes  brought  about  by  the 
addition  of  water. 

The  first  method  tried  was  the  addition  of  a  weighed 
amount  (3  g.)  of  anhydrous  lead  subacetate,  the 
reagent  used  in  Home's  method  for  sugar  analysis, 
to  100  cc.  of  milk,  filtering  the  clear  serum  from  the 
coagulum  and  the  precipitation  of  the  lead  dissolved 
by  25  per  cent  sulfuric  acid  with  addition  of  alcohol. 
The  lead  sulfate  is  then  filtered  in  an  alundum  crucible, 
washed  with  alcohol,  ignited  and  weighed.  It  was 
conjectured  that  the  serum  being  constant,  a  definite 
amount  of  lead  subacetate  would  be  dissolved,  and  that 
this  amount  would  be  increased  by  the  addition  of 
water.  This  proved  to  be  the  case,  but  the  results  were 
unsatisfactory  as  the  filtration  was  very  slow  and  even 
after  a  number  of  washings  an  amount  of  soluble  pro- 


Jan.,  1917 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


45 


tein  was  retained  by  the  precipitate,  which  resulted 
in  a  reduction  of  the  lead  sulfate.  The  same  result 
was  obtained  on  using  3  g.  of  normal  lead  acetate. 

The  second  method  tried  was  the  addition  of  2  g. 
of  finely  divided  silver  nitrate  to  100  cc.  of  milk  and 
the  determination  of  the  silver  dissolved  in  an  aliquot 
part  of  the  serum,  by  titration  with  A''/io  thiocyanate 
solution,  using  ferric  alum  as  indicator.  This  method 
has  proved  very  satisfactory  as  far  as  rapidity  is  con- 
cerned, but  a  sufficient  number  of  determinations 
has  not  been  made  as  yet  to  establish  its  applicability. 

A  third  method  has  suggested  itself  to  the  writer; 
viz.,  the  coagulation  of  the  milk  by  non-electrolytes, 
such  as  saccharin,  rennin,  etc.,  and  by  electrolytes, 
as  lead  acetate,  silver  nitrate,  etc.,  and  the  determina- 
tion of  the  electrolytic  conductivity  of  the  sera  thus 
obtained.  As  the  proper  apparatus  is  not  at  present 
available,  this  investigation  has  not  been  undertaken. 
It  is  the  intention  to  perform  these  experiments  in 
the  near  future,  with  the  belief  that  the  problem  may 
be  solved  in  this  way,  and  a  rapid  and  accurate  method 
for  the  determination  of  added  water  in  milk  be  es- 
tablished.  . 

Dspr.  OF  Health,  E.   16th  Strebt 
Nbw  York  City 


THE  UTILIZATION  OF  OLIVE  POMACE 

By  W.  v.  Cruess  and  A.  W.  Christik 

Received  November  9,  1916 

In  the  manufacture  of  olive  oil  in  California,  it  is 
estimated  that  approximately  4,000  tons  annually 
of  pomace  remains  after  pressing.  Most  of  this  is 
wasted,  although  it  is  generally  known  to  contain 
appreciable  quantities  of  oil,  and  has  been  thought  to 
have  some  fertilizing  value. 

OIL  CONTENT  OF  OLIVK  P().vi,\ci; — Samples  of  fresh 
pomace  from  a  number  of  olive  oil  factories  were 
analyzed  for  moisture  and  oil.  The  oil  was  determined 
by  ether  extraction  of  the  dried  samples.  Later 
results  have  shown  that  ether  also  dissolves  a  waxy 
alcohol  known  as  "oleanol."  This  is  not  soluble  in 
gasoline,  apparently  the  most  practical  solvent  for 
commercial  use,  and  therefore  the  oil  percentages 
found  are  slightly  higher  than  the  amounts  that  could 
lie  recovered  by  treating  the  pomace  with  gasoline. 

The  per  cent  of  oil  in  18  different  samples  varied 
from  7.89  to  20.23  per  cent,  or  from  30. gS  to  53.81 
gals,  total  oil  per  ton  of  pomace.  The  lowest  per- 
centages were  found  in  the  pomace  from  factories 
equipped  with  up-to-date  grinding  and  pressing 
machinery,  while  the  pomace  from  factories  using  old 
style  machinery  was  in  most  cases  high  in  oil.  Since 
factories  with  modern  ec|uipment  are  proiluciiig  the 
main  bulk  of  the  oil,  it  is  probable  that  the  average  of 
II.. It  per  cent  (33.28  gals,  per  ton)  is  too  high  for  tlic 
whole  slate.  The  average  oil  content  of  the  pomticc 
from  the  best  equipped  plants  is  10.22  per  cent,  11 
figtire  which  can  probably  be  token  uh  n  niininunn  aver- 
age. This  corresponds  tr)  27.25  K"'"'  l'^"''  '""  '""  '" 
approximately  100.000  gnls.  nnnuiilly  for  the  whole 
Hliite.  At  the  price  piiiil  for  ordinary  iionp  fnls.  8 
to   13  c.   per  lb.   or  60  to  go  c.  per  gal.,  il  can  be  Hccn 


that  the  recovery  of  this  oil  is  a  matter  of  considerable 
importance. 

PREPARATION     OF    POMACE     FOR     OIL    EXTRACTION It 

has  been  found,  in  the  commercial  extraction  of  olive 
pomace,  that  the  material  must  be  fairly  dry  to  give 
satisfactory  yields.  Where  time  is  not  important, 
the  pomace  may  be  satisfactorily  dried  by  spreading 
it  out  in  the  sun.  The  objection  to  air-  or  sun-drying 
is  that  mold  growth  develops,  destroys  oil  by  oxidation, 
and  produces  free  acid  by  hydrolysis.  A  higher  grade 
of  oil  and  a  greater  yield  could  probably  be  obtained 
from  pomace  dried  artificially  immediately  after 
pressing.  The  pomace  used  in  the  experiments  given 
below  was  air-dried,  no  special  care  being  taken  in 
drying  to  prevent  molding. 

CHOICE  OF  SOLVENT — For  commercial  use,  the  solvent 
must  be  cheap  and  easily  recovered  by  distillation. 
If  any  great  quantity  of  solvent  is  lost  by  volatiliza- 
tion, the  cost  of  production  may  be  prohibitive.  On 
this  account,  petroleum  ether  and  ordinary  ether  are 
not  suited  to  the  purpose.  Chloroform,  ether,  carbon 
bisulfide,  and  carbon  tetrachloride  are  objectionable 
because  of  their  poisonous  nature.  Benzol  is  a  suitable 
solvent,  but  is  considerably  more  expensive  than  gaso- 
line. Gasoline  is  the  cheapest  available  solvent  and 
has  been  found  to  give  satisfactory  results.  Under 
certain  conditions,  however,  benzol  would  probably 
be  chosen. 

NUUBER  OF  EXTRACTIONS  NECESSARY — To  ascertain 
the  number  of  extractions  necessary  to  recover  most  of 
the  oil  from  air-dried  pomace,  weighed  amounts  of 
pomace  were  treated  with  5  successive  measured  por- 
tions of  gasoline,  ligroin.  and  benzol,  the  amount  of 
oil  extracted  each  time  being  determined.  The 
amount  of  solvent  used  was  jusi  sufficient  to  cover  the 
pomace.  The  pomace  was  left  in  contact  with  the 
solvent  in  closed  Mason  jars,  1  hours  for  each  extrac- 
tion, making  a  total  of  10  hours  for  the  s  extractions. 
The  solvent  was  drained  nflf  after  each  extraction, 
filtered  and  distilled.  The  amount  of  oil  from  each 
lot  was  determined  by  weighing  the  residue  after 
distillation. 
Tadlk  I     Ahoitnts  i>r  Oil  oaxAtMiin  nv  Pivii  Si-ccnwivi  KxmAcnuM* 
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In  addition  to  the  data  contained  in  Tabic  I.  analyhes 
were  made  of  pomace.-t  that  had  l>een  extracted  with 
gH.solinc,  I,  2,  ,\  and  4  times,  respectively.  These 
rcHults,  as  well  as  those  of  Table  I,  imlicatctl  that  4 
extractions  with  k<**°"'*('  practically  exhausted  the 
pomace  of  the  oil  soluble  in  this  solvent  The  fact 
thai  Kxtracl  No.  5  contained  more  oil  than  No.  4  is 
due  to  diflirulty  in  boiling  off  the  gasoline  solvent  lo 
the  same  <!■  < 

The  yi<  iiid  ligroin  were  practically 

the  same,  thr  ninirrn.  r  .'i>-ierved  in  favor  of  the  ligroin 
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being  probably  within  the  experimental  error.  The 
large  yield  with  benzol  is  due  to  its  dissolving  "oleanol," 
which  is  insoluble  in  the  other  solvents. 

COMPOSITION  OF  SOLVENT  OIL — The  solvents  were 
separated  from  the  oil  by  distillation  and  the  residual 
oils  were  analyzed.  In  Table  II  are  given  the  analyses 
of  these  oils,  an  oil  extracted  commercially,  and  a  sample 
of   normal    California   oil   made  by  the  usual  pressure 

Tadlb  II — Composition  op  Oil  Extractfid  proh  Olivb  Pomack 

COHPARBD    WITH    ThAT    OP    OtU    OBTAINED    BY    PRESSING 

Per  cent  Free  Acid 

Sapon-  as  Oleic 

Sample  Snpon.    ifiahic  Sp.  Gr.       Per 

No.         Extraction  by  No.          (o)      15.5°  C.      cent 

1  Pressure  189.7      100.0     0.915       O.lfi 

2  Gasoline.  Commercially  17.1.8       91.8     0  903      11.77 
.1     I.igroin.  in  Laboratory  182.9       96.4     0  899     .16  58 

4  Gasoline,  in  Laboratory  163.2       86.0  0.890  64.63 

5  Dcnzol,  Dis'illed  at  lOO"  C.  127.1        52.0  0.866  52.00 

6  Uen/.ol,  Distilled  by  Free  FlaniL'        175.0       92.3  .  73.40 
(rt)  Based  on  Normal  Olive  Oil  as  100  per  cent. 

method.  The  solvent  oils  were  found  to  contain 
less  saponifiablc  matter  than  pure  olive  oil  and  hence 
their  value  for  soapmaking  is  correspondingly  less. 
But  the  differences  between  the  pure  olive  oil  and  the 
solvent  oils  in  this  respect  are  not  great,  the  poorest 
solvent  oil  having  86  and  the  best  solvent  oil  q6  per 
cent  as  much  saponifiablc  matter  as  the  pure  oil. 

The  free  acid  in  the  extracted  oils  was  very  much 
higher  than  in  normal  olive  oil.  This  is  due  to  two 
factors:  Mold  growth  decomposes  the  oil  in  the  pom- 
ace, giving  free  oleic  acid,  and  the  oil  is  "cracked"  or 
decomposed  into  the  free  acid  and  glycerin  during 
the  heating  necessary  to  distil  off  the  solvent. 

Decrease  in  saponification  number  of  the  oils  was 
accompanied  by  decrease  in  specific  gravity  due  to 
increased  amount  of  solvent  present. 

The  quality  of  the  solvent  oils  was  considered  satis- 
factory by  soap  manufacturers  for  ordinary  grades  of 
soap  and  soap  powders. 

RECOVERY  OF  SOLVENT  FROM  POMACE — It  required 
6oo  cc.  of  gasoline  to  cover  400  grams  of  pomace  in  a 
Mason  jar.  Of  this,  only  475  cc.  could  be  recovered 
by  draining  off  the  gasoline  from  the  pomace.  At- 
tempts were  first  made  to  distil  off  the  gasoline  by 
placing  the  pomace  in  boiling  water  or  in  a  current  of 
steam.      Both  methods  were  unsatisfactory. 

The  pomace  was  then  placed  in  a  small  copper  retort 
heated  by  a  direct  gas  flame.  The  di.stillation  was 
continued  until  white  fumes  began  to  appear  through 
the  condenser.  This  indicated  that  all  of  the  gasoline 
and  moisture  had  been  distilled  over  and  that  decompo- 
sition of  the  pomace  itself  had  commenced.  Prac- 
tically all  of  the  gasoline  was  recovered  by  this  dis- 
tillation. The  method  is  easy  to  apply  and  does  not 
require  elaborate  apparatus. 

OLIVE  POMACE  NOT  A  FERTILIZER — The  possible  use 
of  olive  pomace  for  fertilizing  purposes  has  been  sug- 
gested and  in  fact  it  has  already  been  so  used  in  some 
localities  to  a  limited  extent.  It  is  well  known,  how- 
ever, that  the  availability  of  fertilizers,  such  as  fish 
meal,  garbage  tankage,  etc.,  is  increased  by  extraction 
of  the  oil  and  fat,  thereby  making  possible  more  rapid 
decomposition  when  applied  to  the  soil.  In  order  to 
determine  the  value  of  olive  pomace  as  a  fertilizer, 
samples  before  and  after  extraction  of  the  oil  by  gasoline 


were  analyzed  for  phosphoric  acid,  potash,  and  nitrogen 
with  the  following  results: 

Air  Dry  Samples  Used         Per  cent  Per  cent  Per  cent 

KiO  PiOi  N 

l-extractcd  Pomace 0.24  0.12  0.86 


Extracted  Pomace 0.  26 


0.14 


.00 


Owing  to  the  removal  of  the  oil,  the  extracted  pomace 
is  found  to  be  slightly  higher  in  fertilizing  constituents. 
The  amount  of  phosphoric  acid  is  no  greater  than  is 
found  in  average  California  soils.  These  soils  contain 
several  times  more  potash  than  does  olive  pomace. 
Hence  the  addition  of  olive  pomace  to  the  soil  would 
actually  decrease  the  percentage  of  these  elements  in 
the  soil.  Furthermore,  since  the  potash  and  phos- 
phoric acid  are  combined  with  the  organic  material 
of  the  pomace,  they  could  not  be  assimilated  by  plant 
roots  until  such  time  as  decomposition  in  the  soil 
had  released  these  elements  in  the  water-soluble  form 
required  by  plants.  Therefore,  no  commercial  value 
as  a  fertilizer  is  to  be  assigned  to  the  potash  and  phos- 
phoric acid  in  olive  pomace.  Tests  were  made  on  the 
extracted  and  non-extracted  pomace  by  the  usual 
"beaker"  method  for  determining  ammonification  and 
nitrification.  After  two  months  only  very  slight  gains 
in  ammonia  nitrogen  were  found  and  no  increase  in 
nitrate  nitrogen  could  be  detected.  In  fact,  the 
soils  to  which  pomace  had  been  added  showed  less  than 
half  as  much  nitrate  nitrogen  as  the  untreated  soil, 
indicating  that  the  presence  of  the  pomace  had  induced 
denitrification.  The  extracted  pomace  gave  no  better 
results  than  the  non-extracted.  Hence  we  see  that 
the  nitrogen  in  olive  pomace  is  very  unavailable  and 
consequently  not  of  commercial  value  as  a  fertilizer. 

The  return  of  waste  materials  to  the  soil  is  funda- 
mentally correct.  Certain  heavy  soils,  deficient  in 
organic  matter,  may  in  time  be  benefited,  both  physi- 
cally and  chemically,  by  additions  of  pomace,  if  suffi- 
cient time  is  allowed  for  decomposition.  Organic 
matter  in  fertilizers  is  impossible  of  commercial  valu- 
ation, but  the  organic  matter  of  olive  pomace,  owing  to 
its  very  resistant  nature,  can  in  no  way  be  compared 
to  manures  or  cover  crops  as  sources  of  organic  matter 
in  the  soil.  However,  the  probable  low  value  of  the 
organic  matter, of  olive  pomace  prevents  any  but  very 
local  utilization.  The  foregoing  data  indicate  that 
olive  pomace,  either  before  or  after  extraction  of  the 
residual  oil,  can  in  no  way  be  considered  as  having  any 
commercial  value  for  fertilizing  purposes. 

SUMMARY    AND    CONCLUSIONS 

I—  Pomace  from  eighteen  olive  oil  factories  was 
found  to  contain  from  7.89  to  20.23  per  cent,  or  20.98 
to  53.81  gallons  of  oil  per  ton  of  fresh  pomace. 

II — Gasoline  was  found  to  be  a  satisfactory  solvent 
for  the  recovery  of  oil  from  air-dried  pomace.  Four 
extractions  were  found  to  be  sufficient.  The  air-dry 
pomace  of  lowest  oil  content  was  found  to  yield  25.5 
gallons  of  oil  per  ton  by  gasoline  extraction. 

Ill — The  compositions  of  gasoline,  benzol,  and  lig- 
roin  extracted  oils  compared  favorably  with  that  of 
pure  olive  oil  so  far  as  their  value  for  soapmaking 
was  concerned. 

IV — Distillation  by  direct  heat  recovers  practically 
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all   of  the  solvent  remaining  in  the  pomace.     Steam 
distillation  does  not  give  complete  recovery. 

V — No  commercial  value  as  fertilizer  should  be 
assigned  to  olive  pomace,  either  before  or  after  ex- 
traction. 

Laboratories  of  Zymology  and  Agricultural  Chemistry 
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MANGANESE  AS  A  CAUSE  OF  THE  DEPRESSION  OF  THE 
ASSIMILATION  OF  IRON  BY  PINEAPPLE  PLANTS 

By  Maxwell  O.  Johnson 
Received  October  30,  1916 

The  chief  pineapple  district  of  the  Hawaiian  Islands 
lies  on  the  Island  of  Oahu  on  the  sloping  tableland 
between  the  Koolau  and  Waianae  mountain  ranges. 
Through  this  district  there  occur  various  areas  of  dark 
or  black  manganiferous  soils,  and  it  has  been  known 
for  ten  or  twelve  years  that  pineapples  on  such  soils 
make  a  very  poor  growth.  At  almost  any  age,  but 
usually  about  flowering  time,  the  leaves  of  the  pine- 
apple plants  gradually  become  yellow,  the  plants  mak- 
ing slight  growth  and  often  dying.  The  few  fruits 
produced  are  of  small  size  and  poor  quality.  The 
unripe  fruit,  which  is  pink  or  red  in  color  instead  of 
the  normal  green,  often  cracks  open  and  decays. 
The  flesh  of  the  ripe  fruit  is  hard  and  white,  with  con- 
siderable acidity.  As  the  dark  soils  where  yellowing 
of  pineapples  occurs,  aggregate  from  6,000  to  10,000 
acres  of  the  lowest  lying,  most  accessible,  and  most 
easily  cultivated  land  of  this  region  and  as  the  water 
supply  is  insufficient  for  the  growth  of  sugar  cane,  the 
profitable  utilization  of  these  soils  is  of  considerable 
economic  importance. 

ANALYSKS    OF    M  ANC;  A  M  F  KROUS    SOILS 

Kelley'  first  showed  that  this  yellowing  of  pine- 
apple plants  is  directly  related  to  an  abnormal  amount 
of  manganese  in  these  dark  soils.  From  a  number  of 
analyses  made  by  thfc  method  of  the  Association  of 
Official  .'\gricullnral  Chemists,  he  gives  the  average 
water-free  composition  of  the  normal  red  soils  and  of 
the  manganiferous  black  soils  as  follows:" 

TablB    I — Composition    of    Normal    Riiu   Soil*    ani'  MANciANirKKor* 

Black  Soils  of  Oaiiii 

.  „  .         r~  I.I         .       I  Red        Red  llluck       UUck 

Average  I-crccnt.ge  Composition  of       j  g^,,,     siib-wil.  Soil.     Sub.»ll. 

Inwlllblc  matter 42.82  41.42  JS.2ft  37.7.1 

Fotuh  (KtO) O.i't  0  6.1  0.91  0.87 

Sod»  (NttfO) 0.27  n.2.'i  O.M  0.41 

Lime  (CaO) 0.36  0.48  0.V7  0.J8 

Magoesiik  (MgO) 0.3'<  0,38  0.47  0.41 

Manganeae  oiide  (MniOi) 0.37  0.20  3.61  4.90 

Kerrk  oxide  (I'etO.) 27.82  .10.10  22.58  22.96 

Aluiiiinu  (AliOf) 10.04  10.37  IJ.J9  17.20 

l-lioH|>linriiii  pentoxide  (PiCH) 0.08  0.12  0.27  0.16 

Sullur  Iriiixide  (SOi) 0.11  0.08  0.17  0.06 

Volatile  matter 13.14  13.74  17.61  13.67 

Tllaiiium  oilde  (TiOi) 2.01  2.49  O.SS  108 

Total 100.03      100.26  100.43      100  03 

Nilruiien  (N) 0.32         0.24  0  37          0  20 

Aeldltyi 1233.00  98  <K( 

'  Calculated  to  poiiudi  of  CaO  per  acre  (cwt. 

The  writer  has  analysed  a  number  of  these  niitnK.tn- 
ifcrous  soils,  the  anaiy-scs  aKrocinj;  in  the  miiiii  with 
those  of  Kcllcy.  However,  ii  typicol  example  of  the 
"miinKiincse  yellows"  will)  the  fharactcristic  rc<l  fruit 
was  found  lo  occur  on  a  soil  containing  only  o..M  per 

•  Hawaii  Sla.  i'reu.  butt.  U\  Till*  junaNAL,  I  (1909).  .133,  Hawaii 
Sla.,  Rfl.  not,  p.  38. 

>  Hawaii  Hia.  Prrx,  ItuH   18,   I 


cent  manganese  (calculated  as  MiuOi).  This  manga- 
nese was  all  present  as  the  dioxide. 

A  number  of  samples  were  distilled  according  to 
the  ordinary  Bunsen  method  for  determining  available 
oxygen  in  pyrolusite.  and  the  manganese  dioxide  was 
calculated.  Table  II  shows  the  results  as  compared 
with  the  total  manganese  determined  by  the  oflScial 
method. 

Table  II — Comparison  of  Psrcsntagbs  of  Total  Makcakbsh  witb  tqb 
Manganese  Dioxide  in  Manganiferous  Soils  of  Oaui? 
Laboratory  No.  -       635     636     637     638     639     640     641 

Total  manganese  calculated  as  the 

dioxide.      (Oflicial  method) 0  35  S.4S  5.92  5.89  2.86  6.36  3.25 

Manganese     dioxide.      (Calculated 

from  the  Bunsen  distillation) 0.35  4.85   5.20  5. 15  2.66  5.67    1.92 

As  the  Bunsen  method  gives  low  results  when  or- 
ganic matter  and  possibly  ferrous  iron  are  present, 
it  is  safe  to  conclude  that  nearly  all  the  manganese 
in  these  soils  is  present  as  the  dioxide. 

THE    EFFECT    ON    PLANTS 

Kelley'  and  Wilcox  and  Kelley'  made  an  extended 
investigation  of  the  effect  of  these  manganiferous  soils 
on  the  pineapple  and  other  plants.  Field  notes, 
results  of  pot  experiments,  and  ash  analyses  are  given, 
comparing  a  large  number  of  plants  on  manganiferous 
and  normal  soils. 

From  this  investigation,   Kelley*  concludes: 

"That  various  plants  when  grown  on  manganiferous  soil  arc 
affected  fliffcri'iitly.  Some  s)>ccics  arc  stunted  in  KTOwth  and  die 
hack  frimi  the  lips  of  the  leaves,  which  tiini  yellow  or  brown  and 
frequently  fall  off.  and  a  general  unhealthy  ap|>eanince  results. 
Other  species  appear  to  Ik-  unaffected  and  so  far  as  can  l>c  judged 
vegetate  normally  ui  the  i)resence  of  manganese.  Microscopic 
investigations  have  shown  that  in  certain  instances  the  pn>to- 
plasm  iiiidergiK's  changes.  Occasionally  it  draws  away  from  the 
cell  wall,  the  nuclei  liccome  brown,  and  plasmolysis  takes  place. 

"I'rom  the  ash  analyses  it  was  found  that  manganese  was 
absorlK'd  in  considerable  <|iiantities.  and  in  nearly  every  instance 
was  greater  in  the  plants  from  manganiferous  soil.  The  a,sh 
analysis  also  shows  that  a  disturbance  of  the  mineral  ludancc 
takes  place  The  jierccntagc  of  lime  is  increasctl.  while  the  ab- 
sorption of  magnesia  and  phosphoric  acid  is  decreasctl   •   •   • 

"I'rom  thest-  evidences  we  may  l>elieve  th.il  tlu  i  lUvts  of 
manganese  are  largely  indirect,  and  are  to  !••  m  the 

basis  of  its  bringing  alniut  a  miMlilication  in  \'  'nj- 

tioti  of  lime  ami  magnesia,  and  that  the  to\i<  Inetly 

brought  aUmt  through  this  modiliciition  rather  Ui,ta  lU.  j  direct 
result  of  the  maiigaiiese  itself  " 

CiiMI'AKISON   or   ASII   ANALVSKS   WITH   ODSERVF.D   KFrKCT 
or    THE    MANGANESE 

It  was  thought  that  it  would  be  of  value  lo  attempt 
some  correlation  between  the  ratio  of  the  ash  constitu- 
enti*  on  mangimifcrou."!  and  normal  soils  and  the  field 
notes.  The  ash  ratios  for  the  four  constituent*  men- 
tioned by  Kflley,*  tosethcr  with  those  for  potash  and 
iron,  arc  Riven  in  Table  III  The  ftolil  notes  are  quoted 
from  Kcllcy.  as  th-v  ...r.ni-  .m  mil. i. .•..-,!  uitrrpretntion 
of  this  work.      I  hcyounj 

plant  are  used  w  !  inrlalH»lic 

(listtirbances  oicur  there,  in  case*  where  the  iron  and 
alumina  in  the  ash  are  reported  together,  it  i*  iinpoMi- 
ble  to  give  an  iron  ratio.  No  fteld  note*  on  the  iron- 
wood  and  olive  were  kept. 

A  consideration  of  Table  III  show*  that  (here  ia  no 
possible   correlation   l>elween   the   obncrvcd  cffectn  on 

•  llaw.llSia  .  flaU    M  .191}) 
*nU  .  ttmll    M  ll"!.'! 

t  ntd .  fmu  M  (i«i;),  Ml.  M. 

•  Hawaii  !««•  .  !•■«  M  (If  W).  M. 
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Table  III — Relativb  Pbopohtion 


Plant 

No.  Plants  analyzed  MniOi 

Plants  Affected  dv  Manganifbrohs  Soit 

1         Paspatum  orbiculare 


Some  Ash  CoNSTiTimNTs  of  Plants  Grown  in  Makcanipbrous  and  Korhai.  Soils 
Ash  percentage  on  normal  soils  taken  as  1 .0 


Peanut  leaves 


Sugar  cane 
Broom  corn  1 
Cowpea  vine 

Corn  stover 


2.09 

6.25 

1  .42 
9.54 

0.75 
3.74 
3.53 

2.66 


CaO     MgO     PtO» 

0.79     0.69      1.09 

0.90     0.51 

1.26     0.75 
2.05     0.42 


0.90 


KjO 
1.34 
1.70 
0.92 


FejOi 
0.26 
0.54 
0.73 


Observed  Effects  of  Manganifei 


Soil  on  Plants 
vegetation    indicator    of 


Very    sensitive.     Suggested    by    Kelley    as 

nonmanganifcrous  soils 
Lower  leaves  brown,  subsequently  dying  and  falling  away;  stem  purple, 

roots  brown. 
Seriously  affected.      Leaves  yellow,  fruit  small  and  red 


0.73 
1.92 
0.76 


0.80 
0.68 
0.58 


0.70 
2.32 
0.93 


0.72 
0.81 
0.84 


2.50      1.66     0.68     0.91      0.87 


Plants  Apparently  Not  Apfbctbd  by  aIanganiphrous  Soil 

9  iro/l/iifria  omfricano  leaves  10.61  1.06  0.70  0.74     0.68 

10  Crotalaria  28.00  1.62  0.37  0.45      1.25 

11  Cuava  leaves  2.93  1.87  0.35  0.58     0.28 

12  Oat  straw  0.86/T.  2.69  1.62  0.08 

13  Mango  leaves  9.01  1.93  0.44  0.53 

14  Wheat  straw  0.22/T.  2.16  1.47  0.53 

15  Tobacco  stems  0.57/T.  5.04  1.25  0.28 

the  plants  of  manganiferous  soil  and  the  variations 
of  the  individual  ash  constituents'  in  the  case  of  man- 
ganese, lime,  magnesia,  phosphoric  acid,  and  potash. 
It  is  unnecessary  to  point  out  the  contradictions  which 
these  variations  exhibit,  as  they  are  apparent  at  a 
glance.  The  lime-magnesia  ratio  also  shows  no  cor- 
relation, but  in  the  case  of  the  iron,  a  remarkable  cor- 
relation is  easily  seen.  The  assimilation  of  iron  is  de- 
pressed on  those  plants  to  which  the  manganiferous 
soil  i*  toxic,  while  it  is  increased  on  those  where  no 
toxic  effect  is  observed.  This  is  shown  further  by 
Fig.  I,  where_the  plants  are  plotted,  according  to  their 


6.67 


Plants 
unaffected 

Ma  nga  nife  rou  s 

So// 


J     4      J     6      7 

Plant  No  (as  (^i\/en  in  Table  M) 

-Graph  Showing  Correlation  between  the  Assimilation 
Iron  and  the  Effects  on  the  Plants  Grown  on 
Manganiferous  Soil 


number  in  Table  III,  on  the  axis  of  abscissas,  with  the 
ash  ratio  as  ordinates.  It  would  be'  expected  that  a 
significant  excess  or  lack  of  a  constituent  would  be 
shown  by  an  opposition  of  the  points  plotted  in  the 
angles  formed  by  the  intersection  of  the  line  dividing 
the  plants  affected  and  unaffected  by  manganiferous 
soil  and  the  horizontal  line  for  an  ash  ratio  of  i.o. 
An  inspection  of  Fig.  I  shows  that  the  iron  con- 
tent of  affected  plants  is  decreased,  while  that  of  plants 


Less  than  half  the  growth  on  normal  soil.      Lower  leaves  brown  and 

dying  back 
Yellow  color  on   lower  leaves  developed  by  young  cane  during  winter 
Pronounced  effect 
Very  sensitive.     Stem  becomes  purple,  lower  leaves  turn  brown  and 

fall  away 
Seriously  affected,  stalks  and  leaf  sheath    purple,  lower  leaves  brown 

and  dying  back 

1.20        Xo  effects 

2.38        Unaffected  by  manganese,  making  luxuriant  growth 

6.67        No  visible  effects.      (Found  scattered   over  unplowed   portion.) 

Slight  stunting  at  first,  with  later  normal  growth 

Normal  growth 

Fair  growth 

Slight  stunting  at  first,  with  later  normal  growth 

unaffected  is  considerably  increased.  Similar  graphs 
for  the  other  ash  constituents  are  without  significance. 
On  the  basis  of  this  interpretation,  the  observed  physio- 
logical derangements  are  easily  explained.  The  purple, 
brown,  or  yellow  color,  the  lack  of  starch,  and  other 
toxic  effects  are  due  to  deficiency  of  chlorophyll,  for 
the  production  of  which  a  proper  supply  of  iron  is 
necessary. 

PRACTICAL  METHODS  OF  CONTROL 

The  theory  that  this  trouble  is  due  to  a  lack  of  iron 
has  found  striking  confirmation  in  its  practical  applica- 
tion to  the  pineapple,  the  chief  economic  crop  of  the 
region  where  the  manganiferous  soils  occur.  Fields 
of  yellow,  unhealthy  plants  sprayed  with  solutions  of 
iron  salts  became  green  within  a  very  short  time.  The 
effect  on  the  fruit  was  most  remarkable.  The  small, 
red,  stunted  pineapples,  when  sprayed,  showed  de- 
cided improvements  within  a  week,  becoming  normal 
dark  green  and  commencing  a  most  vigorous  growth 
within  two  or  three  weeks'  time.  'Where  iron  was 
applied  to  one  side  of  the  unripe  fruit  only,  that  side 
became  green  first  and  made  such  growth  that  the 
fruit  soon  presented  a  lopsided  appearance.  Later 
the  iron  appeared  to  be  distributed,  as  the  fruit  was 
fairly  symmetrical  when  ripe.  Solutions  of  iron  salts 
applied  to  the  etiolated  leaves  of  the  pineapple  plants 
effected  quick  relief,  while  relatively  immense  quanti- 
ties of  solution  and  of  solid  iron  salts  applied  to  the 
soil  were  without  result.  Acids  applied  to  the  soil 
and  combinations  of  iron  salts  with  various  fertilizing 
elements  were  tried  without  effect.  Sodium  nitrate 
gave  promising  results.  Ferrous  sulfate  sprayed  di- 
rectly on  the  leaves  proved  the  most  economical  form 
of  iron  to  apply.  Solutions  made  slightly  acid  with 
sulfuric  acid  or  the  waste  pineapple  juice  from  the 
canneries  gave  slightly  better  results,  the  acid  tending 
to  prevent  precipitation  of  the  basic  ferric  sulfate. 

A  convenient  and  profitable  method  of  treatment  has 
been  worked  out  which  has  been  applied  to  extensive 
areas  of  highly  manganiferous  soil  with  immediate 
success.  Good  yields  of  pineapples  of  excellent  size 
and  quality  have  been  harvested  from  plants  sprayed 
with  ferrous  sulfate,  while  on  the  unspraycd  check 
plats,  all  the  plants  were  yellow,  and  many  were  dead 
and  dying,  with  fruit  of  such  inferior  size  and  quality 
as  to  be  scarcely  worth  picking. 

As  a  result  of  the  writer's  experiments,    practically 
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all  the  pineapple  plantations  have  now  utilized  this 
spraying  treatment  on  the  manganiferous  soils.  Suc- 
cess has  everywhere  been  reported,  and  at  present 
there  seems  no  obstacle  to  the  profitable  cultivation 
of  these  extensive  areas  of  manganiferous  soil. 

These  experiments  will  be  given  in  fuller  detail  in 
a  forthcoming  publication  of  the  Hawaii  Agricultural 
Experiment  Station. 

MANGANESE    AS    THE     CAUSE     OF    A    DEPRESSION    IN    THE 
ASSIMILATION    OF    IRON 

It  is  well  known  that  excessively  calcareous  soils' 
may  depress  the  assimilation  of  iron  and  even  lead  to 
a  chlorosis,  but  this  seems  the  first  case  where  a  man- 
ganiferous soil  has  caused  such  trouble.  That  man- 
ganese is  the  cause  is  evident  from  the  fact  that  the 
usual  calciphilous  legumes  are  among  the  most  strongly 
affected. 

Many  fertilizer  experiments  with  different  forms  of 
manganese  show  a  stimulation  with  small  doses  and  a 
toxic  effect  with  larger  applications.  Other  experi- 
ments show  no  effects. 

Loew  and  Sawa^  in  1903  published  results  of  water- 
culture  experiments  where  they  observed  a  yellowing 
of  pea  plants,  barley,  and  soy  beans  with  solutions  to 
which  manganous  sulfate  had  been  added.  The  addi- 
tion of  manganous  sulfate  to  the  ordinary  iron-contain- 
ing nutrient  solution  caused  an  increased  growth  but 
later  a  yellowing  took  place.  This  yellow  color  they 
think  may  be  due  to  the  increased  activity  of  the  oxidiz- 
ing enzymes.  In  their  conclusions  they  state  that 
"manganese  exerts  in  moderate  quantity  an  injurious 
action  on  plants,  consisting  in  the  bleaching  out  of  the 
chlorophyll.  The  juices  of  such  plants  show  more 
intense  reactions  for  oxidase  and  peroxidase  than  the 
healthy  control  plants." 

Aso'  in  similar  water  cultures  with  young  radish, 
barley,  and  wheat  plants  observed  a  yellowing  with 
solutions  containing  (a)  0.02  per  cent  MnSO^  -|-  trace 
of  FeSOi,  (b)  0.02  per  cent  MnSOi  -f  0.02  per  cent 
FeSOi,  (c)  0.02  per  cent  FeS04  and  in  these  three 
solutions  diluted  with  10  times  their  volume  of  water. 
The  ordinary  mineral  constituents  were  supplied. 
With  the  solution  containing  only  a  trace  of  FcSO( 
and  diluted  ten  times,  the  yellowing  .suggested  an  inter- 
ference in  the  assimilation  of  iron.  Pea  shoots  grown 
during  the  first  stage  of  development,  without  mineral 
salts,  in  solutions  containing  0.002  per  cent  of  ferrous 
and  manganous  sulfates  singly  and  in  combination  found 
the  grcalesl  stimulation  with  the  manganous  sulfate. 
No  yellowing  was  observed  during  this  first  stage  of 
<lcvcloi)mcnt. 

This  observation  seems  to  lie  the  only  intimation 
the  writer  can  find  from  a  brief  review  of  llie  lileralure 
of  any  association  of  the  depression  in  the  assimilation 
of  iron  with  the  toxic  effect  of  manganese, 

Kl'MMAkV 

I  It  has  been  shown  that  the  mangane.se  of  the 
highly  manganiferous  soils  of  the  Island  of  Oahu  is 
nearly,  if  not  all,  in  thi-  dioxide  form. 

I  SfF  Ollr.  Potin  Hl<u  SU..  /■■■/(•.  II  (l'<M)  unci  !•  (I«I4). 
'  HhII.  (  .W    Atr    /"*>■..  Imf.  f  "ii     I  il'H'.'    >i.  I'.l    Ml 
'  nt4  .  I  (I90J-.1).  I77-III.1 


II — From  a  study  of  ash  analyses  of  plants  grown  on 
these  manganiferous  soils,  it  appears  that  the  toxic 
effect  observed  is  due  to  a  depression  in  the  assimila- 
tion of  iron. 

Ill — The  pineapple  plant,  the  chief  economic  crop 
grown  on  these  manganiferous  soils,  has  recovered 
from  the  toxic  effects  of  the  manganese  when  supplied 
with  iron  through  the  leaves. 

IV — A  commercially  successful  treatment  has  been 
worked  out,  and  the  profitable  utilization  of  these 
highly  manganiferous  soils  seems  assured. 

Hawaii  Agkicultubai.  Expbkiubkt  Station 
HoNot.i;i.u.  H.  I. 


THE  FERTILIZER  VALUE  OF  CITY  WASTE 

I.    THE  COMPOSITION  OF  GARBAGE 

By  W.  J.  O'Bkikn  and  John  R.  Lindcui'Tii 

Received  SeptemtMT  S.  1916 

In  connection  with  its  investigation  of  the  fertilizer 
resources  of  the  United  States,  the  Bureau  of  Soils  has 
undertaken  the  study  of  the  various  city  wastes  to 
discover  if  there  may  be  found  therein  a  source  of 
those  materials  which  have  value  as  fertilizer  in- 
gredients. The  study  has  involved  the  origin,  com- 
position and  methods  of  disposal  of  these.  It  has 
had  to  do  with  the  statistical,  economic,  engineering 
and  sanitary  features  of  the  problems  of  the  collec- 
tion, disposal  and  utilization  of  city  wastes.  Most 
of  the  work  has  been  done  in  the  field.  In  the  labora- 
tory various  classes  of  substances  have  been  examined 
analytically  to  determine  their  composition;  the 
availability  of  the  ingredients  of  potential  fertilizer 
value  has  been  studied  and  new  methods  and  apparatus 
for  the  more  economical  commercial  treatment  of 
the;;e  waste  materials  have  been  devised.  It  is  pro- 
posed to  present  the  results  of  the  laboratory  investiga- 
tions in  the  present  scries  of  papers. 

The  work  has  been  carried  out  under  the  direction 
and  with  the  collaboration  of  J.  W.  Turrentino. 

In  the  commercial  rendering  of  city  i'.irl..,i-,-  i.ir  the 
recovery  of  fats  and  the  preparation  for 

fertilizer  u.sc,  the  success  of  the  under'  i  nds 

largely  on  the  t|uality  of  the  raw  mntenals.  Due  to 
the  wide  diversity  existing  between  the  methods  of 
handling  city  wastes  in  vogue  in  the  various  cities,  it 
by  no  means  follows  that  because  the  rendering  of  ihc 
garbage  of  one  city  is  commercially  prolitablr,  ihni 
of  any  other  city  will  he.  If  scKteKatu>n  in  etTectcd 
with  equal  skill  and  the  richest  portions  of  the  gnrl>aj(c 
are  not  diverted  from  the  rendering  plant.  succes»  in 
one  city  connotes  nucc ''■••■ 

The   ingredientii  of  ,;c   in    which   a 

prospective  remlercr   i  '.it»,  l>one  phon- 

phatc,  cDinbim-il  nitrogen  and  potiuh.  The  finil 
ii.itni'l  1.  the  ingredient  rrpre»enliti>;  tt\<-  mam  value 
t-red      Ami   among   i!  h«cr  ini- 

;  "Miliined  nitrogen  !i:i-  :   value. 

riic   large   iiunnlitim  of   >  the  rx- 

\-)cn%v  to   which   nuMl    urbni  ''   put   in 

dmpoiiing   of    it,    and    the    pri>i>i-.    ro;du.iMr    from    ita 
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proper   handling    make   city   garbage   a   subject    quite 
worthy  of  the  industrial  chemist's  best  attention. 

ORIGIN 

Garbage  may  be  defined  as  the  waste  material 
arising  from  the  culinary  department  of  a  household 
or  other  establishment.  It  then  should  be  made  up 
of  the  portion  of  food  materials  discarded  in  their  prep- 
aration for  the  table  and  often  uneaten  remnants. 
Actually,  it  contains  these,  and  in  addition  portions 
of  the  containers  of  food  materials,  broken  porcelain 
and  glass  and  parts  of  the  various  apparatus  and  ap- 
purtenances employed  in  domestic  activities.  Thus 
may  be  found  in  it  large  quantities  of  the  trimmings 
from  green  vegetables,  such  as  those  coming  from 
cabbage  and  celery,  the  parings  of  fruits  and  vege- 
tables, the  rinds  of  melons  and  citrus  fruits,  in  summer, 
especially  of  watermelons,  and  in  winter,  of  grape- 
fruit; meat  skins  and  bones,  pieces  of  fat,  the  feathers 
and  other  waste  from  the  dressing  of  poultry;  con- 
tainers of  food  materials,  of  paper,  wood  and  tin,  and 
portions  of  them,  such  as  the  metal  caps  of  beer 
bottles;  broken  glass  and  crockery,  spoons,  forks  and 
dish-cloths;  oyster,  clam  and  egg  shells.  Likewise 
market  waste  finds  its  way  ultimately  into  the  aggre- 
gate collection.  This  contributes  the  same  sort  of 
material  which  in  general  is  obtained  from  house- 
holds, though  it  contains  more  of  food  remnants,  per- 
haps, than  culinary  waste,  unless  the  latter  is  very 
carefully  segregated.  It  contains,  frequently,  large 
portions  of  materials  which  have  grown  stale  or  spoiled 
and  no  longer  are  fit  for  food,  such  as  old  vegetables 
and  spoiled  fish.  The  trimmings  from  meat — pieces 
of  skin,  fat  and  bone — usually  are  collected  together 
and  are  disposed  of  more  advantageously  by  sale  to 
fat-rendering  establishments.  The  composition  of 
garbage,  then,  it  may  be  said,  is  indeterminate,  be- 
cause of  the  great  variety  of  materials  entering  it. 
Since,  as  will  be  shown,  it  is  to  the  advantage  of  the 
municipal  collector  and,  therefore,  the  resident  of  the 
municipality,  the  householder,  to  restrict  the  garbage 
to  the  portions  of  the  kitchen  waste  which  are  liable 
to  decay  and  create  a  nuisance,  it  is  desirable  and 
essential  to  the  best  collection  and  disposal  service, 
that  the  deposition  of  cans,  broken  glass,  crockery, 
and  such  materials  in  the  receptacle  provided  for 
garbage  be  prohibited.  Ordinances  usually  are  in 
force  to  this  end.  Where  such  are  strictly  enforced, 
then,  garbage  approximates  a  mixture  of  animal  and 
vegetable  matter;  and  as  such  its  usefulness,  and 
therefore  its  value,  is  greatly  enhanced. 

COMPOSITION 

In  the  City  of  Washington,  in  connection  with  the 
investigation  of  Mr.  Irvin  S.  Osborne' for  the  Com- 
missioners of  the  District  of  Columbia,  was  made  the 
most  thorough-going  examination  of  the  composition 
of  certain  city  wastes  perhaps  so  far  made  in  this 
country.  On  the  results  thereof  were  based  the  Com- 
missioners' recommendations  to  the  Congress  for 
certain  changes  in  the  methods  of  disposing  of  the  city 
wastes  of  Washington.  As  a  part  of  the  investigation 
the  garbage  of  the  city  was  analyzed  in  order  to  de- 
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termine  (i)  its  true  composition  in  those  elements  or 
substances  on  which  its  value  depends;  (2)  the  varia- 
tions of  these  with  the  season  of  the  year;  (3)  with  the 
part  of  town  from  which  collected,  and  (4)  with  the 
class  of  inhabitants  contributing  it.  The  analytical 
work  was  conducted  in  the  laboratories  of  the  Bureau 
of  Soils.  In  order  to  obtain  data  on  the  above  points, 
the  analyses  had  to  be  made  on  a  large  number  of 
samples  from  the  various  sections  of  town  possessing 
different  characteristics  and  had  to  be  prolonged 
throughout  a  year. 

It  is  the  prevalent  opinion  that  there  is  a  decided 
seasonal  variation  in  the  composition  of  garbage. 
This  is  based  on  the  fact  that  in  summer  larger  quan- 
tities of  vegetables  are  eaten  than  in  winter,  from 
which  it  is  assumed  that  in  summer  the  garbage  is 
more  bulky  and  wetter  because  of  the  large  proportion 
of  vegetable  matter  being  contributed  thereto;  that, 
correspondingly,  the  more  valuable  constituents,  meats 
and  bone  remnants,  are  not  only  relatively  less 
abundant,  but  absolutely  so,  because  less  meat,  it  is 
agreed,  is  eaten  in  summer.  Likewise,  it  has  been 
assumed  that  the  garbage  from  those  households  in 
which  the  scale  of  living  is  maintained  on  a  more 
elaborate  scale  is  richer  in  the  valuable  ingredients 
than  that  from  other  households.  This  is  based 
on  the  two  assumptions,  that  the  food  in  the  former 
household  is  made  up  to  a  larger  extent  of  fats  and 
meats,  and  that  less  rigid  economy  is  exercised  in  its 
use.  While  such  a  distinction  actually  may  exist,  it 
will  be  shown  that  it  does  not  necessarily  follow  that 
the  distinction  will  exhibit  itself  in  the  composition 
of  the  garbage. 

THE    SEASONAL    VARIATION    IN    COMPOSITION 

SAMPLING — The  samples  analyzed  to  determine  the 
seasonal  variation  in  the  composition  of  the  garbage 
of  the  City  of  Washington  were  taken  from  the  aggre- 
gate city  collection.  This  averaged  140  tons  per  day 
and  varied  from  109  tons  in  February  to  198  tons  in 
August.  The  collection  was  made  by  from  50  to  90 
wagons.  In  summer  the  collection  is  made  daily  for 
the  greater  part  of  the  city  and  three  times  per  week 
for  the  outlying  and  thinly  populated  districts.  In 
the  hotel  region  of  the  city  the  collection  is  daily 
throughout  the  year.  The  wagons  in  use  in  this  city 
(removable  body,  iron  tank  wagons)  hold  from  1500 
to  3300  lbs.  garbage,  depending  on  the  nature  of  the 
garbage  and  the  manner  in  which  it  is  loaded.  Thus 
the  average  daily  number  of  loads  sampled  was  43. 
Each  wagon  employed  in  this  service  bears  a  number 
and  is  assigned  by  number  to  a  definjte,  prescribed 
route.  Thus  by  reference  to  the  number  of  the  wagon 
it  is  possible  to  determine  the  exact  neighborhood 
from  which  its  load  has  been  obtained. 

In  Washington  the  various  wagons  are  delivered  at  a 
central  loading  station  where  the  tank  bodies  are 
transferred  from  the  running  gears  to  flat  cars  for 
transportation  by  railroad  to  the  rendering  plant. 
It  was  at  this  station  that  the  samples  were  secured. 

To  make  up  a  sample,  about  a  cubic  foot  of  garbage 
was  taken  from  each  of  a  chosen  list  of  wagons,  a 
portion  being  taken  from  the  various  parts  of  the  tank, 
from  the  center,  or  bottom  or  ends.     The  respective 
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numbers  of  the  wagons  sampled  were  listed,  the  list  being     recorded     as     combustible     material     and    the 

being  chosen  and  noted,  so  that  the  samples  collected  residuum   as    ash.     Calorific   values    were    determined 

from  day  to  day  would  not  be  from  the  same  routes,  through   the  esteemed  courtesy  of    Mr.   J.    E.    Davis, 

In  this  way,   while  no  sample  represented  the  entire  of   the    Bureau    of    Mines,    who   employed   the    bomb 

day's  collection  from  the  whole  city,  the  total  number  calorimeter  method. 

of  samples  covered  with  fair  uniformity  all  the  districts  In    Table    I    are    set    forth    the  results  of  analysis 

of  the  city.  of    the     general     samples,     showing     what     variation 

The   material  taken  from  the  various   wagons   was  there    is    in    the    composition    of    garbage    with    the 

deposited    upon    a    platform    where    it    was    chopped,  season.     In    the    first    column   is    given    the    date    on 

mixed    and    quartered,    the    process    being    continued  which  each  sample  was  taken;  the  second,  the  number 

until   the   quantity   of   material   had  been  reduced  to  of    loads    sampled;    and    the    third,    the    total    weight 

approximately  6  qts.     This  was  divided  into  3  samples  represented    by    the    sample.     Analyses    are    reported 

and  an  analysis  was  made  of  each.     Thus  the  general  both  on  the  dry  and  the  wet  basis.     Calorific  values 

samples   were   analyzed  in   triplicate.     The   weight   of  are    reported    on    the    dry    basis.     Each    sample    was 

each  wagon  load  of  garbage  also  was  determined  and  analyzed    in    triplicate,    the    average    being    recorded 

noted,  so  that  it  was  possible  to  ascertain  the  total  here.     The    analytical    data    therefore    are    in    each 

weight  of  garbage  represented  by  the  samples  taken.  instance  the  average  of  three  analyses. 
At  the  time  of  collecting  the  sample  it  was  observed  discussion  of  results — In  Fig.  I  the  results  of  the 

from  the  weather  records  what  the  weather  conditions  determination  of  moisture  have  been  plotted  to  show 

had    been    during    the    period    in    which    the    garbage  the    variation    in    that    main    constituent    of    garbage 

sampled  had  been  accumulating.     In  this  way  it  was  with    the    months.     The    fluctuation    swings    from    a 

Table  I — Analyses  of  Garbage  op  District  op  Columbia  Showing  Seasonal  Variations  (Results  in  Pircbntaobs) 

No.  Total  wt.  Analyses  on  Dry  Basis ■ Basis  Raw  Matbkiai 

of  Sampled  Combustible  Combustible 

Date  Loads  Lbs.  HiO        Ash  OU  KiO      P.Oi       N      Matter  Ash       Oil       KiO     VsO,       N        Matter 

Dec       14.  '14 ...  69.79      16.89     21.82  0.92     .1.76     3.59     83.10  S.06     6.70     0  28      I    12      1.09     25.13 

Dec       29    '14 ...  74.65      13.77     20.61  1.41      2.83     3.83     86.23  3.49     5.22     0..35     0  72     0.97      21    85 

Jan        13    '15 ...  75.35      14.63     20.74  1.19     2.22     2.48     85.36  3.61      5.10     0.29     0.73     0.61      2103 

Jan.       28    '15 ...  73.03      16.75     20.31  1.05     2.40     2.72     83.24  4.52     5.47     0.28     0.65     0  73     22.44 

I?cb        12    '15 ...  74.19      14.22     21.12  0.76     2.05     2.94     85.77  3.67     5  45     0   19     0.58     0  76     22.14 

Mar        2    "15 40  102.760  70.48       9.40     34.29  1.02      1    43     2.61      90.60  2.77      7.32     0.30     0.42     0.77     26.74 

Mar       13    '15 35  86.415  69.04      12.00     23.92  0.68      1.20     2.57     87.99  3.71      7.40     0.21      0.37     0.79     27.24 

Mar'      23'  '15      37  98.716  71.38      13.13      22.16  1.03      1  .<>0      2.^2      86.88  3.75      6.34      0   29     0.46     0  66      24. S5 

Apr'        7'  '15 33  86.361  65.27      11.41      24.69  0.79     2    12     3.12     88.61  3.96     8.56     0.27     0.73      108     30.77 

Anr       22    "IS 35  91.070  71.72      17.32     20.35  1.09     2.48     2.91      86.01  3.95     S.7S     0.31      0  46     0  82     24.32 

May        7'  '15 33  84,117  71.15      14.57      25.48  1.08      1.59     2.75     85  42  4.20     7..«     0.31      0.46     0  79     24.64 

Mav      22    '15 38  91,846  72.77      15.13     21.18  1.28      1    85     3    12     84.86  4    12     5.76     0.35     0  50     0  85      23.10 

Tune        7'  '15     51  126.225  74.14      11.15     22.99  1.22      1.08     2.57     85.51  3.74     5.94     0.31     0.16     0  66     22.10, 

June      21'  'IS 33  85,239  74.21      19.80      15.34  1.10      1.02     2.12     83.53  5.10     4.00     0.29     0  27     0  54     21.52 

lulv         7    '15 42  99,204  78.55      13.61      18  85  1.63     0.89     2.17     86.38  2.92     4  04     0  35     0   19     0  47      18  52 

lulv      22    'IS     66  152.394  80.88      12.71      14.78  1.37      1.77      2  38     87.29  2.43     2  82     0.26     0.33     0  44      16  68 

AuK         6    '15 51  313,446  79.59      13    17      17.19  1.21      0  82     2.39     86.82  2  68     3  55     0  24     O   17     0  48      17.72 

AuK       21    '15    50  131,200  77.58      13.77      18.57  0.97      1   64      2.64     86.23  3  09     4.16     0,21     0.37     0  59      19. 33 

Auk       .30    'IS     86  232,458  79.25      12.93      18.23  0.83      1.34     2  50     87.06  2.68     3   78     0.20     0  28     0  52      18  06 

Scot       14'  "15       44  106,656  71.80      14.43      17.50  1.00     0.92     2  4«     85  57  4  06     4.';3     0.28     O  26     0  69     24    13 

Oct  r  '15 29  74,530  78.81      12.22      12.43  0.93     0.95      2.73     8778  2  5V     2  6.*     0.19     0  20     0  58     18  59 

Oct        14    '15  40  92,640  73.95      12.20     21.74  0.92     0.69     2.68     87.76  3    18     5.66     0  23     0   18     O  70     22  86 

Oct'       29'  '15   " 40  93.640  72.81      14.31      18.47  1.06     0.44      2  55     85  69  3  88     5.03     0.28     0   12     0  69     23.29 

Nov.      ll''15 39  95.238  73.75      13.01      18.37  1.01      1.71      2  63     86  98  3.41      4  82     0  26     0  45     0  69     22  «S 

Dec         I    'IS 34  82,960  70.49     11.90     18.14  0.85     183     2.50     88  10  3.51     5.JJ     0.25     0  54     0  74     25  99 

Average 73.78     13.77      19  97  1.05     1.62     2.69     86.35  3.60     S.32     0.27     0.43     0  70     22  U 

possible  to  obtain  some  idea  as  to  the  probable  changes  minimum  in  April  of  68.5  per  cent  to  a  maximum  in 

in  composition  due  to  the  presence  in  the  garbage  of  July  of  approximately  80  per  cent.     Whether  this  is 

rain  water  or  snow.  the  normal  seasonal  swing  it  is  impossible  to  say  in  the 

METHODS  OF  ANALYSIS — To  determine  moisture,  and  absence  of  data  covering  other  years.  There  is  no 
at  the  same  time  to  dry  the  samples  for  further  pronouncedly  evident  reason  why  the  maxima  and 
analysis,  the  material  was  removed  entirely  from  the  minima  should  fall  in  those  months.  April  is  not  the 
jars  and  mixed  thoroughly  to  counteract  the  effect  of  .season,  it  is  believed,  in  which  least  green  vegetables 
settling  on  standing  or  in  transportation;  portions  of  arc  calcn,  nor  July  the  month  in  which  the  inosi 
600  to  800  g.  in  weight  were  transferred  to  flat  are  consumed.  To  he  sure,  there  is  no  marked  differ- 
aluminum  dishes,  of  known  weight,  and  were  dried  encc  between  July  and  August,  so  the  results  recorded 
practically  completely  in  a  vacuum  oven  maintained  for  those  months  do  agree  in  a  ijcneral  way  with 
at  about  90°  C.  To  effect  the  drying  about  60  hrs.  preconceived  ideas.  In  Washington,  it  i.s  to  l>e  ex- 
were  required.  The  dry  material  then  was  ground  pected,  the  season  in  which  walerinelons  and  green 
in  an  iron  mortar  to  such  a  fineness  as  to  pass  a  1  mm.  corn,  the  two  vegetable  materials  contributing  the 
sieve.  Any  residual  moisture  was  determined  on  a  largest  proportion  of  waste,  are  the  most  abundant, 
small  portion  of  the  ground  sample,  is  the  one  in  which  the  largest  proportion  of  vegetable 

Fats  were  determined  by  the  official  ether-extraction  matter  is   to   Iw  found   in   the   garbage.      This   season 

method;  likcwi.sc,  total  phosphoric  nci.l,  water-soluble  probably  slumld  be  August  and  Septem»»er  instea.J  of 

potash,    and    total    nitrogen    were   determinerl    by    the  J"'>'  «"''  August. 

oflicial    methods,'      To   obtain    the    percentage   of    ash  vaM'KS     The  volues  recoveroble  from  raw  gitrbago 

and  combustible  matter,  a  s  K-  sample  was  ignited  t<»  may    be   derivetl   from   the   averages  of    the   foregoing 

constant  weight  at  a  bright  red  heat,  the  loss  in  weight  results.      The     wholesale      price      of     garbage     grease. 

I  iiuiraii  t.ri  hrmiiiry, /i»(/.  «0T.  obtaining    Julv,    loift.    was   about    $0.05    per    lb     and 
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of  ammonia,  bone  phosphate  and  potash  in  garbage 
tankage  on  that  date  was  $2.00,  So. lo  and  So. 70,  re- 
spectively, per  unit.  On  this  basis,  the  raw  material 
would  carry  values  of  a  total  worth  of  $7.19  per  ton.  It 
should  be  added  here  that  in  practice  only  about  3  per 
cent  grease  is  recovered,  and  other  ingredients  in  propor- 
tion. Improvements  in  the  technique  of  rendering  garb- 
age are  resulting  in  rapidly  increasing  yields  in  all  these 
products.  Likewise,  the  prices  obtained  for  the 
products  have  increased,  due  principally  to  the  en- 
larged demand  for  glycerine  and  potash. 

EFFECT   OF    RAINFALL   ON   COMPOSITION    OF   GARBAGE 

.\n  increase  in  precipitation,  either  rain  or  snow, 
tends  to  increase  the  water  content  of  garbage.  It  is 
rarely  that  garbage  is  handled  either  by  the  mass  of 
householders  of  a  city  or  by  the  collectors  in  such  a 
way  as  to  avoid  entirely  the  acquisition  of  rain  water 
during  a  rainy  season.  If  the  garbage  receptacle  is  not 
])laced  where  rain  or  snow  will  fall  therein,  the  wagons, 
while  being  filled,  may  be  open  and  permit  the  wetting 
of  their  contents.  Properly  covered  receptacles  would 
prevent  the  wetting  of  garbage  before  its  collection; 
and  the  latest  proposed  form  of  garbage  wagon  pro- 
vides automatic  lids  which  are  removed  only  at  the 
instant  the  garbage  can  is  being  emptied. 

An  examination  of  the  accompanying  chart  in 
which  the  rainfall  of  the  District  of  Columbia  for  the 
year  191 5  has  been  plotted,  discloses  the  interesting 
fact  that  rainfall  practically  parallels  the  moisture 
content  of  the  garbage  of  the  District,  the  only  sharp 
divergence  from  this  generalization  being  during  the 
month  of  July,  the  period  of  maximum  moisture 
content  of  garbage.  The  conclusion  seems  justified, 
therefore,  that  the  seasonal  variation  in  moi.sture 
content  is  a  result  not  only  of  a  change  in  diet  of  the 
people,  but  also  of  the  effect  of  the  seasonal  rainfall. 
Krom  apriori  considerations  it  can  not  be  concluded 
that  it  is  the  result  of  either  one  alone. 

It  is  not  at  all  clear  why  there  should  be  a  divergence 
in  the  parallelism  of  the  two  curves  at  the  point  rep- 
resenting the  month  of  July.  The  effect  of  rainfall 
should  be  less  marked  during  the  summer  months 
because  of  the  nature  of  the  summer  rains  as  compared 
with  those  of  the  winter.  The  former,  as  a  rule,  are 
liard  showers  of  short  duration,  and  arc  of  such  a 
nature  as  to  drive  everyone  indoors.  During  such 
storms  the  collectors  probably  leave  their  wagons  and 
seek  shelter,  so  that  if  they  observe  the  simplest  pre- 
cautions for  keeping  water  out  of  the  garbage,  by 
closing  their  wagons,  the  material  in  the  wagons,  at 
best,  is  not  exposed  to  the  rainfall.  During  the  winter, 
on  the  other  hand,  the  rains  are  more  gentle  and  of 
longer  duration  and  the  collectors  continue  their 
operations  without  regard  to  them.  It  may  be  possi- 
ble, too,  that  a  greater  effort  is  made  by  the  house- 
holder during  the  summer  than  during  the  winter  to 
keep  garbage  receptacles  closed,  on  account  of  the 
attraction  of  flies  by  the  exposed  waste  during  the 
former  season  and  the  odors  which  may  arise  there- 
from. These  are  problematical,  and  it  may  be  that 
the  parallelism  between  rainfall  and  moisture  content 
of  garbage  observed  for  the  year  1015  is  purely  acci- 


dental. Attaching  a  significance  to  this  parallelism, 
however,  leads  to  the  conclusion  that  the  normal 
seasonal  variation  in  the  composition  of  garbage, 
that  is,  that  due  to  the  change  in  diet  of  the  populace, 
is  even  less  than  that  observed. 

If  the  observed  variation  in  moisture  content  is  a 
product  of  both  change  of  diet  and  rainfall,  as  it  ap- 
pears, it  might  be  argued  that  had  the  rainfall  not 
decreased  during  July,  the  seasonal  variation  would 
have  been  greater  than  as  observed. 

The  seasonal  variation  in  the  most  valuable  con- 
stituent of  the  green  garbage,  grease,  is  shown  by  the 
second  of  the  two  curves  in  Fig.   I.     The  maximum 
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Fig.  I — Annual  \'ariation  in  Pbr  Cent  Moisturk  and  in  Fat  Con- 
tent OP  Garbage  and  Rainfall 

and  minimum  are  7.2  (average  of  two  analyses),  and 
3.4  (average  of  two  analyses),  respectively,  for  April 
and  July.  From  a  casual  examination  of  the  two 
curves  on  this  chart  it  seems  evident  that  the  one  is 
the  product  of  the  other,  reciprocally;  that  the  in- 
crease in  the  content  of  grease  is  relatively  great  be- 
cause of  the  lower  content  of  moisture,  and  vice  versa. 
The  seasonal  variation  in  content  of  grease  likewise 
is  cut  down  by  the  presence  of  rainwater  in  the  gar- 
bage, present  in  greater  amount  in  winter  than  in 
summer. 

If  it  is  correct  to  conclude  that  the  seasonal  varia- 
tion of  grease  is  a  product  of  that  of  moisture,  or 
moisture-carrying  ingredients,  it  follows  also  that  the 
same  will  apply  also  to  nitrogen,  phosphoric  acid,  and 
to  a  smaller  extent,  potash;  and  such  a  conclusion 
seems  to  be  substantiated  by  the  data  obtained. 

THE    SECTIONAL    VARIATION    IN    COMPOSITION 

The  variation  in  composition  of  garbage  from 
various  sections  of  a  city  is  induced  principally  by  the 
scale  of  living  of  the  inhabitants  of  the  respective 
sections.  The  presence  of  hotels,  restaurants  and 
markets  is  about  the  only  other  factor  that  introduces 
such  a  variation. 

For  the  present  investigation  the  City  of  Washing- 
ton was  divided  into  sixteen  sections.  The  division 
lines    were    drawn    both    with    regard    to    class    of   in- 
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habitants  and  conveniences  in  routing  the  collecting 
wagons.  It  was  not  possible  to  make  a  thorough 
subdivision  of  the  city  on  any  such  basis,  but  only  an 
approximate  one. 

The  samples  were  taken  in  the  manner  already  de- 
scribed, the  wagons  being  chosen  by  number,  since  it  is 
remembered,  each  wagon  was  assigned  to  a  certain 
route.  It  thus  was  possible  to  determine,  with  ac- 
curacy the  area  from  which  each  sample  was  taken. 

In  Table  II  are  given  the  results  of  analyses  of  128 
samples  of  garbage,  being  8  each  from  i6  sections 
of  the  City  of  Washington.  In  the  second  column, 
headed  "Character,"  is  represented  the  nature  of  the 
section  indicated.  For  convenience  the  inhabitants 
of  the  city  have  been  classified  roughly  with  regard 
to  their  style  of  living  in  so  far  as  it  has  been  possible 
to  determine  this  from  an  entirely  superficial  ob- 
servation. The  terms,  wealthy,  medium,  poor  and 
colored,  have  been  chosen  to  describe  the  character- 
istics of  the  four  groups  resulting,  and,  as  stated, 
represent  approximately  the  order  of  the  relative 
elaborateness  of  the  style  of  living  of  the  respective 
groups.  The  period  covered  by  the  investigation 
is  indicated  in  the  case  of  each  section;  the  time  covered 
is  inclusive  of  the  months  named. 

The  lack  of  sharp  differentiation  in  the  chemical 
composition    of    garbage    coming    from    the    different 


and  undoubtedly,  do  so  to  the  best  of  their  knowledge. 
These  are  tendencies  which  effect  an  equalization  in 
the  kitchen  waste  of  the  respective  households. 

Likewise,  the  more  wealthy  householder,  in  pur- 
chasing materials,  secures  a  higher  grade  from  which 
as  a  rule  there  is  less  waste.  The  cuts  of  meat  sent 
to  his  kitchen  contain  less  bone  and  gristle  and  other 
inedible  parts  than  does  that  sent  to  the  kitchens 
of  the  poor  class;  and  a  similar  statement  may  be 
made  with  regard  to  other  food  materials.  While 
economy  may  be  practiced  in  the  former  kitchen  to  a 
lesser  degree  than  in  the  latter,  at  the  same  time  there 
is  less  of  a  character  that  must  be  discarded  in  the 
former  than  in  the  latter. 

Attention  is  invited  to  the  conclusions  which  may 
be  drawn  from  the  analysis  of  garbage  from  Sections 
10,  11  and  14,  the  residents  of  which  are  largely  house- 
hold servants.  These  conclusions  are  of  importance 
in  their  bearing  on  the  value  of  city  wastes  of  cities 
where  similar  conditions  exist.  This  study  of  the 
city  wastes  of  Washington  for  the  first  time  has  made 
available  data  which  could  be  applied  to  the  solution 
of  this  question,  since  it  indicates  that  in  localities 
where  a  large  proportion  of  the  inhabitants  are  house- 
hold servants  garbage  can  be  profitably  rendered. 

The  waste  from  the  kitchens  of  hotels  and  restaurants 
commands  a  market  price  as  food  for  swine,      \aiu- 
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73.91 

13.18 

18  21 

1.27 

1   67 

3.25 

86  82 

3  43 

4  90  n  33  0  43  0  65 
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24 

42  8.720 

sections  of  the  city  and  produced  by  the  different 
classes  of  inhabitants  fails  signally  to  agree'  with  one's 
preconceived  ideas.  While  the  conclusion  that  no 
such  differentiation  exists  is  unavoidable,  it  is  possible 
to  offer  a  number  of  explanations  accounting  for  its 
failure  to  .-ippcar.  An  explanation  may  be  based 
on  a  study  of  the  diets  of  the  various  groups  of  in- 
habitants. The  diet  of  the  wealthy  undoubtedly 
differs  from  that  of  the  poor.  In  winter,  for  ex- 
ample, the  former  consists  of  fruits  and  fresh  vejje- 
lablcs  to  a  larger  degree  than  does  the  latter.  This 
tends  to  decrease  the  value  of  the  refuse  from  those 
households,  as  regarded  from  the  point  of  view  of  this 
study.  Aside  from  the  fresh  vegetables  entering  the 
kitchens  of  the  rich  in  winter,  an  article  of  diet  be- 
yond the  reach  of  the  poor,  it  is  probable  also  that  the 
diet  of  the  former  is  more  scientifically  adjusted  t«>  the 
needs  of  the  consumers,  this  class  enjoying  the  ser- 
vices of  expert  dietitians.  This  would  lend  to  out 
down  the  proportion  of  oily  and  nitrogenous  in- 
gredients in  their  food.  The  poorer  elasHes  lind  it  to 
their  advantage  to  provide  for  their  tables  the  more 
■  onceiitratcd    foorU,    the    more   oily    and    nilroj{cnoii«. 


rally  the  hotel  and  restaurant  proprietor  prefers  to 
dispose  of  this  material  by  a  method  which  represents 
a  source  of  revenue  to  him,  resulting  frctjucntly  in  the 
more  concentrateil  portions  of  this  being  sold  to  far- 
mers. This  is  forbidden  as  a  rule  in  cities  where 
garbage  is  renclcred  as  a  municipal  enterprise,  an 
ordinance  entirely  justified  by  the  benefit.t  accruinj; 
to  the  city  from  that  methoil  of  garbage  (tinpoMl. 
Where  practiced,  this  custom  o|)erates  to  lower  to  the 
average  the  value  of  this  normftlly  hiKh-|cracle  ma- 
terial. 

There  are  other  oceniiionul  and  latKcly  accidrntnl 
circumstances  which  tend  further  to  reduce  to  «  level 
the  values  of  city  waste*  For  example,  from  * 
section  »>f  Washington  bordering  the  railway  y«rd». 
garbage  was  obtained  which  showed  surprisingly  high 
value.      In   seeking    an   explnnnlinn    it    was    di!iei>vrre«l 

that     ' dining    cnr-.        •■' ■• —     •' unn. 

were                            m  that  li>  leir 

garb. 1^1    !iiteil  with  :: „ imhI. 

81'MMAIIV 

1  The  nnnlyKii  of  75  namplex  <>(  garbaKV  taken  at 
rrgulnr  inlervnU  ihrouKhoul  n  year  (howcd  that  there 
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was  an  unimportant  seasonal  variation  in  the  moisture 
content,  the  maximum  falling  in  July  and  the  minimum 
in  April.  This  seems  to  be  a  product  of  a  seasonal 
change  both  in  diet  and  rainfall.  It  fails  to  show 
that  it  is  of  sufficient  magnitude  seriously  to  effect  the 
commercial  success  of  a  garbage  rendering  plant. 

II — The  analysis  of  128  samples  of  garbage  taken 
from  16  sections,  of  known  characteristics,  of  the  city, 
through  a  range  of  time  of  4  or  5  mos.  failed  to  show 
any  marked  or  consistent  variation.  The  conclusion 
is  indicated  that  the  kitchen  refuse  from  the  establish- 
ments of  the  various  classes  of  inhabitants  is  essentially 
alike  in  content  of  fats  and  the  elements  of  fertilizer 
value.  This  is  without  regard  to  relative  quantities. 
Its  importance  lies  in  the  fact  that  it  tends  to  refute 
the  prevalent  opinion  that  the  garbage  of  certain 
cities  cannot  be  rendered  profitably  because  of  the 
nature  of  its  inhabitants. 

DliPAKTMGNT   OP    AGRICULTURE 

Washington.  D.  C. 

VALUATION  OF  WATER-SOLUBLE  vs.  CITRATE-SOLUBLE 
PHOSPHORIC  ACID 

By  E.    J,    I'RANKK 

Received  October  14,  1916 

Several  of  the  experiment  stations,  in  recent  years, 
have  given  a  higher  valuation  to  water-soluble  phos- 
phoric acid  than  to  citrate-soluble,  in  their  published 
results  of  fertilizer  inspection.  A  few  stations  that 
have  hitherto  placed  equal  values  upon  the  two  forms 
of  "available"  phosphoric  acid  seem  to  be  inclined 
to  favor  a  higher  valuation  for  the  water-soluble 
form.  The  present  paper  attempts  to  show  that  the 
higher  valuation  for  water-soluble  phosphoric  acid 
is  unwarranted  by  the  facts  and  is  inconsistent  with 
the  stations'  own  definitions  of  valuations. 

The  New  England,  New  York  and  New  Jersey  Sta- 
tions in  the  years  noted  below  used  the  following 
valuations  for  phosphoric  acid: 

TrADO   VaLUBS  for   PlIOSPHORICAciD    (CENTS  PER   Lb.) 

1911-1914        1915 

Water-soluble 4'/j  4 

Citrate-soluble 4  .31/3 

In  fine  ground  bone  and  tankage 4  4 

In  cottonseed  meal  and  castor  pomace 4  3>/s 

In  coarse  bone  and  tankage  and  ashes 31/3  3 Vs 

In  mixed  fertilizers  insoluble  in  water  or  ammonium 

citrate 2  2 

"Trade  values"  or  "valuations"  have  been  defined 
numerous  times  in  the  bulletins,  substantially  as 
follows: 

"These  trade  values  represent,  as  nearly  as  can  be 
estimated,  the  average  prices  at  which,  during  the  six 
months  preceding  March,  the  respective  ingredients, 
in  I  lie  form  of  unmixed  raw  materials,  could  be  bought 
at  retail  for  cash  in  our  large  markets."' 

The  writer  wishes  to  deny  emphatically  that  citrate- 
soluble  phosphoric  acid  can  be  purchased  "in  the  form 
of  unmixed  raw  materials"  or  in  the  form  of  mixed 
fertilizers  at  a  lower  cost  than  water-soluble  phos- 
phoric acid.  He  will  state  at  once,  however,  his  be- 
lief that  the  lower  value  given  for  citrate-soluble 
is  in  reality  intended  to  be  an  expression  of  certain 
theories  of  agricultural  value,  innocently  but  incon- 
sistently posing  as  a  trade  value. 

>  New  York  Bull.  «10. 


The  market  values  of  water-soluble  and  citrate- 
soluble  phosphoric  are  naturally  difficult  of  accurate 
determination,  for  in  acid  phosphate,  the  great  source 
of  water-soluble  phosphoric  acid,  there  is  a  large  amount 
of  citrate-soluble,  while  tankage,  bone,  fish  and  cot- 
tonseed meal,  which  contain  very  little  water-soluble, 
but  considerable  citrate-soluble,  have  in  addition  con- 
siderable .insoluble  phosphoric  acid,  as  well  as  nitro- 
gen. 

It  is  an  easy  assumption  that  a  certain  percentage 
of  water-soluble  phosphoric  acid,  which  represents  a 
higher  degree  of  acidulation,  should  cost  more  to 
produce,  and  hence  sell  for  a  higher  price  than  the 
citrate-soluble  form.  As  a  matter  of  fact,  however, 
manufacturers  of  acid  phosphate  do  not  strive  to  pro- 
duce a  maximum  amount  of  water-soluble  phosphoric 
acid  from  a  given  amount  of  rock,  but  they  try  to 
make  the  maximum  amount  of  "available"  at  the 
minimum  cost  j)er  unit  of  available.  Moreover, 
in  fixing  the  selling  price  it  is  not  customary  to  de- 
mand more  for  an  acid  phosphate  with  high  water- 
soluble  than  for  one  with  lower  water-soluble.  This 
will  readily  be  seen  from  the  following  table  which 
summarizes  the  results  of  all  acid  phosphate  analy- 
ses quoted  in  the  bulletins  of  the  Connecticut  Station 
from  1911  to  1915,  inclusive,  for  which  retail  dealer's 
prices  are  given: 

Per  cent  of                                     In  100  parts  "available"  Cost  per 

"available"                       No.  of                    there  are  Unit 

is  water-soluble                Samples     Water-sol.  Citrate-sol.  Available 

Less  than  70% 5                  65                  35  $0.98 

70%  to  79% 22                    76                    24  0.95 

80%  and  Over 41                   86                   14  0.89 

.\veraBc 68  81  19  0.91 

It  will  be  noted  that  we  have  classified  the  acid 
phosphates  according  to  the  percentage  of  their 
available  that  is  in  the  water-soluble  form.  The 
average  loo  parts  of  available  consist  of  8i  parts 
water-soluble  and  19  parts  citrate-soluble,  and  is 
worth  $0.91  per  unit  of  available.  But  contrary 
to  expectation,  the  phosphates  poorer  in  water-solu- 
ble cost  more  per  unit  than  those  with  high  water- 
soluble.  Obviously,  in  so  far  as  citrate-soluble  phos- 
phoric acid  is  derived  from  acid  phosphate,  either 
unmixed  or  in  mixtures,  it  is  a  more  expensive  form 
of  available  than  is  the  water-soluble  form.  Its  value 
should,  therefore,  exceed  or  at  least  equal,  the  value 
given  to  water-soluble. 

The  reason  for  the  greater  cost  of  citrate-soluble 
in  acid  phosphate  is  not  entirely  explainable  by  the 
difference  in  the  grades  of  acid  phosphate.  A  classi- 
fication of  the  above  samples  on  the  basis  of  their 
guaranteed  grades  gives  the  following: 

In  100  parts  "uvaiLible"  Cost  per 

No.  of                 there  are  Unit 

Samples    Water-sol.    Citrate  sol.  Available 

Less  than  16%  Guaranteed 30                  79                  21  Jl.OO 

16%  Guaranteed  or  more 38                  82                   18  0.85 

While  the  grades  guaranteeing  less  than  16  per  cent 
available  cost  on  an  average  $0.15  per  unit  more 
than  the  grades  guaranteeing  16  per  cent  available 
or  more,  there  is  only  a  slight  difference  in  the  aver- 
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age  proportions  of  water-soluble  and  citrate-soluble 
phosphoric  acid,  showing  that  high  water-soluble 
is  not  a  characteristic  of  any  one  grade.  At  any 
rate  the  difference  is  in  favor  of  a  lower  price  for  higher 
water-soluble.  The  greater  cost  of  available  phos- 
phoric acid  in  low-grade  phosphates  is  no  doubt  due 
to  the  greater  unit  cost  of  handling  any  low-grade 
material  compared  with  high-grade,  concentrated 
materials.  After  all,  the  cause  of  the  higher  cost 
of  citrate-soluble  is  irrelevant  to  the  present  discussion. 
The  trade  value  is  supposed  merely  to  state  the  facts, 
not  to  explain  them. 

If,  then,  acid  phosphates  relatively  low  in  water- 
soluble  and  high  in  citrate-soluble  phosphoric  acid 
actually  cost  as  much  as  or  more  than  acid  phosphates 
high  in  water-soluble,  what  is  the  "unmixed  raw  ma- 
terial" that  supplies  citrate-soluble  phosphoric  acid 
at  a  price  10  cents  per  unit  lower  than  the  price  of 
water-soluble,  which  is  even  lower  than  the  price 
of  "available"  in  acid  phosphate?  The  only  im- 
portant sources  of  available  phosphoric  acid  besides 
acid  phosphate  are  raw  ground  bone,  tankage,  fish, 
steamed  bone  and  cottonseed  meal  or  castor  pomace. 
What  is  the  market  cost  of  "available"  phosphoric 
acid  in  these  forms? 

According  to  the  schedules  of  trade  values  given 
above,  70  to  80  cents  per  unit  is  the  retail  cash  value 
of  their  total  phosphoric  acid.  How  much,  then,  of 
the  total  is  soluble  in  neutral  ammonium  citrate  solu- 
tion? This  is  a  diflicult  question  to  answer.  In  raw 
ground  bone  probably  35  to  50  per  cent  of  the  total 
phosphoric  acid  is  citrate-soluble.  In  animal  tankages 
and  steamed  bone  the  proportion  is  probably  50  to 
65  per  cent.  In  fish  scrap  it  may  run  from  40  to  80 
per  cent.  In  cottonseed  meal  and  castor  pomace 
it  is  about  94  per  cent.  In  all  of  the  animal  ammo- 
niates,  therefore,  it  is  evident  that  the  retail  cost  of 
"citrate-soluble"  is  about  $0.80  to  $1.40  per  unit 
or  4  cents  to  7  cents  per  lb.  of  available  phosphoric 
acid  (allowing  40  cents  per  unit  for  the  insoluble 
and  disregarding  the  presence  of  traces  of  water- 
soluble). 

This  leaves,  then,  only  cottonsce<l  meal  and  castor 
pomace  for  consideration.  If  the  total  phosphoric 
acid  in  these  materials  is  worth  70  cents  per  unit  the 
available  should  be  worth  73  cents.  Hut  it  is  evident 
that  the  valution  of  3'/)  cents  per  lb.  for  total  phos- 
phoric acid  in  this  form  is  perfectly  arbitrary,  for  the 
reason  that  the  supposed  value  of  the  phos|)horic  Acid 
and  potash  is  always  included  in  the  ton  price  nskcd 
for  these  ammoniatcs.  Where  values  are  asstimcil 
l>y  fertilizer  manufacturers  for  purposes  of  cnlculalion 
it  is  customary  to  give  the  available  phosphoric  acid 
in  cottonseed  meal  and  castor  pomace  the  siimr  value 
an  is  taken  for  available  in  acid  phosphate.  The  same 
method  is  followu<l  by  niaiuifaclurcrs  in  figuring  the 
viilue  of  the  available  phosi)hiiri<'  acid  in  aninial  am 
moniatcs.  The  arbitrary  value  of  10  rents  per  unit 
of  bone  phosphate  of  lime  in  whnlojiatc  nuirkrt  nuo- 
tations,  for  example  $1.65  and  10,  is  not  rc):.ir<lcd 
as    trulv    rcprcMMitii^'    the    actual    value    of    tin-    phoi- 


phoric  acid,  for  actual  values  depend  upon  the  sup- 
ply and  demand,  including  that  of  competitive  arti- 
cles, while  it  is  well  known  that  the  arbitrary  10  cents 
per  unit  of  bone  phosphate  of  lime  has  not  fluctuated 
in  a  great  many  years,  even  when  prices  of  acid  phos- 
phate have  risen  100  per  cent.  The  values  in  retail 
markets  must  be  judged  by  themselves,  and  if 
an  arbitrary  value  of  2  cents  is  to  be  assigned  to  the 
pound  of  insoluble  phosphoric  acid  in  animal  and 
vegetable  phosphates  the  citrate-soluble  therein  must 
receive  a  much  higher  valuation  than  that  given  to 
available  in  acid  phosphate  unless  the  value  for  nitro- 
gen is  arbitrarily  loaded  out  of  all  proportion  com- 
pared with  its  value  in  other  nitrogen  sources. 

When  it  is  also  considered  that  in  the  4,000,000 
tons  of  complete  mixtures  sold  in  a  normal  year  there 
are  contained  about  34,000.000  units  of  available 
phosphoric  acid,  of  which  the  available  tonnage  of 
organic  ammoniates  is  sufficient  to  furnish  only  about 
3,000,000  units,  compared  with  about  5,500,000 
units  of  citrate-soluble  from  acid  phosphate,  it  is  evi- 
dent that  the  latter  should  be  taken  into  account 
when  figuring  citrate-soluble  prices. 

There  is  no  doubt  but  that  considerations  of  the 
supposed  agricultural  efTcctiveness  of  the  different 
forms  of  phosphoric  acid  have  had  more  to  do  with 
fi.xing  the  values  under  discussion  than  has  considera- 
tion of  market  prices  and  composition.  After  the 
many  years  of  explanation  the  stations  have  Riven 
of  the  terms  "trade  value"  and  "valuation"  it  is  diffi- 
cult to  understand  this  bringing  in  of  agricultural 
considerations.  "Valuation  does  not  show  the  agri- 
cultural value  of  the  ingredients."'  If  the  stations 
wish  to  give  a  scale  of  relative  agricultural  values, 
that,  of  course,  is  perfectly  legitimate,  but  the  table 
should  be  plainly  marked  and  described.  Certainly 
it  is  inconsistent  to  introduce  such  values  into  a  table 
of  trade  values,  which  arc  specifically  defined  as  only 
retail  market  values.  The  trade  value,  according  to 
definition,  is  intended  to  state  only  what  the  retail 
price  is,  not  what  makes  it,  or  what  it  ought  to  be. 

SUMMAIV 

I  The  retail  cost  of  "available"  phosphoric  acid 
in  acid  phosphate  decreases  as  the  proportion  of  water- 
soluble  to  citratesoluble  incrca.'ics. 

II  At  present  valuations  for  total  phosphoric  acid 
the  organic  phosphate.-;  cost  actually  more  |>er  unit 
of  citrate  soluble  than  does  the  available  in  acid  phos- 
phate. 

III  Agricultural  .■  -  are  ruled  out  by 
definition  from  any  with  trade  value*. 
which   arc  only   inarki-i    .|.i..i.i.i.mi«. 

IV-    There  is  no  basis  in  (act  or  ce)n«i«tcncy  (or  the 

practice  (<"         '  '  "f  the  experiment  stAtions 

of    giving  tower    trade    value    than 

water  solul'.'    , , ...ul. 

AMIIIOK    l'»»ll*"ll»    Co»»»IIT 

too  firni  A*ai>va.  N«»  Vo««  CiTf 
•  Cmm.  IM/.  Itlt 
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LABORATORY  AND  PLANT 


ARTIFICIAL  ALKALINITY  IN  WATER  FOR  FILTRATION 

ny  A.    Wavnu   Clark 
Received  November  1.  1916 

The  very  clear  and  interesting  paper  by  W.  Lee 
Lewis  in  the  October,  1916,  issue  of  This  Journal,  p. 
914,  entitled  "Some  Features  of  Swimming  Pool  Con- 
trol" is  a  valuable  addition  to  the  literature  of  the 
subject  of  swimming  pool  waters  both  from  the 
chemical  and  bacteriological  viewpoint. 

The  writer  notes  with  interest  the  discussion  of  the 
problem    of    "conserving   the    alkaline    life"    of    water . 
that  is  treated  over  and  over  again  with   alum  as  is 
done  with  that  in  swimming  pools. 

The  conclusion  of  the  author  of  the  above  paper 
may  be  summed  up  by  saying  that  he  has  shown  by 
his  work  just  how  long  the  alkalinity  can  be  conserved 
or,  in  other  words,  how  long  the  hour  of  exhaustion  of 
alkalinity  can  be  postponed.  With  the  water  of  the 
Cireat  Lakes  having  a  carbonate  content  of  118  parts 
per  million,  it  is  shown  to  be  possible  to  postpone  this 
exhaustion  long  enough  to  satisfy  the  requirements 
of  this  particular  case. 

The  relatively  high  carbonate  content  of  the  water 
of  these  lakes  is  a  fortunate  circumstance  not  met 
with  in  many  other  waters  which  have  to  be  taken 
care  of  by  filtration  plants  and  by  those  in  charge  of 
their  operation.  As  the  writer  of  this  is  one  of  those 
so  situated  it  is  thought  that  a  few  words  on  the  sub- 
ject will  be  of  interest  and  assistance  to  those  in  con- 
trol of  filter  plants  as  well  as  of  swimming  pools. 

The  writer  is  in  charge  of  the  control  work  of  the 
water  filtration  plant  of  the  Company  named  below 
and  the  plant  is  operating  at  the  rate  of  somewhat 
over  a  million  gallons  of  water  per  day  of  24  hours 
and  running  practically  24  hours  per  day,  so  that  the 
successful  application  of  the  "artificial  alkalinity"  is  a 
matter  of  practical  large-scale  experience  covering 
periods  of  many  weeks  of  uninterrupted  operation. 

The  raw  water  scarcely  ever  contains  more  than  50 
I)arls  per  million  of  carbonates.  The  pinch  comes  in 
periods  of  heavy  rainfall  and  practically  all  winter  the 
Hood  period  in  the  river  that  is  the  source  of  supply, 
causes  the  carbonate  content  to  drop  so  close  to  zero 
that  there  is  no  reaction  with  aluminum  sulfate  and 
consequently  no  "floe." 

It  fell  to  the  writer's  lot  to  wrestle  with  this  problem 
some  years  ago  and  no  practical  solution  of  the  ques- 
tion of  added  alkalinity  has  ever  come  to  his  notice 
in  the  literature.  Moreover,  talks  with  practical 
filter  men  have  been  almost  equally  barren  of  definite 
information.  The  whole  question  seems  to  be  in  an 
uncertain  and  very  unsatisfactory  condition. 

lilvidently  lime  is  sometimes  used  but  the  objections 
to  it  are  so  great  as  to  make  it  almost  prohibitive. 
On  account  of  its  low  solubility  it  must  be  added  as  a 
"milk"  which  means  using  a  continuous  stirrer  and  all 
kinds  of  trouble  in  regulating  valves  and  pipes  from 
sedimentation  of  the  lime  after  leaving  the  mixer. 


Again,  it  seems  to  be  a  tradition  among  filter  men 
that  soda  ash  (carbonate)  is  the  thing  to  use. 
Theoretically,  this  would  seem  to  be  correct.  The 
writer  has  ^experimented  with  it  in  the  laboratory  and 
has  personally  tried  to  operate  the  filtration  plant 
using  it,  having  tried  every  imaginable  combination 
of  proportions  of  aluminum  sulfate  and  soda  ash. 
It  will  not  work  because  any  excess  of  soda  ash  will 
redissolve  the  "floe"  of  aluminum  hydroxide.  As 
also  any  excess  of  aluminum  sulfate  will  redissolve 
the  "floe"  it  is  not  hard  to  understand  that  although 
there  may  be  a  theoretical  combining  proportion, 
yet  the  thing  is  impossible  from  a  practical  standpoint. 
In  repeated  long-time  runs  with  the  writer  present  and 
himself  adjusting  the  feed  valves,  no  continuous 
coagulation  could  be  produced.  The  redissolved 
"floe"  produced  colored  water  sooner  or  later. 

In  casting  about  for  a  possible  substitute  for  natural 
carbonate  alkalinity  it  was  thought  advisable  to  try 
sodium  bicarbonate,  because  it  is  cheap  and  is  a  bi- 
carbonate that  might  produce  an  effect  similar  to  the 
natural  calcium  bicarbonate  of  water.  The  im- 
mediate complete  success  of  this  procedure  and  its 
successful  continued  use  has  frequently  made  the 
writer  desire  to  publish  the  results  believing  that 
there  is  sore  need  for  such  knowledge  among  filter 
men. 

The  above-mentioned  paper  on  swimming-pool 
control  brought  the  subject  to  mind  in  a  forcible 
way. 

The  bicarbonate  may  be  added  in  any  excess.  It  is 
of  course  harmless  in  any  needed  amounts  to  the 
stomach,  eyes,  throat,  and  nose.  It  can  be  added  to 
the  water  in  bulk  by  hand  or  fed  in  measured  quantity 
by  a  regulating  valve  from  a  solution.  It  is  easily 
dissolved  although  not  extremely  soluble,  can  be 
purchased  in  a  high  state  of  purity,  in  quantity,  al- 
most anywhere.  The  result  of  the  reaction  with 
aluminum  sulfate  is  of  course  sodium  sulfate.  This 
also  is  harmless  in  the  quantities  under  consideration. 
Approximately  equal  weights  of  Iiicarbonate  and  com- 
mercial aluminum  sulfate  react  well,  the  bicarbonate 
being  practically  anhydrous  and  the  sulfate  carrying 
about  50  per  cent  water.  No  care  need  be  taken  to 
avoid  an  excess  of  bicarbonate. 

As  for  swimming  pools,  this  of  course  prolongs  the 
alkaline  life  almost  indefinitely  or  until  a  taste  de- 
velops to  an  objectionable  degree. 

In  filtration  plants  for  industrial  or  municipal  use 
the  old  troublesome  question  of  almost  complete 
absence  of  reaction  in  cold  water  stays  with  us  in 
winter  when  using  bicarbonate  of  soda,  just  as  without 
it. 

In  the  plant  under  the  writer's  control  there  is  one 
feature  that  it  is  believed  could  be  copied  advanta- 
geously by  some  others.  Here  the  water  from  jet 
condensers  from  the  power  plant  is  used  to  supply  the 
filtration    plant.      This  water  is  kept  at  60  to  70°  F. 
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in  winter.  It  contains  only  a  few  per  cent  of  condensed 
water.  It  seems  as  if  in  building  filtration  plants, 
in  conjunction  with  pumping  stations,  some  of  the 
heat  from  exhaust  steam  could,  either  by  the  above 
method  or  some  other,  be  used  to  raise  the  tempera- 
ture of  the  water  to  be  filtered,  even  if  only  a  few 
degrees. 

The  striking  advantage  of  warming  the  water  supply 
is  well  known,  but,  of  course,  coal  cannot  be  burnt 
solely  to  heat  the  water. 

Where  swimming  pools  are  to  be  supplied  with  water 
that  is  originally  of  such  low  alkalinity  as  to  give 
practically  no  reaction  with  alum,  it  is  of  course 
difficult  to  devise  a  way  to  fill  them  the  first  time. 
If  the  raw  water  supply  could  be  first  fed  into  a  pair 
of  capacious  tanks  and  there  treated  with  bicarbonate 
using  alternate  tanks,  it  would  solve  the  problem 
easily.  This  could  be  done  except  for  the  probability 
that  so  much  space  could  rarely  be  provided. 

Where  the  city  water  supply  is  of  sufficient  purity 
and  clearness  to  be  used  without  filtration  for  the 
first  filling  of  the  pool,  this  trouble  is  eliminated. 

Where  alum  and  bicarbonate  solutions  can  be  fed 
into  the  running  feed  water  by  gravity  from  tanks 
with  regulating  valves  as  is  done  in  larger  filtration 
plants,  there  would  be  no  question  at  all,  but  as  far  as 
the  writer  knows,  swimming  pools  are  usually  supplied 
with  alum-feeding  devices  and  filters  all  under  city 
water  pressure.  This  works  fairly  well  with  waters 
of  high  enough  alkalinity  and  also  will  be  satisfactory 
for  refiltering  water  from  the  swimming  pool  because 
the  bicarbonate  can  be  added  to  the  pool  before  re- 
filtration.  Such  plants  use  potash  alum  in  large 
crystals  which  are  packed  in  a  closed  tank  under 
water  pressure  and  the  water,  in  slowly  passing 
through  the  tank  full  of  alum,  becomes  a  saturated 
solution.  The  undissolved  alum  retains  its  nia.ssive 
condition  on  account  of  its  relatively  slight  solubility. 
The  tank  therefore  does  not  choke  up. 

Sodium  bicarbonate  cannot  be  used  in  any  such 
device  because  of  its  solubility  and  fineness.  A 
solution  of  it  in  such  a  pressure  tank  would  be  con- 
stantly changing  in  strength  by  progressive  dilution 
and  any  undissolvc<l  bicarbonate  would  pack  tightly 
in  the  tank  so  as  to  stop  the  flow.  For  the  same 
reason  aluminum  sulfate  cannot  be  used  in  such 
Ijressure-fillration  systems. 

It  is  a  strange  fact  that  makers  of  pressure  fillers 
will  contract  to  provide  filtration  plants  for  swimming 
pools  in  the  face  of  the  above  iliflicullies  and  make  no 
provision  whatever  for  supplying  artificial  alkalinity. 
They  must  know  very  well  that  the  ulkniiiiily  will  lie 
exhausted  after  a  definite  nvimbor  of  rcfiltnttions  and 
that  raw  water  with  low  alkalinity  will  not  react  at  a\\. 
M.  is  generally  conceded  among  lilter  men  that  one 
grain  of  aluminum  sulfate  per  gallon  of  water  in  the 
minimum  and  I  hat  each  grain  per  jjallon  rcinovcH  7 
parts  carbonate  |)er  million.  On  this  bnsiH  it  would 
recjuire  in  the  neighborhood  of  10  puundit  of  liiciir 
bonntc  for  each  turn  i>ver  of  a  70,000  K'tHon  pool 

ImiNluiN    A    JliMNIUiN    l.iMlii|i«Tli|illl« 
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SOME  LABORATORY  CONVENIENCES 

By  A.  E.  PBRKI.S-S 
Received  November  27,  1916 

Fig.  I  illustrates  a  flat  bottomed  Kjeldahl  flask 
used  to  replace  the  special  flask  described  in  connec- 
tion with  the  writer's  extraction  apparatus.'  In 
these  days  when  all  kinds  of  hand-made  and  special 
glass  apparatus  is  so  expensive  and  so  difficult  to  ob- 
tain, the  advent  of  any  simple  but  eflScienl  home- 
made substitute  should  be  welcome.  Fig.  I  is  self- 
explanatory.  The  coiled  spring  D  may  be  satisfactorily 
made  from  Xo.  20  brass  spring  wire.  We  make  use  of 
alundum  extraction  capsules,  C,  but  there  would  seem 
to  be  no  good  reason  why  other  forms  could  not  be 
used  equally  well.  We  are  also  now  making  use  of 
the  regular  stock  size  test  tube  10  in.  X  i  in.,  for  the 
condensers  B  instead  of  the  special  size  specified  in 
the  original  description  referred  to  above. 

Fig.  II  illustrates  a  simple,  convenient,  and  very 
satisfactory  home-made  burette  support.  The  support 
is  attached  to  the  overhead  shelf  E,  on  which  the  bottles 
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of  standard  solutions  are  kepi.  This  nrrangcincnt 
leaves  the  table  top  free  from  encumbrance.  The 
novel  feature  of  the  .support  ns  here  described  may  be 
brielly  stated  as  follows:  .-I,  the  rod  to  which  the 
burette  clamps  are  attached,  is  of  *,'(  in.  ilinmetcr  and 
may  bo  of  any  convenient  length.  Il  is  threaded  (or 
about  6  in.  on  the  upper  emi.  H,  R  ore  hardwood  stripR 
18  in.  X  »'/»  in.  X  Vt  in  bored  at  a  xuitahlc  dislancv 
from  the  end  to  permit  the  pn.%<inge  «f  the  rod  A 
B  i.i  their  vertical  projection.  A  I'urr  and  wanher  *rc 
provided  above  and  below  each  of  the  utnpn  B.  B. 
a.i  sliown  nt  .V.  The.ne  when  tiKhtenrd  hold  the  rod 
and  Htripn  securely  in  place,  the  dintani-f  l>etween  B.  B. 
being    i  '  "tding  to  1 V       '  "  .  If. 

A  ftlil  '  I  in.  wi.  I 

iH  cut  l.<  >. 1..,,  ...  .tr  the  •■•>•  1.* 

B,   B:  a  '.  I  in    bolt  of  y-  .» 

washer,  anil  a  burr  will.  -lut 

M  shown  at  C.  D,  Rrip*  the  support  nrmty  (n  the  shelf. 

>  Tail  JovsMAV  •  (l«U).  !«•. 
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The  support  is  most  rigid  and  substantial  and  can  be 
quickly  and  easily  adjusted  to  any  desired  position 
above  the  table.  The  Allihn,  Lincoln,  or  Hoffman 
burette  clamps,  as  listed  by  dealers,  are  satisfactory  for 
use  with  this  support. 

TWO    CONVENIENT    PIPETTES     FOR    SAMPLING     MILK     AND 
MILK    PRODUCTS 

The  writer  has  had  in  use  for  some  two  years  a  special 
form  of  pipette  as  shown  in  Fig.  Ill,  for  the  measure- 
ment of  milk  samples  for  chemical  analysis.  For 
most  determinations  a  pipette  is  employed  which  is 
graduated  on  the  stem  in  0.01  cc.  to  contain.  9. 6  to 
9.8  cc,  making  it  easy  and  practicable  to  measure  out 
samples  of  milk  weighing  exactly  10  g.,  whatever  the 
specific  gravity  of  the  milk.  The  specific  gravity  is 
always  determined  in  advance  and  the  volume  of  the 
sample  taken  is  governed  accordingly.  In  use  the 
pipette  is  filled  to  the  desired  point,  the  milk  is  allowed 
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to  run  out,  and  the  pipette  is  then  rinsed  with  water. 
Before  measuring  the  next  sample  the  water  is  rinsed 
from  the  pipette  with  a  portion  of  the  milk  which  is 
being  sampled.  The  use  of  samples  weighing  exactly 
10  g.  very  greatly  facilitates  the  work  of  calculating 
results. 

A  pipette  of  the  same  general  nature  graduated  on 
the  stem  in  0.1  cc.  from  63  to  65  cc!  as  also  shown  in 
Fig.  Ill,  proves  a  great  convenience  in  measuring  samples 
of  milk  or  milk  products,  for  the  determination  of 
lactose  by  a  polariscope  provided  with  the  Vcntzkc 
sugar  scale.  These  pipettes  were  most  carefully  and 
accurately  made  for  the  writer  by  Louis  F.  Nafis, 
Scientific  Glassware  Manufacturer  of  Chicago,  III. 


A   NOVEL  AND  CONVENIENT  DRYING  RACK  FOB 
LABORATORY  GLASSWARE 

The  frame  of  this  drying  rack  a,  a  (Fig.  IV),  which 
is  made  of  wood  to  match  the  interior  woodwork  of 
the  laboratory,  is  in  the  form  of  a  wall  case  with  open 
front,  and  may  be  made  of  any  convenient  dimen- 
sions. A  vertical  transverse  section  is  given,  showing 
the  arrangement  of  the  shelves.  The  exact  dimen- 
sions and  spacings  must  again  be  left  to  the  judgment, 
of  the  user.  The  back  of  the  case  is  covered  with 
galvanized  sheet  iron  as  shown  at  h,  b;  the  shelves 
s,  s,  also  made  of  the, same  material,  are  supported 
at  the  ends  by  wooden  cleats,  and  slope  toward  the 
back.  A  small  space  is  left  between  the  shelves  and 
the  back  of  the  case.  A  double  hem  about  Vt  to  i  in. 
wide  is  turned  upward  at  right  angles  to  the  surface 
of  the  shelf  along  its  front  edge,  and  a  similar  hem  y 
is  turned  downward  at  the  back  edge;  these  serve  to 
make  the  galvanized  iron  shelves  rigid.  A  piece  of 
galvanized  wire  cloth  resting  on  the  top  of  this  hem, 
and  on  the  back  of  the  shelf,  as  shown  by  C,  forms 
the  surface  on  which  the  beakers,  dishes,  funnels,  etc., 
are  inverted  after  washing.  The  drip  from  these 
dishes_runs  to  the  galvanized  iron  shelf,  to  the  back  of 
the  case  and  thence  to  a  shallow  metal  tray,  T,  at 
the  bottom  of  the  case.  This  tray  is  inclined  towards 
one  corner  where  a  connection  to  the  drain  is  provided 
as  shown  at  d.  No  drip  from  the  dishes  on  one  shelf 
reaches  the  dishes  on  the  shelf  beneath.  Moreover, 
this  arrangement  is  very  economical  of  space,  which 
is  so  often  at  a  premium  about  the  laboratory  sink, 
and  the  dishes,  particularly  beakers,  drain  much  better 
than  when  they  are  inverted  on  a  level  surface. 

Dairy  Chbuical  Laboratory 

Ohio  .^r.RICl■LTURAI.  E.xPERi.MiiNT  Station 

WoosTKR.  Ohio 


HANDLING    A    STANDARD    SOLUTION   OF    BARIUM 
HYDRATE 

By  W.  <■■    Havnus 
Received  November  9.  1916 

In  handling  a  standard  solution  of  barium  hydrate 
here  in  the  laboratory  of  the  Union  Pacific  R.  R.  Co., 
considerable  annoyance  was  caused  by  the  usual  ar- 
rangement of  having  a  siphon  tube  leading  from  the 
supply  bottle  to  the  bottom  of  the  burette,  and  at- 
tached to  the  same  by  a  piece  of  rubber  tubing,  and 
closed  by  means  of  a  pinchcock.  The  constant 
cracking  and  consequent  leaking  of  the  tubing  at 
the  pinchcock  was  so  troublesome  that  the  following 
piece  of  apparatus  was  substituted  with  much  success. 
As  it  is  original  so  far  as  is  known,  the  writer  thought 
it  would  be  a   good   idea  to   publish   it. 

The  only  materials  needed  arc:  a  small  "T"  tube, 
a  piece  of  glass  rod  about  8  in.  long,  a  small  piece  of 
wire  about  the  same  length,  one  small  rubber  stopper, 
and  3  in.  of  small,  heavy-walled  rubber  tubing,  a  flame, 
and  about  one  hour's  time. 

Referring  to  the  accompanying  sketch,  the  apparatus 
is  made  as  follows:  first,  close  the  end  of  the  T-tube 
at  B  by  heating  in  the  flame,  leaving  the  opening  B 
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about  one  or  two  millimeters  in  diameter.  The  glass 
rod  A  should  be  selected  so  as  to  slide  closely  but 
smoothly  inside  of  the  T-tube.  It  must  then  be 
rounded  at  one  end,  B,  flattened  at  the  other  end,  and 
bent  as  illustrated.  The  nick  'K  is  put  in  with  a  file, 
and  is  to  keep  the  wire  spring  from  slipping  off.  Now 
take  a  little  moist  emery  flour  and  grind  the  rounded 
end  of  the  rod  against  the  partly  closed  and  thickened 
tube  at  B,  so  as  to  make  a  tight  joint.  When  this  is 
done  the  rest  of  the  apparatus  is  quickly  assembled 
as  illustrated  by  closing  the  joints  at  D,  D  by  means  of 
the  heavy-walled  black  rubbet  tubing,  attaching  the 
spring  E  (made  by  winding  a  piece  of  small  wire  around 
a  pencil),  connecting  to  the  siphon  G,  and  inserting 
in  the  burette  by  use  of  the  rubber  stopper  F.  (For 
our  purposes  this  stopper  has  a  small  groove  to  allow 
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tbf  passage  of  air,  but  the  insertion  of  a  small  guard 
tube  would  imi)rovc  it.) 

By   a   slight    pressure   on    the    llalU-ni-d   end    of    tlio 
glass  rod,  the  solution  passes  between  the  rod  and  the 


sides  of  the  T-tube  and  out  through  the  opening  H, 
thus  filling  the  burette.  When  the  upward  pressure  of 
the  thumb  is  released,  the  spring  pulls  the  rod  down 
and  closes  the  orifice  H. 

If  the  siphon  tube  and  the  apparatus  are  dry  and 
connected  up  as  described,  the  rubber  tubing  will  be 
protected  from  the  liquid  by  the  air  caught  above  the 
joint  at  T,  in  the  vertical  part  of  the  T-tube,  and  by 
the  air  space  where  the  siphon  G  runs  into  the  side- 
arm  of  the  T-tube.  The  latter  condition  is  aided  by 
bending  the  side-arm  slightly  upward. 

119  N.  2IST  Street 
Omaha,  Nebraska 


CARBON  DIOXIDE  ABSORPTION  APPARATUS 

By  L.  C    Wssso.M 

Received  Novcmtxr  II,  1916 

While  engaged,  about  three  years  ago,  at  the  Bureau 
of  Standards,  Washington,  D.  C,  on  research  work 
which  involved  the  making  of  a  considerable  number 
of  organic  combustions,  the  writer  designed  and  used 
the  form  of  apparatus  first  mentioned  in  the  report 
on  that  work,'  and  now  more  fully  described. 

A  cylindrical  bulb  of  thin  glass  contains  the  carbon 
dioxide  absorbing  agent  (soda- 
lime)  .  Connected  with  the  lower 
part  by  a  short,  thick-walled 
capillary  tube,  is  the  smaller 
arm  which  contains  the  drying 
agent  (calcium chloride, alumina,' 
or  phosphorus  pentoxide).  The 
capillary  serves  to  separate  the 
moist  soda-lime  from  the  calcium 
chloride.  This  form  combines 
lightness  and  simplicity  of  con- 
struction with  a  good  absorb- 
ing capacity  and  ease  of  refilling.  The  stopcock 
surface  and  weight  arc  small,  as  may  be  judged  from 
the  sketch.  Empty,  the  apparatus  (about  8  to  jo 
cm.  high)  weighs  io  to  25  g-I  >l  *■>'•  hold  iS  K  of  soda- 
lime  and  7  g.  of  calcium  chloride,  and  will  ab.sorb  10 
g.  or  more  of  carbon  dioxide  without  renewal. 

Cask  Sciiinii,  nr  ArrLiKO  Sciincii 
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THE  GERMAN  ALARM  CLOCK' 

lly  II  1;  lli.WR 
AIIIuiiikIi  I  liiivc  Ix-rii  liviiiK  liiit  11  Hliort  iliMiiiicc  nut  of  thr 
country  (or  llu-  liinl  few  iiioiilli'i,  it  liii!i  K<vrn  inc  11  clmiicc  to 
icr  ourM-lvrfi  iik  nthcrn  wc  u<i,  uml  tlirrr  it  11  trinptatioii  to  timkc 
a  few  roiiiinciil.i  uloiig  tlnit  liiir,  Al»>  liiiviiiK  Iktii  in  u  country 
■triiuii.vly  lit  wiir  tlirrr  i<i  an  iiniuilw,  ii|Kin  riiiiliiiK  11  iHHiy  of  inrii 
Kutlirrril  tiiKrIlirr,  to  liiniuh  ii|Min  11  rrtriiitiliK  •|>rr«'li  Tint 
would  not  iircfMurily  lie  contrury  to  luw  anil  nriitrulity,  for   I 
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definitely  in  mind  u.sing  conditions  growing  out  of  the  war  as  a 
liasis  of  what  I  shall  try  to  say. 

Prior  to  August,  19 14,  Germany  was  making  a  quiet,  energetic 
and  successful  conquest  of  the  industrial  world.  Her  agents 
were  to  be  found  everywhere,  leaniing  the  language  of  the 
country  in  which  they  worked,  overrunning  these  countries 
with  representatives,  agents  and  travelers,  and  placing  the 
C5erman  employees  in  high  and  low  positions  all  over  the  country, 
in  industrial  and  commercial  concerns.  Market  and  trade 
conditions  were  carefully  .studied,  and  unfortunately  fair 
means  of  competition  were  not  always  used.  Through  the  co- 
operation which  existed  between  the  government,  manufac- 
turers and  banks,  the  German  salesmen  were  often  able  to  offer 
terms  of  credit  quite  impossible  with  a  manufacturer  not  having 
such  beneficent  cooperation. 

This  is  particularly  shown  in  South  America,  where  goods 
were  often  placed  upon  the  merchants'  shelves  to  be  paid  for 
after  they  had  been  sold  to  the  consumer,  while  instances  of 
credit  up  to  two  years  are  by  no  means  uncommon. 

The  stocks  of  merchants  were  frequently  kept  filled  so  that 
competition  was  largely  prevented.  Since  the  beginning  of 
the  war,  agents  in  various  lines  traveling  in  South  America  have 
found  dealers  to  have  been  loaded  up  previous  to  August,  1914, 
with  sufficient  merchandise  to  care  for  their  customers  until 
1917 

Reports  from  all  over  the  world  were  received  in  Germany, 
and  this  information  gathered  by  members  of  the  diplomatic 
corps,  by  travelers  and  others,  and  put  into  such  shape  to  allow 
the  commercial  conquest  to  go  forward  under  the  best  possible 
conditions. 

At  home  great  attention  was  paid  to  research  experiments 
and  efforts  to  utilize  all  by-products,  and  much  of  the  work 
accomplished  would  have  lieen  impossible  without  government 
aid  in  the  form  of  subsidies  and  direct  contribution,  and  the 
great  advantage  derived  from  the  assistance  of  the  banks,  upon 
whose  boards  were  technical  men  with  voting  power. 

GERMAN    CONTROL   OF    BASE    METAL   INDUSTRY 

It  may  not  be  generally  known  to  what  extent  Germany 
had  succeeded  in  controlling  the  base  metal  industry  of  the 
world.  This  was  particularly  felt  in  Australia,  where  lead,  zinc 
and  copper  were  in  tlie  hands  of  powerful  German  trusts.  It 
is  not  too  much  to  say  the  German  world  control  over  lead,  zinc, 
and  copper  was  well-nigh  complete,  and  affected  not  only  the 
producer  and  the  consumers  in  Britain  and  elsewhere  but  fixed 
the  world's  price  for  these  commodities,  limiting  the  output 
where  necessary  and  directly  controlling  and  affecting  employ- 
ment and  wages. 

In  certain  instances  the  refining  of  concentrates  and  matte 
was  carried  on  in  Germany  in  order  that  such  refining  processes 
might  be  kept  as  secret  as  possible,  and  to  prevent  their  estab- 
lishment in  other  parts  of  the  world. 

German  workmen  have  not  been  slow  to  seize  upon  the  ad- 
vanUiges  offered  through  the  inventions  of  others,  and  in  many 
instances  have  forged  to  the  leail  by  effecting  refinements  and 
improvements  in  the  inventions  of  other  countries.  Kxamples 
of  this  are  the  machine  gun,  the  aeroplane  and  the  submarine. 
.Vnother  notable  example  is  the  fixation  of  atmospheric  nitrogen 
by  means  of  which  a  final  day  of  reckoning  is  being  postponed, 
and  the  first  commercial  process  for  fixation  was  developed  by 
two  Americans. 

When  the  woeful  mistake  was  made  of  starting  the  present 
war,  it  soon  began  to  be  demonstrated  that  by  turning  the 
same  forces  to  account,  as  had  been  used  in  commercial 
conflict,  Germany  could  very  nearly  carry  on  a  successful 
conquest  of  ICurope.  Many  problems  had  been  worked 
out  in  advance,  and  real  research  work  had  been  employed  to 
develop  totally  new  weapons  for  offense  and  defense.     The  ex- 


tent to  which  chemists  were  depended  upon  is  well  illustrated 
by  the  nitrate  question.  I  have  been  reliably  informed  that  it 
was  not  expected  that  all  nitrate  would  be  excluded  from  Ger- 
many, but  that  quantities  could  be  imported  by  way  of  Italy, 
it  being  thought  that  that  country  would  not  enter  the  war. 
When  it  was  found  that  a  miscalculation  had  been  made,  orders 
were  issued  to  the  various  organizations  of  chemists  that  they 
simply  had  to  find  ways  of  providing  sufficient  nitrates.  This 
has  been  accomplished,  and  I  have  no  doubt  that  after  the  war 
we  will  learn  of  greatly  improved  processes  for  the  fixation  of 
atmospheric  nitrogen. 

Now  all  of  this  state  of  progression  is  by  no  means  due  to  any 
real  superiority.  Germany  is  comparatively  poor  in  natural 
resources,  having  a  comer  on  potash  only.  The  proper  conser- 
vation and  able  husbanding  of  such  natural  resources  as  Germany 
possessed,  has  contributed  most  to  their  advantage,  while  the 
perseverance,  patience,  industry  and  economy,  which  are  racial 
traits,  deserve  their  full  amount  of  credit.  There  is  no  comer 
on  brains  or  inventive  genius,  but  there  is  in  Germany  an  ap- 
preciation of  education,  concerted  effort  and  research,  which 
to  my  mind  have  been  the  cardinal  points  in  such  successful 
conquests  as  have  been  waged. 

There  is  a  smaller  percentage  of  illiterates  in  Germany  than 
in  any  other  country  on  earth.  Of  the  population  in  the  various 
countries  the  following  is  the  percentage  of  illiterates- 

Roiini.ini.i  .88.4       U.  S.  A.  (whites) t.2 

SiTvia                                         ...  79..?       France 4.7 

PortuKal 79 .  2       EnRland 3.0 

Spain 68.1        Scotland 2.5 

Russia 61.7        Holland 2.3 

Hungary 47.8       Finland 0.5 

Austria 35.6        Denmark 0.2 

Italy 32.9       Switzerland 0.13 

Greece 30 . 0       Sweden  and  Norway 0 .  08 

Belgium 10.0       Germany 0.05 

Ireland 7.9 

In  some  German  provinces,  such  as  Saxony,  one  is  said  to 
rarely  meet  a  person  who  cannot  read  or  write. 

In  considering  the  percentage  in  the  United  States,  it  must 
be  remembered  that  the  population  is  a  mixed  one  and  contains 
large  numbers  of  whites  from  those  countries  which  have  a  large 
percentage  of  illiterates. 

In  the  armies  there  are  said  to  be  the  following  number  of 
illiterates  per  thousand: 


Russian 700 


.\ustrian 250 

German 3 


It  must  be  remembered  that  the  British  army  is  a  voluntary 
one  and  of  such  recent  growth  that  no  reliable  figures  are  obtain- 
able. Since  the  best  men  usually  volunteer  first,  the  percentage 
of  illiterates  may  be  expected  to  increase  as  the  volunteer  army 
grows  large. 

I  regret  that  no  figures  were  obtainable  on  the  Turkish,  Bel- 
gian. Servian  or  other  minor  armies.  While  I  believe  that  much 
of  the  German  education  must  have  been  faulty  to  have  per- 
mitted the  present  state  of  affairs,  yet  it  is  worth  noting  to  what 
extent  education  has  been  appreciated. 

The  German  accomplishments  thro\igh  research  are  already 
so  well  known  to  you  that  I  need  take  no  time  in  emphasizing 
what  has  been  done. 

ACTIVITIES   ON    OPENING    OF    WAR 

To  this  state  of  affairs  came  August,  1914,  and  we  find  an  en- 
tirely new  order  of  things.  As  soon  as  Germany  is  blockaded 
and  her  merchant  fleet  swept  from  the  seas,  countries  have  awa- 
kened, as  if  by  an  alarm  clock,  to  the  extent  of  their  dependence 
uijon  German  products.  A  careful  study  of  the  causes  leading 
to  Gennan  predominance  in  various  fields  has  led  others  to 
offer  sincere  compliment  by  imitation,  and  by  taking  a  leaf 
from  the  German  book.  Research  is  evidently  one  of  the  things 
upon  which  German   progress  has  been  based,   co<)peration   is 
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ther,  and  the  war  has  awakened  the  rest  of  the  world  to 
!>   desirability  of  employing  the  same  methods. 

A  committee  of  the  Privy  Council  of  Great  Britain,  to  con- 
I  kr  scientific  and  industrial  research,  was  appointed,  and  their 
r  port  for  the  year  1915-16  is  of  great  interest.  A  series  of 
jiainphlets  are  to  be  issued  on  various  subjects  pertaining  to 
research,  and  one  of  these  is  to  be  written  by  your  own  Dr. 
Mees. 

The  National  Physical  Laboratory  of  Great  Britain,  encouraged 
by  the  Govenimeiit,  has  undertaken  an  exhaustive  study  of 
optical  glass  manufacture,  and  Dr.  Rosenhain's  Cantor  lectures 
on  this  subject  indicate  that  real  progress  is  being  made. 

The  efTort  toward  the  establishment  of  a  British  dye  industry 
is  well  known  to  you,  while  the  progress  which  has  been  made  in 
perfecting  mechanical  operations  is  little  short  of  mar\'elous. 
Improvements  in  grinding  and  polishing  machinery,  which  are 
said  to  have  been  made  in  the  works  of  Adam  Hilger,  are  sure 
to  put  that  firm  in  a  better  position  to  compete  for  world  markets 
than  ever  before,  and  many  machine  shops,  heretofore  accus- 
tomed to  do  only  rough  work,  will  emerge  from  the  war  with  a 
staff  of  men  trained  to  work  to  the  fraction  of  an  inch,  from 
ten  to  one  hundred  times  smaller  than  had  been  their  custom 
previously. 

Conditions  have  also  tended  to  break  down  some  of  the  strict 
rules  of  the  trade  o  ganizations,  and  this  will  naturally  have  its 
effect  in  the  commercial  competition  which  is  to  follow. 

All  over  the  world  there  is  being  pointed  out  to  manufacturers 
and  business  men,  that,  as  united  effort  is  necessary  in  things 
military,  it  is  also  necessary  in  things  industrial  and  commercial. 
In  Japan  an  imperial  edict  is  said  to  have  been  promulgated, 
calling  upon  the  smaller  companies  in  Japan  to  combine,  in  fact 
the  benefits  of  i)ropcrIy  controlled  combinations  seem  to  be 
recognized  the  world  over  excepting  in  the  United  States,  where 
efforts  are  constantly  being  made  to  dissolve  large  coriwrations. 
It  would  seem  much  belter  to  control  them  properly,  since  in 
many  cases  we  would  be  much  worse  off  without  the  improve- 
ments and  advances  which  could  be  accomplisheil  only  by  such 
organizations.  To  my  mind  German  industry  will  meet,  after 
the  war,  to  a  competition  which  she  herself  has  been  instrumental 
in  awakening,  a  competition  organized,  alert  and  progressive  to 
an  even  greater  degree"  than  that  which  she  attained  previous 
to  August,  1914. 

I  would  call  your  atteiitiun  to  the  economic  conference  of 
tlie  Allies,  held  in  Paris,  during  June  of  this  year,  where  recom- 
mendations were  made  to  render  the  allied  countries  independent 
of  enemy  countries  in  raw  materials  and  manufactured  articles, 
e.Hiiential  to  the  normal  development  of  lluir  economic  activities; 
to  facilitate  and  improve  the  intenhange  of  their  products; 
to  assimilate  the  laws  governiiig  (lateiits  and  indications  of 
origin  and  trade  marks,  and  for  the  adoption  of  an  identical 
procedure  in  regard  to  patents,  trade  murks,  literary  and  artistic 
copyrights  which  have  come  into  existence  in  enemy  countries 
during  the  war  There  was  also  afloptcd  at  this  conference  a 
series  of  recouimendationH  Intrncled  to  offs»-t  entirely  much  of 
the  uilvantage  wliiili  the  Tenliiiiic  |M>wers  had  olittiined  ihrnUKh 
metliixN  now  about  to  Ih-  adopted  by  most  of  the  world 

In  Australia  there  has  U-en  iniirh  aecomptished  t<iward 
lirnikinx  llie  li"l<l  which  foreigners  had  ii|Hin  the  niiiirral  re 
sources  When-  nneHsjirv  parliamentiiry  lawi  have  iH'en  pai»rd, 
and  the  wntk  of  eonitnietuiK  the  wlwilr  iiidiistrv  on  piirrly 
AuHlralian  iiiid  llritisli  foundations  has  In-en  rntrrrd  ii|Mm  seieii- 
tificullv  and  oyoleMiaticidly  New  conipanies  have  l)cen  formeil. 
research  men  lirought  in,  iiulniliiiR  Mr  KigK.  formerly  with  the 
New  Jersey  Zinc  Ci>ni|>iiiiy.  anil  a  coinptrlietisivr  M'hrnie  covering 
the  whole  output  of  Australia  has  Imtm  ailopteil. 

This  nwukeiiinx  has  not  iM-rn  eonliiird  to  nations  nrrms  the 
itca,  for  wr  find  Canada  niorr  alert  l<>  dav  than  ever  lirtore 
A  "Coll  to  Service"  hos  Itcrn  Issued  by  the  Iir|i<irttMent  of  Trade 


and  Commerce,  in  an  effort  to  bring  about  cooperation  among 
the  business  men  to  an  extent  heretofore  thought  impossible. 
Among  many  committees  to  be  appointed  for  real  serx'ice,  is 
one  whose  duty  it  shall  be  to  consider  industrial  research  and 
to  encourage  the  application  of  science  throughout  the  Dominion, 
in  an  effort  better  to  utilize  Canadian  natural  resources. 

CANADIAN   RESEARCH 

The  Royal  Canadian  Institute  is  taking  steps  to  provide 
facilities  for  research  work  as  applied  to  industry.  The  Canadian 
Manufacturers'  Association,  a  very  live  organization,  has  an 
active  committee  which  is  constantly  bringing  before  the  mem- 
bers of  the  Association  the  desirability  of  employing  research 
and  the  various  methods  by  which  results  may  be  obtained. 

Various  Chambers  of  Commerce  are  bringing  research  to  the 
attention  of  their  comnmnities.  and  the  Cnion  of  Canadian 
Municipalities,  through  their  official  journal,  will  emphasize 
research  as  a  part  of  their  campaign  of  municipal  preparedness 
for  conditions  after  the  war. 

The  Canadian  Mining  Institute,  with  which  the  Society  of 
Chemical  Industry  is  cooperating,  is  engaged  upon  a  study  of 
the  mineral  resources  of  Canada,  and  endeavoring  to  determine 
what  can  be  made  from  raw  materials  within  the  Dominion 
Lists  of  articles  and  materials  produced  from  mineral  wealth 
are  being  compared  with  data  on  the  existence  of  raw  materials 
in  Canada,  their  probable  market  and  the  export  possibilities, 
with  the  hope  that  many  manufactured  articles  need  no  longer 
be  imported. 

.\nother  evidence  of  the  awakening  is  to  be  found  in  a  col- 
lection of  between  S.txxi  and  iu.is.ki  German-  and  .Austrian- 
made  articles  now  being  shown  in  the  industrial  centers  to 
indicate  the  sort  of  things  which  Canadian  manufacturers  are 
not  making,  but  could  and  should  make. 

There  is  also  a  plan  Itcing  con.sidered  by  the  Royal  Society  of 
Canada  in  cooperation  with  the  Government,  whereby  it  is 
proposed  to  form  a  commission  which  will  consider  the  rvsi-arch 
problems  that  can  be  worke<l  out  in  eilucational  centers,  and 
assign  them  to  the  laboratories  In-st  (|ualitieil  to  work  u)>on  them 
together  with  an  appropriation  for  carrying  out  the  work  con- 
templated. 

.■\n  effort  is  also  being  made  by  the  Canadian  I'acilic  Railway 
to  assist  in  research  and  development  work,  through  .\rlhur 
I).  Little.  Limited,  this  Company  havuig  Ik-ch  fonneil  m  Canada 
under  the  auspices  of  the  railway  and  at  the  suggestion  of  Lord 
Slmughncssy.  the  president  of  the  railnxul  It  is  the  purjKwe  of 
this  com|)any  to  do  what  it  can  to  assist  in  u  Ix'ttrr  ami  more 
economic  utilization  of  the  natural  resources  of  Canada  tlinnigh 
the  application  of  industrial  research  and  science;  to  find  economic 
usi-s  for  existmg  wastes;  to  minimi/e  and  prevent  wastes,  to 
utilize  by  priHlucts  and  serve  existing  mduslnes  Tins  applies 
ti>  the  whole  of  the  Dominion  and  not  to  the  tcrrilnr>'  iwrvcti  by 
the  railroiul  alone 

Arthur  D.  Little.  Limited.  u|Hm  the  .iiithonrAtion  of  the  rail- 
road, is  alMHit  to  l)egin  a  survey  o(  the  natural  rrsoutcvs  of 
Canada,  for  the  piir|Misr  of  having  togrlhcr  in  one  place,  and  in 
a  form  readily  at  hand.  rert.s4iiiulily  complete  data  on  as  many 
of  the  Doiiiinioii  natural  rrM«itix-»  as  |K>ssil>lr 

Let  11%  consider  for  a  niimieiil  what  this  awakeninf  •>(  Canada 
by  the  Grrman  alorni  clo«-k  means  There  has  ariim  a  desire 
to  Im'  as  vlf  contained  as  |M>ssil>le.  and  to  do  whalesTr  is  nevTssary 
to  plai-c  till-  lliiliOi  l!iu|>in-  in  tlir  vaiiir  position.  .\  (irat 
effort  will  Ik-  lliailr  to  mi  ui>'  u  large  iwKtioii  o|  the  woild  ni.oV.  I  ■ 
and  already  all  ex|Mirt  commission,  with  agrnls  in  vatii« 
tif  the  wiirld.  is  liringing  to  new  markets  the  strnv  "<  C  ■ 
made    articles        It     has     Itern     saiil    that    the     1  > 

iK-lmigrd   to  the   Cnitrd   Stales  liul   the    joth  t  ' 
to   Canada,    anil    an   appirctaliim   of   the    italur.tl    ,.-,...«-    -4 
Canada  would  iiidiciitr  that  siieli  miihl.  tn  a  measiirr,  he  the 
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CANADIAN   RESOURCES 

The  most  important  natural  resources  of  Canada  are  agricul- 
ture, timber,  minerals,  fisheries,  fur-bearing  animals,  and  water 
power.  Canada  has  an  area  of  3,730,000  square  miles,  which 
is  greater  than  that  of  the  United  States,  including  Alaska, 
and  but  a  little  less  than  that  of  Europe. 

It  is  a  country-  of  great  resources,  in  a  position  to  benefit  by 
the  errors  which  have  been  made  in  older  countries,  and  well 
situated  between  populous  countries  in  the  east,  the  west  and  the 
south.  So  far  as  construction  is  concerned,  Canada  is  to-day 
in  about  the  same  position  as  was  the  I'nited  States  a  generation 
or  two  ago. 

Agriculture  must  always  be  the  greatest  natural  resource,  and 
in  1913  the  products  produced  were  worth  nearly  $700,000,000. 
To  some  of  you  chemists  the  idea  of  agriculture  brings  to  mind 
a  tall  figure,  straw  hat,  top  boots  and  long  whiskers,  but  you 
may  be  interested  to  know  that  many  of  the  Western  Canadian 
farmers  can  afford  to  spend  their  winters  in  California  and  Flor- 
ida; that  this  year  one  field  of  115  acres,  in  Alberta,  brought  in 
over  $10,000,000  to  its  owner,  through  the  sale  of  wheat,  and 
that  in  1915  a  single  farm  of  1,356  acres  averaged  nearly  52 
bushels  of  wheat  per  acre. 

Not  long  ago  the  Canadian  Pacific  Railway  constructed  a 
branch  line  of  some  70  miles,  and  in  early  winter  an  agent  visited 
the  territory  in  order  to  pay  the  farmers  for  the  right-of-way — 
80  per  cent  of  those  whom  he  sought  were  spending  the  winter 
in  Florida  or  California. 

While  the  forests  of  Canada  are  by  no  means  as  extensive  as 
is  generally  supposed,  nevertheless,  in  191 2,  the  last  figures  avail- 
able, they  yielded  $182,300,000  worth  of  products,  including 
1,109,034  cords  of  wood  for  pulp.  There  are  millions  of  acres 
of  wonderful  woods  still  standing,  and  by  adopting  conservative 
forestration  methods,  the  remaining  timber  can  be  made  to 
yield  millions  of  dollars  annually,  and  still  leave  the  forest,  or 
the  principal,  in  better  condition  for  posterity. 

The  minerals  of  Canada  yielded  over  $144,000,000  in  1913, 
and  have  little  more  than  been  touched.  There  are  vast  areas 
in  the  north  of  Canada  undoubtedly  containing  much  mineral 
wealth  which  has  never  been  explored  or  prospected. 

Four-fifths  of  the  world's  supply  of  asbestos  comes  from 
Canada,  and  sells  at  from  75  cents  to  $400  per  ton,  depending 
upon  the  length  and  quality  of  the  fiber. 

More  than  two-Uiirds  of  the  world's  supply  of  nickel  has  its 
origin  in  Ontario,  and  the  greatest  nickel  aiine^  in  the  world  are 
located  there. 

Some  of  the  other  minerals  include  cobalt,  gold,  barytes, 
amber,  mica,  graphite,  copper,  corundum,  feldspar,  silver,  anti- 
mony, iron,  zinc,  lead,  molybdenite,  pyrite,  tungsten,  titanium, 
palladium,  and  a  little  platinum.  There  are  also  extensive 
deposits  of  oil  shales,  one  deposit  consisting  of  nearly  ioo,ooo,<xxi 
tons.  This  .shale  is  said  to  be  richer  than  the  Scotch  shale, 
much  easier  mined,  and  consequently  more  profitable  to  distil. 

In  minerals,  as  in  other  resources,  Canada  sold  the  raw  products 
prior  to  the  war  and  but  rarely  considered  the  advantage  to  be 
derived  from  converting  such  material  into  finished  products 
from  which  a  greater  profit  can  be  realized.  With  the  awakening 
has  come  a  demand  for  concentrators  and  refineries.  Whereas 
all  zinc  was  imported  in  1914  we  now  find  a  considerable  quantity 
being  refined  at  Trail,  along  with  other  minerals.  In  Ontario 
a  large  nickel  refinery  is  being  l)uilt  and  there  has  also  been  es- 
tablished a  refinery  to  handle  molybdenite. 

FUEL   RESOURCES   OF   CANADA 

It  is  also  worthy  of  note  that  the  fuel  resources  of  Canada  are 
second  only  to  those  of  the  United  States,  so  far  as  surveys  have 
been  carried  out.  There  may  later  prove  to  be  larger  bodies  on 
some  of  the  other  continents.  However,  Canada  possesses 
large   areas  of   peat,   lignite,   bituminous   and   anthracite   coal 


There  is  also  considerable  natural  gas  and  some  oil.  It  should  be 
noted,  however,  that  the  best  of  the  coal  is  to  be  found  on  the 
Atlantic  and  Pacific  slopes. 

The  fisheries  of  Canada  are  widely  known,  and  in  1913  yielded 
nearly  $34,000,000  worth  of  fish  and  other  marine  animals. 
Fishing  reaches  such  proportions  during  the  cod  season  that  the 
government  maintains  a  daily  telegraphic  bait  report.  This 
is  very  useful,  indicating  as  it  does  where  bait  may  best  be  ob- 
tained on  a  given  day. 

The  fur-bearing  animals  yielded  an  export  trade  in  1 913  amount- 
ing to  $5,500,000,  while  there  are  no  returns  to  indicate  the  value 
of  the  furs  used  for  the  home  trade.  You  no  doubt  know  of 
the  fox  farms  in  Prince  Kdward  Island  and  the  steps  likely  to  be 
taken  to  raise  other  fur-bearing  animals  in  captivity,  especially 
since  the  fur  from  such  animals  brings  a  higher  price  than  from 
the  same  species  trapped  wild.  It  is  interesting  to  note  that  the 
caribou  are  so  numerous  in  some  parts  of  Canada  that  they  must 
be  reckoned  by  acres  and  square  miles  rather  than  by  numbers. 

CANADIAN    WATER    POWER 

As  other  fuel  supplies  decrease,  and  before,  for  that  matter, 
water  power  becomes  increasingly  important,  and  the  water 
powers  of  Canada  are  more  abundant  than  in  any  other  countrj-. 
There  are  969  waterfalls  known  to  be  suitable  for  the  generation  of 
electric  power,  and  already  1,712,193  twenty-four-hcurH.  P.  has 
been  developed,  approximately  18,000,000  twenty-four-hour  H.  P. 
is  in  sight,  and  8,000,000  of  this  is  within  the  reach  of  present 
markets.  The  Province  of  Ontario  has  the  most  extensive 
developments  of  any  province.  The  great  importance  of  this 
becomes  more  apparent  when  we  remember  that  improved 
methods  of  transmission  are  constantly  coming  into  use,  and  in 
Ontario  power  is  now  transmitted  242  miles.  Such  a  radius 
enables  this  power  to  be  used  over  an  area  of  180,000  square 
miles. 

In  the  central  portion  of  Canada  is  2,000,000  square  miles, 
with  an  average  elevation  of  1500  feet.  All  the  drainage  from 
this  area  is  to  rivers  flowing  into  the  St.  Lawrence  or  the  sea, 
and  making  possible  water  power  so  great  as  to  be  difficult  to 
compute.  It  has  already  been  estimated  that  Ontario  and  Que- 
bec have  available  water  power  equivalent  to  8,403,899  H.  P. 
When  the  total  potential  H.  P.  is  considered  with  respect  to  the 
area,  or  population,  Canada  finds  herself  as  favorably  situated 
as  other  nations,  and  when  we  consider  the  H.  P.  per  square 
mile,  is  well  up  in  the  list  with  other  large  countries.  When  we 
remember  that  it  takes  on  an  average  4  lbs.  of  coal  to  develop 
I  H.  P.  hour  under  favorable  conditions,  we  calculate  an  amount 
for  the  coal  which  must  be  biuned  to  make  equivalent  power, 
that  is  startling  and  beyond  our  comprehension. 

The  prices  at  which  hydro-electric  power  is  sold,  of  course, 
varies  with  the  amount  of  power  taken  and  is  usually  reckoned 
at  the  power  house,  leaving  the  cost  of  transmission  to  the  user. 
Fairly  large  quantities  may  be  obtained  at  $15.00  per  H.  P.  year, 
larger  quantities  at  a  lower  price,  and  tliere  are  some  old  con- 
tracts still  in  operation  upon  which  power  is  supplied  as  low  as 
$4.50  per  H.  P.  year.  This  figure  compares  very  favorably 
with  the  prices  in  Norway  where  the  fixation  of  atmospheric 
nitrogen  has  found  a  home,  due  to  low  cost  of  power.  You  will 
remember  that  Dr.  Hyde  said  in  191 2  that  when  their  power  cost 
reached  $6.fx)  per  H.  P.  year  they  would  not  be  able  to  compete 
successfully  witli  otlier  sources  of  nitrates. 

To  have  awakened  such  an  empire  to  its  possibilities  through 
the  employment  of  methods  which  have  been  tried  and  found 
satisfactory,  is  something  to  be  gravely  considered 

In  conclusion,  I  will  point  to  a  few  accomplishments  of  research 
work  since  the  war  began.  One  of  tliese  is  the  production  of 
acetone  and  acetic  acid  in  its  various  forms,  using  calcium 
carbide  made  clectrolytically  as  the  starting  point.  It  is  cx- 
poctcd  thai  this  process,  which  has  just  commenced  on  a  com- 
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mercial  scale,  will  have  wonderful  advantages  in  the  production 
of  these  materials. 

.Another  e-xample  is  from  our  laboratories,  where  we  have 
succeeded  in  producing  a  high-grade  half  stuff  for  paper,  using 
the  waste  flax  straw  as  our  raw  materials.  When  we  consider 
that  more  than  1,000,000  acres  are  put  to  flax  for  seed  each  year, 
}ou  realize  the  economic  importance  of  conserving  that  portion 
of  the  product — the  straw — which  has  heretofore  been  burned. 

The  particular  difficulty  to  be  overcome  was  the  elimination 
of  the  shive  without  detriment  to  the  fiber,  and  the  solution  of 
the  problem  has  naturally  given  us  much  gratification.  We  have 
also  undertaken  a  very  extensive  study  of  straw  utilization, 
and  within  a  year  hope  to  announce  important  results  based  on 
this  work.  Extensive  experiments  have  also  been  conducted 
having  for  their  object  the  better  utilization  of  natural  gas,  and 
the  present  indications  are  that  successful  results  have  been  ob- 
tained. 

May  I  conclude  by  quoting  this   jihrasc,   "By  the  study  of 


natural  conditions  and  development  of  neglected  lines  of  pro- 
duction, an  invaluable  degree  of  general  prosperity  may  be 
expected" — for  Canada.  I  attribute  much  of  the  study  now 
taking  place,  and  about  to  begin,  to  the  German  alarm  clock 
which  has  gone  off  with  a  bang  sufficient  to  startle  the  world. 
There  are  many  instances  of  awakening  in  the  United  States, 
where  we  are  also  happy  to  have  a  part  in  the  work  of  progress. 
We  feel  especially  gratified  in  being  given  some  part  in  the  de- 
velopment work  of  a  countr>-  whose  resources  I  have  but  men- 
tioned, and  whose  future  certainly  seems  rosy. 

With  the  world  so  thoroughly  awakened  by  the  German 
alarm  clock,  and  the  near  neighbors  of  the  United  States  fully 
aware  of  the  advantage  which  lies  in  their  natural  resources, 
does  it  not  devolve  upon  the  United  States  to  be  alert,  better 
organized,  and  still  more  appreciative  of  science  than  she  is 
to-day.' 

A.  D.  Little.  Limited 
137  McGiLL  St.,   Montreal.  Canada 
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By  CllAKLKS   .V.    Ukakd 
Supervisor  TraiiiiiiK  Schodl  for   Public  Service 

The  most  striking  feature  of  modern  politics  is  the  steady  in- 
crease in  the  number  and  variety  of  governmental  activities. 
It  makes  no  difference  what  party  is  in  authority.  It  may 
be  the  party  of  Hamilton  and  nationalism  which  was  early 
committed  to  the  doctrine  that  the  powers  of  the  general  gov- 
ernment should  be  used  freely  and  generously  to  protect,  assist, 
and  encourage  private  enterprises;  or  it  may  be  the  party  of 
Jefferson  and  thr  New  I'Vccdom  which,  traditionally  at  least, 
is  committed  to  the  priiuipK-  that  tin-  goveriinuiU  which  governs 
least  is  best.  Ivach  party  cries  out  at  the  type  of  interference 
devised  by  the  other  and  proceeds  to  propose  its  own  lines  of 
intervention.  Democrats  solemnly  inform  us  that  a  protective 
tariff  is  unconstitutional  and  proceed  to  create  a  commission 
of  experts  presumably  for  the  puri>ose  of  discovering  what  kind 
of  protection  is  good  for  the  country.  Leading  Republicans 
disinter  Herbert  Spencer's  Mid-Victorian  doctrines  of  individ- 
ualism and  publish  them  to  mankind  as  the  latest  word  on  sound 
politics  and  then  solemnly  warn  us  that  unless  we  have  govern- 
ment intervention  in  the  form  of  a  protective  tariff,  labor  and 
capital  will  iM-rish  from  the  United  Stales.  DemiH-rats  tlcfind 
the  government's  use  of  power  to  establish  an  H-hour  day  or 
higher  wages  for  chosen  workmen  and  then  decry  as  outrageous 
the  government's  interference  in  the  form  of  a  tariff,  theoretically 
favoring  the  maintenance  of  a  high  wage  standard  in  American 
industries.  New  York  properly  owners  protest  in  the  mime  of 
liberty  and  hiimanity  against  orders  reiiiiiring  them  to  install 
fire  preveiitioii  appanitiis,  and  then  turn  around  and  demand 
in  the  tiaiiie  of  good  city  planning  the  prcitecliuii  of  their  prop- 
rrty  rights  against  encroachment  A|Mistles  of  American 
individualism  are  elninorinK  for  the  exlrrmiit  form  of  subjection 
to  the  Htutr,  which  is  known  to  iniinkiiiil,  namely  iinivrrsul 
military  wrvire  \Vr  are  told  in  the  Mime  liriiith  Ihiil  we  inu.it 
retain  our  traditional  righlH  of  ihthoii  ami  prii|N'rty  and  yrt 
!><■  <io  orKaiii/cd  for  industry  ami  for  war  that  wr  can  whip  the 
rurth  on  ten  miiititr<i'  nolirr. 

To  s|M-ak  more  concretely  of  ri-cenl  development.H,  llic  Con- 
grew  of  thr  Unitril  Statr«  Iiu.h  CKtulilivhrd  an  Hhoiir  work  day 
for  certain  railway  employecn  ami  erraled  a  cutiuniMion  In  oli- 
«crvr  il.H  o|irratlnii>t  prriiimulily  a  i'oitiini<i«ii>n  of  mm  thargril 
with  the  Hlighl  diilv  of  ina^lrrliiK  the  myteriri  of  r.iilway 
otHTutlon  williln  a  |H'ri<Ml  nf  n  few  iimntlK.  It  hui  erratnl  a 
■ihippitiK  IxNird  with  rxtraorrlinarv  |Miwrri  in  thr  multrr  of  liiiiUI- 
Ing   tip  u   Muliiinal   tiirrehunt    maiiiir.      It    Imt   puiwd   11  I'rdrrnI 


BEMICAL  Society.  Chemists'  Club.  New  York  City.  November  10 

Employees  Compensation  Law  and  authorized  a  commission  to 
administer  its  provisions.  It  has  founded  a  Farm  Loan  Board 
which  will  engage  in  rural  banking  and  be  responsible  among 
other  things  for  learning  the  technicalities  of  agricultural  eco- 
nomics. It  has  appointed  a  committee  to  study  the  whole 
problem  of  government  ownership  of  railways.  It  has  enacted 
a  cotton  futures  law,  a  grain  standards  law.  and  a  warehouse 
law,  all  calling  for  exixjrt  knowledge  of  broad  domains  of  private 
economy.  I  shall  say  nothing  of  such  light  matters  as  the 
Interstate  Commerce  Commission,  which  has  had  control  over 
all  the  intricate  processes  of  common  carriers,  of  the  Federal 
Trade  Commission,  of  the  work  of  valiiating  railways,  of  pure 
food  laws  calling  for  exi>erts  in  chemistr>'  and  bacteriology, 
or  of  slate  and  municipal  enterprises  demanding  thr  highest 
talent  in  every  branch  of  science  and  economics. 

We  may  differ  among  ourselves  as  to  the  wisdom  of  this  or 
that  act  or  this  or  that  tyiie  of  inter\'ention  and  undertaking, 
but  we  know  that  most  of  thi.s  new  governmental  functioning 
is  not  the  product  of  Democratic  perversity.  Republican  pater- 
nalism, or  Socialist  vagaries-  it  is  the  proiliicl  of  our  industrial 
civilization.  It  may  Ik-  diminisheil  hrrr  or  altrrrd  there,  but 
it  cannot  disapi>rar  unless  we  retuni  to  the  hand  loom,  the  stage 
coach  and  the  tallow  dip.  and  at  the  same  time,  drclorc  our«el\T« 
to  be  pacificists  with  the  courage  of  our  convictions  I  may  be 
wrong,  but  I  iK-lievc  the  day  is  post  when  any  organiiatinn  of 
cajiilal  or  latxir  will  be  permitted  without  go\Tnimrnl  inter- 
vention to  paraly/e  or  even  tic  up  indefinitely  any  one  of  the  gtrat 
industrial  proccsMs  u|v.m  which  the  life  of  thr  iwtiplr  dcl>rnds 
If  this  is  true,  then  the  government  hai  uhrad  of  it  inorr  stag- 
gering  enterprises  than  any  that  it  ha.«  yrt  iindrrtakrn 

The  upshot  of  all  govrrnmrnl  fiinctioniiiK  i«  a  t.n-aX  mcrraw 
III  the  numlicr  of  govrrnmrnt  rniployecn.  national,  »tate  and 
iniiiiicipul.  A  very  com|>ctriU  cotiMilting  rngiiicft.  Mr  J  L. 
Juciilis.  nf  Chicago,  has  trcrnllv  c^timatrd  thr  nuiiibri  of  civil 
stcrvttiitH  ciiiplovrd  by  all  govrrnmrntal  diviMon*  in  the  United 
Stairs  nl  a  figure  Ijclwcrli  i.SS<i.iii«>  and  |.<>.S«\.»«<  '  In  • 
»hntt  time  wr  «hall  havr  two  iiiillion  |iii\-rniinrnt  cmplo>Tc«— 
a  niiiiiliri  ri|iiul  lo  alniivtl  two  third*  tlir  rntirr  rt\\i\r  \-''\>\tH. 
lion  of  the   Unilrd  S(ulr«  wtini  thr  Hrpublic  »  •\ 

Alrratly   out   utatr,  city   ami   (nlnul   govrnniin  •  ir 

srr^ ' '    •'■       ^ wl 

1:,  te 

thr  -.1 

faetiiiiiiR  und  luiittnilinK  o>iii|«iitr* 

ll  i«  nut  (he  mrrr  numltrr  of  civil  wtvanl*  that  mi<r<  llir  mott 
•  J.  Wttt.  im  «•(..  tl.  laiM.  I«IA 
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serious  problems  of  the  hour.  It  Is  rather  the  gigantic  task  that 
we  have  committed  to  them  that  should  give  us  pause.  It  is 
the  variety  and  complexity  of  the  burdens  we  have  thrown  upon 
them.  They  must  be  proficient  in  all  of  the  known  sciences. 
They  must  master  all  of  the  intricacies  of  private  business. 
They  go  down  into  the  bowels  of  the  earth  to  safeguard  the 
lives  of  miners  and  to  establish  mining  processes  conducive  to 
safety  and  health.  Perhaps  in  the  future  there  will  be  an  aero- 
plane inspection  corps  to  prevent  unjust  discrimination  in  the 
interplanetary  service.  Laying  all  levity  aside,  our  government 
cannot  discharge  adequately  the  duties  now  imposed  upon  it 
unless  it  is  as  wise  as  science,  as  astute  as  the  cleverest  business 
man,  as  efficient  as  the  best  equipped  corporation,  as  strong  as 
a  great  military  machine. 

And  this  extraordinary  necessity  has  fallen  upon  us  within 
recent  times.  A  few  generations  ago  a  President  of  the  United 
States,  Andrew  Jackson,  could  say  in  all  seriousness:  "The 
duties  of  all  public  officers  are,  or  at  least  admit  of  being  made, 
so  plain  and  simple  that  men  of  intelligence  may  readily  qualify 
themselves  for  their  performance."  Contrast  this  genial  and  com- 
forting assumption  with  the  following  qualifications  demanded 
of  a  mere  assistant  engineer  by  the  Civil  Service  Commission 
of  the  United  States  according  to  specifications  announced  for 
an  examination  to  be  held  on  November  22  and  23,  1916. 

(i)  Mathematics  and  applied  mechanics  (covering  algebra 
to  and  including  problems  involving  quadratics;  geometry, 
plane  and  solid;  plane  trigonometry  and  use  of  tables  of  log- 
arithms or  a  slide  rule;  elements  of  calculus;  and  elementary 
questions  involving  principles  of  mechanics  and  hydraulics  as 
set  forth  in  college  textbooks). 

(2)  Theory  and  jiractice  of  construction  on  land  and  in  water 
(involving  elementary  knowledge  of  designing  and  constructing 
highways,  railroad  dams,  retaining  walls,  foundation  work, 
trusses,  etc.). 

(3)  Theory  and  practice  of  topographic  and  hydrographic 
surveying,  as  covered  in  first-class  surveying  textbooks. 

(4)  Training  and  experience. 

(5)  Applicants  must  have  had  at  least  four  years'  practical 
experience  in  engineering.  Graduation  from  a  technical  course 
in  a  college  or  university  of  recognized  standing  will  be  accepted 
in  lieu  of  two  years  of  the  required  experience.  The  rating  in 
training  and  experience  will  be  based  upon  general  experience 
in  civil  engineering,  and  upon  technical  description  in  detail 
of  some  important  work  upon  which  the  competitor  has  been 
engaged.  This  descriiition  must  be  handed  to  the  examiner 
on  the  day  of  the  examination. 

Here,  then,  is  the  general  problem  as  I  see  it : 

I — How  can  we  educate  the  public  up  to  an  appreciation 
of  the  necessity  for  trained  and  expert  service  in  every  branch 
of  the  govenunent? 

II — How  can  we  so  order  uur  public  service  that  it  will 
attract  the  ablest  men  and  women  and  guarantee  progressive 
careers  to  those  who  prove  loyal  and  efficient? 

Ill — How  can  we  develop  a  science  of  public  administration 
in  all  of  its  branches,  which  will  take  the  place  of  that  pseudo- 
science  of  administrative  law  which  is  in  the  main  a  guide  to 
the  art  of  administrative  nihilism? 

IV — How  can  we  best  train  our  prospective  civil  servants  in  all 
of  the  various  arts,  sciences  and  crafts  called  for  by  the  exigencies 
of  modern  government  and  adjust  our  curricula  and  educational 
methods  to  the  requirements  of  government  recruiting?  In 
other  words,  how  can  we  best  gear  up  our  educational  ideals  and 
institutions  with  the  demands  of  efficient  govenunent? 

\'  -How  can  we  continue  the  training  of  those  admitted  to  the 
lower  ranges  of  the  public  service,  while  they  are  in  service,  thus 
preparing  them  for  progressive  advancement  according  to  talents 
and  aptitudes? 

VI — How  can  we  develop  our  civil  service  commissions  into 
genuine  recruiting  agencies  capable  of  supplying  the  government 
with  exactly  tlie  type  of  service  needed  at  any  given  moment 
and  maintaining  a  loyal  and  efficient  personnel?  And  this  is 
said  in  no  disparagement  of  the  splendid   work   done   by   many 


commissions  under  the  handicaps  now  imposed  by  law,  custom, 
and  public  opinion. 

In  brief,  how  can  we  make  our  science  of  government  a  true 
science  of  management  rather  than  a  device  for  distributing 
party  spoils,  and  at  the  same  time  retain  and  develop  those 
democratic  ideals  which  we  have  thought  worthy  of  this  great 
nation?  It  may  be  that  in  your  opinion  I  have  laid  before 
you  not  a  problem  but  a  paradox.  If  so,  my  retort  in  the  true 
spirit  of  modem  research  is  that  only  the  impossible  is  worthy 
of  the  true  scientific  imagination. 
Bureau  of  Mi;nicipai.  Research 
261    Broadway.   New   York   Citv 

THE  STATUS  AND  COMPENSATION  OF  THE  CHEMIST 
IN  PUBLIC  SERVICE 

By    FkEUEKICK    K.    BkeiihuT' 

Technicians,  of  all  men,  are  supposed  to  be  concrete  and 
specific.  They  are — in  the  actual  every-day  practice  of  their 
professions.  As  soon  as  they  begin  to  discuss  the  more  general 
aspects  of  their  work,  however,  they  seem  to  lose  their  usual 
balance  and  their  ability  to  stick  to  facts.  Under  these  cir- 
cumstances, they  frequently  indulge  in  a  mellifluous  eloquence 
which  would  make  the  average  clergyman  or  politician  turn 
green  with  envy. 

Let  me  illustrate  this  point  with  a  few  examples  from  the 
field  of  engineering.  Mr.  liniest  McCoIlough,  for  instance, 
has  written  a  book  entitled  "Engineering  as  a  Vocation."  On 
the  whole,  the  work  is  an  excellent  one,  evidently  written  by  a 
man  of  wide  experience  who  endeavors  throughout  to  keep  his 
feet  on  the  ground  and  to  avoid  the  oratorical  flights  of  many 
of  his  colleagues.  The  book  is  supposed  to  be  one  which  is  to 
be  placed  in  the  hands  of  young  engineering  graduates  for  their 
advice  and  guidance.  But  in  the  chapter  entitled  "The  Educa- 
tion of  the  Engineer"  we  read: 

"The  engineer  changes  the  very  face  of  nature.  He  makes 
millions  of  blades  of  grass  grow  where  none  grew  before.  He 
builds  railroads  which  people  the  deserts.  He  erects  factories 
and  equips  them.  Thousands  of  people  are  employed  through 
him     *     *     *     *  " 

In  a  more  recent  volume  "Engineering  as  a  Career — a.  Series 
of  Papers  by  Eminent  Engineers,"  we  find  the  same  tendency 
toward  rhetorical  fervor.  Thus  we  have  in  the  first  paper  a 
passage  which  reads: 

"In  the  past  the  poets  have  sung  of  love  and  war.  It  has 
remained  for  the  engineer  to  secure  for  the  arts  of  peace  the 
dominant  position  in  civilization.  The  triumphs  of  transporta- 
tion, of  electric  transmission  and  of  ijower  development  have 
revolutionized  the  life  of  the  race  and  caused  during  the  last 
century  a  greater  advance  toward  the  millenium  than  has  oc- 
curred in  any  preceding  thousand  years  *  *  *  *  ." 
(Then  follows  a  quotation  from  Kipling.) 

The  second  paper  in  this  highly  interesting  volume  is  entitled 
"Shall  My  Boy  Become  an  Engineer?"  It  begins  by  telling 
us  that: 

"Forty  years  ago  there  were  no  triple  or  quadruple  expansion 
steam  engines,  no  commercial  oil  or  gas  engines,  no  steam  tur- 
liincs,  no  dynamos — the  compound  steam  engine  was  the  highest 
developed  form  of  motive  power,  and  the  world  had  been  waiting 
thousands  of  years  for  that.  Forty  years  ago  the  Atlantic  cable 
was  not  yet  prepared  for  continuous  service,  and  there  were  no 
telephones,  no  phonograi)hs,  no  electric  lamps,  no  trolley  cars, 
no  automobiles,  no  aeroplanes,  no  wireless  telegraphy." 

Then  follows  a  brief  historical  account  of  the  achievements 
of  the  last  forty  years,  something  about  the  value  of  new  ideas, 
a  few  paragraphs  on  the  misunderstandings  which  frequently 
arise  between  the  technically  trained  engineer  and  his  less 
enlightened  brother,  a  few  additional  paragraphs  on  the  need 
'  For  the  opportunity  to  collect  and  compile  the  data  presented  in  this 
paper,  the  author  is  indebted  to  the  Training  School  for  Public  Service,  261 
Broadway,  New  York  City. 
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of  engineers  in  manufacturing  in  which  we  are  assured  that 
"the  land,  the  sea  and  the  air  have  been  conquered,  and  the  world 
has  probably  seen  in  these  last  forty  years  more  diverse  and  re- 
markable inventions  and  discoveries  than  will  ever  again  be 
seen  in  any  future  forty-year  period  in  the  world's  history." 

The  final  paragraph  contains  the  only  reference  to  the  title 
of  the  article.     It  reads: 

"The  mechanical  engineering  profession  is  still  in  the  very 
early  morning  of  its  life  and  it  opens  up  to  young  men,  who 
have  a  liking  for  mathematics  and  mechanics  and  at  the  same 
time  a  cultivated  and  balanced  mind,  an  assurance  of  a  high 
and  respected  position  in  life." 

This  last  assurance  must  console  the  anxious  parent  seeking 
advice  on  "Shall  My  Boy  Become  an  Engineer?" 

It  would  be  futile  to  continue  an  analysis  of  the  remainder 
of  the  book.  Much  of  it  is  excellent  and  to  tlie  point  but,  on 
the  whole,  it  is  not  of  sufficient  definiteness  or  concreteness  to 
aid  either  the  young  man  about  to  decide  whether  he  wants  to 
study  engineering  or  not,  or  the  young  engineering  graduate. 

Is  it  not  a  fact  that  chemists  are  as  prone  to  this  sort  of  thing 
as  engineers  and  other  technical  men? 

Picture  the  state  of  mind  of  the  young  graduate  in  chemistry. 
In  many  instances  he  does  not  know  why  he  undertook  a  course 
in  chemistry  at  all.  Sometimes  he  has  been  led  to  this  action 
by  the  glowing  accounts  of  newspapers  and  magazines,  by  the 
well-meaning  advice  of  vague  enthusiasts  and  the  fiery  imagina- 
tions of  commencement  orators.  Occasionally,  the  young  man 
has  actually  taken  an  account  of  himself,  of  his  natural  aptitude 
and  ability.  Having  convinced  himself  of  the  correctness  of 
his  choice  of  a  life  career,  he  has  proceeded  to  acquire  the  neces- 
sary fundamentals  of  knowledge  and  technique. 

In  any  case,  as  the  young  graduate  emerges  from  the  static, 
receptive  status  of  the  student  to  enter  the  dynamic,  active 
condition  of  the  worker  he  usually  faces  the  world  in  a  state  of 
considerable  bewilderment.  All  too  frequently  he  has  but 
little  idea  of  the  actualities  of  life.  Having  been  stuffed  with 
highly  inflated  notions  of  his  future  and  coming  face  to  face 
with  the  hard  knocks  of  an  indifferent  world,  he  is  apt  to  grow 
discouraged,  to  question  his  own  ability,  to  lose  faith  in  the 
idealistic  elements  of  his  vocation  (and  surely  chemistry  has 
enough  of  these  without  the  necessity  of  exaggerating  them), 
to  look  upon  himself  as  a  failure,  when  as  a  matter  of  fact,  he  is 
doing  fairly  well. 

The  young  graduate  certainly  asks  himself,  and  probably 
others,  questions  such  as  the  following: 

What  are  the  usual  prospects  in  my  profession/ 

How  do  the  compensations  and  rewards  compare  with  those  in 
other  professions? 

What  is  the  usual  rate  of  advancement? 

What  can  a  man  normally  expect  to  he  earning  by  the  lime  he 
reaches  the  age  of  thirty-five,  let  us  say? 

Strange  as  it  may  seem.  l)ul  few  attempts  to  answer  lliesc 
questions  have  lieen  made  and  most  of  these  are  so  general  in 
nature  that  they  are  of  little  value.  The  instances  offered 
above  are  as  typical  of  chemistry  as  they  arc  of  cnRlnccring. 

The  engineering  profession,  however,  has  the  aUvuntage  of 
tlie  profession  of  the  chemist  in  that  several  studies,  based  on 
definite,  concrete  information  have  been  made  from  the  stand- 
point of  financial  return,  l-'inaneial  return,  of  course,  is  not 
everything,  tlmugli  it  is  the  sine  qua  non  of  much  else. 

The  American  Society  of  Civil  Ivngincers,  for  example,  has  11 
special  connnillee  "to  investigate  the  condition  of  einploynicnl 
of  and  compensntioii  of  civil  ciiKineers."  This  conunillee  has 
made  two  reports  and  a  tliini  is  promised."  In  these  reiMirts 
graphs  arc  presented  which  show  (1)  the  iiverage  veiirlv  com 
pensutions.  the  maximum,  the  niininuiin  aiul  that  of  the  midille 
man,  plotted  against  the  years  of  experience,  (3)  the  variation 
'  Sec  I'roirtiiHfi  »l  Ihf  AmrrUan  .Smitly  of  CMI  l'»it»rn<  V.il.  XI., 
No.  10  (Deccinbrr.  fH). 


of  compensation  with  the  character  of  employment,  indicating 
the  average  compensation  paid  by  the  National  Government, 
States,  Municipalities.  Technical  Schools.  Railroads,  and  Private 
Corporations  and  Companies,  as  well  as  the  incomes  of  consult- 
ing engineers  and  engineering  contractors;  (3)  the  general  aver- 
ages of  compensation  arranged  according  to  geographical  dis- 
tribution; (4)  the  relative  compensations  received  by  engineers 
who  are  graduates  of  technical  schools  and  those  who  are  not. 

So  far  as  I  am  aware,  no  studies  of  this  nature  have  been  made 
of  the  chemical  profession. 

The  American  Chemical  Society  now  has  a  membership  of 
over  8,200.  Is  not  the  time  ripe  for  a  survey  of  the  field  of  the 
chemist?  I  want  to  offer  as  my  first  practical  suggestion,  a 
recommendation  that  a  Committee  on  Status  and  Compensa- 
tion of  the  American  Chemical  Society  be  appointed.  If  the 
New  York  Section  takes  the  initiative  and  such  a  committee, 
representing  this  section,  is  appointed  to-night  they  will  be 
able  to  bring  in  their  report  at  our  December  meeting.  The 
action  of  the  Section  can  then  be  brought  before  the  Council 
and  Directors  at  the  general  meeting  to  be  held  in  conjunction 
with  the  American  Association  for  the  Advancement  of  Science 
in  this  city  during  the  Christmas  week. 

Returning  now  to  the  specific  subject  of  this  paper  and  also 
to  our  young  graduate  in  chemistry,  let  us  ask  a  few  ques- 
tions : 

Is  there  a  career  in  chemistry  in  the  public  servitef 

What  are  the  relative  advantages  and  disadvantages  of  public 
service  as  compared  with  private? 

Is  public  service  in  chemistry  a  useful  stepping-stone,  giving 
valuable  experience,  no  matter  what  field  the  chemist  evenluaUy 
enters? 

The  time  has  come  when  these  and  related  questions  can  be 
answered.  In  fact,  they  must  he  answered,  and  answered,  too, 
in  a  manner  otlier  than  the  vague,  general  one  which  has  sufficed 
heretofore. 

To  answer  these  questions  we  must  know: 

(1)  The  numbers  and  siilaries  of  each  class  of  chcmisU  in 
the  service  of  our  govennnents  -  national,  state  and  municipal. 

(2)  The  nature  of  the  work  they  are  called  upon  to  do. 
(.1)  The  qualifications  usually  called  for. 

(4!  The  training  best  adapted  to  fit  men  for  public  service, 
and  the  best  manner  of  giving  s\u-h  training." 
tS)  The  likely  numlK-r  of  ap)Hiintincnts 

(6)  The  rate  of  advancement  and  maximum  rvtum  of  the 
public  sers'ant. 

(7)  The  pro|Hiscd  sdiemes,  if  any.  of  appraisiil  and  standard- 
ization of  iH)silions  in  chemistry  in  the  public  service. 

It  is  the  puriKJSe  of  this  paiK-r  to  give  this  information  by 
presenting  the  facts  as  they  exist  in  the  Inilcd  States  C«utto- 
nuiit  service,  the  service  of  New  York  State  and  the  scrvii-c  ot 
New  York  City. 

I     -TIIK    CIIKMIST    IN    THK    SURVICK     OK     TlIK     f.     »      <;0\  KHSMKNT 

One  of  the  <lilficultic-«  ot  niukiiiK  a  survey  of  the  chemical 
servii-e  of  the  I-edcral  C.ovrrnnimt  i»  the  great  confusion  which 
exists  with  rrKiird  to  titU-  Differrnt  titles  !«.imctimeii  me*n 
the  same  thiiiK  and  «•»•  '»"">'■  "•''"  '""'*"  ""^""  diflercnt  thine* 
Not  only  that,  but  Mimctuiics  a  man  i»  cl*sMlietl  as  a  clerk  or 
lis  a  lalxiret  who  is  .ictiially  doiim  work  of  a  chrmiral  naliirr 
(til  the  other  lianil.  iiuii  who  have  l>cen  traine.1  as  chcmisU 
are  mnaKCtl  in  othri  novctilinental  mtivilirs  In  this  paper 
we  are  tnaliim  «f  thow  who  are  aeliiallv  rnKaiJcil  in  the  trsxni 
!ii»r.l  ehriiiieal  work  of  the  Covrrnnirnt  dejv»rtii»ent.« 

III  order  lo  form  a  (liclurr  of  the  ohciiiical  service  of  the  Inite*! 
Slates  fiovernmciit.  a  nunilier  o(  tables  have  t>ren  |>re|Mn:d. 
1  ."Wi  'TlslKliit  <"»  Pul'llc  S«»tc»."  limttmMrimt  *«•»<.  AprtI  II 
I'iH    •«,  if.  !•»  IV«ii  llrtmsn  O.  MllwMtl. 
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CHEMISTS  IN  THE  SERVICE 

OF  THE 

UNITED  STATES  GOVERNMENT 

September  1.  1916 

Title 


Dbpartmbnts 


H  ^  2:    5    <    uo^S,^ 


Alloy  Chemist 1 

Analyst ' 

Assistant  Alloy  Chemist I 

Assistant  Biochemist   1 

Assistant  in  Biochemistry 1    .  . 

Assistant  Biochemist  (Soil  Fertility  In- 
vestigations)          4   .  . 

Assistant  Chemist 47   10       5   .  . 

Assistant  Chemist  in  Forest  Products 4   .  . 

Assistant  Chemist  (Mining) 1 

Assistant  Explosives  Chemist I 

Assistant  Metallurgist 2 

Assistant  Organic  Chemist I 

Assistant  Physical  Chemist 3 

Assistant  Technologist 1 

Biochemist 1 2    .  . 

Biochemist  in  charge  of  Soil  Fertility  In- 
vestigations         1    .  . 

Biochemist  (conducting  biochemical  in- 
vestigations) in  connection  with  plant 
diseases 1    .  . 

Biochemist  (Soil  Fertility  Investigations) 4    .  . 

Cement  Chemist 1 

Cement  Expert 1 

Cement  Tester 4 

Chemical  Biologist 4   .  . 

Chemical  Engineer 1       1    . . 

Chemist 70   18   15     4  327  49 

Chemist  in  Forest  Products 5    . . 

Chemist  (Fuel) 3 

Chemist  (Physical) 1 

Chemist  in  Radioactivity 2 

Chemist  (Technical  Assistant) 2 

Chief  Chemist  (Mineral) 1 

Chief  Metallurgist 1 

Chief  PeUoIcuin  Technologist 1 

Consulting  Chemist  (Fuel) 4 

Consulting  Chemist  (Mineral) 1 

Consulting  Explosives  Chemist 1 

Consulting  Metallurgical  Chemist 2 

Consulting  Metallurgist 2 

Consulting  Quarry  Technologist 1 

Explosives  Chemist 1 

Inspector  and  Chemist 1 

Junior  Ceramic  Chemist I 

Junior  Chemist 1        1    .  . 

Junior  Chemist  (Fuel) 18 

Junior  Chemist  in  Radioactivity 4 

Junior  Chemist  (Table  Syrup  Investiga- 
tions)          1    .  . 

Junior  Explosives  Chemist 1 

Junior  Laboratory  Inspector 3    .  . 

Junior  Physical  Chemist 5 

Junior  Organic  Chemist 1 

Laboratorian 10 

Laboratory  Aid  and  Engineer 9   .  . 

Laboratory  Assistant 2 

Laboratory  Assistant  (Conducting  chemi- 
cal phases  of  investigations  of  malnutri- 
tion of  citrus  trees) I    .  . 

Laboratory  Helper 1 

Laboratory  Inspector 4   .  . 

Metallographcr 1 

Metallurgist 2 

Mineral  Technologist 1 

Organic  Chemist 2 2    .  . 

Paper  Plant  Chemist 1    .. 

Physical  Chemist 1 

Physiological  Chemist 1    .  . 

Powder  Expert I 

Quarry  Technologist I 

Sanitary  Chemist 5 

Scientific  Assistant  in  Chemistry 1    .  . 

Scientific  Assistant  in  Soil  Chemistry 1    .  . 

Scientific  Assistant  in  Tobacco  Investiga- 
tions, conducting  chemical  phases  of 
Tobacco  Work 1    .  . 

Second  Assistant  Chemist 1 

Senior  Biochemist 3    .  . 

Senior  Laboratory  Inspector 7    .  . 

Under  Laboratory  Inspector 2    .  . 


Total 81   20  73  94  397  49     I      I   716 

Table  i  shows  the  number  of  chemists  (and  allied  workers^) 
under  each  title  and  in  each  department  and  the  total  number 
for  each  title  and  each  department.  There  arc  71  distinctive 
titles  in  the  list.  In  compiUng  this  table,  the  following  depart- 
ments were  considered: 

Other  Govbrnmbnt  Establishments 
Interstate  Commerce  Commission 
Civil  Service  Commission 
Federal  Reserve  Board 
Federal  Trade  Commission 
Smithsonian  Institution 
Government  Printing  Office 
The  Public  Printer 
1  Chemists  and  laboratory  assistants  have  been  combined  in  the  Federal 
Service.     The  titles  and  compensations  are  not  distinctive. 


ExncuTivB  Db 

PARTMKNTS 

Stale 

Navv 

Treasury 

Interior 

War 

Agriculture 

Justine 

Commerce 

Post  Ofuf 

Labor 

Of  these  the  Departments  printed  in  italics  employ  no  chem- 
ists in  the  sense  in  which  the  term  is  used  in  this  paper. 

Table  2  gives  the  number  of  chemists  employed  in  each  federal 
department,  arranged  by  bureaus.  Table  3  contains  a  summary 
giving  the  numbers  of  chemists  in  the  Federal  service  at  each  rate 
of  pay  and  the  total  salaries  at  each  rate.  This  table  shows  that 
the  United  States  Government  is  paying  $1,447,305  per  annum 
in   salaries   for   its   chemistry   service.     Summarizing   the   data 

Tablb    2 — N 


OF    Chemists    in    each    Federal  Departme.nt 
Arranged  by  Bureaus  (see  Table  4) 

No.     ToTAt 

TREASORy  Department 81 

Treasury  Department 38 

Customs  Service 32 

Division  of  Scientific  Research 11 

War  Department 20 

Ordnance  Department  at  Large 13 

Quartermaster  Corps  of  The  Array 4 

Engineer  Department  at  Large — in    connection    with  Filtra- 
tion Plant,  Washington.  D.  C. 2 

Medical  Department  at  Large 1 

Navv  Department 73 

Navy  Yards: 

Portsmouth.  N.  H.,  Industrial  Department 1 

Boston.  Mass.,  Supply  Department 4 

New  York.  N.  Y.,  Hull  Division 9 

Supply  Department 15 

Philadelphia.  Pa.,  Supply  Department  ...    4 

Washington,  D.  C,  Ordnance  Department S 

Norfolk,  Va.,  Suppiv  Department 4 

Mare  Island.  Cal.,  Machinery  Division 2 

Supply  Department 3 

Naval  Magazine 1 

Puget  Sound,  Washington,  Manufacturing  Department  ....  1 

Supply  Depaitment I 

Naval  Torpedo  Station.  Newport.  R.  1 1 

Naval    Academy,    Annapolis.    Md.,  Engineering    Experiment 

Station 3 

Naval  Proving  Ground.  Indianhead,  Md 15 

Naval  Station,  Olongapo,  P.  I.-,  Naval  Magazine  and  Chemical 

Laboratory 1 

Office  of  Inspector  of  Engineering  Material,  Munhall.  Pa 1 

Pittsburgh.  Pa. .  .  1 

Inspector  of  Hull  Material,  Philadelphia.  Pa 1 

Department  of  The  Interior 94 

U.  S.  Geological  Survey 9 

U.  S.  Reclamation  Service 6 

Bureau  of  Mines 79 

Department  of  Agrtcuuture 397 

Bureau  of  Plant  Industry — Designation 20 

Forest  Service — Designation 18 

Bureau  of  Chemistry 308 

Office  of  Public  Roads  and  Rural  Engineering — Designation.  .  5 

Bureau  of  Animal  Industry 28 

Bureau  of  Soils — Designation 18 

Department  of  Commerce 49       49 

U.  S.  Civii.  Service  Commission 1         1 

The  Public  Printer 1         1 

Grand  Totai 716 


Table  3 — Numbers  < 

Annual     Total 
No.    Salary  Salaries 
1   5  500  $       500 


Chemists.  Etc.,  in  the  Fedei 
Rate  of  Pay  (see  Table  4) 


lAL  Service  at  Bach 


800 

10  900 

1  960 

2  1.000 

4  1 . 020 

3  1 . 080 
60  1 ,200 

5  1 . 260 

4  1.320 

6  1.380 

11  1.400 
28  1.440 
21  1,500 

4  1 ,550 
9  I , 600 

46  1 .620 
3  1.680 

5  1.740 


800 
9,000 
960 
2,000 
4.080 
3.240 
72.000 
6,300 
5.280 
8.280 
15.400 
40.320 
31.500 
6.240 
14.400 
74,5'>0 
5,040 


_  _,700 

89  1 .800  160.200 
I  1.860    1.860 

1  1.900 
3  1.920 
7  1.980 

28  2.000 
27  2.040 
5  2.100 

2  2.160 
9  2.200 


1  .  900 
5 .  760 
13.860 
56.000 
55.080 


3 


220 


4.320 
19.800 
6.660 
2,250 


1   J. 250 

io)  Salaries  paid 
(6)  Salaries  paid 
to  the  year. 


Annual 

No.  Salary 

19  J2.280 

3  2.300 

I  2.340 

11  2 . 400 

14  2.500 

21  2.520 

1  2.580 
5  2.640 

7  2 . 700 

2  2.750 

3  2.760 
2  2.820 

28  3.000 

I  3 . 240 

4  3 , 250 

1  3.420 

5  3,500 

2  3,600 
1  3 , 750 
1  3 . 800 

8  4,000 

1  4 . 200 
5  4,800 

2  5,000 

1  l.OOO(o) 

2  1.170(a) 
2  1.200(a) 
2  1.800(a) 
5  2.000(a)     10,000 

4  2.500(0)     10.000      - 

I  3.000(a)      3.000     7 

on  monthly  basis. 

on  per  dtem  bases,  figure  gii) 


Total 

Salaries 

$43,320 

6.900 

2.340 

26.400 

35.000 

52.920 

2,580 

13,200 

18.900 

5.500 

8.280 

5,640 

84.000 

3,240 

13.000 

3,420 

17.500 

7,200 


3 ,  800 

32.000 

4.200 

24   000 

10,000 

1,000 

2.340 

2,400 

.  600 


Salary 
%  912(6) 
984(i>) 
1.050(6) 
1.056 
1,080 
1,128 
1,152 
1  ,200 
1.248 
1,272 
1  ,320 
1,344 
1,350 
1,368 
1.440 
1.500 
1.512 
1.536 
1.584 
1.656 
1  .725 
1  .800 
I  .920 
2.100 
2.400 
2.700 
2.880 
3.000 
3.150 


Total 

Salaries 
4,560 
1.968 
1,050 
1,056 
1,080 
1,128 

12,672 

20.400 
1,248 
3,816 
1.320 
2,688 
1.350 
1,368 
1,440 
1.500 

12,096 
1,536 
3,168 
1,656 
1.725 
3.600 
1.920 
2.100 
141.600 

18,900 
2,880 

45,000 
6.300 


I  on  300  working  days 
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Table   4— TITLES,    NUMBERS   AND   SALARIES   OF  CHEMISTS  IN  THE  EMPLOY  OF  THE  U.    S. 
Numbers  employed  at  each  rate  are  given  in  parentheseS'following  the 
Navy  Department 
Navv   Yards: 
Portsmouth,   N.   H.,   Indus- 
trial Dept. 

Asst.  Chemist 1 

$1272  (l)(o) 
Boston,  Supply  Dept. 

Chemist 1 

S2I00  (1) 

Asst.  Chemist 3 

$1200  (l)(.o)  $1248  (l){a) 
1512  (l)(o) 
New  York.  Hull  Division 

Chemist 1 

$1320  (l)(a) 

Laboratorians 8 

$  912  {5)(a)  $1536  (l)(a) 
1512  (l)(o)  1810  (l)C<j) 
York,  Supply  Dept. 


Treasury  Department 
Treasury 

Chemist 38  $3000  (9) 

2500  (3) 
2250  (1) 
2200(1) 
2000  (6) 
1800  (7) 
1600  (1) 
1500(1) 
1400  (2) 
1200  (5) 
1725  (l)(a) 
1350(1)  (a) 

Customs  Service 


Chemist 32  3000(2) 

2500  (4) 
2400  (1) 
2200  (5) 
2000  (6) 
1800  (4) 
1600  (1) 
1500  (3) 
1400  (1) 
1200  (5) 


Division  of  Scientific  Research 


Department  of  the  Interior 

V.     S.     Geological     Survey 

Chemist 

S2400  (1)  $2700  (2)  $3000  (1) 

Chemist  (Physical) 

$2700  (1) 

Asst.  Chemist 

$1560  (1)  $1980  (2) 

Junior  Chemist 

$1380  (1) 
U.  S.  Reclamation  SER\^CB 

Cement  Expert 

$2400  (1) 

Cement  Chemist 

$1S00  (1) 

Cement  Tester 

$1170  (2)(4)  $1200  (2)(6) 


Biochemist 1 

Organic  Chemist      2 


Sanitary  Chemist    5 


Chemist  (Tech- 
nical Asst.)    .. 


3000  (1)(6) 
2500  (1)(6) 
2000(1)  (6) 
2500  (2)  (6) 
2000  (3)  (6) 

2500  (1)(6) 
1800  (l)(f)) 
2000(1)  (6) 


Asst.  Biochemist 

War  Department 


Chemist 13  3000(1) 

2300  (2) 
2000  (2) 
1800(1) 
1680(1) 
l.-)00(4) 
1400  (1) 
1272  (l)(o) 


QnARTERMASTER     CoRPS     OK     THE 

Army 
Inspector  and 

Chemist 1      2000(1) 

Chemist 3       .500(1) 

900  (1) 
1800  (1) 


Encinbbk   Dkpt.  AT  Large 

(In  connection  with  Filtra- 
tion    Plant,     Wash- 
ington, D.  C.) 


Chemist 1 

Second  Asst. 

Chemist 1 


1800(1)  (6) 
1000(1)  (6) 


MSDicAL  Department  at  Large 
Chemist I     2100(1) 

Department  of  Commerce 

Chemist 49     1000(2) 

1020(1) 
1200  (7) 

i:is()  (2) 

MOO  (3) 
1410  (2) 
I.MHMl) 
IliOO  (3) 
1620(1) 
IHOII  (H) 
2(HPn  CI) 
^;ivi  1 1) 


270(1  (,3) 
3r>00  12) 
3H(KI  (I) 
48(H)  (2) 


U.   S.    Civil   Serrice   Commlsilon 
Chemist I      H1(M1(I) 


Chemist. 

$2400  (1) 

Asst.  Chemist 14 

$1200  (8)(a)  $1368  (l)(o) 
1344t2)(o)     1512  (2)  (a) 
1656  (l)(a) 
Philadelphia  Supply 
Division 

Chemist 1 

$2300  (1) 

Asst.  Chemist 3 

$1200  (2)(a)  $1440  (l)(o) 

Washington,  D.  C. 
Ordnance  Dept. 

Chemist 1 

$2500  (1) 

Asst.  Chemist 4 

$1152  (2)(a)  $1584  (2)(a) 

Norfolk,  Va.,  Supply  Dept. 

Chemist 1 

$2200  (1) 

Asst    Chemist 3 

$1056  (l)(a)  $1128  (l)(a) 
1200  (l)(o) 

Mare  Island,  Cal.: 
Machinery  Division 

Laboratorians 2 

$1080  (l)(o)  $1200  (l)(a) 

Supply  Department 

Chemist 1 

$2200  (I) 

.•Vsst.  Chemist 2 

$1200  (2)(a) 

Naval  Magazine 

Asst.  Chemist 1 

$1200  (l)(a) 
Puget    Sound,  Washington, 
Manufacturing  Dept. 

Chemist 1 

$1900  (1) 
Supply  Dept. 

Chemist 1 

$1200  (l)(a) 

Naval  Torpedo  Station. 
Newport.  R.  I. 

Asst.  Chemist 1 

$1272  (l){a) 

Naval  Academy,  Annapolis, 
Engineering  l-ixpt.  Sta. 

Chemist ■  .  •      3 

$1800  (1)  $2000  (1) 
2400  (I) 

Niivjil  Proving  Ground, 
Indinnhead,  Md. 

Powder  Expert 1 

$5000  (1) 

Chemist I 

$2500  (I) 

AsHt   Chemist 13 

$  084  (2)(o)  $1512  (l)(fl) 
1152  (OXfl)     1020  (l)(d) 

Naval  Stuliou,  OlonKap". 
P.  I..  Naval  MnKa/iitc 
and  Chemical  Lalioralory 

CI1cn1i.1t I 

$2.HS0  (11(a) 

OITicr  of    Inspector    of     l!n 

RinecrhlK   Material.    Muii 
all.  Pa 
Chrmlit ...  1 

$1512  (l)(a) 

Ollicc  of  Insprclor  of  Hull 
Material.     IMiiladrlplila 

Chemist ' 

$1512  (n(dl 


t  >ni> 


Inspertor    ftl    I'.n- 
ng    Material.   I'lllt 

»l5ia'(l)'(a) 


The  Public  Printer  Cheiiilal . . 

Chemist I      KMIOd) 

(«)— Salorles    paid    on    lm«U    of    dally   wage:   figure.  (I 
(»)— SiUarics    paid    on    basis    of    luontlily  wag*. 


Bureau  op  Mi.nes 

Chief  Chemist  (Mineral) 

$4800  (1) 

Chemical  Engineer 

$3240  (1) 

Consulting  Chemist  (Mineral) 

$3000  (l)(a) 

Asst.  Chemist  (Mining) 

$1740  (1) 

Chemist  (Fuel) 

$2580  (I)  $2820  (2) 

Asst.  Chemist 

$1620  (2)     1800  (I)     1980  (1) 
1680  (1)     1920  (1)    2160  (1) 

Junior  Chemist  (Fuel) 

$1020  (1)  $1200  (2)  $1380  (3) 

lOSO  (2)  1260  (3)  1500  (3) 

1320  (3)  1560  (I) 

Consulting  Chemist  (Fuel) 

$3000  (4)  (a) 

Chemist  in  Radioactivity 

$1740  (1)  $3000  (1) 

$1200  (3)  $1500  (I) 

Junior     Chemist      in       Radioac- 


GOVERXMENT,  SEPTEMBER  1.  1916 

Department  of  Agricolture 
Bureau  of  Plant  Industry' 

Biochemist  in  Charge  of  Soil  Fer- 
tility Investigation 

$3750  (I) 
Biochemist    (conducting   biochem- 
ical investigations  in  connection 

with  plant  diseases) 

$2520  (1) 
Biochemist    (Soil    Fertility    Inves- 
tigations)   

$2040  (1)  $2100  (1)  $2220  (I) 

2280  (1) 

Asst.     Biochemist     (Soil    Fertility 

Investigations) 

SISOO  (2)  $1860  (I)  $1920  (I) 

Scientific  Asst.  in  Soil  Chemistry. ... 

$1200  (1) 

Paper  Plant  Chemist 

$2040  (1) 
Jr.  Chemist  (Table  S>-rup  Investi- 
gations)   

$1800  (1) 
Scientific  .\sst.  in  Tobacco  Investi- 
gations    (conducting     cbemicml 

phases  of  tobacco  work) 

$1500  (I) 
Laboratory       Asst.       (conducting 
chemical    phases    of    investiga- 
tions  of   malnutrition   of   citnis 

trees) 

$2400  (1) 


tivity  . 


Alloy  Chemist 

Asst.  Alloy  Chemist 
Explosives  Chemist. 
Asst.  Explosives  Chemist 
Jr.  i-xpl. 
Cbnsulting  Expl< 
Phy 


$3420  (1) 

$iio6  (i) 
'$24(i6'(i) 


$2160  (I) 

Chemist 

$1020  (1) 

ives  Chemist .  .  . 

$3000  (l)l«) 

al  Chemist 

$4300(1) 


.\sst    Physical  Chemist 

$1620  (1)  $1680  (1)  $1980  (I) 
Jr.  Physical  Chemist 

$1200  (5)  $1320  (I)  $l5t)0  (2) 

Asst.  Organic  Chemist 

$1800  (1) 

Jr.  Organic  Chemist 


Chief  Metallurgist 
Metallurgist 


$1200  (1) 
$4866  (i) 


$3000  (I)  $4000(1) 


Consulting     Metallurgical    Chem- 

" $3000  ('»)(•) 

MetalUigraphrr 


Jr   Ceramic  ChemUt 


LalMMalnry  Helper 
Analyst   . 


$3000  (1>(«) 

$i4o6  (i ) 
$i2mi  \\^ 
fioaod) 

$  000  (I) 

i«t 
wm  (I) 

$4(IIW  (I) 


MInrial  Trthiiolo«l.i 
(Juallr  Tn  hii">t»«l'< 
l-oniulllni  Uuatt> 
Axlllallt  Trrhl." 

■A  by  allow  III!  .«<()  wmklng  dan  P*< 


Che 

Organic  Chemist. 


Fokbst  Sbk\icb  Dssicnation 
Chemist   in   Forest    Pr-Hliu-ti 


Asst.  Chcmbi 

$  900  (1 
l.aboralor>'  .\i< 


5) 

1) 

■••no  (8) 


BvmBAr  or  CniMismr 


...308 
1(17) 
I  (  3) 


2UIKI  (   31     SiM  ( 

2O40  (22)     MOO  ( 

4000  ( 

50001 


Chemist 

Chemical  Engineer. 


$3«40  (I) 

$3600  (1) 

Asst.  Chemist 

$1200  (1)  $IMW  (I)  $3000  (I) 

Du««AU  »r  Amihal  IxDiirair 

Senior  lUochemkst 

$3320  (1)  $3000  (31 

IliochemUt 

UftKI  ll)  fCKMO  (I) 
A>*l   in  Biochemutry   . . 

$1X00(1) 
Asst    Chemist 

$U(io  U)  $1740  (I) 
Phrsiolngiral  Chcmltl 

$1»!«  (I) 
Organic  Chemut 

$1«XI(I) 
Junioc  CbemUt ... 

$1400(1) 
SrienllAc   A»»t.   In  CbemMtY 

$l3<hO(l) 
Scnkw  t-i-a.i.-.   I..M.r-i.«« 

»: ■;!{ 

'-'""'  >i, 

....M«) 
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given  in  Table  3,  and  rearranging  in  groups  at  intervals  of  $500 
it  will  be  seen  that  92 . 2  per  cent  of  these  salaries  lie  in  the 
region  between  $1001   and  foooo- 


Per  Cent 

No. 

Total  N( 

23 

3.2 

189 

26.4 

219 

30.6 

159 

22.2 

93 

13.0 

Annual  Salaries 
(or  Equivalents) 
$  500  to  1000 
1001  to  1500 
1501  to  2000 
2001  to  2500 
2501  to  3000 
3001  to  3500 
3501  to  4000 
4001  to  4500 
1501  to  5000 


In  the  discussion  of  the  report  of  the  Committee  on  Status 
and  Compensation  of  the  American  Society  of  Civil  Engineers 
which  we  have  mentioned,  it  was  brought  out  that,  taking  it 
all  in  all,  the  engineer  who  clears  $3000  per  annum,  year  after 
year,   is  considered  a  success  by  his  co-laborers.     Of  course. 


there  are  many  who  earn  very  much  more  than  this.  On  the 
other  hand,  there  are  a  great  many  more  who  earn  decidedly 
less.  The  same  statements  are  true,  we  believe,  with  regard 
to  the  chemical  profession.  Ask  any  ordinary,  every-day 
practicing  chemist  of  good  ability,  who  is  thought  to  be  doing 
fairly  well  by  his  colleagues,  what  he  regards  as  a  successful 
chemist  from  the  standpoint  of  compensation  and  he  will  proba- 
bly agree  that  the  chemist  who  clears  S3000  per  annum,  year 
in  and  year  out,  is  above  the  average. 

Adopting  this  standard  as  a  fair  measure  of  the  successful 
chemist,  and  rearranging  the  data  covering  the  Federal  .ser- 
vice, we  find  the  following: 

Below 

S3  000 

Number 639 

Per  cent 8') ,  2 

The  implications  of  this  result  are  so  glaringly  obvious  that 
they  call  for  no  comment. 


?3000  or 

Total 

77 
iO.8 

716 
100 

Table  5— QUALIFICATIONS  FOR  APPOINTMENT  AS  CHEMISTS  IN  FEDERAL  CIVIL  SERVICE 


TiTLB  OF  Position 


Aid,  qualified 
in  Chemistry 


AoG,  Sbx,  Etc. 

Male 

IS  to  22 

No  Med.  Cert. 


Male 

21  to  .35 

No  Med,  Cert. 


Alloy  Chen 
Junior 


Assayer,  Assistant 


Assistant  in 
Metabolism 
Investigations 

Biochemist,  Assistant 


Ceramic  Chemist 
Associate  (qualified 
in  Glass  Technology) 


No  Med.  Cert 


Male 

Under  45 

No  Med.  Cert 

Male 

25  to  45 

No  Med.  Cert. 

Male 

Under  45 

No  Med.  Cert. 


Ceramic  Chemist, 
Junior 

Male 

Under  35 

No  Med.  Cert. 

Chemical  EiiKineer 

Male 
25  to  40 

Chemical  Engineer. 
Explosives 

Male 

Under  40 

No  Med.  Cert. 

Chemist,  Ordnance 
Department 

Male 

Under  35 

No  Med.  Cert. 

Chemist,  Ordnance 
Department 

Male 

Under  35 

No  Med.  Cert. 

(a)  Education,  Training  and  Experience 

:  &  A  Relative  weight,  20.     Special  consideration 

given  to  graduates  of  mechanical  train- 
ing, technical  or  scientific  schools,  or 
for  training  in  scienti&c  or  technical 
laboratories. 
Relative  weight.  SO.  .  Required:  Educa- 
tion equivalent  to  degree  of  Pb.D  in 
chemistry,  and  knowledge  of  physical 
chemistry,  with  special  reference  to 
the  phase  rule,  and  its  application  to 
alloys,  a  knowledge  of  microchemistry 
and  metallography,  and  a  reading 
knowledge  of  French  and  German. 
Also  must  have  experience  in  foundry 
practice  for  nonferrous  alloys,  in  the 
construction  and  manipulation  of  elec- 
trical furnaces,  and  in  accurate  high 
temperature  measurements. 

:  Relative    weight.    20.      Required:     Gradua- 

tion from  college  or  university  and  in 
addition,  2  years'  post-graduate  work 
or  3  years'  experience  in  nonferrous  alloy 
industries. 
Relative  weight.  20.  Required:  Education 
equivalent  to  degree  of  Ph.D..  knowl- 
edge of  physical  chemistry,  with  special 
reference  to  the  phase  rule  and  its  appli- 
cation to  commercial  and  scientific  prob- 
lems, and  ^  reading  knowledge  of 
French  and  German, 

I   &  A  Relative    weight.    25.      Required:     Gradua- 

tion from  high  school;  2  years'  college 
work  in  science,  including  physics, 
chemistry,  laboratory  work  in  inorganic 
analytical  chemistry,  and  1  year  college 
mathematics. 

J  Relative     weight.     40.      Required:     Educa- 

tion including  a  course  in  inorganic 
chemistry,  both  qualitative  and  quanti- 
tative; also  1  year's  experience  in  posi- 
tions requiring  the  making  of  quantita- 
tive chemical  analyses  for  the  various 
metals  and  assays  for  lead,  silver  and 
gold. 

J  Relative    weight,    35.      Required:     Gradua- 

tion in  medicine,  and  6  months'  practical 
experience  in  work  with  the  respiration 
apparatus,  and  the  calorimeter. 

J  Relative  weight.  80.      Required:     Ph.D.  de- 

gree for  graduation  from  college,  and  3 
years'  post-graduate  work  in  bio- 
chemistry. 

^   &  A  Relative     weight,     80.      Required:      Degree 

in  ceramic  engineering  or  equivalent 
courses,  and  3  years'  experience  in 
operating  ceramic  plants,  of  which  2 
years  must  have  been  in  the  technical 
study  of  glass  or  in  teaching  glass  tech- 
nology; also  a  thorough  knowledge  of 
refractory  clays  is  necessary. 

L  Relative    weight,    30.      Required:     Gradua- 

tion from  4  years'  course  in  college  or 
university,  additional  credit  given  for 
specialized  training  in  ceramics  and  for 
experience  in  the  pottcrv  industry. 

•I    &  A  Relative  weight,  75.      Required:     Ph.D.  de- 

gree, training  including  special  courses 
in  physical  chemistry,  and  1  year's  ex- 
perience in  a  chemical  or  metallurgical 
industry. 

C  Relative  weight.  80.      Required:     Ph  D    de- 

gree, and  5  years'  experience,  since  re- 
ceiving bachelor's  degree,  in  chemical 
and  physical  investigation  of  explosives. 

sT  Relative    weight,    40.      Required:     Gradua- 

tion with  bachelor's  degree  from  4  years' 
course  in  chemistry  and  2  years'  ex- 
perience in  analysis  of  iron  and  steel  or 
melting  and  mixing  of  steel. 

*;  Relative   weight.    40.      Required:     5   years' 

practical  laboratory  experience,  1  year 
in  an  iron  works.  Each  year  of  college 
work  in  a  chemical  course  is  equivalent 
to  1  year's  experience. 


Content 

Relative  Weights 
Elementary    algebra,    geometry    and 
trigonometry,   25;  general   physics. 
25;     elementary     chemistry,     30; 
training  and  experience.  20. 

General  education  in  scientific  train- 
ing, 40;  practical  experience  and 
fitness.  40;  publications  or  thesis, 


Physical  and  electrochemistry.  35; 
French  and  German,  10;  micro- 
chemistry  and  metallography,  23; 
thesis,  10;  education,  training  and 
experience,  20. 

Same  as  assistant  alloy  chemist. 


General  chemistry.  30;  inorganic 
analytical  chemistry,  30;  physics, 
15;  training  and  experience,  25. 


Practical  questions,  60;  training  and 
experience,  4^.  Duties  require  de- 
termination of  zinc,  lead,  copper, 
tin.  antimony,  iron,  calcium,  silver 
and  gold,  and  general  laboratory 
work. 


General  chemistry,  25;  calorimetric, 
and  respiration  determinations,  40; 
education  and  experience,  35. 

General  education.  40;  laboratory 
experience,     40;     publications     or 


General  education  and  scientific 
training,  40;  practical  experience 
and  fitness,  40;  publications  or 
thesis.  20. 


Inorganic  chemistry,  including  min- 
eral analysis,  15;  mineralogy  and 
blowpipe  analysis,  10;  French  or 
G.erman,  10;  ceramics.  35;  educa- 
tion and  experience,  30. 

General  education  and  scientific 
training,  40;  professional  experi- 
ence and  fitness,  35;  published  or 
manuscript  reports,  25. 

Education,  40;  experience.  40;  publi- 
cations or  manuscript  reports,  20. 


Physics,  10;  general  chemistry,  20; 
iron  and  steel  analysis,  30;  educa- 
tion and  experience,  40. 


ron,  steel,  and  nonferrous  alloy 
analysis,  35;  general  industrial 
analysis,  25;  education  and  experi- 
ence, 40. 


$  600 

to 

$  840 


$1500 

to 
$1800 


$  800 

to 
$1020 


$2000 

to 
$2500 


$1200 

to 
$1500 

$1800 
to 

$3000 

$1800 

to 
$2400 

$1200 


$3.84 
per 
day 
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Table 
Title  of  Position 

Chemist.  Government 
Printing  OfiBce 

Chemist,  Bureau  of 
Chemistry 


Chemist,  qualified 
in  Physical 
Chemistry 

Chemist,  Assistant 
Engineer,  Depart- 
ment at  Large 


Chemist,  Assistant 
Custom-House 
Service 


Chemist,  Assistant 
Geological 
Surveying 

Chemist,  Assistant 
Navy  Yard 


Chemist,  Assistant 
Bureau  of  Chemistry, 
Department  of 
Agriculture 


Chemist,  Assistant 
Ordnance 
Department 


Chemist,  Assistant 
Office  of  Public 
Roads,  Department 
of  Agriculture 


Chemist,  Associate 
(qualified  in  Chem- 
istry of  Metals) 
Bureau  of  Standards 

Chemist,  Junior 


-QUALIFICATIONS  FOR  APPOINTMENT  AS  CHEMISTS  IN  FEDERAL 
Age,  Sex,  Etc.       (a)  Education.  TRAiNrNG  and  Experiencb 

Male  A  Relative      weight,      40.      Required:     Bach- 

20  to  40  elor's   degree   or   equivalent,    and    prac- 

tical experience  in  analysis  of  paper. 
Male  A  Relative    weight.    100.      Required:     Educa- 

30  to  45  tion    equivalent    to    bachelor's    degree. 

No  Med,  Cert,  including    courses    in    organic    and    in- 

organic chemistrj',  bacteriology,  his- 
tology, cytology,  and  2  years'  respon- 
sible administrative  experience  in 
charge  of  the  enforcement  of  state  or 
federal,  food,  drug  or  sanitation  statutes. 
Relative  weight,  100.  Required:  High 
order  of  scientific  training  equivalent 
to  that  required  by  leading  American 
universities  for  a  professorship  in  phys- 
ical chemistry. 
Male  A  Relative     weight,     25.      Required:      Educa- 

Over  20  tional  training  equivalent  to  B.  S.  degree. 


CIVIL  SERVICE— (Con/in >i<rf) 
ExAJONATiON,  Weights.  Etc. 

General  chemistry.  30:  analytical 
chemistry,  30;  education,  training, 
experience  and  6tness.  40. 

Education.  practical  experience  and 
fitness.  100. 


Male 
Over  20 

A 

Male 
Over  20 

Male 
20  to  30 

A 

Men    &  Women 
Over  20 

N    S:  A 

No  Med.  Cert. 


Male 

Under  40 

No  Med.  Cert. 


Male 

2'.  to  4r. 

No  Med.  Cert. 


Men    &  Women 

Over  20 

No  Med.  Cert. 


Rflalivc  ueiikl.  -45.  Duties  of  position 
include  making  laboratorj*  tests  of  sugar, 
chemical  examination  of  tea.^  analysis 
of  drugs,  chemicals,  oils,  acids,  etc., 
the  assay  of  gold,  silver  and  lead,  the 
examination  of  starches,  flours,  fibers, 
and  dyes,  and  general  analytical  work. 

Relative  weishl,  30.  Required:  Educa- 
tion equivalent  to  B.  S.  degree. 

Relative  weight.  2S.  Required:  Educa- 
tional training  equivalent  to  B.S. 
degree. 

Relative  weight.  2>.  Required:  Gradu- 
ation from  4  years'  course  in  chemistry. 

Relative  weight,  40.  Required:  ^  Educa- 
tional training  equivalent  to  B.  S.  degree 
with  3  years'  course  in  chemistry 


Relative  weight,  50.  Required:  B.t>. 
degree  from  4  years'  course  in  chemistry 
or  chemical  engineering,  including  1 
year  in  organic  chemistry.  Experience 
in  testing  analysis  or  manufacture  of 
explosives  is  desir,ible. 

Relative  weight.  90.  Required:  Educa- 
tional training  equivalent  to  gradua- 
tion from  chemical  or  chemical  engi- 
neering course. 


Relative  weight,  SO.  Required:  Educa- 
tional training  equivalent  <o  graduation 
from  chemical  or  chemical  engineering 
course,  and  2  years'  gruduule  work  or 
2  years'  experience  in  electrochemistry  or 
chemical    engineering         .     ,       „      , 

Relative  weight,  TS.  Required:  C.nidua- 
tion  with  bachelor's  degree  in  chemistry 
from  full  4  years'  course  and  3  year* 
subsequent  research  work  in  chemistry 
of  metals  and  alloys. 

Relative  weight.  JO.  Required:  (.radua- 
tion  from  full    I   years'  course  in  chcm 


Education,  training,  technical  and 
profes=ional  experience         and 

achievements  as  shown  by  pubuca- 
tions  and  results  accomplished. 

Chemical  arithmetic.  15:  chemistry 
of  water.  25;  bacteriology  of  water, 
25;  microscopy  of  water.  10;  educa- 
tion, training,  experience  and  fit- 
ness. 25. 

General  physics.  20;  general  and  an- 
alytical chemistr>'.  35;  educauon. 
training,  experience  and  fitness,  45. 


Analytical  chemistry.  30;  general 
chemistrj-,  20;  French.  10;  Ger- 
man, 10;  education,  training,  ex- 
perience and  fitness.  30. 
General  chemLstrj-,  25;  qualiutive 
analysis.  25;  quantitative  analy- 
sis 25;  education,  training,  experi- 
ence and  fitness.  25. 
General  physics.  iS;  general  chemts^ 
tr>-.  50;  education,  training  and 
fitness,  25.  . 

Practical  questions  on  theoretical 
and  applied  chemistry,  coDStstioR 
of  general,  inorganic  and  organic 
chemistry.  physical  chemistry, 
and  analytical  chemistry.  5<l. 
translation  into  English  from 
French  or  German  technical  liter 
aturc,  10.  education,  training,  ex- 
perience and  fitness.  40. 
Chemistrv  (manufacture  and  Icstint 
of  explosives),  ,30;  general  chem 
istry.  including  inorganic,  organic 
and  analytical  chemistry,  20;  edu 
cation  and  experience,  50. 

General  education  and  technical 
training.  25,  practical  latKiratory 
experience,   particularl 


bituminous 
field   eiperi 

lions  or  thi 
Undergraduat 


aU.  40.  practical 
ice  in  use  of  bitumi- 
latcnals,   25;   public* 
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$4000 


10. 


ind 


„„..,^._„ education 

training,  4').  graduate  education 
experience  and  filnesa,  40;  puWi 
cations.  20 


54  00 
per 
day 


flSOO 

to 
f2240 


General 
phy«f 


15.    elementary 


CbemUl,  Junior 

Geological  Surveying 


Mule 
21  to  40 
Med.  Cei 


Relative  uei,hl,  2S  Kequir.d  liduca 
lional  training  equivalrni  I"  graduation 
from  4  years'  course  in  Irclinual  collete. 
the  larger  portion  of  which  it.uriw  wa.  in 
chemistrv.  Including  «  cun.t.leralilc 
amount  of  lalmraloiv  practice.  e« 
pecittlly  Ml  <iuantHatlvr  analysis. 

Kelal.v.  uriglit.  4,1  Required  Ml,,* 
linnal  training  e.|ulv«lrnl  to  II  S  ilr 
grrr 


nation 
„pt...n,.l 
ocganir 
chrnilsir 
dair%     ,  •■ 
inel.4' 
chrin 
l.trt     . 


Iiullal  Irainllag. 


>ICISO 
to 


40. 

»lo«n 

I>i( 

to 

.phv. 

»I1M 

Chemist,  Junior 
(qualified  in  Fuell) 


Cbemiil  In  Chen 
Metallurgy, 
Anislnnt 


Mule 
Over  20 
No  M«d   Ci 


Male 
Under 
No  Me 


liiiii  from   4    yrar»    courw   In  cllrml«ir> 
or  chrinlcal  rnginrering 

Krlalite    u.ithl.    .><       KfO-'^^      ,*'•";'?" 


t\3O0 
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Table  5— QUALIFICATIONS  FOR  APPOINTMENT  AS  CHEMISTS  IN  FEDERAL  CIVIL  SERVICE— (Continued) 
Title  of  Position  Age.  Sex,  Etc.  (a)  Education.  Tkaining  and  Experience  Examination,  Weights.  Etc. 


Chemist's  Aid 


Electrochemical 
Engineer 


Electrometallurgist 


Fuels  Chemist, 


Inorganic  Chemist. 
Philippine  Service 

Laboratory  Aid 
in  Chemistry  and 
Physics 


Laboratory  Assistant 
in  Chemistry, 
Bureau  of  Standards 


Leather  Chemist 
Master  Steel  Maker 


Men   &  Women       N   &  A 

18  to  30 

No  Med.  Cert. 


Chief.  Bureau  of  Male 

Chemistry,  Assistant         30  to  45 


Dairy  Chemist 


Male 

Under  40 

No  Med.  Cert. 


Male 

Under  40 

No  Med.  Cert. 


Male 

Over  20 

No  Med.  Cert. 


Male 

Under  40 
Med.  Cert. 
Men    &  Womei 
18  to  25 
No  Med.  Cert. 


Male 

Under  40 

Med.  Cert. 

Male 

25  to  45 

No  Med.  Cert. 


Male 

Under  40 

No  Med.  Cert. 


Relative  weight,  30.  Required:  1  year 
college  chemistry  or  3  years*  experience 
in  chemical  laboratory,  or  1  year's  ex- 
perience in  cheniical  laboratory  and 
graduation  from  manual  training  school. 


Relative  weight,  100  Required:  Educa- 
tional training,  including  M.D.  degree, 
and  special  training  in  analytical  and 
physiological  chemistry,  and  3  years' 
experience  as  a  medico-legal  expert  and 
some  experience  as  an  administrative 
officer. 

Relative  weight,  70.  Required:  Educa- 
tion equivalent  to  Ph.D.  degree,  and 
thorough  training  in  biochemistry. 


Relative  weight,  30.  Required:  Gradua- 
tion from  4  years'  course  in  chemistry, 
and  2  years'  experience  in  construction 
and  operation  of  electric  furnaces. 

Relative  weight.  80.  Required:  Educa- 
tional  training  equivalent  to  graduation 
from  college,  including  courses  in  geol- 
ogy, chemistry,  physics  and  metallurgy. 
and   3   years'   experience  in  electric   fur- 

Relative  weight,  75.  Required:  Gradua- 
tion from  four  years'  course  in  chem- 
istry, and  5  years'  experience,  including 
research  work  in  explosives.  Graduate 
work  in  chemistry  accepted  in  lieu  of 
experience. 

Relative  weight,  40.  Required:  Educa- 
tional training  equivalent  to  bachelor's 
degree  or  chemical  engineer's  degree, 
and  .3  years'  experience  in  research  or 
industrial  chemical  work.  Desired  a 
knowledge  of  the  chemistry  of  wood 
distillation,  pulp  manufacture,  tannins 
and  gums  derived  from  wood,  and  wood 
preservation. 

Relative  weight,  25.  Required:  Gradua- 
tion with  degree  of  B  S.  or  chemical  en- 
gineer. 


Relative  weight,  25.  Required:  Gradu: 
tion  from  4  years'  course  in  physical  ar 
organic  chemistry  in  technical  college. 


Relative  weight,  SO.  *  Required:  Gradua- 
tion from  4  years'  course  in  chemistry. 

Relative  weight,  20.  Required:  2  years' 
college  work  or  2  years'  experience  in 
chemical  or  physical  laboratory. 


Relative  weight,  25.  Required:  Gradua- 
tion from  4  years'  course  in  chemistry 
or  equivalent.  Special  consideration 
given  for  reading  knowledge  of  French 
and  German. 

Relative  weight.  40.  Required:  Gradua- 
tion in  science,  and  2  years'  practical 
course  in  tannery. 

Relative  weight,  90.  Required:  Bachelor's 
degree  in  chemistry  or  metallurgy,  and 
3  years'  subsequent  experience  in  phys- 
ical metallurgy  in  research  or  industrial 
plant  laboratories,  or  as  foreman  of  a 
steel  casting  plant. 


Relative  weight,  80.  Required:  Bachelor's 
degree  from  four  years'  chemical  course 
and  3  years'  experience  in  metallurgical 
work,  including  the  use  of  the  microscope 
in  examination  of  metals,  and  the  making 
and  interpretation  of  photomicrographs 
and  metals. 


Elementary      chemistry,      including         $  720 
simple  problems  in  qualitative  and  to 

quantitative      analysis,      chemical         $1200 
calculations,  and  practical  labora- 
tory manipulations,  or  simple  ele- 
mentary   physics.     70;    education 
and  experience,  30. 

Education,     training,     practical     ex-  54000 

perience,  fitness  and  publications, 
100. 


General  education,  20;  college  educa- 
tion in  chemistry,  30;  practical 
experience  and  fitness  for  conduct- 
ing investigations  along  the  lines 
related  to  chemistry,  including  ex- 
perience in  teaching,  research  work 
and  commercial  work,  20 ;  plans 
for  an  investigation,  15;  thesis  on 
some  subject  relating  to  chemistry, 
15. 

Chemistry,  25;  physics,  15;  construc- 
tion and  operation  of  electric  fur- 
naces, 30 ;  education  and  experi- 
ence. 30. 

General  education  and  scientific 
training,  40;  practical  experience 
and  fitness,  40;  publications  or  the- 
sis, 20. 


Organic  chemistry,  15;  chemistry  in 
industries  utilizing  forest  prod- 
ucts, 25;  thesis  or  publications,  20; 
education,  training  and  experience, 


Chemical     arithmetic,     20;     general         $  900 
chemistry      (including     qualitative  to 

and  quantitative  analysis,  physical  $1200 

chemistry,  and  general  organic 
chemistry) .  35;  chemistry  and 
technology  of  wood,  and  wood- 
using  industries,  20;  education, 
training  and  experience,  25. 

General  and  physical  chemistry,  25;         S1200 
organic  chemistry,  25;  elementary  to 

physics,      15;      translation      from         S1500 
French      and      German      technical 
works,  10;  training  and  experience, 
25. 


Elementary  algebra,  geometry  and 
trigonometry,  15;  general  chemis- 
try, 25;  general  physics,  25;  free- 
hand and  elementary  mechanical 
drawing,  15;  education  and  ex- 
perience. 20. 

General  physics,  25;  general  chemis- 
try, 50;  education  and  experience. 


Practical  questions  in  chemistry  and         $1600 
tannery,  40;  thesis,  20;  education, 
experience.  40. 

Education,    30;    professional    experi-         $8.00 
ence,   GO;  publications,  official  re-  per 

ports  or  thesis,   10.     Should  have  day 

expert  knowledge  of  molding,  the 
treatment  of  steel  molding  sand, 
the  making  of  molds  and  cores  for 
steel  castings,  the  maintenance  and 
operation  of  the  Tropenas  con- 
verter and  small  open-hearth  fur- 
naces, the  operation  of  iron  cupo- 
las, and  the  making  up  of  charges 
to  meet  specific  requirements. 
In  addition,  he  must  be  able  to 
make  qualitative  and  quantitative 
analyses  of  wrought  iron,  pig  iron, 
ferromanganese.  ferrosilicon,  ferro- 
chrome,  ferroaluminum,  ferrotung- 
sten,  ferronickcl,  ganister.  lime- 
stone, dolomite,  slags,  and  silica 
sand,  also  silica  brick,  common 
fire  brick,  and  clays.  He  must 
know  the  effect  of  the  different 
elements  in  steel  and  have  a  full 
knowledge  of  the  best  treatment 
of  steels. 

Education,  40;  experience,  40;  publi-         $2000 
cations  or  reports,  20. 
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Table  5— QUALIFICATIONS  FOR  APPOINTMENT  AS  CHEMISTS  IN  FEDER.U,  CIVIL  SERVICE— (Co«/:n»«J) 
Position  Age,  Sex,  Etc.  (a)  Education,  Training  and  Experience  Examination,  Weights.  Etc. 


Metallurgical  Chemist,  Male 

Ordnance  Department      Under  45 

No  Med.  Cert. 


Male 

Under  50 

No  Med.  Cert. 


Metallurgist,  qualified  Male 

in  Metallography,  20  to  45 

Ordnance  Department 


Metallurgist,  for  Work  Male 

with  Smelter  Fumes,         25  to  40 
Bureau  cf  Mines 


Metallurgist,  for 
Work  in  Low 
Grade  Ores, 
Bureau  of  Mins 


Metallurgist,  Assistant  Male 

Bureau  of  Mines  25  to  45 

(Work  in  Low  Grade  No  Med.  Cert. 
&  Complex  Ores) 

Mineral  Technologist,  Male 

Bureau  of  Mines  25  to  45 

No  Med.  Cert. 


Organic  Chemist, 
■Philippine  Service 


Organic  Chemist, 
Bureau  of  Chcm 
Hygienic  Labor^i 
Public  Health 
Service 

Petroleum  Chcniis 
Assistant, 
Bureau  of  Mine: 


itical  Chemist 
of  Chemistry 


Pharmaceutical  Kc 
Chemist, 
Bureau  of  Chemi 


Pbarmacologist,  Junior 
Bureau  of  Chemistry 


Physical  Chemist, 
Philippine  Service 


Physical  CheiniHt, 
Junior,  Bureau  of 
Chemistry 


Physical  Chemist, 
Junior, 
Bureau  of  Mines 


Physical  MctallurKiHi, 
Navy  Yard 


PhysloloKical  Chemist. 
Bureau  uf  Animul 
Industry,  Department 
of  AKricntturc 

ProfcHHor  of  Chptni<ttry, 
HyKtenii-  Liihorutory 
Public  llculih  Service 


Male 
Under  40 
Med.  Cert. 

Male 

21  to  40 

No  Med.  Cert. 


Men    &  Women 

20  to  35 

No  Med.  Cert. 

Male 

21  to  35 

No  Med.  Cert. 
Male 
18  to  40 
Med.  Cert. 

Male 

26  to  40 

No  Med.  Cert. 


Mule 
25  to  45 
No  Med. 


Mule 

Under  15 

No  Med.  Cert. 


Relative  weight,  80.  Required:  Bachelor's 
degree  from  four  years'  course  in  chem- 
istry, and  1  year's  subsequent  experience 
in  metallurgical  chemistr>- ,  either  in 
graduate  work  or  in  a  laboratory. 

Relative  weight,  80.  Required:  5  years' 
experience  in  chemical  laboratory,  in- 
cluding metallurgical  work.  Bach- 
elor's degree  in  chemistry  accepted  in 
lieu  of  3  years'  experience. 

Relative  weight.  80.  Required:  Educa- 
tion equivalent  to  graduation  from 
technical  school  or  college.  Desired, 
experience  in  manufacture  and  heat 
treatment  of  iron,  steel,  bronze,  and 
other  alloys,  and  also  experience  in 
examining  such  metals  under  the  micro- 
scope. 

Relative  weight,  80.  Required:  Education 
equivalent  to  bachelor's  degree,  including 
courses  in  chemistry,  physics,  metal- 
lurgy, and  mineralogy,  and  in  addition, 
3  years'  experience  in  chemical  and  met- 
allurgical phases  of  smelter  operations 
in  both  copper  and  lead,  and  in  the 
examination  of  smelter  fumes.  Also 
ability  as  a  writer  of  reports. 

Relative  weight,  70.  Required:  Education 
equivalent  to  bachelor's  degree,  in- 
cluding courses  in  chemistry,  metal- 
lurgy, and  geology,  and  in  addition,  5 
years'  experience  in  metal  mining  or 
metallurgical  operations,  also  ability 
as  a  writer  of  reports. 

Relative  weight,  90.  Required:  College 
or  university  course  in  chemistry,  met- 
allurgy and  geolog>',  and  5  years'  ex- 
perience in  ore-dressing  and  metallur- 
gical operations. 

Relative  weight,  70.  Required:  Gradua- 
tion from  technical  or  mining  school, 
and  3  years'  experience  in  mineral  tech- 
nology. 

Relative  weight,  80.  Required:  Gradua- 
tion from  four  years'  course  in  chem- 
istry. 

Relative  weight,  60.  Required:  Degree 
of  Ph.D.  in  chemistry. 


Relative  weight,  80.  Required:  Gradua- 
tion from  college  or  university.  De- 
sired, Ph.D.  degree  in  chemistry*  and 
physics,  and  1  year's  experience  in 
chemical  and  physical  researches  in 
petroleum. 

Relative  weight,  70.  Required:  Ph.D. 
degree  in  chemistry  and  at  least  3 
years'  experience  in  research  in  pharma- 
ceutical chemistry  or  in  manufacturing 
of  pharmaceutical  products. 

Relative  weight.  80.  Required:  Gradua- 
tion in  pharmacy,  degree  of  Ph.D.  in 
chemistry  or  pharmacy,  and  5  years' 
experience  in  rcsearcli  laboratory  in 
chemical  pharmaceutical  investiga- 
tions. 

Relative  weight,  Z5.  Required:  2  yeors* 
attendance  at  college  or  university. 

Relative  weight,  J5.  Required:  Gradua- 
tion from  college  or  univcnity. 

Relative  weiiht.  SO.  Required:  IMuc- 
tional  training  equivalent  to  Ph  D  in 
chemistry 

Relative  weight.  SO.  Requited  Ph  l> 
degree  and  3  yearn"  cspericnce  in  »omr 
field  of  chemical  dynamiim.  including 
siigttiion  in  the  physical  chem- 


KeUtive    iifi, 
cullcKialc 
xpcciul  cuu 
and  1  yeitr'^  Inliiirat 


Requ 


f>i 


4    ye«r» 

inclmlins 

-hrmt«lry  and  phyftir*. 
wftrk  in  physical 


Relative  uenht.  Mi       Reiuiffd       lUchrlor  • 
degree  in  rhenii«try  <»r    mrlalhtrgy.  and 
I    year'*   csprtirnce    in    phytUol    mrlal 
liirt;v     in     rmrurch    ••!     Hiduatrtal    plant 

/,  •       Ktquifed.      Ph  D   dr 

II V     Ihr    work    (ur    stich 

(,H-i,)flfNl     phvii»n44>ffW«l 


Education,  40:  experience,  40;  publi- 
cations or  reports,  20. 


Education,       30 ;       experience, 
publications  or  thesis,  20. 


General     education     and     technical  f2000 

trainint;.  40;  practical  experience 
and  fitness,  40;  publications  or 
thesis,  20. 


General     education     and     technical  $2700 
training,   40;    practical   experience  to 

and    fitness.    40;    publications    or  f3600 

reports.  20. 


General  education  and  technical 
training.  35;  professional  experi- 
ence and  fitness,  35;  publication*^ 
or  reports.  30. 


Education,  30;  professional  experi- 
ence. 60;  publications,  official  re- 
poru,  or  thesis,  10. 


General     education     and     technical  f240U 

training.  30;  experience  in  connec-  to 

tion    with   rarer   minerals   and   fit-  f3600 
ness.  40;  publications,  or  technical 
or  profosional  reports.  30. 

Education.   40;  experience.  40;   pub-  SlttOO 

Ucations  or  thesis.  2U.  to 
$2250 

General     education      and     scientific  $1800 

training.  30;  technical  and  profes-  to 

siooal  experience.   :tO:  publication}  $3500 
and      other      cvulrtice      indicating 
ability  to  do  research  work.  40 

General     education      and     technical  $l!>UO 

training.    50;    professional    expert-  to 

ence.  and  fitness.  30    publicatiun*  $2160 
or  reports,  20. 


Education.  30;  experience.  40.  put>-  $1800 

lications  (oricinal  contributions  to  to 

scientific  literature),  30.  $3500 


Education.  40.  experience.  40.  publi 


Pharmacological     and     phyniologicat  $  000 

nirth.Hls     tit     phyuolofcy.  35;  bio-  t<> 


-ilucalion   and  ex- 
etbods.  40.  phyat- 


'/X, 
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Table  5— QUALIFICATIONS  FOR  APPOINTMENT  AS  CHEMISTS  IN  FEDERAL 


Title  of  Position 


Agb,  Sbx,  Etc. 


Male 

Under  35 

No  Med.  Cert. 


(a) 


Research  Chemist, 
Bureau  of  Animal 
Industry.  Depart- 
ment of  Agriculture 

Sanitary  Chemist. 

Hygienic  Laboratory. 
Public  Health  Service 


Soil  Laboratory 

Assistant, 

Bureau  of  Soils. 

Department  of 

Agriculture 
Soil  Chemistry  Assist 

Bureau  of  Soils. 

Department  of 

Agriculture 

Specialist  in 
Agricultural, 
Biological  and 
Physiological  Chen 
Office  of  Expcrimei 
Stations. 
Department  of 
Agriculture 


Male 

21  to  40 

No  Med.  Cert. 


No  Med.  Cert. 


Male 

21  to  15 

No  Med.  Cert. 


Education,  Training  and  Experience 

Relative     weight,     70.      Required:     Educ; 

tion    equivalent    to    Ph.D.    degree    an 

practical  experience  in  radioactivity  ar 

the  rarer  metals. 
Relative    weight,    40.      Required:     Gradu; 

tion  from  4  years'  course  in  chemistry. 


Relative     weight,     SO.      Required:     Degree 
of  Ph.D.  in  chemistry. 


Relative  weight,  80.  Required:  Bachelor's 
degree  from  scientific  course,  including 
sanitary  chemistry,  bacteriology,  and 
public  health  work,  and  3  years*  ex- 
perience in  laboratory  and  field  work  in 
water  purification,  sewage  purification, 
stream  pollution,  and  chemistry  and 
bacteriology  of  milk  Knowledge  of 
French. and  German  and  of  elementary 
engineering  is  desirable. 

Relative  weight,  30.  Required:  3  years' 
college  work  in  science,  including 
courses  in  general  and  analytical  chem- 
istry. 

Relative  weight,  15.  Required:  Education 
equivalent  to  B.S.  degree. 


Relative  weight,  35.  Required:  Gradua- 
tion from  college  or  university,  with 
specialization  in  chemistry,  including 
laboratory  investigation  in  agricultural, 
biological,  or  physiological  chemistry. 
SPECIAL  consideration  given  to  experi- 
ence in  preparing  bibliographies  or  re- 
views of  literature  in  agricultural,  bio- 
logical or  physiological  chemistry,  and 
for  familiarity  with  the  methods  of 
agricultural  analysis,  and  with  im- 
munochemistry  and  serum  therapy. 

Relative  weight,  40.  Required:  1  year  of 
college  chemistry,  including  course  n 
qualitative  analysis,  and  2  years'  prac- 
tical experience,  part  of  which  was  in 
actual  supervision  in  the  manufacture 
of  nitric  acid,  and  contact  sulfuric  acid. 

Relative  weight,  35.  Required:  Bachelor's 
degree,  including  courses  in  chemistry, 
or  2  years'  specialization  in  chemistry. 


CIVIL  SERVICE— (Continued) 
Examination.  Weights,  Etc. 

General  education  and  scientific 
training.  30;  practical  experience 
and    fitness.    40;    publications    or 


the 


,  30. 


Inorganic  and  physical  chemistry 
with  special  reference  to  the  rarer 
metals  and  radioactivity,  30; 
mineralogy  and  blowpipe  analysis, 
10;  French  and  German.  10; 
thesis,  10;  education  and  experi- 
ence. 40. 

General  education  and  scientific 
training.  40;  practical  or  profes- 
sional experience  and  fitness,  40; 
publications,  20. 

General  education  and  technical 
training,  40;  technical  or  pro- 
fessional experience  and  fitness, 
40;  publications  or  thesis.  20. 


General  chemistry.  15;  analytical 
chemistry,  15;  soil  chemistry,  30; 
German  or  French,  10;  education, 
training,  experience  and  fitness.  30. 

Inorganic  and  analytical  chemistry, 
20;  organic  chemistry.  10;  physical 
chemistry,  20;  soil  chemistry.  20; 
French  or  German,  15;  education, 
training,  experience  and  fitness,  15. 

Biological  and  physiological  chem- 
istry, 25;  preparation  and  ab- 
stract of  English.  French  and 
German  articles,  40;  education 
and  experience,  35. 


General  chemistry,  20 ;  practical 
questions  in  acid  manufacture,  40; 
education  and  experience,  40. 


Arithmetic.  10;  report-writing,  10; 
chemistry.  30;  thesis.  15;  education 
and  experience,  35.  Duties  in- 
clude assisting  in  tea  examination 
and  keeping  records  and  reports. 


S.^LARV 

SISOO 

to 
S2160 

JI200 

to 
SI  500 


S1800 

to 
52500 


$6.00 
per 
day 


Having  completed  the  picture  of  the  present  constitution 
of  the  PVderal  service  in  chemistry,  the  next  questions  before 
us  are  those  of  the  qualifications  usually  called  for  in  filling 
these  positions  and  the  probable  number  of  vacancies. 

Table  s  contains  a  summar\'  of  the  examinations  in  chemistry 
in  the  Federal  scrs'ice  of  the  last  five  years,  giving  the  titles, 
qualifications,  relative  weights,  content  of  examinations  and 
weights  of  subjects,  and  salaries.  Table  6  gives  the  number  of 
appointments  made  to  positions  in  chemistry  in  the  Federal 
service  during  the  fiscal  years   1911-1915. 


Tables  i  to  4.  are  based  onreplies  toacircular  letter  (7  28/16) 
to  the  departments  of  the  Federal  (Government  enumerated 
above  by  the  Hon.  Jos.  V.  Flynn,  member  of  Congress  from 
the  Third  District  of  New  York.  These  replies  were  signed 
in  the  case  of  the  Executive  Departments  either  by  the  Secre- 
tary of  the  Department  or  some  one  directly  designated  by  him. 
In  the  other  Government  establishments  the  answers  were 
signed  by  the  properly  constituted  authorities.  It  can  there- 
fore be  stated  that  the  information  is  up-to-date,  reliable  and 
authoritative.     It  is  a  pleasure  to  acknowledge  our  indebted- 


Table  6— Appointmknts  op  Chemists  Made  to  Federal  Civil  Service 
Number  Appointed 
Position  1911    12     13     14     15  Total 

Aid  qualified  in  Chemistry.. 

Alloy  Chemist 

Alloy  Chemist.  Junior 

Analyst 

Analytical  Chemist 

Assayer*s  A-^sistant * 

Bacteriological  Chemist 

Biochemist,  Assistant 

Ceramic  Chemist,  Junior 

Chemical  Metallurgy,  Assistant 

Chemist 

Chemist.  Ordnance  Department 

Chemist.   Assistant 

Chemist,  Assistant.  Bureau  of  Standards 

Department  of    Agriculture 

Ordnance  Department 

In  Sugar  Plant  Investigations 

Chemist's  Aid 

Dairy  Chemist 

Dairy  Chemist,  Assistant 

Dairy  Chemistry,  Assistant  in 

Expert  Chemist 

Forest  Products  Chemist 

Forest  Products  Chemist,  Assistant 

Junior  Chemist 

Laboratory  Assistant  in  Chemistry 


17      14     34        2     67 


Competitive  Kligible  Lists  for  Fiscal  Years  1911-1915 
Number  Appointed 
Position  1911    12     13     14    15  Total 

Medico-Chemical  Analyst 1      

Metallurgical  Chemist 1      

Metallurgical  Chemist  and  Assayer 1      

Metallurgist 1        ^ 

Metallurgist,  Assistant 1 

Metallurgist.  Chief 1 

Mineral  Examiner 1      .  .        5 

Mineral  Technologist I 

Organic  Chemist 2      . .       10 

Pharmaceutical  Chemist 3  1 

Pharmacologist,  Assistant 1 

Pharmacologist.  Junior 2 

Pharmacology,  Technical  Assistant  in 2 

Pharmacology,  Scientific  Assistant  in 1 

Professor  of  PharniacoIog>* 1 

Physical  Chemist.  Assistant 2       2        1 

Physical  Chemist,  Chief 3      

Physical  Chemist,  Junior 2      

Public  Roads  Chemist,  Assistant 1 

Professor  of  Chemistry 1        * 

Radioactivity  Chemist,  Assistant 1 

Radioactivity  Chemist,  Junior 1        1        3 

Sanitary  Chemist 5        I 

Scientist  in  Soil  Chemistry 3        2 

Soil  Biochemist 3       2 

Soil  Chemistry,  Assistant  in 1 
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ness  to  Mr.  Flynn  and  to  express  our  sincere  thanks  to  him. 
We  wish  to  express  our  thanks  also  to  Mr.  John  T.  Doyle,  Secre- 
tary of  the  United  States  Civil  Service  Commission,  for  valuable 
aid  generously  given. 

Table  5  was  compiled  from  the  examination  announcements 
of  the  United  States  Civil  Service  Commission  for  the  last  five 
years;  Table  6,  from  the  annual  reports  of  the  United  States 
Civil  Service  Conmiission  for  the  fiscal  years  1911-1915. 

II THE  CHEMIST  IN  THE  SERVICE  OF  NEW  YORK  STATE 


Table  7  shows  the  number  of  chemists  and  the  laboratory 
assistants  under  each  title  in  each  State  department  and  the 
total  number  for  each  title  and  for  each  department. 

Table  8  gives  the  titles,  numbers  and  individual  salaries  of 
chemists  and  laboratory  assistants  for  the  whole  New  York 
State  service. 


Table   8 — Chemists  and  Labobatory   Assistants  in   tbb   Ehploy 
op  THS  Statb  of  New  Yoke,  January  1,  1916 


The  same  confusion  with  regard  to  titles  which  was  noted  in  the 
Federal  service  exists  in  the  service  of  New  York  State.  It  may 
be,  therefore,  that  some  titles  which  should  have  been  included 
in  the  data  which  follow,  have  been  omitted.'  Possibly  some 
which  have  been  included  should  have  been  left  out.  The  only 
way  to  settle  the  question  would  be  to  appraise  each  position 
individually.  This  would  involve  an  expenditure  of  energy 
incommensurate  with  the  end  to  be  attained.  The  picture  of 
the  chemical  service  of  New  York  State,  as  here  presented,  is 
believed  to  be  sufficiently  correct  for  all  practical  purposes. 
It  is  accurate  as  far  as  it  goes. 

As  with  the  Federal  service,  only  recognized  chemical  posi- 
tions are  considered.  In  what  follows,  we  have  proceeded  in 
exactly  the  same  manner  as  in  the  Federal  service  except  that 
the  laboratory  assistant  group  is  treated  separately  from  the 
chemist  group.  In  this  regard  the  titles  and  corresponding 
compensations  in  the  New  York  State  service  are  more  distinc- 
tive than  in  the  Federal  service.  In  the  general  salary  summaries, 
laboratory  assistants  have  been  omitted. 

Positions  in  the  Public  Service  Commission,  ist  District, 
are  under  the  jurisdiction  of  the  State  Civil  Service  Commis- 
sion. On  the  other  hand,  the  work  of  this  Commission  is  con- 
fined to  New  York  City  as  contrasted  with  that  of  the  Public 
Service  Commission,  2nd  District,  which  includes  the  rest  of 
New  York  State.  The  employees  of  the  Public  Service  Com- 
mission, ist  District,  are  paid  by  the  City  of  New  York.'  On 
the  whole,  therefore,  it  has  seemed  advisable  to  treat  the  Public 
Service  Commission,  ist  District,  as  a  Department  of  the  City 
of  New  York  rather  than  of  the  State.  If,  for  any  reason,  one 
wants  to  consider  them  along  with  the  State  service,  it  is 
necessary  only  to  transfer  the  data  given  in  Section  III  to  Section 
II  and  to  make  the  corresponding  additions  and  subtractions. 


Department 
of  Agriculture 


Department  of  Health 


Highway  Commission 

Industrial  Commission 
Institute  for  Study  of 
Malignant   Disease 
Psychiatric  Institute 

Saratoga  Reservation 
Agricultural  Experimen 
Station,  Geneva 


Depa 


Psychiatric  Institute 


Assistant  Chemist 


.\ssLstant  Chemist 
Consulting  Chemist 
Director  of  Laboratories 

and  Research 
Sanitary  Chemist 
Physiological  Chemist 
Water  .\nalyst 

Chemist 

Chemical  Engineer 

Ch«mist 

Special  Assistant 

in  Chemistry 
Analytical  Chemist 

Laboratory  A  distant 

Laboratory  Assistant 

Laboratory  Assistant 


Laboratory  Apprentice 
Laboratory  Helper 


tl 


Table  9  gives  the  number  of  chemists  and  laboratory-  assistants 
at  each  rate  of  pay  in  the  service  of  New  York  State,  January  1, 
1 9 16. 


Table  7 


CHEMISTS 

AND  laboratory  ASSISTANTS 

IN  THE  SERVICE  OF 

NEW  YORK  STATE 

jANt;ARY  1,   1916 


•E    3  ~ 


u5      fc      w 


W     o 


i      I 


<>i 


S     *     q 

|-5  I 

a  'a  i 


.2  -a    > 
•jg  ^    a 


TiTLll 

Analytical  Chemist 1 

Assistant  Chemist 8   ..      I 9 

Associate  Chemist .1 ' 

Chemical  Engineer I > 

Chemist 1    ..     8   ..     2  ..      I    ....  12 

Chief  Chemist 1 I 

Coosulting  Chemist I I 

Director  of  Laboratories  and  Research 1 | 

Physiological  Chemist I | 

Sanitary  Chemist. I * 

Special  Asiitlant  la  Chemistry I    '■  ■ 

Water  Analyst 2 2 


TOTAI 12 

Laboratory  AiwiiTAMIt 

Laboratory  Apprentice 

Lahoruttiry  Assistant 

Labornlnry  Helper 


II     5     2     I      I      I      I   34 


■  The  inapectiunal  service,  eii|i 
for  chemical  qualiflcutions. 

■  With  the  eicrpllon  of  the  C< 


Tadlk  4 — Number  or  CnSHiBTs  and  I^boratort  Amibtamts  at  Baca 
Katk  uf  Pay  in  thk  Seivick  up  Niw  Yore  Statr.  January  1.  1916 

Laboratory  Abristaktb 
Aooual      Total 
Salary     Sat^RiE* 

}540         I  lOM 

«O0  3000 

660  660 

tiO  M»0 

000  .^700 

960  960 

1200  MOO 


ClIKMIST* . 

Annual             Total 

Labo 

No 

Salary 

Salaries 

No 

S.  600 

>600 

800 

800 

l.'OO 

7200 

1400 

S600 

1300 

.1000 

1600 

1600 

1680 

I6M 

1800 

9000 

—~ 

iaoo(«) 

laoo 

24 

2000 
2400 
2S00 

6000 

2400 
2*00 

34 

MOO 
JiOO 
4000 

4500(«) 

12000 
3300 
4000 

4300 

166480 

«) 

Bs.li  daily 

wac*.  rounlinf 

■W) 

wocklng  day 

These  tallies  »lum  thut  the  Slutr  of  New  Yo«k  iiMiiitlinc 
Public  Service  CoiiimisMoii.  ist  Pistrict)  is  payinf  f»4.«6o 
per  annum  (or  iu  jwiwiial  Krvicc  in  cbcmUtry- 

SiiiiiinaririnK  the  dutu  given  (iw  chritiitts  in  TuWe  9  and  w« 
nrraniioiti  ""  tetms  of  Mlaiy,  numbers  and  prrrrnUcc*.  f»- 
obtuiii   tlir   followinK: 
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Salary 

$  600-1000 
1001-1500 
1501-2000 
2001-2500 
2501-3000 
3001-4500 


Total.   34 


100.0 


If,  following  the  same  method  used  in  Section  I,  we  regard 
$3000  or  over  per  annum  as  a  fair  measure  of  the  "successful" 
chemist,  we  obtain: 

?3000  or  over       Totai, 


Below  $3000 

Number 27 

Per  cent  79  4 


20.6 


34 
100 


Table   lo  contains  a  summary  of  examinations  in  chemistry 


a  guarantee  of  the  nature  of  his  work  and  technical  chemists 
only  are  here  considered.  We  have  included  the  Public  Service 
Commission  of  the  ist  District  for  the  reasons  stated  in  Section  II. 

Table  12  shows  the  number  of  chemists  and  laboratory  as- 
sistants under  each  title  in  each  City  department  and  the  total 
number  for  each  title  and  for  each  department. 

Table  13  gives  the  titles,  numbers  and  individual  salaries 
of  chemists  and  laboratory  assistants  for  the  entire  New  York 
City  service.  Table  14  gives  the  number  of  chemists  and  labora- 
tory assistants  at  each  rate  of  pay  in  the  service  of  New  York 
City,  June  30,  1916. 

These  tables  show  that  the  City  of  New  York  (including  the 
Public  Service  Commission,  ist  District)  is  paying  $200,786 
per  annum  for  its  service  in  chemistry. 


T1T1.1:  op  Position 
Analyticai,  Chemist 
State  Reservation 
^    Commission 
Saratoga  Springs 


CniiMisT 

Public  Service 
Commission 


Chemist 

Department 
Highways 


Chemist 

Department  of 
Agriculture 

Assistant  Chemist 
.\gricultural  E.xpert- 
ment  Station 


Labiikatorv  Assistan 
State  Department 
of  Health 
rHVSUH.OCICAl.    Chemi 

Slate  Department 
of  Health 

Water  Analyst 
Slate  Department 
of  Health 


Table  10 — Qualifications  for  Appointment  as  Chemists.  New 

(PEN  to  Education,  Training  and  Experience 

Required:     Thorough  technical  training  in  chemistry 

and  practical  experience  in  chemistry.  Must  have 
ability  to  make  water  analyses,  bacteriological  de- 
terminations, analyses  of  rocks,  earth,  minerals 
and  metals;  radioactivity  determinations;  calcula- 
tion of  carbonic  acid  gas  content  in  mineral 
waters,  analyses  of  paints,  oils,  enamels,  asphalt, 
tiling,  and  other  materials  for  flooring. 

>n-residents  Required:  Thorough  technical  training  in  chem- 
istry and  5  years'  experience;  3  years'  training  in 
technical  school  is  equivalent  to  1  year  experience; 
must  have  experience  in  analysis  of  asphalt,  coal 
tar,  pitches,  and  mixed  paint;  also  experience  in 
analysis  of  steel,  cast  iron,  cement,  draw  pigments, 
water,  etc.,  is  helpful. 

Required:     Thorough  technical  training  in  chemistry; 

duties  involve  making  and  reporting  on  laboratory 
tests  of  oils,  asphalts,  tars,  cements  sands,  stone, 
etc..  used  for  road  building. 


Xon-residents 


Non-residents 


Men  and  wom< 

Non-residents 

Non-citizens 


Required:  Graduation  from  college  or  university; 
special  undergraduate  training  in  agricultural 
chemistry  and  agricultural  laboratory  analysis; 
also  post-graduate  experience,  either  in  chemical 
analysis  of  fertilizers  and  feeds  or  in  agricultural 
chemical  analysis  of  foods  and  dairy  products. 

Must  be  graduate  chemist  with  2  years'  practical 
experience. 


Required:  Thorough  knowledge  of  the  principles  of 
organic  and  physiological  chemistry  and  3  years' 
practical  experience  in  physiological  or  biological 
chemistry. 

Required:  Thorough  training  in  general  chemistry 
with  practical  laboratory  experience  in  water 
analysis. 


■York  State  Service 

Content  of  Examination  and 
Relative  Weights 
Written  exa 
of  positio 


on  pertaining  to  duti( 
Experience.  1. 


ination  pertaining  to  duties 


of  position.  1.     Experience.  I 


Salary 

$1200 


SISUi 

to 
f2IOO 


Elementary  chemistry  including  physical       f4  to  $6 
chemistry,    10.     Analytical  chemistry,  per 

qualitative  and  quantitative  analysis.  day 

10.  Chemistry  of  bitumens.  40. 
Chemistry  of  cements,  20.  Training 
and  experience,  20. 

Written  examination  with  special  refer-       S  800 
ence    to    analysis    of    food    and    dairy  to 

products,     2.     Education,     experience       J 1200 
and  special  qualifications,  1. 

Rated  on  training  and  experience.  $  960 


Written  examination  including  analyses       ^1201 
of  steel  and  cast  iron,  cement,  asphalt,  to 

coal  tar.  pitches,  mixed  paints,  dry  pig-       $1500 
ments,   water  analyses,   use  of  micro- 
scope  and   general   chemist,    1.     Edu- 
cation and  experience.  1 

Elementary      chemistry, 
and  experience,  1. 


Education  $720 

to 
$1200 
$1800 


Written  examination  on  duties  of  posi- 
tion, 1.  General  and  special  training, 
practical  experience  and  personal  quali- 
fications. I. 

General  and  sanitary  chemistry  and  water 
analysis.  7;  education  and  experience, 
3. 


of   recent   years,    giving  titles,  cjualifications,    relative   weights, 
content  of  examinations  and  weights  of  subjects,  and  salaries. 

Table   i  i  shows  the  number  of  appointments  to  positions  in 
chemistry,  from  competitive  eligible  lists,  in  New  York  State, 
during  the  years  1910-1915. 
Table  II — Appointments  of  Chemists,  Laboratory  Assistants,  Etc., 

from  Competitive  Eligible  Lists,  New  'York  State  Service 
1910-1915 

Title  1910  1911  1912  1913  1914  1915    Total 

Chemist 2  2        ..  5        .  9 

Directory  of  Laboratory I        . .        1 

Laboratory  Assistant 1         3       4 


Tables  7,  8  and  9  were  compiled  from  the  Civil  List  of  New 
York  State  of  January  i,  1916;  Table  10  from  the  examination 
announcements  of  recent  years  of  the  New  York  State  Civil 
Service  Commission;  Table  ii  from  the  Annual  Reports  of  the 
same  Commission. 

Ill — THE   CHEMIST   IN    THE   SERVICE   OF   NEW   YORK   CITY 

The  statements  which  were  made  with  regard  to  the  Federal 
service  and  the  service  of  New  York  State,  apply  also  to  the 
service  of  New  York  City;  viz.,  an  employee's  title  is  not  always 


Chemists  and  Laboratory 

Assistants  in  the  Employ 

OF  THE  City  of  New  York. 

June  30.  1916 


S  pa  oi  I 


■o    "o     "C    "a 


Q  n  n    P. 


K  _i' 


o      -g   E   ES  g- 
.■S  .ii'S  ^   S-o  Q 
S    'S  IH'q   g-  Jo   t 


Title 

Assistant  Chemist I      1    .  .    10 

Chemist  and  Bacteriologist 1 

Chemist 1     8      1      1      1      1    ..    11     3    ..    .. 

Chief  Chemist 1    ..    .. 

Consulting  Chemist 1    .- 

Director  of  Laboratory 1 

Engineering  Chemist 1 

Fuel  Engineering  Chemist 6 

Junior  Chemist 9     2      1 

Pathological  Chemist I 

Total 1    16 

Laboratory  Assistant U    ■  ■ 


n  Q  H 

.      1   13 


1    11     5 


2   10  11 

.    ..    81 


1     2  65 
4  10  115 
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Table   13— Chemists  and  Laboratory  Assistants  in  the  Ser-.ice  op  the  City  of  New  Vork-Jinr  30.   1916 

Department                                                                                                         . „                        _  I.aboratoiiv- 

Department  of  Education                                                                                      ^7^ Chemists  as  Titled; — — ^  A^istants 

f  q        r                                                                                                                IITLE                                                          No.          Salaries              No.  Salaries 

Dewit"  ciinlon  High  School: ::::::::::::: '^'"™"  >    i  @  $1200 

High  School  of  Commerce '        '   § ''2!2 

....  3        1@       950 

Evander  Child's  High  School ,  T§  '2IS 

Manual  Training  High  School .'..'. f  ,%^ 

Erasmus  Hall  High  School '  'f  '^O*; 

Commercial  High  School '.\'.'.'.:'.\". '  I  f  ,^ 

Hunter  College  of  the  City  of  New  York •  i  1  ?VS 

2  I    is  540 

Hunter  College  High  School |   ®     'fSO 

Board  of  Estimate  and  Apportionment  '  "*     '■'"^ 

Bureau  of  Contract  Supervision,  Central  Testing  Laboratory Fuel  Engineering  Chemist  6        l@     1320 

2  @     1500 

2  @     1800 

^    .  1  a  2100 

Engineenng  Chemist  I  I   @  1500 

Chemist  8  1   &  1350 

„.                ,  7  ©  1800 

T,                    „r             o                                                                                                          Director  of  Laboratory  I  1   A  6000 

Board  of  Water  Supply                                                                                                                      '  ■  i  w  •r^n^ 

Engineering  Headquarters Chemist  I  l   a  ^TOO 

President,  Borough  of  Manhattan  ^  **w 

Bureau  of  Highways Chemist  \  |a  3500               J        i«       720 

Assistant  Chemist  I  I   S  1350                        3  §      900 

_                       T,                          X,                                                                                            Junior  Chemist  9  9  S  1200 

President.  Borough  of  Brooklyn  ^ 

Bureau  of  Highways Chemist  1  la  2700                2       7  6       900 

Assistant  Chemist  I  1   S  1500 

Junior  Chemist  2  2»  1260 

Bureau  of  Sewers Chemist  and  Bacteriologist  1  1   S  1800 

President.   Borough  of  Queens 

Bureau  oi  Engineering  Construction — Highways Chemist  1  i   @  2100 

Junior  Chemist  1  I   ^  1200 
Public  Service  Commission — 1st  District 

Engineering  Department — Material  Inspection Assistant  Chemist  10  6  ©  1201 

3  A  1350 

1  A     1500 
Department  of  Health 

Bureau  of  Food  and  Drugs Chemist  II        5  a     1260  6       S  A       600 

2  §     1500  I   S       900 

3  g     1800 

OflBce  of  the  Auditor _  _  . . .  T. .  2       1  O  750 

1    2  900 

Research  Laboratory -|      20^  600 

7  «*  660 
•>   «  720 

10  M        750 
13  M       840 

8  H       900 

1  W       960 
3   M     lOM 

Kingston  Avenue  Hospital ..  I        |   ^  600 

Tuberculosis  Sanatorium.  Otisville .  .  I        1    ^  600 

Department  of  Water  Supply.  Gas  and  Electricity 

Bureau  of  Water  Supply — Laboratories Cbicf  Chemist                                             I        I  A    3J00  ■»       2»  900 

Assistant  Chemist                                         3        I  §     I. ISO  .:  <$  1050 

I  M     1800 

B.        ,.  '   *«     -•*' 

FIRS  Dbparthrnt 

Fire  Prevention — Inspection Consulting  Chemist  I        I  0         10  a  dajr    ..  

Bbllevuk  and  Allied  Hospitals 

Pathological  Department Pathological  Chcmi.il  I        I   %     2280               4  *  0  7S0 

Departmknt  of  Public  Charities 

Metropolitan  Hospital ^ Chemist  I        IS     2940                I  10  MO 

King's  County  Hospital Pathological  Chcmi>t  I        iS     IJOO               4  2«  660 

2  $  720 

Cumberland  Street  Hospital I  I   M  710 

City  Hospital,  Blackweirs  Island 4  2«  660 

2  «      900 
Tablk   14— NuMiiUR  AND  Salaribs  OF  Chumists  AND  Labobatokv  jf    f„ii„wiiiK   Uic  Millie  imtluKl    usit!  in  Sections    1    and    11. 

Assistants  in  the  Employ  of  Niiw  York  City.  Junb  30.  1916  ,    .  ,   .  ,   ,, 

A-C.iUM.sTs  B-Ladoratoky  Assistants  ""=  '""^'''^  *•'"<«  ">'  «V"  i"^'  '"""""  ''-'^  "  ''^"  '"cas""^  "'   the 

Annual  Total  Annual         Total  "succcs.sfiil"  chomi.st,   wc  obtain: 

No.        Salary  Salaries  No.     Salary      Salaries 

II  51200  »I3200  1  »54n  t     540  Uclow  f^lOOO      ».«000  or  over  Total 

6  1201  7206  27  6(X)  16200  Number  61  4  65 

7  1260  8820  17  660  7920  Vtt  rtat     '..'.  ".".      9.t;  6  3  lOU 

1  1320  H20  l.>  720  8640 
5              1350                      6750                                    IS             750             I  I. '50 

8  I  sol)  12000  l>  84II  uw*(i  ^'"^  followinu  qiiolalion  from  tin-  Thirtysciiitul  Annual  Rc- 
14          1800               25200                           18          ''("1          lo.^iM)              port  of  tlic  Municinnl  Civil  Scrvii-c  Coinniissioii  of  the  City  of 

2  2100  4200  3  ''50  28.50  xi         ,r     i     .  \   ■  ai    ■      .  .t.  i-  .   i- 

2         2280  4560  I         960  wiO  Ncw  York  (i9ij)  18  sufficient  coniincnl  on  tnr«  fmurc*  yUalHt 

1  2400  2400  I        locKi  1000  „„  ,1,  aulhor's) 

2  2700  S400  8        10,50  8400  orr  inf  auinoT  s) . 

1  loolifa)  "il'ioli  I         I250  liSO  "Tlu-rr  arc  certain  (xi'^Uioiiv  with  >%huh  all   Mnnici|>ul  Civil 

2  350(1                  70110                               I         1,100             1300  Service  Coiiiiiuvsuhih  have  lia<l  rhtiinic  ilinirnlty       Cmiifhtioin 
1          6000                 6000                         —                       ainoiiK   iIum-  are   the  |".-.iii,.n.   ,.i    ■!,.  ni.i    m   i  ii  .    in.iii.Mi.nis 

^-  ,,--^  "*  *«''^"'  putlioloKist,    aii.l  path   ■  .1 

(fl)   Ilo.is  daily  wage,  counting  300  working  duy.  to  ihr  year  Alu"}i!r.-ri  "/J'/or*""}". 

.SummariziiiK  the  tluta  Kivcn  for  chemists  in  TaiiLH  u  umire  ..jm/i./.Kn       l-:xaniinuti<m    allir    e>amiiiaii.-ii    |in«    Im^h    lirW, 

arraiiKitiK  in  leritis  of  stilary.  minitiers  ami  (lerceiitaKes.  we  oh-  resnItiiiK   lither   in  no  lint   or  in   the  olaMishniriit  of   Muh   an 

lain   llic   fiillowiiiK  niiHutislaetory    list    that    those    ati|Miiiitr<l    h»il    to   l>e    <lr«|i|>cil 

„_    ,._„,  aiul  the  Coinini.vion  ealle«l  upon  to  hoM  a  new  rxainination   " 
Salary                         Ni  Mmm                   I'mi  Lknt  ' 

*j"""'-'['U  ''•  5Y  "  Taiii.K  \S  contain*  n  snniinary  of  rtMiniiiatuMis  in  chemiMry  in 

2001-2.^00  5  7.6  remit  years.  Kiving  title,  qiiahriratlmis.  rrlntixT  weights,  csm- 

30oI'ao()ii  \  4.7  '<'"'  "'  examinations  ami  weights  of  sul>iccts,  ami  salaries 

Total  65  100.0  T Mil. Ii  ifi  shows  the  numlier  of  apiwMnlments  from  i^»m|»etiti\T 
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15 — Qualifications  for  Appointment  as  Chemists  in  New  York  City  Service 
Minimum  Age  21,  in  Hach  Case 


Title 

Chemist 

Open  to 

non-residents 

Chemist 

Open  to 

non-residents 

Chemist 

Open  to 

non-residents 

Chemist  and 
Bacteriologist 


Chemist,  Food 
and  Drugs 


Physical  exam. 
required 


Physical  exam, 
required 


Physical  ex: 
required 


Education,  Training  and  Experience 
Required:  Knowledge  gained  by  experience  of  general 
chemistry,  principles  of  organic  chemistry  and  quantitative 
analysts,  including  processes  applicable  to  food  examination; 
some  credit  given  for  ability  to  consult  reference  books  in 
French  and  German,  and  for  facility  and  accuracy  in 
chemical  computations. 

Same  as  above,  except  qualitative  analysis. 


Must  have  degree  of  B.S.  or  its  equivalent,  or  2  years' 
course  in  a  technical  school.  Some  credit  given  for  ability 
to  consult  scientific  journals  in  French  and  German. 


Required^  General  knowledge  in  chemistry  and  ability 
to  make  qualitative  and  quantitative  chemical  tests  and 
bacteriological  tests  of  sewage  and  sewage  efiQitents. 

Required:  A  degree  granted  on  completion  of  a  standard 
course  of  instruction  with  chemistry  as  the  major  subject, 
and  in  addition,  I  year  of  experience  in  the  practice  of 
chemistry  or  other  training  and  experience  recognized  by 
the  Municipal  Civil  Service  Commission  as  equivalent. 
Some  credit  given  for  ability  to  consult  scientific  journals 
in  French  and  German. 

Required:  A  degree  granted  on  completion  of  a  standard 
course  of  instruction  with  chemistry  as  the  major  subject, 
or  proof  of  other  training  and  experience  recognized  by  the 
Municipal  Civil  Service  Commission  as  equivalent.  Some 
credit  given  for  ability  to  consult  scientific  journals  in 
French  and  German. 

Must  be  graduates  of  technical  college.  Some  credit 
given  for  ability  to  consult  scientific  journals  in  French  and 
German. 

Required:  Training  in  qualitative  and  quantitative 
analysis,  or  practical  experience  in  mixing  asphalt  with 
sufficient  knowledge  of  qualitative  and  quantitative  analysis 
to  make  the  usual  laboratory  tests  of  asphalt. 

Required:  Degree  of  M.D.  or  Ph.D.  or  equivalent  and 
in  addition,  at  lea.st  3  years'  experience  in  original  research 
work;  consideration  given  to  satisfactory  evidence  of  suc- 
cessful management  of  a  scientific  laboratory  or  branch 
thereof. 


Content  OP 
Examination,  and  Relative  Weights 
Technical,  6;  experience,  4, 


Technical,  6;  experience,  4. 

Choice  of  special  papers  for  the  Health  De- 
partment, for  the  Department  of  Water 
Supply.  Gas  and  Electricity,  and  the 
Bureau  of  Highways. 

Technical,  6;  experience,  4. 

Technical  examination  divided  into  a  paper 
in  general  chemistry,  and  special  papers 
adapted  to  the  needs  of  (1)  the  labora- 
tory of  the  health  department:  the 
chemistry  of  foods,  drugs,  etc..  (2) 
laboratories  of  the  Bureaus  of  Highways, 
the  testing  of  pav-ng  materials.  (3)  the 
laboratories  of  the  commissioners  of  ac- 
counts; {a)  fuel  chemistry,  (b)  engineering 
chemistry. 

Experience,  4,  technical,  6. 


Technical,  6;  experience.  4;  technical 
paper  divided  into  two  parts:  general 
chemistry  and  engineering  chemistry. 


Experience,  4;  technical,  6;  technical  paper 
divided  into  two  parts,  general  chemistry 
and  the  chemistry  oi  food  and  drugs. 


Technical,  6;  experience.  4. 

Examination  'ncludes  general  chemistry  and 

engineering  chemistry. 
Experience,  4;  technical,  6. 


Technical,  5;  experience,  5. 

Reprints    of    original    articles     or     precise 

reference    to    the    publications    must  be 

submitted. 


Salary 

$1200 


$1500 

to 
$2100 


$1200 
to 

$1500 


$1800 

$1200 


eligible  lists  to  positions  in  chemistry  in  New  York  City  during 
the  years  1908-19 15. 

Table  16 — Appointments  op  Chemists.  Laboratory  Assistants.  Etc., 
FROM  Competitive  Eligible  Lists.  New  York  City  Service, 
1908-1915 

Title                                              1908  09   10  11    12   13   14   15  Total 

Assistant  Chemist 1 1 

Cbemixts 2     2     5      I 10 

Food  and  Drugs 6  6 

Asphalt,  Jr 5     3  8 

Asphalt,  Jr..  as  Junior  Chemist 1  I 

Chemist  &  Bacteriologist 2    .  .  2 

As  Assistant  Chemist 1    ..  I 

Chemist,  Fuel  Engineering 1     4   .  .    .  .  5 

Chemist.  Engineering I    ..      9    ..  10 

As  Assistant  Chemist I    - .  I 

As  Chemist 1      1  2 

Chemist,  Health 1      1    ..  2 

Chemist.  Junior \    ..    ..  1 

Chemist  (Sewage  Disposal  Methods).. 1    ..  I 

Fuel  Engineer  and  Engineering  Chemist 3 3 

Laboratory  Assistant 11    .  .    19 30 

Laboratory  Assistants: 

Chemical I     6   ..    ..  7 

Chemical  (Female) I    ..  1 

Chemical  (Male) 2     5  7 

Diagnostic 8  U    ..    ..  19 

Diagnosis  (Female) 1  1 

Diagnostic  (Male) 3     2  5 

(Female) 2..      5 7 

(Male) 10    ..    27 37 

Research 4     6   ..    ..  10 

Research  (Female) 5     7  12 

Research  (Male) 5     4  9 

Vaccine 3     3...  6 

Va.-cinc  (Female) 2  2 

Pathologist,  as  Pathological  Chemist 1    ..    ..  1 

Pathological  Chemist 1      I  2 

Tables  12,  13  and  14  were  compiled  from  the  Civil  List  of 
New  York  City  for  June  30,  1 9 1 6 ;  Table  i  5  from  recent  examina- 
tion announcements  of  the  Municipal  Civil  Service  Commission 
of  New  York  City;  Table  16  from  the  Annual  Reports  of  the 
same  Commission, 

IV — THE    STANDARDIZATION    OF    EMPLOYMENTS    IN    CHEMISTRY    IN 
THE  PUBLIC  SERVICE 

Until  quite  recently,  the  salaries  of  employees  in  Uie  public 
service    have   been   determined    in   a   haphazard    manner.     In 


many  instances  salaries  have  been  fixed  by  accident,  expediency 
or  political  preferment  rather  than  by  any  consideration  of  the 
nature  of  the  work  performed  or  of  the  service  rendered.  This 
state  of  things  has  been  unfortunate,  to  say  the  least.  It  has 
led  to  the  squandering  of  money,  to  inefficiency  of  service,  to 
the  disgruntlement  of  many  of  the  employees  and,  in  some  in- 
stances, to  the  disruption  of  that  loyal  esprit  de  corps  so  essential 
to  the  smooth  running  of  a  large  organization. 

Of  late,  there  have  been  several  attempts  to  improve  these 
highly  undesirable  conditions,  by  an  endeavor  to  standardize 
public  employments.  The  standardization  movement  has  as 
its  primary  objects:' 

(i)  The  establishment  of  a  basis  for  fixing  salary  rates  in 
relation  to  work  values. 

(2)  The  establishment  of  standard  factors  of  education  or 
experience  for  each  class  and  grade  of  employment  prescribing 
conditions  which  must  be, met  by  persons  preliminary  to  ap- 
pointment. 

(3)  The  establishment  of  standard  titles  and  work  require- 
ments for  each  class  and  grade  of  employment  prescribing  con- 
ditions which  must  be  met  or  conformed  to  after  appointment. 

(4)  The  establishment  of  standards  to  govern  promotions, 
transfers  and  other  subjects  of  employment  control. 

(5 )  The  establishment  of  a  formal  procedure  which  shall 
ctu-rently  inform  the  public  and  the  official  organization  of  con- 
ditions governing  entrance  to  the  public  ser\'ice  and  advance- 
ment therein. 

As  these  matters  are  at  present  under  discussion,  and  as  they 
are  likely  to  be  acted  upon  in  tlie  near  future,  it  has  been  deemed 
advisable  to  bring  together  such  comparative  data  as  bear  on 
the  problem  in  so  far  as  chemists  are  concerned. 
1  Municipal  Research  No.  67.  page  17. 
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Tabi,s  17 Standard  Specifications  for  Positions  in  Chemistry  Proposed  by  the  Committbb  on  Civn,  SKE\acE  of  the  Senate  of  the  State  of 

New  York 
Proposed  Classification.  Based  upon  Doties  and  Work  Reqotrements:  Standard  Titles 
Dbfinition 
Group  Grade 


Rates 


Technical 
Assistant 


The  duties  of  the  incumbents  of  these  positions  are  to 
perform,  under  supervision  the  technical  duties  for  which 
they  have  qualified,  in  the  routine  and  research  work  of 
a  pathological,  bacteriological,  serological  or  chemical 
laboratory. 

The  duties  of  incumbents  of  these  positions  are  to  make 
under  supervision,  routine  chemical  analyses  or  tests  of 
an  ordinary  character,  to  perform  definite  details  of  difl5- 
cult  analyses  or  tests,  and  to  conduct  research  work 
within  this  field. 

The  duties  of  incumbents  of  these  positions,  which  may 
involve  supervision  of  employees  in  Grade  I.  are  to  assume 
responsibility  for  a  division  of  chemical  work  in  an  im- 
portant laboratory,  and  to  make  difficult  chemical 
analyses  and  tests. 


The  duties  of  incumbents  of  these  positions,  which 
require  the  highest  degree  of  skill  and  judgment  in  the 
practice  of  chemistry,  are  to  direct  and  be  responsible  for 
the  work  of  a  small  laboratory,  or  to  initiate,  conduct  and 
supervise  difficult  chemical  research  work. 


Title 

Technical 

Assistant 


Junior 
Chemist 


Assistant 

Physiological 

Chemist 


Chemist 


Physiotogical 
Chemist 


The  duties  of  the  incumbent  of  this  position  which  in- 
volves the  application  of  advanced  scientific  technique 
and  research  methods,  are  to  undertake  the  solution  of 
biological-chemical  probelms  in  their  relation  to  disease 
and  to  supervise  and  be  entirely  responsible  for  the  work 
in  a  particular  field  of  research  of  an  important  laboratory, 
and  rates  are  shown  opposite  proposed  grades  in  which  they 


Rates 
$  600 
660 
720 
840 
960 
1020 
1080 
1200 
1320 


1440 
1560 
1680 
1800 


1980 
2160 
2340 
2580 
2820 
3060 
3300 
3540 

3300 
3600 
3900 
4200 
4500 


Existing  Actthorued  Position  s(a) 


Title 
Technical  Assistant 
Technical  .\ssistant 
Technical  .Assistant 
Technical  Assistant 


Assistant  Chemist 

Assistant  Inspector  of  Gas 

Chemist 

Chemist 

Chemist,  part  time 

Chemist 

Chemist 

Chemist 

Chemist 

Water  Analyst 

Water  Analyst 

Physiological  Chemist 

Chemist 
Chemist 
Chemist 
Chief  Chemist 
Sanitary  Chem:»t 
Water  Analyst 
Water  Analyst 
Physiological  Chemist 

Chemist 


Rates 
S  540 

600 
660 
900 


800 
1200 

800 
1200 
1200 

600 
1680 
1800 
2000 
1600 
1800 
1500 

2400 
2800 
3000 
3000 
2800 
1600 
1800 
2500 

3000 


(a)  Existing  titles 

Table  17  contains  the  standard  specifications'  for  chemists 
proposed  by  the  Committee  on  Civil  Service  of  the  Senate  of 
the  State  of  New  York  transmitted  to  the  Legislature,  March 
27,  1916. 

Table  18  contains  the  standard  specifications'  for   chemists 

Table   18— Standard  Specifications  for  Chemists  Proposed  b»  thB 
Bureau  of  Standards  of  New  York  City 
Qgjjog  Salaries  (Dollars) 

I       lunior  Chemist 900  1020  1140  1260  1380     ..       .. 

II        Assistant  Chemist  (full  time)     1500  1620  1740  1920  2100     .  .       .  . 
Assistant    Chemist    (not    less    ,„,„  ,  ,^„  , .,.  , ,.. 

than  18  hrs   a  wk  ) 1020  1140  1260  1380 

III  Chem"st.    .      ■     ....    2280  2460  2700  2940  3 180  3420  3660 

IV  Director      (Central      Testing 


!  classified  afte 


appraisal. 

Table  20  contains  data  of  the  salaries  of  chemists  employed 
at  present  in  typical  American  cities  This  is  inserted  for 
purposes  of  comparison 

If  the  members  of  the  American  Chemical  Society  are  to  have 
any  voice  in  the  determination  of  the  compensations  of  those 
of  their  number  who  are  employed  in  the  public  scr\-ice.  now  is 
the  time  for  them  to  express  themselves.  These  matters  are 
under  discussion  at  the  present  moment.  If  our  profession  is 
to  let  itself  be  heard  in  tones  of  no  uncertain  meaning,  it  is  im- 
perative that  we  adopt  one  of  the  most  popular  expressions  of 
the  dav— "Do  It  Now!"  Here  is  a  field  of  immediate  use- 
,TmiV 2280  2460  2700  2940  3180  34^0  JOOU        fe    Qay         uo     11     i>un  ..^^^i,:.!, 

irector'  (Central-    Testing  fulncss  for  the  Committee  on  Sutus  and  Compensation  which 

Laboratory).,.,,. ...... ..,,510055205940 has  been  proposed  above. 

In  their  negotiation  with  governmental  authorities  the  mem- 
bers of  this  Committee  should  rcmcmljer  that  standardiration 
without  representation  is  t>Tanny  I-urthcnnorc.  faint  chemist 
ne'er  won  fair  salary  and  none  but  the  brave  descr\c  the  fair. 


(No  recommendation  above  f  5940) 

[        Laboratory  Assistant 600 

(With  or  without  maintenance-   no  rat 


20    840    960  1080  1200     .  . 
»ith  maintenance  above  $960 


proposed  by  the  Bureau  of  Standards  of  the  Board  of  Estimate 
and  Apportionment  of  the  City  of  New  York,  June,  1916. 


Titles — Chemist: 


Table   19-Co«parat.ve  Standardization   D*TA-Cm«s  oth.r  t«*»  N.w  Vo.k  ^^    ^^^ 

Chicago  ^  _Il!^^lt.'.^^—.  Titles -VjttV!^ ^R.tr»- 

— Rates —     Titles «»"•» utlks 


^nior  sanitary 1200  1320  1440   ....   ^;^rChemist   1020  1080  1.40  1200  A..^  yj^^-^" 

S;^"5rfc:.v.::  \Uo  2ISS  2^8^  2520  Si'?,7c*.«v„.:  2.00  2400  2700  3000 


1020  1080  1140  1200  1260  IJJO 
1680  1740  1800  1920  2040  2140 


Laboratory  Assistant:  780  840  900  960 


780     840     900     960 


780  840       900     960   1020   1200     600  660  720 


Table  20-Coiipa»*tivb  Salary  Data  from  Municipal  PAy«oLL»-l9l6 


Service 
Position  and  City 

Philadelphia 2 

Boflton 1 

Cleveland ' 

Baltimore I 

PitUburgh 2 

Bullalo 1 

S«n  Francisco 2 

Milwaukee > 

Cincinnati 1 

Loa  Angeles 1 

Minncapulis 2 


Minimum  Most  Frequent  Intermediate  Maximum 
No.  Rate  No.  Rate  No.  Rate  No.  Rate    No.  Rate   Total 


MiNiHfM     Mml  V 


Laboratory   A»»i«TAMr- 


960 
1900 
1200 

720 
1200 
1800 
1500 
1000 

900 
1500 
1500 


1   1300   1  1500 

iioo  '.'.  '.'■'■'■ 

800  I  960 

1500  1  1800 


i    iioo    2 


2000 
1900 
2000 
1500 
2400 
1800 
1800 
1800 
1800 
1800 
ISOO 


600 
600 
360 
240 
7JO 
720 
720 
720 
600 


Mml  Freoui 

No    Rale    N' 

6A0 

600 
400 
780 

1017.40 
9O0 


nt  Inlermedlale 
Rale  No 


710 
«00 
IIOO 


i   7t6   I 


900 
600 
7» 
900 

lom 

IMO 
ISOO 

;so 

MIO 


I     .too     2       7K) 


(o)  Two  (2)  othem  at  rateii  not  given. 
TahlB    19   contains  comparative  standardi/ution   data  com- 
piled  from   the  standards'  proposed   in  the  cities  of   Chicago, 
Pittsburgh,  St.  Paul  and  Portland. 

I  First  Report  of  the  Committee  on  Civil  Service  of  the  Senate  of  Ihe 
Slate  of  New  York  appointed  to  Inve.ligalc  the  Civil  Service  of  Ihe  Stale, 
with  parlicular  reference  to  salaries.  Kradc.  and  dulie,  of  ofllcer.  and  »m- 
ployeea-lransmitted  to  Ihe  legNlaliire.  March  27.  1916. 

•  Standard  Spr.iflcaiions  for  Perimcml  Service,  prepared  by  The  Bureau 
of  Standard,  for  llio  Hoard  of  Ultimate  and  Apportionment  of  tb«  Clly  of 
New  York.  June.  1916. 

■See  Comparative  Salary  nata-PhiladelphU  Bureau  nf  Municipal 
Reaearch.  March  I,  1916. 


Whether  or  not  jiositiaiw  of  hiRli  Biailc  itivolviHK  untiadvc  and 
individuality  sliouUI  be  »tamUr,li/c<l  nt  all  i»  open  to  qiicMicm. 
to  say  the  least. 

SUMMARY   AND  COfWXUWOK* 

ILivinc  the  fiicl*  Iwfore  us.  wc  tun  in  a  porition  to  siimmaricc 
and  to  iltiiw  coiiclii»iim» 

H  »c  combine  the  numlwrt  of  chemist*  crapJojrrd  by  the 
United  Slatci  C.ovcnuncnt.  tlic  iKivcnintcnt  of  New  York 
Stale  anil  the  (..ivemmcnt  i.f  New  Yofk  City,  wc  find  thai  w« 
Imvc  8 1.1  p«>«ition»  which  may  Iw  rr«*rrte«l  a»  attnicti\-«  to  tht 
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graduate  in  chemistry.     From  the  view-point  of  compensation, 
these  arc  distributed  as  follows: 

New  Yoek  Total 

Salaries  Federal  State  City  No.  Per  Cent 

S500  to  1000  2.'^  2  .  .  25  3.1 

1001  to  1500  189  12  39  240  29.4 

1501  to  2000  219  11  14  244  30.0 

2001  to  2500  159  1  5  165  20.2 

2501  to  3000  93  5  4  102  12.5 

3001  to  3500  13  1  2  16  2.0 

3501  to  4000  12  1  ..  13  1.6 

4001  to  4500  1  1  .  .  2  0.2 

4501  to  5000  7  .  .  7  0.9 

5001  to  6000  ...  . .  1  1  0.1 

Total,  716      34      65      815      100. 0 

If  we  adopt  $3000  or  over  per  annum  as  a  fair  measure  of  the 
"successful"  chemist,  we  find  the  following: 

Below  f  3000       $3000  or  over       Total 

Number 727  88  815 

Percent 89.2  10.8  100 

This  bare  statement  of  figures  constitutes  a  revelation,  the 
implications  of  which  are  so  obvious  that  it  would  be  an  insult 
to  the  intelligence  of  this  audience  to  repeat  them. 

Let  us  turn  aside  from  compensations  a  moment,  to  focus  our 
attention  on  the  question  of  the  numbers  of  chemists  in  govern- 
mental employ. 

The  total  numbers  of  employees  in  the  branches  of  the  public 
service  which  we  have  considered  in  detail  (i.  e.,  the  United  States 
Government,  New  York  State  and  New  York  City)  are  in  round 
numbers; 

United  States 480 ,  000 

New  York  State  (excludinjf  Public  Service  Commission, 

1st  District) 18,000 

New  York  City  (includinp  Public  Service  Commission, 

1  St  District) 85  ,  000 

Total 583.000 

Of  the  total  number  of  positions  in  these  services,  the  chemists 
constitute  o.  15  per  cent  for  the  United  States,  0.19  per  cent  for 
New  York  State,  and  0.08  per  cent  for  New  York  City.  Of 
the  total  number  in  the  three  services  (583,000)  the  chemists 
(815  in  number)  constitute  0.14  per  cent. 

Mr.  J.  L.  Jacobs'  has  recently  estimated  that  the  total  number 
of  civil  employees  in  the  United  States  (including  the  Federal 
Goveniment,  States  and  Cities)  is  1,800,000  to  2,000,000.  If 
the  average  just  stated  is  roughly  indicative  of  the  general 
proportion  of  chemists  in  all  these  services,  there  are  probably 
about  2800  chemists  who  are  employed  in  public  service.  If 
we  add  to  these,  those  who  are  dependent  on  them,  we  find  that 
the  part  of  our  population  involved  in  the  subject  matter  of  this 
paper  is  about  1 1,200,  counting  4  to  a  family. 

Again,  the  conclusions  are  obvious.  The  insignificance  of 
the  proportion  of  chemists  in  i)ublic  service  is  wholly  at  variance 
with  the  importance  of  their  work  of  regulation,  enforcement, 
conservation  and  creation. 

In  our  introduction,  we  pictured  the  young  chemistry  graduate 
in  a  questioning  mood  with  regard  to  the  usual  prospects  of  his 
profession,  its  compensations  and  rewards.  To  these  questions 
others  were  added:  Is  there  a  career  in  the  public  scr\4ce? 
What  are  the  relative  advantages  and  disadvantages?  Is  public 
service  in  chemistry  a  useful  stepping  stone?  And  so  on.  The 
facts  before  us  should  aid  us  in  answering  such  questions. 

In  the  first  place,  wc  may  count  security  as  one  of  the  most 
obvious  of  the  advantages.  The  average  chemist,  like  the  aver- 
age engineer,  is  i)roverbially  a  job  chaser.  The  special  commit- 
tee of  the  American  Society  of  Civil  Hngineers  "to  investigate 
the  conditions  of  employment  of  and  compensation  of  civil 
engineers,"  by  the  way,  has  set  as  one  of  its  tasks  "to  secure 
information  indicating  the  proportion  of  time  when  engineers 

•  "Public    Service    Opportunity    and    Preparedness,"    Journal    0/   the 
Western  Society  of  Engineers.  No.  6.  June,  1916. 


are  out  of  employment."  Should  a  similar  committee  be 
created  in  the  American  Chemical  Society,  as  suggested  above, 
this  line  of  activity  is  one  of  its  legitimate  functions. 

As  contrasted  with  the  depressing  picture  of  the  average 
chemist,  roving  over  the  earth  in  search  of  a  job,  public  service 
ofifers  the  one  great  advantage  of  security.  Permanency  of 
tenure  is  usually  assured.  On  the  other  hand,  this  very  security 
may  become  a  disadvantage.  Security  is  apt  to  breed  in- 
dolence. Many  a  good  man  has  degenerated  into  a  mere  job 
holder  in  public  service,  who,  if  he  had  had  the  spur  of  necessity 
to  urge  him  on,  would  have  been  more  successful.' 

There  are  other  advantages  to  be  considered.  The  lower 
grades  of  chemical  work  are  better  paid  in  government  service 
than  in  private  practice.  Furthermore,  compensation  condi- 
tions are  improving.  A  comparison  of  the  rates  of  pay  to-day 
with  those  which  existed  10  years  ago-  will  make  this  apparent. 
If  it  is  true  that  the  salaries  in  government  service  are  rather 
better,  on  the  average,  in  the  beginning,  it  is  equally  true,  on 
the  other  hand,  that  they  are  poorer  later  on.  The  numbers 
of  high-paying  positions  in  government  service  are  few.  As 
has  been  stated  above,  only  10.8  per  cent  of  the  chemical  posi- 
tions in  the  ser\'ice  of  the  Federal  Government,  New  York 
State  and  New  York  City  pay  S3000  or  over  per  annum. 

From  the  standpoint  of  the  value  of  the  experience  to  be 
gained  by  the  chemist  in  public  service,  it  is  quite  natural  to 
find  a  condition  prevails  which  is  precisely  analogous  to  that  of 
compensation.  The  experience  of  the  young  chemist  in  his 
first  years  of  governmental  service  is  most  valuable.  B\it,  as  the 
years  go  on,  along  with  a  static  salary,  we  find  a  routine  charac- 
ter of  work  which  frequently  kills  off  any  initial  creative  ability 
of  the  employee. 

Of  this  state  of  things,  there  is  but  one  interpretation  possible. 
Taking  it  all  in  all,  public  service  in  chemistry  is  a  good  stepping 
stone  but  a  poor  career.  We  believe  that  most  chemists  are 
agreed  on  this  point. 

May  I  be  permitted  one  final  word  of  a  somewhat  more  general 
nature? 

The  Council  of  the  American  Chemical  Society,  at  its  meeting 
of  September  27,  1916,  unanimously  passed  the  following 
resolution : 

"Resolved,  That  the  Council  of  the  American  Chemical  Society 
declares  itself  to  be  in  favor  of  an  adequate  system  of  national 
defense.  Such  a  system  involving  our  Army,  Navy,  coast  de- 
fences, natural  resources  and  industrial  development,  should 
be  so  designed  as  to  maintain  our  liberty  and  preser\'e  our  peace- 
ful pursuit  of  happiness.  The  system  should  also  be  designed 
with  such  reserve  power  as  to  maintain  our  honor  and  integrity, 
should  the  same  be  menaced  by  foes  within  or  without.  To 
that  end  we  hold  ourselves  in  readiness  to  serve  our  Country 
in  any  capacity,  but  especially  in  such  ways  as  our  abilities 
best  qualify  us." 

American  chemists  can  devote  themselves  to  no  nobler  pur- 
pose than  to  the  carrying  out  of  the  splendid  spirit  of  this  resolu- 
tion. But  such  devoted  action  will  not  achieve  its  full  func- 
tion, unless  we  add  to  the  elements  of  preparedness  enumerated 
in  the  resolution,  another  of  at  least  equal  importance — civil 
preparedness.  No  amount  of  military,  naval  and  industrial 
preparedness  can  be  effectual  unless  we  have  backing  it  up  an 
army  of  civil  servants  disciplined  to  carry  out  the  administra- 
tive needs  of  the  government.  If  our  democracy  is  to  sur- 
vive, we  must  discard  the  haphazard,  trust-to-luck  methods  of 
the  past. 

Whatever  one's  sympathies  in  the  present  European  conflict 
may  be,  one  thing  is  certain — Germany  has  been  efficient.  And 
this  efficiency  has  expressed  itself  as  greatly  in  its  civil  adminis- 
tration as  on  the  field  of  battle.     Let  me  quote  a  passage  from 

1  This  whole  question  of  "success"  ouRht  to  be  gone  into  more  thoroughly 
than  the  limits  of  this  paper  will  permit.     What  is  a  "success?" 
:  See  Bull.  M,  Bureau  of  the  Census,  p.  123. 
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a  paper  by  the  speaker  who  immediately  preceded  me.     He 
says  ■} 

"On  reviewing  the  remarkable  achievements  of  Germany 
in  the  land  campaigns,  even  the  most  grudging  cannot  with- 
hold their  admiration  for  the  effectiveness  and  scientific  pre- 
cision with  which  her  gigantic  military  enterprises  are  carried 
out.  There  is  no  doubt  that  the  wonderful  showing  made  by 
that  country  has  been  due  to  something  more  than  the  valor 
and  skill  of  the  soldiers  on  the  battlefield.  The  mihtarj'  authori- 
ties would  have  been  impotent  if  it  had  not  been  for  the  master- 
ful way  in  which  the  civil  administration  of  the  country  has 
been  conducted.  If  Germany  had  back  of  the  firing  line  the 
kind  of  civil  government  which  the  United  States  had  during 
the  Spanish  war — with  its  scandals  of  "embalmed"  beef  and  in- 
adequate supplies — administrative  imbecility  would  have 
wrought  more  terrible  havoc  among  her  own  men  than  all  the 
high-power  explosives  which  the  Allies  have  mustered." 

To  any  one  who  has  given  the  least  thought  to  this  subject, 
several  things  are  clearly  apparent.  In  the  first  place,  the 
United  States  can  no  longer  afford  to  ignore  the  lessons  to  be 
learned  from  the  experience  of  other  nations.  We  cannot  sit 
idly  by,  like  immature  children,  smugly  satisfied  that  democracy 
and   inefficiency  are  inseparable. 

This  country  is  about  to  go  through  a  second  period  of  recon- 
struction. Though  we  have  not  thus  far  been  in  arms  in  the 
present  world  war,  our  economic  interests  have  been  so  directly 
involved,  that  complete  readjustment  will  be  needed  at  its 
close.  The  new  conditions  which  wiU  prevail  in  Europe  will 
also  add  to  our  difficulties.  In  adapting  ourselves  to  this  recon- 
struction period,  our  whole  scheme  of  civil  service  procedure 
has  to  be  radically  revised.  To  date,  we  have  looked  upon  our 
civil  service  problems  in  too  negative  a  way.  The  old  slogan 
"Keep  the  rascals  out  of  office"  will  have  to  be  modified  to  read 
"Get  the  best  men  into  office  and  having  got  them  there,  keep 
them  there."  The  old-fashioned  politician — one  of  the  worst 
of  our  enemies  from  within  -has  to  be  relegated  to  the  realm 
of  the  past  along  with  the  ichthyosaurus  and  the  dodo.  The 
new-fashioned  office-holder  must  be  of  good  natural  ability, 
trained  for  his  work  and  efficient  in  its  performance.  He  must 
be  assured  of  a  square  deal.  Nothing  is  more  deadening  to  an 
earnest  worker  than  a  system  which  places  political  subserviency 
above  proved  devotion  and  efficiency.  Public  service  must  be 
made  a  life-career  of  dignity  with  recognition  of  merit  as  its  im- 
pelling force  and  adequate  financial  return  as  its  tangible  re- 
ward. 

The  fear  has  been  expressed  that  in  this  manner  a 
"privileged  class"  will  be  built  up.  It  is  significant  that  those 
who  are  loudest  in  their  protestations  in  this  regard  are  the  very 
politicians  who  in  themselves  constitute  a  bureaucracy  of  the 
most  pernicious  sort— a  bureaucracy  of  the  unscrupulous,  the  un- 
trained and  the  unfit.  The  one  thing  in  the  United  Stales 
which  stands  forth  as  the  highest  expression  of  a  true  and  llior- 
oughgoing  democracy  is  our  system  of  free  education  extending 
from  the  kindergarten  through  the  college  and,  in  some  instances, 
through  the  university.  If  our  free  democratic  system  of  educa- 
tion is  to  reap  its  fullest  harvest,  surely  the  graduules  of  11  free 
public  school,  a  free  high  school  and  a  free  college  or  university, 
who  have  received  specific  training  in  the  work  they  are  to  |ht 
form,  are  to  be  regarded  as  ideal  material  for  biiil.ling  up  a  demo- 
cratic administration  which  will  dispel  this  favorite  bugiilioo- 
this  "privileged  class"     of  the  cheap  politician. 

But  before  wc  can  attain  these  liighly  tlesirable  ends,  it  is 
essential,  as  a  preliminary  step,  to  make  a  complete  survey  of 
the  entile  field  of  pul)lic  service  as  it  exists  at  present  '  liacli 
vocation  and  profession  must  be  studied  in  turn  and  its  rela 
tionship  to  the  whole  cslablisliccl.  The  task  is  a  big  one  U 
'  ClmrlM  A.  Hraril,  Annah  0/  Ikt  Am,ruaH  Aiadtmy  of  rol4lu.il  <><i4 
SKiatS.itHcf.  Vul    I.XIV.  Miircli.  Wlf> 

•  I'or  a  nurvcy  of  llir  iniiiiUlpnl  civil  icrvlcr  ol  Nrw  Vmk  vlty.  "•<• 
Municipal  Hriciirrli  No  (i» 


involves  painstaking  application  and   a  reverence  for  fact  to 
the  exclusion  of  fancy. 

Having,  in  this  manner,  determined  the  needs  of  our  public 
service,  our  colleges,  universities,  and  technical  schools  must 
be  called  upon — must  is  the  word  I  want  to  use — to  train  men 
for  our  civil  service  just  as  West  Point  and  Annajwlis  train  them 
for  our  military  and  naval  ser\'ices. 

Of  these  larger  aspects  of  the  questions  involved,  this  paper 
cannot  treat.     It  does  attempt,  however,  to  present  a  survey 
of  a  very  small  comer  of  a  very  large  field. 
The  C01.1.EGE  OP  THE  Cmr  o»  Nbw  Yobk 

THE  CHEMIST  IN  THE  SERVICE  OF  THE  CITY  OF 

NEW  YORK 

By  Otto  H.  Klein' 

The  city  of  New  York  is  well  on  its  way  towards  becoming 
the  greatest  and  wealthiest  city  in  the  wortd.  In  and  about 
it  are  a  score  of  prominent  colleges  and  universities,  in  each  of 
which  thorough  courses  in  chemistry  are  well  attended,  resulting 
in  the  graduation  each  year  of  an  ample  supply  of  well  equipped 
chemists.  Additionally,  a  large  number  of  chemists  can  at  all 
times  be  found,  from  every  part  of  the  United  States,  who  are 
not  only  willing  and  anxious  to  secure  cmploN-ment  in  New  York 
City,  but  who  are  also  willing  to  make  a  considerable  sacrifice 
in  salary  for  the  object  of  coming  to  New  York.  It  is  eNndent 
therefore  that  no  scarcity  of  chemists,  and  it  may  be  added 
verj'  good  chemists,  exists  in  this  city,  and  that  the  city  sliould 
have  a  waiting  list  of  ver>-  desirable  cligiblcs,  from  which  to 
recruit  its  chemical  staff. 

Withal,  up  to  the  present,  the  competition  for  employment  in 
the  city's  laboratories  has  been  diaracterized  by  apathy  rather 
than  keenness,  and  while  in  spite  of  this  fact  the  i)crsonncl  of 
the  city's  roll  of  chemists  has  been  maintained  at  a  fairly  high 
standard,  this  condition  has  be-cn  practiciUy  fortuitous  rather 
than  the  necessary  result  of  delilicrate  plan. 

Recognizing  this  fact,  and  with  the  pun>osc  of  stimulating 
competition  among  chemisLs  for  employment  by  the  city,  the 
Bureau  of  Standards  has  fomiulaicd  a  system  of  specifications 
which,  if  finally  adopted,  should  have  the  cflccl  of  attracting 
the  ablest  chemists  available  to  the  ranks  of  the  city's  workers, 
which  is  as  it  should  Ik-,  the  best  licing  none  too  good  for  the 
great  work  that  the  city  is  carrying  on  IXlails  of  the  salar>- 
grades  have  U-en  presiiiletl  in  other  publications,  and  have  been 
referred  to  by  Professor  HreilhvU  in  his  able  exposition;  en 
passant  it  is  a  matter  of  duly  to  call  altenlion  to  the  untinng 
cfforls  of  this  gentleman  in  conncclion  with  the  U-llcnnrnt  of 
the  chemists'  comiH-nsalion.  and  to  Ihc  debt  that  the  mtmiciiml 
chemists  owe  him  therefor.  The  Bureau  of  Standards  s|Kcifi- 
cations.  in  eflect.  call  for  delmilc  cntnini-c  salaries  in  the  vanous 
grades,  and  a  well  baloncc<l  and  adc<|Uatc  system  of  iiicrraacs 
for  meritorious  service,  both  fenliitvs  hitherto  huvini;  Iwen 
unsatisfactorily  vague  and  indefinite,  and  having  thcrrftwe 
contributed  to  rendering  municipal  employment  un|v.i>ular 
among  chemists. 

WORK    0^•    CITY    t,AIIO»ATO«l»H 

The  work  of  the  various  1..'  .intaineil  l>v  the  city 

iliav  Ik.-  roughly  .livided  int..  that  ..(  pn.tr, tmg 

the  city's  purse.  »ii<l  ihiU  ■>(  i  '   '"v  »  I""'*''      Tl>« 

water  and  fixnl  Mippiv  of  the  cUy  i»  e\-et  the  Mwrrr  of  pnJ.lem» 
requiring  the  Iwst  cttorls  of  the  wiiilari-  chemiM  u|>o«  ihe  .wc 
liniul,  and  the  e»ttmin««ion  of  the  hundmU  of  dinrrrnt  tv|ic» 
of  mutetiuN  purihnwl  l»y  Ihe  cily  in  enrTYtng  on  if  van.HW 
aclivitirs  gi\-e«  employment  to  theniintx  who  are  cap«l>le,  in 
brief.  Ill  iloing  any  wwt  of  work  l\\a\  a  fhemUt  i«  r\-er  called 
nptin  to  do. 

Siwce  (iwlmU  an  riiumetation  of  Ihe  dinemil  »ort»  o(  analyl- 
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ical  work  performed  in  enforcing  the  specification  requirements 
of  the  city;  suffice  it  to  say  that  the  net  result  of  these  labors  is  a 
demonstrable  saving  of  money,  in  sum  far  exceeding  the  total 
cost  of  the  work  done. 

Needless  to  say,  the  variety  of  chemical  work  entailed  neces- 
sitates a  definite  amount  of  specialization  among  the  chemists 
employed,  and  therefore  the  assignment  of  one  type  of  work, 
or  at  most,  several  closely  related  types  of  work,  to  the  same  chem- 
ist, with  the  desirable  permission  of  a  free  choice  on  the  part  of 
the  chemist  where  possible.  This  of  course  is  an  ideal  condi- 
tion; in  practice  a  difficulty  is  encountered  when  nmning  short- 
handed,  it  being  then  impossible  to  permit  the  individual  to 
confine  himself  to  his  chosen  specialty,  or  its  allied  types  of  work. 
Under  these  conditions  it  is  sometimes  necessary  to  thrust 
widely  diverse  and  unrelated  problems  upon  chemists  capable 
of  standing  the  strain,  which,  when  working  at  high  pressure, 
is  far  from  being  a  negligible  factor. 

A  large  amount  of  research  work  is  constantly  arising,  the 
prosecution  of  which  makes  for  the  city's  best  interests,  and  which 
should  be  given  the  undivided  time  and  attention  of  those  en- 
gaged in  it.  Under  ideal  conditions  this  should  involve  the  as- 
signment of  a  chemist  solely  to  one  of  these  problems,  which 
require  original  thinking,  much  searching  of  the  literature, 
and  the  highest  degree  of  technical  skill  for  correct  solution; 
usually  these  problems  have  to  be  relegated  to  spare  time,  which 
is  a  very  rare  commodity,  and  even  then  the  frequent  calls  of 
routine  work  break  in  upon  the  continuity  of  appUcation  neces- 
sary. The  completion  of  one  of  these  tasks  has  sometimes  to 
be  postponed  for  an  unreasonable  length  of  time. 

THE   CITY   CHEMIST 

It  is  apparent  from  the  foregoing  that  the  type  of  chemist 
which  best  fills  the  city's  needs  is  an  unusual  one.  The  training 
of  the  city  chemist  should  be  of  course  of  the  highest  degree 
of  completeness  as  regards  analytical  work,  as  the  concerns 
furnishing  material  to  the  city  almost  invariably  question  the 
city's  analysis  in  the  case  of  a  rejection,  and  the  city's  analysis, 
although  nearly  always  made  at  top  speed  and  in  the  press  of 
routine  work  must  be  capable  of  standing  the  severest  scrutiny 
and  in  many  cases  forms  the  basis  of  the  city's  contentions  in 
a  court  proceeding. 

The  city  chemist  should  have  a  thorough  working  knowledge 
of  industrial  processes  and  plant  procedure,  in  order  quickly  and 
accurately  to  diagnose  the  shortcomings  of  a  finished  product 
which  does  not  meet  the  city's  requirements.  A  suggestion  of 
this  kind  thrown  out  in  a  report  often  saves  much  time  and 
dispute  and  is  invariably  accepted  in  the  proper  spirit  by  the 
conscientious  manufacturer. 

Inasmuch  as  chemical  examinations  alone  are  rarely  the 
criterion  by  which  material  is  accepted  by  the  city,  all  sorts  of 
specialized  physical  tests  being  of  daily  occurrence,  the  chemist 
should  be  perfectly  at  home  in  this  field,  both  as  to  technique 
and  interpretation. 

Expertness  with  the  microscope  is  a  sine  qua  non,  the  detection 
of  adulterations  being  in  a  great  majority  of  cases  quickly  and 
accurately  verified  thereby,  and  possession  of  bacteriological 
technique  is  of  frequent  necessity. 

A  certain  amount  of  engineering  training  is  also  necessary,  as 
a  great  deal  of  the  work  presupposes  familiarity  with  the  proper 
use  of  the  materials  of  construction.  The  multifarious  problems 
of  tlie  various  specialized  fields  such  as  steel  and  concrete, 
eventually  play  an  important  part  in  the  work  of  the  city  chemist. 

Aside  from  these  and  a  host  of  related  branches  such  as  min- 
eralogy, petrography,  electricity  and  photography,  a  good  ground- 
ing in  which  is  really  indispensable,  it  is  presupposed  that  the 
purely  chemical  training  of  the  city  chemist  is  tliorough  and 
systematic,  and  that  no  element  of  weakness  exists  in  his  grasp 
of  inorganic,  organic  and  physical  chemistry. 

All  of  this  then  constitutes  his  major  equipment,  his  general 
knowledge  of  the  subject;  his  prime  usefulness  to  the  city,  how- 


ever, lies  in  his  specialty,  be  it  asphalt,  paints,  oils,  alloys,  or 
whatever  branch  he  may  be  assigned  to.  This  specialty  he 
must  cultivate  from  every  angle ;  ideally  he  should  be  a  recognized 
authority  thereon,  at  least  locally,  and  to  the  credit  of  the  city's 
chemists,  be  it  said  that  these  conditions  are  practically  fulfilled 
in  a  great  many  cases. 

As  the  city's  competitive  examinations  are  with  few  restrictions 
open  to  all  American  chemists,  who  care  to  qualify,  and  as  actual 
working  experience  is  a  difficult  thing  to  gauge  by  written  ex- 
amination, it  follows  that  a  great  many  eligibles  for  the  position 
of  municipal  chemist  do  not  come  seasoned  by  years  of  actual 
professional  work.  As  a  consequence,  maturity  is  acquired  in 
the  service  of  the  city  and  as  a  rule  the  seasoning  process  pro- 
ceeds quickly  in  consequence  of  the  responsibility  thrust  upon 
the  incumbent.  Needless  to  say  the  time  required  for  the  ac- 
quisition of  working  methods,  of  familiarity  with  systems  and 
of  general  rapidity  and  despatch  is  a  gratuitous  investment 
by  the  city  under  the  competitive  system  of  appointment,  but 
this  need  not  be  considered  a  drawback,  as  the  peculiarities  of 
city  service  require  a  preliminary  period  of  education  which  a 
veteran  chemist  of  much  outside  experience  would  perhaps 
find  irritating  and  foreign  to  his  preconceived  notions.  Execu- 
tive ability,  translated  into  its  simplest  terms,  that  of  simply 
being  able  to  get  along  with  men,  to  command  their  respect 
and  appreciation,  is  peculiarly  in  demand,  especially  in  view  of 
the  fact  that  the  commanding  officer  in  the  civil  service  is  the 
general  public  of  the  city  of  New  York.  Tact  and  judgment 
are  nowhere  more  necessary,  both  in  respect  to  working  in  uni- 
son with  one's  fellow  employees,  and  in  dealing  with  the  sensibil- 
ities of  purveyors  of  the  city's  supplies. 

Finally,  the  keynote  of  the  character  of  the  desirable  incumbent 
may  be  summed  up  in  the  single  word — versatility.  It  is  doubt- 
ful whether  in  any  post  where  a  chemist's  services  are  required 
there  is  as  great  a  need  of  breadth  of  information,  of  ability  to 
undertake  various  unrelated  types  of  work,  to  render  quick  and 
accurate  decision  upon  the  merits  of  a  series  of  widely  differing 
materials,  in  short,  of  every  characteristic  of  the  all-round 
man  as  there  is  in  the  position  of  the  municipal  chemist. 

That  such  a  type  of  individual  can  be  found  and  when  found 
can  be  held  in  the  city's  service,  in  spite  of  unattractive  compensa- 
tion and  uncertain  advancement,  is  the  remarkable  factor  in 
the  situation.  The  main  influences  in  retaining  these  invaluable 
men  have  been  their  devotion  to  the  interesting  nature  of  the 
work,  and  their  hope  that  at  some  no  very  distant  date  a  wide- 
spread realization  of  the  conditions  would  react  towards  their 
betterment.  This  hope  bids  fair  to  being  realized,  in  the  sched- 
ules worked  out  by  the  Bureau  of  Standards. 

The  chemists  who  have  remained  in  the  employ  of  the  city  in 
spite  of  hitherto  disheartening  conditions  have  been  men  of  the 
idealistic  type,  therefore,  who  have  been  able  to  solace  themselves 
with  the  slender  consolation  that  this  hope  offered.  This  has 
been  the  city's  unconscious  gain.  The  dawn  of  equitable  con- 
ditions is,  let  us  hope,  at  hand. 

Unless  a  readjustment  of  affairs  is  shortly  arrived  at,  it  is  , 
inevitable,  in  fact  it  has  begun  to  come  to  pass,  that  a  city 
position  be  regarded  as  a  mere  stop-gap,  a  temporary  occupa- 
tion rather  than  a  definite  career.  Already  a  considerable  num- 
ber of  city  chemists,  some  of  fairly  long  standing,  have  resigned 
to  accept  better  paying  private  positions,  within  the  last  eighteen 
months,  and  replacing  these  by  men  of  considerably  less  ex- 
perience disarranges,  temporarily  at  least,  the  smooth  and 
efficient  working  of  the  civic  laboratory  system.  Undoubtedly, 
these  men  were  of  higher  value  to  the  city  than  they  would  be 
to  private  employers,  in  whose  laboratories  even  the  best  of  them 
would  be  practically  of  no  more  value  at  first  than  mere  begin- 
ners, owing  to  unfamiliarity  with  private  systems.  This  state 
of  affairs  spells  an  actual  monetary  loss  to  the  city,  for  the  vacant 
municipal  positions  are  usually  filled  at  the  same  salary,  and 
usually  by  men  of  less  experience.     It  is  the  actual  reverse  of  the 
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ideal  condition,  which  should  be  that  the  city  by  virtue  of  the 
higher  salaries  offered  and  interesting  nature  of  the  work  should 
be  able  to  attract  the  best  available  chemical  talent  wherever 
employed,  rather  than  to  act  as  a  training  school  for  the  benefit 
of  other  employers. 

A  few  words  as  to  the  personnel  of  the  Central  Testing  Lab- 
oratory, the  laboratory  which  is  now  the  city's  largest,  owing 
to  the  consolidation  of  several  formerly  important  city  labora- 
tories. Its  chemists  are  recruited  from  graduates  of  Columbia, 
Cornell,  Colgate,  Fordham  and  New  York  Universities,  the  Col- 
lege of  the  City  of  New  York,  Rensselaer  and  Massachusetts 
Institutes  of  Technology,  and  the  Philadelphia  College  of  Phar- 
macy. The  bachelor's  degree  or  its  fully  satisfactory  equivalent 
is  possessed  by  each  of  the  sixteen  chemists  employed  and  sev- 
eral have  in  addition  been  awarded  other  degrees.  The  average 
age  is  thirty,  average  length  of  time  employed  in  chemical  work 
nine  years,  average  length  of  time  employed  by  the  city  as  chem- 
ist five  years. 

The  enthusiasm  retained  by  the  staff  is  evidenced  by  the  fact 
that  nearly  all  are  active  members  of  some  scientific  society, 
a  considerable  number  have  published  one  or  more  original 
scientific  papers,  and  in  response  to  a  recent  questionnaire 
concerning  desirable  research  work,  no  less  than  twenty-seven 
different  lines  of  investigation  were  suggested  by  members  of 
the  staff,  each  problem  requiring  a  great  deal  of  difficult  and 
tedious  experimentation  and  involving  the  sacrifice  of  much  of 
the  investigators'  private  time,  with  no  hope  of  monetary  re- 
muneration. 

Each  chemist,  on  the  average,  has  been  employed  in  three 
unrelated  divisions  of  the  laboratory's  work,  voluntarily  and  with 
no  cases  of  unfitness  manifesting  themselves.  However,  every 
opportunity  is  offered  to  facilitate  and  further  specialization. 
Frequent  conferences  have  been  held,  and  occasional  lectures 
are  invited  from  outside  experts,  besides  which  the  members  of 
the  staff  are  encouraged  to  present  their  chosen  subject  to  out- 
side audiences,  as  well  as  at  periodical  staff  conferences.  An 
excellent  working  library  is  at  the  command  of  the  chemists, 
liberally  supplied  with  technical  periodicals,  and  thereby  saving 
time  required  to  search  literature.  Nearly  every  chemist  in  the 
laboratory  has  repeatedly  appeared  in  court  in  connection 
with  the  city's  business,  and  has,  therefore,  obtained  an  excellent 
grounding  in  the  task  of  presenting  scientific  evidence  in  a  manner 
conformant  with  legal  procedure,  requiring  absolute  confidence 
in  one's  technical  findings  as  well  as  the  facility  of  rapid  and 
clear  thinking 

SALARIES 

The  average  entrance  salary  paid  to  these  men  on  appoint- 
ment to  tlic  grade  of  chemist  was  $i,.530  l>er  annum.  This  was 
after  an  apprcnticcsliip  in  chemical  work  served  in  the  city 
service  or  outside,  but  generally  outside,  averaging  four  years 
after  graduation  from  college.  The  average  length  of  service 
as  chemist  has  been  five  years,  and  the  average  present  salary 
is  $1,685  per  annum;  therefore,  the  average  annual  increase  of 
salary  has  been,  to  the  present  time,  $31. 

In  connection  with  these  figures,  it  may  be  said  that  the  sal- 
aries paid  the  chemists  in  this  laboratory  average  higher  than  the 
salaries  paid  throughout  the  city  service,  executives  excepted, 
the  head  of  a  division  in  the  Central  Testing  Laboratory  re- 
ceiving nuK-h  less  coinpcn.sation  tliaii  the  heads  of  isolated 
special  laboratories  in  other  city  departments. 

tinder  the  circumstances  outlined  above,  it  Is  evident  that  tlic 
enactment  of  suitable  salary  specifications  for  the  clicinist  in  the 
city  service  is  a  real  and  urgent  need  both  for  the  city's  licnclit 
uiid  for  the  relief  of  very  uncomfortulilc  liiiuncial  situiiliouH 
among  the  chemists. 

CiCNTHAI.    TKKTINO    I.AniiNATliRV 
BOARII    Of    UkTIMATH    and    ArruRTtflNHItNT 
\2i     \n     WoNTII    STRItHT 
NKW    VllRK    CiTV 


THE  CHEMIST  m  THE  PUBLIC  SERVICE 
By  H.  W.  Wiley 

The  entry  of  the  chemist  into  the  pubhc  service  is  scarcely 
sixty  years  of  age.  In  fact,  sixty  years  ago  the  chemist  as  a 
djmamic  force  was  well  represented  by  i  -I-  y  =  o. 

The  first  record  I  can  find  of  a  chemist  in  the  public  ser%-ice 
is  in  the  Department  of  Agriculture  in  1862.  It  would  be  in- 
teresting to  trace  in  detail  historical  data  relating  to  the  entry 
of  the  chemist  into  the  other  departments  of  the  Government. 
That  task  I  shall  have  to  leave  for  the  historian  with  more 
leisure  than  falls  to  my  lot. 

GOVERNMENT   CHEMICAL    SERVICE 

By  classification,  the  chemical  service  of  the  United  States 
Government  and  of  the  State  and  Municipal  governments  may 
be  broadly  placed  under  three  heads:  First,  chemists  charged 
with  the  duties  of  control;  second,  chemists  charged  with  research; 
and  third,  chemists  charged  partly  at  least  with  executive  duties. 
The  latter  classification  is  a  matter  of  some  doubt  as  my  own 
experience,  as  well  as  that  of  others,  has  shown  that  when  a 
chemist  begins  executive  duties  they  are  like  the  camel's  nose 
in  the  tent.  Much  time  docs  not  lapse  until  his  duties  are  wholly 
executive,  but  even  then  he  may  well  retain  his  classification, 
as  they  are  executive  duties  connected  with  and  based  upon 
chemical  work. 

CONTROL    WORK 

The  nature  of  the  duties  of  the  first  class  of  chemists  is  well 
understood.  Perhaps,  I  may  best  illustrate  it  by  laws  relating 
to  fertilizers  in  the  various  states.  The  purpose  of  these  laws 
was  not  to  give  chemists  jobs  but  to  protect  the  farmers  against 
fraud.  Practically  every  state  in  the  union  where  commercial 
fertilizers  are  used  in  large  quantities  has  chemists  controUing 
the* character  of  the  product  offered  to  the  farmer.  Not  in- 
frequently, the  chemist  who  has  control  of  the  analysis  also  has 
more  or  less  to  do  with  the  application  of  the  law,  but  this  is 
not  necessarily  nor  usually  tlie  case.  In  respect  of  fertilizer 
control,  not  only  is  the  total  amount  of  plant  food  represented 
by  fertilizer  of  great  importance,  but  also,  even  of  greater  im- 
portance, the  percentage  thereof  immediately  available.  Fanners 
are  not  vcr>'  prone  in  this  country  to  farm  for  Uic  future.  It  is 
difficult  to  convince  tlieni  that  if  they  apply  an  untreated, 
fine  ground  mineral  phosphate  to  their  soils,  sooner  or  later  it 
will  all  be  available  for  crops.  They  ore  looking  largely  to  the 
next  crop.  Lawcs  and  Gilbert  in  England  were  the  first  to  rec- 
ognize tlic  fact  that  ordinary  phosphoric  acid  in  Ixincs  and  min- 
eral phosphates  is  not  readily  available.  To  tlicm  wc  owe  the 
process  of  freeing  the  phosphoric  acid  by  treating  the  bones  and 
mineral  phosphates  with  sulfuric  acid.  On  this  di»co\Tr>'  the 
great  acid  phosphate  industries  of  llic  world  hove  been  founded. 
The  control  chemist  dctennincs,  therefore,  tlic  quantity  of  phos- 
phoric acid  present  which  moy  l>c  rrKardc<l  as  inmirdiatcly 
available,  that  is,  within  Uic  year.  Some  residues,  of  course, 
arc  carrie<l  over  but  these  are  not  lost  and  return  %>alue  to  the 
farmer  in  subscfjucnt  crops 

l)f  similar  character  »!.«>  is  the  work  of  the  chemist  in  the 
imtioiutl,  state  and  inuiiici|>ul  laboratories  in  the  conlr»»l  of  foods 
and  druKS.  The  clmmcter  of  lliis  work  is  alwi  strictly  aiuUylicoL 
and  it  must  not  t>c  forRottcn  that  the  purtxMC  of  this  IrsisUtion 
is  the  Slime  as  that  conlrollinu  thr    ■  '       ^luct», 

nninrlv.   the   piotntinn   of   the  ■<■   rr- 

siMinsibilily  of  the  chemist,  how  I  _  '  'han 

ill  the  lirst  iiistonce  Not  only  is  tlicir  a  pnUes.liot«  ocaiiul 
fraud  ill  foods  «iul  ilnigs  by  strict  control  but  a  hishrr  »er>*ice  to 
humanity  is  als«)  rciidrrwi.  nmiiely  the  pn>trctioti  <.^i  health  and 
the  stifrgunidinn  of  the  tnciliciiic*  adininisteml  to  the  wrk 
Iimsiiiiich  an  human  life  and  happiness  ore  mi»re  important  than 
wraith  or  pro|<cttv.  »o  the  dutlen  of  the  chemist*  controllinf  the 
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character  of  foods  and  drugs  is  of  a  higher  importance,  not 
from  a  scientific,  but  from  a  humanitarian  point  of  view.  With 
those  engaged  in  the  supervision  of  fertilizers,  I  may  class  the 
chemists  connected  with  insecticide  control.  With  those  en- 
gaged in  food  and  drug  supervision,  I  class  those  employed 
in  the  water  service. 

The  utility  of  inspection  work  such  as  I  have  outlined  above 
is  patent  to  every  observer.  It  would  be  a  long  step  backwards 
if  work  of  this  kind  done  by  the  various  official  organizations 
of  the  country,  national,  state  and  municipal,  should  come  to  an 
end  or  if  the  condition  of  affairs  pertaining  to  this  work  were 
those  of  50  or  60  years  ago.  As  long  as  the  farmer  used  only 
the  manure  which  he  made  on  his  farm  and  the  lime  and  ashes 
which  he  burned  on  his  place,  he  was  in  no  danger  of  being  de- 
frauded by  the  fertilizer  trade.  The  very  moment,  however, 
commercial  fertilizers  came  into  vogue  he  was  helpless  before  the 
wiles  of  the  adulterator.  It  is  true  he  could  trade  with  reputable 
firms  if  he  were  in  a  position  to  know  the  character  of  the  firms 
with  which  he  traded,  but  this  was  not  always  possible.  Pre- 
sumably, from  the  very  beginning,  those  firms  engaged  in  the 
manufacture  of  fertilizers,  employed  chemists.  They,  therefore, 
fully  understood  the  nature  of  the  products  which  they  offered. 
They  were  under  no  obligation,  however,  to  disclose  their  formulas 
to  the  purchaser.  As  a  matter  of  fact,  they  did  not  do  so  until 
the  state  laws  came  into  vogue.  It  is  rather  strange  that  in  so  far 
as  fertilizer  control  is  concerned,  the  National  Congress  has  taken 
no  action  looking  to  the  control  of  the  fertilizer  trade  in  inter- 
state commerce.  It  seems  that  a  law  of  tliis  kind  would  be  of 
great  value  in  various  states  in  helping  them  to  secure  a  more 
rigid  enforcement  of  the  state  laws. 

EXECUTIVE   WORK 

I  come  now  to  the  discussion  of  the  third  classification  of 
chemists,  namely,  those  charged  with  the  administration  of  the 
laws  in  which  chemical  analysis  and  investigation  lay  the  foun- 
dation for  the  law's  enforcement.  The  head  chemists  who  are 
employed  in  the  various  national,  state  and  municipal  labora- 
tories having  control  of  products  entering  into  interstate  and  intra- 
state trade  are  all  in  the  third  class  of  my  subject.  The  amount 
of  time  which  they  give  to  the  executive  work  of  their  depart- 
ments varies.  Some  of  them  have  important  duties  in  the  lab- 
oratory, others  only  supervisory  duties,  but  in  all  cases  they 
remain  in  close  touch  with  the  work  going  on  in  their  laboratories 
and  the  progress  which  is  made  in  chemical  science.  The  char- 
acter of  the  work  of  this  class  of  chemists,  of  course,  brings 
additional  responsibilities.  The  question  naturally  arises, 
"What  rule  of  conduct  should  the  executive  chemist  adopt  for 
his  guidance?"  The  platform  on  which  he  stands  determines 
very  definitely  the  character  of  the  work  which  he  does.  First 
of  all,  it  is  the  duty  of  every  executive  chemist  under  any  national, 
state  or  municipal  law  fully  to  comprehend  the  purpose  of  the 
law  under  which  he  is  working  and  the  terms  in  which  its  pro- 
visions are  expressed.  In  this  work  he  should  be  guided  by  the 
universal  principle  of  the  courts  in  interpreting  an  act  intended 
for  some  public  benefit,  and  practically  all  acts  are  so  intended. 
The  principle  of  construction  adopted  by  the  courts  is  extremely 
simple,  namely,  if  the  law  be  capable  of  more  than  one  inter- 
pretation that  one  should  be  adopted  which  more  nearly  carries 
out  the  provisions  and  purposes  of  the  act.  If,  for  instance, 
the  law  requires  that  the  steel  which  is  used  for  the  manufacture 
of  ordnance  should  be  of  a  certain  fine  quality  and  that  the 
impurities  in  the  steel  which  tend  to  impair  its  quality  should  be 
as  nearly  as  possible  eliminated,  the  chemist  has  a  fairly  good 
working  hypothesis.  He  will  ascertain  just  what  composition 
of  the  steel  is  best  suited  for  the  purpose,  especially  its  tensile 
strength,  endurance  and  tenacity.  If  he  finds  these  conditions 
are  based  upon  a  certain  minimum  or  maximum,  as  the  case 
may  be,  of  carbon,  manganese,  etc.,  he  will  require  that  the 
manufacturer  of  the  steel  prepare  it  according  to  these  ideas. 


If  the  standard  which  he  sets  is  reasonable,  it,  of  course,  is  one 
which  can  be  maintained.  Whether  or  not  it  is  reasonable 
depends  upon  the  terms  of  the  law  and  the  conditions  surrounding 
the  production  of  the  best  material.  The  law  may  be  specific, 
in  which  case  the  executive  chemist  has  no  responsibility.  But 
if  the  law  is  general  as  to  the  quality  then  the  responsibility  of 
getting  the  best  quality  rests  upon  him.  The  materials  which 
are  employed  in  the  manufacture  of  standards,  for  instance, 
are  required  to  be  of  such  a  character  as  to  be  the  least  variable 
under  the  conditions  in  which  standards  are  utilized.  The  degree 
of  expansion  by  heat,  or  contraction  by  cold,  resistance  to  oxi- 
dation and  all  other  properties  which  go  to  make  an  excellent 
standard  are  to  be  carefully  studied  and  only  those  materials 
accepted  which  confirm  to  the  required  chemical  and  physical 
tests.  Another  illustration  which  is  very  patent  is  in  the 
super\-ision  of  therapeutic  reagents  by  the  public  health  bureaus 
of  the  Treasury  Department.  The  various  sera,  vaccines,  etc., 
which  pass  from  state  to  state  are  subject  to  inspection  and 
approval  by  this  Bureau.  The  tests  which  are  made  are  chem- 
ical, physical  and  pharmacological,  and  the  chemist  bears  with 
the  physicist  and  pharmacologist  his  share  of  the  responsibility 
of  securing  a  serum  or  vaccine  of  maximum  vitality  and  of 
minimum  threatening  content.  Much  of  the  objection  which 
has  been  made  to  serum  therapy  and  vaccine  prophylaxis  has 
been  due  to  carelessness  in  the  manufacture  of  these  bodies. 
Occasionally  a  product  is  made  which  is  infected  with  strepto- 
coccus, and  staphylococcus  and  tetanus  bacillus  or  some  other 
dangerous  infection  and  the  result  is  always  disastrous  and  will 
result  very  greatly  in  the  production  of  opposition  to  these 
procedures.  While  it  is  true  that  the  chemist  exercises  only  a 
minor  part  of  this  control,  it  is  at  least  an  important  part. 

The  chemists  in  the  Bureau  of  Mines  shoulder  a  very  heavy 
responsibility.  Accidents  in  mines  are  usually  of  a  chemical 
character.  They  are  produced  very  generally  by  the  explo- 
sion of  combustible  gases.  The  origin  of  these  gases,  their  con- 
trol and  the  precautions  which  are  necessary  to  minimize  the 
danger  are  almost  purely  chemical  problems.  The  head  chemist 
of  the  Bureau  of  Mines  is,  therefore,  called  upon  to  discharge 
not  only  chemical  duties  of  the  highest  character  but  also 
executive  duties  in  the  proper  interpretation  of  his  efforts  for 
the  greater  safety  of  life. 

In  the  Geological  Surs'ey  the  chemist  has  a  very  great  respon- 
sibility as  an  executive  head  in  addition  to  his  skill  as  an  analyst 
and  a  student  of  chemical  theories  and  problems.  The  devel- 
opment of  the  industries  of  the  countrv-  depends  largely  on  a 
proper  census  of  natural  and  national  wealth,  and  the  best 
means,  as  far  as  chemistry  is  concerned,  of  utilizing  this  natural 
wealth  in  a  manner  best  suited  to  the  interests  of  the  public  at 
large.  The  executive  chemist,  therefore,  has  this  duty  always 
in  mind,  that  in  the  exercise  of  his  functions  in  the  interpretation 
and  application  of  data  he  should  always  keep  in  mind  the  car- 
dinal principle  of  public  benefit. 

There  is  perhaps  no  field  in  which  the  executive  chemist  is 
called  upon  to  exercise  a  greater  responsibility,  in  the  nation, 
states  and  municipalities,  than  in  the  duties  which  fall  upon  him 
in  coimection  with  the  food  and  drug  laws.  Here  we  have  a 
wide  field  of  activity  which  I  can  speak  of  with  some  degree 
of  authority  because  of  my  long  service  in  an  executive  capacity 
in  connection  with  work  of  this  kind.  The  food  and  drug 
laws  of  the  state  and  also  of  the  different  states  which  are  modeled 
largely  on  the  federal  law,  leave  a  large  discretion  to  the  executive 
officer  in  charge  of  the  laboratories.  This  officer  is  charged  by 
law  with  ascertaining  whether  or  not  a  given  sample  is  adul- 
terated or  misbranded.  Kirst  of  all  before  he  reaches  any  con- 
clusion in  this  matter  the  nature  of  tlic  substance  must  be  known; 
a  rigid  chemical  and  physical  examination  of  the  sample  is 
therefore  precedent  to  any  executive  action  or  to  any  interpre- 
tation of  data.     It  is  the  duty  of  the  executive  chemist  to  pro- 
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vide  the  proper  supervision  over  the  work  of  his  assistants, 
and  to  know  by  personal  inspection  and  test  that  this  work 
is  accurate  and  thorough.  Slipshod  methods  of  analysis  will 
easily  grow  up  in  a  laboratory  if  the  executive  head  thereof 
does  not  take  an  active  part  in  the  supervision  of  the  work. 
It  is  his  duty  also  to  direct  the  research  chemists  in  that  line  of 
investigation  which  to  his  mind  seems  most  fruitful  of  good 
and  if  he  be  trained  in  research  work  to  aid  and  support  the 
research  work  of  this  kind.  Most  of  all,  however,  his  responsi- 
bility is  greatest  when  he  is  called  upon  to  come  to  the  final 
decision  as  to  whether  or  not  the  given  sample  is  in  harmony 
with  the  general  principles  of  the  law  under  which  he  is  working. 
In  the  national  and  municipal  laboratories  chemists  are  re- 
quired to  take  an  oath  faithfully  to  support  the  constitution  of 
the  United  States  or  state  and  to  discharge  the  duties  of  his 
office  in  harmony  with  the  requirements  of  the  law.  He.  there- 
fore, cannot  evade  his  duty.  He  must  perform  it.  The  prin- 
ciple which  guides  his  work  is  practically  the  same  as  that  which 
has  already  been  enunciated.  He  must  use  his  judgment  in 
such  a  way,  when  there  is  conflicting  evidence,  as  to  carry  out 
best  the  purpose  of  the  act.  The  executive  chemist  in  tliis  case 
is  not  the  judge  or  jury;  his  action  is  to  determine  whether  or 
not  a  court  should  pass  upon  and  review  his  decision.  If  he 
comes  to  the  decision  that  the  given  article  is  not  adulterated 
or  misbranded,  whether  it  be  a  drug  or  food,  that  settles  the 
question,  in  so  far  as  further  proceedings  are  concerned.  There 
is  no  one  who  can  review  his  work.  If,  therefore,  he  makes  a 
mistake  and  decides  in  the  wrong  way,  he  incurs  a  very  heavy 
responsibility  or  rather  he  fails  to  discharge  a  duty.  As  far  as 
I  am  personally  concerned,  I  always  had  one  invariable  rule 
in  all  cases  of  this  kind;  namely,  if  there  were  conflicting  evi- 
dence to  give  the  benefit  of  the  doubt  to  the  public.  This  rule 
I  also  applied  in  all  synthetic  foods  to  which  materials  had  been 
added  other  than  nature  had  provided.  Unless  it  was  evident 
beyond  question  that  the  addition  of  extraneous  materials  had 
for  its  purpose  a  better  product  for  the  public,  their  presence  was 
always  considered  as  a  suspicious  circumstance  worthy  of  fur- 
ther review  before  the  courts.  If  for  instance  the  manufacturer 
of  butter  used  a  moderate  amount  of  salt  to  meet  the  general 
requirements  in  this  country  of  a  salted  butter,  such  an  aildition 
would  not  be  considered  a  violation  of  law.  If,  on  the  other  han<l, 
he  added  a  preservative  agent  with  no  organoleptic  i)roperty, 
such  as  borax,  this  would  he  regarded  as  an  adulteration  under 
the  law  and  warrant  the  executive  chemist  in  citing  the  offending 
parties  to  the  proper  officials  to  defend  their  action  in  court. 
We  all  know  as  a  matter  of  history  what  a  tremendous  |>rcssure 
has  been  brought  to  bear  upon  executive  chemists  in  control  of 
foods  and  drugs  to  influence  their  decision  favorably  to  the  trade 
rather  than  to  the  public.  I  do  not,  however,  intend  here  to 
go  further  into  this  important  principle  as,  if  I  should,  it  would 
be  writing  a  history  rather  than  a  i)aper.  I  will  only  add, 
however,  that  all  efforts  made  by  executive  officers  to  minimize 
the  possible  danger  of  addition  of  substances  to  foods  and  to 
condone  or  favor  such  activities  have  been,  in  my  opinion, 
wholly  illegal,  contrary  to  the  public  welfare,  and  vinl.ilive  of 
the  fundamental  principle  of  the  law. 

KliSKAKCII    WORK 

In  the  Advisory  Board,  appointed  to  aid  the  Si'crclary  o( 
the  Navy  in  the  proper  discliarge  of  his  duties  and  for  other 
purposes  in  connection  with  tile  welfare  of  the  people  of  the 
country,  our  society  is  represented.  Imiiortanie  of  research 
olong  the  line  of  economical  and  industrial  developinenl  ciinnol 
be  overrated.  Of  still  greater  iinportiince,  however,  in  the  nccrs- 
sity  of  a  rigid  investiKatioii  of  the  causes  which  are  priHliiciiiK 
the  physical  inenieiency  of  our  nation  When  we  rridi/e  thiil 
more  thiiii  fio  per  cent  of  the  young  men  who  olTrr  their  wivicch 
to  the  Army  and  Navy  are  rejectetl  for  physical  reasiiiiN.  the  low 
condition  of  physical  rflirieiicy  in  our  coinilry  is  inuilr  iipparrni 
To  my   minil,   the  principal  cause  of  this  pliv<iicul  nu-llicicncy 


is  due  to  improper  nutrition.  Important  subsidiary  causes 
are  the  use  of  alcohol,  tobacco,  habit-forming  drugs  and  other 
bodies  that  have  specific  effects  upon  the  ner\-es.  The  chemist 
of  necessity  must  take  the  leading  part  in  the  researches  which 
shall  lead  to  a  better  physique  and  freedom  from  moral  and  in- 
tellectual deficiency.  The  supreme  importance  of  a  better 
physical  manhood  and  womanhood,  which  would  bring  a  better 
mental  and  moral  efficiency  of  the  people  is  slowly  becoming 
recognized.  The  work  of  the  research  chemist  in  public  life 
is  too  often  cm-tailed  by  super\isory  and  executive  duties. 
An  increasing  field  for  the  exercise  of  research  activities  will 
undoubtedly  be  open  in  official  ser\'ice. 

It  would  be  of  interest  to  have  a  census  of  the  number  of 
chemists  found  in  official  service.'  I  hope  that  some  statisticians 
will  take  up  this  subject  esijecially  for  the  archives  of  the  Society. 
The  Chemical  Society  of  Washington  has  made  a  beginning  of 
this  work  and  in  their  list  of  members  printed  in  November, 
1 91 5,  they  have  given  the  number  employed  in  the  various 
departments  of  the  Federal  Goveniment,  the  Army  and  Navy, 
and  in  schools  and  institutions.  I  do  not  mention  this  at  all 
with  a  view  of  indicating  that  all  chemists  in  the  public  service 
are  members  of  our  Society,  but  this  list  does  give  the  number 
in  each  department  that  are  members  For  instance,  in  the 
Department  of  Agriculture,  the  numlHT  of  chemists  in  the 
Bureau  of  Chemistr>"  is  9,1 ;  in  the  Bureau  of  Soils,  25 ;  in  the 
Bureau  of  Plant  Industr>',  1,1;  in  the  Burc.iu  of  Animal  Induslr>', 
13;  miscellaneous,  3;  total,  147.  The  number  of  chemists  in 
the  Geological  Survey,  Department  of  Interior,  is  9;  Patent 
Office,  1 1 ;  Bureau  of  Mines,  2 ;  National  Museum,  i ;  total,  j,? 
in  the  Department.  There  are  38  chemists  in  the  l)e|)artmenl 
of  Commerce,  15  in  the  Treasurj-  Department,  4  in  the  Army 
and  Navy,  28  in  schools  and  institutions,  and  43  in  the  mLsccl- 
lancous  and  unclassified  scrNncc.  There  are  14  members  of 
the  Society  employed  in  Mar>'land.  This  makes  a  total  of  the 
memliers  of  the  Chemical  Society,  employed  in  the  Goveniment 
Laboratories  at  Washington  and  near-by,  315.  In  addition  to 
these  members  also,  it  is  not  to  be  forgotten  that  the  Deimrt- 
ment  of  Agriculture  and  the  Trcasun,-  maintain  a  numlx-r  of 
laboratories  in  different  parts  of  the  countr>-  and  the  chemists 
in  those  laboratories  are  not  included  in  the  mcmlx-rship  of  the 
Washington  branch,  but  will  Ik-  found  in  the  local  branches 
where  tlu-y  are  situated,  such  as  New  York  City.  Philadelphia, 
etc.  The  total  number  in  the.se  laboratories  is  probably  as  Iotkc, 
if  not  larger,  than  those  in  the  Hurvau  of  Chcmistr>-.  The 
total  nnmlier  of  chemists  employed  by  the  Unitcii  States  is 
probably  about  1000. 

In  addition  to  these  official  chemists,  wc  should  not  forget 
that  almost  every  state  has  n  cheniical  service  consistinK  of  fr\>ni 
five  to  fifteen  or  twenty  |HT«ins.  which  niiiltiplirtl  by  the  total 
numlier  of  stales  will  give  an  approximate  idea  of  the  total 
number  of  chemists  thus  employcil  (6.so).  The  niunirt|uil 
chemists  are  i>crhaps  inon-  numerous  even  than  the  stale  chem- 
ists, althoiiKh  I  have  not  eiideuvorr<l  to  niukc  n  census  thrrrof. 
but  supiKising  they  are  of  the  same  ininilKT,  then  wr  huvf  u|>- 
))roximatelv.  as  iiieml>rr>  of  the  Chrinical  S<H'iely.  i.w<  aililitionat 
clieinistv  who  an-  emplovrd  in  nnicial  woiV  of  Minir  kind  or 
another  This  is  iiulred  u  formidable  niinil<cr  but  docs  not 
t>y  any  niriins  include  all  the  chemical  srr\'icr  which  is  Ki\-rii 
for  official  |nir|>osc»  in  the  I'liitrtl  Slates  These  cslinialcs 
inilicatc  that  at  IrasI  2.100  rhrtnisis  arr  rnipl<>>-r4l  in  public 
work  in  this  cnttnlr>'' 

I  cuiiliol  close  this  iMiiici  williotit  trslifyiili:  lo  Ihr  vplnidid 
effect  which  the  orKani/alion  of  llir  .Xninuan  clirmis|«  h-t^  \\m\ 
u|Miii  the  imlividiial  mriiilMts  I  can  haik  )>uck  with  little 
difficiillv  lo  1H7O,  when  I  lirsl  )oiiint  Ihr  .\iiirrican  Chemical 
Sicirly.  two  years  after  its  foiindulion  I  ha\T  alway*  rrgtrtlcd 
that  I  had  imt  Ihtii  our  of  the  ehrniisl*  lo  jouniry  lo  the  |ir«>T 
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of  Priestley  in  1874  and  take  part  in  the  original  membership  of 
our  organization.  This,  however,  was  the  first  year  of  my 
chemical  activity  and  I  either  had  no  notice  of  this  meeting  or 
failed  to  take  advantage  of  it.  At  that  time,  although  connected 
with  the  agricultural  education  in  Indiana,  I  had  no  official 
control  of  any  product.  It  was  not  until  several  years  later  that 
Indiana  established  the  office  of  State  Chemist  and  placed 
me  at  its  head,  by  designating  as  that  official  the  Professor  of 
Chemistry  at  Purdue  University.  Since  that  day,  continuously, 
until  my  .separation  from  the  public  service,   in  March,    191 2, 


I  held  official  positions  in  which  as  an  executive  officer  I  felt  the 
obligations  of  trying  to  serve  as  well  as  possible  the  people  of 
the  United  States.  It  was,  therefore,  with  pleasure  that  I 
accepted  an  invitation  to  give  a  short  paper  on  this  subject 
because  I  feel  that  through  our  organization  a  higher  spirit  of 
service  has  been  imparted  to  oiu-  membership  and  a  deeper 
sense  of  the  obligations  imder  which  we  rest  to  do  well  and 
faithfully  the  things  confided  to  our  care. 

Woodward  Building, 
Washington,  D.  C. 


DLDICATION  OF  THL  NLW  CLRAMIC  LNGINLLRING  BUILDING 
UNIVLR5ITY  OF  ILLINOIS 


On  December  6th  and  7th,  the  University  of  Illinois  dedicated 
its  new  Ceramic  Engineering  Building.  The  dedication  exercises 
were  opened  at  1.30  p.m.  on  Wednesday,  December  6th,  by  a 
meeting  of  the  Advisory  Board  of  the  Department  followed  by 
a  reception  in  the  building,  at  which  all  of  the  laboratories  were 
thrown  open  to  the  visiting  guests  and  the  University  public. 

On  the  evening  of  Wednesday  an  introductory  session  was  held 
in  tlie  University  Auditorium,  presided  over  by  Dr.  Edmund 
J.  James,  President  of  the  University.  At  this  session.  Dr. 
S.  W.  Stratton,  Director  of  the  National  Bureau  of  Standards, 
gave  an  address  of  "The  Ceramic  Resources  of  America." 
This  was  followed  by  an  address  on  "Science  as  an  Agency  in 
the  Development  of  the  Portland  Cement  Industries,"  by  Mr. 
J.  P.  Beck,  General  Manager  of  the  Portland  Cement  Associa- 
tion of  Chicago.  Dr.  Stratton  discussed  the  organization  and 
formation  of  the  different  types  of  clay  deposits  together  with 
their  most  prominent  geological  and  geographical  positions 
in  the  United  States.  This  was  followed  by  a  discussion  of  the 
reactions  occurring  during  the  burning  of  clay  products.  A 
detailed  classification  of  the  various  clay  products  fashioned  from 
ceramic  materials  was  also  presented.  The  whole  address  gave 
a  very  clear  idea  of  the  great  variety  and  extent  of  the  clay  re- 
sources of  the  nation  and  the  multifold  products  which  are 
manufactured  from  them. 

The  second  dedicatory  session  was  of  a  technical  nature  and 
assembled  on  Thursday  morning  in  the  University  Auditorium. 
It  was  opened  with  an  address  on  "The  Manufacturer's  De- 
pendence upon  Ceramic  Research,"  by  Mr.  W.  D.  Gates,  presi- 
dent of  the  American  Terra  Cotta  and  Ceramic  Company, 
of  Chicago.  This  was  followed  by  further  discussions  by  Mr. 
Ross  C.  Purdy,  Research  Engineer  of  the  Norton  Company, 
and  by  Mr.  L.  E.  Barringer,  Engineer  of  Insulations  for  the 
General  Electric  Company.  Mr.  C.  H.  Kerr,  who  was  to  dis- 
cuss the  same  topic  from  the  standpoint  of  the  problems  of  the 
clay  industries,  was  unable  to  be  present,  but  sent  his  discussion 
for  presentation. 

The  second  address  of  this  session  was  given  by  Mr.  W.  W. 
Marr,  Chief  State  Highway  Engineer  of  Illinois,  upon  the  topic 
"The  Use  of  Ceramic  Materials  in  Highway  Construction." 
This  paper  was  discussed  in  a  very  interesting  maimer  by  Mr. 
Plair,  Secretary  of  the  National  Paving  Brick  Manufacturers' 
Association,  of  Cleveland,  Ohio,  and  by  Mr.  G.  G.  Wooley, 
Engineer  for  the  Road  Bureau  of  the  Portland  Cement  Associa- 
tion, Chicago. 

A  paper  on  the  topic  "Ceramic  Products  as  Structural  Ma- 
terials" was  presented  by  Mr.  H.  J.  Burt,  Structural  Engineer, 
of  Chicago,  and  discussed  by  Mr.  A.  V.  Blcininger,  Ceramic 
Chemist  and  Head  of  the  Clay  Products  Laboratory  of  the 
United  States  Bureau  of  Standards. 

The  last  topic  for  discussion  at  this  session  was  "The  Use 
of  Ceramic  Products  in  the  Artistic  Embellishment  of  Buildings." 
The  discussion  was  opened  with  a  paper  by  Mr.  Claude  Bragdon, 
author  and  architect,  of  Rochester,  New  York,  which  was  dis- 


cussed by  Mr.  G.  C.  Mars  of  St.  Louis.  Mr.  F.  Wm.  Walker, 
who  was  to  have  discussed  the  same  topic,  was  unable  to  be 
present. 

At  the  close  of  the  forenoon  session,  the  speakers  and  guests 
of  the  University  were  entertained  at  luncheon  at  the  University 
Club  by  the  dean  and  heads  of  departments  of  the  College  of 
Engineering.  The  formal  session  of  dedication  convened  at 
the  LIniversity  Auditorium  in  the  afternoon.  It  was  presided 
over  by  Dean  W.  F.  M.  Goss  of  the  College  of  Engineering. 
Introductory  addresses  were  made  by  the  Honorable  Edward 
F.  Dunne,  Governor  of  the  State  of  Illinois,  and  by  Honorable 
W.  L.  Abbott,  President  of  the  Board  of  Trustees  of  the  Uni- 
versity of  Illinois.  The  principal  address  of  this  session  was 
then  given  by  Professor  Charles  F.  Binns,  Director  of  the  New 
York  State  School  of  Clayworking  and  Ceramics,  upon  the  topic 
"The  History  of  the  Ceramic  Arts."  The  exercises  were  closed 
with  an  address  by  the  President  of  the  University,  describing 
the  history  of  the  growth  of  the  Department  of  Ceramic  Engi- 
neering. After  singing  "America,"  the  audience  marched  to 
the  new  building  where  the  prayer  of  dedication  was  delivered 
by  the  Rev.  John  Mitchell  Page. 

On  the  evening  of  the  7th,  an  Illinois  student  branch  of  the 
American  Ceramic  Society  was  formally  installed  by  Mr.  L. 
E.  Barringer,  President  of  the  Society. 

The  addresses  by  Mr.  Beck,  Air.  Gates,  Mr.  Barringer  and 
Mr.  Kerr  appear'in  full  below. 

DESCRIPTION    OF   THE    CERAMIC    ENGINEERING   BUILDING 

The  Ceramic  Engineering  Building,  exclusive  of  the  kiln 
laboratory  to  which  it  is  connected  by  means  of  a  corridor,  covers 
a  ground  area  of  67  X  189  feet,  with  a  basement  under  all.  It 
is  a  three-story  building  and  is  constructed  of  materials  which 
are  representative  of  the  ceramic  arts,  high-grade  brick,  tile, 
terra  cotta,  cement  and  gypsum  products  being  used  throughout. 

The  entire  basement  is  given  over  to  the  fan  system  and 
storage  rooms.  The  first  floor  contains  the  ceramic  materials 
laboratories  and  an  office  and  private  laboratory.  On  the  second 
floor  will  be  found  the  offices  of  the  department,  offices  and 
private  laboratories  for  two  professors,  the  library,  lecture,  class 
and  drafting  rooms,  and  several  laboratories  devoted  to  chemical 
and  physical  work  and  to  high  temperature  investigations. 
For  the  present,  the  offices  and  laboratories  of  the  Geological 
Survey  occupy  the  third  story  of  the  building,  and  a  portion  of 
the  first  floor  is  also  given  over  to  the  concrete  testing  labora- 
tory. Space  is  provided  on  a  fourth  floor  for  the  distilling  ap- 
paratus which  furnishes  a  supply  of  pure  distilled  water  for  the 
building. 

The  walls  of  the  main  corridor  on  the  first  floor  have  been 
decorated  with  display  panels  showing  different  styles  of  face  brick. 
These  panels  were  donated  and  erected  by  the  following  firms: 

Western  Brick  Company,  Danville,  Illinois. 

Sheldon  Brick  Company,  Urbana,  Illinois. 

Hydraulic-Press  Brick  Company,  St.  Louis,  Missouri;  Indian- 
apolis, Indiana;  Aledo,  Illinois. 
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West  Salem  Hollow  Brick  and  Tile  Company,  West  Salem, 
Illinois. 

Streator  Brick  Company,  Streator,  Illinois. 
Decatur  Brick  Company,  Decatur,  Illinois. 
Acme  Brick  Company,  Cayuga,  Indiana. 
Brazil  Clay  Company,  Brazil,  Indiana. 
La  Salle  Pressed  Brick  Company,  La  Salle.  Illinois, 
C.  E.  Boston,  Attica,  Indiana. 

THE   LABORATORIES   AND   THEIR   EQUIPMENT 

The  laboratories  of  the  building  are  provided  with  outlets 
for  water,  gas,  compressed  air,  vacuum,  distilled  water,  and 
alternating  and  direct  current 

The  laboratories  on  the  first  floor  are  arranged  for  the  prepara- 
tion and  handling  of  ceramic  materials.  In  the  store-room, 
the  supplies  of  ceramic  materials  are  stored  in  large  bins  ranging 
in  capacity  from  2  tons  to  100  pounds.  The  ceramic  materials 
laboratory  is  equipped  with  laboratory  tables  and  lockers  to 
meet  the  needs  of  40  students.  Adjoining  it  is  the  glaze  labora- 
tory with  tables  and  lockers  for  24  students.     The  glaze  prepara- 


press.  A  large  drying  closet  and  a  damp  closet  are  also  in- 
cluded in  the  equipment  for  the  work  in  pottery. 

The  plaster  shop  is  intended  for  the  preparation  of  models 
and  molds  for  pottery  and  other  clay  wares.  It  is  equipped 
with  a  bench  whirler,  two  potter's  wheels  and  a  potter's  lathe. 
Concrete-topped  tables  for  modeling  terra  cotta  forms  and  cast- 
ing molds,  together  with  shelving  for  the  storage  of  models  and 
molds,  complete  the  equipment  of  this  room. 

The  kiln  laboratory,  which  is  in  a  separate  structure  connected 
with  the  main  building  by  a  corridor,  is  equipped  with  two  open 
fire  downdraft  test  kilns  with  chambers  of  one  cubic  yard  capacity 
and  one  muffle  kiln  with  two-thirds  of  a  cubic  yard  'capacity. 
These  kilns  are  fired  with  coal  or  coke.  A  round  downdraft 
kiln  with  a  2-foot  chamber,  a  load-test  kiln  for  testing  refractories 
under  load  at  high  temperatures,  and  a  muffle  furnace  for  enam- 
eling and  decorating  work  are  arranged  for  oil  firing.  A  battery 
of  4  gas-fired  frit  furnaces,  a  small  gas-fired  test  kiln  with  a  pre- 
heating arrangement  for  the  gas  and  air,  a  Monarch  tilting 
furnace  for  the  fusion  of  glass  batches,  and  several  small  pot 


tion  laboratory  is  provided  with  machinery  for  grinding  an<l 
mixing  slips  and  glazes.  This  equipment  consists  of  ball  mill 
racks  for  the  accommodation  of  twenty  1 -gallon  jars;  two  double 
racks  for  .s-gallon  jars;  three  liinch  Buhrstone  mills;  3  |)owcr 
mortar  mills  and  8  slip  lilungcrs;  iind  a  large  porcelain  lined 
ball  mill;  all  driven  from  a  line  shaft. 

The  pottery  laboratory  is  provided  with  the  neccs.sary  equip- 
ment for  the  manufacture  of  tile  and  of  tublcwiirc.  It  includes 
a  mixing  tniit  consisting  of  n  blungcr  uiid  agitator,  n  lawn,  anil 
a  filter  press  with  a  capacity  of  30  to  411  pounds  of  cluy  i)cr 
charge.  A  pulldown  and  jigger  with  heads  and  rings  suitiibic 
for  the  making  of  large  pieces  of  Imllow  ware,  and  two  friction 
jollcys  with  heads  and  rings  for  the  inatuifactiirc  of  nieditun  uiu\ 
small  sizes  of  flat  and  hollow  ware  arc  also  provided.  One  of 
these  is  arranged  for  use  as  a  thrower's  wheel.  The  other  a\> 
parjitus  in  this  lubonitory  liicliules  a  tile  press  with  dies  for  the 
prepariiliim  i>f  ware  by  tlir  dust  process;  a  potter's  lathe  of  the 
most  modern  type;  bench  whirlers,  ami  a  deccmitor's  iiiintiiii; 


furnaces  for  fusion  work  arc  also  provided  The  \T«rious  kilns 
and  furnaces  urv  ooiuiected  by  underground  flues  to  a  6«vfoot 
stuck  A  snuill  rixini  adjoining  the  kiln  lalMiratory  is  pmvidr<l 
with  indicating  and  rx^xirding  instnunents  which  arr  connrctnl 
to  thermocouples  in  the  kilns.  A  Simmancr  Alvndv  mrbon- 
dioxide  recorder  is  c<innecte<l  with  the  three  cmlliretl  kilns  tiir 
the  study  of  atmospheric  ci>mlitions  in  the  firing.  A  steam- 
heated  ilrycr  is  prtivide«l  for  the  drying  of  warrs  and  test  pieces. 
The  machinery  ei|tiipnient  of  the  kiln  lalMtrntorv  ct>n«i«ts 
of  u  .sft  ilry  jmn  elevator  and  a  Jeflrrv  shaking  scrmi.  a  4- 
compartment  strcl  bin  (or  storing  gnmnd  clay  nlmvr  the  Sft. 
double  shaft  pug  mill;  a  is-'l  w(  ixin:  and  augrr  brick  machine 
with  a  capacity  of  6,onit  bricks  prr  day  with  a  takr-olT  belt  and 
a  hand-|x>wer  lidc  ilelivrrv  ctiding  table,  a  niinial<irr  augrr 
brick  ninehinc;  a  lianil  power  rrprrss.  and  a  lian<l  |<owrr  df)' 
press  for  fullsi»e<l  brick  as  well  as  a  mininturr  dry  press  for 
bri<|urttes,  two  hanil  |xiwrr  bhinger  niachuirs  for  brxpiette 
uioldinii,  a  sMKiiai  |<irss.  a  tile  press,  n  t4\  j8-in    imn  liall  ntdl, 
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a  set  of  laboratory  rolls  and  a  small  jaw  crusher.  An  air  com- 
pressor is  provided  for  special  needs  and  a  rotarj-  blower  and 
oil  pump  supply  the  oil  burners.  The  kiln  building  also  provides 
bins  for  the  storage  of  fuel,  clays  and  refractories;  and  a  small 
classroom  and  a  laboratory  equipped  with  tables  for  the  testing 
of  clays  and  specimens  burned  in  the  kilns. 

The  department  library  is  provided  with  a  well  selected  set 
of  books  dealing  with  ceramics  and  its  allied  sciences,  as  well 
as  complete  sets  of  the  ceramic  journals 

The  museum  has  a  small  but  growing  collection  of  ceramic 
wares  and  samples  of  raw  materials. 

The  lecture  room  has  seating  capacity  for  90  students,  and  is 
equipped  with  the  necessary  lecture  tabic  and  lantern  facilities. 
Wall  cases  for  the  storage  of  mineral  and  clay  samples  and 
specimens  required  for  class  demonstration,  will  be  provided  in 
this  room. 

The  drafting  room  provides  space  for  the  accommodation 
of  16  students,  as  well  as  filing  cases  for  the  storage  of  plans 
and  blueprints  of  the  various  types  of  industrial  plants. 

The  chemical,  physical  and  research  laboratories  on  the  second 
floor  are  equipped  with  the  usual  laboratory  desks  and  other 
equipment  neccssarj'  in  such  laboratories.  The  high  tempera- 
ture laboratory  is  intended  for  research  work  with  electric 
furnaces.  A  5 -kilowatt  motor  generator  set  and  a  lo-kilowatt 
transformer  are  provided  in  this  room. 

The  department  also  possesses  a  variety  of  measuring  instru- 
ments, such  as  indicating  and  recording  pyrometers  and  optical 
pyrometers  for  the  measurement  of  high  temperatures,  ampere- 
meters, voltmeters,  various  types  of  electric  furnaces  and  petro- 
graphic  microscopes  for  general  research  work. 

The  buildings  and  equipment  of  the  Ceramic  Engineering 
Department  represent  an  investment  of  about  8200,000. 

An  illustrated  booklet  describing  the  Department  of  Ceramic 
Engineering,  its  organization,  purposes,  and  equipment  was 
published  by  the  University  for  distribution  at  the  dedication 


SCIENCE  AS  AN  AGENCY  IN  THE  DEVELOPMENT  OF 

THE  PORTLAND  CEMENT  INDUSTRIES 

By  J.  P.  Beck 

General  Manager  Portland  Cement  Association 

Probably  few  laymen  are  aware  of  the  debt  which  modem 
industries  owe  to  scientific  research.  To  Dr.  Stratton,  fellow 
alumnus  of  this  University,  the  Portland  cement  industry,  as 
one  example,  is  indebted  to  a  remarkable  degree.  Under  his 
able  guidance,  the  United  States  Bureau  of  Standards,  of  which 
he  is  the  distinguished  head,  has  been  of  incalculable  benefit 
not  only  to  the  Portland  cement  industry  itself  but  to  the  many 
industries  which  have  sprung  from  it  as  parent.  Leaders  of 
industry  recognize  that  in  the  face  of  present-day  conditions, 
correct  standards  of  measurement,  quality  or  iierformance  call 
for  continuous  scientific,  technical  research  of  the  highest  order. 
To  this  end  the  Bureau  of  Standards  has  contributed  far  more 
liberally  in  many  industries  than  is  generally  known. 

The  topic  which  has  been  assigned  to  me  might  lead  you 
to  think  that  I  am  a  scientist.  Let  me  disabuse  your  minds  of 
that  thought.  When  I  received  Dr.  Goss'  invitation  to  address 
you  at  my  alma  mater  on  this  occasion,  I  could  look  at  it  only 
in  the  light  of  a  command.  I  feel  that  he  might  have  chosen 
more  wisely,  because  although  my  varied  connections  with  the 
cement  industry  have  afforded  me  some  opportunities  to  learn 
what  an  agency  science  has  been  in  developing  tlie  Portland 
cement  industries,  these  connections  have  not  qualified  me  to 
discuss  this  development  from  the  scientist's  aspect.  I  shall, 
therefore,  disclaim  originality  for  the  thoughts  which  I  shall 
endeavor  to  present  to  you,  because  they  have  been  gleaned 
largely  from  the  writings  of  those  really  responsible  for  placing 
the  Portland  cement  industry  and  the  industries  dependent  upon 
it,  in  the  position  which  they  occupy  to-day. 


For  a  number  of  years,  all  manufacturing  industries  have 
recognized  the  importance  of  conducting  scientific  research  and 
applying  the  disclosures  which  such  research  has  made.  Sci- 
ence has  improved  processes  and  has  disclosed  a  better  knowledge 
of  the  properties  of  materials  upon  which  the  useful  qualities 
of  those  materials  depend.  Science  helps  modem  industry  to 
meet  competition,  to  raise  standards  of  product,  to  decrease 
cost  of  production,  to  raise  standards  of  living.  Science  has 
been  at  the  base  of  all  these  ends  at  least  to  a  contributorj'  ex- 
tent in  practically  everj'  industry  of  any  magnitude.  For  years 
it  has  been  the  underlying  policy  of  all  great  industrial  leaders 
to  surround  themselves  with  and  make  partners  of  competent 
experts,  the  best  scientific  equipment  and  that  keen  intuition 
supplemented  by  long  experience  such  as  the  laboratory  expert, 
for  instance,  possesses. 

The  manufacture  of  Portland  cement  combines  the  mechanical 
and  chemical — processes  largely  suggested  by  the  mechanical 
engineer  and  the  chemist. 

As  time  is  measured,  Portland  cement  is  still  something  of  a 
youngster.  It  may  be  said  to  have  had  its  origin  in  1756  from 
researches  made  by  John  Smeaton,  an  English  engineer.  Smeaton 
was  employed  by  the  English  Government  to  build  a  lighthouse 
upon  a  group  of  partly  exposed  rocks  in  the  English  Channel. 
His  work  demanded  a  cementing  material  that  would  set  under 
water  as  well  as  in  air,  and  in  i-earching  around  for  such  a  material 
he  discovered  that  an  impure  or  clayey  limestone,  when  burned 
and  slaked,  would  meet  requirements  better  than  anything  so 
far  known.  The  clayey  limestone  which  he  used  was  found  in 
Cornwall  From  it  he  made  a  hydraulic  lime  which,  when  mi-xed 
with  puzzolana,  a  pumice-like  material  of  volcanic  origin,  pro- 
duced a  satisfactory  mortar  which  he  used  when  building  the 
Eddystone  Lighthouse. 

But  although  Smeaton's  cement  was  undoubtedly  an  excellent 
structural  material,  it  was  never  widely  used  because  puzzolana 
is  found  only  in  a  few  volcanic  regions,  notably  Italy,  where  from 
almost  time  immemorial  it  has  been  used  in  the  making  of  the 
so-called  Roman  cements. 

Smeaton's  discovery,  however,  paved  the  way  for  that  im- 
provement and  development  in  the  lime  and  cement  industries 
which  ultimately  led  up  to  the  original  Portland  cement,  made 
and  patented  by  Joseph  Aspdin,  in  England  in  1824.  The  fact 
that  Aspdin's  product  resembled  in  color,  after  hardening,  the 
famous  old  English  Portland  stone,  is  responsible  for  the  name 
Portland  cement.  Aspdin's  patent  involved  calcining  a  mixture 
of  limestone  and  clay,  these  materials  being  raised  to  a  tempera- 
ture sufficient  to  result  in  a  clinker.  Scientific  knowledge  was 
scant  during  the  early  stages  of  the  development  of  the  Portland 
cement  industry  in  England,  so  proper  proportions  of  limestone 
and  clay  to  be  used  were  discovered  by  burning  experimental 
mixtures  and  testing  the  physical  properties  of  the  resulting 
product. 

THE    CHEMISTRY    OF    CEMENTS 

The  first  knowledge  of  the  chemistry  of  cements  probably 
came  from  various  investigations  carried  on  in  France.  Of  these 
early  researches  tlic  ones  that  have  no  doubt  done  most  to  es- 
tablish studies  which  followed,  were  those  of  M.  Vicat.  Vicat 
made  an  attempt  to  determine  the  relation  between  the  quality 
of  hydraulic  lime,  cement  and  the  chemical  composition  of  the 
stone  from  which  they  are  derived;  likewise  the  nature  of  the 
chemical  compounds  formed  during  burning  and  the  changes 
which  took  place  when  the  cement  was  mixed  with  water  and 
hardened.  Although  N'icat  did  not  attain  the  ends  which  he 
sought,  his  studies  resulted  in  some  interesting  theories  that 
have  done  much  to  guide  scientific  research  since  his  time. 

When  the  manufacture  of  Portland  cement  was  first  under- 
taken in  the  United  States,  the  natural  tendency  was  to  follow 
closely  the  practice  prevailing  in  Europe,  both  as  to  raw  materials 
and  processes.     Then  nearly  all  of  the  European  plants  used 
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soft  natural  raw  materials  which  were  mixed  and  ground  in  a 
wet  condition  and  burned  in  stationary  vertical  kilns,  the  re- 
sulting clinker  being  then  ground  in  a  manner  similar  to  the 
grinding  of  wheat  into  flour  by  the  old  familiar  millstones.  But 
this  process  was  not  best  adapted  in  all  instances  to  the  great 
bulk  of  raw  cement  materials  in  the  United  States.  It  in- 
volved reducing  them  to  powder  or  to  a  wet  paste  or  "slurry," 
or  forming  the  materials  into  bricks  or  balls  and  feeding  them 
by  hand  in  these  forms  into  a  vertical  kiln  in  which  they  were 
burned.  The  kilns  also  had  to  be  unloaded  by  hand  and  the 
clinker  finally  ground  in  a  way  that  to-day  would  be  regarded 
as  particularly  ineffective  and  inexpensive.  When  both  of 
the  raw  materials  were  naturally  wet  and  naturally  soft,  as  when 
marl  and  clay  were  used,  the  earlier  stages  of  the  wet  process 
were,  of  course,  considerably  simplified  and  relatively  inexpensive. 
But  with  the  hard  dry  raw  materials,  such  as  those  so  abundant 
in  the  Lehigh  district,  for  instance,  the  wet  process  was  not  only 
expensive  but  absurd.  It  was  soon  recognized  by  those  who 
had   commenced   experimentally   the   manufacture   of   Portland 


greater  attention  because  of  its  important  effects  on  the  cement 
industry. 

THE   ROTARY   KILN 

It  will  be  sufficient  to  describe  briefly  the  rotary  kiln  as  a  steel 
cylinder  lined  with  fire  brick  and  set  at  a  slight  inclination  to 
the  horizontal.  The  raw  mixture  is  conveyed  in  at  the  upper 
end  and  travels  slowly  by  gravity  as  the  kiln  is  revolved.  The 
fuel  is  blown  in  at  the  lower  end  where  the  burned  clinker  also 
falls  out.  When  the  TOtary  kiln  was  first  planned  for  use  in  this 
country  it  was  expected  that  producer  gas  would  be  the  fuel, 
but  as  a  matter  of  fact  petroleum  was  used  and  for  some  years 
this  continued  to  be  current  American  practice.  The  rotary 
kiln  was  first  used  successfully  in  this  countr>'  at  South  Rondout, 
N.  Y.,  in  1899.  At  the  South  Rondout  plant  it  was  found  possible 
to  charge  the  mixed  and  ground  raw  materials  direct  to  the 
kiln  without  wetting.  This  marked  another  step  in  the  progress 
of  science  in  the  Portland  cement  industry.  In  1891.  at  Monte- 
zuma, N.  Y.,  naturally  wet  raw  materials  (marl  and  clay)  were 
charged  into  the  kiln  without  prcliminar>-  drying . 
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cement  in  the  I'liilcd  Stales,  that  the  relatively  higher  priced 
labor  and  cheap  fuel  of  America  as  contrasted  with  the  cheap 
labor  and  expensive  fuel  of  l-Uiropc,  would  Cidl  for  great  chuuKcs 
in  the  technology  of  the  industry  if  it  were  ever  to  be  eslablislicd 
on  a  firm  conitnercial  basis. 

The  most  intercsling  features  of  the  days  that  marked  the 
early  development  of  the  cement  industry  in  this  coinilry  were 
a  rcnlizatioti  of  lliesc  conditions  iiiid  the  careful  search  for  alterna- 
tive methods.  In  the  geiieral  effort  to  cut  down  the  excessive 
labor  cost  of  the  product,  two  distiiiet,  thiniKh  closely  allied 
points  of  attack,  were  obvious  Hoth  the  burninx  and  the  urinil 
iuK  processes  woulil  have  to  be  eluapened  by  meeliaiiicid  iin 
provements.  These  received  prompt  consideration  and  careful 
study.  Advancement  became  a  reality  when  the  old  Ntationurv 
kilns  and  niillstonrK  were  displaced  resiM-etively  by  the  rotary 
kiln  and  by  modern  KriixliiiK  inacliinery  Of  the  two  clianncs. 
xiibslitntion   of   the  rotary  for  the  stationary  kiln  deniancU  the 


The  two  main  ty|)c.<>  nf  prrsrnt  .^nirncan  pniclicr  in  I'ortlunil 
cenu-nt  manufacture  were  thus  lintUKht  into  cxistrmv.  ihr 
dry  pr<Kess  us<-il  with  limestone  or  crmrnt  nxk,  «ml  the  wet 
process  used  with  marl  <  >f  the  two,  the  dry  priKrw  h;t»  l>ccoti«c 
the  most  univerHidly  used 

The  ne\t  step  in  the  ilcvelopmenl  of  .\mrrican  crmcnl  manii- 
factnrint!  metlKKls  Itcgan  alxmt  1X9^,  when  (Miwilcrrtl  nwl  tir*t 
replace<l  in-trolenm  a»  fuel  This  "wion  liccamc  stnndiini  practijx- 
throiiKlioiil  the  Tnited  Stale*  e\erpt  ill  a  trinlivciv  few  Kvalitir* 
where  |H-tioleiiiii  or  natural  gas  utxiiiiuletl 

The  most  rr«Tnl  development  in  Ihc  rotary  kiln  h*v  |>reii  inirrlv 
a  matter  of  diineiisioiw  Hv  iin>.»  thev  kiln»  had  Ixvonir  pf«c 
tieally  staiidardireil  in  «ire  anil  ou|iaritv  AInuMi  ever)-  kiln 
in  the  country  iiwd  on  dry  mutrrinU  wa<  fm  feet  Ioiik  S«ich  a 
kiln  had  a  niteit  cu|>aeity  of  ji«>  IrarrrU  u(  crniriK  a  day  Dc- 
KinniiiK  with  the  imivnl  mii-iv««  o(  loiicrr  kihl^  a  rapid  tendency 
toward   IrnKlheninK   kitn<i  wa«  noted   alxHit    l«)ii5,   niicr   mheii. 
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nothing  like  fixed  standards  in  length  have  prevailed.  Kilns 
now  installed  range  from  100  to  150  feet  in  length  and  have  an 
output  of  from  400  to  800  barrels  a  day.  A  few  kilns  250  feet 
in  length  are  in  operation. 

In  line  with  changes  in  type  and  capacity  of  kilns,  it  is  natural 
that  there  should  be  changes  in  crushing  and  grinding  machinery 
which  have  also  contributed  to  the  enormous  tonnages  of  raw 
and  finished  material.  The  cracker  crushers  and  millstones  of 
the  early  days  of  the  cement  industry  have  been  replaced  by 
larger  and  more  efficient  reducers.  At  present  the  gyratory 
crusher  is  almost  exclusively  used  for  the  first  stage  of  re- 
duction. 

In  1905  the  United  States  Geological  Survey  published  as  its 
Bulletin  243,  a  report  of  the  cement  materials  and  industry  of 
the  United  States,  prepared  by  Edwin  C.  Eckel.  The  intro- 
duction to  this  bulletin  was  written  in  1904  and  called  attention 
to  the  marvelous  growth  of  the  Portland  cement  industry  during 
the  ten  years  preceding.     Mr.  Eckel  then  said: 

"In  its  importance  to  our  present-day  civilization,  cement  is 
surpassed  among  mineral  products  only  by  iron,  coal  and  oil. 
In  rate  of  increase  in  annual  production  during  the  last  decade, 
even  these  three  products  cannot  be  compared  with  cement. 
In  1890  the  total  production  of  Portland  cement  in  the  United 
States  was  335,000  barrels,  valued  at  $439,050  In  1903,  it 
exceeded  22,000,000  barrels,  while  the  value  was  over  $27,000,000. 

"During  the  16  years  which  witnessed  the  development  of 
the  American  Portland  cement  industry,  two  of  the  greatest 
gold  discoveries  in  the  world's  history  were  made  in  Colorado 
and  Alaska.  The  annual  gold  production  of  Alaska  and  of  the 
Cripple  Creek  District  in  Colorado  have  impressed  themselves 
on  every  citizen  of  the  United  States,  while  the  Portland  cement 
industry  has  attained  its  growth  in  comparative  obscurity. 
Yet  on  comparison  it  will  be  seen  that  the  gold  production  of 
Cripple  Creek  is  only  slightly  greater  than  the  output  of  Port- 
land cement,  while  the  production  of  Alaska  sinks  into  com- 
parative insignificance.  Moreover,  the  greater  part  of  this 
increase  has  been  within  the  last  decade.  The  production  of 
Portland  cement  has  risen  from  a  little  less  than  $2,500,000  in 
1896  to  over  $27,000,000  in  1903." 

These  figures  now  have  only  a  historical  interest.  But  they 
are  interesting  because  of  the  growth  which  the  Portland  cement 
industry  has  undergone  since  they  were  published.  In  1915 
the  total  production  of  Portland  cement  in  the  United  States 
was  85,914,907  barrels  valued  at  $73,886,820.  The  recent  growth 
of  the  American  Portland  cement  industry  has  been  so  rapid 
that  its  present  relative  standing  among  our  great  industries  is 
realized  by  few,  sometimes  not  even  by  those  most  directly 
interested. 

Nature  has  provided  an  abundance  of  calcareous  and  argil- 
laceous materials  suitable  for  the  manufacture  of  Portland  cement 
and  its  manufacture  does  not  involve  a  secret  process.  Port- 
land cement  is  but  one  of  a  dozen  chemical  compounds  which 
harden  or  set  when  mixed  with  water.  It  has  attained  its  great 
importance  because  of  the  ease  and  relative  cheapness  with  which 
it  can  be  manufactured  and  not  because  of  any  peculiar  proper- 
ties not  possessed  by  certain  other  compounds.  But  simple 
mechanical  mixing  of  silica,  alumina  and  lime  in  the  proportions 
usually  found  in  standard  Portland  cements  will  not  yield  a 
compound  possessing  the  required  properties.  It  is  essential 
that  the  ingredients  be  properly  combined,  not  exactly  as  a  true 
chemical  compound  but  rather  as  a  physical  chemical  solution 
of  one  or  more  chemical  compounds  in  each  other.  The  best, 
and  practically  the  only  way,  in  which  such  a  union  can  be  at- 
tained is  by  a  complete  or  partial  fusing  of  the  silica,  alumina 
and  lime,  in  other  words,  reducing  this  mixture  to  a  clinker,  then 
grinding  it  to  a  fine  powder. 

Knowing  the  chemical  ingredients  of  Portland  cement  and  the 
steps  necessary  to  combine  these  materials  properly,  it  is  evident 


that  plants  of  the  industry  should  be  widely  distributed.  A 
mixture  of  clay  and  limestone  can  be  so  prepared  artificially 
that  when  the  combined  water  in  the  clay  and  the  carbonic  acid 
of  the  limestone  are  driven  off  by  heat,  the  residue  will  form 
clinker  of  the  desired  composition.  Assisted  by  the  mechanical 
equipment  devised  and  perfected  by  the  mechanical  engineer, 
the  chemist  then  controls  the  process  of  cement  manufacture. 

The  Portland  cement  industry  is  a  chemical  industry  in  that 
Portland  cement  is  the  result  of  reactions  going  on  at  high  tem- 
peratures between  the  silica,  alumina  and  lime  in  predetermined 
proportions.  For  this  reason  it  is  necessary  that  the  scientific 
side  of  the  industry  be  given  proper  recognition  and  research 
work  be  highly  developed  and  persistently  maintained.  Chem- 
ical research  may  be  and  has  been  directed  in  various  directions 
in  industries  which  involve  chemical  principles  Take,  for  ex- 
ample, the  manufacture  of  dyes,  in  which  chemistry,  by  the 
manipulation  of  coal  tar,  has  evolved  practically  every  conceiv- 
able color.  Chemical  research  may  also  be  directed  toward  the 
development  of  new  processes  or  the  modification  of  old  methods, 
and  toward  a  proper  interpretation  of  the  reactions  to  which 
the  formation  of  different  products  are  due,  in  order  that  the 
conditions  under  which  they  originate  may  be  made  the  most 
favorable  for  producing  the  highest  grade  of  material  at  the 
lowest  cost. 

The  Portland  cement  industry,  like  many  other  industries, 
has  benefited  because  of  persistent  research  and  study  along  the 
last  two  lines.  In  the  early  days  of  its  development,  manufactur- 
ing processes  were  carried  on  largely  by  rule  of  thumb  methods, 
and  the  preeminence  of  Portland  cement  has  been  made  possible 
solely  because  of  the  control  which  the  chemist  can  exercise 
over  the  finished  product  before  and  dxu-ing  its  manufacture. 

THE    AMERICAN    CEMENT    rNDUSTRY 

John  W.  Eckert  has  been  called  the  father  of  cement  chemists 
in  this  country.  While  working  as  an  assistant  at  Lehigh  Uni- 
versity, South  Bethlehem,  Pa.,  he  was  asked  to  make  analyses 
of  rocks  from  the  difi'erent  beds  in  the  quarries  of  the  Coplay 
Cement  Works,  of  which  D.  O.  Saylor  was  then  President. 
Mr.  Eckert  was  finally  engaged  by  the  Coplay  Cement  Works 
to  devote  his  entire  time  and  knowledge  to  the  process  of  manu- 
facture and  in  this  way  became  the  first  cement  chemist  in  the 
United  States.  His  efforts  resulted  in  more  certainty  and  less 
chance  in  the  preparation  of  proper  mixtures.  A  more  nearly 
uniform  product  naturally  resulted.  This  was  in  the  latter 
seventies.  Somewhat  later,  Robert  W.  Lesley,  one  of  the  pioneer 
manufacturers  of  the  country,  in  cooperation  with  George  W. 
de  Smedt,  then  a  Government  chemist,  worked  at  various  prob- 
lems that  had  been  puzzling  cement  manufacturers;  among  these 
was  a  search  for  something  to  retard  the  setting  time.  Chance 
brought  to  light  the  fact  that  gypsum  added  in  certain  quantities 
accomplished  the  desired  end. 

But  although  chemistry  has  had  a  great  deal  to  do  with  progress 
made  in  the  manufacture  of  Portland  cement,  the  work  of  the 
chemist  has  been  most  effective  in  perfecting  technical  processes. 
Only  within  the  past  year  has  it  seemed  likely  that  the  chemical 
structure  of  the  material  will  soon  be  disclosed.  Studies  now 
in  process  at  the  Geophysical  Laboratory,  Carnegie  Institution, 
Washington,  appear  to  point  to  this  conclusion. 

The  chemist  has  shown  that  a  true  Portland  cement  can  be 
made  from  blast-furnace  slag,  once  a  waste  product,  and  has 
thus  been  resi)onsible  for  a  great  industry  producing  considerably 
over  10  per  cent  of  the  total  Portland  cement  manufactured  in 
the  country.  He  has  proved  that  the  cement  rocks,  as  found, 
for  instance,  in  the  so-called  Lehigh  district,  need  not  be  de- 
pended upon  as  a  soiuce  of  high-grade  product.  He  has  found 
that  almost  every  state  in  the  Union  contains  materials  which, 
when  i)roperly  combined,  will  protluce  Portland  cement  of  high 
quality.  He  is  able  to  control  even  variations  in  composition 
of  raw  materials  and  as  the  requirements  of  engineering  speci- 
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fications  have  called  for  a  material  of  better  quality,  the  de- 
mands have  been  met. 

The  first  semblance  in  this  country  to  anything  like  standard 
specifications  for  Portland  cement  was  a  report  of  a  committee 
of  the  American  Society  of  Civil  Engineers,  January  7,  1885, 
which  served  for  a  few  years;  but  it  soon  proved  too  indefinite 
for  the  growing  needs  of  engineering  as  applied  to  concrete. 
In  1896,  at  the  suggestion  of  Mr.  Richard  L.  Humphrey,  a  series 
of  editorials  appeared  in  the  Engineering  Record  calling  attention 
to  the  inadequacy  of  the  1885  report  of  the  committee  men- 
tioned, and  urging  the  appointment  of  a  new  committee  to  re- 
vise and  amend  the  first  committee's  work.  Following  this, 
a  resolution  was  presented  at  a  meeting  of  the  American  Society 
of  Civil  Engineers  held  November  4,  1896,  requesting  the  Board 
of  Direction  to  report  on  the  advisability  of  appointing  a  com- 
mittee to  report  on  the  proper  manipulation  of  the  tests  of  ce- 
ment. The  Board  reported  at  the  annual  meeting  of  the  Society, 
January  20,  1897,  and  after  a  vote  by  letter  ballot,  appointed 
in  July  of  the  same  year  a  committee  which  may  be  considered 
as  the  first  definite  organization  delegated  to  prepare  compre- 
hensive cement  specifications. 

With  the  rapid  development  of  concrete  engineering,  further 
changes  in  standard  specifications  have  been  necessary.     Various 


materials;  but  as  the  science  of  concrete  design  developed,  rapid 
recognition  was  given  to  concrete  as  a  distinctive  building  ma- 
terial. It  has  many  desirable  quaUties  peculiarly  its  own. 
Probably  none  is  greater  than  its  resistance  to  fire,  when  properly 
manufactured  and  used. 

It  differs  from  all  other  structural  materials  in  that  it  is  not 
a  finished  product  until  some  weeks  after  fabricated.  Other 
building  materials  are  either  provided  by  nature  ready  for  use 
or  are  made  and  finished  in  a  plant  in  which  rigid  inspection  of 
all  processes  is  possible. 

The  fact  that  concrete  is  composed  largely  of  inert  materials 
called  aggregates,  which  are  bound  together  by  Portland  cement, 
has  led  many  to  believe  that  as  a  building  material  the  quality 
of  concrete  depends  largely  upon  the  Portland  cement  used  in  its 
manufacture. 

In  order  that  the  engineer  may  be  able  to  make  a  proper 
selection  of  materials,  to  proportion  them  properly,  and  to  mix 
and  place  the  concrete,  it  is  necessary  that  the  influence  of  each 
ingredient  entering  into  it  be  fully  understood.  No  other  ma- 
terial used  in  building  construction  depends  so  much  for  its  value 
upon  the  widest  possible  knowledge  obtainable  as  to  the  influ- 
ence of  each  step  in  the  process  of  manufacture.  So  science  has 
extended  its  researches  in  determining  the  value  of  concrete 


First  Floor  Plan,  Csramic  Enoinbbk 
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committees  of  different  societies  have  worked  both  independently 
and  jointly  in  perfecting  cement  specifications.  But  so  many 
societies  or  different  bodies  brought  forth  cement  specifications 
that  little  .short  of  chaos  has  existed  until  within  the  past  year, 
when  various  societies  and  interests  united  in  efforts  to  evolve 
one  specification  that  would  serve  all  interests  best.  These  are 
the  specifications  of  the  American  Society  for  Testing  Materials 
which  will  become  effective  on  the  ist  of  January,  KM 7-  It  is 
an  end  to  be  desired  -one  that  has  long  been  sought  not  only  by 
cement  manufacturers  but  by  many  recognized  leaders  in  engi- 
neering lines. 

CONCRKTIv 

The  industries  dependent  on  Portland  ciiiunt  to-day  arc 
numerous.  As  a  binder  for  the  finished  product  known  as  con- 
crete, Portland  cement  has  no  equal.  The  u.ses  (or  concrete  arc 
many.  It  is  employed  in  the  construction  of  roads,  streets, 
alleys,  sidewalks,  houses,  dams,  bridges,  tiimiels,  ollicc  anil 
factory  buildings,  farm  structures,  ornamental  products,  build- 
ing units  such  as  block  and  brick,  sewers— both  iiioiiolitliio  ami 
pipe — for  j)ipc  and  tile  used  in  draiimKc.  and  for  many  .scores  of 
other  uses  prut-lically  all  that  have  heretofore  been  siilisfiril 
by  the  older  building  materials  and  many  that  have  not. 

When  concrete  first  won  popularity,  it  was  often  abused  be- 
cause looked  upon  us  n  substitute  for  some  of  the  older  structiirid 


aggregates  The  studies  which  have  Ijccn  nuide  along  these 
lines  would  form  many  printed  volumes.  Only  within  compara- 
tively recent  times  has  it  l>een  proved  that  the  aggrcKiitcs  de- 
termine in  a  far  greater  degree  than  most  i>e»iplc  know,  what 
qualities  the  resulting  concrete  will  i>osscss 

In  making  aggregate  determinations,  many  laboratories, 
individuals  and  scientific  IhmIIcs  have  l)ccn  leaders.  Probably 
it  would  be  impossible  to  refer  to  any  one  of  these  without 
seeming  to  slight  the  others.  Yet  at  the  prc,>*nt  time  the 
Structund  Materials  Kcwarch  I^lKirntory.  located  in  Ixwis 
Institute.  Chicago,  perhaps  stands  foremost,  at  least  in  the 
diversity  of  its  research  The  studio  on  cement,  for  instance, 
which  have  l>ccn  made  duriiiK  the  past  year  or  more  in  tlic  labora- 
tory mentioned,  have  been  res|M)n»iblc  for  ilisclosurr*  that  sug- 
gested important  UKnlifications  in  the  Stanilard  Si>cfificalion.< 
for  Portland  cement  The  UKKregate  detenninations  that  ha\T 
been  nindc  and  arc  now  being  made  at  this  lalxiratorj'  will,  it 
is  l>clieved.  cvcnttially  diwIoM:  how  little  in  a  rrlnlixT  '<rn«c  hns 
been  known  in  the  past,  lioth  of  crmrnt  and  ciincretr. 

One  of  the  earliest  student*  of  the  propcrtir*  of  concrete  wm 
C.cnerrtI  tj.  A.  Oillmore,  of  the  United  States  .Army,  who  ctin- 
ducted  an  cxtcnjiive  invrntiKation  in  New  Yoik  during  the  >xar» 
i.SsS  i.Hoi.  A  lHH>k  wtitten  in  iS6j,  entitled  "Practical  Treatise 
on  I.iine'i.  Ilydmulic  Cement*  and  Mortar*."  rbvc  the  rrsiill* 
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of  these  studies.  A  second  volume  was  published  in  1871  which 
gave  the  results  of  other  studies.  Paul  Alexandre  and  R. 
Feret,  French  scientists,  made  important  contributions  to  our 
knowledge  of  the  strength  and  other  properties  of  hydraulic 
mortars  and  concrete  during  the  years  1888- 1892. 

The  first  uses  of  concrete  considered  taking  advantage  only 
of  its  compressive  strength,  that  is,  its  ability  to  bear  loads 
placed  directly  upon  it.  But  like  building  stones,  for  instance, 
concrete  is  strong  in  compression  but  weak  in  tension  and  little 
progress  was  made  in  developing  the  possibilities  of  concrete  as 
a  structural  material  until  it  was  combined  with  metal,  such  as 
iron  or  steel  rods  or  other  fabricated  reinforcement,  to  compensate 
for  its  deficiency  in  tension.  To-day  the  value  of  concrete  as  a 
structural  material  is  due  largely  to  the  development  of  re- 
inforced construction.  Such  concrete  has  been  referred  to  in 
various  ways,  the  terms  "ferro  concrete"  or  "armored  concrete" 
were  once  general  and  even  to-day  are  in  popular  use  abroad. 
The  combination  of  steel  and  concrete  has  resulted  in  a  building 
material  different  in  properties  from  any  other  and  for  which 
the  usual  formulas  of  design,  such  as  those  involving  stress  dis- 
tribution, do  not  apply.  Therefore,  it  has  been  necessary  for 
a  time  to  assist  in  developing  the  men  of  science  who  have  aided 
in  solving  the  problems  that  were  and  are  still  sometimes  en- 
countered in  making  the  best  use  of  this  most  modem  building 
material. 

REINFORCED    CONCRETE 

The  early  history  of  reinforced  concrete  is  most  interesting. 
It  appears  that  the  first  use  made  of  metal  reinforcing  in  com- 
bination with  concrete  was  by  certain  French  artisans  about 
1855  to  1865,  in  making  small  boats  and  flower  pots.  These 
men  conceived  the  plan  of  strengthening  their  concrete  products 
by  embedding  iron  wires  in  the  fresh  concrete.  Little  did  they 
dream  at  this  period  of  the  importance  this  principle  would  have. 

The  first  instance  of  any  importance  in  which  the  principles 
of  reinforced  concrete  construction  were  applied  was  in  a  dwelling 
at  Port  Chester,  N.  Y.,  built  in  1875  by  W.  E.  Ward.  This  was 
the  first  example  of  reinforced  concrete  construction  which  in 
any  way  approached  our  present  conceptions  of  this  material. 
The  further  development  of  reinforced  concrete  construction 
was  extremely  slow,  as  fifteen  years  elapsed  before  wc  find  an- 
other example  of  its  use  in  any  important  structure  in  the  United 
States.  It  is  probable  that  reinforced  concrete  would  still  be 
one  of  the  curiosities  of  building  construction  were  it  not  for  the 
fact  that  men  of  science  have  searched  for  and  discovered  the 
principles  underlying  the  action  of  this  material,  and  have  shown 
how  structures  of  reinforced  concrete  may  be  designed  in  a 
rational  way. 

The  first  scientific  study  of  a  combination  of  concrete  and 
iron  in  the  form  of  reinforced  concrete  was  carried  out  about 
1875  by  the  laboratory  of  David  Kirkaldy,  of  London,  at  the 
request  of  Thaddeus  Hyatt.  Hyatt  was  a  citizen  of  the  United 
States  at  that  time  residing  in  London.  In  1877  a  book  was 
published  by  Hyatt  giving  the  results  of  these  investigations. 
Although  this  book  was  printed  for  private  circulation  and  has 
long  been  out  of  print,  it  has  attained  rank  as  a  classic  in  the 
literature  of  reinforced  concrete.  Hyatt  was  probably  the 
first  to  recognize  the  fundamental  principle  of  reinforced  con- 
crete which  involves  the  use  of  reinforcement  to  take  the  tensile 
stresses  which  would  otherwise  be  thrown  upon  the  concrete. 
At  the  same  time  he  recognized  the  necessity  of  a  permanent 
bond  between  the  concrete  and  the  reinforcing  metal,  and  the 
importance  of  similar  action  of  the  two  materials  when  subjected 
to  changes  in  temperature.  The  tests  described  by  Hyatt  were 
carried  out  for  the  purpose  of  securing  information  on  these 
subjects. 

The  use  of  concrete  as  a  structural  material  has  given  rise 
to  many  problems  which  have  commanded  the  attention  of 
scientists.     The  combination  of  two  materials  of  entirely  difTcrcnt 


characteristics  into  a  single  structural  unit  has  made  it  essential 
that  new  principles  be  developed  which  could  be  applied  to  the 
analysis  of  members  of  this  character.  For  the  first  time  we 
are  able  to  construct  buildings  in  such  a  way  that  they  are  of 
monolithic  nature.  This  has  made  it  essential  that  methods  of 
analysis  be  developed  which  would  apply  to  continuous  beams  and 
slabs,  and  combinations  of  beams,  columns,  walls,  etc.,  in  a 
manner  that  has  not  been  necessary  with  other  materials. 

The  experiments  carried  out  by  Hyatt  attracted  considerable 
attention  and  showed  the  true  principles  of  the  action  of  rein- 
forced concrete  beams  under  load.  However,  developments 
in  the  uses  of  reinforced  concrete  were  limited  until  about  the 
beginning  of  the  present  century.  Prior  to  this  time  a  few- 
isolated  experiments  had  been  conducted  in  Germany,  Switzer- 
land and  France  in  promoting  the  use  of  certain  so-called  "sys- 
tems" of  reinforced  concrete  construction.  These  consisted  of 
patented  arrangements  of  reinforcing  steel,  many  of  which  were 
of  poor  design  and  wasteful  of  materials.  Practically  no  re- 
search work  was  done  in  the  United  States  on  the  subject  of 
reinforced  concrete  prior  to  the  year  1900.  Since  that  date  the 
combined  efforts  of  many  investigators  in  the  United  States, 
Germany  and  France  have  furnished  us  with  a  large  stock  of 
information  concerning  the  action  of  reinforced  concrete. 

The  year  1903  saw  the  inauguration  of  several  independent 
researches  in  the  United  States  on  the  properties  of  reinforced 
concrete  beams.  Professor  A.  N.  Talbot,  of  the  L^niversity  of 
Illinois,  made  his  first  experiments  on  reinforced  concrete  beams 
during  this  year.  Experiments  along  similar  lines  were  carried 
out  during  the  same  year  by  Professor  W.  K.  Hatt,  of  Purdue 
University,  Professor  Edgar  Marburg,  of  the  University  of 
Pennsylvania,  and  by  Professor  M.  A.  Howe,  of  the  Rose  Poly- 
technic Institute.  Since  1903  numerous  other  experiments  have 
been  carried  out  by  the  above-mentioned  institutions  and  by  the 
University  of  Wisconsin,  the  United  States  Geological  Survey, 
The  United  States  Bureau  of  Standards  and  others.  Prior 
to  these  extensive  experimental  studies,  reinforced  concrete  was 
designed  by  purely  empirical  methods.  It  was  impossible  for 
reinforced  concrete  to  reach  its  proper  development  until  such 
experimental  studies  as  those  mentioned  above  had  shown  that: 

(i)  There  is  a  definite  and  positive  adhesion  or  bond  developed 
between  concrete  and  steel  which  can  be  depended  upon  to 
transmit  the  stresses  from  one  material  to  the  other. 

(2)  Iron  or  steel  embedded  in  well-made  concrete  is  perfectly 
protected  against  corrosion  and  deterioration  of  all  kinds. 

(3)  The  coefficients  of  linear  expansion  of  concrete  and  steel 
due  to  changes  in  temperature  are  practically  the  same. 

(4)  Rational  analyses  may  be  applied  in  determining  the 
stresses  developed  in  reinforced  concrete  members  due  to  ap- 
plied loads. 

It  seems  probable  that  no  one  institution  has  contributed 
more  to  the  literature  of  this  subject  than  the  Engineering 
Experiment  vStation  of  the  University  of  Illinois.  This  experi- 
mental work  was  begun  by  Professor  A.  N.  Talbot  in  the  year 
1903,  and  has  been  continued  up  to  the  present  time.  Large 
numbers  of  tests  have  been  carried  out  each  year  on  reinforced 
concrete  beams,  columns,  slabs,  bridge  girders,  culvert  pipes, 
footings,  rigid  frames,  and  on  completed  structures.  A  great 
deal  of  the  development  of  reinforced  concrete  construction 
has  come  about  as  a  direct  result  of  the  scientific  studies  of  this 
subject  which  have  been  carried  out  by  Professor  Talbot  and  his 
assistants.  The  importance  of  Professor  Talbot's  contributions 
to  this  subject  may  be  seen  from  the  fact  that  the  nomenclature 
used  by  him  in  some  of  the  earliest  publications  of  the  Illinois 
Engineering  Experiment  Station  has  become  the  universal 
language  in  the  literature  of  reinforced  concrete. 

To  the  lingineering  Experiment  Station  of  the  University  of 
Illinois  the  world  is  also  i:idebtcd  for  the  comprehensive  tests 
tabulated    in    Bulletin     71     of     the     Ivn.ninccring     Experiment 
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Station  entitled  "Tests  of  Bond  between  Concrete  and  Steel." 
These  tests,  which  were  made  by  Professor  D.  A.  Abrams,  then 
Associate  in  Theoretical  and  Applied  Mechanics  at  this  Uni- 
versity, and  now  Professor  in  Charge  of  the  Structural  Ma- 
terials Research  Laboratory,  Lewis  Institute,  Chicago,  have 
been  a  valuable  contribution  of  science  in  furthering  a  number 
of  the  industries  dependent  upon  Portland  cement. 

In  a  class  by  themselves  stand  the  group  of  bulletins,  mono- 
graphs or  whatever  you  choose  to  call  them,  that  has  been  issued 
by  the  Bureau  of  Standards  in  its  series  of  Technologic  Papers. 
These  constitute  a  contribution  of  inestimable  value  to  those 
studies  which  have  made  many  of  the  Portland  cement  industries 
realities,  or  have  advanced  them  to  a  higher  plane  of  efficiency 
than  would  have  otherwise  been  possible.  Among  the  Tech- 
nologic Papers  of  the  Bureau  of  Standards  are  these  reporting: 

Results  of  Tests  on  the  Strength  of  Reinforced  Concrete  Beams. 

Tests  of  Absorptive  and  Permeable  Properties  of  Portland 
Cement  Mortars  and  Concretes,  together  with  Tests  of  Damp- 
proofing  and  Waterproofing  Compounds  and  Materials. 

The  Effect  of  High-Pressure  Steam  on  the  Crushing  Strength 
of  Portland  Cement  Mortar  and  Concrete. 

Action  of  the  Salts  in  Alkali  Water  and  Sea  Water  on  Concrete. 

Special  Studies  with  a  View  to  Preventing  the  Action  of 
Electrolysis. 


the  European  war,  recovery  of  potash  is  likely  to  be  a  profitable 
side  issue  of  cement  manufacture. 

The  pioneer  experiments  of  this  kind  were  made  by  the 
Riverside  Portland  Cement  Company  in  its  plant  at  Riverside, 
Cal.  Experiments  have  been  carried  on  also  by  the  Security 
Cement  &  Lime  Company,  near  Hagerstown,  Md.,  and  were 
made  the  subject  of  a  quite  comprehensive  article  in  the  Manu- 
facturers' Record  of  May  nth,  this  year.  While  the  recovery 
of  potash  from  cement  manufacture  is  in  itself  so  new  a  develop- 
ment that  its  possible  significance  is  not  yet  generally  appreciated, 
it  has,  however,  gone  far  enough  to  arouse  many  cement  manu- 
factxu-ers  to  its  possible  importance.  I  refer  to  it  only  for  the 
purpose  of  citing  one  more  instance  to  prove  that  unthought-of 
possibilities  in  industry  lie  dormant  awaiting  the  magic  touch 
of  the  scientist. 

To-day  we  find  that  concrete  has  attained  a  point  where  its 
application  is  almost  universal  in  the  construction  field  because 
of  its  practically  unlimited  usefulness.  Yet  those  who  are 
familiar  with  the  cement  industries  realize  that  tliere  is  still 
need  for  the  scientist  to  advance  further  our  knowledge  of  the 
properties  and  uses  of  this  material.  I  believe  that  to-day  we 
stand  only  on  the  threshold  of  concrete's  possibiUtics.  I  have 
no  doubt  that  those  who  are  most  active  in  the  cement  and  alhed 
industries  to-day  will,  ten  or  fifteen  years  from  now,  look  back 


Variations  and  Results  of  Sieving  with  Standard  Ciincnt 
Sieves. 

The  Standardization  of  Cement  Sieves. 

Studies  on  the  Hydration  of  Portland  Cement. 

Investigation  of  the  Durability  of  Cement  Drain  Tile  in  .Mk^ili 
Soils. 

Strength  and  Other  Properties  of  Concrete  as  Affected  by 
Materials  and  Methods  of  Preparation,  etc. 

Some  of  these  studies  are  being  extended  at  the  present  time 
with  a  view  to  reaching  more  nearly  definite  or  final  conclusions. 

Without  the  studies  and  tests  that  have  been  miide  of  con- 
crete and  reinforced  concrete  with  a  view  to  determine  the  re- 
sistance of  this  material  to  fire  and  other  destructive  agencies, 
there  would  be  no  reinforced  concrete  buildings,  no  concrete 
roads,  streets  nor  alleys,  no  concrete  sewers,  no  cement  drain 
tile  none  of  the  many  other  structures  and  products  of  con- 
crete which  science  has  made  jiossible. 

Among  the  latest  achievements  of  science  in  the  I'ortliiiid 
cement  industry  itself  are  experiments  tcndliig  toward  conserva- 
tion of  resources,  in  the  possible  recovery  of  potiisli  iis  a  by- 
product of  Portland  cement  mnmifacture.  Experiments  which 
have  been  made  within  the  past  year  or  two  in<lieale  timl  sincr 
our  supply  of  polasli  from  Cermany  has  been  cut  off.  iM-eausr  of 


on  our  present  practices  with  cement  and  concrete  willi  pity 
for  the  little  we  really  know    of    their  wondcrftil  possibilities. 


THE  MANUFACTURERS'  DEPENDENCE  ON  CERAMIC 
RESEARCH 


iilrllt  Aincrk 


Cults    unil    Ct 


iilr  ».nmp«ny.  I»«»t  I>ir.ulriil 
Anirriran  (.'rrainic  Soclrly 

.Ml  things,  in  all  times.  chauKr.  It  i»  the  law.  the  c»t«l>li»he«l 
onler  of  things.  l*roRres.Hion.  s)>cc<ling  up.  higher  uchioxincnt. 
Iiettcr  wares  and  iK-ttcr  .service  arc  strictly  lUid  rigiilly  ilrmandnl 
in  each  mid  every  line  of  work  Mr  who  durs  not  hrt-<l.  who 
holds  that  what  was  ko<«I  enough  for  his  father  is  gi¥«l  enough 
for  him,  will  Ih-  distanixd.  cast  out.  and  left  l>chiml  m  the  in 
tense  rush  of  the  business  life  of  to-day.  It  is  nlmdulrlv  the 
survival  of  the  fittest 

I'tom  the  days  of  the  Cave  Man.  in  the  matter  <if  mamlauiing 
IK'iMiii.d  rights,  the  Iwir  fist  gaxx  way  to  the  war  club,  that  to 
the  Hint  arn»w.  to  the  flint  muskrt,  to  the  breech  Wviilcr,  the 
machine  gun,  and  the  niuinmoth  raiinnn  of  to  ilay  Man  gtrw 
from  killing  retail  to  killing  wholesale;  from  killing  closely 
l.v  iH-tsoiinl  touch,  to  killing  at  twrntv  miles,  mm  that  he  i^oiild 
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not  see  and  that  could  not  see  him.  He  condensed  mighty 
gases  into  compact  form  that  he  might  suddenly  loosen  them 
with  all  their  terrific  power  for  his  use,  to  do  his  bidding,  to  work 
his  vengeance.  He  learned  to  govern  them  absolutely,  to  bind 
more  power  into  a  smaller  package.  When  their  smoke  bothered 
him  he  stopped  their  smoking  and  made  smokeless  powder, 
so  that  the  men  he  fought  could  not  locate  his  hidden  retreat. 
Man  is  like  all  animals  in  that  he  fights  but  unlike  any  animal 
in  that  he  laughs,  and  this  trait  of  his  leads  him  to  other  things 
than  war  and  slaughter. 

Thank  God  not  all  his  conquests  are  by  war.  There  are 
other  ways  than  by  blood,  others  than  by  physical  force.  Chem- 
istry can  work  out  other  things  than  high  explosives,  things  useful 
and  beneficent  rather  than  destructive  and  abhorrent.  Me- 
chanical and  Chemical  Arts  have  been  advanced  far  beyond 
the  fondest  dreams  of  our  fathers.  Man  talks  across  the  ocean, 
travels  under  its  surface,  flies  in  the  air;  from  using  the  lightning 
as  a  plaything  he  makes  it  his  servant  and  commands  its  mighty 
power,  binding  and  harnessing  it  to  do  his  bidding,  even  before 
he  really  knows  just  what  it  is.  He  hunts  out  its  laws  and, 
knowing  them,  compels  it  to  do  his  will.  Utilizing  the  force  of 
gravity  in  our  lakes  and  rivers,  he  has  harnessed  that  power, 
and,  compelling  it  to  make  lightning,  has  lit  up  his  cities  with 
it  and  tiUTied  night  to  day  with  water.  What  would  your  grand- 
father have  thought  of  the  statement  that  the  waters  of  Lake 
Michigan  would  eventually  light  the  city  of  Chicago'  Jules 
Verne's  dream  is  no  longer  a  dream  and  ships  go  under  the  water. 
Darius  Green  and  his  flying  machine  are  no  longer  a  joke,  for 
man  flies  at  an  hundred  miles  an'  hour,  outstripping  the  birds, 
and  not  that  only  but  he  fights  other  men  there.  From  the  big 
things  to  the  little,  the  invisible,  man  has  made  a  new  eye  and 
sought  out  the  httle,  invisible,  teeming  microscopic  life;  has 
hunted  disease  germs  and,  having  found  them,  has  fought  them 
and  conquered.  Life  has  thus  been  prolonged  and  saved.  The 
great  doctrine  of  prevention  has  been  established  without  which 
such  great  achievements  as  the  Panama  Canal  could  not  have 
been  accomplished. 

Manufacture  has  always  been  dependent  on  research,  from 
the  time  of  the  first  manufacturer,  and  ceramic  research  is 
one  of  the  oldest  of  all  such  lines  employed.  It  was  not  a  lack 
of  research  but  of  quality  and  extent  and  the  effort  and  energy 
employed.  Ceramists  have  always  been  enthusiasts,  optimists 
in  the  extreme,  dreamers.  The  very  first  experimenter  when 
he,  or  more  probably  she,  found  she  could  shape  a  cup  in  a  plastic 
mass  of  clay,  hesitated  not  at  all  but  proceeded  at  once  in  the 
attempt  to  make  a  better  one,  in  the  which,  every  ceramist 
since  has  followed  her  example.  Nothing  was  so  good  that  a 
better  was  not  sought.  Perfection  was  always  sought  but  never 
acknowledged  as  achieved.  Always  a  better  body,  better  glass, 
better  shape  and  greater  beauty  were  sought.  Utility  and 
beauty  were  the  objects  ever  pursued.  To  make  the  best  possible 
has  been  the  effort  and  to  this  end  all  the  workers  have  wrought 
tirelessly,  enthusiastically  and  intelligently  to  the  very  best  that 
was  in  them.  Their  effort  was  right  but  they  had  small  op- 
portunity. It  was  individual  and  not  collective  effort  and  the 
problems  were  too  much  for  an  individual;  team  work  was  re- 
luired.  At  first  there  was  no  fund  of  research  accumulated 
and  it  had  to  be  hunted  out,  built  up  and  made  available.  This 
necessity  being  apparent,  this  first  discoverer  of  the  fact  that 
clay  was  plastic,  could  be  fashioned,  made  into  a  cup  that  would 
hold  water,  did  not  stop.  It  was  a  memorable  discovery  but 
not  final.  The  discoverer,  having  the  true  spirit  of  the  potter, 
kept  at  it  and  made  the  further  discovery  that  it  would  dry  and 
harden.  Undoubtedly,  the  very  next  discovery  was  tlie  dis- 
concerting one  that  it  would  wet  up  and  dissolve  when  wet 
again.  Long  research  must  have  been  exercised  here  to  cor- 
rect this  which,  however,  resulted  finally  in  utilizing  the  great 
mystery   of   fire    to   fix   it   lastingly.     This   changed    its   whole 


nature  and  made  it  indeed  a  new  material,  useful,  beautiful  and 
lasting.  From  the  first  experimenter  on,  through  countless 
ages,  beauty  of  form  has  been  the  objective.  Utility  was  a 
pressing  requisite  but  effort  to  make  it  beautiful  was  always 
shown,  and  protected  and  preserved  the  article  when  made, 
causing  it  to  be  treasured  and  cared  for.  I  have  no  doubt  but 
that  the  first  discoverer,  in  fashioning  her  cup,  shaped  its  form 
to  lines  of  beauty,  possibly  crude  but  seeking  beauty  none  the 
less.  Ceramic  research  had  thus  progressed  to  the  forming  of 
a  cup,  doubtless  crude,  probably  porous,  but  a  great  achievement 
and  prophetic  of  the  future.  Later  on  research  brought  out  the 
quality  of  vitrification — nonabsorbent  and  waterproof — and, 
later  on,  wedded  the  cup  to  glass  and  glazed  it.  This  one  thing 
of  the  glaze  bound  the  art  irrevocably  to  close  ceramic  re- 
search and  committed  every  succeeding  potter  to  cast  aside  all 
else  in  the  fervent,  tireless  effort  to  surpass,  to  make  a  better 
body  and  a  better  glaze  than  any  one  before  him  had  made, 
and,  in  his  fervent,  tireless  effort  to  surpass,  and  in  his  en- 
thusiasm to  this  end,  make  any  sacrifice,  endure  any  privation, 
surmount  any  obstacle  and  never  give  up  hope.  PaUisy  was  not 
the  only  potter  who  burned  furniture.  All  potters  have  done  so: 
burned  furniture,  bridges,  luxuries,  clothes,  necessities  even, 
and  to-day,  all  over  the  world,  they  are  feeding  their  kilns  with 
clothes  and  automobiles  and  sacrificing  their  luxiu-ies  and  com- 
fort, they  are  eating  dry  crusts  instead  of  cake,  that  they  may 
feed  their  kilns,  try  their  experiments  and  make  something 
better  and  more  beautiful  than  has  yet  been  wrought.  All 
this  has  brought  clay  wares  into  a  very  extended  use.  You 
drink  your  morning  coffee  from  a  cup  of  clay,  more  than  a  thousand 
times  a  year  you  eat  your  food  from  a  plate  of  clay,  you  wash 
your  face  in  a  clay  bowl  and  you  take  yom-  bath  in  a  clay  tub. 
AH  the  modem  use  of  electricity  would  fail  were  it  not  for  clay 
insulators.  The  paper  you  write  on  and  the  paper  on  your  walls 
are  largely  composed  of  it  and  even  the  sugar  you  put  in  your 
tea  is  more  than  likely  to  have  made  its  acquaintance  but  in 
the  latter  case  not  through  ceramic  research. 

While  the  ceramic  art  is  perhaps  the  most  ancient  of  all 
the  arts  of  to-day  it  has  been  probably,  through  the  past  ages, 
the  most  secretive.  Progress  in  it  has  been,  of  necessity,  by 
means  of  a  multitude  of  experiments,  mostly  of  necessity  failures, 
being  wrought  so  crudely  and  blindly.  Occasionally  one  proves 
good  and  capable  of  reproduction.  Many  were  freaks  and  de- 
pended on  chanfe  conditions  which  were  not  present  on  the 
next  attempt  and  were,  therefore,  discontinued  and  lost.  Some- 
times, however,  these  were  traced  out  and  led  to  new  processes, 
thus  utilizing  these  very  accidents.  When  these  processes 
stood  the  tests  and  produced  a  new  effect,  the  process  was  sur- 
rounded by  every  possible  safeguard  to  hold  it  .secret;  often 
so  closely  guarded  that  it  was  lost  on  the  death  of  the  discoverer. 
Often,  too,  it  was  handed  down,  from  father  to  son,  as  a  family 
heirloom,  thus  remaining  in  use  for  generations.  Imitation, 
however,  prevailed  more  than  invention.  Men  feigned  idiocy 
to  get  into  factories,  living  on  crusts  and  being  kicked  and 
buffeted  about,  that  they  might  finally  worm  out  the  secret 
and  then  go  and  imitate.  Even  where  invention  was  used  it 
was  employed  in  a  blind  fashion,  feeling  the  way  with  this 
and  that  material,  and  with  very  little  real  knowledge  as  to 
real  possibilities.  So  earnest  was  the  work,  however,  and  so 
extensive  the  experimentation,  that  much  of  good  was  accom- 
plished, and  these  experimenters  are  entitled  to  very  great  credit 
for  having,  under  such  conditions,  wrought  out  methods  many  of 
which  are  used  to  this  day. 

But  even  the  excessive  secretiveness  of  the  potter  has  had  to 
yield  to  the  modem  spirit.  Men  have  become  broad-minded 
enough  to  subserve  their  personal  interests  to  the  good  of  their 
Art:  to  add  tlicir  contribution  to  that  of  the  one  who  had  gone 
before  them,  and  not  only  that,  but  to  hand  over  their  contribu- 
tion to  the  fellow  coming  after  them,  and  thus  get  the  whole. 
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cumulative  effect.     They  have  learned  to  glory  in  the  upbuilding 
of  their  art  as  an  Art  indeed. 

The  Almighty  has  prepared  the  material  in  abundance.  In 
the  great  laboratory  of  Nature,  He  ground  it  with  mighty  glaciers, 
chemicalized  it  through  countless  ages,  washed  it,  spread  it 
out,  compressed  it  under  millions  of  tons  pressure  and  covered 
it  over  deeply  for  man's  use  when  required.  Men  have  con- 
stantly labored  and  schemed  with  this  crude  material.  They  have 
dug  deep  but,  as  yet,  have  only  scratched  the  surface.  They 
have  mixed  one  clay  with  another  clay  and  have  thus  improved 
their  wares  by  the  mixing  process.  They  have  earnestly  and 
faithfully  sought  to  find  out  and  follow  Nature's  Laws  and  have 
broadened  from  ancient  usage  radically  in  publishing  their 
findings  for  the  good  of  the  Art  and  for  the  benefit  of  those  coming 
after.  The  active  work  of  the  American  Ceramic  Society  and 
the  work  done  in  the  Ceramic  Departments  of  our  State  Uni- 
versities have  done  much  and  will  yet  accompUsh  wonders  in 
the  clay  art  in  the  future  history  of  our  country.  The  names 
of  Orton  and  Bleininger  wiU  be  spoken  in  reverence  by  the 
workers  in  clay  in  generations  yet  to  come.  The  taking  of  a 
crude,  waste  material  and  making  it  into  a  thing  of  .utility  and 
beauty  is  indeed  something  of  which  to  be  proud  The  digger 
of  the  clay,  working  with  the  pugger,  the  presser,  the  chemist, 
the  modeller  and  the  burner,  all  working  earnestly  and  honestly, 
each  giving  the  very  best  there  is  in  him,  will  produce  useful  and 
beautiful  wares,  as  yet  undreamed  of,  out  of  this  hidden,  unused 


extend  over  quite  a  period  of  time.  The  experiment  started 
to-day  may  require  a  week  or  a  month  or  more.  The  intimate 
chemical  changes  that  occur  when  the  material  is  molten  are 
very  perplexing  and  intricate.  To  all  the  complexity  of  mixtures 
of  flint  and  spar,  of  flux  and  frit,  there  is  added  that  of  color, 
for  the  production  of  which  the  ceramist's  palette  is  extremely 
limited.  Only  a  few  metallic  oxides  will  withstand  the  heat  and 
even  these  are  of  a  most  erratic  nature,  as  for  instance  copper 
which  is  capable  of  making  black,  blue,  green  or  red  according 
to  the  atmosphere  in  which  it  is  produced. 

But  ceramic  research  is  not  confined  to  chemistry.  Engi- 
neering and  general  management  enter  largely  into  the  field  of 
this  research.  Large  quantities  of  crude  material  must  be 
handled,  must  be  plentifully  and  economically  provided  and, 
to  this  end,  there  must  be  the  most  intelligent  treatment.  Ma- 
chinery must  be  largely  used  and  great  intelligence  exercised  in 
its  construction  and  employment.  Men  must  be  selected  for 
the  various  places  and  as  nothing  varies  more  than  men.  very 
great  intelligence  must  be  exercised  in  their  selection  and  placing. 
The  right  man  in  the  wrong  place  or  tlie  wrong  man  in  the 
right  place  is  as  disastrous  with  men  as  with  machines,  so  a 
properly  balanced  working  plant  for  manufacture  is  really  a 
complicated  mechanism,  and  like  any  other  complex  piece  of 
machinery,  a  bad  cog  in  the  wheel  will  throw  the  whole  out  of 
gear  and  stop  all  perfect  working  of  the  machine. 

Beyond  these  generally  recognized  essentials   of   cenunic    re» 
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material  that  has  so  long  been  waiting  under  the  prairies  of 
Illinois.  Lying  crude  and  hidden,  the  material  does  no  one  any 
good.  He  who  fashioned  it,  who  so  patiently  prepared  it  and 
laid  it  away,  left  it  lacking  in  admixture  with  one  thing  in  par- 
ticular— brains.  Unless  mixed  with  these  it  will  never  come  into 
its  own.  The  clays  must  be  good  and  the  brains  must  be  good, 
and  the  mixture  nuist  be  right.  Both  may  be  good  but  lack  the 
mixture.  In  Italy,  to-day.  there  is  crude  clay,  still  in  the  bank, 
from  beside  which  other  clay  was  dug  five  hundred  years  ago. 
That  other  clay,  under  the  touch  of  Delia  Kobbia,  grew  into  a 
beauty  that  has  placed  it,  worth  its  weight  in  gold,  yes  priceless, 
treasured  in  the  choicest  nuiscnms  of  the  worlil,  while  this  un- 
dug  clay,  untouched  by  a  skilled  hand,  uiuni.ved  with  brain, 
remains  inert,  despised,  uiuised,  awaiting  the  touch  of  another 
hand  to  bring  it  into  the  life,  the  individuality,  thai  shall  make 
of  it  a  thing  of  beauty,  shall  fix  into  it  the  vigor  and  rnlhtisiasm 
of  him  who  fashions  it  into  la.sting  beauty.  So  tlii-rc  lies  nil 
under  this  Slate  of  Illinois  a  wcidtli  of  this  crude  iniiterial  waiting 
the  touch  that  shall  give  it  life  and  beauty.  I  believe  that  the 
men  who  will  do  this  are  those  that  shall  go  nut  from  this  scIumI 
with  brain  skilled  and  trained  for  thiit  work,  working,  not  blindly 
as  of  old,  but  with  trained  intelliKeiice, 

Ceramic  research  has  largely  to  ilo  with  chcmintry.  The 
various  admixtures  are  fciriiied  whrii  the  iiiiitrriuU  arc  cold  but 
the  cliemicul  chunges  occur  when  lieiitcd  to  n  liigli  dcgrrc  of 
heat  and  arc  hence  shut  out  of  sight.     They  al.wi.  ncccwiarily. 


search  there  is  another,  often  mis.scd  in  the  general  suniiiiing  up, 
but  of  the  utmost  importance,  that  of  Art.  I'nlc^  it  have 
artistic  beauty,  no  matter  how  skillfully  compounded,  the  prt>iluct 
will  be  a  failure.  The  primitive  hulian  woman,  fashioning  the 
first  clay  pot,  forming  it  for  ordinary  ilonu-.stic  use.  rect^gniicd 
this  requirement,  shaping  it  to  pleasant  form  in  lines  of  licauty. 
Having  so  formed  the  first  she  .soon  pn>Kres.sc<l  to  adding  some- 
thing of  ornament  by  scratching  an  ornamental  design  in  that 
universal,  never  cen.sing.  effort  to  add  beauty  to  utility.  Thi* 
effort  of  the  first  worker  has  never  »loppe<J  but  ha-«  aojuired 
inomrntuin  as  the  years  i^assed.  Hruuty  ha.s  l>een  a  protection 
an  well  Many  of  the  rclus  that  tell  us  of  the  dead  and  buried 
past  are  very  fragile,  not  the  big  heavy  afluirs  but  delicate, 
breakable  but  iKUUtiful  things  whose  l>eauty  apifealetl  to  all 
and  for  which  they  were  prited  and  protectetl.  J  look  forwnrU 
confidently  to  the  time  when  this  will  l>e  Iwttrr  reoogni/etl  and 
when  this  University  will  have  a  di.stinct  dc|Mrtinent.  hotiKtl  in 
this  lieantiful  clay  building,  in  this  rlay  State,  in  which  lalcntetl. 
enthusiastic  artists  will  lead  anil  teach  eaKer  pupiU  in  iniolrling 
cliiv  into  lasting  l>eauty  Illinois  has,  1  am  sure.  unde\-Tl»|ie«l 
Delia  Kobbitts  in  plenty  and  they  only  nerd  encuurafenient  and 
iiislniction  to  bring  thrni  out  If  we  ran  not  do  this  work  our- 
selves, if  wr  have  not  the  hand  traineil  to  the  inaKic  tiMirh.  if 
we  have  not  the  eve  loner  llir  hidden  l>raiitv  in  this  rnidr  material, 
if  we  cannot  materiahie  the  hidden  Iwauty  ounvlves,  if  we  ha\T 
not  the  bniln  nor  the  training  rrquirc<t  to  Itring  out  it*  beaut)* 
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and  fix  it  lastingly,  for  the  good  of  mankind,  we  can  still  so  ar- 
range things  that  the  tools  are  here  for  the  good  of  others,  so 
the  way  shall  be  open,  all  the  material  provided,  building  and 
instructors  ready,  the  opportunity  shall  be  afforded  those  coming 
after  us  to  use  facilities  we  did  not  have  and,  lacking  these,  we 
came  to  know  their  value. 

There  is  a  wide  field  of  experimentation  that  really  cannot  be 
done  elsewhere  than  in  a  school  such  as  this.  Individuals  have 
not  the  time  to  devote  to  it.  It  is  broadly  in  the  line  of  the 
advancement  of  the  science,  requires  much  time  and  careful 
attention,  and  would  never  be  worked  out  except  in  such  a  school 
and  by  students  who  were  building  themselves  up  in  the  working 
out  of  just  such  problems.  Instance  of  this  is  the  formula  for 
crystalline  glaze  given  the  American  Ceramic  Society  and  the 
eighteen  hundred  experiments  made  in  this  school  with  it  in 
which  very  much  of  interest  was  added  that  never  would  have 
been  worked  out  except  under  these  conditions. 

The  manufacturers  of  Germany  demonstrated  their  belief 
as  to  the  value  of  such  research  and,  utilizing  it  in  every  avail- 
able form,  they  went  conquering  the  world.  They  were  indeed 
far  on  their  way  in  such  conquest  up  to  the  time  that  the  war 
lords  fell  out  and  so  stopped  their  work  and  dragged  them  back 
to  the  old,  old  aboriginal  manifestation  of  brute  force  and  the 
lust  for  blood.  Had  they  but  kept  to  their  work,  utilizing  scien- 
tific research  in  their  manufacture  as  they  had  been  doing,  their 
conquest  of  the  world  would  seem  to  have  been  assured,  but  the 
war  lords  decided  otherwise  and  chose  the  way  of  blood. 

This  gathering  here  to-day  is  not  just  an  accident,  not 
something  that  happened  without  cause  or  reason.  This  gather- 
ing itself  is  a  complete  demonstration  of  the  pressing  importance 
and  insistence  of  the  subject  of  which  I  am  speaking.  You  are 
gathered  here  to-day  because  of  the  persistent  demand  of  the 
manufacturers  for  more  ceramic  research.  They  have  not  only 
clamored  for  it,  they  have  worked  for  it,  earnestly  and  self- 
denyingly.  They  have  labored  personally  and  collectively. 
This  department  of  ceramic  engineering  came  into  being  because 
of  their  demands  and  their  effort.  They  labored  with  the  Uni- 
versity authorities;  they  worked  with  every  succeeding  Legis- 
lative Assembly;  they  begged  appropriations,  and  then,  rallying 
the  clay  workers  throughout  the  State,  demanded  appropria- 
tions, and  they  got  appropriations.  All  this  labor  and  effort 
has  crystallized  and  materialized  in  tangible  form  in  this  building 
we  here  dedicate  to-day  to  the  furtherance  of  our  Art,  for  the 
good  of  those  who  are  to  come  after  us  and  who  will,  we  know, 
surpass  us.  We  dedicate  that  they  may  not  lack  the  facilities 
that  we  lacked,  that  they  may  grow  to  do  the  things  that  we 
could  not  do.  We  dedicate  in  reverence  and  hope  as  our  best 
contribution  to  the  progress  and  good  of  the  work  we  love. 

I  have  treated  my  subject  in  a  wandering  fashion,  possibly 
in  a  wondering  fashion,  for  the  reason  that  the  need  of  the 
manufacturers  for  ceramic  research  is,  and  always  has  been, 
so  great,  so  well  known,  so  constant  and  insistent  as  to  be  self- 
evident  and  needing  no  demonstration.  This  dependence  has 
existed  from  the  earliest  times,  the  want  has  always  been  felt. 
What  was  needed  was  a  proper  opportimity  for  research.  A  place 
was  needed  and  tools  and  then  education  in  using  the  tools. 
Men  must  be  educated  to  becoming  skilled  in  knowing  how  to 
use  material  and  tool.  Must  be  so  trained  that  when  reactions 
occur  they  must  know  why  they  occur  and  work  intelligently  to 
the  desired  end,  and  not  blindly,  as  in  the  past.  The  quest  has 
been  much  of  the  time  blindly,  gropingly,  in  the  dark,  but  now 
is  coming  to  be  openly,  understandingly,  and  in  broad  daylight. 
State  universities  like  this,  and  buildings  and  appliances  like 
these,  are  the  tools  which  shall  furnish  the  opportunities  and 
appliances,  for  the  training  of  the  brains  to  mix  with  the  clays 
that  will  then  place  our  Art  where  it  belongs,  and  our  pioneer 
work  shall  not  have  been  in  vain. 

I  may  only  add  that  the  men  on  this  board  who  have  really 


done  the  most  in  the  pioneer  labor  to  bring  this  work  to  fruition 
are  so  modest  and  diffident  and  fearful  of  receiving  the  praise 
they  so  well  merit  for  their  efforts  that  they  are  sitting  very 
tight,  keeping  very  quiet  and,  following  usage  from  time  im- 
memorial, are  now  putting  forward  that  member  of  the  board 
who  probably  did  the  very  least  in  the  real  past  work  to  now 
do  the  talking. 

Chicago.  Illinois 


DISCUSSION 

By  L.    E.    BarringER 

President  American   Ceramic  Society 

Engineer  of  Insulations.  General  Electric  Company 

I  prefer  not  to  launch  into  the  troubles  of  the  electrical  engineer, 
as  I  am  afraid  that  would  take  a  great  deal  of  time  because  it 
is  true  that  a  large  part  of  the  electrical  engineer's  troubles  to- 
day may  be  attributed  to  insulation  and  frequently  to  ceramic 
insulation.  There  are  many  forms  of  electrical  insulation  but 
true  ceramic  insulation  forms  a  large  part  of  the  material  used. 
I  should  like  to  tell  you  something  about  these  electrical  insula- 
tion problems  but  would  prefer  at  this  time  to  discuss  the  general 
aspects  of  ceramic  research  work  as  covered  by  the  paper  which 
has  just  been  read. 

In  the  first  place,  there  is  one  point  in  Mr.  Gates'  paper  to 
which  I  wish  to  take  exception,  and  that  is  his  last  statement 
that  the  man  who  had  done  the  least  had  now  been  put  forward 
to  do  the  talking.  Mr.  Purdy  and  I  did  not  know  whether  he 
referred  to  us  or  to  himself,  but  assuming  that  Mr.  Gates  referred 
to  himself,  in  his  modest  way,  I  want  to  say  that  eighteen  years 
ago,  in  his  factory  at  Terra  Cotta,  Illinois,  I  was  given  the  privi- 
lege of  going  into  that  factory  and  working  during  my  summer 
vacation.  I  was  then  in  the  first  engineering  class  in  ceramics 
in  Ohio  State  University  and  was  given  the  opportunity  of 
working  in  that  factory,  from  the  plaster  shop  to  the  decorating 
room,  and  of  learning  all  that  I  could  pick  up  in  this  way.  While 
there  I  found  that  Mr.  Gates  had  employed  one  of  the  first  short- 
course  students  from  Ohio  State  University  and  that  he  had  set 
this  young  man  experimenting  upon  all  sorts  of  problems  in 
colors  and  shapes  of  pottery,  new  kinds,  unknown  kinds,  trying 
to  develop  something  new  and  more  beautiful,  so  I  wish  to  say 
that  in  my  opinion  Mr.  W.  D.  Gates  is  one  of  the  pioneers  in 
present  day  ceramic  research.  He  had  one  of  the  very  first 
laboratories,  if  I  am  not  mistaken,  and  while  Mr.  Gates'  motives 
may  have  been  partly  philanthropic  (as  he  was  always  ready  to 
encourage  ceramic  education  and  ceramic  research),  I  suspect 
he  had  placed  some  dependence  upon  ceramic  research  for  some- 
thing that  he  really  desired  to  obtain  and  that,  therefore,  he  is 
a  good  example  to  put  before  you  of  the  manufacturer's  de- 
pendence upon  ceramic  research.  Mr.  Gates  wanted  something 
and  he  tried  to  get  it  by  putting  a  technically  trained  man  at 
work  upon  the  necessary  research. 

Ceramic  research  is  not  different,  or  at  least  fundamentally 
different,  from  any  other  research.  There  is  nothing  to  differ- 
entiate it  in  a  general  way.  It  requires  the  same  sort  of  prepara- 
tion and  endeavor  and  the  same  attitude  of  mind  but  it  is  differ- 
ent in  this  respect — that  it  has  taken  longer  to  assume  its  proper 
place  in  the  world's  work.  Personally,  I  think  that  this  is  largely 
because  we  have  been  handicapped  by  tradition.  Ceramic 
industry  is  as  old  iis  the  hills  and  from  the  ages  past,  we  have 
record  of  the  Chinese  and  Japanese  potters  producing  most 
beautiful  ceramic  objects  that  are  very  rarely  equalled,  or  ex- 
celled, to-day.  We  know  that  tliese  old  Chinese  and  Japanese 
potters  worked  by  passing  the  secrets  along  from  father  to  son. 
It  was  their  greatest  pride  to  discover  something  new  and 
beautiful  and  then  to  have  that  live  in  the  family  as  an  heirloom, 
to  be  passed  down  to  coming  generations.  That  was  the  standard 
practice  in  China  and  Japan.  Unfortunately  the  Germans, 
when  they  learned  the  secret  of  making  pottery,   particularly 


Jan.,  1917  THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


95 


porcelain,  in  imitation  of  the  wares  from  the  Orient,  followed  the 
same  course  and  produced  the  wares  in  secret,  nay,  even  with 
royal  approval  and  protection  in  maintaining  such  secrecy. 

I  think  that  ceramic  research  has  been  largely  handicapped  by 
this  tradition,  a  tradition  which  is  now  fast  being  broken  down 
and  dispersed.  Other  industries  have,  I  might  say,  been  bom 
in  a  new  era,  as  the  electrical  industry,  and  have  not  been  sub- 
ject to  this  old  traditional  habit  of  passing  these  discoveries  on 
from  father  to  son. 

I  was  looking  around  the  other  day  for  a  definition  of  research 
and  I  ran  across  this  statement  in  the  Encyclopedia  Britannica; 
"Without  research  no  authoritative  works  have  been  written,  no 
scientific  discoveries  made,  no  theory  of  any  value  propounded." 
That  is  a  very  broad  statement,  but  I  think,  after  due  considera- 
tion, it  will  be  admitted  that  it  is  generally  correct.  When  I 
read  that,  I  tried  to  think  of  discoveries  which  might  be  termed 
"accidental."  We  hear  of  "accidental  discoveries"  but  in  neariy 
every  case  I  could  think  of  I  knew  that  the  discovery  had  been 
made  simply  as  a  side  issue  or  as  a  by-product  of  research  in  some 
other  line,  but  that  it  was  almost  invariably  the  result  of  some- 
thing some  man  had  found  or  observed  in  the  course  of  research 
work  started  for  some  particular  purpose.  As  a  matter  of  fact, 
the  most  skilled  research  men  closely  watch  every  development, 
not  only  to  attain  what  they  seek  as  the  ultimate  result,  but  to 
avoid  missing  anything  by  the  way,  something  perhaps  that  may 
be  useful,  or  new  or  valuable. 

In  this  connection  I  recall  Mr.  E.  G.  Acheson  having  told 
me  of  his  discovery  of  carborundum.  While  he  was  experi- 
menting in  electric  furnace  work  in  the  Edison  laboratories  he 
observed  in  his  arc  furnace  a  few  tiny  iridescent  crystals,  crystals 
so  small  and  so  few  in  number  that  I  dare  say  they  would  un- 
doubtedly have  escaped  the  attention  of  most  investigators. 
He  immc.liately  focused  his  attention  upon  this  tiny  crystal  and 
separated  it  from  the  other  material,  and  in  his  interest  tested 
the  hardness  by  scratching  a  diamond  in  his  ring  and  thus  the 
discovery  of  carborundum,  a  hard  abrasive  of  which  he  realized 
the  value  immediately.  That  might  he  termed  accidental  "dis- 
covery "  but  yet  it  was  made  by  a  research  man  cndeavonng 
to  find'  something,  but  with  his  eyes  wide  open  so  as  to  make 
sure  of  missing  nothing  while  trying  to  find  something,  and 
to  my  mind  such  discoveries  arc  legitimately  the  product  of  re- 
search. 

The  country  was  never  in  greater  need  of  research  than  at  the 
present  time,  and  particulariy  "organized  research"  where  groups 
of  investigators  arc  working  sh.niUUr  to  shoulder  to  advance 
some  particular  field  of  knowledge      The  great  industries  have 
recognized  the  value  of  research  and  particularly  the  value  of 
organize,!  research,   as  is  evidenced  by  the  research  activities 
of  the  General  IClectric  Company,  the  Westinghouse  Company, 
the    National    Carbon    Company,    the    Pittsburgh    I'late   Glass 
Company,  the  Norton  Company  and  others  I   niiglil  nuntion. 
Then  there  are  the  groups  in  the  colleges  an.l  the  United  Mates 
Government   service.     As  an  example  of  orga.ii/.e<l  research 
would  say  that  I  represent  a  company  thateniploysoverahundre. 
men  engaged  in  research  work,  a  comimny  which  has  invested 
heavily  and  has  invested  because  it  pays  and  not  only  pays  bu 
the  progress  of  the  electrical  in.hislry  is  absolutely  dependent 
upon  systematic  research  an.l  elTnrl  to  advance.     One  of  the  Inst 
examples  is  electric  lighting  which  has  proKres.sed  Irenieiidous  v 
in  the  last  ten  years.     The  old  carl.-n  tilamenl  was  quite  geiicn.l  y 
used  ten  years  ago.     Since  then  it  has  rapidly  K-ne  throURh  the 
stages  of  metallized  filaments,  pressed  liiiigslen  fih.nunls,  drawn 
tungsten    filaments    an.l     "gas  fille.l"    lamps    (mliogen,    etc.) 
all  this  has  resiilte.l  from  the  detrrn.i.u.l  efforts  of  the  Ge.u-.al 
Electric   Co.   an.l   Its  research   iiirii   to  ...lvalue   tlmt    ,mH.c,.l..r 
field,  which  they  have  aecoinplishe.l  in  a  tremrn.l.n.slv  mk.t«IuI 
way      We  have  ligblinK  to-.luy  at  a  cost  of  one  tl.i..l  uh  nn.eh 


as  a  few  years  ago,  giving  three  times  as  much  light  at  the  same 
cost  as  in  those  days. 

I  do  not  beUeve,  then,  that  there  need  be  any  verj'  strenuous 
argument  as  to  the  value  of  research  to  the  manufacturer. 

As  another  example  I  would  say  that  Mr.  M.  T.  Herrick, 
in  addressing  the  American  Ceramic  Society  at  its  annual 
meeting  last  Februarv,  spoke  of  eariy  research  work  by  the 
National  Carbon  Co.,  with  which  he  is  closely  identified,  and 
stated  that  when  that  company  was  first  formed  it  had  great 
difficulty  in  producing  electrode  brushes  and  other  forms  of 
molded  carbon  to  compete  in  quality  and  in  price  with  the 
European  articles.  There  was  no  high  protective  tariff  avail- 
able and  it  became  necessar>'  that  his  company  either  compete 
successfully  or  go  to  the  wall.  Representatives  were  sent  to 
Europe  to  study  methods.  They  uaveled  from  factory  to 
factory  but  very  rarely  were  given  the  real  secrets  of  the  success 
of  these  European  factories,  and  the  representatives  of  the 
National  Carbon  Company  came  back  empty-handed  with  this 
exception— that  they  had  obser^■ed  that  there  was  one  thing 
that  everv  European  factorv  had  in  common  and  that  was  a 
laboratoo-.  Quite  blindly.  Mr.  Herrick  stated,  the  National 
Carbon  Company  put  up  a  laboratory.  Then  they  hired  a  man 
from  the  Massachusetts  Institute  of  Technology-  and  within  a 
year  he  had  introduced  two  or  three  valuable  features.  This  is 
another  example  of  the  absolute  dependence  of  the  manufacturer 
upon  research,  and  not  only  in  this  countr>-  but  the  world  over. 
The  Germans  have  been  pioneers  in  the  line  of  industrial  re- 
search. ,  . 

A  few  years  ago  we  were  called  upon  to  develop  porcelain 
bushings  for  high-voltage  Uansformers.  As  you  all  know, 
very  much  greater  voltages  are  being  transmitted  to-day  over 
high-tension  lines  Uian  a  few  years  ago.  Transformers  had  to 
be  built  for  these  higher  voltage  and  where  five  or  six  years  ago 
a  transformer  of  60..100  volts  was  considered  large,  the  develop- 
ment rapidly  made  necessary  transfonners  to  Ik  tested  at  y^xooo 
volts  or  more,  and  insulation  had  to  be  devised  accord- 
ingly We  had  been  building  comparatively  small  p.>rccla.n 
bushings  to  stand  50.0.x.  to  T'V.-  v..lls  and  when  ,t  became 
necessary  to  go  300.000  we  naturally  thought  the  ix,rcelain 
ought  to  be  larger  and  thicker,  s..  that  we  were  soon  making 
porcelain  bushings  five  or  six  feet  high.  These  largo  p^s 
provcl  very  .lifRcult  to  manufacture  successfully  an.l  even  «*en 
constructs  did  luH  entirely  give  the  .lesircl  results  The 
interested  electrical  engineers  st.ulie.l  the  problem  an.l  after 
several  m..iiths  investigati.n.  f.miul  that  the  trouble  was  not  m 
the  porcelain  but  in  the  distribution  of  ,H.lcntial  oNxr  the  bush- 
ings  an.l.  as  it  were,  the  ,x,tential  ha.l  p.lc.l  up  at  certain  lH,.nt.s 
to  such  a  .legrce  ns  to  Ik  able  t..  brx-ak  through  ,H.rxxl..in  o  almost 
any  size  or  thickness.  lU-  .levising  the  pro,Hr  design  and  prxn^cr 
voitage  distribution  appliaiu^s  the  voltage  was  -.  .hslnlmtcl 
that  inslea.l  ..f  making  bushings  five  ..r  s.x  feet  high  ami  cwre- 
spoii-linglv  thick,  wc  wcrx-  actually  able  f.  rr,liK-c  the  m,c  xxr>- 
coiisiilerably  , 

Now  in  this  Mime  development  ..ut  ncM  pfblem  »^s  to  .Ir% 
the  bushings  nion-  quickly  I  wmU  «o  ->  in  ...nnectu...  «,th 
this  particular  r.>e«rch  in  .Irving  that  uUhoimh  U  was  in.luUcJ 
,.v  the  ceiainic  engincrr  it  w.s  not  m.IvcI  bv  the  .-cmmic  r„«i. 
nrrr  al..nr  1  ^aw  at  the  M.i.t  that  it  ha.l  niotr  to  .lo  with  »ut.v 
,„„tic  tcmiH-raturc  eontr..l  an.l  with  acxuratc  niclh.^U  of  nirawr- 
,„g  hun.i.htv  aiul  tcnil«-n.l...r  «h»u  with  the  purrly  crr«mJc 
field,  so  a  cmixittrr  w««  ..rgani/cl  «nh  thirc  .... 
iierr*  and  one  crtatnic  rng.n«H-.  .md  1I...I  pn>l'. 
when    the    mclmnicil   cnRmcci*   pi..v..lc.l    ihr    i  "•' 

ai.i«....t..«  That  «««  a  m«hanic«l  engineer*  pmblcn.  In.t  Uw 
tr«-arch  men  had  to  «y  tlmt  U  w«»  cliK-ly  «  q"rM.«.  o( 
pioiwr  incchiinicnl  Miiiipiiimt  .  ,    .u 

I  have  |«.intc.l  .ml  the*  fc-w  thing*  to  ^i.m  th»l  while  the 
,n„nuf.uti.rrr-.    pr..«.Tv,    m.iM    I*    .lr,.cn.1c„t    ,.,««.    .T»«n:h. 
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upon  the  other  side  of  the  balance  he  is  entitled  to  a  just  return 
for  his  investment  and  to  insure  that  just  return  the  research 
engineer  or  the  research  chemist  must  be  broad  enough  and  big 
enough  to  recognize  all  phases  of  the  subject  and  to  carry  along 
his  work  accordingly. 

I  think  one  of  our  commonest  perils  in  research  work  is  to 
get  too  close  to  the  problem.  It  is  a  good  thing,  I  think,  to  get 
away  from  one's  work  occasionally,  to  back  olT  from  the  picture 
as  the  artist  does,  in  order  to  acquire  a  perspective,  to  see  it 
differently  and  then  return  better  equipped  and  with  a  better 
understanding  of  the  work  as  a  whole. 

It  is  this  kind  of  research  that  the  manufacturer  expects. 
I  hope  then  that  the  research  work  which  this  new  Ceramic  de- 
partment undertakes  will  be  of  such  a  character  as  will  have  a 
vision  of  the  whole  field,  and  that  in  teaching  ceramics  to  the 
undergraduates  the  point  will  be  emphasized  as  to  the  value  of 
organized  research,  group  research,  and  of  the  great  value  of 
cooperative  effort  and  of  always  maintaining  proper  vision  and 
perspective.  When  it  is  shown  that  the  manufacturer  is  de- 
pendent upon  research,  this  places  a  responsibility  upon  the 
research  engineers  which  they  must  prepare  to  meet  successfully. 
Schenectady.  New  York 


DISCUSSION 


By  C.  H.  Kerr 
Director  Research  Laboratory.  Pittsburgh  Plate  Glass  Company 

That  the  practical  status  of  any  industry  cannot  proceed  in 
development  without  the  growth  of  the  fundamental  scientific 
facts  upon  which  that  industry  is  based  must  be  evident  to  any 
well-informed  man,  be  he  scientist  or  layman.  Or  as  Dr.  Clarke, 
of  the  United  States  Geological  Survey,  has  aptly  stated  it, 
"There  can  be  no  applied  science  until  there  is  a  science  to 
apply." 

To  the  glass  and  enamel  divisions  of  the  ceramic  industry  this 
thought  is  especially  applicable — in  fact,  it  should  be  written 
in  italics  and  kept  constantly  before  the  minds  of  those  men  who 
in  their  respective  positions  are  instrumental  in  regulating  the 
course  of  new  developments  in  the  industry. 

An  extended  discussion  of  the  problem  of  surface  tension  as 
it  relates  to  glasses  took  place  in  one  of  oiu-  courts  not  long  ago 
and  the  nature  of  that  discussion  illustrates  as  well  as  anything 
could  illustrate  it,  the  great  lack  of  scientific  knowledge  and  to 
an  even  greater  extent  the  real  need  of  such  knowledge  in  the 
industry. 

Let  us  acknowledge  at  once  that  in  the  field  of  glasses,  enamels 
and  other  similar  fused  silicates  the  present  state  of  develop- 
ment of  chemical  and  physical  science  does  not  permit  us  to 
presuppose  an  ability  to  arrive  at  a  completely  satisfactory 
scientific  solution  of  most  of  our  problems.  The  extent  of  our 
knowledge  concerning  the  laws  governing  systems  with  as  many 
components  as  usually  are  present  in  the  silicates  with  which 
we  are  concerned,  is  decidedly  limited  and  developing  but  slowly. 
But,  let  us  at  the  same  time  emphasize  very  strongly  these 
two  things:  (i)  that  there  are  many  incidental  problems  in  con- 
nection with  each  branch  of  the  industry  that  are  capable  of 
easy  and  complete  solution  and  these  problems  can  be  taken 
care  of  while  the  main  work  is  in  progress  and  in  all  cases  it  is 
safe  to  assume  that  the  solution  of  these  problems  alone  will 
more  than  repay  the  employer  for  all  laboratory  expenditures; 
(2)  that  in  studying  the  main  problems  of  reactions  in  the  silicate 
melts  of  many  components  it  will  always  be  found  to  be  true  that 
while  answers  which  are  complete  from  a  scientific  pqint  of  view 
are  rarely  possible,  still  as  the  study  progresses  there  are  con- 
stantly occurring  ideas  based  on  reasoning  along  lines  of  analogy 
which  are  susceptible  of  adaptation  to  practice.  In  the  actual 
operation  of  the  laboratory  it  will  always  be  found  thai  where 


a  worker  would  (or  certainly  should!)  hesitate  to  offer  a  com- 
plete solution  to  any  certain  problem  he  will  have  ideas  based 
on  essentially  sound  data  that  extend  beyond  the  range  of  present- 
day  experimentation  possibilities,  but  which  nevertheless  offer 
the  best  and  safest  foundations  upon  which  to  proceed  with  prac- 
tical development  work. 

To  name  some  of  the  unsolved  problems  in  the  glass  industry 
is  to  show  in  the  most  conclusive  possible  manner  the  necessity 
of  much  greater  development  in  the  fund  of  scientific  data  and 
the  manufacturers'  dependence  upon  research.  To  name  ap- 
proximately all  of  the  problems  which  present  themselves  to-day 
in  an  important  bearing  would  exhaust  the  time  of  this  meeting 
to  the  exclusion  of  everything  else,  but  to  name  a  few  such  prob- 
lems will  illustrate  the  present  state  of  comparative  ignorance 
in  which  the  industry  is  struggling.  Much  work  has  been  done 
within  the  past  decade  but  it  represents  a  mere  beginning  which 
is  not  more  than  an  introduction  to  the  real  work  which  must 
inevitably  follow. 

What  is  seed  or  bubble  in  glass?  This  defect  in  glass  is  one 
that  is  common  to  all  kinds  of  ware  and  one  that  causes  enormous 
losses  either  directly  in  the  manufacturing  losses,  or  indirectly 
in  the  loss  of  business  because  of  superior  quality  met  with  in 
competition.  The  defect  is  known  under  a  variety  of  names, 
seed,  blister,  boil,  bubble,  etc.,  but  practically  nothing  is  known 
about  it  except  its  existence.  Many  assumptions  as  to  the  nature 
of  this  defect  have  been  made,  most  of  them  based  upon  reasoning 
that  proceeds  from  a  highly  questionable  chemical  reaction  which 
looks  well  when  written  on  paper,  but  nothing  is  known  about  the 
origin  of  the  bubble,  the  nature  of  the  material,  if  any,  filling 
the  void  in  the  glass,  or  the  conditions  necessary  to  prevent  its 
formation  or  accelerate  its  liberation. 

Concerning  the  color  of  glass  (meaning  the  great  mass  of 
commercial  glasses  which  are  supposed  to  be  substantially  color- 
less) there  has  been  considerable  investigation  but  the  subject  is 
still  in  a  very  unsatisfactory  state.  What  is  the  real  nature  of 
the  coloring  effect  or  iron  impurities  and  how  can  it  be  controlled? 
When  once  standardized  in  control  how  can  variations  in  purity  of 
the  raw  materials  be  properly  provided  for?  If  neutralizing  or 
decolorizing  agents  are  required  what  is  the  best  theory  of  over- 
coming the  residual  color  effect  of  the  original  glass  and  how  can  this 
be  applied? 

One  great  source  of  industrial  loss  is  breakage  traceable  di- 
rectly or  indirectly  to  the  anneaUng  process.  What  are  the 
relations  existing  between  the  composition  of  the  glass  and  its  re- 
quired annealing  treatment?  And  the  converse  of  the  problem 
may  be  equally  important — what  is  the  correct  annealing  treat- 
ment as  applied  to  the  particular  glass  composition  concerned? 
Another  question  along  the  same  line  is  of  perhaps  greater  im- 
mediate importance — what  ar.  the  relations  between  certain  common 
impurities  in  the  glass  and  the  necessary  corresponding  changes 
in  annealing  treatment? 

Another  very  large  problem  or  field  of  problems  Ues  in  the 
relation  existing  between  the  glass  and  the  containing  pot  or 
tank.  What  defects  are  introduced  from  this  source  and  how  may 
the  composition  of  the  glass  or  of  the  containing  vessel  be  altered 
to  produce  beneficial  effects,  or  how  may  the  process  of  manufacture 
be  changed  to  avoid  the  resulting  troubles? 

This  list  of  problems  might  be  added  to  indefinitely  but  it 
must  be  evident  from  even  this  small  list  that  the  fundamental 
problems  of  the  glass  and  allied  industries  are  far  from  a  basis 
of  satisfactory  solution.  Mechanically  the  glass  industry  has 
developed  wonderfully,  even  magically,  within  the  past  quarter 
century  and  especially  within  the  past  decade.  Chemically, 
the  glass  industry  has  stood  still.  There  must  be  an  awakening 
and  a  real  development  and  the  dedication  of  this  building  to- 
day is  a  very  significant  fact  in  this  awakening.  An  industrial 
awakening  is  always  of  necessity  a  slow  and  tortuous  process. 
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but  when  the  awakening  once  starts,  itsprogress  while  often  erratic 
must  be  in  the  right  direction.  The  whole  iield  of  development 
in  glass  technology  is  before  us  and  the  future  will  undoubtedly 
bring  forth  progress  resulting  from  scientific  application  that 
will  certainly  be  more  startUng  than  the  wonderful  progress  we 
have  already  seen  as  a  result  of  mechanical  developments. 

Even  this  brief  review  of  the  status  of  the  technologj'  of  the 
industry  and  the  manufacturers'  dependence  upon  ceramic 
research  would  be  incomplete  without  reference  to  the  pioneer 


work  of  the  famous  German  glass  firm  at  Jena.  If  any  manu- 
facturer doubts  the  dependence  of  developments  in  glassmaking 
upon  scientific  data,  let  him  refer  to  the  growth  of  the  firm  of 
Carl  Zeiss  in  Jena  where  the  development  of  manufacturing  has 
gone  hand-in-hand  with  the  development  of  the  scientific  facts 
upon  which  the  manufacturing  is  based.  There  is  no  more  com- 
plete answer  now  available  than  this  marvellous  development. 
It  is  but  typical  of  what  the  future  must  bring  forth. 

PiTTSBCRGB,  PENNSYLVANIA 


CURRENT  INDUSTRIAL  NLWS 


FRENCH  DYESTUFFS  SYNDICATE 

The  Paris  correspondent  of  the  Morning  Post,  London,  states 
that  some  interest  is  being  taken  in  financial  circles  in  the  an- 
nouncement that  a  French  national  dyestuffs  syndicate  is  to 
be  formed  with  a  capital  of  $8,000,000  to  act  in  conjunction 
with  the  British  Dyes,  Ltd.  The  shares  will  probably  be  issued 
at  the  end  of  November  and  the  Banque  de  Paris  et  des  Pays 
Bas  will  be  at  the  head  of  the  issue.  An  agreement,  it  is  under- 
stood, is  also  about  to  be  reached — if  it  has  not  already  been 
reached — by  leading  producers  of  aluminum  in  France  and  a 
strong  organization  is  to  be  formed  for  the  development  and 
control  of  aluminum  there. — A.  McMillan. 


SOUTH  AFRICAN  MINERAL  PRODUCTION 

The  total  value  of  the  mineral  output  of  the  Union  of  South 
Africa  for  1915  was  $216,948,843,  as  compared  with  $217,757,875 
in  1914.     The  production  of  the  various  minerals  was  as  follows: 

Tons  Value 

1914  1915  1914  1915 

Copper 29,326  28.970  $3,283,304  J5, 003. 107 

Tin... 3,429  3,441  1,494.676  1,190.816 

Asbestos 1,191  2,138  96,417  172,275 

Graphite 34  41  4,616  6.579 

Magnesite 572  627  6.964  7.526 

I,ead 136  180  6.700  8.812 

Zinc 352              10,627 

Salts  (including  by-products)  40.290  45,104  324,710  394.037 

Lime 66,095  68.989  523.396  530.688 

No  new  discoveries  of  new  minerals  of  any  importance  were 
made  in  South  Africa  in  1915.  Small  quantities  of  nickel, 
mica,  iron  pyrites,  kaolin  and  talc  were  produced  during  the  year. 
— M. 


NICKEL  PRODUCTION  IN  CANADA 

The  total  production  of  matte  in  1915  was  67,703  tons,  con- 
taining 39,216,165  ll)s.  copper  and  68,077,823  lbs.  nickel  valued 
by  the  producers  at  $10,352,344  The  tonnage  of  ore  smelted 
(part  being  previously  roasted)  was  1,272,283.  The  production 
in  1914  was  46,396  tons  of  matte  containing  28,895,824  lbs. 
copper  and  45,517,937  lbs.  nickel,  valued  at  $7,189,031.  The 
reported  recovery  of  nickel  from  the  ores  of  the  cobalt  district 
''as  55,324  lbs.  of  the  metal  and  200,032  lljs  of  nickel  oxide. 
The  recovery  in  1914  was  392,512  lbs.  of  nickel  oxide.  The 
exports  of  nickel  are  reported  by  the  customs  department  ns 
66,4io,4CK3  lbs.,  valued  at  $7,394,446. — M. 


SMOKELESS  COMBUSTION  AND  BY-PRODUCT 
RECOVERY 
According  to  the  Iron  and  Coal  TratU  Kriuw,  Mr.  G.  Wilkin- 
son, Harrogate,  Knglnnd,  has  dc^tignrcl  and  patented  u  new 
type  of  boiler  with  the  object  of  cliniinalinK  the  smoke  luii-uincr 
and  fumishinK  liy-prodncts  that,  otherwise,  would  be  disMpiited. 
It  is  cliiimcd  to  have  the  fi)llowinn  ciiaractiTislics:  (1)  The 
coal  is  distilled,  tiir  iinil  aiiuiKiniii  li(|ni>r  lieinK  rxtrjii'tril  a%  by- 
products; (2)  the  cdke  <il>liiincd  froin  the  loal.  wlillr  iiuiitidrscrnt, 
gravitatcK    into    llir    fuiuiirc   unci    is    llicre   ii)ii>iuinril    without 


smoke;  (3)  the  gas  after  being  denuded  of  by-products  is  also 
passed  into  the  furnace  under  considerable  pressiu-e  with  the 
necessary  air  and  bums  witli  a  smokeless  flame  tmtil  it  enters  the 
retort  flue,  where  it  is  transformed  into  radiant  heat.  This 
radiant  heat  is  absorbed  partly  by  the  retort  and  partly  by  the 
water  in  the  boiler.  Thus,  very  active  steaming  surfaces  are 
produced,  not  only  in  the  furnace,  but  upon  the  whole  flue- 
surface.  On  an  average  the  inventor  expects  to  get  from  20 
to  25  lbs.  evaporation  per  sq.  ft.  of  heating  surface.  The  boiler 
is  automatically  fed  with  the  coal  which  passes  automatically 
through  the  various  stages  of  distillation  and  combustion. — M. 


DEHYDRATION  OF  TAR 
The  distillation  of  tar  being  now  organized  in  France  in  ac- 
cordance with  an  order  prescribing  its  delivery  to  the  distillers 
with  not  more  than  4  per  cent  water,  M.  Mallet  has  published 
some  recommendations  to  gas  makers.  These  were  drawn  up 
at  the  suggestion  of  tlie  Societe  Technique  and  appear  in  the 
Journal  des  Usines  i  Cat  (October  20).  He  remarks  tliat, 
some  14  yrs.  ago,  at  Marseilles,  tar  was  dehydrated  in  a  Hignettc 
centrifugal  plant  by  which  water  was  reduced  to  i  per  cent  with 
a  production  of  6'/,  tons  per  day.  This  is  the  most  perfect 
process  but  is  not  witliin  the  power  of  ever>'  works — dccantation 
methods  depending  on  difference  of  density  being,  in  many 
instances,  alone  pos,siblc.  In  adopting  tliis  method,  it  is  pointed 
out  that  hot  tar  containing  free  carbon,  if  cooled  in  the  presence 
of  water,  absorbs  a  considerable  quantity  of  the  latter  in  the 
form  of  an  emulsion  and  causes  difficulties  in  the  subsequent 
separation.  Thus,  as  far  as  possible,  supernatant  liquid  sliould 
be  separated  at  the  outlet  of  the  hydraulic  main  and  nin  off  by 
a  separate  system  of  pipes  from  that  along  which  the  tar  posses 
and  thereby  cools.  Tar  punijied  from  tanks  may  be  conveyed 
into  a  raised  receptacle  of  capacity  considerably  higher  than  one 
railway  tank  and  provided  with  a  steam  coil  in  its  base  by  which 
tar  is  heated  to  100  or  120°  I".  In  this  case,  4.><  hrs.  heating  will 
produce  a  satisfactory  result  as  regards  dehydration.  In  filling 
the  railway  tank  from  the  intermediate  rrccptacle,  at  least  a 
3  ft.  deptli  of  tar  should  remain  in  llic  latter  after  dLvharging. 
The  pipe  delivering  the  tar  sliould  lead  direct  to  the  floor  of  the 
receptacle  in  order  to  avoid  tlie  eiiiiilsitieution  of  the  tar  in  its 
passage  with  supernatant  water,  which  latter  sliould  l>c  rrtumed 
to  the  main  t.iiiki  by  an  overflow.     M. 


FIRE  PROTBCTION  ON  SHIPS 
In  July,  "uiys  I'.ntinrrr .  ijj  inji6)  3<jj.  the  lUuiOi  Virr 
rrrveiiliiiii  Committer  i«ued  Rc<l  Hook  No.  jn.i,  dealing  with 
the  Kriiorul  c|ursliun  of  firr  pr»>lrction  for  pajMcngrr  Khip». 
I  laving  sticcial  rrgortt  to  the  fact  that  inurh  shipbuilding  wx-wk 
i«  tiiiilrr  conMdcmtion  with  a  view  to  making  gixxl  the  wattage 
ot  the  war,  the  ctiiiiuiittce  has  now  uwiinl  Krd  Honk  No.  joj. 
iiipplrnieiitiiig  the  earlier  one  and  dealing  with  "ciMi«tiAictionat 
lire  !»top»  on  pasM-iigrr  »hi|>!i.'"  nic  new  publication  may  I* 
luiid  to  deal  with  the  ron<>tnirtiiin  of  |>a«M-ngrr  ahip*  frvim  the 
lire    (mint   of    view,    with    the   ■hh^iIic   intention   of   advocating 
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subdivision  of  passenger  ships  and  use  of  fire-resisting  material, 
so  that  a  fire  at  any  given  point  may  be  more  readily  limited  to  a 
small  area,  much  as  water-tight  compartments  exist  for  limiting 
the  area  of  submersion.  The  new  book  comprises  a  chapter  on 
fire  compartments  and  one  on  fire-resisting  materials  and  also 
some  useful  appendices,  one  of  which  deals  with  certain  features 
of  the  Board  of  Trade  report  on  bulkheads,  and  another  on  char- 
coal as  an  insulating  material  on  board  ship.  Both  books  taken 
together  may  be  said  to  cover  the  whole  field  of  fire  protection 
for  passenger  ships  both  from  the  shipbuilding  and  equipment 
aspects,  and  the  question  of  administration. — M. 


SYNTHETIC  RUBBER 

The  Pall  Mall  Gazette,  I-ondon  (October  9),  learns  from  a 
well-informed  source  that  the  most  recent  synthetic  rubber  is 
of  little  or  no  practical  value.  A  prominent  Swiss  chemist  who 
has  been  in  Geimany  recently  states  that  authorities  there 
attach  no  importance  whatever  to  the  production  which  is  still 
in  the  experimental  stage  and  extremely  expensive.  The  rela- 
tive durability  of  the  latest  synthetic  rubber  still  remains  to  be 
proved  and  it  is  generally  conceded  that,  after  the  war,  the  natural 
product  will  hold  its  own  with  case. — M. 


MACHINE  TOOLS  IN  JAPAN 

It  is  only  within  the  last  10  yrs.,  says  the  Times  Engineering 
Supplement,  quoting  from  a  contemporary,  that  Japan  has 
taken  up  the  manufacture  of  machine  tools  seriously,  and  little 
progress  was  made  until  about  4  yrs.  ago,  when  the  government 
decided  that  it  was  time  to  encourage  domestic  manufactures 
with  the  object  of  checking  the  flow  of  specie  abroad  and  of  ren- 
dering the  markets  less  dependent  on  foreign  supplies.  Large 
works  containing,  roughly,  1,000  engine  lathes,  300  capstan 
lathes  and  150  drilling  machines  were  recently  completed  within 
3  mos.  of  the  first  orders  being  given  out,  over  90  per  cent  of  the 
machines  being  made  in  Japan.  In  regard  to  methods  of  manu- 
facture, jigs  and  fixtures  are  not  used  to  any  great  extent  and 
as  most  of  the  works  will  accept  any  order  that  comes  their 
way  within  their  capacity,  there  is  little  opportmiity  for  speciali- 
zation.— M.  

POSITION  OF  TIN 

According  to  an  article  in  the  Cornish  Post,  quoted  in  Mining 
World.  90  (1916),  46S,  the  position  of  tin  is  somewhat  interesting 
at  i)resent:  50  per  cent  of  the  world's  production  of  tin  (say 
60,000  out  of  a  total  of  1 20,000  tons)  is  consumed  by  the  United 
States.  The  Welsh  tin  plate  industry  is  said  to  be  50  per  cent 
smaller,  owing  to  the  war.  France  and  England  are  restricted 
in  their  use  of  tin  for  commercial  purposes  and  America  makes 
more  than  60  per  cent  of  the  world's  tin  plates.  It  is  evident 
that,  whereas  there  may  be  a  slump  iu  the  price  of  mining  com- 
modities after  the  war,  a  declaration  of  peace  would  be  followed 
by  a  substantial  rise  in  the  price  of  tin.  Even  during  the  in- 
terim there  may  be  an  advance  in  price  of  S50  to  $100  per  ton, 
or  there  may  be  a  similar  falling  back  owing  to  market  opera- 
tions. At  present  prices,  it  seems  that  the  world  can  get  all 
the  tin  it  needs.  The  general  position  seems  to  be  fairly  cheerful 
for  Cornish  mines  if  properties  like  Dolcoath,  Crofty,  East  Pool, 
Grcnville,  Tincroft  and  others  can  return  good  quantities  of 
tin  at  not  too  exorbitant  a  price,  0\ving  to  scarcity  of  labor, 
cost  of  coal,  explosives  and  other  materials.— M.' 


NATURAL  DYE  FROM  PORTO  RICO 

The  British  Vice-Consul  at  Mayaguez,  says  Chemical  Trade 
Journal,  59  (1916).  420,  has  forwarded  to  London  a  sample  of 
a  native  root  known  as  "sweet  ginger  (gengibrillo),"  from  which 
seemingly  a  dye  can  be  extracted.  "Gengibrillo"  is  the  root 
of  a  plant  which  grows  wild  in  the  mountainous  parts  of  Porto 


Rico,  especially  in  damp  places  and  along  the  banks  of  small 
rivers  and  streams.  No  accurate  data  seems  to  be  given  as  to 
the  quantity  in  which  the  root  is  obtainable  but  the  British 
Consul  thinks  that  a  fair  estimate  of  the  production  of  the 
Mayaguez  district  would  be  50  tons  per  yr.  The  price  at  which 
the  product  is  being  bought  at  Mayaguez  from  the  farmer  is 
$1  per  100  lbs.  in  the  raw  state.  The  root,  which  contains  75 
per  cent  moisture,  is  prepared  for  shipment  by  slicing  into  very 
fine  pieces  and  then  exposing  to  the  sun  for  drying  during  which 
operation  it  shrinks  considerably. — M. 


SIBERIAN  METALLURGY 

According  to  a  report  in  Engineering,  102  (1916).  436,  new  iron 
and  steel  plants  seem  to  be  in  contemplation  in  Siberia.  A 
meeting  was  recently  held  between  representatives  of  the  Russian 
government  and  the  Russian  iron  trade  and  it  was  decided  to 
raise  a  capital  of  $10,300,000,  the  interest  to  be  guaranteed. 
The  government  is  to  lease  for  a  term  of  40  >ts.  the  district  of 
Kusnezk  where  the  proposed  works  are  to  be  situated  and  the 
company  is  to  supply  a  fixed  tonnage  of  rails  and  other  railway 
material  annually.  The  district  has  coal  and  iron  deposits 
estimated  at  a  total  of  over  26,000,000  tons  and  the  ore  yields 
from  58  to  65  per  cent  iron. — -M. 

CEMENT  INDUSTRY  IN  JAPAN 
The  cement  industry  in  Jajjan  which  seems  to  have  been  at  a 
low  ebb  for  a  long  time  after  191 1,  owing  to  the  reduced  demand 
and  increased  output,  experienced  a  marked  improvement 
last  year,  which  has  developed  during  1916.  According  to  a 
London  contemporary,  the  present  price  is  about  double  that 
ruling  at  the  beginning  of  the  year,  as  a  result  of  the  great  ac- 
tivity of  the  export  market  and  the  increased  domestic  demand. 
Exports  have  gone  up  steadily  from  67,651  bbls.,  worth  $163,500 
in  191 1  to  668,613  bbls.  worth  $1,229,000  last  year.  It  is  ex- 
pected that  the  current  year's  exports  will  be  about  1,000,000 
bbls.  Stocks  of  European  cement  in  oriental  markets  have  been 
exhausted.  There  are  16  cement  companies  in  Japan  and  20 
factories. — -M.  

MINERALS  IN  PANAMA 
There  is  evidence,  says  Mining  World,  91  (1916),  492, 
of  the  existence  of  coal,  copper,  gold,  iron,  petroleum  and  salt 
in  Panama,  but,  beyond  gold,  none  of  these  minerals  are  at 
present  worked.  Coal  mines  and  petroleum  wells  exist  in  the 
districts  of  Macaracas  and  Tonosi  iu  the  Province  of  Los  Santos. 
Practically  all  the  gold  exported  comes  from  the  Darien  gold 
mines  which  are  in  the  Province  of  Panama.  Nearly  all  the 
streams  of  the  country  bear  evidence  of  gold  but  the  difficulties 
in  the  way  of  practical  working  seem  to  be  insurmountable; 
6,807  0/..  fine  gold  valued  at  about  $144,475  and  118,435  oz. 
silver  valued  at  $74,745  were  produced  in  the  course  of  a  single 
year.— M. 


EFFECT  OF  ACID  ON  ALUMINUM 
At  the  opening  meeting  of  the  Chemical  Society,  London,  a  series 
of  strips  of  an  aluminum  alloy  were  exhibited,  demonstrating 
the  eflect  of  traces  of  water  in  inhibiting  the  action  of  organic 
acids  in  particular  upon  the  metal.  It  was  shown  that,  whereas 
99.9  per  cent  acetic  acid  had  a  solution  rate  of  4  mg.,  the  re- 
moval of  the  last  traces  of  water  to  form  the  anhydrous  acid 
raises  the  solution  rate  to  over  200  mg.  Other  strips  of  similar 
alloys  illustrated  the  local  action  of  acids  under  certain  condi- 
tions of  temperature  and  concentration,  the  factors  determining 
whether  pitting  takes  place  or  not.  This  exhibit  forms  part  of 
an  extensive  research  on  the  subject  being  carried  out  by  Messrs. 
Scligman  and  Williams. — ^M. 
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A  "COMPOUND  GAS" 
According  to  the  Iron  and  Steel  Review,  it  has  been  asserted 
by  Dr.  W.  Zimmerraann,  of  Worms,  that  blast-furnace  gas  can 
be  improved  by  blowing  it  through  a  coke  oven.  By  experiments 
made  with  a  small  Otto  coke-oven,  he  found  that  the  gas  mixture 
thus  produced  (for  which  he  suggested  the  name  of  compound 
gas)  contained  less  carbon  dioxide  and  less  nitrogen  than  when 
the  two  gases  were  mixed  cold  in  the  usual  way.  At  the  same 
time,  it  contained  more  hydrocarbons  both  light  and  heavy  and, 
consequently,  had  a  higher  calorific  value — in  one  case  as  much 
as  13.6  per  cent — as  compared  with  the  cold  mixture.  More- 
over, passing  the  furnace  gas  through  the  oven  over  the  coked  mass 
lowered  the  temperature  of  the  nascent  coke-oven  gas  and  pre- 
vented the  decomposition  of  some  of  the  ammonia  already  formed, 
a  considerable  amount  of  which  was  lost,  especially  during  the 
last  hours  of  the  carburizing  period.  According  to  the  author's 
results,  the  yield  of  ammonia  was  increased  by  25.2  per  cent, 
as  compared  with  that  obtained  from  coke-oven  gas  in  the 
ordinary  way.  The  cooling  of  the  coke-oven  did  not  increase  the 
amount  of  gas  fuel  required  nor  prolong  the  carburizing  period 
which  usually  takes  36  hrs.,  nor  did  the  blowing  of  blast-furnace 
gas  through  the  coke  oven  have  any  effect  on  the  quality  of 
the  coke  produced. — M. 

BOARD  OF  TRADE 

During  the  month  of  November  the  British  Board  of  Trade 
received  inquiries  from  firms  in  the  United  Kingdom  and  abroad 
regarding  sources  of  supply  of  the  following  articles.  Firms  that 
may  be  able  to  give  information  regarding  these  things  are  asked 
to  communicate  with  the  Board  of  Trade,  73  Basinghall  St., 
London. 


into  acetic  acid  in  large  quantities  and  without  loss  of  material. 
— M. 


Agar  agar,  Japanese 

Chemicals; 

Barium  aluminate 

Bleaching  powder 

Pyrogallic  acid 

Potassium  carbonate 

Sodium   bicarbonate,    for   aerated 
water  manufacture 

Stcarate  of  lime 

Zinc  sulfide 

Aniseed 

Arome    de    buerre    A,    margarine 
flavoring 
Cigarette  case",  metal 
Earthenware  household  utensils 
Enamelled  ware 

Glasswartj: 

Glass  chimneys 

Surgical  glassware 

Thermometer  glass 

Glass  for  hypodermic  syringes 
Gramophone  motors 
Lactose 

Maciiinury  and  Plant: 
GInss  grinrling  machines, 
for  making  clastic  webs 
for  making  fabric  for  gloves 


for  makinc:  fancy  cords 
for  spinning  lisle  thread 
Machinery  and  Plant  (Conl.): 
for  embossing  names  and  num- 
bers on  metal  strips 
for  making  tallow  candles 
for  making  press  buttons 
Aerators  for  aquaria 
Braiding    machines    for    covering 

hat  wire 
Chenille  making  machines 
Gimping  machines 
Sewing  machines 

etcrs  for  use  with  dentists' 


Oil  . 


c  fined 


ultran 


Oil.  cotton,  sweet 
Point,  luminous 
Paper,  litii 
Pigments, 

tian  red 
Pencil,  cedar 
Sugar  of  milk 
Stationery,    envelopes 

note-paper.       pictur 
Tubes,  collapsible,  for  liquid  ccmcni 
Wire,    suitable    for    covering    violii 

strings 
Wire,  rustless,  iron  — M 


note-books, 
post -cards 


ACETIC  ACID  FROM  ACETYLENE 
Acetic  acid  now  plays  an  iniporlaiU  part  in  the  technical  world 
and  large  (luantilies  arc  !)einK  used  in  the  niiiiuifacturc  of  dyes. 
The  basis  for  the  production  of  acetic  acid  is  the  so-called  "acetic- 
lime,"  which  is  produced  from  pyroligncous  acid.  In  iiornml 
times,  acetate  of  lime  can  be  obtained  in  hirnc  quantities  frimi 
North  Aincrica,  and  attempts  have  also  been  made  to  get  the  acid 
by  the  eliclrolvsis  i>f  alcohol.  Now  that  the  war  has  sIo|>|m-<I 
importation  from  abroad,  says  the  ('i7  und  (olor  Trntic  Journal, 
a  larRC  (lerman  firm  is  usiiiK  acetylene  subjected  to  an  ainxlic 
oxidation  with  the  aid  of  an  acid  electrolyte  containiiiK  iniick- 
silver  as  a  source  of  acetic  acid.  The  eleitrolysis  is  eftected 
preferably  in  a  snlfiiric  acid  snliition  with  or  withimt  iliapliniKin-;, 
but  other  acid  electrolytes  can  also  Ih>  cinploved  I-'nr  the 
anodes  various  materials  can  be  used.  c.  g  ,  platinum,  lead  unci 
oxiile  of  iron,  provided  their  nntiire  is  such  as  to  bear  the  action 
of  an  iiniidic  .iiiniil        In  llii-.  way,  acetylene  can  be  transfurmrd 


METAL-WORKING  GAS  FURNACES 
Some  details  are  given  in  a  French  contemporar>'  concerning 
gas-fiuuaces  just  installed  for  metal-working  by  the  Paris  firm 
of  Van  Nuxem  and  Bonnasseau.  Four  furnaces  consisting  of 
Meker  burners  have  been  fitted  in  substitution  for  two  burning 
oil.  One  of  the  new  furnaces  is  for  use  in  tempering  tools,  the 
other  three  (more  correctly  described  as  gas  forges)  are  for  the 
heating  of  steel  bars  in  drawing  out  the  ends  to  a  length  varying 
with  the  diameter  in  order  to  form  a  si^ecies  of  tongue  and  thus 
facilitate  the  further  drawing  of  bars.  The  latter  range  in  diam- 
eter from  '/,  in.  to  4',',  in.  and  in  length  from  10  to  20  ft.  They 
are  supported  on  arms  and  heated  to  redness  over  a  length  of 
from  12  to  16  in.  The  end  portion.  8  to  12  in.  in  length,  is 
then  thinned  by  power-driven  rams.  The  burners  are  suppUed 
with  a  mixture  of  gas  and  compressed  air.  each  furnace  consuming 
350  to  420  cu.  ft.  per  hr.  The  combustion  of  the  gaseous  mix- 
ture takes  place  against  an  inclined  wall  immediately  over  the 
furnace  hearth  and  it  thus  envelopes  the  whole  of  the  latter  in  a 
sheet  of  flame  into  which  the  bars  are  thrust-  It  is  found  that 
about  1 1 ,000  cu.  f t.  of  gas  are  sufficient  for  the  treatment  of  some  50 
tons  of  the  steel  bars  and  the  results  have  proved  satisfactory. 
-M. 


WOLFRAM  ORES  FOR  HIGH-SPEED  STEEL 
It  is  stated  in  the  Eleclricinn  that  8  sq.  mi.  of  wolfram-bearing 
ore  have  been  located  at  Hatch's  Creek,  North  Territory.  Aus- 
tralia. Developments  in  this  direction  in  Australia  will  be 
watched  with  close  interest  in  view  of  the  fact  that  previous  to 
the  war  the  extraction  of  tungsten  from  wolfram  ore  formed 
an  important  German  monoimly.  The  High-SiK-ed  .\lloy  Com- 
pany established  at  Widnes  by  31  firms  interested  in  the  making 
of  high-speed  steel,  is  already  said  to  l>e  producing  a  first-class 
article  and  is  keeping  in  close  touch  with  other  parts  of  the  worid 
where  tungsten-bearing  ore  is  Ixring  discovered. — M. 


MELTING  SCRAP  ALDMmUM 

There  are  two  ways.  s;iys  the  Practical  Engintfr.  of  melting 
altuninum  scrap,  in  one  of  which  you  lost-  a  lot  of  actual  metal 
and  in  the  other  you  get  back  the  bulk  of  that  which  is  not 
already  oxidized.  It  is  a  curious  fact  that,  with  this  inrtal.  the 
oxide  is  so  nearly  of  the  same  s|>ccific  gravity  as  the  mrtal  that 
it  does  not  allow  of  the  molten  metal  clearing  itsrif  when  in  small 
globules  or  grains  and.  for  this  rca.son,  mi-chaiiical  aid  has  to  be 
employed.  In  practice,  therefore,  the  scrap  is  s<i  far  hrittrti  in 
the  crucible  that  it  Ik-coiucs  a  (Nisty  mass  in  which  state  it  is 
s<iueezed  and  kneaded  for  some  time  with  preferably  an  oak  or 
other  hardwood  ro<l  of  fair  cross  area,  and  then  the  heat  is 
raised  and  with  some  manipulation  of  the  r<id  the  metal  is  got 
char  of  the  «lr<»s  and  dust  It  inelt«'<l  rapidly  u  tlitty  mas<  of 
metal  anil  oxide  is  produced  with  a  heavy  loss  of  actual  metal 
held  in  the  skiininiuKS  from  which  it  raniiol  get  clear.  owinK  to  its 
light  weight  ■    M        |S«f  C.n.i.KTT.  p   ,\3,  of  Tllis  l«tic  ) 


TANNING  MATERIALS  IN  RUSSU 
.\ccordinK   lo  the  Skandtnariky  I.istok.  the   Mliialinn  i>(   the 
leather  market  in  Russia  is  very  Iwd.     There  is  a  scarvity  of 
taiinini!  materials  anil  the  priix  of  Iwrk  has  gunc  up  considcmhly. 
Extracts,   which  licfore  the  war  were  sold  at   4  rubles  per  lb  . 
now  cost  rtlxiut  nine  times  that  amount       IIowtx.         '         ■    •. 
of  thiniEs  may  ohanitr  l>cfi>tr  Ihiik  .ikiI  ptuvs  «ill  i •■ 
lici"ttusc    rxtrnsive    forests    in    the    Cnucasus    air    l>. 
whrrr   the  iMrk   contains  a   high   (lereentaite   of   tannin.      It   1* 
announced  that  extract  works  ore  to  l«c  Imilt  under  (nxTntiitent 
I'Kiilriil  near  Tillis  -  M, 
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COAL  ANALYSIS 

FINAL  REPORT  OF  THE   JOINT  COMMITTEE   OF   THE 

AMERICAN   SOCIETY  FOR  TESTING  MATERIALS 

AND  THE  AMERICAN  CHEMICAL  SOCIETY 

The  Joint  Committee  on  Coal  Analysis,  which  has  been  at  work 
on  the  subject  since  the  fall  of  191 1,  consists  of  the  following 
members:  W.  A.  Noyes,  Chairman;  Perry  Barker,  H.  C.  Dickin- 
son, A.  C.  Fieldner,  Frank  Haas,  W.  F.  Hillebrand,  S.  W. 
Parr,  S.  S.  Voorhees,  A.  H.  White. 

The  work  of  the  joint  committee  has  been  carried  on  chiefly 
through  the  agency  of  the  following  sub-committees: 

I — Preparation  of  Laboratory  samples  including  loss  of 
moisture  in  sampling:  Fieldner,  Chairman;  Haas,  Hillebrand, 
Voorhees,  Parr  and  Barker. 

II — Moisture:  Hillebrand,   Chairman;  Fieldner,  Parr. 

Ill — Deterioration:  Parr,  Chairman;  Fieldner,  Haas,  Dickin- 
son. 

IV — Volatile  Matter:  Parr,  Chairman;  Fieldner,  Haas,  Dick- 
inson. 

V — Fixed  Carbon  and  Ash:  Parr,  Chairman;  Fieldner,  Hille- 
brand. 

VI — Sulfur:  Barker,  Chairman;  Voorhees,  Dickinson. 

VII — Phosphorus:  Hillebrand. 

VIII — Ultimate  Analysis:  Fieldner,  Chairman;  Parr,  White. 

IX — Calorimetric  Determination:  Dickinson,  Chairman; 
Haas,  Barker. 

Three  preliminary  reports  have  been  published,  one  in  This 
Journal,  5  (191 3),  517;  a  second  as  the  Report  for  1914  of 
Committee  E-4  in  Vol.  XIV  of  the  Proceedings  of  the  American 
Society  for  Testing  Materials;  the  third  as  the  tentative  iinal 
report  in  1915.  The  present  report  is  the  same  as  the  report 
submitted  in  1915  with  the  exception  of  a  few  verbal  changes. 
The  report  has  been  accepted  by  letter  ballot  as  the  official, 
final  report  of  the  American  Society  for  Testing  Materials  and 
is  recommended  for  the  use  of  chemists  and  as  a  basis  for 
specifications  to  be  used  in  the  purchase  of  the  coal.  (Many 
details  given  in  the  preliminary  reports  are  not  repeated  here.) 

The  report  has  been  unanimously  approved  by  the  members 
of  the  committee  and  has  been  approved  by  the  Supervisory 
Committee  on  Standard  Methods  of  Analysis  of  the  American 
Chemical  Society. 

Respectfully  submitted  on  behalf  of  the  joint  committee, 
W.  A.  Noyes,  Chairman 
FREPABATION  OF  LABORATOBT  SAMPLES 
APPARATUS 

Air-Drying  Oven — -The  oven  is  to  be  used  for  air-drying  wet 
samples  and  may  be  of  the  form  shown  in  Fig.  I.  This  is  not 
absolutely  necessary  but  is  economical  where  many  wet  samples 
are  received.' 

Gahanized-Iron  Pans  18  by  18  by  I'/s  in.  Deep  for  air-drying 
wet  samples. 

Balance  or  Solution  Scale  for  weighing  the  galvanized-iron 
pans  with  samples.  It  should  have  a  capacity  of  5  kg.  and 
oe  sensitive  to  0.5  g. 

Jaw  Crusher  for  crushing  coarse  samples  to  pass  a  4-mesh 
sieve. 

Roll  Crusher  or  Coffee-Mill  Type  0}  Grinder  for  reducing  the 
4-mesh  product  to  20-mesh.  The  coffee-mill  type  of  grinder 
should  be  entirely  enclosed  and  have  an  enclosed  hopper  and  a 

»  For  details  of  air-drying  oven  see  Bownocker,  Lord  and  Somcrmeier, 
"Coal,"  Bull.  9,  4th  Series,  Ohio  Geological  Survey,  p.  312  (1908);  or  F. 
M.  Stanton  and  A  C.  Fieldner,  "Methods  of  Analyzing  Coal  and  Coke," 
Technical  Paper  No.  S,  Bureau  of  Mines,  p.  4  (1912);  or  E.  E.  Somermeier, 
"Coal,  Its  Composition,  Analysis,  Utilization  and  Valuation,"  p.  71,  Mc- 
Graw-Hill Book  Co.  (1912). 


receptacle  capable  of  holding  lo  lbs.  of  coal.     This  is  to  reduce 
the  moisture  losses  while  crushing. 

Abbe  Ball  Mill,  Planetary  Disk  Crusher,  Chrome-Steel  Bucking 
Board,  or  any  Satisfactory  Form  of  Pulverizer  for  reducing  the 


Fig.  I — Drier  for  Coarsb  Samples 
The  outlet  for  air  at  the  top  may  be  connected  with  a  chimney  or  any 
other  device  which  will  furnish  a  suitable  draft.     (Bulletin  No.  9,  Geological 
Survey  of  Ohio,  p.  312) 

20-mesli  product  to  6o-mesh.  The  porcelain  jars  for  the  ball 
mill  should  be  approximately  9  in.  in  diameter  and  10  in.  high. 
The  flint  pebbles  should  be  smooth,  hard  and  well  rounded. 

A  Large  Rifjie  Sampler,  with  V2-  "r  '/g-  in.  Divisions  for 
reducing  the  4-mesh  sample  to  10  lbs.  (Fig.  II).' 

A  Small  Rifle  Sampler,  with  '/«  or  '/s  in.  Divisions  for  divid- 
ing down  the  20-  and  6o-raesh  material  to  a  laboratory  sample 
(Fig.  II). 

An  8-in.  60-mesh  Sieve  with  Cover  and  Receiver. 


Via.  II — RisFUB  Sampler 
(.Bulletin  No.  9,  Geological  Survey  of  Ohio.  p.  313) 

Containers  for  Shipment  to  Laboratory — Samples  in  which  the 
moisture  content  is  important  should  always  be  shipped  in 
moisture-tight  containers.     A  galvanized-iron  or  tin  can  with  a 

'  E.    E.    Somermeier,   "Coal,    Its    Composition,    Etc.."    McGraw-Hill 
Book  Co.  (1912). 
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screw  top  which  is  sealed  with  a  rubber  gasket  and  adhesive  tape 
is  best  adapted  to  this  purpose.  Glass  fruit  jars  sealed  with 
rubber  gaskets  may  be  used,  but  require  very  careful  packing 
to  avoid  breakage  in  transit.  Samples  in  which  the  moisture 
content  is  of  no  importance  need  no  special  protection  from  loss 
of  moisture. 

METHOD   OF   SAMPLING 

(A)  When  Coal  Appears  Dry — ^If  the  sample  is  coarser  than 
4-mesh  (0.20  in.)  and  larger  in  amount  than  10  lbs.,  quickly 
crush  it  with  the  jaw  crusher  to  pass  a  4-mesh  sieve  and  reduce 
it  on  the  larger  riffle  sampler  to  10  lbs.;'  then  crush  at  once  to 
20-mesh  by  passing  through  rolls  or  an  enclosed  grinder,  and 
take,  without  sieving,  a  60-g.  total  moisture  sample,  immediately 
after  the  material  has  passed  through  the  crushing  apparatus. 
This  sample  should  be  taken  with  a  spoon  from  various  parts 
of  the  20-mesh  product,  and  should  be  placed  directly  in  a 
rubber-stoppered  bottle. 

Thoroughly  mix  the  main  portion  of  the  sample,  reduce  on 
the  small  riffle  sampler  to  about  120  g.,  and  pulverize  to  60- 
mesh  by  any  suitable  apparatus  without  regard  to  loss  of 
moisture.  After  all  the  material  has  been  passed  through  the 
60-mesh  sieve,  mix  and  divide  it  on  the  small  riffle  sampler  to 
60  g.     Transfer  the   final   sample   to  a  4-0Z.   rubber-stoppered 


Fic.  Ill — ToLDENB  OR  Glvcbrin    and  Watkr  Ovkn  for  Dktbrminino 

MoiSTtIRK 

(Technical  Paper  No.  76,  Bureau  of  Mines,  p.  16) 

bottle.     Determine  moisture  in  both  the  60-  and  the  20-mcsh 
samples  by  the  method  given  under  moisture. 

Computation — Compute  the  analysis  of  the  60-nicsli  coal, 
which  has  become  partly  air-dried  during  sampling,  to  the  dry- 
coal  basis,  l)y  dividing  each  result  by  i  minus  its  content  of 
moisture.  Compute  the  analysis  of  the  coal  "as  received"  from 
the  dry-coal  analysis  by  multiplying  by  1  iiiiiuis  the  tot.d  mois- 
ture found  in  the  20-mesh  sami)k'. 

(B)  When  Coal  Appears  H'W— Spread  the  sample  on  tared 
pans,  weigh,  and  air-dry  at  room  temperature,  or  in  Ihc  special 
drying  oven,  shown  in  I'ig.  I,  at  10  to  15  "  C,  al)Ovc  room  tcni 
pcrature,  and  weigh  again.  The  drying  should  be  continued 
until  the  loss  in  weight  is  not  more  than  <>.  i  per  cent  per  hour. 
Complete  the  sampling  as  under  dry  coal. 

Computation— Correct   tlie   moisture   found   in    the    j<>  incsh, 
airdricd  sample  to  total  moisture  "as  received,"  as  follows: 
(100—  %  Air-ilryiiiK  \.m%)  X  C;.  Molnlure  In  ?()-nie«h  Coal) 
100 
-t-  %  Alr-drylnii  I.oti  -  Total  Mol»«ur«  "••  rccclvcil" 

Compute  the  uiiulysin  to  "dry-coal"  luul  "as-rcccivrd  '  lmsc-4 
as  under  dry  coal,  using  for  the  "as  receivrd"  compulation  the 
■  If  ths  Mmpla  \t  cruibcti  to  priM  >  O.nicili  Kr««n  It  may  b*  rr<luc«<l  to 
SIbi. 


total  moisture  as  found  by  the  formula  in  place  of  the  moisture 
found  in  the  20-me5h  coal. 

NOTES — Freshly  mined  or  wet  coal  loses  moisture  rapidly  on  exposure 
to  the  air  of  the  laboratory,  hence  the  sampling  operations  between  opening 
the  container  and  taking  the  20-mesh  total-moisture  sample  must  be  con- 
ducted with  the  utmost  dispatch  and  with  minimum  exposure  to  air. 

The  accuracy  of  the  method  of  preparing  laboratory  samples  should 
be  checked  frequently  by  resampling  the  rejected  portions  and  preparing 
a  duplicate  sample.     The  ash  in  the  two  samples  should  not  differ  more 

than  the  following  percentages. 

Per  cent 

No  carbonates  present 0.4 

Considerable  carbonate  and  pyrite  present 0.7 

Coals  with  more  than  12  per  cent  ash,  containing  considerable 

carbonate  and  pyrite '  ■  o 

DETERMINATION  OF  MOISTTTRE 

APPARATUS 

Moisture  Oven — This  must  be  so  constructed  as  to  have  a 
uniform  temperature  in  all  parts  and  a  minimiun  of  air  space. 
It  may  be  of  the  form  shown  in  Fig.  III.  Provision  must  be 
made  for  renewing  the  air  in  the  oven  at  the  rate  of  two  to  four 
times  a  minute,  with  the  air  dried  by  passing  it  through  con- 
centrated sulfuric  acid. 

Capsules  with  Covers — A  convenient  form,  which  allows  the 
ash  determination  to  be  made  on  the 

same   sample,   is   the  Royal   Meissen  ["  'v  "j 

porcelain  capsule  No.  2,   '/s  in.   deep  L.^  ,-<>°* 

and  I'/i  in.  diameter;  or  a  fused  silica  | '  ^y ' , 

capsule  of  similar  shape.      This  is  to  be  |, /<• >l 

used  with  a  well-fitting  flat  aliuninum 

cover,  illustrated  in  Fig.  W.  \^ ,r    ..     .  ^ 

Glass    capsules    wiUi     ground-glass  1  1 

caps  may  also  be  used.  They  should  ~^ 
be  as  shallow  as  possible,  consistent  ■  . 
with  convenient  handling.  \  / 

METHOD  — " 

{A)  Sixty-Mesh  Sample-Heat  the  F'"  "'-''°!:'"'r.5:;- 
empty  capsules  under  the  conditions  ^^^  covbh 

at   which    the    coal    is    to    be    dried, 

stopper  or  cover,  cool  over  concentrated  sulfuric  acid  (sp.  gr. 
1.84)  for  30  minutes,  and  weigh.  Dip  out  with  a  spoon  o.- 
spatula  from  the  sample  bottle  approximately  i  g.  of  coal; 
put   this  quickly   into   tlie  capsule,  close,  and  weigh  at  once. 

An  allenialive  procedure  (more  open  to  error),  after  trans- 
ferring an  amount  slightly  in  excess  of  1  g.,  is  to  bring  to  exactly 
I  g.  in  weight  (  ±0.5  ing.)  by  quickly  removing  the  excess  weight 
of  coal  with  a  spatula.  Tlic  utmost  dispatch  must  be  used  in 
order  to  minimize  the  exposure  of  tlie  coal  until  Uic  weight  is 
found. 

After  removing  the  covers,  quickly  place  the  capsules  in  a 
preheated  oven  (at  104  to  110°  C.)  through  which  passes  a 
current  of  air  dried  by  concentrated  sulfuric  acid.  Close  the 
oven  at  once  and  heat  for  i  hour.  Then  open  Uic  oven,  coxxr 
the  capsules  (luickly  and  place  them  in  a  desiccator  over  con- 
centrated sulfuric  acid.     When  cool,  weigh, 

(fl)  Ttirnly-Mfsk  Sample  Isc  jK  samples  weiRhcd  with 
an  accuracy  of  j  mg.  and  heat  for  i',i  hours;  the  pnxxdure  U 
otherwise  the  same  as  with  the  60-mcsJi  sample.  NJethixJs  of 
greater  accuracy  for  the  detcnnination  of  moisturrr  arc  «i\Tn 
in  the  preliminary  report 

The    pfrmisiihtf    differrnifs    in    dnf>li(aU    Jflfrmitutltons    arc 

Sam*  Am»i.t«t  DirrmaawT  Ai«*lt«i« 
Mol.tur*  over  }  pet  «ot 0..lp«c»««  O.S  p«  e^l 

DBTiaMIMATtON  OF  ABB 

ArrAHATV* 

(„i>  .  '  ;/,,;'!.  Mufle  ht.tH,>.f  Ihf  munic  iJi.mld  have  sixxl 
air  .iteulalioii  and  Ik-  cttt»«blc  of  having  its  temperature  rcju- 

l.itr.l  l.rt«m<  7<»i  lliul   7\»*  C 
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Porcelain  Capsules — Royal  Meissen  porcelain  capsules  No.  2 
Vs  in.  deep  and  I'/i  in.  in  diameter   or  similar  shallow  dishes. 

METHOD 

Place  the  porcelain  capsules  containing  the  dried  coal  from 
the  moisture  determination  in  a  cold  muffle  furnace  or  on  the 
hearth  at  a  low  temperature  and  gradually  heat  to  redness  at 
such  a  rate  as  to  avoid  mechanical  loss  from  too  rapid  expulsion 
of  volatile  matter.  Finish  the  ignition  to  constant  weight 
(±0.001  g.)  at  a  temperature  between  700  and  750°  C.  Cool  in 
a  desiccator   and  weigh  as  soon  as  cold. 

The  permissible  differences  in  duplicate  determinations  are  as 

follows: 

Same  Analyst  Different  Analysts 

No  carbonates  present 0.2  per  cent  0 .  .^  per  cent 

Carbonates  present 0.3  per  cent  0 .  5  per  cent 

Coal  with  more  than   12  per  cent  of 

ash,     containing    carbonates    and 

pyritc 0.5  per  cent  1.0  per  cent 

NOTES — Before  replacing  the  capsules  in  the  muffle  for  ignition  to 
constant  weight,  the  ash  should  be  stirred  with  a  platinum  or  nichrome 
wire.  Stirring  once  or  twice  before  the  first  weighing  hastens  complete 
ignition. 

The  result  obtained  by  this  method  is  "uncorrected"  ash.  For  "cor- 
rected" ash  see  the  preliminary  report.  The  actual  mineral  matters  in  the 
original  coal  are  usually  very  different  in  weight  and  composition  from  the 
weight  of  the  "uncorrected"  ash. 

DETERMINATION  OF  VOLATILE  MATTEE 

APPARATUS 

Platinum  Crucible  with  Tightly  Fitting  Cover — The  crucible 
should  be  of  not  less  than  lo  nor  more  than  20  cc.  capacity;  of 


Piafinum  rhodium-  ■ 
Fig.  V — Electric  Tube  Furnace  for  Determininc.  Volatile  Matter 

For  110-volt  alternating  current,  60  ft.  of  nichrome  wire.  No.  17  B.  & 
S.  gauge,  will  give  the  required  temperature.  The  temperature  must  be 
controlled  by  an  external  resistance. 

(.Technical  Pafer  No.  76,  Bureau  of  Mines,  p.  21) 

not  less  than  25  nor  more  than  35   mm.  diameter;  of  not  less 
than  30  nor  more  than  35  mm.  height. 

Vertical  Electric  Tube  Furnace;  or  a  Gas  or  Electrically  Heated 


Muffle  Furnace — The  furnace  may  be  of  the  form  shown  in 
Fig.  V.  It  is  to  be  regulated  to  maintain  a  temperature  of 
950°  C.  (±20°  C.)  in  the  crucible  as  shown  by  a  thermo- 
couple kept  in  the  furnace.  If  the  determination  of  volatile 
matter  is  not  an  essential  feature  of  the  specifications  under 
which  the  coal  is  bought   a  Meker  burner  may  be  used. 

METHOD 

Weigh  I  g.  of  the  coal  in  a  weighed  10  to  20  cc.  platinum 
crucible,  close  with  a  capsule  cover  and  place  on  platinum  or 
nichrome-wire  supports  in  the  furnace  chamber,  which  must  be 
kept  at  a  temperature  of  950°  C.  (±20°  C).  After  the  more 
rapid  discharge  of  volatile  matter  has  subsided,  as  shown  by  the 
disappearance  of  the  luminous  flame,  tap  the  cover  lightly  to 
seal  the  crucible  more  perfectly  and  thus  guard  against  the 
admission  of  air.  After  heating  e.xactly  7  minutes  remove  the 
crucible  from  the  furnace  and  without  distiu^bing  the  cover 
allow  it  to  cool.  Weigh  as  soon  as  cold.  The  loss  of  weight 
minus  moisture  equals  the  volatile  matter. 

Modification  for  Sub-Bituminous  Coal,  Lignite  and  Peat — 
Mechanical  losses  are  incurred  on  suddenly  heating  peat,  sub- 
bituminous  coal,  and  lignite;  therefore  they  must  be  subjected 
to  a  preliminary  gradual  heating  for  5  minutes;  this  is  best  done 
by  playing  the  flame  of  a  burner  upon  the  bottom  of  the  crucible, 
in  such  manner  as  to  bring  about  the  discharge  of  volatile 
matter,  at  a  rate  not  sufficient  to  cause  sparking.  After  the 
preliminary  heating,  transfei  the  crucible  to  the  volatile-matter 
furnace  and  heat  for  6  minutes  at  950°  C.  as  in  the  regular 
method. 

The  permissible  differences  in  duplicate  determinations  are  as 

follows : 

Same  Analyst  Different  Analysts 

Bituminous  coals 0.5  per  cent  1 .0  per  cent 

Lignites .'    I.Opercent  2,0  per  cent 

NOTES — The  cover  should  fit  closely  enough  so  that  the  carbon  deposit 

from  bituminous  and  lignite  coals  does  not  burn  away  from  the  under  side. 

Regulation  of  temperature  to  within  the  prescribed  limits  is  important. 

DETEBMINATION  OF  FIXED  CAKBON 

Compute  fixed  carbon  as  follows: 

100  —  (%  Moisture  +  %  Ash  +  %  Volatile  Matter)  =  Fixed  Carbon 

DETERMINATION  OF  SULFUR  BY  THE  ESCHKA  METHOD 

."APPARATUS 

Gas  or  Electric  Muffle  Furnace,  or  Burners  for  igniting  coal 
with  the  Eschka  mixture  and  for  igniting  the  barium  sulfate. 

Porcelain,  Silica,  or  Platinum  Crucibles  or  Capsules  for  igniting 
coal  with  the  Eschka  mixture. 

No.  I  Royal  Meissen  porcelain  capsule,  i  in.  deep  and  2  in. 
in  diameter.  This  caiisule,  because  of  its  shallow  form,  presents 
more  surface  for  oxidation  and  is  more  convenient  to  handle 
than  the  ordinary  form  of  crucible. 

No.  I  Royal  Berlin  porcelain  crucibles,  shallow  form,  and 
platinum  crucible  of  similar  size  may  be  used.  Somewhat  more 
time  is  required  to  burn  out  the  coal,  owing  to  the  deeper  form, 
than  with  the  shallow  capsules  described  above. 

No.  O  or  00  porcelain  crucibles,  or  platinum,  alundum  or 
silica  crucibles  of  similar  size  are  to  be  used  for  igniting  the 
barium  sulfate. 

SOLUTIONS    AND    REAGENTS 

Barium  Chloride — Dissolve  100  g.  of  barium  chloride  in  1000 
cc.  of  distilled  water. 

Saturated  Bromine  Water — Add  an  excess  of  bromine  to  1000 
cc.  of  distilled  water. 

Eschka  Mixture — Thoroughly  mix  2  parts  (by  weight)  of 
light  calcined  magnesium  oxide  and  1  part  of  anhydrous  sodium 
carbonate.  Both  materials  should  be  as  free  as  possible  from 
sulfur. 

Methyl  Orange — -Dissolve  0.02  g.  in  100  cc.  of  hot  distilled 
water  and  filter. 
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Hydrochloric  Acid — Mix  500  cc.  of  hydrochloric  acid  (sp.  gr. 
:.2o)  and  500  cc.  of  distilled  water. 

Normal  Hydrochloric  Acid — Dilute  80  cc.  of  hydrochloric  acid 
(sp.  gr.  1.20)  to  I  liter  with  distilled  water. 

Sodium  Carbonate — A  saturated  solution:  approximately  60  g. 
of  crystallized  or  22  g.  of  anhydrous  sodium  carbonate  in  100 
cc.  of  distilled  water. 

Sodium-Hydroxide  Solution — Dissolve  100  g.  of  sodium  hy- 
droxide in  I  liter  of  distilled  water.  This  solution  may  be 
used   in   place   of   the   sodium-carbonate  solution. 

METHOD 

Preparation  of  Sample  and  Mixture — Thoroughly  mix  on 
glazed  paper  i  g.  of  coal  and  3  g.  of  Eschka  mixture.  Transfer 
to  a  No.  I  Royal  Meissen  porcelain  capsule,  i  in.  deep  and  2  in. 
in  diameter,  or  a  No.  i  Royal  Berlin  crucible  or  a  platinum  cru- 
cible of  similar  .size,  and  cover  with  about  i  g.  of  Eschka  mixture. 

Ignition — On  account  of  the  amount  of  sulfur  contained 
in  artificial  gas,  the  crucible  shall  be  heated  over  an  alcohol, 
gasoline  or  natural  gas  flame  as  in  procedure  (a)  below  or  in 
a  gas  or  electrically  heated  muffle  as  in  procedure  (i)  below. 
The  use  of  artificial  gas  for  heating  the  coal  and  Eschka  mixture 
is  permissible  only  when  the  crucible  are  heated  in  a  muffle. 

(a)  Heat  the  crucible  placed  in  a  slanting  position  on  a 
triangle,  over  a  very  low  flame  to  avoid  rapid  expulsion  of  the 
volatile  matter,  which  tends  to  prevent  complete  absorption  of 
the  products  of  combustion  of  the  sulfur.  Heat  the  crucible 
slowly  for  30  minutes,  gradually  increasing  the  temperature  and 
stirring  after  all  black  particles  have  disappeared,  which  is  an 
indication  of  the  completeness  of  the  procedure. 

(b)  Place  the  crucible  in  a  cold  muffle  and  gradually  raise  the 
temperature  to  870-925°  C.  (cherry-red  heat)  in  about  i  hour. 
Maintain  the  maximum  temperature  for  about  i  '/s  hours  and 
then  allow  the  crucible  to  cool  in  the  nmffle. 

Subsequent  Treatment — Remove  and  empty  the  contents  into 
a  200  cc.  beaker  and  digest  with  100  cc.  of  hot  water  for  '/; 
to  ^/i  hour,  with  occasional  stirring.  Filter  and  wash  the 
insoluble  matter  by  decantation.  After  several  washings  in 
this  manner,  transfer  the  insoluble  matter  to  the  filter  and  wash 
5  times,  keeping  the  mixture  well  agitated.  Treat  the  filtrate, 
amounting  to  about  250  ec,  with  10  to  20  cc.  of  saturated  bro- 
mine water,  make  slightly  acid  with  hydrochloric  acid  and  boil 
to  expel  the  liberated  bromine.  Make  just  neutral  to  methyl 
orange  with  sodium  hydroxide  or  sodium  carbonate  solution, 
then  add  i  cc.  of  normal  HCl.  Boil  again  and  add  slowly  from 
a  pipette,  with  constant  stirring,  10  cc.  of  a  10  per  cent  solution 
of  barium  chloride  (BaCl2.2H-..0).  Continue  boiling  for  15 
minutes  and  allow  to  stand  for  at  least  2  hours,  or  preferably 
over  night,  at  a  temperature  just  below  boiling.  I'ilter  through 
an  ashless  filter  jiaper  and  wash  with  hot  distilled  water  until  a 
silver  nitrate  solution  shows  no  precipitate  with  a  drop  of  the 
filtrate.  I'laic  the  wet  lillir  containing  the  precipitate  of 
barium  sulf:ilr  in  .\  \viii;lHil  iilatiniun,  porcelain,  silica  or 
alundtun  crucilili-,  alluwing  a  free  access  of  air  by  folding  the 
l)apcr  over  the  precipitate  loosely  to  prevent  spattering.  Smoke 
the  i)aper  off  gradually  and  at  no  time  allow  it  to  burn  with 
(lame.  After  the  paper  is  practically  consumed,  raise  the 
temperature  to  approximately  <;2.s°  C.  and  Ileal  to  constiint 
weight. 

The  residue  of  magnesia,  etc.,  after  leaching,  should  lie  (lis- 
solveil  in  hydnx-hlorie  acid  and  tested  with  great  cure  for  sulfur. 
When  an  appreciable  amount  Is  found  this  should  l>c  determinrd 
riuantitatively.  The  amount  of  sulfur  relaiiUMJ  is  by  no  meiins 
:i   negligible  (|uaiitity.' 

Hhniks   mill   Ciirralions     lii   :dl   tnses   a   correction   MUist   Ik- 

.ipplied  either  ( 1)  by  riuuiitiK  a  blank  exactly  us  descril>ril  uliove, 

using   the  same  amount   iif  all   reageul"!  tluil  were  rmploveil   in 

the  regular  determinalinii,  or  more  lurely  (j)  by  drIrrminiiiK  '> 

•  J.  Am.  Cktm.  Sor.,  II  l\»<)<>),  I1J3. 


kno^vn  amount  of  sulfate  added  to  a  solution  of  the  reagents 
after  these  have  been  put  through  the  prescribed  series  of  opera- 
tions. If  this  latter  procedure  is  adopted  and  carried  out,  say, 
once  a  week  or  whenever  a  new  supply  of  a  reagent  must  be  used, 
and  for  a  series  of  solutions  covering  the  range  of  sulfur  content 
likely  to  be  met  with  in  coals,  it  is  only  necessary  to  add  to  or 
subtract  from  the  weight  of  barium  sulfate  obtained  from  a  coal, 
whatever  deficiency  or  excess  may  have  been  found  in  the  ap- 
propriate "check"  in  order  to  obtain  a  result  that  is  more  cer- 
tain to  be  correct  than  if  a  "blank"  correction  as  determined 
by  the  former  procedure  is  applied.  This  is  due  to  the  fact 
tliat  the  solubility  error  for  barium  sulfate,  for  the  amounts 
of  sulfur  in  question  and  the  conditions  of  precipitation  pre- 
scribed, is  probably  the  largest  one  to  be  considered.  Barium 
sidfate  is  soluble'  in  acids  and  even  in  pure  water,  and  the  solu- 
bility limit  is  reached  almost  immediately  on  contact  with  the 
solvent.  Hence,  in  the  event  of  using  reagents  of  very  superior 
quality  or  of  exercising  more  than  ordinary'  precautions,  there 
may  be  no  apparent  "blank,"  because  the  solubility  limit  of 
the  solution  for  barium  sulfate  has  not  been  reached  or  at  any 
rate  not  exceeded. 

As  shown  in  the  preliminarj-  report,'  the  Atkinson  and  sodium 
peroxide  methods  give  results  in  close  agreement  with  the 
Eschka  method.  Regester'  has  shown  that  if  5  per  cent  of 
nitrogen  is  present  in  the  gases  contained  in  the  bomb  calori- 
meter the  sulfur  of  a  coal  is  almost  completely  oxidized  to  sul- 
furic acid  and  the  washings  of  the  calorimeter  may  be  used  for 
the  determination  of  sulfur. 

The  permissible  differences  in  duplicate  determinations  are  as 

follows : 

Sams  Analyst  DirrBiBNT  Akalyi'TS 

Sulfur  under  2  per  cent    0  05  per  cent  0. 10  per  cent 

Sulfur  over  ?  per  cent                              "    10  per  cent  ">   .'n  per  cent 

DETERMINATION   OF  PHOSPHORUS  IN  ASH 

METHOD    I — TO    COVER    ALL    CASKS 

To  the  ash  from  5  g.  of  coal  in  a  platinum  capsule  arc  added 
10  cc.  of  nitric  acid  and  .t  to  5  cc.  of  hydrofluoric  acid.  The 
liquid  is  evaporated  and  the  residue  fused  willi  3  g.  of  sodium 
carbonate.  If  unbunied  carbon  is  present  o  2  g.  of  .sodium 
nitrate  is  mixed  with  tlie  carbonate.  Tlic  melt  is  leached  with 
water  and  the  solution  filtered.  The  residue  is  ignited,  fused 
with  sodium  carbonate  alone,  the  melt  leached  and  the  st>lution 
filtered  The  combined  filtrates,  held  in  a  flask,  are  just  acidi- 
fied with  nitric  acid  and  concentrated  to  a  volume  of  too  cc. 
To  the  solution,  brought  to  a  temiH-rnturc  of  85°  C.  is  added 
50  cc.  of  molybdale  solution  and  the  flask  shaken  (or  10  min- 
utes. If  the  precipitate  dtx-s  not  fonn  j>mniplly  and  subside 
rapidly,  add  enough  ammonium  nitnitc  to  cause  il  to  do  so. 
The  precipitate  is  washed  six  times,  or  until  frtn-  from  acid,  with 
a  .'  per  cent  solution  of  ixita.ssium  nitrate,  then  rttumrtl  to  the 
flask  ami  titrated  with  standani  MKliuni  hydroxide  solution. 
The  alkali  s«>lulion  nuiy  well  l>e  made  etjuol  to  o  mxijj  g  |>ht»- 
phoriis  jK-r  cc  .  or  o  ixij  per  cent  for  a  <,  g  sample  o(  ct«al,  and 
is  0.9W  of  one  fifth  normal  •  Or  the  jihosphoni*  in  the  pre- 
cipitate is  determiiietl  by  reduction  and  titration  of  the  ninlyb- 
denum  with  iK-rmangunute. 

N«)Tli  The  •■Ivunlrxe  o(  the  uw  »(  li)r«lrwauor»c  •<*>  in  ih«  l«lll«l 
allark  of  the  a'h  He.  In  the  leMlllIni  trmov.l  o«  •iltr*  Pttitoa  »tlh  alkaU 
mrlHiHule  U  nece.uiry  («  the  elimination  o»  titanium,  •hk-h  II  pr»»«t 
ami  not  removed  will  ronlamlnale  the  pho.phomolTb.lale  and  l>  .aM  to 
Mimellmea  relani  II.  prrclpllalloa 

MKTIIKP  II 

When  fi/iinmm  11  lo  /<nr  .i.«  fi»  ffrt  no  chjnhcm.  Ihr  n.Oi  i.  dr 
conitMxwd  a»  under  Melhcxl  I,  but  eva|xirBliini  i»  c»me»l  only 
to  n  volume  of  nlxml  .^  tv      The  •«<lulion  i.»  dihilrti  with  wairr 

<  J    Am.  (  A««   S<H  .  n  IIVIO).  S*»,  M  tlVII).  U«. 

•Tmi»  Joi.iii.ai..*  (l«n),  »W 

>lhH  .%  0*>l«I.IIW 

•  tllmann  »mi  IIikIi.  Cktm   «■»..  W  ll»0»».  IM 
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to  30  cc,  boiled  and  filtered.  If  the  washings  are  turbid  they 
are  passed  again  through  the  filter.  The  residue  is  ignited 
in  a  platinum  crucible,  fused  with  a  little  sodium  carbonate, 
the  melt  dissolved  in  nitric  acid  and  its  solution,  if  clear,  added 
to  the  main  one.  If  not  clear  it  is  filtered.  The  subsequent 
procedure  is  as  under  Method  I.  The  fusion  of  the  residue  may 
be  dispensed  with  in  routine  work  on  a  given  coal  if  it  is  certain 
that  it  is  free  from  phosphorus. 

ULTIMATE  ANALYSIS 
CARBON  AND  HYDROGEN 

The  determination  of  carbon  and  of  hydrogen  is  made  with  a 
weighed  quantity  of  sample  in  a  25-bumer  combustion  furnace 
of  the  Glaser  type.  The  products  of  combustion  are  tlioroughly 
oxidized  by  being  passed  over  red-hot  copper  oxide  and  lead 
chroraate,  and  are  fixed  by  absorbing  the  water  in  a  weighed 
Marchand  tube  filled  with  granular  calcium  chloride  (CaClj) 
and  by  absorbing  the  carbon  dioxide  in  a  Liebig  bulb  contain- 
ing a  30  per  cent  solution  of  potassium  hydroxide  (KOH). 

The  apparatus  used  consists  of  a  purifying  train,  in  duplicate, 
a  combustion  tube  in  the  furnace,  and  an  absorption  train. 
The  purifying  train  consists  of  the  following  purifying  reagents 
arranged  in  order  of  passage  of  air  and  oxygen  through  them: 
sulfuric  acid,  potassium  hydroxide  solution,  soda  lime,  and 
granular  calcium  chloride.  One  of  the  trains  is  for  air  and  one 
for  oxygen.  In  the  sulfuric  acid  and  potassium  hydroxide 
scrubbing  bottles  the  air  and  the  oxygen  are  made  to  bubble 
through  about  5  mm.  of  the  purifying  reagent.  Both  purifying 
trains  are  connected  to  the  combustion  tube  by  a  Y-tube,  the 
joint  being  made  tight  by  a  rubber  stopper. 

The  combustion  tube  is  made  of  hard  Jena  glass.  Its  external 
diameter  is  about  21  mm.,  and  its  total  length  is  i  meter.  The 
first  30  cm.  of  the  tube  are  empty;  following  this  empty  space 
is  an  asbestos  plug  (acid-washed  and  ignited)  or  in  its  place  a 
roll  of  oxidized  copper  gauze  may  be  used;  the  next  40  cm. 
are  filled  with  "wire"  copper  oxide;  a  second  asbestos  plug  sepa- 
rates the  copper  oxide  from  10  cm.  of  fused  lead  chromate, 
which  is  held  in  place  by  another  asbestos  plug  20  cm.  from  the 
end  of  the  tube.  The  end  of  the  tube  is  drawn  out  for  rubber 
tubing  connection  with  the  absorption  train. 

The  absorption  train  consists,  first,  of  a  Marchand  tube 
filled  with  granular  calcium  chloride  (CaCIa)  to  absorb  mois- 
ture. The  CaClj  should  be  saturated  with  CO2  before  using. 
The  Marchand  tube  is  followed  by  a  Liebig  bulb  containing  a 
30  per  cent  potassium  hydroxide  (KOH)  solution,  in  which  any 
possible  impurities,  as  ferrous  iron  or  nitrites,  have  been  oxidized 
by  a  little  potassium  permanganate  (KMnOi).  A  guard  tube, 
containing  granular  calcium  chloride  and  soda  lime,  is  attached 
to  the  Liebig  bulb  to  absorb  any  carbon  dioxide  escaping  the 
potassium  hydroxide  solution  and  any  water  evaporating  from 
that  solution. 

The  train  is  connected  to  an  aspirator  which  draws  the  prod- 
ucts of  combustion  through  the  entire  train.  A  guard  tube  of 
calcium  chloride  prevents  moisture  from  running  back  into  the 
absorption  train.  The  suction  is  maintained  constant  by  a 
Mariotte  flask.  The  advantage  of  aspirating  the  gases  through 
the  train  rather  than  forcing  tliera  through  by  pressure  is  that 
the  pressure  on  tlic  rubber  connections  is  from  tlie  outside,  so 
that  gas-tight  connections  are  more  easily  maintained  tlian  it 
the  pressure  is  on  the  inside  of  the  tube.  The  connections  are 
made  as  tight  as  possible.  The  usual  test  for  tightness  is  to  start 
aspiration  at  the  rate  of  about  three  bubbles  of  air  per  second 
through  the  potash  bulb,  and  then  to  close  the  inlet  for  air  and 
oxygen  at  the  opposite  end  of  the  train;  if  tliere  is  no  more  than 
one  bubble  per  minute  in  the  potash  bulb,  the  apparatus  is 
considered   tight. 

Before  starting  a  determination  when  the  train  has  been  idle 
some  hours,  or  after  any  changes  in  chemicals  or  connections, 
a  blank  is  run  by  aspirating  about  i  liter  of  air  through  the  train, 


which  is  heated  in  the  same  manner  as  if  a  determination  on  coal 
were  being  made.  If  the  Liebig  bulb  and  the  tube  containing 
calcium  chloride  show  a  change  in  weight  of  less  than  0.5  mg. 
each,  the  apparatus  is  in  proper  condition  for  use. 

A  porcelain  or  platinum  boat  is  provided  with  a  glass  weigh- 
ing tube  of  suitable  size,  which  is  fitted  with  an  accurately 
ground  glass  stopper.  The  tube  and  empty  boat  are  weighed. 
Approximately  0.2  g.  of  the  air-dry  coal  (60-mesh  and  finer,  or 
better,  lOO-mesh  if  much  free  impurity  is  present)  are  quickly 
placed  in  the  boat.  The  boat  is  at  once  placed  in  the  weighing 
tube,  which  is  quickly  stoppered  to  prevent  moisture  change 
in  the  coal  while  weighing,  and  transferring  to  the  furnace. 
The  absorption  tubes  are  connected  and  the  boat  and  sample  are 
transferred  from  the  weighing  tube  to  the  combustion  tube, 
which  should  be  cool  for  the  first  30  cm.  The  copper  oxide 
should  be  red  hot  and  the  lead  chromate  at  a  dull-red  heat. 
The  transfer  of  the  boat  from  weighing  tube  to  combustion 
tube  should  be  made  as  rapidly  as  possible.  As  soon  as  the  boat  is 
in  place  near  the  asbestos  plug,  at  the  beginning  of  the  copper 
oxide,  the  stopper  connecting  with  the  purifying  train  is  inserted 
and  the  aspiration  started  with  pure  oxygen  gas  at  the  rate  of 
three  bubbles  per  second.  One  burner  is  turned  on  about  10 
cm.  back  from  the  boat,  and  the  aspiration  is  continued  carefully 
until  practically  all  the  moisture  is  expelled  from  the  sample. 
The  heat  is  then  increased  very  gradually  until  all  the  volatile 
matter  has  been  driven  off.  In  driving  off  the  volatile  matter 
the  heat  must  be  applied  gradually  in  order  to  prevent  a  too 
rapid  evolution  of  gas  and  tar,  which  may  either  escape  complete 
combustion  or  may  be  driven  back  into  the  purifying  train. 
The  heat  should  be  slowly  increased  by  turning  on  more  burners 
under  the  open  part  of  the  tube  until  the  sample  is  ignited; 
then  the  temperature  can  be  increased  rapidly,  but  care  should 
be  taken  not  to  melt  the  combustion  tube.  Any  moisture  collect- 
ing in  the  end  of  the  combustion  tube,  or  in  the  rubber  connection 
joining  it  to  the  calcium  chloride  tube  is  driven  over  into  the 
calcium  chloride  tube  by  carefully  warming  with  a  piece  of  hot 
tile.  The  aspiration  with  oxygen  is  continued  for  2  minutes 
after  the  sample  ceases  to  glow,  the  heat  is  then  turned  off  and 
about  1200  cc.  of  air  are  aspirated.  The  absorption  bulbs 
are  then  disconnected,  wiped  with  a  clean  cloth,  and  allowed  to 
cool  to  the  balance-room  temperature  before  weighing. 

„j  11.19  X  Increase  in  Weight  of  CaCIj  Tube 

Per  cent  Hydrogen  =■  ,„  .  ...    ,  ^ ; 

Weight  of  Sample 

^     ^  27.27  X  Increase  in  Weight  of  KOH  Bulb 

Per  cent  Carbon       —  -,.  .  .  . — r-= ; 

Weight  of  Sample 

The  ash  in  the  boat  is  weighed  and  carefully  inspected  for 
any  unbumed  carbon,  the  presence  of  which  would  destroy 
the  value  of  the  determination. 

Method  with  Electrically  Heated  Combustion  Furnace — An 
electrically  heated  combustion  fiunace  of  the  Heraeus  type  is 
used  by  the  Bureau  of  Mines.' 

It  consists  of  three  independent  heaters,  two  of  which  are 
provided  with  sheave  wheels,  and  are  mounted  on  a  track  so 
that  they  are  movable  along  the  tube;  the  third  heater  which 
surrounds  the  lead  chromate  is  stationary. 

The  fiuTiace  as  provided  by  the  manufacturer  does  not  in- 
clude the  small  stationary  heater.  This  can  be  made  in  the 
laboratory  by  winding  an  alundum  tube  12  cm.  in  length  with 
No.  20  nichrome  II  wire  and  enclosing  it  in  a  cylinder  packed 
with  magnesia-asbestos.  The  movable  heaters  have  very  thin 
platinum  foil,  weighing  about  9  g.  in  all,  wound  on  a  porcelain 
tube  of  30  mm.  internal  diameter.  The  larger  one,  which  heats 
the  copper  oxide,  is  350  nmi.  in  length,  and  the  smaller  one, 
which  heats  the  sample  in  the  boat,  is  200  mm.  in  length.  The 
Jena  glass  or  fused  silica  combustion  tube,  of  about  21  mm. 
external  diameter  and  900  mm.  in  length,  is  supported  by  an 
asbestos-lined  nickel  trough.  The  current  through  each  heater 
'  Technical  Paper  No.  8,  Bureau  of  Mines,  revised  edition  1913,  p.  22. 
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is  regulated  independently  by  separate  rheostats,  mounted  on 
the  frame  of  the  furnace.  The  two  platinum-wound  heaters 
require  an  average  current  of  about  4 . 5  amperes  at  a  pressure 
of  220  volts,  although  for  heating  rapidly  a  larger  amperage  is 
necessary. 

The  oxygen  or  air  entering  the  combustion  tube  is  purified 
by  passing  through  a  Tauber's  drying  apparatus,  which  con- 
tains the  following  reagents  arranged  in  order  of  the  passage 
of  air  or  oxygen  through  them:  sulfuric  acid,  for  removing 
possible  traces  of  ammonia,  30  per  cent  potassium  hydroxide 
(KOH)  solution,  granular  soda  lime,  and  granular  calcium 
chloride.  One  side  of  the  train  is  connected  directly  to  a  Linde 
oxygen  tank,  which  is  provided  with  a  reducing  valve  for  regula- 
ting the  oxygen  pressure;  the  other  side  of  the  train  is  used  for 
purifying  the  air  supply. 

The  absorption  train  consists  of  a  5-in.  U-tube,  filled  with 
granular  calcium  chloride  (CaCl;)  to  absorb  moisture.  Before 
using,  the  calcium  chloride  should  be  saturated  with  carbon 
dioxide  to  avoid  possible  absorption  of  carbon  dioxide  during  a 
determination  by  any  traces  of  calcium  oxide  that  may  be  pres- 
ent. This  saturating  is  done  most  conveniently  by  placing  a 
quantity  of  calcium  chloride  in  a  large  drying  jar,  and  filling 
the  jar  with  carbon  dioxide.  After  standing  over  night,  dry  air 
is  drawn  through  the  jar  to  remove  the  carbon  dioxide.  The 
treated  calcium  chloride  is  kept  in  well-stoppered  bottles. 

The  calcium  chloride  tube  is  connected  to  a  Vanier  potash 
bulb  containing  a  30  per  cent  potassium  hydroxide  solution 
and  granular  calcium  chloride.  Six  to  eight  determinations  can 
be  made  without  recharging  this  bulb.  The  potash  bulb  is 
connected  to  an  aspirator  through  a  guard  tube  containing 
granular  calcium  chloride  and  soda  lime,  and  a  Mariotte  flask. 
The  Mariotte  flask  keeps  the  pressure  constant. 

In  general,  the  method  of  determination  is  the  same  as  the 
one  used  with  the  gas  furnace.  By  removing  the  heaters  toward 
the  end  of  the  tube  where  the  gases  enter,  and  cutting  in  the 
electric  current,  the  air  can  be  warmed  enough  to  dry  the  tube 
and  its  contents  tlioroughly.  The  current  is  then  cut  oft  from 
the  small  heater,  and  the  large  heater  is  moved  over  the  copper 
oxide;  about  250  mm.  of  that  part  of  the  combustion  tube  be- 
tween the  two  heaters  where  the  boat  containing  the  sample 
is  to  be  placed  is  kept  exposed.  The  full  current  is  then  turned 
on  the  large  heater  to  bring  the  copper  oxide  to  a  red  heat. 
When  this  temperature  is  reached  it  is  necessary  to  reduce 
the  current  with  the  rheostat  to  avoid  melting  the  lube.  In 
the  meantime  the  absorption  train  is  weighed  and  coiniected, 
and  the  boat  containing  the  sample  is  placed  in  the  exposed 
and  cooler  part  of  the  tube  between  the  two  heaters. 

The  current  is  then  passed  through  the  shorter  heater.  By 
manipulating  the  rheostat  and  by  gradually  pushing  this  heater 
toward  the  boat,  the  rate  of  evaporalion  of  moisture  and  evolu- 
tion of  volatile  matter  can  be  readily  controlled. 

After  combustion  is  complete,  the  electric  current  is  turned 
off  tlie  smaller  heater  and  this  heater  moved  back  to  allow  the 
tube  to  cool  for  the  next  determination.  The  final  aspiration 
of  air  and  the  weighing  of  the  absorption  train  is  conducted  as 
described  under  the  gas  furnace  method. 

NOTliS"  In  plucc  of  gmiiulutiil  diCli.  loncciitnitcU  lulfuric  acUl  may 
be  used  for  cullectiiiK  the  wnler  foriiu-<l  t>y  cunibuiition.  In  inch  caics  Ihr 
air  and  oxyttcii  cntcrinK  the  combustion  tnhe  und  the  gun  Iraving  thr  potash 
bulb  must  nUo  be  dried  l)y  nulfiirlc  ncid. 

tnlier  nuitnlilc  fnrnin  of  iil>sor|ition  vrssrla  Ihiin  those  indlcrilril  in  the 
above  procedure  niiiy  be  used. 

NITKOCKN 

The  KjcldalilCiunniiig  inrdiiid  is  recoinnii-iiili'il  for  tin- 
deterininalioii  of  nitrnKen.  This  inethcKl  lias  tlu  advaMtiiKC 
over  eillicr  the  sitiiple  K  iridalil  or  the  (ttinniiiK  mellnMl.  in 
requirinK  les.s  time  for  the  complete  oxidation  of  the  otKiinic 
matter,  ntul  in  KiviuK  the  most  uniforni  reMilts. 

riir  KjeliUiM-diniiiiHH,   Mi-lhml     i)w  Kram  of  the  coal  siiniplc 


is  boiled  with  30  cc.  of  concentrated  sulfuric  acid  (HjSOi), 
7  to  10  g.  of  potassium  sulfate  (TCiSOj),  and  0.6  to  0.8  g.  of 
metallic  mercury  in  a  500  cc.  Kjeldahl  flask  until  all  particles  of 
coal  are  oxidized  and  the  solution  is  nearly  colorless.  The  boiling 
should  be  continued  at  least  2  hours  after  the  solution  has  reached 
the  straw-colored  stage.  The  total  time  of  digestion  will  be 
from  3  to  4  hours.  The  addition  of  a  few  cr>'stals  of  potassium 
permanganate  (KMnO<),  after  the  solution  has  cooled  enough  to 
avoid  violent  reaction,  tends  to  insure  complete  oxidation. 

After  cooling,  the  solution  is  diluted  to  about  200  cc.  with 
cold  water.  If  the  dilution  with  water  has  warmed  the  solution, 
it  should  be  again  cooled  and  the  following  reagents  added: 
2j  cc.  potassium  sulfide  (KiS)  solution  (40  g.  K:;S  per  literl  to 
precipitate  the  mercury;  i  to  2  g.  of  granular  zinc  to  prevent 
bumping;  and  finally  enough  strong  sodium  hydroxide  (NaOH) 
solution  (usuaHi'  80  to  100  cc.)  to  make  the  solution  distinctly 
alkaline.  The  danger  of  loss  of  ammonia  may  be  minimized  by 
holding  the  flask  in  an  inclined  position  while  the  soditim 
hydroxide  .solution  is  being  added.  The  alkaline  solution  nms 
down  the  side  of  the  flask  and  forms  a  layer  below  the  lighter 
acid  solution.  After  adding  the  alkaline  solution,  the  flask  is 
at  once  connected  to  the  condensing  apparatus  and  the  solution 
mixed  by  gently  shaking  the  flask. 

The  ammonia  (NH3)  is  distilled  over  into  a  measured  amount 
(to  cc.)  of  standard  sulfuric  acid  solution,  to  which  has  been 
added  sufficient  cochineal  indicator  for  titration.  Care  should 
be  taken  that  the  glass  connecting  tube  on  tlic  end  of  the  con- 
denser dips  under  the  surface  of  the  standard  acid.  The  solu- 
tion is  slowly  distilled  until  1 50  to  200  cc.  of  distillate  ha\'e  passed 
over.  To  avoid  mechanically  entrained  alkali  pa.ssing  over 
into  the  condenser,  the  rate  of  distillation  should  not  exceed  100 
cc.  per  hour.  The  distillate  is  titrated  with  standard  ammonia 
solution  (20  cc.  NH4OH  solution  =  10  cc.  HiSC)|  solution  = 
0.05  g.  nitrogen).  Standard  NaOH  or  KOH  solution  with 
methyl  orange  or  methyl  red  as  indicator  may  be  used  instead 
of  ammonia  and  cochineal. 

A  blank  determination  should  l)e  made  in  exactly  the  same 
manner  as  described  above,  except  that  i  g.  of  pure  sucrose 
(cane  sugar)  is  substituted  in  place  of  the  coal  sample.  Tlie 
nitrogen  found  in  this  blank  determination  is  deducted  from 
the  result  obtained  witli  the  coal  sample. 

The  potassium  sullide  and  sodium  hydroxide  may  Ixr  dis- 
solved in  a  single  stock  solution.  SutTiciont  p<it:i.ssium  sultide 
is  dissolved  in  the  water  l>efore  adding  the  sodium  hydroxide, 
to  make  a  solution  in  which  the  quantity  necessary  for  a  nitro- 
gen determination  (80  to  too  cc.  contains  1  g.  of  potassium 
sulfide).  Twelve  grams  of  |x)ta.ssiuin  .sulfide  and  jixi  g.  of  Axlium 
hydroxide  in  one  liter  of  water  are  requirixl  for  the  alwvc  pro- 
portions. 

Coke  and  aiithmcite  coiil  should  l>e  ground  to  an  irapali>able 
IHiwder,  us  thoy  are  very  difliciilt  to  oxidize.     Kven  if  this  i* 
done  the  digestion  may  require  \3  to  16  hours. 
ox\-GKN 

There  bring  no  satisfactory  direct  inrtlxMl  of  drtrnnininit 
oxygen,  it  is  computed  by  sulitractiiiK  titc  sum  of  Ihc  |wrrcntajies 
of  hydrogen.  carb<»n.  nitroKcn,  sulfur,  water  and  asJi  fr»>m  \co. 
The  result  so  ol>taiiu-<l  is  afln-tetl  by  all  the  errors  ini-iirrvd  in  the 
other  dctrrininatiims  and  es|iefiallv  by  the  chaUKr  m  wricht  of 
the  u.sh-forining  constituents  on  ignition:  in>n  pvrilr  rhanxea 
to  ferric  oxide,  iiicreusinK  the  iish  tind  cutisiuK  a  ne|!ati\T'  error 
ill  the  oxygrti  equivalent  to  three  riKhths  of  the  pyrilic  sulfur. 
t)n  the  other  hand,  there  is  always  n  loss  on  igiiilion,  of  water  of 
conit><>sitioii  from  thr  Havrv  nnd  shnlry  iMnstittients.  cnrlKNi 
dioxide  from  eiirlMinatrs,  etc  .  which  tends  to  c«Mn|>en<atr  th« 
absorfition  of  oxyi^rn. 

Corrfflrti  (^xytfn  Wlirii  a  inorr  c«>rm-t  oxygen  \i«liie  is 
desired,  it  inav  In-  oblnine<l  liv  tnaking  llic  ci)rTT>clion»  indicntcd 
in  thr  followinK  fitrniiilii 
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Corrected  oxygen 

=   100  —  [(C  —  C)  +  (//  —  H')  +  A'   +  HiO  +  S'  +  Corrected  Ash\ 

ill  which 

C  =  Total  Carbon 

C  =  Carbon  of  Carbonates 

//  =  Total  Hydrogen  —  Hydrogen  of  Water 

H'  =  Hydrogen  from  Water  of  Composition  in  Clay,  Shale,  Etc. 

N  =  Nitrogen 
HiO  =  Moisture  as  found  at  105°  C. 

S'  =  Sulfur  not  present  as  pyrite  or  sulfate.       (This  is   usually   small 
and  in  many  types  of  coal  it  may  be  disregarded  ) 

Corrected  Ash  —  Mineral  Constituents  originally  present  in  the  coal. 
(For  most  purposes  this  can  be  determined  with  sufficient  accuracy  by 
adding  to  the  ash,  as  found,  five-eighths  of  the  weight  of  pyritic  sulfur,  the 
CO2  of  carbonates  and  the  water  of  composition  of  clay,  shale,  etc.  See 
also  Ash  Dclermination). 

CALOBIMETRIC  DETERMINATION 

APPARATUS 

Combustion  Bombs — The  Atwater,  Davis,  Hmerson,  Mahler, 
Parr,  Peters,  Williams,  or  similar  bombs  may  be  used.  The 
bomb  shall  have  an  inner  snrface  of  platinum,  gold,  porcelain 
enamel,  or  other  material  which  is  not  attacked  by  nitric  and 
sulfuric  acids,  or  other  products  of  combustion. 

Calorimeter  Jacket — The  calorimeter  must  be  provided  with 
a  water-jacket  having  a  cover  to  protect  the  calorimeter  from 
air  currents.  The  jacket  must  be  kept  filled  with  water  within 
2  or3°  C.  of  the  temperature  of  the  room  (except  in  calorimeters 
which  are  totally  submerged,  where  the  jacket  temperature 
is  controlled  by  a  thermostat)  and  should  be  stirred  continuously 
by  some  mechanical  stirring  device. 

Stirring,  oj  the  Calorimeter  Water — The  water  in  the  calorim- 
eter must  be  stirred  sufficiently  well  to  give  consistent  ther- 
mometer readings  while  the  temperature  is  rising  rapidly.  The 
speed  of  stirring  should  be  kept  constant.  A  motor-driven 
screw  or  turbine  stirrer  is  recommended  and  the  speed  should 
not  be  excessive.  This  may  be  determined  by  adjusting  the 
temperature  of  the  calorimeter  to  equality  with  that  of  the 
jacket  and  allowing  the  stirrer  to  run  continuously  for  ten  min- 
utes. If  the  temperature  of  the  calorimeter  rises  more  than 
about  0.01  °  C.  in  this  length  of  time,  the  rate  of  stirring  is  ex- 
cessive. Accurate  results  cannot  be  obtained  when  too  much 
energy  is  supplied  by  the  stirring  device  or  when  the  rate  of 
stirring  is  irregular.  The  portion  of  the  stirring  device  im- 
mersed in  the  calorimeter  should  be  separated  from  that  out- 
side by  nonconducting  material,  such  as  hard  rubber,  to  pre- 
vent conduction  of  heat  from  the  motor  or  outside  air. 

Thermometers — Thermometers  used  shall  have  been  certified 
by  a  government  testing  bureau  and  shall  be  used  with  the 
corrections  given  on  the  certificate.  This  shall  also  apply  to 
electrical  resistance  or  thermo-electric  thermometers.  Correc- 
tion shall  also  be  made  for  the  temperature  of  the  emergent 
stem  of  all  mercurial  thermometers,  and  for  tlie  "setting"  of 
Beckraann  thermometers.  For  accurate  work,  either  Beck- 
mann  or  special  calorimetric  thermometers  graduated  to  o.oi 
or  0.02°  C.  are  required.  Such  thermometers  should  be  tapped 
lightly  just  before  each  reading  to  avoid  errors  caused  by  the 
sticking  of  the  mercury  meniscus,  particularly  when  the  tem- 
perature is  falling.  A  convenient  method  is  to  mount  a  small 
electric  buzzer  directly  on  the  top  of  the  thermometer  and  con- 
nect it  up  with  a  dry  cell  and  a  push  button.  The  button 
should  be  pressed  for  a  few  seconds  immediately  before  each 
reading. 

Oxygen — The  oxygen  used  for  combustions  shall  be  free 
from  combustible  material.  The  bomb  when  filled  should 
contain  at  least  5  per  cent  of  nitrogen  to  insure  complete  oxida- 
tion of  the  sulfur.'  The  total  amount  of  oxygen  contained  in 
the  bomb  for  a  combustion  shall  not  be  less  than  5  g.  per  gram 
of  coal.  But  the  combustion  must  be  complete,  as  shown  by 
'  Rcgestcr,  Tins  Journal,  6  (1914),  812. 


the  absence  of  any  sooty  deposit  on  opening  the  bomb  after 
firing. 

Firing  Wire — The  coal  in  the  bomb  may  be  ignited  by  means 
of  either  iron  or  platinum  wire.  If  iron  wire  is  used,  it  should 
be  of  about  No.  34  B.  &  S.  gauge  and  not  more  than  10  cm.  (pref- 
erably 5  cm.)  should  be  used  at  a  time.  A  correction  of  1600 
calories  per  gram  weight  of  iron  wire  burned  is  to  be  subtracted 
from  the  observed  number  of  calories. 

Standardization — The  water  equivalent  of  a  calorimeter 
can  best  be  determined  by  the  use  of  the  standard  combustion 
samples  supplied  by  the  Bureau  of  Standards.  The  required 
water  equivalent  is  equal  to  the  weight  of  the  sample  multiplied 
by  its  heat  of  combustion  per  gram  and  divided  by  the  corrected 
rise  in  temperature. 

The  calorimeter  shall  be  standardized  by  the  combustion  of 
standard  samples  supplied  by  the  Bureau  of  Standards  and 
used  according  to  the  directions  given  in  the  certificates  which 
accompany  them.  A  standardization  shall  consist  of  a  series 
of  not  less  than  five  combustions  of  either  the  same  or  different 
standard  materials.  The  conditions  as  to  the  amount  of  water, 
oxygen,  firing  wire,  method  of  correcting  for  radiation,  etc., 
under  which  these  combustions  are  made  shall  be  the  same  as 
for  coal  combustions.  In  the  case  of  any  disagreement  between 
contracting  parties  a  check  standardization  may  consist  of  two 
or  more  combustions  of  standardizing  samples. 

MANIPULATION 

(i)  Preparation  of  Sample — The  ground  sample  is  to  be 
thoroughly  mixed  in  the  bottle  and  an  amount,  approximately 
I  g,  is  to  be  taken  out  and  weighed  in  the  crucible  in  which  it  is 
to  be  Ijumed.  Coals  which  are  likely  to  be  blown  out  of  the 
crucible  should  be  briquetted.  After  weighing,  the  sample 
should  preferably  be  immediately  placed  in  the  bomb  and  this 
closed.  This  procedure  is  necessary  to  avoid  sublimation  in 
the  use  of  naphthalene  for  standardization. 

(2)  Preparation  of  the  Bomb — The  firing  wire,  if  iron,  should 
be  measured  and  coiled  in  a  small  spiral  and  connected  between 
the  platinum  terminals,  using,  if  necessary,  a  piece  of  platinum 
wire  somewhat  heavier  than  the  iron  wire,  to  make  the  con- 
nection. The  platinitm  and  the  iron  must  both  be  clean.  About 
0,5  cc.  of  water  should  be  placed  in  the  bottom  of  the  bomb  to 
saturate  with  moisture  the  oxygen  used  for  combustion.  When 
the  crucible  is  put  in  place  in  the  bomb,  the  firing  wire  should 
touch  the  coal  or  briquette  of  standard  material.  For  the  com- 
bustion of  standardizing  samples  iron  wire  is  preferable  to 
platinum. 

(3)  Filling  the  Bomb  with  Oxygen — Oxygen  from  the  supply 
tank  is  to  be  admitted  slowly  to  avoid  blowing  the  coal  from  the 
crucible,  and  the  pressure  allowed  to  reach  20  atmospheres  for 
the  larger  bombs  or  about  30  atmospheres  for  the  smaller  bombs, 
so  that  the  bomb  .shall  contain  an  amoimt  of  oxygen  sufficient 
for  complete  combustion,  namely,  at  least  5  g.  per  gram  of  coal, 
or  other  combustible.  This  metliod  of  filling  will  insure  4  per 
cent  of  nitrogen  in  the  larger  bombs,  irrespective  of  the  nitrogen 
contained  in  the  oxygen. 

(4)  Calorimeter  Water — The  calorimeter  is  to  be  filled  with 
the  required  amount  of  distilled  water,  depending  upon  the  type 
of  calorimeter.  The  amount  may  be  determined  eitlier  by 
measurement  in  a  standardized  flask  or  by  weighing.  The 
amount  must  be  kept  the  same  as  that  used  in  standardization 
of  the  apparatus. 

(5)  Temperature  Adjustments — The  initial  temperature  in  the 
calorimeter  should  be  so  adjusted  that  the  final  temperature, 
after  the  combustion,  will  not  be  more  than  i  °  C,  preferably 
about  0.5°  C,  above  that  of  the  jacket,  under  which  conditions 
the  total  correction  for  heat  gained  from  or  lost  to  the  surround- 
ings will  be  small  when  the  rise  of  temperature  is  2  or  3°  C.  and 
the  elTcct  of  evaporation  will  also  be  small. 

(6)  Firing  Current — The  electric  current  used  for  firing  the 
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charge  should  be  obtained  from  storage  or  dry  cells  having  an 
electromotive  force  of  not  more 'than  12  volts,  since  a  higher 
voltage  is  liable  to  cause  an  arc  between  the  firing  terminals, 
introducing  additional  heat,  which  cannot  be  measured  with 
certainty.  The  circuit  should  be  closed  by  means  of  a  switch, 
which  should  remain  closed  for  not  more  than  2  seconds.  When 
possible,  it  is  recommended  that  an  ammeter  be  used  in  the 
firing  circuit  to  indicate  when  the  firing  wire  has  burned  out. 

(7)  Method  of  Making  an  Observation — The  bomb,  when 
ready  for  firing,  is  to  be  placed  in  the  calorimeter,  the  firing  wires 
connected,  the  cover  put  in  place  and  the  stirrer  and  thermometer 
so  placed  as  not  to  be  in  contact  with  the  bomb  or  container. 
The  stirrer  is  then  started  and  after  the  thermometer  reading 
has  become  steady,  not  less  than  2  minutes  after  the  stirrer  is 
started,  temperatures  are  read  at  i -minute  intervals  for  5  min- 
utes and  the  charge  is  then  fired,  the  exact  time  of  firing  being 
noted.  Observations  of  temperature  are  then  made  at  inter- 
vals depending  upon  the  method  to  be  used  for  computing  the 
cooling  correction.  When  the  temperature  has  reached  its 
maximum  and  is  falling  uniformly,  a  series  of  thermometer 
readings  is  taken  at  i -minute  intervals  for  5  minutes  to  deter- 
mine the  final  cooling  rate. 

(8)  Titration — ^After  a  combustion  the  bomb  is  to  be  opened, 
after  allowing  the  gas  to  escape,  and  the  inside  examined  for 
traces  of  unbumed  material  or  sooty  deposit.  If  these  are 
found,  the  observations  shall  be  discarded.  If  the  combustion 
appears  complete,  the  bomb  is  to  be  rinsed  out  thoroughly  and 
the  washings  titrated  with  a  standard  alkali  solution  (i  cc.  = 
0.02173  g.  HNO3  =  5  calorics),  using  methyl  orange  or  methyl 
red  indicator,  to  determine  the  amount  of  acid  formed.  A 
correction  of  230  calories  per  gram  of  nitric  acid  should  be  sub- 
tracted from  the  total  heat  observed.  An  additional  correction 
of  1300  calories  per  gram  of  sulfur  in  the  coal  should  be  made 
for  the  excess  of  difference  in  heats  of  formation  of  SOj  and 
aqueous  H2SO4  over  the  heat  of  formation  of  aqueous  HNO3. 

COMPUTATION   OF  RESULTS 

The  following  method  of  computation  is  recommended  to 
take  the  place  of  the  Pfaundlcr  or  other  similar  formulas  for 
computing  the  cooling  correction  (radiation  correction). 

Observe  (i)  the  rate  of  rise,  ri,  of  the  calorimeter  tempera- 
ture in  degrees  per  minute  for  5  minutes  before  firing;  <2)  the 
time,  a,  at  which  the  last  temperature  reading  is  made  imme- 
diately before  firing;  (3)  the  time,  b,  when  the  rise  of  tempera- 
ture has  reached  six-tenths  of  its  total  amount  (this  point  can 
generally  be  determined  by  adding  to  the  temperature  ob- 
served before  firing,  60  per  cent  of  the  expected'  temperature 
rise,  and  noting  the  time  when  this  point  is  reached);  (4)  the  time, 
c,  of  a  thermometer  reading  taken  when  the  temperature  change 
has  become  uniform  .some  5  minutes  after  firing;  (5)  the  final 
rate  of  cooling,  ri,  in  degrees  per  minutes  for  .s  miiuites. 

The  rale  ri  is  to  be  nuilliplied  by  the  time  /)  —  a  in  minutes 
and  tenths  of  a  minute,  and  this  |>n)duct  added  (subtracted  if 
the  temperature  was  Jailing  at  the  time  <;)  to  the  Ihermoineler 
reading  taken  at  the  time  n.  The  rate  ri  is  to  be  multiplied  by 
the  time  c  —  b  and  this  product  added  (subtracted  if  the  tein- 

'  Whrn  tlic  tciiiprriKiire  rise  in  not  u|>|iri»iiiiiilrly  known  lirlorclinml, 
it  U  only   nr<i-H!iiiry   to   Ink.-   Ilicrnionulrr   rciiilinK>  at   40,   .<(),   Ml  inondi 

(and   iiossihly    70  sec I1   with   >onic   cultiriinclrrHl    udrr   Hrinic,   nnM   from 

tbeac  oliacrvuliont  lu  find  whrn  the  Icmprriilurc  tiar  hint  rruihril  r>0  prr 
cent  nf  the  totul.  Thnn,  i(  Ihr  lcni|irralurc  ni  nrinu  wii«  .<  M.^".  ni  40 
uconiln  .t  n.S°,  III  .^O  acrnniU  .1  <l.>°.  ul  r>0  nrroncl*  4  lo",  nnil  Ihr  nnal  Inn 
pcmlurr  wuH  4.200",  the  loliit  rUr  wu<  i.OT;  Ml  per  rrnl  n(  it  wi»  I  .'4" 
The  lelll|irtulnrr  lo  be  olmervcil  wii»  then  J  14°  +  I  J4'  -  .l..<8'.  Kr 
ferrInK  to  the  oh«ervutiunii  at  40  iinil  .^0  aeconilii,  the  lrni|ieratiire«  wrie 
ropertlvely  .10.^  unil  \'>2°.  The  time  corrrapnnillni  lo  the  teniprmliiie 
of  J-.IH"  wim  therefore 
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perature  was  rising  at  the  time  c  and  later)  to  the  thermometer 
reading  taken  at  the  time  c.  The  difference  of  tlie  two  ther- 
mometer readings  thus  corrected,  provided  the  corrections  from 
the  certificate  have  already  been  applied,  gives  the  total  rise  of 
temperature  due  to  the  combustion.  This  multiplied  by  the 
water  equivalent  of  the  calorimeter  gives  the  total  amount  of 
heat  liberated.  This  resiUt,  corrected  for  the  heats  of  forma- 
tion of  HNO3  and  HaSOi  observed  and  for  the  heat  of  combus- 
tion of  the  firing  wire,  when  that  is  included,  is  to  be  divided 
by  the  weight  of  the  charge  to  find  the  heat  of  combustion  in 
calories  per  gram.  Calories  per  gram  multiplied  by  1.8  give 
the  British  thermal  units  per  pound.     (See  example.) 

The  permissible  differences  in  duplicate  determinations  are  as 
follows: 

Same  Analyst  Different  Analysts 

0.3  Per  cent  0.5  Per  cent 

In  practice,  the  time  6  —  a  will  be  fotind  so  nearly  constant 
for  a  given  calorimeter  with  the  usual  amounts  of  fuel  that  6 
need  be  determined  only  occasionally. 

The  results  should  be  reduced  to  calories  per  gram  or  British 
thermal  units  per  pound  of  dry  coai,  the  moisture  being  determined 
upon  a  sample  taken  from  the  bottle  at  about  the  same  time  as 
the  combustion  sample  is  taken. 

Example 

Water  equivalent   =  2550  g.  Weight  of  charge  -    1.0535  g 

.'Vpproximate  rise  of  temperature  expected   "  3.2** 
60  per  cent  of  approximate  rise   —    1.9" 
Thcr- 
Obsbrvations  mometer  Corrected  Tsmpbrati'rb 

Time  Readings        (or  corrected  Beckmann  thermometer  readings) 

10-21  15.244°     Thermometer  corrections    taken    from    the    cer- 

li6cate 

22  0.250 

23  0.255 

24  0.261 

25  0.266 

26o  0.272  15.276° 

Charge  fired 

27.2fc  17.2* 

31  18.500°  18.497° 

i2  0.498 

33  0.497 

34  0.498 

35  0.494 

36  0.493 

CoMPtiTATION 

n   -  0.028°  ->  5   -  0.0056°  per  min.     6  —  a   -    1.2  min 
The  corrected  initial  temperature  is 

15.276°  -I-  0.0056°  X   1.2 .         -15.283* 

r«   -   0.007°   +   5    -   0.0014°  per  min  "  S  min. 

The  corrected  final  temperature  is 

18.497°  -t-  0.0014°  X  3.8 -18.502* 

Total  rise  is  18.502°  —  15.283* -     3.219* 

Total  calories  2550  X  3.219 -  8209 

Titration,  etc —  7 

Calories  from  1.0535  g.  coal 8202 

Calokiks  per  Uram 7785 

or.  Dritisii  Tiikrual  Units  per  Pound 14013 

(*)  The  initial  tem|>eraturc  is  15.27*:  60  per  G«nl  of  the  expected  ri««  is 
19°.     The  reading  to  observe  is  then  17.2°. 

The  result  obtained  by  the  aliovc  incthixl  »f  etiiiipiitatiun 
and  determination  is  the  total  heat  of  cuiiiliiistion  at  coit.ttitnt 
volume,  with  the  water  in  the  protlucts  of  rtinibtistion  condensed 
to  litiuid  at  the  temperature  of  Die  calorimeter,  that  is.  nliout 
JO  to  3.s°  C. 

Net  heat  of  combustion  at  jo"  slioll  refer  to  result.*  coircctej 
for  latent  heat  of  vuimriMitioii.  as  rollotrs: 

Total    Ileal    of    Comliuilion    in    II     I     u.  -     1040    ('"'r  IIHm«*n  X  91 

—  Net  Ileal  of  Combustion  In  II.  i    »    |>er  IV>und 

Al«> 
Total    Ileal   of   Comliuallon  in   Calurtr*  .MM)   (%  llydracen  X  V) 

-  Net   Ileal  of  Cambu*llon  In  Calmtes  ym  f*ram 

NOTIi.S      Hot  anihrarilr,  coke  and  eoal  <>l  High  a»h  wft'—    -*■->■    k, 
not    rradily    liutii   iitmplelelr,   Ibr   (ollowing   ptitiT^lutT   t^ 
The  in«idr  nf  the  cfiiciltlc  i*  lined  ramplelelv   with  tgnllr  •  •, 

thin  layer  prrneil  well  down  into  Iha  anglem      The  '-wal  i>  > i •..^I 

rvrnlv  over  the  anrface  nf  the  aaltealtta.  (ilhefwiae  Ibe  procMtutr  Is  as  pt«' 
viou'ly  dextllietl 

1'he  nieilKMl  of  mmpuling  Ibe  "mnllng  rarrerllon"  dr«rrll«e«l  In  Tf*hmi- 
,*!  I'ttfrr  \o   I,  llureau  of  Mine*,  pagn  !*  lo  3.',  may  also  lie  uami 
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AMERICAN  INSTITUTE  OF    CHEMICAL  ENGINEERS 
NINTH  ANNUAL  MEETING 

The  Ninth  Annual  Meeting  of  the  American  Institute  of 
Chemical  Engineers  will  be  held  in  New  York  City,  January 
lo  to  13.  1917,  with  headquarters  at  the  Chemists'  Club. 
A  Smoker  and  the  Subscription  Dinner  will  be  held  at  the 
Chemists'     Club    on      Wednesday     and     Thursday     evenings. 

PROGRAM    OF    PAPERS 
Unpreparedness.     President,  Gro.  D.  Rosengarte.v. 
Recent   Developments  in  Chemical  Engineering  Equipment.     H.    D. 
Miles. 

Corrosion  of  Ingot  Iron,  Containing  Cobalt,  Nickel  or  Copper.     H.  T. 

KaLMUS    and    K      li      liLAKU 

The  Human  Side  of  the  Development  of  Chemical  Industries.     G.  W. 

TllOMl-SON. 

The  Fixation  of  Nitrogen.     J.  E.  BuciiER. 

The  Decatur  Sewage  Disposal  Plant  of  the  Electrolytic  Sanitation 
Company.      W'm,  Hoski.n-s. 

The  Effect  of  Ce.itrifugal  Force  on  Colloidal  Solutions.     E.  E.  Aybes,  Jr. 

Recent  Developments  in  the  Absorption  and  Distillation  of  Volatile 
Liquids.     C.  L.  Campbeli.. 

Chemical  Engineering  Aspect  of  Renovating  a  Sulfide  Mill.  H  K. 
Moore. 

Recovery  of  Benzol  from  Coke  Oven  and  Illuminating  Gas.  C  J 
Ramsburg. 

excur.sions 

Davis  Boiunonville  Company,  Jersey  City,  N.  J.;  Pierre 
Lorillard  Tobacco  Company;  American  Smelting  &  Refining 
Company,  Maurer,  N.  J.;  German- American  Stoneware  Works, 
Kcasbey,  N.  J.  Additional  excursions  are  being  arranged  for. 
Members  only  will  be  permitted  to  attend  excursions. 

PROGRAM    FOR    THE   LADIES 

A  special  program  for  the  ladies  has  been  arranged  which 
includes:  automobile,  theatre  and  musical  parties;  a  tea  party 
at  the  residence  of  Dr.  and  Mrs.  Chas.  F.  Chandler;  and  the 
Subscription  Dinner  on  Thursday  evening. 

ADJOURNED  MEETING  AMERICAN  CHEMICAL  SOCIETY 

WITH  THE  AMERICAN  ASSOCIATION  FOR  THE 

ADVANCEMENT  OF    SCIENCE 

A  symposium  "On  the  Structure  of  Matter"  was  given  at 
a  Joint  Meeting  of  the  Sections  on  Physics  and  on  Chemistry 
of  the  A.  A.  A.  S.,  the  American  Physical  Society  and  the  Amer- 
ican Chemical  Society,  on  Wednesday,  December  27,  1916.  A 
Joint  Meeting  of  the  Chemistry  .Section  of  the  A.  A.  A.  S.  and 
the  American  Chemical  Society  was  held  at  the  College  of  the 
City  of  New  York,  on  Thursday,  December  28,  1916. 

PROGRAM    OF    PAPERS 

Radiation  and  Atomic  Structure.  Presidential  Addres,>  of  the  .\mcric:in 
Physical  Society.      Rohkkt  A  Millikan. 

The  Atom  and  Chemical  Valence.     C^ilbert  N.  Lewis. 

Molecular  Resonance  and  Atomic  Structure.     Robert  W.  Wood. 

The  Evolution  of  the  Elements  as  Related  to  the  Structure  of  the 
Nuclei  of  Atoms.     Wm.  I).  Harki\s 

Discussion.  Opened  by  Prof.  Wm.  Duane  of  Harvard  Univeisity 
and  Prof.  John  M.  Nelso.n,  of  Columbia  University. 

The   Relations   of   Magnetism  to   the   Structure  of  the  Atom.     Wm. 

J.   HUMPIIRI-IVS 

The  Relations  of  Magnetism  to  Molecular  Structure,  .\lbert  P. 
Whls. 

The  Structure  of  Solids  and  Liquids  and  the  Nature  of  Interatomic 
Forces.     Irving  Langmiur. 

Electromerism,  a  Case  of  Chemical  Isomerism  Resulting  from  a 
Difference    in    Distribution    of    Valence    Electrons.     Lauder    W.    Jones. 

Discussion.  Opened  by  K.  G.  I''.\lk  of  the  Harriman  Research 
Laboratory, 

Asymmetric  Syntheses  and  Their  Bearing  upon  the  Doctrine  of  Vitalism. 
WiLUAM  McPiiersun 

The  Individuality  of  Tissue  Elements.     Phoebl-s  .\    I.evene 

The  Photo-Chemistry  of  the  Chlorination  Processes.     Hi c.ii  .S.  Taylor. 

Preparedness  Chemistry  E.xhibit  of  the  United  Chemical  Societies 
at  the  American  Museum  of  Natural  History.     CW.:orge  E.  Kunz. 

The  Influence  of  Substitution  Groups  in  Organic  Compounds.  C.  J. 
Derrick. 

The  Application  of  Atomic  Theories  in  Chemistry.     S.  Dushman. 


THE  PERKIN  MEDAL  AWARD 

The  Perkin  Medal  for  19 17  has  been  awarded  to  Dr.  Ernst 
Twitchell,  Ph.D.,  Superintendent  of  the  Emery  Candle  Com- 
pany and  of  the  American  Oil  Treating  and  Hardening  Com- 
pany, Ivorydale,  Ohio.  The  medal  will  be  presented  to  Dr. 
Twitchell  at  the  regular  meeting  of  the  New  York  Section  of  the 
.Society  of  Chemical  Industry,  to  be  held  at  the  Chemists'  Club, 
January  ig,  191 7.  A  full  account  of  the  proceedings  will  be 
printed  in  the  next  issue  of  This  Journ.\l. 

Dr.  Twitchell  was  bom  at  Cincinnati,  Ohio,  on  February 
26,  1863,  and  received  the  degree  of  B.S.  in  i886  from  the  Uni- 
versity of  Cincinnati.  He  was  given  an  honorary  degree  of 
Ph.D.  by  the  same  University  this  spring. 

In  1 89 1  he  published  his  method  for  the  determination  of 
rosin  in  the  fatty  acids  of  soap.  The  Twitchell  method  for 
rosin  has  to  this  day  been  the  standard  analytical  process  and  is 
recommended  by  Lewkowitsch  in  the  last  edition  of  his  "Oils, 
Fats  and  Waxes"  as  giving  the  best  results  of  all  methods  pro- 
posed hitherto. 

Dr.  Twitchell's  work  is  best  known,  however,  in  his  invention 
of  a  catalytic  agent  for  the  saponification  of  fats.  This  agent 
is  a  sulfo-oleic  acid  and  will  split  up  fats  when  as  little  as  0.5 
per  cent  is  digested  with  the  melted  fat  and  water.  The 
saponification  is  practically  complete  and  may  be  effected  in 
wooden  tanks  at  the  temperature  of  exhaust  steam  and  at 
atmospheric  pressure.  The  reaction  may  be  carried  out  on  a 
scale  limited  only  by  the  size  of  the  tank.  The  reagent  is  to  a 
large  extent  recovered  in  the  fatty  acid  obtained.  Recently  an 
improved  form  has  been  brought  out  as  a  dry  salt  which  is  still 
more  effective.  Prior  to  this  discovery  free  fatty  acids  could 
be  obtained  only  by  the  autoclave  process,  involving  a  heavy 
capital  outlay  for  copper  apparatus  which  could  be  used  only  in 
small  units  and  at  a  high  temperature  and  pressure,  making  the 
operation  expensive  and  somewhat  dangerous.  The  autoclave 
saponification  was  used  only  in  the  preparation  of  fatty  acids  in 
candle  manufacture,  as  the  process  was  too  costly  to  be  used  in 
the  production  of  fatty  acids  to  be  used  in  soap.  The  Twitchell 
process  has  made  possible  the  large  scale  saponification  of 
fats  for  the  production  of  crude  glycerin  free  from  salt  and  of 
fatty  acids  ftr  direct  combination  with  soda  ash  to  make  soap 
instead  of  using  the  more  expensive  caustic  lye  on  the  neutral 
fat. 

Low-grade  fats,  such  as  garbage  grease,  cottonseed  oil  foots, 
etc.,  were  formerly  with  difficulty  used  in  the  soap  or  candle 
industry.  Such  materials  can  now  be  readily  worked  up  by  the 
Twitchell  process,  the  fatty  acids  being  distilled  to  remove 
color  before  use.  This  releases  a  large  quantity  of  the  higher 
grade  fats  for  use  as  food  products 

The  bulk  of  the  soap  used  in  Belgium,  Holland.  Germany 
and  Scandinavia  is  said  to  be  prepared  from  fatty  acids  direct, 
and  75  per  cent  of  these  acids  are  made  by  the  Twitchell  method. 
Millions  of  pounds  of  fat  are  saponified  yearly  in  the  LTnited 
States  by  this  process,  and  practically  all  of  the  larger  soap 
factories  have  Twitchell  plants. 

All  of  the  recent  books  in  German  and  English  on  the  soap 
and  fat  industries  discuss  the  Twitchell  process  in  full. 


NICHOLS  MEDAL  NOT  AWARDED  THIS  YEAR 

The  Nichols  Medal  Committee  met  December  15th.  and  after 
a  lengthy  and  careful  deliberation  and  consideration  of  all 
papers  published  in  the  Journals  of  the  Society  during  the  year, 
decided  that  there  were  none  of  sufficiently  original  merit  to  be 
awarded  the  Nichols  Medal.  They  have,  therefore,  this  year 
passed  the  award. 


Jan.,  1Q17 
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NOTES  AND  CORRE.5PONDENCL 


ON  ANALYZED  CHEMICALS 

To  the  Council  of  the  American  Chemical  Society: 

We  respectfully  request  that  you  take  some  action  looking 
towards  the  definition  of  an  "Analyzed  Chemical." 

That  the  need  of  such  a  definition  exists  is  shown,  we  believe, 
by  the  following  extracts  from  some  correspondence  between 
one  of  our  members  and  a  manufacturer  of  "Analyzed  Chem- 
icals." 

CONSUMER   TO   MANUFACTURER 

"We   purchased  recently    from . a    i-lb. 

bottle    of    your    zinc    metal    c    p.    powder,    30-MESH,    your 

lot  .     The  published  analysis  on  this  bottle  shows  it  to 

contain  Lead  0.005  per  cent.  Shortly  after  using  this  zinc,  we 
found  a  discrepancy  in  our  lead  work  and  have  made  a  care- 
ful analysis  of  a  portion  of  the  zinc,  finding  it  to  contain  Lead 
0.80  per  cent     "      *     *     *     * 

"We  shall  be  very  glad  to  hear  from  you  in  regard  to  this 
matter,  as  the  presence  of  lead  in  the  zinc  has  caused  us  con- 
siderable trouble     *     *     *     *     ." 

manufacturer   to    CONSUMER 

*  *  *  Since  writing  we  have  further  investigated 
the  matter  and  it  looks  now  as  if  there  had  been  some  mistake 
made  by  an  inferior  grade  being  sent  out  with  the  wrong  label. 
We  are  investigating  this  matter  carefully  with  a  view  of  avoid- 
ing further  mistakes  of  this  kind,  and  will  be  glad  to  replace 
the  lot  of  zinc  which  you  purchased,  if  this  will  be  satisfac- 
tory." 

CONSUMER    TO   MANUFACTURER 

'<  *  «  «  Answering  your  question  as  to  whether  it  would 
be  satisfactory  to  have  you  replace  the  lot  of  impure  zinc  with  a 
pure  and  equal  amount  of  zinc,  I  will  say  emphatically  that  it 
would  not.  As  explained  in  my  former  letter,  we,  based  upon  the 
advertisements  and  claims  of  your  Company,  purchased  a 
bottle  guaranteed  to  contain  not  over  a  stated  minimum  of  lead. 
We  used  this  in  making  a  series  of  high-grade  analyses.  We 
reported  these  to  our  several  clients.  Our  results  were  ques- 
tioned, and  it  was  only  after  making  some  fifty  determinations 
and  eliminating  every  other  possible  cause  of  error  that  we  sus- 
pected the  zinc  used  in  this  work  and  found  by  analysis  that  it 
was  not  pure.  This  has  put  us  in  a  very  unfortunate  position 
with  our  clients,  and  we  certainly  do  not  propose  to  adjust  tlic 
matter  by  having  you  substitute  one  or  two  bottles  of  guaran- 
teed product  for  those  in  our  possession,  which  are  impure     *     '." 

MANUFACTURER    TO    CONSUMER 

"We   have  your  letter  of  in   reference   to  zinc    and 

note  that  you  have  taken  the  analysis  on  the  label  as  a  stand- 
ard for  making  a  scfies  of  high-grade  lead  analyses.  While 
we  endeavor  to  have  the  analysis  correct,  at  the  same  lime 
we  <1()  not  pretend  to  do  work  etinal  to  (lie  Hureau  of  Stand- 
ards, an<l  we  always  advise  our  customers  when  thi-y  intend  .to 
use  any  analyzed  chemicals  a.s  a  standard  to  lirsl  check  up  the 
analysis  and  sjitisfy  themselves  that  it  is  correct.  In  doing  our 
work  we  depend  upon  our  men  who  handled  these  chemiciils 
and  put  them  up,  and  mistakes  will  sometimes  occur.  In  this 
iiislaiice  we  believe  a  difTerenf  grade  of  zinc  was  put  up  under 
the  label  furnished.  Wi-  can  only  olTer  our  apologies,  aiul  n.s- 
surc  you  that  notwithstanding  this  unrorlunate  incident  we  shall 
do  our  best  to  nuiinlaiti  the  reliability  of  our  anuly^'d  clieni- 
Icals,  and  trust  you  will  not  be  discouraKcil  about  iising  tliiin." 

The  instuncc  here  cited  i.s,  by  no  means,  un  isoliitcil  cii.w, 
und  we  have  been  able  to  obtain  from  other  incmberi  of  our 
Section  many  similar  instances  where  the  analysis  failed  to  recoril 
some    impurity    which    was    present    In   consUlerable    (luanlity. 


or  where  the  impurities  in  the  substance  far  exceeded  the  printed 
analysis. 

It  seems  to  us  of  the  greatest  importance  to  all  chemists  that 
a  distinct  understanding  should  be  arrived  at  concerning  the 
accuracy  of  such  an  analysis.  Many  chemists  are  undoubt- 
edly depending  upon  the  printed  label,  and  from  the  data  in 
our  possession  it  is  quite  evident  that  in  many  cases  these  anal- 
yses are  entirely  unreliable. 

As  the  American  Chemical  Society  is  the  largest  associa- 
tion of  chemists  in  the  world,  it  seems  to  us  further  advisable 
that  this  Society  should  take  up  the  question  of  analyzed  chem- 
icals with  a  view  to  determining,  after  a  free  and  fair  discussion 
of  the  matter,  exactly  what  is  meant  by  the  term  "Analysed 
Chemical,"  and  whether  the  manufacturer  should  be  in  any  way 
responsible  for  the  accuracy  of  an  analysis  when  printed  on 
the  label  of  a  container. 

Respectfully  yours, 
California  Section  Americas  Chemical  Society, 
Bryant  S.  Drake, 

Secretarx 


A  HIGHLY  UNSATURATED  HYDROCARBON  IN  SHARK 

LIVER  OIL— CORRECTION 
In  the  article  under  above  title  printed  in  This  Journal, 
8  (1916),  889,  the  following  ccrrections  should  be  made: 
Page  Column      Line 

891     right         4        "20°  C."  should  read  " — 20°  C." 
893     left  22         Omit,  "of  a  colorless  liquid." 

893     right  9         "292.5"  should  read  "292-5." 

893     right         9        "293-303°  C."  should  read  "298-303°  C." 
893     right       29         "368"  should  read  "268." 
893     right       31         "0.8546"  should  read  "0.8646." 

893  right        32         "  1 .4968"  should  read    "0.4965." 

894  left  9         "CjiHa"  should  read  "CjoHu" 

894  left  40        "100  g."  should  read  "150  g." 

895  left        lo-ii     "C     =  26.78  percent,  H   =  3.72  per  cent. 

Br  =    69.50    per     cent"     slioiild     read 
"C    <»  26.29  per  cent,  H  -  3.68  per  cent, 
Br  ■=  70.03  per  cent." 

M    TsujiMOTO 

ImPKKIAI.  lNDlTSTm.\L  l.ABOHATOMV 

Vhtciiii'-siuma.  Tokvo.  Japax 
NovcmlM^r  II.  1116 

NOTE  ON  THE  RECOVERY  OF  MOLYBDIC  ACID' 

lly    Tai'I.    Ki'DKICK    ANI>    R.    \>     COOK* 

Of  the  many  published  methods  for  the  recover*-  of  niolybdic 
acid,  that  described  by  W.  D.  Brown'  scctnetl  to  us  to  be  the 
most  suitable  since  it  obviates  the  ncces.sity  of  dr>-inK  anil  wciRh- 
iiig  the  recovered  niolybdic  acid.  The  wet  precipitnle  is  at 
once  dissolved  and  inndc  up  into  a  solution  of  the  required 
strength. 

The  cs.scntial  changes  from  the  mcthi»d  de<icTil>e<l  by  Hmwn 
arv  the  following: 

(I)  Molybdic  ncid  is  rcctjvcrr«l  fnmi  the  titnition  liquiirs  as 
well  us  from  the  filtrates  containiiiK  the  exces-s  of  ammunium 
tnolylKlatc. 

U)  The  iiio|Hirtions  of  inatrrinis  have  liecn  chnUKed  mi  as 
to  profliice  the  sohilion  requirc<l  by  the  ofticial  mrthinls  of  the 
A   O.  A   C 

Tlir  prtx*M  OS  carried  out  in  this  lal<oni(or>-  ntay  Iw  btwflv 
descrilwcl  as  follows: 

>  rr«M>nl*<l  •!  .^.tnl  Mtrtlni  n(  Amrtlran  1.  Iirm>c«l  .■wHtljr,  N»it  Vart 
Cllr.  SttUrmhtr  2i  lu  JO,  WI6. 

•Tim*  loi'UNAL.  T  (l«IS).   1\\. 
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The  phosphomcjlybdate  solutions  after  titration  are  filtered 
through  glass  wool  to  remove  paper  pulp  and  combined  with 
the  filtrates  and  washings  separated  from  the  yellow  precipi- 
tates. To  this  is  added  an  e.\cess  of  a  saturated  solution  of 
ammonium  phosphate,  and  after  standing  at  least  over  night, 
the  supernatant  liquid  is  siphoned  off.  When  a  convenient 
amount  of  ammonium  phosphoraolybdate  has  been  collected  in 
this  maimer,  it  is  washed  by  decantation  with  hot  water  until 
the  washings  begin  to  come  through  cloudy,  requiring  about 
2  1.  of  water  for  each  100  g.  of  precipitate.  After  washing,  the 
precipitate  is  dried  on  the  steam  bath  and  contains  approxi- 
mately 92  per  cent  of  molybdic  acid  (85  per  cent  M0O3). 

Five  hundred  and  ten  grams  of  the  dry  salt  are  dissolved  in 
ammonium  hydroxide  made  by  diluting  620  cc.  of  ammonia 
(0.90  sp.  gr.)  to  1000  cc.  To  this  a  solution  of  85  g.  of  mag- 
nesium nitrate  in  200  cc.  of  water  is  added,  and  after  settling 
for  2  or  3  hrs.  the  filtrate  is  tested  for  phosphorus  by  adding  a 


few  cc.  to  double  the  amount  of  nitric  acid  (i  :  2.5).  It  is 
important  not  to  add  the  acid  to  the  ammoniacal  filtrate  so  as 
lo  avoid  the  precipitation  of  molybdic  acid  which  might  be 
mistaken  for  phosphomolybdate.  If  a  yellow  precipitate  is 
formed,  more  magnesium  nitrate  must  be  added.  When  pre- 
cipitation is  complete  the  magnesium  ammonium  phosphate  is 
filtered  off,  washed,  and  the  filtrate  made  up  to  a  volume  of  2  1. 
Two  liters  of  concentrated  nitric  acid  are  diluted  to  4668  cc. 
and  both  solutions  are  allowed  to  cool.  The  ammonium  molyb- 
date  solution  is  now  added  very  slowly  to  the  nitric  acid  with 
constant  stirring,  preferably  by  means  of  filtered  compressed 
air,  timing  the  addition  so  that  it  will  require  at  least  an  hour. 
The  solution  is  allowed  to  stand  over  night,  or  preferably  several 
days,  and  after  filtering  320  cc.  of  concentrated  nitric  acid  are 
added.  The  resulting  solution  is  ready  for  use. 
Chemicai,  Laboratory,  Armour  &  Company 
Union  Stock  Yards,  Chicago 


PERSONAL  NOTL5 


The  Youngstown  Chemists'  Club,  recently  organized,  held 
its  first  regular  meeting  on  December  14,  1916.  The  officers 
elected  are:  President,  Edwin  G.  Pierce,  consulting  chemist; 
Secretary,  Carl  Weesner,  Carnegie  Steel  Company;  Treasurer, 
H.  E.  Moyer.  Brier  Hill  Steel  Company. 

Mr.  EUwood  Hendrick  lectured  on  "Science  in  the  Human- 
ities," at  Columbia  University,  on  December  4,  1916,  under 
the  combined  auspices  of  the  Gamma  Chapter  of  Phi  Lambda 
Upsilon  and  the  Institute  of  Arts  and  Sciences. 

The  Dyestuffs  Census  compiled  by  the  Bureau  of  Foreign  and 
Domestic  Commerce  is  now  available  in  its  revised  form. 

Provost  Edgar  F.  Smith,  of  the  University  of  Pennsylvania, 
visited  Wittenberg  College,  Springfield,  Ohio,  where  he  was 
professor  of  Natural  Science  in  the  early  eighties,  and  the  Ohio 
State  University,  Columbus,  Ohio,  on  November  24,  1916, 
where  he  delivered  a  lecture  before  the  Columbus  Section  of  the 
American  Chemical  Society  on  "Robert  Hare,  a  Pioneer  Ameri- 
can Chemist." 

Dr.  O.  R.  Sweeney,  for  the  past  si.K  years  instructor  in  qualita- 
tive analysis  at  the  University  of  Pennsylvania,  has  been  ap- 
pointed instructor  in  industrial  chemistry  at  the  Ohio  State 
University  where  he  formerly  graduated  from  the  chemical 
engineering  course. 

Mr.  George  A.  Burrell,  consulting  chemical  engineer  and 
president  of  the  Natural  Gas  Products  Company  of  Pittsburgh, 
was  in  Louisiana  last  month  making  tests  of  natural  gas  for 
gasoline  content  with  the  view  of  installing  absorption  plants. 
The  Natural  Gas  Products  Company  uses  an  absorption  process, 
worked  out  by  Mr.  Burrell,  that  is  independent  of  other  pro- 
cesses. 

The  President  and  Council  of  the  Royal  Society,  London, 
have  made  the  following  awards:  A  "Royal"  Medal  to  Dr. 
J.  S.  Haldane  for  research  in  chemical  physiology;  a  "Royal" 
Medal  to  Mr.  H.  M.  Macdoiiald  for  research  in  mathematical 
physics;  "Copley"  Medal  to  Sir  James  Dewar  for  research  in 
physical  chemistry;  "Rumford"  Medal  to  Prof.  W.  H.  Bragg 
for  research  in  X-ray  radiation;  "Davy"  Medal  to  M.  Henri 
Louis  Le  Chatelier  for  research  in  chemistry;  "Darwin"  Medal 
to  Prof.  Yves  Dclage  for  research  in  zoology  and  botany; 
"Sylvester"  Medal  to  M.  Jean  Gaston  Darboux  for  research  in 
mathematical  science;  "Hughes"  Medal  to  Prof.  IClihu  Thom- 
son for  research  in  electricity. 

Dr.  H.  E.  Armstrong  has  been  elected  a  manager  of  the 
Royal  Institution,  to  succeed  the  late  Prof.  Sylvanus  P.  Thomp- 
son. 


The  Massachusetts  Institute  of  Technology  has  appointed 
the  following  assistants,  with  the  grade  of  instructors,  to  the 
new  chemical  engineering  stations:  Bangor,  Me.,  Wilfred  A. 
Wylde;  Everett,  Mass.,  William  B.  Leach,  Jr.;  Niagara  Falls, 
Winthrop  E.  Caldwell;  Stamford,  Conn.,  Edwin  S.  Wallace; 
AUentown,  Pa.,  John  S.  Little.  Azel  W.  Mack  has  been  ap- 
pointed research  assistant  in  applied  chemistry. 

Emeritus  Professor  John  Ferguson,  who  held  the  regius  chair 
of  chemistry  in  the  University  of  Glasgow  from  1874  to  1915, 
died  November  3,  1916,  aged  seventy-nine  years. 

Dr.  Rudolph  R.  Rosenbaum,  formerly  of  the  Central  Com- 
mercial Company,  Chicago,  has  opened  the  "Western  Chemical 
Laboratories"  at  53  West  Jackson  Boulevard,  Chicago. 

It  is  reported  that  the  Swedish  Academy  of  Science  has  de- 
cided not  to  award  this  year  the  Nobel  prizes  for  physics  and 
chemistry. 

Mr.  Clarence  W.  Marsh,  engineer,  announces  the  establish- 
ment of  his  New  York  office  at  loi  Park  Ave. 

Dr.  G.  H.  A.  Clowes,  director  of  the  Gratwick  Research 
Laboratory,  spoke  on  "Colloidal  Equilibrium"  at  the  December 
8th  meeting  of  the  Indiana  Section  of  the  A.  C.  S.  Dr.  Wilder 
D.  Bancroft  will  address  the  Indiana  Section  on  March  9, 
1917,  and  Dr.  E.  V.  McCoUum  on  May  11,  1917. 

Dr.  Severance  Burrage,  of  the  Indiana  Section,  is  leaving  Eli 
Lilly  &  Company.  Indianapolis,  to  take  up  a  new  work  at  the 
Massachusetts  Institute  of  Technology,  Boston.  Dr.  Burrage 
has  been  in  Indiana  for  2 1  years  as  professor  of  biology  at  Purdue 
University  and  later  as  director  of  the  biological  laboratories 
of  Eli  Lilly  &  Company. 

The  new  address  of  the  General  Bakclite  Company  is 
2  Rector  Street,  New  York  City. 

It  is  planned  to  erect  a  memorial  at  the  University  of  Ver- 
mont to  the  late  Prof.  N.  S.  Merrill,  of  the  department  of  chem- 
istry. Prof.  E.  C.  Jacobs  has  been  appointed  chairman  of  a 
committee  for  this  purpose. 

The  University  of  Washington  campus  has  been  selected  as 
the  site  of  the  government  mining  and  metallurgical  station 
for  the  Pacific  Northwest  states,  to  the  maintenance  of  which 
Congress  appropriated  $25,000  a  year.  Dorsey  A.  Lyon, 
formerly  professor  of  mining  engineering  at  the  University  of 
Washington,  will  be  in  charge  of  the  station. 

Dr.  V.  A.  Coulter,  P.hD.,  has  been  appointed  assistant  pro- 
fessor of  chemistry  in  the  University  of  North  Carolina. 
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By  R.  S.  McBride,  Bureau 

NOTICE — Publications  for  which  price  is  indicated  can  be 
purchased  from  the  Superintendent  of  Documents,  Govermnent 
Printing  Office,  Washington,  D.  C.  Other  pubHcations  can 
usually  be  supplied  from  the  Bureau  or  Department  from  which 
they  originate.  Commerce  Reports  are  received  by  all  large 
libraries  and  may  be  consulted  there,  or  single  numbers  can  be 
secured  by  application  to  the  Bureau  of  Foreign  and  Domestic 
Commerce,  Department  of  Commerce,  Washington.  The  regu- 
lar subscription  rate  for  these  Commerce  Reports  mailed  daily  is 
$2.50  per  year,  payable  in  advance,  to  the  Superintendent  of 
Documents. 

GEOLOGICAL  SURVEY 

Artesian  Water  for  Irrigation  in  Little  Bitter-Root  Valley, 
Montana.  Oscar  E.  Meinzer.  Water  Supply  Paper  4ooB,- 
from  Contributions  to  the  Hydrology  of  the  United  States, 
1916,  pp.  9-37;  published  November  22nd.  This  report  was 
prepared  in  cooperation  with  the  Montana  State  Department 
of  Public  Health  and  the  College  of  Agriculture  and  Mechanic 
Arts.  It  includes  a  discussion  of  the  quality  of  the  water  and 
presents  a  number  of  analyses  of  samples. 

The  Yukon-Koyukuk  Region  Alaska.  Henry  M.  Eakin. 
Bulletin  631,  80  pp.  Paper,  20  cents.  "The  economic  results 
of  the  investigation  are  largely  negative,  for  but  few  mineral 
deposits  occur  in  the  region.  The  only  mining  has  consisted 
in  the  small-scale  placer  operations  in  the  Indian  River  district. 
On  the  other  hand,  certain  intrusive  granites  which  are  shown 
to  be  the  mineralizing  agents  are  rather  widely  distributed  and, 
therefore,  the  region,  in  spite  of  the  meager  results  thus  far 
achieved  by  the  prospectors,  should  be  classed  as  one  in  which 
there  is  hope  of  finding  auriferous  deposits." 

Gypsum  in  the  Southern  Part  of  the  Bighorn  Mountains, 
Wyoming.  Charles  T.  Lupton  and  D.  Dai.e  Condit.  Bulle- 
tin 640//;  from  Contributions  to  ICconomic  Geology,  1916, 
Part  I,  pp.  139-157;  published  N()Vftn1)er  29th. 

Geology  of  the  Upper  Stillwater  Basis,  Stillwater  and  Carbon 
Counties,  Montana,  with  Special  Reference  to  Coal  and  Oil. 

W.  R.  Calvert.     Bulletin  641  (/',■  from  Contriljiitions  to  Economic 
Geology,  1916,  Part  II,  pp.  199-214;  published  November  lylh. 

Notes  on  Some  Mining  Districts  in  Eastern  Nevada.  James 
M.  Hill.     Bulletin  648,  191  pp.     Paper,  20  cents. 

Barytes  and  Strontium  in  1915.  James  M.  Hill.  Separate 
from  Mineral  Resources  of  the  United  States.  i9i,s.  Pari  JI; 
published  October  6lh.  "The  marketed  i)roduction  of  crude 
barytes  in  the  United  States  in  1915  was  108,547  short  tons, 
valued  at  8381,032.  This  is  a  notable  increase  over  the  produc- 
tion in  1914,  which  was  52,747  short  tons  valued  at  S155.647. 
The  increase  was  in  large  part  due  to  the  activity  of  the  mines 
in  Georgia,  Kentucky,  and  Temiessce. 

"The  price  paid  for  crude  barytes  in  1915  varied  considerably 
in  different  slates;  thus,  in  Georgia  the  average  price  was  S3. 31 
a  short  ton;  in  Missouri  the  price  was  ?4.<>5  a  short  ton  f.  o.  li. 
cars.  These  prices  are  higher  than  in  1914,  but  the  average 
l)rice  did  not  advance  as  imicli  as  might  have  been  exix-cted, 
one  factor  in  keeping  it  down  a|>pearinK  to  be  the  o|)ening  of 
many  deposits  which  have  been  idle  for  some  time  and  whose 
output  increased  the  supply  in  1915.  It  is  reported,  however, 
that  the  demand  for  crude  barytes  by  the  inaniifacturcrs  of 
htJKipone,  groimd  baryles,  and  barium  chemicals  has  been  very 
brisk  These  augmented  uses  for  dotiiestic  miiterlal  have  hiul 
II  marked  Inlluence  on  prices,  and  it  is  understood  that  there  ha.s 
been  a  further  increase  in  the  price  of    crude    barytes  in  n>i'> 

"No  strontium-bearing  ores  of  domestic  uriKin  were  reiMirled 


i  Standards,  Washington 

sold  during  the  year  191 5,  and  so  far  as  the  Survey  has  learned 
none  of  the  American  deposits  were  exploited.  During  the  year 
some  interest  in  domestic  deposits  has  been  manifested.  It  is 
understood  that  the  manufacturers  of  red  fire,  both  for  signal 
and  display  purposes,  and  the  beet-sugar  interests  have  been 
looking  into  the  question  of  obtaining  strontium  from  home 
sources.  It  would  seem  that  in  view  of  the  increased  price  of 
sugar  it  might  be  profitable  for  the  beet-sugar  makers  to  use 
the  more  effective  slrontia  method  rather  than  the  one  now  in 
use.  However,  the  substitution  of  the  strontia  process  will 
require  some  time  to  bring  about,  and  it  depends  on  a  number 
of  economic  factors  concerning  which  the  Survey  has  no  informa- 
tion. Commercial  strontium  ores  should  contain  at  least  95 
per  cent  strontium  sulfate.  At  present  English  celestite  is 
largely  used  on  the  eastern  seaboard,  where  the  strontium  salts 
are  made,  and  is  laid  down  at  the  works  at  approximately 
$12  a  ton. 

"According  to  the  reports  of  the  Bureau  of  Foreign  and 
Domestic  Commerce,  Department  of  Commerce,  the  imports 
of  strontium  oxide,  protoxide  of  strontium,  and  the  strontianite 
or  mineral  carbonate  of  strontium  were  valued  at  $1,016  in 
1914,  and  $6,411  in  1915.  Imports  of  the  strontium  salts  are 
free  from  duty.  No  figures  are  available  for  imports  of  celestite 
(strontium  .sulfate),  used  by  manufacturers  of  strontium  salts, 
this  material  being  classed  with  all  other  chemicals  not  specially 
provided  for  in  the  present  tariff." 

This  report  also  includes  interesting  discussions  on  tlie  follow- 
ing subjects:  Mining  and  preparation  of  crude  barytes  for 
market;  geology  of  the  barj'tes  deposits  of  the  United  States; 
the  manufacture  of  ground  barytes;  the  manufacture  of  litho- 
pone;  the  manufacture  of  barium  chemicals;  use  of  barium 
products;  uses  of  strontium  salts. 

Phosphate  Rock  in  1915.  W  C  Phalen.  With  Sample 
Tests  for  Phosphate.  W.  B.  Hicks.  Separate  from  Mineral 
Resources  of  the  United  States,  1915,  Part  11;  published  October 
6th.  "The  phosphate  rock  marketed  in  the  United  States  in 
1915  amounted  to  1,835,667  long  tons,  valued  at  $5,413,449. 
Com])ared  with  the  production  of  1914,  which  w.is  2,734,t>4J 
long  tons,  valued  at  $9,608,041,  this  was  a  decrease  of  898,376 
long  tons,  or  nearly  33  jxt  cent,  and  in  value  of  $4,194,393. 
or  nearly  44  i)er  cent. 

"The  phosjihate  nx-k  industry  during  1915  was  in  the  same 
bad  condition,  esix-cially  in  Florida,  that  prevailed  in  1914. 
Soon  after  the  outbreak  of  the  war  in  Euroiw  the  phosphate- 
mining  companies  of  Florida,  including  not  only  those  thai 
produce  the  higher  grade  rock  for  cx|HJrt,  but  also  tliosc  that 
supply  the  domestic  trade,  either  curtailed  production  wry 
materiidly  or  stispendcd  miniiiR. 

"Shipments  of  phosphate  rock  to  Germany,  hitherto  a  lorgr 
consumer,  have  almost  entirely  ceased,  luid  those  to  other 
Iviiro|x-an  countries  have  Iteen  seriously  intrmijitcil.  UiLsiiicss 
has  Ikcii  greatly  retarded  by  luck  of  straniris  and  by  iiicrrawd 
freight  rates,  and  there  seems  to  lie  little  likehtuxxl  of  impruvr- 
ment  till  |x-ace  has  lieen  declared. 

"The  great  demand  for  sulfuric  acid,  especially  lowar\l  the 
end  of  1415.  has  ulso  l>een  u  factor  in  curtailiiiK  the  production 
of  doinrstic  phosphate  r»H-k  .Acid  prices  have  ranged  mi  high 
that  the  iiianiidicturv  of  acid  phosphate  has  ■diuwn  a  tendency 
to  ilecliiir 

"The  Icrtiliter  niatcriaU  iinjxirted  into  the  Unite«l  Stale*  in 
11)15  iiicliidr  many  entn|Miuiids  cuntaiiiing  phiwphonis.  nitrMgen, 
and  (Mita.di.  Tliosc  coiitainmg  phosphorun  include  Imhic  a.ih, 
guano,  bii.-iic  slay,  uiul  crude  phosphate  nx-k.  The  (Hitash  ferti- 
lizers include  varioiix  ixjtash  salt*,  kainite,  manure  mUk,  and 
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double    manure    salts.     The    nitrogen    compounds    are    chiefly 
cyanamid,  nitrates,  and  ammonium  salts. 

'     Fertilizers  Imported  and  Entered  for  Consumption  in  the 
United  States  in   1915 

Quantity 

Fertilizer                                         (Long  tons)  Value 

Apatite .... 

Bone  dust  or  animal  carbon,  and  bone  ash,  fit  only 

for  fertilizing 21.538  $    543,243 

Calcium  cyanamid  or  lime  nitrogen 30,043  1,322,195 

Guano 9,874  220.768 

Kainite 6,674  95.440 

Manure  salts,  including  double  manure  salts 13.753  200.584 

Phosphates,  crude 5,359  50,606 

Slag,  basic,  ground  or  unground 76  1 ,343 

All  other  substances  used  only  for  manure 72.848  1,535.860 

Total 160.165         3.970,039 

Materials  Entering  Largely  into  the  Fertilizer  Industry  Imported 

FOR  Consumption  in  the  United  States  in  1915 
Quantity 

(Long  tons)  Value 

Fertilizers 160  165  $  3.970.039 

Potassium  chloride 57.741  2.296.606 

Potassium  sulfate 11 ,346  664,484 

Sodium  nitrate 770,628  22.844,746 

Total 999.880  $29,775,875 

This  report  has  a  particularly  interesting  discussion  of  the 
conservation  of  phosphate  rock  including  under  this  heading 
notes  on  the  influence  of  location  of  deposits,  production  and 
exportation,  conservation  of  phosphate  rock,  mechanical  methods 
of  conservation,  chemical  methods  of  conserving  phosphate 
rock,  substitutes,  phosphate  reserves,  and  available  foreign 
reserves.  The  processes  for  making  soluble  phosphates  and  a 
number  of  simple  tests  for  phosphates  (by  W.  C.  Hicks)  are 
also  included. 

Mineral  Waters  in  1915.  Richard  B.  Done.  Separate 
from  Mineral  Resources  of  the  United  States,  1915,  Part  II; 
published  October  31st.  "The  number  of  active  mineral  springs 
was  smaller  and  the  production  was  less  though  the  value  was 
greater  in  1915  than  in  1914.  The  decrease  in  production  was 
2,244,963  gal.,  or  4  per  cent.  The  increase  in  value  of  medicinal 
waters  was  $60,506  and  in  value  of  table  waters  was  $185,960; 
thus  the  total  increase  in  value  of  sales  was  $246,466,  or  5  per 
cent.  The  increase  in  business  is  slightly  less  than  the  decrease 
in  imports  of  foreign  waters,  and  this,  coupled  with  the  increase 
of  price  per  gal.  from  9  to  10  cents,  indicates  increased  sales  of 
moderately  high-priced  domestic  waters  that  have  become  valu- 
able substitutes  for  waters  previously  imported.  Production 
was  reported  from  45  springs  for  the  first  time  in  19 15." 

In  addition  to  a  discussion  of  the  mineral  water  trade  in  each 
State  there  is  in  this  circular  a  general  discussion  of  the  output, 
value,  price,  uses,  exports,  imports,  and  the  condition  of  trade 
in  mineral  waters. 

Gold,  Silver,  Copper,  Lead,  and  Zinc  in  California  and  Oregon 
in  1915.  (Mines  Report.)  Charles  G.  Yale.  Separate 
from  Mineral  Resources  of  the  United  States,  19 15,  Part  I; 
published  October  4th.  This  and  the  three  succeeding  separates 
give  detailed  information  regarding  these  metals  from  the  locali- 
ties under  discussion.  For  general  information  covering  the 
whole  United  States  the  consolidated  report  which  is  presented 
in  another  separate  each  year  should  be  consulted. 

Gold,  Silver,  Copper,  and  Lead  in  South  Dakota  and  Wyoming 
inigis.  (Mines Report.)  Charles W.  Henderson.  Separate 
from  Mineral  Resources  of  the  United  States,  1915,  Part  I; 
published  November  3rd. 

Gold,  Silver,  Copper,  Lead,  and  Zinc  in  New  Mexico  and 
Texas  in  1915.  (Mines  Re])ort.)  Charles  W.  Henderson. 
Separate  from  Mineral  Resources  of  the  United  States,  1915, 
Part  I;  published  November  23rd. 

Gold,  Silver,  Copper,  Lead  and  Zinc  in  Utah  in  1915.  (Mines 
Report.)  V.  C.  HeikES.  vSeparate  from  Mineral  Resources 
of  the  United  States,   1915,  Part  I;  published  November  24th. 

Iron  Ore,  Pig  Iron  and  Steel  in  1915.  Ernest  F.  Burchard. 
Separate  from  Mineral  Resources  of  the  United  States,  1915, 
Part  I;  published  October  30th.     "The  iron  ore  mined  in  the 


United  States  in  1915  amounted  to  55,526.490  gross  tons,  as 
compared  with  41,439,761  gross  tons  mined  in  1914,  an  increase 
of  14,086,729  gross  tons,  or  34  per  cent.  Beneficiated  ore  in- 
stead of  crude  ore  mined  is  included  if  the  ore  is  treated  in  any 
way.  The  quantity  of  iron  ore  shipped  from  the  mines  in  the 
United  States  in  1915  amounted  to  55,493,100  gross  tons,  valued 
at  $101,288,984,  as  compared  with  39,714,280  gross  tons,  valued 
at  $71,905,079,  shipped  in  1914.  This  represents  an  increase  in 
quantity  of  15,778,820  gross  tons,  or  40  per  cent,  and  in  value 
of  $29,383,905,  or  41  per  cent.  The  average  price  of  ore  per  ton 
for  the  whole  country  in  1915  was  $1.83,  as  compared  with  $1.81 
in  1914.  These  quantities  of  ore,  both  mined  and  shipped,  in- 
clude the  iron  ore  used  for  fluxing  other  metallic  ores  at  smelters 
in  the  Western  States,  but  the  shipments  do  not  include  the  iron 
ore  sold  for  the  manufacture  of  paint.  The  quantity  of  iron 
ore  sold  for  the  manufacture  of  paint  in  1915  amounted  to  20,760 
gross  tons,  valued  at  $48,760.  In  Arkansas  one  producer  shipped 
10  tons  of  loadstone,  averaging  72  per  cent  of  metallic  iron, 
which  was  sold  at  a  high  price.  This  shipment  is  not  included 
in  the  tabulated  statistics  of  iron  ore.  The  ore  reported  as  sold 
for  fluxing  other  than  in  the  manufacture  of  pig  iron  amounted 
to  17,213  gross  tons,  valued  at  $27,456,  in  1915,  as  compared 
with  42,677  gross  tons,  valued  at  $1 14,985,  in  1914.  The  domestic 
iron  ore  actually  sold  for  the  manufacture  of  pig  iron  amounted 
in  1915  to  55,475,887  gross  tons,  valued  at  $101,261,528,  as 
compared  with  39,671,603  gross  tons,  valued  at  $71,790,094, 
in  1914." 


X  «  S  o  I-        £? 

Lake  Superior(o)     46.944,254        ...  46.944.254  -f  40 

Birmingham 4,213,597  535,332  ...  4,748,929  4-11 

Chattanooga 340.481  198.543  ...  539,024  -f 25 

Adirondack 699,213  ...  699.213   4-28 

Northern     N.     J. 

&  Southeastern 

N.  Y (6)  644,493(6)  .  .  .  644.493   +  19 

Other  districts...         728.992  754.000  464.130  3,455  1.950.577     — 7 

52,227,324  1,488,709  1,807.002       3,455    55.526.490  H-34 
(a)  Includes  only  those  mines  in  Wisconsin  which  are  in  the  true  Lake 
Superior  district. 

ib)  Brown  ore  included  in  magnetite. 

One  of  the  most  interesting  sections  of  this  report  relates  to 
beneficiation  of  iron  ores  which  is  reported  on  by  Edmund 
Newton  and  Harlan  H.  Bradt. 

"The  Bureau  of  Statistics  of  the  American  Iron  and  Steel 
Institute  reports  the  production  in  19 15  of  all  kinds  of  pig  iron, 
including  such  ferroalloys  as  spiegeleisen,  ferromanganese, 
ferrosilicon,  and  ferrophosphorus,  produced  in  blast  furnaces, 
as  well  as  some  that  were  electrically  produced,  as  29,916,213 
gross  tons,  compared  with  23,332,244  tons  produced  in  1914, 
an  increase  of  6,583,969  or  28  per  cent. 

"According  to  reports  to  the  United  States  Geological  Survey 
by  the  manufacturers,  the  shipments  of  pig  iron,  exclusive  of 
ferroalloys,  in  1915,  amounted  to  30,384,486  gross  tons,  valued 
f.  o.  b.  at  the  furnaces  at  $401,409,604,  as  compared  with  22,263,- 
263  tons,  valued  at  $298,777,429,  in  1914,  an  increase  in  quantity 
of  8,121,223  tons,  or  36  per  cent,  and  in  value  of  $102,632,175, 
or  34  per  cent.  The  average  price  per  ton  in  1915  was  $13.21, 
and  in  1914  it  was  $13.42,  a  decrease  in  1915  of  $0.21  a  ton. 
These  values  represent  the  approximate  price  per  ton  f.  o.  b., 
at  the  furnaces;  this  approximate  price  eliminates  freight  costs, 
selling  commissions,  and  otlier  items,  which  are  included  in  the 
market  prices  of  certain  grades  of  pig  iron  as  published  in  the 
trade  journals." 

Detailed  information  as  to  the  prices  in  different  districts, 
the  number  of  blast  furnaces  in  operation,  the  monthly  produc- 
tion, the  production  by  grades  and  in  accordance  with  fuels 
used,  and  import,  export  and  foreign  trade  statistics  are  included. 


Jan.,  1917 


TEE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


113 


"The  quantity  of  ferroalloys  reported  is  small,  amounting  to 
only  about  1.28  per  cent  of  the  total  marketed  production  of 
pig  iron  during  1915,  but  the  value  per  ton  is  so  much  greater  as 
to  have  an  important  influence  on  the  apparent  average  value  of 
the  pig  iron,  if  included  with  it,  making  it  $13.61  a  ton  instead 
of  $13.21. 

"The  shipments  of  ferroalloys  in  19 15,  as  reported  to  the  United 
States  Geological  Siu-vey,  were  388,644  gross  tons,  valued  at 
$17,450,385,  as  compared  with  255,524  gross  tons,  valued  at 
59.350.^45.  in  1914-  Of  the  shipments  in  1915,  147,822  gross 
tons,  valued  at  $11,452,577,  were  made  from  imported  ores  de- 
rived from  Australia,  Cuba,  India,  Japan,  Russia,  South  America, 
and  Spain.  The  ferrovanadium,  ferromolybdenum,  ferroman- 
ganese,  spiegeleisen,  and  ferrotungsten  were  made  in  part  or 
wholly  from  imported  ore.  The  quantity  reported  falls  far 
short  of  the  real  production  quantities  as  data  concerning  the 
sales  of  considerable  quantities  of  electrically  produced  ferro- 
alloys could  not  be  obtained  by  the  Survey." 

Ferroalloys  of  Domestic  Manufacture  Sold  in   1915 
Quantity 
Alloy  (Gross  tons)  Value 

Ferromanganese 144.260  $  9,253,443 

Spiegeleisen 114.556  2.403,550 

Ferrosilicon  1 

Ferrophosphorus j     128-263  2.595.265 

Ferromolybdenum "^ 

Ferrotitanium(a)  (10  to  20  per  cent  titanium)  .  {         |  5^5  3  j^g  py 

Ferrovanadium f  '  '       '  " 

Ferrotungsten  (50  per  cent  or  above,  tungsten).  / 

Total .188.644  $17,450,385 

(a)  No  ferrotitanium  reported  in  1915. 

DEPARTMENT  OF  AGBICULTUEE 

Manual  of  Procedure  for  Guidance  of  State  Health,  Food, 
and  Drug  Officials.  J.  S.  Abbott  and  H.  S.  Bailey,  lii- 
numbered  pamphlet. 

Importantlnsecticides,  Directionsfor  Their  Preparation  and  Use. 
C.  L.  Marlatt.     Farmers'  Bulletin  127,  48  pp.     Paper,  5  cents. 

The  Intrinsic  Values  of  Grain,  Cottonseed,  Flour,  and  Similar 
Products,  Based  on  the  Dry-Matter  Content. ,  E.  G.  Boerner. 
Bulletin  374,  32  pp.  Paper,  5  cents.  This  report  shows  the 
percentage  of  water  contained  in  various  grains,  fiours,  and 
cottonseed,  and  explains  the  benefits  derived  by  drying  said 
products  before  marketing  same. 

Hemp  Hurds  as  Paper-Making  Material.  Lyster  H.  Dewey 
AND  Jason  L.  Merrill.  Department  Bulletin  404,  26  pp. 
Paper,  5  cents.  This  report  should  be  useful  to  all  persons 
who  are  interested  in  the  economic  phase  of  papermaking, 
especially  to  print  and  book  paper  manufacturers.  It  also 
should  be  of  interest  to  scientific    investigators    and    chemists. 

The  Recovery  of  Potash  from  Alunite.  W.  II.  Waogaman 
AND  J.  A.  CullEn.  Contribution  from  the  Bureau  of  Soils. 
Department  Bulletin  415,  14  pp.  Paper,  5  cents.  "Describes 
location  and  extent  of  the  Utah  deposits  of  alunite,  and  the 
MH-tlioil  of  extracting  the  potash." 

Cooling  Hot-Bottled  Pasteurized  Milk  by  Forced  Air.  S. 
IlEN'KV  AvEKS,  John  T.  BowEN  and  W.  T.  Juiin.son.  De- 
l)artiiieiil   Bulletin  4^(1,  38  pi>.      I'ajier,   i<i  cents. 

The  Action  of  Manganese  under  Acid  and  Neutral  Soli 
Conditions.  J.  J.  Skinner  and  V.  R.  Reid.  Bulletin  441. 
12  pp.  Pajjcr,  5  cents.  "The  results  given  in  this  bulletin 
throw  further  light  on  the  efTccl  of  this  catalytic  fertilizer  under 
various  soil  conditions.  Thai  its  elTcct  is  (Kiiendent  on  the  re- 
action of  the  soil  is  deinonstraled.  The  bulletin  is  of  interest 
to  scientilic  investigators,  to  manufacturers  of  catalytic  fcrliliiers, 
and  to  those  growers  whose  technical  triiiniuK  induces  them  to 
cxperinieul  with  new  substances  to  increase  or  control  crop 
production." 

A  Study  of  the  Electrolytic  Method  of  Silver  Cleaning.  II 
I,.  I,AN(;  AND  C,  I'".  Wai.Tiin,  Jk  Bulliiiii  .(.|i;,  ij  pp  I'npor. 
.S  cents.  Contains  iiifnrnialioii  n-Kii'diiin  the  adviinliiKes  iiiul 
limitations  of  the  electrolytic  uiethod  of  cloniiiuK  -iilver  mid  tlie 
condilions  under  which  it  is  most  enicient. 


Improved  Apparatus  for  Determining  the  Test  Weight  of 
Grain,  with  a  Standard  Method  of  Making  the  Test.  E.  G. 
BoER.vER.  Bulletin  472,  15  pp.  Paper,  5  cents.  Of  interest 
to  grain  dealers  and  grain  inspectors. 

The  following  articles  from  Volumes  6  and  7  of  the  Journal 
of  Agricultural  Research  are  of  chemical  interest: 

Influence  of  Barnyard  Manure  and  Water  upon  Bacterial 
Activities  of  Soil.    J.  E.  Greaves  .\nd  E.  G.  Carter. 

Alpha  Crotonic  Acid  as  a  Soil  Constituent.  E.  H.  Waters 
AND  Loiis  E.  Wise. 

Formation  of  Hematoporphyrin  in  Ox  Muscle  during  Autolysis. 
Ralph  Hoagland. 

Comparison  of  the  Nitrifying  Powers  of  Some  Himiid  and 
Some  Arid  Soils.     C.  P.  Lipmax,  P.  S.  Bl-rgess  and  M.  A.  Klein. 

Immobility  of  Iron  in  the  Plant.  P.  L.  Gile  and  J.  O. 
Carrero. 

Effects  of  Nicotine  as  an  Insecticide.     N.  E.  McInduo 

Acidity  and  Adsorption  in  Soils  as  Measured  by  the  Hydrogen 
Electrode.     I,   T.  Sharp  and  D.  R.  Hoagland 

Growth  of  Parasitic  Fimgi  in  Concentrated  Solutions.  Lon. 
A.  Hawkins. 

Freezing-Point  Lowering  of  the  Leaf  Sap  of  the  Horticultural 
Types  of  Persea  Americana.    J.  .\.  Harris  and  Wilson  Popenoe. 

Chemical  Composition,  Digestibility,  and  Feeding  Value  of 
Vegetable-Ivory  Meal.     C.  L.  Beals  and  J.  B   I.indsev. 

Use  of  Two  Indirect  Methods  for  the  Determination  of  the  Hy- 
groscopic Coefficients  of  Soils.     F.  J.  .\lwav  and  V.  1.  Clark 

Energy  Values  of  Red-Clover  Hay  and  Maize  Meal.  H. 
P   .\rmsiiv.  J.  A    Fries  and  W.  W   Braman. 

Effect  of  Sodium  Salts  in  Water  Cultures  on  the  Absorption  of 
Plant  Food  by  Wheat  Seedlings.     J    I".  Brkazeale 
BUEEAU  or  STANDARDS 

Determination  of  the  Degree  of  Uniformity  of  Bars  for  Mag- 
netic Standards.  Ra%tiiond  L.  Sanford.  Scientific  Paper  295, 
14  pp.  "This  ])aper  (i)  describes  a  method  for  determining  the 
degree  of  magnetic  uniformity  along  the  length  of  a  straight 
bar,  (2)  indicates  the  magnitude  of  the  effect  of  nonunifonnitics 
on  the  accuracy  of  magnetic  inea.Mirements.  and  (j)  gives  a 
criterion   for  the  degree  of  uiiilormity  of  ma>;netic  standards    ' 

The  Failure  of  Brass,  i  Microstructure  and  Initial  Stress 
in  Wrought  Brasses  of  the  Type,  60  Per  cent  Copper  and  40 
Per  cent  Zinc.  V.  1).  Merica  and  R.  W.  Woodward.  Tech- 
nologic Paper  8j,  72  pp.  "This  pajK-r  gives  an  accoiuit  of  un 
investigation  of  the  cause  of  failure  of  a  number  of  articles, 
particularly  bolts,  of  wrought  brass  of  the  t>-pc  60.40  (i.  t  , 
of  such  inaleriul  as  naval  hra.ss  and  manganese  bronze)  with 
particular  reference  to  the  microstructure  of  the  material  and 
the  presence  in  it  of  initial  strc.-ts.  In  the  i-oursc  of  this  in- 
vestigation the  physical  i)ro|)crtics,  niicrostnicturr.  and  the 
initial  stress  distribution  have  Ik-cu  studied  in  some  250  ma- 
terials, some  of  which  had  In-en  in  service  lin  the  Catskill  Aque- 
duct constmclion,  in  the  Filtration  Plant  of  the  City  of  Minnr- 
afmlis,  in  the  l'  S.  Nnvy  Departnient,  and  in  the  Panama  Canal 
construct  inn)  and  some  of  which  was  new  material,  hmIs  having 
Ix-en  kiiully  furnished  by  several  inanufiicturrrs.  It  wos  shown 
that  the  initial  stresses  in  rinls  rould  be  rrlicvrti  by  annrolins 
for  I  or  .•  \\x>  at  low  lein|«r.ilures.  ,»<»>  to  4<«>''  C  .  at  which 
the  physical  pro|H-rlies  n(  the  rinU  wiiv  not  apprrcuiblv  allrvlrtl  " 

1  The  Effect  of  Corrosion  on  the  Ductility  and  Strengtli  of 
Brass.  1'ai'i.  D.  Mkrica.  Twhnologic  1^\wt  8.».  7  pp.  "In- 
vrstigntions  of  a  hnmogrnrtnis  ul|<lia  bnt.v  have  slinwn  that 
the  electrolytic  solution  imlrnlial  of  this  matrrinl  i»  inerrojird 
liv  the  iipplication  of  a  tensile  slrrw  This  iiirasiiml  iiicTroM; 
amoinils  to  up)<roxiinulrlv  0  1  millivolt  (<ir  io.<««>  Un.  )trr  M). 
in.  of  stress. 

"On  this  fact  eun  In-  based  an  r%planatt<iii  nf  the  decrease  of 
slrruKlh  and  of  ductility  of  bra.ars  when  corroded  while  under 
stress      Dver   a   muithened   stirface  of   a   l>ar   the   tensile   stress 
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will  vary  in  value,  being  greatest  at  tlie  bottom  of  furrows  and 
depressions  and  least,  almost  zero  indeed,  at  the  tops  of  the 
ridges.  The  e.  m.  f.  will,  therefore,  other  things  being  equal, 
be  greater  (t.  e.,  more  electropositive)  at  the  bottoms  of  the 
furrows  than  elsewhere;  corrosion  will  set  in  here  most  rapidly, 
forming  a  crack  which  will  grow  narrower  and  sharper,  its  rate 
of  growth  being  greater  the  sharper  it  is.  In  time  the  cross- 
section  of  such  a  bar  is  so  reduced  by  these  cracks  that  fracture 
occurs,  the  brass  exhibiting  only  slight  elongation  (ductility) 
and  failing  at  a  stress  value  apparently  less  than  the  ultimate 
strength.  This  explanation  is  borne  out  by  the  examination  of 
a  number  of  brass  failures  which  have  occurred  under  such  con- 
ditions." 

3 — Initial  Stress  Produced  by  the  "Burning-in"  of  Manganese 
Bronze.  Paul  D.  Mekica  and  C.  P.  Karr.  Technologic 
Paper  84,  7  pp.  "In  connection  with  the  failure,  by  cracking, 
of  a  number  of  manganese  bronze  valve  castings  in  the  Catskill 
Aqueduct  at  or  near  areas  repaired  by  "burning-in,"  an  investi- 
gation has  been  made  of  the  initial  stress  produced  in  a  manganese 
bronze  double  bar  casting  by  the  burning-in  of  a  constrained 
portion.  The  stresses  measured  were  in  each  case  about  8000 
to  10,000  lbs.  per  sq.  in.  {i.  e.,  the  true  elastic  limit  of  the  ma- 
terial) and  the  material  within  the  burned-in  area  was  of  course 
in  tension.  The  microstructure  of  the  portion  adjacent  to  the 
bumed-in  metal  was  not  altered;  the  burned-in  metal  was  in  all 
cases  of  finer  grain  than  that  of  the  casting. 

"The  conclusion  is  reached  that,  although  distortion  of  a 
bumed-in  casting  may  partially  relieve  the  initial  stresses  set 
up  by  this  operation,  such  castings  will,  in  all  probability, 
generally  contain  local  stresses  of  dangerous  magnitude,  i.  e., 
near  the  elastic  limit  of  the  material.  Castings  repaired  in  this 
manner  should  either  be  thoroughly  preheated  or  subsequently 
annealed  in  order  to  eliminate  these  stresses." 

Specifications  and  Tolerances  for  Weights  and  Measures  and 
Weighing  and  Measuring  Devices.  Circular  No.  61.  These 
are  the  specifications  and  tolerances  as  adopted  by  the  eleventh 
annual  conference  on  the  weights  and  measures  of  the  United 
States,  held  at  the  Bureau  of  Standards,  Washington,  D.  C, 
May  23  to  26,  1916,  and  recommended  by  the  Bureau  of  Standards 
for  adoption  by  the  several  states. 

COMMEBCE  REPORTS—NOVEMBER,   1916 
The  first  coal  mine  in   the   Malay   Peninsula  has  just  been 
opened.     (P.  455.) 

The  output  of  quinine  in  Madras,  India,  shows  a  large  increase, 
most  of  it  is  consumed  locally,  being  issued  to  the  natives  by  the 
Government.     (P.  487.) 

Efforts  are  being  made  to  develop  electric  iron  smelters  in 
New  Zealand,  especially  to  use  the  titaniferous  iron  sands  of 
the  Jaranaki  region.     (P.  581.) 

Over  100  dyes  are  now  being  made  in  Switzerland  and  available 
for  export  to  the  United  States.     (Pp.  583-8.) 

Russia  now  supplies  the  bulk  of  the  sugar  beet  seed  used  in 
the  United  States,  which  was  formerly  mostly  obtained  from 
Germany.     (P.  596.) 

The  peanut  industry  of  Madras,  is  increasing;  much  of  the 
product  is  exported,  and  the  rest  is  extracted  in  India  for  native 
use.     (P.  600.) 

Japan  is  now  exporting  considirabU-  paper  pulp  lo  the  United 
States.     (P.  638.) 

The  present  production  of  platinum  in  the  Urals  is  only  about 
one-third  normal.     (P.  661.) 

The  cement  ])ro(luction  of  Spain  shows  a  marked  increase, 
9  plants  now  being  in  oijcration.     (P.  680.) 

Plans  are  being  made  to  reopen  the  antimony  mines  in  New 
Brunswick.     (P.  709.) 

All  the  capital  has  been  subscribed  for  the  "British  Dyes 
Limited,"  the  government  subsidized  company  for  manufacturing 
dyes.     (P.  724.) 

Efforts  are  being  made  by  the  United  States  Bureau  of  Fisheries 


to  utilize  the  large  deposits  of  bones  in  the  Pribilof  Islands. 
They  are  probably  the  largest  known  deposits  of  bones,  repre- 
senting accumulations  of  a  century  or  more.     (P.  726.) 

New  antimony  deposits  are  being  opened  in  South  Africa. 
(P-  727.) 

A  company  has  been  formed  in  Argentina  fot  the  manufactitfe 
of  "Algarrobin,"  a  brownish  dye,  obtained  from  the  wood  of 
the  carob  tree.  It  is  being  used  especially  for  dyeing  khaki 
cloth.     (P.  731.) 

The  production  of  flax  for  fiber  in  Canada  is  steadily  increas- 
ing. The  export  of  flaxseed  (linseed)  has,  however,  decreased. 
(P.  733.) 

Exports  of  nitrate  from  Chile  show  a  large  increase.     (P.  740.) 

The  British  minister  of  munitions  has  ordered  a  census  of  all 
coal-tar  products  in  the  United  Kingdom.     (P.  740.) 

ICfi^orts  are  being  made  to  install  detinning  plants  for  old  tin 
in  various  English  towns.  Formerly  most  of  this  scrap  tin  was 
exported  to  Germany.     (P.  763.) 

China  and  Japan  are  experiencing  a  great  shortage  of  "lacquer- 
varnish,"  used  in  the  lacquer-ware  industry.  The  material  is 
obtained  from  the  juice  of  the  Rhus  vernicijera,  or  lacquer- 
varnish  tree,  the  cultivation  of  which  has  fallen  off.     (P.  771.) 

The  Philippine  Bureau  of  Science  is  taking  steps  to  modernize 
the  Philippine  sugar  industry.  By  present  crude  methods  the 
yield  is  only  60  to  70  per  cent,  while  in  modem  "centrals"  a 
yield  of  94  to  98  per  cent  is  obtained.     (P.  774.) 

Geological  studies  are  being  made  in  BrazU  of  possible  "pipes" 
of  "Kumberlite,"  or  diamond  matrix.  Thus  far  all  the  Brazilian 
diamonds  have  been  obtained  from  placers.  Recently  dis- 
coveries of  "mother  lodes"  have  been  reported.     (P.  798.) 

Considerable  scheelite  is  now  being  mined  in  New  Zealand. 
(P.  813.) 

Annual  exports  of  platinum  from  Columbia,  now  amount  to 
over  11,000  troy  ounces.     (Supplement  42a.) 

Supplements  Issued  in  November,  1916 


Norway — lOi 

China. 

TsiNGTAU— 52A 

Spain— ISf 

China. 

Manchuria— 52i 

French  West  Indies — 

28a 

Straits 

Settlements    and    Fbd- 

Haiti— 306 

erated  Malay  States — 56a 

Panama— 35a 

SiAM — 58a 

Chile — 416 

British 

West  Africa — 67o 

Colombia — 42a  and  b 

Egypt- 

-680 

British  India — 50c 

French 

West  Africa — 69o 

Ceylon— 5  lo 

Portuguese  West  Africa — 77a 

Statistics 

OF  Exports  to  the  United  States 

Switzerland— 583 

Spain — Sup. 

15e 

Haiti — Sup.  306 

Vegetable  alkaloids 

Beeswax 

Hides 

Saccharin 

Glycerin 

Logwood 

Acid     potassium     tar- 

Saffron 

Wax 

trate 

Argols 

Fustic 

Boric  acid 

Iron  ore 

Bones 

Phosphoric  acid 

Olive  oil 

.Sodium 

Hides 

Ceylon — Sup.  51a 

Tanning  extracts 

Citronella  oil 

Glycerin 

Santo     Domingo — 

Coconut  oil 

Glue 

(562) 

Papain 

Logwood  extracts 
Aniline  dyes 

Graphite 

Copper  ore 

Rubber 

Hides 

Logwood 
Sugar 

Manchuria — Sup.  52« 

Norway — Sup.  106 

Hides 

Chemicals 

Soya  bean  oil 

Cod  liver  oil 
Fertilizers 

Colombia— Sup.     42o       Talcum 
and  6 

Hides 

Balsam 

Singapore— Sup.    56o 

Matches 

Dividivi 

Benzene 

Paper 

Gold 

Cutch 

Wood  pulp 

Hides 

Gambler 

Aluminum 

Indigo 

Gumcopal 

Platinum  ore 

Ipecac 

Gumdamar 

Chile — Sup.  416 

Platinum 

Guttajoolatong 

Antimony  ore 

Rubber 

Gutta-percha 

Argols 
Beeswax 

Silver 

Tanning  extract 

Hides 
Mangrove     bark 

Cascara 

Coconut  oil 

Cocaine 

India— Sup. 

50c 

Resin 

Copper 

Bones 

Rubber 
Tin 

Gold 

Hides 

Glue 

Manganese  ore 

SiAM— Sup.  58o 

Hides 

Mica 

Hides 

Iodine 

Saltpeter 

Tungsten  ore 

Lead 

Shellac 

Silver 

Nux  vomica 

Egypt — Sup.  68a 

Nitrate 

Senna 

Beeswax 

Potash 

IndiKO 

Glue  stock 

Quillay    bark 

Turmeric 

Gum  arable 

Rubber 

Lemon-grass 

oil 

Hides 

Tin 

Coconut  oil 

Iron  ore 

Tungsten 

Castor  seeds 

Rags 

Zinc 

Rubber 

Senna 
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By  Iksns  DbMatty.  Librarian,  Mellon  Institute  of  Industrial  Research,  Pittsbursh 


Analysis:     A  Textbook  of  Quantitative  Chemical  Analysis.     J.  C.  Olsen. 

oth   Ed,  Revised  and   Enlarged.     8vo.     555  pp.      Price,  53.50.      D.  Van 

Nostrand  Co.,  New  York. 
Analysis:     General  Instruction  and   Methods   of  Analysis  and   Chemical 

Control;  for  Use  in  Factories  of  the  Cuban-American  Sugar  Company. 

G.  L.  Spencer.     3rd  Ed.      8vo.     39  pp.      Price,  Sl.OO.     Cuban-American 

Sugar  Co.,  New  York. 
Bituminous    Materials.     Laboratory    Manual.     Prevost    Hubbard.     Svo. 

153  pp.      Price,  $1.50.      John  Wiley    &  Sons,  New  York. 
Cellulose:  An  Outline  of  the  Chemistry  of  the  Structural  Elements  of  Plants. 

C.    F.    Cross    and    Others.     New    Ed.     Svo.     328   pp.     Pricei    ^.50. 

Longmans,  Green    &  Co.,  New  York. 
Chemistry:     A    Laboratory    Outline    of    College    Chemistry.     Alexander 

Smith       12mo.     20C  pp.      Price.  $0.90.     The   Century   Co..  New   York. 
Chemistry:     Manuel  de  chimie.     B.  Gauthier-Echard.     IGrao,     335  pp. 

Deslis  fr^res  et  Cie,  Tours. 
Chemistry  of  the  Farm  and  Home.     W.  E.  Tottingkam  and  J.  W.  Incs. 

12mo.     434   pp.      Price,  $1.25.      Webb  Publishing  Co.,  St.    Paul,  Minn. 
Civil  Engineering  Types  and  Devices;  a  Classified  Index  of  Plant  Con- 
structions,  Machines  and   Materials.     T.   W.   Barber.     Svo.     245  pp. 

Price,  $3.00.      D.  Applcton    &  Co..  New  York. 
Construction:     Modern  Electrical  Construction.     H.   C.  Horstmann  and 

V.    H.    TousLEY.      5tb    Ed.      KJmo.     4.39    pp.      Price,   $1.00.     Frederick 

J.  Drake    &  Co.,  Chicago. 
Cost   Data:     Estimating   the    Cost   of   Work.     W.    B.    Ferouson.     12mo. 

1U9  pp.      Price,  $1.00.      Engineering  Magazine  Co.,  New  York. 
Cotton:     Measurements  Showing  Cubical  Contents  and  Density  per  Foot 

of  Low  Density  Compressed  Cotton.     Dennis  Mui-lanb.     Svo.     25  pp. 

Price,  SI, ,50.      Dealy-.'Vdcy-Elgin  Co.,  Houston.  Tex. 
Cotton    Calculator    and    Density    Tables.     W.    H.    Lowe.     Svo.     47    pp. 

Price,  $4.00.      The  Author,  Atlanta,  Ga. 
Engineering   Chemistry.     T.    B     Stillman.     Svo.      700   pp.      Price,   $5.00. 

Chemical  Publishing  Co.,  Easton,  Pa. 
Engines:     The  Design  of  Marine  Engines  and  Auxiliaries.     E.  M.  Bragg. 

Svo,      1.S3  pp.      Price,  $3.00.      D.  Van  Nostrand  Co..  New  York. 
Gases    of    the    Atmosphere.     .Sir    Wiu-iam    Ramsay.     4th    Ed.     12mo. 

300  pp.      Price,  $2.25.     The  Macmillan  Co.,  New  York. 
Industrial  Arithmetic.     C.  G.  White  and  P,  P.  Colgrovb.     12mo.     285 

pp.      Price,  $0.80.      Webb  Publishing  Co.,  St.  Paul,  Minn. 
Inorganic  Chemistry.     L.  C.  Nuweli,.     Rev.  Ed.     12mo.     595  pp.     Price, 

$2.00.      D.  C.  Healh    &  Co.,  New  York. 
Lubricating  Engineers'  Handbook.     J.  R.  Batti.k.     Svo.     333  pp.     Price, 

$4.00.     J.  B.  l.ippincott  Co..  Philadelphia. 
Mechanical     Engineering:     Aide-Mimoire     de     I'inginieur     micanicien. 

I.  Izart.     Svo.      SOS  pp.      Deslis  frircs  et  Cie,  Tours. 

Mechanical  Equipment  of  Buildings.     VoL  I.     L.  A.  Harding  and  A.  C. 

WiM.ARl).      To  be  in  3  Vols.     Svo.     615  pp.      Price,  fl.OO.     John  Wiley 
«i  Sons.  New  York. 
Metallurgy  of  Steel.     J.  F.  W.  Harbord  and  J.  W.  Hall.     2  Vols      5th 

Ed.     8vu.     933  pp.      Price,  $12  50.     J.  B.  Lippincott  Co.,  Philadelphia. 
Milk:     The  Pasteurization  of  Milk;  a  Handbook  Relating  to  the  InstalU- 

lion.  Operation  and  Control  of  Pasteurizing  Plants.     C.  H.  Kildoiiknk. 

Kinio.      21,S  pp.      Prill-,  $1  25       J.ihn  Wiky    iV  .Sous,  New  York. 
Municipal  Engineering  Practice.     A    P.  Folwkll.     Svo.     422  pp.     Price, 

$3. ,".{),      Jiilin  Wili'y    N,-  Sons,  New  York. 
Organic  Chemistry:     A  Laboratory  Manual  of  Organic  Chemiatry.     Mat- 
thew   Sthhi..       Svi).      201    pp         Price.    $1.25,       John    Wiley    &    Son.i. 

New  York. 
Organic   Chemistry  for   the   Laboratory.     W.    A.    N6vii».     3rd    Ed.     Svo. 

291  pp.      Price,  $2.00.      Chemical  Publishing  Co.,  Ka.<iton,  Pu 
Ozy-acelylene    Welding.     S.    W.    Millhr.     8vo      287    pp.     Price,    $2  40 

Industrial  Press,  New  York 
Pattern    Making.     Jamhs    Ritciikv.     Rev.    Ed.     I2nni.     222    pp.     Price, 

J I  .10       Ainirican  Technical  Society,  Chicago. 
Power  Stations:     Largs  Electric  Power  SlaMons;  Their  Deilgn  and  Con- 

atruction.     G.    Klinhhniikko.     Kvo.     2(10    pp      Priee.    $5  IK)      1).    Van 

Noslruud  Co  ,  New  York 
Rsfrigorntion:     The    Elomonla   of    Refrigeration   (or   Sludenta,   Englnetra 

and    Warchounemon.     A     M     ('.kiiiinic.     Svo.     472    pp.     fricc.    $1  (K) 

John  Wiliy    (t  Soiih.  New  York 
Rock   Excavation:     Handbook  of   Rock   Excavalion,   Methodt  and   Coela. 

II.  P.  Gm.lhttii,     2n<l  Ed       I21110.     83.'.  pp       I'ri.r.  $5  (Kl      Clark  Hook 


Ne 


York 


V.    Ti 


I.,«»riliaK      Hv 


Steel:     L'lndunlrie    do    I'acler    en    France 

355  pp.      Ch    IK^tiviiv,  ftvrrin. 
Steel  Square:     A  Practical  Treatlie  on  the  Application  of  the  Steel  Square. 

S.  A.   Miil'l'MAN.      2  Vol       l2mo.      Price,  $2.0(1.     Sr«r».  Kocl.Uik    ,*  C  , 

Chicago, 


Weights   and    Measures:     Quick    Calculator.     R     Klein,    Comp.     12mo. 

13  pp       Price,  SO  80       E.  P.  Dutton    &  Co  .  New  York. 
Welding:     Automobile   Welding  with   the   Oxy-acetylene   Flame.     M.   K. 

Dunham.      167  pp.      Price,  $1  0<).      Norman  W.   Henley  Publishing  Co  , 

New  York. 

RECENT  JOURNAL  ARTICLES 

Air   DeUvery  Factors  of  Blowing.      W.   Trinks.      Blast  Furnace  and  Sled 

Plant,  Vol    50  091131,  No    12,  pp    551-553. 
Analysis  of  Tank  Resistance  in  Electrolytic  Refining.     Lawrencb  Ai>dices 

Metallurgical   and    Chemical    Engineering,    Vol.    IS    (1916).    No.    10.    pp. 

506-570. 
Bisulfite  Process.     Anonymqus.     Engineering  and  ifining  Journal,  Vol. 

102  (1916).  .No.  21,  pp.  S95-S98. 
Black  Sand  of  the  Pacific  Coast.     Hbrbbkt  La.nc.     ilining  and  Scieuliju 

Press.  Vol.  113  (1916).  No.  23,  pp   811-813. 
Carbon:     Determining  Carbon  in  Steel  by  Combustion.     J.  W.  Bakbbv. 

The  Iron  Age.  Vol   98  (1916),  .\o    19,  pp.  1053-1055. 
Carbonization  of  Wrought  Iron  in  Gases.     F.  W.  Harbord,      Blast  Furnae* 

and  Uleel  Plant.  Vol.  50  (1916),  No    12,  pp.  556-557. 
Cleaning  the  Ammonia  Charge  at  the  End  of  the  Season.     F.  W.  Fkskichs. 

Power.  Vol    44  (1910).  No    22.  pp.  7.12-753 
Compression   from   a    Mechanical   Point   of   View.     F.    R.    Low       /".larr. 

Vol.  44  tl'.in,)    No    20,  pp    674-679. 
Condensation  Pump:     An  Improved  Form  of  High  Vacuum  Pump.     Irving 

Langmuir.      General  Electric   Revinr.  Vol.   19  (1916).  No.   12.  pp.   1060- 

1071 
Corrosion:     Preventing    the    Corrosion    of    Pipe.     F.    N.    Spbllsn       The 

Iron  Trade  Retiru,  Vol.  59  (1916).  No   22.  pp.  109S-1I0I 
Crystals:     On  the  Formation  of  Columnar  and  of  Free  Crystals  during 

Solidification.      II.    M.   Howb.      Metallurgical  and  Chemical   Engineering, 

Vol    15  (1916).  No    U,  pp.  623  624 
Fuel:     Excess  Air  in  Fuel  Combustion.     M.   B.  Shith.      I'cncrr,  Vol.  44 

(1916),  No    20,  pp.  6,SO-6S2. 
Heat  Treatment  for  Special  Alloy  Steels.     R    R.  Abbott.     Steel  and  Iron, 

Vol    SO  (1916),  No    II.  pp    34.5-34S 
Industrial    Organization.     II.    N.    Struuck.     Metallurgical    and    Chemie^ 

Engineertng.  Vol    15  ^916),  No.  10.  pp.  579-584 
Internal-Combustion  Turbine.     .K.  W    H    C.rispk.      Potrrr.  Vol.  44  U9ie). 

No    23.  pp    7.S5  7s7 
Iron:     Conservation   of   Iron    Ore    Resources.     C.    K.    Lkitii.      Tht   Iron 

Trade  Rerir-.r.  Vol    S9  (1916).  No.  21.  pp    1045-1046 
Iron  and   Steel   Export  Shipments.     F     A     Kslly.      The  Iron    .igr.    Vol. 

98  (1916).  No    20,  |.p    1112-1113 
Kelp    Industry    of    the    Pacific    Coast.     .\     II     Wright       The    .^mericmn 

Fertilizer.  Vol    4S  (1916),  No    11.  pp    31    33. 
Laboratory  Efficiency.     B.  M   Johnson.     F.ngintering  and  Xlining  Journal, 

Vol    102  (19161.  No    22.  pp    04.V940 
Lubricants:     Roll-Neck    Lubricants;   Their   Reclamation.     W     M     Daxis. 

nlast  Furniur  and  Sterl  Vlant.W^    50     U'16).Ni.    12.  pp    504    .%«5 
Magnesite:     A  Sedimentary   Magnetite   Deposit.     I.    .\     PALMSa       F.ngi- 

neering  and  Min,«s  Jimrnal.  Vol.  102  lU'lU).  No    23,  pp.  IMV5-967. 
Measuring  the  Flow  of  Compressed  Air.     T    O    EKT«r       The  Iron   Af. 

V.jI    98  (1916),  No    19,  pp    HMO    10.V1 
Oil    Engine:     A    Unique    American    Oil    Engine.     F     C      PaiKiKt       The 

h.^alrd  rUtfil.  \M    8il91li),\i.    1.'    pp    1.1    1  .■■ 
Petroleum:      Problems   Connected    with   the    Recovery   of    Petroleum   from 

Unconsolidated     Sands.      \V      It       Koaall       bulletin     0/    l*<     .imerutn 

Inititute  of  MiHint  Fnsinert..  19111.  No    120.  pp    I2.\3  2270 
Potassium     Chlorate     Manufacture.     A      G      HRTrs      Ut1tllurgt.nl    nnd 

Chemical  l-nstnrrrint.  Vol    II  1 19161.  No    II.  pp   037  028 
Pressure  Tests  of  Welded  Boiler-Tube  Vessel      Kubkit  C*ahi>       f'oirer. 

Vol    44  (1916).  No   23;  pp    772   774 
Pulp:     Testing  Pulp  (or  Color  and  Strength.     R    II.  Wou>.     Pntm.  Vol. 

19  1IIII6),  No    9.  p|i     II    19 
Reciytlallliation    after    Defoimalioa.     M      M      Howl       Tht    fro*     TnJ4 

Kmr«,  Vol    59  (1916),  No    21.  |.p.  lO-M    lO.Vl 
Rubber:     Local    Growth    o(    Rubber    and    QuIU-pwclw    PUats.     K.    O. 

Sarmiiikto      rhiliffime     \  ri,  mliutm   and    f.»«»«».    Vol   S  U9I0I.    No 

5,  pp    l.'iU    103 
Scheellle:     New    Scheellt*     DiscoTerr.     W      II      SmBHs      Utntng    nnd 

.S.irnltA-   />«!•.  V.J    ill  (1010).  No    22   p    7«Ji 
Slime:     The   Inpoitance  o(   KmtlenI   Settling  a(   Sllne.     P    W     Avut 

Minins  .in.l  \.>tmi*.   f>f<.\.A    11.1    l<Mi>>    N..   21. pp   7.1l>  742 
Steam:     Using  Wade  Ileal  (or  (ienptaltng  Steam.     A     O    l*a«TT       Tk* 

/r,.«    lrt,.l,   A'/ri/lr,  V.4    SOllWini,  No    2.1.  pp    MIX    IIM 

Sleam   Needed  by  Peilecl  tB«lB«.     P    K    L«w       rowoe.  Vol    44  (l»ia>. 

Nil    19,  pii    012  nt.\ 
Sltonllun  Nlltale:     A  New  U4«slt|r.     I>    f-  Uvin.      Uisiat  and  Seitm- 

(1)1.  />»■■,  Vol  iij  iioifl).  No  31.  ft>  rt*-m 
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MARKET  REPORT— DECEMBER,  1916 

WHOLBSALB    PRICES   PREVAIUNG    IN    THE    NEW   YORK    MARKET    ON     DECEMBER  15 


INOROAMIC  CHEMICALS 

AceUte  of  Lime. 100  Lbs. 

Alum,  lump  ammonia 100  Lbs. 

Aluminum  Sulfate,  bigb-grade Ton 

Ammonium  Carbonate,  domestic Lb. 

Ammonium  Chloride,  gray Lb. 

Aqua  Ammonium.  26°.  drums Lb 

Arsenic,  white Lb. 

Barium  Chloride Ton 

Barium  Nitrate Lb. 

Barytes.  prime  white,  foreign Ton 

Bleaching  Powder.  35  per  cent 100  Lbs. 

Blue  Vitriol Lb. 

Borax,  crystals,  in  bags Lb. 

Boric  Acid,  powdered  crystals Lb. 

Brimstone,  crude,  domestic Long  Ton 

Bromine,  technical,  bulk Lb. 

Calcium  Chloride,  lump,  70  to  75%  fused Ton 

Calcium  Chloride,  granulated Tod 

Caustic  Soda.  76  per  cent Lb. 

Chalk,  light  precipitated Lb. 

China  Clay,  imported Ton 

Feldspar Ton 

Fuller's  Earth,  foreign,  powdered Ton 

Glauber's  Salt,  in  bbis 100  Lbs. 

Green  Vitriol,  bulk 100  Lbs. 

Hydrochloric  Acid,  commercial.  18° Lb. 

Hydrochloric  Acid.  C.  P..  cone.  22° 100  Lbs. 

Iodine,  resublimed Lb. 

Lead  Acetate,  white  crystals Lb. 

Lead  Nitrate Lb. 

Litharge.  American Lb. 

Lithium  Carbonate Lb. 

Magnesium  Carbonate Lb. 

Magnesite.  "Calcined" Ton 

Nitric  Acid.  36° Lb. 

Nitric  Acid  42° Lb. 

Phosphoric  Acid.  sp.  gr.  1.750 Lb. 

Phosphorus  yellow Lb. 

Plaster  of  Paris Bbl. 

Potassium  Bichromate,  casks Lb. 

Potassium  Bromide  (granular) 100  Lbs. 

Potassium  Carbonate,  calcined.  80  @85% Lb. 

Potassium  Chlorate,  crystals,  spot Lb. 

Potassium  Cyanide,  bulk.  98-99  per  cent. .  .  .  Mixture 

Potassium  Hydroxide Lb. 

Potassium  Iodide,  bulk Lb. 

Potassium  Nitrate Lb. 

Potassium  Permanganate,  bulk Lb. 

Quicksilver,  flask,  75  lbs 

Red  Lead,  American,  dry Lb. 

Salt  Cake,  glass  makers' Ton 

Silver  Nitrate Ox. 

Soapstone  in  bags Ton 

Soda  Ash.  58% 100  Lbs. 

Sodium  Acetate Lb. 

Sodium  Bicarbonate,  domestic 100  Lbs. 

Sodium  Bicarbonate.  English Lb. 

Sodiu  m  Bichromate '.  Lb. 

Sodium  Chlorate Lb. 

Sodium  Fluoride,  commercial Lb. 

Sodium  Hyposulfite 100  Lbs. 

Sodium  Nitrate,  95  per  cent,  spot 100  Lbs. 

Sodium  Silicate,  liquid 100  Lbs. 

Sodium  Sulfide  .30%.  crystals,  in  bbIs Lb. 

Sodium  Bisul6te,  powdered Lb. 

Strontium  Nitrate Lb. 

Sulfur.  Bowers,  sublimed 100  Lbs. 

Sulfur,  roll 100  Lbs. 

Sulfuric  Acid,  chamber.  66°  B6 Ton 

Sulfnric  Acid,  oleum  (fuming) Ton 

Talc.  American  white Ton 

Terra  Alba,  American.  No,  1 100  Lbs. 

Tin  Bichloride.  50° Lb. 

Tin  Oxide Lb. 

White  Lead.  American,  dry Lb, 

Zinc  Carbonate Lb. 

Zinc  Chloride,  commercial Lb 

Zinc  Oxide.  American  process  XX Lb. 

Zinc  Sulfate Lb. 


ORGANIC  CBXMICALS 

Acetanilid.  C.  P..  in  bbls Lb. 

Acetic  Acid,  56  per  cent,  in  bbls Lb. 

Acetic  Acid,  glacial.  99'/t%.  in  carboys Lb 

Acetone,  drums Lb. 
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Alcohol,  denatured.  ISO  proof Gal. 

Alcohol,  grain,  188  proof Gal. 

Alcohol,  wood,  95  per  cent,  refined Gal. 

Amyl  Acetate Gal. 

Aniline  Oil Lb. 

Benzoic  Acid,  ex-toluol Lb. 

Benzol,  90  per  cent Gal. 

Camphor,  refined  in  bulk,  bbls Lb. 

Carbolic  Acid,  U.  S.  P..  crystals,  drums Lb. 

Carbou  Bisulfide Lb. 

Carbon  Tetrachloride,  drums,  100  gals Lb. 

Chloroform Lb. 

.Citric  Acid,  domestic,  crystab Lb. 

Cresol.  U.  S.  P Gal. 

Dextrine,  com  (carloads,  bags) 100  Lbs. 

Dextrine,  imported  potato Lb. 

Ether,  U.  S.  P.,  1900 Lb. 

Formaldehyde,  40  per  cent Lb. 

Glycerine,  dynamite,  drums  induded Lb. 

Oxalic  Acid,  in  casks Lb. 

Pyrogallic  Acid,  resublimed  bulk Lb. 

Salicylic  Acid Lb. 

Starch,  cassava Lb. 

Starch,  com  (carloads,  bags)  pearl 100  Lbs. 

Starch,  [>otato Lb. 

Starch,  rice .- Lb. 

Flour,  sago Lb. 

Starch,  wheat Lb. 

Tannic  Acid,  commercial Lb. 

Tartaric  Acid,  crystals Lb. 


OILS.  WAXES,  ETC. 

Beeswax,  pure,  white Lb. 

Black  Mineral  Oil,  29  gravity Gal. 

Castor  Oil   No.  3 Lb. 

Ceresin,  yellow Lb. 

Cora  Oil.  crude 100  Lbs. 

Cottonseed  Oil.  crude,  f.  o.  b.  mill Gal. 

Cottonseed  Oil,  p.  s.  y Lb. 

Creosote,  beech  wood Lb. 

Menhaden  Oil.  crude  (southern) Gal. 

Neat's-foot  Oil.  20" Gal. 

Paraffine.  cmde.  120  m.  p Lb. 

Paraffine  Oil,  high  viscosity Gal. 

Rosin,  "F"  Grade,  280  lbs Bbl. 

Rosin  Oil.  first  run Gal. 

Shellac,  T.  N Lb. 

Spermaceti,  cake Lb. 

Sperm  Oil.  bleached  winter,  38* GaL 

Spindle  Oil,  No.  200 Gal. 

Stearic  Acid,  double-pressed Lb. 

Tallow,  acidless Gal. 

Tar  Oil.  distilled Gal. 

Turpentine,  spirits  of Gal. 


Aluminum.  Ne.  1,  ingots Lb. 

Antimony,  ordinary Lb. 

Bismuth.  N.  Y Lb. 

Copper,  electrolytic Lb. 

Copper,  lake Lb. 

Lead,  NY 100  Lbs. 

Nickel,  electrolytic Lb. 

Platinum,  refined Ox. 

Silver Or. 

Tin Lb. 

Tungsten  (WO») Per  Unit. 

Zinc,  N.  Y 100  Lbs. 

FEBTILIZEB  MATERIALS 

Ammonium  Sulfate 100  Lbs. 

Blood,  dried  FOB  Chicago Unit 

Bone.    4  and    SO,    ground,  raw Ton 

Calcium  Cyanamid Unit  of  Ammonia 

Calcium  Nitrate.  Norwegian 100  Lbs. 

Castor  Meal Unit 

Fish  Scrap,  domestic,  dried,  f.  o.  b.  works Unit 

Phosphate,  acid    16% Ton 

Phosphate  rock;  f.  o.  b.  mine: 

Florida  land  pebble.  68  per  cent Ton 

Tennessee.  78-80  per  cent Ton 

Potassium  "muriate."  basis  80  per  cent Ton 

Pyrites,  furnace  size,  imported Unit 

Tankage,  high-grade;  f.  o.  b.  Chicago Unit 


4.00        @       4.50 

24        @  25 

9.00        @     10.00 


1.25 

@ 

1.30 

3.95 

@ 

4.00 

16>/. 

@ 

17 

2.90 
9V. 


12.50       @     13.00 


5'A 
29V. 


14V. 
3.05 


100.00 
76V4 


42Vi 


28.50        @     30.00 


2.75         @ 

3.00 

5.00        d 

S.SO 

450.00        e 

475.00 

151/,    & 

16 

Tne  Journal  of  Industrial 
and  EnQineering  Chemistry 

Published  by  THE  AAERIGAN  CHEMICAL  SOCIETY 


AT    SA5TON,    PA. 


Volume  IX 


FEBRUARY  1,  1917 


No.  2 


Editor:  CHARLES  H.   HERTY 
Assistant  Editor:  Leola  E.   Marrs  Advertising  Manager:  M.  A.   Williamson 

ADVISORY  BOARD 
H.  E.  Barnard,  H.  K.  Benson,  F.  K.  Cameron,  B.  C.  Hesse,  A.  D.  Little,  A.  V.  H.  Mory,  M.  C.  Whitaker 

Published  monthly.     Subscription  price  to  non-members  of  the  American  Chemical  Society,  f6  00  yearly 

Foreign  postage,  seventy-five  cents,  Canada,  Cuba  and  Mexico  excepted 

Entered  as  Second-class  Matter  December  19,  1908,  at  the  Post-Office  at  Easton,  Pa.,  under  the  Act  of  Ntarch  3.  1879 

All  comiDUQications  should  be  sent  to  The  Journal  of  Industrial  and  Engineering  Chemistry, 

Telephone:  Vanderbilt  1930  3S  East  41st  Street.  New  York  City 

Subscriptions  and  claims  for  lost  copies  should  be  referred  :o  Charles  L.  Parsons,  Box  505.  Washington,  D.  C. 

ESCHENBACH    PRI.NTING    COUPANY.  EasTON.     Pa 


T.\BLE  OF  CONTENTS 


Editorials  : 

Life  and  Personality  of  Dr.  Stieglitz.     W.  D.  Harkins.  .  ii8 
The   Niagara  Situation  and  the   Efficiency  of  a  De- 
mocracy    120 

"Neither  Kisb,  nor  Elesh,  nor  Good  Red  Herring".  .  .  .  I2i 

Intellect  Conquers  Appetite 121 

A  Noteworthy  Contribution 122 

In  Search  of  One's  Own 122 

An  Institute  for  Analytical  Research 122 

Original  Papers: 

Corrosion   of    Ingot    Iron    Containing    Cobalt,    Nickel, 

or  Copper.     Herbert  T.   Kalmus  and   K.   B.   Blake.    123 

Notes  upon  Oil  Testing.     Augustus  H.  Gill 136 

Color  Tests  for  Oils     Palm  Oil.     Augustus  H.  Gill.  .  .  .    136 
Wet  Combustion  in  the  Nitrosite  Combustion  Method 

for    the    Direct    Determination    of    Rubber.     L.    G. 

Wesson  and  E.  S.  Knorr 139 

Determination   of   Mineral    Killers   in    Rubber   Aniline 

Method.     Otto  H.   Klein,  John  II.  Link  and  Frank 

Gottsch 140 

The  Free  Carbon  of  Wood-Tar  Pitches.     H.  K.  Benson 

and  L.  L.  Davis 141 

The   Determination  of  Gasoline  Vapor  in  Air.     R.   P. 

Anderson 142 

A  New  (Qualitative  Test  and  Colorimetric  Method  for 

the  ICstimation  of  Vanillin.     Clarence  Hstcs      142 

Adsorption  of  Tin  by  Proteins  and  Its  Relation  to  the 

Solution  of  Tin  by  Caiuied  I'oods.      H.  C.  Goss    144 

.The    Utili/ation    of    Ammonium    Chloride    by    Yeast. 

Charles  II.  IIofTman 148 

Syrups  for  Canning  and  Preserving.     James  H.  McNuir.    151 
Banana  Stalks  as  a  Source  of  Pota.sh.     II.  E.  Billings 

anil  A.  W.  Christie i.S3 

The  Relative  Availability  of  Acid  Phosphate  and  Kuw 

Rock    Phosphate    in    Indiana    Field    Tests.     S.    D. 

Conner .    .  l,^^ 

The  Action  of  Calrium  Carbonate  on  Arid  Phosphnte. 

Ivgbert  W.  MagriidiT M\ 

A  Contribution  to  the  Theory  of  linmlsitieatinii  Hiisrd 

iin    Pharmaceutical    Prnctiee.      I.eii  Kimiii  and    Kiilpli 

Iv  Oesper is'' 

l.AIIOHATORV    ANtI    Pl.ANT: 

Recent  Developnu-nt.s  in  Chemical  EtiKinreriliK  l'!<|Uip 
inent.     II.  1  (Miles Kn 

EmuNilieation  of  Mineral  LiibricatiiiK  OiN.  Apparatus 
and  Test   Metluxl.      P.   11.   Conradiion iWi 

The  Sampling  of  I'ertilizcrs.     I'.  S    l.mlxr 167 

An  Improved  Talitdar  ArranRrnieiit  for  Chemical 
l'"act<irs.     Clarence  \',  Ekrolli         .  !'•«» 

AiitiKKHHKit: 

Our    Analytical    Chcmiitrv    and    Its 
llillrbrnnd 


The  First  Keporl  upon  tin-  Cheiuicai  Iudu:>lxH^  of  the 
Inited  States  and  Their  Relation  to  National  Pre- 
paredness.    C.  A.  Browaie 177 

The  Human  Side  of  the  Development  of  Chemical 
Industry.     G.  W.  Thompson 181 

The  Chemist  in  the  Canned  Food  lndustr>-.  W.  D. 
Bigclow 

Some  Observations  on  the  Present  Status  of  the  Subject 
of  the  Availability  of  Nitrogen  in  I'irtih/.r-.  I'h.is 
B.  Lipmau 

Pkrkin  Medal  Award: 

Introductory  Address.      Jerome  .Mexandtr 

Presentation  .\ddress.     C.  F.  Chandler 

Address  of  Acceptance.     Ernst  Twitchell 194 

The  Twitchell   I'rocess  and  the  Glwcrine  Trade.     A. 

C    I.angmuir 

The  Twitchell  Process  in  the  Soup  and  Candle  lndustr>v 

Martin  H.  Ittner 

An  .Appreciation  of  Dr.  Twitchell      H.  H.  Schmidt 

CfRRKNT    INDISTKIAL    NKWS: 

Wileanic    lleat    llame-sscd;    Russian    Manganese    Ore; 
.Adulteration  of  Cod-Liver  Oil  u\  Norwriv:  (>n  Sov.i- 
Bean  Extraction  by  Triclil'- 
inent  of  Si-ientilic  and   In 
Bo:ird  of  Traile,  Sandalw' 
l-!\|Mirls,  Hurinese  Mvrob:il.ii 
Japanrsc     I..ie<|ner     Imlustrv 
Japan.  Wattle  lixtnict  Manufactiifr  ni 
l>ort  of  Hut  ■•"luid  Pitch  for  Hrit|uctlr  ' 
JapancM'    .\nilinr     I've     I'aclorv.     EU' 
infecting  l-°Uiid,  MuKUeto  .\p|viratu».    I 
Propulsion     ... 

.■\MKKICAN   iNSTITt-TK  UP   Cmkmical   Knuinkkks 
l'nprc|>urediiesi      Oome  IV  Roacnpirtcn 

NOTKS    AMI    C(ll(lllt!«lt^M>KMIi 


187 


1 89 


192 


195 

196 

«<»7 


.,-.    l.ii-,- 
Oil      It 


198 


>ta|o|!tir.    >pnii4!    Mrelinc 


I'uturr       W      I" 


Chrnncal    1- 1 
.\inrncun  Ch< 

PltRiuiNAL    NoTKIl 
(•OVKMNMNNT    PfBLK'ATIKNs 
Hook   Hkvinwd 

Coal  Tiir  ami  AniniiMiut,  TranMcttotu  al  the  AnKncan 
Institute  iW  Chrmhtil  EnxtiMrr*.  The  An«lv«i»  ■>( 
Cnp|M-r  ami  It*  *)rr«aiid  .MIova 

Nkw  Pfm.itATio«ii. 
Mahkkt  Hrm>iit 


>'«0 


lit 


ii8 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY       Vol.  g.  No.  2 


EDITORIALS 


As  the  result  of  the  annual  ballot  for  officers  of  the 
American  Chemical  Society,  the  following  elections 
have  been  recorded: 

President:  Professor  Julius  Stieglitz,  of  the  Univer- 
sity of  Chicago. 

Directors:  Professor  M.  T.  Bogert,  of  Columbia 
University,  and  Dr.  A.  D.  Little,  of  A.  D.  Little, 
Inc.,  Boston,  have  been  re-elected. 

Councilors-at-Large:  Dr.  A.  L.  Day,  of  the  Geophysical 
Laboratory,  Washington,  D.  C,  and  Dr.  C.  L.  Alsberg, 
of  the  Bureau  of  Chemistry,  Washington,  D.  C,  have 
been    re-elected.     Dr. 
M.    C.    Whitaker,    of 
the   United  States  In- 
dustrial Alcohol  Com- 
pany, New  York  City, 
and    Dr.  Irving  Lang- 
muir,  of  the  Research 
Laboratories,   General 
Electric  Company, 
Schenectady,    N.    Y., 
were  also  elected. 

An  election  is  now 
being  held  by  letter 
ballot  of  the  Council 
for  a  director  to  fill 
the  unexpired  term 
of  Dr.  E.  G.  Love, 
the  present  Treasurer, 
who  is  ex  officio  a 
member  of  the  Board 
of  Directors. 


LIFE  AND    PERSON- 
ALITY OF  DR. 

STIEGLITZ 
By   W.  D.  Harkins 

Julius  Stieglitz,  the 
newly  elected  presi- 
dent of  the  American 
Chemical  Society,  is 
not  only  one  of  the 
most  eminent  organic 
chemists  in  the  coun- 
try, but  is  also  one  of 
its  authorities  on  the 
application  of  physical 
chemistry  in  the 
teaching  of  analytical 
chemistry.  For  many  years  he  has  been  very  closely 
associated  with  the  chemical  society,  as  chairman  of 
the  Chicago  Section,  Councilor-at-Large,  Associate 
Editor  of  the  Journal,  and  Chairman  of  the  Chemical 
Section  of  the  American  Association  for  the  Advance- 
ment of  Science.  He  was  a  member  of  the  com- 
mittee on  the  revision  of  the  constitution  of  the  So- 
ciety in  1912,  and  chairman  of  the  committee  which  did 
such  painstaking  work  last  year  in  the  settlement  of  the 
AUyn  case,  in  which  the  question  of  pure  food  regula- 
tion was  involved. 


Jouus  Stieglitz,  President  American  Chehical  Sociktv 


Dr.  Stieglitz  was  born  in  Hoboken,  New  Jersey, 
May  26,  1867.  When  ready  for  college  he  took  the  en- 
trance examinations  for  the  College  of  the  City  of  New 
York,  but  did  not  enter  there.  He  went  to  Germany 
instead  and  was  educated  in  Karlsruhe,  and  at  the 
Universities  of  Berlin  and  Goettingen,  where  his  work 
was  done  with  A.  W.  Hofmann,  Tiemann,  and  Victor 
Meyer.  In  his  thesis  he  developed  ideas  which  were 
quite  new  to  Tiemann  and  found  so  many  points  in  his 
work  for  which  the  explanations  given  at  that  time 
by    chemists    were   unsatisfactory,    that    it    has    kept 

him  busy  ever  since 
to  develop  more  satis- 
factory theories  in  re- 
gard to  them.  Thus 
his  whole  work  has 
proceeded  in  logical 
sequence,  and  has 
grown  somewhat  as  a 
tree  grows,  keeping 
every  part  properly 
correlated  to  the 
others.  The  funda- 
mental subject  on 
which  his  work  has 
been  done  seems  to 
be  the  mechanism  of 
chemical  reactions. 
While  it  is  evident 
that  organic  chemistry 
is  the  best  field  in 
which  to  study  such 
a  subject,  Dr.  Stieglitz 
was  one  of  the  first  of 
organic  chemists  to 
see  that  such  endeav- 
ors as  his  must  be 
futile  if  made  with- 
out the  aid  of  physical 
chemistry;  hence,  in 
pursuing  his  main 
idea,  he  was  led  to 
work  on  such  subjects 
as  catalysis,  the  solu- 
bility product,  the 
theory  of  indicators 
and  the  relations  be- 
tween the  carbon 
dioxide  of  the  atmosphere  and  the  purity  of  gypsum 
deposits  as  part  of  a  study  of  climatic  conditions  of 
former  ages.  A  great  deal  of  his  work  has  been  on 
molecular  rearrangement,  and  from  such  investigations 
he  has  obtained  a  vast  fund  of  information  bearing 
upon  electron  theories  of  valence.  Unfortunately  he 
has  been  either  too  busy  or  too  modest  to  publish  a 
considerable  part  of  his  material. 

Dr.  Stieglitz  is  a  member  of  the  National  Academy 
of  Sciences,  the  American  Academy  of  Arts  and  Sci- 
ences,   the  Washington  Academy  of  Sciences,   and  of 
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many  other  scientific  societies.  He  has  been  elected 
president  for  19 17  of  the  Scientific  Research  Society, 
Sigma  Xi. 

In  the  University  of  Chicago,  where  he  has  worked 
for  twenty-five  years,  Dr.  Stieglitz  has  advanced  from 
Docent  to  Chairman  of  the  Department  of  Chemistry 
and  Director  of  the  Laboratories  of  the  University.  His 
ability  as  an  administrator  was  particularly  apparent 
in  his  influence  upon  the  organization  of  the  medi- 
cal work,  which  was  so  helpful  that  President 
Harper,  who  considered  this  a  turning  point  in  the 
history  of  the  University,  stated  that  no  one  could 
estimate  the  value  of  his  services.  His  reputation 
as  a  teacher  is  so  widely  recognized  that  Slosson,  in 
his  book  on  "Great  American  Universities,"  states: 
"Professor  Stieglitz  is  one  of  those  very  rare  individuals 
who  have  an  equal  mastery  of  the  laboratory  and  of 
the  lecture  room,  and  who  are  able  to  direct  research 
and  elementary  students  at  the  same  time  without 
neglecting  either."  His  tendency  to  sacrifice  his 
own  advantage  for  the  general  good,  is  illustrated  by 
his  acceptance  of  the  heavy  duties  of  Director  of  the 
Laboratories  when  already  overburdened  with  execu- 
tive work,  because  he  saw  that  he  could  be  of  help 
in  the  development  of  the  research  facilities  of  all  the 
laboratories  by  seeing  that  the  funds  available  are 
used  in  the  most  efficient  way.  His  acceptance  of 
his  first  appointment  in  the  university  was  character- 
istic of  the  man,  for  he  came  as  docent  at  the  request 
of  Professor  Nef  on  a  salary  of  "nothing  a  year."  be- 
cause he  recognized  that  the  new  university  would  be 
of  the  highest  type  and  he  saw  the  possibility  of  a 
career  in  science. 

In  beginning  his  work  in  the  university  he  set  be- 
fore himself  three  things  to  be  accomplished:  first,  to 
teach  well;  second,  to  do  as  much  and  as  good  research 
work  as  possible;  and  third,  to  be  of  some  help  in  the 
general  development  of  the  university.  The  combina- 
tion of  these  three  aims  has  made  his  services  of  ex- 
treme value. 

A  very  large  part  of  his  time  is  spent  in  looking 
after  the  welfare  of  the  students,  from  freshmen  up 
to  men  who  took  their  Ph.D.  ten  or  more  years  ago, 
to  see  that  everyone  is  done  justice,  to  make  sure  that 
the  money  available  for  helping  students  goes  to  the 
most  deserving,  to  remove  as  much  as  possible  the  re- 
tarding effects  of  red  tape  in  university  administra- 
tion upon  the  progress  of  the  student,  and  to  make 
sure  that  those  who  have  left  the  university  get  as 
much  advancement  in  their  work  as  he  is  able  to  ob- 
tain for  them.  This  personal  interest  the  students 
recognized  when  they  presented  him  with  a  memorial 
to  show  their  appreciation  of  his  work  as  lc:ider  of 
the  movement  in  the  faculty  to  modernize  the  cur- 
riculum, and  to  remove  the  prescription  of  Lntin 
for  all  science  students,  which  served  as  11  bar  to  their 
progress.  Last  June,  nl  the  Quarter-Centennial  of  ilio 
founding  of  the  University  of  Chicago,  the  Dortors 
of  Philosophy  of  the  Department  presented  him  with 
a  loving  cup  in  r(•c()^;tIili<)n  of  hi-;  great  service  in 
their  behalf. 


One  of  his  cherished  plans  for  his  department  just 
at  present  is  the  development  in  it  of  work  in  indus- 
trial chemistry,  and  the  departmental  faculty  has 
recommended  to  the  Trustees  the  establishment  of  a 
chair   of   industrial   chemistry. 

As  President  of  the  American  Chemical  Society,  Dr. 
Stieglitz  would  like  to  encourage  most  strongly  intimate 
relations  of  the  universities  and  colleges  with  the  in- 
dustrial life  of  the  nation,  but  with  the  settled  purpose 
of  protecting  pure  science  in  the  universities.  He  be- 
lieves that  the  industries  are  based  upon  pure  science, 
and  that  to  neglect  the  latter  in  America  would  be 
"to  kill  the  goose  that  lays  the  golden  egg."  He  is  an 
ardent  believer  in  preparedness,  for  he  feels  that  all 
of  our  efforts  in  life  must  be  in  vain,  so  long  as  there 
is  in  the  world  no  security  for  life.  From  the  same 
standpoint  he  is  very  strongly  in  favor  of  very  stren- 
uous endeavor  on  the  part  of  the  human  race  in  its 
warfare  against  disease — so  he  has  always  worked  hard 
to  get  the  university  to  undertake  medical  research 
on  somewhat  the  plan  of  the  Rockefeller  Institute. 

Perhaps  it  is  his  feeling  in  this  connection  which 
has  made  him  one  of  the  most  active  workers  on  the 
Council  of  Chemistry  and  Pharmacy  of  the  Amer- 
ican Medical  Association.  This  Council  has  exposed 
many  fraudulent  patent  remedies,  and  has  caused  even 
the  leading  manufacturers  of  medicines  to  conduct 
their  business  with  much  more  regard  to  the  health 
and  life  of  those  who  take  the  medicines.  Before  the 
establishment  of  this  Council  the  American  public 
had  absolutely  no  protection  aganist  the  avarice  of 
the  manufacturers,  or  the  ignorance  of  chemistry  on 
the  part  of  the  average  practitioner  of  medicine 

Professor  Stieglitz's  success  in  all  of  his  work  is 
probably  due  most  of  all  to  two  characteristics:  fii^t, 
his  great  clarity  of  vision,  and  second,  the  intensity 
of  his  effort.  He  is  very  efficient,  systematic,  and  an 
extremely  hard  worker. 

For  recreation  he  plays  golf,  which  he  enjoys,  and  he 
also  recognizes  that  his  output  of  work  is  increased 
by  using  a  part  of  his  lime  in  this  way.  He  is  extremely 
fond  of  music  and  plays  the  cello. 

One  of  his  brothers  is  one  of  New  York's  best  known 
physicians,  and  the  other  is  a  well-known  artist  who 
has  received  125  medals  for  his  photographs.  One  of 
Dr.  Stieglitz's  own  hobbies  is  photography. 

Among  the  thirty-three  men  who  have  worked  out 
their  doctor's  dissertations  under  his  direction  will 
be  found  n  number  of  well  known  chemisls.  such  as 
Folin,  McCoy,  Schlesingcr.  «nd  McKee.  and  this 
number  would  undoubtedly  be  larger  were  not  most 
of  the  men  still  very  young. 

Dr.  Slieglitt's  success  in  the  Americitn  Chemical 
Society  is  one  of  the  best  examples  which  can  be 
given  to  prove  that  even  in  this  hrc  of  advertising 
true  worth  is  often  in  demand,  for  ho  is  one  of  the  most 
quiet  and  retiring  of  mm,  und  has  received  recogni- 
tion entirely  on  account  of  the  efficiency  with  which 
he  works,  and  the  ease  with  which  he  is  able  to  see  the 
best  course,  under  any  jjivcn  «e\  of  renditions 
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THE  NIAGARA  SITUATION  AND  THE  EFFICIENCY  OF 
A  DEMOCRACY 

On  Friday,  January  19th,  President  Wilson  signed 
the  measure  giving  temporary  relief  to  the  industries 
dependent  on  power  derived  from  the  Niagara  River. 
The  event  has  unusual  significance.  From  time  to 
time  we  are  as  a  people  somewhat  prone  to  criticize 
the  slowness  of  Congress  in  enacting  much  desired 
legislation.  Especially  during  the  past  two  years 
have  we  had  striking  illustration  of  the  remarkable 
efficiency  resulting  from  autocratic  mandate  or  from 
orders-in-council.  In  such  moods  patriotic  pride 
leads  us  to  seek  consolation  in  many  other  unrelated 
advantages  which  we  enjoy  under  representative 
form  of  government;  and  so  we  strike  the  balance  in 
our  own  favor;  yet,  after  all,  with  a  longing  for  greater 
speed  in  legislation. 

Is  the  case  really  so  bad?  When  a  real  emergency 
arises  can  we  not  enact  needed  legislation  directly 
and  quickly?  Confidence  in  such  national  efiiciency 
is  gained  by  the  recollection  of  the  promptness  with 
which  Congress  appropriated  $50,000,000  for  defense 
at  the  outbreak  of  the  war  with  Spain.  Another 
emergency  has  recently  arisen,  and  again  Congress 
has  proved  to  the  country  its  ability  to  move  rapidly 
in  giving  relief.  During  the  past  year  constantly 
increasing  quantities  of  the  power  developed  by  Amer- 
ican capital  on  the  Canadian  side  of  the  Niagara  River 
have  been  taken  over  by  the  Canadian  Hydro-Elec- 
tric Commission  for  Canadian  use.  This,  however, 
was  at  the  expense  of  the  important  electrochemical 
industries  on  the  American  shore  which  had  derived 
much  of  their  needed  power  from  the  American  de- 
velopment on  the  Canadian  side  of  the  river.  Many 
plants  were  threatened  with  shut-downs  for  lack  of 
current,  and  as  the  products  of  these  plants,  notably 
abrasives,  carbon  electrodes,  automobile  material, 
etc.,  were  needed  in  factories  throughout  the  country, 
the  situation  became  acute. 

Efforts  for  relief  through  the  War  Department 
failed,  as  the  present  Secretary  of  War  ruled  that  he 
had  no  authority  without  specific  legislation  to  issue 
permits  for  increased  take-off  of  water  on  the  Amer- 
ican side.  The  matter  was  not  subject  to  diplomatic 
adjustment,  as  no  bad  faith  could  be  imputed  to  the 
Canadian  authorities.  Under  the  treaty  of  1910 
between  the  United  States  and  Great  Britain,  the 
Canadian  government  had  the  right  to  take  36,000 
cubic  feet  of  water  per  second,  the  government  of  the 
United  States  20,000  cubic  feet.  Pending  the  com- 
pletion and  proclamation  of  this  treaty,  the  Burton 
law,  originally  enacted  in  1906,  to  be  effective  for  three 
years,  was  re-enacted  for  a  further  period  of  two 
years.  Under  this  act  the  maximum  take-off  on  the 
American  side  was  15,600  cubic  feet  per  second. 
Expecting  the  passage  of  general  legislation  for  con- 
trol of  water  power  use  at  Niagara  this  Burton  law 
was  again  extended  for  a  two-year  period,  expiring 
on  March  4,  1913.  Since  that  time  nothing  has 
been  done  in  the  matter  of  legislation. 

With  the  aid  of  the  War  Department  a  resolution 
was    recently    drafted    giving    the    Secretary    of    War 


authority  to  grant  temporary  relief  until  July  ist, 
191 7,  up  to  the  maximum  amount,  20,000  cubic  feet, 
allowed  by  treaty.  This  joint  resolution  (S.  J.  Res.  186) 
was    introduced    in    the    Senate    on    December    19th, 

1916,  by  Senator  Wadsworth  of  New  York,  and  im- 
mediately referred  to  the  Committee  on  Foreign 
Relations.  On  the  following  day  it  was  reported  favor- 
ably by  the  Committee  and  promptly  passed  by  the 
Senate.  On  December  22nd  the  resolution  was  dis- 
cussed in  the  House,  and  amended  on  motion  of  Chair- 
man Flood  to  restrict  the  authorization  of  the  Secre- 
tary of  War  to  March  4th,  1917,  instead  of  to  July  ist, 

19 1 7,  as  adopted  by  the  Senate.  The  intervening  holi- 
days led  to  postponement  of  final  action  by  the  House. 
On  January  4th  the  joint  resolution  was  taken  up 
by  the  House  as  the  unfinished  business,  and  was 
further  amended,  on  motion  of  Representative  Mann, 
fixing  a  penalty  charge  at  the  rate  of  $100  per  annum 
for  each  cubic  foot  of  water  diverted  daily  after  the 
date  set  in  the  resolution  for  the  termination  of  the 
permit.  In  this  amended  form  the  resolution  was 
passed  by  the  House.  Conferees  were  named  by 
both  bodies  and  as  a  result  of  the  conference  the  fol- 
lowing joint  resolution  has  been  adopted  by  both 
the  Senate  and  the  House  and  has  received  the  signa- 
ture of  the  President: 

"Resolved  by  the  Senate  and  House  of  Representatives  of  the 
United  States  of  America  in  Congress  assembled.  That  the  Secre- 
tary of  War  be,  and  he  is  hereby,  authorized  to  issue  permits, 
revocable  at  will,  for  the  diversion  of  water  in  the  United  States 
from  the  Niagara  River  above  the  Falls  for  the  creation  of  power 
to  individuals,  companies,  or  corporations  which  are  now  actually 
producing  power  from  the  waters  of  said  river,  in  additional 
quantities  which,  with  present  diversions,  shall  in  no  case  ex- 
ceed the  capacity  of  the  generating  machinery  of  the  permittee 
and  tenant  companies  now  installed  and  ready  for  operation, 
nor  an  amount  sufficient  to  enable  the  permittee  to  supply  the 
now  existing  hydroelectric  demands  of  the  individuals,  com- 
panies, or  corporations  which  said  permittee  and  tenant  com- 
panies are  now  supplying,  but  not  in  excess  of  the  capacity  of 
power-using  appliances  of  said  consumers  now  installed  and  ready 
for  operation :  Provided,  That  in  no  event  shall  the  total  quantity 
of  water  diverted  in  the  United  States  from  said  river  above 
the  Falls  for  power  purposes  exceed  in  the  aggregate  a  daily 
diversion  at  the  rate  of  twenty  thousand  cubic  feet  per  second: 
And  provided  further,  That  this  resolution  shall  remain  in  force 
until  the  first  day  of  July,  nineteen  hundred  and  seventeen, 
and  no  longer,  at  the  expiration  of  which  time  all  permits  granted 
hereunder  shall  terminate,  unless  sooner  revoked;  and  nothing 
herein  contained  shall  be  held  to  confirm,  establish,  or  confer  in 
or  upon  any  such  permittee  any  right  in  or  to  the  water  which 
he  is  now  diverting  or  whicli  he  may  be  authorized  to  divert 
hereunder.  Any  such  permittee  who  without  further  authority 
of  Congress  diverts  after  the  time  herein  named  for  the  expira- 
tion of  such  permit  any  part  of  the  additional  amount  of  water 
authorized  by  Congress  to  be  diverted  for  the  first  time  under 
this  resolution  shall  be  guilty  of  a  misdemeanor  and  be  punished 
by  a  fine  not  exceeding  $2,000  nor  less  than  S500,  or  by  imprison- 
ment not  exceeding  one  year  nor  less  than  thirty  days,  or  both, 
in  the  discretion  of  the  court;  and  each  and  every  day  on  which 
such  violation  occurs  or  is  committed  shall  be  deemed  a  separate 
offense:  Provided,  That  where  such  violation  is  charged  against 
the  company  or  corporate  body,  the  offense  shall  be  taken  and 
deemed  to  be  that  of  any  director,  officer,  agent,  or  employee 
of  such  company  or  corporate  body  ordering,  directing,  or 
permitting  the  same." 
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"NEITHER  FISH,  NOR  FLESH,  NOR  GOOD 
RED  HERRING" 

Some  five  years  ago  we  suggested  through  the  col- 
umns of  Science  the  need  of  a  readjustment  of  the 
policies  of  the  American  Association  for  the  Advance- 
ment of  Science.  These  suggestions  proceeded  from 
a  loyal  interest  in  the  welfare  of  that  organization  and 
a  deep-seated  conviction  of  the  important  relation  it 
bore  to  the  advancement  of  the  higher  life  of  the 
Nation.  Because  of  the  rapidly  increasing  number 
of  members  of  the  various  special  scientific  societies 
and  of  the  constantly  lengthening  programs  it  was 
rapidly  becoming  a  physical  impossibility  to  conduct 
meetings  of  the  Association  along  the  enjoyable  and 
thoroughly  stimulative  lines  of  earlier  years.  The  As- 
sociation was  urged,  therefore,  to  discontinue  its 
Annual  Meetings,  to  aid  in  all  possible  ways  the  up- 
building of  the  affiliated  societies,  and  to  hold,  tri- 
ennially,  or  quadrenially,  meetings  which  should  be 
truly  great  national  gatherings  of  the  scientists  of 
America.  At  such  meetings  the  usual  program  of 
disconnected  reports  of  the  results  of  researches 
would  naturally  be  substituted  by  invited  reports 
on  noteworthy  research  and  by  symposiums  on  prob- 
lems of  fundamental  and  far-reaching  importance, 
programs  participated  in  by  the  very  ablest  men 
of  the  country.  Such  meetings  "would  be  inspiring 
to  all  of  us  and  would  make  a  national  impress." 

About  two  years  ago  announcement  was  made  by 
the  officers  of  the  Association  that  quadrennial  general 
meetings  would  be  held.  The  first  of  these  was  re- 
cently held  in  New  York  City.  Has  the  idea  of  a 
general  meeting  been  "realized?  We  think  not,  and 
to  confirm  this  judgment  the  same  question  has  been 
asked  of  many  who  attended  the  meetings  in  the 
various  Sections  and  the  replies  have  been  uniformly 
in  the  negative. 

The  limited  registration  of  only  2,100,  while  pub- 
lished estimates  indicate  the  attendance  of  appro.x- 
imately  8,000,  suggests  a  greater  interest  in  the  meet- 
ings of  the  numerous  affiliated  societies  meeting 
during  Convocation  Week  than  in  those  of  the  greater 
organization.  The  press  accounts  throughout  the  coun- 
try leave  clearly  the  conviction  that  no  great  impress 
has  been  made  upon  the  body  politic  by  this  gathering 
of  scientists.  Some  distinguished  citizens  of  the  city 
of  the  place  of  meeting  attended  some  of  the  sessions. 
We  sat  near  one.  He  did  not  snore,  but  he  certainly 
had  one  of  the  best  naps  he  has  had  since  he  was  a 
boy.  There  was  no  great  outpouring  of  wealth  in 
this  center  of  riches  to  support  and  endow  the  impor- 
tant researches  being  conducted  by  the  members  of 
the  Association.  Gifts  for  the  research  fund  amounleil 
to  only  $1,500.  Meanwhile  the  Council  debated  the 
question  of  the  entrance  fee  of  $5.00  an<l,  while  ad 
mitling  llic  fine  results  obtained  during  the  past  year 
by  rcmilling  the  fee  in  case  of  mcinbcrs  from  afliliatcd 
societies,  nevertheless,  restricted  the  remission  in  the 
future  to  such  as  arc  "elected  to  membership  in  the 
Amcricun  Association  for  the  Advancement  of  Science 
within  one  year  of  the  election  to  menibcrsliip  in  an 
afliliatcd    society." 


It  is  evident  from  the  program  that  some  progress 
has  been  made  toward  a  real  general  meeting;  but. 
if  a  frank  and  friendly  criticism  may  be  made,  that 
progress  is  slight.  The  oflBcers  of  the  Association  have 
failed  to  grasp  the  full  possibilities  of  such  a  meeting, 
the  possibilities  of  stimulating  the  scientific  mind  of 
the  country  and  of  arousing  the  general  public  to  the 
far-reaching  importance  of  the  work  of  its  scientists. 

We  now  have  neither  the  former  gathering  of  a 
limited  number  of  congenial  spirits,  nor  the  character  of 
program  which  the  term  "General  Meeting"  implies. 
We  are  "neither  fish,  nor  flesh,  nor  good  red  herring." 

The  simple  voting  in  the  Council  that  once  in  four 
years  a  general  meeting  shall  be  held,  does  not  create 
a  general  meeting  in  the  sense  which  the  times  de- 
mand. That  legislative  act  must  be  supplemented 
by  the  activities  of  a  Program  Committee  in  full  sym- 
pathy with  the  new  departure  and  blessed  with  an 
abounding  spirit  of  originality. 

Rouse  yourselves,  gentlemen  of  the  Council;  throw 
open  wide  the  doors  of  the  Association  by  the  com- 
plete abolition  of  the  entrance  fee;  trust  the  perma- 
nency of  your  membership  to  the  attractiveness  of 
your  programs  and  the  spirit  of  cooperation  in  scien- 
tific endeavor,  rather  than  to  the  fictitious  fear  of  re- 
newed payment  of  this  fee  because  of  lapsed  mem- 
bership; impress  upon  your  Program  Committee  the 
thought  that  times  have  changed  and  that  if  the  Amer- 
ican Association  for  the  Advancement  of  Science  is 
to  continue  that  great  usefulness  which  once  charac- 
terized it,  new  policies  must  be  adopted  to  meet  the 
changed  conditions  (herein  lies  a  direct  responsibility 
for  the  meeting  in  Chicago  four  years  hence);  bring 
together  all  classes  of  scientific  men  who  have  each 
with  the  other  some  common  ground  of  interest;  and 
bring  into  full  sympathetic  touch  with  your  efforts 
that  great  mass  of  thoughtful  American  citizens 
whose  interest  can  be  easily  if  correctly  aroused  and 
whose  support  will  quickly  dispel  all  of  your  financial 
cares  'and  yield  an  endowment  for  research  which  will 
be  whole-hearted  and  efTective. 

INTELLECT  CONQUERS  APPETITE 
We  have  been  prcseni  at  many  meetings  when  papers 
on  chemical  subjects  were  presented.  We  have  often 
noted  the  look  of  weariness  on  the  part  of  hearers 
as  the  dry,  unessential  and  almost  infinitesitnal  de- 
tails of  research  were  enumerated  or  the  dreary  mono- 
tone of  almost  interminable,  continuous  reading  of 
manuscript  proceeded.  We  even  detected  the  note 
of  joy  when  the  "ayes"  were  once  called  on  a  motion 
to  adjourn  a  very  dignified  Division  of  the  Society 
for  the  express  purpose  of  attcndint:  a  league  baseball 
game  in    Detroit.      That  is  one  side  of  the  picture. 

The  other  side  was  presented  at  the  meeting  of  the 
Institute  of  Chemical  Knginecrs  at  the  Chomisls' 
Club  on  the  cvcninR  of  January  lolh.  when  Dr.  J.  E. 
Bucher  presented  his  paper  on  the  fixation  of  nitroRcn. 
No  ndvnncc  advcrtiscnicnt  of  the  treat  in  store  had 
been  promulgated.  The  oudicncc  was  somewhat 
limited  and  the  representatives  of  the  press  were 
conspicuously     absent.     A     few     minutes     after     Dr. 
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Bucher  began  speaking  all  realized  that  something 
out  of  the  ordinary  was  happening.  He  used  no 
notes,  yet  every  sentence  carried  the  conviction  that  the 
speaker  could  have  expounded  it  into  a  full  length 
lecture.  The  subject  fairly  oozed  out  of  him  through 
every  figurative  pore  of  his  being.  The  audience  drew 
nearer  and  compacted  itself  as  near  the  speaker  as 
chair  space  would  admit.  The  address  originally  sched- 
uled for  thirty  minutes  proceeded  for  one  hour.  The 
Entertainment  Committee  rushed  a  notice  to  the  Chair- 
man that  in  the  dining  room  above  the  coffee  was 
getting  cold,  the  foam  on  the  beer  was  disappearing, 
the  wiener  wursts  were  shrinking  and  the  ever  present 
magician  was  longing  to  exhibit  his  art.  The  Chair- 
man so  announced.  Instantly  men,  prominent  in 
the  chemical  industries,  rose  to  their  feet  in  all  parts 
of  the  hall  and  shouted,  "No,  we  don't  want  to  ad- 
journ, we  have  never  heard  anything  like  this  before." 
At  the  close  of  another  hour  the  speaker  finally  stopped, 
in  spite  of  his  audience.  Then  all  caught  a  good  long 
breath,  realizing  that  they  had  been  participants  in 
an  unusual  event. 

All  of  this  suggests  that  our  universities,  in  addition 
to  the  training  now  given  in  the  lecture  room  and  in 
the  research  laboratory,  could  well  lay  more  stress 
upon  training  in  the  method  of  oral  presentation  of 
the  results  of  research. 


A  NOTEWORTHY  CONTRIBUTION 

It  is  hoped  that  every  reader  of  This  Journal  will 
deliberately  take  the  time  to  read  carefully  the  ex- 
tremely interesting  and  important  article  in  this  issue 
by  Dr.  C.  A.  Browne,  on  The  First  Report  upon  the 
Chemical  Industries  of  the  United  States  and  Their  Re- 
lation to  National  Preparedness. 

In  his  discovery  of  this  document,  now  nearly  one 
hundred  years  old,  Dr.  Browne  has  made  an  impor- 
tant contribution  to  present-day  chemical  economics. 
Read  aloud  it  is  difficult  to  decide  in  many  passages 
whether  it  is  the  chemists  of  1831  or  those  of  191 7 
who  are  pleading  for  the  independence  of  this  country 
along  the  lines  of  industrial  chemistry. 

We  of  the  present  have  been  obliged  more  or  less  to 
express  opinions  as  to  what  may  happen;  the  framers 
of  the  report  of  1831,  however,  spoke  from  the  vantage 
point  of  fact  and  history.  Their  findings,  therefore, 
give  added  weight  to  our  present-day  contentions. 

May  this  article  find  a  wide  reading,  not  only  within, 
but  outside  the  ranks  of  chemists! 

IN  SEARCH  OF  ONE'S  OWN 

The  extreme  paucity  of  exchanges  with  which  we 
found  This  Journal  equipped  led  us  on  the  afternoon 
of  January  the  12th  (note  the  date1  to  make  a  cruise 
to  three  of  the  principal  local  centers  of  chemical 
literature.  Our  first  port  of  call  was  the  Chemists' 
Club  Library- — no,  we  shall  wait  until  the  next  issue 
to  narrate  our  discoveries  there,  for  this  is  an  important 
and  serious  matter. 

Next  on  the  schedule  was  the  New  York  Public 
Library.  Through  the  very  courteous  reception  and 
guidance  of  Director  Anderson  and  Mr.  Gamble  of 
the  Technical  Division,  we  were  able  to  locate  quickly 


a  wealth  of  chemical  literature.  The  current  num- 
bers were  all  up  to  date,  except  in  the  case  of  the  Ger- 
man chemical  literature,  of  which,  through  some 
strange  reasoning  of  the  British  war  censors,  we  have 
all  been  deprived  for  some  time.  The  journals,  more- 
over, were  readily  available,  with  a  seeming  minimum 
of  red  tape.      The  visit  was  altogether  delightful. 

Our  good  ship  next  bore  us  to  the  library  of  the 
Chemistry  Department  of  Columbia  University.  We 
glanced  over  the  current  journals  on  the  shelves  and 
found  a  somewhat  limited  but  well  selected  group. 
There  lay  the  Journal  of  the  American  Chemical  Society 
in  its  New  Year  issue.  Close  by  was  the  January 
loth  issue  of  Chemical  Abstracts,  fresh  from  the  press. 
As  we  were  traveling  incognito  we  needed  no  mock- 
modesty  so  we  looked  with  a  little  tingle  of  pride 
(honest  confession)  for  the  January  issue  of  our  own 
and  our  only.  It  was  not  on  the  top  of  the  pile. 
Good!  that  meant  that  some  one  was  interested  in 
reading  it — but  a  hurried  glance  at  the  reading  tables 
gave  pride  a  little  jolt,  for  the  hypothesis  was  false. 
An  inquiry  of  the  pleasant  librarian  developed  the 
fact  that  it  had  not  yet  arrived  (this  on  the  12th,  and 
oh,  how  we  had  worked  to  mail  the  issue  on  the  ist). 

"Oh,  no,  this  is  quite  customary;  the  date  of  its 
arrival  varies  from  two  to  four  weeks  after  the  date 
of  issue." 

"Perhaps  the  box  hasn't  been  opened  yet."  (We 
could  not  understand  this  "box"  reference,  for  in  case 
of  loss  we  felt  confident  that  the  postmaster  had  dupli- 
cate keys.) 

"Probably  it  has  not  yet  been  mailed."  (Here  was 
something  definite  to  work  on,  though  we  knew  how 
splendidly  our  publisher  had  cooperated  with  us  in 
getting  out  the  issue  five  days  earlier  than  usual.) 

"At  any  rate,  if  the  explanation  is  wanted  it  should 
be  sought  at  the  University  Library'. " 

So  thitherward  we  hurried.  An  inquiry  in  the  serial 
room  soon  unraveled  the  mystery — there  was  no 
"box,"  no  error  on  the  part  of  the  publisher.  Matters 
were  taking  their  normal  course.  The  record  showed 
that  the  subscription  was  not  direct,  not  even  through 
an  agency.  One  of  the  professors  turned  his  copy  over 
to  the  library — "It  is  cheaper  to  get  it  that  way  and 
probably  he  has  not  yet  finished  reading  his  copy." 

You  know — we  always  thought  of  New  York  City 
as  the  home  of  high  finance;  we  little  realized  what 
rigid  institutional  economy  must  sometimes  be  prac- 
ticed to  make  ends  meet. 


AN  INSTITUTE  FOR  ANALYTICAL  RESEARCH 

The  suggestion  of  Dr.  Hillebrand  in  his  Chandler 
lecture,  printed  in  this  issue,  as  to  the  desirability  of 
an  "Institute  of  Analytical  Research,"  should  com- 
mend itself  to  most  serious  discussion  by  representa- 
tive gatherings  of  chemists.  He  has  clearly  pointed 
out  the  need  for  such  an  institution  and  has  offered 
valuable  critical  suggestions  as  to  the  ways  in  which 
the  idea  might  be  brought  to  fruition.  Doubtless  from 
the  multitude  of  counselors  there  would  be  evolved 
that  wisdom  in  procedure  which  would  insure  unquali- 
fied success. 


Fel 
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CORROSION  OF  INGOT  IRON  CONTAINING  COBALT, 

NICKEL,  OR  COPPER'  ^ 

By  Herbert  T.  Kalmus  and  K.  B.  Blakb 

There  have  been  of  late,  in  our  technical  journals, 
voluminous  discussions  as  to  the  cause  and  prevention 
of  the  corrosion  of  iron  and  steel. 

Dr.  Walker'  says:  "Corrosion  is  an  electrolytic 
phenomenon  and  can  be  understood  by  electrical 
engineers  on  purely  electrochemical  grounds.  It  takes 
place  at  ordinary  temperatures  only  in  the  presence 
of  water  through  the  reaction 

Fe  +  2H-  — >  Fe'  '  +  2H. 
This  means  that  a  metallic  iron  atom  electrically 
neutral  interacts  with  2  hydrogen  ions  present  in  the 
water  and  which  carry  electrical  charges;  the  result 
is  the  production  of  an  iron  ion  which  takes  up  the 
two  electrical  charges  from  the  hydrogen  ions  and  the 
deposition  of  the  two  atoms  of  hydrogen.  Energy 
is  lost  to  the  surroundings  and  appears  as  electricity 
and  heat." 

In  general,  the  electrolytic  theory  of  corrosion  is 
accepted,  according  to  which  the  principal  factors 
which  influence  corrosion  are:  (i)  the  numbei'  of  hydro- 
gen ions;  (2)  the  intimacy  of  contact  of  the  hydrogen 
ion  with  the  iron;  (3)  the  solution  pressure  of  the  iron; 
(4)  the  depolarizing  action  of  oxygen;  (5)  the  osmotic 
pressure  of  the  iron  ions.  Nevertheless,  with  these 
general  statements  in  mind,  there  is  a  certain  amount 
of  dissatisfaction  with  the  application  of  the  electro- 
lytic theory,  particularly  as  it  bears  on  prediction  and 
remedy.  Taking  the  electrolytic  theory  without 
further  consideration,  one  would  conclude  that  homo- 
geneity in  the  material  insures  protection  from  cor- 
rosion while  heterogeneity  enhances  corrosion.  While 
this  is  doubtless  true  as  one  term  of  the  summation 
of  causes  which  bring  about  corrosion,  nevertheless, 
the  other  terms  are  of  such  importance  as  to  make 
this  conclusion  frequently  contrary  to  observation. 

Accepting  the  electrolytic  theory,  it  follows  in  the 
case  of  iron,  other  conditions  being  alike,  that  the 
approach  to  absolute  freedom  from  impurities  should 
add  to  its  resistance  to  corrosion.  It  docs  not  fol- 
low, however,  that  of  the  metals  technically  produced, 
those  analyzing  to  have  the  least  amount  of  impuri- 
ties arc  the  most  non-corrosive,  for  other  conditions 
are  by  no  means  always  alike.  Stresses  or  strains, 
even  in  a  pure  metal,  produced  by  uneven  cooling  of  a 

'  Author)'  nbatract  of  report  to  the  CanBtliaii  Pcparlincnt  of  Mines, 
puhlllhcd  hy  periillMion  of  the  Director  of  Mine«,  Ottawa.  C«n»<l«.  Thl« 
pilhliciition  n  one  o(  a.  .cries  on  the  metiil  c«l>uH  nnil  it.  «lUiy..  particularly 
with  reference  to  fimling  iucrcu.ed  none  (or  Iheni,  which  were  contluctcil 
ttt  Uueen.  Univcraity,  KinKnlon,  Ontario,  (or  the  Mine.  Ilranch,  Canada 
IJepurtnienl  o(  Mine..  See  .lUo  Tiiin  Jouhnau.  •  (19M).  107  and  ll.^. 
7  (191.^).  6.  7  (I'd.'S),  ill- 

•  TId.  paper  wa.  prciented  January  1(1.  1917.  at  th«  9th  Annual  Meat- 
iiig  o(  the  American  In.lilnte  of  Chemical  Hnglneer.  in  printed  form.  In 
(he  nLncnre  i.(  the  antllor.  it  wa.  read  l.y  lilie  only  Al  th.  evrnlng  an 
■  ion  extended  ciimnienl.  and  critici.in  o(  the  pa|ier  were  v 
Allrrton  S.  Cii.hnmn.  opportunity  will  be  given  In  the 
Till.  JoliKNAl.  (or  prcenlulion  u(  the  view.  o(  Dr.  C 
the  iinthor.  may  de.ire  to  nmka.-  TiiK  lioiToa. 

»  ■/riiiiiaiKoHi  of  Iht   .Imcrf.OM   Ett.itMtumital  .SMttly.  ••  (I91fi).  *Si 
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casting  or  by  rolling,  whether  hot  or  cold,  provide  un- 
equal solution  tension  at  various  points  in  the  metal, 
particularly  on  the  surface,  and  would  thus  promote 
corrosion.  Also  in  the  preparation  of  metals  of  high 
chemical  purity,  the  resistance  to  corrosion  may  be  de- 
creased by  gas  occlusion,  or  in  other  ways,  in  part 
due  to  the  very  attempt  to  attain  the  high  degree  of 
purity. 

Stresses  and  strains  are  usually  partially  or  entirely 
overcome  by  thoroughly  annealing  metals  to  be  used 
for  sheet  roofing  materials,  or  for  other  purposes  where 
"corrosion  is  of  great  importance.  The  effect  of  the 
occlusion  of  hydrogen  in  steel  has  been  shown  by  a 
number  of  investigators  to  be  very  important,  and, 
under  certain  conditions,  the  volume  of  this  gas  oc- 
cluded will  reach  nearly  so  per  cent  of  that  of  the 
metal  itself. 

It  is  common  knowledge  that  two  metals  when 
alloyed  often  have  greater  resistance  to  corrosion 
than  either  component  metal  alone.  The  principle 
applies  to  any  number  of  components.  This  is  probably 
always  due  to  the  formation  of  some  compound  or 
compounds  of  the  two  metals,  or  under  certain  special 
conditions,  it  might  be  due  to  the  combination  of  one 
alloying  metal  with  the  impurities  of  the  other  metal, 
in  such  a  manner  as  to  cause  the  solution  tension  of 
the  resulting  compounds  to  be  about  alike.  The  ef- 
fect of  alloying  a  second  metal  with  iron  or  steel  may 
also  affect  the  corrosion  of  the  original  iron  or  steel  by 
increasing  or  decreasing  the  amount  of  occluded 
hydrogen. 

Another  important  effect  of  the  introduction  of  the 
second  metal  may  be  to  form  an  oxide,  when  corrosion 
commences,  which  is  of  such  an  adherent  nature  as 
to  form  a  firm  coating,  inhibiting  further  corrosion 
or  preventing  an  excess  of  oxygen.  Or,  conversely, 
initial  rusting  may  render  the  underlying  iron  anodic 
and  may  accelerate  corrosion,  perhaps  in  a  large  measure 
due  to  the  moisture  held  by  the  rust.  Thus,  a  great 
deal  would  depend  upon  whether  or  not  the  rust  was 
soft  and  spongy  or  hard  and  adherent. 

We  are  inclined  to  agree  with  those  who  consider 
the  phenomena  of  corrosion  more  complex  than  has 
been  generally  stated  by  enthusiastic  adherents  of 
the  electrolytic  theory.  While  this  theory  would 
seem  sound  as  a  guiding  principle,  much  additional 
data  will  be  needed  before  it  can  be  amplified  in  de- 
tail to  be  accepted  by  engineers  and  practical  men 
in  general,  as  useful  to  ihcm  in  prevention  and  predic- 
tion. 

PIKPOSK    t>F    ISVESTIOATION 

This  investigation  is  primarily  apart  from  theoretical 
considcriilions  and  explanations,  havinj;  (nr  it*  (unda- 
mcnlal    purpose    measurement   and    t!  f<»rlh 

of    data.     Several    long    scries    of    ni'  ex- 

tending over  a  pcrioil  of  years  were  ni.ior  on  -.nc  cor- 
rosion of  American  Ingot  Iron  as  affected  by  the  ad- 
ditions of  small   ({uantitics  o(  cobalt,  nickel,  copper 
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and  carbon.  We  have  particularly  in  mind  the  addi- 
tion of  small  quantities  of  these  elements  to  the  very 
pure  iron  prepared  by  the  open-hearth  method  for 
sheet  roofing  material.  Our  interest  was  stimulated 
by  the  positive  nature  of  certain  very  early  preliminary 
experiments  described  in  the  next  paragraph. 

PRELIMINARY    EXPERIMENTS 

Very  early  in  the  course  of  these  investigations  on 
cobalt  and  its  alloys  (in  the  autumn  of  19 12),  a  pre- 
liminary set  of  alloys  was  prepared  by  adding  small 
percentages  of  both  cobalt  and  nickel  to  very  pure 
iron.  These  alloys  were  exposed  for  several  months 
on  the  roof  of  Nicol  Hall,  Queens  University,  Kings- 
ton, Ontario.  After  this  exposure  they  were  removed, 
and  the  amount  of  corrosion  determined.  In  every 
case  it  was  found  that  the  addition  of  small  percentages 
of  cobalt  and  nickel  had  decreased  the  corrosion  of 
the  pure  iron.' 

Following  this  a  second  set  of  alloys  was  made  with 
the  same  materials,  in  the  same  way,  and  exposed 
under  the  same  conditions  as  the  previous  set,  for  a 
period  from  June  16,  1913,  to  October  16,  1913.  At 
the  end  of  this  exposure  of  122  days,  the  alloys  were 
taken  in,  and  the  rate  of  corrosion  in  grams  per  sq. 
cm.  of  exposed  surface  per  year  was  computed. 

Unfortunately,  two  of  the  alloys  of  this  set  met 
with  accident  during  the  exposure,  owing  to  dropping 
from  the  supports  and  coming  in  contact  with  the 
metal  roof,  so  that  the  series  is  not  sufficiently  com- 
plete to  warrant  giving  all  the  details.  However, 
the  results  were  in  general  accord  with  those  of  the 
previous  set,  which  led  us  to  believe  that  the  addi- 
tion of  cobalt  in  proper  proportions  to  pure  iron 
might  prove  of  benefit  to  its  non-corrosive  properties. 

The  general  method  of  procedure  with  these  prelim- 
inary experiments  was  the  same  as  that  described  in 
detail  for  the  complete  set  of  experiments  to  be  de- 
scribed below. 

The  two  sets  of  experiments  above  described  must 
be  considered  preliminary  for  a  number  of  reasons, 
primarily  because  no  heat  treatment  was  given  to  the 
alloys. 

conclusions:  i — From  these  preliminary  experi- 
ments, it  appears  that  additions  of  small  percentages 
of  both  cobalt  and  nickel  to  American  Ingot  Iron  add 
to  its  non-corrosive  properties. 

2 — Cobalt  seemed  to  be  more  effective  than  nickel 
when  used  in  like  amount. 

3 — These  results  were  such  as  to  stimulate  further 
interest,  but  were  not  sufficiently  complete  or  satis- 
factory to  warrant  drawing  definite  conclusions, 
particularly  as  to  the  relative  effects  of  nickel  and 
cobalt. 

EXPERIMENTS     ON     NON-CORROSIVE     ALLOYS     PREPARED 
BY    ADDITIONS    OF    COBALT,    NICKpL,    AND    COP- 
PER   TO    AMERICAN    INGOT    IRON 

Following  are  the  data  of  three  extended  series  of 
observations,  from  which  our  conclusions  are  drawn. 
The  materials  used  for  the  preparation  of  the  alloys 
of  all  three  series,  and  likewise  the  general  procedure, 

*  The  "pure"  iron  was  American  Ingot  Iron. 


were  the  same  for  all,  and  are  given  before  the  numer- 
ical corrosion  values  for  the  series. 

MATERIALS    FOR    PREPARATION    OF    ALLOYS The    baSe 

of  all  the  alloys  was  American  Ingot  Iron,  furnished  by 
Dr.  Beck,  American  Rolling  Mill  Company,  Middle- 
town,   Ohio,   and  analyzing  as  follows: 

Analyst    Fc         S         P  C       Mn        Cu         O  Si        Ni        Ca 

Dr.  Beck  99.9  0.023  0.004  0.010  0.031  0.028  0.035  Trace  None  None 
Authors    99.9   0.027   0.0075   0.010   0.027   0.048      . . .     Trace  None   None 

Inasmuch  as  there  has  been  some  discussion  in 
recent  literature  as  to  the  effect  of  copper  in  adding 
to  the  non-corrosive  properties  of  American  Ingot 
Iron  and  similar  materials,  we  have  made,  in  addition 
to  the  usual  check  analyses,  additional  analyses  of 
the  copper  content.  Checking  our  value  of  copper 
as  0.048,  we  have  the  following  values  from  inde- 
pendent analyses:  0.046,  0.045,  0.050.  These  were 
made  by  two  independent  analysts. 

A  later  analysis  (by  Dr.  Beck)  of  American  Ingot 
Iron  rolled  into  sheets  for  roofing  material  and  shipped 
to  this  laboratory  by  the  American  Rolling  Mills, 
Middletown,  Ohio,  is  as  follows: 

Sample  No.  34175  (8'  X  4')  S  P  C  Mn       Cu 

American  Ingot  Iron  Corrosion  Sheet...    0.026  0.009  0.010  0.022  0.016 

The  cobalt,  nickel  and  copper  were  of  a  correspond- 
ingly high  degree  of  purity,  analyzing,  respectively, 
99.7  per  cent  cobalt,  99.3  per  cent  nickel  and  99.8 
per  cent  copper.  The  cobalt  was  prepared  in  this 
laboratory  by  reduction  of  purified  oxide,'  and  the 
copper  and  nickel  were  procured  from  reliable  sources 
and  analyzed  in  this  laboratory  as  above  stated. 

METHOD   OF  PREPARATION    OF   ALLOYS 

CRUCIBLE  AND  FURNACE — The  alloys  were  all  made 
in  lined  graphite  crucibles  obtained  either  from  the 
Dixon  Crucible  Company  or  the  Jonathan  Bartley 
Crucible  Company,  and  were  either  No.  3  or  No.  5 
size.  These  crucibles  were  lined  with  first-grade 
powdered  magnesite,  the  magnesite  being  mixed  with 
water  to  bind  it  until  set.  A  Hoskins  electric  furnace 
of  the  carbon  plate  resistor  type  was  used  for  melting 
these  alloys. 

MELTING  AND  CASTING — The  Components  of  the 
alloy  to  be  prepared  were  weighed  out  and  put  into 
the  crucible  together.  Often  these  went  into  a  cold 
furnace  to  be  melted  without  pre-heating,  while  some 
were  pre-heated  in  the  Monarch  Oil  furnace  previous 
to  putting  them  into  the  hot  electric  furnace.'  The 
temperature  of  the  inside  of  the  furnace  was  measured 
from  time  to  time,  observations  being  made  with  a 
Wanner  optical  pyrometer. 

After  the  melt  had  received  what  was  considered 
a  proper  furnace  treatment,  powdered  aluminum  was 
added  as  a  degasifier  and  it  was  then  poured  into  an 
iron  mold  of  variable  depth  which  formed  a  cylindrical 
ingot  about  1.25  in.  in  diameter.  The  alloys  of 
Series  I  and  II  were  cast  in  square  molds  of  about  the 
same  volume.  The  casting  usually  weighed  in  the 
neighborhood  of  2  lbs. 

The  alloy  was  not  considered  satisfactory  unless 
the   crucible   lining   remained   intact    throughout,   and 

'  Canada  Dept.  of  Mines,  Bull.  309,  1913;  Tms  Journal.  6  (1914).  107. 
'  For  a  description  of  this  furnace  see  Canada  Dept.  of  Mines.  Bull.  869, 
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after  the  furnace  treatment  showed  no  evidence  of 
having  allowed  the  melt  to  come  in  contact  with  the 
crucible  itself. 

PREPARATION    OF    DISCS    FOR    CORROSION    TESTS The 

castings  obtained  were  usually  from  4  in.  to  6  in. 
long,  and  about  1.25  in.  in  diameter.  To  obtain 
samples  for  corrosion  tests,  these  bars  were  turned 
into  discs  and  when  satisfactory  the  discs  were  annealed 
in  a  Fletcher  Russell  muffle  furnace. '  For  the  small 
samples  this  was  done  by  heating  them  at  780°  C. 
for  2  hrs.  and  allowing  them  to  cool  with  the  furnace 
during  a  period  of  6  hrs. 

After  turning  off  a  skin  to  get  rid  of  the  outside 
layer,  the  disc  was  finished  to  a  smooth  surface  in  a 
lathe,  the  finishing  chips  being  kept  for  analysis  for 
carbon.  After  this  operation  the  discs  were  carefully 
polished  on  the  buffing  lathe  and  measured  for  ex- 
posure. 

MEASUREMENT      TO      DETERMINE      CORROSION Before 

exposure  several  careful  measurements  were  made  of 
the  diameters  and  thicknesses  of  the  discs,  the  aver- 
age of  the  measurements  being  taken  to  compute  the 
surface.  In  the  first  preliminary  set  of  experiments 
the  discs  were  then  carefully  weighed,  washed  in  alco- 
hol to  remove  any  form  of  grease,  and  suspended  by 
silk  threads  from  pegs  set  in  a  large  board.  The  board 
with  samples  was  placed  on  the  roof.  In  the  second 
preliminary  set  of  experiments  and  in  Series  I  to  III, 
instead  of  suspending  the  discs  by  silk  cords,  holes 
were  drilled  in  one  edge  of  them  and  vulcanized  fiber 
pegs  were  tightly  inserted.  These  were  mounted  on 
frames  as  shown  in  Fig.  I.  This  method  of 
support  was  resorted  to  as  the  silk  cords  proved 
unreliable,  and  on  several  occasions,  after  particularly 
severe  weather  conditions,  samples  were  ruined  by 
falling  to  the  metal  roof. 

After  corroding  a  sufficient  length  of  time,  the  sam- 
ples were  brought  in  and  the  rust  removed  with  a 
20  per  cent  solution  of  ammonium  citrate.  They 
were  then  carefully  washed  in  alcohol,  dried  and 
weighed,  and  the  loss  in  weight  determined  as  shown 
in  the  tables  to  follow. 

ABSORPTION     OF     CARBON     MONOXIDE     CAS— AltllOUgh 


the  alloy  that  the  carbon  content  had  increased,  in 
one  case  from  o.oio  per  cent  to  0.48  per  cent.  The 
conclusion  seems  to  be  that  carbon  was  absorbed 
from  the  CO  atmosphere  within  the  furnace.  The 
action  did  not  seem  to  be  uniform  under  the  conditions 
that  prevailed,  and  we  did  not  determine  the  condi- 
tions which  governed  the  rate  of  absorption  of  car- 
bon by  the  metal.  It  was  definitely  observed  that  it 
was  far  more  difficult  to  obtain  low  carbon  castings 
of  the  cobalt-iron  alloys  than  it  was  to  obtain  low 
carbon  castings  of  either  the  nickel-iron  or  copper- 
iron  alloys. 

CORROSION  TESTS — SERIES  I  {No  Micropholographs) 

Alloys   H  196   to   316,   described   in   Table   I,   were 
exposed    as    noted    above.     They    were    prepared    as 

follows : 


Crucible 

Soaking 

Maximum  Temperature 

Degasifier 

Heat  Treatment 


Hoskins  Resistor  furnace.  Type  F.  C.  No.  105. 

Graphite  No.  3.  magnesite-lined. 

Duration.  30  min.  at  1500"  C. 

Reached  by  melt  1560°  C. 

Powdered  aluminum  0.3  g. 

None 


no  carbon  or  carbon  conlniiiinn  niatcriiils  were  added 
to   the   cliarKC,   it    was   always   found   upon   analyzing 

I  Srrl.-«  I  .Ulll  It  wrrr  no Ilrnleil.  Srtir*  III.  IV  .in.l  V  wrtr  Klinralra 


The  other  alloys  reported  in  Table  I  were  made  up 
under  mill  conditions  by  the  American  Rolling  Mill 
Company  and  were  given  only  the  standard  heating 
necessary  in  the  rolling  process  and  no  special  heat 
treatment.  They,  with  the  one  sample  of  iron  (No. 
34,175),  came  to  us  in  the  form  of  partially  rolled 
sheets,  approximately  Vi  »"■  in  thickness  and  lo  in.  in 
width.  The  discs  were  cut  directly  from  these  sheets 
and  after  the  proper  measurements  were  exposed  in 
the  manner  already  described  for  Series  I. 

conclusions:  i — Results  with  the  set  of  alloys,  Nos. 
196  to  216,  show  that  in  every  case  the  alloy  formed 
by  the  addition  of  cobalt,  nickel,  or  copper  is  less 
corroded  in  the  atmosphere  than  is  American  Ingot 
Iron.     These  are  unannealed  samples. 

2 — The  variations  in  the  measurements  arc  not  so 
great  but  that  Conclusion  (i)  is  apparent,  but  they 
are  sufficiently  great  that  conclusions  based  upon  a 
comparison  of  the  alloys  among  themselves  could  not 
be  drawn  from  this  scries  alone. 

3 — The  samples,  Nos.  34,175  to  44,009,  prepared  by 
the  American  Rolling  Mill  Company,  show  such  wide 
variations  among  the  observations  that  no  conclu- 
sions could  be  drawn  from  this  scries  alone. 

4 — It  is  noticeable  throughout  this  scries  that  the 
rust  on  the  cobalt  samples  is  nvire  tenacious  than  that 
of  the  other  samples,  and  particularly  that  it  is  of  a 
much  darker  color  and  very  much  more  difficultly 
re  mo  veil  by  mechanical  means  than  that  ftirmcd  on 
tin?  American  Ingot  Iron. 

CORROSION  TESTS-  -SKRIES  II   (Sc  Uicroph«lotrapki) 

The  alloys  H  105  to  H  316  used  for  Scries  11  were 
iilcntical  with  those  usetWfor  Scries  I;  •".  r.,  after  com- 
pleting the  measurcmcnl.<  for  Series  I  the  discs  wcr« 
again  polished,  rcweighrd.  and  measured  for  a  »econ<l 
exposure.  The  Ameritan  Rolling  Mill  olloys  of  the 
first  scries  were  again  exposed,  but  in  this  case  the 
samples  were  not  the  identical  ones  used  in  the  previous 
test,    new    samples    being    rut    from    the    sheets    and 
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Table  I — Results  op  Corrosion  Tests — Series  I 


Exposed,  March  18,  1914,  ten  o'clock.     Removed,  August 


AUoy 
Sample 
H    204 

Fe 

Approximate  Analvsis 

Percentages 
99.75     Ni    0.25 

H    207 

Fe 

99.5 

Ni 

0.50 

H     195 

Fe 

99.0 

Ni 

1.0 

H     196 

Fe 

98.0 

Ni 

2.0 

H     197 

Fe 

97.0 

Ni 

3.0 

H    202 

Fe 

99.75 

Co 

0.25 

H    209 

Fe 

99.5 

Co 

0.5 

H    198 

Fe 

99.0 

Co 

1.0 

H    199 

Fe 

98.0 

Co 

2.0 

H    200 

Fe 

97.0 

Co 

3.0 

H    205 

Fe 

99.75 

Cu 

0.25 

H    206 

Fe 

99.5 

Cu 

0.5 

H    208 

Fe 

99.0 

Cu 

1.0 

H    216 

Fe 

100. 0 

34175 
34204 

S 

Mn 

Co 

0.027 
0.027 
0.22 

P 

Cu 
Mn 

0.0078  C 
0.020 
0.036    Cu 

Dimensions  of  Disc 

BEFORE  Exposure 
Diam.  Thickness  Area 
Cm.  Cm.     Sq.  Cn 

0.5735 

0.4829 

0.5167 

0.5299 

0.4335 

0.6670 

0.6346 

0.6293 

0.6741 

2 . 5960 

0.4416 

0.3958 

0.3888 

0.5974 

0.5765 


Weight  in  Grams 
Original         Aftt 


3.0053 
2.9353 
2.9972 
2.6507 
2.4714 
2.9129 
2.9126 
2.9515 
2.9538 
2.9939 
2.9756 
2.9068 
3.0148 
2.7903 
2.9556 


2.9825 

2.9629 

2.7545 

2.9315 

3.0368 

3.0178 

2.8759 

2.8853 

2.9472 

2.9459 

2 . 3835 

2.3772 

3.6021 

3.7567 

3.769 

3.683 

3.718 

3.698 
3.723 
3.735 


0.6615 
0  6225 
0.6128 
0.5527 
0.5592 
0.5533 
0.5433 
0.5895 
0.5497 
0.5579 
0.7078 
0.6475 
0.5611 
0.6153 
1.118 
1.118 
1.047 

1.049 
1.101 
1.135 


19.60 

17.99 

18.98 

15.45 

12.96 

19.433 

19.132 

19.520 

19.960 

19.687 

18.036 

16.89 

17.95 

17.47 

19.08 

20.172 

19.685 

17.222 

18.590 

19.82 

19.55 

17.90 

18.42 

18.73 

18.81 

14.23 

13.71 

26.73 

29.43 

35.37 

34.18 

33.95 

33.32 
34.32 
35.22 


Before 
Exposure 
31.7343 
25.4387 
28.3184 
22.7629 
15.9782 
34.7888 
33.0043 
33.6308 
36.0536 
32.4942 
23.9081 
20.4681 
21.5157 
28.4904 
30.5810 

36.2452 
33.5751 
28.5496 
29.2209 
31.5005 
31.0141 
27.5937 
30.1322 
29.2453 
29.6137 
24.3692 
22.3719 
44.8356 
53.3836 
97.6351 
93.2952 
89.1774 


Re 


of  Rust 
3 1 . 1 464 
24.9393 
27.9340 
22.3216 
15.5042 
34.2410 
32.2974 
33.1004 
35.5070 
32.0300 
23.4407 
20.0148 
20.9614 
27.9386 
30.2152 

35.6630 
33.0090 
28.0173 
28.6635 
31.1169 
30.5259 
27.0692 
29.5943 
28.6776 
29.0536 
23.9062 
21.9154 
43 . 8024 
52.2870 
96.7020 
92.3370 
87.5760 


31,  1914.     Exposure.  3984  hours 
Corrosion  of  Disc 
Loss  in 
Weight  in  Grams 
Per  sq.  cm. 
Total       per  hr. 
Corrosion  X  10»  Nature  of  Rust 

0.5879       752  Rust  quite  tenacious 
0.4994        696 

0.3844       510  Rust  quite  tenacious 
0.4413        717 
0.4740        905 

0.5478       694  Rust  tenacious.     Sample  6  had  fallen  off 
0.7069       928 

0 .  5304       68 1  Rust  removed  somewhat  easier  than  H  195 
0.5466       687 

0.4642       589  Rust  easily  removed 
0.4674       652 

0.4533       673  Rust  removed  easier  than  H  200.     Sam- 
0.5543       775       pie  6  had  fallen  off 

0.5518       793  Both  samples  off.     Rust  removed  quite 
0.3658       478       easily.     Sample     b     had     not     rusted 
much  on  one  side 
722  Rust  dark  in  color  and  more  tenacious 
720       than  H  197 

774  Rust  dark  in  color  and  tenacious 
768  Rust  dark  in  color  and  quite  tenacious 
482  Rust  dark  in  color  and  quite  tenacious 


88.3738  87.9770 
94.0772  93.2020 
97.4638     96.5120 


34185 
44009 


1.09     Mn  0.032  Cu  0.025 

0.027  P      0.008  C  0.145 

0.70     Mn  0.025  Cu  0.27 

0.020  P      0.0065  C  0.140 


3.682  1.105  34.20 

3.712  1.091  34.22 

3.728  1.014  33.75 

3.739  1.063  34.50 


92.2378 
92.5329 
86.8718 
91.4208 


91.1260 
91.7200 
85.8190 
90.2970 


0.5822 
0.5661 
0.5323 
0.5574 
0.3836 
0.4882 
0.5245 
0.5379 
0.5677 
0.5601 
0  4630 
0.4565 
1.0332 
1.0966 
0.9331 
0.9582 
1.6014 

0.3968 
0.8752 
0.9518 

1.1118 
0.8129 
1.0528 
1.1238 


627 

738  Rust  about  the  same  as  H  204 

734 

761   Rust  about  the  same  as  H  204 

748 

816  Rust  removed  rather  easily 

835 

968  Rust   quite   easily   removed.     Sample    a 

937        had  fallen  off 

664  Rust  removed  very  easily 

701   Rust  removed  very  easily 

118  Rust  more    tenacious    than    34175,   but 

less  tenacious  than  34185 
292 

640     Rust  tenacious:  not  ver>*  different  from 
678       34204 

823   Rust  very  tenacious 

613   Rust  very  tenacious 

783  Rust  very  tenacious,  not    unlike    34185 

819 


prepared  for  exposure  in  the  manner  described.  The 
results  appear  in  Table  II. 

conclusions:  i — Results  with  the  set  of  alloys, 
numbers  196  to  216,  show  that  in  every  case  the 
alloy  formed  by  the  addition  of  cobalt,  nickel  or  cop- 
per is  less  corroded  in  the  atmosphere  than  is  Amer- 
ican Ingot  Iron.     These  are  unannealed  samples. 

2 — Conclusion  (i)  for  Series  II  is  in  accord  with  the 
corresponding  conclusions  for  Series  I.  Comparing 
the  absolute  amounts  of  corrosion  (loss  in  weight  in 
grams  per  sq.  cm.  of  original  surface  per  hour)  we 
find  that  it  is  uniformly  greater  for  Series  I  than  for 
Series  II,  approximately  in  the  ratio  of  3  to  2.  This 
may  be  in  some  measure  accounted  for  by  the  fact 
that  the  exposure  for  Series  I  was  largely  in  the  sum- 
mer time,  whereas  the  exposure  for  Series  II  was 
both  in  summer  and  winter.  It  is  more  to  be  accounted 
for,  however,  by  the  fact  that  the  exposure  for  Series 
II  was  of  very  nearly  twice  the  duration  that  it  was 
for  Series  I,  After  corrosion  has  continued  for  a 
certain  period,  especially  with  the  more  non-corrosive 
alloys,  a  hard,  tenacious,  dark-colored  rust  is  formed 
which  tends  to  protect  the  alloy  against  further  cor- 
rosion. 

3 — -The  variations  in  the  measurements  are  not 
so  great  but  that  Conclusions  (i)  and  (2)  are  appar- 
ent, but  the  variations  are  sufficiently  great  that  com- 
parisons between  the  various  alloys  cannot  be  drawn 
without  further  confirming  measurements  to  estab- 
lish  the  law. 

4 — Samples  Nos.  34,175  to  44,009,  prepared  by 
the  American  Rolling  Mill  Company,  so  far  as  this 
series  alone  is  concerned,  do  not  tend  to  bear  out  the 


conclusions  from  the  series  prepared  at  the  labora- 
tory. From  these  samples  alone  it  would  seem  that 
additions  of  small  amounts  of  cobalt,  up  to  one  per 
cent,  have  very  little  effect  on  corrosion,  and  that 
the  addition  of  nickel  to  about  o.  7  per  cent  was  harm- 
ful. 

5^It  is  noticeable  throughout  this  series,  for  the 
samples  prepared  at  the  laboratory,  that  additions  of 
cobalt,  nickel  and  copper  all  tend  to  make  the  rust 
more  tenacious,  darker  in  color,  more  uniform,  and 
very  much  more  diflScultly  removed  by  mechanical 
means  than  is  the  case  with  the  pure  American  Ingot 
Iron.  This  fact  is  particularly  noticeable  with  the 
cobalt  samples. 

CORROSION  TESTS — SERIES  III  {Microphotographs  made) 

The  samples  of  Series  I  and  II  received  no  heat 
treatment  after  casting.  For  further  investigation 
Series  III  was  prepared;  a  list  of  the  alloys  of  this 
series  with  the  method  of  preparation  appears  in 
Table  III^,  page  130. 

FURNACE  TREATMENT — In  this  Series  of  alloys 
some  of  the  charges  were  preheated  in  the  Mon- 
arch Oil  Furnace  and  some  were  introduced  directly 
into  the  hot  Hoskins  Furnace.  The  data  of  prepara- 
tion of  two  alloys  by  each  treatment  are  given  in  de- 
tail. All  samples  of  this  series  were  prepared  by 
one  or  the  other  of  these  methods  as  indicated.  Any 
variation  from  these  will  be  noted  under  the  individual 
charge. 

Samples  were  prepared  from  these  alloys  in  the 
manner  previously  described  and  mounted  for  ex- 
posure  on   the   roof   of    Nicol    Building,    Queens    Uni- 
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Alloy 
Sample 
H    204 


Approximate  Analysis 
Percentages 
Fe       99.75     Ni    0.25 


Table  II- — Results  of  Corrosion  Tests — Series  II 
Exposed.  October  10,  1914.     Removed,  August  30.  1915.      Period  of  Exposure.  7776  hours 

Corrosion  op  Disc 
Loss  in 
Dimensions  op  Disc     Weight  in  Grams     Weight  in  Grams 
before  Exposure  Original         .\fter  Per  sq.  cm. 

Diam.  Thickness     Area  Before       Removal     Total       per  hr. 

No.     Cm.  Cm.       Sq.  Cm    Exposure 

a     2.984       0.540        17.59       28.9636 


of  Rust  Corrosion 
28.2924     0.6712 


H  207  Fe   99.5   Ni  0.5 


2.918 
2.980 
2.621 
2.480 


0.453 
0.487 
0.481 
0.401 


16.70 
18.49 
13.66 
12.76 


H 

195 

Fe 

99.0 

Ni 

1.0 

H 

196 

Fe 

98.0 

Ni 

2.0 

H 

197 

Fe 

97.0 

Ni 

3.0 

H 

202 

Fe 

97.75 

Co 

0.25 

H 

209 

Fe 

99.5 

Co 

0.5 

H 

198 

Fe 

99.0 

Co 

1.0 

H 

199 

Fe 

98.0 

Co 

2.0 

H 

200 

Fe 

97.0 

Co 

3.0 

H 

205 

Fe 

99.75 

Cu 

0.25 

H 

206 

Fe 

99.5 

Cu 

0.5 

H 

208 

Fe 

99.0 

Cu 

1.0 

H 

216 

Fe 

100.0 

34175 

S 
Mn 

S 
Mn 

0.027 
0.027 
0.027 
0.027 

P 

Cu 

P 

Cu 

0.0078  C 
0.020 
0.0078  C 
0.020 

a     2.898   0.600 


2.893 
2.938 
2.940 
2.982 
2.961 
2.885 

2.759 
2.938 
2.965 
2.940 
2.730 
2.911 
3.022 
3.002 
2.853 
2.865 
2.918 
2.918 
2.353 
2.350 
3.578 
3.732 
2.897 


0.571 
0.588 
0.641 
0.561 
0.412 
0.371 

0.550 
0.534 
0.616 
0.590 
0.584 
0.522 
0.535 
0.528 
0.516 
0.557 
0.515 
0.520 
0.673 
0.616 
0.522 
0.584 
0.769 


0.131     b     2.561       0.768 


18.53 
19.08 
19.43 
19.18 
17.58 
16.43 

16.72 
18.51 
19.59 
19.03 
16.74 
18.09 
19.45 
19.08 
17.38 
17.93 
18.07 
18.12 
13.65 
13.20 
25.97 
28.66 
20.12 

16.42 


22.9425 
26.1491 
20.0225 
14.3902 
With  wax 
in  holes 
30.0960 
Without  wa 
30.0200 
29.0754 
30.9354 
23.7160 
30.2280 
21.8434 
18.7266 

25.5145 
27.7878 
33.0186 
30.5180 
26.4266 
26.8364 
28.4286 
28.8106 
25.1354 
27.4168 
26.6298 
26.8750 
21.3946 
20.4918 
30.7980 
49.7338 
36.7010 


22.3325 
25.5458 
19.5246 
13.9915 


0.6100 
0.6033 
0.4979 
0.3987 


Nature  of  Rust 
491   Difficult    to     remove.      Dark 

Mottled  appearance 
470 

420  Fairly  tenacious 
470 
402 


29.2932     0.7268 


28.4344 
30.2866 
33.0554 
29.6297 
21.2940 
18.2327 

24.8650 
27.1625 
32.2596 
29.8162 
25.7902 
26. 1593 
27.8894 
28.2609 
24.5636 
26.8236 
26.0090 
26.2528 
21.9834 
20.0884 
39.5724 
48.1793 
35.7888 


0.6410 
0.6488 
0.6606 
0.5983 
0.5494 
0.4939 

0.6495 
0.6253 
0.7590 
0.7018 
0.6.364 
0.6771 
0.5392 
0.5497 
0.5718 
0.5932 
0.6208 
0.6222 
0.4112 
0.4034 
1.2256 
1.5545 
0.9122 


vhat  dark  afte 


437  Rust  easily  removed;  light  in  color 

437 

401   Rust  easily  removed;  light  in  color 

402 

386  Rust  dark,  tenacious,  and  uniform  over 

surface 
435  Rust  medium  dark  in  color 
500 

498  Rust   dark    in    color;    fairlv    difticult    to 
475       remove 
489  Medium  dark  in  color 
482 

356  Rust  easily  removed;  metal  underneath 
37 1       dark  in  color 

414  Ru.st   hard    in   spots,    metal    underneath 

4 1 5  dark  in  color 

443  Rust   light   in   color;   metal   underneath 
442       pitted 

387  Rust    very    uniformly    distributed    and 
392       difficult  to  remove 

608  Rust  easily  removed 


and  fairlv 


30.5996  29.8434  0  7562   592 


2.293 
2.050 
3.952 


0.770 
0.766 
0.767 


1.09  Mn  0.032 
0.027  P  0.008 
1.09  Mn  0.032 
0.027  P      0.008 


3.700  0.773  30.31 

3.430  0.768  26.73 

3.180  0.766  23.02 

2.930  0.769  20.50 

2.672  0.766  17.56 

2.438  0.766  15.15 

2.171  0.763  12.53 

3.810  0.773  32.03 


24.5528 
19.3758 
73.1770 

64.5962 
55.1002 
47.2278 
40.2700 

33.1640 
27.7012 
21.7768 
68.4924 


23.9235 
18.8358 
71.6781 

63.1962 
53.9060 
46.1447 
39.3239 

32.3249 
26.9839 
21.2004 
67.1646 


0.6293 
0.5400 
1 . 4989 

1.4O0O 
1.1942 
1.0831 
0.9461 

0.8391 
0.7173 
0.5764 
1.3278 


Cu    0.025     a 

C      0.145 

Cu    0.025     b     3.553       0.774       28.48       59.6462     58.4286     1.2176 


c     3.318 

0.770 

d     3.068 

0.769 

0.700  Mn    0.025    Cu 

0.270 

a     3.313 

1.025 

0.020  P       0.0065  C 

0.  140 

b  3.065  1.027  14.95 
c  2.812  1.032  12.64 
d     2.560        1.026        10.47 

versity,  Kingston,  Ontario.  This  series  was  mounted 
in  the  same  way  as  Series  II,  and  the  duration  of  ex- 
posure was  253  days,  3  hours,  beginning  December 
22,  1914,  I.  IS  P-M.  to  December  23,  1914,4.30  P.M. 
time  ending  September  i,  1915,  4.15  p.m.  to  Septem- 
ber 2,   191 5,  7.30  P.M.     Total  hours,  6,075. 

In  addition  to  the  samples  prepared  as  above  de- 
scribed, another  set  of  samples  was  prepared  from 
the  American  Rolling  Mill  Company  alloys,  and  given 
a  similar  heat  treatment. 

After  having  been  exposed  the  samples  weic  brought 
in  and  carefully  freed  from  rust  and  final  mcasuremenls 
made  as  noted  in  Table  lllB.  Microphotographs  of 
this  series  arc  shown  on  pages  128,  129,  132  and 
t33- 

ACCELERATIiD    CORROSION    TESTS — SERIES    IV 

A  few  accelerated  corrosion  tests  were  mailc  on  sonic 
of  these  alloys,  the  results  of  which  may  be  instruc- 
tive, although  not  conclusive.  As  to  what  would 
occur  under  service  conditions  in  the  atmosphere, 
the  authors  do  not  believe  that  much  reliance  can 
he    pl.'iced    upon    conclusions    drawn    from  nccclcratc<l 


51.6070 
44.1810 
69.1338 

58.9434 
49.8336 
41.0208 


50.5487 
43 . 2005 
68.0767 


I  .0583 
0.9805 
1.0574 


58.0252  0.9182 
48.9872  0.8464 
40.3029  0.7179 


594 
604 
562 
593 

613 
609 
592 
534 


539 
570 
779 

788 
860 
883 


tests.     These    measurements    arc    included    with    the 
rest  for  completeness. 

Accelerated  corrosion  tests  were  made  on  the  five 
heats  of  Ingot  Iron  alloys  submitted  by  the  American 
Rolling  Mill  Company,  as  follows: 


34175 

No 

34185 

No. 

34195 

No. 

.M204 

No.  44009 

0.026 

S 

0.034 

S 

0.040 

S 

0.022 

S      0.02.^ 

0.00« 

p 

0.006 

P 

0.008 

r 

0.009 

1*      0.008 

0.010 

C 

0.015 

0 

0.010 

c 

0.010 

C       0.010 

0  022 

Mn 

0.017 

Ml 

0.02(1 

Mn 

0.020 

Mn  0.015 

0.016 

Cu 

0.028 

Cu 

0.024 

Cu 

0.020 

Cu    0.24 

(.0 

1.18 

Co 

0.60 

Co 

O.AJ 

Ni    0.75 

MlTlllin  or  MAKING  ACCELEKATKD  CORKOSION  TESTS 

These  tests  were  made  cither  by  (a)  immersing  the 
samples  in  the  form  of  spheres  in  a  dilute  sulfuric 
acid  for  a  period  of  «  hour  and  noting  the  loss  in 
weight,  or,  (ft)  submitting  I  hem  to  the  intermittent 
action  of  dilute  sulfuric  ncid  and  the  atmosphere. 
The  acid  used  for  the  tests  was  20  per  cent  HsSd.. 
Samples  were  used  throughout  in  the  form  of  spheres 
of  api>roximately  7  sq.  cm.  surface. 

The  intermittent  corrosion  tests  were  made  by 
immersing  the  samples  in  the  acitl  in  one  compart- 
ment of  a  wooden  box,  so  arranged  that  the  sample* 
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MICROPHOTOGRAPHS 
Series  III 


Alloy  5  s.5o 
Co        c         F^ 

O.ZS        0.O«3         l'f.6 


Alloy  6  3,ss 

Co  C  Vju 

0.3S     OS.J         V'?.'/ 


Alloy  S  sl(>s. 
Co  C  F,L 
1,0     o.Ca.     yg.j 


Alloy  B3.o9 

Co  C  Fjl. 

O.S       0.2,7      9^.Z 


Alloy  B3.0Z 
Co      c       ^ 
0.3.S    0./1     ff.s- 


Alloy  S^sz 

Co      C        Fjo 

O.So     0.31        19  J 


Alloy    SzbO 
Co         C        Fm. 

O.JS       0./7     ff./ 


Alloy  B/'Js 

Co  C  Fa. 

1.0       0.3  g       ff.(, 
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Table   III/l — Composition  and   Heat  Treatments  of  Alloys — Series  III 

FlIRNACE:    HOSKINS    RESISTOR    FORNACE.    TyPE    F.     C.     No.     105 

Crucible:  No.  3  Graphite.    Magnesite-Lined.     Degasipier:  0.2  G.  Powdered  Aluminum 


Heat  Tre 

atment: 

Annealed  by  Hi 

ATING 

IN  Gas  Mopple  F 

URNAC 

Charges  (in  Grams)  Used  in  Making  Alloys 

— B  202— 

— B  200— 

— S  269— 

*Fe 

1132 

B  199 

482 

♦Fe 

566 

Co 

2.85 

Co 

1.49 

Ni 

11.58 

— Bj  199— 

— C  202— 

— S  267— 

.S262 

603 

B30 

255 

C204 

326 

Co 

6.15 

*Fe 

255 

•Fe 

436 

— S250— 

Co 

1.28 

Ni 

1.09 

*Fe 

778 

— C  255— 

— S268— 

Co 

1.95 

C  202 

305 

B30 

127 

— S  262 — 

B30 

85 

*Fe 

467 

S  260 

456 

AUoy  32404 

85 

Ni 

2.99 

S  255 

226 

Co 

0.69 

— B  195— 

B  200 

130 

— B  199— 

B  207 

800 

Pure  Co 

0.49 

B  198 

651 

Ni 

4.04 

— S  255— 

Co 

0.65 

— B  196 — 
B  195 

680 

S252 

375.5 

— B  204— 

Ni 

6.95 

*Fe 

594 

*Fe 

1132 

• — Bi  197 — 

Co 

1.53 

Pure  Ni 

2.85 

S  263 

184 

— S265— 

— S251— 

B  197 

368 

Alloy  32404 

467 

»Fe 

743 

Ni 

1.90 

Co 

0.16 

Ni 

1.86 

— B  197— 

— B  209— 

— S  254 — 

B  196 

517 

B  202 

637 

*Fe 

913 

Ni 

5.33 

Co 

1.54 

Ni 

3. 19 

— C  204— 

— S  252— 

•Fe 

269.5 

S2S0 

650 

— S  257 — 

Ni 

1.35 

Co 

1.55 

S  254 

226 

— Bt  205— 

— S260— 

•Fe 

495 

*Fe 

1.062 

•Fe 

576 

Ni 

1 .72 

Cu 

2.66 

B  200 

192 

— S258— 

— B  205— 

— S  266 — 

*Fe 

935 

•Fe 

793 

Alloy  34204 

467 

Ni 

4,67 

Cu 

0.25 

Co 

2.35 

— S  259— 

• — Bj  206 — 

— B  198— 
B  202 

326 

S258 
Ni 

637 
1.60 

Bi  205 
Cu 

— B  206 — 

552 
1.39 

B209 

460 

— Bj  195— 

B  205 

488 

Co 

4.80 

S261 

177 

Cu 

1.23 

— Bi  200— 

Ni 

160 

— B  208— 

Bt  199 

340 

— S  263— 

B.  206 

318 

*Fe 

262 

S261 

637 

•Fe 

279.5 

Co 

11.63 

Ni 

6.50 

Cu 

4.40 

Prehea 

Composition 

Oil 

Temp.CC.)  of 

Wt.  of 

Percentages 

Fi 

im. 

Soaking 

Melt  Pour- 

Casting 

Alloy 

C 

Fe     M 

in. 

Min.  »C. 

(Max.)  ing 

Oz. 

B   202 

Co 

0.25  0.18 

99.5 

30   1570 

1570  1570 

20 

Bi  199 

Co 

2.0     0.16 

97.8 

30   1640 

1700   1640 

16 

S    250 

Co 

0.25  0.083 

99.6     20 

30   1560 

1640  1560 

19 

S    262 

Co 

1.0     0.62 

98.3     . 

0 

30  1640 

1700  1640 

21 

S    255(a) 

Co 

0.35  0.21 

99.4 

30 

60   1640 

1700  1640 

21 

S    265 

Co 

0.35  0.30 

99.3 

30   1640 

1700  1640 

20 

B    209 

Co 

0.50  0.27 

99.2 

30   1570 

1570  1570 

16 

S    252 

Co 

0.50  0.31 

99.1 

20 

30   1560 

1640   1560 

18 

•S    260 

Co 

0.75  0.17 

99.1     30 

30   1640 

1700   1640 

21 

S    266(6) 

Co 

0.75  0.21 

99.0 

120  1640 

1700   1640 

16 

B    198 

Co 

1.0     0.38 

98.6 

30   1570 

1570  1570 

24 

B>200 

Co 

3.0     0.17 

96.8 

30  1640 

1700   1640 

18 

B   200 

Co 

3.0     0.36 

96.6 

30   1570 

1680   1570 

16 

C   202 

Co 

0.25  0.49 

99.2 

SO  1640 

1700   1640 

16 

C   255 

Co 

0.35  0.49 

99.2 

30  1640 

1700   1640 

15 

B    199 

Co 

2.0     0.46 

97.5 

30  1570 

1570  1570 

21 

B   204 

Ni 

0.25  0.10 

99.6 

30  1570 

1570  1570 

20 

S    251 

Ni 

0.25  0.057 

99.6     20 

30  1560 

1640  1560 

20 

S    254(c) 

Ni 

0.35  0.045 

99.6     30 

30   1640 

1640  1640 

16 

S    257(6) 

Ni 

0.35   0.060 

99.6     20 

30  1560 

1640   1560 

19 

S    2S8(d) 

Ni 

0.50  0.072 

99.4     30 

30   1640 

1700   1640 

21 

S    257 

Ni 

0.75   0.067 

99.2     30 

30   1640 

1700   1640 

21 

B.  195 

Ni 

1.0     0.089 

98.9 

30   1640 

1700   1640 

16 

S    263(6) 

Ni 

1.0     0.065 

98.9 

45   1640 

1700   1640 

19 

S    269 

Ni 

2.0     0.085 

97.9 

60   1700 

1700   1640 

18 

S    267 

Ni 

0.25  0.23 

99.5 

60   1700 

1700  1640 

24 

S    268 

Ni 

0.50  0.21 

99.2 

60  1640 

1700  1640 

22 

B    195 

Ni 

1.0     0.24 

98.8 

30  1570 

1570  1570 

20 

B    196 

Ni 

2.0     0.23 

97.8 

30   1570 

1640   1570 

22 

B.  197 

Ni 

3.0     0.13 

96.8 

30  1640 

1700   1640 

8 

B    197 

Ni 

3.0-0.21 

96.7 

30  1570 

1570   1570 

13 

C   204 

Ni 

0.25  0.43 

99.3     20 

60  1560 

1640   1560 

14 

Bs  205(e) 

Cu 

0.25  0.045 

99.7 

30   1640 

1700   1640 

32 

B   205 

Cu 

0.25  0.19 

99.6     . 

30   1570 

1570   1570 

21 

Bi206 

Cu 

0.50  0.17 

99.3 

30   1640 

1700   1640 

14 

B    206 

Cu 

0.50  0. 19 

99.3 

30  1640 

1640   1640 

16 

B    208  (o) 

Cu 

1.0     0.18 

99.0 

30   1640 

1700  1640 

14 

(a)  Cast  4  tj 

mes  before  obtaining  satisfactory  sample. 

(6)   Cast  2  t 

mes  before  obtaining 

satisfactory  s 

ample. 

•American  Ingot  Iron. 

were  covered  and  uncovered  automatically  by  the 
tilting  of  this  box  over  a  knife  edge  pivot  by  the  action 
of  water  from  the  water  tap.  The  balls  were  held  in 
place  at  one  end  of  the  box  by  pieces  of  glass  rod. 

The  apparatus  used  for  making  these  corrosion  tests 
consisted  of  a  wooden  box  i8  in.  long  and  12  in.  wide, 
with  sides  about  3  in.  high.  This  box  was  divided 
into  2  lengthwise  compartments,  one  larger  than  the 
other,  the  large  one  being  still  further  divided  into  2 
equal  compartments;  this  division  was  across  the 
narrow   way  of  the  box   directly  in  the   middle,  the 


{c)    Cast  7  times  before  obtaining  satisfactory  sample. 

(d)  Cast  3  times  before  obtaining  satisfactory  sample. 

(e)  In  this  and  the  succeeding  copper  alloys  the  iron  was  first  melted, 
and  the  copper  dropped  into  the  molten  iron  through  a  small  hole  in  the 

furnace  cover,  the  fall  being  directed  by  means  of  a  tube  of  fused  silica. 


dividing  board  extending  well  above  the  edge  of  the 
box.  Across  the  outside  of  the  bottom  of  the  box 
in  the  middle  a  wooden  knife  edge  was  fastened. 

The  operation  was  somewhat  as  follows:  The  sam- 
ples were  placed  in  one  end  of  the  undivided  length- 
wise compartment,  supported  and  held  in  place  by 
glass  rods,  and  covered  with  the  corroding  solutions. 
This  unbalanced  the  box  so  that  it  inclined  to  one  side 
keeping  the  samples  under  the  solution  until  the  box 
was  tilted  to  the  opposite  side.  This  tilting  was  ac- 
complished   by    opening    the    water    tap    above    the 


Table  IIIB — Results  of  Corrosion  Tests  on  Alloys — Series  III 


Dimensions  of  Disc 

Corrosion 

OP  Disc 

BEFORE    lixPOSURE 

Weight  in  Grams  Loss  in  Weight  in  Grams 

Thick- 

Original 

After 

per  sq 

■ 

Alloy 

Approxihats  Analysis 

No 

Diam. 

ness 

Area 

Before 

Removal 

Total 

cm.  per 

Sample 

Percentages 

(«) 

Cm. 

Cm. 

.Sq.  Cm. 

Exposure 

of  Rust 

Corrosion 

hr.XlO'         Nature  of  Rust 

S 

250 

Fe  99.6 

Co  0.25 

C  0.083 

e 

2.898 

0.303 

16.78 

15,4919 

14.9704 

0,5215 

512 

Rust  light  in  color  and  fairly  hard  to  remove 

B 

202 

Fe  99.5 

Co  0.25 

CO. 18 

a 

2.787 

0.473 

16.25 

22,2445 

21,6166 

0.6279 

635 

Rust  fairly  light  in  color  and  easily  removed 

b 

2.755 

0.731 

18.17 

33,5618 

32,8955 

0.6663 

604 

C 

202 

Fe  99.2 

Co  0.25 

C0.49 

a 

2.690 

0.415 

14.83 

18,1622 

17,7127 

0.4495 

499 

Rust  medium  dark  in  color  and  very  tenacious 

b 

2.480 

0.430 

12.97 

16.0172 

15,6251 

0.3921 

498 

C 

202 

e 

2.181 

0.709 

12.24 

20.1774 

19,8185 

0.3589 

484 

s 

255 

Fe  99 . 4 

C0O.35 

CO. 21 

a 

2.022 

0.363 

17.72 

17.4452 

16,9153 

0.5299 

493 

Rust  light  in  color  and  fairly  hard  to  remove 

h 

2  988 

0.368 

17.42 

17.8454 

17,3428 

0.5026 

475 

c 

2.781 

0.320 

14.90 

14.7667 

14,2769 

0.4898 

542 

e 

2.940 

0.463 

17.80 

24.0373 

23.4600 

0.5773 

534 

s 

265 

Fe  99.3 

Co  0.35 

C0.30 

a 

2.918 

0.640 

19.11 

32.6708 

31.9054 

0.7654 

659 

Rust  easily  removed 

b 

2.920 

0.688 

19.62 

35.2712 

34.5052 

0.7660 

643 

c 

2.920 

0.66O 

19.55 

33.7064 

32.9352 

0.7712 

649 

d 

2.747 

0.710 

17.92 

30.7998 

30.1233 

0.6765 

622 

C 

255 

Fe  99.2 

C0O.35 

C0.49 

2.655 

0.526 

15.40 

21.8920 

21.3656 

0.5264 

562 

Rust  difficult  to  remove 

b 

2.478 

0,309 

11.98 

11.2287 

10.8213 

0.4074 

560 

g 

2.247 

0.656 

12.52 

19.6978 

19.2884 

0.4094 

585 

B 

209 

Fe  99.2 

Co  0.50 

CO. 27 

a 

2.873 

0.550 

17.75 

27,1690 

26.5160 

0.6530 

607 

Rust  hard  to  remove 

b 

2.620 

0.652 

11.50 

26,9648 

26.3616 

0.6032 

863 

2.810 

0,425 

11.42 

19,8818 

19.2750 

0.6068 

875 

S 

252 

Fe  99.1 

CoO.50 

CO. 31 

a 

2.747 

0.500 

16.11 

22,7015 

22.2329 

0.4686 

479 

Rust  medium  dark  in  color,  tenacious 

6 

2.692 

0.440 

15.07 

19,2264 

18.7810 

0.4454 

487 

« 

2.764 

0.406 

15.66 

18,7750 

18.3060 

0.4690 

493 

S 

260 

Fe  99.1 

C0O.75 

CO. 17 

a 

2.881 

0.510 

17.59 

25,7013 

25.1668 

0.5345 

500 

Rust  dark  in  color  and  quite  difficult  to  remove 

b 

2.628 

0.606 

15.79 

25,4463 

24.9641 

0.4822 

502 

c 

2.854 

0.564 

18.51 

27,7345 

27.2048 

0.5297 

472 

d 

2.680 

0.448 

14.86 

19,5841 

19.1080 

0.4761 

527 

s 

2.582 

0.553 

14.92 

22,0557 

21,5971 

0.4586 

507 

c 

2.806 

0.337 

16.12 

16,0904 

15,6085 

0.4819 

492 

' 
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Table  IIIB — Results  of  Corrosion  Tests  on  Alloys — Series  III — {Concluded) 


AUoy 
Sample 
S     266 


Approximate  Analysis 

Percentages 

Fe  99.0     Co  0.75      C0.21 


B     198     Fe98.6     Co  1.0        C0.38 


S  262 
B.  199 
B     199 


Fe  98.3  Co  1.0  C0.62 
Fe97.8  Co2.0  C  0.16 
Fe  97.5     Co2.0       C  0.46 


Dimensions  op  Disc 
before  Exposure 

Thick- 
Diam,     uess 


Corrosion  of  Disc 
Weight  in  Grams  Loss  in  Weight  in  Gran 


Bi  200  Fe96.8  Co  3.0  C0.17 

B  200  Fe  96.6  Co  3.0  C  0.36 

S  251  Fe  99.6  NiO.25  CO. 057 

B  204  Fe99.6  NiO.25  CO.  10 

S  267  Fe99.5  NiO.25  C0.23 

C  204 

S  254  Fe  99.6  Ni  0.35  C  0.045 

S  257  Fe99.6  Ni  0.35  C  0.060 

S  258  Fe99.4  Ni  0.50  C  0.072 

S  268  Fe99.2  Ni  0.50  C0.21 

S  259  Fe99.2  NiO.75  C  0.067 


B     195  Fe98.8  Nil.O  CO. 24 

S     269  Fe97.9  Ni2.0  C  0.085 

B     196  Fe97.8  Ni  2.0  C  0.23 

B,    197  Fe  96.8  Ni  3.0  CO.  13 

U     197  Fe96.7  Ni  3.0  C0.21 

Bi  205  Fe99.7  CuO.25  C  0.045 

B     205  Fc  99.6  CuO.25  CO.  19 

Fe99.6  CuO.25  CO.  19 

Bi    206  Fe  99.3  Cu0.50  CO.  17 

B     206  Fc99.3  CuO.50  CO.  19 

B     208  Fe99.0  CuO.75  CO.  18 


1.863 
2.705 
2.733 
2.720 
2.757 
2.712 
2.703 
2.632 
2.865 
2.597 
2.780 
2.857 
2.655 
2.780 
1.473 
2.900 


2.882 
2.354 
1.857 
2.386 
2.905 
2.772 
2.893 
2.830 
2.568 
2.730 
2.750 
2.740 
2.762 
2.763 
2.770 
2.850 
2.832 

2.797 
2.820 
2.818 
2.820 
2.905 


0.567 
0.580 
0.542 
0.564 
0.692 
0.467 
0.547 
0.370 
0.403 
0.930 
0.672 
0.662 
0.668 
0.635 
0.786 
0.373 

0.530 
0.513 
0.764 
0.624 
0.564 
0.734 
0.587 
0.782 
0.611 
0.552 
0.464 
0.329 
0.575 
0.510 
0.446 
0.653 
0  667 
0.493 

0.662 
0.633 
0.390 
0.421 
0.362 


2.119 
2.780 
2.905 
2.865 
2.949 
2.780 
2.901 
2.939 
2.875 
2.802 
2.882 
2.710 
2.820 
2.920 

2.880 
2.924 
2.865 
2.810 
2 .  696 
2.938 

2.952 
2.818 
2.733 
2.740 
2.679 
2.520 
2.768 
2.757 
2 .  790 
2.790 
2.800 
2.783 
2.777 
2.665 
2.805 
2.833 
2.833 
2.940 
2. 570 
2.620 
2.960 


Area 
Sq.  Cm. 
8.20 
16.35 
16.24 
16.35 
16.20 
15.45 
16.04 
13.88 
15.11 
16.44 
17.94 


0.555 
0.570 
0.532 
0.425 
0.344 
0.464 
0.596 
0.337 
0.339 
0.637 
0.512 
0.449 
0.585 
0.345 

0.574 
0.583 
0.638 
0.720 
0.645 
0.361 

0.232 
0.224 
0.621 
0.436 
0.568 
0.497 
0.464 
0.283 
0.584 
0.653 
0.663 
0.565 
0.556 
0.674 
0.586 
0.573 
0.734 
0.697 
0.524 
0.272 
0.537 


a     3.238     0.734 
♦Pe99.6  C0O.35     CO. 01       b     2.939     0.823 


341V6     'Fc  99.3  C0O.6O     CO. 01 


.14185      'Fe  98.8  Co  I.IH     C  0.01 


3.017 
3.140 
3.008 
2.930 
3. 105 
2.993 
3. 007 
3.138 


0.816 
0.814 
I  004 
1.02S 
0.975 
0.99V 
0.998 
I.0U6 


17.77 
17.86 
14.27 
8.97 
13.10 
19.92 
17.14 
20.15 
17.94 
15  10 
15.54 
14.67 
16.64 
16.34 
15.82 
18.00 
18.62 
16.96 

16.37 
16.39 
15.88 
16.18 
16,50 


10.64 
17.09 
18.02 
16.63 
16.81 
16.13 
1 8 .  56 
16.56 
16.16 
17.67 
17.65 
14.84 
17.57 
16.51 

18.12 
18.72 
18.57 
18.69 
16.30 
16.78 

15.77 
14.39 
16.94 
15.45 
15.93 
13.94 
16.02 
14.33 
17.22 
17,85 
1».  10 
1 7 ,  05 
16,85 
16.73 
17,44 
17,59 
18.94 
19,92 
14,51 
13,81 
18,54 

23,84 

21.34 

21.95 
23.46 
23.60 
23.82 
24.84 
23.33 
23.  S7 
23.27 


Original       After 
Before     Removal 

Exposure    of  Rust 
11.5887      11.3125 


Total 


25.4683 
24.1817 
25.1076 
31.7021 
20.4550 
23.9154 
15,4269 
20,8344 
45,6640 
29,9907 
32,6886 
28,3872 
29.6310 
10.1161 
18.9260 

24.0182 
25.7456 
25.6795 
12.8862 
19.1863 
37.8434 
27.4977 
39.7612 
29.3386 
21.8389 
20.7134 
14.9593 
25.8113 
23.1425 
18,0503 
29,8952 
32,3107 
23,8922 

30.9796 
30.1311 
18.6770 
20.1592 
18.5816 


24.9446 
23.6588 
24,5862 
31,0974 
19,9428 
23,3908 
15.0367 
20.3625 
44,9795 
29,4516 
32,0577 
27,8941 
29 , 1 1 69 
9,8990 
18,4505 

23 . 5044 
25.2590 
25.3117 
12.6576 
18.9033 
37.1360 
26.8967 
39.0367 
28.7089 
21.3033 
20.1127 
14,4270 
25.2424 
22,5593 
17,5485 
29,3469 
31,7437 
23.3215 

30.3607 
29.5109 
18.1632 
19.6374 
18.0294 


14.8062 
26.5809 
27 . 2486 
21.0132 
18.0560 
21.6476 
30.4007 
17.5516 
16.9031 
30.3503 
25,6145 
19,9142 
28,2365 
17,6610 

27.4780 
29.1942 
31.7648 
34.5114 
28.2857 
18.3561 

12. 1.361 
10.6776 
28.0926 
19.4972 
24.5124 
17,0521 
21,2016 
12.9512 
27.5268 
30.6414 
31.2587 
26.4556 
25.8509 
29.0202 
27.8350 
29.0498 
38,4891 
.^6,  l.'htt 
22,7248 
15  4644 
27,8213 


14,4988 
26,1139 
26,6656 
20,4614 
17,4776 
21,1233 
29 , 8090 
17,0942 
16,4033 
29.8193 
25.0789 
19.4903 
27.7448 
17.1717 

26 . 9605 
28  7006 
31,2547 
34,0049 
27,8783 
17.9187 

11.7085 
10.2948 
27,6833 
19.1351 
24.1458 
16.4935 
20,5370 
12.3.301 
26.7933 
30,1192 
30.7.331 
26.00.39 
23.4009 
28.5702 
27.3661 
28,5345 
37,9.190 
35,5740 
22,2673 
15,0484 
27,2679 


44,0585 

45,4052 
48.9962 
55,6110 
53,8524 
55,0917 
54,8672 
S5.37.W 
60.5641 


t  riinr  nuiiii.lra  wr 


3.180     0,977     23,35 

3,172     1,000     23.70 

3   I8.«     I   oil     23.47 

ity  4,  \'i\\.  al  2.JS  P.M. 


6*)  44.'0 
61,6745 
6.'   9.' .'4 


44  6974 
48.2394 
54  6')35 
53,011; 
54.0661 
53,1681 
54.4791 

59  ;7;3 


^')M50 
60.8444 
61 .9945 


0,2762 
0,4837 
0.5229 
0.5214 
0.6047 
0.5122 
0.5246 
0.3902 
0.4719 
0.6845 
0.5391 
0.6629 
0.4931 
0.5141 
0.2171 
0.4755 

0.5138 
0.4866 
0.3678 
0.2286 
0.2830 
0.7074 
0.6010 
0.7245 
0.6297 
0.5356 
0.6007 
0.5323 
0.5689 
0.5832 
0.5018 
0.5483 
0.5670 
0.5707 

0.6189 
0,6202 
0,5138 
0,5218 
0,4522 


0,3074 
0,4670 
0,58,30 
0,5518 
0.5784 
0.5243 
0.5917 
0,4574 
0,4998 
0.5310 
0.5356 
0.4239 
0,4917 
0,4893 

0.5175 
0.4936 
0.5101 
0 , 5065 
0.4074 
0,4374 

0.4276 
0.3830 
0.4093 
0,3621 
0.3666 
0  5586 
0.6646 
0,6211 
0.7333 
0,3222 
0.5236 
0.4517 
0.4500 
0,4500 
0,4689 
U.5I33 
0.3301 
0,3520 
0.4373 
0,4160 
0.3334 


Rust  difficult  to 

Rust  dark  in  color  and  hard  to  remove 
Rust  coarse-grained,  easfly  removed 
Rust  fairly  difficult  to  remove 


Rust  mediun 
grained 


hr,  X  10'  Nature  of  Rust 

555  Rust  quite  dark  and  difficult  to  1 
488 
530 
525 
615 
545 
539 
463 
514 
686 
495 
659 
491 
482 
433 
473 

476 
448 
425 
420 
446 
585 
578 
592 
578 
585 
637 
598 
563 
588 
522 
502 
502 
555 

623 
623 
533 
531 
451 


color;    fairly    coarse- 


Rust  dark  in  color,  difficult  to  remo 


Exposed  4839  hours 
Rust  very  loose 


Rust  coarse-grained;  easily  removed 
Rust  dark  in  color  and  difficult  to  rcn 


Rust  dark  in  color  and  difficult  to  re 
Rust  fairly  loose  and  light  in  color 


Rust    coarse-grained 
grained  below 


surface     but     fin 


Rust  medium  io  color  and  quite  tenaaous 


Rust  very  dark  i 
great  difficulty 


color  and   removed   with 


476 
557 
533 
547 
565 
533 
525 
455 
509 
495 
500 
470 
462 
488 

470 
538 
452 
447 
495 
429 

446 
438 
398 
386 
379 
663 
683 
712 


478 
341 
440 
443 
443 
482 
478 
456 


Rust  mediun 
grained 


dark  in  color  and  quite  fine- 


Exposed  4896  hours 
Kust  fairly  loose  and  light 


Rust  very  dark  in  color  and  difficult  to  remove 
Rust  dark  in  color,  coitrsc-grained  and  hard 


Rust  very  dark  and   fine-grained;  quite  tens- 
cioui 


Rust  very  dark  in  color 


Rust  very  loose  and  light  la  colo 


Kutt  fairly  dark  i 


lixpoMd  4896  hours 

Kuit  light  in  color  ami  diflicull  to  removt 


Ruil  light  in  color  sad  Iuok 


Kuit  dark  In  ralor  and  laiity  KnacKtut 


46.9786     46,2114         0.7672 


ami    laiily     Irnadoaa. 


43.3660         0,6925  643     Run  1i«ht  In  color  and  falt1>  len».-Hni.,      Ki- 


0.7078 
0,7568 
0,9173 
0.S4I2 
0,9236 
0,9991 
0  8939 
0,7916 


0.8270 
O  8,101 
U  827U 


638 
638 
640 
582 
613 
706 
624 
322 


lual  llgh 
|Mwr<{5 


533 
332 
533 


Run  light  in  color,  1 


Rual  mnlium  In  rolvt  ami  lalllr  dilltcuU  to 
rtroov*  KipoMH  6018  hoan.  louad  ea 
roof 


'  Amtrlcao  Ingot  Iron, 


(<)  lilclMd  tor  tnlcrophoioirapk. 
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Alloy  B^xos 

Cu.       C         Fa. 
o.xs    00/s    <j^t 

corrosion  box,  whic-li  allowed  the  stream  of  water  to 
run  into  the  high  side  of  the  large  divided  compartment, 
this  being  the  end  o|)posite  to  the  one  in  which  the 
saniijles  were  placed.  As  soon'  as  this  compartment 
was  sufliciently  full  of  water  to  overbalance  the  weight 
of  the  corroflinj,'  solution  and  the  samples,  the  box 
tilted,  causing  the  solution  to  flow  away  from  the 
samples  and  at  the  same  time  directing  a  stream  of 
water  from  the  tap,  by  means  of  the  extended  dividing 
board,  into  the  other  compartment,  which  again 
tended  to  overbalance  the  box  and. cause  it  to  assume 
its  original  position. 

In  the  end  of  each  of  the  water  compartments,  just 
above  the  water  line  or  the  line  to  which  it  was  neces- 
sary for  the  water  to  rise  and  overbalance  the  box, 
a  hole  was  made  which  allowed  the  water  to  run  o\it 
after  it  had  been  overbalanced.  On  account  of  the 
extra  weight  of  the  samples  and  glass  rods  it  was 
necessary  to  h;ive  this  water  line  fairly  high,  thus  rc- 
cjuiring    an    iul^omatic    siphon,    consisting    of     a    bent 


Alloy    Bio? 
Cu      c       /^ 

/  0      an      ff. 0 

glass  tube  inserteil  into  the  hole  and  touching  the  bot- 
tom of  the  box,  to  drain  completely.  The  action  nf 
the  box  was  made  eccentric  by  attaching  to  one  side 
of  the  water-diverting  board  a  small  trough  which 
carried  away  into  the  sink  most  of  the  water  flowing 
from  the  tap  on  that  side.  The  compartment  on  this 
side  of  the  box  was  filled  by  the  water,  which  droppe<i 
through  holes  made  in  the  trough  for  this  purpose. 
The  stream  front  the  tap  and  these  holes  were  si>  ad- 
justed that  a  complete  period  of  the  box  was  about 
one-h.'df  hour. 

Tahlk  IV/»  -  AccKLiiiATXii  Cuimoiium  T»«T,  Ma»  ;I.  "»I« 


MIHN 

,MWft 
4«00« 


Dlanirlvr  .Surdtcr 
Cm         Sq.  rm. 

I  }*}(,  ?  WW 
I  IS>I  T.*l\ 
I    i;.W       7  .»76 

\.\on    «  m; 


»  ,M.'» 

;  •"^ 
6  TOO 

.1  .1)M 


Wmuiiit  in  (•KAMII 


PlMl 

II  MIS 

7  RMW 
».75M 
6.M40 
»..15I4 


a.ai.s.« 

0.01A7 

0.01  Uk 
0.014} 
0  007} 


,\C<'K.I  rRATKI)         CtlKROSION          \\< 

sphere!!  were  each  inimersnl  in   ■ 
utes.  anill 'exposed  to  the  air  with 
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either  the  one  containing  more  (1.18  per  cent)  or  the 
one  containing  less  (0.35  per  cent  cobalt). 

CORROSION  TESTS,  AMERICAN  INGOT  IRON  ALLOYS  IN  THE 
FORM   OF   SHEET   ROOFING   MATERIALS SERIES  V 


In  addition  to  the  numerous  corrosion  experiments 
on  discs  of  the  alloy  above  mentioned,  there  were  atmos- 
pheric corrosion  tests  made  on  sheets  of  these  alloys 
under  service  conditions. 

Pure  cobalt  of  the  supply  mentioned  on  page  124  was 
sent  from  this  laboratory  to  the  American  Rolling 
Mill  Company,  Middletown,  Ohio,  early  in  1913. 
It  was  arranged  to  make  up  charges  in  their  4-ton 
experimental  furnace,  such  as  could  be  rolled  into 
full-sized  roofing  sheets  to  be  subjected  to  the  usual 
corrosion  tests.  Three  such  cobalt  alloy  sheets  were 
sent  to  this  laboratory,  together  with  a  run  similarly 
prepared,  using  monel  metal  in  place  of  cobalt  and  a 


laboratory  for  5  hours  and  5  minutes.  Immersion 
and  exposure  were  each  divided  into  12  approximately 
equal  intervals,  the  twelve  4V2-minute  immersions 
with  the  corresponding  twelve  exposures  constituting 
the  corrosion  test,  which  was  repeated  with  the  same 
set  of  spheres.     It  will  be  seen  from  Tables  IVA  and  B 

Tabls  IVB — Accelerated  Corrosion  Test,  May  26.  1914 


Sample 

Surface 

Weic 

HT  IN  Grams 

C 

orrosion  per 

No. 

sq.  cm. 

Original 

Final 

Loss 

sq 

cm-  per  hr 

34175 

7.953 

8.3199 

8.3033 

0.0166 

0.00232 

34185 

7.808 

7.8532 

7.8352 

0.0180 

0.00256 

34196 

7.421 

6.7530 

6.7386 

0.0144 

0.00216 

34204 

7.376 

6.6374 

6.6222 

0.0152 

0.00229 

44009 

6.867 

5.3483 

5.3404 

0.0079 

0.00216 

that  the  two  sets  of  measurements  agree  very  well 
among  themselves  and  that  the  order  of  passivity  of  the 
alloys  is  as  follows:  44,009;  34,196;  34,204;  34,175; 
34,185- 

For  comparison  with  the  above,  the  standard  sul- 
furic acid  accelerated  corrosion  test  was  run  with 
the  modified  one  just  described.  These  tests  were 
made  by  immersing  the  5  samples  above  described 
in  20  per  cent  sulfuric  acid  continuously  for  54  min- 
utes. Table  IVC  gives  the  results  of  the  test  which 
was  repeated  with  the  same  set  of  samples. 

Table  IVC — Standard  Acid  Accelerated  Corrosion  Tests 


No. 

34175 
34185 
34196 
34204 
44009 


Weight  in  Grams 
Before 

After  immersion 

1st  2nd 

8.3235 
7.8569 
6.7557 
6.6406 
5.3498 


Im- 
mersion 
8.3273 
7 . 8608 
6.7584 
6.6440 
5.3514 


ams  Loss 
n  weight 
2nd 


8.3199 
7.8532 
6.75.30 
6.6374 
5.3483 


1st 
0.0038 
0.0039 
0.0027 
0.0034 
0.0016 


CORR 

per  sq.  cm.  per  hr. 


0.0036 
0.0037 
0.0027 
0.0032 
0.0015 


1st 
0.00053 
0.00055 
0.00040 
0.00051 
0.00026 


2nd 
0.00052 
0.00053 
0.00040 
0 . 00050 
0.00024 


The  two  tests  agree  with  one  another  and  show  the 
order  of  passivity  of  the  alloys  to  be  as  follows:  44009; 
34196;   34204;   34175;   34185. 

CONCLUSION- — If  these  accelerated  corrosion  tests 
could  be  relied  upon  as  accurately  reproducing  atmos- 
pheric conditions,  it  would  be  clear  that  the  addi- 
tion of  monel  metal  to  American  Ingot  Iron  to  the 
extent  of  about  i  per  cent  produces  a  more  non-cor- 
rosive alloy  for  sheet  roofing  materials  than  the  addi- 
tion of  similar  small  percentages  of  cobalt. 

This  type  of  corrosion  test  shows  the  alloy  contain- 
ing 0.06  per  cent  Co  to  be  more  non-corrosive  than 
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sheet  of  standard  American  Ingot  Iron  for  comparison. 
These  sheets  were  30  in.  by  96  in.  in  dimensions  and 
No.  26  gauge  (0.0188  in.  in  thickness).  All  of  the 
sheets  were  received  in  duplicate  and  analyzed  as 
follows: 


American 
Ingot  Iron 
34175 
S        0.026 
P       0.009 
C       0.010 
Mn    0.022 
Cu     0.016 


I  per  cent 
Co  Alloy 

34185 
S  0  034 
I'  0.006 
C  0.015 
Mn  0.017 
Cu  0.028 
Co    1.18 


0  60  per  cent  0.35  per  cent 


S  0.040 
P  0.008 
C  0.010 
Mn  0.020 
Cu  0.024 
Co    0.60 


S  0.022 
P  0,009 
C  0.010 
Mn  0.020 
Cu  0.020 
Co    0.35 


1  per  cent 
Monel  Metal 
44009 
S  0.025 
P  0.008 
C  0.010 
Mn  0.015 
Cu  0.24 
Ni    0.75 


The  five  sheets  were  mounted  side  by  side  on  a 
wooden  frame  built  to  support  them.  They  were  ex- 
posed in  a  plane  making  60°  with  a  horizontal.  They 
have  been  corroding  since  March  18,  1914,  and  since 
that  time  photographic  and  visual  observations 
have  been  made  at  regular  intervals. 

It  will  take  at  least  another  year  for  these  sheets  to 
corrode  through  to  destruction,  before  which  time  nd 
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"'  Co  /K-  Cu 
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final  conclusions  can  be  drawn.  Up  to  this  time  it 
would  appear,  however,  that  the  loss  of  weight  of  the 
I  per  cent  cobalt  alloy  and  of  the  0.60  per  cent  cobalt 
alloy  was  less  than  that  of  the  others.  Both  of  these 
have  formed  very  hard,  dense,  tenacious,  protective 
coatings. 

While  there  may  be  some  doubt  as  to  which  is  the 
least  corroded  sheet  of  the  three,  the  i  per  cent  cobalt 
alloy,  the  0.60  per  cent  cobalt  alloy,  or  the  i  per  cent 
monel  metal  alloy,  there  can  be  no  doubt  as  to  the 
fact  that  all  of  these  three  are  far  superior  in  non- 
corrosive  action  to  the  sheet  of  pure  American  Ingot 
Iron,  or  to  the  sheet  containing  0.3s  per  cent  cobalt 
alloy.  The  pure  American  Ingot  Iron  sheet  is  the 
most  corroded  to  date. 

The  accompanying  graphs  were  prepared  for  the 
purpose  of  visualizing  the  foregoing  data. 

GENERAL    CONCLUSIONS 

I — The  corrosion,  or  loss  of  weight  in  grams  per 
sq.  cm.  of  original  surface  per  hour  is  a  function  of 
the  length  of  exposure,  being  less  for  the  longer  ex- 
posures. This  is  true  because  of  the  property  of  these 
alloys  to  form  a  self-protecting  layer  or  coating. 

II — The  graphs  representing  Series  I  and  II  show 
remarkable  similarity  of  form.  These  series  were  for 
independent  corrosions  of  the  same  set  of  samples. 
Therefore  such  irregularities  as  appear  in  general  are 
probably  due,  not  to  uncertainties  of  measurement, 
but  to  lack  of  control  of  the  physical  structure  of  the 
alloys  in  preparation. 

Ill — The  alloys  formed  by  tiic  addition  of  small 
percentages  of  copper,  nickel  and  cobalt  (from  0.35 
per  cent  to  3.0  per  cent)  to  American  Ingot  Iron, 
arc  more  resistant  to  atmospheric  corrosion  than  the 
pure  American  Ingot  Iron,  from  which  the  alloys  wen- 
'prepared. 


IV — Considering  the  data  for  alloys  formed  by  add- 
ing various  amounts  of  cobalt  (from  0.25  per  cent  to 
3 .  o  per  cent)  to  American  Ingot  Iron,  with  very  lit- 
tle, if  any,  carbon  content,  it  is  apparent  that  the  cor- 
rosion is  not  a  simple  function  of  the  percentage  of 
cobalt  content.  In  general,  the  corrosion  of  the  al- 
loys formed  by  the  addition  of  3  per  cent  of  cobalt 
to  American  Ingot  Iron  is  about  75  per  cent  as  great 
as  that  of  the  alloys  formed  by  the  addition  of  0.3 
per  cent  of  cobalt. 

V — Alloys  formed  by  the  addition  of  0.25  per  cent 
to  3 .  o  per  cent  cobalt  to  American  Ingot  Iron,  with 
very  little,  if  any,  carbon  content,  are  corroded  in 
the  atmosphere  to  an  extent  varying  between  50  per 
cent  and  75  per  cent  of  that  of  the  pure  American 
Ingot  Iron  from  which  the  alloys  were  prepared. 

VI — Conclusions  (4)  and  (5)  are  approximately 
true  for  the  corresponding  nickel  alloys  as  for  the  cobalt 
alloys.  There  seems  to  be  very  little  choice  between 
the  use  of  nickel  and  cobalt  to  form  alloys  with  Amer- 
ican Ingot  Iron  containing  between  0.25  per  cent 
and  3 .  o  per  cent  of  the  added  metal  for  the  preven- 
tion of  corrosion.  This  is  true  so  far  as  the  disc  tests 
show,  but  with  the  exception  noted  in  Conclusion  VII. 

VII — As  corrosion  progresses,  all  of  the  alloys  pre- 
pared form  self-protective  coatings  of  oxides.  It  is 
noticeable  throughout  that  the  oxides  formed  by  the 
cobalt  are  darker,  denser,  and  more  tenacious  than 
those  formed  by  the  other  alloys. 

VIII — The  preventive  effect  of  the  protective  coat- 
ing mentioned  in  Conclusion  VII  does  not  seem  to  have 
worked  greatly  to  the  advantage  of  cobalt  alloys,  in 
spite  of  its  more  satisfactory  appearance,  in  the  length 
of  time  that  the  above  experiments  were  allowed  to 
run. 

IX — In  order  to  establish  finally  the  possible  ulti- 
mate advantages  of  the  cobalt  alloy  protective  coat- 
ing, as  compared  with  the  other  sheets,  all  of  the  al- 
loys should  be  allowed  to  corrode  to  destruction. 
The  results  of  such  tests,  as  discussed  in  the  text  above, 
will  be  published  later. 

X — The  addition  of  copper  to  American  Ingot  Iron 
to  an  extent  between  0.25  per  cent  and  0.75  per  cent 
seems  to  be  conducive  to  reducing  the  corrosion  of 
American  Ingot  Iron  under  atmospheric  conditions. 
It  is  difficult  to  say  whether  or  not  the  addition  of 
copper  in  these  amounts  has  a  greater  or  lesser  effect 
than  the  corresponding  amounts  of  nickel  or  cobalt. 
Additional  experiments  will  be  required  to  determine 
these  facts,  but  there  can  be  but  little  doubt  that  the 
addition  of  copper,  as  above  reported,  diminishes  the 
corrosion  of  the  pure  American  Ingot  Iron. 

XI — The  amount  of  corrosion  varies  with  the  per- 
centage of  carbon  in  the  alloy,  as  would  be  expected, 
and  as  may  be  seen  best  by  reference  to  the  graphs. 

During  the  course  of  making  the  large  number  of 
observations  set  forth  in  this  paper,  which  extended 
over  a  period  of  several  years,  the  authors  were  from 
time  to  time  assisted  by  Mr.  C.  H.  Harper.  Research 
Laboratory,  Queens  I'niversily,  Kingston.  Ont..  now 
Professor,  Moosejaw  College,  Saskatchewan;  and  Mr. 
Walter     L.     Savcll,      Research     LnV>oratory,     Queens 


136 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY       Vol.  9,  \o.  2 


University,  Kingston,  Ontario,  now  Metals  Depart- 
ment, Deloro  Mining  &  Reduction  Company,  Deloro, 
Ontario.  The  authors  wish  hereby  to  acknowledge 
their  indebtedness  to  these  gentlemen,  and  as  well  to 
Mr.  R.  C.  Wilcox,  Research  Laboratory,  Queens  Uni- 
versity, Kingston,  Ont.,  now  analyst,  The  Exolon 
Company  Thorold,  Ontario,  by  whom  most  of  the 
analyses  reported  in  this  paper  were  made. 
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NOTES  UPON  OIL  TESTING 

By    .'VUGUSTUS    H.    GiLI. 

Received  October  21,  1916 
I A    TEST   FOR    OILS    BY   SALTING-OUT   THEIR    SOAPS 

It  is  a  well  known  fact  to  the  commercial  soap 
maker  that  different  soap  stocks  require  varying 
amounts  of  salt  for  the  "salting  out"  process.  It 
occurred  to  the  writer  that  if  this  could  be  made 
quantitative,  it  would  form  an  additional  criterion 
bj-  wViich  to  judge  of  the  purity  or  genuineness  of  an 
oil. 

Reference  to  the  literature  revealed  the  fact  that 
this  principle  had  already  been  made  use  of  by 
Carpenter'  for  detecting  the  presence  of  cocoanut  and 
palm  oils  in  soaps.  Soap  from  ordinary  oils  requires 
from  8  to  lo  cc.  of  a  saturated  solution  of  salt,  whereas 
that  from  cocoanut  oil  may  require  50  cc. 

The  procedure  is  as  follows:  2  g.  of  the  oil  are 
saponified  with  5  cc.  of  10  per  cent  caustic  soda, 
adding  alcohol  if  necessary.  Evaporate  to  dryness 
on  a  water  bath,  dissolve  the  soap  in  warm  water, 
cool,  neutralize  with  hydrochloric  acid,  using  phenol- 
phthalein  as  an  indicator,  and  make  up  to  50  cc. 
Titrate  10  cc.  of  this  solution  with  salt  solution  (320 
g.  to  the  liter)  in  a  bottle  after  the  manner  of  the 
determination  of  hardness  in  water  until  the  lather 
obtained  just  does  not  persist  for  five  minutes.  From 
the  HCl  used,  and  this  titration  with  salt,  calculate 
the  grams  of  salt  necessary  to  precipitate  the  soap 
found  from  i  g.  of  oil.  The  following  results  were 
obtained: 

Table  I — Grams  NaCl  Per  Gram  Oil 
Oil  I  II 

Pure  olive 2.2  2.1 

Olive  Foots(?) 10.6  11.6         Suspected  sample 

Cottonseed 8.0  8.6 

Linseed 14.6  12.9 

Oleomargarine 2.8  2.8 

Butter 1.4  1.2 

Cocoanut No  end  point  obtainable. 

That  something  was  really  wrong  with  the  olive  foots 
was  evident  from  the  fact  that  in  making  soap  from 
them  in  a  large  way,  it  had  to  be  "broken"  twice  and 
that  nearly  double  the  usual  quantity  of  salt  was  re- 
quired. 

II A  TEST  FOR  GELATINOUS  MATTER  IN  LINSEED  OILS 

In  determining  unsaponifiable  matter  in  linseed  oil, 
it  was  noticed  that  a  white,  cotton-like-looking  cloud 
formed  between  the  soap  solution  and  the  supernatant 
layer  of  gasoline.  It  was  further  noticed  that  the  oils 
which  showed  the  greatest  amount  of  this  cloud  or 
sludge  were  slowest  in  drying  and  gave  the  roughest, 

*  W.  Laot  Carpenter.  Allen's  "Commercial  Organic  Analysis.'*  8 
(1910).  436. 


dullest  and  least  elastic  surfaces,  particularly  in  patent 
leather  finishes. 

The  procedure  is  as  follows:  Saponify  lo  g.  of  the 
oil  with  20  cc.  lo  per  cent  caustic  soda,  by  heating  in  a 
6  in.  porcelain  dish  over  a  low  flame.  Add  warm 
water  when  necessary  and  boil  until  saponification 
is  complete.  Make  up  the  soap  solution  to  225  cc. 
in  a  graduate  with  warm  distilled  water.  Warm  water 
should  be  used  to  prevent  the  hydrolysis  of  the  soap. 
Pour  out  25  cc.  into  a  6  in.  test  tube,  seven-eighths 
to  one  inch  in  diameter,  add  8  cc.  of  86°  gasoline 
(from  Pennsylvania  crude)  and  shake  thoroughly. 
Whirl  in  a  centrifuge  at  1800  r.  p.  m.  for  3  min.  by 
the  watch  and  observe  the  amount  of  sludge  that  forms 
between  the  layers. 

Ordinary  linseed  oil  gives  a  sludge  nearly  10  mm. 
in  thickness  or  more,  while  an  artist's  oil  which  had 
been  thoroughly  washed  with  water  and  allowed  to 
stand  and  settle  gave  less  than  5  mm.  which  is  the 
smallest  amount  ever  seen  in  a  linseed  oil. 

The  first  linseed  oil,  on  applying  the  "breaking" 
test,  "broke"  at  about  295°  C,  while  the  artist's  oil 
did  not  "break"  below  300°  C. 

Attempts  to  remove  all  the  sludge  by  centrifuging 
repeatedly  (up  to  nine  times  in  one  instance)  with 
fresh  gasoline  were  unsuccessful.  More  sludge  was 
found  in  the  ninth  than  in  the  first  centrifuging.  The 
first  time,  however,  gives  comparative  results.  At- 
tempts to  make  the  test  quantitative  by  collecting 
and  weighing  on  a  tared  filter  were  also  unsuccessful. 

Massachusetts  Institute  of  Technology,  Cambridge 


COLOR  TESTS  FOR  OILS— PALM  OIL 

By  Augustus  H.  Gill 
Received  October  21,  1916 

The  chemist  uninitiated  in  this  subject  would  infer 
that  color  tests  for  different  oils  rest  upon  the  same 
firm  basis  as  those  for  copper,  iron  or  chromium — 
particularly  after  hearing  testimony  in  certain  legal 
cases.  Palm  oil  is  positively  sworn  to — not  some- 
thing giving  reactions  like  palm  oil — and  this,  on 
the  strength  of  a  single  reaction  lasting  less  than 
ten  seconds! 

Speaking  from  an  experience  of  over  thirty  years, 
and  from  extensive  and  careful  reading,  this  is  not  the 
case — color  tests  are  merely  circumstantial  evidence. 
If  a  color  test  be  obtained,  there  is  a  probability  that  a 
certain  oil  is  present,  but  no  certainty.  Nor  can  any 
positive  conclusions  be  drawn  from  any  one  test,  save 
that  of  isolating  unsaponifiable  oil;  one  must  have  the 
evidence  of  several  different  tests,  each  confirming  the 
other. 

Nor  can  any  other  conclusion  be  possible.  The 
oils  are  products  of  organic  life,  and  this  is  dependent 
iipon  conditions  of  growth,  in  the  case  of  a  vegetable 
oil,  as  to  whether  the  season  be  wet  or  dry,  warm  or 
cold,  the  fruit  be  underripe,  fully  ripe  or  overripe; 
and  in  the  case  of  an  animal  oil,  upon  the  feed.  A 
hog  fed  on  corn  gives  lard  of  a  higher  titer  test  and 
lower  iodine  value  than  one  fed  on  mast.  Similarly, 
cows  fed  upon  cotton  or  sesame  cake  give  milk,  the 
fat  of  which  responds  to  the  same  color  tests  as  do. 
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cotton  and  sesame  oil.  To  complicate  further  mat- 
ters, we  have  the  different  varieties  of  the  same  fruit: 
e.  g.,  the  olive,  of  which  there  are  300  different  varieties 
in  Italy  alone,  which  yield  oils  which  differ  among 
themselves.  Instead  of  wondering  that  the  chemist 
cannot  do  more,  the  marvel  is  that  he  does  as  well  as  he 
does. 

The  color  tests  upon  which  y-ome  dependence  may 
be  placed  are  few,  and  are  as  follows: 

Halphen  test  for  Cottonseed  Oil. 

Becchi  test  for  Cottonseed  Oil. 

Baudouin  test  for  Sesame  Oil. 

Liebermann-Storch  test  for  Rosin  Oil. 

Crampton-Simons  test  for  Palm  Oil  (until  re- 
cently). 

THE  H.^LPHEN  TEST  is  probably  the  best  test  for 
cottonseed  oil,  and  one  of  the  more  clearly  marked  and 
characteristic  color  tests.  It  is,  however,  also  given 
by  Kapok  oil'  (which  comes  from  a  related  plant) 
which  is  used  as  an  edible  oil  where  the  plant  is  grown 
■ — in  China,  East  and  West  Indies,  and  in  Africa. 
Baobab  oiU  also  responds  to  it  even  more  strongly 
than  cottonseed.  On  the  other  hand,  a  negative 
Halphen  test  is  no  proof  of  the  absence  of  cottonseed 
oil,  as  old  rancid  oil,  one  which  has  been  heated  to 
200-220°,  or  has  been  blown,  does  not  give  the  test. 

Lewkowitsch  says:^  "It  should  be  distinctly  under- 
stood that  color  reactions  taken  by  themselves  should 
not  be  relied  upon  as  giving  a  decisive  answer.  At 
best  they  can  be  used  only  as  a  preliminary  test,  or 
as  a  confirmatory  test.  The  ease  with  which  this  test 
can  be  carried  out,  and  its  apparent  reliability,  have 
led  to  an  overestimation  of  this  very  useful  and  im- 
portant reaction;  so  much  so  that  grave  errors  may  be 
committed  by  those  who  assign  to  this  test  an  ex- 
clusive or  even  a  paramount  importance.  It  is  al- 
together unjustifiable  to  look  upon  this  test,  as  has 
been  done,  as  permitting  o__f  quantitative  interpreta- 
tion." It  is  not  known  what  is  the  cause  of  the  re- 
action. 

THE    BECCHI     (OR    SILVER    NITRATE    TEST) Here    the 

statements  contained  in  the  literature  are  very  con- 
flicting. Eminent  authorities  have  pronounced  both 
in  favor  of  and  against  it.  It  is,  however,  to  be 
noted  that  absolutely  pure  lard,  tung  and  olive  oil 
are  not  infrequently  met  with  which  give  the  test; 
consequently  its  indications  cannot  be  considered  as 
conclusive. 

The  substance  which  gives  the  reaction  is  supposed 
to  l)c  aldehydic  in  its  nature — this  receives  some 
support  from  the  fact  that  a  body  of  a  phenolic  nature, 
Gossyijjol,  has  been  discovered  in  the  color  from 
collonseed  hulls. 

TiiK  CAMoiN-nAUDOiiiN  Ti'.ST  is  prol>ably  the  most 
reliable  of  all  llu-  color  tests.  It  should  be  noUvl,  how- 
ever, that  it  is  also  given  by  olive  oils  of  Bari,  Hrindisi 
and  Lccee,  but  not  by  the  fatty  aeids  obtained  from 
them.  Furthermore,  certain  permissible  butter  colors 
respond  to  the  test.  Rancid  sesame  oil  and  some 
extracted  by  chloroform  failed  to  ros|)ond.      The  sub- 

<  Milliuii.  Compl.  rend  .  119  (IU()4).  807 

■  "Cli«ni.  Trrlinoloiiy  ami  Aiinlyali  of  I'ali.    oil*    mxl    Waita.  "    .Mb 
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stance  which  gives  the  reaction  seems  to  be  a  thick 
non-crystallizable  oil  free  from  nitrogen.' 

THE  LIEBERMANN-STORCH  TEST  is  a  reliable  test  for 
rosin  oil,  but  is  not  conclusive,  as  cholesterol  gives  the 
same  color,  which  is  fugitive.  The  substance  which 
gives  the  reaction  is  unknown. 

THE     CRAMPTON-SIMONS     TEST     FOR     PALM     OIL LeW- 

kowitsch,  in  his  last  edition,  says:  "These  color  tests 
appear  to  the  author  to  be  very  uncertain."  The  test 
was  published  in  1905*  and  is  carried  out  by  the  De- 
partment of  Internal  Revenue  as  follows:'  9  cc.  of 
the  filtered  fat  are  placed  in  a  i  s  cm.  tube  and  3  cc.  of  the 
subsequently  described  acetic  anhydride  reagent  is 
added.  The  tube  is  then  vigorously  shaken  for  from 
5  to  10  seconds.  The  color  of  the  emulsion  should  be 
noted,  as  a  bluish  green  color  is  indicative  of  the  presence 
of  palm  oil.  The  tube  is  then  placed  into  a  centrifuge 
and  whirled  for  from  5  to  10  seconds  at  about  1500  to 
2000  r.  p.  m.  It  is  then  taken  out  and  noticed  that 
the  tube  has  the  appearance  of  two  layers,  the  acetic 
anhydride  in  the  bottom  of  the  tube  as  it  was  before 
shaking,  and  the  fats  above.  The  color  of  the  lower 
layer  at  this  point  should  be  noted.  A  light  blue  is 
indicative  of  the  presence  of  palm  oil.  One  drop  of 
sulfuric  acid,  specific  gravity  1.53,  is  added  to  the  tube. 
Previous  to  the  addition  of  the  sulfuric  acid  at  this 
point  the  analyst  should  place  himself  in  the  best 
light  possible  in  the  laboratory.  An  overhead  light, 
such  as  a  skylight,  is  the  preferable  sort  of  light  in 
order  to  read  the  colors.  After  adding  a  drop  of 
sulfuric  acid  the  tube  is  inverted  and  immediately 
returned  to  its  former  position:  as  the  drops  of  the 
acetic  anhydride,  which  formed  the  lower  layer,  drop 
back,  the  color  is  noted.  The  acid  has  changed  this 
acetic  anhydride  to  a  fairly  deep  blue.  This  is  proof 
of  the  presence  of  palm  oil. 

It  is  to  be  noted  in  making  this  determination 
that  several  precautions  are  necessary:  we  must  have 
experience,  and  the  proper  temperature  of  the  fat, 
pure  reagents  and  speedy  manipulation,  as  the  color 
changes  so  fast  that  the  test  has  to  be  carried  out 
from  beginning  to  end  in  as  short  a  time  as  possible. 

The  acetic  anhydride  reagent  is  made  by  adding 
to  so  cc.  of  C.  P.  acetic  anhydride,  one  drop  of  sul- 
furic acid,  specific  gravity  1.53.  Then  the  mixture 
is  shaken  and  must  stand  5  minutes  before  being  used, 
as  the  reagent  should  not  be  used  if  it  has  stood  over 
30  minutes.  Kxpcricnoc  has  taught  us  that  the  reagent 
is  not  sensitive  for  use  before  5  minutes  standing  and 
is  not  sensitive  for  use  after  30  minutes.  The  filtered 
fat  previously  described  is  brought  to  a  temperature 
of  about  3S°.  This  point  is  very  necessary  because 
we  have  found  by  experience  that  lempernturcs  below 
this  do  not  work  very  satisfactorily,  or  very  much 
above  it. 

The  procedure  involving  the  use  of  acetic  anhydride 
has  been  criliciitcd  by  the  Association  of  Ofticial 
Agricultural  Chemists  as  follows:* 

I  VllUvn-thU  •ml  FahrU.  J    <(<v.  f  »'••    Ntf  .  II  (ir>4l.  A« 
»  ./    ,t"i.  t  krm.  .V.S.,  «T.  ;70 

•  I'tom  roiiti  tn-ortl  \<>\y. 

•  llrvnn  iiii.i  (-.arilnrr.  IVo.  A  t<  A  i  1*10.  '^>.  I>mll  1*1,  V.  S. 
Dtparlnirni  •>(  AiiUiilliirt. 
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"The  test  described  is  not  satisfactory  for  the  fol- 
lowing reasons: 

"(a)  Other  oils  than  palm  oil  give  colors  which  are 
easily  mistaken  for  the  palm  oil  test. 

"(ft)  The  color  produced  is  not  permanent.  It 
changes  and  fades  so  rapidly  that  it  is  very  difficult 
to  recognize  it. 

"  (c)  The  test  is  not  definite,  as  there  is  little  difference 
in  the  color  produced  when  palm  oil  is  present  and 
when  it  is  absent. 

"(d)  The  color  produced  is  changed  so  much  by 
slightly  varying  the  amount  or  strength  of  the  sul- 
furic acid  used." 

The  authors  state,  and  this  has  been  substantiated 
by  numerous  others,  that  similar  reactions  are  given 
by  mustard  and  sesame  oils,  and  that  the  latter  can 
be  washed  out  by  alcohol. 

A  blue  color  obtained  by  the  Revenue  test,  therefore, 
could  equally  well  be  due  to  the  sesame  oil,  as  no 
requirement  of  washing  with  alcohol  is  mentioned. 

Further  objections  to  the  test  are,  that  different 
chemists,  skilled  in  the  art,  get  dififerent  results  and 
have  difficulty  in  duplicating  their  own  results.  This 
was  shown  in  a  recent  case  which  came  to  the  writer's 
notice;  numerous  samples  (up  to  56  in  some  cases) 
were  submitted  to  six  different  chemists,  three  technical 
men,  one  a  former  employee  of  the  Revenue  Bureau 
and  another  Doctor  Crampton  himself,  three  university 
professors,  and  there  was  practically  no  agreement 
among  them.  Certainly  it  has  no  claims  to  reliability 
or  to  be  classed  even  with  the  Becchi  test. 

In  addition  to  the  interfering  oils,  mustard  and 
sesame,  it  is  interesting  to  note  that  the  test  is  sometimes 
given  by  linseed  oil,  but  not  by  rosin  or  rosin  oils. 

In  trying  to  ascertain  the  cause  of  this  test  and  of  sub- 
stances present  in  oleomargarine  and  likely  to  produce 
it,  the  statement  was  found  in  one  of  the  quasi- 
scientific  papers  that  the  yellow  color  of  butter  and 
certain  animal  fats  and  oils  was  due  to  carotin;'  this 
substance  was  prepared  by  the  extraction  of  dried 
carrots  with  carbon  bisulfide,  and  some  of  this  solution 
added  to  cottonseed  oil.  The  carbon  bisulfide  was 
evaporated  off  at  a  temperature  below  70°  and  the 
resulting  oil  tested,  when  it  was  found  to  give  the 
familiar  blue  color  as  if  palm  oil  were  present.  Ap- 
parently then  it  was  due  to  carotin  and  not  exclusively 
to  palm  oil  as  supposed. 

To  substantiate  this  conclusion,  a  quantity  of  palm 
oil  was  saponified  with  alcoholic  sodium  hydroxide, 
leaving  a  slight  excess  of  alkali;  to  ensure  the  absence 
of  free  palm  oil,  the  alcohol  was  evaporated,  and  the 
residual  soap  dissolved  in  water  and  shaken  out  with 
carbon  bisulfide;  this  assumed  a  deep  red  color.  Both 
soap  and  extract  were  saved,  the  carbon  bisulfide 
distilled  off  and  the  residue  again  treated  with  an 
excess  of  sodium  hydroxide  as  before,  to  ensure  the 
complete  removal  of  any  palm  oil  which  might  possibly 
have  escaped  saponification.  The  resulting  soap 
solution  was  extracted  with  carbon  bisulfide  as  before, 
with  similar  results.     Some  of  this  deep  red  carbon 

'  This  stiitLimnt  was  uniloiibtcdly  based  on  llic  work  of  Palmer  and 


bisulfide  solution  was  added  to  cottonseed  oil,  the 
solvent  evaporated  below  70°,  the  oil  tested,  and  it 
gave  the  characteristic  blue  color,  although  no  palm 
oil  was  present.  The  fatty  acids  from  palm  oil  soap 
solution  which  had  been  extracted  with  carbon  bi- 
sulfide, on  the  other  hand,  did  not  give  the  usual  blue 
color,  showing  that  the  substance  producing  it  had 
been  completely  removed  by  the  carbon   bisulfide. 

Carotin,  according  to  Willstatter  and  StoU,'  has  the 
formula  C^oHse,  crystallizes  either  in  rhombohedrons 
or  plates,  with  a  coppery  or  blue  sheen.  It  melts  at 
174°  (corr.),  is  difficultly  soluble  in  methyl  and  ethyl 
alcohol,  acetone  and  petroleum  ether,  but  readily 
dissolves  in  benzol  and  carbon  bisulfide.  It  is  an 
unsaturated  body  (absorbing  halogens)  and  auto 
oxidizable.  This  would  account  for  the  bleaching 
of  palm  oil  by  light.  It  dissolves  in  concentrated 
sulfuric  acid  with  the  formation  of  an  indigo-blue 
color.  It  is  further  interesting  from  the  fact  that 
it  is  one  of  the  few  colored  hydrocarbons. 

That  the  substance  extracted  from  palm  oil  was 
really  carotin  would  seem  to  be  shown  by  the  follow- 
ing tests,  being  the  same  as  employed  by  Palmer  and 
Eckles  in  their  work.^ 

I — By  the  absorption  spectrum:  Tested  in  the 
Kruss  single-prism  spectroscope,  according  to  the 
method  of  Formanek,'  the  readings  given  below  were 
obtained  for  the  end  towards  the  red  of  the  absorption 
band  between  the  E  and  F  lines. 

In  CSi  In  alcohol 

solution  solution 

Carotin  from  carrots 13.64  14.13 

Carotin  from  palm  oil 13.25  14.34 

Carotin  from  grass 13.43  14.62 

The  solutions  of  carotin,  from  carrots,  from  palm 
oil  and  from  grass,  shut  off  the  portion  of  the  spectrum 
toward  the  violet  end  very  sharply,  as  if  a  card  had 
been  placed  between  the  instrument  and  the  bottle 
containing  the  solution.  The  agreement,  although 
somewhat  divergent  mathematically,  is  regarded  as 
satisfactory.  Phytosterol  which  might  have  been  ex- 
tracted at  the  same  time  gives  no  absorption  spec- 
trum. 

2 — It  is  not  extracted  from  its  petroleum  ether 
solution  by  80-90  per  cent  alcohol. 

3 — It  absorbs  bromine,  as  does  carotin. 

4 — It  is  not  adsorbed  by  precipitated  chalk. 

5 — It  gives  a  deep  red  color  in  carbon  bisulfide  solu- 
tion. 

6- — It  gives  the  same  blue  color  in  acetic  acid  when 
treated  with  sulfuric  acid  as  does  carotin  from  grass 
and  carotin  from  carrots. 

Samples  of  cottonseed  oil  which  gave  no  test  were 
treated  with  a  carbon  bisulfide  solution  of  carotin 
obtained  from  palm  oil,  but  containing  no  palm  oil, 
and  also  with  a  solution  of  carotin  from  carrots.  The 
portions  of  carbon  bisulfide  evaporated  off  below  70° 
and  with  palm  oil  were  sent  to  two  different  chemists, 
and  both  reported  them  to  contain  palm  oil. 

The  amount  of  carotin  obtained  was  small,  as  may 

>  Willstatter  and  Stoll,  "Untersuchungen  Qber  Chlorophyll."  p.  241. 

'  J.  Biol.  Chem..  17  (1914).  190. 

'  Spektral-analytisciier  Nachweis    kunstlicher    organischer    Farbstoffe. 

1900. 
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be  judged  from  the  fact  that  from  5000  kilos  of  fresh 
carrots  (472  kilos  dry)  Willstatter  and  Escher'  ob- 
tained only  125  g.  of  carotin.  This  is  2.5  parts  in 
100,000.  Chemical  tests  for  colors  not  infrequently 
have  a  delicacy  of  one  part  in  one  billion. 

That  carotin  is  contained  in  animal  fats  and  oils  was 
abundantly  shown  by  the  work  of  Palmer  and  Eckles^ 
in  the  dairy  laboratory  of  the  University  of  Missouri, 
in  cooperation  with  the  U.  S.  Department  of  Agricul- 
ture. 

They  showed  it  to  be  contained  in  butter  fat  and  the 
body  fat  obtained  from  cows,  and  further  that  it  was 
not  generated  by  the  animal,  but  absorbed  from  the 
feed,  particularly  grass.  Hence,  it  is  easy  to  see  why 
June  butter  is  so  highly  colored.  This  work  is  con- 
firmed by  the  Department  of  Internal  Revenue'  in 
that  the  test  similar  to  that  given  by  palm  oil  would  be 
given  by  an  oleomargarine  containing  20  per  cent  of 
butter  or  by  oleo  oils.  This  has  been  further  sub- 
stantiated by  the  work  of  other  chemists. 

In  view  of  all  these  facts  it  would  seem  to  be  im- 
possible to  prove  the  presence  of  palm  oil  by  this  test 
alone  in  a  mixture — oleomargarine,  for  example — in 
which  butter  (from  5—16  per  cent)  and  oleo  oil 
(45-50  per  cent)  were  present,  since  all  three  con- 
tain the  same  substance — carotin,  to  which  the  char- ' 
acteristic  blue  color  is  due. 

As  a  result  of  this  work  it  would  seem  that  the 
acetic  anhydride  or  acetic  acid-sulfuric  acid  test  for 
palm  oil,  is  no  longer  available  for  use  in  connection 
with  oleomargarine  for  the  following  reasons: 

I — Unreliability  of  this  particular  test,  no  two 
chemists  agreeing  upon  its  interpretation. 

II — That  the  test  is  one  for  carotin  rather  than 
palm  oil  and  may  be  given  by  butter,  oleo  oil  or  sesame 
oil — ingredients   ordinarily   found   in   oleomargarine. 

Ill — As  applied  by  the  Revenue  Department,  it  is 
untrustworthy,  because  interfering  oils,  as  sesame, 
are  not  washed  out. 

This  communication  may  be  regarded  as  preliminary, 
as  the  subject  is  being  further  studied. 

MARSACIIUSBTTa  INSTITDTS  OF  TBCRNOLOCV,  CaUBRIDOB 


WET    COMBUSTION  IN  THE  NITROSITE  COMBUSTION 

METHOD  FOR  THE  DIRECT  DETERMINATION 

OF  RUBBER' 

Ky  L.  G.  VVbsson  and  K.  S    Knokr 

In  order  to  make  more  feasible  the  possible  use  in 
technical  laboratories  of  the  nitrosite  combustion  for 
the  direct  determination  of  rubber  in  rubber  goods, 
we  have  attempted  the  application  of  "combustion 
in  the  wet  way"  to  this  analytical  procedure. 

The  "nitrosite  combustion"  method,  as  described  in  a 
previous  publication,'  is  based  upon  the  formation 
of  the  "nitrosite"  of  rubber  by  the  action  of  nitroRcn 
oxide  gases  upon  the  caoutchouc  of  the  sample.  This 
is  then  separated  from  other  substances  (fillers),  and 

<  Wniil&llrt  null  Stull,  "lIiilrriiiU'liunKrll  Htirr  Cllluropliyll."  |i    741. 
'J    III.:!   (htm,  17  (1'<H),  \W  2V> 

•  Hviilrnri  III  court    l<)l.1. 

«  This  .irilt'lr  rriTrnriila  tlicaiii  work  dour  l>y  li.  S.  Kiiorr  in 
the  course  for  tlir  ilrgtrr  of  llarhrlor  of  Silcmc  In  CliniiUlty  Itoni  ihc 
Caw  .School  III  Al.pllr.l  Stlnicc.  Kmil  at  Ihr  5.\til  MrrtllK  o(  tilt  Ainclic.n 
Chrllllcal  Soilrly.  New  York  City,  Sfplrliilirr  2y  \0.  I«lli. 

•  I-    C.  Wc.M.li.  Tlllll  JuullHAI..  •  (l"U>    *'■'> 


burned  in  a  specially  constructed  electrically  heated 
combustion  tube.  The  special  apparatus  and 
technique  required  was  a  decided  obstacle  to  the 
general  use  of  this  method,  even  should  its  reliability 
be  demonstrated,  and  we  therefore  turned  to  "wet 
combustion"  as  an  escape  from  this  difficulty. 

In  the  course  of  our  experiments,  acetone-extracted 
crude  rubber  was  first  used.  The  nitrosite  was  formed 
in  the  flask  used  for  the  combustion,  and  after  the 
complete  expulsion  of  the  rubber  solvent  (chloro- 
form), the  combustion  followed  in  a  manner  quite 
similar  to  those  later  described.  We  obtained  as 
dependable  values  96.8,  97.0,  97.6,  and  97.1  per  cent 
CioHis,  average  97.1  per  cent;  theoretical,  97.3  per 
cent  CioHi6. 

In  the  regular  analytical  procedure  this  simple 
treatment  of  the  nitrosite  is  not  possible  since  the 
latter  must  be  separated  from  the  mineral  matter  and 
other  impurities  by  the  use  of  some  solvent  after 
filtration  from  the  chloroform.  We  first  used  a 
solvent  acetone,  which  was  added  to  the  dry  nitrosite 
in  the  combustion  flask.  The  acetone  was  first 
evaporated  ofiF,  then  the  flask  was  heated  iVi  hrs. 
by  a  boiling  water  bath  while  a  current  of  dry  air 
passed  slowly  through  the  flask.  The  value  now  ob- 
tained (100.7  per  cent)  upon  combustion,  indicated 
a  retention  of  acetone. 

A  repetition  of  this  experiment  with  the  use  of  only 
ethyl  acetate  as  solvent  gave  96.4,  97.1,  and  97.0 
per  cent  CioHu.  These  figures  were  more  promising. 
Moreover,  the  ethyl  acetate  on  evaporation  left  the 
residual  nitrosite  in  a  more  porous,  and  thus  more 
favorable,  condition  for  rapid  expulsion  of  the  organic 
solvent  than  did  the  acetone.  Ethyl  acetate  was 
therefore  adopted  as  the  solvent  in  all  of  the  analyses 
of  vulcanized  rubber. 

The  use  of  acetic  ester  did  not,  however,  eliminate 
our  troubles  with  retained  solvent,  as  we  found  when 
we  next  turned  to  the  analysis  of  compounded  rubber 
samples,  instead  of  the  raw  gum.  We  believe  that 
this  difficulty  explains  most  of  the  erratic  results  we 
had  to  the  end  of  our  work.  Wc  believe  that  wc  have 
now  found  the  remedy  for  this  retention  of  solvent  in  the 
addition  of  water,  containing  a  drop  of  hydrochloric 
acid,  to  the  nitrosite,  and  subsequent  evaporation 
of  this  to  dryness,  after  all  solvent  has  been  removed 
in  the  ordinary  way. 

In  a  sample'  compounded  with  jis.o  per  cent  Fine 
Para,  using  the  method  described,  wc  found  34*.  iA<i> 
34.8,  and  ,?4.3  per  cent  CioHu,  average  34.7  per  cent; 
theoretical,  34.4  per  cent  C|«H|(. 

In  a  sample'  compounded  with  40.0  percent  planta- 
tion rubber,  wc  found  38.0.  30  8.  370.  38.1,  and  37.7 
per  cent  CioHu,  nvcruRc  38.5  per  cent;  ili.-.^r.i,.  .i 
value,  38.3  per  cent  CioHn. 

PKOCKDl'IIK 
I'RF.PARATION      Or      TIIK      MTH08ITI       H»R      THK      COM- 

imsTioN  After  ihc  rubber  sample  ha.s  been  jjround 
in  a  iMfiit  ihoppor  to  pass  a  »o  nu-xh  sieve,  ond  ',  i  g. 
of  it  cxtrnotctl  3  hrs.  with  accttmc  and  ','1  hr.  or 
longer  with  chloroform,  the  cxlrottcd  sample  i»  allowed 

<  Thrff  Mimpin  wtk  kliHllr  mn\  hi  hr  lb*  llurmu  o(  !M*Ml«ni* 
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to  dissolve  in,  or  thoroughly  absorb,  chloroform.  A 
small  Florence  flask  (75  cc.)  is  used,  which  may  be 
about  one-half  full  of  the  solvent.  Nitrous  oxide 
vapors,  evolved  from  dilute  nitric  acid  (sp.  gr.  1.3) 
and  arsenic  trioxide,  are  then  passed  through  the 
cooled  chloroform  until  the  deep  green  color  becomes 
permanent  for  about  15  min.,  and  the  whole  allowed  to 
stand  over  night  for  completion  of  the  action. 

The  chloroform  is  then  decanted  through  a  dry  Gooch 
crucible  and  asbestos  matte  (the  former  rests  in  an 
ordinary  60°  filter  funnel)  into  the  combustion  flask, 
from  which  the  chloroform  is  then  evaporated  by  means 
of  a  boiling  water  bath  and  a  dry  air  current.'  Mean- 
while the  residue  in  the  Florence  flask  has  been  similarly 
dried.  The  separation  of  fillers  and  nitrosite  is  now 
brought  about  in  the  following  way:  Small  portions 
(S  cc.)  of  calcium  chloride-dried  ethyl  acetate  are 
added  to  the  residue  in  the  Florence  flask,  the  latter 
warmed,  and  the  liquid  decanted  through  the  Gooch 
crucible  into  the  combustion  flask,  repeatedly,  until 
the  filtrate  runs  through  entirely  colorless.  After 
evaporation  of  the  acetate  (recovery  of  the  solvent  as 
well),  the  residue  is  carefully  freed  from  solvent  by 
warming  the  containing  flask  in  a  boiling  water  bath 
for  about  15  min.,  after  which  15  cc.  of  water,  con- 
taining I  drop  cone.  HCl,  is  added,  and  quickly 
evaporated  by  the  use  of  a  boiling  calcium  chloride 
bath  and  brisk  current  of  dry  air.  The  heating  is 
continued  at  least  V2  hr.  after  the  residue  is  again 
apparently  dry. 

THE    COMBUSTION    APPARATUS    consists    of    a    200    cc. 

round-bottom  distilling  flask,  which  is  provided  with  a 
dropping  funnel  (100  cc.)  through  a  one-hole  rubber 
stopper,  and  a  series  of  U-tubes  containing  in  order, 
(i)  cone.  H2S04-K2Cr207,  renewed  every  i  or  2  com- 
bustions, (2)  water  containing  a  drop  of  the  pre- 
ceding, (3)  granular  zinc,  (4)  calcium  chloride,  (5) 
soda-lime  (weighed),  (6)  soda-lime  and  calcium 
chloride  (weighed). 

THE  COMBUSTION — The  weighed  soda-lime  tubes  in 
position,  and  the  combustion  flask  cooled  by  water, 
a  volume  (20  cc.)  of  cooled  concentrated  sulfuric  acid 
is  run  rapidly  into  the  flask  onto  the  nitrosite;  then 
the  cooled  oxidizing  solution  of  10  g.  pulverized 
K2Cr207  in  7s  cc.  cone.  H2SO4,  in  a  very  slow  stream. 
The  flask  may  now  be  gently  warmed  by  a  sand  bath 
to  obtain  a  moderately  rapid  evolution  of  gas.'  This 
is  done  as  long  as  gas  continues  to  be  evolved  (about 
an  hour),  when  a  carbon  dioxide-free  current  of  air, 
the  heating  being  maintained,  is  passed  via  the  drop- 
ping funnel  through  the  apparatus  for  at  least  'A 
hr.    to   sweep   all   carbon   dioxide   into   the   soda-lime 
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tubes.     Wt.    CO2     X    X     200    gives    percentage 

440 

CioHio  in  the  sample. 

We  hope,  in  conclusion,  that  further  study  and  im- 

■  Mr.  J.  B.  Tuttic  of  the  Bureau  of  Standards  hsis  fouDd  that  the 
chloroform-soluble  residue  thus  recovered  may  be  very  appreciable,  and 
it  is  to  his  suggestion  that  this  modification  is  due. 

'  That  carbon  monoxide  is  formed  during  the  combustion  can  be 
shown  by  allowing  the  gases  which  have  passed  the  absorption  train  to 
come  in  contact  with  heated  copper  oxide  ana  then  barium  hydroxide 
solution.  A  precipitate  ensues,  but  the  amount  is  not  appreciable  for  the 
results  of  the  analysis. 


provements  of  this  method  will  eventually  give  a 
reliable  and  not  too  diSicult  procedure  for  the  direct 
determination  of  rubber,  not  only  in  good  quality 
compounds  but  also  in  factis  and  other  inferior  sub- 
stitute-containing rubbers. 

Case  School  of  Applibd  Science 
Cleveland,  Ohio 


DETERMINATION  OF  MINERAL  FILLERS  IN  RUBBER 

ANILINE  METHOD 

By  Otto  H.  Klein,  John  H.  Link  and  Frank  Gottsch 

Received  October  23,  1916 

Although  the  use  of  aniline  as  a  solvent  for  vul- 
canized rubber  is  not  new,  there  is  very  little  informa- 
tion to  be  found  concerning  such  use  in  the  litera- 
ture. We  have,  therefore,  thought  that  an  account 
of  the  method  as  far  as  it  has  been  worked  out,  to- 
gether with  some  analyses  of  samples  of  known  com- 
position, would  be  of  interest. 

This  report  should  be  considered  as  a  preliminary 
one,  as  the  supply  of  rubber  mixings  at  hand  for  our 
experiments  was  limited  and  other  rubber  fillers  than 
those  used  are  yet  to  be  experimented  with. 

In  making  the  determination  it  is  essential  that  the 
sample  be  finely  powdered  (20  mesh).  A  i-gram  sam- 
ple is  extracted  with  acetone  for  4  hours,  dried  at  a 
low  temperature,  and  then  transferred  to  a  weighed 
100  cc.  centrifuge  tube.  The  residue  is  covered  with 
50  cc.  of  pure  aniline,  5  cc.  of  nitrobenzene  added,  the 
mixture  stirred,  covered,  and  heated  at  160°  C.  with 
occasional  stirring  until  solution  is  complete. 

It  is  our  practice  to  heat  the  samples  over  night 
in  a  Freas  oven.  In  most  cases  solution  is  complete 
by  the  next  day.  Sometimes  the  sample  dissolves 
in  3  to  4  hours.  If  the  rubber  is  not  yet  in  solution, 
this  can  be  seen  by  stirring  with  a  glass  rod.  When  solu- 
tion is  complete,  there  is  nothing  to  be  seen  but  fine 
pigment,  free  from  rubbery  appearance.'  The  tube 
is  allowed  to  cool  sufficiently,  filled  up  with  ether  and 
well  stirred.  It  is  then  centrifuged  for  15  minutes 
at  1500  r.  p.  m. 

The  supernatant  liquid  is  decanted,  about  25  cc. 
of  ether  added  and  the  pigment  stirred  up  completely. 
It  is  centrifuged  again  and  the  decantate  added  to 
the  first.  Four  such  washings  with  ether  are  neces- 
sary. The  tube  is  dried  at  100°  C,  cooled  and  weighed. 
The  united  decantates  are  evaporated  and  then 
ignited  in  a  weighed  porcelain  or  silica  dish;  the  weight 
of  fillers  found  is  added  to  that  in  the  tube. 

The  percentage  of  fillers  plus  that  of  total  acetone 
extract  is  subtracted  from  100  per  cent,  and  the  differ- 
ence recorded  as  rubber  gum. 

Aniline  differs  from  other  solvents  in  that  rubber 
dissolved  in  it  forms  a  thin  solution  which  permits 
the  mineral  fillers  to  separate  readily. 

The  small  amount  of  nitrobenzene  used,  causes  a 
more  rapid  solution.  It  was  found  that  semicured 
compounds  dissolve  more  slowly  than  thoroughly 
cured  soft  stocks  or  very  hard  ones.  With  under- 
cured  compounds  a  soft  pasty  mass  is  formed,  which 

1  The  chemist  who  makes  the  analysis  for  the  first  time  may  be  uncer- 
tain of  himself  at  this  point,  but  after  one  or  two  determinations  have  been 
made  he  will  at  once  recognize  any  undissolved  rubber. 
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Table  I — Results  on  Samples  op  Known  Composition:     Aniline  Method  poe  Fillers 

Sample  Number:          O  No.  1        O  No.  2                   H                                I  J                   U  No.  1        U  No.  3     G  No.  1            C            G  No.  14 
Composition  of  Samples  (Percentages) 

Pure  Rubber  (Fine) 40.3              40.3                   40.3                         40.0  30.0                  40.0              40.6            37.0            24.44         37.0(o) 

Sulfur 2.0                2.0                     2.0                           4.0  3.0                    3.0                3.0              3.0               ...               3.0 

ZincOxide 18.9              18.9                   18.9                            ...  30.0                   14.0              56.4            30.0              ...            30.0 

White  Lead  (Dutch) 18.9               18.9                   18.9                            ...  ...                      ...                 ...             15.0            11.11 

Light  Magnesia  Carbonate          9.9                9.9                    9.9                            ...  ...                      ...                 ...               ...              4.44 

Hydrated  Lime 2.0                2.0                     2.0                            ...  ...                      ...                  ...               ...               6.67 

Litharge 8.0                8.0                    8.0                            ...  ...                   10.0                 ...             15.0              6.67 

Whiting ■••  ...  26.0 

Lithopone ■..  ••.  ...  20.0 

Vermilion ...                 ...                      ...                            ...  15.0                     ...                 ...               ...               ...               ... 

Carbon  Black ...                      ...                            ...  ...                      ...                 .     .               ...               ...             10.0 

Golden  Antimony ...                      ...                          10.0  ...                      ...                    ..               ...             26.67 

Magnesium  Oxide ...                 ...                      ...                            ...  5.0                     ...                 ..                  ...               ... 

Aluminum  Flake ...                      ...                            ...  17.0 

Sublimed  White  Lead ... .             ...                  ...                      ...                            ...  ...                   33.0                 ...               ...               ...             20.0 

Asbestos .  ■  ■                  ...                      ...                             ...  ...                      ...                  ...               ■  .  -             11.11             ... 

Plumbago .■■                  ...                      -.■                             ...  ...                      ...                  ...               ■-.               8.89            ... 

Cure...    20X40       90X40     100  X  250°  F.      100  X  250°  F.      100  X  250°  F.      80X30      130X38        ...        60'  X  60  lbs    .  .  . 

Analytical  Results  (Percentages)  by  Aniline  Method 

(58.76            59.36                58.72                       55.00  67.03                58.60            57.56         60.03          74.11          60.44 

FillersFound 158.71            59.43                58.40                       54.70  67.79                   ...               57.40 

Organic  Acetone  Extract             1.09               1.23                   1.03                          1.31  0.74                  0.99              1.19            1.29           0.80            5.04 

Free  Sulfur 0.42              0.20                  0.97                         4.50  2.24                  0.88              2.00            1.82           0.30            1.48 

Rubber 39.75            39.17                39.44                       39.34  29.60                39.53            39.33          36.86         24.79         33.04 

_.„        .     ri-oi,                               (0.10              0.18                  0.47                         0.00  8.21                   0.32              9.32            0.44            1.43            3.60 

i-Ulers  m  uisn to.OO              0.36                  0.82                         0.09  5.51                    ...                 6.95 

(a)  Caucbo  Rubber. 

is  very  slow  to  dissolve,  while  this  does  not  occur  if  considered  worth  while  to  ascertain  whether  the  car- 

the  material  is  properly  vulcanized.  bonaceous    residue    from    carbon    disulfide    extraction 

We  found  that  in  a  few  cases  an  additional  digestion  really   consisted  of   carbon   or  of   probable   hydrocar- 

with  half  the  quantity  of  solvent  for  5  hours  reduced  bons  that  are  insoluble  in  carbon  disulfide.     Previous 

the    amount    of    mineral    fillers    about    0.5    per    cent,  work  had  already  shown  a   marked  variation  in  the 

In  specification  work  it  is  advisable  to  make  this  sec-  solubility    of    bitumens    in    the    usual    petroleum    sol- 

ond  digestion  after  the  ether  has  been  expelled  from  vents,    wood-tar    pitch    being    almost    completely    in- 

the  tube  by  heating.  soluble  in  petroleum  distillates  or  turpentine,  and  only 

In  Table  I,  Samples  O  No.  i  and  O  No.  2  are  the  slightly  soluble  in  benzol. 

same,  except  that  O  No.   2  was  purposely  overcured.  The   relative   solubility   of   bitumens    was   therefore 

Sample  H  was  prepared  using  the  same  recipe  as  for  determined   in    carbon   disulfide   and    acetone   by   the 

Samples  0  Nos.  i  and  2,  but  by  another  manufacturer,  usual   method.     The   resulting   residue   insoluble   in   a 

Samples  H,  I  and  J  were  unintentionally  undercured.  given  solvent  was  in  each  case  again  extracted  with 

Sample  C  is  a  hard  valve.     Sample  G  No.  14  contains  the    other    solvent.     The    wood    tars    were    obtained 

Caucho  rubber.  from  the  experimental  wood  distillation  plant  at  the 

Analysis   of   the   fillers   showed   that  the  rubber  as  University  of   Washington,  from  a  commercial   plant 

found    by  difference  did  not  include  all  the  sulfur  of  in  Oregon  and  from  a  hard  wood  distillation  plant  in 

vulcanization.  Michigan.       Commercial    coal-tar   pitches    were   taken 

It  will  be  noted  that  the  sum  of  the  percentages  of  from  a  local  Barrett  plant,  the  petroleum  asphalt  from 

rubber  found   and  of  the   organic   acetone  extract  is  a  city  paving  plant  and  the  Trinidad  asphalt  from  a 

slightly   greater  than   the  percentage  of  rubber   used  laboratory  sample.     The  results  are  given  in  Table  I. 
in  the  recipe. 

„,            ,.„                  ,         .                       1              ■         i-                         1          ri                     J         •  Ta»L«  1 — RMMCTIVB  SoLU»IUT1K»  or  BlTlIM«K»  IK   Ac«TOK«  AKO 

The   fillers   during   vulcanization   and   afterwards  in  Ca»»ok  Dutn-noa 

the    course    of    analysis     have    combined    with    sulfur  ,                   „„      , 

■'  iNtOLt'BLK  IN  CS         lNI>OLt'»LI  IN 

to    form    new    compounds.      If    this    combination    of  Residue         Acstdni        Mblt. 

,,..,..              r          ,r          r  Inwluble                      HnMue       IKO         Acu 

fillers  and  sulfur  is  a  substitution  of  sulfur  for  some  !•«■         in         Per     iiuoiubic  i'oikt    Pw 

,                 .  ,           11.1                  1.        »              1        .              II                II  Samplk                         cent       ■celone       cent        in  CS        '  F          c»nl 

Other  acid  radical,  the  resultant  product  would  usually  Dougi*.  fir  pitch  .. .    67.7       s«.7%    sr.;       ii.s'i    joo       J« 

weigh  less  than  the  sum    of    the  ingredients   entering  Dou»1m  fir  pitch         «.j       30.1       31.6       ji.i       iv       10 

"                                                                                t>                                         o  DoiikUs  fir  pilch  ..       93. 1         35. .«         34.6         34.4         ISO         0  K 

the  reaction  and  the  rubber  found  by  difference   would  DoukIu^  «r  pitch  .. .    6O.2       ij.o       21s       11. i       IJO       01 

,          ,                           •'  IUr.Twoo.1  pitch.    .      18.7           3.1            J  .t           2.1           90        0  I 

be  slightly  greater  thereby.  n»rd  "o.«i  pitch.  ..    59.9       no       17.5       17.4       l«o       01 

„,  -^    f  .  ,  ,,  .  1  .1  CoaltMpitch 27.4         27. 4         57.5         J7.I         20»         I? 

We  expect  to  continue  these  experiments  when  other         co«i-t«r  pitch 22.7       22.4       37.1       ij.j       \tn       06 

samples  are  available,  and  a  final  report  will  be  made  CMi-tUr  pitch   !'!       I7.4       I7!i       iiio       i«!«       ii«      o!o 

on  the  subject  when  we  shall  have  all  the  data  at  hand.  tVumT^^y!^^'       426      4j:i       m!©      4I  «       »"     <?" 

Board  or  BtTiMATg  and  Ai-roRTioNMKNT 

Cbmtiial  Tktino  I.aiionaturv  CONCLt}SIOS> 

17^-127  WiinTii  St,  NiiW  Vi>iiK  City  .              ,               , 

1      I  lu    HIT  1  arbon  tn   wood-i<ii     I'lUm^  i.i.ii...i   le 
determined  by  cnrbon  disulfide. 

THE  FREE  CARBON  OF  WOOD-TAR  PITCHES  ,,      ^,^_^^2  ,. a,   «  solvent   .n   thi.  do- 

lly   II    K.    llitNsuN  and  t,    !..   Daviii 

Krrrlvnl    Novtmhn'   27.    1916  U  \  ::   '  ■                                                                i  llCS. 

Ill     t     ..    •  II  .\  be  cinftscd  with  the  native 

In  the  cxnminnlion  of  wood  tars,  it  was  foiiiul  that  ^    '.        »         i    «..  » .i..,.  j«.i«._;_.i;^.. 

,,,.,,            .      ,.    ,    .           .  .  and  the  ntanulnctureti  MpnalU  lor  the  determinAtion 

the  so -called  "free  carbon     of  the    resuluums    was   ex-  ,  ,             , 

,.,,,.,           ,  .        ■      .   ,      .,           .1.    1  of  Ifci"  tiirI>on. 
ccptionally  Inch   as  determined   by  the  methods  gen- 

,,                 ../...                           .1                               ■'       I  I  AHitxMMiiv  or  IfinfaTRiAL  CNRMivrsT 

rrally  employed  for  this  purpose.'      It  wan  occordingly  i  hi«»»»itt  or  WaVmikotdii 

'  omcr  lit  riilillc  HosiU,  t(    S    IVpl    Airir  ,   flu//    114,  p.  ."'  SlATTUI 
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THE  DETERMINATION  OF  GASOLINE  VAPOR  IN  AIR 

By  R.  P.  Anderson 
Received  November  10,  1916 

One  of  the  methods  of  determining  gasoline  vapor  in 
air  is  to  combust  the  mixture  with  oxygen  in  a  com- 
bustion pipette  according  to  the  usual  gas-analytical 
procedure.  Assuming  that  the  gasoline  vapor  contains 
only  members  of  the  paraffin  series  of  compounds,  the 
volume  of  gasoline  vapor  may  be  computed  from  the 
formula' 

2'I\C.  —  CO2 

3 
in  which  V,  T.C.,  and  CO2  represent,  respectively, 
the  volume  of  gasoline  vapor  in  the  sample  chosen 
for  combustion,  the  contraction  resulting  from  the  com- 
bustion, and  the  amount  of  carbon  dioxide  that  is 
formed.  The  chief  objection  to  the  method  lies  in  the 
difficulty  in  obtaining  complete  combustion  of  the  gaso- 
line vapor,  especially  when  the  sample  to  be  analyzed 
contains  more  than  s  or  6  per  cent  by  volume.  The 
attempt  has  been  made  by  the  author  to  develop  a 
reliable  procedure  for  the  combustion  of  gasoline  vapor, 
but  up  to  the  present  time  the  results  have  not  been 
entirely  satisfactory. 

In  a  recent  article  by  Burrell  and  Robertson,^  a 
comparison  is  made  between  the  combustion  method 
under  discussion  and  a  method  involving  the  separa- 
tion of  the  gasoline  by  condensation  with  liquid  air, 
on  a  series  of  five  samples  of  air  containing  gasoline 
vapor.  The  figures  in  Table  II  of  their  article  show 
an  excellent  agreement  between  the  results  obtained 
by  the  two  methods.  This  agreement  is,  however,  as 
regards  the  mixtures  containing  high  percentages  of 
gasoline  vapor,  the  result  of  the  approximate  method 
of  calculation  employed  by  Burrell  and  Robertson, 
since  the  results  obtained  by  computing  correctly  the 
amounts  of  gasoline  vapor  from  the  combustion  data 
are  dilTerent  from  those  given  in  the  table. 

Cc.  12  3  4  5 

Combustion  Data      f  Volume  of  Sample  50.60  46.80  34.58  28.89  40.96 

Burrell  8i  Robert-   {Contraction 2.15     4.95  4.27  10.58  25.10 

son  I  Carbon  Dioxide...      2.70     6.19  5.29  12.78  30.50 

Per  Cent  Gasoline  Vapor  (Burrell  &  Robertson): 

Approximate  Calculation 1.07     2.65  3.07     8.86  14.83 

Liquid  Air  Separation 1.08     2.40  3.09  9.04  14.85 

Gasoline  Vapor; 

Volume,  V  =  ■^■—~  —' 0.53      1.24      1.08     2.79     6.57 

Percent,  J "^"y 1.05     2.64     3.13     9.67    16.03 

bample 
COa 
Value  of  n  =   -.y:^ 5.06     5.0!      4.88     4.58     4.65 

In  the  preceding  table,  the  first  five  lines  of 
figures  are  taken  from  Table  II  of  the  article  by  Bur- 
rell and  Robertson.  The  approximate  method  of 
'■omputation  which  they  used  is  based  upon  the  fact 
that  the  average  composition  of  the  gasoline  vapor 
corresponds  quite  closely  to  the  formula  CsHii,  and 
the  volume  of  the  vapor  was  found  by  dividing  the  vol- 
ume of  carbon  dioxide  that  was  obtained  by  5.  Lines 
6  and  7  contain,  respectively,  the  volumes  of  gasoline 
vapor  obtained  by  computation  from  the  combustion 

■  Sec  de  Voldere  and  de  Smct,  Z.  anal.  Chtm.,  49  (1910),  661,  or  Dennis' 
"Gas  Analysis."  p.  131.  Tabic  II. 

'This  Journal.  7  (1915),  112.  See  also  Burrell  and  Boyd,  Bureau 
of  Mines.  Technical  Paper  IIS. 


data,  and  the  percentages  of  gasoline  vapor  in  the  sam- 
ples. The  agreement  of  the  percentages  in  Line  7 
with  those  given  in  Line  s  is  good  for  the  first  3  samples, 
but  in  the  last  2  samples  there  is  considerable  differ- 
ence due  apparently  to  failure  to  burn  completely  the 
gasoline  vapor  in  the  combustion  pipette.  This  idea 
is  borne  out  by  calculating  the  value  of  n  in  the  hydro- 
carbon mixture  C„H2n  +  2>  for  the  different  samples. 
This  gives  the  apparent  average  number  of  carbon 
atoms  per  molecule  (see  Line  8).  The  decrease  in  the 
value  of  n  with  the  increase  in  the  percentage  of  gaso- 
line vapor  is  a  strong  indication  of  the  failure  to  get 
complete  combustion  with  the  richer  mixtures,  since 
the  value  of  n  presumably  is  actually  the  same  in 
each  case. 

This  note  has  been  prepared  for  publication  with  the 
idea  of  correcting  the  impression  that  might  be  ob- 
tained from  the  article  of  Burrell  and  Robertson  that 
the  combustion  method  may  successfully  be  used  for 
the  determination  of  gasoline  vapor  when  it  occurs  in 
large  amounts  in  air. 

Cornell  University 
Ithaca,  New  York 

A   NEW    QUALITATIVE   TEST   AND    COLORIMETRIC 

METHOD   FOR   THE   ESTIMATION 

OF   VANILLIN 

By  Clarence  Estes 
Received  October  2,  1916 

A  colorimetric  method  for  the  estimation  of  vanillin 
in  commercial  vanilla  extracts  has  been  devised  by 
Folin  and  Denis,'  who  employ  phosphotungstic-phos- 
phomolybdic  acid  reagent  for  development  of  the 
color.  This  method  is  somewhat  tedious  as  it  re- 
quires several  reagents,  two  filtrations  and  special 
precautions  in  mixing.  The  author  has  devised  a 
new  colorimetric  method,  which  is  very  simple,  as  it 
requires  only  one  reagent  and  one  filtration.  This 
new  method  depends  upon  the  reaction  of  vanillin  and 
a  solution  of  acid  nitrate  of  mercury.  The  color 
produced  in  this  reaction  is  violet  to  violet-red.  This 
color  reaction  seems  ta  be  characteristic  only  of  vanillin 
and  the  acid  nitrate  of  mercury,  as  acid  nitrates  of 
many  other  metals  were  prepared  in  the  same  way  as 
that  of  mercury,  but  in  every  case  they  failed  to  develop 
a  color;  also  many  other  organic  compounds  con- 
taining a  hydroxyl  group  and  an  aldehyde  group 
have  been  substituted  for  vanillin  in  the  reaction, 
but  so  far  no  color  reaction  was  found  which  resembled 
that  of  vanillin.  Some  other  organic  compounds  were 
found  which  gave  a  color  reaction  with  the  acid  nitrate 
of  mercury  reagent;  however,  the  colors  produced 
could  never  be  mistaken  for  that  produced  by  vanillin. 

REAGENT ACID    NITRATE    OF    MERCURY 

Dissolv-ing  metallic  mercury  in  twice  its  own  weight 
of  concentrated  nitric  acid  (sp.  gr.  1.42);  after  solution 
is  complete  dilute  with  25  times  its  weight  of  water. 

Other  proportions  of  both  mercury  and  nitric  acid 
may  be  used  instead  of  the  one  given  above;  however, 
it  is  necessary  to  have  a  slight  excess  of  nitric  acid  as 

■  This  Journal,  i  (1912).  670. 
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the  mercury  must  be  in  the  mercur/c  and  not  in  the 
mercuroMi  condition. 

PROCEDURE 

The  test  is  best  carried  out  by  dissolving  the  sub- 
stance suspected  of  containing  vanillin  in  about  5  cc. 
of  water;  to  this  solution  is  added  about  0.5  cc.  of  the 
acid  mercuric  nitrate  reagent.  The  solution  is  then 
heated  in  boiling  water  for  about  5  minutes. '  At  the 
end  of  this  time,  if  vanillin  is  present,  a  violet  to  violet- 
red  color  is  produced.  The  intensity  of  this  color 
produced  is  directly  proportional  to  the  quantity  of 
vanillin  present,  as  is  shown  later. 

METHOD     rOR     THE     COLORIMETRIC     ESTIMATION     OF 

VANILLIN 

Since  the  color  produced  was  directly  proportional 
to  the  quantity  of  vanillin  present  and  was  char- 
acteristic only  of  vanillin,  it  appeared  that  it  might 
be  made  the  basis  of  a  colorimetric  method  for  the 
quantitative  estimation  of  vanillin. 

STANDARD    VANILLIN    SOLUTION 

The  standard  vanillin  solution  is  prepared  by  dis- 
solving I  g.  of  the  purest  vanillin  in  water  and  diluting 
to  100  cc. 

The  first  work  was  to  determine  whether  the  intensity 
of  color  developed  by  the  reaction  between  the  acid 
nitrate  of  mercury  and  vanillin  could  be  duplicated  in 
solutions  of  equal  strength  of  vanillin  when  the  same 
quantity  of  the  acid  nitrate  of  mercury  was  used. 
The  accuracy  with  which  the  color  was  developed  is 
shown  in  Table  I.  Solutions  A  and  B  were  treated 
in  exactly  the  same  way.  The  results  show  that  the 
intensity  of  the  color  developed  can  be  duplicated  and 
that  the  color  is  directly  proportional  to  the  quantity 
of  vanillin  present  if  other  conditions  are  kept  the 
same. 

Tablb  I 
Alj  of  the  colorimetric  determinations    were    mnde  on   the    Duboscq 
colorimeter. 
Solution  A         Reading  A  Solution  D  Reading  B 

Scc.Std.                   20                     2.5cc.  Std.  ,19.9 

.S  cc.  Std.                   20                     S.Occ.  Std.  20.2 

Scc.Std.                  20                  10.0  cc.  Std.  10.11 

The  next  tests  carried  out  were  to  determine  the 
quantity  of  reagent  to  use.  The  results  obtained  from 
these  determinations  are  recorded  in  Table  II.  All 
the  solutions  represented  in  this  table  were  prepared 
at  the  same  time,  the  only  diflerence  being  in  the 
quantity  of  reagent  used. 

Taduii  II — Kkkkct  or  Rkaobnt  on  tiii!  Chuoh 


Vanillii 


Water 


>.  Solution   Kraxent  liath  Std.  R. 

.S  dll.  to  ,sn       n.l  .S  min.  id  »U\ 

S  dil.  to  .SO       0.2  .S  niin.  .SO  aid. 

.S  dil.  to  .SO       ».^  .S  niin.  50  std. 

!>  dll.  to  in        0.4  i  lllln.  .SO  aid. 

.S  dll.  tu  SO       O.S  »  min.  .SO  mil. 


.1 1 .  .1 
2\ .  7 
2.1.8 
2.1.7 


6 S  dll   to  50       1.0       J  niln.     .SO  atd.     Color    not    Mme    hue    an<l 

much  weaker 
7 5  dil.  to  .SO        3.0        S  min.      SO  <ld.     Color  yellow 

Thi.s  table  shows  thai  the  intensity  of  the  color 
developed  depends  to  some  extent  upon  the  quantity 
of  rongunl  used.  The  full  color  was  developed  when 
0.3   cc.   of   the   reagent   wns  nddcd.      Wlicn    i    cc.    was 

'  The  color  li  produced  tinwiy  at  the  ntdlnary  leni|ieralure. 


added  the  color  developed  did  not  have  the  same  hue 
and  was  also  much  weaker  in  intensity.  When  2  cc. 
of  the  reagent  were  added  the  violet-red  color  had 
entirely  disappeared  and  in  its  place  a  lemon-yellow 
color  appeared.  Apparently  the  destruction  of  the 
violet-red  color  and  the  development  of  the  lemon- 
yellow  color  are  caused  by  too  large  a  quantity  of  nitric 
acid,  as  the  violet-red  color  is  destroyed  when  a  small 
quantity  of  nitric  acid  is  added  to  the  violet-red 
colored  solution  produced  when  0.3  cc.  of  the  reagent 
has  been  used. 

The  efifect  of  time  in  boiling  water  on  the  intensity 
of  color  was  next  determined  by  developing  the  color 
in  a  number  of  solutions  in  exactly  the  same  way, 
with  the  exception  of  the  length  of  time  in  heating. 
The  results,  given  in  Table  III,  show  that  the  color  is 
almost  completely  developed  in  the  first  10  minutes, 
as  there  is  an  increase  of  only  2.5  scale  divisions  in  the 
next  15  minutes. 
Table  III — Epkct  op  Time  xn  Water  Bath  on  Inthnstty  of  Color 
Cc.  Std.  Cc.  Time  on 

No.  Van.  Sol.        Reagent    Water  Bath       Std.  R.      U.  K.  R. 


1 5  dil.  to  50 

2 5  dil.  to  50 

3 5  dil.  to  50 

4 5  dil.  to  50 


0.5  5  1 

0.5  lOi 

0.5  15  I 

0.5  25  1 


30  std. 

30  std.  20.0 

30  std.  21.3 

30  std.  22.5 


The  results  given  in  Tables  I,  II  and  III  complete 
the  preliminary  study  on  the  colorimetric  method  for 
the  estimation  of  vanillin  in  pure  aqueous  solutions. 
The  method  finally  adopted  from  the  results  in 
Tables  II  and  III  for  the  development  of  the  color  in 
the  standard  solution  is  as  follows:  To  5  cc.  of  the 
standard  vanillin  solution  in  a  50  cc.  graduated  flask 
is  added  0.5  cc.  of  the  acid  nitrate  of  mercury  solution 
and  the  flask  placed  in  boiling  water  and  allowed  to 
remain  there  for  10  minutes  or  longer.  The  flask  is 
then  taken  out  and  cooled  quickly.  The  color  is 
developed  in  the  unknown  solution  in  exactly  the  same 
way. 

ANALYSIS    OF    COMMERCIAL    EXTRACTS 

Owing  to  the  fact  that  the  acid  nitrate  of  mercury 
reagent  when  added  to  a  vanilla  extract  causes  a 
precipitation  of  the  resins,  coloring  matter,  etc.,  it 
was  found  necessary  to  modify  the  quantity  of  reagent 
to  be  added  so  as  to  have  an  excess  to  react  with  the 
vanillin.  After  a  few  preliminary  tests  on  vanilla 
extracts,  both  alcoholic  and  non-alcoholic  extracts, 
the  two  following  methods  of  procedure  were  adopted: 

ALCOHOLIC  EXTRACTS — To  s  cc.  of  the  Vanilla  ex- 
tract in  a  50  cc.  gradttatcd  flask  arc  added  6  cc.  of 
water  and  1.5  cc.  of  the  acid  nitrate  of  mercury  re- 
agent. The  standard  is  made  up  at  the  same  time 
with  5  cc.  of  the  slamlard  vanillin  solution,  0.5  cc. 
of  the  reagent  and  6  cc.  of  water.  The  two  flasks  are 
now  placed  in  boiling  water  for  30  minutes.  At  the 
end  of  this  time  they  are  taken  out  and  rapidly  cooled, 
made  up  to  the  50  cc.  mark,  filtered  and  the  colors 
compared. 

NON-ALCoiit>i.ic  EXTRACTS — The  Standard  is  pre- 
pared just  the  same  a.s  in  the  case  of  the  alcoholic 
extracts.  The  only  chnnKc  in  the  preparation  of  the 
unknown  is  in  the  quantity  of  reagent  to  be  added, 
as  it  was  found  that  t.o  cc.  instead  of  1.5  cc.  nave  the 
miiximuni  intensity  of  color. 
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Table  IV — Analyses  of  Vanilla  Extracts  by  thb  Above  Methods 


Extracts:  ■ Alcoholic— 

Sample  Number:  1            2            3 
Per  cent  Vanillin: 

Gravimetric  method 0.26     0.26     0.14 

Colorimetric  method 0.24     0.26     0.14 


Non-Alcoholic 


0.11         0.80     0.29 
0.08  0.77     0.22 


The  results  in  the  above  table  represent  single 
determinations,  both  by  the  gravimetric  and  colori- 
metric method;  these  were  the  only  samples  of 
vanilla  analyzed  and  do  not  represent  selected  results 
from  a  larger  number  of  analyses. 

CONCLUSION 

I — A  new  qualitative  test  for  vanillin  has  been 
devised. 

II — The  results  obtained  by  this  new  colorimetric 
method  on  commercial  vanilla  extracts  agree  very  closely 
with  those  obtained  by  the  gravimetric  method. 

Tniversity  oe  Kansas  ' 
Lawrence,  Kansas 

ADSORPTION  OF  TIN  BY  PROTEINS  AND  ITS  RELATION 
TO  THE  SOLUTION  OF  TIN  BY  CANNED  FOODS 

By  B.   C.   Goss 
Received  November  16,  1916 

The  presence  of  tin  in  foods  which  have  been  packed 
in  tin  cans  has  long  been  known  and  a  great  amount  of 
work  has  been  done  on  this  subject,  especially  since 
1878,  when  Menke  published  an  article  on  "Tin  in 
Canned  Foods."'  This  work  has,  however,  been  al- 
most entirely  concerned  with  the  mere  presence  of 
tin,  determination  of  total  tin  present  and  with  meth- 
ods for  recovering  it.^"'^  The  general  procedure  is  to 
destroy  first  the  organic  matter.  This  is  done  by  wet 
or  dry  oxidation  or  a  combination  of  the  two. 

In  the  dry  oxidation,  the  food  is  evaporated  and  the 
dry  mass  charred  and  oxidized  in  a  muffle  furnace,  a 
small  amount  of  potassium  nitrate  or  nitric  acid  as- 
sisting in  the  operation.  The  tin  is  left  in  an  insolu- 
ble form  as  stannic  oxide.  It  is  then  rendered  solu- 
ble by  fusion  with  sodium  carbonate  and  sul- 
fur or  with  caustic  potash,  giving,  respectively, 
sodium  sulfostannate  or  potassium  stannate.  Also 
the  stannic  oxide  may  be  reduced  to  metallic  tin  by 
a  .stream  of  hydrogen  gas  at  red  heat  or  fused  with 
potassium  cyanide  and  the  metal  dissolved  in  hydro- 
chloric acid. 

The  moist  incineration  processes  involve  oxidation 
of  organic  matter  by  nitric  acid,  hydrochloric  acid 
and  potassium  chlorate,  sulfuric  acid  and  potassium 
sulfate  or  by  a  mixture  of  nitric  and  sulfuric  acids. 
In  the  latter  two  cases  the  tin  is  left  in  soluble  form,  as 
stannic  sulfate,  without  any  volatile  compounds 
being  formed  which  might  cause  a  loss  of  part  of  the 

'  Chem.  News.  38,  5. 

'  Analyst.  1880,  p.  218. 

3  CUem.  News.  48,  257. 

<  Chem.  Ztg..  24,  263. 

»  Z.  Nahr.  Cenussm..  3,  246. 

•  Chem.  Ztg..  23.  854. 
'  .4rcA.  fiyg.,  45. 

•  2.  Nahr.  Cenussm..  7,  676. 

•  U.  S.  Dept.  Agr..  Bureau  of  Chemistry,  Bull.  107,  61. 

'»  Report  No.  7,  Local  Government  Board,  Gt    Britain  (1908). 

'■  U.  S.  Dept.  Agr.,  Bureau  of  Chemistry,  Bull.  137. 

"  Ibid.,  67. 

"  This  Journal,  5  (1913),  3. 

»  *(*  Intern.  Congr.  Appl.  Chem..  18,  35. 


tin.  Having  destroyed  the  organic  matter  and  hav- 
ing the  tin  in  solution,  the  amount  may  be  determined 
either  gravi metrically  or  by  one  of  several  volumetric 
methods,  all  of  which  depend  upon  the  conversion  of 
stannoMi  to  stannic  salts.  We  have  adopted,  for  the 
purpose  of  this  investigation,  the  method  worked  out 
by  H.  A.  Baker,  now  of  the  American  Can  Company,' 
and  used  with  slight  variations  by  the  Bureau  of 
Chemistry,  American  Can  Company  and  the  National 
Canners'  Association. 

A  new  method  may  be  mentioned  here  which  was 
tried  for  determining  the  tin  in  our  solutions.  We 
have  found  that  the  organic  matter  may  be  easily 
and  quickly  destroyed  by  perchloric  acid  at  its  boil- 
ing point  where  the  approximate  composition'  is 
HC104.2H20,  or,  especially  by  a  mixture  of  perchloric 
and  nitric  acids  from  which  the  nitric  acid  may  then 
be  easily  driven  off.  The  salts  of  perchloric  acid 
are  perfectly  stable,  readily  soluble  and  not  reduced 
by  electrolysis  so  it  was  thought  that  the  tin  might 
be  very  accurately  determined  by  electrolysis  of  this 
perchloric  acid  solution.  We  found  that  by  using 
a  mercury  surface  of  200  cm',  as  the  cathode,  with 
which  the  tin  is  easily  amalgamated  while  the  over- 
voltage  of  the  hydrogen  is  at  a  maximum,  tin  ions 
could  be  completely  and  quickly  removed  from  large 
volumes  of  dilute  solution.  In  the  removal  of  the 
mercury  by  distillation,  however,  difficulties  were 
encountered,  owing  to  the  tendency  of  the  tin  to  oxi- 
dize and  stick  to  the  walls  of  the  flask.  We  expect  to 
do  more  work  along  this  line. 

Little  or  no  exact  information  has  been  obtained  re- 
garding the  mechanism  of  the  solution  of  the  tin  by 
the  canned  food  nor  the  condition  in  which  it  is  pres- 
ent. Bigelow  and  Bacon'  compared  the  acidity  of  a 
large  number  of  canned  foods  with  the  total  tin  pres- 
ent, and  there  appears  to  be  little  relation  between  the 
two.  For  example,  beets  packed  in  plain  tin  cans 
were  found,  6  months  after  packing,  to  contain  72.8 
mg.  of  tin  per  100  mg.  of  acid,  while  cherries  con- 
tained only  1.5  mg.  of  tin  per  100  of  acid.  J.  P. 
Atkinson  noticed  that  if  tin  salts  were  added  to  meats, 
only  a  third  to  a  half  of  the  tin  could  be  recovered  by 
electrolysis  even  after  an  artificial  gastric  digestion.* 
We  have  noticed  that  in  the  electrolysis  of  a  pulped 
food  sample  over  a  mercury  cathode  only  a  part  of 
the  tin  was  deposited,  even  after  a  much  longer  time 
than  is  usually  necessary.  Evidently  the  tin  is  not 
entirely  in  solution.  Some  evidence  on  this  point 
was  found  in  the  experiments  of  Unger  and  Bodlander, 
confirmed  by  Buchanan  and  Schryver,  in  which  the 
food  was  roughly  separated  into  liquid  and  solid  por- 
tions by  a  sieve  and  each  analyzed  separately  for 
tin.'-'  The  solid  portion,  of  course,  still  contained 
large  amounts  of  liquid  but  the  results  showed  an  un- 
equal distribution  of  tin  between  the  liquid  and  solid 
portions. 

'  8th  Intern.  Cong.  Appl.  Chem.,  18,  35. 
'  J.  Am.  Chem.  Soc.  34  (1912),  1480. 

•  This  Journal  S  (191 1),  832. 

'  J.  P.  Atkinson,  Bureau  of  Health,  New  York  (unpublished). 

•  Bcckurts,  Jahresbcr..  46. 

•  Report  No.  7,  Local  Government  Board,  Gt.  Britain  (IMS). 
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It  is  obvious  from  this  brief  review  of  the  situation 
that  the  first  question  to  be  settled  is  exactly  the  one 
of  how  much  tin  is  in  true  solution  in  the  various 
kinds  of  canned  foods  as  well  as  the  total  amount  of 
tin  present. 

EXPERIMENTAL 

We  have  succeeded  in  making  a  satisfactory  separa- 
tion of  the  tin  which  is  in  true  solution  from  the  com- 
bined tin  by  means  of  dialysis.  Owing  to  the  ease  with 
which  tin  salts  hydrolyze,  precautions  had  to  be  taken 
to  avoid  hydrolysis  during  the  dialysis.  The  follow- 
ing scheme  was  adopted.  The  bottom  was  cut  off 
from  a  wide,  two-liter  bottle  and  replaced  by  a  film 
of  collodion  which  was  made  by  pouring  out  the  col- 
lodion upon  a  dish  of  mercury  and  before  entirely 
hard,  pressing  it  upon  the  glass.»  This  makes  a  mem- 
brane which  is  very  strong  and  capable  of  being  used 
for  several  determinations  before  requiring  replace- 
ment and,  therefore,  owing  to  ease  of  preparation, 
strength,  and  the  short  time  required  for  dialysis,  it 
was  chosen  in  preference  to  gold-beaters'  skin  and  thin 
parchment  which  were  also  tried.  The  acidity  of  the 
sample  of  food  was  determined  directly  on  removal 
from  the  can  by  titrating  20  cc.  of  the  filtered  juice, 
using  phenolphthalein  as  indicator,  against  iV/io 
sodium  hydroxide.  If  the  juice  was  too  darkly  col- 
ored, azolitmin  on  a  spot  plate  was  used.^  Informa- 
tion regarding  the  character  of  the  acid  was  obtained 
in  most  cases  from  the  work  of  Bigelow  and  Dunbar, 
"Acid  Content  of  Fruit  Juices.'"  In  most  berries 
the  acidity  is  due  chiefly  to  citric  acid  while  in  the 
stone  fruits,  such  as  cherries,  plums,  peaches,  apples, 
apricots  and  most  pears,  the  predominating  acid  is 
malic. 

One  liter  of  an  acid  solution  of  the  same  kind  and 
strength  as  that  of  the  liquid  of  the  canned  food  was 
placed  in  a  high  crystallizing  dish  and  the  dialyzcr 
suspended  in  this  solution.  A  weighed  sample  of  the 
pulped  fruit  was  placed  inside  and  constantly  stirred 
so  as  to  present  a  fresh  surface  to  the  membrane.  A 
battery  of  8  dialyzers  was  stirred  from  a  central  re- 
volving shaft.  It  was  found  that  in  about  48  hours 
the  equilibrium  was  established,  although  in  some  cases 
a  longer  time  was  allowed,  and  after  this  interval 
the  dialyzcr  was  raised  and  the  volume  of  the  contents 
inside  and  out  measured.  The  large  volume  of  the 
solution  outside  the  membrane  was  evaporated  and 
transferred  to  a  Kjeldahl  flask  and  the  residue  of  pulp 
inside  to  another:  100  cc.  of  concentrated  nitric  acid 
were  added  to  each  and  the  mixtures  let  stand.  If 
the  food  sample  contained  much  sugar,  rapid  oxida- 
tion began  almost  at  once  and  the  flasks  were  left 
until  brown  fumes  ceased  to  come  off  when  50  cc. 
of  conrcntralcd  sulfuric  acid  were  added  and  heat 
applietl,  thus  avoiding  too  violent  action.  After 
heating  until  dense  fumes  of  sulfuric  acid  appeared, 
the  flasks  were  cooled  and  in  case  the  solution  was 
not  colorless,  small  portions  of  nitric  acid  were 
added  successively  and  healing  repented.     The  liniilly 

•  ninrlow  an<\  C.cmlirrllilg.  Amn.  Chrm.  J  .  t(  (1W7),  1.17ft. 

•  Ulgrlow  and  Punlmr.  "Add  Cnntrnt  of  Friilln"  (unpiihllihcd). 


clear  solution,  from  which  all  nitric  acid  had  been  ex- 
pelled, was  cooled,  diluted  with  water  and  the  acid 
neutralized  with  concentrated  ammonia,  testing  with 
litmus    paper    and    then    the    solution    was    acidified 
slightly    with    hydrochloric    acid,    heated    to    boiling 
and  hydrogen  sulfide  passed  in  until  the  tin  was  all 
precipitated.     The   precipitates   were   allowed  to   set- 
tle and  filtered  in  pairs,  by  suction,  through  asbestos, 
using    false    bottom    Gooch    crucibles.     The    precipi- 
tates  were   washed"  with  hot   water   which   had   been 
saturated    with    hydrogen    sulfide.     The    tin    sulfide 
was   dissolved   in   Erlenmeyer   flasks   by   boiling   with 
concentrated   hydrochloric   acid,   to    which   successive 
small  portions  of  potassium  chlorate  were  added  and 
the  chlorine  expelled  at  the  end  of  the  addition  of  a 
gram  of  aluminum  foil.     The  flasks,  four  at  a  time, 
were  placed  upon  a  hot  plate  and  attached  to  a  car- 
bon  dioxide    generator.     After   all    the   air   had    been 
displaced  by  carbon  dioxide,  the  tin  was  reduced  to 
the   stannous   condition   by   the   addition   of    about    2 
g.  of  aluminum  foil.     The  solutions  were  boiled  for  a 
few  minutes  after  the  aluminum  disappeared  and  then 
cooled  in  jce-water,  still  in  an  atmosphere  of  carbon 
dioxide,  removed  one  at  a  time,  tubes  and  stoppers 
washed   down   with   air-free   water   and  titrated   with 
JV/ioo    iodine    solution,    using    starch    as    indicator. 
Each  time  a  series  of  titrations  was  made  the  iodine 
was  standardized  against  a  tin  solution,  1  cc.  of  which 
contained   i  mg.  of  tin.     Knowing  the  amount  of  tin 
in  the  solution  outside  the  membrane,  from  the  rela- 
tive volumes  of  the  acid  solution  and  of  the  food  pulp, 
the  total  amount  of  tin   which   was  in  true  solution 
was  calculated  and,  by  difference,  the  tin  which  was 
in  an  insoluble  form.      The  determinations  were  car- 
ried out  in  pairs  and  the  average  of  results  given.     In 
some   cases,   as  that   of  rhubarb,   the   agreement   was 
exceptionally    close,    the    pair     yielding,  respectively, 
8.0  and  g.17  mg.  of  insoluble  tin  in  a  75-g.  sample. 
Where  a  large  percentage  of  the  tin  was  in  an  insolu- 
ble form,  however,  the  agreement   was  not   so  close, 
due  partly  at  least  to  the  impossibility  of  getting  two 
samples   having   just   the   same  .proportions   of   liquid 
and   solid,    and   therefore   in    which   the   ini^oluble   tin 
compound     was    equally    distributed.     A     determina- 
tion of  the  total  tin  in  the  sample  of  food  used  was  also 
made  in  the  usual  way. 

It  will  be  noticed  that  in  Table  1  the  foods  examined 
are  arranged  in  the  order  of  their  increasing  acidity 
as  shown  in  column  0.  It  is  obvious  that  neither 
the  total  tin  nor  the  lin  which  is  in  solution  arc  directly 
proportional  to  ihc  acidity  and  it  is  evident  that  the 
amount  of  tin  whicjj  is  removed  from  the  can  is  de- 
pendent also  upon  other  factors.  In  calculating  the 
amount  of  tin  in  solution  in  the  pulp,  from  the  concen- 
tration of  tin  outside  the  •  monihranc  after  dialysis 
and  the  vohnne  of  the  pulp  it  was  assumetl  that  the 
lin  in  actual  solution  was  free  to  diffuse  throuKhout 
the  whole  volume  of  the  pulp;  that  is,  that  the  space 
occupied  l.y  the  solid  |>articles  of  the  foo»l  did  not  les- 
sen the  volume  over  which  the  soluble  tin  could  dis- 
tribute itself.  In  order  to  determine  the  maximum 
possible  error  which  miRhl  arise  from  this  source,  the 
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Food  Sample  Used 


Time 

of       Vol. 
Dialy-     of 
Age    Sample     sis      Acid 
Years  Grains  Hours    Cc. 


1  BeeU  {Bur.  Chcm.  F  21644) 5  100 

2  Beets  (enamel)  (New  York  State) 1 

3  Pumpkin  (Bur.  Chem.  F  2 1040) 5  100 

4  String  beans  (Maryland) 1  50 

5  Squash  (Bur.  Chem.  F  22642) ?,  100 

6  Tomatoes  (N.  Y.  State) 1  100 

7  Black  cherries  (enamel) 5  100 

8  Pickled  peaches  (N.  Y.  State) 1 

9  White  cherries  (N.  Y.  State) 1  75 

10  White  cherries  (N.  Y.  State) 1  75 

11  Strawberries  (Bur.  Chem.  F  22617)....  5  100 

12  Red  cherries  (Bur.  Chem.  F  22614)....  5  100 

13  Raspberries  (Bur.  Chem.  F  21623).  ..    5 

14  Raspberries    (enam.)    (Bur.    Chem.   F 

21626) 5  100 

15  

16  Gooseberries  (Maryland) 1  50 

17  Rhubarb  (Bur.  Chem.  F  22634) 5  75 

18  Rhubarb  (Bur.  Chem.  F  22634) 5  75 

19  Currants  (enamel)  (X.  Y.  State) 3 


72  970 

'56  905 

168  1010 

72  995 

53  975 

56  970 

iio  950 

144  940 

50  970 

58  950 


980 
745 
900 


Vol. 
of 
Pulp 
Cc. 

205 

235 
150 
270 


150 
265 
230 


150 
190 
190 


Solution  Pulp 

45.6  37.7 

24!6  59!6 

1.8  5.9 

5.2  24.8 

3 . 78  3 . 24 


Acidity          Mc.  Tin  per  Kg.         Per  cent 

(Per  cent)  . • .  of  Tin 

by  In  In- 

Titration  Total    Solution  Insoluble  soluble 


4.68 
4.9 
14.5 
5.9 


4.0 
103 
109 


5.7 
5.4 
27.1 
16.3 


6.56 

35.4 
29.5 


Citric 0.074 

Citric 0.080 

Citric 0.085 

Citric 0.090 

Citric 0.112 

Citric 0.39 

Malic 0.51 

Malic 0.52 

Malic 0.58 

Malic 0.58 

Citric 0.70 

Malic 0.71 

Citric 0.71 

Citric 0.75 


Citric 1.2 

Citric  &  oxalic.  .  1.5 

Citric  &  oxalic.  1.5 

Citric 2.2 


836 
154 
300 


138 
138 
416 
222 
316 


212 
1847 
1847 

110 


552 
3i6' 


281 
526' 


33.9 

63!6 
114  73.5 
234  78.0 
26  37.1 
72     83.3 

62!7   45!? 


.56.2 
6.62 
6.38 


volume  of  the  solids  was  determined  in  the  case  of  two 
of  the  foods  which  contained  the  highest  percentage 
of  tin  in  solution,  for  it  would  be  in  such  foods  that 
the  error  must  be  greatest.  A  weighed  sample  of 
rhubarb,  similar  to  the  one  used  in  the  dialysis,  was 
sucked  dry  of  liquid  in  a  Buchner  funnel  and  the  solid 
residue  immersed  in  a  measured  amount  of  water, 
noting  the  increase  in  volume.  This  was  found  to 
be  only  0.3  cc.  so  that  the  volume  of  the  pulp  inside 
the  membrane  through  which  tin  could  diffuse  was 
189.7  instead  of  190.0  cc.  Calculating  the  amount 
of  tin  in  solution,  on  this  basis,  in  the  pulp  we  found 
26.22  instead  of  26.26  mg.,  a  difference  of  0.04  mg., 
which  is  negligible.  Next  to  rhubarb,  beets  contain 
the  highest  percentage  of  tin  in  solution,  and  the 
difference  found  in  the  amount  of  tin  in  solution  in 
the  pulp,  when  the  volume  of  the  solid  in  the  pulp 
was  taken  into  consideration,  was  0.02  mg.  out  of  a 
total  of  9.63  mg.  From  these  results  we  have  con- 
cluded that  the  volume  actually  occupied  by  the  solid 
in  the  pulp  may  be  neglected  and  the  tin  in  the  solu- 
tion in  the  pulp  calculated  as  if  it  were  equally  dis- 
tributed over  the  total  volume  inside  the  membrane. 

It  will  be  observed  from  Table  I  that  rhubarb,  which 
was  the  first  of  the  fruits  examined,  showed  a  small 
percentage  of  tin  in  an  insoluble  form,  while  pumpkin, 
squash,  string  beans  and  other  foods  high  in  proteins, 
contained  a  large  amount  of  tin  which  was  no  longer 
in  solution.  We  expected  then  that  in  the  case  of 
the  berries,  which  are  rather  strongly  acid  and  con- 
tain almost  no  protein  matter,  the  greater  part  of  the 
tin  would  be  found  in  solution  as  was  determined  for 
rhubarb.  When  we  came  to  examine  raspberries, 
however,  we  were  much  surprised  to  find  so  high  a  per- 
centage of  the  tin,  about  81  per  cent,  in  an  insoluble 
form.  The  same  was  true  in  varying  degrees  for  other 
similar  fruits,  strawberries,  gooseberries,  currants, 
cherries,  etc.  Since  there  appeared  to  be  some  rela- 
tion between  the  amount  of  protein  matter  and  the 
part  of  the  tin  which  was  insoluble,  and  since  the  only 
proteins  in  berries  are  in  the  nuclei  of  the  seeds, 
some  of  these  seeds  were  analyzed  for  tin. 

The  whole  raspberries,  containing  180  mg.  of  tin 
per  kg.,  were  pulped  and  pressed  through  cloth,  the 
seeds  being  removed  from  the  solid  residue  by  washing 
and  decantation  in  a  large  crystallizing  dish.     In  this 


way  perfectly  clean  seeds,  free  from  pulp,  were  ob- 
tained. These  were  then  washed  with  boiling  water, 
dried  in  air  and  the  tin  determined  in  the  usual  way. 
The  tin  in  the  seeds  ran  805  mg.  per  kg.  In  other 
words,  most  of  the  tin  which  is  in  an  insoluble  form 
was  found  in  the  seeds.  In  strawberries,  this  reten- 
tion of  tin  is  even  more  marked.  The  seeds  of  straw- 
berries were  found  to  contain,  roughly,  six  times  as 
much  tin,  weight  for  weight,  as  the  whole  fruit — the 
seeds  gave  2630  mg.  per  kg.  as  compared  to  416  for 
the  whole  fruit.  The  fact  that  the  larger  part  of  the 
tin  in  the  berries  mentioned  is  combined  and  insoluble 
in  the  seeds  is  of  fundamental  importance  in  deter- 
mining the  physiological  action  of  tin  in  canned  foods, 
for  the  seeds,  and  with  them  the  adsorbed  tin  will 
be  eliminated,  to  a  large  extent  at  least,  directly  in  the 
feces. 

On  the  basis  of  these  experiments,  it  would  appear 
that  the  amount  of  soluble  tin  salts,  rather  than  the 
total  tin  present  in  a  can  of  food,  should  be  limited, 
since  it  is  the  part  of  the  tin  adsorbed  which  deter- 
mines the  physiological  action.  A  few  typical  de- 
terminations on  fruit  seeds  appear  in  Table  II. 


Xo.        Food  Sample 

1  Red  cherries 5 

2  Black  cherries  (enamel) . 

3  Red  raspberries  (enamel) 

4  Strawberries 5 

5  Tomatoes 


We  have  already  mentioned  the  fact  that  beets 
and  rhubarb,  the  first  of  the  foods  examined,  contain 
almost  no  protein  and  that  in  these  foods  we  found 
large  amounts  of  tin  in  solution.  The  foods  high  in 
proteins,  such  as  string  beans,  squash  and  pumpkin, 
next  to  be  investigated,  showed  a  high  percentage 
of  tin  in  an  insoluble  form.  In  berries,  we  found  that 
the  greater  part  of  the  tin  was  concentrated,  with  the 
protein,  in  the  seeds.  It  seemed  from  these  results 
that  there  was  some  connection  between  the  amount 
of  protein  in  the  food  and  the  percentage  of  tin  in 
solution  as  well  as  the  total  amount  of  tin  removed 
from  the  inner  surface  of  the  can. 

In  order  to  get  further  evidence  on  the  part  played 
by  proteins  in  determining  the  action  of  canned  foods 
on  the  tin   can,  the  following  experiments  were  car- 
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ried  out:  Coagulated  globulins,  prepared  by  heating 
the  10  per  cent  sodium  chloride  extract  from  dried, 
pulverized  pea  beans  (soup  beans),  were  washed  and 
suspended  in  waterin contact  with  tin  plate  of  392  sq.cm. 
surface  and  the  tubes  sealed.  After  two  weeks,  an 
average  of  0.6  mg.  of  tin  was  found  combined  with 
the  protein.  Also,  it  was  found  that  proteins,  sealed 
with  dilute  acid  solutions  in  contact  with  tin,  greatly 
increase  the  amounts  of  tin  going  into  solution  (Table 
III).     In  these  experiments  a  coil  of  tin  plate,  having 

Table  III — Influence  of  Agar  Jell.  Proteins,  Etc..  on  Solution  op 
Tin  by  Citric  Acid 

Time  Mg.  Tin 

(Mo.)  Dissolved 

Citric  Acid  (5%) 2  17.9 

7.  20.5 

Citric  Acid  (5%)  +  Agar  Jell 2  18.3 

4  25.0 

7  25.3 

Citric  Acid  (5%)  +  Proteins 4  32.7 

4  34.6 

Citric  Acid  (2%).. 7  11.7 

Citric  Acid  (2%)  +  Agar  Jell , 7  16.9 

Citric  Acid  (2%)   +  Crushed  Peas 7  35.5 

Citric  Acid  (2%)  +  String  Beans 7  32.5 

a  surface  of  392  sq.  cm.,  was  sealed  in  contact  with  a 
constant  volume  of  citric  acid  solution  (100  cc),  a 
part  of  the  tubes  containing  citric  acid  alone,  the 
others  having  coagulated  proteins,  agar  jell,  etc., 
added.     All  were  kept  at  the  same  temperature. 

The  simple  first  reaction  of  the  acid  in  the  can  of 
food  is  complicated  by  the  presence  of  large  amounts 
of  colloidal  proteins  which  undoubtedly  affect  the 
solution  of  tin.  Albumins,  globulins  and  other  pro- 
teins are  negative  colloids  and  are  precipitated  by  an 
ion  of  opposite  charge.  This  is  especially  true  of  the 
heavy  metal  ions,  of  which  tin  is  an  example,  and  this 
precipitation  is  irreversible.  It  is  known  that  when 
a  sol  is  thus  precipitated,  the  precipitating  ion  is  firmly 
adsorbed  and  carried  down  with  it.  Linder  and  Picton 
first  observed  this  in  the  case  of  arsenious  sulfide 
sol  and  barium  chloride.'  In  such  cases  the  solu- 
tion remaining  is  found  to  be  strongly  acid  and  in  the 
same  degree  in  which  the  precipitate  contains  the 
metal  ion.  These  precipitates  hold  the  metal  ion 
very  firmly  and  no  amount  of  washing  will  remove  it. 
In  some  respects  they  appear  to  be  true  chemical 
compounds,  but  the  composition  is  too  variable  to 
admit  of  this  view.  For  example,  precipitates  formed 
by  the  action  of  copper  salts  on  albumins  contain 
all  the  way  from  1.4  to  20  per  cent  of   copper   oxide.' 

These  facts  observed  for  other  heavy  metals  agree 
closely  with  the  facts  observed  in  the  combination  of 
tin  with  food  materials.  After  a  small  amount  of 
tin  has  been  dissolved  from  the  surface  of  the  can, 
adsorption  and  precipitation  take  place.  When  the 
tin  ion  is  removed  from  solution  by  the  proteins,  the 
acid  ion  is  liberated  and  more  tin  dissolved.  In  this 
way  the  tin  would  be  constantly  removed  from  solu- 
tion and  a  small  concentration  of  acid  could  ultimately 
dissolve  a  very  large  amount  of  tin.  If  the  cell  walls 
surrounding  the  i-olloidnl  proteins  were  unbroken, 
the  i)r()lcins  could  not  dilTusc  out  into  the  solution, 
but  the  tin  could  enter  and  adsorption  take  place. 
Since  i)raclically  all  of  the  action  of  the  food  on  the 
container  lakes  place  after  processing,  wlii<li  invulvi's 

>  Chim.  Sot.  Jour..  (7  (1895).  6.V 

•  W.  W.  Taylor,  "Cliemlitrir  of  Culloldi,"  p.  I  IB. 


heating  to  a  rather  high  temperature,  most  of  our 
proteins  have  been  coagulated,  but  this  seems  to  have 
little  or  no  effect  on  the  removal  of  tin  from  solution, 
and  coagulated  proteins  were  found  to  take  up  large 
quantities  of  tin.  Beans  were  pulverized  with  sand, 
extracted  first  with  water,  obtaining  a  solution  of 
proteoses  and  albumins,  and  then  with  a  lo  per  cent 
sodium  chloride  solution  which  removed  large  quan- 
tities of  globulins.  These  solutions  and  egg  albumen 
were  used  for  the  following  tests:  Small  volumes  of 
each  of  the  above  solutions  were  added  to  an  excess 
of  2.5  and  5  per  cent  stannic  chloride  and  stannic 
ammonium  chloride  solutions  and  the  precipitate 
which  was  formed  filtered,  washed  several  times  in 
boiling  water,  dried  at  110°  C.  and  the  percentage  of 
tin  in  a  weighed  sample  determined  gravimetrically. 
Parts  of  the  same  protein  solutions  were  coagulated 
by  heat  and  the  coagulated  proteins  suspended  in  the 
same  tin  solutions  for  two  days.  The  results  show  a 
varying  percentage  of  tin  which,  however,  is  uni- 
formly high.  It  was  also  noticed  that  if  the  precipi- 
tate was  filtered  and  washed  and  one  part  of  it  dried 
and  the  percentage  of  tin  determined,  while  the  other 
part  was  put  back  in  the  solution  and  let  stand,  it 
continued  to  adsorb  more  tin.  For  example,  40  cc. 
of  dilute  globulin  solution  in  10  per  cent  NaCl  were 
added  to  400  cc.  of  5  per  cent  stannic  ammonium 
chloride;  a  white  precipitate  formed  which  was  warmed 
to  complete  the  coagulation  and  let  stand  for  a  day, 
then  filtered,  washed  and  dried;  0.409  g.  gave  on  anal- 
ysis 0.227  g-  of  tin  or  about  55.5  per  cent.  A  part 
of  the  same  precipitate  was  left  in  contact  with  the 
solution  for  a  week  before  filtering,  when  0.777  g- 
showed  0.441  g.  of  tin  or  60.6  per  cent.  Using  a  5 
per  cent  stannic  chloride  solution  the  percentage  of 
tin  in  one  case  ran  to  69.2.  As  might  be  expected, 
the  percentage  of  tin  increases  with  the  concentra- 
tion   of   the   solution.     This   is   shown    in    Table    IV. 

Taiili;  IV- — Adsorption  or  Tin  uy  Coacvlatsd  PiorAiNa 
Original 

conccDtrution                 Final  Vkt  ccdI 

Gm.  of  Tin  coucentratiou  Tin 

(OS  SoCU)             Cm  of  Tin  io  Dried 

per  cc.                   p«r  cc.  Protein 

A 0.0O03I0              0. 0000010  4.9; 

B 0.000517              0. 0000465  9.90 

C 0.001610              0.00097.10  20,50 

D 0.004680               0.0041600  .«.60 

Stannic  chloride  solutions,  of  varying  concentrations, 
were  made  up  and  concentrated  hydrochloric  ncid 
added  lo  each  to  prevent  hydrolysis.  A  constant 
weight  of  coagulated  protein,  1.5  g.,  was  suspended 
in  350  cc.  of  each  solution  and  left  for  a  week,  after 
which  a  portion  of  the  clear  liquid  was  withdrawn 
with  a  pipette  ami  analyzed  (or  tin,  and  the  protein 
was  filtered  off,  washed  with  several  portions  of  boil- 
ing water,  dried  at  110°  C,  and  the  pcnentngo  of  tin 
determined.  It  will  be  noticed  that  in  each  case 
tin  was  left  in  solution. 

lixpcrimenls  wore  made  with  the  insoluble  tin  com- 
pound from  several  of  the  canned  foods  which,  al- 
though but  slightly  ncid,  contained  large  amounts 
of  tin  and  it  was  found  that  here,  too,  the  tin  is  very 
(irmly  bound.  Stiunsli  is  a  good  example  of  this. 
Samples  of  squash,  which  had  been  packed  in  tin  cans 
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and  contained  300  mg.  of  tin  per  kg.,  were  boiled  for 
about  s  hours  with  water  and  the  three  protein  sol- 
vents, 10  per  cent  NaCl  solution,  70  per  cent  alcohol 
and  2  per  cent  HCl,  and  filtered  through  hardened 
filters.  In  the  first  three  cases — water,  alcohol  and 
salt  solutions— only  32.5,  32.8  and  35.8  per  cent, 
respectively,  of  the  tin  was  found  in  solution.  The 
hydrochloric  acid  seems  to  break  up  the  tin  com- 
pound slowly  on  boiling  and  after  5  hours  25.4  per 
cent  of  the  tin  was  still  found  combined  with  the  solid 
residue.  The  question  as  to  whether  the  tin  which 
is  adsorbed  by  these  proteins  passes  through  the  pro- 
cesses of  digestion  without  being  absorbed  is  of  first 
importance.  We  have  mentioned  this  point  in  re- 
gard to  the  tin  which  was  found  combined  in  the  seeds 
of  berries  and  in  addition  have  performed  the  follow- 
ing experiments  to  obtain  further  information. 

Artificial  gastric  digestions  were  carried  out  upon 
the  solid  residue  obtained  by  boiling  canned  squash, 
which  contained  300  mg.  of  tin  per  kg.  with  water 
and  filtering.  This  solid  residue  contained  about  67 
per  cent  of  the  total  tin  in  the  squash  sample.  The 
gastric  juice,  pepsin  in  0.35  per  cent  HCl.  was  added 
to  the  squash  and  the  mixture  kept  in  a  thermostat 
at  36°  C.  for  24  hrs.,  after  which  it  was  transferred 
to  a  dialyzer  and  the  tin  in  solution  determined  in  the 
usual  way.  Less  than  10  per  cent  of  the  tin  was  found 
in  solution.  Both  gastric  and  tryptic  digestions  were 
kindly  carried  out  for  us  by  Dr.  E.  N.  Harvey,  of  the 
Biology  Department,  on  the  tin  protein  complex, 
prepared  by  allowing  the  freshly  coagulated  protein 
to  stand  in  contact  with  tin  solutions,  after  it  had  been 
allowed  to  dry,  and  in  each  case  only  a  trace  of  tin  was 
found  in  solution.  It  appears  from  the  above  results 
that  the  tin  protein  combination  which  is  formed  is 
very  stable,  and  in  most  of  the  foods  containing  the 
larger  amounts  of  tin,  the  greater  part  is  in  an  insolu- 
ble form.  The  possibility  suggests  itself  that  the 
part  of  the  tin  which  is  so  firmly  adsorbed  will  be 
eliminated  directly  in  the  actual  digestive  processes 
and  not  figure  in  the  physiological  action  as  deter- 
mined for  soluble  tin  salts. 

The  work  of  J.  P.  Atkinson  on  the  electrolysis  of 
metallic  salt  solutions  to  which  chipped  beef  had  been 
added  is  of  interest  in  this  connection.  A  known 
amount  of  the  metal  in  the  form  of  a  soluble  salt  was 
added  to  finely  divided  beef  and  then  submitted  to 
artificial  gastric  digestion  for  24  hrs.  at  37°  after 
which  the  solution  was  electrolyzed  for  45  to  50  hrs. 
A  few  typical  results  follow: 

Added  Recovered  Difference  Per  cent 

Metal  Gram  Gram             Gram  Recovered 

Mercury 0.0500  0.0121  — 0.0379  24.1 

Mercury 0.0500  0.0217  —0.0283  43.4 

Tin 0.0330  0.0051  —0.0279  15.5 

Tin 0.0330  0.0063  — 0.0267  19.1 

Zinc 0.0500  0.0561  -HO. 0061  100.0 

Nickel 0.0492  0.0497  +0.0005  100.0 

Iron 0.0500  0.0497  —0.0003  99.7 

It  appears  that  the  metals  of  relatively  low  toxicity 
are  least  firmly  bound  and  he  suggests  that  this  may 
offer  an  explanation  of  the  relative  toxicity  of  metals, 
in  that  they  interfere  with  the  metabolism  of  the  cell. 
Iron,  being  so  easily  separated,  adds  to  this  view.  It 
was  found  that  the  toxicity  of  mercury  as  the  bichloride 


was  greatly  diminished  by  adding  it  to  chopped  meat 
and  submitting  it  to  an  artificial  gastric  digestion. 
One  mg.  of  mercury  as  bichloride  will  kill  a  250-g. 
guinea  pig  in  4  hrs.  if  injected  subcutaneously,  toxic 
symptoms  beginning  in  a  few  minutes.  The  same 
quantity  of  mercury,  after  combining  it  with  tissue 
as  described  above,  produced  no  toxic  symptoms  and 
death  did  not  follow  until  the  fifth  day.  Rabbits 
also  were  injected  without  apparent  harmful  effects. 

RESUME    AND    CONCLUSIONS 

It  has  been  shown  that  the  solution  of  tin  by  canned 
foods  is  neither  dependent  upon,  nor  proportional  to, 
the  acidity  alone  and,  also,  that  in  the  foods  of  rela- 
tively slight 'acidity  which  dissolve  large  amounts  of 
tin,  the  greater  part  of  the  tin  is  in  the  form  of  an  in- 
soluble and  stable  complex.  The  explanation  which 
agrees  most  closely  with  the  observed  facts  is  that 
we  are  dealing  here  with  adsorption  phenomena;  that 
the  tin,  after  being  dissolved  from  the  lining  of  the 
can,  is  being  constantly  removed  from  solution  by 
the  proteins,  carbohydrates  and  other  highly  porous 
solid  phases  in  contact  with  the  solution.  Whether 
we  regard  this  as  an  adsorption  of  tin  ions,  or  whether 
we  consider  the  tin  salt  to  be  first  hydrolyzed  and  the 
resulting  stannous  hydroxide  adsorbed,  in  either  case 
the  acid  would  be  regenerated  and  able  to  attack  more 
tin.  The  former  explanation  seems  to  be  the  more 
probable;  i.  e.,  the  tin  ions  are  adsorbed,  since  tin 
is  taken  up  equally  well  by  proteins  even  from  con- 
centrated acid  solution.  It  will  be  seen  from  the 
above  results  that  while  in  several  respects  the  ob- 
served phenomena  appear  to  be  true  adsorptions, 
in  one  important  respect  they  diflfer.  While  a  true 
adsorption  is  an  equilibrium  and  can  be  approached 
from  either  side,  being  reversible,  this  removal  of  tin 
is  not  a  reversible  action,  for  if  the  tin  protein  complex 
is  transferred  to  an  aqueous  solution  containing  no 
tin,  it  does  not  lose  tin  to  the  liquid  phase.  A  num- 
ber of  cases  similar  to  this  are  known  and  have  been 
called  by  W.  W.  Taylor,  "Pseudo-adsorptions."' 
The  removal  of  heavy  metal  salts  from  solution  by 
charcoal  is  an  example  of  this  type  of  action;  the  first 
stage  may  be  an  adsorption,  since  the  salts  of  heavy 
metals  are  strongly  adsorbable,  but  a  secondary  re- 
action must  have  taken  place  and  the  final  state  can- 
not be  put  down  to  adsorption  alone. 

The  author  wishes  to  express  his  appreciation  and 
thanks  for  the  very  valuable  assistance  and  advice 
given  by  Dr.  G.  A.  Hulett  in  connection  with  this 
work. 

Laboratory  of  Pbysical  Chumistrv.  Princkton.  N.  J. 

AND    BURRAU    OK    CHEMISTRY.    WaSUINGTON.    D.    C. 

THE  UTILIZATION  OF  AMMONIUM  CHLORIDE  BY 
YEAST 

By  CiiARLKS  H.   Hoffman 
Received  January  6,  1917 

The  economy  resulting  from  the  use  of  certain  min- 
eral salts,  especially  calcium  and  ammonium  salts, 
as  yeast  foods  in  baking,  has  been  shown  in  a  previous 
paper'  by  Dr.  H.  A.  Kohman  and  the  writer.     It  was 

'  W.  W.  Taylor.  "Chemistry  of  Colloids."  p.  252. 
«  This  Joornal,  B  (1916).  781. 
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there  shown  that  the  use  of  ammonium  chloride  or  other 
ammonium  salts,  V2  lb.  per  1,000  lbs.  flour  used  with 
the  water  in  the  dough  batch,  produces  a  saving  of 
30  per  cent  of  the  usual  quantity  of  yeast  and  at  the 
same  time  decidedly  improves  the  quality  of  the  bread. 
When  calcium  sulfate  and  potassium  bromate  are 
used  in  addition  to  the  ammonium  chloride  a  saving 
of  so  per  cent  in  yeast  results.  It  was  also  stated,  in 
this  paper,  that  the  ammpnium  chloride  disappeared 
during  the  fermentation  and  that  it  could  not  be  re- 
covered as  ammonia  from  the  bread.  The  present 
work  substantiates  our  previous  finding  in  that  it 
shows  that  the  ammonium  chloride  disappears  during 
the  fermentation  and  as  a  result  it  must  be  changed 
into  albuminous  substances  (yeast  protein)  by  the 
yeast.  It  further  shows  at  exactly  what  stage  of  the 
fermentation  it  is  consumed  by  the  yeast. 

The  results  of  these  experiments  show  positively 
that  ammonium  chloride  added  to  the  dough  batch 
is  a  yeast  food,  and  during  the  progress  of  the  fermenta- 
tion is  utilized  by  the  yeast  for  building  new  yeast 
cells.  The  fact  that  the  ammonium  salt  disappears 
most  readily  during  the  3rd,  4th  and  5th  hours  of  the 
fermentation,  just  at  the  time  when  the  yeast  shows  its 
most  active  reproduction  in  the  dough,  and  the  fact 
that  no  ammonia  from  the  added  ammonium  salt  is 
recoverable  as  such  from  the  bread  (properly  fermented) 
upon  distillation  with  magnesium  oxide,  lead  to  the 
conclusion  that  the  yeast  consumes  it  and  changes 
it  into  a  yeast  protein.  Evidence,  too,  that  it  is  a 
yeast  food  and  not  a  mere  enzyme  stimulant  or  cat- 
alyst is  shown  by  the  experiment  in  which  no  increased 
gas  production  results  when  ammonium  chloride  is 
added  to  a  cane  sugar  solution,  using  distilled  water, 
whereas,  when  added  to  a  dough  where  we  have  the 
necessary  elements  for  yeast  production  a  significant 
increase,  35.3  per  cent  in  the  quantity  of  gas  pro- 
duced, is  noted.  Nor  can  the  disappearance  of  the 
ammonium  salt  be  attributed  to  enzymes  of  the  flour 
or  to  bacterial  action,  for  in  a  dough  made  of  flour, 
water,  salt,  sugar  and  ammonium  chloride,  the  amounts 
of  ammonia  recoverable  at  the  time  of  mixing  and  after 
standing  5  hours  was  identical. 

The  added  ammonium  salt  then  functions  as  a  food 
for  the  yeast  which  is  converted  by  it  into  albuminous 
matter  and  does  not  serve  as  a  gluten  conditioner,  and 
if  such  action  is  noted  it  is  a  secondary  one,  being  the 
result  of  the  decomposition  of  the  ammonium  chloride. 
The  idea  of  economically  using  ammonium  salts  to 
stimulate  the  growth  of  yeast  in  the  dough,  and  thereby 
saving  a  large  portion  of  the  yeast  otherwise  neces- 
sary to  leaven  the  bread  satisfactorily,  is  novel.  How- 
ever, other  writers  have  found  and  agree  that  immo- 
niiim  salts  used  in  the  fermentation  of  wine  nuists. 
beer  worts,  distillery  mashes  and  synthetic  media, 
serve  ns  yeast  foods.  Pasteur  used  ammonium  tar- 
trate in  what  is  known  as  Pasteur's  fluid  for  growing 
yeast.  Jago*  agrees  that  ammonium  salts  are  con- 
sumed by  the  yeast  for  huihling  up  albuminous  sub- 
stances.     Ehrlich'    finds    that    ammonium    salts    arc 

1  "Tht  Tecliiiolojy  ot  Bread  Mnkliin."  by  WlllUm  J««o.  p.  !»» 
1  Mon    ut.  It.  f.W-10:  Bio<)um    I.  .  U.  -Wl    HJ.V 


readily  transformed  into  albuminous  material  by 
yeasts,  and  their  presence  in  a  fermenting  media  pre- 
vents the  formation  of  fusel  oils  and  succinic  acid 
which  he  finds  are  formed  from  such  amino  products 
as  valine,  leucine,  isoleucine  and  glutaminic  acid. 
That  these  higher  alcohols  (fusel  oil)  and  succinic 
acid  are  formed  in  the  dough  is  then  self-evident 
since  we  have  an  abundance  of  these  bases,  especially 
glutaminic  acid,  which  forms  nearly  30  per  cent  of 
the  protein  present  in  the  flour.  The  writer  has  added 
fusel  oil  to  a  dough  batch  and  obtained  a  flavor  and 
odor  not  at  all  unlike  many  commercial  breads  that 
were  made  with  excessive  yeast  or  were  not  properly 
fermented.  When  using  ammonium  chloride,  these 
higher  alcohols  and  succinic  acid  that  are  formed, 
and  remain  in  the  bread  when  baked,  are  much  di- 
minished in  quantity,  and  as  a  result,  we  get  a  sweeter 
loaf,  and  one  of  a  flavor  more  like  the  natural  flavor  of 
wheat.  The  work  of  G.  Heinzelmann  and  Joh. 
Dehnicke»  strongly  supports  the  writer's  views  in 
this  matter.  They  find  the  production  of  higher  alco- 
hols to  be  greatest  in  grain  mashes,  less  in  molasses 
and  least  in  potato  mashes.  Their  work  shows  that 
the  nitrogenous  yeast  food  in  the  mashes  is  of  the  ut- 
most influence  on  the  production  of  higher  alcohols. 
They  find  that  if  asparagine  and  ammonium  salts  are 
added  to  the  mash  a  diminution  of  higher  alcohols 
results  and  that  their  production  may  even  be  almost 
completely  inhibited  by  a  sufficient  quantity  of  aspara- 
gine or  ammonium  sulfate. 

The  more  recent  work  of  Delbruck  and  Classen,' 
in  which  they  utilize  ammonium  salts  as  the  main 
source  of  nitrogen  for  growing  yeast  on  a  commercial 
scale,  shows  how  readily  available  the  ammonium 
salts' are  for  yeast  food.  The  work  of  V6ltz,»  more- 
over, shows  that  yeast  grown  from  ammonium  salts 
is  alike  in  composition  to  any  other  grown  yeast, 
and  that  its  physiological  action  and  nutritive  value  is 

the  same. 

The  most  convincing  proof,  however,  that  the  am- 
monium chloride  is  a  source  of  nitrogenous  food  for  the 
yeast  is  shown  by  the  experiments  performed  in  the 
laboratory  in  which  yeast  was  grown  in  a  solution 
containing  cane  sugar,  ammonium  chloride  and  cal- 
cium .sulfate  together  with  the  necessary  inorganic 
phosphates.  The  yeast  thus  grown  w.is  then  utiliied 
for  baking  a  batch  of  bread.  The  yeast  functioned  like 
the  regular  compressed  yeast  and  maintained  a  vigor- 
ous and  healthy  fermentation  in  the  dough.  The 
acc.nnpanying  photograph  shows  the  bread  made 
from  the  yeast  grown  on  mineral  salts,  having  am- 
monium chloride  as  its  sole  source  of  nitrogen. 

Since  there  is  so  much  evidence  in  favor  of  .ill  the 
ammonium  chloride  being  changed  into  protein  by  the 
yeast,  we  can  calculate  how  much  protein  we  gain, 
in  the  form  of  yeast  protein,  from  adding  0.5  Hv  of 
ammonium  chloride  in  a  dough  batch  containing 
1. 000  lbs.   flour,   and   how    much   protein   we   lose   by 

1  Z    Sf.nlMtimd.  M.  .Mft.  .<:».  ,14T 
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deducting  V2  the  quantity  of  yeast  (5  lbs.  would  be 
an  average  amount)  regularly  used;  o.  5  lb.  ammonium 
chloride  contains  0.131  lb.  N;  this  X  6.25  gives 
0.82  lb.  protein  gained  by  converting  the  salt  into 
albuminous  matter.  Compressed  bakers'  yeast  con- 
tains 27  per  cent  dry  material:  5  lbs.  of  yeast  then 
contains  1.35  lbs.  of  dry  material,  50  per  cent,  or  0.68 
lb.  of  which  is  albuminous  in  character.  We  have 
not  only  as  much  protein  produced  by  the  yeast 
from  the  ammonium  salt,  but  actually  more  than  that 
lost  by  deducting  half  the;  yeast  in  the  dough  batch. 
The  economic  value  of  a  process  which  can  utilize 
such  simple  substances  as  sugar  and  ammonium  salts 
and  build  therefrom  complex  but  useful  food  proteins, 
cannot  be  overestimated.  We  have  not  only  economy  in 
building  up  a  protein  from  a  simple  nitrogen  com- 
pound, but  we  save  a  large  portion,  2  to  2.5  per  cent, 
of  the  flour  and  sugar  from  destruction  by  the  yeast, 
and  in  addition  we  save  all  that  grain  which  would  be 


necessary  for  the  production  of  the  compressed  yeast 
that  is  eliminated  by  the  use  of  yeast  foods. 

For  determining  ammonia  in  this  work,  50  grams 
of  moisture-free  bread  were  extracted  with  500  cc. 
distilled  water  for  3  hours,  with  shaking  at  frequent 
intervals.  The  extract  was  then  filtered  and  300  cc. 
taken  and  distilled  with  5  grams  of  MgO.  In  the  ex- 
periments using  dough,  enough  dough  was  used  to 
give  50  grams  of  dry  material  and  distilled  water 
added  to  make  the  total  water  500  cc.  The  dough  was 
then  carefully  broken  up  by  hand,  working  it  in  the 
water  until  all  the  starch  was  washed  out  and  the 
g'uten  collected  into  a  ball.  After  settling,  the  ex- 
tract was  filtered  and  300  cc.  used  as  above.  The 
ammonia  was  collected  in  N/10  acid,  using  methyl 
orange  for  an  indicator.  Very  good  results  are  ob- 
tained and  no  trouble  experienced  in  getting  dupli- 
cate ^checks  by  this  method  if  the  rate  of  distillation 
and  the  quantity  of  distillate  are  the  same  in  each 
case. 

Table  I  shows  the  ammonia,  figured  as  ammonium 
chloride  obtained  by  the  distillation  of  extracts  of 
dough  and  bread  made  with  and  without  nmrrfonium 


Bread 

Fermen- 

NH.Cl 

Formula 

tation 

Equivalent 

(Grams) 

Hrs. 

of  Dough 

Flour 

10001 

0 

0.135 

Water 

645 

2 

0.102 

Sugar 

45 

>         4 

0.135 

Salt 

14 

6 

0.135 

Yeast 

14 

8 

0. 135 

Shorteaiag 

7, 

Flour 

1000 

0 

0.725 

Water 

645 

1 

0.691 

Sugar 

86 

2 

0.641 

Salt 

14 

3 

0.485 

Yeast 

14 

4 

0.303 

Yeast  Food 

14 

5 

0.169 

chloride.  Ninety-one  grams  of  the  dough  in  Experi- 
ment I  contained  50  grams  of  dry  material,  or  Vis 
of  the  total  dough. 

Table  I — Ammonium  Chloride  Equivalents  op  Doughs  and  Breads 

Made  with  and  without  Yeast  Food 

The  Yeast  Food  Used  Contained  0.592  Gram  Ammonium  Chloride 

in  NH.Cl 

of  Equivalent 

tx  of  Bread 

5  0.121 


0.592 
0.535 
0.471 
0.219 


The  total  ammonia  as  ammonium  chloride  was  de- 
termined at  various  stages  of  fermentation  from  the 
dough  extracts  from  the  two  formulas. 

It  is  seen  that  in  Expt.  I  the  amount  of  ammonia 
obtained  on  distillation,  though  considerable,  did  not 
materially  vary  during  the  progress  of  the  fermen- 
tation. 

Bread  was  baked  at  various  intervals  of  fermenta- 
tion and  the  ammonium  chloride  equivalent  for  the 
total  batch  determined. 

The  ammonium  chloride  equivalent  obtained  from 
the  dough  in  Expt.  II  at  various  stages  in  the  fer- 
mentation process,  decreased  most  markedly  during 
the  3rd,  4th  and  sth  hours. 

The  ammonium  chloride  equivalent  of  a  dough 
without  added  ammonium  chloride  is  0.135.  If  "e 
deduct  this  from  o.  725  we  get  o.  590  gram  of  ammonium 
chloride  actually  in  the  dough  and  this  agrees  almost 
perfectly  with  the  quantity  0.592  that  is  added  in 
the  formula.  At  the  end  of  5  hours  fermentation  the 
quantity  of  added  ammonium  chloride  left  in  the  dough 
is  the  difference  between  0.169  ^'^d  o- i35  gram  or 
0.034  gram.  Since  most  doughs  are  fermented  4.5 
to  5  hours,  some  even  6  and  7  hours  in  practice  before 
scaling  the  loaves,  and  an  additional  2  hours  during 
molding  and  proofing  before  the  bread  is  baked, 
the  consumption  of  the  salt  is  complete  when  the  yeast 
food  is  used  in  baking  and  the  results  of  the  analysis 
on  the  bread  bear  this  out. 

In  Expt.  II,  5  hours  fermentation  yielded  the  best 
bread,  under  the  conditions  of  the  experiment,  and 
therefore  represents  the  time  best  suited  for  prop- 
erly maturing  and  conditioning  the  dough. 

The  bread  without  any  added  ammonium  chloride 
yielded  in  some  cases  a  trifle  more,  and  in  others  a 
trifle  less,  ammonia  than  the  bread  with  5  hours 
fermentation  and  made  with  the  ammonium  salt. 
There  is,  therefore,  no  material  difference  in  the  am- 
monia content  as  measured  by  MgO  distillation  of 
bread  made  with  and  without  ammonium  chloride. 
The  bread  having  5  hours  fermentation  and  having 
yeast  food  added  to  the  dough  when  tested  with 
Nessler's  reagent,  showed  no  greater  coloration  than 
bread  which  had  no  ammonium  salt  added  to  the 
dough.  The  writer  has  been  unable  to  distinguish, 
by  the  Nessler  test  or  by  distilling  with  MgO,  commer- 
cial   breads    made    with    the    veast    food    from    those 
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made  without.  In  fact,  all  breads,  whether  made 
with  ammonium  salts  or  not,  give  a  slight  coloration 
if  Nessler  solution  is  applied  to  the  crumb.  It  was 
found,  however,  that  cheese,  eggs,  cakes,  salt-rising 
bread,  meat  and  meat  extracts,  and  particularly 
saliva,  gave  very  positive  tests  for  ammonia  with  Ness- 
ler's  reagent.  Even  compressed  yeast  gives  an  un- 
mistakable test  for  ammonia. 

Tests  for  ammonia  in  a  commercial  bread  made 
with  the  yeast  food  containing  ammonium  chloride 
and  other  breads  bought  in  the  market  were  made  ac- 
cording to  the  directions  given  by  Prof.  J.  C.  Summers' 
in  a  paper  before  the  members  of  the  National  Asso- 
ciation of  Master  Bakers  at  Salt  Lake  City  and  by 
distilling  a  water  extract  from  these  breads  with 
MgO.     The  results  are  given  in  Table  II. 

Table  II- — Test  for  Ammonia  on  Various  Breads 

Bread                                                   Per  cent  Ammonia  Per  cent  Ammonia 

No.                                                       (Nessler  Solution)  (Distilled  with  MgO) 

1 0.00012  0.0040 

2 0.0045 

3  (made  with  yeast  food) 0 .  00008  0 .  0045 

4 0.00016  0.0040 

S 0.00012  0.0040 

6 0.00008  0.0051 

7  Salt-rising 0.00024  0.0153 

a  Yeast 0.00024  0.0085 

Although  the  method  given  bj'  Prof.  Summers  is 
not  to  be  recommended  for  determining  the  absolute 
quantity  of  ammonia  in  foods,  it  nevertheless  gives 
valuable  comparative  results.  The  results  from  this 
laboratory  show  that  the  bread  made  with  a  yeast 
food  containing  ammonium  chloride  gave  the  lowest 
value  for  ammonia  when  comparing  the  color  produced 
with  Nessler  solution  against  the  color  produced  in  a 
standard  ammonium  chloride  solution.  On  the  other 
hand,  it  will  be  seen  that  salt-rising  bread  and  com- 
pressed yeast  give  high  results  for  ammonia  by  both 
tests. 

Even  when  a  short  process  of  fermentation  is  used 
the  quantity  of  ammonium  chloride  left  in  the  bread 
is  insignificant.  Experiments  were  made  using  in- 
creasing quantities  of  yeast  and  decreasing  periods 
of  fermentation.  In  only  the  most  extreme  case, 
where  the  dough  was  fermented  only  i  hour,  could 
traces  of  the  ammonium  chloride  be  found.  Table 
III  shows  the  quantity  of  yeast  used,  with  the  time 
of  fermentation  given  the  dough  and  the  ammonia 
recovered  from  the  baked  bread.  In  each  case  560 
grams  of  flour  were  used  and  4  grams  of  yeast 
food  containing  0.321  gram  NH^Cl.  The  ammonia 
added  in  the  form  of  ammonium  chloride  and  figured 
on  the  dry  materials  of  the  bread  was  o.oioi  per 
cent. 

Tablk  III 

Vea«l  Fermentation  Min   In            Per  cent  Ammonia 

Uram>  of  Dough  Proof  Box  Dry  llrcad 

8  S  hm  .'SI                            n.()()4^ 

16  .1  41                            ().(HISI 

32  !'/<  1.'                           O.OO.SI 

48  I  .VI                              O.OOA.' 

To  show  that  the  ammonium  chloride  is  not  con- 
sumed by  the  enzymes  of  the  flour  or  bacterial  action, 
the  following  experiment  was  carried  out:  A  dough 
W08  made  of  the  same  formula  as  previously  used  ex- 
cept no  yeast  was  added.  This  dough  contained  o.  59-! 
grnni  ammonium  chloride.     A  piece  of  dough  ininlain- 

■  /lalrrrt'  Wtehly.  It,  .17. 


ing  5°  grams  of  dry  material  was  broken  up  under 
water  immediately  when  mixed,  and  another  after 
standing  5  hours,  the  amount  of  ammonia  as  ammo- 
nium chloride  recovered  in  each  case  being  0.723 
gram.  Deducting  from  this  0.135  gram,  the  equiva- 
lent of  ammonium  chloride  obtained  from  a  dough  con- 
taining no  added  ammonium  salt,  we  have  0.588 
gram,  or  almost  the  complete  quantity,  0.592  gram 
added. 

The  following  experiment  shows  that  ammonium 
chloride  does  not  stimulate  the  gas  production  of 
yeast  in  a  cane  sugar  solution,  using  distilled  water. 
If  the  ammonium  chloride  merely  accelerated  the  gas 
production  this  experiment  would  demonstrate  that 
fact.  We  were  unable,  howei-er,  to  obtain  any  in- 
crease in  total  gas  production  repeating  this  experi- 
ment a  number  of  times.  This  would  indicate  then 
that  the  ammonium  chloride  is  utilized  only  and  exer- 
cises a  favorable  increase  in  gas  production  only 
when  there  is  a  reproduction  of  new  yeast  cells.  Un- 
der the  conditions  of  this  experiment  there  can  be  only 
a  very  limited  reproduction  since  the  necessary '  ele- 
ments— phosphorus,  potassium,  calcium  and  magne- 
sium— are  lacking.  However,  in  the  dough  we  have 
these  elements  present  and  therefore  get  a  tremendous 
increase  in  the  quantity  of  gas  produced  as  the  ex- 
periment below  indicates. 

EXPERIMENT      SHOWIXG      THE      EFFECT      OF      AMMOKIUU 

CHLORIDE   ON  THE  GAS  PRODVCTION  IN  A  CANE 

SUGAR    SOLVTION 

For  the  test,  200  cc.  distilled  water,  4  grams  yeast 
and  20  grams  of  sugar  were  used.  Temperature, 
28°  C. 


EXPERIMENT  SHOWING  THE    INCREASE    IN  GAS    PRODUC- 
TION IN  DOUGH,   USING  NH4C] 

Control 

Fermentation      Dough                                Dough  containing  0.2   g. 

Hrs.  Cc.         DirrsRSNCB     NHtCI  per  100  1-lour  DirrsMNcs 

0  no                     0  '             IIOcc.  0 
■/t                  180                     80  180  80 

1  JS.S  IDS  ■  280  100 
I'/l                   -WO                     105  390  110 

2  470  80  .^00  110 
2i/i                   570                     100  b40  140 

3  665  95  785  143 
3Vi                  790                    125  955  170 

4  880  90  1105  130 
4</l  980  100  1260  135 
3  1080  100  1400  140 
3Vt  1160  80  1320  120 
6                     1230                     70  Ift.'S  103 

Total  Kas  6  hours 1 120  re.  1313  cc 

h  ammonium  chloride  35   3 


ClIKMlCAt.  l.ADORATOIIY 

Ward  Uarino  CoitrANV 
Nbw  York  City 


SYRUPS  FOR  CANNING  AND  PRESERVING 

IIV      lAHXM     n.     Mi'NaIR 

Kr<«ivrd  l>clol>cf  .tO.  I»U. 

In  the  canning  of  most  fruits,  syrups  arc  used  of 
lo,  20,  ,?o,  40,  50  or  do"  Hailing  or  Hrix.  Some  pack- 
er.-s,  however,  use  about  a"  less  for  each  grade,  while 
otliers  use  syrup  of  15,  25  and  55°.  The  degree  of 
syrup  is  arbitrary  with  the  packer  and  is  not  indicated 
on  the  can  label. 

The  strength  of  syrup  used  is  governed  by  four  main 
factors.  ri«.,  the  acidity  of  the  fruit,  the  quantity  of 
the  fruit,  fruit  shrinkage  or  shriveling,  and  the  flavor 
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desired.  Fruit  of  high  acidity  requires  a  high  per- 
centage of  sugar,  and  vice  versa.  Fruit  of  delicate 
flavor  requires  less  sugar  than  strongly  flavored  fruit. 
The  importance  of  having  syrup  of  uniform  strengths 
is  not  fully  appreciated  by  fruit  canners.  Samples  of 
syrup  taken  ,from  a  number  of  factories,  without  the 

Tablb  I — Examination  of  Syrops  in  Usb  at  Canneries 

Total 


60       55       SO       40       30       20 


15 


21.5 
6.1 
10.3 


Standard  (Balli  _, 

Hiehcst  Found 60.9  57  52       43.9  34.2  21.5  21 

Lowest  Found 60.1   37  49.6  25.7   18.4   12.6   10.3 

Average 60.6  49.5  50.2  37       28.8  21.6  14.8 

Number  of  Samples: 

Total 4         9  3       37       51        47        22       43          216 

Above  Standard 4         3  1        11        14        15          8       21            77 

Below  Standard 0         5  2       24       31        28        12        10          122 

knowledge  of  the  syrup  maker,  show  that  there  is  a 
marked   lack   of   uniformity   in   syrup   strength. 

Table    I     summarizes     the     results     of     an     inves- 

Table  II — Showing  Gallons  of  Water  or  Ounces  of  Sugar  per  Gallon  of  Syrup  Required  to  Change  a  Syrup  i 
Another  Given  Degree  Brix  at  17°  C.     (See  Examples  Below) 
Above  dashes  read:  "Ounces  of  Sugar  Added  per  Gallon  of  Syrup" 


pier  methods  rnust  be  used  to  obtain  the  correct 
results. 

In  many  factories  a  concentrated  syrup  is  first  made 
which  is  diluted  to  the  various  strengths  that  the 
specific  fruit  may  require.  That  the  methods  used  in 
this  dilution  are  insufiBcient  or  poorly  applied  has  been 
shown  above.  With  these  facts  in  mind  experiments 
were  conducted  on  a  small  scale  with  a  view  of  re- 
moving or  lessening  these  inaccuracies.  Dilution 
Tables  II  to  V  are  the  result. 

It  is  hoped  that  these  tables,  which  have  proved 
reliable  on  a  small  laboratory  scale,  will  be  found  use- 
ful  for   large   scale   application.  , 

The  accompanying  curves  and  Table  VI  point  out 
the  error  of  the  formula  s  =  (65  —  a)j'/3S,  which 
was  inserted  in  a  previous  publication.' 


A  Given  Degree  Brix  to 


Desired  Brix  Degree: 


0.235 
0.488 
0.748 
1.023 
1.307 
1.570 
1.850 


35 
71.0 
61.9 
53.0 
43.8 
34.0 
23.4 
12.1 


40 
88.8 
79.1 
69.7 
60.0 
49.5 
38.3 
26.3 
13.4 


45 
109.7 
99.4 
89.3 
78.9 
67.8 
55.8 
42.9 
29.2 
14.8 


50 
134.9 
123.8 
113.0 
101.8 
89.8 
76.9 
63.0 
48.2 


55 
172.2 
150.3 
138.6 
126.5 
113.7 
99.8 
84.8 
68.8 
52.0 
34.7 
16.7 


To  change 
To  change 


0.206 

0.419   0.177 

0.639   0.360   0.155  

0.870   0.552   0.318    0.141 

1.086   0.732   0.471    0.273    0.115  

1.305       0.914       0.625  0.407  0.232  0.104 

1.562        1.122       0.797  0.552         0.355  0.211 

Below  dashes  read:  "Gallons  of  Water  Added  per  Gallon  of  Syrup" 

I  syrup  of  5°  Brix  at  17°  C.  to  a  syrup  of  10°  Brix  at  17°  C,  add  7  2  oz.  of  sugar  per  gal.  of  syrup. 

1  syrup  of  10°  Brix  at  17°  C.  to  a  syrup  of  5°  Brix  at  17°  C.  add  0.98  gal.  of  water  for  every  gal.  of  syrup. 


194.6 
181.6 
169.0 
155.9 
142.0 
126.9 
110.6 
93.3 
74.9 
56.2 
36.6 
18.4 


Table  III — Showing  Gallons  of  Water  or  Ounces  of  Sugar  per  Ounces  of  Sugar  or  Gallons  of  Water  in  Syrup  Required  to  Change  a  Syrup 
FROM  A  Given  Degree  Brix  to  Another  Given  Degree  Brix  at  17°  C. 

.4601'^  dashes  read:  "Ounces  of  Sugar  Added  per  Gallon  of  Water  in  Syrup" 


Desired  Brix  Degrei 


50 
134.9 
127.8 
120.4 
112.2 
102.8 
91.9 
79.1 
63.9 
46.1 
25.2 


55 
162.2 
155.1 
147.7 
139.5 
130.1 
119.2 
106.4 
91.2 
73.4 
52.5 
27.3 


To  change 
To  change 


0.00171 

0.00296       0.00125 

0.00398       0.00227       0.00102  

0.00480       0.00309       0.00184       C 
Below  dashes  read:  "Gallons  of  Water  Added  per  Ounces  of  Sugar  in  Syrup" 

I  syrup  of  5°  Brix  at  17°  C.  to  a  syrup  of  10°  Brix  at  17°  C  ,  add  7.4  oz.  of  sugar  per  gal.  of  water  in  syrup. 

;  syrup  of  10°  Brix  at  17°  C.  to  a  syrup  of  5°  Brix  at  17°  C,  add  0.072  gal.  of  water  per  oz.  of  sugar  in  syrup 


162.5 
151.6 
138.8 
123.6 
105.8 
84.9 
59.7 
32.4 


Table 
10.000) 
Temp. 


IV — Changs  in  Volume  (in  Parts  per 
OF  SvRUPS  AT  Different  Temperatures 


Table  V — Correction  for  the  Readings  of  Balling's  Saccharimbtbr. 

ON  Account  of  Temperature 
. Per  cent  of  Sugar  in  Solution- 


60       70       75 


64 

74 

84 

94 

110 

82 

92 

103 

114 

132 

101 

112 

124 

136 

156 

122 

134 

146 

160 

180 

145 

156 

170 

184 

204 

170 

183 

196 

210 

229 

197 

209 

222 

235 

253 

225 

236 

249 

261 

278 

255 

265 

277 

287 

306 

284 

295 

306 

316 

332 

316 

325 

335 

345 

360 

347 

355 

365 

375 

388 

379 

387 

395 

405 

417 

411 

418 

425 

435 

445 

442 

450 

456 

465 

473 

0.14  0.18  0.19  0.21  0.22  0.24  0.26  0.27  0.28  0.29  0.33  0.35  0.39 
0.12  0.15  0.16  0.17  0.18  0.19  0.21  0.22  0.22  0.23  0.26  0.28  0.32 
0.09    0.11    0.12    0.14    0.14    0.15    0.16    0.17    0.16    0.17    0.19    0.21    0.25 


0.02    0.03    0.03    0.03    0.03    0.03    0.03    0.03    0.03    0.03    0.03    0.03    0.02  , 
006    0.08    0.08    0.09    0.09    0.10    O.IO    0.10    0.10    0.10    0.10    0.08    0.06 
0.11    0.14    0.15    0.17    0.17    0.18    0.18    0.18    0.19    0.19    0.18    0.15    0.11 

0.18 
0.25 
0.33 
0.40 
0.48 

0.55 
0.62 
0.70 
0.78 
0.86 


0.16  0.20  0.22  0.24  0.24 

0.21  0.26  0.29  0.31  0.31 

0.27  0.32  0.35  0.37  0.38 

0.32  0.38  0.41  0.43  0.44 

0.37  0.44  0.47  0.49  0.51 

0.43  0.50  0.54  0.56  0.58 

0.49  0.57  0.61  063  0.65 

0.56  0.64  0.68  0  70  0.72 

0.63  0.71  0.75  0.78  0.79 

0.70  0.78  0.82  0.87  0.87 


0.25 

0  25 

0  75 

0  76 

0.26 

0.?5 

0.?2 

0  3? 

0  3? 

0  3? 

0  33 

0  34 

0.32 

0.29 

O.W 

0.19 

0.39 

0.40 

0  42 

0  39 

0  36 

0.46 

0.46 

0,47 

0.47 

0..50 

0.46 

0.43 

0.53 

0.54 

0.55 

0.55 

0.58 

0.54 

0.51 

0.60 

061 

0  62 

0.62 

066 

0.62 

0.58 

0.68 

0.68 

0.69 

0  7(1 

0  74 

0  VO 

(16.1 

0  76 

0.76 

0  78 

0  78 

087 

0  78 

0.72 

0.K4 

0.84 

0.86 

0  86 

0.90 

0  86 

0.80 

0.92 

0.92 

0.94 

0.94 

0.98 

0  94 

0.88 

the 
Degree 
Read 


tigation  by  Dr.  A.  W.  Bitting,  entitled  "Methods 
Followed  in  the  Commercial  Canning  of  Foods,"  and 
printed  as  U.  S.  Dept.  of  Agriculture,  Bureau  of  Chem- 
istry, Bull.  196,  May  29,  1915.  This  table  plainly 
evidences  the  fact  that  syrup  as  used  in  many  fac- 
tories is  either  not  made  with  sufficient  care  or  that  sim- 


j   =  grams  sugar  necessary  to  bring  to  65°  Brix. 
a  =  degree  Brix  of  syrup. 
V  =  volume  of  syrup  in  cubic  centimeters. 
Dilution  Tables  II  and  III  were  made    by    the  use 

'  W.  v.  Cruess  and  J.  B.  McNair.  "Jelly  Investigations."  This  Journal, 
S  (1916),  417. 
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of  the  formula  in  Table  VI;  namely,  y  =  r .  4*  + 
0.0025123;^,  where  x,  =  degrees  Brix  of.  syrup  and 
y  =  the  ounces  of  sugar  added  per  gallon  of  water 
at  17°  C.  This  last  formula  was  obtained  by  inter- 
polation of  experimental  results. 

One  of  the_  practical  applications  of  these  experi- 
mental results  is  shown  in  connection  with  fruit  jelly- 
making.  In  determining  the  amount  of  sugar  neces- 
sary to  add  to  a  fruit  juice  or  extract  for  jelly  making 
no  compensation  need  be  calculated  for  extracts  of  less 
than  15°  Brix.  The  right  amount  of  sugar  in  ounces 
(more  than  60°  and  less  than  72°  Brix)  may  be  ob- 
tained by  adding  i .  8  times  the  number  of  ounces  of 
fruit  extract.' 

Tadui-;  VI 
Ounces  Sugar  per  Gallon  of  Water  at  17°  C. 
Calculated  by  McNair 
y  ■=   1.4*  + 
0  002512l> 
(where  x  = 
degree  Brix) 


Observed 

by 

Bitting 


Calculated  by 
less  and  McNair 
=  (65  —  <j)»/35 


5 

7 

7.064 

19.0 

10 

14.8 

14.512 

38.1 

IS 

23.5 

22.728 

S7.1 

20 

30.8 

32.096 

76.2 

25 

44.5 

43.0 

95.2 

30 

57.12 

55.824 

114.3 

35 

71.75 

70.952 

133.4 

40 

88.8 

88.768 

152.4 

45 

109.0 

109.656 

171.5 

SO 

133.3 

134.9 

190.7 

55 

163.9 

162.184 

209.8 

60 

200.0 

194.592 

228.6 

65 

231.608 

247.9 

70 

273.616 

The  author  would  like  to  express  his  gratitude  to 
Professor  T.  Brailsford  Robertson  and  Assistant 
Professor  William  V.  Cruess  for  assistance  during  this 
investigation. 
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BANANA  STALKS  AS  A  SOURCE  OF  POTASH 

liv  H.   H    Km. LINOS  ami  A.  W.  Ciihisttk 
Kcccivcd  November  27.  1916 

The  great  demand  for  potash  salts  during  the 
past  two  years  has  led  to  the  investigation  of  many 
materials,  occurring  either  naturally  or  as  waste 
products,  with  a  view  to  the  possible  commercial 
utilization  of  their  potash  content.  Ellis,'  in  an  ash 
analysis  of  the  banana  stalk,  called  attention  to  the 
surprisingly  high  percentage  of  potash  in  this  ma- 
terial. In  every  large  American  city  thousands  of 
these   slulks   are   discarded    as   garbage    weekly      The 

■  J.  B.  McNair.  "I'alliirn  In  Jrtir  Maklni  and  Tbdr  R*mKll«."  Tht 
CaUJotnta  CulHtalor.  No.  26,  M  (I9ir.).  7.tA 
•  J.  Sot.  Clltm   Ini  ,  I*  (1916).  496 


possible  treatment  of  such  material  for  the  recovery  of  its 
potassium  suggested  the  following  experimental 
work. 

NATURE  OF  MATERIAL — The  material  used  com- 
prised individual  banana  stalks  obtained  from  fruit 
markets  after  removal  of  the  fruit.  The  stalk  is  of 
an  endogenous  nature,  with  its  vascular  bundles  so. 
arranged  as  to  form  a  collection  of  tubes  through 
which  the  sap  flows.  Such  a  structure  permits  of 
very  rapid  drying.  The  stalks  varied  in  weight 
from  2  to  4  lbs.,  averaging  about  3  lbs.,  and  were 
found  to  be  very  constant  in  moisture,  ranging  from 
91.2  to  92.6  per  cent  water. 

COMPOSITION  OF  DRY  MATTER — The  stalks  were 
chopped  into  pieces  about  one  in.  long  and  dried  in 
the  oven.  The  dried  samples  were  exceedingly  friable 
and  easily  broken  or  ground  in  a  mortar.  A  sample 
was  analyzed  for  fertilizing  constituents  with  the  fol- 
lowing results: 

Per  cent 

Total  nitrogen  (N) 0.44 

Total  phosphoric  acid  (PjO») 0.42 

Total  potash  (KjO) 10.46 

Water  soluble  potash  (KiO) 7 .  72 

Moisture 4.05 

The  dry  matter  is  as  rich  in  potash  as  commercial 
kainit  and  may  be  considered  nearly  as  valuable, 
since  74  per  cent  of  the  potash  is  soluble  in  water. 
Were  this  material  used  as  a  fertilizer,  it  is  reasonable 
to  assume  that  the  organic  matter  would  in  time  de- 
compose in  the  soil  with  the  formation  of  humus, 
resulting  in  the  subsequent  release  of  the  remainder 
of  the  potash  in  an  available  condition.  This  material 
also  approximates  the  composition  and  value  of  dried 
kelp,'  which  at  the  present  time  is  being  used 
to  a  considerable  extent  as  a  filler  in  commercial  fer- 
tilizers. In  certain  respects,  the  material  under  con- 
sideration is  probably  superior  to  kelp  for  this  pur- 
pose. Especially  to  be  noted  is  the  fact  that  banana 
stalks  contain  only  very  slight  amounts  of  sodium  and 
chlorine  whereas  kelp  contains  such  quantities  as  to 
throw  it  into  the  class  of  kainit  or  other  chlorinated  salts. 

EXTRACTION  OF  SALTS— Weighed  amounts  of  the 
dry  matter  were  charred  sufficiently  to  destroy  organic 
matter  and  the  resulting  char  leached  with  successive 
small  portions  of  distilled  water.  About  16  per  cent 
of  the  dry  matter  was  recovered  in  the  form  of  water- 
soluble  salts.  A  maximum  yield  was  obtained  with 
water  representing  5  times  the  weight  of  original  dry 
matter.  The  salts  were  dried  to  constant  weight  at 
100°  C,  and  analyzed  with  the  following  results- 

Per  not 

Slll.r.    ■  •■  :•  SI 


.Suii  4.1; 

Cm  !*>    II 

Chi  is: 

Ph..  ,  O.M 

Toi.l  p.  I  ,,-iM  V».M 

The  above  figures  show  that  the  leached  salts  con- 
sist of  over  00  per  cent  potassium  carbonate.  This  bait 
should  command  a  price  equal  to  that  quoted  for  any 

<  C«ll(.  Aic.  U>i>i    Si*.   t^oU.  I4S. 
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85  per  cent  potassium  carbonate  on  the  market,  which 
in  recent  quotations  was  close  to  one  dollar  per  pound. 
Every  ton  of  fresh  material  will  yield  27  pounds  of 
this   90  per   cent   potassium  carbonate. 

METHODS  OF  HANDLING — By  pressing  the  chopped 
stalks  in  a  small  cider  press  it  was  found  possible  to 
remove  73  per  cent  of  the  original  moisture.  This 
extracted  juice  was  somewhat  colored  by  dissolved  or- 
ganic matter,  showed  a  specific  gravity  of  1.017  and 
contained  i  per  cent  potash.  Since  the  original 
stalk  contained  approximately  i  per  cent  potash  and 
92  per  cent  water,  the  potash  extracted  by  pressing 
represents  nearly  70  per  cent  of  the  total.  Probably 
the  most  efficient  method  of  recovery,  however,  is  to 
char  the  material.  There  are  practically  no  difficulties 
encountered  in  this  process.  The  nature  of  the  ma- 
terial is  a  great  aid  in  its  own  combustion.  When 
heated,  it  begins  to  glow  like  charcoal  and  under  a 
forced  draft  will  burst  into  flame  and  support  combus- 
tion, burning  to  an  ash.  In  the  presence  of  a  free 
supply  of  air,  there  is  enough  heat  furnished  after  the 
first  glow  begins  to  complete  the  charring  without  the 
further  application  of  heat.  This  property  can  be 
made  use  of  by  placing  the  chopped  raw  material  over 
a  grating  in  a  tall  cylindrical  heater,  beneath  which 
is  a  flame.  The  material  in  contact  with  the  flame 
after  drying  begins  to  char  and  with  the  forced  draft 
arising  from  the  height  of  the  cylinder,  will  furnish 
heat  from  its  own  combustion  sufficient  to  dry  the 
green  material  above  it.  Thus,  by  feeding  the  raw 
material  in  at  the  top  and  drawing  off  the  ash  at  the 
bottom,  a  continuous  yield  of  char  can  be  obtained. 
This  char  can  then  be  extracted  with  distilled  water 
by  any  suitable  means  and  the  liquor  evaporated  to 
dryness.  The  dried  and  ground  salts  are  clean  and 
white  and  only  slightly  hygroscopic. 

In  large  cities  where  considerable  amounts  of  these 
stalks  are  available,  it  seems  likely  that  some  scheme 
of  collection  or  of  segregation  at  the  garbage  incinera- 
tors could  be  employed  at  small  expense.  The  subse- 
quent recovery  of  the  potash  has  already  been  shown 
to  be  very  simple  and  inexpensive,  requiring  no  special 
or  expensive  apparatus.  As  stated  above,  one  ton 
of  fresh  material  should  furnish  in  the  neighborhood 
of  $25.00  worth  of  salts  at  the  present  market  prices. 
This  would  seem  to  justify  an  expense  for  collection 
of  about  one  cent  per  stalk  (600  to  700  stalks  make  a 
ton),  and  still  yield  a  fair  margin  of  profit  after  de- 
ducting the  nominal  expense  of  treatment.  The 
method  of  recovery  lends  itself  readily  to  small  scale 
manufacture  and  would  in  all  probability  be  most 
practicable  under  such  conditions. 

SUMMARY 

I — Dried  banana  stalks  contain  as  much  potash 
as  kainit  and  compare  favorably  with  dried  kelp  as 
filler  for  commercial  fertilizer. 

II — Charring  and  leaching  of  banana  stalks  yield 
27  lbs.  of  90  per  cent  potassium  carbonate  per  ton. 

Ill — The  possibility  of  collection  and  treatment 
on  a  small  scale  is  suggested. 

Division  op  Agricultural  Chemistry 
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THE  RELATIVE  AVAILABILITY  OF  ACID  PHOSPHATE 

AND  RAW  ROCK    PHOSPHATE  ESf  INDIANA 

FIELD  TESTS' 

By  S.   D    Conner 

Approximately  80  per  cent  of  the  soils  of  Indiana 
are  in  need  of  phosphate  fertilizers.  The  Purdue 
Experiment  Station  has  been  conducting  field  experi- 
ments testing  the  relative  merits  of  acid  phosphate 
and  raw  rock  phosphate  since  1904.  Up  to  the  end 
of  the  1915  season  82  tests  had  been  carried  out,  in 
which  acid  phosphate  could  be  compared  to  raw  rock 
phosphate.  These  tests  were  made  on  six  different 
experiment  fields  in  various  parts  of  the  state  on  a 
variety  of  soil  types,  and  have  been  running  from  2  toio 
years.  In  addition,  tests  were  made  in  cooperation 
with  farmers  in  five  different  counties  on  other  soils. 
Table  I  presents  a  general  summary  of  all  these  ex- 
periments. These  tests  are  believed  to  give  a  fair 
comparison  of  the  use  of  the  two  phosphates  under 
average  Indiana  field  conditions,  with  various  crops 
and  during  different  seasons  on  a  large  number  of  soil 
types.  The  treatments  have  been  the  same  for  the 
various  plots  under  investigation,  except  that  some 
have  had  acid  phosphate,  some  have  had  raw  rock 
phosphate  and  some  have  had  no  phosphate.  As  a  re- 
sult of  the  82  tests  it  shows  that  without  question  it 
pays  to  use  acid  phosphate  on  these  soils.  Raw  rock 
phosphate  has  also  shown  a  profit,  but  much  smaller 
than  for  acid  phosphate. 

The  acid  phosphate  contained  16  per  cent  available 
phosphoric  acid  and  has  been  valued  at  $16.00 
per  ton.  The  raw  rock  phosphate  was  brown  Ten- 
nessee rock  containing  28  per  cent  total  phosphoric 
acid  and  has  been  valued  at  $7.00  per  ton. 

Table   I — Summary  of   All   Experiments  in  which   Acid   Phosphatb 
AND  Raw  Rock  Phosphate  Have  Been  Compared 
(.\verage  of  Eighty-two  Tests  with  Various  Crops  in  Indiana) 


-Averages  per  Acre  per  Ye 


Value  Cost 

Crop                                                                      Phos-        of  of       ProBt 
(No.  of                                                                          phate  increase   Phos-       or 

Tests)             Phosphate       Yield       Increase     Ubs.)        (o)  phate       loss 

Corn  (36) Acid              43.04  bu.  .'5,49  bu.      190. ."i  $  2.95  $1..^2  $  1.43 

Raw  rock    42.20  bu.  4.65  bu.     532.0       2.52  1.86       0.66 
None            .IT.SS  bu. 

Wheat  (33V..    Acid              15.28  bu.  4.31  bu.      190.5       4.63  1.52       3.11 

Raw  rock     12.88bu.   1.91  bu.     532.0       2.12  1.86       0.26 
None             10.97  bu. 

Legume  hay       Acid              2998  lbs.    320  lbs.      190.5        1.60  1.52       0.08 

(9)                      Ra%v  rock     2773  lbs.      95  lbs.      532.0        0.47  1    86  — 1.3» 
None            2678  lbs. 

Potatoes  (4)..,   Acid               112.0  bu.   29.4  bu.     500          14.70  4.00     10.70 

Raw  rock      94.2  bu.    11.6  bu     1000           5.80  3.50       2.30 
None               82.6  bu. 

Average  (82)..  Acid 
(b)  Raw  rock 

(fl)  Value  of  increase  includes  value  of  corn  stover  and  wheat  straw. 

(6)  Average  length  of  time  tests  have  been  running.  3.47  yrs. 

The  following  crop  values  were  used  in  calculating 
values  of  increase: 


Value 
(Per  bu.) 

Ear  corn $0.50 

Wheat  grain 1.00 

Potatoes 0.50 


Value 
(Per  ton) 

Corn  stover $3.00 

Wheat  straw 2.50 

Legume  hay 10.00 


•  Presented  at  53rd  Meeting  of  American  Chemical  Society.  This 
paper  is  based  largely  upon  data  published  in  Indiana  Experiment  Station 
Bull.  187,  by  A.  T.  Wiancko  and  S.  D.  Conner.  Statistics  of  each  crop  and 
full  particulars  of  the  experiments  may  be  found  in  that  bulletin. 
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In  analyzing  the  crop  results  obtained,  the  follow- 
ing facts  are  noted: 

Acid  phosphate  has  returned  a  crop  increase  over  6 
times  as  profitable  per  acre  as  has  raw  rock  phos- 
phate. Acid  phosphate  has  returned  a  crop  increase 
over  7  times  as  profitable  per  dollar  invested  as  has 
raw  rock  phosphate. 

Each  pound  of  phosphorus  in  acid  phosphate  has 
returned  a  crop  increase  valued  at  28V3  cents.  Each 
pound  of  phosphorus  in  raw  rock  phosphate  has  re- 
turned a  crop  increase  valued  at  3V2  cents.  A  pound 
of  phosphorus  in  acid  phosphate  has  returned  a  crop 
increase  over  8  times  as  valuable  as  that  returned  by 
a  pound  of  phosphorus  in  raw  rock  phosphate. 

By  taking  the  prices  used  in  this  paper  for  farm 
crops,  the  increases  obtained  by  the  application  of 
phosphates  would  give  a  value  of  $38.85  per  ton 
for  acid  phosphate  and  $8.40  per  ton  for  raw  rock 
phosphate.  If  the  prices  for  farm  products  were  re- 
duced 20  per  cent,  the  acid  phosphate  would  have  a 
value  of  S3 1. 08  per  ton  and  the  raw  rock  phosphate 
a  value  of  $6.  72  per  ton.  The  acid  phosphate  would 
still  show  a  good  profit  and  the  raw  rock  phosphate 
would  be  used  at  a  loss. 

By  calculating  the  phosphoric  acid  in  all  the  crops 
grown,  it  is  found  that  224  lbs.  of  P2O5  have  been  re- 
covered in  the  total  increase  caused  by  acid  phos- 
phate and  147  lbs.  of  P2O5  have  been  recovered  in  the 
total  increase  caused  by  raw  rock  phosphate.  These 
amounts  of  P2O6  are  approximately  V12  of  the  phos- 
phoric acid  applied  in  the  acid  phosphate  and  Vss 
of  the  phosphoric  acid  applied  in  the  raw  rock  phos- 
phate. 

Nineteen  samples  of  raw  rock  phosphate  were  taken 
on  the  Indiana  market  in  1915  by  the  inspectors  of 
the  State  Chemist.  The  analyses  of  these  samples 
show  an  average  of  28.8  per  cent  total  PjOs  and  an 
average  of  1.8  per  cent  ammonium  citrate-soluble 
PjOii  1.8  per  cent  of  all  the  raw  rock  phosphate 
used  in  the  82  tests  would  indicate  an  available  phos- 
phoric acid  amount  of  804  lbs.  or  over  5  times  as  much 
as  was  removed  by  the  increased  crops  caused  by  the 
raw  rock  phosphate  in  3'/i  years. 

On  the  Scotlsburg  field,'  which  has  been  running 
for  10  yrs.,  raw  rock  phosphate  came  the  nearest  to 
paying  as  large  a  profit  as  acid  phosphate,  the  net  re- 
turns per  acre  for  the  lo-yr.  period  being  $31  S* 
for  the  acid  phosphate  and  $19.51  for  the  raw  rock 
phosphate.  On  the  Scoltsburg  field,  88  lbs.  per  acre 
of  citralc-soluble  i'^Oj  were  added  in  acid  phosphate 
in  10  yrs.  and  26  lbs.  of  P3O1  were  removed  in  the  in- 
creased crops.  If  1 . 8  per  cent  is  considered  the  measure 
of  the  citrate-soluble  phosphate  in  the  rock  phosphate 
used,  then  72  lbs.  of  citrate-soluble  phosphate  were 
added  per  acre  in  raw  rock  phosphate  in  10  yrs.  while 
a6  lbs.  of  PjO»  were  removed  in  the  increased 
crops. 


iNtllANA    AflHIC 
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THE  ACTION  OF  CALCIUM  CARBONATE  ON  ACID 
PHOSPHATE' 

By  Egbert  W.  Magrdcer 

The  reaction  which  takes  place  between  calcium 
carbonate  and  acid  phosphate  is  one  of  great  inter- 
est both  to  the  farmer  and  to  the  fertilizer  manufac- 
turer. It  has  been  generally  taught  that  calcium 
carbonate  should  not  be  mixed  with  acid  phosphate 
because  it  would  act  on  the  mono-  and  di-calcium 
phosphates  and  convert  them  into  the  tri-calcium 
phosphate,  which  is  insoluble  in  water  and  slowly 
available  to  plants.  Consequently  to  find  that  Mr. 
J.  S.  Burgest,  State  Agronomist  of  North  Carolina, 
in  Bulletin  220  of  the  North  Carolina  Department 
of  Agriculture,  recommended  that  ground  limestone 
and  acid  phosphate  be  mixed  in  the  proportions  of 
1200  lbs.  of  the  former  to  from  400  to  1000  lbs.  of  the 
latter,  was  very  much  of  a  shock  to  me. 

Mr.  Burgest  says:  "No  attempt  has  been  made 
to  leave  the  impression  that  acid  phosphate  mixed 
with  ground  limestone  will  not  revert  to  what  is  called 
di-calcium  and,  to  some  extent,  to  tri-calcium  forms. 
But  these  forms  of  phosphorus  are  still  available  to 
the  crops,  while  the  iron  and  aluminum  phosphates 
are  entirely  out  of  reach  of  the  plants." 

To  how  great  an  extent  acid  phosphate  is  converted 
into  iron  or  aluminum  phosphates  in  the  soil  I  do 
not  know,  but  in  the  Eastern  and  Southern  states 
experimental  results  have  uniformly  shown  that 
acid  phosphate  gives  much  better  results  and 
is  more  profitable  than  ground  phosphate  rock. 
Di-calcium  phosphate  is,  of  course,  a  valuable  fer- 
tilizer, and  tri-calcium  phosphate  which  has  been 
formed  by  the  reversion  of  acid  phosphate  would, 
without  doubt,  be  more  available  to  plants  than 
ground  phosphate  rock  on  account  of  its  fine  subdi- 
vision. 

■  If  reverted  phosphate  is  better  for  crops  than  acid 
phosphate,  the  fertilizer  laws  all  need  amending  and 
the  manufacturers  of  acid  phosphate  need  to  change 
their  methods  of  manufacture.  They  should  put 
out  no  mono-calQium  phosphate,  but  only  di-  and  tri- 
calcium  phosphates. 

The  only  recent  experiments  on  the  reaction  be- 
tween limestone  and  acid  phosphate  I  have  seen  are 
those  of  Dr.  R.  X.  Brackclt,'  of  Clcmson  College, 
South  Carolina.  His  limestone  contained  only  a 
trace  of  phosphoric  acid,  and  his  acid  phosphate 
was  of  the  following  composition: 


Tol  >l  pho«iilic>ric  "ci.! 

W«lrr  •oliiKlc  pho«phoo«-  »ii<t 

ln»oliil>lr  pho«pboric   aihI    . 


16  S4 
1».SJ 
1    .V» 


The   following   mixtures   wore   used   and   results   ob- 
tained : 


Lb.    •cli)    pllo.plllllr 

Lbi.  iimiuil  hnioii" 


14,0         1>   >  I?  "          '»  0 

a.o         i.i         1.0       10  0 


>  Sm  lmll>n«  Pull    IIT    IOr.t 


.  |>tr«'nlc<l  Al  A>..l  MMlin,  ..(    \m»..-.i.  Ch»mk«l  Soci.«r.  N«"  Vock 
LHy.  S»plrillli»r  ;<  to  yo.  I'JIft 

I  Till-   I.HoNtl.    T  il«|M.  A.tl 
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Mixture      ^=''"''"^'^*,''*''^^^°'2^""™°^^  3           ^^  ^  A  CONTRIBUTION  TO  THE  THEORY  OF  EMULSIFICA- 

w-s°Ins.    W-S°    Ins.    W-S  "^  Ins.    W-S    Ins.  TION  BASED  ON  PHARMACEUTICAL  PRACTICE' 

'^'irtVi?lerm?x?n'g^.':6.!5     1.07     8.30      1.15   10.50     1.24     2.40     0.83  By  Leo  RooN  and  Ralph  E.  Oesper 

May  10th 3.05      1.30     5.84      1.26     8.66     1.37     0.99     0.98  Received  November  22.  1916 

June  12tb 3.31      1.39     6.39      1.66     8.15      1.59      1.10     1.11 

Sept.  13th 3.38     1.46     3.31(0)1.33     8.05     1  46     0.87     1.08  INTRODUCTORY 

(a)  This  is  probnbly  an  error  as  an  analysis  in  November.  1913,  gave 

about  five  per  cent  water-soluble.  The    practical    knowledge   of  cmulsions,    which    has 

I    was    surprised     that    more    insoluble    phosphate  been  handed  down  to  the  pharmacists  from  generation 

was  not  formed  in  these  mixtures,  especially  the  half  to  generation,  has  been  surveyed  by  physical  chemists, 

and  half  mixture.  but  this  pharmaceutical  experience  has  been  neglected 

In  order  to  test  the  effect  of  larger  mixtures  than  almost  entirely  as  an  aid  in  developing  a  rational  theory 

used  by   Dr.    Brackett  and  also  to  try  the  effect  of  of   emulsification.     Several   theories   of   emulsification 

fresher  acid  phosphate,  I  made  up  some  mixtures  last  have  been  proposed  which  differ  according  to  the  factor 

summer  and  used   acid   phosphate   a   month   old   and  held  responsible  for  the  stability  of  the  emulsion,  but 

some  which  had  been  made  only  a  few  days  and  was  objection  has  been  raised  to  all  of  them.     It  is  probable 

warm  when  mixed.     I  used  ground  oyster  shells  in-  that  none  of  these  theories  is  of  universal  application, 

stead  of  ground  limestone.  and   though  each   may  cover  special  cases  or  classes 

Tabcb  I — Materials  Used  of  emulsions,  their  inadequacy  is  generally  admitted. 

Material                                      Total       Insoluble  Watlr-Soiubie  The    surfacc    tension    theory    upheld    by    Plateau,* 

New  acid  phosphate 19.3,1            2.41            15.78  Ouincke'    and    notablv      Donnan*    waq    <;hown    to    hp 

Month-old  acid  phosphate 18.13              1.04             14.80  Vuun.K.e       duu     uutciuiy       uonndn       Wdb     bnown     lO     DB 

Ground  oyster  shells 0.51           —           inadequate    when    Pickering'    emulsified  "solar  distil- 

Tabue  IX — MixTUKKs  AND  RESULTS  OP  Analvses  latc"  wlth   the   aid  of  such  materials  as  the  basic  sul- 

Acid  Phosphate  Used:  ^^^^       ^__ol^-^^^^    __nhw-^^^  f^tes  of  iron   and   coppcr,   hydrous  ferric  oxide,  etc., 

Mixture          Analyzed     insoi.   Water-Sol.       insoi.  Water-Sol.  materials  which  do  not  influence  Surface  tension.     The 

I90  1bs.  Acid  Phos....   8/16              2.50          15.05                0.82          13.72  •            ■.,.       ^i                      ,                  •    •       ■         i                                             ,       , 

10  lbs.  Oyster  Shells.  9/20         2.70       14.00           0.24       11.28  viscosity  theory,  whose  Origin  IS  obscure,  was  attacked 

■  80ibs.  Acid  Phos...  I/'.r       2:45       'u.fo           0:79       Wl  by  Hillyer,«  who  pointed  out  that  although  extreme 

20  lbs.  Oyster  Shells..  9/20          3.44         7.08            1.50        3.05  viscosity  Was  an  important  factor  in  the  preparation 

Theory        2  22         14.20               0.99         13.32  ,                   ,                         .-              ,    .                                 f      f 

160  lbs  Acid  Phos       8/16          2  40       12  15           0  84       11  10  of  some  pharmaceutical  cmulsions,  nevertheless,  VISCOUS 

40ibs.  Oyster  Shells..  9/20^      2.99       ^4.30           1.57       ^1.05  materials,  such  as  SO  pcr   Cent  glycerine  Or  6  per  Cent 

140 lbs.  Acid  Phos....  8/16          1.65       10.08           1 .  14       10.58  gum  solution,  are   not   able   to   emulsify   kerosene   or 

60  lbs.  Oyster  Shells..   9/20              3.26            1.50                1.95            0.65  °      ^                j        -1      ^1            ,        j-,     ^                             \-       ,                t  •. 

Theory       1.84       11.05           0.89       10.36  Cottonseed   Oil,   though    dilute,    comparatively   mobile 

100  lbs.  Acid  Phos... .  8/16           1.95         5.55             1.12         7.60  soao  Solutions  do  SO  easilv 

100  lbs.  Oyster  Shells    9/20            2.32          0.30              1.11          0.35  boap  boiuuonb  uo  bO  easuy. 

Theory       1.46         7.89            0.77         7.40  While    admitting    the   favorable    influences    of    high 

In  studying  this  table  there  are  some  inconsistencies,  viscosity  and  low  surface  tension,  Pickering^  put  forth 

but  taking  the  results  as  a  whole  it  is  seen:  the  view  that  the  deciding  factor  is  the  formation  of 

I — That  the  new  acid  phosphate  is  acted  on  more  ^\Tns  of  insoluble  particles  around  the   droplets.      Don- 
readily  by  the  oyster  shells  than  the  older.  nan*  attacked  this  hypothesis  bitterly,  but  Bancroft' 

2 — That  action  begins  at  once.  pointed  out  that  the  criticism  was  beside  the  point 

3 — That  the  action  continues  on  standing.  and  that  the  theory  was  not  intended  to  be  a  com- 

4 — That  the   greater   the   amount   of   oyster   shells  plete  one.     Clowes'"  has  described  experiments  in  which 

the  greater  the  action.  these   films   were   distinctly   visible   and  he  attributes 

5- — That  with  30  and    50  per  cent  shells   virtually  their  action  in  part  to  a  purely  mechanical  action  in 

all  of  the  water-soluble  phosphoric  acid  disappears.  keeping  the  particles  from  coalescing,  in  part  to  lower- 

These  results,  on  the  whole,  agree  with  Dr.  Brackett's.  ing  of  surface  tension  and  in  part  to  repulsive  action 

I  intend  to  make  further  analyses  of  these  samples.  of  the  electrically  charged  particles. 

It  has  generally  been  considered  that  water-soluble  Fischer"   has  recently   proposed  that  emulsification 

or  mono-calcium  phosphate  is  more  valuable  to  crops  is  due  to,  or  accompanied  by,  the  formation  of  a  hy- 

than    citrate-soluble,     or     di-calcium    phosphate.      If  dration    colloid    compound.      He   says;    "In    reviewing 

that  is  true  then  mixing  larger  quantities  of  calcium  the  empirical  instructions  for  the  preparation  of  emul- 

carbonate    with    acid    phosphate    would    reduce    the  sions,  and  in  our  own  attempts  to  formulate  such  as 

value    of    the    phosphate    very    greatly,    by    reducing  would  always  yield  permanent  results,  we  were  struck 

the  water-soluble  phosphoric  acid  to  the  vanishing  point  with  the  fact  that  their  production  is  always  associated 

and  also  by  increasing  the  insoluble  phosphoric  acid.  ,  The  work  reported  in  this  article  constitutes  the  basis  of  a  thesU 

As  the  fertilizer  laws  are  at  present,  fertilizer  manu-  submitted  by  Leo  Roon  to  the  Faculty  of  the  Graduate  School  of  New 

facturers  certainly  could  not  afford  to  mix  much  calcium  ^°'^  University,  in  part  fulfillment  of  the  requirements  for  the  degree  of 

.                      ...  Master  of  Science. 

carbonate  with  their  acid  phosphates  on  account  of  the  1  pogg.  Ann.,  u  (i870).  44. 

high  insoluble  phosphoric  acid  which  would  be  produced.  '  '•''"'  ■•""  •  **  (I888).  589 

As  this  question  is  a  very  important  one  to  both  .' f'^i*"' '^'""'of^oi^T'onn 

^                                            -^            r-  I  y^  Chem.  Soc,  91  (1907),  200. 

farmers  and  fertilizer  manufacturers,  I  have  thought  >  j.  Am.  chem.  Soc.  at  u90i).SM. 

it  well  to  make  public  my  results  in  order  to  have  more  '  ^-  ^°"-  cii""  ■  ">  C'lo),  ii. 

,.    ,  .    .,                           .,              ,.       .  •;6i(f.,  7  (1910),  214. 

light  thrown  on  the  subject.  ,  ^  p^^,  chem..  16  (i9i2).  504. 

F.  S.  RovsTSR  Guano  Company  "Ibid.,  SO  (1916).  415. 

NospoLK,  Virginia  "  Science,  43  (1916),  468. 
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with  the  discovery  of  a  method  whereby  the  water 
(or  other  medium)  which  is  to  act  as  the  dispersing 
agent  is  all  used  in  the  formation  of  a  colloid  hydration 
(solvation)  compound.  In  other  words,  when  it  is 
said  that  the  addition  of  soap  favors  the  formation 
and  stabilization  of  a  division  of  oil  in  water,  it  really 
means  that  soap  is  a  hydrophilic  colloid,  which,  with 
water,  forms  a  colloid  hydrate  with  certain  physical 
characteristics  and  that  the  oil  is  divided  in  this.  The 
resulting  mixture  cannot,  therefore,  be  looked  upon 
as  a  subdivision  of  oil  in  water,  but  rather  as  one  of 
oil  in  a  hydrated  colloid."  Fischer  gave  no  experi- 
mental details  of  his  work  and  though  he  promised 
their  future  publication,  neither  his  method  nor  re- 
sults were  available  to  us.  The  work  described  in 
this  paper  had  been  under  way  for  several  months  be- 
fore the  appearance  of  Fischer's  article,  but  our  results 
and  conclusions  coincide  so  closely  with  his  views,  that 
in  the  absence  of  his  own  data,  our  findings  seem  to 
constitute  at  least  a  partial  confirmation  of  his  theory. 

P  H  A  K  M  A  C  F.  I  •  T 1 C  A  I .     K  M  I '  L  S I O  N  S 

The  preparation  of  emulsions  is  a  regular  practice 
in  pharmacy,  but  the  pharmacist,  in  contrast  to  the 
physical  chemist,  recognizes  only  the  oil-in-water  type 
of  emulsions,  even  though  he  has,  as  official  pharma- 
copoeial  preparations,  lanolin,  carron  oil,  etc.,  which 
are  of  the  water-in-oil  type.  These  latter  preparations, 
however,  he  classes  with  the  ointments  and  liniments, 
respectively.  Every  pharmaceutical  emulsion  consists 
of  three  principal  parts:  (i)  the  liquid  to  be  emulsified; 
(2)  the  emulsifying  agent;  (3)  water.  The  lic|uids 
used  are  limited  to  fixed  and  volatile  oils  and  other 
liquids  immiscible  with  water,  such  as  chloroform, 
ether,  etc.  The  emulsifying  agents  most  generally 
employed  are  gum  arabic  (acacia),  gum  tragacanth, 
Irish  moss,  dextrin,  gelatin,  extract  of  malt,  yolk  of 
<*KK-  f^f  these,  powdered  or  granulated  acacia  is  by 
far  the  best.  In  addition  to  the  standard  emulsifiers 
mentioned  above,  condensed  milk,  casein,  starch  and 
various  mixtures  of  any  of  those  named  have  been  used 
with  more  or  less  success. 

There  are  two  methods  of  preparing  jjliarmacculical 
emulsions,  the  English  and  the  Continental. 

I—  The  Enf,lish  melliod  consists  in  triturating  the 
gum  with  water  to  make  a  mucilage,  an<l  then  adding 
oil  and  water  allernalely  in  small  portions,  triturating 
after  each  addition  until  the  emulsion  is  completed. 
This  method  is  not  considered  very  satisfactory  by 
most  pharmacists.  For  example,  Arny'  stales  that 
"this  method  of  manufacturing  emulsions  is  slow  and 
iinccrtuin  and  cannot  be  compared  with  the  Conti- 
nental method  in  simplicity."  It  has  been  our  ex- 
perience that  not  more  than  two  |)cr  cent  of  the  average 
students  of  pharmacy  arc  able  to  make  good  emulsions 
by  this  method.  It  is  of  interest  to  note  that  the 
hydritlioH  of  Ihr  rmulsifyiiiK  iigfiil  otiurs  progrrssivrly 
(iiid  mil  nil  III  line  lime  iiiul  fur  Ihr  urealrr  piirl  is  not 
IK  I  i>mf>li\linl  ill  Ihr  prrsriur  of  the  iilleniiil  phiise. 
The  Uoiilinriiliil  method  consists  in  tirsl  making 
what  is  called  the  emulsion  nucleus  with  certain  definite 

'  "I'rlnrtiilr.nl  I'lmrinnry."  llll.  p.  3M. 


quantities  of  oil,  gum  and  water.  This  creamy, 
viscous  nucleus  may  then  be  diluted  with  any  quantity 
of  water  to  form  a  good  emulsion.  In  this  case  all 
of  the  emtilsifyiiig  agent  is  hydrated  at  one  time  and  in 
the  presence  of  the  internal  phase.  Remington'  says 
concerning  this  method:  "This  has  the  great  merit 
of  never  failing  to  produce  a  good  emulsion  if  the  proper 
proportions  are  used  to  form  the  nucleus,  and  if  the 
directions  are  strictly  followed."  Text-books  and 
■  practitioners  are  divided  as  to  what  may  be  considered 
the  proper  proportions  of  oil,  gum  and  water  for  making 
the  nucleus.  The  majority  of  pharmacists  use  the 
materials  in  the  proportion  of  4  parts  oil,  2  parts 
acacia,  3  parts  water.  Remington  and  Arny  both 
recommend  4  parts  oil,  2  parts  water  and  i  part  acacia; 
the  National  Formulary-  recommends  S  parts  oil. 
2  parts  acacia  and  3  parts  water.  In  any  case,  it  is- 
evident  that  the  proportion  of  water  to  the  emulsi- 
fying agent,  acacia,  is  practically  constant.  The 
proportion  of  4  parts  oil.  2  parts  acacia  and  3  parts 
water  is  considered  most  reliable  for  making  the  nucleus 
and  has  been  used  as  the  standard  for  the  purposes 
of  this  research.  To  make  a  good  emulsion  nucleus, 
strict  adherence  to  the  mode  of  procedure  is  just  as  im- 
portant as  taking  the  proper  proportions  of  materials. 
The  standard  method  consists  in  placing  the  oil  (4 
parts)  in  a  dry  mortar,  adding  the  acacia  (2  parts) 
and  triturating  until  a  smooth  paste  is  formed.  The 
water  (3  parts)  is  added,  not  in  portions,  but  all  at 
once,  when,  upon  trituration,  a  thick  creamy  nucleus 
is  formed.  This  is  now  perfectly  miscible  with  water 
in  all  proportions. 

A  survey  of  the  literature  shows  that  some  phy.sical 
chemists  also  have  found  that  the  use  of  certain  definite 
proportions  of  materials  leads  to  good  emulsions.  For 
example.  Gad'  found  that  when  oil  containing  the 
proper  percentage,  of  fatty  acid  was  placed  on  the  sur- 
face of  a  sodium  carbonate  solution,  a  beautiful  spon- 
taneous emulsion  resulted,  and  from  this  he  held  that 
neither  shaking  nor  any  other  mechanical  process  was 
necessary  for  the  formation  of  an  emulsion.  His 
method  consisted  in  taking  a  series  of  watch  glasses 
containing  0.25  per  cent  sodium  carbonate  solution 
and  then  placing  drops  of  oil.  containing  various  amounts 
of  free  fatty  acid  on  the  surface  of  the  solutions  in  the 
glasses.  He  observed  that  the  oil  which  contained 
5.5  per  cent  fatty  acid  enuilsified  spontaneously  at 
room  temperature  ami  that  the  oils  containing  very 
little  more  or  less  than  5.5  per  cent  yielded  incomplete 
emulsions.  He,  therefore,  concluded  that  the  limits 
of  good  spontaneous  emulsion  were  not  only  constant 
but  <|uite  narrow. 

Robertson*  has  published  some  interesting  results 
which  also  serve  to  illustrate  the  iniportnnif  of  the 
use  of  definite  proportions  of  the  materials  for  cnuilsi- 
ficalion.  He  stales:  "If  one  shakes  up  thoroughly, 
e(iual  parts  of  slightly  alkaline  water  and  olive  oil, 
ii   very   stable  emulsion   is   formed   in   which   olive  oil 

I  "I'rariii-t'  nf  I'hariiiiicy."  p    IM»  Olh  nllllnnr 
•  "Ndtlonal  l'iwiiml«ry."  IM*.  \>    4ft  (»r.l  nllltfMO. 
>  .lr<*.    <>iii/    I'kyiinl.  Itn.   IMI. 
>/..  Kail.  Cktm.l  (I'MO).  7. 
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forms  the  internal  phase  and  water  the  external  phase; 
that  is,  the  oil  is  suspended  in  spherical  droplets  in 
the  water.  If  we  increase  the  proportion  of  water, 
the  resultant  emulsion  still  continues  to  exist  as  drops 
of  oil  suspended  in  water  until  the  proportion  of  water 
to  oil  reaches  a  definite  critical  value.  When  this 
critical  ratio  is  reached,  the  character  of  the  emulsion 
undergoes  an  abrupt  change.  From  being  a  viscid, 
creamy  white  emulsion  of  oil  in  water,  it  becomes  a 
fluid  yellow  emulsion  of  water  in  oil."  Bancroft' 
does  not  agree  with  Robertson's  conclusion  that  there 
is  necessarily  a  critical  ratio,  with  one  type  of  emulsion 
existing  below  this  value  and  the  other  type  above  it. 
although  he  admits  the  possibility  of  there  being  a 
given  point  at  which  an  emulsion  might  become  un- 
stable. 

A  search  of  the  literature  revealed  very  little  con- 
cerning quantitative  measurements  of  the  critical 
proportions  of  emulsions,  nor  could  we  find  records 
of  the  results  of  varying  the  order  in  which  the  in- 
gredients of  emulsions  were  added  to  each  other  and 
our  work  was  undertaken  with  a  view  of  studying 
several  typical  emulsions  from  these  standpoints. 
The  results  were  rather  striking  and  we  believe  throw 
some  light  on  the  process  of  emulsification.  It  is 
probably  true  that  the  critical  values  determined  are 
valid  only  for  the  quantities  used  in  our  work  and  apply 
only  to  emulsions  prepared  by  shaking  in  test  tubes, 
but  our  basic-  conclusions  are  probably  of  universal 
application. 

Only  two  emulsifying  agents,  acacia  and  soap, 
were  employed.  Acacia  (gum  arable)  is  considered 
by  pharmacists  to  be  the  best  emulsifying  agent, 
and  soap  has  been  mentioned  by  the  physical  chemists 
as  the  most  efficient  emulsifier.  Only  those  emulsions 
were  dealt  with  in  which  water  constituted  the  ex- 
ternal phase.  As  internal  phases,  substances  were 
employed  which  represented  different  types  of  liquids 
immiscible  with  water:  hexane,  chloroform,  carbon 
tetrachloride,  benzene,  white  mineral  oil  and  cotton- 
seed oil.  The  work  dealt  with  practical  emulsions 
rather  than  with  theoretical  emulsions  such  as  were 
I)rcpared  by  Lewis^  and  Ellis.-' 

Those  dispersions  were  considered  as  good  emulsions 
which  were  uniform  throughout  in  color  and  consis- 
tency, which  were  perfectly  miscible  with  water,  which 
uniformly  wetted  the  walls  of  the  containing  vessel 
and  which  did  not  separate  on  standing  into  three 
parts — a  layer  of  internal  phase;  a  layer  of  external 
phase;  with  an  interfacial  ring  of  partially  emulsified 
internal  phase  separating  the  two  layers.  On  standing, 
most  good  emulsions  cream,  or  separate  into  two  layers, 
a  layer  of  completely  emulsified  internal  phase  and  a 
layer  of  external  phase.  In  this  connection,  Scoville' 
says:  "Good  emulsions  often  separate  into  layers 
on  standing,  but  without  showing  any  separated  oil. 
An  emulsion  should  not  be  condemned  for  this,  be- 
cause the  separation  is  due,  not  to  faulty  manipula- 
tion in  making  the  emulsion,  or  to  improper  ingredients 

>  J.  Phys.  Chem.,  18  (1912),  746. 
'  Z.  Koll.  Chem..  4  (1909).  211.. 

>  Z.  phys.  Chem..  78  (191 1),  .15?. 

*  "Art  of  Coinpouiuling,"  1895,  p.  82. 


or  proportions  therein,  but  to  excess  of  dilution,  and 
a  little  shaking  will  quickly  rediffuse  it.  The  same 
thing  occurs  in  milk — the  best  type  of  natural  emul- 
sion—  in  which  the  true  emulsion  portion  separates  as 
cream." 

EXPERIMENTAL 

The  following  materials  were  used  in  this  research: 

1.  Hexane,  specific  gravity  0.691. 

2.  Chloroform,  specific  gravity  1.526. 

3.  Carbon  tetrachloride,  specific  gravity  1.597. 

4.  Benzene,  specific  gravity  0.877. 

5.  Oil  of  turpentine  rectified. 

6.  Mineral  oil,  specific  gravity  0.853. 

7.  Cottonseed  oil,  winter  yellow,  specific  gravity 
0.921. 

8.  Squibb's  soft  soap.  An  alcoholic  solution  con- 
taining 50  grams  of  soap  in  100  cc.  of  solution  was 
used. 

g.   Powdered    acacia    (gum    arabic)    first  selection. 
10.   Mucilage  of  acacia,  33  grams  of  acacia  contained 
in  100  cc.  of  mucilage. 

I ACACIA    EMULSION'S 

All  the  acacia  emulsions  were  made  by  shaking  in 
30  cc.  test-tubes,  except  those  containing  cottonseed 
oil  and  mineral  oil,  which,  because  of  their  high  vis- 
cosities, had  to  be  made  by  trituration  in  a  mortar. 
The  method  and  order  of  adding  the  necessary  con- 
stituents, was,  however,  the  same  in  all  cases.  The 
acacia  was  added  to  and  mixed  with  10  cc.  of  the  in- 
ternal phase;  7.5  cc.  of  water  was  then  added  at  once,  and 
the  mixture  rapidly  triturated  (cottonseed  or  mineral 
oils),  or  briskly  shaken  in  a  test-tube.  The  quanti- 
ties of  internal  phase,  gum  and  water  taken  were  in 
accord  with  the  standard  pharmaceutical  proportions 
of  4  :  2  :  3,  respectively,  or  in  other  words,  10  cc. 
of  internal  phase,  s  g.  acacia  and  7.  5  cc.  of  water.  The 
volumes  of  internal  phase  (10  cc.)  and  of  water  (7.5 
cc.)  were  kept  constant  throughout,  but  the  amount 
of  acacia  was  varied  and  the  effect  on  the  condition 
of  emulsification  noted  in  order  to  determine  the  pres- 
ence of  a  critical  point,  ;'.  e.,  the  minimum  quantity 
which  would  emulsify  the  given  volumes  of  water  and 
oil.  Such  points  were  observed  and  are  indicated  in 
the  results  given  in  Table  I. 

It  was  found  on  taking  10  cc.  mineral  oil,  adding 
5  g.  acacia,  triturating  to  a  smooth  paste  and  then  adding 
water  in  0.5  cc.  portions,  that  the  acacia  immediately 
absorbed  the  water  and  formed  large  translucent  lumps. 
On  adding  more  water,  vigorous  trituration  being 
maintained,  the  mixture  grew  whiter  and  whiter  until 
suddenly  a  perfectly  white,  creamy  emulsion  re- 
sulted. At  this  point  of  emulsification,  however, 
several  of  the  rubbery  lumps  of  acacia  still  remained, 
showing  that  5  g.  acacia  were  in  excess  of  the  amount 
necessary  to  emulsify  the  10  cc.  of  oil.  For  this 
treatment,  11.5  cc.  of  water,  in  small  portions,  had  been 
used,  whereas  when  7.5  cc.  of  water  (pharmaceutical 
ratio  4  :  2:3)  was  added  all  at  oner,  a  beautiful 
white  creamy  viscid  emulsion  was  produced.  Evi- 
dently then,  5  g.  of  acacia  are  more  than  sufficient  to 
emulsify   10  cc.  of  oil,  and   7.5  cc.  of  water  added  at 
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Tab  LP.  1 

— ACACI 

Size  of 

A     E.Ml-LSIO.SS 

Tritu- 

Internal 

Mix- 

Acacia 

Globules 

ration 

Critical 

Phase 

ture 

Grams 

Microns 

Sec.        Emulsion 

Point 

Cottonseed  Oil 

A  1 

5.0 

.3-8 

20      Thick  creamy 

t         2.2 

7 

3.0 

5~I0 

35      Good 

.3 

2  .5 

10-30 

150  1  Miscible 

[        2.3 

4 

2'4 
2.^ 

15-40 
25-50 

180    '-      but 
210   J       thin 

1    grams 

6 

2.  2 

300      None                  ' 

' 

Minci 

ral  Oil 

B  1 

5.0 

4-8 

30      Good                  , 

2 

.1.0 

8-15 

60      Good 

2.4 

^ 

15-30 

1 50      Good                   1 

to 

4 

2.6 

20-30 

150      Good                   1 

3.5 

5 

2.5 

1 5-30 

220      Good 

g.-ams 

6 

2.4 

300      None                  ' 

acacia 

Oil  of  Tiirpentii 

ne    C  1 

0.5 

Good                   ] 

2 

0.4 

Good 

4 
.5 

0..1 
0.1 
0.05 

.  .  .       Good 
Good 
Partial 

.Apparciitl 
None 

6 

0.02 
0.01 

.  .  .       Partial 
.  .  .       None 

Benze 

ne 

D  1 

5.0 

.?.o 

.3-10  1 
10-20 

Kxcellent 

n.OT 
to 

.? 

1  .0 

15-20  J 

and                 1 

0.10 

4 

0.5 
0.  1 

15-20 
15-40) 

;:;  >"r    1 

grams 
acacia 

f) 

ojn 

Carl)0 

.11  Telra- 

chloride 

IC  1 

0   50 

10-25 

,  .       Good                  , 

O.OS 

2 

0.  10 

1 5-30 

f.ood                    1 

to 

.? 

0.09 

20   SO 

Good 

0.09  gram 

4 

0,08 

N'one                    ' 

acacia 

Chlon 

jfonli 

P  1 

2.0 

8-  15 

Good                    , 

0.55 

2 

1  ,0 

10   20 

Good                     1 

to 

i 

0.56 

10  30 

Good 

0.56  gram 

4 

0.55 

.  .  .       None                  J 

acaciu 

IKxai 

le 

C,  1 

0.5 

25-50 

.  .  ,    Translucent.    , 

Between 

2 

0.1 

25-100 

.  .  .  ]    resembling 

0.005 

.^ 

0.05 

30-100 

...   I    starch  paste      ' 

and 

4 

0.0.3    50  &  over 

...  f  in  color  and      1 

0.01 

.S 

0.01     50  Stover 

...      consistency 

gram 

f> 

0  005  ( 

approx.) 

.  .  .  )    None                  1 

acacia 

Special  Cases 

A   (a) 

Hmulsior 

I  6  pins 

five  drops  of  En 

lulsion  1  gave  good  emu 

ilsion. 

ibi 

Oil  10  cc 

.  plus  acacia  ^.C 

1  g.  plus 

15  cc.  water  gave  no  en 

lulsion. 

(c) 

Oil  15  cc 

plus  a. 

:acia  .3.0 

g.  plus  . 

3.5  cc.  water  gave  no  en 

lulsion. 

(d) 

Oil   10  cc 

'.  plus  acacia  2 

R.   (belO' 

w  critical  point)  plus  7. 

5  cc.   wale 

gave  ni 

3  emuisi 

on;  plus 

0.3  of  5  ] 

per  cent  XaOH  solution 

gave  a  gooi 

D  (0) 

10  cc.  benzene  plus  .T  cc. 

mucilage  of  acacia  gave  no  emulsion. 

(ft) 

10  cc.  Ijci 

nzene  pi 

lus  .3  cc. 

mucilage  of  acacia  plAs  3  cc.  water  gave  ni 

cmulsic 

>n. 

E   (n) 

10  cc.  cai 

bon  tct 

rachloridc  plus  0.09  g.  acacia  pins  7.0  cc. 

water  gav< 

(a)    10 
lb)    10 


carbon  tetrachloritle  plus  0.09  g 

%ion,  but  not  as  good  as  that 

;.  of  water  lo  Kmulsion  3. 

chloroform   plus  0.56   g.   acucia   plus   7.0 


:acia  plus  IS.Occ.  water  gav 
>ulting  from  the  addition  ( 


hloroform  plus  0.56  g.  acacia  plus  10  cc.  water  gave  emul 
not  as  stable  as  that  resulting  from  Nucleus  3  suhsec)Ueiitly 
luted  with  3  cc.  additional  water. 


one  lime  will  bring  about  belter  and  more  rapid  cmulsi- 
fication  than  11.5  cc.  of  water  added  in  small  portions. 

Mixtures  Ei;  and  Fb  show  that  adding  an  excess 
of  water  (more  than  7.5  cc.)  at  once  to  the  internal 
phase  and  acacia  gives  an  emulsion,  but  these  emul- 
sions are  not  exactly  of  the  same  color,  consistency, 
staV)ilily  or  general  excellence  as  those  made  by  first 
diluting  to  the  retpiired  volume  a  previously  prepared 
nticlcus-    the  usual  pharmaceutical  method. 

Mixtures  [)</  and  h  where  the  critical  point  is  o.og- 
o.io  g.  acacia  illustrate  well  the  fact  that  the  hydration 
l)roccss  of  the  acacia  must  be  accomplished  at  the 
moment  of  agitation.  In  these  cases,  there  were 
taken  .^  cc.  of  mucilage  of  acacia  (representing  i  g. 
acacia  or  ten  times  the  ijuantity  actually  needed) 
and  this  was  shaken  thoroughly  with  the  benzene, 
'riierc  was  absolutely  no  indication  of  emulsitication. 
Likewise  there  was  no  elTect  when  benzene  was  shaken 
with  iiiu(il;igc  diluted  with  an  e(|u;il  ((uantily  of  water 
(Dh). 

Mixture  AO  represents  an  incomplete  emulsion  ni 
cottonseed  oil.      However,  on  aclding  5  dropH  of   a  gotxl 


emulsion  (i)  and  triturating,  the  emulsilication  of  6 
was  easily  accomplished.  This  seems  to  show  that 
a  good  emulsion  is  an  emulsifier,  a  fact  utilized  by 
pharmacists  in  redeeming  cracked  emulsions  by  the 
addition  of  a  small  volume  of  a  good  emulsion. 

Sodium  hydroxide  solution  was  added  to  the  cotton- 
seed oil  which  ordinarily  contained  some  free  fatty 
acid;  in  order  to  determine  the  effect  of  reduced  sur- 
face tension  caused  by  the  soap  formation:  0.3  cc.  of 
5  per  cent  sodium  hydroxide  solution  was  added  to 
the  incomplete  emulsion  A6.  with  the  result  that  the 
emulsification  was  completed. 

In  order  to  illustrate  the  striking  phenomenon  of 
the  existence  of  these  critical  points  which  appeared 
with  the  regularity  and  sharpness  of  titration  end- 
points,  a  set  of  chloroform  emulsions  was  prepared  and 
photographed  (see  Fig.  I).  Many  important  points 
are  illustrated  by  this  print.  The  upper  layers  are. 
of  course,  aqueous  and  the  lower  chloroformic.  As 
the  amount  of  emulsifying  agent  is  steadily  increased, 
the    intcrfacial    ring    becomes    broader    and    broader. 
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while  the  upper  aqueous  layer  becomes  more  and  more 
opalescent  until  at  9  we  have  a  uniform  white  emulsion. 
The  clarity  of  the  lower  chloroformic  layers  in  Nos. 
1  to  8  can  be  readily  seen  and  illustrates  what  is  meant 
l)y  the  term  "incomplete  emulsion,"  as  used  in  the 
introduction.  At  the  point  of  emulsification.  No.  0, 
no  emulsified  chloroform  can  be  seen  and  although  on 
standing  for  some  lime,  this  emulsion  creams  tlown- 
ward  because  of  the  higher  specitic  gravity  of  the  chloro- 
form, there  will  be  at  all  times  only  two  layers,  one  of 
emulsified  chloroform,  the  other  consisting  of  the  ex- 
cess dispersion  medium.  Tube  10  contains  chloroform 
and  viscid  mucil;ige  of  acacia  (c(i«ivalent  to  about  ,< 
g.  acacia).  These  have  been  vigorotisly  shaken  but 
it  is  very  evident  that  the  intcrfacial  ring  is  narrower 
lh;»n  in  1,  which  contains  only  0.40  g.  of  acacia,  em- 
phasizing again  the  importance  of  hydrating,  n«  the 
moment  of  agitation,  whatever  acnrin  i.n  present. 

It       SOAI*    KUt-tSIONS 

,\ll  the  soap  emulsions  were  j»rcpared  by  shaking 
in  ,\o  ci\  test-tubes;  10  cc.  of  intrrnnl  phnsr  were  taken 
in  a  tube  and   1,0  cc.  of  iioap  solution  run  in  from  .1 
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burette.  A  definite  quantity  of  water  was  then  added 
from  another  burette,  the  contents  of  the  test-tube 
suddenly  and  briskly  shaken,  and  the  degree  of  emulsi- 
fication  noted.  The  quantity  of  water  was  varied 
over  a  considerable  range  to  determine  the  possible 
presence  of  critical  points,  i.  c,  the  minimum  quantity 
of  water  required  to  bring  about  the  emulsification  of 
the  given  volumes  of  the  other  ingredients.  Such 
points  were  found  in  all  cases  as  is  indicated  in  the 
results,  shown  in  Table  II. 

Tadlk  II — Soap  Solutions 

Internal                            Mix-  Water  Size  of  Glohulcs  Emil- Critical 

Phask                                 ture  Co.              Microns  sign      Point 

Cottonseed  Oil HI  2.0          landless  Good  )  1 .4  to 

2  1..S          1  and  less  Good  -  I.S  cc. 

y  1-4          None  J  water 

Oil  of  Turpentine I      1  12.0          Good  ,  9.9 

'  11.0          Good  1  to 

1  10  0         .1-10  Good  {  10.0  cc. 
4  9  9          None  >  water 

Mineral  Oil J      1  2.8  Av.  2  Good )  2.6  to 

2  2.7          .Av.  2  Good  )  2.7  cc. 
■1            2.6          None  J  water 

Benzene K    1  4  ,S  1-2  Good  ,  4.2 

2  4  4  1-2  Good    to 

.1  4.3  1-2  Good    4..1CC. 

4  4.2  None '  water 

Carbon  Tetrachloride L     1  7.2  1-2  Good  1  7.0  to 

2  7.1  1-2  Good     7.1  cc. 

'  .1  7.0  None  ]  water 

Chloroform  M    1  6.0  2  (approx.)  (^.ood  ^  .S..S 

2  5.7  2  (approx.)  Good  i  to 

■1  .''.6  2  (approx.)  Good  |  5.6  cc, 

4  .S .  .S  None  '  water 

Hexane..  N     1  7.0  I.S  (approx.)  Good  ]  6.8  to 

2  6  9  I.S  (approx.)  Good    6.9  cc. 

.1  6  8  None  J  water 

•Hexane-Carljon  Telr:ichlo    ()     I  10    1  Good  1  9.9  to 

ride  2  10(1  Good!  10,0  cc. 

.1  9  <'  None  J  water 

•Hexane-Mineral  Oil PI  .1.0  Good  ,  2..'> 

2  2.7  Good     to 

3  2.6  Good     2.6  cc. 

4  2.5  None 'water 

♦Specific  gravity  1.0  {see  Special  Cases  below). 

Spbciai.  Cases 

H  (a)   Oil  10  cc.  plus  soap  solution   1  cc.  plus  water  in  portions  of  0.2  cc. 
emulsifies  when  a  total  of  5.6  cc.  of  water  has  been  added.      Com- 
pare above. 
(ii)    1.0  cc.   soap  solution  diluted   with    15   cc.   water   (critical   amount) 

plus  10  cc.  oil  gave  partial  emulsion. 
(f )    Oil  10  cc.  soap  solution  1.0  cc.  plus  5.0  cc.  water  gave  emulsion  but 
not  so  stable  as  one  made  by  making  Nucleus  2  and  diluting  it 
with  3.5  cc.  additional  water. 

J  (a)  Oil  10  cc.  plus  soap  solution  1  cc.  plus  water  in  0.2  cc.  portions 
emulsifies  when  a  total  of  6.5  cc.  have  been  added 
(/')  Oil  10  cc.  plus  soap  solution  1  cc.  plus  water  5  cc.  gave  emulsion 
not  so  stable  as  one  made  by  diluting  Nucleus  2  with  2.3  cc.  addi- 
tional water, 
(f)  1  cc.  soap  solution  plus  2.7  cc.  water  (critical  amount)  plus  10  cc. 
oil  gave  emulsion  This  is  an  exception  to  the  results  obtained  in 
all  other  cases. 

K  (a)    Benzene  10  cc.  plus  soap  solution  1  cc.  plus  water  in  0.5  cc.  portions 
emulsifies  when  the  total  of  10.5  cc.  water  have  been  added. 
(6)    1  cc.  soap  solution  diluted  with  4.3  cc.  water  (critical  amount)  and 
10  cc.  benzene  added  gave  no  emulsion. 

I.  1   cc.  soap  solutions  plus  7.1   cc.  water  to  which    10  cc,  carbon  telra- 

chloride  were  added,  gave  no  emulsion, 

M  Observations  of  this  emulsion  with  high  magnification  showed  that 

the  very  small  globules  contained  nuclei  closely  resembling  those 
in  protoplasmic  cells.  These  nuclei  were  seen  to  vibrate  with  a 
motion,  which  especially  for  the  smaller  globules,  resembled  very 
closely  the  so-called  Brownian  Movement.  The  larger  globules 
contained  many  of  these  highly  refractive  particles  of  varying  sizes. 
The  larger  particles  vibrated  rather  slowly,  but  the  smaller  ones 
darted  about  very  vigorously,  often  colliding  with  one  another. 
The  phenomenon  war.  only  observed  in  the  chloroform  emulsion, 

N  1.0  ec.   soap  solution  diluted   with  6.9  cc.   water   (critical  amount) 

plus  10  cc.  hexane  gave  no  emulsion. 

O&P  A  mixture  possessing  a  spetyfic  gravity  of  1.00  and  a  relatively  low 
viscosity  was  prepared  from  59.7  cc.  Jicxane  and  30.9  cc.  carbon 
tetrachloride.  Another  mixture  al.so  of  a  specific  gravity  of  1.00, 
but  of  a  relatively  high  viscosity,  was  prepared  from  59.7  cc. 
mineral  oil  and  14.7  cc.  carbon  tetrachloride.  These  mixtures,  of 
the  same  density  as  water,  were  then  treated  in  the  same  way  as 
the  pure  substances  hud  been,  to  determine  whether  emulsibility 
was  in  any  way  der)enclent  upon  specific  gravity.  No  relation 
was  founrl. 


In  connection  with  some  other  work,  it  has  been  our 
experience  that,  in  the  preparation  of  large  quantities 
of  soap  emulsions  of  certain  volatile  oils,  in  which 
definite  volumes  of  soap  solution  and  volatile  oil  were 
taken,  that  the  addition  of  an  excess  of  water  to  the 
soap  and  oil  mixture  produced  much  foaming  and  a 
comparatively  thin  emulsion  resulted;  that  the  addi- 
tion of  an  insufficient  amount  of  water  produced  an 
incomplete  emulsion  which  streaked  down  the  sides 
of  the  container;  that  between  these  limits  of  over- 
emulsification  and  incomplete  emulsification  there 
existed  a  point  at  which  perfect  emulsification  occurred 
without  foaming  and  streaking.  This  experience  was 
found  useful  and  was  employed  as  a  means  of  judging 
the  excellence  of  the  emulsions  prepared  from  lo  cc. 
internal  phase,  i  cc.  soap  solution  and  varying  volumes 
of  water.  The  foaming  is  plainly  indicative  of  ex- 
cess of  water  and  the  non-wetting  of  the  sides  of  the 
container  is  a  sign  of  incomplete  emulsification  due  to 
insufficient  water.  The  critical  point  between  the 
incomplete  and  the  perfect  emulsion  is  strikingly 
sharp  and  may  be  determined  within  less  than  o.i 
cc.  of  water.  At  the  critical  point  the  emulsion  seems 
to  form  almost  spontaneously,  and  only  one  to  two 
seconds  shaking  are  necessary  for  complete  emulsi- 
fication. However,  those  systems  which  are  within 
a  few  tenths  of  a  cc.  below  the  critical  point  in  water 
content,  will  emulsify  if  allowed  to  "age"  for  about 
10  minutes  before  being  vigorously  shaken.  These 
critical  points  are  applicable  only  to  emulsions  pre- 
pared with  the  quantities  used  in  this  research.  For 
instance,  if  20  cc.  of  benzene  are  to  be  emulsified  with 
2  cc.  of  soap  solution,  then  2  times  4.3  cc.  water  (critical 
volume  for  10  cc.  benzene  and  i  cc.  soap  solution) 
will  not  be  the  correct  value  for  emulsification.  In 
general,  as  the  total  volume  of  the  emulsion  to  be 
formed  increases,  we  note  a  relative  decrease  in  the 
critical  volume  of  water. 

If  the  water  be  added  in  small  portions  to  the  mix- 
ture of  internal  phase  and  soap  solution,  a  larger  volume 
is  required  to  bring  about  emulsification.  For  instance, 
in  Mixture  Ha.  5.6  cc.  of  water  must  be  added  in 
0.2  cc.  portions  before  emulsification  occurs,  while 
if  1.5  cc,  of  water  (critical  volume)  are  added  all  at  once 
to  the  mixture  of  internal  phase  and  soap  solution, 
and  the  whole  then  shaken,  a  rich,  creamy  emulsion 
is  produced.  The  same  fact  is  shown  in  Mixture  ]a. 
where  6.5  cc,  are  used  instead  of  2.7  cc.  (critical  volume) ; 
in  Mixture  Ka,  where  10.5  cc.  are  used  instead  of  4.3 
cc.  (critical  volume);  in  Mixtures  Hr  and  ]h,  we  see 
that  adding  more  than  the  critical  volume  of  water 
at  one  lime  and  then  shaking  yields  a  thin,  foamy 
emulsion  incomparable  in  general  excellence  to  those 
emulsions  prepared  by  first  diluting  a  completed  nu- 
cleus (made  with  the  critical  volume  of  water)  to  the 
required  volume. 

Mixtures  H/i.  Kb  and  La  show  that  no  emulsifica- 
tion results  if  the  requisite  i  cc.  of  soap  solution  be 
first  diluted  with  the  critical  volume  of  water  and  this 
diluted  (hydratcd)  solution  of  soap  then  shaken  with 
the  10  cc.  of  internal  phase.  This  is  analogous  to  the 
use  of  mucilage  of  acacia  in  acacia  emulsions.      Hence 


Feb.,  1Q17 


THE  JOURXAL   OF  IXDUSTRIAL   AXD  EXGIXEERIXC  CHEMISTRY 


161 


the  hydration  process  of  soap  must  be  accomplished 
at  the  moment  of  agitation  and  in  contact  with  the 
material  to  be  emulsified.  The  mechanism  of  the 
formation  of  the  emulsions  may  then  be  viewed  as 
follows:  the  agitation  disperses  the  internal  phase 
and  the  resulting  droplets  are  immediately  coated 
with  hydrated  colloid  formed  at  the  same  instant, 
this  coating,  according  to  Fischer's  theory,  being  the 
sine  qua  non  of  emulsification.  Mixture  Jc  apparently 
is  an  exception  to  this  rule. 

An  examination  of  Table  II  will  also  show^  that  the 
globules  in  soap  emulsion  are  considerably  smaller 
than  those  of  the  corresponding  acacia  emulsions. 
The  special  note  under  Mixture  M  is  of  interest  since 
it  describes  certain  vibrations  of  particles  in  the  films 
surrounding   the   globules   or   perhaps   in   the   globules 


<•..  II — Soap  Emulsions 
Cottonseed  Oil.  10  cc.        Mineral  Oil.  10  cc. 
Soap  Solution.   1  cc.        Soap  Solution.   I  cc. 

No 1        2        .1  $       (y       1  9       10      11 

Cc.  Water  ..4, 14. 24. I  1.51.41.3  2.72.62.5 

No.  4^Benzcne  and  Water  (No  Soap) 
No.  8— Cottonseed  Oil  and  Water  (No  Soap) 
No.  12 — Mineral  Oil  and  Water  (No  Soap) 

themselves.  These  vibrations  resembled  the  well- 
known  Brownian  Movement.  It  is  strange  that  this 
should  appear  only  in  chloroform  emulsions.  How- 
ever, an  examination  of  all  the  other  emulsions  revealed 
nothing  but  clear,  transparent  coated  droplets  of 
internal  phase,  with  no  evidence  of  vibrating  particles. 
The  sharpness  of  the  critical  point  and  the  other 
characteristics  of  the  complete  and  incomplete  emul- 
sions are  illustrated  in  the  accompanying  fjholographs 
of  soap  emulsions  of  benzene,  cottonseed  oil  and  mineral 
oil  (Fig.  II). 

CONCLUSIONS 

In  the  main,  our  results  have  confirmed  Fischer's 
theory,  though  in  certain  particulars  we  are  not  in 
entire  agrccmenl  with  his  statements.  We  have 
found  fi)  that  the  j)rcsencc  of  a  hydration  compound 


is  necessary  for  emulsification;  (2)  that  this  hydration 
compound  is  most  efficiently  used  if  formed  at  the 
moment  of  dispersion  of  the  internal  phase — in  other 
words,  the  three  constituents,  internal  phase,  emulsifier 
and  frater,  in  critical  proportions,  must  all  be  mixed 
at  one  time  in  order  to  form  a  properly  hydrated 
nucleus;  (3)  slight  variations  from  the  proper  procedure 
or  from  the  critical  proportions  yield  either  less  stable 
emulsions  or  none  at  all;  (4)  no  emulsion  results  if  the 
emulsifier  is  diluted  (hydrated)  before  dispersion  of  the 
internal  phase;  (5)  emulsions  of  better  color,  consis- 
tency and  stability  result  from  the  dilution  of  a  properly 
hydrated  nucleus  prepared  from  critical  proportions, 
than  are  formed  by  agitation  of  the  same  quantities  of 
internal  phase,  emulsifier  and  a  volume  of  water  equal 
to  the  total  volume  present  in  the  above  diluted 
emulsion. 

We  agree  with  Fischer  in  his  statement  that  a  hy- 
drated colloid  is  an  essential  part  of  an  emulsion,  es- 
pecially as  applied  to  emulsion  nuclei,  but  we  do  not 
agree  with  his  contention:  '"An  emulsion  breaks 
whenever  the  hydrophilic  (lyophilic)  colloid  which  holds 
the  aqvieous  dispersion  means,  is  either  diluted  beyond 
the  point  at  which  if  can  take  up  all  the  offered  water 
or  is  so  influenced  by  external  conditions  that  its  orig- 
inal capacity  for  holding  water  is  sufficiently  reduced." 
If  all  the  water  be  used  to  form  the  colloid  hydration 
compound,  we  do  not  see  how  this  nucleus  may  be  so 
greatly  diluted  and  still  yield  good  emulsions. 

SUMMARY 

I-  Definite  critical  points  of  emulsification  have 
been  shown  to  exist. 

II — These  critical  points  depend  on  (u)  the  quanti- 
ties of  internal  phase  and  of  emulsifier;  (b)  the  nature 
of  the  internal  phase  and  of  emulsifier;  (c)  the  procedure 
followed  in  the  preparation  of  the  emulsion. 

Ill-  Fischer's  hydration  theory  of  emulsification 
has  been  sustained,  in  part. 

IV — Preparation  of  nuclei  to  be  subsequently  tli- 
luted  lead  to  the  best  emulsification.  This  i.s  in  con- 
formity with  the  usual  pharmaceutical  practice. 

\'  Nuclei  of  one  composition  act  as  stabilizers  for 
incomplete  emulsions  of  other  compositions, 

\'l  Nuclei  of  one  composition  act  as  cmulsificrs 
for  other  internal  j)hases. 

lUvKMKYliK  ClIKUK'AI.  I.AII»IIAT<>«V 
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LABORATORY  AND  PLANT 


RF.CENT  DEVELOPMENTS  IN  CHEMICAL  ENC.INEERINd 
EQUIPMENT' 

llv    II     II     .Mii.KK 

.\s  it  is  impossible  in  the  lime  at  my  disposal  to 
describe  adequately  the  flevelopment  of  chemical 
engineering  ccniipment,  I  shall  merely  review  brielly 
some  of  its  more  iinprtrtant  phases  as  they  have  conu' 
uiiiler  my  utiserviition  in  the  maniifaittire  of  chemical 
(■({iiipinenl,  by  the  company  of  which  I  am  president. 

'   l>rr<rnlrd   lirdirr   lllr  'llli  Allixiul    MrrllMK   nl    llir    Anirtlran    lilnllllllr 
'    hrmliul  Klliilnrrr'    CllrnilaU'  Clllh.   New  Viirk     li nrv   III  li>  I/.  I<'l: 


This  Cnmp.iny  was  organized  sixteen  years  ago  on 
what  at  that  time  was  considered  n  nitlicnl  departure, 
namely,  tite  operation  of  a  modern  fotindry  on  a  sci- 
entific laboratory-controlled  ha.sis.  At  that  period, 
the  large  majority  of  foundries  were  operated  by  rule 
of  thumb  methods,  and  no  attention  was  pnid  to  the 
chemical  compositions  of  the  mclnls  used.  Mctnl 
mixtures  were  mncle  on  a  grailc  haKis,  known  as  Niw.  1. 
i.  .»,  anil  4.  ^tay  forjje.  scrap  iron,  etc..  the  j:radc  lu'inK 
determined  by  the  appenraiicf  of  its  toxttirr  rather 
than  by  its  cliomical  coinponition.     Very  little  attention 
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was  paid  to  the  percentages  of  different  elements 
contained  in  the  iron.  Frequently  what  appeared 
to  be  a  high-grade  No.  i  Pig  Iron,  would,  when  analyzed, 
prove  to  be  an  inferior  grade. 

Laboratory  control  established  for  us  a  reputation 
for  quality  and  accuracy,  and  chemical  castings,  de- 
manding the  highest  developed  standards,  immediately 
became  one  of  our  principal  products. 

It  is  now  fourteen  years  since  we  entered  this  field, 
and  for  an  active  beginning  joined  issue  with  European 
manufacturers  who  were  exporting  to  the  United  States 
the  large  pots  used  by  caustic  manufacturers  and  who 
largely  dominated  the  American  market  as  the  domestic 
product  was  inferior.  After  careful  research  and  de- 
velopment, assisted  by  the  cooperation  of  our  cus- 
tomers, we  were  finally  able  to  produce  caustic  pots 
of  a  better  quality,  /.  c.  giving  longer  life  than  those 
imported  from  Europe. 

We  next  turned  our  attention  to  chemical  retorts  of 
one  type  or  another  for  handling  different  acids,  and 
to  acid  eggs  and  acid  kettles,  and  ultimately  obtained 
equal  results  in  the  manufacture  of  these. 

After  our  success  with  these  lines  of  chemical  equip- 
ment, and  several  years  before  the  outbreak  of  the 
present  European  war,  we  entered  the  field  as  manu- 
facturers of  vacuum  dryers,  pumps,  and  condensers, 
which  apparatus  has  today  so  wide  an  application  in 
the  chemical  field.  We  developed  a  full  line  of  vacuum 
dryers,  consisting  of  shelf  dryers,  rotary  dryers,  drum 
dryers,  and  vacuum  drying  and  impregnating  equip- 
ment, as  well  as  the  auxiliaries  which  go  with  such 
apparatus,  namely:  vacuum  pumps,  condensers, 
expansion  tanks,  reclaiming  devices,  dust  collectors, 
etc.  This  equipment,  which  we  have  highly  devel- 
oped with  new  and  patented  devices,  is  especially 
useful  where  rapid  drying  free  from  atmospheric 
variations  is  required,  or  where  in  order  to  avoid  in- 
jury to  the  materials  under  treatment,  drying  must 
take  place  at  low  temperatures.  Our  vacuum  drum 
dryers  are  constructed  to  dry  in  large  quantities  and 
at  low  cost  and  without  any  practical  loss  of  material, 
emulsions,  pulps,  extracts,  white  lead,  glue,  milk, 
acids,  dyes,  and  other  liquids  containing  solids.  These 
liquids  are  reduced  to  dry  forms  economically  and 
quickly  and  without  danger  of  injury  to  the  quality 
of  the  material.  We  have  so  far  manufactured  5 
sizes  of  vacuum  drum  dryers,  the  smallest  having  a 
drum  2  ft.  in  diameter  by  20  in.  face,  the  largest  5  ft. 
in  diameter  by  12  ft.  face.  All  sizes  are  so  constructed 
that  they  may  be  easily  cleaned  and  kept  in  sanitary 
condition,  which  is  a  vital  consideration  when  hand- 
ling food  products.  The  smallest  dryer  is  so  constructed 
that  the  casing  over  the  drum  can  be  readily  moved 
back  on  a  track  so  that  free  access  can  be  had  to  all 
parts  of  the  interior.  The  larger  types  are  so  arranged 
in  size  and  convenience  that  a  man  can  enter  the  casing 
and  scour  all  parts  of  the  interior. 

Our  patented  method  of  applying  the  liquid  to  the 
surface  of  the  drum  is  the  result  of  many  developments 
in  our^  particular  machine,  and  the  present  arrange- 
ment assures  a  very  uniform  coating  on  the  drum  as 
well  as  a  large  output.      There  is  a  large  reservoir  in 


the  bottom  of  the  casing  for  holding  a  considerable 
quantity  of  material  to  be  dried.  This  material  is 
taken,  as  required,  by  a  circulating  pump  located  be- 
neath the  dryer  and  delivered  to  a  supply  pan  immedi- 
ately under  the  drum  and  slightly  in  advance  of  the 
knife  or  scraper,  which  removes  the  material.  Only 
a  small  section  of  the  drum  surface  comes  into  contact 
with  the  liquid  material  and.  therefore,  over  three- 
quarters  of  the  drum  surface  is  active  at  all  times  in 
drying.  The  material  is  forced  in  the  pan  under  suffi- 
cient pressure  to  insure  a  uniform  coating  on  the  drum. 
The  extra  supply  of  liquid,  which  escapes  on  the  side 
of  the  pan,  where  the  film  comes  out,  overflows  into  the 
reservoir  in  the  bottom  of  the  dryer.  By  the  time  the 
material  reaches  the  scraper  it  is  dry  enough  for  re- 
moval. It  is  automatically  scraped  from  the  drum, 
falls  into  a  conveyor  and  from  there  is  removed  to  a 
receiver.  Two  receivers  are  used,  one  on  each  end  of 
the  machine.  While  one  is  being  loaded,  the  other  is 
unloaded,  an  arrangement  which  permits  the  machine 
to  be  operated  continuously. 

Where  the  drum  dips  into  the  main  body  of  the  liquid, 
it  is  impossible,  owing  to  the  agitation  and  foaming 
of  the  liquid,  to  maintain  always  a  constant  level 
of  the  liquid  material.  This  consequent  change  in  level 
results  in  an  irregular  immersion  of  the  revolving 
drum  surface,  with  a  constant  variation  in  the  moisture 
content  of  the  dried  product,  loss  of  continuous  service, 
low  output  and  heavy  cost  of  operation. 

With  our  method,  the  drum  does  not  come  into  con- 
tact with  the  main  body  of  liquid,  and,  therefore,  anj'^ 
material  can  be  dried  satisfactorily  whether  it  foams 
in  a  vacuum  or  not.  It  is  also  to  be  noted  that  as  some 
materials  give  over  their  moisture  more  readily  than 
others,  the  speed  of  the  drum,  and  the  pressure  of  steam 
used  in  the  drum,  can  be  varied  to  suit  the  material 
being  treated. 

tSES     OF     \ACrV.\l     DRIM     DRVKRS 

One  of  the  most  extensive  uses  for  our  vacuum  drum 
dryer  has  been  in  the  production  of  powdered  chestnut 
and  hemlock  extracts.  Formerly,  these  extracts  were 
put  on  the  market  in  a  liquid  state,  containing  approx- 
imately 50  per  cent  moisture.  They  were  shipped  in 
tank  cars.  These  materials,  with  this  moisture  con- 
tent, can  be  treated  in  our  machine  and  dried  to  a 
powdered  form,  having  from  5  to  7  per  cent  moisture 
content.  This  dried  material  can  be  packed  into  bags 
and  shipped  in  this  manner  to  any  part  of  the  world. 
By  handling  it  in  this  form  the  market  for  the  material 
is  not  only  very  much  widened,  but  the  expense  and 
trouble  of  tank  cars  is  eliminated,  and  consequently 
transportation  expenses  greatly  reduced. 

Another  important  use  for  this  machine  has  been 
developed  in  the  recovery  of  dry  sulfite  waste  from 
the  waste  liquors  of  paper  mills.  This  product,  owing 
to  its  recovery  in  a  dry  state,  now  brings  a  handsome 
profit  to  the  paper  mills,  and  secures  another  by- 
product that  can  be  converted  to  many  useful  pur- 
poses. It  further  enables  the  paper  mills  to  comply, 
actually  at  a  profit,  with  the  laws  prohibiting  the  pol- 
lution of  streams  with  sulfite  waste. 
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The  approximate  capacity  of  our  5  ft.  by  12  ft. 
vacuum  drum  dryer  on  the  above  mentioned  extracts 
and  sulfite  waste,  is  1000  lbs.  of  dry  product  per  hour. 
The  cost  of  operation  is  extremely  low.  We  have  dried 
products  where  the  cost,  including  depreciation  and 
interest  on  investment,  steam,  power,  labor,  and 
incidentals,  has  not  exceeded  o.i  cent  per  lb.  in  re- 
ducing a  product  from  a  50  per  cent  moisture  content 
to  a  commercially  dry  product  under  a  7  per  cent 
moisture  content. 

Vacuum  shelf  dryers  and  vacuum  rotary  dryers  have 
also  been  extensively  used  in  the  recent  chemical  devel- 
opment in  this  country.  They  can  be  used  to  great 
advantage  in  drying  some  of  the  chemicals  derived  from 
coal-tar  distillates.  This  use  is  in  addition  to  their 
previously  extensive  application  in  the  drying  of  both 
li(iuid  and  solid  materials.  These  dryers  are  also 
especially  valuable  in  handling  solid  materials;  the 
shelf  dryer  for  sheet  rubber,  fruit,  albumen,  etc., 
together  with  the  rotary  dryer,  is  available  for  use  in 
drying  reclaimed  rubber,  rubber  compounds,  paints, 
dyes,  extracts,  pastes,  glue,  soap,  salts,  starch,  vege- 
tables, etc.  Where  the  quality  of  the  material  is  not 
affected  by  being  tumbled  or  mixed  while  drying,  or 
is  not  of  too  sticky  a  nature,  the  rotary  dryer  is  an 
ideal  apparatus  for  drying  in  large  quantities. 

At  the  outbreak  of  the  present  European  War,  when 
the  supply  of  many  materials  never  made  in  America, 
was  cut  off,  there  was  a  sudden  and  large  demand 
for  chemical  equipment,  particularly  in  plants  handling 
the  many  products  produced  from  coal  tar.  In  order 
to  meet  this  demand,  it  was  important  first  to  make 
use  of  apparatus  developed  for  these  purposes  in 
Europe.  It  was  also  essential  to  design  new  types 
of  apparatus  to  suit  conditions  in  this  country  and 
to  make  modifications  in  ec|uipment  which  had  been 
developed  abroad. 

Our  company  at  once  added  to  its  already  well 
established  engineering  and  consulting  staffs,  a  corps 
of  experienced  specialists,  who,  with  the  coopera- 
tion of  chemical  engineers  associated  with  chemical 
plants,  developed  machinery  to  manufacture  eco- 
nomically the  new  products  so  greatly  in  demand,  and 
we  are  to-day  supplying  apparatus  for  the  manufacture 
of  a  large  number  of  these  products,  such  as 
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Acvtanilulv 

Anisidinc 

Alpha- Nii|>litliylu>niii 

Alphii  Stllfoliir  Ariils 

Allli<lo  Nuphlhol 

Al|>hu  Niiphthiil 

Ucnznic-  Ariil 

Hcii/iil<li-hy<lc 

ilclri  Niiiililhyliiiniiic 

llclii  Naphthol 

llcla  SuKniiic-  Acidi 

Ciirlx.lic  Acid 

CuuBlir  .Siidii.  rlr. 

niiiilnibriitul 

Dlnilro  I'hlurhriKdl 

Uhnclhyluniniic 

Oiphrnyluinlnr 

UBmniii  Avid 

H  Aciil 
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.Mi'tulM«'iiyl>'iH'  ilium 

Mela  Titliivlcnr  dianii 

M.lanilii-  .Ui.l 

NuphlliiiHiic  Acid 

Nilric  Acid 

Orlliu  AiUFiidiiir 

Ortllo  I'llcllctidinc 

Pura-AniHidiiu- 

rara'Plicnctidinc 

ruraNilrunilinc 

I'nra-l'liciiyU'iicdiniiii 

I'nra  Ainidophcnn! 

IMlcnclidiiic 

I'lcric  Acid 

.Sulfur  lllacit 

Sulfunic  Acid 

Tuliildiur 

Trlnitrnioluol  (TNT) 

Xylldiiir 


llKVKI.I)l>.MI.N  r    <IK     A  I  Mlisl'lll  KI(      DKI'M     DKVIH 

One  of  the  lirsl  products  we  were  called  upon  to  pro 
diice  machinery  for  was  synttu'tiv.  pliciml.  The 
method  generally  used  in  trciiting  sodium  lieii/nl 
sulfonnte,  before  fusion  with  the  caustic  soda,  was  to 


take  the  liquor  from  the  filter  presses,  evaporate  it  as 
far  as  possible  in  open  pans  containing  heating  coils 
and  then  dry  the  salt  before  fusion,  either  by  means 
of  heated  air  or  by  some  other  crude  method.  We, 
of  course,  easily  determined  that  a  vacuum  evaporator 
should  be  installed  for  reducing  the  liquor  to  a  certain 
density,  thus  doing  away  with  the  open  pans.  The 
problem  that  presented  itself  was  how  best  to  handle 
the  evaporated  liquor.  Our  engineers  and  chemists 
assumed  that  the  vacuum  drum  dryer  would  be  the 
ideal  machine  for  treating  the  liquor  as  it  came  from 
the  evaporator,  but  we  found  by  actual  experiment, 
that,  owing  to  the  peculiar  nature  of  the  liquor,  it 
was  very  difficult  to  secure  under  a  vacuum  a  good 
coating  on  the  drying  drum. 

We  next  tried  the  vacuum  rotary  dryer,  but  found 
that  this  machine  formed  the  product  into  large 
cakes  or  balls.  It  was  impossible  to  extract  the  moisture 
from  the  interior  of  these  masses  without  spending 
considerable  time  in  drying,  our  object  here  being,  as 
in  all  cases,  to  produce  the  most  economical  method 
for  handling  a  given  product.  We  found  that  the  ex- 
perience we  were  having  with  this  product  coincided 
with  that  which  we  had  had  on  some  other  products, 
which  we  worked  out  by  using  an  atmospheric  drum 
dryer  for  reducing  the  moisture  content  to,  say,  approx- 
imately 12  per  cent,  and  then  finishing  the  pro- 
cess in  a  vacuum  rotary  dryer.  This  method  produced 
the  desired  results  and  furnished  a  beautiful  sodium 
benzol  sulfonate  salt  ready  for  fusing  with  the  caustic 
soda,  A  later  experiment  has  shown  that  it  was  not 
necessary  to  reduce  the  moisture  content  in  the  sodium 
benzol  sulfonate  to  below  1 2  per  cent  'before  fusing 
with  the  caustic  soda,  with  the  result  that  the  vacuum 
rotary  dryer  has  been  eliminated,  and  the  atmos- 
pheric drum  dryer  is  used  exclusively  for  handling 
the  liquor  as  it  comes  from  the  evaporator. 

We  later  found  that  our  atmospheric  drum  dryer 
has  many  uses  in  chemical  plants.  The  patented  suc- 
cessful principles  of  operation  in  this  dryer  arc  the 
causes  for  its  exceptional  success  in  this  field.  It 
emliodies  the  principles  of  our  vacuum  drum  dryer. 
The  same  patented  automatic  device  for  applying  the 
liquid  to  the  drum,  produces  a  uniform  coating  on  the 
drum,  and  consequently  a  uniformly  dry  product. 
It  is  an  ideal  machine  for  drying  materials  that  can 
be  dried  rapidly  and  withoiit  injury  under  atmos- 
pheric conditions,  such  as  salts  of  sulfonic  acid,  sodium 
nai>hthalene  sulfonate,  and  other  similar  products. 
The  machine  is  continuous  in  its  operation  and  is  a 
great  labor  saver;  the  finished  product  is  uniform, 
and  when  desired  for  fusion,  is  in  excellent  condition 
to  go  direct  from  the  ilryer  to  the  fusion  operatuin. 

One  of  the  early  demands  after  the  )>eKinning  of 
the  Euroj)ean  War  was  for  a  reducer  for  the  nutnu- 
faclure  of  aniline  oil.  The  improvements  here  are  the 
improved  sludge  unloading  <levice  which  automatically 
raises  the  vnlve  when  open,  ami  wedges  it  in  position 
when  closed;  the  introduction  of  reversible  liner  plates, 
hollow  shaft  and  rake  ffir  the  introduction  of  steam 
when  desired,  and  the  jacketctl  bottoni  for  special 
cases. 
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BETA-NAPHTHOL    DISTILLATION    APPARATUS 

Another  development  we  have  made  is  apparatus 
for  the  distilling  of  beta-naphthol.  This  consists  of 
a  still  body,  constructed  of  a  special  metal,  and  fitted 
with  a  cover  in  the  usual  way.  The  new  feature  of 
this  still  is  the  condensing  and  receiving  system,  the 
condensation  being  drawn  into  an  air-cooled  condenser 
consisting  of  a  single  pipe.  This  pipe  leads  into  a  steam- 
jacketed,  3-way  valve,  one  of  the  valve  openings 
attached  to  the  condensing  pipe,  and  each  of  the  other 
two  leads  to  a  receiver.  The  steam  in  the  jacket  pre- 
vents the  material  from  solidifying  in  the  shelf,  the 
material  on  entering  the  receiver  passing  between  two 
glasses.  By  this  means  the  operator  can  easily  de- 
termine when  it  is  shut  off,  and  change  from  one  re- 
ceiver to  another.  These  receivers  are  rectangular 
cast  iron  boxes  with  a  door  opening  the  full  size  at  one 
side.  Inside  of  the  receiver  is  placed  a  steel  box  with 
tapered  sides  which  fits  as  neatly  as  possible  the  full 
size  of  the  receiver.  The  beta-naphthol  solidifies  in 
this  box,  which  is  easily  removed  and  is  dumped  by 
taking  out  the  tapered  box.  In  addition  to  the  fore- 
going, the  still  is  supplied  with  a  large  tank  in  whic]i 
are  placed  baffles  to  collect  any  material  that  may 
pass  a  receiver.  Beyond  this  tank  two  smaller  re- 
ceivers are  supplied,  one  for  containing  the  liquid  to 
neutralize  the  vapors  if  any  should  pass  this  distance 
from  the  still;  the  other  receiver  is  for  this  liquor 
in  the  event  that  the  air  current  is  reversed  in  the 
pipe.  This  allows  the  liquor  to  flow  from  one  tank  to 
the  other  as  the  case  may  be.  The  entire  apparatus 
is  evacuated  by  means  of  a  dry  vacuum  pump,  and 
the  still  is  heated  by  a  direct  fire. 

RECLAIMING      HIGH       BOILING       POINT      SOLVENTS        FKO.M 
WASTE 

Another  of  our  developments  in  the  manufacture 
of  sulfanilic  and  naphthionic  acid  and  for  reclaiming 
high  boiling  point  solvents  from  waste,  is  a  direct  heated 
shelf  retort,  consisting  of  a  chamber,  provided  with 
ducts  passing  from  one  side  through  an  opening  on 
the  opposite  side.  Between  the  ducts,  and  inside 
of  the  apparatus,  are  formed  shelves.  The  one  side 
of  this  retort  is  provided  with  a  door  opening  the  full 
size  of  same.  The  retort  can  be  operated  either  with 
or  without  a  vacuum.  The  retort  when  operated 
under  vacuum  is  connected  with  a  dry  vacuum  pump 
and  a  conden.sing  system  between  the  pump  and  retort. 
The  material  is  placed  on  the  shelves  in  pans  and  the 
hot  gases  from  the  furnace,  in  which  the  chamber  is 
placed,  passed  through  the  inside  of  the  shelves.  The 
regulation  of  the  temperature  on  each  shelf  is  made 
by  dampers  which  permit  more  or  less  of  the  hot  air 
to  pass  through  the  shelf.  This  type  of  retort  is  far 
more  efficient  and  has  a  much  larger  capacity  than 
the  previously  odd  shaped  affairs  used  for  this  purpose, 
and  is  much  more  rapid  in  its  operation. 

SI'KCl.XL    AUTOCLAVES 

Another  improvement  that  we  have  made  is  in  the 
construction  of  autoclaves  for  the  production  of 
dimethylaniline.  It  has  always  been  the  practice  to 
use  an  enamel  or  silica  lining  in  the  autoclave,  which 


has  caused  more  or  less  trouble  due  to  the  checking 
and  cracking  and  final  deterioration  of  the  enamel. 
This  led  us  to  develop  an  autoclave  which  uses  as  a 
liner  a  highly  acid-resistant  cast  iron.  The  difficulty 
encountered  in  this  construction  was  that  the  acid- 
resisting  metal  is  more  or  less  brittle  and  would  not 
stand  the  high  pressure  necessary  for  the  autoclave 
in  the  manufacture  of  dimethylaniline.  This  led  to 
our  adopting  the  method  of  backing  up  the  acid-resist- 
ing castings  with  a  lead  lining. 

ACID    RECOVERY 

The  rapid  expansion  of  the  chemical  industry  has 
brought  up  seriously  the  question  of  economical  acid- 
recovery  plants.  In  this  line  one  of  our  ingenious  and 
unique  developments  has  been  the  patented  denitrat- 
ing  apparatus,  which  has  for  its  purpose  the  distilla- 
tion of  nitric  acid  from  a  mixture  of  nitric,  sulfuric 
and  water.  This  particular  form  of  construction  of 
the  machine  enables  this  nitric  acid  to  be  distilled  off  at  a 
high  strength  and  reasonably  free  from  lower  oxides 
of  nitrogen. 

The  reasons  why  results  can  be  obtained  from  this 
apparatus  and  not  from  an  ordinary  plain  still  are  as 
follows:  The  new  type  of  denitrating  apparatus  pre- 
sents a  very  large  heating  surface  in  contact  with  the 
acid  mixture  to  be  treated.  The  temperature  of  that 
part  of  the  apparatus  above  the  level  of  the  acid  mix- 
ture, cannot  by  any  possibility  rise  above  the  tempera- 
ture of  the  nitric  acid  vapors  produced  in  the  apparatus. 
By  this  means  the  strongest  nitric  acid  vapors  are  not 
decomposed  by  coming  in  contact  with  superheated 
metal  surfaces.  Therefore,  the  very  strongest  acids, 
and  fairly  free  from  lower  oxides  of  nitrogen,  will 
result. 

The  distillation  of  the  nitric  acid  is  effected  at  a 
much  lower  temperature  than  is  ordinarily  possible. 
This  is  done  by  the  injection  of  air  at  the  bottom  of 
the  machine,  which  keeps  the  acid  mixtures  in  violent 
agitation,  and  the  nitric  acid  held  in  the  mixture  is 
removed  most  effectively  by  the  sweeping  eft'ect  of 
the  air.  The  direct  heat  from  the  furnace  is  drawn 
through  the  double  U  pipes  in  the  apparatus,  which 
are  always  covered  with  acid.  By  this  means  the  greater 
part  of  the  heat  is  directly  absorbed  and  the  balance 
of  the  heat  contained  in  the  flue  gases,  after  leaving 
the  double  U  pipes,  is  drawn  around,  thus  giving  addi- 
tional heating  surface  and  giving  the  greatest  degree 
of  efficiency  in  operation.  The  distillation  of  the  nitric 
acid  is  therefore  effected  under  almost  ideal  condi- 
tions, and  by  the  use  of  the  air  the  factor  of  mass 
action  (which  has  to  be  considered  in  an  ordinary 
still  when  nearly  all  the  acid  is  distilled  off)  does  not 
occur  in  the  new  type  of  apparatus.  By  this  I  mean 
that  when  the  ratio  of  sulfuric  acid  to  nitric  acid 
toward  the  end  of  a  distillation  becomes  so  great  that 
a  very  high  temperature  has  to  be  carried  in  the  still, 
the  nitric  acid  evolved  must  necessarily  be  weak. 

For  example,  in  handling  a  guncotton  displacement 
system  the  first  run-off  of  spent  acid  is,  of  course,  rein- 
forced with  nitric  and  oleum,  but  the  second  displace 
ment,    which    consists    of   approximately    18    per   cent 
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nitric,  60  per  cent  sulfuric  and  22  per  cent  water,  if 
placed  in  the  ordinary  still,  will  give  on  distillation  a 
nitric  acid  of  only  about  78  to  80  per  cent  HXO3  and 
even  at  that  the  temperature  has  to  be  carried  to 
about  180  to  190°  C. 

It  is  well  known  that  from  guncotton  spent  acid, 
and  particularly  where  oleum  is  used  in  making  acid 
mixtures,  enormous  quantities  of  sediment  will  fall 
down  to  the  bottom  of  an  ordinary  still,  which  is  diffi- 
cult to  handle,  as  it  tends  to  choke  the  whole  system. 
Now  in  the  new  form  of  denitrating  machine,  after  6 
months  work,  there  is  not  the  slightest  indication  of 
sediment  forming  in  the  machine,  and  this  can  be 
readily  understood,  as  the  acid  is  kept  in  violent  agita- 
tion during  the  whole  time  of  distillation,  thus  pre- 
venting the  settling  of  the  mud  which  occurs  in  the  ordi- 
nary still. 

As  to  the  kind  of  acid  mi.\ture  best  suited  for  this 
new  type  of  machine,  I  can  state  that  any  acid  mi.\turc 
containing  a  nitric  content  above  2  per  cent  can  be 
readily  handled,  and  the  nitrous  contained  in  the  acid 
mixture  is  to  some  extent  oxidized  by  the  large  volume 
of  air  passing  into  the  machine. 

.As  air  is  used  in  this  machine,  which,  of  course, 
means  that  it  is  saturated  with  nitric  acid  to  an  extent 
determined  by  the  temperature  at  which  the  air  vapors 
pass  through  the  condensers,  some  form  of  tower  is 
absolutely  essential  in  order  to  deprive  the  air  of  the 
nitric  acid.  The  best  form  of  tower  for  this  purpose 
is  a  small  one  through  which  a  very  small  quantity 
of  water  is  allowed  to  trickle  so  that  a  fairly  strong  acid 
can  be  obtained  at  the  foot  of  the  tower,  and  no  nitric 
acid  allowed  to  escape,  at  the  top.  An  ordinary  form 
of  absorption  tower  can  be  used  for  this  purpose  and 
need  only  be  quite  small:  5  ft.  high  by  iS  in.  in  diameter 
is  quite  sufTicienl. 

The  commercial  value  of  this  apparatus  in  reference 
to  the  handling  of  waste  acid,  may  be  summarized  as 
follows: 

I  A  stronger  and  higher  grade  <>f  nilric  acid  can  be 
obtained  by  the  new  machine  than  by  any  of  tlic  older 
processes. 

2-  The  fuel  efliciency  per  unit  of  nilric  f)lilained  is 
exceedingly  high. 

,V  The  capacity  of  the  new  machine  per  unit  weight 
of  acid  handled  is  very  much  higher  than  with  the  old 
type  of  still. 

4-  The  space  occupied  by  the  new  apparatus  is  only 
onc-sixlh  that  re(|iiired  liy  the  older  type  of  still. 

5  The  life  of  the  new  type  of  apparatus  is  inlinitely 
greater  than  the  old  typo  of  still,  as  wilii  the  new  form  of 
apparatus  only  strong  acids  come  in  cont;ict  with 
the  mctnl,  and  thai  at  lower  lemperiitures. 

Some  imjjrovemenl  has  also  been  made  in  evjipo- 
rators  for  llie  chemical  and  oilier  lields,  wliicii  has 
been  of  great  advantage  in  I  he  development  of  clu'in 
ical  plants,  slarlin);  with  a  small  ciipaeity  and  later 
desiring  to  ini-rcase  their  production. 

Our  evajiorator  has  the  advantage  that  it  can  be 
doul)led  in  capacity  by  merely  inserting  an  additional 
'••■It    and   new   tubes.      This  lukcK  tip  very  little  addi- 


tional   floor   spac.e    and   gives    100   per  cent    more   ca- 
pacity. 

Another  development,  which  has  met  with  consid- 
erable favor  in  chemical  plants,  has  been  the  adapta- 
tion of  our  crystallizing  pan  to  many  uses  in  the  dry- 
ing and  crystallizing  of  products  which  tend  to  be 
sticky  or  gummy  in  the  drying  process.  This  crystal- 
lizing pan  has  been  very  efficient  for  concentrating 
and  crystallizing  material,  permitting  high  tempera- 
tures. It  has  been  used  heretofore  almost  exclusively 
in  this  country  for  evaporating  and  neutralizing  liquor 
of  ammonia  and  nitric  acid,  and  drying  and  crystalliz- 
ing the  finished  product.  This  pan  has  also  been 
equipped  to  operate  under  vacuum,  which  provides  a 
means  for  the  drying  of  sticky  materials  at  low  tem- 
peratures. 

.ACID-PROOF    CASTI.NGS 

A  recent  development  in  equipment  for  handling 
acids,  is  the  so-Called  acid-proof  or  acid-resisting 
castings,  which  were  first  made  in  England,  and 
later  in  the  United  States.  In  the  United  States  we 
have  kept  pace  with  this  movement  and  have  manu- 
factured not  only  small  pipes  as  a  substitute  for  stone- 
ware for  conducting  acids,  but  have  made  various 
shapes  and  sizes  of  retorts.  It  is  only  recently  that 
medium-sized  castings  have  Vieen  made  with  this  metal. 
On  account  of  the  lirittleness  of  the  metal  the  problem 
from  a  foundry  standpoint  is  a  very  difficult  one, 
but  advancement  has  been  made,  both  in  the  size  of 
the  castings  and  in  the  shapes  of  them  for  acid  work. 
No  doubt  the  next  two  or  three  years  will  see  a  con- 
siderably greater  improvement  in  the  quality  and  size 
of  this  equipment.  1  believe  that  as  large  and  diffi- 
cult castings  arc  now  being  made  in  this  country,  if 
not  more  difficult  ones,  than  in  Europe.  The  use  of 
castings  made  of  this  metal  is  bound  to  increase 
greatly  on  account  of  such  castings  being  superior  to 
enameled  equipment  and  stoneware  for  many  classes 
of  work. 

Our  company  has  for  some  years  ha<l  a  chemical 
laboratory  and  a  physical  laboratory  for  work  required 
in  the  carrying  on  of  its  business.  We  are  now  erecting 
a  large  laboratory  building  an<l  will  add  very  materi- 
ally to  the  equipment  alreaily  in  use.  both  for 
conducting  many  tests  on  our  oxpcrimontal  dryers 
and  evaporators,  and  also  for  research  work  in  organic 
chemical  lines.  VVc  expect  that  there  will  be  a  demand 
for  new  apparatus  to  handle  the  enlarging  field  of  chem- 
ical proflucts.  and  we  hope  to  be  able  to  serve  in  this 
ilevelopment  by  having  a  properly  e(|uipped  Inborn- 
lory  and  competent  engineering  talent  to  carry  on 
some  of  the  research  work. 

However,  as  the  old  j)roverb  says,  'Nei'cssity  is  the 
mother  of  invention."  it  is  important,  tirsl.  to  know 
what  is  re(|uired  before  apparatus  can  l>c  designed 
for  nteeting  new  requirements.  In  the  manufacture  of 
I  hcmii  als.  it  is  the  man  in  charge  of  the  plant  who  inecU 
these  new  jiroblems  and  who  can  call  upon  the  re- 
search and  designing  engineer  for  his  services  in  solv 
ing.  It  is.  ihereforc.  important  that  the  chemists  in 
charge  of  the  miunifacture  of  chemical  proilncts  co 
operate  with  the  machinery  manufaclurcrs  in  speeding 
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the  advance  in  the  design  of  machines  to  meet  new 
conditions.  It  is  true  that  great  secrecy  surrounds 
many  of  the  chemical  manufacturing  processes  in  this 
country,  and  where  publicity  would  aflfect  the  earnings 
of  chemical  companies,  it  is  wise  to  avoid  undue 
publicity.  But  giving  due  regard  to  the  protecting 
measures  required,  I  believe  it  is  nevertheless  possible 
for  manufacturing  chemists  to  submit  many  problems 
to  the  manufacturers  of  chemical  equipment,  which 
the  latter  can  solve  to  the  benefit  of  both  sides  of  the 
industry. 

BrPPAi.tj  Foundry  &  Machink  Company 

Bl  HFAl.O,   NivW  VoKK 


EMULSIFICATION  OF  MINERAL  LUBRICATING  OILS' 
APPARATUS  AND  TEST  METHOD 

By     1*.     H.    CO.NKADSON 

Received  November  I,  1916 

The  simple  apparatus  and  method  of  testing  de- 
scribed, to  determine  the  emulsibility  and  demulsifica- 
tion  (demulsification  value)  of  lubricating  oils  such 
as  steam-turbine,  steam  engine,  and  crank-case  oils, 
have  been  used  in  daily  routine  work  for  the  last  year 
or  more  in  the  writer's  laboratory,  and  have  been  found 
to  give  satisfactory  results  considered  from  a  practical 
service  standpoint.  They  are  simplifications  of  a  much 
larger  apparatus  and  more  laborious  method  used  pre- 
viously for  several  years  by  the  writer,  in  connection 
with  investigations  of  principally  turbine  oils  in  actual 
service,  with  reference  to  trouble  from  emulsifica- 
tions. 

Others     who     have    suggested     apparatiis     and     test 


Fio.  I — Oil  Emui-sipyinc  Tbstini;  .Apparatith 

methods  in  connection  with  emulsion  tests  of  lubricat- 
ing oils,  as  Phillips,-  Herschel,'  and  Bryan''  have  writ- 
ten at  considerable  length  and  in  elaborate  detail  on  the 
subject;  therefore,  this  paper  will  be  confined  to  a  brief 
description  of  the  apparatus,  method  of  testing,  and 
interpretation  of  results. 

'  Reud  before  Ihc  I9th  Annual  Meeting,  .\inerican  Society  for  Testing 
Materials.  June  27  to  .10.  1916. 

>  J.  Soc.  Chem.  Inii..  July  15.  1915. 

"  Bureau  of  Standards,  WashiuKton,  D.  C. 

*  Hxpcrimental  Station,  Navy  Department.  .Annapolis,  Md. 


APPAR.ATUS 

Fig.  I  needs  but  little  explanation.  The  apparatus 
consists  of  a  4-pint  capper  retort,  provided  with  a  de- 
livery tube,  which  is  joined  to  a  metal  or  glass  pipe 
having  an  inside  diameter  of  about  'is  in.  and  about 
15  in.  long  from  the  elbow.  The  lower  end  of  this 
pipe  is  cut  off  diagonally  to  prevent  thumping. 

The  glass  cylinders  are  graduated  to  250  cc.  They 
have  an  inside  diameter  of  about  i  '  •  le  in.  and  a  length 
of  about  9'/»  in.  from  the  bottom  to  the  250  cc.  mark. 
They  are  ii'/j  to  12  in.  in  overall  length,  and  are  made 
of  thin  glass,  with  a  flat  bottom. 

In  place  of  a  copper  retort  for  the  generation  of  steam, 
a  glass  flask  or  any  other  suitable  source  of  steam  supply 
may  be  used;  likewise,  ordinary  250  cc.  graduated 
glass  cylinders,  of  dimensions  given  above,  may  be 
used  where  emulsion  tests  are  required  only  occa- 
sionally. 

METHOD    OF    TESTING 

The  cylinder  is  filled  with  distilled  water  up  to  the 
20  cc.  mark,  then  100  cc.  of  the  oil  to  be  tested  are 
added.  To  churn  the  mixture,  steam  at  ordinary  pres- 
sure is  conducted  through  this  oil-water  mixture  for 
ten  minutes.  The  amount  of  steam  passed  through 
is  regulated  in  such  a  way  as  to  prevent  the  mixture 
from  splashing  over  the  top  of  the  cylinder,  but  the 
rate  may  be  as  rapid  as  is  practical.  This  is  easily 
regulated  by  the  height  of  the  gas  flame. 

The  churning  is  begun  from  the  time  the  tempera- 
ture of  the  mixture  has  reached  200°  F.,  or  when  the 
steam  as  such  passes  off  the  mixture.  It  usually  takes 
from  I  to  i',';  minutes  to  reach  this  temperature,  de- 
pending somewhat  on  the  body  or  viscosity  of  the  oil. 
However,  even  churning  with  steam  for  15  minutes 
does  not  seem  to  make  any  difference  in  the  results. 

When  the  churning  is  completed,  the  cylinder  is 
immersed  for  one  hour  in  a  water  bath,  kept  at  a  tem- 
perature of  130°  F.  During  this  time  the  cylinder  and 
its  contents  are  momentarily  inspected  at  intervals 
to  note  the  behavior  of  the  oil  mixture.  At  the  expira- 
tion of  one  hour  the  cylinder  is  removed  from  the 
water  bath  and  the  contents  are  examined  for  the  fol- 
lowing: 

(i)  The  number  of  cc.  of  separated  clear  or  turbid 
water. 

(2)  The  number  of  cc.  of  separated  emulsified  layer. 

(3)  The  number  of  cc.  of  separated  clear  or  turbid 
oil  above  the  emulsified  layer. 

(4)  The  percentage  of  water  or  moisture  in  the  sepa- 
rated oil  above  the  emulsified  layer. 

The  number  of  cc.  and  condition  of  the  emulsified 
layer  is  an  indication  of  the  emulsion-forming  property 
or  quality  of  the  oil. 

The  number  of  cc.  of  clear  or  turbid  oil  above  the 
emulsified  layer,  less  the  percentage  of  water  or  mois- 
ture contained  in  the  oil.  is  the  percentage  of  demulsi- 
bility  of  the  oil. 

The  condition  of  the  separated  water  or  watery 
liquid  under  the  emulsified  layer,  if  any,  gives  an  indi- 
cation also  of  the  behavior  of  the  oil  in  actual  service. 

The  amount  of  water  held  in  the  oil  above  the  emul- 
sified layer  may  be  determined  as  follows: 
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The  oil  above  the  emulsified  layer  after  the  expira- 
tion of  the  test  is  carefully  drawn  off  and  shaken; 
then  20  cc.  are  mixed  with  80  cc.  of  88°  Baumc  gasoline 
(from  Pennsylvania  Crude)  in  a  graduated,  flat-glass 
precipitating  tube  having  the  lower  end  drawn  out. 
The  oil-gasoline  mixture  is  kept  at  a  temperature 
not  over  80°  F.  for  one  hour,  or  the  water  or  watery 
liquid  may  be  separated  from  the  oil-gasoline  mixture 
by  means  of  a  centrifuge.  The  amount  of  water  or 
watery  liquid  is  read  off  and  calculated  to  percentage 
by  volume  and  subtracted  from  the  oil  above  the  emul- 
sified layer.  Of  course,  this  determination  is  only 
necessary  when  the  oil  above  the  emulsified  layer 
appears  to  contain  an  appreciable  amount  of  water. 

INTERPRET.'VTION    OF    RESULTS 

Fig.  II  illustrates  the  behavior  of  seven  representa- 
tive oils  with  this  method,  as  they  appear  after  expira- 
tion of  the  tests. 
EMULSION  JEST  AOPARATUS  AND  METHOD  FOR  LUBRICATING  OILS 


-RliPRRSBNTATIVB    LUBRICATING    Oil 

Ehiii.sii'ying  Tksts 

Table   I  gives  detailed  results  of  tests  of  these  oils. 

The  first  turbine  oil  shows  the  oil  entirely  free  from 

emulsifying    property    or    elements,    only    retaining    a 

very  small  percentage  of  moisture  or  water  after  the  ex- 

TABua  I — Emui.sipication  Tests  of  LrBRit-ATiNc.  Oils 


Kind 
of 
Oil 

.Sep-     Coii- 
aratvd  dilion 
Water     of 
Cc.    Water 

Kmiil 
siPied 
Layer 
Cc. 

Kind  of 
F^mul- 

aratcc 
Oil 
Cc. 

Moisture  Uenii 

in  Oil  sihilil 

Condition        Per        Per 

of  Oil              lent       cent 

Tiirhini 

40 

Clear 

N'oni 

100 

SliKhtly 
tiirliid 

0.2 

'(<>   8 

Turbini 

U, 

■SliKlilly 
tiirltic 

U 

I.inlil 

100 

y 

Turliid 

10 

')')   0 

L'niiik 

III 

Clear 

None 

lo.s 

Wry  tnrl.id 

,s.o 

'(.S .  0 

1   i.iiiL 

' 

Clear 

I.Sd 

Heavy 
thick 

Trace 

Practically 
all  emtilitioi 

0.0 

Knitiiir 

N'IMI 

.SO 

Thick 
milky 

102 

Very  tnrliid 

4   0 

'M.O 

nngini; 

2: 

Clear 

28 

I.iKhl 
foani) 

102 

Tiirliifl 

1   0 

97.0 

Spincllr 

.'(1 

Milky 

MO 

Thick 
milky 

None 

All  enudMini 

0   II 

ptralion  nf  the  lest.  The  second  turbine  oil  shows 
(|uilc  a  little  of  emulsificti  layer,  but  the  conililinii  of 
the  emulsificcl  l.-iyer  is  light  and  foamy,  not  compacl 
or  creamy.  The  amnunt  of  water  or  moisture  re- 
lainetl  in  the  oil  is  much  higher  th;in  in  the  tirsl  oil. 

Consider  next  the  two  samples  of  crankcasr  oil; 
The  first  oil  shtiws  roaily  separation  of  water,  which  is 
clear  and  has  no  cinulsifu'd  layer,  but  the  oil  ;ifler  the 
lest  retains  about  5  per  cent  nf  water.  With  either 
(Tank-ca.se  nil  only  n  very  few  cubic  centiiuelers  of 
water  are  sepnnitefl  at  the  expiration  of  the  test,  and 
a  very  large  amount  of  enmlsiruMl  layer  of  a  heavy 
thick  nature  is  shown;  in  fad,  the  whole  mixture  is  a 
Ifiivy  emulsion  without  separation. 


The  first  sample  of  engine  oil  shows  at  the  end  of 
the  test  a  thick  milky  emulsion  with  practically  no 
separation  of  water,  and  the  separated  oil  above  the 
emulsified  layer  contains  about  4  per  cent  of  water. 
The  second  sample  of  engine  oil  shows  considerable 
amount  of  separation  of  water  and  much  smaller 
amount  of  emulsified  layer;  this  layer  is  of  a  light 
foamy  nature. 

It  should  be  particularly  noticed  in  these  two  cases 
that  while  100  cc.  of  oil  were  used  in  the  tests,  102  cc. 
of  separated  turbid  oil  were  found;  deducting  the 
amount  of  moisture  or  water  found  in  the  separated 
oil.  4  and  3  per  cent,  respectively,  gives  06  and  07 
per  cent  of  demulsibility.  This  is  a  clear  illustration 
of  the  importance  of  giving  a  complete  statement  in 
the  report  of  the  behavior  of  the  oil  or  oils  in  the 
emulsifying  test,  as  simply  stating  the  percentage 
of  demulsibility  is  clearly  insufficient,  and  in  cases  of 
this  kind  would  be  seriously  misleading. 

('■Al.liNA-SlCNAL   Oil.   CoMPANV 

Fra.nki.is.  Pknnsvi.vasia 


THE  SAMPLING  OF  FERTILIZERS' 
By  K.  S.  Lodge 

In  considering  the  question  of  sampling  fertilizers, 
I  he  first  basic  idea  to  be  realized  is  that  we  are  not 
ilealing  with  a  homogeneous  substance,  but  a  mix- 
ture of  a  number  of  different  ingredients,  each  of  a 
ilifferent  specific  gravity,  of  a  different  texture,  and 
of  different  sized  particles.  These  factors  all  con- 
tribute to  the  tendency  to  unmix  or  to  destroy  the  uni- 
formity of  the  material  and  make  the  problem  of 
obtaining  average  samples  a  most  difficult  one. 

The  manufacturer  is  first  concerned  in  getting  a 
proper  sample  of  his  raw  materials,  in  order  that  he 
may  know  how  to  formulate  his  mixtures  so  as  to  be 
assured  that  his  finished  product  will  not  only  contain 
the  amount  of  plant  food  specified,  but  that  a  proper 
sampling  and  analysis  of  the  goods  will  confirm  his 
guarantees.  To  accomplish  this,  when  unloading 
bulk  goods  from  a  car,  a  small  scoopful  of  the  material 
is  taken  from  each  wheelbarrow  or  cart  as  it  passes 
some  specified  point,  these  samples  being  placed  in  a 
large  can,  to  be  mixed  and  quarteretl  tlown  when  the 
entire  sample  has  been  collected.  A  scoop  is  used  to 
take  these  samples,  since  it  has  been  found  that  there 
is  considerable  selective  action  when  handfuls  are  taken, 
the  finer  i);irlicles  sifting  between  the  fingers.  When 
cargoes  or  i>ther  large  shipments  are  sampletl,  it  is 
usually  necessary  to  s.'imple  each  tenth  load  or  some 
such  fraction.  In  sampling  from  bags,  the  manu- 
facturer will  usually  draw  samples  from  at  lea.sl  10 
per  cent  of  the  bags,  often  from  jo  per  cent,  and 
sometimes  from  all  the  bags.  Some  of  the  large  com- 
panies have  absolute  instructions  in  force  never  to 
sample  less  than  10  per  cent  of  the  bn|{i«  and  in  smaller 
shipments  to  sample  all  the  bngn.  Most  of  them 
use  the  most  upproveil  type  of  sumplinK  Itibe.  And 
this  all  in  the  face  of  the  fuel  that  the  so  called  "raw 
materials"  they  are  sampling  are  usually  very  uniform 

>  PrfwnlMl  Itflor*  Ihr  Krrllliwc  IMvlaton  Wnt  M**lln(  nl  Awwticaw 
Chrmlc«l  Snrlcly.  \r»   V.hW  CIIv    .>*»til»mtw«  /\  to  .W    Iwlft 
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and  homogeneous  in  composition  and  mechanical 
condition. 

In  the  modern  fertilizer  factory  all  sampling  is  super- 
vised by  the  man  in  charge  of  chemical  control:  He 
is  usually  a  graduate  chemist,  who  has  had  special 
training  in  sampling  methods.  All  mixed  fertilizer 
shipments  are  controlled  by  samples  taken  regularly 
at  the  delivery  point  of  the  finished  material,  before 
it  is  bagged.  These  analyses  are  checked  daily  against 
the  formulas,  and  discrepancies  are  corrected  in  the 
manufacturing  processes.  The  chemical  control  man 
is  constantly  behind  the  sampling,  devising  new 
methods  and  bettering  old  ones,  so  as  to  insure  the 
best  possible  samples. 

Upon  canvassing  the  fertilizer-consuming  states 
we  have  found  8  different  types  of  samplers  in  use  in 
official  state  insperlif"i.    I.i-^iili'-^   .1   f<-\v   yir.-icticos   ilint 


will  then  fill  with  the  same  material  from  the  top 
of  the  bag  that  is  in  the  bottom  of  the  tube,  the  plug 
preventing  any  of  the  material  from  the  bottom  of 
the  bag  from  being  collected.  Three  states  are  using 
this  kind. 

By  far  the  most  common  type  is  the  so-called  butter, 
lard  or  cheese  tryer,  which  consists  of  a  half  round 
tube  tapered  slightly.  This  cannot  remove  an  average 
sample,  since  the  material  nearest  the  point  of  with- 
drawal will  tend  to  scrape  out  material  further  down 
the  tube.  Fourteen  of  the  twenty-six  states  use 
this  type,  some  of  them  with  modifications.  One 
state  uses  an  iron  spoon,  one  a  cup,  one  a  sugar  tryer 
which  is  merely  a  slightly  tapering  tube  about  2  in. 
in  diameter  and  8  in.  long;  one  state  uses  a  rice  sam- 
pler, a  tube  about  q  in.  long  tapering  from  1  in.  in  diam- 
solid  point  with  a  slot  '/g  in.  X  2',  s  in.  about 
half  way,  which  is  supposed 
to  allow  the  sample  to  enter 
the  tube.  One  state  uses  a 
tube  open  at  the  bottom 
and  side  but  with  a  flange 
turned  to  act  as  a  scraper  to 
fill  the  tube.  Wet  goods 
tend  to  clog  this  type. 

It  would  seem  from  the 
above  that  only  the  two 
types  (Indiana  and  butter 
tryer)  were  in  general  use, 
and  an  investigation  was 
undertaken  to  determine 
the  accuracy  of  each.  One 
large  company  after  careful 
investigation  found  that  a 
complete  fertilizer  having 
a  large  amount  of  its 
ammonia  derived  from 
nitrate  of  soda,  upon  being 
sampled  from  the  bags,  would 
almost  invariably  give  one- 
half  of  one  per  cent  more 
ammonia  with  the  Indiana 
type  of  sampler  than  with 
the    butter-tryer    type,    the 
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CourUsy  of  "  Ai^ 
DiFFBRENT  Typbs  OP  Fbrtilizbr  Samplers  o.,r^»^r.c;^;nn     Koina     tViah     fVlP 

J.  Open  end  double  tube  sampler;  Nos.  .1.  4  and  5.  Butter  tryer  types:  No.  6.  Spoon;   Supposition      ueing     tndl,     HIC 

larger    crystals     of     nitrate 


,  Sugar  tryer;  No.  8.  Rice  sampl 

can  scarcely  be  called  samplers,  such  as  cups  and  spoons. 
The  sampler  which  seems  best  to  meet  all  conditions 
is  one  designed  at  the  Indiana  station,  which  consists 
of  two  telescoping  slotted  brass  tubes  terminating 
in  a  solid  pointed  end.  This  enables  the  sampler 
to  .be  inserted  full  length  into  the  bag  before  any 
material  can  enter  the  sample  chamber.  This  is  then 
opened,  the  sample  consisting  of  a  complete  core  allowed 
to  fill  in.  whereupon  the  sampler  is  closed  and  the 
tube  withdrawn,  unquestionably  removing  a  core  of 
the  entire  bag.  Five  of  the  Cwenty-six  states  can- 
vassed used  this  type.  Another  type  is  quite  similar 
to  the  Indiana  sampler  except  that  the  end  of  the  tube 
is  open.  The  objection  to  this  type  is  that  in  hard 
material  a  plug  is  likely  to  be  formed  when  the  tube 
is  partially  inserted,  so  that  when  opened  the  tube 
is  already   partly   full;     the   top   part   of   the  sampler 


were  dragged  out  when  the  butter  tryer  was  with- 
drawn. 

In  order  to  test  the  accuracy  of  sampling  by  means 
of  the  butter-tryer  type  of  sampler,  a  box  was  built 
with  burlap  ends.  This  box  was  filled  with  layers  of 
materials  crossways — first  a  layer  of  tankage,  then 
one  of  acid  phosphate,  then  one  of  bone  meal,  and  fin- 
ally one  of  nitrate  of  soda,  the  layers  occupying  approx- 
imately equal  volumes,  so  arranged  that  a  sampler 
passing  through  the  burlap  would  pass  through  the 
layers  of  material  in  order  as  mentioned  above.  The 
sampling  was  done  by  the  Indiana  sampler  and  by 
the  butter-tryer  type.  Four  samples  were  taken, 
one  from  each  end  with  each  sampler. 

The  Indiana  tube  removed  a  sample  with  well 
defined  layers  corresponding  to  the  layers  in  the  box. 
The    butter  tryer    when  used    from    the    tankage    end 
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of  the  box  drew  a  sample  which  looked  as  if  it  were 
composed  largely  of  tankage,  this  material  having 
dragged  out  some  of  the  acid  phosphate,  bone  meal,  and 
nitrate  farther  along  the  tube  and  displaced  it;  but 
when  used  from  the  nitrate  end  of  the  box,  little  tank- 
age was  in  evidence,  whereas  nitrate  crystals  were 
distributed  along  the  entire  length  of  the  tube. 

The  analysis  of  the  samples  taken  by  the  Indiana 
sampler  showed  16.17  percent  NaNOs  when  sampled 
from  the  tankage  end  and  19.71  percent  NaNOa  when 
sampled  from  the  nitrate  end,  this  difference  being 
due  to  the  fact  that  the  tube,  owing  to  the  closed  end, 
was  not  quite  long  enough  to  reach  through  the  entire 
box,  so  that  slightly  more  nitrate  was  obtained  when 
sam.pling  from  the  nitrate  end.  However,  with  the 
butter  tryer  when  sampling  from  the  tankage  end  only 
4.62  per  cent  of  NaNOs  was  obtained,  while  when  the 
sample  was  taken  from  the  nitrate  end  23.41  per  cent 
NaNOa  was  obtained. 

In  another  experiment  a  box  was  made  up  of  similar 
layers  of  tankage,  acid  phosphate,  bone  meal,  and 
manure  salts.  When  sampled  from  the  tankage  end, 
the  analysis  of  the  sample  taken  by  the  Indiana  sam- 
pler showed:  Ammonia  3.62  per  cent,  total  PjOs  15.65, 
and  K2O  3.59 — which  is  close  to  the  calculated  analysis; 
but  the  sample  taken  by  the  butter  tryer  gave:  Am- 
monia 4.35  per  cent  or  0.73  per  cent  more,  total  P2O3 
15.13  per  cent  or  0.52  per  cent  less,  while  the  KoO  was 
only  1.60  per  cent  or  1.99  per  cent  less  than  the  other 
sample.  The  increase  in  ammonia  and  decrease  in 
the  other  two  ingredients  would  seem  to  show  conclu- 
sively that  the  layer  nearest  the  point  of  exit  of  the 
lube  does  drag  out  material  collected  toward  the  end 
of  the  tube  and  fill  in  the  empty  space  itself.  This 
was  also  definitely  shown  in  the  case  of  the  nitrate  of 
soda  samples  mentioned  above. 

We  realize  that  the  conditions  used  to  test  out  this 
point  are  by  no  means  ones  that  would  be  met  with  in 
actual  practice,  but  it  is  only  by  going  to  such  ex- 
tremes that  definite  tendencies  can  be  conclusively 
demonstrated. 

Under  these  conditions,  especially  after  the  vibration 
of  long  railroad  hauls  may  have  caused  segregation 
and  stratification,  it  would  seem  that  the  conditions 
of  the  law  were  not  being  fulfilled  when  the  butter- 
trycr  type  of  sampler  is  used,  when  the  law  specifies 
that  a  core  shall  be  taken  through  the  sack  or  even 
when  it  specifies  that  an  areriige  sami)le  shall  be  taken. 
Further  analysis  of  state  methods  reported  shows 
that  in  most  cases  10  per  cent  of  the  bags  in  a  ship- 
ment are  sampled,  although  some  stale  sample  as 
low  as  only  3  bags  in  a  large  shipment.  Others  will 
not  sample  shipments  of  1  ton  or  less  unless  it  is 
the  only  chance  for  a  sample  of  that  brand.  There  are 
few  criticisms  to  offer  on  the  percentage  of  the  bags 
sampled. 

In  ten  out  i>f  the  nineteen  states  reporting,  the 
Hninpling  is  directly  nniler  the  State  Chemist,  while 
in  the  other  nine  it  is  under  the  Commissioner  of 
Agriculture  and  tlic  chemist  only  supervises  llie 
actual  analysis. 

In  twelve  (lul   (if  tin-  Iwcntv   Iwn  sliiti-s  ri'piii'l  iiu'     1 1"' 


inspectors  are  either  appointed  or  recommended 
for  appointment  by  the  State  Chemist,  and  are 
usually  trained  men  and  the  positions  usually  per- 
manent. In  the  other  ten  states  the  appointments 
are  made  by  the  Governor  or  Commissioner  of  Agri- 
culture, often  for  political  reasons,  and  the  appoint- 
ment is  often  for  short  periods,  such  as  three  months. 

In  conclusion  I  should  like  to  recommend  that  the 
chairman  of  this  division  appoint  a  Committee  of 
five  members,  two  to  be  State  Chemists  in  charge  of 
fertilizer  control  work,  two  to  be  manufacturers' 
chemists,  and  one  to  be  a  commercial  chemist  largely- 
engaged  in  fertilizer  work :  this  Committee  to  formulate 
a  standard  method  for  the  sampling  of  fertilizers. 
When  a  satisfactory  method  has  been  agreed  upon, 
the  Committee  is  to  submit  it  to  the  A.  O.  A.  C.  for 
their  official  consideration  and  action,  looking  toward 
its  acceptance  and  incorporation  among  their  official 
methods. 


Laboratory  op  Armour  S:  Company 
Chicago 


AN  IMPROVED  TABULAR  ARRANGEMENT  FOR 
CHEMICAL  FACTORS 

By   Clarknck   \*.    ICkrotii 
Received  January  II.  1^16 

The  writer  for  several  years  has  been  using  a  very 
convenient  arrangement  in  his  tables  for  gravimetric 
factors. 

This  tabulation  has  been  found  to  be  very  satis- 
factory by  many  of  his  co-workers,  and  upon  their 
suggestion,  and  in  the  hope  that  it  will  prove  of  help 
to  others  who  may  have  frequent  occasions  to  use 
factors,  a  brief  description  is  given  here. 

The  arrangement  is  illustrated  in  Table  2,  and.  for 
comparison,  in  Table  i.  the  usual  method  of  tabula- 
tion is  given. 

Taslk   I 
.\      WciRlicd  or 

Koiin.l  Kcquircd  A  » 

Wciuhcd  or 
U      Required  Found        Factor     Logarithm       Factor      Loc«rithni 

Calcium.  C«  -  40.07 

Ctt CaCIi  2.7f,9»i     n.4'4.>4(>  O  ,tM(U      1    5.<;S4 

Ca CaO  \.y<>929     nl4.W|  0   71460      IM406 

Ca() Ca  0.71460     T  8,<40h         I   .«<X».«J     0.14501 

MaKncnium,  Mg  -  24. M 

MkO  .       Mk  O  60.<17      T    78044  1.6J790     0   2I«.S6 

Tailk  : 
Weinlled 

ot       — ^  Rniuiml  — ^   Factuc  ->   l.ocatilhni 
Found 
Calcium,  Ca  •  40  07 

r  s<r.S4         (1  .W.IIH  Ca       CaCli         J  76780         0  44.'4«. 

1   HUI».         It   7I4M)  Ca        CaO  I    .«>W?9  0   I4WI 

Maiine^um.  M(   -   .M  .«.' 
T    78044  I)  MI.II7  Mil  Mud  I    r.«r'M)         0  }\tStt 

Wnghril 
I.OKarlthm  ^—Factor  ^—  Reqnirrfl  ^ —        or 
Found 

My  the  proposetl  mi-thoti,  as  shown  in  Tabic  :,  the 
necessity  for  reference  to  the  column  headings  is  prac- 
tically eliminated,  ns  it  is  only  nooossnry  to  rcmcmhcr 
that  the  fjictor  for  the  substance  "requiretl"  is  lomtotl 
by  continuing  in  the  utmf  dirrdion  indicnteii  by  an 
arrow  pointing  away  from  the  "weighed  or  found"  and 
toward  the  "rtM|uirc<l."  This  is  shown  in  the  coluntn 
hejids.  lop  and  btiitom.  Thus,  if  Ca  i*  "found" 
and  I'aO  t«  "rctjuirctl."  the  arrow  will  point  to  the 
iii'til   li.ind    I  iiliiiiiii    Isliiiwn   111  lif;idini'  !il    l<it>^     whore- 
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as,  if  CaO  were  "weighed"  and  Ca  were  "required"  the 
arrow  would  point  toward  the  left-hand  column  (shown 
in  heading  at  bottom). 

The  arrangement  is  thus  not  only  more  logical  but 
also  is  more  efficient.  Repetition  of  factors,  in  reversed 
order  (shown  in  Lines  2  and  3  of  Table  i),  becomes 
unnecessary.  Elimination  of  the  chances  of  possible 
error  resulting  from  confusion  of  columns,  and  saving  of 
the  time  otherwise  required  to  insure   their  avoidancr. 


are  further  advantages  which  should  commend  this 
method  of  tabulation,  not  only  to  those  workers  who 
make  up  tables  of  factors  for  special  uses,  but  also  to 
authors  generally. 

The  arrangement,  of  course,  may  be  employed  for 
any  system  of  factors  which  are  arithmetically  com- 
plementary. 

CiiKMicAL  Laboratory,    Bi-rkai-  (*p  Foons  and   DRir.s 

MKPARTMKNT    op     UliALTH.     CrT\      ' -F     Xkw    VohK 


ADDRL55L5 


OUR  ANALYTICAL  CHEMISTRY  AND  ITS  FUTURE'- 

ISV      W,      IV      lIll.I.I-BRAMi 

111  an  address'  read  at  Philadelphia  nearly  twelve  years  ago  I 
gave  expression  to  some  thoughts  on  the  condition  of  analytical 
chemistry  in  our  country  as  the  condition  appeared  to  nie  then 
to  be.  Those  thoughts  were  Ijased  on  an  experience  of  many 
years,  during  which  I  was  engaged  wholly  in  analytical  work 
of  a  more  than  ordinarily  exacting  nature,  and  especially  upon 
observations  that  had  been  acquired  in  connection  with  several 
series  of  cooperative  analyses  of  diverse  materials.  Since  then 
my  attention  has  been  no  less  given  to  analysis,  largely  for  the 
past  eight  years  in  a  supervisory  capacity,  however,  and  I  have 
had  opportunity  to  note  the  conditions  that  now  prevail  with 
respect  to  chemical  analysis  and  what  an  important  bearing 
exact  analytical  work  often  has  on  problems  of  physical  and 
electrochemistry,  metallurgy,  etc. 

It  seems  to  me  then  that  I  can  choose  no  more  fitting  subject 
for  my  present  discourse  than  a  continuation  of  one  so  closely  re- 
lated to  my  life  work,  one  in  which  I  feel  a  deep  interest  and  of 
which  I  may  be  presumed  to  have  knowledge  somewhat  worth 
presenting  on  an  occasion  like  this.  Then,  too,  since  my  re- 
marks will  apply  most  directly  to  analysis  as  it  concerns  the 
producers  of  the  raw  materials  and  the  users  of  the  products 
of  applied  science,  the  subject  is  eminently  a  jiropcr  one  for 
the  present  occasion,  atul  particularly  so  in  an  institution  where 
applied  chemistry  made  one  of  its  important  starts  in  this  coun- 
try, in  the  old  School  of  Mines,  with  which  the  name  of  Chandler 
is  so  inseparably  connected. 

Although  I  shall  cover  now  sonic  of  the  ground  traversed  in 
my  address  of  twx'lve  years  ago,  in  briefly  alluding  to  the  condi- 
tions of  analytical  chemistry  in  the  present  year,  1916,  there  is 
much  to  be  said  in  developing  one  or  two  of  the  ideas  then 
siinniering  in  my  mind  and  other  phases  of  the  general  subject 
not  then  mentioned.  So  my  subject  calls  for  a  more  unrestricted 
title  than  I  gave  it  at  that  time,  and  I  shall  speak  to  you  of  our 
analytical  chemistry  and  its  future,  purposely  restricting  my- 
self to  a  consideration  of  conditions  as  they  exist  and  may  be- 
come in  this  country. 

In  the  early  days  of  chemistry  there  was  needed  a  vast  ac- 
cumulation of  observations  to  serve  as  foundations  for  the  de- 
velopment of  the  science.  At  the  very  basis  lay  the  need  for 
knowledge  of  the  composition  of  all  kinds  of  matter.  Hence, 
it  came  about  that  many,  if  not  most,  of  the  great  chemists  of 
the  time  were  of  necessity  analysts,  and  the  analytical  branch 
of  chemistry  stood  in  high  repute.  That  this  condition  did 
not  maintain  itself,  that  chemical  analysis  during  the  latter 
half  of  the  past  century  fell  from  its  high  estate  and  came  to 
be  looked  upon  more  or  less  as  a  handy  tool  for  ulterior  ends, 
a  tool,  moreover,  which  need  not  for  most  purposes  be  of  the 

'  Chandler  Foimdalion  Lecture,  delivered  at  Columbia  Udivcr.-iily, 
Noveuibcr  37,  1916.     Copyrighted  by  Columbia  University. 

'  To  several  of  my  colleagues  in  the  Bureau  of  Standards,  to  whom 
the  first  draft  of  this  address  was  submitted.  1  am  under  obligations  for 
suggestions  that  have  been  most  helpful  in  its  further  elaboration. 
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sharpest  or  the  best  or  entrusted  only  to  the  most  careful  and 
skilled  operators — all  this  has  been  recognized  and  lamented 
by  many.  The  reasons  for  the  fall  are  also  wcll-enouj?h  known 
and  need  not  be  discussed  at  length,  but  brief  reference  to  some 
of  them  will  be  needed  in  view  of  later  remarks. 

Chief  among  the  reasons  for  the  neglect  of  analytical  chemis- 
try is  the  enormous  development,  first  of  organic  chemistry  and 
later  of  the  so-called  physical  chemistry.  The  effect  was  brought 
about  in  two  ways:  (i)  By  mere  displacement,  as  it  were, 
owing  to  the  far  greater  promise  of  new  discoveries,  however 
commonplace,  or  because  of  the  strong  interest  attaching  to 
new  and  unexplored  fields  of  inquiry;  (2)  By  the  unfortunate 
fact  that  for  a  long  period  approximate  analytical  results  were 
thought  to  sulTice  in  most  of  the  industries,  and  even  in  scien- 
tific researches.  This  meant  that  slipshod  work  and  methods 
came  more  and  more  into  use  and  less  fundamental  knowledge 
of  analysis  ^seemed  to  be  demanded  of  chemists — all  of  which 
reacted  unfavorably  upon  the  standing  of  the  analytical  pro- 
fession, tending  to  discredit  it  as  a  whole,  even  though  it  held 
members  fit  to  rank  with  the  illustrious  pioneers. 

In  addition,  some  chemists  came  to  feel  that  the  field  was 
an  exhausted  one.  offering  little  to  reward  the  research  worker. 
How  little  this  is  true  the  events  of  recent  years  have  abundantly 
shown.  The  growing  sense  of  the  important  influence  of  small, 
even  minute,  amounts  of  this  or  that  element  or  combination  in 
a  given  material  and  the  high  value  of  many  ores  and  commer- 
cial products  has  led  to  more  critical  examination  of  the  methods 
used  for  determining  the  content  of  the  substances  in  question 
in  order  to  ascertain  with  greater  i)recision  the  value  of  those 
materials,  just  as  has  been  done  long  before  for  the  precious 
metals,  gold  and  silver.  Such  examination  revealed  not  in- 
frequently unsuspected  defects  in  methods  regarded  hitherto 
as  reliable  and  accurate,  and  that  good  results  were  due  often 
to  compensation  of  errors  or  were  to  be  had  only  within  a  nar- 
row range  of  conditions.  One  good  effect  of  such  investigations 
has  been  to  make  conser\'ative  analysts  distnistful  of  all  new- 
methods  and  less  reliant  on  some  of  the  old  ones  until  their 
worth  and  suitability  have  been  put  to  far  more  crucial  test 
than  was  formerly  deemed  necessary. 

Yet,  notwithstanding  improvements  made  in  important 
inetliods  through  painstaking  research,  it  is  evident  that  many 
methods  will  require  a  «itutly  differently  directed  or  more  pro- 
found than  any  yet  made  before  light  enough  to  meet  even  our 
immediate  needs  is  thrown  upon  them.  And  who  shall  say  what 
needs  another  century  or  even  decade  may  firing  forth?  Arc 
we  not  again  and  again  even  now  confronted  with  the  need 
to  determine  smaller  and  smaller  amounts  of  a  component 
and  to  make  more  and  more  perfect  separations  in  order  that 
the  first  may  be  possible?  Arc  we  to  as.sume  that  a  limit  has 
been  reached? 

IMPORTAN'CK  OF  RARER  ELEMENTS 

,\iu>ther  fact  shows  how  untrue  it  is  that  the  field  of  chemical 
analysis  has  little  new  to  offer.  I'ew  ever  thought,  not  so  long 
ago,  to  look  for  the  rarer  elements  in  an  ore  or  industrial  product 
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made  from  the  ores.  No  use  whatsoever  was  made  of  certain 
elements  that  are  now  serving  most  useful  ends,  either  by  them- 
selves or  in  combinations.  There  are  other  elements,  still 
chemical  curiosities,  for  which  no  use  has  yet  been  found.  Is 
there  any  more  reason  to  believe  for  them  than  for  the  others 
that  uses  will  never  be  found?  Rare  though  they  be,  like  gal- 
lium, indium,  and  germanium,  and  costly  their  extraction,  the 
finding  of  a  use  for  them  will  broaden  the  search  for  their 
ores  and  lessen  the  cost  of  production.  With  use  will  come  a 
demand  for  methods  of  separation  and  determination,  which 
must  be  accurate  because  of  the  small  percentages  in  question 
or  the  enormous  value  of  the  material. 

But  there  are  other  fields  in  which  the  chemist  has  to  look 
to  analysis  of  the  highest  order  for  help  in  solving  his  problems. 
For  instance,  the  importance  of  e.xact  analytical  methods  in 
connection  with  physico-chemical  researches  is  very  great  and  is, 
perhaps,  best  illustrated  in  the  preparation  of  pure  materials. 
There  is  no  question  that  physical  constants,  even  atomic 
weights,  have  been  determined,  not  infrequently,  upon  ma- 
terials of  doubtful  or  at  least  unproved  purity.  The  practice 
is  all  too  common  of  assuming  that  a  certain  number  of  crys- 
tallizations or  distillations  is  sure  to  yield  a  product  of  highest 
|)urity.  Conclusive  results  can  be  obtained  only  when  meth- 
ods are  devised  and  applied  by  which  the  amounts  of  any  possi- 
ble contaminant  present  can  be  proved  to  be  without  influence 
upon  the  results  sought.  A  single  instance,  borrowed  from  the 
experience  of  the  Bureau  of  Standards,  may  be  of  interest.  In 
the  preparation  of  pure  alcohol  to  be  used  in  the  determination 
of  a  series  of  densities,  tests  were  devised  or  confirmed  for  de- 
lecting the  presence  of  minute  amounts  of  ether,  aldehyde, 
methyl  alcohol,  and  water.  The  most  delicate  test  for  the  lat- 
ter was  found  to  be  the  critical  solution  temperature  of  mix- 
tures of  kerosene  and  the  alcohol  to  be  tested.  By  this  means 
the  presence  of  o.ooi  per  cent  of  water  in  the  alcohol  could  be 
readily  detected. 

In  the  field  of  electrochemistry  there  is  a  similar  need  for  ex- 
act analytical  data.  In  the  determination  of  the  electrochemical 
equivalent  of  silver,  from  which  the  value  of  the  ampere  is  de- 
rived, researches  extending  over  several  years  have  shown 
ihat  the  purity  of  the  electrolyte  is  of  fundamental  importance. 
Thus,  it  was  found  that  the  presence  in  the  electrolyte  of  the 
amount  of  organic  matter  derived  from  lilter  paper  by  the  pas- 
sage through  it  of  the  distilled  water  used,  was  sufficient  to  cause 
an  appreciable  effect  upon  the  structure  and  weight  of  the 
silver  deposit.  In  this  case  delicate  analytical  prtK-cdures 
were  <lcviscd  for  detecting  minute  amounts  of  such  contaminants. 
In  the  same  research  the  study  of  the  magnitude  of  ixissiblc 
occlusions  in  the  silver  deposits  has  involved  the  use  of  pains- 
taking analytical  methods  at  the  Bureau  and  elsewhere. 

Similarly,  it  is  believed  that  the  securing  of  accurate  informa- 
tion regarding  the  o|n'ration  of  commercial  baths  for  elect ro- 
de|>osition  will  depend  largely  ,up<m  the  application  of  exact 
analytical  methods  Thus,  preliminary  obsiTVHlions  have 
shown  that  very  slight  dilTereiiees  in  the  neutrality  of  nickel 
liaths  may  produrr  great  effects  upon  their  operation  Here 
the  application  of  the  hyilrogen  electrotle  as  an  analytical  IimiI 
will  pnibably  be  of  service.  The  great  niunber  of  empirical 
observations  regarding  the  effect  of  addition  agents  in  plating 
baths  will  become  intelligible  only  when  means  are  foinid  and 
applied  for  determining  ((iiantitatively  niimite  amotuits  of  the 
.iildition  agents  (for  instance,  one  part  per  million  of  k\w)  or  of 
their  decomposition  priMliictH 

The  application  of  tome  of  the  conivpts  of  the  mixlern  tlieo 
retical  chemistry  has  helped  much  to  a  brttrr  iinderstaiidinK 
of  the  liinitationn  of  some  common  methods,  of  how  to  reduce 
the  errors  of  one  or  another  of  tlirin  within  more  or  K->s  accept 
ulile  ImiimuIii  and  of  why  others  ure  not  o|K-n  to  im|irovrtnriit 
The  satnr  priiu'i|iles  applied  to  the  drvrlopinint  of  new  iiuthiMK 


will,  it  is  to  be  hoped,  lead  more  quickly  to  success  than  in  the 
I)ast  by  enabling  the  discoverer  to  take  account  from  the  start 
of  earlier  mistakes  or  omissions  and  thus  avoid  the  wasted 
effort  that  has  been  all  too  common. 

FAULTS   OF    "NEW   METHODS" 

At  this  point  it  may  not  be  amiss  to  point  out  certain  criti- 
cisms that  apply  to  many  new  methods  as  first  published.  Al- 
most no  new  method  that  has  been  i)roposed  has  been  so  rigor- 
ously worked  out  as  to  show  all  or  nearly  all  of  its  limitations. 
Generally  the  start  is  with  the  presumably  pure  single  substance 
and  the  amounts  operated  upon  are  of  considerable  magnitude 
and  do  not  cover  a  wide  range  of  weights.  This  is  not  so  serious 
a  defect  as  to  omit  trying  out  a  method  that  involves  separa- 
tions from  other  substances  under  a  wide  range  of  conditions 
as  to  relative  and  absolute  amounts  of  the  elements  or  com- 
pounds in  question.  A  whole  list  is  often  given  of  results  ob- 
tained in  presence  of  other  elements,  but  almost  always  the 
amount  of  the  substance  sought  is  considerable.  Xo  light  is 
shed  on  the  value  of  the  method  when  that  substance  is  in 
ver>'  small  amount  and  the  other  greatly  preponderates.  Nor. 
in  too  many  cases,  is  any  proof  aflordcd  that  results  apparently 
good  are  really  good  and  that  more  or  less  serious  com|>ensating 
errors  are  not  involved.  The  consequence  is  often,  as  I  have 
said,  that  one  cannot  take  new  methods  at  their  face  value  or 
proceed  to  apply  them  under  any  and  all  conditions.  They 
must  first  be  more  critically  examined  in  order  to  complete  and 
round  out  the  work  that  was  neglected.  How  this  can  be  done 
will  be  discussed  later. 

What  I  have  just  said  is  not  to  be  taken  as  necessarily  re- 
flecting ui)on  the  deviser  of  the  incomplete  method,  nor  need 
it  deter  others  from  trying  to  originate  new  methods  or  to  im- 
prove old  ones.  There  will  be  and  nuist  always  be  road  break- 
ers and  pioneer  sur\'eyors.  Some  fertile  minds  are  fitted  to 
make  brilliant  reconnaissances  and  unfitted  for  the  laborious 
working  in  of  details.  Both  tyiKS  of  chemical  workers  are 
needed.  The  former  will  still  find  ample  opportunity  for  flights 
of  invention  and  there  will  be  no  lack  of  room  for  the  able  and 
painstaking  delvcr  into  the  ilcpths. 

In  the  atldress  already  alluded  to  and  elsewhere  I  dwelt  u|>oii 
the  unsatisfactory  condition  in  which  the  art  of  analysis  hail 
been  shown  to  be  and  expressed  the  conviction  that  our  educa- 
tional institutions  must  bear  a  large  share  of  the  blame  in  the 
matter.  The  faults  which  might  Ix-  chargeable  were  iH-rhnps 
more  often  those  of  omis,sion  than  of  commission,  hut  I  was  able 
to  point  out  no  ci-rtain  or  even  likely  way  which  might  lend  to 
a  better  future.  I  think  it  may  be  worth  while  to  n-prtxiucc 
certain  of  those  paragniphs,  with  slight  rearrnngcment,  to  scr\T 
not  only  as  gnnmdwork  for  what  is  to  follow  but  also  as  iwssi- 
ble  suggestive  leaders  to  those  of  you  who  are  or  cx|>cct  to  Ik- 
comc  analytical  chemists  or  teachers  of  analytical  chrmistr>'. 

TKAININr.    STfDUNTS   Tt>    TIIST    HKACKNTS 

"Many  in<|uiries  addressed  to  the  participunls  in  one  scries 
of  analyses  elicited  the  information  that  few  knew  anvlhing 
definite  about  the  i|ualitv  of  the  water  tluv  were  UMUg.  IIioukIi 
examiuiitioii  showed  it  to  Ik-  bad  m  a  few  ui^taniTs  and  on  the 
iHirder  line  in  others.  Still  less  wa.s  known  us  to  the  ((imlily 
of  the  reagents,  exit-pt  that  they  cuinr  from  reputable  firtu-i 
Due  admitted  that  a  flaky  M-diinrnl  shimnl  in  hi^  ainmoniit 
iMittle:  but  he  u.mmI  only  the  clear  lii|uitl  alxivr  If  the  <4^linirnt 
reprcenteil  silica  ftmn  the  Imttle.  a*  it  may  well  have  dour, 
what  had  lii-.ome  of  the  other  c<<n<.|iturnls  of  ihr  attacked  «!«»» 
imless  they  wete  ni  solution' 

"Now  why  wcrr  thew  things  )>ii»Mble  uiilrv>  lirraiitc  it  hail 
never  \wn  .siilTicirntly  inipn-viMl  ilium  the  nnalvM*  in  Ihrtr 
stiiileiit  dayi  lhat  without  pro|<rr  tooU  to  work  with,  antoiin 
which  water  and  reagriilo  arr  fir^t  to  Ix-  iiiii»tilrrf«l.  ipwul  wurk 
lo  iin|Missil<lr '     Ymi  doubtlrxo  do  not   fail  iiiihllv   tu  Irll  Ihcm 
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that  absolute  accuracy  is  unattainable  in  analysis,  but  do  you 
make  it  plain  that  approximation  is  possible  and  that  it  will 
be  the  closer  the  greater  the  care  bestowed  upon  the  tools  and 
at  every  step  of  the  analysis  itself?  Is  a  student  ever  required 
to  find  out  by  actual  tests  how  good  his  water  is  and  both  the 
kind  and  amount  of  its  contamination,  if  .such  there  be?  Is  it 
customary  to  instruct  him  in  the  testing  of  his  reagents  and  as 
to  the  character  of  the  contaminations  to  be  looked  for  in  all 
of  the  more  important  ones,  or  is  he  allowed  to  go  forth  with 
the  impression  that  the  label  C.  P.,  while  not  a  flawless  title, 
is  a  suflicicnt  guarantee  for  all  the  demands  of  technical  analy- 
sis? Is  he,  in  fact,  ever  cautioned  to  find  out,  by  actual  test, 
the  errors  with  which  his  work  may  be  affected,  due  to  imper- 
fections in  his  tools  of  the  kind  just  mentioned?  And  that 
without  such  knowledge  and  the  ability  to  make  correction 
for  the  defects,  or  the  courage  to  fight  for  better  materials  with 
which  to  work,  he  will  occupy  a  false  position  with  res])cct  to 
himself,  his  emplovirs  and  the  community  at  large? 

"Is  the  student's  work  ever  checked  against  material  of  which 
the  exact  composition  is  known?  I  do  not  refer  here  to  such 
things  as  simple  salts,  but  to  more  complex  bodies  like  lime- 
stone, cement,  zinc  ore  or  slag,  in  which  many  separations  have 
to  be  made  and  all  constituents  should  lie  determined.  Is 
the  .student  in  such  analyses  religiously  required  to  test  the 
purity  of  his  prccii)itates  and  the  completeness  of  his  precipi- 
tations by  a  careful  examination  of  the  filtrates?  And  is  he 
taught  that  a  satisfactory  summation  does  not  imply  correct 
separations?  Or  that  closely  agreeing  duplicates  are  not  proof 
of  good  work? 

"Only  by  such  exercises  can  the  young  worker  gain  any  knowl- 
edge as  to  his  own  power  fo  do  good  work,  and  acquire  that 
proper  confidence  in  himself  which  is  so  essential. 

"My  experience  of  the  past  few  years  has  convinced  me  that 
in  these  respects,  at  least,  much  is  neglected  that  should  not  be 
neglected  in  the  curricula  of  our  colleges.  It  seems  to  me  that 
if  instruction  in  such  fundamental  essentials  is  not  thoroughly 
drilled  into  the  budding  chemist,  so  that  it  becomes  for  him  as 
much  a  matter  of  course  afterwards  to  look  to  the  quality  of 
his  tools  as  it  is  to  weigh  out  his  sample  before  analyzing  it. 
he  has  received  a  scant  equivalent  for  his  years  of  study,  and 
that  he  has  good  grounds  of  complaint  against  his  alma  mater 
if  he  comes  to  grief  by  reason  of  her  neglect." 

To  the  foregoing  reasons  for  poor  results  may  be  added  the 
youthfulness  and  inexperience  of  most  of  the  instructors  in 
quantitative  as  well  as  qualitative  analysis.  There  must  be 
young  instructors,  of  course,  but  one  of  the  rules  which  should 
hold  for  the  young  child  in  the  Kindergarten  or  Montessori 
school  ought  to  hold  here  too,  namely,  that  the  work  should 
be  led  by  or  at  least  most  closely  controlled  by  one  of  experience 
and  authorit5-  and  of  sympathetic  insight. 

If  the  conditions  which  1  have  sketched  were  true  12  years 
ago  the  question  will  he  asked,  and  quite  naturally:  Have  they 
improved?  Candor  compels  me  to  say  that  evidences  of  im- 
provement are  few.  In  certain  lines  of  work  there  has  been  some 
bettering  of  conditions.  l)ut  we  are  still  confronted  with  wide 
divergences  in  almost  every  direction  between  the  results  ob- 
tained by  different  analysts  upon  the  same  sample.  I  have 
many  opportunities  to  note  this  fact  in  the  cooperative  work 
which  is  done  upoTi  the  samples  which  the  Bureau  of  Standards 
issues  as  standards  for  checking  the  skill  of  analysts  or  the  value 
of  methods  used  in  industrial  laboratories  and  educational 
institutions.  The  fact  is  further  emphasized  by  the  numerous 
requests  received  at  the  Bureau  for  umpire  assays  to  .settle  the 
differences  between  commercial  analysts,  and  still  further  by 
the  comparative  lack  of  sound  or  comprehensive  knowledge  of 
analysis  among  the  young  men  who  come  to  us  from  the  col- 
leges and  universities. 

While  I  believe  now  quite  as  strongly  as  I  did  twelve  years 


ago,  that  our  educational  institutions  are  not  doing  their  full 
duty  by  their  students  in  respect  to  the  analytical  branch  of 
chemistry.  I  see  no  way  by  which  the  situation  is  to  be  relieved 
much  under  the  ])revailing  educational  system.  Classes  are  too 
large  and  competent  instructors  too  few  for  that  individual 
oversight  which  is  so  essential  to  the  attainment  of  the  best  re- 
sults, and  too  little  time  can  be  devoted  to  analysis  by  students 
because  of  the  multifarious  demands  made  upon  them  in  other 
directions.  The  conditions  are  far  different  from  what  they 
were,  for  instance,  in  Bunsens  laboratory,  when  students  aver- 
aged two  or  three  lectures  a  day  and  ambitious  ones  jjut  in  nearly 
all  the  rest  of  six  days  a  week  in  the  laboratory  free  from  the 
harassing  incubus  of  impending  term  examinations.  This  com- 
parison is  not  made  in  a  spirit  of  complaint,  but  merely  to 
contrast  ideal  conditions,  that  have  probably  passed  away  even 
in  Germany,  with  those  which  we  have  to  face. 

TKACHINC.    STAFFS    OF    COLLEGES    AND    UNIVERSITIES    MUST   BE 
ENLARGED    AND    IMPROVED 

If  the  defect'^  noted  are  to  be  corrected  in  a  measure,  I  see 
no  way  by  which  to  accomplish  this  except  by  increasing  the 
number  of  teachers  and  by  extending  the  period  of  academic 
instruction,  especially  for  those  who  contemplate  following  the 
most  intricate  art  of  analysis  professionally  and  not  merely 
as  a  prelude  to  something  else  which  may  bring  greater  financial 
returns.  The  adoption  of  this  course,  so  often  suggested,  seems 
rather  remote,  yet  it  should  certainly  be  adopted  if  we  are  ever 
to  have  a  really  competent  body  of  instructors.  As  instructors, 
they  would  enter  upon  their  teaching  career  with  better  prepara- 
tion and  wider  experience,  but  this  alone  is  not  enough.  Time 
should  be  accorded  them,  while  teaching,  to  gain  further  ex- 
perience in  all  manner  of  analytical  procedures  and  to  keep 
abreast  of  the  advances  made  in  the  art  of  analysis.  The  bene- 
fits that  would  follow  such  changes  would  soon  be  manifest,  but 
I  doubt  much  if  the  exacting  requirements  of  a  great  deal  of  our 
analytical  practice  would  be  fully  met  by  them,  so  additional 
aids  would  still  be  welcome. 

One  of  these  aids  we  now  have  to  a  limited  extent.  I  refer 
to  the  use  of  standard  sam])les,  such  as  are  issued  by  the  Bureau 
of  Standards,  followini;  the  jiractiee  for  some  lime  in  vogue  in 
the  iron  and  steel  industry  particularly.  The  larger  number 
of  these  samples,  as  most  of  you  know,  have  been  analyzed 
by  eight  to  a  dozen  chemists  who  are  expert  in  a  given  field 
of  analysts  and  the  averaged  results  are  supi)Osed  to  represent 
as  closely  as  may  be  the  actual  composition  of  the  material  as  a 
whole  or  as  to  certain  of  its  constituents.  If  a  chemist  is  able 
to  analyze  one  of  these  samples  correctly  it  may  be  presumed 
that  his  technique  is  good  and  that  the  results  he  obtains  on  the 
same  type  of  material  of  unknown  composition  are  to  be  trusted. 
If  not,  then  either  his  technique  or  his  methods  arc  at  fault. 

In  addition  to  these  analyzed  samples  the  Bureau  of  Standards 
has  issued  several  single  chemical  substances  (thus  far  only 
comijounds  of  carbon  1  of  the  highest  attainable  purity,  which 
serve  as  standards  for  volumetric  or  polarimetric  analysis,  or 
for  calorimetry. 

RELATIVE  VALUES  OF  VARIOUS  METHODS  OF  ANALYSIS  NOW  IN  USE 

The  value  of  such  aids  as  these  to  the  analyst  has  been  very 
great,  and  not  only  in  the  ways  indicated.  In  connection  with 
their  analysis,  prior  to  issuing  them,  many  interesting  observa- 
tions have  been  made  upon  the  relative  values  of  various  methods 
in  common  use.  Our  experience  at  the  Bureau  of  Standards, 
extending  now  over  a  number  of  years,  has  sliown  that  these 
methods  are  not  all  of  equal  trustworthiness  and  that  one  or 
another  of  them  is  affected  by  hitherto  unsus|>ccted  errors, 
either  inherent  in  the  method  as  i)racticed  or  introduced  by  the 
presence  of  an  unlooked-for  element.  The  errors  so  detected 
may  be  very  small  and  for  some  purposes  negligible,  but  their 
existence  is  a  disturbing  feature  and  one  which  is  sometimes 
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of  moment.      A  few  illustrations  will  suffice  to  make  this  point 
clear. 

(i)  There  are  several  methods  that  are  in  daily  use  for  the 
determination  of  phosphorus  in  steel.  Most  of  them  depend 
on  the  precipitation  of  the  phosphorus  as  ammonium  phospho- 
molybdate  and  many  are  the  articles  that  have  been  written 
bearing  on  the  proper  conditions  for  forming  and  washing  the 
precipitate.  The  wash  liquid  used  in  the  alkalimctric  method. 
which  is  probably  the  most  widely  employed  of  any  of  the  meth- 
ods, is  a  I  per  cent  solution  of  potassium  nitrate.  Work  done 
at  the  Bureau  of  Standards  recently  has  shown  that  the  solu- 
bility of  the  phosphorus-bearing  precipitate  in  this  wash  solu- 
tion, even  in  the  absence  of  vanadium,  is  considerably  more  than 
has  been  suspected.  In  fact,  on  a  high-phosphorus  product, 
if  an  attempt  is  made  to  wash  until  the  washings  are  neutral, 
the  result  may  be  several  hundredths  of  one  per  cent  low.  This 
appears  to  be  true  whether  the  phosphomolybdatc  is  precipi- 
tated in  ijresence  or  absence  of  iron. 

{2)  The  so-called  evolution  method  for  determining  sulfur 
in  iron  and  steel  is  one  very  much  in  vogue  in  industrial  labora- 
tories because  of  the  short  time  required  for  the  determination. 
In  it  the  sulfur  is  driven  out,  mainly  in  the  form  of  hydrogen 
sulfide,  by  boiling  the  alloy  with  hydrochloric  acid,  and  collected 
in  a  solution  of  a  cadmium  salt  with  a  view  to  determining  the 
sulfur  by  titration  with  iodine.  The  method  suffers,  however, 
from  defects,  some  of  which  are  understood  but  others  not. 
as  is  evidenced  by  the  very  discordant  results  that  are  reported 
by  diflerent  analysts  upon  the  same  sample.  So  far  as  can  be 
determined,  the  most  discordant  results  are  sometimes  obtained 
by  analysts  who  seem  to  follow  |)reciscly  the  same  procedure. 
ICvidently  there  is  room  here  for  some  critical  research. 

{3)  Manganese  is  determined  in  irons  and  steels  by  several 
methods,  of  which  the  bismuthate  method  afTords  perhaps  the 
most  concordant  results  in  different  hands  when  carried  out 
according  to  certain  closely  prescribed  details  of  manipulation 
and  standardization  of  volumetric  solution.  There  is  still  doubt, 
however,  as  to  just  what  the  conditions  should  be  for  obtaining 
a  correct  en(l-i)oint  in  the  titration. 

(4)  The  methods  in  use  for  the  determination  of  tungsten  in 
ferro- tungsten  failed  completely  in  a  particular  instance  that 
was  brought  to  my  attention  by  the  chemist  of  a  large  steel 
plant.  Works  and  commercial  analysts  differed  by  several 
per  cent  in  their  reported  results.  A  partial  explanation  for 
the  disagreement  was  afforded  by  tinding  columbinni  to  be 
present  in  the  alloy,  an  element  hitherto  unnoticed  and  imsus- 
pected  in  such  material.  .Attempts  to  devise  a  convenient  and 
accurate  method  to  meet  the  conditions  have  not  been  very 
successful,  so  far  as  I  am  aware.  Here  again  is  room  for  an 
interesting  study. 

(,SJ  In  the  analysis  of  a  brass,  one  of  the  Bureau  of  Standards' 
series  of  analyzed  samples,  somewhat  discordant  results  for  lead 
were  reported  by  different  analysts.  It  was  found  that  those 
results  which  had  been  obtained  by  depositing  the  lead  electro- 
lytically  on  the  anode  as  peroxide  involved  a  slight  error  by 
reason  of  co-precipitation  of  small  amounts  of  silica  and  stannic 
oxide,  these  having  been  present  presumably  in  the  colloidal 
form  rn  the  si>lutii>n  as  residuals  from  the  separations  that  had 
preceded. 

These  examples  show  what  a  wide  tield  there  is  for  studies  of  a 
very  refined  character  upon  many  of  the  methods  that  are  in 
wide  use  before  it  can  be  said  that  we  really  know  them 

Useful  as  standard  samples  are.  those  which  are  employed 
as  actual  checks  upon  ainilysis  do  not  fully  meet  our  needs 
They  ill)  not  tell  the  analyst  wherein  the  defect  of  his  melhiHl 
may  lie,  if  defects  there  be  Mow  then  miiv  we  lin|H'  further  to 
benefit  llie  increasiuK  body  of  industrial  and  cotiuiuieial  analysts, 
and  instructors  as  well,  who  have  no  time  for  IryttiK  out  mrtJKMJs 


of  direct  determination  or  of  separation,  the  latter  involving 
often  more  difficulties  than  the  former.' 

STANDARD   METHODS   OF   ANALYSIS 

Before  attempting  to  answer  this  question  I  must  take  up 
the  subject  of  standard  methods  of  analysis.  BJ-  a  standard 
method  is  meant  in  a  restricted  sense  one  which  has  been  put 
forth  by  a  body  of  recognized  standing,  usually  a  committee 
acting  under  the  auspices  of  some  technical  organization,  for 
use  in  determining  the  value  of  a  particular  kind  or  type  of 
material.  This  country  has  taken  a  decided  lead  in  the  direc- 
tion indicated.  The  following  quoted  paragraphs  are  repeated 
from  a  paper  yet  to  be  published  in  full  that  I  presented  to  the 
Second  Pan-American  Congress  nearly  3  year  ago. 

"Most  by  far  of  the  so-called  standard  methods  are  so  by 
virtue  solely  of  their  having  been  put  forth  as  such  in  a  recom- 
mendatory way  by  some  organization  without  imposing  any 
obligation  on  any  one  to  follow  them.  This  condition  takes 
away  much  of  their  standing  in  comparison  with  those  methods 
of  which  the  use  is  binding  upon  any  body  of  chemists.  There 
are,  again,  those  methods  which  have  been  proposed  as  stand- 
ard by  individuals  and  are  generally  without  organized  backing. 
It  is  thus  evident  that  discrimination  must  be  exercised  in  de- 
ciding which  of  the  ver>'  many  methods  put  forth  as  standard 
have  any  claim  to  be  considered  such. 

"The  main  arguments  against  standardizing  methods  have 
been:  (i)  That  the  individuality  of  the  analyst  should  not  be 
suppressed;  (21  That  to  make  methods  standard  would  tend  to 
prevent  their  improvement  and  to  discourage  search  for  better 
methods;  and  {.^)  That  a  given  method  may  Ih:  applicable  to  a 
given  material  only  within  a  narrow  range  of  its  possible  composi- 
tions, as  illustrated  by  pig  iron  and  steel. 

"The  answer  to  the  first  of  these  objections  is  that  experi- 
ence has  shown  abundantly  that  for  commercial  purposes  good 
agreement  among  analysts  is  seldom  to  be  hoped  for  unless  each 
worker  uses  the  same  method  in  which  every  step  and  condition 
of  the  iirocedure  has  been  minutely  prescribed.  It  is  for  com- 
mercial purposes  that  standard  methods  are  most  needed,  and 
they  need  not  always  be  the  most  exact  methods  if  the  latter 
require  the  expenditure  of  time  so  great  or  the  employment  of 
apparatus  so  expensive  as  to  defeat  the  end  in  view.  For  many 
umpire  analyses  and  for  those  upon  whose  results  no  commercial 
transactions  are  dependent,  the  analyst  has  ordinarily  full 
liberty  of  choice. 

"The  first  part  of  the  second  objection  rests  ui>on  a  misap- 
prehension. In  the  minds  of  those  who  were  pioneers  in  the 
movement  for  standardization  it  was  probably  never  contem- 
plate<l  that  methods  once  adopted  should  endure  tn-yond  the 
life  of  their  usefulness.  Hither  the  committi-es  n-sixmsiblc 
for  them  would  revise  them  as  occasion  demanded  or  new  com- 
mittees would  undertake  their  revision  This  is  the  tri'ud  of 
intention  here  in  the  I'niled  States  and  undoubtedlv  »hen-ver 
staiulard  methods  have  obtained  a  fiM)thold  It  is,  further, 
inconceivable  that  the  establishment  of  stun<lanl  metlxMls 
shoidd  tend  to  discourage  attcntpts  to  improve  them  or  to 
substitute  In-tter  ones  in  their  place  If.  in  the  opuuon  of  its 
users,  a  methtHi  had  iK-come  unequal  to  the  demands  it  was 
expected  to  meet,  considerable  cie<hl  would  .uvnir  to  him  who 
should  bring  it  up  to  the  later  requitenuiits  or  s<viiii-  the  udop- 
lion  of  a  iH'tter  Such  inixntivc  would  always  sufliix-  to  pn-- 
venl  stagnation  in  the  stream  of  analytical  progress 

"The  third  objection  must  Ih-  adniillr<l  to  be  well  tukrn. 
uIiIiomkIi  It  siilVuvH  III  no  WMV  to  ■n-vurr  the  r«>iulrinn.ilioii  of 
standard  iiu-thoils  in  Keiural  The  dinicully  rrfcrTrd  to  iiinlrr 
l.\i  alMive  has  Ih-»'Ii  well  rnvervd  bv  l>r  Diidlrv  Ml  onllHlxir.ilioii 
with  Mr  I'"  N  IVa«<-  in  their  pn|K'r'  trail  l>cfnir  the  World's 
CoiiKresH  of  ChriniKts  ul  ChicuK"  i"   <*>»«      Thru    uinnlv     .« 
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partial  one  only — calls  for  enii>loyment  of  a  variety  of  standard 
samples  for  a  given  material,  covering  adequately  its  usual  range 
in  composition,  of  each  of  which  samples  the  composition  has 
been  determined  accurately.  Iron  and  steel  are  examples  of 
this  kind.  If  then,  by  applying  this  method  to  the  particular 
standard  sample  which  lies  nearest  in  character  and  composi- 
tion (mineral  as  well  as  chemical)  to  the  material  he  is  to  test, 
the  analyst  obtains  correct  results,  he  is  usually  justified  in  con- 
cluding that  the  results  he  gets  in  the  ordinary  course  of  work 
upon  similar  material  are  also  correct. 

"The  use  of  standard  samples  does  away  in  a  measure  with 
the  need  for  standard  methods,  for  any  method  that  will  yield 
the  true  composition  of  the  standard  is  a  suitable  one  for  a  given 
analyst.  Kven  so,  it  is  usually  only  when  this  acceptable  method 
is  employed  with  strict  adherence  to  a  certain  procedure  that  it 
yields  a  correct  result.  Thus  prescribed  and  limited  by  a  com- 
petent authority  it  may  become  a  standard  method  for  use  in  all 
hands.  Nevertheless,  a  standard  method  is  not  always  applicable 
to  a  complex  material  throughout  the  whole  range  of  its  possi- 
ble compositions.  In  such  case  modifications  of  the  method 
must  be  suited  to  the  special  conditions,  or  different  methods 
altogether  are  called  for.  The  determination  of  the  need  for 
such  variations  or  changes  is  one  of  the  duties  of  the  commit- 
tees entrusted  with  the  choice  or  formulation  of  standard  meth- 
ods. These  committees  have  also  to  consider,  in  special  cases. 
the  need  of  a  refined  method  for  umpire  work  and  of  another  less 
detailed  for  work  of  a  more  routine  character." 

The  principles  which  should  lie  at  the  basis  of  a  standard 
method  have  been  stated  by  me  in  a  paper  on  Standard  Methods 
of  Sampling  and  Analysis  and  Standard  Samples,'  as  follows: 

(i)  That  its  limits  of  accuracy  and  its  applicability  are  clearly 
defined  and  understood. 

(2)  That  it  should  yield  sufficiently  accurate  and  concordant 
results  in  the  hands  of  different  analysts. 

(3)  That  it  should  not  demand  such  close  adherence  to  detail 
or  such  manipulative  skill  and  judgment,  or  such  time  consump- 
tion as  to  affect  seriously  its  usefulness. 

(4)  That  it  should  have  been  tested  upon  material  of  high 
purity  or  upon  material  carefully  analyzed  by  independent 
and  reliable  methods. 

(.S)  That  the  results  obtainable  ui)on  a  given  class  of  materials 
should  not  be  too  dependent  upon  the  composition  (steel,  iron). 

These  principles,  however,  have  been  seldom  rigidly  observed 
as  to  the  methods  hitherto  offered.  Having  been  prepared  as  a 
rule  by  different  bodies  of  men  of  varying  caliber  and  judgment, 
and  sometimes  by  compilation  of  existing  data  rather  than  by 
direct  rigid  experimentation  and  trial,  the  methods  are  of  very 
unequal  merit.  No  argument  seems  to  be  needed  to  support 
the  assertion  that  the  preparation  of  such  methods  should  be 
entrusted  only  to  men  of  much  experience  and  sound  judgment, 
who  have  ample  time  to  devote  to  most  critical  study  of  them. 
Unfortunately  this  last  condition  is  one  that  it  is  seldom  possible 
to  meet.  The  consequence  is  that  too  often  the  results  do  not 
measure  up  to  the  high  standard  that  should  attach  to  such 
methods.  Nevertheless,  an  admittedly  imperfect  method  is 
better  than  none  if  its  limitations  are  well  understood,  for  it 
affords  a  better  basis  for  fixing  the  value  of  many  articles  of 
commerce  than  a  variety  of  methods  of  uncertain  relative  and 
even  absolute  merit. 

VAUUIv    OF    STANDARD    METHODS   DEPENDENT    UPON    REAGENTS    OK 
HIGH  QUALITY 

There  is  another  requirement,  however,  without  which  the 
best  of  standard  methods  will  avail  little,  namely,  reagents  of 
uniformly  high  quality.  The  need  for  enforceable  specifications 
for  reagents  has  long  been  apparent  and  the  American  Chemical 
Society  at  one  time  endeavored  to  bring  about  improvement  in 
>  This  Journal,  S  (1916),  466. 


the  quality  of  reagents.  It  is  unnecessar>'  to  go  into  an  exposi- 
tion of  the  reasons  why  comparatively  little  came  of  this  attempt. 
Some  promise  of  relief  seemed  to  be  afforded,  however,  by  the 
appearance  on  the  market  of  "analyzed"  or  "tested"  reagents, 
the  bottles  bearing  statements  of  the  nature  and  amounts  of  im- 
purities present  or  that  certain  possible  contaminants  were  ab- 
sent. But  it  soon  appeared  that  these  statements  could  not 
be  taken  at  their  face  value  without  risk,  and  the  situation  is 
particularly  deplorable  just  now.  The  following  recent  observa- 
tions are  worth  recording. 

In  sodium  carbonate  purporting  to  be  free  from  phosphorus 
and  silica  both  were  present  in  amounts  which  condemned  the 
reagent  utterly  for  a  variety  of  uses.  Sodium  hydroxide  was 
found  to  be  ver>'  impure,  in  marked  contrast  with  the  statement 
on  the  bottle.  Sodium  sulfide  contained  not  only  much  thio- 
sulfate  or  polysulfide  but  was  black  with  iron  sulfide,  although 
said  to  be  free  from  iron.  Lead  chromatc,  alleged  to  carry 
o.ooo,^  per  cent  of  nitric  acid,  held  7  per  cent  of  lead  nitrate. 

No  condemnation  is  too  severe,  even  in  the  present  times  of 
stress,  for  the  manufacturer  who  so  mislabels  his  wares.  We 
certainly  need  a  new  law  or  an  extension  of  the  Pure  Food  and 
Drugs  Act  to  protect  the  chemist. 

FAULTS    OF    COMMITTEE    WORK 

Committee  work,  then,  as  hitherto  practiced  does  not  conduce 
to  the  production  of  results  of  consistently  high  standard.  My 
ix|)erience  makes  me  feel  strongly  that  the  advances  to  be  ex- 
pected through  committees  of  professional  societies  are  too  often 
slight  and  are  secured  at  a  cost  of  time  and  effort  quite  incom- 
mensurate with  the  gains.  This  is  especially  true  because: 
(«)  It  is  difficult  to  hold  the  necessary  frequent  conferences  of 
members  widely  separated,  from  which  it  results  too  often  that 
the  approval  of  a  society  is  given  to  what  is  practically  one  man's 
work;  (h)  the  members  of  committees  sometimes  lack  a  real 
conception  of  what  a  standard  method  should  be  in  the  light  of 
the  criteria  by  which  they  should  be  judged;  (r)  if  competent 
in  this  respect  the  members  are  not  often  able  to  devote  the 
needed  time  to  actual  and  painstaking  experimental  work; 
(d)  different  methods  arc  in  the  hands  of  different  committees, 
without  direct  control  by  some  head  which  has  authority  and  is 
competent  to  .see  and  direct  that  the  fundamental  principles  are 
observed  and  followed  in  each  and  every  case,  to  the  end  that  the 
results  shall  be  uniformly  of  high  grade  and  consistently  re- 
ported. 

NEW   INSTITUTION   FOR  STANDARDIZATION  OF  METHODS  SUGGESTED 

These  and  other  considerations  lead  to  the  conclusion  that  such 
work  should  be  in  the  hands  of  a  permanently  constituted  body  of 
well-salaried  men  under  a  director  of  the  very  highest  ability 
as  an  analyst  and  of  excellent  tact  and  judgment.  These  men 
should  be  appointed  only  with  the  expectation  that  they  are 
entering  upon  their  life-work.  It  should  be  the  intention  to  re- 
tain at  all  reasonable  cost  the  services  of  those  who  prove  thor- 
oughly acceptable.  Acceptability  includes,  of  course,  not  only 
analyt'cal  skill,  but  also  diligence,  absolute  honesty,  and  the 
highest  conception  of  the  dignity  of  this  work.  The  beginnings 
of  such  an  enterprise  would  be  beset  with  inicertainties  and  the 
output  not  always  of  the  desired  quality,  but  as  the  men  gained 
experience  and  insight  into  the  fundamentals  of  their  general 
work,  improvement  would  come  and  in  the  end  there  would  be 
gathered  in  this  institution  a  band  of  men  of  unrivaled  experience 
and  knowledge,  whose  recommendations  would  carry  such  weight 
that  little  hesitation  would  be  manifested  by  technical  societies 
and  legislative  and  industrial  bodies  in  giving  them  their  formal 
and  practical  sanction. 

Hut  the  field  of  work  for  an  institution  of  this  kind  should  not 
be  restricted  to  the  comparative  study  of  different  methods 
that  are  applicable  to  the  determination  of  one  or  more  elements 
in  a  given  class  of  materials,  such  as  irons  and  steels,  brasses 
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and  bearing  metals,  Ijut  should  include  the  preparation,  anal- 
ysis, and  issuing  of  standard  samples  of  many  kinds,  both  com- 
mercial articles  for  direct  checking  of  analysis  and  pure  sub- 
stances and  solutions  intended  for  calorimetric,  volumetric, 
and  other  uses. 

Furthermore,  and  this  is  very  important,  the  institution  should 
not  act  independently  of  the  many  industries  which  it  is  estab- 
lished to  aid,  but  should  tactfully  maintain  the  closest  and  most 
sympathetic  relations  with  them  all,  inviting  indeed  coopera- 
tion of  the  most  intimate  nature.  Such  cooperation  would  be 
very  valuable  oftentimes  in  exposing  difficulties  and  thus  indi- 
cating the  directions  which  research  in  the  central  laboratory 
should  take.  It  should  include  occasional  visits  to  and  from 
the  laboratories  of  one  side  and  the  other  for  consultation  and 
the  actual  carr>ing  out  of  analytical  operations,  whereby  misun- 
derstandings may  be  sometimes  cleared  up  and  the  causes  of 
differences  ascertained  more  readily  than  by  any  amount  of 
correspondence . 

The  institution  should  also  be  a  court  of  last  resort  in  disputes 
as  to  the  value  of  articles  of  commerce  that  are  subject  to  chem- 
ical test,  not  only  as  to  the  correct  chemical  composition  but  also 
with  regard  to  the  causes  for  the  differing  results  reported  by 
others,  and  in  general  should  be  a  clearing  house  of  information 
and  a  source  of  inspiration  in  all  that  relates  to  chemical  anal- 
ysis. 

Before  taking  up  the  ne.\t  i>hase  of  my  general  proposition, 
it  is  desirable  that  the  functions  which  the  proposed  institution 
should  eventually  e.xercise  be  clearly  understood.  At  the  risk 
of  some  repetition  I  will  therefore  summarize  and  for  convenience 
group  them  under  the  three  heads,  Kcsearch  Work,  Keferee 
Work,  and  Educational  Work. 

I — Under  Research  Work  fall:  in)  Critical  comparison  of 
methods  of  analysis  in  use  or  proposed  for  different  classes  of 
materials  in  the  light  of  the  criteria  already  presented;  (h)  im- 
provement of  existing  methods  when  possible  and  devising  of 
new  ones  if  the  old  are  inadequate;  (<  )  recommendation  of  the 
methods  found  to  be  best  suited  for  commercial  needs,  accom- 
panied by  complete  and  unambiguous  details  of  procedure  to- 
gether with  a  statement  of  the  accuracy  ordinarily  attainable;  id) 
determination  of  the  causes  of  di.sagreemcnt  in  the  results  of 
analysis  of  the  same  material  by  dilTcrent  analysts;  and  {e) 
preparation  of  specifications  for  reagents. 

II — Referee  Work  covers:  (a)  The  making  of  umpire  anal- 
yses in  cases  of  irreconcilable  disagreement  between  different 
analysts;  and  (b)  the  preparation  and  issuing  of  standard 
samples  for  checking  methods  and  the  skill  of  analysts,  for  volu- 
metric analysis,  and  for  the  calibration  of  instriunetits  such  as 
polarinieters  and  calorimetric  bombs. 

Ill — EiliKiilioiiiil  M'lirk  involves;  {nl  CiMirdination  of  re- 
searches in  progress,  so  that  the  results  when  available  will 
be  better  suited  for  intercomparison  and  therefore  be  more  useful; 
(h)  assisting  in  the  wider  adopticm  of  standards  and  methods 
already  nccei)ted  and  foinul  to  be  .satisfactory;  (r)  study  of  and 
reeonunendations  regarding  the  best  methods  of  teaching  ana- 
lylicnl  cluniislry;  (</)  preparation  and  publication  of  bibliog- 
raphies upon  analytical  chemistry;  and  icj  answering  (|iies- 
tiiin.H  of  all  kinds  rehitiiig  to  chemical  analysis 

I  have  purposely  refrained  from  incliidinK  methoils  of  physical 
testing,  for  fear  of  overstepping  the  legitimate  lielil  of  an  institu 
lion  intended  for  chemical  research.  However,  it  might  Ik- 
proper  to  consider  eventually  if  nianv  metlnHls  of  pliysical 
testing  tluit  are  ordinarily  rniployed  by  chemists  should  not  lir 
regarded  as  falling  within  the  scope  of  an  institution  of  tlie  kind 
propoM'd  111  liny  event  it  should  c(Wi|H-riile  in  the  ciH>rilliiulioii 
of  the  results  of  cheiiiiriil  iind  phyHiciil  testing. 

At  the  pre«eill  time  iiiiuh  of  ttie  literature  piiblislied  ai  the 
rrstill  uf  researches  iiiiil  investiKiilions  i<(  of  Mich  niitiire  a.i  (o 
mukc  the  result!!  of  limited  value,  liirgely  iH-cniise  the  iiivrsligii 


tion  was  not  suitably  plamied  or  the  results  adequately  recorded 
and  reported  to  permit  of  comparison  of  one  worker's  findings 
with  those  of  others  who  have  preceded  him.  A  permanent 
body  which  could  obviate  such  a  large  amount  of  wasted  effort 
as  is  now  evidenced  would  in  this  field  alone  accomplish  a  great 
good  for  our  science.  Many  investigators  would  be  glad  to  avail 
themselves  of  its  advice  and  criticism,  and  in  many  cases  the 
scientific  results  put  forth  from  our  educational  institutions 
and  private  laboratories  might,  through  the  coordinating  in- 
fluence of  such  a  body,  be  made  of  greatly  increased  value. 

Let  us  now  consider  how  such  an  institution  might  be  brought 
into  being.  There  occur  to  me  but  three  ways:  (i)  Through 
one  of  the  existing  scientific  bureaus  of  the  Federal  Government, 
preferably  and  naturally  the  Bureau  of  Standards;  (2)  through 
endowment  and  control  independent  of  the  Government;  and 
(j)  through  private  endowment  under  some  form  of  Federal 
trusteeship. 

The  first  and  second  of  these  plans  have  their  advantages 
and  disadvantages,  which  will  be  now  set  forth. 

In  favor  of  the  first  is  the  prestige  which  governmental  sup- 
port and  control  would  lend.  .Although  on  first  thought  it 
may  not  always  be  easy  to  see  why  prestige  should  attach  to 
the  decisions  of  a  bureau  of  the  Government  in  so  much  greater 
degree  than  to  an  independent  establishment,  that  it  usually 
does  is  a  fact  that  has  been  many  times  bonie  in  upon  me. 

The  prestige  attached  to  the  Government  is  based  on  several 
factors,  of  which  it  is  not  easy  to  estimate  the  relative  potencies. 
One  is  that  the  National  Government  represents  the  interests 
of  all  the  people,  that  it  is  disinterested,  having  no  small  group 
to  serve  exclusively,  that  it  seeks  the  welfare  of  the  lowly  as 
well  as  the  exalted,  that  owing  to  this  .sense  of  resiKuisibility 
and  accountability  serious  scientific  work  undertaken  by  the 
Government  is  usually  conducted  in  a  manner  to  command  the 
respect  of  the  scientific  world.  These  two  factors  have  supple- 
mented, perhaps,  a  third,  which  is  that  the  ix^ople  regard  the 
Government  as  a  coordinating  center  having  to  do  with  mat- 
ters of  general  concern,  so  that  when  the  Government  s|waks 
it  is  usually  not  the  opinion  of  an  individual  but  with  the  authority 
of  the  entire  Government  and  for  the  entire  |Hople  That  the 
public  looks  up  to  its  I'ncle  Sam  as  counselor  and  adviser  is 
attested  by  the  innumerable  inquiries  that  come  daily  in  his 
mail  from  all  i>arts  of  the  country.  The  conscientious  atten- 
tion paid  to  these  inquiries  has  had  no  small  share  in  molding 
public  opinion. 

The  readiness  with  which  all  interests  co6|>erate  frrcly  with 
Government  agencies  is  es|H-cially  marked  in  co«>|H'rative  scien- 
tific research.  As  the  es.seiice  of  the  pro|>osed  iiistiliilioii  would 
be  cooperation  in  fuiulamenlal  chemical  researt-h  the  Govern- 
nient  plan  would  present  a  strong  cas<v' 

livideiice  that  prestige  attaches  in  the  minds  of  chemist.s  as 
distinguished  from  the  general  public,  to  statements  isMiliiK 
from  Governnieiit  inslilutioiis  is  afforded  h\  a  very  evident 
tendency  towar<l  the  use  of  inethiMls  of  tesling  thai  are  em- 
ployed by  the  Governnieiit  This  tendency  is  iMirliciilarly 
manifest  with  reganl  to  nietliixls  ihiil  tin-  usc<l  for  checking  up 
deliveries  under  siH-cit"icatioiis  It  is  tnu-  that  Ihe  drvirv  to 
copy  may  not  Ik-  ba--ed  .ilways  on  ackiltiwlrdcitl  -uiK-riotity 
of  the  (■.overnment  methods,  but  nillu-r  on  the  wish  to  mhirr 
the  piobabilitv  <>f  reji-clion  of  deliveries,  by  use  on  the  port  of 
Ihe  iiianiifactiirer  Ix-forr  delivery  o(  the  sume  mctlKMl  Unit  is 
to  delerniine  the  <|iicslioii  of  acct-plumT  or  rrjrclioii  Howr>xr 
thi.s  may  Ih-,  the  result  lends  to  Initm  uImiuI  hi  a  veiy  luitiiral 
way  II  mort-  generiil  anil  ileMinble  uniformity  of  priH-eiliire  If 
this  is  Ihe  eflrel,  it  follows  as  11  mattei  of  cmirM-  Ihiil  llic  («i>xni- 

'  A  »llahi  ili«lnilln>iliiii  <•  >i<|iairni  10  lull  anit  (mnk  ^<>^|•<'l•livr  «n«l( 
Hhrrr  .'•■miiiro  Ul  <n  |iri<.iiial  liilrir.l.  •!«  intoltnl.  Surh  tinlavmnMr 
Irinlmrv  of  iitt%iil«-  wmW  Im*  tr«ullnl  in  ii|i|>r«l«  to  Ihv  lUi^riniifrnl  lo 
Ukr   ll|i  llnr>  ■>(   «i»Il   nhrrr  ■iilxlllliiiK  arr   nMMT  lavnrnMr 
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ment  laboratories  should  be  awake  always  to  the  importance 
of  maintaining  and  improving  the  accuracy  of  their  methods 
and  further  that  they  should  be  afforded  encouragement  and 
every  facility  to  enable  them  to  live  up  to  these  requirements. 

An  additional  argument  for  having  the  work  done  at  the  Bu- 
reau of  Standards  is  the  help  that  would  come  through  its  fac'ili- 
ties  in  physics.  The  chemical  institution  proposed  would 
need  to  utilize  the  standardizing  facilities  of  the  Bureau  named 
for  all  measuring  apparatus  and  to  a  considerable  extent  the 
optical  work  would  have  a  material  bearing  upon  chemical 
work,  especially  in  the  newer  fields  of  spectro-chemistry.  re- 
fractometry,  and  physico-chemical  methods  generally.  It 
would  seem  undesirable  to  duplicate  this  expensive  equipment 
if  it  can  he  made  available  for  the  chemical  work  under  consid- 
eration. 

It  has  long  been  my  hope  that  at  the  Bureau  of  Standards 
we  might  gradually  build  up  a  section  which  should  be  the  clear- 
ing house  in  all  matters  of  the  kind  under  discussion.  We  are 
frequently  asked  to  settle  disputes  regarding  the  content  of  a 
given  element  or  compound  in  a  great  variety  of  materials 
and  to  give  information  on  all  manner  of  analytical  procedures. 
Our  ability  to  grant  such  requests  has  been,  however,  far  too 
limited  from  lack  of  a  sufficient  number  of  specially  trained 
analysts  and  the  inability  of  those  we  have  to  spare  the  requisite 
time  for  such  problems.  These  problems  often  involve  a  con- 
.siderable  amount  of  research,  for  our  aim  is  not  only  to  deter- 
mine the  true  value  of  the  material  in  ([ucstion  but  also  to  ascer- 
tain if  possible  the  causes  of  the  differences  reported  by  others. 
J  regard  this  latter  point  as  of  even  greater  importance  than 
the  former  because  of  its  educational  value.  Under  the  present 
conditions  of  Federal  support  I  see  little  prospect  of  a  full  realiza- 
tion of  my  hope.  The  cost  of  ui)keep  of  such  a  Division  would 
be  out  of  proportion  to  that  of  other  phases  of  the  Bureau's 
activities,  for  its  complete  realization  would  be  financially 
equivalent  to  establishing  a  new  institution. 

Other  serious  objections  to  support  and  control  by  the  Gov- 
ernment are:  (i)  The  instability  of  a  work  that  is  dependent 
on  annual  Congressional  appropriations;  (2)  the  likelihood 
that  at  any  moment  in  emergencies  the  men  engaged  may  be 
called  upon  to  assist  in  entirely  foreign  kinds  of  work;  {3)  the 
restrictions  of  the  Civil  Service  regulations  and  the  inflexibility 
of  the  salaries  attaching  to  all  statutory  positions.  The  objec- 
tions enumerated  are  very  important,  for  without  assurance 
of  permanency  and  continuity  of  work  the  success  of  such  a 
scheme  as  I  have  suggested  would  be  highly  problematical 
and  its  lasting  or  even  temporary  interruption  when  once  es- 
tablished little  short  of  calamitous. 

The  restrictions  under  the  third  objection  make  it  difficult  or 
impossible  in  the  first  place  to  select  men  for  particular  kinds 
of  work,  or  to  give  timely  promotions  to  deserving  men,  or  even 
to  appoint  anyone  unless  a  vacancy  happens  to  exist  in  the 
grade  for  which  a  desired  man  is  qualified.  This  lack  of  flexi- 
bility in  the  appointment  of  new  men  and  the  ])romotion  of  old 
and  tried  ones  is  one  of  the  most  serious  handicaps  to  efficiency 
in  Government  service.  These  statements  are  in  no  way  to  be 
taken  as  condemnatory  of  the  principles  for  which  civil  ser%'ice 
stands,  for  the  situation  in  Government  service,  even  with  the 
limitations  stated,  is  vastly  better  than  it  was  before  the  Civil 
Service  Commission  was  established,  when  ])olitical  influence 
controlled  apjmintments,  promotions,  and  dismissals  in  no 
small  degree.  The  particular  objection  that  statutory  salaries 
are  inflexible  might  be  met  by  the  provision  of  a  special  fund, 
as  has  been  many  times  done  for  other  purposes.  Such  funds 
are  less  subject  to  salary  restriction  than  those  called  statutory, 
but  Congress  has  been  wont  to  look  upon  them  with  disfavor. 
The  objection  that  was  based  on  the  uncertainty  of  Congressional 
appropriations  would  not  hold  so  much  for  a  separate  bureau 
or  establishment  as  for  the  supposed  case  of  morger  with  an  ex- 


isting bureau  This  follows  from  the  fact  that  the  effect  of 
Congressional  action  is  far  less  likely  to  result  in  abolishing 
or  even  hampering  seriously  the  work  as  a  whole  of  an  estab- 
lished Bureau  than  of  one  of  its  divisions. 

ADVANTAGES  OF  INDEPENDENT  ENDOWMENT 

In  favor  of  independent  endowment  is  the  greater  stability 
in  a  certain  sense  of  an  institution  so  supported  and  a  greater 
freedom  of  action  and  choice  of  men,  offset  in  a  measure  by  its 
lower  prestige.  This  latter  weakness  might  hold  more  during 
the  earlier  years  of  its  existence,  for  under  proper  guidance 
there  would  seem  to  be  no  reason  why  it  should  not  in  time 
merit  and  obtain  much,  if  not  all,  that  now  attaches  to  institu 
tions  fostered  by  the  Government.  The  greater  stability 
alluded  to  lies,  however,  rather  in  a  surer  continuity  of  existence 
than  in  certainty  that  the  institution  will  be  able  always  to 
fulfil  its  functions  in  full  measure.  In  times  of  stress  or  through 
unfortunate  investments  the  income  might  be  much  curtailetl 
or  even  cut  off  entirely,  contingencies  which  Government  es- 
tablishments may  be  less  concerned  about. 

There  is  this  to  be  said  further  in  favor  of  independent  endow 
ment  and  control,  that  if  the  control  were  in  the  hands  of  the 
technical  organizations  most  concerned  chemists  would  come 
to  regard  the  institution  as  more  peculiarly  their  own  child, 
in  the  grow-th  and  performance  of  which  each  might  take  pride 
but  for  whose  conduct  they  themselves  alone  would  be  responsi- 
ble. Certainly  the  time  is  ripe  for  chemists  to  be  represented 
by  a  national  institution  which  should  serve  for  fundamental 
work  of  interest  to  all  chemists  the  same  function  that  private 
and  industrial  laboratories  serve  for  their  clients. 

A  compromise  between  these  radically  different  suggestions 
for  support  and  control  remains  to  be  considered,  namely, 
through  private  endowment  under  some  measure  of  Federal 
control,  either  of  the  funds  or  the  work.  The  Smithsonian 
Institution  is  a  well  known  example  of  Federal  administration 
of  a  private  bequest  with  control  of  appointments  by  the  Civil 
Service  Commission.  The  relation  of  the  Bureau  of  Mines 
to  its  work  on  radium  and  some  other  experimental  researches 
is  suggestive  of  how  Government  supervision  of  work  might  be 
made  compatible  with  outside  control  of  all  expenditures  ex- 
cept, perhaps,  for  the  salary  of  the  Government  official  in  charge. 
If  Congress  could  be  persuaded  to  contribtite  a  building  and  to 
locate  it  on  the  grounds  of  the  Bureau  of  Standards,  where  its 
staff  would  be  in  close  touch  with  men  engaged  in  many  fields 
of  testing  and  research,  phy.sical  as  well  as  chemical,  the  condi- 
tions might  be  ideal  for  attaining  the  maximum  of  success. 
Such  juxtaposition  might  fail  in  its  aim,  however,  if  salaries  in 
the  two  neighboring  laboratories  had  no  common  basis.  Stated 
a  little  differently,  this  means  that  salaries  for  statutory  posi- 
tions under  the  Government  ought  to  be  materially  increased, 
for  as  already  intimated,  I  regard  the  payment  of  adequate 
compensation  as  vital  to  the  success  of  my  general  proposition. 

The  kind,  degree,  and  manner  of  control  to  be  exerci.sed  !)y 
the  Government  would  need  careful  consideration,  particularly 
with  respect  to  the  choice  of  the  staff,  for  if  with  any  sort  of 
Government  control  appointments  could  be  made  only  through 
the  Civil  Service  a  serious  hindrance  to  successful  operation 
would  arise. 

Finally,  the  question  must  be  asked:  What  is  the  likelihood 
of  such  an  establishment  ever  becoming  a  realization?  To  this 
no  answer  is  immediately  at  hand.  Certainly  nothing  will 
come  of  the  proposal  if  it  does  not  meet  with  the  approval  of 
the  best  judgment  among  chemists,  and  then  still  nothing 
unless  a  popular  sentiment  in  its  favor  is  awakened,  nourished 
and  made  to  grow  by  persistent  discussion.  The  needed  im- 
pulse and  the  demand  created,  the  rest  should  not  be  so  difficult 
now  that  we  are  awakening  to  the  importance  of  chemistry 
to  the  life  of  the  nation.     The  interests  of  the  great  chemical 
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industries,  ur  of  industries  at  whose  foundations  chemistry 
lies,  could  surely  be  depended  upon  to  create,  through  endowment 
or  influence  upon  Congress,  an  institute  for  analytical  research 
which  would  be  the  first  of  its  kind  and  which  would  help  to 
place  this  country  in  the  very  forefront  of  progress  among 
nations.  The  industries  have  received  so  much  from  pure 
science  in  the  past  without  adequate  return  that  the  time  seems 
ripe  for  them  to  contribute  generously  towards  its  further  de- 
velopment, especially  along  lines  which  promise  so  much  to  them- 
selves as  those  which  I  have  indicated.  It  might  even  be  that 
some  private  benefactor  would  arise  to  do  for  chemistry  what 
has  been  so  magnificently  done  for  astronomy,  terrestrial  physics, 
biology,  and  the  study  of  the  causes  and  prevention  of  disease. 
Given  a  properly  prepared  field,  I  do  not  feel  that  I  am  over- 
optimistic,  considering  the  wave  of  interest  in  matters  pertain- 
ing to  chemistry  that  is  sweeping  over  the  country.  The  prepara- 
tion of  the  field  should  be  entrusted  to  a  carefully  selected  and 
energetic  committee. 

IMPORTANCE    OF    COOPERATION    WITH    INDUSTRIES 

I  have  already  intimated  that,  whatever  i)lan  might  be  adopted, 
the  closest  cooperation  should  be  sought  and  maintained  with 
the  industries.  Indeed,  an  advisory  board  of  outsiders  should 
be  selected  to  assist  the  director  in  the  planning  and  adminis- 
tration of  the  scientific  work,  and  the  connection  of  this  board 
with  the  affairs  of  the  institution  should  be  very  real  and  not 
nominal.  The  laboratory  itself  should  be,  however,  in  no  way 
debarred  from  taking  the  initiative  without  reference  to  the 
board  proposed.  Indeed,  the  laboratory  force  would  often 
be  in  far  better  position  to  know  or  leani  the  weak  points  in 
current  procedure  than  any  advisory  body. 

Here  let  me  interject  parenthetically  a  word  on  a  subject  that 
has  been  far  too  much  neglected  by  chemists  in  the  past.  It 
seems  that  now  is  the  time  when  they  should  bring  pressure 
to  bear  to  secure  that  share  of  official  as  well  as  private  recogni- 
tion which  is  their  right  by  reason  of  the  immense  im])ortance 
of  their  work  to  the  general  welfare.  The  relative  ease  with 
which  hundreds  of  millions  of  dollars  are  obtained  for  military 
purposes  olTers  a  startling  contrast  to  the  almost  complete  in- 
difTerence  of  the  great  scientific  interests  of  the  country  to  CjOV- 
emment  aid  to  science.  Without  raising  controversy  over  the 
relative  value  of  military  and  scientific  preparedness  it  is  cer- 
tainly true  lliat  if  the  scientific  societies  presented  their  case 
for  Government  aid  to  science  with  a  fraction  of  the  efficiency 
with  which  the  case  for  national  defense  has  been  prepared, 
there  is  scarcely  any  ideal  for  such  an  institution  that  could  not 
be  promptly  realized.  It  is  time  that  chemists  entered  the  field 
far  more  than  they  have  done  to  show  how  they  can  contribute 
to  the  general  welfare  and  what  they  need  in  the  way  of  counte- 
nance and   support. 

It  would  be  going  too  far  alield  at  tliis  early  stage  to  propose 
even  tentative  details  for  the  organi/atlon  and  conduct  of  the 
proposed  establishment,  which  some  of  you  will  perhaps  recognize 
as  patterned  in  its  objects  and  scope  somewhat  after  the  inter- 
national institute  for  chemistry  that  Professor  Wilhelni  Ost- 
wald  advocated  in  great  detail  a  few  years  ago.'  ( )slwal(l  had 
in  mind  an  institute  of  international  scope  tn  cover  the  whole 
vast  domain  of  chemistry  I  propose  one  of  more  restricted 
and  only  of  national  scope.  What  inight  grow  out  of  u  well- 
estublished  and  successful  organi/alion  in  the  I'nited  States  with 
res|)ecl  to  inUrnatioual  cooperation  may  be  left  for  the  future 
to  delerniiiu-  U'orlil  wide  ciHiperation  from  the  start  would  be 
ideal,    but   even   under   noriuid   conditions   the   tusk    woulil    Ih- 

'  t>nly  nfirr  thl«  uiltlrrvi  wnn  iirrparrd  <liil  lllrit  uf  l*rnfr«iior  <V  (• 
llcnilrrwii,  rrolilrni  of  lllr  (.'llrmirnl  Srcllnn  of  llir  llrlliali  Auorlmluii 
(or  Illc  Adviimrinciil  of  Hrlciu-r.  Nrwrri«tli-  nii  Tync.  l'>lfi.  come  lo  my 
■  Itenlloli.  I'rofriuir  llriiilrrwin'a  iiililrc»  cnnlaiiia  ali«'ivulUiii>  nml  mii 
Itrillniia  wtiirh  iiutdllrl  iti  ti  inriiAiirr  iMirtloim  of  my  tvcltirr,  nlthiiiigti  wtlhiHit 
■prrlfli-  rrtrrriiir  lu  mmlytlral  ihrmUlry, 


herculean,  as  it  is  at  present  impossible  of  accomplishment. 
Let  us  therefore  proceed  with  only  our  own  immediate  needs 
in  view,  in  the  certainty  that  if  our  initiative  succeeds  others 
will  copy  and  that  when  the  time  is  ripe  we  may  expect  to  lead 
in  bringing  about  the  broad  world  cooperation  that  must  even- 
tually come. 

Bureau  of  Standards,   Washi.vgton.   D.   l 


THE  FIRST  REPORT  UPON  THE  CHEMICAL  INDUSTRIES 

OF  THE  UNITED  STATES  AND  THEIR  RELATION 

TO  NATIONAL  PREPAREDNESS 

By  C.  A.  Browns 

Rcci-ived  Decemlier  20.  1916. 

To  those  who  have  studied  the  historical  development  of 
Chemical  Industries  in  the  United  States  the  recent  discussions 
and  papers  upon  Industrial  Preparedness.  Chemical  Statistics. 
Tariff  Legislation,  etc.,  that  have  appeared  in  This  Journal 
have  a  strangely  familiar  sound.  The  situation  which  confronts 
the  manufacturer  of  chemicals  in  the  United  States  to-day  is 
not  a  new  one  and  the  present  endeavors  to  make  a  statistical 
estimate  of  the  needs  of  our  chemical  industries  are  not  the  first 
eflforts  which  have  been  made  in  this  direction.  History  has. 
at  times,  a  strange  method  of  repeating  itself.  If  we  of  to-day 
could  only  transi)ort  ourselves  to  the  United  States  of  a  century 
ago  we  might  hear,  then,  as  now,  the  same  fears  expressed  con- 
cerning mushroom  prosperity  ami  unpreiiaredness.  we  might 
listen  to  the  same  arguments  in  favor  of  anti-dumping  laws 
and  we  might  read  the  same  resolutions  proposed  by  Committees 
who  had  met  in  convention  to  investigate  the  industrial  situa- 
tion. 

The  efforts  of  our  great  grandsires  to  solve  a  condition  of  af- 
fairs so  similar  to  that  of  the  present  is  not  only  interesting  but 
instructive.  The  first  business  of  the  ancient  Romans,  when 
they  met  in  conclave,  was  to  determine  the  consulta  patrtim; 
we  can  do  no  better  than  follow  their  example. 

OENERAL    INDUSTRIAL    CONVENTION    HELD    IN     1831 

On  October  26,  18^11,  there  met  in  New  York  City  a  General 
Convention  of  the  Friends  of  Domestic  Industry,  consisting  of 
about  .SfK)  delegates  from  13  different  States.  These  delegates, 
who  represented  all  the  leading  industries  of  that  time,  divided 
themselves  into  a  number  of  committees,  whose  work  was  to 
prepare  a  series  of  rejuirts  upon  Iron  and  Steel.  Sidl.  Sugar  and 
Molasses.  Glass.  Chemicals  and  other  industries.  These  re- 
ports, which  were  widely  distributed  as  s<-par.»te  pamphlets, 
were  collected  the  following  year  into  a  single  volume  which 
was  printed  as  a  iixvpage  book  at  Ualtimore  in  September.   i8,\j. 

This  collection  of  reixirts  is  precedetl  by  an  Aj)i)cal  to  the 
People  of  the  United  States  and  is  followed  by  a  Memorial  to 
Congress  in  which  the  recouunen<laliniis  of  the  various  Cimi- 
mittccs  are  summarised  The  volume  is  cartfully  cditi-tl  and 
contains  a  vast  amount  of  information,  invaluable  to  historian 
and  statistician.  A  few  extracts  from  the  intr«»duclory  .\p|K-al 
will  serve  to  illustnite  the  iH-arings  of  this  curly  reimrt  ujxmi 
present   conditions 

"The  events  that  followed  the  French  revolution  gave  a  new 
and  uue\liected  direction  to  the  cnterprist-  of  our  citi/cns  The 
disturbed  state  of  the  cunlmeiit  of  liuroiH-.  and  the  prevalence 
of  universid  wars,  throughiiut  the  nations  of  that  quarter  of  the 
globe,  placed  the  United  States  ni  the  |>oMtion  nf  the  oidv  ncti- 
tr»l  nmouK  many  l>elligervnls,  and  so  obviously  o|>cnrd  the  w«v 
to  coininercial  wealth  to  our  cili/eiis.  that  all  oihrr  intrrrsts 
sunk  into  jusigiiilitaiuv  conuMiml  with  IhoM.-  which  wcir  i-i»ii- 
cerned  in  pushing  a  foreign  coininrrvc  into  every  rrginn  where 
the  strife  of  the  contending  (wrlies  e\clndi-d  the  onnix-mion 
of  the  IH-Iligereiits  ihrniM-lvrs.  and  left  lo  the  United  Stale* 
the  undisputed  monoixilv  of  Inidc  To  thi*  iinfnrtiinuir  ct»n- 
junctiite  111  oireiiinitaiufs  k  to  lie  aM.-ril>r<l  the  m<>»l  rapid  grtrnth 
thul  liiis  evei  iM-t'ii  truix-d  in  the  hi»toiv  of  aiiv  rnipirr  " 


178 


THE  JOURNAL  OF  INDUSTRIAL   AND  ENGINEERING  CHEMISTRY        Vol.  9,  No. 


This  picture  of  snug  prosperity  is  followed,  however,  by  an- 
other picture  which  should  make  the  present-day  apostles  of 
Unpreparedness  pause  and  reflect. 

"It  was  one  result  of  this  state  of  things  that,  while  our  coun- 
trymen were  intent  upon  gathering  the  harvest  which  the  dis- 
tracted condition  of  the  world  had  strewn  before  them,  they 
were  unmindful  of  the  future  and  neglected  to  treasure  up  the 
elements  of  strength  and  prosperity  which  lay~  hidden  in  the 
bosom  of  the  nation;  and  which,  as  they  were  independent  of 
foreign  legislation  or  external  accidents,  were  most  likely  to 
furnish  the  means  of  a  stable  and  enduring  happiness. 

"Troubles  soon  afterwards  broke  out  at  home.  A  war  threat- 
ened and  our  citizens  were  suddenly  called  to  meet  a  tremendous 
emergency.  Our  commerce  was  put  in  fetters  by  non-importa- 
tion acts  and  emliargoes;  and  the  crisis  that  succeeded  found 
us  without  the  most  ordinary  resources  of  an  independent  peo- 
ple. Our  armies  went  to  the  frontier  clothed  in  the  fabrics  of 
the  enemy;  our  munitions  of  war  were  gathered  as  chance  sup- 
plied them  from  the  four  quarters  of  the  earth;  and  the  whole 
struggle  was  marked  by  the  prodigality,  waste  and  privation 
of  a  thriftless  nation,  taken  at  unawares  and  challenged  to  a 
contest  without  the  necessary  armour  of  a  combatant. 

"When  it  pleased  Heaven  to  rescue  us  from  the  imminent 
hazards  of  this  doubtful  and  disproportioned  conflict,  we  saw 
around  us  a  nation  of  eight  millions  of  people  possessed  of  a 
territory  nearly  equal  to  the  continent  of  Europe,  rich  in  the 
ungathered  resources  of  every  kind  of  wealth — just  emerging  from 
a  war  of  two  years  and  a  half,  with  an  enemy  who  had  never 
assembled  an  army  of  more  than  30,000  men — and  yet  de- 
ranged in  all  its  channels  of  industry,  exhausted,  and  on  the 
verge  of  bankruptcy.  Nothing  but  the  most  perverse  neglect 
of  the  fundamental  precepts  connected  with  the  proper  adminis- 
tration of  the  concerns  of  a  commonwealth  could  have  produced 
such  a  result! 

"These  disasters  opened  our  eyes  to  some  important  facts. 
They  demonstrated  to  us  the  necessity  of  extending  more 
efficient  protection,  at  least,  to  those  manufactures  which  were 
essential  to  the  defence  of  the  nation." 

The  New  York  Convention  recognized  the  importance  of 
chemistry  to  the  manufacturers  "essential  fo  the  defence  of  the 
nation"  for  we  note  upon  their  minutes  for  the  third  day  of  the 
meeting  the   following  resolution: 

"In  convention,  October  28th,  it  was 

Resolved,  That  a  committee  of  five  be  appointed  to  report  on 
the  subject  of  Chemistry,  as  connected  with  the  Manufacturers 
and  the  Mechanic  .\rts." 

The  chairman  of  the  Committee  thus  appointed  was  Isaac 
Tyson,  Jr.,  of  Baltimore.  The  name  Isaac  Tyson'  is  memorable 
in  the  early  history  of  American  Chemistry  and  Baltimore  lof) 
years  ago  gave  promise  of  becoming  a  great  center  in  this  branch 
of  industrial  activity.  It  is  worth  a  passing  note  that  there  were 
24  delegates  from  Baltimore  at  the  New  York  Convention  and . 
only  6  from  Pittsburgh.  The  associates  of  Isaac  Tyson  upon 
the  Chemistry  Committee  were  Christain  Keener,  another 
Baltimorean ;  William  Parmenter  of  East  Cambridge,  Mass.; 
Edward  Roberts  of  Philadelphia;  and  Thomas  Bakewell  of 
Pittsburgh. 

The  report  of  the  above  Committee  is  the  first  definite  state- 
ment of  any  imi)ortancc  regarding  the  condition  of  the  Chem- 
ical Industries  in  the  United  States.     As  it  is  inaccessible  to 

'  The  firm  of  Howard  Sims  and  Isaac  Tyson  bcKan  the  manufacture  of 
chemicals  and  paints  in  a  laboratory  on  Pratt  Street  in  Baltimore  in  1816. 
just  a  century  aRO.  They  afterwards  removed  to  Washington  .\venuc 
where  Ihey  engaged  extensively  in  the  manufacture  of  copperas,  chromate 
of  potash,  chrome  yellow  .ind  other  chromic  pigments.  The  raw  material 
for  the  latter  consisted  of  chromate  of  iron  obtained  from  Bare  Mills,  Mary- 
land and  from  Chester  County.  l*a.  The  importance  of  the  chrome  yellow 
industry  is  mentioned  in  the  Committee's  Report. 


most  members  of  the  American  Chemical  Society,  the  original 
report  is  here  given  in  full 


EEPORT  OF  THE  COMMITTEE  ON  CHEMISTRY 
GENERAL  CONVENTION  FRIENDS  OF  DOMESTIC  INDUSTRY 
NEW  YORK,  OCTOBER  26,  1831 
"The  Coniniillee,  in  discharge  of  the  duties  assigned  them, 
report  that  chemistry,  as  connected  with  the  business  of  life, 
may  be  considered  a  modem  science.  Its  early  history  gives 
it  rather  the  character  of  an  occult  art,  associated  with  the 
visionary  theories  of  the  alchemist.  And  for  a  long  period,  it 
was  signalized  neither  by  usefulness  nor  by  dignity.  Finally, 
however,  the  improved  state  of  society,  and  the  progress  of 
civilization,  excited  the  genius  of  a  few,  who,  by  a  series  of  bril- 
liant discoveries,  astonished  the  world;  and,  by  the  application 
of  these  to  manufacturers  and  the  arts,  administered  to  the  com- 
fort and  the  necessities  of  mankind.  Though  long  taught  in 
the  schools  as  a  science,  it  is  only  a  short  period  since  the  United 
States  were  dependent  on  foreign  countries  for  every  article 
in  this  interesting  and  imjjortant  department  of  manufactures. 

"Intimately  connected  with  science  and  the  healing  art,  and 
essential  to  other  manufactures,  chemistry  received  very  little 
or  no  attention  from  the  enterprise  and  skill  of  our  country, 
until  the  late  war.  That  event  suddenly  cut  off  the  usual  sup- 
plies from  foreign  countries.  The  consequent  advance  in  price 
was  excessive,  and  the  inconvenience  sustained  by  that  class  of 
manufacturers  who  consumed  chemicals,  incalculable.  This 
state  of  things  gave  the  first  impulse  to  chemistry  in  our  coun- 
try. 

"The  return  of  peace,  however,  brought  foreign  competition, 
which  soon  threatened  to  extinguish  the  infant  and  yet  inex- 
perienced establishments  which  had  crept  into  existence  during 
the  war.  The  large  importations  which,  at  that  period,  inundated 
the  country,  caused  a  reduction  in  prices,  alike  ruinous  to  the 
importer  and  his  competitor,  the  American  manufacturer. 

"This  depression,  however,  would  have  been  but  temporary, 
had  there  been  no  interference  on  the  part  of  the  government. 
The  foreigner  would  have  prevailed  in  the  contest — and  the 
market  l)econiing  his,  the  prices  would  have  been  in  accordance 
with  his  own  remorseless  interests. 

"Happily  for  the  nation,  and  more  particularly  for  that  nu- 
merous laboring  class  who  are  dependent  on  chemical  manipttla- 
tions — and  tlie  agriculturists,  who  find  in  this  class  a  customer 
instead  of  a  rival — happily  also  for  the  other  clas.ses  of  manu- 
facturers which  owe  their  existence  to  chemistry,  the  tariff  act 
of  1824  placed  the  seal  uijon  the  policy  of  the  nation.  By  this 
act,  and  not  until  after  its  passage,  was  the  manufacture  of  chem- 
icals established  in  the  United  States. 

"Until  it  became  the  policy  of  the  nation  to  encourage  a  domes- 
tic supply  of  chemicals,  prices  were  constantly  fluctuating — 
were  generally  high,  and  oftentimes  seized  upon  for  purposes 
of  speculation,  to  the  great  injury  of  consumers.  Domestic 
competition  has  caused  prices  to  settle  at  a  minimum  rate. 
The  manufacturer  is  now  so  near  the  consumer,  that  his  wants 
are  anticipated  and  scarcity  is  unknown — because  the  raw  ma- 
terial, being  unlimited  in  quantity,  and  individual  enterprise 
commensurate  with  it,  the  demand  is  seldom  allowed  to  over- 
take the  supply.  When  alum  was  an  article  for  import,  the 
price  was  generally  §7.50  per  cwt.  During  the  late  war  it 
rose  to  18  c.  per  lb.  The  price  at  present  is  about  ,^',  4  c.  per  lb. 
"Copperas  was  subject  to  greater  fluctuations,  varying  with 
the  vacillating  policy  of  the  importer,  or  the  foreign  manufac- 
turer, or  the  contrivance  of  the  spectilator.  The  price  was  often 
S7.00  per  cwt.  and  sometimes  below  the  cost  of  importation. 
During  the  war  it  advanced  to  17  c.  per  lb.  It  now  sells  for 
2'  '«  c.  per  lb. 

"Epsom  salts,  which  is  one  of  the  leading  items  in  the  chemical 
department,  is  an  offspring  of  the  tariff  of   1824.     And  what 
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is  the  result  of  this  parental  relation?  A  mineral  which  had 
remained  for  ages  unnoticed  and  even  unknown,  was  dug  from 
hills  previously  considered  barren  and  valueless,  and,  by  an  ad- 
mirable process  of  chemistry,  converted  into  magnesia  and 
Epsom  salts,  of  a  quality  superior  to  the  foreign.  But  the  effect 
of  a  protective  system  is  more  clearly  shown  by  the  following 
list  of  prices  of  Epsom  salts,  at  the  different  periods  before  and 
after  the  duty  of  4  c.  per  lb.  was  imposed  by  the  tariff  of  1824: 

Year  1820    182.'i   1824   1826   1831 

Price,  cents  per  lb 11  to  12   7=,'<   10    7','2   3','j 

"Those  who  seriously  contend  that  the  duty  on  foreign  mer- 
chandise is  a  tax  on  the  consumer  to  the  full  amount  of  that 
duty,  will  here  find  a  case  difficult  to  reconcile  with  their  theory, 
the  present  price  of  Epsom  salts  being  3',  2,  while  the  duty  is 
4  cents  per  lb.  Nor  is  this  all — the  improved  manufacture 
and  reduced  price  of  Epsom  salts'  has  very  nearly  excluded  the 
use  of  the  coarse  and  nauseous  article,  Glauber  salts,  of  which 
latter  only  a  small  quantity  is  at  present  made  and  consumed. 

"The  usual  price  of  refined  saltpetre  was  about  13  cents  per 
lb.  before  the  tariff  of  1824,  when  a  duty  of  3  cents  per  lb.  was 
laid  upon  the  foreign  manufacture,  which  is  its  present  price. 
The  treasury  tables  for  1830  show  that  only  $80.00  worth  of  it 
was   imported. 

"Sulfuric  acid  was  worth  7  cents  per  lb.  previous  to  1824 — 
since  only  3  and  4  cents. 

"The  sulfate  of  quinine,  when  first  manufactured,  sold  at  an 
enormously  high  price;  and  its  value  in  France  was  said  to  be 
$2,000,000  per  year.  In  1828  it  was  worth  from  S7  to  $8  per 
oz.  and  its  manufacture  was  soon  after  commenced  in  the  United 
States.  At  the  close  of  1831,  it  was  selling  in  Baltimore  for  $1  .50 
per  oz.,  but  has  latterly  advanced  to  $2  .j-,,  because  of  the  in- 
creased cost  of  the  material  out  of  which  it  is  made. 

"Many  other  articles  show  a  similar  result,  but  the  cases  cited 
will  siifl'iciently  illustrate  the  principle  contended  for.  It  may 
be  safely  stated  that  the  general  price  of  chemical  articles  is 
one-half  less  than  it  was  before  the  establishment  of  their  manu- 
facture by  the  i)rotccting  tariff  of  1824.  Hence  it  would  appear 
that  Si,o<K),iH)()  per  annum  have  been  saved  to  present  consum- 
ers in  the  I'nited  Slates,  by  this  new  application  of  domestic 
industry,  talent  and  capital;  besides  the  employment  and  sub- 
sistence of  a  large  number  of  persons,  variously  engaged  hi  the 
laboratories,  or  furnishing  materials;  and  the  chief  part  of  the 
latter  wr)uld  have  remained,  as  they  had  l)*cn  for  ages,  value- 
less— but  on  the  account  of  the  encouragement  and  protection 
afTorded. 

"The  large  consumption  caused  by  the  growing  wants  of  our 
country,  if  dependent  on  the  laboratories  of  I'^urope,  would  have 
either  enhanced  prices  or  have  justified  the  maintenance  of  for- 
mer rates  for,  initil  the  business  was  undertaken  in  this  country, 
the  foreign  tnanufacUirers  seem  not  to  have  discovered  how 
cheaply  they  could  work. 

"The  intimate  connection  between  chemistry,  and  the  arts  of 
dyeing,  bleaching  an<l  calico  printing;  and  theirmutual  de|)end- 
cncc  on  each  other,  need  not  here  be  insisted  on.  The  im- 
portance of  the  furmer  cainiot  be  duly  estimated,  without  tak- 
ing into  view  the  various  interests  into  which  it  <lifTuses  itself 

"The  protection  offered  to  several  cluuiicals  has  not  only  re- 
duced prices,  but  ahnost  entirely  excluded  the  foreign  article. 
Indeed,  as  to  nhini  and  copperas,  llie  exclusion  seems  com- 
plete— for  the  treasury  tables  of  1830  do  not  show  that  <ine 
lb.  of  either  was  imported  The  prices  of  many  chemical  arti- 
cles are  as  low  in  this  coiuilry  as  in  Iiuro|ic;  but,  nevertheless, 
your  conunlttee  are  of  the  opinion  that  it  would  be  unwise  to 
repeal  the  existing  duties,  because  exin-riencc  indicatcK  that  the 
I  Our  of  Ihr  iiiiiiilirr«  i>(  tlir  l.tmiiim  Mt.haiiits'  Matnunt  (nt  IK.'*. 
•■Ill  "Thr  I'llltril  S(iitr<,  wlilrli  iKril  (<>  l>r  (iiriiMiril  Willi  l<:|iiM>tn  •nlli 
rroiii  llila  niiintry.  mm  liiivr  llir  wimir  •npplv  Iniiii  »  iimiiiilailiiiv  ralnli. 
Ilnhcil  in  llnlliiiKire  niukinu  u  piirrr  null  tlinn  In  llurnpc.  niitl  nt  nitirti  IcM 
prlcf   • 


foreign  competitor,  from  a  disposition  to  get  rid  of  his  surplus 
stock,  and  with  the  less  creditable  design  of  strangling  the  grow- 
ing establishments  which  have  deprived  him  of  a  market, 
will  crowd  his  productions  upon  us,  regardless  of  the  calculations 
which  usually  govern  trade — enduring  the  present  loss  with  the 
hope  of  distant  gain,  which  is  to  be  the  fruits  of  victory  obtained 
in  prostrating  his  rival. 

"The  chemist  asks  to  be  protected  from  such  an  enemy. 
Your  committee  might  further  illustrate  the  principles  they 
contend  for,  by  a  more  detailed  examination  of  the  department 
referred  to  them;  but  in  so  doing  they  would  extend  this  report 
to  an  unreasonable  length,  and  multiply  arguments  on  a  ques- 
tion which,  fortunately  for  the  countn.-,  is  already  settled. 

"Besides  the  articles  previously  noticed,  the  chemical  estab- 
lishments of  this  country  manufacture  calomel  and  various 
other  mercurial  preparations,  Glauber  salts.  Rochelle  salts,  tartar 
emetic,  ammonia,  sulfate  of  quinine,  oil  of  vitriol,  tartaric  acid, 
aqua  fortis,  Prussian  blue,  chrome  yellow-,  chrome  green,  nitric 
acid,  muriatic  acid,  barilla,  oxalic  acid,  chloride  of  lime,  chloride 
of  soda,  refined  saltpetre,  refined  borax,  refined  camphor,  acetic 
acid,  acetate  of  lead,  nitrate  of  lead,  prussiatc  of  potash,  bi- 
chromate of  potash — and  the  endless  developments  of  the  science 
of  chemistrv'  are  almost  daily  adding  to  the  list. 

"It  is  a  highly  interesting  fact  that  nearly  all  the  materials 
used  in  chemical  establishments  are  the  produce  of  our  country. 
Brimstone,  saltpetre,  quicksilver,  cream  tartar,  and  Peruvian 
bark  arc  the  only  material  exceptions;  and  it  happens  that  our 
competitors  in  manufacturing  chemistry  are  without  domestic 
resources  for  these  same  excepted  materials.  Both  draw  their 
supplies  from  the  same  sources.  Nor  is  the  fact  less  interesting, 
that  the  articles  used  in  chemical  factories,  other  than  the  ex- 
ceptions just  alluded  to,  are  generally  of  a  character  useless, 
and  sometimes  loathsome. 

"Clay  is  used  in  the  manufacture  of  alum;  iron  ore  and  pyrites 
for  copperas;  a  magnesian  mineral  for  magnesia  and  Epsom  salts; 
copper  ore,  old  copper,  and  the  scales  which  occur  in  the  manufac- 
ture of  copper,  for  blue  vitriol.  The  blootl  which  flows  from  the 
slaughter-house,  the  horn  shavings  which  are  swept  from  the 
comb-maker's  shop,  and  the  trinnnings  and  scraps  of  leather, 
which  would  otherwise  encumber  the  currier,  arc  all  converted 
into  Erussian  blue,  the  prussiate  of  iM)tash  and  ammonia 

"Even  the  atmosphere  we  breathe  is  made  subservient  to  the 
cause,  and  is  converted  into  merchandise  by  its  combination 
with  brimstone,  iu  the  formation  of  oil  of  vitriol  and  other  chem- 
icals. 

"Your  committee,  believing  that  a  more  particular  allusion 
to  a  few  facts  may  be  useful  in  causing  the  subject  of  chemistry 
to  be  nppreciateil.  take  the  o<.-casion  to  state  that  chrome  yel- 
low, as  a  pigment  in  common  use.  may  be  s»iid  to  Ik-  the  result 
of  .American  chemistry  It  was  originally  discovered  native  in 
the  I'ralian  .Mountains,  and  sold  for  its  weight  in  gold  It  was 
lirst  made  artificially  iu  I-'ranif.  by  Vau<)uelin,  from  the  chnuiiatc 
of  iron,  ilisoovered  in  small  <|uantilir>  in  the  dciMirtmrnl  of 
\'ar,  in  I7<J7.  The  cliromate  of  iron  hiiviiiK  Ixt-n  disc<ncre«! 
in  con.siderable  cpiantities  near  Haltimon-.  in  the  state  of  Mur>'- 
land,  extensive  works  were  ereeleil  for  ninnufacllirinK  it  into 
chrome  yellow  The  priif  was  first  J.t  <«>  |H-r  lb  but  domes 
tic  competition,  and  improveuieiits  ill  the  piiK-ess,  have  caused  a 
grailual  decline  to  3^  cents  per  lb 

"Siine  years  ago  the  chemists  of  the  fnitctJ  States  cxptwicti 
chrome  yellow  to  l-jighiiiil.  ami.  for  i«  short  tiinr.  (um-ir<l  thai  a 
v.duable  market  was  o|H'iicd  to  them,  for  the  Ilnli'kh  tariff  hud 
not  provided  for  this  new  article  Hut  the  Krilish  niaiiiifac 
lurer.  liiuliiig  hi-  protection  thus  ••ncroiichcd  on.  applied  to  the 
board  of  traile  for  rt-lief,  and  an  order  in  council  ««s  iMinu-<lialrlv 
pavsrd,  Mibiceting  fori-igii  chrome  yrllnw  to  n  ilutv  v»  hinh  «• 
to  Ijc  prohibitory  An  act  of  iHirtininrnI  was  l<m  tr<li>Mi<i  a  |in>- 
ccw  to  give  irhef  ton  KriliHh  mnmiliicturrt.  Mibirct  to  thr  com- 
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IJCtition  of  an  American  manufacturer.  "Free  Trade"  was  no 
more  the  policy  of  England  then,  than  it  is  her  practice  now. 

"A  further  evidence  of  the  great  resources  of  this  country, 
as  developed  by  chemistry,  is  found  in  the  existence  of  vast  masses 
of  alum  and  copperas  ore  on  the  Chesapeake  Bay.  near  Balti- 
more. In  searching  for  bituminous  coal,  of  which  there  are 
strong  indications,  this  mineral  was  brought  to  light.  It  con- 
sists of  partially  decomposed  vegetable  matter,  with  clay  and 
sand  and  iron  pyrites  distributed  through  the  mass,  and  the 
whole  covered  with  a  bed  of  iron  pyrites.  This  mineral,  dug 
and  exposed  to  the  atmosphere,  undergoes  a  spontaneous  com- 
bustion, and  gives  rise  to  the  formation  of  sulfate  of  alumina 
and  iron,  which,  lixiviated,  requires  only  evaporation  and  crys- 
tallization. Preparations  are  now  being  made  in  Baltimore 
for  manufacturing,  from  this  mineral,  alum  and  copperas  to 
an  extent  fully  adequate  to  the  wants  of  the  community. 

"Beds  of  iron  pyrites  also  exist  of  great  extent  in  the  towns 
of  Strafford  and  Shrewsbury,  Vermont — from  which  the  country 
east  of  the  Allegheny  Mountains  has  been  principally  supplied 
with  copperas  for  many  years.  They  are  worked  by  two  in- 
corporated companies,  manufacture  2,500,000  lbs.  per  annum, 
emjiloy  75  men,  consume  3000  cords  of  wood,  pay  for  transporta- 
tion by  wagons,  canal,  river-craft  and  coasting  vessels,  $20,000 — 
using  considerable  quantities  of  lead,  iron  and  gunpowder. 

"In  the  neighborhood  of  Liberty,  in  Frederick  County,  Mary- 
land, there  exists  a  copjier  ore,  which,  besides  being  adapted  to 
yielding  metallic  copper,  is.  by  a  slight  chemical  treatment, 
converted  into  blue  vitriol. 

"But  it  would  swell  this  report  beyond  its  proper  limits  were 
your  committee  to  give  in  detail  the  history  and  resources  of  the 
manufactures  of  this  country.  They  are  able  to  enumerate 
thirty  chemical  establishments  in  the  I.'nited  States.  The 
capital  invested  in  these  concerns,  according  to  the  best  estimate 
that  can  be  made,  is  $1,158,000.  The  value  of  the  articles  pro- 
duced may  safely  be  put  down  at  $1,000,000,  the  number  of 
hands  employed  at  900,  and  the  number  dependent  on  them 
for  support  4000.  Nearly  the  whole  value  of  chemicals  is  paid 
in  labor  and  fuel  the  cost  of  most  of  the  materials  used  being 
inconsiderable. 

"Pot  and  pearl  ashes  enter  into  the  coni])osition  of  many 
chemicals — giving  a  home  market  for  a  large  quantity  of  the 
product  of  the  forest. 

"Almost  every  chemical  process  requires  the  aid  of  heat. 
Immense  quantities  of  fuel  are  consequently  consumed  in  the 
laboratories.  One  establishment  in  Baltimore  requires  4000 
cords  of  wood  per  annum,  besides  considerable  quantities  of 
anthracite  and  bituminous  coal.  The  total  value  of  fuel  con- 
sumed in  chemical  operations  in  this  country  is  estimated  at 
Si2o,(XTo.  The  benefit  accruing  to  the  landed  interest,  by  reason 
of  this  great  demand  on  the  forests  and  the  mines,  and  the  em- 
ployment given  to  the  laboring  class,  in  cutting  the  wood  and 
mining  the  coal,  and  in  transporting  both  to  the.se  new  markets, 
cannot  but  be  appreciated  by  all  reflecting  persons. 

"The  smelters  of  the  lead  of  our  own  mines  in  the  Far  West, 
here  find  an  important  ally.  Large  quantities  of  this  metal 
are  usetl  in  the  construction  of  chemical  works,  and  some  is  con- 
sumed in  the  manipulations.  But  your  committee  forbear 
to  trespass  upon  the  duties  of  the  committee  api)ointed  on 
lead  and  its  manufactures. 

"Your  committee  have  no  accurate  data  by  which  they  can 
learn  the  quantity  of  tonnage  employed  in  transporting  the 
materials  used,  and  the  chemicals  manufactured  from  them. 

"The  sulfur,  from  the  volcanic  mountains  of  ancient  Sicily,  the 
<|uicksilver  from  Spain,  the  saltpetre  from  the  h'ast  Indies, 
and  the  Peruvian  bark  from  South  America,  form  considerable 
items  in  our  foreign  trade,  and  give  no  small  employment  to  the 
shipping  interest  But  it  is  the  coasting  trade  that  receives 
the  chief  benefit. 


"The  chemical  establishments  are  few,  compared  with  the 
number  of  their  customers — and  their  goods  are  consequently 
distributed  along  the  whole  line  of  our  coast. 

"Should  any  change  be  made  in  the  existing  tariff,  your  com- 
mittee suggest  some  amendments  which  the  new  developments 
of  the  science  have  made  necessary. 

"Sulfate  of  quinine  is  manufactured  from  the  Peruvian  bark, 
and  promotes  the  important  trade  with  the  Pacific.  The  con- 
sumption in  the  United  States  is,  in  part,  supplied  by  the  chem- 
ists of  France,  the  duty  being  only  15  per  cent.  If  the  duty  on 
sulfate  of  quinine  were  increased,  and  the  bark  from  which  it 
is  extracted  admitted  free  of  any  duty,  the  entire  consumption 
would  be  derived  from  our  own  laboratories,  and  the  increased 
trade  with  Peru  would  greatly  benefit  the  commercial  interest. 
Instead  of  importing  the  quinine  in  its  small  bulk,  not  apprecia- 
ble as  a  freight,  and  by  a  short  voyage,  and  from  a  country  that 
excludes  almost  everything  American,  cotton  excepted — we 
would,  on  the  other  hand,  receive  from  distant  Peru  the  more 
bulky  bark — paying  for  it  in  household  furniture  and  various 
other  American  manufactures,  and  even  in  the  quinine  itself, 
extracted  from  the  material. 

"Saltpetre  is  one  of  the  most  costly  articles  used  by  the  manu- 
facturing chemist.  Small  quantities  of  very  inferior  quality 
are  found  in  the  limestone  caves  of  the  western  states;  but  the 
crude  material  is  limited,  and  the  refining  process  costly — 
therefore  few  are  disposed  to  engage  in  that  business,  and  these 
few  on  a  very  small  scale.  There  is  no  interest  in  this  country 
to  be  benefited  by  a  duty  on  saltpetre. 

"Your  committee  are  of  the  opinion  that  the  following  arti- 
cles might  safely  be  admitted  free  of  duty.  Some  of  them,  if 
not  .strictly  within  the  sphere  of  the  present  inquiry,  indirectly 
belong  to  it:  Peruvian  bark;  crude  saltpetre;  nitrate  of  soda; 
quicksilver;  crude  borax;  crude  camphor;  cream  tartar;  galls; 
gum  arable;  gum  Senegal;  gum  copal;  gum  tragacanth;  gum 
shellac;   platina;   caoutchouc. 

"The  time  and  the  occasion  arc  suitable  to  suggest  that  many 
foreign  chemicals  are  only  charged  with  the  small  duty  levied 
on  articles  not  enumerated  in  the  tariff.  Such  of  them  as  in- 
terfere with  the  establishments  of  this  country,  or  such  as  would 
be  produced  with  a  suitable  patronage  from  the  government, 
ought  to  bear  a  heavier  duty — and  such  as  are  not  adapted 
to  our  climate  or  resources,  might  be  declared  free  of  duty. 

"And.  as  there  is  always  a  strong  temptation,  by  distinguish- 
ing them  under  a  name  not  found  in  the  law,  in  order  to  bring  them 
under  the  (id  valorem  duty  of  15  per  cent  (.that  being  the  duty  of 
non-enumerated  articles)  it  would  be  expedient  to  make  all 
non-enumerated  chemicals  subject  to  a  much  heavier  duty. 
Every  article  would  then  come  in  review  before  the  country, 
and  each  would  be  either  made  free  of  duty,  or  be  assigned  to 
its  proper  place  in  the  scale  And  specific  duties,  the  committee 
think,  should  be  always  preferred  to  the  ad  valorem,  if  prac- 
ticable. 

"Having  already  named  the  articles  which  may,  without  in- 
terfering with  any  domestic  manufacturing  interest,  be  exempted 
from  all  duty  on  their  importation,  it  now  becomes  proper  to 
furnish  a  list  of  such  as  require  further  legislation,  to  relieve  the 
country  from  an  unnecessary  dependence  on  foreigners,  as  fol- 
lows: sulfate  of  (luinine.  carbonate  of  magnesia,  sugar  of  lead, 
nitrate  of  lead,  acetate  of  iron,  roll  brimstone,  all  the  prepara- 
tions of  mercury,  sal  ammoniac,  Rochclle  salts,  soda,  solutions 
of  tin,  verdegris,  tartar  emetic,  chromate  of  potash,  bi-chromate 
of  potash,  chloride  of  lime,  chloride  of  soda,  tartaric  acid,  chrome 
yellow,  Prussian  blue,  prussiate  of  potash,  barilla,  soda,  car- 
bonate of  soda,  magnesia. 

"If  Congress  should  determine  to  abohsh  the  duties  on  im- 
ported articles,  not  coming  into  competition  with  similar  arti- 
cles made  or  produced  within  the  I'nited  States,  the  labor  of 
tlie  officers  of  the  customs  would  be  much  diminished — and  it 
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is  respectfully  suggested,  whether  the  contemplated  law  ought 
not  to  require  these  officers  to  keep  a  particular  and  separate 
account,  accessible  to  the  public,  at  each  custom  house,  of  the 
quantity  and  value  of  all  merchandise  imported,  whether  free 
of  duty  or  subject  to  specific  or  ad  valorem  duties!'  The  sta- 
tistical information  thus  obtained  would  be  of  great  importance 
to  the  manufacturing  chemist,  as  well  as  to  ever>'  other  class  of 
persons.  The  law  might,  with  great  propriety,  also  provide 
for  a  more  prompt  diffusion  of  the  information  thus  obtained. 
Statistical  facts  are  valuable  in  proportion  to  the  promptness 
with  which  they  are  known.  When  delayed,  they  are  more  a 
matter  of  curiosity  than  of  practical  usefulness. 

"A  well-organized  system  of  statistics  would  not  only  be  a 
guide  to  the  statesman,  enabling  him  to  legislate  on  the  intricate 
subject  of  trade  understandingly,  but  it  would  inform  the  mer- 
chant on  the  important  matter  of  consumption  and  supply, 
and  save  him  from  the  many  errors  into  which  he  is  liable  to  be 
led,  by  reason  of  his  unavoidable  ignorance  in  this  particular. 
Such  intelligence  often,  and  promptly,  communicated,  would, 
in  a  great  measure,  prevent  the  occurrence  of  that  scarcity  and 
consequent  enhancement  of  price,  which  so  frequently  takes  the 
consumer  by  surprise;  and  on  the  other  hand,  would  guard  against 
that  excessive  glut  and  consequent  ruinous  reduction  of  prices, 
which  have  done  more  to  involve  the  enterprising  merchant 
and  injure  the  manufacturer,  than  all  the  foreign  competition 
that  can  be  combined  against  them." 

On  behalf  of  the  Committee, 

IsA.^c  Tyson,  Jr.,  Cluiinmin 

The  remarks  which  this  Report  of  the  Committee  on  Chem- 
istry makes  upcm  the  effects  of  foreign  competition,  the  necessity 
of  an  adequate  protective  tariff  and  the  importance  of  a  well- 
organized  system  of  statistics  are  as  api)lical)le  to-day  as  they 
were  85  years  ago. 

But  the  principal  lessons  to  be  drawn  from  this  early  report 
upon  industrial  preparedness  are  contained  in  the  Memorial 
which  the  I'rieiids  of  Domestic  Industry  transmitted  to  Con- 
gress. 

The  thought  that  the  only  successful  method  of  combating 
militarism  is  by  means  of  an  efficient  industrialism  is  not  lightly 
to  be  dismi.sscd.  In  reflecting  upon  the  downfall  of  Napoleon 
the   Memorial   asks   the   following   momentous   question: 

"Has  it  not  been  a  matter  of  common  remark,  since  the  close 
of  the  late  wars,  that  it  was  not  the  artillery  of  Wellington  and 
Blucher,  nor  even  the  noble  enthusiasm  of  the  youth  of  (ler- 
many,  but  the  mightier  machinery  of  the  power-loom  and  spin- 
ning jenny,  the  splendid  miracles  of  .\rkwright  and  Cartwright, 
that  sustained  the  cause  of  the  alliance  in  all  the  fields  of  Kurope 
for  twenty-live  years  in  succession,  and  rmally  overthrew  the 
greatest  military  empire  that  ever  existeil.'" 

The  dangers  which  threaten  domestic  industries  at  the  con- 
clusion of  a  foreign  war  can  be  illustrated  no  better  than  by  the 
following  account  of  what  happened  in  the  I'nited  States  after 
the  Napoleonic  wars. 

"liverything  goes  on  prosperously  until  the  war  cnine'.  to  a 
close.  Within  a  few  months  after,  our  markets  are  iniuiilated 
with  British  goods,  cheaper  than  we  can  make  them  of  et|iial 
(|uality,  and  the  maiuifactiirers  are,  in  their  turn,  involved  in 
one  coinniiin  ruin  It  is  in  this  way  that  the  lliictuations  in- 
cident to  these  distant  and  uncertain  exchanges  reach  succes- 
sively all  the  great  ImineheHof  industry  The  results  wliich  your 
memorialists  have  thus  tlescribeil  are  not  actiileiital,  but  the 
regular  eonsei|uenees  of  the  state  of  thingi  to  which  they  aie 
attribtiti'd,  and  must  continue  to  recur  from  lime  to  time,  wlier 
ever  such  a  slate  of  things  exists  " 

III  eoiniiientiiiK  to  Congress  ii|hiii  the  possibility  of  (iilure 
iH  riirreiuM  s  nf  ihis  kuiil.  in  which  even  the  t'liiled  States  initiht 


be  involved,  the  Memorial  sounds  an  admonition  which  is  al- 
most prophetic. 

"At  this  moment,  the  danger  of  such  an  occurrence  appears 
to  be  again  x-ery  imminent;  but  whatever  may  be  the  issue  of 
the  present  crisis,  it  is,  at  all  ex'ents.  clearly  the  duty  of  an 
-\merican  statesman  to  suppose,  and  to  act  upon  the  supposi- 
tion, that  the  country  is  continually  liable  to  be  drawn  into  war 
with  any  of  the  foreign  powers  with  which  we  have  relations. 
If  then  we  look  to  these  foreign  powers  for  our  regular  supply 
of  the  ordinary  comforts  of  life,  what  is  to  become  of  us  during 
these  periods  of  occasional  hostilities,  which  may  last  three  years 
or  thirty  as  the  quarrel  happens  to  turn?  By  what  miracle 
are  we  to  find,  at  a  moment's  warning,  resources,  before  unem- 
ployed, which  will  furnish  us  with  substitutes  for  this  supply? 
Are  we  to  extemporize  at  the  commencement  of  every  war. 
as  we  did  at  that  of  the  last,  a  set  of  manufacturers  sufficient  to 
meet  the  demand  of  twelve,  fifteen,  or.  looking  forward  only 
to  the  end  of  the  next  five  and  twenty  years,  twenty  million 
consumers,  only  to  see  them  all  shaken  to  their  foundations  by 
the  return  of  peace,  and  sinkiug  in  one  general  ruin  as  they 
did  before?  Your  memorialists  can  hardly  imagine  how  an  in- 
telligent person  can  be  so  totally  blind  to  the  most  obx-ious 
considerations  of  expediency  as  to  counsel  such  a  policy.  They 
leave  it  with  confidence  to  your  honorable  Ixxly  to  decide, 
whether  it  be  not  the  duty  of  a  prudent  government  to  provide. 
by  ev'ery  imaginable  means,  against  the  recurrence  of  such 
widely  si)reading  disasters;  whether,  were  it  even  true,  as  it  is 
not.  that  domestic  manufactures  would  be.  in  the  end.  dearer 
than  foreign  ones,  an  annual  pecuniary  sacrifice  of  considerable 
extent  made  in  this  form,  would  not  be  decidedly  preferable  Ixjth 
on  the  score  of  interest  and  feeling,  to  supporting  the  incalcula- 
ble losses  and  miseries  of  every  kind  produced  by  these  convul- 
sions." 

With  this  final  warning  we  must  bring  our  citations  from  the 
Report  of  the  Friends  of  Domestic  Industry  to  a  close.  It 
would  l>e  interesting  to  quote  more  fully,  but  enough  has  IxH-n 
given  to  indicate  the  resemblance  of  conditions  a  century  ago 
to  those  of  to-day.  In  addition  to  the  light  which  the  Re|K)rt 
throws  upon  the  early  state  of  our  chemical  and  other  inilus 
tries,  it  contains  |)remonitions  that  are  full  of  meaning  and  con- 
vi-ys  lessons  that  are  set  forth 

"With  such  a  lustre  he  that  runs  may  read    ' 
80  S«>rTii  Sthkht.  Xkw  York  City 

THE  HUMAN  SIDE  OF  THE  DEVELOPMENT  OF 
CHEMICAL  INDUSTRY' 

Hv     v.       \\         I'd.. MPS.. N 

Numerous  writers  and  speakers  have  calle<I  frequent  attention 
to  the  great  service  which  chemistry  has  renderetl  to  humanity. 
In  every  field  of  industry  she  has  Ihh-h  active,  every  product  of 
iiiaii's  labor  has  felt  her  magic  touch  Minleni  civili^oition  can 
be  measured  most  accurately  by  considering  the  itiflueiicf  which 
chemistry  has  had  uimhi  industry  and  industrial  o|>cnitinns      It 

is  1 ecessary   hiTe   to  tell   what   slu-  has  done       Wc  are  niorr 

i-oiuenied  with  the  future  than  with  the  past,  and  judgiuK  ''le 
future  by  the  past,  the  Uiufits  which  chemistry  during  the  com 
iiig  years  will  confer  upon  hiiinaiiity  will  Ik-  inrniilrly  vahmblr 
Oil  us.  her  votaries,  is  imposnl  the  task  of  laying  out  the  course 
of  her  progress,  preparing  and  makiiiK  the  way  easy  for  her 
and  heralding  her  triiiinphaiil  niiirch  It  is  the  puriHtvc  of  this 
pa|H-r  to  indicate  how  Ihis  may  best  Ih'  done 

ll  shoiilil  Im-  iH-rfectly  obvious  Ihiil  the  piirixise  of  nil  induslry 
is  to  satisfy  the  ilesires  of  liiiiniin  iH-ings  This  i«  ns  true  of 
elieinical  industry  us  it  is  of  any  other  iiuliislry  The  chrinist 
lenileis  liiiinati  scrviixv  He  i«i' u  hiininii  lieing  hilliHrlf  nnd  his 
serviiv  to  huniiin  liriniis  iimkes  him  «  iMirl  of  n  grrnl  dcmoi-talic 


llnl    iK'Imr 
lull     Nrw    V. 


riWan    tnallliilc    ol    ehrn 
laiiiiDiv  in  lu  I.V  I*>|; 
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commonwealth  in  which  every  member  is  a  factor  in  the  de- 
velopment of  the  whole.  The  chemist  is  only  a  fraction  in  this 
commonwealth  but  the  more  he  is  organically  a  part  of  it  the 
greater  is  his  power  of  service.  Like  everyone  else  he  does  not 
exist  by  himself  alone  but  is  dependent  for  his  existence  upon 
every  other  human  being  that  is  a  part  of  the  social  organism. 

In  the  last  analysis  all  of  the  relations  between  human  beings 
are  mental  relations.  The  instruments  of  connection  between 
human  beings  may  be  material  but  the  relation  itself  is  spiritual. 
In  so  far  as  the  chemist  renders  service  he  does  so  by  impressing 
himself  on  other  people  and  afTecting  them  either  directly 
through  personal  contact  or  indirectly  through  the  products  of 
labor  in  the  fabrication  of  which  he  has  had  a  part.  Human 
relationship,  therefore,  is  the  end  toward  which  we  are  perforce 
all  compelled  to  work.  Kach  man  must  impress  other  people 
and  he  must  in  turn  be  impressed  by  them.  There  is  no  such 
thing  as  independence.  We  are  all  dependent,  and  in  seeking 
for  what  we  may  nominally  call  independence  we  are  simply 
shifting  our  dependence  from  one  point  to  another.  It  is  foolish 
to  talk  about  being  independent  and  it  is  unwise  to  seek  in- 
dependence, because  it  cannot  be  obtained.  Still  more  im- 
portant than  this;  it  is  best  for  us  that  we  should  not  seek  in- 
dependence but  that  each  one  of  us  should  seek  to  be  dependent 
upon  every  one  else,  thereby  conforming  to  the  best  conception 
of  human  relationships  and  to  the  economic  law  according  to 
which  the  best  service  only  can  be  rendered. 

What  we  propose,  therefore,  is  that  the  chemist  should  strive 
against  anything  that  would  tend  to  isolate  him  and  separate 
him  from  his  fellowmen.  What  we  will  try  to  show  is  the  means 
by  which  he  can  avoid  these  tendencies;  how  he  may  more 
efTectively  integrate  himself  into  the  social  organization. 

INTERFERENCES    IN   GROWTH    OF    CHEMISTRY 

Perhaps  what  we  have  in  mind  can  best  be  visualized  by  con- 
sidering here  what  has  been  believed  by  some  to  have  interfered 
with  the  growth  of  chemistry  in  this  and  other  countries.  For 
instance,  the  cry  has  come  from  England  that  technically 
educated  men  have  not  been  sought  for  as  the  occupants  of  high 
official  and  business  positions.  It  has  been  claimed  that  a 
scientific  education  did  not  help  towards  social  or  public  ad- 
vancement, that  in  England  a  man  with  a  classical  education 
was  sought  after,  not  the  scientific  man.  Assuming  this  to  be  so, 
it  is  perfectly  clear  that  the  advancement  of  the  chemist  in 
England  has  been  retarded  by  a  lack  of  public  appreciation 
of  the  service  which  he  renders  or  can  render  to  the  nation. 
What,  then,  is  the  chemist  in  England  going  to  do  about  it? 
Apparently  he  is  dissatisfied,  which  in  itself  is  all  right,  but 
being  dissatisfied  does  not  alone  change  inexorable  facts.  In 
every  chemical  problem  that  confronts  the  chemist  when  facts 
stand  in  his  way  he  does  not  get  excited  about  them  but  seeks 
to  surmount  tliem  by  careful  study  and  the  tlevising  of  ways  and 
means.  This  should  be  the  attitude  of  the  chemist  in  England, 
and  by  organized  publicity — advertising  if  you  will — he  should 
seek  to  change  public  opinion  so  that  it  will  accord  to  him  a 
higher  recognition. 

That  the  English  chemist  is  taking  this  view  is  indicated  by  a 
recent  address  by  G.  G.  Henderson  before  the  Chemical  Section 
of  the  British  Association  for  the  Advancement  of  Science, 
Newcastle-on-Tyne,  1916.  In  discussing  the  synthetic  pro- 
duction of  nitric  acid  from  the  air  and  the  great  advantage  it 
would  be  to  Englaml,  he  laments  that  England  has  done  noth- 
ing in  the  matter  except  to  appoint  a  Committee  to  consider 
possibilities.  Then  he  goes  on  to  say;  "This  case  is  only  too 
typical  of  many  others.  A  number  of  different  causes  have 
contributed  to  bring  about  this  state  of  affairs,  and  the  re- 
sponsibility for  it  is  assigned  by  some  to  the  government,  by 
others  to  the  chemical  maiuifaclurers,  and  by  still  others  to  the 
professors  of  chemistry.  I  think,  however,  it  will  be  generally 
admitted  that  the  root  of  the  matter  is  to  be  found  in  the  general 


ignorance  of,  and  indifference  to,  the  methods  and  results  of 
scientific  work  which  characterize  the  people  of  this  country." 
He  adds,  however,  that  he  thinks  that  the  English  leaders  in 
science  have  done  all  that  lay  in  their  power  to  awaken  the 
country  to  the  inevitable  and  deplorable  results  of  this  form  of 
"sleeping  sickness"  and  that  he  believes  that  a  brighter  day  is 
dawning  and  that  if  they  rise  to  the  occasion  now,  chemistry  in 
that  country  will  attain  the  position  of  importance  which  is  its 
due. 

Let  us  take  another  case.  Germany  has  made  great  ad- 
vances in  chemistr)'.  Some  think  that  this  is  due  to  her  system 
of  education  and  probably  this  is  partly  true.  Some  think  that 
it  is  due  to  the  farsighted  wi.sdom  of  public  men.  This,  too,  is 
probably  partly  true,  but  the  real  success  of  chemistry  in  Ger- 
many in  my  own  opinion  has  been  due  to  its  greater  popular 
appreciation.  Historians  have  long  since  dropped  the  idea  that 
kings  and  rulers  in  general  amount  to  very  much  in  the  progress 
of  a  nation,  and  have  adopted  the  broader  conception  that 
progress  ultimately  is  in  the  people  of  a  nation,  their  developing 
thoughts,  their  appreciation  of  the  world  that  is  about  them 

The  lesson  to  us  in  the  United  States  is  this — that  if  we  wish 
chemistry  to  become  a  more  potent  factor  in  the  industrial 
growth  of  our  country  we  must  take  such  steps  as  are  necessary 
to  bring  about  a  popular  appreciation  of  its  value.  Universities 
will  help,  government  aid  will  help,  but  these  too  depend  upon 
popular  appreciation  both  in  their  beginning  and  in  their  ex- 
ecution; after  all  they  are  mere  incidents  to  fundamental  active 
causes.  Create  a  demand  for  universities  and  universities  will 
rise,  as  it  were,  over  night;  create  a  demand  for  governmental 
interest  and  governmental  interest  will  come  quickly  and  effec- 
tively, but  demand  is  borne  of  popular  appreciation. 

POPULARIZING    CHEMISTRY 

Mr.  El  wood  Hendrick  in  an  article  that  appeared  not  very 
long  ago  in  one  of  our  popular  journals  emphasized  this  point 
in  urging  the  popularization  of  chemistry,  and  he  expres.sed  the 
thought  that  chemists  would  not  come  into  what  they  believed 
to  be  their  own  until  this  was  done.  Mr.  Hendrick's  suggestion 
would  indicate  the  advantage  of  chemists  generally  advertising 
their  profession,  not  necessarily,  however,  in  the  form  of  paid 
advertisements,  but  in  properly  written  articles  for  the  popular 
press.  The  desirability  of  such  a  procedure  properly  carried  out 
is  fairly  obvious,  but  subject  to  some  limitations,  which  we  will 
consider  further  on. 

As  an  illustration  of  what  we  can  accomplish  in  this  direction 
I  would  refer  to  Robert  Kennedy  Duncan's  writings  (particu- 
larly his  Chemislry  of  Commerce)  as  having  been  exceedingly 
efficient  in  popularizing  chemical  knowledge,  and  to  the  fact 
that  Duncan's  efforts  in  this  direction  probably  resulted  in  the 
establishment  of  the  Mellon  Institute.  As  another  example  of  a 
very  commendable  effort  to  popularize' chemistry,  I  would  refer 
to  the  Chemical  Expositions,  the  second  of  which  was  held  last 
September  in  the  City  of  New  York.  When  the  first  Exposition 
was  proposed,  many  chemists  expressed  a  great  deal  of  doubt  as 
to  its  wisdom  and  practicability,  but  as  the  time  approached  for 
the  opening  of  the  Exposition,  its  value  to  chemists  became 
more  clearly  recognized  and  it  received  from  them  a  very 
generous  and  hearty  support.  So  successful  was  the  first 
Exposition  that  immediately  a  second  one  was  projected.  This 
received  even  more  generous  support  and  two  of  our  largest 
chemical  societies  decided  to  hold  meetings  at  the  same  time. 
The  iJublic  press  has  been  full  of  matter  descriptive  of  the 
Exposition  itself  and  the  accomplishments  of  chemistry  thereby 
illustrated,  and  gave  much  space  to  the  papers  and  discussions 
presented  at  the  meetings  of  the  two  chemical  societies.  These 
Expositions  were  distinctly  advertising  in  their  character  and 
great  expenditures  with  the  expectation  of  profitable  return 
were  made  by  the  exhibitors  themselves. 
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Our  National  Departments  of  Agriculture  and  Commerce 
have  done  much  in  popularizing  chemistry.  The  work  Dr. 
Wiley  started  in  the  Department  of  Agriculture  has  extended 
the  knowledge  of  chemistry  in  popular  fields  through  the  publica- 
tion of  numerous  bulletins  and  leaflets.  More  recently  the  De- 
partment of  Commerce  has,  through  special  investigators,  been 
instrumental  in  increasing  the  knowledge  of  the  relation  of 
chemistry  to  industry.  Similar  work  has  been  done  to  some 
extent  by  the  Department  of  the  Interior.  All  of  these  efforts 
have  been  of  great  advantage  to  chemists. 

It  seems  hardly  necessary  that  I  should  go  further  in  em- 
phasizing positive  aspects  of  this  phase  of  my  subject.  Let  us 
consider  now  some  of  the  criticisms  that  have  been  offered  on 
work  of  this  kind.  The  most  general  criticism  is  that  when  an 
attempt  is  made  to  popularize  a  science  such  as  chemistry  many 
unscientific  statements  will  be  made  and  true  representations 
will  often  be  incorrectly  interpreted  by  the  public.  This  is 
undoubtedly  so.  Erroneous  ideas  have  been  promulgated  in 
this  way,  but  the  chance  to  err  is  not  confined  to  popular  pre- 
sentations. We  know  that  many  errors  have  crept  into  scientific 
literature  necessitating  laborious  effort  later  on  for  their  correc- 
tion. To  err  is  human,  and  the  danger  that  error  may  occur 
should  not  act  as  a  preventive  of  public  statements,  whether 
these  statements  arc  made  in  the  scientific  or  popular  press. 

Another  objection  comes  from  those  who  hold  that  the  pro- 
fession of  chemistry  is  of  a  very  exalted  character  and  that  the 
serious  chemist  will  not  descend  to  ordinary  popularizing  effort. 
Our  own  Code  of  Kthics  would  prevent  the  chemist  from  ad- 
vertising in  a  sensational  manner,  and  requires  the  professional 
chemist  to  publish  scientific  papers  in  the  technical  journals 
before  they  are  given  to  the  |)opular  press.  It  seems  to  me  that 
our  Code  of  Ethics  is  correct  in  this  respect.  We  do  not  want  to 
advocate  sensationalism  and  we  do  want  to  build  up  our  technical 
journals,  but  after  the  requirements  of  our  Code  have  been 
complied  with  there  still  seems  to  be  a  field  open  to  the  chemist 
in  which  he  can  with  perfect  propriety  popularize  his  science. 

The  advocates  of  the  study  of  pure  chemistry  arc  also  apt  to 
look  down  upon  this  popularizing  scheme.  To  them  popular 
science  is  offensive  and  it  may  be  that  some  of  them  can  hardly 
be  expected  to  sympathize  with  the  views  I  am  here  presenting. 
The  student  of  pure  science  is,  however,  almost  in  a  class  by  him- 
self. The  utmost  that  he  <locs  in  affecting  the  world's  processes 
is  by  furnishing  information,  studies  and  generalizations  to  be 
applied  by  the  practical  chemist  in  furthering  the  interests  of  the 
entire  world.  I'ar  be  it  from  me  to  depreciate  the  value  of  the 
pure  scientist.  We  all  draw  upon  him  for  help  in  our  practical 
efforts.  It  must  be  admitted,  however,  that  he  lies  essentially 
outside  of  the  plan  that  we  are  proposing.  He  indulges  more  or 
less  in  an  esoteric  culture  atid  his  light,  though  it  Is  not  hidden, 
is  reflected  to  the  world  at  large  only  by  those  who  can  practically 
direct  that  light  to  the  illumination  of  ordinary  things.  In 
spite,  therefore,  of  all  that  may  be  said  against  the  populariza- 
tion of  chemistry,  I  am  still  convinced  of  the  wisdom  of  such  a 
purpose,  because  it  is  cmly  by  so  doing  that  even  the  student  of 
pure  chemistry  will  be  given  an  opportimity  to  carry  on  his 
studies.  So  firm  is  my  belief  in  this  that  I  would  exteml  this 
effort  so  that  It  would  reach  and  include  the  most  humble 
members  of  siK-iety. 

In  order  to  present  in  picture  form,  as  it  wen  ,  the  dependence 
of  the  chemist  for  his  .success  upon  the  popular  appreciation  of 
chemistry,  let  me  present  the  following  sketch;  A  chemist 
makes  what  he  believes  is  a  discovery  of  great  linancial  valui- 
If  he  has  money  enough  of  his  own  he  may  lie  able  to  make  that 
discovery  a  source  of  financial  profit,  but  in  so  doing  lie  will  have 
to  lie  soinethiiiK  in  addition  t<i  11  chemist,  for  the  largest  part  of 
his  effort  will  be  along  lines  which  are  essenlinllv  iioncheniical, 
involving  the  orKuiii^alion  of  btisinrss,  the  iidvrrtt!<iiiK  of  the 
priHiuct  or  prcH-ess.  and  its  sale  (or  use.     In  proimrtiiin  «•<  the 


public  is  capable  of  appreciating  what  he  has  accomplished, 
to  just  that  extent  will  he  make  a  financial  success.  Suppose, 
on  the  other  hand,  this  chemist  is  not  a  man  of  means  and  wants 
to  interest  financial  people  in  his  discover>-.  As  things  are  to- 
day he  will  first  encounter  skepticism,  even  ridicule,  and  if 
finally  he  is  successful  in  having  his  discover>'  appreciated  by 
financial  interests,  it  will  be  because  he  has  been  able  to  con- 
vince them  of  its  human  aspects,  and  it  may  be  that  before  he  is 
through  a  great  part  of  the  value  which  he  has  seen  in  his  dis- 
covery will  have  been  absorbed  by  what  the  financial  interests 
think  is  their  proper  return.  The  ordinary  business  man  of  to- 
day very  naturally  thinks  that  his  business  ability  is  more 
valuable  than  the  technical  ability  of  the  chemist.  He  wants 
the  lion's  share.  There  is  no  use  in  closing  our  eyes  to  this  fact. 
Many  a  poor  inventor  or  discoverer  has  been  so  discouraged  in 
his  early  efforts  for  recognition  that  he  has  been  almost  ready  to 
drop  his  entire  proposition.  He  says  the  blame  lies  on  an 
unappreciating  public,  and  this  is  true,  but  if  it  is  true,  how 
incumbent  it  is  upon  the  chemist  to  make  the  public  appreciative! 
He  can  do  this  only  by  studying  the  public,  finding  wherein  the 
public  should  be  educated,  and  recognizing  all  its  limitations, 
working  with  wisdom  toward  the  accomplishment  of  his  jiurpose. 

1  think  that  I  have  said  enough  along  this  particular  line  to 
indicate  to  you  my  views  as  to  what  the  chemist  should  do  in 
the  direction  of  trying  to  develop  a  popular  appreciation  of  his 
work.  If  there  is  truth  in  what  I  say  I  am  quite  sure  the  open 
mind  of  the  average  chemist  will  discover  it.  If  I  am  wrong  he 
will  soon  find  the  vulnerable  point  in  my  argument.  I  would 
like  now  to  pass  to  another  aspect  of  this  question,  which  relates 
more  jiarticularly  to  the  chemist  himself.  What  1  have  said  so 
far  deals  for  the  most  part  with  the  attitude  of  mind  of  the 
chemist  toward  the  public.  What  I  proi>ose  to  say  now  deals 
with  the  attitude  of  mind  of  the  chemist  towards  himself.  I 
have  referred  to  a  relation  existing  between  the  chemist  and  the 
public.  In  this  relation  there  arc  two  iiartie.s,  the  public  on 
the  one  hand,  and  the  chemist  on  the  other.  The  problem  before 
us  is:  What  should  the  chemist  do  to  develop  and  improve  his 
attitude  of  mind  towards  himself.'  This  is  an  exceedingly 
difficult  subject,  and  if  it  were  not  that  I  am  forlilied  by  a  belief 
in  its  importance,  I  would  not  dare  to  siK-ak  uinm  it.  I  cannot 
think  of  anyone  holding  a  higher  opinion  of  chemistry  as  a 
profession  than  I  ilo,  and  all  that  I  am  s;iying  is  actuated  by  a 
profound  belief  that  the  chemist  is  only  beginning  now  to  climb 
the  ladder  that  reaches  to  a  |Kiwer  of  service  unequale<l  by  any 
other  profession. 

The  delicacy  of  this  subject  is  such  that  1  feiM  im|H-Ued  to  ap- 
proach it  in  the  form  of  questions  In  putting,  these  questions, 
let  us  consider  first  some  facts,  ami  then  we  can  come  to  the 
(|uestions  themselves.  Let  us  first  consider  the  young  chemi-t 
just  leaving  his  college  or  university.  Like  all  students  grailua- 
ting  in  various  courst's,  he  has  yet  to  learn  what  business  life 
really  is.  They  think  they  know  what  it  is,  but  we  know  that 
there  is  no  college  or  university  that  leaches  it.  The  diffcfrnix- 
betweeii  the  chemist  and  most  other  graduates  is  noticeable  in 
this  The  chemist  enters  a  more  or  less  isolate<l  lalionitory. 
iiio^t  of  the  others  go  directly  into  the  connuercial  world  The 
chemist  in  this  lalHiratory  In-  it  analytical  or  research  is  not 
dealing  with  |H-ople  but  with  tnaninnite  mulerial  things  Me 
may  stay  in  this  hiUiratory  a  few  months,  a  few  years,  or  for  hi* 
lifetime,  as  the  cast-  may  be  He  mav  Ik-  doing  invaluable  work, 
but  here  is  the  tiuestion  Is  he  taking  his  piojiei  (ilarr  u*  a 
man  in  the  world  of  men*  Is  he  not  loo  much  i«»l«tetl'  Is  he 
in  his  iMcupation  gaiiiinK  ilirii-lly  in  his  (xmer  over  othet  men' 
Is  his  soi-ial  instnicl  U-ing  dcvelo|H-<l  01  is  it  being  rrl«nle<l  in  its 
growth ' 

SOCIAI.    m!l.ATION.MIII> 

If  we  think  thai  luborutory  chemists  us  a  generul  c\av  nir 
taking  tlirit  pro|ier  phuv  in  the  world  in  which  mind  react*  ii|xw 
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mind,  there  is  nothing  more  to  be  said;  but  if  we  think  with  his 
intelligence  and  education,  the  chemist  has  a  mission  outside  of 
the  indirect  service  he  professionally  renders  to  society,  then  our 
question  leads  us  to  urge  that  the  barriers  which  ordinarily  isolate 
the  laboratory  chemist  should  be  broken  down  so  that  he  can  get 
out  more  into  the  i)ulsaling  business  world.  He  may  not  be 
able  to  do  this  alone,  and  perhaps  the  duty  devolves  upon  us; 
perhaps  there  are  some  of  us  who  have  it  in  our  power  to  help 
bring  about  this  liberation.  If  we  want  chemists  to  have  a 
greater  personal  influence  in  the  world,  and  by  this  we  mean  to 
include  those  chemists  who  are  subordinate  to  us  individually, 
is  it  not  proper  for  us  to  ask  ourselves  whether  at  times  we  do 
not  rather  selfishly  stand  in  their  way?  Cannot  those  of  us  who 
are  employers  of  chemists  give  our  employees  more  opportunity 
to  become  familiar  with  the  commercial  aspects  of  the  work 
they  do?  If  we  do  this,  will  they  not  become  better  and  more 
profitable  employees?  In  our  dealings  with  non-technical  men 
representing  large  business  interests,  could  we  not  more  regularly 
and  persistently  ask  to  l)c  brought  into  contact  with  their 
chemists  if  they  have  them,  thereby  helping  to  pull  them  out 
of  their  seclusion?  If  we  are  asked  to  organize  a  laboratorj'  in  a 
commercial  concern,  could  we  not  say  that  the  work  of  the 
chemist  would  be  greatly  helped  if  it  were  so  arranged  that  he 
would  know  the  actual  use  to  which  his  reports  were  to  be  put? 
Could  we  not  do  something  in  urging  that  the  laboratories  in 
which  such  chemists  are  expected  to  work  should  not  be  hidden 
away  in  inaccessible  places?  Could  we  not  do  many  things 
suggested  by  the  occasion  to  break  the  bonds  which  the  young 
chemist,  led  by  false  hopes,  may  have  often  slowly  forged? 
Is  it  not  possible  that  with  our  colleges  to-day  filled  with  students 
of  chemistry,  these  students  should  be  advised  against  accepting 
positions  of  an  isolated  character? 

You  will  see  that  I  am  basing  my  argument  on  two  hypotheses, 
which  are  intimately  related.  One  is  that  social  relationship 
is  one  of  the  great  purposes  of  life,  and  the  second  is  that  without 
such  social  relationshi])  no  individual  can  really  be  successful  in  the 
development  of  any  important  enterprise.  I  have  argued, 
therefore,  that  the  chemist's  success  depends  upon  a  social  rec- 
ognition of  his  worth,  and  second,  that  the  chemist  should  enter 
into  as  broad  a  social  relationship  as  possible.  In  popular  terms 
one  of  these  means  that  it  pays  to  advertise,  and  the  other  means 
that  the  chemist  should  get  out  upon  the  broad  highway. 

I  propose  now  to  say  a  few  words  on  the  disadvantage  which 
is  sure  to  result  from  antagonism.  I  propose  to  advocate  in  all 
our  dealings  a  conciliatory  spirit.  It  would  seem  almost  un 
necessary  to  say  that  if  the  chemist  is  to  advertise,  he  should 
avoid  offending  the  persons  who  read  his  advertisements,  just 
as  it  is  perfectly  obvious  that  the  salesman  who  is  trying  to  sell 
goods  should  not  make  himself  persona  non  grata  to  the  pur- 
chaser. A  good  salesman — and  that  is  what  we  should  all  try 
to  be  in  one  form  or  another — subordinates  his  own  views  and 
makes  them  as  inconspicuous  as  possible,  but  no  less  effective. 
What  he  tries  to  do  is  to  find  out  the  views  of  his  customer  so 
that  he  can  furnish  the  customer  with  what  he  desires.  I  wonder 
if  sometimes  chemists  are  not  a  little  more  pugnacious  than  they 
should  be.  1  sympathize  with  the  feeling  of  an  analytical 
chemist  who  will  set  his  results  up  against  the  world  and  insist 
that  he  is  right,  hut  many  years  of  experience  have  taught  me 
that  the  chemist  who  does  this  without  regard  for  the  effect 
upon  other  chemists  is  doing  a  very  foolish  thing.  I  believe 
it  is  a  good  rule  never  to  put  anybody  "in  wrong."  I  believe 
it  is  far  better,  even  in  the  case  of  commercial  opponents,  to  help 
the  commercial  opponent  out  of  his  difficulties  rather  than  to 
luish  him  in  deeper.  Again,  are  we  not  at  times  a  little  too 
\  irulent  in  asserting  our  ideas  respecting  public  officials  — 
administrative,  legislative  and  judicial.  They  are  human 
beings,  just  as  we  arc,  they  are  representatives  of  the  whole 
people,  and  if  their  views  dilTer  somewhat  from  ours,  is  it  ni>l 


very  much  better  to  work  i>aticntly  and  steadily  to  change  their 
views,  directing  them  into  constructive  paths,  rather  than  to 
confirm  them  in  their  views  and  drive  them  to  unwise  extremes 
by  opposing  them  vigorously? 

Let  us  take  as  an  illustration  a  subject  on  which  perhaps 
chemists  are  divided  at  the  present  time,  although  the  division 
may  be  by  no  means  equal.  Many  chemists  are  seeking  to  have 
our  National  Government  help  the  chemical  industry  to  become 
more  firmly  established  in  this  country.  Some  think  it  can  be 
done  by  subsidies,  others  by  protective  tariffs,  others  by  em- 
bargoes, and  so  oi:.  Now  I  would  not  argue  in  this  meeting  for 
or  against  any  of  these  propositions.  I  simply  say  that  if  you  are 
in  favor  of  any  one  of  them  it  is  unwise  because  he  opposes  you 
to  incur  the  antagonism  of  any  public  official,  even  if  he  be  of  an 
opposite  political  faith.  Practically  all  public  officials  have 
their  ears  to  the  ground;  they  arc  trying  to  find  out  what  their 
constituents  want,  and  no  one  should  blame  them  for  this. 
In  so  far  as  they  are  representatives  they  are  doing  only  their 
duty.  It  is  perfectly  proper  for  us  to  try  to  convert  a  public 
official  to  our  way  of  thinking.  It  is  still  more  projier  for  us  to 
try  to  convert  the  people  he  represents  to  our  way  of  thinking, 
but  I  consider  it  the  height  of  fooHshness  to  attribute  to  public 
officials  dishonest  purposes,  ignorance,  stubbornness  and  all  the 
other  sins  of  commission  and  omission.  My  point  is  very  clear 
— such  accusations  do  not  lead  you  anywhere  but  into  trouble. 
I  believe  firmly  that  the  obstacles  which  we  meet  in  our  social 
acts  in  endeavoring  to  get  our  plans  consummated  do  not  differ 
essentially  from  the  obstacles  which  the  chemist  meets  in  the 
ordinary  routine  of  his  work.  If  he  finds  a  chemical  reaction  is 
not  progressing  satisfactorily,  he  does  not  close  his  eyes  to  this 
fact  and  denounce  some  devil  or  anthropomorphic  god  because 
it  has  interfered  with  his  work.  He  tries  to  find  the  cause  of  the 
trouble  and  remove  it.  So  I  say  that  if  you  have  social  obstacles 
to  overcome,  find  their  cause  and  remove  it.  bearing  in  mind  that 
there  is  no  easy  way  by  which  this  can  be  accomiiUshed — in  fact 
that  there  is  only  one  way^-education  backed  by  good-fellowship. 

IirMA.V    EFFICIENCV 

We  have  heard  in  recent  years  a  great  deal  said  about  effi- 
ciency, it  may  be  that  some  foolishness  has  been  uttered.  The 
word  "efficiency"  is  used  in  various  ways.  We  have  the  effi- 
ciency of  a  process  considered  by  itself;  we  have  this  efficiencj- 
as  comi)ared  with  other  processes;  we  have  mechanical,  chemical 
and  human  efficiency.  I  am  interested  primarily  in  this  paper 
ill  human  efficiency.  What  does  it  mean?  Broadly  speaking 
it  means  cooperation  without  friction.  Perhaps  wc  should  say 
that  cooperation  cannot  be  had  with  friction.  Of  course  it 
would  be  absurd  for  me  to  attempt  to  solve  the  eternal  problem 
of  human  friction  in  a  paper  of  this  kind.  All  I  can  do  is  to 
indicate  some  ways  by  which  it  can  be  reduced.  While  the 
realization  of  frictionless  humanity  is  far  away,  symptoms  of  it 
have  certainly  appeared  at  times.  Efforts  in  the  direction  of 
reducing  human  friction  conspicuously  numerous  at  this  time 
are  to  be  found  illustrated  in  factory  welfare  work,  Workman's 
Compensation  Acts,  pension  systems,  etc.  All  of  these  have 
been  justified  by  the  increase  in  human  efficiency  they  have 
produced.  A  man  whose  welfare  is  of  no  account  is  not  a  good 
workman. 

Human  efficiency,  however,  demands  right  men  in  the  right 
places.  The  difficulty  that  the  employer  experiences  is  in  know- 
ing whether  he  is  picking  the  right  man  for  the  place  or  not. 
If  the  man  has  been  educated  rightly  the  employer  is  better  able 
to  form  an  oijinion.  Particularly  is  this  true  regarding  foremen 
and  the  higher  grades  of  labor.  Graduates  of  such  institutions 
as  give  technical  education  are  made  more  nearly  right  for 
places  in  chemical  and  other  induslries.  More  general  indu.strial 
education  such  as  that  being  advanced  in  some  states  will  un- 
doul)tc<lly  add  to  human  efficiency.     liven  then  the  making  of  a 
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man  suitable  for  a  given  position  comes  after  he  commences 
employment  and  is  largely  the  work  of  the  employer  himself. 

Industries  do  not  merely  require  men,  however,  they  are 
complicated  machines  of  which  the  men  form  a  part.  The 
proper  fitting  and  adjusting  of  these  machines  to  the  men  em- 
jjloyed  is  the  big  problem  only  partly  worked  out  as  yet.  Each 
industry  has  its  own  requirements,  these  requirements  continually 
changing  with  the  growth  of  society.  Who  has  not  been  face  to 
face  with  the  requirements  of  an  industry?  These  requirements 
are  almost  vitalized  by  competition.  Industries  come  and 
industries  go,  they  are  planted  and  they  are  reaped,  but  their 
volume  increases  from  year  to  year.  \\'e  must  not,  however, 
allow  ourselves  to  think  of  industries  and  industrial  processes  as 
though  they  were  other  than  inanimate  things.  We  should  not 
waste  our  tears  over  their  rejection  when  they  are  worn  out, 
provided  others  take  their  place.  This  is  growth — the  slough- 
ing off  of  the  old  and  the  putting  on  of  the  new. 

NEW    PROCESSES 

The  chemical  engineer  has  a  great  deal  to  do  with  the  develop- 
ment and  administration  of  new  processes.  Many  an  old  fogy 
has  damned  the  chemical  engineer,  who  has  rendered  his  pro- 
cesses and  his  equipment  antiquated  and  idle.  The  mechanical 
engineer  also  has  received  his  malediction.  We  are  sorry  for 
the  old  fogy  and  would,  if  it  were  possible,  provide  insurance 
for  him,  but  we  would  do  nothing  to  retard  the  fate  of  his  equip- 
ment. 

The  development  of  a  new  process  is  the  result  of  many  separate 
factors.  New  i)rocesses  are  like  the  waves  of  the  sea;  they  can- 
not rise  much  higher  than  the  level  of  the  .sea  itself.  They  rest 
on  general  industrial  growth  and  are  not  much  above  the  level 
of  that  growth.  This  is  true  of  all  processes,  chemical  processes 
included.  Their  growth  depends  upon  the  growth  of  the  me- 
chanical art,  its  method  of  fabrication,  and  all  the  materials 
that  enter  into  construction.  It  depends  upon  highly  de- 
veloped foundry  practice,  mining,  bjiilding  construction,  farm- 
ing and  transportation,  and  last,  but  not  least,  all  those  branches 
of  human  development  which  are  manifested  in  the  home,  social 
organization,  governments  and  international  relations.  I  em- 
phasize this  human  factor  because  so  many  processes  have 
had  to  wait  years  for  the  time  to  ripen  for  their  introduction, 
indicating,  in  other  words,  that  not  alone  should  our  endeavors 
be  directed  to  the  development  of  processes,  but  they  should  also 
be  directed  in  a  general  effort  to  accelerate  the  coming  of  the 
fullness  of  time.  The  fullness  of  time  means  that  the  social 
level  has  been  sufficiently  raised. 

New  processes  arc  of  two  kinds:  ^ri/,  those  which  provide  iin 
proved  methods  for  making  old  and  well-known  products,  and 
srcoiid.  those  which  involve  the  making  of  new  pnxlucts  to  take 
the  place  of  old,  or  new  products  which  serve  entirely  new 
purposes.  A  new  process  which  is  intended  to  provide  methods 
for  making  an  old  product,  if  it  is  to  be  successful,  must  involve 
economy  of  some  sort,  economy  of  material,  investment,  time 
or  labor.  Necessity  creates  the  demand  for  such  new  processes. 
Compelilion,  domestic  and  foreign,  is  the  impelling  force  The 
wise  manufacturer  recognizes  that  the  development  of  a  new 
process  may  be  his  salvation  It  is  impossible  in  this  pu|K'r  to 
di.scuss  nil  the  deninnds  which  compel  the  invention  of  u  new 
process.     We  will  discuss  only  the  hinnan  or  labor  element. 

KKIil-IN<l    UOWN    I.AniiH    COSTS 

If  labor  here  in  the  fniled  Stales  is  higher  in.price  jht  unit  of 
priHlmt  tliiin  it  is  abroiid,  it  is  miinifest  that  with  free  com 
|)rtitioii  the  iiitinufiu'turer  niiiHt  so  modify  his  process  that  this 
item  in  cost  will  not  militate  uK'iinst  him.  lie  inuy  not  Ih- 
willing  to  niiHlify  his  priK'ess,  and  his  first  instinct  may  Ito  (o 
limit  the  competition  liy  a  protective  tiirilT  or  some  similar 
restrictive   measure      ( )iie   objection    In   this,   except   us  u   lust 


resort,  is  that  it  removes  some  of  the  pressure  which  makes  for 
improvement  of  process.  We  may  dislike  the  pressure  but  we 
know  after  all  that  it  is  a  good  thing.  We  cannot  allow  any- 
thing to  interfere  with  such  pressure  as  makes  improvement 
necessarj'.  Such  improvement  may  be  possible.  It  is  much 
wiser  to  insist  that  it  is  possible  than  to  insist  that  it  is  not. 
Success  is  often  accomplished  by  doing  what  is  apparently  im- 
possible, but  assuming  that  the  manufacturer  cannot  get  the 
protection  he  wants,  how  will  he  go  about  improving  his  pro- 
cess?    We  will  offer  only  a  few  suggestions. 

ADVANTAGES   OF   MANUFACTITRING    IN    LARGE    INITS 

The  first  consists  in  manufacturing  in  large  units.  By  this 
means  overhead  charges  are  reduced  and  materials  can  be 
handled  more  cheaply  by  mechanical  means,  thereby  either 
directly  or  indirectly  reducing  the  cost  of  the  labor  factor. 
In  this  direction  it  would  appear  that  the  United  States 
has  been  pre-eminently  successful:  there  is  probably  no  countr>" 
in  the  world  which  equals  us  in  this  line  of  development.  The 
second  consists  in  subdivision  and  specialization  of  labor.  It  \s 
obvious  to  all  that  it  is  through  this  method  that  most  of  our 
industries  in  this  country  have  been  successful.  The  third  is 
radical  development  of  process.  If  we  take  a  given  process 
and  consider  all  of  the  operations,  step  by  step,  we  are  able 
tentatively  to  classify  these  steps  into  two  kinds — the  essential 
and  the  apparently  necessary.  The  apparently  necessary  step 
is  not  by  any  means  an  essential  step.  An  apparently  neccssan.' 
step  is  one  that  the  state  of  the  art  has  not  eliminated.  An 
essential  step  is  one  that  we  feel  justified  in  saying  cannot  be 
eliminated,  no  matter  what  the  state  of  the  art  is.  By  a  radical 
development  of  process  it  may  be  possible  to  eliminate  ap- 
parently necessary  steps.  The  burning  down  of  a  house  in 
order  to  roast  a  pig  was  in  the  mind  of  the  Chinaman  of  fiction 
an  apparently  necessary  step.  It  was,  however,  eliminated 
by  the  Rfticiency  Kngineer  of  his  day.  Fourth,  by  doing  by 
machinery  what  was  theretofore  done  by  labor.  An  essential 
step  in  a  process  may  still  appear  essential,  although  instead  of  per- 
forming the  step  by  manual  labor  it  is  done  by  machiner>'. 
This  much  does  not  involve  the  elimination  of  a  step.  Doing 
by  machinery  what  was  theretofore  done  by  labor  is  the  obvious 
methoti  of  reducing  labor  costs.  It  usually  entails,  however. 
additional  cost  for  investment,  power,  and  repairs,  and  also  tilt 
emi>loyment  of  a  higher  class  of  labor  It  is  jH-rfectly  obvious 
that  where  labor  is  cheap  machiner>'  is  unneccsssiry,  but  thot 
where  labor  is  high.  comiK'tition  comi>els  the  use  of  machinery-, 
and  that  this  is  the  proper  and  natural  order  of  things 

.MECHANICAL    EFFICIENCY    MfST    LEAD    TO    lll'MAN    EFFICIBN'CV 

This  is  perhaps  to  you  a  somewhat  academic  presentation  of  the 
methods  to  be  followed  in  studying  how  a  process  can  be  im- 
proved. If  I  should  go  into  the  metho<Is  by  which  new  pro- 
cesses for  making  old  or  new  ))riMlucts  might  Ik-  worked  out.  it  is 
probable  that  this  study  would  l>e  still  mon-  academic,  and  1 
will  not  attempt  here  to  touch  u|Hin  that  branch  of  the  subjn-t 
What  you  may  consider  academic  in  what  I  have  said,  however, 
has  a  very  practical  U-aring  ujion  the  geiiemi  subject  I  am 
endeavoring  to  present  .As  I  have  uln-udy  indicatrtl.  I  iim 
interested  in  human  efficieticv  Mechanical  cITiciencv  that 
diK-s  not  lead  to  humiin  efliciency  is  of  mrr  occuiTcncT  Con- 
sidered in  the  most  general  economic  leims  it  is  doubtful  if  it 
ever  <K-ciirs  It  is  natural  (oi  u--  to  thud,  of  huniiin  efliciency  u.* 
a  means  rather  thun  an  end.  bill  I  would  ix-wim-  this  relation 
and  ask  yon  to  consiiler  human  eniciency  us  inorr  of  an  end  than 
a  means  It  is  desirable  tluit  wr  shiMild  have  highiMicnl  Inloir 
Imcuum'  higli  priced  lulxir  umihIIv  mean*  gmilrr  mtclligrnor 
and  higlier  char.ictei 

.\  more  hinhly  devrlo|n-d  wnml  orguniMn  i»  one  of  the  nl>bl^^t 
objects  lor  which  one  cnii  work,  and  ull  cfTorts  s|irnt  mi  (he  de 
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velopmenl  of  its  parts  is  well  worth  while.  If  you  believe  with 
me  that  an  appreciative  public  is  necessary  for  the  proper 
growth  of  the  chemical  industry,  you  will  also  agree  that  we 
need  a  public  which  shall  have  the  power  of  appreciation  which 
can  come  only  as  a  result  of  the  general  raising  of  the  level  of 
social  conditions. 

The  chemist  by  working  for  improvement  in  processes  in- 
volving a  saving  of  labor,  and  at  the  same  time  involving  the 
employment  of  a  better  grade  of  labor  is  contributing  his  part 
to  the  better  development  of  a  high  social  organism.  If  the 
chemist,  however,  simply  endeavors  to  improve  a  process  with- 
out regard  to  the  possibility  of  that  improved  process  involving 
the  emi)loyment  of  a  higher  type  of  labor,  then  his  work  is  in- 
complete. It  is  true  that  his  process  may  with  cheap  labor  be 
able  to  manufacture  products  which  are  used  by  the  entire  com- 
munity, and  which  con.sequcntly  can  be  sold  at  a  reduced  figure 
and  thereby  benefit  society,  but  many  difficulties  will  lie  in  his 
path  if  he  does  not  at  the  time  that  he  reduces  the  quantity  of 
labor  necessary  in  the  process,  also  create  a  demand  for  a  higher 
quality.  I  therefore  ask  those  of  you  who  are  engaged  in  the 
development  of  processes,  such  development  being  forced  by 
competition  and  the  requirements  of  the  industry,  to  consider 
whether  it  would  not  be  better  for  you  to  put  your  mind  in  the 
attitude  that  in  your  development  of  process  you  may  possibly 
be  able  to  get  better  results  by  the  use  of  more  intelligent  and 
higher  priced  labor  than  you  could  by  sticking  to  low-priced 
labor  and  possibly  handicapping  yourself  and  your  process  and 
preventing  its  fullest  development. 

CONCLUSIONS 

I  have  endeavored  in  this  paper  to  present  several  aspects  of  a 
very  large  and  imi)ortant  subject.  Some  parts  of  it  may  appeal 
to  you  and  other  parts  may  e.\cite  your  opposition.  In  the 
main,  however,  I  believe  all  of  these  parts  are  related  to  each 
other  consistently  and  logically.  If  you  believe,  as  I  do,  that  a 
better  social  organism  is  the  highest  purpose  for  which  anyone 
can  work,  you  will  accept  what  I  have  said  and  include  in  the 
proposition  many  extensions  on  which  I  have  not  touched.  If. 
however,  your  minds  are  more  practical,  I  think  you  will  accept 
many  of  the  things  I  have  i)resented  to  you  purely  on  account 
of  their  practical  value.  Therefore  from  whatever  standpoint 
you  ap|)roaeh  the  subject,  am  I  not  correct  in  stating  that 
|)ractical  business  success  in  all  lines  of  business,  including  those 
involving  the  use  of  chemistry,  is  dependent  upon  i)opular 
appreciation,  is  dependent  u])on  social  growth,  on  which  the 
power  of  appreciation  rests,  and  that  everything  which  tends  to 
increase  the  power  of  appreciation  helps  appreciation  itself, 
and  that  anything  that  increases  appreciation  increases  the 
chance  of  success  of  a  business  enterprise?  Or  to  put  it  nega- 
tively, anything  that  interferes  with  an  increasing  power  of 
appreciation,  anything  that  tends  to  prevent  appreciation  or 
creates  those  antagonisms  which  operate  against  appreciation 
is  pretty  sure  to  hinder  the  growth  of  a  business  enterprise. 

If  this  fundamental  proposition  is  accepted,  we  can  readily  see 
how  important  it  is  for  the  chemist  in  attempting  to  build  up 
chemical  industry  in  the  broad  sense  to  do  everything  in  his 
power  to  raise  the  general  level  of  human  knowledge  and  educa- 
tion and  of  social  conditions,  for  it  is  that  level  that  determines 
the  power  of  appreciation.  Assuming  this  power  of  apprecia- 
tion to  exist  and  to  be  growing  in  strength,  you  will  also,  I 
think,  agree  with  me  that  the  chemist  should  do  everything 
in  his  power  to  create  a  greater  appreciation  of  the  value  of 
chemistry  in  solving  the  problems  of  industrial  life,  for  it  is  only 
through  such  appreciation  that  the  chemist  himself  will  be 
al)le  to  exert  fully  that  ability  for  service  which  wo  all  believe 
he  possesses.  But  if  the  chemist  is  to  inijjrcss  himself  on  the 
public  through  legitimate  advertising,  should  he  not  also  en- 
deavor to  develop  that  altitude  of  mind  which  makes  him  con- 


tinually a  factor  in  social  growth?  Should  he  not  break  away 
from  all  influences  that  tend  to  isolate  him,  and  that,  if  they  do 
not  make  him  a  peculiar  being,  at  least  have  the  effect  of  pre- 
venting him  from  having  the  fullest  influences  over  others? 
Should  we  not  do  everything  in  our  i)Ower  to  broaden  the 
horizon  of  the  chemist,  to  increase,  as  it  were,  his  circulating 
power  in  the  social  organism?  Should  we  not,  as  chemists,  bv 
very  simple  methods  do  all  we  can  to  pull  chemists  individually 
out  of  all  such  surroundings  which  tend  to  narrow  and  handicap 
them? 

Now  having  done  all  of  these  things,  should  we  not  go  a  step 
further  and  recognize  the  peculiar  position  which  the  chemical 
engineer  occupies  in  the  development  of  chemical  processes? 
Our  minds  naturally  operate  discontinuously.  We  think  of  a 
chemical  process  and  its  development  as  an  independent  thing,  as 
though  it  were  not  a  part  of  all  of  the  other  processes  continually 
operating  in  society.  We  think  that  with  the  development  of  a 
process  our  work  is  ended;  we  think  that  with  cheaper  manu- 
facture of  given  products  we  can  sit  down  with  satisfaction  and 
consider  our  efforts  successful.  But  philosophers  tell  us  that 
there  is  no  such  thing  as  discontinuity,  that  everything  runs 
into  everything  else  continuously  and  is  a  part  of  a  complete 
whole.  Some  fancifully  have  said  that  if  a  man  could  destroy 
a  single  atom,  the  universe  would  fall  to  pieces.  This  is  fanci- 
ful but  it  expresses  a  true  conception.  There  is  such  a  thing  as 
solidarity — not  the  solidarity  of  labor,  not  the  solidarity  of 
industry,  but  more  surely  the  solidarity  of  society.  All  things 
operate  in  circles.  We  have  continuous  production  and  con- 
tinuous consumption,  in  which  material  things  circulate  around 
and  around,  never  completely  stopping.  This  is  so  of  all  human 
affairs.  Effects  are  unending.  All  the  ends  we  work  for  are  but 
the  means  to  other  ends.  The  development  of  a  process  was  the 
end  yesterday,  but  to-day  it  becomes  a  means — a  means  by 
which  the  social  level  is  raised,  which  in  turn  becomes  a  means 
by  which  other  processes  are  developed. 

This  is  why  I  have  expressed  my  o])inion  that  in  the  develop- 
ment of  a  process  it  can  hardly  ever  be  said  to  be  complete  unless 
it  results  in  the  substitution  of  quality  of  labor  for  quantity, 
whenever  such  a  development  has  for  its  purpose  the  saving  of 
labor.  Development  of  a  better  quality  of  labor  is  essential 
if  we  arc  seeking  broadly  to  increase  the  power  of  appreciation 
on  the  part  of  the  public.  It  would  be  manifestly  foolish  for 
me  to  advocate  that  chemists  should  seek  to  imjiress  Hottentots 
and  Fiji  Islanders  with  the  power  of  service  in  chemistry.  It 
would  take  centuries  of  education  to  bring  them  up  to  the  point 
where  we  of  America  are  to-day.  It  is  equally  foolish  to  think 
that  we  can  expect  as  much  appreciation  from  common  labor 
as  we  can  from  intelligent  labor.  In  saying  this  I  make  the 
assumption  with  which  I  hope  you  will  agree — that  every 
member  of  society,  the  ignorant  and  the  wise,  the  poor  and  the 
rich,  the  bad  and  the  good,  the  sick  and  the  well,  are  all  integrally 
a  i)art  of  society  and  each  one  has  his  individual  influence  in 
determining  the  average  social  level  which  measures  the  power 
of  appreciation. 

I  have  endeavored  in  this  paper  to  avoid  taking  any  position 
which  is  negative  in  its  character.  I  do  not  believe  that  there 
is  such  a  thing  as  a  negative  force ;  the  nearest  we  come  to  it  is 
inertia.  I  have  endeavored  to  make  positive  suggestions  which 
I  submit  for  your  consideration  with  the  daring  hope  that  these 
suggestions  may  find  lodging  places,  temporarily  it  may  be, 
in  your  minds,  and  if,  after  these  ideas  have  .stayed  in  your 
minds  for  a  short  time,  they  then  take  their  flight.  I  have  the 
still  more  daring  hope  that  after  you  have  forgotten  them,  they 
may.  Ihough  unconsciously  to  you,  have  left  some  faint  im- 
print. 

National  I, had  Compa.ny 
129  York  Stkskt,  Brooklyn.  X.  Y. 
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The  canned  food  industry  was  based  fundamentally  on  scien- 
tific research.  It  would  appear  that  this  fact  should  have 
suggested  to  the  pioneers  of  the  industry  the  advantage  of  the 
cooperation  of  scientific  men.  Apparently,  it  did  not.  The 
laboratory  was  not  appealed  to  as  frequently  as  might  have  been 
done  advantageously.  The  progress  in  the  industry  has  been 
largely  haphazard  and  there  have  been  many  blunders  and 
enormous  losses  that  might  have  been  avoided  by  scientific  con- 
trol. At  the  same  time,  the  laboratory  has  demonstrated  its 
usefulness  to  the  industry  in  many  ways. 

DISPOSAL    OF    BY-PRODUCTS 

The  disposal  of  by-products  is  a  question  to  which  the  canning 
industry  has  not  given  adequate  attention.  Some  of  the  by- 
products may  be  used  for  the  preparation  of  food.  For  instance, 
pulp  may  be  prepared  from  the  peelings  and  cores  of  tomatoes. 
In  all  such  cases,  every  possible  precaution  should  be  taken 
to  see  that  the  material  is  proper  for  the  manufacture  of  food. 
Decaying  matter  must  be  excluded.  This  work  has  a  very  close 
relation  to  the  general  question  of  factory  sanitation.  Some 
plants  have  found  the  laboratory  of  great  assistance  in  connec- 
tion with  such  matters. 

ECONOMICAL    DRYING    OK    PRODUCTS   AND    WASTES 

Questions  often  arise  regarding  the  use  of  some  cannery 
by-products  in  the  manufacture  of  stock  foods  and  fertilizers. 
Very  little  has  been  done  in  this  direction  except  in  the  case 
of  certain  by-products  which  are  fed  in  their  natural  state  or 
preserved  in  stacks  or  silos.  In  order  to  transport  ofTal  from 
the  cannery  for  a  considerable  distance  or  make  it  available 
for  general  market  purposes,  it  must  first  be  dried  to  prevent 
decomposition. 

Some  experimental  work  has  been  done  on  this  subject,  but 
it  has  not  been  accompanied  by  proper  engineering  skill.  Ex- 
])erimental  work  is  still  needed  to  determine  what  substances 
can  be  dried  economically.  Products  of  this  nature  contain  a 
large  amount  of  water  and  their  drying  would  be  expensive.  Most 
canneries  run  for  a  very  short  season,  and  whether  the  value  of 
the  by-products  is  ever  such  as  to  make  it  practicable  to  install 
expensive  drying  equipment  and  maintain  it  for  a  season  lasting 
but  a  few  weeks  is  yet  to  be  demonstrated.  Certainly,  in  many 
small   plants  it   cannot   be  done 

SUPPLIES 

Uuestions  are  constantly  arising  in  which  the  canner  will 
profit  by  being  able  to  consult  some  one  of  scientific  training. 
Articles  of  all  kinds  arc  being  offered  with  exlravag.int  claims 
regarding  tluir  value  Often  these  articles  are  of  such  n  nature 
that  the  manufacturer  is  not  In  a  position  to  form  an  opinion 
regarding  them.  Products  arc  offered  which  are  claimed  to 
have  superior  merit  for  almost  every  oi»ration  of  the  canner, 
from  saving  fuel  under  the  boiler  or  keeping  the  boiler  tubes 
free  from  incrustation  to  the  cleansing  of  the  floors  and  factory 
utensils  or  sweetening  or  flavoring  the  food. 

S4)me  of  these  articles  are  satisfactory,  but  are  offered  under 
coined  names  at  prices  far  in  excess  of  their  viilue.  Others  are 
utterly  fraudulent  and  worse  than  useless.  Such  pro<lucts 
sometimes  contain  artificial  swecteiiinK  material  or  preserva- 
tives which  packers  do  not  desire  to  u.se. 

SPOn.AdU  PROULKMS 
It  sometinu's  happens  that  an  tMUisual  ainoiuit  of  sitoiliige  is 
noticed  during  the  cainiing  season.  In  extreme  cases  this  may 
cause  a  loss  of  several  luimlred  or  even  several  tliousatlil  dollars 
u  (lay  niul  it  is  of  the  utmost  iniportiuice  to  learn  immediately 
the  cause  of  this  spoilage  in  order  that  it  may  be  correcte<l 

'  Prrvnlril     Sinil     Mrrllne     .VinrriiMiii     Chrmlcal     Six-irlv,     Ctlmun 
I'hunipalin.  April  I').  \'>\t>. 


Spoilage  is  occasionally  found  in  the  store-room  after  the  pack- 
ing season  is  over  and  the  canner  desires  information  regarding 
its  cause,  in  order  that  he  may  make  provision  to  eliminate  it 
from  future  packs.  It  is  often  desired  to  fix  the  responsibility 
for  spoilage  in  order  that,  if  it  is  due  to  defective  cans  or  other 
supplies,  claims  may  be  made  against  the  party  properly  responsi- 
ble. It  is  probably  in  fixing  the  cause  of  spoilage  that  the  chem- 
ist is  able  to  render  the  most  immediate  assistance  to  the  canner 
and  it  is  in  such  questions  that  experience  in  the  industry  is 
most  essential. 

Certain  acid  fruits,  such  as  strawberries  and  red  cherries, 
formerly  corroded  the  can  and  dissolved  an  appreciable  amount 
of  tin  and  iron.  For  that  reason,  the  color  of  the  product  was 
often  unsatisfactory,  especially  with  red  fruit,  as  the  coloring  mat- 
ter was  bleached  out.  The  flavor  of  the  product  was  also  some- 
times impaired.  Eventually  a  sufficient  amount  of  hydrogen 
gas  was  liberated  by  the  solution  of  tin  and  iron  to  bulge  the 
ends  of  the  can,  and,  though  still  bacteriologically  sound,  the 
food  became  unmerchantable.  This  was  overcome  by  the  use 
of  enameled  cans,  but  immediately  a  new  difficulty  arose.  The 
enameled  can  was  found  to  pinhole  badly,  thus  exposing  the  con- 
tents of  the  can  to  air  and  leading  to  contamination.  This  was 
probably  due,  as  suggested  by  Walker,  to  the  influence  of  the  un- 
saturated groups  of  linseed  oil  present  in  the  lacquer  in  depolar- 
izing hydrogen  set  free  by  the  action  of  the  fmit  acids  on  the 
metal  wherever  an  imperfection  in  the  lacquer  occurred.  For 
several  years  the  losses  sustained  by  some  packers  owing  to  this 
cause  were  greater  than  the  entire  profits  of  the  pack.  Recently, 
as  a  result  of  further  laboratory  study,  this  difliculty  has  been 
largely  overcome. 

SPOTTING    OF    CANS    AND    PRODUCTS 

Instances  are  constantly  arising  in  which  packers  find  some 
imperfections  in  their  product  which  make  its  ap|x;arance 
less  attractive  or,  at  least,  unusual,  and  thus  i)Ossibly  not  ac- 
ceptable to  consumers.  The  difficulty  may  be  one  of  flavor  or 
color  or  general  appearance.  It  may  be  confined  to  the  external 
apijcarance  of  the  cans.  Small  dark  spots  occurring  at  the  sur- 
face of  a  light  colored  product  may  cause  unfavorable  comment. 
A  trivial  imperfection  may  make  the  difference  between  profit 
and  loss  on  a  season's  operations.  These  difficulties  arc  often 
unattended  by  any  change  in  material  or  factory  prcxt^durc. 
as  far  as  the  packer  is  aware.  It  is  the  business  of  the  chemist 
to  find  their  cause  and  to  suggest  a  remedy. 

As  an  illustration,  we  may  refer  to  the  txrcasionnl  formation 
of  black  patches  on  the  inside  of  com  cans.  These  patches 
consist  of  finely  dividetl  iron  sulfide,  apparently  i"  colloidal 
form,  intimately  mixed  with  a  mass  of  the  starchy  material  of 
the  com.  Because  of  its  colloidal  nature,  the  amount  of  iron 
sulfide  present  in  these  patches  is  very  much  less  than  it  up(xrars 
to  be.  There  is  no  objection  to  it,  except  that  its  ap|H-arancv 
is  unsightly.  As  a  result,  much  corn  has  In-en  discanleil  and  a 
great  deal  more  sold  at  u  loss  to  the  packer.  0\i  the  whole, 
a  good  many  thousand  dollars  were  lost  hy  the  industry-  front 
this  cause  alone  during  the  sca.son  of  igi^. 

The  cause  of  this  formation  was  tlifficult  lo  explain.  As  n  re- 
sult of  the  concerted  study  of  several  laluiratories  intereste*!  in 
the  industry  it  has  been  partly  explained,  and  many  of  the  con- 
ditions leading  to  its  formation  have  Iktii  drfinetl  Conse- 
quently, the  loss  during  the  pjist  st-us<m  wus  very  much  lcs,s. 
an<l  it  is  ho|H-d  that  directions  which  have  rccrntly  Iktu  pub- 
lished will  lead  to  the  eliminution  of  this  diflicully  in  Ihr  future 

KliSPONSIIIII.ITIliS   OF    CllliMI!>T!«    TO    TIIK    PHOFHSSIUN 

In  legal  pr«KT<liire  it  is  understmHl  that,  in  il»  linal  opinion, 
the  Court  is  not  KovrrnrtI  l»v  Icntiitivc  Migitrstions  o(Trrr<l  or 
casual  renuirks  made  by  it  ilurinK  the  c<»ur^  of  ii  trial  I'tirtu 
nntety.  or  unfortunately,  the  fhcini<it  is  not  |«cnilitlr<l  an  ohttrr 
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dictum.  He  is  held  responsible  for  every  opinion  he  expresses, 
even  though  he  may  base  it  on  an  imperfect  or  incorrect  state- 
ment of  facts.  When  such  an  opinion  is  found  to  be  erroneous, 
not  its  author  alone  but  the  whole  chemical  profession  suffers 
in  reputation. 

The  average  food  manufacturer  seems  to  ascribe  a  sixth  sense 
to  the  chemist.  Consciously  or  unconsciously  he  attributes 
to  him  some  almost  miraculous  knowledge.  He  does  not  fully 
understand  that  the  chemist  uses  only  ordinary  faculties  and  that 
his  only  advantages  are  a  knowledge  of  some  special  means 
of  study  and  a  training  in  obser\'ation . 

To  many  food  manufacturers,  a  chemist  is  a  chemist,  and  all 
are  measured  by  the  same  rule.  They  do  not  realize  that  a 
chemist  may  be  an  authority  on  the  analysis  of  steel  or  paint 
and  still  be  utterly  ignorant  of  the  chemistry  of  foods.  They 
do  not  know  that  a  chemist  may  be  well  informed  in  the  manu- 
facture of  jelly  or  ketchups  and  yet  know  nothing  of  the  ques- 
tions involved  in  the  packing  of  canned  foods. 

Even  those  packers  who  have  had  larger  experience  with  chem- 
ists and  understand  better  our  method  of  arriving  at  conclusicms 
are  likely  to  attach  undue  im|)ortance  to  a  casual  opinion  ex- 
pressed in  conversation.  Any  opinion  that  we  express  is  likely 
to  be  understood  by  them  to  be  based  on  experimental  work 
and  a  full  knowledge  of  the  premises.  We  should  be  very 
careful,  therefore,  in  expressing  an  opinion  regarding  a  subject 
which  we  have  not  thoroughly  studied. 

IMPORT.\NCE    OF    SPECIALIZATION 

In  many  lines  of  technical  work,  we  do  not  make  this  mis- 
take. Those  of  us  who  have  not  studied  explosives  realize  our 
lack  of  information  and  do  not  hesitate  to  say  we  do  not  know. 
We  who  know  little  of  the  technology  of  iron  and  steel  and  nothing 
of  armament  would  not  presume  to  examine  a  sample  of  steel 
to  determine  its  suitability  for  armor  plate.  In  food  chemistry, 
however,  and  especially  in  the  manufacture  of  foods,  we  are  all 
experts.  Almost  everybody  thinks  he  knows  a  great  deal  about 
food.  Just  why,  it  is  difficult  to  understand,  unless  it  is  because 
we  all  eat  food. 

The  fact  remains  that  there  is  probably  no  branch  of  chemistry 
regarding  which  there  is  less  information  among  well  informed 
chemists  who  have  not  made  it  a  specialty  than  the  chemistry 
of  foods,  and  particularly  canned  foods.  The  readiness  of  chem- 
ists who  have  had  no  experience  in  the  manufacture  of  foods 
to  give  an  oijinion  in  that  field  has  afforded  many  illustrations 
of  the  truth  of  the  old  adage,  "A  little  knowledge  is  a  dangerous 
thing." 

It  explains  some  of  the  misinformation  that  has  been  given 
canners  even  by  reputable  laboratories.  This  has  usually  been 
done  in  personal  conference  or  by  letter  in  reporting  a  sample 
sent  to  the  laboratory,  but  not  infrequently  the  information 
thus  given  has  been  made  public  in  newspapers,  trade  journals, 
or  even  in  scientific  publications.  I  will  cite  a  few  instances 
to  illustrate  what  I  have  in  mind. 

MISINFORMATION    AMONG    CANNERS 

There  is  a  general  belief  among  canners  that  the  use  of  hard 
water  in  the  preparation  of  brine  or  syrup  added  to  canned  foods 
results  in  a  tougher  product  than  would  be  obtained  with  soft 
water.  It  seems  reasonable  to  suppose  that  this  would  be  true. 
The  thought  at  once  suggests  itself  that  when  peas  are  heated 
for  the  purpose  of  sterilization  the  calcium  bicarbonate  dissolved 
within  the  peas  may  be  changed  to  iiisolu1)le  calcium  carbonate, 
making  the  peas  tougher  or  harder  than  they  would  otherwise 
be.  It  has  also  l)een  suggested  that  calcium  sulfate,  being  less 
soluble  in  hot  water  than  in  cold,  would  be  thrown  out  of  solu- 
tion to  a  considerable  extent  when  the  peas  were  sterilized. 
As  a  result  of  this  general,  but  erroneous,  belief,  canners  fre- 
quently have  submitted  samples  of  water  to  chemical  labora- 
tories and  asked  whether  the  water  was  too  hard  for  canning 
peas  or  beans. 


Laboratories  have  examined  such  water  and  have  condemned 
hard  water  for  the  reason  given  above.  In  this  they  appear  to 
have  been  governed  by  a  prevalent  suiierstition  rather  than  by 
the  results  of  experimental  work.  It  did  not  occur  to  them 
that  the  carbon  dioxide  formed  in  prtx^essing  would  redissolve 
any  calcium  carbonate  that  might  be  formed  by  the  higher  tem- 
perature, or  that  the  calcium  sulfate  precipitated  by  lowered 
solubility  during  the  heat  of  sterilization  would  dissolve  again 
after  the  product  cooled. 

Again,  salt  manufacturers  have  advertised  their  brands  as 
relatively  free  from  calcium  and  magnesium  and,  for  that  rea- 
son, have  claimed  that  these  brands  of  salt  could  be  used  by 
canners  without  toughening  their  vegetables.  This  claim  has 
often  been  accepted  by  chemists,  and  salt  has  been  ajiproved 
or  condemned  on  that  basis. 

Again,  some  of  the  objectionable  colors  found  occasionally 
in  canned  foods  have  been  explained  by  chemical  laboratories 
as  due  to  iron  in  the  water  employed  and  canners  have  been 
warned,  as  the  result  of  chemical  analysis,  not  to  use  water 
from  certain  wells  because  of  its  high  iron  content.  In  making 
this  last  suggestion,  chemists  have  not  taken  into  considera- 
tion the  fact  that  there  is  more  iron  absorbed  by  canned  food 
from  the  tin  plate  than  is  carried  by  any  water  which  they  could 
possibly  consider  using. 

An  article  has  recently  appeared  in  the  trade  papers  alleged 
to  have  been  written  by  a  chemist  employed  by  a  lithographer. 
The  name  of  the  chemist  was  not  given.  His  report  proved  to 
his  own  satisfaction  that  there  is  no  object  in  removing  food 
from  the  cans  as  soon  as  opened.  To  prove  this,  he  determined 
the  acidity  of  a  number  of  foods  as  soon  as  the  cans  were  opened 
and  again  after  a  lapse  of  a  number  of  hours.  From  the  fact 
that  the  acidity  did  not  increase  materially,  he  argued  that  no 
tin  could  ])ossibly  have  gone  into  solution  and,  hence,  that  there 
was  no  objection  to  storing  food  in  the  open  can.  The  obvious 
method  of  determining  tin  in  the  food  at  intervals  in  order  to 
ascertain  whether  the  amount  had  increased  does  not  appear  to 
have  occurred  to  him.  He  did  not  consider  the  influence  of 
oxygen  in  promoting  the  solubility  of  metals  when  the  food  is 
exposed  to  the  air,  although  his  report  quoted  a  letter  from 
the  Bureau  of  Chemistry  in  which  this  influence  of  oxygen 
was  mentioned 

Kvery  food  chemist  knows  that  leaving  food  in  an  open  can 
does  not  make  it  injurious  to  health,  though  the  amount  of  tin 
and  iron  dissolved  is  somewhat  increased.  The  article  just 
referred  to  throws  no  light  on  this  subject,  but  is  evidence  that 
experience  in  the  field  of  chemistry  pertaining  to  the  printing  of 
labels  does  not  qualify  a  man  to  conduct  an  investigation  with 
any  question  relating  to  the  contents  of  the  can. 

The  publication  of  opinions  of  this  character  is  not  confined 
to  popular  journals  and  trade  papers.  We  find  them  also  in 
scientific  literature. 

A  few  months  ago  an  article  on  the  iron  content  of  tomatoes 
appeared  in  This  Journal.  The  writers,  after  determining  the 
amount  of  iron  in  the  samples  examined,  jirocured  samples  of 
soil  in  the  localities  in  which  the  samples  were  grown  and  com- 
mented on  the  relative  iron  content  of  the  tomatoes  and  of  the 
corresponding  soils.  Toward  the  end  of  the  article,  the  writers 
casually  referred  to  the  fact  that  the  samples  were  canned. 
They  made  no  mention  of  the  method  of  canning,  the  condi- 
tions under  which  the  product  was  stored  or  the  age  of  the  sam- 
ple. All  of  these  factors  would  govern  the  amount  of  iron  in 
canned  tomatoes.  I'nder  all  conditions,  the  amoimt  dissolved 
from  the  can  is  immensely  greater  than  the  amount  of  iron  origi- 
nally contained  by  the  tomatoes  Ivven  that  fact,  however, 
can  scarcely  explain  the  high  iron  content  of  these  particular 
sami)les. 
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DIFFERENT    CLASSES   OF    CANNED    FOODS 

Wrong  conclusions  have  often  been  reached  by  confusing 
different  kinds  of  canned  foods  and  assuming  that  a  certain 
condition  in  one  class  of  foods  was  due  to  the  same  cause  as  an 
apparently  similar  condition  in  another  class.  For  instance, 
acid  fruits  dissolve  an  appreciable  amount  of  tin  and  iron,  owing 
to  the  solvent  action  of  the  fruit  acids.  Errors  have  sometimes 
been  made  by  assuming  that  tin  dissolved  in  some  other  types  of 
foods,  such  as  canned  pumpkin  or  shrimp,  was  also  due  to  acidity, 
when,  as  a  matter  of  fact,  it  is  apparently  due  to  the  presence  of 
certain  amino  bodies.  The  solution  of  tin  in  foods  of  this  class 
is  not  accompanied  by  the  generation  of  hydrogen  and  does 
not  form  springers. 

Attention  has  already  been  called  to  the  fact  that  springers 
(cans  under  very  slight  pressure)  are  often  caused  in  acid  fruits 
by  the  hydrogen  liberated  by  the  action  of  the  fruit  acids  on 
the  metal  of  the  container.  It  sometimes  happens  that  cans 
of  other  products  (such  as  corn)  which  do  not  dissolve  tin  and 
iron,  are  found  under  slight  pressure  and  are  apparently  spring- 
ers. Erroneous  conclusions  have  sometimes  been  reached  by 
assuming  that  the  pressure  in  these  cans  is  due  to  the  same 
cause  as  that  in  cans  of  acid  fruits  that  appear  to  be  in  the  same 
condition.  This  is  not  merely  an  academic  question.  Responsi- 
bility for  spoilage  involving  many  thousands  of  dollars  is  some- 
times at  stake.  It  is  often  of  the  utmost  importance  to  deter- 
mine whether  the  responsibility  rests  with  the  can  manufac- 
turer, the  canner,  or  the  conditions  under  which  the  finished 
product  is  stored. 

VARIATIONS   IN    CAUSES   OF    SPOILAGE 

In  the  enforcement  of  municipal  food  laws  and  regulations 
and,  to  a  certain  extent,  in  the  enforcement  of  state  laws,  there 
is  sometimes  a  failure  to  discriminate  between  canned  foods 
which  have  spoiled  by  reason  of  improper  sterilization  or  leaky 
cans,  and  those  which  have  become  more  or  less  swelled  by 
reason  of  the  hydrogen  generated  by  the  action  of  the  fruit  acids 
on  the  metal  of  the  container.  Foods  of  the  latter  class,  though 
neither  decomposed  nor  injurious  to  health,  are  undoubtedly 
not  merchantable  and  their  sale  or  use  should  not  be  permitted. 
The  condition  of  springers,  and  even  of  what  appear  to  be  hard 
swells  in  aci<l  fruits,  is  usually  due  to  the  character  of  storage  after 
the  product  was  canned  and,  when  the  goods  are  criticized,  re- 
siMjnsibility  should  be  placed  where  it  belongs.  The  designation 
of  such  a  jjroduct  as  decomiiosed  is  unscientific,  because  it  is 
not  true.  It  is  unjust  to  tlic  manufacturer,  for  the  product 
was  merchantal)le  when  it  left  his  hands  and  would  have 
remained  so  with  proper  subsequent  treatment  A  chemist 
who  makes  a  decision  of  this  kind  works  injury  to  the 
chemical  profession  in  the  minds  of  business  men  who  arc 
conversant   with   the  situation. 

It  .should  not  be  un<lerstood  that  chemists  are  more  prone 
than  others  to  inaccurate  statements  regarding  the  maiui- 
facture  of  foods.  Magazine  writers  give  vivid  descriptions  of 
processes  they  have  not  seen  and  even  prominent  authorities  on 
(lietiiry  disea.ses  and  in  the  practice  of  medicine  not  infre- 
quently iniike  statements  wliieli  show  a  c<iini)letc  lack  of  in- 
formation of  the  technology  of  foods  of  u  generatioii  ago. 
iiuicli  less  the  practice  of  the  present  day. 

It  not  infre(|iu-ntly  falls  to  the  lot  of  a  chemist  in  the  catmInK 
industry  to  explain  to  business  men,  as  well  ns  he  cun,  how  it  is 
possible  thut  a  iimn  who  iniikcs  definite  and  |>usilivc  stutv- 
ments  regiirdiiiK  a  subject  of  which  he  has  no  knowledge 
is  nut  necessarily  cf|ually  erroneous  in  his  views  on  other 
matter!). 

National  Cannhra'  Aswiciatiom 
Waiiiinotuh,  D.  C 


SOME  OBSERVATIONS    ON   THE  PRESENT  STATUS  OF 

THE  SUBJECT  OF  THE  AVAILABILITY  OF 

NITROGEN  IN  FERTILIZERS' 

By  Chas-   B.  Lipm.\x 

In  order  to  gain  a  clear  comprehension  of  our  present-day 
views  on  soil  fertiUty  it  is  necessary  to  divest  one's  self  largely 
of  traditional  theories,  formulas  and  fancies  of  the  \'intage  of 
1850.  If  this  is  so  of  soil  fertihtj'  in  general,  and  no  progressive 
scholar  in  soil  science  will  deny  that  it  is,  it  must  of  necessity 
be  true  of  that  one  phase  thereof  which  concerns  itself  with  the 
availability  of  some  of  the  plant  food  elements.  These  state- 
ments are  not  intended  as  destructive  criticism  as  the  following 
discussion  will  indicate  They  are  meant  only  for  the  purpose 
of  arousing  from  their  lethargy  those  who  are  either  too  con- 
servative or  too  indolent  to  keep  abreast  of  the  scouting  par- 
ties in  soil  fertility  studies.  No  one  rises  with  greater  alacrity 
than  the  writer  to  render  homage  to  the  last  two  generations 
of  investigators  for  their  splendid  contributions  to  our  knowledge 
of  plants  and  soils.  No  one  appreciates  more  deeply  the  value 
of  the  gigantic  work  in  chemical  analyses  of  plants,  soils,  and 
fertiUzers  which  the  investigators  mentioned  have  achieved. 
We  could  not  very  well  have  done  without  these  numerous 
analyses.  They  constitute  the  growing  pains  of  our  adolescent 
period  and  as  such  are  presumably  ineluctable  and  necessary 
accompaniments  of  normal  development.  But  once  we  have 
successfully  weathered  tliem.  once  tliey  have  contributed  their 
quota  to  the  creation  of  our  modem  views,  they  have  sers'ed 
their  purpose  and  the  bona  fide  scientist  must  move  on  to  a 
sounder  and  fact-fortified  science  and  a  saner  philosophy  with 
respect  to  crop  production.  Everj-thing  which  I  have  to  say  to 
you  to-day  takes  its  origin  on  such  a  basis  of  thought  and  action 
as  I  have  just  tlcscribed  and  is  an  attenijit  to  make  as  nearly 
lucid  as  my  humble  powers  will  pennit  the  answer  to  the  ques- 
tion, "Where  do  we  stand  on  the  i)rt)blcm  of  the  availability  of 
fertihzer  nitrogen  today?" 

Let  us  first  understand  clearly  the  meaning  of  llic  term  "avail- 
able nitrogen."  In  the  case  of  phosjihorus  and  potassium, 
availability  means  but  one  thing,  and  namely,  that  some  mineral 
compound  containing  the  element  in  question  is  soluble  in  the 
soil  moisture.  So  far  as  we  can  at  present  determine  it  makes 
but  little  diflerence  to  the  welfare  of  the  plant  if  the  latter 
assimilates  potassium  from  the  sulfate,  nitrate,  phosphate,  or 
any  other  mineral  salt.  Likewise,  it  seems  to  be  a  matter  of 
indifTerence  to  the  plant,  as  it  were,  if  phosphorus  is  presented 
to  it  in  the  form  of  calcium,  potassium,  magnesium,  or  other 
phosphate.  The  only  condition  inK>n  which  availability  de- 
pends, therefore.  In  the  case  of  all  the  other  es,scntial  chemical 
elements  than  nitrogen  to  plant  growth,  is  thot  they  must  be  in 
some  compound  which  is  soluble  in  soil  moisture.  This  is  not 
necessarily  the  case,  however,  with  nitrogen.  In  fact,  the  situa- 
tion with  rcsiwct  to  the  latter  element  is  vcr>'  complicated. 
Some  plants  appear  to  assimilate  nitrogen  with  l>cnetit  in  a 
large  number  of  water  soluble  forms  whereas  others  may  assimi- 
late these  same  forms  but  be  injured  by  all  except  the  nitrate 
form.  Still  others  may  use  nitrogen  in  the  form  of  ammonia 
without  apparent  injury,  but  arc  much  nu>rr  wasteful  of  nitrogen 
under  those  cireuinstaiices  and  need  nuieh  more  of  it  in  the 
form  of  anuuoui.i  than  in  the  form  of  nitriitr  to  prtMhicr  one 
piMind  of  dry  iii.itter  .\vnilaliilitv  of  nitmitcn.  iherrfotr.  if 
I  may  repeat  again,  is  by  no  means  so  viniplr  u  ronsidrration 
us  the  availability  of  the  other  csicntlal  chemical  elements. 
Fortunately,  however,  we  kninv  that  the  nitratr  form  of  nitrogen 
is  the  only  one  which  can  lie  used  uilvniUaiirotisly  and  cvtMioini- 
cally  by  terrestrliil  plants  ^ricr  iind  sliiiilar  srmi  a(|Uiilic  plants 
nre  of  course  cxerptedl.     Time  will  not  |>riinit  (ullrr  ituiMdcnf 

<  Prrx'iiii-il  al  ilir  *  IrtI  Mr*llii(  ol  Ibt  AmrtUAii  ^°hrm>r«l  Sorifty, 
Nfw  York  CUr.  Srpltinim  .')  to  JO,  1916. 
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tion  of  the  points  brought  before  you  in  this  paragraph,  but 
you  can  find  a  detailed  discussion  of  the  theoretical  considera- 
tions involved  therewith  in  Russell's  "Soil  Conditions  and  Plant 
Growth,"  and  in  the  papers  by  Schreiner  and  his  associates, 
and  in  that  of  Miller  and  Hutchinson  on  the  general  subject  of 
the  forms  of  nitrogen  assimilated  by  plants. 

METHODS   EMPLOYED   FOR   THE   DETERMINATION    OF    "AVAILABLE" 
NITROGEN   IN   FERTILIZERS 

The  methods  thus  far  employed  for  the  determination  of 
availability  of  nitrogen  in  fertilizers  have  been  of  two  classes, 
viz.,  vegetation  and  laboratory  tests.  The  former  class  of 
methods  is  the  most  reliable  since  it  permits  our  obtaining 
an  answer  to  our  question  directly  from  the  plant,  which  is  of 
course  the  organism  affected.  On  the  other  hand,  it  is  obvious 
that  the  method  of  vegetation  tests  is  expensive,  onerous,  and 
extremely  tedious.  Besides,  no  determination  of  availability 
of  nitrogen  fertilizers  for  a  series  of  crops  on  one  soil  may  be 
regarded  as  pertinent  to  another  group  of  soils  even  if  the  same 
crops  be  under  consideration.  AH  of  this  means  that  a  logical 
consequence  of  the  vegetation  test  method  for  the  availability 
of  nitrogen  in  fertilizers  would  be  empiricism  run  riot.  Even 
if  it  were  possible  to  consummate  the  huge  task  involved  in  such 
procedure,  and  it  is  very  doubtful  if  it  would  be,  the  results  would 
always  be  open  to  the  suspicion  of  incompleteness. 

The  second  class  of  methods  must  in  the  nature  of  the  case 
be  arbitrary  for  some  time  to  come.  The  latter  circumstance 
does  not  preclude,  however,  the  possibility  of  their  thorough 
correlation  with  vegetation  tests  so  that  they  may  become  firmly 
established  as  specific  criteria.  The  laboratory  methods  are 
based  on  the  general  principle,  or  more  correctly  speaking, 
on  the  general  assumption  that  the  rate  of  oxidation  of  organic 
nitrogen  is  an  index  of  the  rate  at  which  it  may  be  rendered  avail- 
able to  the  plant.  This  is  strictly  so  only  in  the  case  of  the 
neutral  and  alkaline  permanganate  methods  which  are  described 
in  Bulletin  107  (Rev.)  of  the  Bureau  of  Chemistr>',  United 
States  Department  of  Agriculture.  In  the  case  of  the  other 
partially  accepted  laboratory  method,  namely,  the  determina- 
tion of  ammonifiability  of  the  organic  nitrogen  of  the  fertilizer, 
this  is  only  partly  true  since  the  process  of  ammonification  in 
soils  partakes  of  tJic  nature  both  of  oxidation  and  reduction  re- 
actions. In  other  words  ammonia  formation  in  soils  represents 
the  algebraic  sum  of  the  reduction  and  oxidation  reactions  with 
respect  to  nitrogen  of  soil  microorganisms. 

In  the  first  class  of  laboratorj'  methods  purely  chemical  reac- 
tions are  involved  while  in  the  second  class  bacterio-chemical 
reactions  obtain.  It  will  be  seen,  therefore,  that  to  be  valid 
the  first  class  of  laboratory  methods  must  be  correlated  with 
the  actual  supply  in  vegetation  experiments  of  available  nitrogen 
from  any  given  nitrogenous  fertilizer.  In  the  case  of  the  second 
class  of  methods  it  must  be  demonstrated  that  a  more  or  less  def- 
inite relation  obtains  between  the  capability  of  fertilizer  nitrogen 
to  ammonify  and  the  usableness  of  such  ammonia  or  substances 
produced  therefrom  in  a  similar  ratio  for  plants.  In  the  case 
of  the  purely  chemical  methods  the  correlation  has  sometimes 
been  made  satisfactorily  and  sometimes  very  unsatisfactorily.  In 
the  case  of  the  bacterio-chemical  method  under  analysis,  similar 
though  on  the  whole  better,  results  have  been  obtained.  For 
these  reasons  it  occurred  to  the  writer  that  in  many  soils  the  oxi- 
dation or  ammonification  of  organic  fertilizer  nitrogen  might 
not  indicate  the  actual  rate  of  transformation  of  organic  nitrogen 
through  all  stages  into  the  final  nitrate  form  which  in  all  prob- 
ability is  the  form  at  the  disposal  of  all  terrestrial  plants  in 
the  soil. 

THE    NITRIFICATION    METHOD    AND    THE    COMPARISON    THEREWITH 
OF    OTHER    METHODS 

With  the  foregoing  idea  in  mind  the  writer  proposed  the  use 


of  the  nitrification  method  as  a  standard  test  for  the  availability 
of  fertilizer  nitrogen.  This  test  has  of  course  been  used  by  many 
investigators  in  connection  with  various  researches  on  soil 
microorganisms,  but  the  proposition  has  never  been  made  to 
employ  it  as  a  standard  method  for  the  purpose  above  men- 
tioned as  was  the  case  with  the  ammonification  method.  The 
proposition  in  question  is  based  on  the  idea  that  nitrates  con- 
stitute the  end  product  of  nitrogen  transformation  in  normal 
soils,  that  they  are  always  found  in  more  or  less  considerable 
quantities  in  soils,  whereas  ammonia  is  usually  found  only  in 
traces,  and  because  all  experimental  data  now  at  hand  point  to 
nitrates  as  the  form  of  nitrogen  which  plants  generally  will  absorb 
from  soils  by  preference  over  any  other  form.  I  had  also  suspected 
for  some  time  that,  at  least  in  certain  groups  of  soils,  there  might 
be  no  parallelism  between  the  ammonifiability  and  the  nitrifi- 
ability  of  organic  nitrogen.  It  should  be  added  before  proceed- 
ing with  the  discussion  farther,  that  the  strongest  support 
which  I  possessed  for  the  idea  of  using  the  nitrification  method 
as  a  standard  method  for  nitrogen  availability  lay  in  the  experi- 
ments of  Vogel  at  Bromberg  and  others  in  Germany,  England, 
and  in  this  country-  which  pointed  to  a  fairly  accurate  correla- 
tion between  a  soil's  nitrifying  power,  other  things  being  equal, 
and  its  crop-producing  power.  With  tliese  ideas  as  a  basis,  the 
writer,  with  the  assistance  of  Prof.  P.  S.  Burgess,  carried  out 
a  series  of  investigations  with  a  large  variety  of  California  soils 
and  a  considerable  number  and  variety  of  nitrogenous  fertilizers. 
In  these  investigations  the  ammonifying  as  well  as  the  nitrify- 
ing powers  of  the  soils  in  question  for  the  fertilizers  tested  were 
determined.  The  nitrification  studies  have  been  reported  in 
Bulletin  260  of  the  California  Agricultural  Experiment  Station 
and  the  comparison  between  the  ammonification  and  nitrifica- 
tion data  will  soon  appear  in  Soil  Science.  The  method  employed 
for  the  nitrification  studies  was  an  adaptation  of  the  well- 
known  ammonification  method  proposed  by  J.  G.  Lipman  and 
consisted  chiefly  in  mixing  i  g.  of  the  organic  nitrogenous  fer- 
tilizer to  be  tested  with  100  g.  of  soil,  making  up  to  optimum 
moisture  content  and  incubating  for  i  mo.  at  28  to  30°  C.  At 
the  end  of  the  incubation  period  nitrates  were  determined  by 
the  colorimetric  method.  In  brief,  the  results  of  these  studies 
seemed  to  show  the  following: 

I — That  the  nitrogen  in  an  organic  nitrogenous  fertilizer  hke 
dried  blood,  high-grade  tankage,  or  fish  guano  may  be  readily 
ammonified,  but  not  necessarily  readily  nitrified  by  soils. 

2 — That  the  nitrogen  in  low-grade  nitrogenous  organic  fer- 
tiUzers  like  steamed  bone  meal,  cottonseed  meal,  sewage  sludge, 
and  garbage  tankage,  while  ammonifying  slowly,  might  be  readily 
nitrified  by  the  soils  in  question  under  the  conditions  de- 
scribed. 

3 — That  most  truly  arid  soils  nitrify  the  organic  nitrogen  of 
low-grade  nitrogenous  fertilizers  well,  but  that  the  converse  is 
true  with  respect  to  the  liigh-grade  nitrogenous  materials. 

4 — The  opposite  is  true  of  soils  with  plenty  of  organic 
matter  and  large  internal  surface  which  resemble  the  humid 
soils. 

5 — That  the  excess  of  ammonia  elaborated  from  the  high- 
grade  nitrogenous  fertilizers  by  arid  soils  is  toxic  to  the  nitrify- 
ing bacteria  and  that  therefore  no  nitrates  are  formed. 

6 — That  sulfate  of  ammonia  is  readily  nitrified  by  the  truly 
arid  soils  but  only  relatively  feebly  by  the  soils  of  a  more  humid 
nature. 

7 — That  relatively  speaking,  the  low-grade  organic  nitrog- 
enous fertilizers  and  sulfate  of  ammonia  are  better  suited  for 
application  to  arid  soils  than  the  high-grade  materials. 

The  foregoing  conclusions  were  further  strengthened  by  another 
series  of  investigations  carried  out  by  the  writer  and  Prof.  Burgess 
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and  Dr.  Klein  which  is  soon  to  be  reported  in  the  Journal  of  Agri- 
cultural Research.  In  these  investigations  about  50  Eastern 
soils  representing  the  different  states  in  the  Union  were  com- 
pared with  about  150  California  soils  representing  four  soil 
siuTey  areas,  in  regard  to  nitrifying  powers.  The  results  of 
these  investigations  indicate  that  in  general,  and  contrary  to 
the  teachings  of  HUgard  and  others,  the  arid  soils,  so  far  from 
possessing  more  intense  nitrifying  powers  than  the  humid 
soils,  are  actually  more  feeble  than  the  latter  in  that  respect.  This 
is  true  whether  the  soil's  nitrifying  powers  be  determined  by 
means  of  the  soil  nitrogen  alone  or  by  means  of  added  fertilizer 
nitrogen.  It  appears  moreover  that  nearly  all  humid  soils 
nitrify  dried  blood  nitrogen  satisfactorily  and  sulfate  of  ammonia 
nitrogen  relatively  feebly  and  that  the  obverse  is  true  of  arid 
soils. 

The  results  of  the  investigations  above  described  have  been 
called  in  question  by  Kelley  on  the  basis  that  our  methods  of 
determining  the  nitrifying  powers  of  soils  by  admixing  with  soils 
such  large  proportions  of  fertilizers  as  i  per  cent,  were  not  valid, 
because  the  concentration  of  nitrogen  in  the  soil  was  made 
too  high  and  therefore  abnormal  as  compared  with  field  practice. 
Kelley  claims  that  by  using  very  small  quantities  of  dried  blood 
(approximately  such  as  are  used  in  field  applications)  with  soils 
he  was  able  to  obtoin  good  nitrification  in  cases  in  which  large 
quantities  of  dried  blood  would  give  no  nitrification  at  all. 
That  this  is  beyond  question  true  we  have  no  desire  to  deny.  Our 
only  claim  has  been  and  is  that  the  relative  ratings  we  have 
accorded  to  soils  in  the  direction  of  nitrifying  powers  for  dif- 
ferent fertilizers  would  still  hold  true  by  whatever  arbitrary 
method  was  adopted  for  their  determination.  In  other  words,  I 
believe  that  soils  are  correspondingly  strong  or  weak  in  nitrify- 
ing power,  according  as  they  behave  in  tests  such  as  we  made, 
so  long  as  any  one  method  is  used  consistently  throughout. 
This  seems  to  me  to  be  true  still  by  further  confirmatory  experi- 
ments of  the  vegetation  order  which  wQl  be  described  below, 
and  despite  the  fact  that  I  believe  in  all  probability  we  shall 
have  to  adopt  nitrification  methods  in  general  like  those  pro- 
posed by  Kelley.  I  desire  to  repeat  again,  however,  that  I 
cannot  as  yet  see  how  the  method  which  we  employed  militates 
against  the  validity  of  our  conclusions.  If  it  does  so  at  all  it 
operates  in  the  direction  of  the  degree  of  accuracy  in  our  results, 
and  not  against  their  character  and  kind.  Many  of  the  theo- 
retical considerations  concerned  with  the  results  briefly  dis- 
cussed above  cannot  for  lack  of  time  be  given  here,  and  my 
hearers  are  referred  to  the  papers  above  mentioned  and  to  others 
soon  to  appear  for  a  full  discussion  of  our  views  and  those  of 
others. 

CONFIRMATOKV    VliGETATION    EXPIvRIMENTS 

On  learning  of  the  objections  to  our  methods  and  conclusions, 
which  are  discussed  above,  the  writer  and  Prof.  Gcricke  deter- 
mined to  choose  an  arid  soil  which  by  our  method  showed  no 
power  to  nitrify  dried  blood  nitrogen  and  which  was  known 
to'bc  in  need  of  available  nitrogen,  and  by  vegetation  tests 
toosfnblish  the  availal)ility  of  various  fertilizers  llKTcin.  Accord- 
ingly, wc  chose  iin  arid  blow  sand  from  near  Oakley,  Cal  ,  for 
the  experiments  Tot  cultures  were  employed  in  the  green- 
house and  all  treatments  were  run  in  triplicate.  Raricy  was 
the  crop  tested.  Moreover,  in  order  to  meet  the  objections  in 
question,  the  fertilizers  were  applied  on  a  field  basis  in  one  part 
of  the  experiment  an<l  on  our  lalxiriitory  basis  on  the  other. 
Wlicic  the  fertilizers  were  employed  on  the  field  basis  an  equiva- 
lent of  all  fertilizers  to  an  8.k>  lb.  per  acre  application  of  dried 
l.lo<i<l  was  applied,  the  equivalent  bcinK  calculated  to  cqiuil 
quantities  of  nitrogen  in  nil  pots.  The  fertilizers  were  thor- 
oughly mixed  with  the  v)il  before  llic  planting  was  done  aiul  the 
followiiiK  matrrials  were  used,  dried  blood,  stranied  lioue  meal, 
cottonsred  meal,    sulfate  of  ainmoiiia,  nitrate  "f    "di>  .mil  miriilr 


of  calcium.  The  nitrifying  powers  of  the  soils  in  question 
were  determined  for  all  non-nitrate  fertihzers  used  by  our  regular 
laboratory  method  above  referred  to.  According  to  this  it  was 
found  that  dried  blood  yielded  no  nitrates  and  that  sulfate  of 
ammonia,  cottonseed  meal  and  steamed  bone  meal  were  about 
equal  in  nitrifying  power.  From  the  very  start  the  growth 
of  the  plants  in  the  different  pots  indicated  clear  differences 
in  availability  of  the  nitrogen.  At  first  the  steamed  bone  meal 
was  slightly  superior  to  the  cottonseed  meal  and  sulfate  of 
ammonia  nitrogen,  but  the  latter  two  forms  soon  manifested 
as  high  an  availability  as  the  former  and  toward  the  end  of  the 
growing  season  slightly  surpassed  it.  The  dried  blood  showed 
itself  from  start  to  finish  to  be  distinctly  inferior  to  all  the  other 
materials  as  did  also  the  sodium  and  calcium  nitrates  The 
sodium  nitrate,  however,  was  considerably  better  than  the  cal- 
cium nitrate.  When  the  total  weights  of  dr>-  matter  were  con- 
sidered, it  was  found  that  the  sulfate  of  ammonia  stood  first,  the 
cottonseed  meal  was  a  close  second,  and  the  steamed  bone  meal 
a  good  third.  The  others  were  all  considerably  inferior,  but 
the  dried  blood  nitrogen  and  nitrate  of  soda  gave  similar  results 
and  the  calcium  nitrate  was  the  lowest  on  the  list.  So  far  as  the 
yield  of  grain  alone  is  concerned,  the  sulfate  of  ammonia  again 
stands  first  and  the  cottonseed  meal  and  steamed  bone  meal 
are  about  equal  and  close  seconds.  The  other  fertilizers  are 
about  equal  as  regards  grain  production  and  distinctly  in  the 
third  class. 

These  results  will  all  be  presented  in  fuU  in  a  forthcoming 
publication,  but  enough  has  been  stated  above  to  show  that  a 
distinct  correlation  exists  between  the  nitrifiability  of  fertilizers 
in  the  Oakley  soil  and  their  availability  to  bariey  plants  in  that 
soil.  Whether  or  not  the  correlation  could  be  drawn  more  closely 
by  another  method  is  beside  the  point.  Our  main  thesis  is 
that  the  nitrifiability  of  fertilizers  as  determined  by  some  labora- 
tory method  is  a  reliable  guide  to  the  determination  of  their 
availability;  that  soils  of  different  climatic  regions  differ  mark- 
edly in  that  respect;  and  that  the  standards  on  the  availability 
of  nitrogen  in  different  fertilizers  as  previously  established 
under  humid  soil  conditions  will  probably  have  to  be  revised, 
for  arid  soils  at  least. 

Without  any  intention  to  introduce  anti-climactic  considera- 
tions I  cannot  refrain  from  emphasizing  again,  to  obviate 
possible  misunderstandings,  the  position  taken  by  me  in  regard 
to  the  subject  in  hand.  1  do  not  claim  the  nitrification  meUiod 
to  be  much  less  arbitrary  tlum  the  ammonificalion  method. 
But  I  do  claim  that  it  can  be  correlated  more  closely  with  field 
effects  of  nitrogenous  fertilizers  than  the  ammonificalion  method 
and  nnich  more  so  than  either  of  the  permanganate  methods. 
This  is  especially  so  in  the  ca.sc  of  arid  soils  in  which  anunonifi- 
ability  seems  to  fall  far  short  of  the  nitrification  meUiod  in  use- 
fulness. Again,  in  stiying  all  this,  1  am  not  unaware  of  Uie 
satisfactory  correlations  drawn  by  Brown  at  Iowa,  by  J.  G. 
Lipman  at  New  Jersey,  and  by  others  between  ammonifyinj 
powers  of  soils  and  their  crop- producing  powers  I  am  merely 
pointing  out  that  such  correlations  do  not  hold  for  soils  in  gen- 
eral as  do  those  ba.scd  on  the  nitrification  mcthoil  It  sliould 
be  added,  moreover,  that  none  of  the  laboratory  melliods  can 
be  expected  to  furnish  absolute  res\dls.  but  only  relative  one*, 
but  if  Ihcy  indici.te  the  latter,  tlicy  serve  their  purpose  ad- 
mirnblv 

In  view  of  the  forcgoinK.  I  woulil  urge  Uie  adoption  by  the  fer- 
tilizer and  soil  chemists  of  the  nirthod  of  niuiftakility  of  nitrogen 
fertilizers  for  the  determination  of  their  availability.  Whether 
the  nitrification  methoils  l>c  adopted  in  one  form  or  another  is  a 
secondary  question  that  ran  prol>ttbly  l»e  agreed  on  willunit 
dilTiculty. 

<.iKiva»iTT  or  Cali»ii«hi» 
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PLRKIN  ME.DAL  AWARD 


The  Perkin  Medal  for  1917  was  conferred  on  Ernst  Twitchell, 
Ph.D.,  for  his  distinguished  services  in  the  field  of  fats  and  their 
saponification,  at  the  regular  meeting  of  the  New  York  Section 
of  the  Society  of  Chemical  Industry  held  at  the  Chemists'  Club, 
January  19,  1917.  Dr.  Jerome  Alexander,  Chairman  of  the 
Section,  presided  and  delivered  the  introductory  address;  the 
presentation  address  was  made  by  Prof.  C.  V.  Chandler,  Senior 
American  Past  President  of  the  Society  of  Chemical  Industry. 
The  acceptance  of  the  medal  by  Dr.  Twitchell  was  followed  by 
addresses  by  Dr.  A.  C.  Langmuir,  Dr  Martin  H.  Ittncr  and  Mr. 
H.  B.  Schmidt.  A  telegram  from  the  Cincinnati  Section  of  the 
American  Chemical  Society,  congratulating  Dr.  Twitchell,  was 
read  by  the  chairman.     The  addresses  are  printed  in  full  below. 

Previous  to  the  meeting  a  reception  was  held  in  the  Club's 
rooms  at  which  the  members  had  opportunity  to  meet  Dr. 
Twitchell,  this  being  followed  by  an  informal  dinner  in  the  Club 
dining  room. — Editor. 


INTRODUCTORY  ADDRESS 

By  Jerome  Alf.xani>er 

The  Jubilee  of  the  Coal-tar  Color  Industry,  being  the  50th  anni- 
versarj-  of  the  discoverj'  of  the  first  aniline  color  by  Sir  William 
Henry  Perkin,  was  celebrated  on  July  -6,  1906,  by  a  large  meet- 
ing at  the  Royal  Institution  in  London,  which  was  attended  by 
representative  chemists  from  all  over  the  world. 

The  epoch-making  nature  of  Perkin's  discovery  was  referred 
to  by  one  of  the  visiting  German  scientists,  who  quoted  from  a 
recent  speech  of  Adolf  von  Bayer  the  statement  that  Sir  William 
Henry  Perkin  was  the  man  who  lit  the  torch  "which  enlightens 
the  path  of  the  explorer  in  the  dark  regions  of  the  interior  of  the 
molecule." 

On  October  8,1906,  it  was  our  good  fortune  to  have  Sir  W'illiam 
Henry  Perkin  with  us  in  New  York  as  our  guest  at  a  large  ban- 
quet given  in  his  honor.  There  are  many  of  us  here  who  recall 
with  pleasure  his  charming  and  modest  personality. 

Subsequent  to  the  banquet  the  happy  idea  was  suggested  by 
the  committee  in  charge,  that  a  Perkin  Medal  be  established 
to  be  awarded  annually  for  the  most  valuable  work  in  applied 
chemistry. 

The  award  may  be  made  to  any  chemist  residing  in  the  United 
States  of  America  for  work  which  he  has  done  at  any  time  dur- 
ing his  career,  whether  this  work  proved  successful  at  the  time 
of  execution  or  publication,  or  whether  it  became  valuable  in 
the  subsequent  development  of  the  industry. 

The  first  impression  of  the  medal  was  presented  to  Sir  William 
Henry  Perkin  himself,  and  we  are  now  met  to  make  the  nth 
Aimual  Award  of  the  medal.  It  is  but  natural,  therefore,  that 
we  should  review  briefly  the  awards  of  the  past  decade,  men- 
tioning, however,  only  the  principal  inventions  of  the  respective 
medalists.  You  will  soon  hear  details  of  the  work  of  the  eleventh 
recipient  of  the  Medal,  Dr.  Ernst  Twitchell. 


Awarded  to 
Sir  W.  H.  Pbrki 


Date  of 
Award 

1907 


J.  B.  F.  HaRRBSIIOPF 

1908 

.■\RNO  BBHR 

1909 

E.  G.  ACHBSON 

1910 

CBARLE3  M.  Hall 

1911 

Herman  I'rascu 

1912 

Jahss  Gavlbv 

1913 

John  W.  Hyatt 

1914 

Edward  Weston 

1915 

L.  H.  Baekeland 

1916 

Principal  Fields  or  Inventions 

Discoverer  of  First  Aniline  Color 
(  MetallufKy 
\  Contact  Sulfuric  Acid 

Corn  Products  Industry 
i  Carborundum 
I  Artiflcial  Graphite 

Metallic  Aluminum 
(  DesulfurinK  Oil  and 
\       Subterranean  Sulfur  Industry 

Dry  Air  Blast 

Celluloid  and  Flexible  Roller  Bearings 
i  Electrical  Measurements 
\  Electro-deposition  of  metals 
(  PlaminK  Arc 
i  Velox  Photo  Print  paper 
-  Bakclite  and  Synthetic  Resins 
(  Caustic  Soda  Industry 


Although  we  are  a  relatively  young  nation,  we  have  certainly 
foniished  our  full  share  of  inventions,  as  may  be  seen  from  the 
following  list  of  epoch-making  inventions  by  people  of  the 
United  States  during  the  last  fifty  years. 

Inventions  by  People  of  tub  U.  S.  During  the  Last  Fifty  Years 
{Taken  from  the  National  Geographical  Magazine) 
Invention  Inventor  Date 

Air  Brake Westinghouse 1869 

Celluloid Hyatt 1870 

Welt  Machine Goodyear 1871 

Block  Signals  for  Railways Robinson 1872 

.\utomatic  Car-coupler Janncy 1873 

Water  Gas Lowe 1875 

Machine  for  Making  Barbed  Wire Glidden 1875 

Telephone....: Bell 1876 

Typewriter Sholes 1878 

Talking  Machine Edison 1878 

Electric  Lamp Brush 1879 

Automatic  Knot-tying  Harvester  Machine. .  Appleby 1880 

Incandescent  Lamp Edison 1880 

Buttonhole  Sewing  Machine Reece 1881 

Chain-stitch  Shoe-sewing  Machine French  &  Myers 1881 

Chrome  Tanning Schulz 1884 

Trolley  Car Van  Depoele  &  Sprague. .  1884-7 

Type-bar  Casting Mergenthaler 1885 

Electric  Furnace  Reduction Cowles 1885 

Cash  Register Patterson 1885 

Rotary  Converter Bradley 1887 

.Single- type  Composing  Alachine Lanston 1887 

Split-phase  Induction  Motor.. Tesla 1887 

Transparent  Photograph  Film Eastman 1888 

Calcium  Carbide Wilson 1888 

Continuous-process  Match  Machine Beecher 1888 

Recording  .\dding  Machine Burroughs 1888 

Electric  Welding Thomson 1889 

Electrolytic  .\lkali  Production Castner 1890 

Harveyized  .^rmor  Plate Harxey 1891 

Carborundum Acheson 1891 

Motion-picture  Machine Edison 1893 

Dry  .^ir  Process  for  Blast  Furnace Gayley 1894 

.-Vrtificial  Graphite Acheson 1896 

Disk  Plows  (modern  type) Hardy 1896 

High-speed  Steel Taylor  &  White 1901 

It  is  interesting  to  note  that  many  of  these  inventions  are 
chemical  inventions,  and  that  four  of  them  have  been  recog- 
nized by  the  award  of  the  Perkin  Medal.  The  list  of  course  is 
not  comiiltte,  for  there  are  missing  among  others,  the  aeroplane 
and  submarine  boat,  which  are  American  inventions. 

As  compared  with  the  above  list,  note  the  following  list  of  im- 
portant inventions  that  have  been  made  during  the  same  period 
by  foreigners: 

Inventions  by  Foreigners  During  the  Last  Fifty  Years 

{Compiled  from  information  furnished  by  the  43  examining  divisions  of  the 
Patent  Office) 
Invbntion  Inventor  Nationality     Date 

Dynamite Nobel Swedish 1867 

.■\rtificial  Alizarine  (dye) Graebe  &  Lieberman. .  .German 1869 

Siphon  Recorder Thompson English 1874 

Gas  Engine:  Otto  Cycle Otto German 1877 

Centrifugal  Creamer De  Laval Swedish 1880 

Electric  Transformer Gaulard  St  Gibbs English 1883 

Manganese  Steel Hadficld English 1884 

Smokeless  Powder Vielle French 1886 

Cyanide  Metal  Extrac'n  Process.  ..\rthur  &  De  Forrest ...  English 1888 

Mantle  Burner Welsbach Austrian 1890 

By-product  Coke  Oven Hoffman ! Austrian 1893 

Diesel  Oil  Motor Diesel German 1900 

Wireless  Telegraphy Marconi Italian 1900 

Electric  Steel Hfroult French 1900 

The  eleventh  presentation  of  the  Perkin  Medal  will  now  be 
made  by  one  we  all  love,  revere  and  honor.  Although  a  little 
tardily,  we  extend  to  him  our  heartiest  congratulations  on  the 
eightieth  anniversary  of  his  birth,  with  the  assurance  that  if  it 


Feb.,  i()i7 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


193 


were  within  our  power,  no  one  else  would  ever  present  the 
Perkin  Medal.  I  have  the  pleasure  of  presenting,  rather  than 
introducing,  the  Dean  of  the  American  chemical  profession.  Pro- 
fessor Charles  Frederick  Chandler. 


National  Gum  and  Mica  Company 
New  York  City 


PRESENTATION  ADDRESS 

By  C.  F.  Chandler 

Mr.  Chairman  and  Brother  Chemists: 

It  is  my  privilege  and  very  pleasant  duty  as  Senior  Past  Presi 
dent  of  the  Society  of  Chemical  Industry,  residing  in  this  country, 
to  present  to  Ernst 
Twitchell,  B.S.  and  D.Sc, 
the  eleventh  impression  of 
the  Perkin  Medal,  in  recog- 
nition of  his  most  original 
and  valuable  work  in  Ap- 
plied Chemistry. 

Dr.  Twitchell  was  born  in 
Cincinnati,  on  February 
26,  1863.  He  graduated 
in  1886  from  the  University 
of  Cincinnati  with  the  de- 
gree of  B.S  ,  and  in  1915 
received  from  his  alma  mater 
the  honorary  degree  of  Doc- 
tor of  Science.  On  his 
graduation  in  1886,  he  was 
appointed  chemist  to  the 
Emery  Candle  Co.,  of 
Cincinnati,  and  has  been 
connected  with  that  firm 
ever  since. 

At  present  he  is  Chemical 
Director  to  the  Fmery 
Candle  Company,  President 
of  the  American  Oil  Treating 
and  Hardening  Company, 
and  Chairman  of  the  Board 
of  Directors  of  the  Twitchell 
Process  Company. 

Dr.  Twitchell  has  devoted 
the  past  thirty  years  chiefly 
to  the  chemistry  of  fats. 
His  investigations  and  dis- 
coveries have  been  given  to 
the  chemical  world  in  the 
form  of  articles  in  various 
chemical  journals  and  in 
letters  patent  of  the  United 
States   and  other  countries. 

In  i8gi  he  published 
his  mcthfKJ  for  the  {Ictcr- 
mination  of  rusin  in  tile 
fatty   acids    of   soap.     The  1  lu  lu  1,1     1 

method    is    l>a.seil    on    the 

fact,  observed  by  him,  that  the  fatty  ncicis,  when  dissolved  in 
absolute  alcohol,  arc  readily  and  completely  converted  into 
ethyl  ethers  by  the  action  of  dry  hydroclilnric  acid  gas  which, 
absorbing  the  water  set  free,  acts  to  reduce  the  reaction  On 
the  other  hand  the  rosin  ncids,  imclcr  the  same  Irratmrnt,  rc- 
niuiii  unchanged,  and  may  be  determined  volunielrically  with 
laiidard  soda  solution,  or  Kfavlnirtrioally. 

I.ewkowitscli,  in  his  comprrlitMsive  work  on  "Oiln,  I'nls  and 
Waxes,"  remarks:  "Of  all  the  melhod.s  for  deterinininK  rosin 
I'icU  in  the  presence  of  fatly  acids,  the  Twitchell  niethu<l  give* 
I  he  l)r<t  results  " 


Dr.  Twitchell 's  most  important  contributions  to  Industrial 
Chemistry  involve  new  and  improved  methods  for  the  hydrol- 
ysis of  oils  and  fats  for  the  production  of  the  free  fatty  acids 
and  glycerin.  These  methods  have  verj-  largely  superseded 
the  old  methods  such  as  that  of  Chevreul  and  Gay-Lussac  (in  1825), 
who  saponified  in  open  kettles  with  alkali.  This  process  was 
improved  by  Milly  in  1831,  who  substituted  milk  of  lime  for 
alkali,  and  later  by  conducting  the  saponification  in  dosed 
vessels,  under  pressiu-e,  reduced  the  amount  of  lime  required 
from  14  per  cent  of  the  fat  to  as  low  as  2  per  cent.  Then  came 
the  process  of  Dubrunfant,  first  applied  practically  in  1842  by 
Jones  and  Wilson,  in  which  the  fat  was  saponified  by  sulfuric 
acid,  and  the  fatty  adds 
subjected  to  distillation. 

Wilson  and  Gw>Tine  later 
applied  the  discoveries  of 
Bertholet  and  Melsens  in  a 
process  in  which  the  fat 
was  decomposed  by  super- 
heated steam  and  subse- 
quent distillation,  which 
was  practiced  at  the  works 
of  the  Pricis  Candle  Co., 
Battersea.  Finally  in  1S54, 
Tilghmann  introduced  his 
process  in  which  the  fat, 
emulsified  in  water,  was 
forced  through  a  coil  at  a 
temperature  of  320°  C. 
Marix  found  that  by  adding 
a  little  calcium  or  magne- 
sium carbonate  to  the  water, 
the  temi>erature  and  pres- 
sure could  be  ver>'  mate- 
rially reduced  to  as  low  as 
even  3  to  5  atmospheres. 

The  art  of  saponifying 
the  fats  had  reached  this 
stage  of  development  when 
Dr.  Twitchell  made  an 
entirely  new  departure  by 
the  application  of  new 
reagents,  which  by  acting 
as  catalyzers,  even  when 
used  in  such  small  propor- 
tions such  as  I  to  2  i)cr 
cent,  arc  able  to  saponify 
the  fats  completely.  The 
oiK-ration  may  l>e  con- 
ducted by  simply  boiling 
the  fat  with  water  and  the 
pro|>cr  quantity  of  the 
"sa|H>nificr."  Tlie  agents 
first  cniployed  by  Dr 
Twitchell  were  the  sulfo- 
I  '  acids    of    the   fatty   acids, 

such  a<  sulfostcaric  ocid. 
sulfo-olcic  acitl.  etc.  Ijilcr  Dr.  Twitchell  fomul  that  by  in- 
trmlucing  ati  aromatic  rndicnl  into  the  sulfo  arid,  a  much 
more  siitisfuotory  catalyzer  was  obtained  n  miUo  fattyaroiuntic 
acid.  Such  aromatic  railicals  as  ate  fumi&lird  by  ticnrcne, 
phenol,  and  naphthalene  arr  empluycil,  naphthalene  straro- 
sulfonic  acid  Iteing  a  favorite  catalyfrr. 

These  acid.H  when  converted  into  suits  of  »>ieh  mrlaU  os  iMriiini, 
calcium,  niaKncNium.  ahiinimini,  etc  ,  can  tte  t>ro)hiCT<l  ns  stable 
dry  |>«wdcrs.  to  Im-  used  with  a  suitable  pi<i|Kiition  of  sidfutic 
acid,  or  hydrnchlorio  acid  to  make  thrm  nctiNt. 

It  would   give   mr  great   pleasure  to  <lwrll  longrr  on  these 
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March 

29, 

1898 

601 ,603 

July 

11. 

1899 

628,503 

February 

19. 

1907 

844,426 

April 

20, 

1909 

918.612 

December 

30. 

1913 

1,082,662 

February 

1, 

1915 

1 ,170.468 

DR.  twitchell's  u.  s.  patents 

Process  of  Decomposing  Fats  or  Oils  into  Fatty  Acids  and  Glycerin. 

Fatty  Aromatic  Sulfo  Compound  and  Process  of  Making  Same. 

Process  of  Effecting  a  Combination  between  Selected  Members  of  the  Alcohols  and  Fatty  Acid. 

Process  of  Separating  Liquid  from  Solid  Fatty  Acids. 

Process  of  Manufacturing  Fatty  Acids  and  Glycerin. 

Sulfo-Fatty-Aromatic  Acid  Salt. 


interesting  inventions  and  improvements  made  by  Dr.  Twitchell, 
but  inasmuch  as  you  are  to  hear  from  the  Doctor  himself,  and 
also  from  Dr.  Langmuir  and  Dr.  Ittner  on  the  subject,  I  will 
limit  myself  to  the  following  statements: 

The  Twitchell  process  has  made  possible  the  large  scale 
saponification  of  fats  for  the  production  of  crude  glycerin  free 
from  salt  and  of  fatty  acids  for  direct  combination  with  soda 
so  as  to  make  soap  instead  of  using  the  more  expensive  caustic 
lye  on  the  neutral  fat. 

Low-grade  fats,  such  as  garbage  grease,  cottonseed  oil  foots, 
etc.  were  formerly  with  difficulty  used  in  the  soap  or  candle 
industry.  Such  materials  can  now  be  readily  worked  up  by  the 
Twitchell  process,  the  fatty  acids  being  distilled  to  remove  color 
before  use.  This  releases  a  large  quantity  of  the  higher  grade 
fats  for  use  as  food  products. 

The  bulk  of  the  soap  used  in  Belgium,  Holland,  Germany 
and  Scandinavia  is  said  to  be  prepared  from  fatty  acids  direct, 
and  75  per  cent  of  these  acids  are  made  by  the  Twitchell  method. 
Millions  of  pounds  of  fats  are  saponified  yearly  in  the  United 
States  by  this  process,  and  practically  all  of  the  larger  soap  fac- 
tories have  Twitchell  plants. 

All  of  the  recent  books  in  German  and  English  on  the  soap 
and  fat  industries  discuss  the  Twitchell  process  in  full. 

DR.   TWITCHELL'S   PUBLICATIONS 

"The  Determination  of  Rosin  in  Its  Mixtures  with  Fatty  Acids," 
J.  Anal,  and  App.  Chem..  Vol  6  (July.  1891). 

"The  Separation  of  Solid  and  Liquid  Fatty  Acids,"  Journal  of  the 
American  Chemical  Society.  Vol.  17  (April,  1895). 

"Sulfuric  Acid  as  a  Reagent  in  the  Analysis  of  Fatty  Acids,"  Journal 
of  the  Society  of  Chemical  Industry,  Vol.  16  (December,  1897). 

"Benzene-Stearo-Sulfonic  Acid  and  Other  Sulfonic  Acids  Containing 
the  Stearic  Radical,"  Journal  of  the  American  Chemical  Society,  Vol  17 
(January,    1900). 

"A  Reagent  in  the  Chemistry  of  Fats,"  Journal  of  the  American  Chem- 
ical Society.  Vol.  28  (Februar>'.  1906);  Vol.  29  (April.   1907). 

"The  Melting  and  Solidifying  Points  of  Mixtures  of  Fatty  Acids,  and 
the  Use  of  These  Points  to  Determine  the  Composition  of  Such  Mixtures," 
Journal  of  Industrial  and  Engineering  Chemistry,  Vol    6  (July,  1914). 

*"Unsaponifiable  Matter  in  Greases,"  Journal  of  Industrial  and  Engi- 
neering Chemistry.  Vol.  7  (March.  1915). 

conferring  the  medal 
Ernst  Twitchell,  Bachelor  of  Science  and  Doctor  of 
Science: 

It  gives  me  the  greatest  pleasure,  as  the  representative  of  the 
Affiliated  Chemical  and  Electrochemical  Societies  of  America, 
to  place  in  your  hands  this  beautiful  Pcrkin  Medal,  as  a  token 
of  the  appreciation  and  affection  of  your  fellow  chemists. 
Columbia  Univbrsity 
Nbw  York  City 


ADDRESS  OF  ACCEPTANCE 

By  Ernst  Twitchell 

The  first  suggestion  which  led  to  my  discovery  of  a  special 
catalyzer  for  hydrolyzing  fats  came  to  me  in  studying  the  so- 
called  Acidification  Process.  This  was  one  of  the  oldest  methods 
used  in  candle  factories  for  separating  glycerol  from  fatty  acids. 
It  consisted  in  treating  the  fat  at  a  fairly  high  temperature, 
over  ioo°  C,  with  a  small  amount  of  concentrated  sulfuric  acid; 
4  per  cent  or  considerably  less  could  be  used;  the  product  was 
then  boiled  with  an  excess  of  water.  The  result  is  a  layer  of 
fatty  acids  floating  on  the  acid  water  containing  the  glycerol. 

This  reaction  could  not  be  explained  by  the  assumption  that 
there  is  a  combination  of  sulfuric  acid  with  the  fat  or  fatty  acid 
and  glycerol,  which  decomposes  during  the  subsequent  opera- 
tion of  boiling  with  water,  because  there  was  not  enough  sul- 


furic acid  to  combine  with  all  of  the  fat.  I  have  seen  various 
theories  given  to  explain  the  Acidification  Process,  some  quite 
absurd.  For  instance,  in  one  text-book  it  is  stated  that  fats  con- 
sist of  minute  globules  surrounded  by  membranes  and  that  the 
function  of  the  sulfuric  acid  is  simply  to  char  and  destroy  these 
membranes,  leaving  the  fat  in  a  condition  to  be  hydrolyzed  by 
water  at  i<K)°.  Another  theory  I  have  frequently  seen  even  in 
recent  articles,  is  that  compounds  are  formed  which  cause  the 
fat  to  emulsify  with  water,  and  the  idea  evidently  is  that  if  a 
good  enough  emulsion  is  obtained,  hydrolysis  will  take  place 
even  at  ioo°.  I  have  seen  this  theory  given  to  account  for  the 
action  of  my  hydrolyzing  reagent.  As  a  matter  of  fact,  fats  do 
not  hydrolyze  at  ioo°,  practically  speaking,  with  water  alone, 
even  though  they  may  be  perfectly  emulsified.  At  higher  temper- 
atures than  ioo°,  and  under  pressure,  hydrolysis  takes  place,  as  is 
illustrated  in  the  autoclave  process  of  separating  glycerol. 

In  the  course  of  practical  experiments  with  the  Acidification 
Process  I  found  that  I  could  reduce  the  amount  of  sulfuric  acid 
used  very  considerably  and  yet  obtain  complete  decomposition; 
but  often  the  boiling  with  water  had  to  be  decidedly  prolonged. 
It  seemed  clear  that  there  was  some  catalytic  agent  which  caused 
the  reaction  between  the  fat  and  the  water  in  this  process  of 
boiling,  and  it  would  naturally  occur  to  any  one  that  this  catalyzer 
was  probably  some  sulfur  compound  produced  by  the  action 
of  sulfuric  acid  on  fat.  I  found  that  compounds  of  this  nature 
could  be  roughly  separated  from  the  fat  which  contained  them 
by  treating  with  petroleum  ether  in  which  they  were  insoluble. 
They  could  be  further  purified  by  solution  in  ether  and  extrac- 
tion with  water  and  were  easily  identified  as  sulfonic  acids  by 
their  acidity,  the  formation  of  potassium  sulfate  on  fusion  with 
caustic  potash,  and  other  characteristics. 

It  occurred  to  me  to  prepare  this  catalyzer  outside  of  the  body 
of  the  fat,  thus  avoiding  the  action  of  the  sulfuric  acid  in  forming 
with  the  fat  undesirable  compounds,  in  charring,  discoloring, 
and  partially  destroying  it. 

As  these  sulfonic  acids  were  probably  produced  by  the  action 
of  the  sulfuric  acid  on  the  oleic  acid  constituent  of  the  fat,  I 
first  studied  the  results  of  the  action  of  sulfuric  acid  on  pure 
oleic  acid  under  various  conditions  of  temperature,  quan- 
tity, etc. 

The  action  of  sulfuric  acid  on  oleic  acid  at  low  temperatures, 
as  was  known,  produces  a  compound  of  sulfuric  acid,  stearo- 
sulfuric  acid,  an  acid  sulfuric  ester.  This  was  not  the  catalyst 
that  I  was  seeking.  It  very  probably  has  all  the  properties  of 
a  catalyst  for  the  hydrolysis  of  fats  except  one;  it  is  decom- 
posed on  boiling  with  water,  and  as  the  hydrolysis  of  a  fat 
hardly  takes  place  at  all  under  any  circumstances  at  a  lower 
temperature  than  loo",  it  is  plain  that  this  compound  would 
not  serve  my  purpose. 

The  compounds  obtained  on  treating  oleic  acid  with  sulfuric 
acid  at  a  temperature  of  ioo°  or  over  are  not  sulfuric  acid  com- 
pounds but  are  true  sulfonic  acids.  The  principal  one  seemed  to 
be  derived  from  two  molecules  of  oleic  acid  and  contained  one 
sulfonic  acid  group  and  one  carboxyl  group. 

I  have  never  seen  this  sulfonic  acid  described,  but  believe  that 
I  had  in  my  hands  a  fairly  pure  compound  of  the  composition 
Ci7H3,(SOjH)COO.C„Hj,COOH.  This  was  my  first  hydro- 
lyzing reagent  or  "Saponifier  "  But  as  it  was  difficult  to  pre- 
pare commercially  in  fair  yield  and  of  any  degree  of  purity.  I 
dropped  further  investigation  along  this  line  on  the  accidental 
discovery  of  the  fatty  aromatic  sulfonic  acids,  described  in  the 
Journal  of  the  American  Chemical  Society,  January,  1900. 
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In  this  research  the  most  important  question  was:  What 
properties  must  a  substance  have  to  act  as  a  catalyzer  to  accel- 
erate the  hydrolysis  of  fats?  My  views  on  this  subject  I  have 
partially  expressed  in  my  paper,  "A  Reagent  in  the  Chemistry 
of  Fats,"'  where  I  say  that  it  must  be  a  strong  acid,  one  dis- 
sociated strongly  in  water  giving  a  considerable  concentration 
of  hydrogen  ions,  and  then  it  must  be  soluble  in  both  fat  and 
water  and  cause  the  one  to  dissolve  in  the  other. 

The  only  bodies  that  I  can  at  present  conceive  to  have  the  de- 
sired properties  are  sulfonic  acids  containing  higher  fatty  radicals. 
They  have  the  physical  character  of  fats  or  oils,  yet  are  soluble 
in  water  forming  soapy  solutions,  and  are  strong  acids. 

As  I  have  said,  the  discovery  of  the  fatty  aromatic  sulfonic 
acids  was  made  by  accident.  I  had  a  mixture  of  oleic  acid  and 
benzene  which  I  treated  with  an  excess  of  sulfuric  acid  and  then 
poured  the  mass  into  water.  I  was  not  surprised  to  find  an  oily 
layer  floating  on  the  acid  water,  and  when  I  found  this  oil  to  be 
soluble  in  pure  water,  that  also  did  not  surprise  me,  as  I  supposed 
I  had  simply  stearosulfuric  acid;  but  when  I  found  that  after 
boiling  for  half  an  hour  with  water  it  still  remained  soluble,  I 
felt  sure  that  I  had  a  sulfonic  acid,  and  the  analysis  of  the  prod- 
uct confirmed  my  conclusion.  This  is  the  compound  which 
has  been  put  to  practical  use  in  the  separation  of  glycerol  and 
fatty  acids.  Instead  of  benzene,  naphthalene  is  used  with  oleic 
acid  in  the  manufacture  of  the  commercial  article.  This  "Sa- 
ponifier,"  when  added  in  the  proportion  of  half  a  per  cent  or  less 
to  fat  boiling  with  water  in  an  open  tank,  will  cause  the  separation 
of  the  glycerol. 

Besides  the  compound  containing  the  stearic  radicals  and  a 
sulfonic  group,  the  first  which  I  found  to  have  the  catalytic 
property,  and  the  fatty  aromatic  sulfonic  acids,  I  have  also  pre- 
pared hydrolyzing  reagents  by  treating  oleic  acid  at  200-220°  C. 
with  sulfur,  or  in  the  cold  with  .sulfur  chloride  (S2CI2), 
and  then  oxidizing  with  nitric  acid,  potassium  permanganate, 
bromine,  or  other  oxidizing  agent.  The  resulting  compound 
contained  one  sulfonic  and  one  carboxyl  group  and  its  molecular 
weight  and  other  properties  showed  it  to  be  a  sulfonic  acid  of 
the  stearic  radical. 

Belonging  to  this  class  of  substances  is  a  compound,  cetyl 
sulfonic  acid,  described  by  A.  Reychler  two  or  three  years  ago. 
When  I  saw  this  descrijjtion  I  was  sure  that  it  was  also  a  cata- 
lyzer of  the  same  type  as  my  reagent,  although  Reychler  does 
not  mention  this  as  one  of  its  properties. 

As  this  is  a  typical  compound,  it  may  be  interesting  to  describe 
how  it  was  prepared,  partly  following  directions  given  in  Reych- 
ler's  paper.  Cetyl  alcohol,  prepared  by  saponifying  spermaceti 
with  caustic  potash  and  extracting  the  soap  with  petroleum 
ether,  was  converted  into  the  iodide  by  dropping  iodine  into  a 
heated  mixture  of  the  alcohol  and  red  phosphorus.  This  iodide, 
after  purification,  was  converted  into  the  sulfhydratc  by  treating 
with  alcoholic  potassium  sulfhydratc  and  the  cetyl  sulfhydratc 
converted  into  cetyl  sulfonic  acid  by  oxidizing  with  potassium  per- 
manganate, the  excess  of  which  was  reduced  with  sodium  sulfite. 
The  cetyl  sulfonates  could  be  freed  from  most  of  the  foreign  mat- 
ter by  taking  up  with  hot  water  from  which  sodium  ettyl  sul- 
fonate crystallized  on  cooling.  This  was  dried,  extracted  with 
petroleum  ether,  then  dissolved  in  water  and  treated  with 
hydrochloric  acid.  The  salted  out  cetyl  sulfonic  acid  was  dis- 
solved ill  ether  and  remained  in  a  nearly  pure  state  us  a  residue 
On  evaporating  the  ether,  It  can  be  further  purified  by  crystal- 
lizing it.s  sodium  suit  from  dilute  alcohol  and  there  con  l>c  no 
doubt  of  Its  composition.  It  is  a  simple  sulfonic  acid  of  u  hydro- 
carbon of  the  parufliiie  seric.H. 

Reychler  explains  some  peculiar  properties  of  this  compound 
In  this  way:  the  sulfonic  radical  tends  to  make  it  very  soluble 
in  water,  while  the  long  hydriK-arlniii  rlmin  has  just  the  reverse 
elTect.     The  result  is  that  it  forms  colloidal  sultitiniis.     I'alirinn, 
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in  reviewing  Reychler's  article,  calls  the  cetyl  sulfonic  acid, 
"Reychler's  hydrogen  soap"  and  that  term,  hydrogen  soap,  is 
as  good  a  definition  as  I  can  think  of  to  cover  the  whole  group 
of  compounds  which  catalyticaUy  induce  hydrolysis  of  fats  on 
the  principle  of  my  discoverj'.  An  alkaline  soap  plus  hydrogen 
ions  would  no  doubt  have  the  same  effect  if  it  were  possible  to 
have  such  a  combination. 

Besides  its  use  in  hydrolyzing  fats,  my  catalytic  agent  has 
been  applied  to  other  less  important  ones.  A  catalyst,  which 
would  accelerate  the  hydrolysis  of  an  ester  in  the  presence  of  an 
excess  of  water,  would  also  accelerate  the  esterification  of  a 
fatty  acid  and  an  alcohol  on  the  removal  of  the  water  formed. 
Fatty  acids  can  be  made  to  combine  with  glycerol  and  other 
alcohols  of  high  boiling  point  by  simply  treating  a  mixture  of 
the  two  with  a  small  quantity  of  the  reagent  and  evaporating 
the  water  formed  at  100°  C. 

The  solubility  of  sulfo-fatty  acids  in  both  fat  and  water 
leads  to  a  method  of  separating  sohd  and  liquid  fatty  acids  of 
which  I  have  made  some  application.  If  a  small  quantity  of 
the  sulfonic  reagent  is  dissolved  in  melted  mixed  fatty  acids  and 
the  mixture  allowed  to  cool,  the  solid  acids  will  crj-stallize  out 
pure  and  the  liquid  acids  will  contain  the  sulfo-fatty  acids, 
being  thus  rendered  slightly  soluble  in  water,  and  on  treating  with 
water,  can  be  washed  out  from  the  mixture,  partly  in  solution 
but  mainly  as  an  emulsion. 

Patents  have  recently  been  obtained  by  Grigory  Petroff  of 
Russia  on  a  reagent  obtained  as  a  by-product  in  refining  petrol- 
eum with  fuming  sulfuric  acid.  This  is  a  sulfonic  acid  of  hydro- 
carbon radicals,  probably  not  of  the  paraffine  series.  It  is  a 
very  efficient  catalyzer  in  the  hydrolysis  of  fats,  for  which  pur- 
pose it  is  now  largely  used. 

Wyoming.   Oiuo  

THE  TWITCHELL  PROCESS  AND  THE  GLYCERINE 
TRADE 

By   .\    C     Langmiik 

Some  years  ago  a  manufacturer  asked  my  assistance  in  de- 
veloping a  chemical  process.  He  wanted  a  process  which  would 
"cost  nothing  to  work,  would  take  nothing  out  of  tlie  product 
and  would  put  nothing  in."  This  man  had  heard  nothing  of 
catalytic  methods,  but  his  conception  of  the  ideal  chemical 
process  which  he  was  requiring  corresponded  closely  to  the 
modern  catalytic  methods  such  as  the  platinum  contact  process 
for  the  manufacturer  of  sulfuric  acid,  which  costs  nothing  to 
operate,  once  the  contact  mass  is  prepared,  and  whidi  brings 
about  the  combination  of  sulfur  dioxide  and  oxygen  without 
adding  an  impurity  which  must  be  subsequently  taken  out 
and  without  removing  something,  which  would  lower  the  yield 

The  Twitcliell  catalytic  process  goes  far  toward  meeting  this 
ideal  in  the  saponification  or  breaking  up  of  fats  and  oils  into 
their  con.stituents — glycerine  and  fatty  ucids.  Twitchell's  in- 
vention, U.  S.  Patent  fKii.^Ki^^.  July  17,  1897,  was  made  at  a  time 
when  catalysis  was  not  the  universal  subject  of  attention  it 
is  to-day.  The  Uutlische  priK-e.ss  for  the  catalytic  production 
of  sulfuric  acid  had  not  been  published  and  catalysis  was  a  new 
thing  in  chemical  industry. 

Twitchell's  work  has  been  characterize*!  by  a  sound  apprecia- 
tion of  the  work  of  physical  and  organic  chemists  and  his  unalvti- 
cul  and  technical  inethoils  have  1hh-ii  worked  out.  not  cmpiiiciilly. 
but  from  theoretical  premises.  Thus  the  Twitchcll  mctluxl  for 
the  determination  of  rosin  in  mixtures  with  fatty  acids,  us  in 
soap  analysis,  rests  u|>on  the  principle  of  the  cstcrificaliun  of 
the  futty  acids  when  trrutcil  with  hydrm-hloric  acid  nan  in 
presence  of  nhitolute  alcohol  and  his  discovery  that  rrsin  acids 
when  so  treated  ri'fiist'il  to  coiiiliinr  with  the  alcohol  and  kuiUI 
subscciueiillv  be  srpai.ited  as  purr  n^sin  Although  piiMi-lir.t 
in  iHiji,  this  iiielluHl  sluiids  to  diiv  on  the  iiio»t  inviiiutc  pi.^Ys-. 
for  the  dcteriiiinutioii  of  n>sin  in  pre.wncr  of  fatty  acid» 

Again  in   1897   we  find  him  brinRinn  otit   n  nictluMi  (or   the 
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separation  of  saturated  and  unsaturated  fatty  acids  based  upon 
the  solubility  of  fatty  acids  with  double  bonds,  such  as  oleic 
acid,  in  concentrated  sulfuric  acid  at  ordinary  temperatures 
with  the  formation  of  sulfo-fatty  acids  soluble  in  water;  the 
saturated  fatty  acids  such  as  stearic  acid  are  unacted  on.  In 
1 9 14  Twitchell  makes  u.se  of  the  principle  of  the  equal  depression 
of  the  freezing  point  for  equal  molecular  proportions  and  de- 
termines the  composition  of  mixtures  of  fatty  acids  by  the 
observation  of  the  freezing  point  in  the  Beckmann  apparatus. 
To  test  whether  a  given  sample  of  fatty  acid  is  identical  with 
a  fatty  acid  of  known  character  he  adopts  the  novel  plan  of 
adding  a  portion  of  the  known  acid  and  noting  whether  there 
is  any  change  in  the  melting  point  of  the  mixture. 

Possibly  his  investigation  of  the  action  of  concentrated  sul- 
furic acid  on  fatty  acids  led  to  his  discovery  of  the  catalytic 
action  of  the.se  sulfo-fatty  acids  in  bringing  about  the  decomposi- 
tion of  fats  by  water,  as  little  as  0.5  per  cent  splitting  up  the  fats 
almost  completely  on  digestion  with  water. 

The  prevailing  method  for  the  manufacture  of  soap  consists 
in  the  saponification  of  the  fat  by  boiling  with  caustic  soda 
lye.  The  fatty  acids  combine  with  the  soda  as  soap,  which 
is  separated  by  the  addition  of  salt  and  comes  to  the  surface  in 
the  molten  condition.  The  glycerine  is  set  free  and  remains 
dissolved  in  the  spent  lye.  It  is  contaminated  by  the  presence 
of  the  salt  used  to  render  the  soap  insoluble.  During  the  con- 
centration of  the  spent  lye  for  the  recovery  of  the  glycerine 
a  large  quantity  of  salt  is  thrown  out,  making  the  evaporation 
somewhat  difficult,  although  this  difficulty  has  been  largely 
eliminated  of  late  years  by  tlie  use  of  properly  designed  evapora- 
tors working  in  vacuo.  The  final  crude  glycerine  is  a  saturated 
solution  of  sodium  chloride  and  some  sulfate  together  with 
sodium  salts  of  the  lower  fatty  acids  in  glycerine  and  water. 
The  crude  averages  about  80  per  cent  glycerine  and  contains 
about   10  per  cent  mineral  salts. 

The  glycerine  refiner  distills  this  crude  soap  lye  glycerine  with 
superheated  steam  in  vacuo  for  the  production  of  dynamite 
glycerine  and  chemically  pure  glycerine.  The  presence  of  so 
large  a  quantity  of  salt  raises  the  boiling  point  of  the  glycerine 
and  reduces  its  vapor  tension  so  that  the  output  is  reduced. 
Furthermore,  the  salt  accumulates  in  the  still,  producing  finally 
a  semi-solid  mass  of  salt  and  glycerine  together  with  tarry 
matter  which  constitutes  the  "foots"  of  the  glycerine  trade. 
It  is  a  difficult  matter  to  extract  all  the  glycerine  from  this 
residue  without  undue  loss  The  treatment  of  the  "foots"  is 
one  of  the  problems  of  the  glycerine  trade. 

The  glycerine  distiller  therefore  prefers  a  crude  glycerine 
which  is  free  from  this  large  admixture  of  salt.  Up  to  the  early 
nineties  all  the  crude  glycerine  refined  consisted  of  what  is 
termed  "saponification"  or  "candle  crude."  It  was  the  by- 
product of  the  candle  factory  and  was  produced  by  the  breaking 
up  of  fat  in  autoclaves  by  heating  under  pressures  of  200  lbs. 
and  more  with  water  and  a  little  lime.  The  fat  was  split  into 
fatty  acids  and  glycerine  directly  and  the  latter  was  a  jiroduct 
of  considerable  purity,  containing  about  88  per  cent  glycerine 
and  less  than  i  .0  per  cent  of  mineral  matter.  With  the  greatly 
increased  demand  for  glycerine  for  explosives,  the  soap  makers, 
who  formerly  discarded  their  spent  lyes,  found  it  profitable 
to  work  them  up  and  to-day  scarcely  a  soaj)  plant  can  be  found 
that  does  not  recover  its  glycerine  as  a  by-product.  This  change 
in  the  business  compelled  refiners  to  develop  methods  for  dis- 
tilling soap  lye  crude  glycerine  and  eventually  the  larger  re- 
finers were  working  mainly  on  soap  lye  rather  than  candle 
crudes  although  there  were  still  a  number  of  glycerine  refiners 
who  worked  exclusively  on  candle  crudes.  Saponification 
crudes  free  from  salt  have  always  been  in  greater  demand  and 
have  commanded  a  higher  price  per  unit  of  glycerine.  For 
several  years  before  the  advent  of  the  Twitchell  process  it  looked 
as  if  saponification  glycerines  would  practically  disappear  as 


a  raw  material  in  glycerine  refining,  but  with  the  success  of  this 
process,  the  Twitchell  saponification  crudes  made  their  appearance 
and  are  now  a  factor  of  very  considerable  importance. 

The  ideal  of  the  glycerine  refiner  has  thus  been  the  production 
of  a  saponification  rather  than  a  soap  lye  crude  by  the  soap 
manufacturer.  It  has  also  been  the  hope  of  the  soap  trade  to 
obtain  directly  by  the  deglycerinizing  of  the  fat  a  relatively 
pure  glycerine  as  a  by-product  and  free  fatty  acids  which  could 
be  combined  witli  the  cheap  alkali,  carbonate  of  soda,  to  make 
soap  instead  of  the  relatively  expensive  caustic  soda.  To  meet 
this  need  have  been  developed  the  Twitchell  process,  the  Krebitz 
lime  saponification  method  and  the  Connstein  ferment  process. 

The  Twitchell  process  is  characterized  by  its  simplicity,  and 
the  low  cost  of  the  plant.  Prior  to  Twitchell's  discovery  free 
fatty  acids  could  be  obtained  only  by  the  autoclave  process, 
involving  a  heavy  capital  outlay  for  copper  apparatus,  which 
could  be  used  only  in  small  units  and  at  a  high  temperature 
and  pressure,  making  the  operation  expensive  and  somewhat 
dangerous.  The  autoclave  saponification  was  used  only  in 
the  preparation  of  fatty  acids  for  candle  manufacture  as  the 
process  was  too  costly  to  be  used  in  the  production  of  fatty  acids 
to  be  used  in  soaj).  The  Twitchell  process  is  effected  in  loosely 
closed  wooden  tanks  by  digestion  with  water  and  as  little  as 
0.5  per  cent  of  the  reagent  and  at  a  temperature  not  exceeding 
that  of  exhaust  steam.  The  reaction  may  be  carried  out  on  a 
scale  limited  only  by  the  size  of  the  tank.  The  Twitchell  process 
has  made  possible  the  saponification  of  fats  on  a  huge  scale 
for  the  direct  production  of  free  fatty  acids  and  saponification 
glycerine.  When  combined  with  the  distillation  of  the  fatty 
acids  for  the  improvement  of  their  purity  and  color  it  has  opened 
up  for  the  soap  trade  the  use  of  low-grade  fats  such  as  garbage 
grease  and  cottonseed  oil  foots,  the  distilled  fatty  acids  being 
combined  directly  with  carbonate  of  soda  to  produce  light  colored 
.soaps,  and  the  glycerine  being  made  available  for  the  manufacture 
of  dynamite  glycerine.  In  this  way  the  Twitchell  process  has 
benefited  the  glycerine  trade  in  these  days  of  glycerine  scarcity 
by  opening  up  new  sources  of  supply  which  were  previously 
imavailable. 

In  Germany,  Austria,  Belgium,  Holland  and  5?candinavia 
the  larger  soap  plants  prepare  soap  from  fatty  acids  directly 
and  it  is  stated  that  in  most  of  them  the  Twitchell  process  is 
used  for  the  saponification  of  the  fats. 

The  crude  glycerine  prepared  by  the  Twitchell  process  comes 
to  us  from  all  parts  of  the  world  in  normal  times.  There  is  no 
evidence  that  it  is  any  less  pure  than  the  saponification  glycerines 
prepared  by  other  processes  provided  the  fat  used  as  a  raw 
material  is  reasonably  pure.  Of  course  a  crude  glycerine  manu- 
factured from  a  low-grade  fat  will  fall  behind  a  crude  made  from 
good  tallow,  but  this  is  the  fault  of  the  fat  and  not  of  the  Twitchell 
process. 

9  Van  Brunt  Street 
Brooklyn.  New  York 


THE  TWITCHELL  PROCESS  IN  THE  SOAP  AND 

CANDLE  INDUSTRY 

Hy  Martin  H.  Ittner 

It  is  essential  in  the  candle  industry  to  have  a  satisfactory 
method  for  separating  the  fatty  acids,  as  such,  from  fats  and 
oils.  In  the  soap  industry  such  a  method,  altliough  it  may 
be  considered  highly  desirable,  is  not  absolutely  essential  since 
very  satisfactory  methods  of  direct  saponification  by  alkali 
with  the  formation  of  soaps  have  long  been  utilized. 

In  recent  years  there  has  been  an  ever  increasing  demand  for 
fats  and  oils  and  for  glycerine,  resulting  in  greatly  increased 
market  prices  for  these  articles.  The  market  for  soap  and 
candle  materials  is  directly  related  to  the  market  for  fats  and 
oils  for  edible  purposes,  and  an  increased  demand  from  either 
source  usually  results  in  higher  prices  for  all  fatty  materials. 
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High  costs  of  fatty  materials  have  made  the  practice  of  economy 
in  the  soap  business  essential.  This  economy  may  manifest 
itself  in  several  ways.  We  will  assume  at  the  outset  that  the 
soap  manufacturer  wishes  to  maintain  the  quality  of  his  products 
and  therefore  does  not  wish  to  make  any  sacrifice  in  this  direc- 
tion. His  economy  must  therefore  direct  itself  in  one  of  the 
following  directions.  He  must  be  able  to  utilize  the  fats  and  oils 
which  give  the  greatest  soap-making  value  at  the  lowest  cost 
per  unit,  whether  these  materials  are  of  the  better,  or  of  the  poorer 
grades,  and  he  must  so  utilize  his  raw  material  that  his  final 
product  will  be  of  the  same  high  quality  no  matter  which  grade 
is  used.  This  means  that  he  must  have  a  method  for  getting 
good  results  out  of  poor  material  when  poor  material  gives  him 
the  greatest  value.  It  is  also  essential  that  he  have  some  method 
whereby  he  may  realize  the  maximum  yield  of  glycerine  at  a 
low  expense  for  recovery.  This  wUl  readily  be  understood 
when  I  explain  that  at  present  market  prices  for  fats  and  glyc- 
erine, which  are  both  abnormally  high,  the  value  of  the  glyc- 
erine which  can  be  obtained  from  one  pound  of  neutral  fat  is 
about  one-third  of  the  cost  of  the  fat.  Another  possible  way  of 
economizing  is  by  quicker  and  easier  methods  of  manufacture. 

All  of  these  advantages  have  been  realized  in  some  degree  by 
the  advent  of  the  Twitchell  Process.  This  process  has  given  a 
quick  and  easy  method  of  obtaining  fatty  acids  and  glycerine 
from  the  better  grades  of  fats  so  that  the  fatty  acids  arc  at  once 
ready  for  making  into  better  grades  of  soap,  and  the  glycerine 
is  in  a  condition  suitable  for  easy  refining.  With  care  of  opera- 
tion the  yield  of  glycerine  may  be  made  to  approximate  closely 
that  theoretically  obtainable.  When  one  operates  on  fats  of 
poorer  quality,  and  this  may  include  black  greases,  the  Twitchell 
process  furnishes  a  most  satisfactory  method  for  saponifying. 
It  renders  the  glycerine  available  even  from  such  material  and 
gives  acids  in  good  condition  for  refining  by  means  of  distilla- 
tion. Such  acids  when  carefully  distilled  yield  a  jjroduct  of 
light  color  suitable  for  making  good  soaps  of  light  color. 

The  use  of  fatty  acid  as  such,  has  made  it  practicable  to  use 
soda  ash  very  largely  in  the  place  of  caustic  soda.  The  former 
will  combine  direct  with  fatty  acids  making  soap  from  which 
the  glycerine  has  already  been  recovered,  whereas  caustic  soda 
is  necessary  for  the  direct  saponification  of  fats  into  soap,  and 
tedious  methods  must  be  used  for  recovering  the  glycerine,  and, 
except  with  the  greatest  care,  the  yields  will  be  poor.  It  will 
thus  be  seen  that  in  the  use  of  fatty  acids  a  saving  may  be  ef- 
fected even  in  the  alkali  employed,  as  soda  ash  is  considerably 
cheaper  than  caustic  soda  per  unit  of  alkali. 

Katty  acids  suitable  for  making  into  soaps  are  also  suitable 
for  making  into  candle  material.  Partial  solidification  on  cool- 
ing, will,  with  the  aid  of  pressing,  separate  the  solid  from  the 
liquid  acids.  The  former  yields  commercial  stearic  acid  so  ex- 
tensively used  in  candle  manufacture  and  the  liquid  portion 
yields  the  oleic  acid,  or  red  oil  of  commerce.  Red  oil  is  used  for 
many  purposes,  one  of  the  most  important  being  in  the  manufac- 
ture of  soaps  for  wa.shing  wool.  The  maimfacturo  of  stearic 
acid  and  red  oil  did  not  originate  with  the  Twitchell  process, 
but  the  advent  of  the  Twitchell  process  gave  a  new  and  satis- 
factory method  for  the  saponification  of  fatty  materials  at  atmos- 
pheric pressure  with  advantages  over  methods  formerly  used. 
Saponification  by  means  of  the  Twitchell  process  may  1)C  car- 
ried out  on  a  larger  scale,  with  less  danger  and  with  greater  ease 
than  is  obtainable  by  other  methods  of  acid  saponification. 

Twltchell's  first  process  in  which  he  rccomnieiuled  the  use  of 
sulfo-oleic  ncid  was  soon  very  nuicli  improved  by  the  use  of 
naphthalene  along  with  the  oleic  ncid  during  sulfunation.  Whut- 
ever  the  chemical  nctioti  in  the  formation  of  this  reagent,  it  is 
my  observation  bn.sed  on  niuny  expcrinicntt  that  sjitisfnctory 
suponification  will  result  from  saponilier  made  as  Twitchell 
recommends,  whereas  poor  resull.s  only  are  olitainiilile  when 
■cpnrutc  siilfonatlon  nnd  mibscqiirnt  inixinK  »re  tried.     I  may 


say  that  I  was  among  the  first  to  have  an  opportunity  to  become 
acquainted  with  the  process,  and  that  this  acquaintance  has 
become  closer  with  added  years. 

This  process  has  been  put  to  extensive  use  not  only  in  America 
but  also  in  European  countries. 

Twitchell  later  devoted  himself  to  a  method  of  manufacturing 
his  reagent  which  would  enable  him  to  produce  it  in  a  more 
concentrated  form.  He  accomplished  this  by  methods  of  wash- 
ing, extraction,  precipitating  as  an  insoluble  salt  readily  con- 
vertible into  an  active  reagent,  and  drying. 

Twitchell  and  others  alhed  with  him  have  been  busy  in  try- 
ing to  perfect  still  further  the  process  of  atmospheric  saponi- 
fication of  fats  into  fatty  acids  and  glycerine  with  the  result 
that  a  new  sulfonated  reagent  with  increased  efliciency  has  re- 
cently been  put  upon  the  market. 

The  Twitchell  process  has  been  so  simple  in  use  that  one  is 
almost  inclined  to  look  upon  it  as  nothing  out  of  the  ordinary. 
On  careful  thought  one  is  forced  to  conclude  that  it  is  this  sim- 
plicity, which  has  become  almost  commonplace,  that  commends 
it  most  to  the  many  who  have  become  familiar  with  it  in  opera- 
tion. 

Colgate  and  Company 
Jersey  City,  New  Jersey 


AN  APPRECIATION  OF  DR.  TWITCHELL 
By  H.  B.  Schmidt 

Thirty  years  is  a  span  of  life;  practically  a  generation  has 
passed.  In  these  thirty  years  there  has  been  marked  in  this 
country  jjrofound  changes,  unparalleled  growtli  and  vast  de- 
velopment. The  bankers  may  tell  you  that  tlie  bank  deposits 
have  increased  maybe  ten  times  in  this  span  of  life.  The  iron 
people  tell  us  the  production  of  iron  has  increased  about  ten 
times,  but  what  measure  of  increase  can  be  put  upon  the  de- 
velopments that  increa.sed  the  chemists'  opportunity;  how  many 
times — surely  hundred-fold  at  least. 

Only  a  generation  ago  when  the  industrial  chemist  started 
on  a  career,  what  had  he  before  him?  Simply  tlie  obligation  to 
create  an  opijortunity.  As  an  exami)le.  going  back  to  condi- 
tions then  in  Chicago,  it  was  hard  work  to  gather  together  a 
dozen  men  at  a  meeting.  There  were  two  iron  and  steel 
chemists,  two  railroad  chemists,  two  metallurgical  chemists, 
one  soap  chemist,  one  packing  house  chemist,  two  :issaycrs 
and  two  professors. 

The  audience  will  get  an  idea  of  how  inadequate  the  concep- 
tion was  of  what  a  chemist's  work  consisted.  One  day  in 
walking  across  tlic  Stix-k  Yards  in  Chicago  I  was  stopped  by 
one  of  the  tlicn  partners  of  what  to-day  is  one  of  the  largest 
institutions  of  its  kind  in  this  counlr>-.  who  said:  What  do  you 
do  over  at  Fairbanks?  ICxplaining  what  the  routine  duties 
consisted  of,  what  new  things  had  In-en  taken  up  by  the  lalMira- 
tory,  he  finally  said  he  did  not  think  his  institution  could  em- 
ploy a  man  full  time  at  that  kitul  of  work  nnd  yet  three  months 
after  that  interview  that  institution  employed  its  first  chemist. 
I  dare  .sjiy  that  that  institution  to-day  has  at  least  fifty  in  its 
employ. 

In  Cincinnati  the  conditiiuis  were  similar  and  if  we  look  back 
on  the  dicmist's  equipment  and  tcm|Hirar>'  nlnnlc  on  a  faroti 
lot  or  prairie,  with  no  gns.  no  electric  liKhts.  conl  oil  lamps  and 
gasoline  torches  to  work  with,  gixnl  work  was  carried  on  under 
severe  coiulitions.  I  nni  always  amused  when  I  think  of  the 
diflicultics  of  nitrogen  dctcnninalion  ot  that  time  citni|virTr<l 
with  the  Kjcldahl  nictlnHl  of  to-<lay.  Then  wc  rc<iuirr«l  11  ulass 
combustion  tulic  nnd  charcoal  furnocc  oiid  a  Ixiy  to  fan  the 
conU  If  he  fanned  too  hard  the  gin**  tul>c  cnwkcil.  i(  he  did 
not  fan  hard  rnoiiKh.  the  distillate  wiis  oilotrd  and  you  c«nild 
not  titrate  it.  I'lidcr  just  stich  conditions  our  dinlingtiiKhrd 
guest   started. 
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Comparing  these  meagre  facilities  with  the  magnificent 
equipments  that  ever>'  college  laboratory  has  to-day,  reminds 
me  of  Dr.  Wolcott  Gibbs,  when  one  day  in  his  research  labora- 
tory the  inadequacy  of  the  equipment  came  up  and  he  said,  why — 
do  you  know  how  the  great  Berzelius  got  his  results?  Why,  all 
he  had  were  some  bottles,  a  sink  and  a  cook  stove.  The  present 
generation  hardly  realizes  the  huge  advantages  it  enjoys. 

Away  out  in  a  field,  in  a  lean-to  to  a  still  building.  Dr.  Twitchell 
also  had  to  create  his  opportunities,  and  there  seeds  of  progress 
were  sown.  There  were  no  fixed  lines  to  work  on;  every  step 
was  capable  of  researches  and  these  had  to  be  made,  in  order 
to  find  the  ways  in  which  the  chemist  could  make  himself  valua- 
ble and  gradually  the  structure  grew.  Twenty-four  years  ago 
next  July,  there  was  a  meeting  of  the  Society  of  Chemical  In- 
dustry at  Liverpool.  One  morning  while  riding  on  the  second 
story  of  a  tram  car,  the  two-story  horse  car  affair  that  was  a 
characteristic  of  English  streets,  reading  the  itinerary  of  the 
meeting,  a  party  slapped  me  on  the  back  and  said:  Are  you  a 
chemist?  Yes.  Oh!  he  said,  you  are  from  the  States;  where 
from?  Chicago,  but  expected  to  go  back  to  Cincinnati  to  live. 
Well,  he  said,  Cincinnati — why,  do  you  know  Mr.  Twitchell? 
Yes;  we  went  to  school  together.  Well,  he  said,  he  has  made 
the  best  contribution  to  the  chemistry  of  soaps  that  I  know  of. 
His  method  of  determining  the  percentage  of  rosin  in  a  soap 
is  the  orJy  method  that  gives  us  the  means  of  determining  what 


a  competitor  had  in  his  soap  and  then  my  party  said,  here  is  ray 
card,  I  am  Dr.  Lewkowitsch  and  I  had  the  experience  of  Mr. 
TwitcheU's  method  in  a  soap  works  at  Warrington.  So  our 
honored  guest  early  in  his  career  had  made  a  valuable  contri- 
bution to  chemistry  and  was  known  to  every  chemist  that  was 
in  fat  and  soap  lines. 

Only  a  few  more  years  elapsed  when  Mr  Twitchell  was  able 
to  announce  the  working  out  of  the  Twitchell  Process  of  Glycerine 
Recovery.  The  means  employed  were  so  novel  that  when  the 
German  Patent  Office  was  asked  to  pass  upon  the  patentability 
of  the  Twitchell  Reagent,  they  doubted  that  a  compound  de- 
scribed by  Mr.  Twitchell  could  exist.  It  is  needless  for  me  to 
dwell  on  what  the  process  has  done.  You  have  heard  that  told 
to-night. 

Just  one  more  word.  The  young  chemists  will  appreciate 
much  more  what  Mr.  Twitchell  has  done.  His  methods,  em- 
ployed in  hundreds  of  factories  throughout  the  world,  have 
necessitated  chemical  control  of  operations  and  so  have  afforded 
just  that  many  more  opportunities  for  the  employment  of  skilled 
chemists  in  those  works.  So  what  one  man  has  done  benefits 
one  hundred  or  one  thousand  men  through  a  new  opportunity 
and  this  is  only  one  example  of  where  the  opportunity  has  grown 
a  hundred-fold. 

Cincinnati,  Ohio 
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VOLCANIC  HEAT  HARNESSED 

The  idea  of  utilizing  volcanic  heat  to  drive  an  electric  power 
house  of  15,000  h.  p.  might  seem  as  being  out  of  the  realms 
of  possibility,  but  Prof.  Luiggi  in  an  interesting  article  pub- 
lished in  Engineering  for  November  17,  1916,  shows  that  this 
has  been  realized  in  Italy.  In  Central  Tuscany,  near  Volterra, 
there  are  numerous  cracks  in  the  ground  from  which  powerful 
jets  of  very  hot  steam  spout  high  in  the  air  with  great  violence 
and  constancy,  bringing  up  boric  acid  and  other  mineral  sub- 
stances. These  substances  were  found  to  have  a  corrosive 
effect  on  the  engines  in  earlier  experiments  and  the  difficulty 
has  been  overcome  by  applying  the  steam,  not  directly  in  the 
engine,  but  to  a  boiler  instead  of  fuel.  Steam  is  produced  in 
the  boiler  and  then  passed  to  a  superheater  after  which  it  is 
utilized   in   the   steam   turbine   for  driving   electric   generators. 

The  undertaking  has  been  financed  by  Prince  Ginori-Conti 
and  three  large  installations  on  this  system  have  been  made; 
one,  of  3000  kw.  units,  was  started  in  January,  1916,  the  second 
in  April,  and  these  seem  to  be  giving  satisfactory  results.  The 
third  system  has  been  started  quite  recently.  These  in- 
stallations are  said  to  be  a  great  boon  to  the  industries  of  Tus- 
cany, where  coal  is  scarce  and  very  expensive  and,  since  the 
region  available  is  a  large  one,  it  seems  likely  that  the  system 
may  be  developed  in  such  a  way  as  to  produce  hundreds  of 
ihousands  of  horse-power. — A.  McMillan. 


ADULTERATION  OF  COD-LIVER  OIL  IN  NORWAY 

According  to  an  article  in  the  Oil  and  Color  Trade  Journal, 
50  (1916),  1815,  the  oils  of  exotic  fishes  used  for  the  adulteration 
of  cod-liver  oil  by  some  merchants  are  mostly  those  obtained 
from  the  so-called  "coal-fish,"  "cusk"  and  haddock.  It  is  as- 
serted that  the  Lofoten  merchants  do  not  practice  adulteration 
during  winter  fishing  and  that  the  oil  then  made  is  extracted 
exclusively  from  cods'  livers  because  no  other  fish  is  caught 
at  that  season  there.  Chemicals  are  not  used  for  purposes  of 
adulteration  as  far  as  is  known,  excepting  perhaps  a  ver>'  small 
percentage  of  sulfuric  acid  during  the  steaming  process  in  order 
to  facilitate  the  extraction  of  the  oil.  If  cod-liver  oil  be  mixed 
with  oils  from  the  livers  of  fish  akin  to  the  cod  (such  as  men- 
tioned above),  the  mixture  is  never  more  than  10  per  cent  or 
less.  It  is  very  difficult  to  prove  this  adulteration  by  methods 
of  analysis.  Medically  pure  genuine  cod-liver  oil  is  of  a  bright 
yellow  color  with  a  slight  odor  only.  The  adulteration  of  this 
oil  is  said  to  have  started  in  Norway  just  about  1900. — M. 


RUSSIAN  MANGANESE  ORE 

The  Board  of  Trade,  London,  is  in  receipt  of  a  memorandum 
by  a  Russian  mining  engineer  dealing  with  the  subject  of  Rus- 
sian supplies  of  manganese  ore.  The  memorandum  discusses 
the  manganese  ore  industry  in  Russia,  the  production  and  ex- 
portation of  the  ore  and  the  market  values  of  the  same.  Tables 
are  also  given  showing  the  production  of  steel  in  certain  coun- 
tries and  the  imports  of  manganese  ore  into  these  countries 
distinguishing  the  proportion  of  ore  of  Russian  origin,  etc.  It 
is  stated  that  the  output  of  manganese  ore  in  Russia  has  increased 
from  396,324  tons  in  1904  to  681,424  tons  in  1909  and  to  1.255,- 
175  tons  in  1913. 


ON  SOYA-BEAN  EXTRACTION  BY  TRICHLORETHYLENE 

During  recent  years,  says  Nature,  98,  235,  trichlorcthylene 
has  been  used  to  a  limited  extent  for  the  extraction  of  the  oil 
of  soya  beans.  The  residual  meal  has  been  disposed  of  as  food 
for  stock  and,  as  trichlorcthylene  is  not  poisonous  when  given 
in  comparatively  large  doses  to  cattle,  little  risk  would  appear 
to  be  involved  in  the  use  as  food  of  the  extracted  meal.  Cases 
of  poisoning  of  cattle  attributed  to  soya  meal  have,  however, 
been  brought  to  the  notice  of  the  Board  of  Agriculture  and  the 
results  of  their  investigations  which  are  summarized  in  the  Oc- 
tober number  of  the  Journal,  throw  strong  suspicion  on  the  meal 
obtained  by  the  use  of  trichloroethylene.  The  cases  of  poison- 
ing, both  on  the  farms  and  in  the  investigations,  were  limited 
entirely  to  cattle  and,  in  no  case,  was  a  sudden  effect  produced. 
Experience  with  soya  extracted  with  naphtha  makes  it  very 
improbable  that  the  poisonous  principle  could  have  been  in- 
herent in  the  meal.  It  would  appear  more  probable  that  it  was 
either  a  non-volatile  impurity  present  in  the  trichlorcthylene, 
or  a  product  of  interaction  between  the  trichlorcthylene  and 
some  ingredient  of  the  soya  beans.- — M. 
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BRITISH  DEPARTMENT  OF  SCIENTIFIC  AND  INDUS- 
TRIAL RESEARCH 

A  numerous  and  influential  deputation  was  received  by  Lord 
Crewe  on  Friday,  December  i,  in  connection  with  the  work  which 
is  being  done  by  the  Committee  for  Research  appointed  some 
time  ago.  An  important  announcement  as  to  the  Government 
policy  was  made  in  the  following  terms:  The  Government  has 
decided  to  establish  a  separate  Department  of  Scientific  and 
Industrial  Research  for  Great  Britain  and  Ireland  under  the 
Lord  President  of  Council  and  with  President  of  the  Board  of 
Education  as  Vice-President.  They  have  also  decided,  subject 
to  consent  of  Parliament,  to  place  a  large  sum  of  money  at  the 
disposal  of  the  new  department  to  be  used  as  a  fund  for  the  con- 
ducting of  research  for  the  benefit  of  national  industries  on  a 
cooperative  basis.  To  enable  the  department  to  hold  the  new 
fund  and  any  other  money  or  property  for  research  purposes, 
a  Royal  Charter  has  been  granted  to  the  official  members  of 
the  Privy  Council  for  Scientific  and  Industrial  Research  under 
the  title  "The  Imperial  Trust  for  the  Encouragement  of  Scien- 
tific and  Industrial  Research."  The  Trust  is  empowered  to 
"accept,  hold  or  dispose  of  money  or  personal  property  in  further- 
ance of  the  objects  for  which  it  has  been  established,  including 
money  voted  by  Parliament." — M. 


BRITISH  BOARD  OF  TRADE 

During  the  month  of  December  the  British  Board  of  Trade 
received  inquiries  from  firms  in  the  United  Kingdom  and  abroad 
regarding  sources  of  supply  of  the  following  articles.  Firms 
which  may  be  able  to  supply  information  regarding  these  arti- 
cles are  requested  to  communicate  with  the  Director,  Commercial 
Intelligence  Branch,  Board  of  Trade,  73  Basinghall  St.,  Lon- 
don, E.  C: 
Advertising  novelties 

ury-note  cases 
Amethysts,  rough 
Brushes,  paint 

ClIRMICALS; 

Fatty     acids,    especially  lii 

and  palm  kernel 
Formaldehyde,  commercial  40  per        Machinery  and  Plant  for: 

cent   in  barrels  Cutting  veneer  out  of  blocks 

Toluidine  Cutting     and     perforating    toilet 

Zinc  oxide  paper 

Naphtbol  yellow  Making  block  bottom  paper  bags 


treas-        Ci-liKS:    Adhesive,  similar  to  "Syn- 

detikon" 
(iramophone  accessories 
Kapok  for  filling  cushions 
I.emon    and    egg    tints    for   coloring 

Italian  pastes 


China  and  Eartiiknwarb: 

General  earthenware 

Toy  china 

China  marbles 

Fancy  pottery 

Combs,  amber 

Cork,  agglomerated 

Dental  supplies 
Drugs: 

Cimicifuga 

Pcnngrcek 

DvKS: 

Powdereo     color    for    soap    1 
confectionery   manufacture 


Cutting  fiber  for  trunk 
Cutting  and  planing  whalebone 
Making    buttons    from    celluloid 
horn,      vegetable      ivory,      and 
similar   composition 
Small  horizontal   three  roller   mill 
for  crushing  lime 
Magnets,  permanent 
Mirrors 

Porcelain,  lining,  hard 
Push-buttons 
Pens,  fountain 
Paints,    dipping    paints    for    papier 

mAcii^  articles 
Paint,  luminous 
Wagons,  pedrail 

— M. 


SANDALWOOD  OIL 
The  action  of  the  Mysore  Government  has  resulted  in  tlic 
price  of  this  indispensable  oil  being  forced  up  to  $10  per  lb 
and  within  a  month  the  price  may  reach  S15.  There  ore  hardly 
any  sellers.  According  to  a  report  in  the  Madras  Weekly  Mail, 
the  Mysore  Governineiit  are  preparing  to  distil  the  whole  of  the 
wood  producer!  and  may  also,  in  the  near  future,  take  over  the 
supplies  from  Coorq  and  Madras.  The  Uil  and  Color  Trade 
Journal,  50  (if;i6),  1965,  states  that  the  Germans,  who  had  a 
large  share  in  the  industry,  have  selected  a  neutral  coiuitry, 
Spain,  to  continue  their  operations  and  that  Schinimrl  &  Co., 
Leipzig,  arc  said  to  have  started  a  factory  there  and  arc  nfTcr- 
ing  Spanish  saiiilalwood  oil  iit  101  fr.  per  kg.  The  re|Hirt 
has  not  liccii  ('oiilirincil,  but  it  would  seem  that  representations 
have  beni  iiiiide  in  the  CoviTiiinrnl  as  to  the  propriety  of  the 
wooil  being  able  to  lie  so  treated  in  Spain  in  lielialf  of  (lerniiin 
Interests,    -M. 


BOLIVIAN  MINERAL  EXPORTS 

The  following  taken  from  the  report  issued  by  the  Minister 
of  Finance  to  the  BoUvian  Congress,  gives  the  quantity  and 
value  of  the  mineral  exports  of  Boh  via  in  1915  as  compared  with 
1914: 

. 1914 .         . 19!5 . 

Kilograms              Value  Kilograms           Value 

Tin  ore 37  ,259,617  SI6. 142. 168  36.492.235  $17,056,471 

Copper  ore 4,793,166        1.821,403  17.944.954       3.661.082 

Copper  bars 3,874,272        1,472,223  5.867.844        1.672,335 

Wolfram 276,316            105,000  792,511            569.181 

Lead  ore 1,554.570            590,736  2,207,753             144,230 

Antimony  ore 186.077              70.709  17.923.048       5.108.068 

Bismuth  ore 437,751             166,345  662,547        1,394.772 

Molybdenum  ore 5.191                 7,279 

It  wiU  be  seen  that  owing  to  the  high  price,  the  value  of  the 
exports  of  tin  increased  in  spite  of  a  decrease  in  quantity.  In 
1 9 1 4  the  consuming  countries  were  the  United  Kingdom,  Germany, 
France  and  Belgium,  but  last  year  new  markets  were  found  in  the 
United  States,  Argentina  and  Uruguay.  The  large  increase 
both  in  the  quantity  and  value  of  wolfram  is  due  to  the  war 
conditions  which  have  caused  a  demand  for  tungstic  acid  in 
the  New  York  market.  The  increase  in  antimony  export  is 
continued  in  the  present  year.  Molybdenum  appears  in  the 
list  for  the  first  time.  It  is  being  obtained  from  the  Illampu 
Range. — M. 


BURMESE  MYROBALANS  AS  TANNING  MATERIAL 
The  Chemical  Trade  Journal,  59  (1916),  508,  quoting  from  a 
report  on  Burmese  myrobalans  as  a  tanning  material,  which  has 
been  drawn  up  by  the  chemical  adviser  to  the  Forest  Research 
Institute,  states  that  Burmese  myrobalans  are  different  from 
the  Indian  chebulic  myrobalans  in  points  of  tanning  and  non- 
tanning  content  and  color.  In  the  air-dried  Burmese  material 
the  tannin  varies  from  16  to  32  per  cent;  the  general  average 
may  be  taken  to  be  20  to  25  per  cent,  which  is  about  one-half 
the  tanning  content  of  the  Indian  m>Tobalans.  The  non- 
tanning  content  ranges  from  25  to  34  per  cent  and  the  general 
average  may  be  taken  to  be  27  to  30  per  cent,  which  is  three 
times  that  of  the  Indian  myrobalans.  The  color  is  high.  The 
maximum  red  and  yellow  recorded  for  the  Indian  product 
is  2.5  red  and  7.4  yellow  while  the  Burmese  myrobalans-  in 
general  have  4.9  red  and  18.35  yellow.  The  excess  of  non- 
tanning  material  is  a  disadvantage  and  all  tanning  substances 
having  non-tanning  constituents  in  excess  must  be  classed  as 
somewhat  inferior,  although  tliey  give  fairly  good  results.  To 
form  some  opinion  as  to  actual  tanning  pro|>crties  of  Burmese 
myrobalans,  experiments  were  undertaken  which  disclosed 
that  leather  made  with  this  material  alone  is  spongy  and  tough 
like  the  leather  produced  by  tlic  Indian  product,  that  Burmese 
myrobalans  can  be  used  in  tJie  preparation  of  butts  for  making 
army  boots  and  shoes  and  also  for  making  black  upi)crs  of  in- 
ferior quality  and,  further,  that  they  will  l)e  useful  in  conjunc- 
tion with  babul  bark  for  making  sole  leather. — M. 


JAPANESE  LACQUER  INDDSTRY 
It  is  reported  that  a  Jap.mcse  Economic  Committee  has 
recently  considered  incisures  (or  ptomoliiig  the  lac(|uer  indus- 
try in  Japan.  The  demand  for  this  product  in  Japan  is  in- 
crea.sing  each  year  and  has  attained  an  annual  average  <>(  J.ijo, 
000  lbs.  during  the  last  three  years.  It  Ls  cstimnlcd  that  the 
total  requirements  of  the  country  will  soon  reach  j,jiin,ixi»> 
lbs.  annually.  The  aggregate  output  of  lucqiicr  in  Japan  in 
1915  wus  valued  at  alMiul  f4,.<.M>,ixo  and  this  is  r\|H-vlc»l  to  be 
increased  after  the  war  Thirtv  |>cr  cent  of  the  qiinntity  of 
lacquer  consiuned  in  Japan  is  pnHhu-rtl  at  home,  the  rrniaindcr 
l>eing  ini|Mirtrd  from  China  The  Government  is  iirgrtl  to 
make  fuillu-r  investigations  with  u  view  to  promoting  the  m- 
du.<itry  in  Ja|>an.    -M. 
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on.  PRODUCTION  FOR  JAPAN 

According  to  the  annual  report,  the  production  of  crude  oil 

in  Japan  was  3,015,327  barrels  in  1915,  an  increase  of  272,807 

barrels  over  that  of  the  preceding  year.     The  following  table 

shows  the  production  by  districts  in  1915  compared  with   1914: 

Pbsfhctore  1915  1914 

Echigo 1,975,443     2,009,603 

Akita 1,008,863  706,588 

Enshu 2,098  2,455 

Yamagata 471  425 

Nagano 195  148 

Hokkaido 9,287  5,987 

Taiwan  (Formosa) 18,970  17.314 

ToTAi,  (barrels) 3.015,327     2,742.520 

— M. 


WATTLE  EXTRACT  MANUFACTURE  IN  NATAL 

The  manufacture  of  extract  from  wattle  bark  grown  in  Natal 
has  become  an  accomplished  fact.  One  firm  is  already  treating 
50  tons  of  green  bark  daily.  A  first  consignment  of  extract 
was  recently  sent  to  the  United  Kingdom.  Another  company 
expects  to  commence  work  in  a  few  months'  time.  The  utiliza- 
tion for  extract  of  a  proportion  of  the  bark  grown  in  Natal  will 
considerably  improve  the  market  position  of  tliis  material. 
During  1915  the  total  quantity  of  wattle  bark  shipped  was 
40,027  tons,  which,  owing  to  difSculties  as  to  cargo-space,  was 
some  18,000  tons  less  than  in  the  previous  year. — M. 


TRANSPORT   OF   HOT   FLUID   PITCH   FOR   BRIQUETTE 
MAKING 

The  Zeilschrift  fiir  angcwandte  Cliemic,  29  (1916),  549,  has  an 
article  dealing  with  the  transport  of  hot  fluid  coal-tar  pitch  in 
tank-wagons  for  briquette  making.  The  factory  mentioned 
is  at  a  Silesian  collierj'  that  obtains  a  supply  of  pitch  direct 
from  a  neighboring  coal-tar  distillery.  The  pitch  is  dehvered 
in  fluid  form  and  is  conveyed  in  tank-wagons.  The  system  has 
already  been  tried  at  Bochum,  where  wagons  holding  15  tons 
each  are  filled  direct  from  the  retorts  with  pitch  at  250°  C. 
In  this  instance,  the  rail  distance  is  4  km.,  the  time  between  filling 
and  emptying  is  7  hrs.,  and  the  pitch  in  the  fluid  state  is  readily 
discharged  by  compressed  air.  It  is  intended  to  work  this  system 
in  conjunction  with  the  Fohr-Kleinschmidt  method  of  briquet- 
ting.  The  pitch  is  brought  into  a  mobile  condition  by  heating 
to  130-170°  C.  and  then  sprayed  by  a  steam-heated  atomizer 
worked  with  steam  or  compressed  air  in  a  mixing  drum  where 
the  pitch  spray  solidifies  while  still  in  the  air  to  a  very  fine  soot- 
hke  dust.  It  is  then  passed  to  the  kneading  ajjparatus  by  suit- 
able transporting  arrangements  and  finally  pressed  into  bri- 
quettes at  50  to  80°  C.  By  this  process  the  proportion  of 
pitch  in  the  briquettes  is  reduced  by  fully  i  per  cent  and  the 
costs  of  manufacture  are  decreased  by  the  tank-system;  the 
wagons  can  be  emptied  in  15  minutes  and  the  necessity  of  hand- 
ling, breaking  and  melting  the  pitch  is  avoided. — M. 


NEW  JAPANESE  ANILINE  DYE  FACTORY 
According  to  Oil  and  Color  Trade  Journal,  50  (1916),  1903,  the 
Japanese  Government  having  decided  to  grant  state  aid  to  the 
color  industry,  an  enterprise  has  now  been  started  in  Japan 
under  the  title  of  the  Japan  Dye  Manufacturing  Company.  As, 
so  far  however,  no  agreement  has  been  come  to  between  this  group 
and  the  government  as  to  the  exact  interpretation  of  subvention 
law  (which  fixes  the  subvention  at  8  per  cent  of  the  paid  up 
capital),  it  has  not  yet  been  possible  even  to  commence  the  erec- 
tion of  the  factory  building.  Apparently  the  project  has  been 
carelessly  handled  and  the  great  difficulties  have  been  disre- 
garded as  well  as  the  question  whether  Japan  possesses  sufflcient 
experience  to  enable  her  to  take  up  this  branch  of  industry  and 
compete  successfully  with  Germany  in  the  dye  trade  after  the 
war. — M. 


ELECTROLYTIC  DISINFECTING  FLUID 

An  interesting  reference,  says  the  Chemical  Trade  Journal,  59 
(1916),  482,  to  the  development  of  the  application  of  electro- 
lytic disinfecting  fluid  on  board  hospital  ships  is  made  in  the 
second  annual  report  of  the  Medical  Research  Committee.  A 
suitable  electrolytic  cell,  under  Dr.  Dakin's  instructions,  has 
been  made  by  Messrs.  Mather  and  Piatt,  Manchester,  which 
was  found  to  furnish  disinfecting  fluid  at  a  cost  of  less  than  6 
cents  per  100  gallons  and  could  be  operated  by  an  unskilled 
attendant.  The  first  test  of  the  method  was  made  on  the 
"Aquitania"  with  highly  satisfactory  results,  no  significant  dam- 
age to  any  of  the  ship's  structure  following  the  free  use  of  the 
suitably  diluted  solution.  The  hypochlorite  solution  from 
sea-water  was  used  as  a  general  disinfectant  and  deodorant 
and  also  with  good  results  for  the  purification  of  the  ship's 
water  and  as  an  antiseptic  dressing  for  infected  wounds.  It 
should  be  mentioned  that  the  saving  of  expenditure  upon 
carbolic  acid  and  cresol  during  this  experimental  trip  was  es- 
timated to  exceed  the  whole  cost  of  the  manufacture  and  main- 
tenance of  the  electrolytic  cell.  In  consequence  of  the  results, 
the  War  Office  has  caused  the  installation  to  be  made  in  various 
capacities. — M. 

MAGNETO  APPARATUS 

A  method  of  testing  magneto  apparatus  is  described  in  a 
recent  issue  of  La  Revue  Eleclrique.  The  magneto  to  be  tested 
is  caused  to  produce  sparks  between  platinum  points  in  an  atmos- 
phere of  nitrogen  enclosed  in  glass  bulbs  across  which  also  ex- 
tends a  resistance  wire  in  an  independent  circuit.  The  expansion 
of  the  enclosed  gas  due  to  the  heat  generated  by  the  sparks  is 
measured  by  the  movement  of  a  mercury  column  in  a  U-tube, 
one  end  of  which  opens  in  the  bulb  at  the  bottom.  The  appara- 
tus is  calibrated  by  means  of  the  resistance  wire.  The  results 
of  experiments  are  given  showing  the  variation  in  the  energy 
per  spark.  This  rises  to  a  maximum  and  then  decreases  as 
the  speed  of  rotation  is  increased. — M. 


TURBO-ELECTRIC  PROPULSION 

In  the  United  Kingdom,  says  the  Electrician,  78  (1916),  306, 
there  are  two  vessels  being  built  to  Lloyd's  classification  in  which 
the  Ljungstrom  turbo-electric  propelling  plant  wiU  be  fitted; 
one,  a  single  screw  vessel  in  which  the  power  will  be  1,500  shaft 
h.  p.,  and  the  second,  a  twin-screw  vessel  with  a  total  shaft 
h.  p.  of  5,400.  In  the  Ljungstrom  turbine,  there  are  two  sta- 
tionary blades  and  the  steam  passes  across  two  sets  of  blades 
which  revolve  with  equal  speeds  in  opposite  directions  so  that 
the  effect  is  similar  to  that  which  would  occur  with  one  set  of 
blades  stationary  and  the  other  set  moving  at  twice  the  velocity. 
Each  half  of  the  turbine  is  directly  coupled  to  its  own  alternator 
producing  a  three-phase  current  of  about  50  alternations  per 
second  with  a  voltage  of  800.  The  alternators  of  each  set  are 
electrically  locked,  ensuring  exactly  equal  speed  and  conse- 
quently equal  power  on  each  rotating  half  of  the  turbine.  In 
each  vessel  there  will  be  two  turbo-alternator  sets  so  that  the 
stoppage  of  one  will  not  disable  the  vessel.  The  two  alterna- 
tors of  each  set  work  in  parallel.  They  have  each  only  one  pair 
of  poles  and  supply  current  to  two  motors  each  having  five 
pairs  of  poles  which  will,  therefore,  rotate  at  one-fifth  the  speed 
of  the  turbines.  These  motors  are  connected  to  pinions  with 
spiral  teetli  which  gear,  in  the  ordinary  way,  with  a  large  gear- 
wheel secured  to  the  screw-shaft.  The  combination  of  elec- 
trical and  mechanical  reduction  gear  will  enable  a  speed  of  tur- 
bine of  3,600  r.  p.  m.  to  rotate  the  screw  at  76  r.  p.  m. 
The  reversing  of  the  screw  is  effected  by  the  motor,  the 
steam  always  running  in  the  one  direction.  Reduction  of  speed 
is  effected  down  to  about  80  per  cent  of  the  fuel  speed  by  vary- 
ing the  steam  supply  to  the  turbine  and  for  slower  speeds,  re- 
sistances are  interposed  in  the  circuit. — -M. 
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AMLRICAN  IN5TITUTL  OF  CHEMICAL  LNGINLLR5 


The  Ninth  Annual  Meeting  of  the  American  Institute  of  Chem- 
ical Engineers  was  held  in  New  York  City,  January  10  to  12,  1917, 
at  the  Chemists'  Club.  The  attendance  was  very  satisfactory 
and  reached  a  total  of  about  100.  The  meeting  was  called  to 
order  Wednesday  morning  by  First  Vice-President  G.  W.  Thomp- 
son. President  George  D.  Rosengarten  was  unable  to  be  present 
as  he  is  in  Florida  recuperating  from  recent  illness.  The  out- 
of-town  members  and  visitors  were  welcomed  to  the  club  and 
to  New  York  City  by  Mr.  Ellwood  Hendrick  with  a  character- 
istic cordial  address. 

The  reports  of  officers  and  committees  were  read.  The  trea- 
surer reported  all  bills  paid  and  a  substantial  balance  on  hand,  the 
financial  condition  of  the  Institute  being  very  satisfactory. 
The  Secretary  reported  a  substantial  growth  of  the  Institute 
during  the  past  year,  31  members  having  been  elected,  the  pres- 
ent membership  in  the  Institute  being  250.  Volume  8  of  the 
Transactions  has  been  issued  during  the  year,  also  two  bulletins. 
A  report  was  also  read  from  the  Membership  Committee  with 
reference  to  action  taken  on  the  applications  received  during 
the  year  and  the  ballots  canvassed. 

COMMITTEE    REPORTS 

Professor  James  R.  Withrow,  chairman  of  the  Committee  on 
Chemical  Engineering  Education,  reported  that  a  joint  meeting 
of  the  Engineering  Societies  was  being  arranged  to  discuss  the 
question  of  engineering  education,  under  the  leadership  of  Pro- 
fessor Mann. 

The  Committee  on  Meetings  reported  invitations  for  th^  next 
meeting  of  the  Institute  from  Chicago,  St  Louis  and  Buffalo, 
By  vote  of  the  Institute  the  meeting  in  June  will  be  held  in 
Buffalo.  The  Institute  also  voted  in  favor  of  arranging  for  a 
meeting  in  New  York  in  September,  at  the  time  of  the  Third 
Chemical  Exposition. 

The  Committee  on  Patents  reported  that  there  was  no  pros- 
pect of  improvement  in  patent  laws  on  account  of  the  urgency 
of  other  legislation  and  war  conditions. 

The  Committee  on  Catalogs  reported  that  the  Chemical 
Enginecriiig  Catalog  had  been  issued  by  the  Chemical  Catalog 
Company  during  the  early  fall  under  the  editorial  supervision 
of  this  committee.  This  arrangement  had  proved  entirely 
satisfactory  and  a  very  large  number  of  letters  had  been  re- 
ceived from  the  users  of  the  catalog  expressing  enthusiastic 
praise  of  the  work  and  the  great  usefulness  of  the  publication. 

SOCIAI,    TEATURES 

A  subscription  banquet  was  held  at  the  Chemists'  Club  on 
Thursday  evening.  Fifty-nine  covers  were  laid,  a  considerable 
number  of  ladies  being  in  attendance.  The  after-dinner  program 
was  carried  out  under  the  direction  of  Mr.  Maximilian  Toch  as 
toastmaster  who  proved  to  be  an  exceptionally  genial  and  humor- 
ous master  of  ceremonies.  The  Secretary  of  the  Institute, 
Ur.  John  C.  Olscn,  was  first  introduced  and  spoke  on  the  In- 
stitute. He  slated  that  one  of  the  inosl  important  achieve- 
ments of  tlie  Institute  was  the  drafting  of  the  Code  of  Ethics. 
Dr.  Olscn  thinks  that  the  influence  of  the  Institute  could  l)c  of 
the  greatest  value  In  brinKing  about  cooperation  between  the 
chemical  lii(liis(ries  which  would  1m;  very  c.s.scntial  in  order  to 
meet  eondilioiis  fiillowuig  the  war.  Mr.  Ellwood  Hendrick 
responded  to  a  toast  entitled  "Chemical  Credit,"  and  cx- 
plainc<l  the  inetluids  by  which  rluniieal  industries  aie  tinanccd. 
Dr.  Xxn  II.  Haokelunil  spoke  on  (|ualitalive  and  quantitative 
think  lug  aiul  slmwed  how  very  erroneous  conclusions  arc  rrnchrd, 
especially  by  politicians,  by  dniwing  quantitative  concluxiun.i 
from  i|uiditutive  stiitrnu-nts.  Dr.  Clias.  Baskrrv'illc  responded 
to  a  toast  upon  education.  lie  pointed  out  the  Kceat  nrcr».silv 
uf  expansion   of   rduraliniinl    facilitirH   to   meet   the   incrcn.siiiK 


demand  of  the  industries  for  trained  technical  men,  and  empha- 
sized the  great  difficulty  under  which  the  great  educational 
institutions  rest  in  seciuing  adequate  funds  not  only  for  expan- 
sion, but  for  the  very  necessary  increase  in  salaries  of  the  instruc- 
tion staff.  He,  therefore,  urged  the  cooperation  of  the  industries 
with  the  educational  institutions  to  remedy  these  conditions. 
President-elect  G.  W.  Thompson  responded  to  the  toast,  "The 
New  Administration,"  and  stated  that  the  policy  of  this  admin- 
istration will  be  the  rendering  of  service  to  the  members  of  the 
Institute  in  every  possible  way,  and  the  increasing  of  acquain- 
tanceship and  mutual  helpfulness  among  members. 

The  Smoker  was  held  at  the  Chemists'  Club  on  January  loth. 
Mr.  Theodore  Bamberg  was  the  entertainer  who  performed  a 
great  many  very  mysterious  tricks  after  explaining  fully  how 
they  were  carried  out,  in  spite  of  which  the  jugglery  was  as  mys- 
terious as  ever. 

A  program  for  the  ladies  had  been  arranged  under  the  chair- 
manship of  Mrs.  Maximilian  Toch.  This  program  included 
welcome  to  the  visiting  ladies  at  the  Chemists'  Club  under  the 
leadership  of  Mrs.  H.  R.  Moody;  a  tlieatre  party  at  the  Hippo- 
diome,  chairman,  Mrs.  Frank  Hemingway;  musical  afternoon 
at  the  National  Opera  Club  of  America,  chairman,  Mrs.  Leo 
Baekeland;  automobile  trip  to  Metropolitan  Museum  of  Art, 
chairmen,  Mrs.  J.  M.  Matthews  and  Mrs.  P.  C  Mcllhiney; 
luncheon  at  the  Plaza  Hotel,  chairman,  Mrs.  D.  L.  Davoll; 
tea  at  the  residence  of  Dr.  and  Mrs.  Charles  F.  Chandler;  a 
theatre  party  at  the  Strand,  chairman,  Mrs.  Chas.  Baskerville. 
The  ladies  also  attended  the  subscription  dinner  at  the  Chemists' 
Club  on  Thursday  evening. 


Unpreparedness.  By  George  D.  Rose.s'gartkn.  This  paper 
called  attention  to  tlie  urgent  necessity  for  providing  an  ample 
supply  of  raw  materials  as  cannot  be  obtained  in  the  I'nited 
States.      (This  paper  appears  in  full  below.] 

Recent  Developments  in  Chemical  Engineering  Equipment. 
By  H.  D.  Miles,  President  of  the  Buffalo  Foundry  and  Ma- 
chine Company.     (See  This  Joihinal,  page  i6i.| 

Corrosion  of  Pure  Iron  Containing  Cobalt,  Nickel  or  Copper. 
By  Herbert  T.  Kai.mi'S  and  K.  H  Hi..\ki;  In  the  absence 
of  the  authors,  this  paper  was  presented  in  the  form  of  pre- 
prints. Extended  criticism  was  made  by  Dr.  A.  S.  Cushman 
liecause  the  test  pieces  used  were  so  small  that  the  conclusions 
readied  were  not  in  his  opinion  justified.  (This  paper  appears 
in  full  in  this  issue,  pp.  I2,t-i36.1 

The  Fixation  of  Nitrogen.  By  John  E.  Bi'chkr.  No  formal 
paper  had  been  prepared  on  this  subject  but  an  extended  discus- 
sion of  his  methods  aiul  results  was  given  by  Prof  Buchcr  who 
described  his  ex(H-rimenls  carrie<l  out  at  Providence.  R.  \. 
(Prof.  Bucher  is  now  working  up  a  pajn-r  for  Tins  Joi-rnai.  which 
he  expects  to  complete  in  lime  for  publication  in  the  March 
issue.) 

The  Effect  of  Centrifugal  Force  on  Colloidal  Solutions.  By 
litic.ENE  Iv  .AvKKs,  Jk  .  of  ilu-  Sharpies  SiH-cudty  Company 
The  theory  of  sc])aratiou  of  small  particles  by  ccnlrifuRnl  force 
was  develoi>cd  and  the  relation  In'tween  si/c  of  particle.  viM-<<sity  of 
the  solution,  and  centrifugal  force  on  the  colloid  and  lime  rcquirctl 
for  separation  were  dc\-cloi>eil  The  limit  of  rrntrifiiKal  fortx 
at  present  employed  is  40.0110  times  the  fon-r  of  ittavity  The 
super  oenlrifuKe,  which  in  operation  itivrs  thii  fiircc.  was 
shown. 

Recent  Drvelnprnrntu  in  the  Abaorption  and  Dtatillatioo  of 
Volatile  LiquidR.  Hv  Ciiarlus  I.  Camimii;i.i..  o(  the  V,  H 
lliidnei    &  Sins  Coii<p;iiiv.     Cinvc*  wciv  tjiown  by  which  the 
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number  of  fractionations  required  for  separating  two  given 
liquids  can  be  determined.  Numerous  lantern  slides  of  instal- 
lations were  also  shown. 

The  Human  Side  of  the  Development  of  Chemical  Industries. 
By  G.  W.  Thompson.  This  paper  emphasized  the  importance 
of  a  study  of  the  operating  force  of  chemical  industries  and  adapt- 
ing processes  to  the  character  of  the  labor  available.  [See  Tms 
JotJRNAL,  pp.  181-186.] 

The  Recovery  of  Benzol  from  Coke  Oven  and  Illuminating 
Gas.  By  F.  \V.  Speer,  Jr.,  of  the  H.  Koppers  Company.  The 
methods  in  use  for  the  recovery  of  benzol  were  described  and 
installations  shown  by  means  of  lantern  slides. 

The  Fairlie  Method  of  Control  for  the  Chamber  Process  of 
Making  Sulfuric  Acid.  By  Andrew  M.  Fairlie.  This  pro- 
cess, which  is  patented,  consists  of  the  determination  of  the 
sulfur  dio.xide  content  of  the  gas  before  entering  and  after 
leaving  the  acid  chamber. 

EXCURSIONS 

Davis-Bournonville  Co.,  Jersey  City.  Great  interest  was 
shown  in  the  methods  which  have  been  developed  for  accurate 
following  of  tracings  in  cutting  sheet  steel,  also  in  the  demonstra- 
tion of  cutting  a  9-in.  steel  bar  which  was  cut  through  "in  about 
4  minutes:  this  is  the  maximum  thickness  which  can  be  cut 
through  by  the  oxyacetylene  flame  (the  maximum  thickness  for 
the  oxyhydrogen  flame  is  28  in.).  The  construction  and  manu- 
facture of  a  recently  developed  electrolytic  cell  for  producing 
oxygen  and  hydrogen,  also  500  and  1000  ampere  cells  were 
shown,  also  the  method  of  use  and  control  as  demonstrated  in  a 
small  experimental  installation. 

Pierre  Lorillard  Tobacco  Company.  The  sorting,  cutting, 
impregnating,  weighing  and  packing  of  the  tobacco  was  in- 
spected with  the  greatest  interest. 

American  Smelting  and  Refining  Co.,  Maurer,  N.  J.  This 
excursion  could  not  be  made  on  account  of  a  strike  at  the  plant 
of  this  company. 

Didier  March  Co.,  Keasby,  N.  J.  The  method  of  manu- 
facturing rcfractorj'  brick  was  shown,  especial  interest  being 
manifested  in  the  continuous  kiln,  which  is  200  ft.  long,  the 
maximum  temperature  being  2600°  F.  Interest  was  also 
shown  in  carborundum  bricks  which  do  not  melt  at  3600°  F. 

German-American  Stoneware  Works.  A  great  variety  of 
chemical  stoneware  was  shown  together  with  the  process  of 
manufacture,  the  method  of  making  stoneware  condensers 
involving  the  manufacture  of  the  stoneware  tubing  and  coiling 
of  same  being  especially  interesting.  The  trip  was  made 
especially  comfortable  and  convenient  by  having  available  a 
special  car  furnished  by  the  German  American  Stoneware 
Works. 

The  members  watched  with  great  interest  on  the  return  to 
New  York  the  fire  and  explosions  which  destroyed  the  plant 
of  the  Canadian  Car  and  Foundry  Co.  at  Kingsland,  N.  J. 

Commercial  Acetylene  Welding  Co.,  Bound  Brook,  N.  J. 
A  great  deal  of  interest  was  shown  in  the  manufacture  of 
cylinders,  more  particularly  the  process  of  filling  the  cyUnders 
with  a  very  light  and  porous  mixture  of  charcoal,  asbestos, 
kieselguhr  and  cement.  After  thorough  drying,  the  cylinders 
are  charged  with  acetone  and  then  charged  with  purified 
acetylene  gas  under  200  lbs.  pressure. 

J.  C.  OsLEN,  Secretary 
Cooper  Union,  New  York  Cit» 


UNPREPAREDNESS' 

By  George   D.  Rosengarten 
When   by   unforeseen    circumstances   a   nation    is   suddenly 
plunged  into  conditions  depriving  it  of  materials  necessary  for 

■  Read  at  the  9th  Annual  Meeting  American  Institute  of  Chemical 
Engineers,  New  York  City,  January  10.  1917. 


its  welfare,  it  becomes  an  eminent  duty  of  such  a  people  to 
take  immediate  steps  to  attempt  to  restore  the  supply  of  the 
wanting  essentials.  Since  history  ever  repeats  itself,  the  assump- 
tion can  at  once  be  made  that  such  conditions  must  have  been 
taken  under  advisement  long  before  there  was  any  evidence  of 
their  becoming  actualities,  but  the  presumable  optimistic  trait 
in  human  nature  and  without  which  we  would  not  be  able  to 
live  through  a  happy  e.vistence,  will  procrastinate  the  evil  day, 
with  the  intention  of  relying  on  the  strength  of  the  country 
when  the  necessity  arises. 

Recent  events,  however,  have  proved  that  this  is  no  easy  mat- 
ter and  the  effort  made  in  this  direction,  by  making  an  inven- 
tory of  our  supplies,  brings  us  to  face  the  question  of  crude 
material,  a  question  which  is  of  the  utmost  importance  in  order 
that  our  stocks  may  be  sustained.  The  United  States  is  a 
country  of  immense  resources,  but  owing  to  territorial  advan- 
tages or  seasonal  conditions,  it  follows  that  some  of  the  basic 
needs  are  entirely  wanting  or  so  limited  that  they  may  be 
considered  a  negligible  quantity.  No  matter  if  we  are  sur- 
rounded by  a  high  protective  duty  or  laboring  under  a  tariff 
for  revenue  simply,  at  least  that  in  name,  which  obviously 
means  nothing  at  all,  instances  will  always  remain  where  desir- 
able commodities  are  lacking.  Among  the  various  expediencies 
suggested,  the  consideration  of  tlie  question  of  crude  material 
has  been,  to  a  large  ex-tent,  neglected,  and  a  very  serious  con- 
dition confronts  us  if  the  very  material  from  which  the  finished 
goods  must  be  manufactured  is  placed  beyond  our  reach.  The 
eternal  slogan  "preparedness"  is  the  real  foundation  for  the 
prevention  of  such  conditions  or  at  least  to  reduce  them  to  a 
minimum.  It  is  so  easy  to  preach,  but  this  is  not  sufficient;  it  is 
the  practice  we  need.  There  are  not  only  the  much-mooted 
coal-tar  dyes,  but  other  articles  which  have  not  had  the  pub- 
licity but  are  just  as  deserving.  The  coal-tar  dyes  of  course 
derived  all  their  fame  from  tlie  fact  that  we  were  dependent 
for  them  on  Germany  and  when  the  source  of  supply  was  shut 
off  the  prominence  afforded  them  was  amazing.  Presuming 
that  sulfur  had  not  been  obtainable  in  this  country  during  the 
European  crisis,  can  we  for  a  moment  believe  that  we  would 
have  enjoyed  anything  like  the  opportunity  offered  for  pros- 
perity— a  forced  prosperity  in  truth  and  due  to  no  cause  of  in- 
ternal workings,  but  entirely  and  absolutely  to  European  con- 
ditions? The  very  contemplation  of  the  thought  of  what  might 
have  been,  had  we  been  dependent  for  sulfur  on  foreign  sources, 
is  sufficient  to  bring  horror  to  any  chemical  manufacturer. 
Fortunately  we  were  not  compelled  to  combat  this  situa- 
tion, but  the  grave  consequences  are  prominently  brought  to 
mind  as  to  our  situation  if  we  were  to  be  deprived  from  enjoying 
foreign  commercial  intercourse.  The  basic  reflection  is  the 
problem  how  crude  material  is  to  be  obtained  to  sustain  our 
industries  and  the  secondary  consideration  is  the  inventoring 
of  our  supplies. 

It  is  quite  evident  that  the  New  Tariff  Commission  must  be 
deeply  involved  in  the  consideration  of  the  question  of  crude 
material  and  that  the  industries  must  assist  in  this  respect, 
since  tliey  are  much  more  cognizant  of  their  necessities.  Under 
the  condition  existing,  while  hostilities  in  Europe  endure,  it 
would  seem  doubtful  if  any  commission  can  really  approximate 
the  need  of  protection  for  American  industries.  The  present 
exaggerated  situations  do  not  offer  a  stable  basis  for  even  a  shrewd 
surmise  towards  consequent  events  and  certainly  are  far  from 
lending  themselves  as  a  solid  foundation  for  the  establishment 
of  what  really  may  be  necessary  for  tlie  future  and  lasting 
prosperity  of  this  country.  The  prominent  need  is  that  the  new 
ventures  which  have  been  brought  about  by  the  war  must 
receive  sufficient  nursing  and  that  the  industries  already  estab- 
lished must  enjoy  protection  in  the  same  measure  to  insure  our 
independence  and  security  from  foreign  inroads. 


Feb.,  1917 
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NOTL5  AND  CORRL5PONDLNCL 


TWO  LETTERS  ON  OUR  NITROGEN  DEMAND  AND 
SUPPLY  IN  THE  EVENT  OF  WAR 
Ed  lor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

The  editorial  in  the  December  1916  issue  of  This  Journal, 
pages  1088-1089,  on  the  subject  "Our  Nitrogen  Demand  and 
Supply  in  the  Event  of  War,"  contains  a  number  of  errors, 
and  is  seriously  misleading  both  on  that  account  and  by  reason 
of  unwarranted  assumptions  and  conclusions.  Without  any 
desire  to  belittle  the  importance  of  adequate  preparedness  for 
this  countrj-,  and  merely  for  the  sake  of  a  true  understanding 
of  the  nitrogen  situation  on  the  part  of  the  public,  1  ask  that 
you  will  grant  space  in  your  columns  to  the  facts  presented  in 
this  letter. 

The  most  serious  error  in  the  editorial  lies  in  the  presentation 
of  the  1 916  abnormal  consumption  of  nitrates  and  other  inor- 
ganic nitrogen  with  the  assumption  that  these  figures  serve 
as  a  basis  for  the  future  "imperative"  needs  of  our  own  country. 
There  can  be  no  question  that  the  chemical  industries  of  this 
country  using  sodium  nitrate  and  ammonia  are  now  greatly 
expanded  for  e.\port  purposes.  It  is  estimated  by  one  of  the 
large  explosive  manufacturers  (in  a  private  communication) 
that  fully  900,000  tons  of  nitrate  of  soda  have  been  made  into 
explosives  in  this  country  during  the  year  1916;  and  that  the 
average  annual  consumption  for  this  purpose  for  several  years 
preceding  the  war  was  about  180,000  tons. 

A  reasonable  estimate  of  our  imperative  future  needs,  say 
in  1918,  for  nitrate  and  ammonia  for  home  consumption  should 
be  based  on  the  1914  consumption  with  addition  of  an  annual 
percentage  for  growtli  derived  from  the  statistics  of  previous 
growth.     Such  an  estimate  is  made  in  a  later  paragraph. 

NITRATE    IN    THE    CHEMICAL   INDUSTRIES 

It  is  not  justifiable  to  estimate  the  consumption  of 
nitrate  or  of  ammonia  in  the  chemical  industries  by  differ- 
ence; i.  e.,  to  assume  that  all  of  that  portion  of  the  total  imports 
and  production  which  is  not  reported  as  used  in  agriculture 
goes  into  the  chemical  industries.  A  press  bulletin  of  the  Bureau 
of  the  Census,  Department  of  Commerce,  issued  in  August 
1916,  and  quoted  in  the  Oil,  Paint  and  Drug  Reporter  of  August 
28th  (p.  26)  and  September  4,  1916  (p.  56),  gives  the  statistics 
of  the  consumption  of  nitrate  of  soda  in  the  acid  and  chemical 
industries,  the  explosive  industry  and  for  fertilizer  in  1914,  as 
follows: 

NiTRATii  OF  Soda  Consumption,  1914  and  1909  (Tons) 

1914  1909       %  locreax 

In  the  nulfuric,  nitric  nnd  mixed  acid  in- 
dustries and  llic  clicmical  industrica. . .       S9.604       56,597  5.3 
In  the  Icrtilizcr  industry: 

For  acid  nmnudicturc 15,134       89,846         81.1 

For  mixed  fertilisers 147  ,050 

Id  the  explosives  industry 190,960     188,889  1.1 

Totals 412,748     335.332 

These  statistics  place  the  amount  of  nitrate  used  in  the  dicm- 
ical  and  explosives  industries  in  1914  at  2.^0,564  tons,  or  39,088 
tons  of  nitrogen.  The  corresponding  figure  given  in  your  edi- 
torial Is  60,600  tons  of  nitrogen. 

The  imports  of  nitrate  of  soda  in  1914,  vis.,  541,715  tons, 
were  in  excess  of  the  total  of  the  nbovc  quoted  census 
figures  of  distribution  by  138,967  tons.  A  liirge  portion  of  this 
ainoiint  unaccotinlcd  for  was  no  doubt  coiisunird  in  direct 
sales  to  the  farmer  for  unmixed  fertilirer.  The  Federal  Trixlc 
Commiision  Report  on  The  I'crtilirer  Industry,  August  1916, 
p  30,  estimates  this  item  for  lyi.i  iit  qo,ooo  tons.  The  only 
other  item  of  iiii|Hirtiiiicc  not  iiicludrd  in  the  iihnvr  quoted 
census  fiKures  is  I  lie  k'"ss  iiidiiitiy  which  in  11^14  iii:iy  Imvc 
Used  2i,ixx)  tuns  of  nitrate  of  soda  (based  on  tin-  kh'o  rmi'.nmp- 


tion   and   assuming   same   percentage   growth   as   in   chemical 
industries). 

The  total  consiunption  then  for  the  explosives,  chemical  and 
allied  industries  in  1914,  was  271,564  tons  (190,960  +  59,604  + 
21,000)  of  nitrate,  or  42,464  tons  of  nitrogen, — less  by  18,136 
tons  than  the  amoimt  given  in  the  article  in  question. 

AMMONIA   FOR   THE   CHEMICAL    I>."DUSTRIES 

Similarly  for  ammonia,  the  amount  used  in  the  industries 
cannot  accurately  be  estimated  by  difference. 

In  the  absence  of  statistics  of  the  chemical  industries  showing 
directly  the  use  of  ammonia  therein,  it  is  reasonable  to  estimate 
the  amount  of  sulfate  consiuncd  in  agriculture  (or  stored)  at 
60  per  cent  of  the  total  coke  oven  production  plus  the  total 
imports  of  sulfate  (this  assumption  used  in  The  Federal  Trade 
Commission  Report  on  the  Fertilizer  Industr>-,  August  19, 
1916,  pp.  43-44).  On  this  basis  the  production  and  imports 
of  siUfate  of  ammonia  in  1914  amounted  to  (0.60  X  139.500)  -+- 
83,377  =  i('7.077  tons  (equivalent  to  34,417  tons  of  nitrogen). 
(Ref.:  "American  Fertilizer  Handbook,"  1916,  p.  43.)  By  differ- 
ence then  the  amount  of  ammonia  used  in  1914  in  other  forms 
than  sulfate,  or  for  all  purposes  other  than  agriculture,  would 
be  56,050  —  34,417  =  21,633  tons  of  nitrogen,  instead  of 
25,150  tons  as  given  in  the  editorial. 

AMMONIA    FOR    REFRIGERATION 

Your  estimate  of  the  use  of  ammonia  for  refrigeration  is 
greatly  exaggerated.  The  editor  of  "Ice  and  Refrigeration" 
(in  a  private  communication  to  The  Barrett  Company,  New 
York)  estimates  this  at  7,000,000  lbs.  of  NHj  per  year  (equiva- 
lent to  2884  tons  of  nitrogen).  Fstimates,  also  made  by  refrig- 
eration experts,  for  the  Nitrate  Supply  Committee  of  the  National 
Research  Council,  lead  the  latter  to  estimate  the  probable 
annual  consumption  of  ammonia  for  this  purpose  in  1916  at 
3500  tons  as  nitrogen  (Private  communication  from  the 
Committee.) 

Yotu-  editorial  places  this  consumption  (in  1916)  at  12,600 
tons  of  nitrogen,  based  on  "Mineral  Resources  of  the  U.  S.," 
1914,  p.  408.  This  reference  docs  not  give  the  consumption 
of  ammonia  for  refrigeration.  It  states  that  the  ammonia  pro- 
duced at  by-product  coke  plants  and  reported  as  anhydrous 
ammonia  was  in  1914,  25,370,509  lbs.  (equivalent  to  10.450 
tons  of  nitrogen),  but  explains  in  a  foot-note  that  this  figure 
refers  "mainly  to  ammoniacal  liquor  sold  on  potind  basis  of 
NH," 

TOTAL  IMPORTS,   NITRATE   OF  SODA,    1 91 4 

Imports  of  nitrate  of  soda  in  1914  were  54'.7i5  "ct  tons 
(equivalent  to  84,550  tons  of  nitrogen,  on  basis  of  15  .0  per  cent). 
(W</..- "American  Fertilizer  Handlxxjk,"  p.  31  )  The  editorial  gives 
this  figure  as  ioi,2ix)  tons  of  nitrogen,  which  is  llic  figure  for 
1913,  a  year  of  abnormally  large  imports.  Statistics  of  annual 
imports  since  1909  follow; 

Annual  iMronra.  Nit»ati«  o»  Soda.   1909-1914 
(Rtf.:  Federal  Trade  Commission  Report  on  Iht  Fertillirr  Industry.  Aufust 
1916.   p.   29) 

Mhort         I*»r  cent  varialion 
Itnis  (roro  avri»(« 

1909 •«:■'       ■<  -15  O.t 

191(1 ,^  -  t     i.M 

1911 (■-"'        1  1  1 1   92 

1912 4(iV     1  l.X    11 

1913 ,, (,*■'    lis  (16.07 

1914 .141      iv  i.l« 

Averag* 5.1'J..''.' 

KATK    OF    GROWTH    OF    NITRATIJ    AND    AMMONIA    CONSl'MPTION    IN 
TIIK    INDI'STKin.S 

The  growth  of  the  roMsuinplion  of  Mxliuni  nitmic  for  indua- 
triul  explosives  and  for  llic  chcmual   iiuliislric<  (loin    loxo  to 
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1914  is  shown  in  the  census  figures  quoted  in  the  first  table 
given  on  page  203. 

For  explosives  the  increase  has  been  small  (i.i  per  cent). 
In  the  chemical  industries  the  growth  was  larger  (5  .3  per  cent). 
For  future  growth,  on  account  of  a  more  rapid  development  of 
the  chemical  industries  occasioned  by  the  war,  it  is  proper  to 
estimate  probal)ly  a  20  per  cent  increase  in  imperative  demand 
for  nitrate  during  the  5  years  following  19 14.  For  industrial 
explosives  it  would  seem  that  a  5  per  cent  increase  in  impera- 
tive demand  is  probably  a  liberal  estimate. 

For  ammonia  in  the  industries  (including  refrigeration)  re- 
liable figures  of  growth  are  not  at  hand,  and  the  estimate  in 
Reference  17  of  your  editorial  of  an  annual  increase  of  1300  tons 
of  nitrogen  may  be  accepted  provisionally.  This  is  an  increase 
of  9  per  cent  per  year  on  the  basis  of  the  1914  consumption,  or 
for  the  period  1914  to  1918  a  total  increase  of  36  per  cent. 

Estimate  op  tub  Impbrativb  Demand  fob  Inorganic  Nitrogen  in  1918 
(Exclusive  of  Export  Products  and  Fertilizers) 

Tons  of 
Nitrogen 
.\ramoiiia  for  the  chemical  industries  and  refrigeration.  21,633 

(1914  consumption)   X   1.36  = 29.421 

Sodium  nitrate  for  the  chemical  and  allied  industries  (not  in- 
cluding explosives).  12,674  (1914  consumption)  X  1.16  =..      14.702 
Sodium   nitrate   for  industrial   explosives,   29,790    (1914  con- 
sumption)  X   1.05  = 31 ,279 

Total  industrial  demands  for  ammonia  and  nitrate 75,402 

ESTIM.'^TE    OF   THE   AMMONIA-PRODUCING   CAPACITY   OF   COKE   AND 
GAS   PLANTS   IN    1918 

The  reference  quoted  in  your  editorial,  viz.,  Ref.  20,  W.  H. 
Childs  (President  of  The  Barrett  Co.,  New  York),  as  authority 
for  the  estimate  of  ammonia  to  be  produced  in  1918,  was  made 
on  a  conservative  basis  early  in  the  year  1916  and  later  develop- 
ments warrant  its  modification.  Since  this  estimate  was  made 
several  more  plants  have  been  placed  under  construction  and 
the  known  capacity  of  those  plants  now  actually  in  operation 
or  under  construction  exceeds  the  estimate  of  Mr.  Childs 
by  140,000  tons  of  ammonium  sulfate.  {Ref:  H.  C.  Porter, 
Met.  &  Chem.  Eng.,  Oct.  15,  1916,  p.  473;  with  addition 
of  the  capacity  of  135  coke  ovens  since  contracted  for,  making 
a  total  of  513,400  tons  of  ammonium  sulfate  from  both 
coke  and  gas  plants,  or  105,760  tons  of  nitrogen.) 

In  support  of  this  estimate  there  may  be  cited  the  actual  pro- 
duction during  19 16  (given  out  recently  by  The  Barrett  Co., 
New  York)  at  both  coke  and  gas  plants,  which  was  325,000 
tons  of  ammonium  sulfate  (272,000  tons  at  coke  plants  and 
53,000  tons  at  gas  plants).  This  production  at  coke  plants  is 
94.4  per  cent  of  the  actual  capacity  of  completed  plants  given 
in  the  article  above  cited,  September  1916,  allowing  for  four 
new  plants  or  557  ovens  which  operated  only  a  part  of  the 
year  (H.  C.   Porter,   Met.  &  Chem.  Eng.,  Oct.  15,  1916,  p.  473)- 

With  the  probable  addition  during  the  next  two  years,  of 
new  plants,  both  for  coke  and  gas,  not  yet  contracted  for,  the 
capacity  for  ammonium  sulfate  in  191 8  may  reasonably  be  ex- 
pected to  reach  580,000  tons,  or  119,500  tons  of  nitrogen. 

The  probable  capacity,  therefore,  for  ammonium  sulfate 
in  19 1 8  will  supply  the  probable  demands  of  the  industries  for 
ammonia  and  also  meet  the  Government's  estimated  demand 
for  nitrogen  in  munitions.  It  will  not  entirely  meet  in  addition 
the  probable  demand  for  nitrate  in  the  industries,  altliough  a 
considerable  part  of  this  can  be  met,  as  well  as  a  part  of  the 
demand  for  fertilizer  (using  the  Government's  own  estimate 
for  munitions).  The  private  manufacturers  using  nitrate  for 
industrial  purposes  may  be  expected  to  take  steps  toward 
supplying,  in  an  emergency  such  as  war,  at  least  a  part  of  their 
own  demands  through  synthetic  or  fixation  methods. 

In  conclusion,  it  is  important  to  note  in  this  connection  that 
Germany,  a  military  nation,  was  prepared,  just  prior  to  the 
outbreak  of  the  war,  with  an  annual  capacity  for  inorganic 
nitrogen  of    only   about   120,000  tons   (98,000  tons  from   coal 


plus  22,000  from  fixation  processes).  That  Germany  had  to 
increase  this  supply  greatly  through  nitrogen  fixation  was  due 
to  her  large  and  imperative  demands  for  fertilizer  nitrogen, 
demands  which  do  not  exist  in  this  country. 

H.  KOPPSRS  Company  HORACE  C.    PORTER 

PiTTSBtntGH,  December  22,  1916 


Editor  of  the  Journal  of  Industrial  and  Engineering  Oiemislry: 

I  beg  to  acknowledge  copy  of  a  letter  addressed  to  the  Editor 
of  This  Journal,  by  Mr.  Horace  C.  Porter  of  the  H.  Koppers 
Company,  dated  December  22,  containing  comments  on  and 
criticisms  of  the  editorial  in  the  December  1916  issue  of  This 
JouRN.^L  on  "Our  Nitrogen  Demand  and  Supply  in  the  Event 
of  War."  Mr.  Porter's  contentions  and  attitude  as  set  forth 
in  his  letter  are  evidently  due  to  a  misunderstanding  of  the  pur- 
pose and  the  conclusions  reached  in  the  editorial. 

Mr.  Porter  says:  "The  most  serious  error  in  the  editorial  lies 
in  the  presentation  of  the  19 16  abnormal  consumption  of  nitrates 
and  other  inorganic  nitrogen  with  the  assumption  that  these 
figures  ser\'e  as  a  basis  for  future  imperative  needs  of  our  country. 
*****  A  reasonable  estimate  of  our  imperative  future  needs, 
say  in  1918,  for  nitrate  and  ammonia  for  home  consumption 
should  be  based  on  the  1914  consumption,  with  addition  of  an 
annual  percentage  for  growth  derived  from  the  statistics  of  pre- 
vious growth."  It  is  clear  that  Mr.  Porter  had  in  mind  normal 
peace  requirements  of  the  United  States  in  laying  down  this  postu- 
late of  his  argument.  The  title  of  the  editorial  is  "Our  Nitrogen 
Demand  and  Supply  in  the  liveut  of  War."  The  first  para- 
graph ends  with,  "insure  the  country  a  dependable  supply  of 
nitric  acid  for  military  explosives  in  the  event  of  war."  The 
second  paragraph  ends  with,  "a  forecast  of  what  may  be  ex- 
pected in  the  event  of  war."  The  third  paragraph  ends  with, 
"by  reason  of  enemy  attack  at  sea,  by  the  scarcity  of  ocean 
craft,  or  for  other  reasons  the  country  is  cut  ofT  from  importa- 
tions of  nitrogenous  materials."  The  fifth  paragraph  begins 
with,  "The  figures  show  unmistakably  that  in  the  event  of  war 
the  United  States  will  face  an  imperative  demand  for  over 
309,000  tons  of  nitrogen." 

It  is  not  easy  to  understand  how  Mr.  Porter  in  quoting  the 
word  "imperative"  from  this  sentence  can  make  it  apply  to  the 
peace  requirements  of  the  country  instead  of  the  specifically 
stated  situation  set  forth  in  the  same  sentence  that  it  applies  to 
"the  event  of  war."  However,  he  may  have  fallen  into  this  mis- 
take by  reason  of  the  fact  that  the  diagram  itself  applying  to 
the  year  1918,  does  not  state  that  it  is  based  upon  assumed  war 
conditions.  To  one  reading  the  editorial  critically  no  other 
interpretation  of  the  191S  diagram  is  possible,  for  the  reason 
that  the  diagram  for  19 18  shows  a  demand  for  exactly  the  309,000 
tons  mentioned  in  the  preceding  quoted  sentence.  Further- 
more, the  diagram  includes  nitric  acid  for  Government  military 
explosives  enormously  greater  than  any  possible  peace-time  re- 
quirements, and  specifically  referred  to  in  the  editorial  as  equiva- 
lent to  Germany's  estimated  military  explosives  requirements. 
Therefore,  Mr.  Porter's  contention  in  the  whole  matter  might 
be  discharged  as  having  no  value  in  controverting  or  modifying 
the  conclusions  of  the  editorial. 

It  is,  I  believe,  worth  while  to  consider  certain  specific  state- 
ments which  Mr.  Porter  offers  in  substantiation  of  his  estimate 
of  the  country's  peace-time  requirements.  He  states  in  the 
third  paragraph  of  his  letter:  "There  can  be  no  question  that 
the  chemical  industries  of  this  country  using  sodium  nitrate  and 
ammonia  are  now  greatly  expanded  for  export  purposes.  It 
is  estimated  by  one  of  the  large  explosive  manufacturers  (in  a 
private  communication)  that  fully  900.000  tons  of  nitrate  of  soda 
are  being  made  into  explosives  in  this  country  during  the  ctu-rent 
year,  and  that  the  average  annual  consumption  for  this  purpose 
for  several  years  preceding  the  war  was  about  180,000  tons." 
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It  is  fair  to  presume  from  the  facts  in  the  case  and  from  the  con- 
text of  this  statement  in  Mr.  Porter's  letter,  that  he  assumes 
that  the  difference  between  the  two  figures  mentioned  of  720,000 
tons  of  nitrate  of  soda,  equivalent  to  111,600  tons  of  nitrogen, 
is  consumed  in  making  explosives  for  export. 

Numerous  estimates  of  the  proportionate  amount  of  explo- 
sives which  this  country  is  furnishing  to  the  Entente  Allies, 
vary  between  10  and  20  per  cent  of  the  Allies'  requirements. 
From  the  latter  figure  it  is  indicated  that  the  minimum  annual 
Allied  demand  for  nitrogen  in  the  making  of  military  explosives  to 
meet  its  present  war  needs  approximates  558,000  tons  per  annum. 
It  is  pertinent  to  compare  this  figure  with  the  assumed  war 
requirements  of  the  United  States  as  shown  on  the  19 18  diagram 
in  the  editorial,  where  our  demand,  inclusive  of  every  possible  use 
to  which  nitrogen  is  placed  except  the  moderate  quantity  of  59,- 
000  tons  of  inorganic  nitrogen  in  fertilizers,  is  given  at  250,000 
tons.  Exactly  what  part  of  this  250,000  tons  would  be  exclu- 
sively military  explosives  demand  in  the  event  of  war,  the 
editorial  does  not  pretend  to  say.  Only  55,000  tons  of  it  are 
assumed  as  a  definite  Government-controlled  supply:  156,000 
tons  are  for  nitric  acid  for  the  maintenance  of  the  present  chem- 
ical industries,  some  of  which  are,  of  course,  engaged  in  the 
manufacture  of  military  explosives.  Therefore,  the  net  war 
demand  as  set  forth  in  the  editorial  must  appeal  to  a  careful 
student  of  these  figures,  whether  based  upon  a  war  demand 
or  upon  Mr.  Porter's  own  figures,  as  extremely  moderate. 

Mr.  Porter's  figure  of  900,000  tons  of  nitrate  (equivalent  to 
139.500  tons  of  nitrogen)  of  soda  "being  made  into  explosives 
in  this  country  during  the  current  year"  has  another  interesting 
significance.  The  editorial  shows  for  the  1916  demand  in  this 
country  for  nitrate  of  soda  for  all  chemical  industries  155,600  tons 
of  nitrogen.  Therefore,  this  figure  must  appeal  to  Mr.  Porter 
as  being  understated  rather  than  overstated,  and  it  is  this  figure 
of  155,600  tons,  roundly  156,000  tons,  that  is  moved  up  into 
the  igi8  diagram  as  nitric  acid  for  the  maintenance  of  the  present 
chemical  industries.  It  is  to  the  point  to  ask  Mr.  Porter  how  far 
it  woiild  be  consistent  with  adequate  preparedness  for  this 
country,  the  importance  of  which  he  states  he  has  no  desire 
to  belittle,  to  reduce,  in  the  event  of  this  country  being  at  war, 
the  output  of  the  present  chemical  industries,  which,  according 
to  his  own  estimate,  as  compared  with  the  statements  of  the  edi- 
torial with  which  he  takes  issue,  are  now  engaged  to  the  extent 
of  almost  90  per  cent  in  the  manufacture  of  military  explo- 
sives. 

Mr.  Porter  states  under  the  caption  "Nitrate  in  the  Chemical 
Industries"  that  "it  is  not  justifiable  to  estimate  the  consump- 
tion of  nitrate  or  of  ammonia  in  chemical  industries  by  dilTcr- 
cncc;  i.  r.,  to  assume  that  all  that  portion  of  the  total  imports 
and  production  which  is  not  reported  as  used  in  agriculture 
goes  into  the  chemical  industries."  Mr  Porter  summarizes 
the  figures  of  nitrate  of  soda  consumption  for  1914  for  explosives, 
chemical  and  allied  industries,  by  deductions  drawn  from  a  press 
bulletin  of  the  Hnreau  of  Census,  Department  of  Commerce, 
issued  in  August  1916.  and  in  this  way  he  secures  a  figure  of 
42,464  tons  of  nitrogen  consumed  in  those  industries  in  1914. 
in  conipari.son  with  the  figure  in  the  I9i.(  diagram  of  the  editorial 
of  60,600  tons.  Whether  one  figure  or  the  other  is  adopted 
is  unimportant  to  the  purpose  of  the  editorial,  for  the  reason 
that  this  1914  figure  is  not  used  in  projecting  the  njiH  war  de- 
mand, but  to  Mr.  Porter  it  has  some  significance  because  he 
employs  the  figure  later  for  developing  llie  loi.S  peace  demand. 
Even  for  Mr  Porter's  purposes,  however,  the  inetho<l  of  the 
editorial  of  securing  the  figure  6o,6o<i  tons  of  nitrogen  as  nitrate 
of  so<la  used  in  the  clirinieal  industries  for  1914,  which  is  an  esti- 
mate by  dilTcrcnre,  is  preferable  because  the  total  consumption 
is  known  ilefinitely,  iinil  the  consumption  by  agriculture  is  well 
estalilished  by  the  l'"e(leral  Trade  Conunission  IiU|uiry.  That 
the  balance  must  have  Iwcn  used  in  the  arts,  proviiliiig  the  ii)i.| 


imports  were  all  used  in  the  year  1914,  which  Mr.  Porter  does  not 
question,  and  in  view  of  the  fact  that  they  were  less  than  the 
1913  imports,  with  the  probability  that  something  was  carried 
over  from  1913,  is  a  reasonable  conclusion. 

Mr.  Porter  under  the  caption  "Ammonia  for  the  Chemical 
Industries"  next  quarrels  with  another  1914  figure,  namely,  the 
quantity  of  sulfate  of  ammonia  used  during  that  year  as  shown 
in  the  editorial  diagram  for  all  purposes  exclusive  of  agriculture. 
The  difference  is  only  14  per  cent  from  the  figure  in  the  diagram. 
The  editorial  and  Mr.  Porter  agree  on  the  quantity  of  sulfate 
of  ammonia  produced  in  the  country  and  the  amount  imported 
in  1914.  The  diagram  deducts  from  this  total  of  56,050  tons 
nitrogen  equivalent,  the  estimate  of  Bureau  of  Commerce  Census 
of  Manufacturers'  Fertilizer  Industr>',  released  July  6,  1916, 
30,900  tons  of  sulfate  used  in  agriculture.  The  difference  is 
25,150  tons  of  nitrogen  in  the  form  of  sulfate  of  ammonia  con- 
sumed for  other  purposes  than  agriculture.  While  Mr.  Porter 
enters  into  calculations  to  determine  the  quantity  of  sulfate 
of  ammonia  used  in  agriculture  which  gives  results  different 
from  the  figure  given  directly  by  the  Bureau  of  Commerce 
Census,  it  would  seem  to  be  preferable  to  use  the  direct  figure 
rather  than  the  one  calculated  by  Mr.  Porter,  notwithstanding 
that  they  may  proceed  from  the  same  fundamental  basis.  The 
editorial  develops  the  1918  war  demand  for  ammonia  mainly 
upon  the  1916  records,  so  that  here  again,  to  a  considerable  extent, 
Mr.  Porter's  comments  do  not  apply  to  the  question  of  develop- 
ing an  estimate  of  the  war-time  demand.  Furthermore,  it  would 
seem  that  these  fine  distinctions  are  on  the  order  of  cheese 
paring,  in  view  of  the  fact  that  in  determining  upon  the  Nation's 
military  requirements  in  time  of  war,  the  estimates  should  be 
broadly  based  and  an  effort  made  to  play  safe  and  to  discourage 
the  use  of  a  questionable  figure  which  would  minimize  the  amount 
of  the  imperative  demand.  Mr.  Porter,  under  the  caption  of 
"Ammonia  for  Refrigeration,"  takes  exceptions  to  the  quantity 
set  down  in  the  editorial.  The  difference  is  chiefly  a  difference 
of  definition.  The  ammonia  produced  and  imported  anil  not 
used  in  agriculture  is  necessarily  used  in  the  arts.  What  the 
relative  quantities  may  be  that  are  used  in  different  branches 
of  the  arts  is  a  matter  of  indifference  so  far  as  the  purposes  of  the 
editorial  are  concerned.  Mr.  Porter  does  not  take  issue  with 
the  diagram  statement  of  the  amoimt  of  sulfate  of  ammonia 
produced  and  imported;  nor  does  he  question  materially  the 
statement  of  the  amount  of  sulfate  of  ammonia  used  in  agri- 
culture, particularly  in  the  case  of  the  year  191 6.  Therefore, 
it  is  reasonable  to  infer,  he  accepts  the  difference  Iwtween  tlie 
two  figures  as  the  amount  of  sulfate  of  anmioiiia  used  in  the  arts. 
What  he  does  quarrel  with,  however,  is  the  subdivision  of  the 
quantity  of  sulfate  used  in  the  arts  between  the  quantity  used 
in  the  chemical  industries  and  the  quantity  used  for  rvfrigcra- 
tion.  What  this  subdivision  is,  has  no  bearing  upon  the  subject 
of  the  editorial  nor  upon  the  conclusions  wliicli  it  endeavors  to 
dniw.  If  we  define  "refrigeration"  as  used  by  the  editorial  as 
"Ammoniaeal  liquor  sold  on  the  pound  basis  of  NUj."  we  bring 
practically  the  whole  of  Mr.  Porter's  contention  on  this  iwint 
into  substantial  accordance  with  the  editorial. 

Mr.  I'orter  states  under  the  caption  "Total  Imports,  Nitrate 
of  Soda,  1914"  that  the  imports  for  1914  were  541.71s  short 
tons.  e<|uivolent  to  84.5,^0  tons  of  nitrogen.  This  record,  how- 
ever, is  in  long  tons,  and  the  quantity  is.  therefore,  ctiuivalrnt 
to  substantially  9,S.<«»>  net  tons  of  mtrogrn  The  diiigrnm 
in  the  editorial  gives  tlic  quuntilv  of  loi.jon  net  tons.  6'  i  per 
cent  in  excess  of  Mr.  Porter's  corrected  ligurr.  In  view  of  the 
fact  Uiat  the  im|H)rtations  of  ioi,».  the  larKest  in  the  history  of 
the  country,  were  nearly  Jo  |icr  cent  in  excess  of  the  imiMirtations 
of  IIM4,  anil  in  view  of  the  circumstutirrs  surrDunding  the  usc 
o(  nitrate  of  sodu  in  (hrsr  |>rriods.  it  is  entirely  likely  tliat  part 
of  the  eveeptionully  large  iin|Mirtiitions  of  iyi3  were  carried 
over  into   lot.),  in  which  rvrnt  the  rditntial  lii:urr  would  «rcni 
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to  be  conservative.  Absolute  facts  in  such  matters,  of  course, 
cannot  be  determined,  but  differences  of  a  few  per  cent  one 
way  or  the  other  hardly  constitute  so  strong  an  indictment 
of  an  estimate  of  the  character  which  the  editorial  undertakes 
to  develop,  as  to  be,  in  Mr.  Porter's  words,  "seriously  mislead- 
ing both  on  account  of  errors  and  by  reason  of  unwarranted 
assumptions  and  conclusions." 

Mr.  Porter  finally  projects  an  estimate  entitled  "Estimate 
of  the  Imperative  Demand  for  Inorganic  Nitrogen  in  1918 
Exclusive  of  Export  Products  and  Fertilizers."  This  very  clearly 
is  a  peace-time  estimate,  as  he  includes  nothing  whatever  for 
military  explosives.  The  estimate  whether  right  or  wrong, 
reasonable  or  unreasonable,  has  no  bearing  upon  the  subject 
of  the  editorial.  While  comment  upon  the  figures  contained 
in  this  estimate  would,  therefore,  have  no  practical  bearing 
upon  the  subject  under  discussion,  it  may  not  be  without  interest 
to  point  out  the  fallacies,  as  I  see  them,  of  Mr.  Porter's  method 
of  approaching  even  the  special  problem  that  he  set  for  himself. 

The  first  item  in  this  estimate  is  ammonia  for  the  chemical 
industries  and  refrigeration,  which  he  takes  on  the  basis  of  the 
1914  consumption,  plus  an  assumed  annual  increase.  The 
quantity  is  equivalent  to  29,421  tons  of  nitrogen  for  1918,  but 
his  basic  figure  for  1914  (21,633  tons  of  nitrogen),  plus  the 
well-established  quantity  of  sulfate  of  ammonia  used  in  agri- 
culture in  1914  (23,800  tons  of  nitrogen),  will  not  add  up  to  the 
total  that  was  consumed  in  19 14  of  domestic  and  imported 
sulfate  (58,100  tons  of  nitrogen).  His  second  figure  in 
the  estimate,  for  sodium  nitrate  for  the  chemical  and 
allied  industries,  not  including  explosives,  takes  an  as- 
sumed figure  for  the  1914  consumption  for  these  purposes  and 
adds  an  assumed  increase,  giving  an  amount  in  equivalent 
nitrogen  of  14,702  tons.  Again,  he  does  not  give,  in  his 
basic  figures  for  1914,  enough  uses  to  account  for  the 
actual  imports  in  1914.  His  assumed  consumption  in 
equivalent  nitrogen  for  1914  for  this  item  of  12,674  tons  is 
almost  12,000  tons  short  of  the  actual  figure  which  comports 
with  the  import  records.  This  appears  from  the  fact  that 
94,648  tons  of  nitrogen  were  imported  as  nitrate  of  soda  in  1914, 
and  40,600  tons  of  this  quantity  were  used  in  agriculture,  leaving 
54,048  tons  used  in  the  arts.  If  from  this  we  deduct  the  quan- 
tity assumed  by  Mr.  Porter  in  the  next  item  of  the  estimate 
to  have  been  used  as  sodium  nitrate  for  industrial  explosives, 
namely,  29,790  tons,  we  have  24,258  tons  of  nitrogen  as  sodium 
nitrate  that  were  used  in  the  chemical  and  allied  industries  in 
1914,  which,  as  just  stated,  is  nearly  double  the  quantity  as- 
sumed by  Mr.  Porter. 

The  fact  is  that  the  whole  of  Mr.  Porter's  letter  up  to  this 
point  has  no  real  bearing  upon  the  findings  of  the  editorial. 
It  docs  not  meet  the  issue  in  any  particular  and  so  far  as  any 
inferences  can  be  drawn  from  Mr.  Porter's  figures  upon  the 
imperative  demand  in  time  of  war,  they  would  seem  to  confirm 
the  findings  of  the  editorial  rather  than  to  deny  them. 

Mr.  Porter  then  proceeds,  under  the  caption  of  "Estimate 
of  the  Ammonia-Producing  Capacity  of  Coke  and  Gas  Plants 
in  1918,"  to  swell  the  forecast  of  President  W.  H.  Childs  of  The 
Barrett  Company  as  to  the  amount  of  ammonia  that  will  be  pro- 
duced in  this  country  in  191 8  from  by-product  coke  ovens,  not- 
withstanding Mr.  Childs'  forecast  was  made  as  late  as  July  1,1916. 
Mr.  Childs'  estimate  is  the  equivalent  of  77,200  tons  of  nitrogen. 
This  was  the  quantity  used  in  the  1918  diagram  of  the  editorial. 
Mr.  Porter  says  that  this  should  be  increased  by  the  equivalent 
of  140,000  tons  of  ammonia  sulfate  or  substantially  28,000  tons  of 
nitrogen.  He  states  further  that  probable  additions  during  the 
next  two  years  of  by-product  plants  not  yet  contracted  for, 
may  reasonably  be  expected  to  increase  the  capacity  in  1918 
to  580,000  tons  of  sulfate  of  ammonia,  equivalent  to  119,500 
tons  of  nitrogen.  In  a  discussion  the  conclusions  from  which 
affect  the   safety  of  the  Nation,    it   is   hardly   to   be  expected 


that  the  optimism  of  a  manufacturer  of  by-product  coke  ovens 
should  be  taken  as  a  guarantee  of  what  the  country  may  have 
at  its  disposal  from  coke  oven  plants  not  even  yet  under 
contract  nor,  so  far  as  known,  even  contemplated.  Mr.  Childs' 
forecast,  made  only  6  months  ago,  would  have  to  be  increased 
over  50  per  cent  to  attain  the  happy  anticipations  of  Mr. 
Porter.  Even  if  it  were  proper  to  enter  Mr.  Porter's  expan- 
sive figure  into  the  191 8  war-time  supply  of  nitrogen  it 
would  decrease  the  deficiency  in  the  country  as  shown  by  the 
editorial  diagram  from  232,000  tons  of  nitrogen  to  190,000  tons 
of  nitrogen.  The  practical  difference  between  the  two  figures, 
as  it  would  affect  this  country,  would  be  in  the  nature  of  the  dif- 
ference to  the  dog  as  to  whether  he  had  one  inch  of  his  tail  cut 
off  or  one  and  two-tenths  inches. 

In  conclusion,  it  is  interesting  to  note  the  logical  situation 
into  which  Mr.  Porter  has  argued  himself,  even  on  the  basis  of 
accepting  what  we  believe  to  be  a  wholly  inadequate  figure  for 
the  total  industrial  demands  for  ammonia  and  nitrate  and  his 
exorbitant  anticipations  of  what  the  by-product  coke  oven  in- 
dustry will  be  able  to  furnish  in  1918.  As  matters  now  stand, 
the  sole  source  of  nitrogen  that  this  country  could  rely  upon 
in  the  event  of  war  in  19 18  would  be  the  by-product  coke  ovens. 
Accepting  the  unsafe  and  inappropriate  manner  by  which  Mr. 
Porter  makes  his  forecast  of  the  potential  capacity  of  the  by- 
product coke  ovens,  and  the  extraordinarj'  figure  of  119,000 
tons  of  nitrogen  being  available  from  by-product  plants  in 
1918,  and  deducting  therefrom  his  minimum  estimate  of  the 
requirements  for  industrial  demand  in  that  year  of  75,402  tons, 
we  wotJd  have  left  44,098  tons  of  nitrogen  available  in  this 
country  for  all  other  purposes,  including  military  explosives 
in  the  event  of  war.  Is  it  to  be  assumed  that  no  inorganic 
nitrogen  would  be  required  for  fertilizers  in  the  event  of  war? 
War  conditions  are  notably  those  which  by  taking  men  away 
from  agriculture  and  industry  demand  for  the  maintenance 
of  the  countr>''s  industry  and  food  supply  that  the  productive 
capacity  of  the  remaining  workers  should  be  increased  by  labor- 
saving  appliances.  There  is  no  greater  labor-saver  than  arti- 
ficial fertilizers,  and  if  we  used  as  little  as  approximately  half 
as  much  inorganic  nitrogen  for  this  purpose  in  the  event  of 
war  in  1918,  as  was  used  in  1914,  we  should  have  absorbed 
substantially  the  whole  of  the  remaining  44,098  tons  of  nitrogen 
referred  to  above.  We  would  then  stand  with  all  of  our  nitrogen 
gone  and  nothing  provided  for  military  explosives.  How 
shall  we  determine  the  maximum  rate  at  which  military  ex- 
plosives must  be  manufactured  in  time  of  war?  Is  it  Germany's 
consumption  of  military  explosives  estimated  at  about  200,000 
tons  of  nitrogen  per  annum?  •  Is  it  five  times  the  rate  at  which 
we  exported  during  1916  to  the  Allied  Nations,  amounting  to 
500,000  tons?  But  whatever  the  amount  may  be  Mr.  Porter  by  his 
own  figures  must  admit  that  that  amount  would  be  our  shortage. 
The  editorial,  in  a  very  conservative  manner,  in  order  to  express 
a  guide  to  judgment  rather  than  an  exact  figure,  expressed  the 
figure  of  deficiency  as  231,850  tons.  But  whatever  figure  within 
reason  is  taken,  surely  the  paltr>'  amount  of  40,000  tons  which 
the  twenty-million  dollar  appropriation  made  by  Congress 
will  provide  from  the  fixation  of  atmospheric  nitrogen  as  a 
definite  assured  and  controllable  supply,  solely  for  the  use  of 
the  Government  in  the  event  of  war,  is  as  moderate  a  safeguard 
as  anyone  could  possibly  recommend  were  he,  to  quote  Mr. 
Porter's  own  words,  "without  any  desire  to  belittle  the  im- 
portance of  adequate  preiiaredness  for  this  country." 

Mr.  Porter  has  evidently  entirely  overlooked  the  fact  that 
the  U.  S.  War  College  has  outlined  a  safety  zone  for  the  United 
States  within  which  must  be  placed  war  munition  and  supply 
plants  in  order  to  safeguard  them  from  undue  exposure  to  enemy 
attack.  A  very  large  proportion  (70  per  cent)  of  the  existing 
coke  ovens  of  the  country,  all  of  which  were  included  in  Mr. 
Porter's  estimates,  fall  outside  of  this  safety  zone. 
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To  sum  up,  I  do  not  see  anything  in  the  deductions  made  by 
Mr.  Porter  which  would  justify  his  criticism  of  unwarranted  use 
of  such  statistical  data  in  regard  to  the  nitrogen  problem  as  are 
available  and  obtainable  under  the  circumstances.  Certainly 
nothing  has  been  presented  which  would  cause  me  to  modify  the 
generalized  conclusions  established  in  the  editorial. 

M.    C.    WniTAKER 
27  William  Strsbt,  New  York  City 
January  13,  1917 


TWO  LETTERS  ON  SYNTHETIC  PHENOL  RESINS 

Editor  of  the  Jotirnal  0/  Industrial  and  Engineering  Chemistry: 

In  This  Joi'rnal,  8  (1916),  1171,  Mr.  Kirk  Brown  of  the  Con- 
densite  Company  of  America  gave  his  view  of  the  dry  process 
phenol  resins. 

May  we  point  out  an  error  in  Mr.  Brown's  communication: 
his  claim  that  the  Aylsworth  patent  application  for  February  1 1 , 
1910,  was  the  basic  patent  on  the  anhydrous  reaction?  If  so, 
why  did  it  never  come  into  interference  with  our  appli- 
cation with   date   of   conception   of   April   29,    1910! 

It  must  seem  strange  to  Mr.  Brown  that  the  Aylsworth  applica- 
tion was  at  no  time  declared  in  interference  on  the  anhydrous  reac- 
tion, nor  cited  as  reference  against  our  application  though  both 
applications  were  in  the  patent  office  at  the  same  time,  and 
were  under  the  consideration  of  the  Chief  Examiner. 

The  Aylsworth  application  was  not  considered  by  the  Exam- 
iner as  dealing  probably  with  the  anhydrous  process  and  for  that 
reason  did  not  declare  it  in  interference  with  other  applications 
which  were  possibly  in  interference.  (Interference  is  not  elec- 
tive by  the  applicant  but  is  imposed  on  the  applicant  by  tlie 
Chief  Examiner  in  the  patent  office.) 

Curiously  enough  Mr.  Brown  shows  in  his  letter  that  Mr. 
Aylsworth's  process  is  not  anhydrous  for  he  carefully  describes 
the  method  used  to  get  rid  of  the  free  and  combined  water.' 

Mr.  Brown  is  mistaken  when  he  suggests  that  we  implied 
that  Mr.  Aylsworth  was  second  and  Dr.  Baekeland  an  "also 
ran,"  as  the  discoverers  of  the  anhydrous  reaction  between  dry 
phenol  and  dry  hexamethylenetetramine.  We  tried  to  state 
clearly  that  there  was  no  second  and  no  "also  ran."  We 
discovered  the  anhydrous  reaction,  described  it  from  a  purely 
scientific  standpoint,  isolated  and  described  the  intermediates 
and  by-products,  discovered  and  described  the  many  fonns 
of  the  end-products  and  to-day  are  manufacturing  the  results 
of  the  anhydrous  reaction  and  process  under  the  broadest  basic 
patents. 

Rbdmanol  Chshicai,  Products  Co.  L-  V.  Redman 

636-678  W.  22nd  Stkubt,  Chicago  \    J    WmTH 

V.  P.  Brock 


DcccmbtT  27,  1916 


Editor  oj  the  Journal  of  Industrial  and  Engineering  Chemistry: 

In  my  letter  in  Tins  Journal,  8  (1916),  1 171,  I  tried  to  make 
it  clear,  and  believe  I  did  so,  tliat  Aylsworth  was  the  first  to 
suggest  a  true  anhydrous  reaction,  but  did  not  attempt  to 
explain  in  detail  the  scope  of  the  Aylsworth  patents,  because  that 
is  a  function  of  the  court.  My  letter  was  intended  to  be  bis- 
toricnl,  not  prophetic.  I  felt  that  it  was  not  proper  to  encroach 
upon  your  space  in  a  discussion  having  to  do  solely  with  the 
boundaries  of  the  intellectual  property  of  which  patents  in  the 
absence  of  final  litigation  are  merely  the  deeds  without  the 
surveys. 

The  fact  thut  no  interference  was  declared  between  the  Kcd- 
man  application  and  the  application  of  Aylsworth  (nssuming 
tlial  they  were  pending  conteiiiporuneously)  docs  not  indicate 
to  the  slightest,  degree  thai  the  Aylsworth  claims  may  not  include 
the  .specific  miKliliciitlons  suggested  by  Rcdinan.  Interferences 
ore  declared  only  when  two  rival  inventors  arc  ns.scrting  rights 
to  claims  of  the  stime  si  ope.  Since  Redman  evidently  did  not 
■  Tnit  JouiNAt.  ■  (1916).  1172. 


seek  to  claim  an  anhydrous  reaction  broadly,  but  restricted  and 
limited  his  claims  to  his  specific  suggestion  of  reacting  upon  dry 
phenol,  no  interference  was  declared. 

For  instance,  suppose  A  and  B  are  rival  inventors  with  co- 
pending applications.  The  same  broad  invention  is  disclosed  by 
both,  but  specifically  the  inventions  are  different.  If  A  present 
broad  claims  comprehensive  enough  to  include  the  specific 
inventions  of  both  cases,  B,  by  presenting  only  Umited  claims 
covering  his  specific  form,  can  avoid  the  declaration  of  an  inter- 
ference by  the  Patent  Office. 

Dr.  Redman's  statement  that  I  have  shown  that  Mr.  Ayls- 
worth's process  is  not  anhydrous  is  in  error.  If  he  will  more 
carefully  read  my  letter  of  December,  he  will  see  that  the  Ayls- 
worth process  consists  of  two  steps,  first  the  making  of  a  dehy- 
drated gum  from  phenol  and  formaldehyde,  in  which  of  course 
a  great  deal  of  water  is  present,  which,  however,  is  entirely  eUm- 
inated,  and  the  second  step  a  reaction  between  this  dehydrated 
gum  and  hexa.  As  in  this  reaction  there  is  no  water  present  or 
produced,  it  is  properly  described  as  anhydrous. 

I  do  not  know  by  what  reasoning  Dr.  Redman  reaches  the 
conclusion  that  I  have  shown  the  Aylsworth  process  is  not 
anhydrous  but  he  might  apply  it  equally  as  well  to  his  own  pro- 
cess to  show  that  it  is  not  anhydrous  because  phenol  at  some  stage 
in  its  manufacture  contained  watef. 


CoNDENsiTS  Company  op  America 

B1.00MF1BLD,  New  Jersey 

January  9,   1917 


Kirk  Brown 


FELLOWSHIPS  IN  CHEMICAL  ENGINEERING,  1917-18 
GRADUATE  SCHOOL,  UNIVERSITY  OF  MICHIGAN 

The  following  seven  industrial  fellowships  in  Chemical  Engi- 
neering are  to  be  awarded  in  the  Graduate  School  of  the  Uni- 
versity of  Michigan  for  the  academic  year  1917-18: 

MICHIGAN  GAS  ASSOCIATION  FELLOWSHIPS  IN    GAS   ENGINEERING 

— For  studies  in  the  manufacture  and  utilization  of  gas.     Two 
fellowships  of  the  value  of  S400  each. 

ACME    WHITE    LEAD    AND    COLOR    WORKS    FELLOWSHIP For   the 

Investigation  of  problems  in  the  manufacture  and  utilization  of 
paint  and  vaniish.     Value  S500. 

MICHIGAN  PULP  AND  PAPER  MANUFACTURERS'  FELLOWSHIP For 

Studies  in  the  manufacture  of  pulp  and  paper.     \'alue  S500. 

DETROIT  EDISON  COMPANY'S  FELLOWSHIP — For  the  investiga- 
tion of  materials  used  in  central  station  equipment.     Value  $s<^' 

DETROIT  COPPER   AND  BRASS  ROLLING  MILLS  FELLOWSHIP For 

the  investigation  of  methods  to  produce  better  copper  and  brass 
products.     Value  $500. 

DETROIT    STEEL    CASTINGS    COMPANY'S     FELLOWSHIP— For    the 

Investigation  of  methods  to  produce  better  steel  castings.     Value 

Application  for  these  fellowships  must  be  made  on  appro- 
priate blanks  and  returned  to  the  Dean  of  the  Graduate  School 
by  March  i.  1917. 

Correspondence    should    be    addressed    to    the    undersigned. 
Alfred  H.  Wuitk. 
Professor  of  Cheniinil  Engineering 
Univrrsitv  or  MicnioAN 
Ann  Arror,  JaouRry  IS.  1917 

THE  CHEMICAL  ENGINEERING  CATALOGUE 
The  first  volume  of  the  Clu-nuial  I'jiguiccrinK  Catalogue, 
described  c<litorialIv  in  the  Novrmbcr  loifi  issue  o(  This  JoI'R- 
NAL,  was  concerned  ni.iinly  with  chrmical  nitinufacluring  indus- 
tries. In  order  to  expand  Uic  field  t«  take  in  oil  that  may  be 
implied  in  the  name  "Chemical  Ivngiuerriiig  Catalogue,"  it  is 
ncccHsary  to  incorporate  mutcii.d  iilong  the  more  S|>ccirtlin-d 
lines  of  chriiiical  niaMMfiK-turr  The  firNt  step  in  this  dirntion 
lii^  I,.  .11  the  orKaiiixation  of  a  Mrtallurgicnl  S<-.-ii..n    i.i  ii\.  lu.lr 
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the  raw  materials,  apparatus  and  products  of  the  metallurgical 
industries.  This  section  will  be  in  charge  of  Prof.  G.  A.  Roush, 
of  South  Bethlehem,  Pa.,  who  will  push  the  extension  of  this 
new  department,  while  still  retaining  his  connection  with  the 
Metallurgical  Department  of  Lehigh  University,  and  the  editor- 
ship of  Mineral  Industry.  In  order  that  the  Catalogue  may  be 
of  maximum  value  to  those  interested,  its  preparation  is  under 
the  supervision  of  a  committee  on  which  are  representatives 
of  the  American  Institute  of  Chemical  Engineers,  the  American 


Chemical  Society  and  the  New    York  Section  of  the  Society  of 
Cliemical  Industry. 

SPRING  MEETING  AMERICAN  CHEMICAL  SOCIETY 

The  Spring  Meeting  of  the  American  Chemical  Society  will 
be  held  at  Kansas  City,  Mo.,  during  the  week  of  April  9.  1917. 
The  Council  Meeting  will  be  held  on  Monday,  .^pril  9th,  and  the 
opening  meeting  of  the  Society  on  Tuesday,  April  loth.  One 
day  will  be  spent  at  the  University  of  Kansas.  Lawrence. 


PERSONAL  NOTL5 


The  American  Leather  Chemists'  Association  have  endorsed 
Mr.  EUwood  Hendrick  of  Xew  York  City,  for  appointment 
as  a  member  of  the  Tariff  Commission  created  under  the  General 
Revenue  Act  during  the  last  session  of  Congress.  For  the  other 
societies  which  have  joined  in  this  endorsement  see  This  Journal, 
9  (1917).  4 

Mr.  George  Weith,  of  the  Redmanol  Chemical  Products 
Company,  Chicago,  has  recovered  from  a  serious  injury  to  his 
face  and  eyes  by  the  explosion  of  phenol  vai)ors  while  melting 
out  a  gum  of  phenol. 

Mr.  Felix  Dreyfus,  vice-president  of  Herman  &  Herman,  Inc., 
sailed  for  Genoa  on  Januar>-  23  to  inspect  the  company's  branches 
in  Europe  and  Great  Britain.  On  January  25,  Mr.  Henry 
Frankel  sailed  from  Seattle  to  establish  branches  in  the  Far 
East  for  the  same  corporation. 

Prof.  Wilder  D.  Bancroft,  of  Cornell  L^niversity,  gave  an  illus- 
trated lecture  on  "Colloids"  before  the  Franklin  Institute,  on 
January  11,  1917. 

Dr.  Harry  N.  Holmes,  professor  of  chemistry,  Oberlin  College, 
addressed  the  Franklin  Institute,  on  January  2.5th.  on  "The 
Formation  of  Crystals  in  Gels." 

Dr.  John  E.  Teeple,  Consulting  Chemical  Engineer,  Xew  York 
City,  has  been  appointed  Associate  in  Chemical  Engineering, 
Columbia  University,  and  will  at  once  assume  charge  of  the 
courses  in  Chemical  Factory  Management,  Advanced  Industrial 
Chemistry  and  Chemical  Engineering. 

Professor  F.  J.  Metzgcr,  of  the  Department  of  Chemical 
Engineering,  Columbia  University,  has  resigned  his  position  to 
accept  that  of  Manager  of  Chemical  Development  with 
the  Air  Reduction  Company,  120  Broadway,  New  York.  Pro- 
fessor Metzgcr  will  assume  his  new  duties  February  ist. 

Professor  D.  D.  Jackson  has  been  designated  acting  head  of 
the  Department  of  Chemical  Engineering,  Columbia  University, 
to  serve  in  place  of  Professor  M.  C.  Whitaker  absent  on  leave. 

A  public  opening  and  inspection  of  the  new  chemistry  building 
of  the  University  of  Cincinnati  will  be  held  Saturday,  April 
7th,  under  the  auspices  of  the  University  and  the  Cincinnati 
Section  of  the  A.  C.  S. 

Dr.  G.  W.  Gray,  formerly  Chairman  of  the  Refining  Committee 
of  the  Texas  Company,  is  now  Manager  of  the  Midland  Refining 
Company,  located  at  El  Dorado,  Kansas. 

The  United  States  Civil  Service  Commission  announces  the 
following  open  competitive  examinations:  Junior  chemist, 
for  men  and  women,  on  February  7-8,  1917;  assistant  chemist 
(qualified  in  the  chemistry  of  steel),  for  men  only,  salary  S4  per 
diem,  on  February  7,  1917;  chemical  laboratorian  (male),  salary 
$4.24  per  diem,  on  February  7-8,  1917;  explosives  chemist  (male), 
salary  $3,300  a  year,  postponed  from  January  30  to  February 
20,  191 7;  assistant  chemist  (male;,  salary  Si, 350  to  Si,5<X)  a  year, 
on  February  27-28,  igij;  junior  chemist,  Departmental  Service, 
and  laboratory  apprentice  (male).  Bureau  of  Standards,  on  March 
14,  191 7;  laboratory  assistant  (male),  Bureau  of  Standards,  and 
scientific  assistant.  Department  of  Agriculture,  on  April  1 1,  1917. 


The  next  meeting  of  the  Society  for  the  Promotion  of  Engi- 
neering Education  will  be  held  at  the  Northwestern  University, 
Evanston,  III.,  on  June  27  to  30,  1917. 

Mr.  C.  C.  Ramsey,  president  of  the  Crucible  Steel  Company 
of  America,  died  on  January  ii,  in  the  Allegheny  General  Hos- 
pital, Pittsburgh,  after  a  six  weeks'  illness  of  lobar  pneumonia. 

Mr.  Arthur  H.  Thomas,  the  laboratory  apparatus  dealer, 
fell  on  the  ice  while  skating  on  Lake  Lenape,  December  31, 
1916,  and  sustained  compound  fractures  of  both  arms  above 
the  elbow. 

Dr.  Edgar  F.  Smith,  Provost  of  the  University  of  Pennsyl- 
vania, addressed  the  Engineers'  Club  of  Philadelphia  on  "Chem- 
ical Research  in  Philadelphia,"  on  January  i6th.  The  Phila- 
delphia Section  of  the  A.  C.  S.  were  invited  to  the  meeting. 

The  American  Institute  of  Mining  Engineers  will  hold  its 
New  York  meeting,  February  19  to  22,  191 7. 

The  One  Hundredth  Meeting  of  the  Louisiana  Section  of  the 
A.  C.  S.,  on  January  20,  was  a  "Jubilee"  in  celebration  of  the 
continued  success  of  the  Section. 

Prof.  James  Brown,  of  Butler  College,  Indianapolis,  announces 
the  theft  in  Butler  College,  about  the  middle  of  December,  of 
two  ijlatinum  crucibles  weighing  with  their  covers  about  15  g. 
each,  and  one  platinum  spiral  electrode  weighing  about  5  g. 

The  Forty-fifth  Regular  Meeting  of  the  Connecticut  Valley 
Section  of  the  A.  C.  S.  was  held  in  Springfield  on  January  13th, 
with  the  following  program:  "Earliest  Alchemy,"  by  Prof. 
Hopkins  of  Amherst  College;  "Ice  Cream — Its  Nutritive 
Value  and  Bacteriology,"  by  Dr.  Herbert  D.  Pease,  of  the 
Lederle  Laboratorj',  New  York  City. 

President  Robert  B.  Sosman,  of  the  Chemical  Society  of  Wash- 
ington, addressed  the  Washington  Academy  of  Sciences  on 
"Some  Problems  of  the  Oxides  of  Iron,"  at  its  January  nth 
meeting. 

Mr.  Herbert  L.  Marter,  of  the  Chicago  Section,  has  resigned 
from  the  Sears-Roebuck  Laboratory  to  accept  a  position  with 
the  Newport  Chemical  Company  of  Milwaukee. 

Mr.  R.  R.  Bliss,  of  the  Chicago  Section,  has  left  the  Sears- 
Roebuck  Laboratory  to  accept  a  position  as  chemist  with  the 
Rundle  Manufacturing  Company  of  Milwaukee. 

Mr.  Bernard  Schaar,  of  Schaar  &  Company,  sailed  on  December 
14th  from  Vancouver  for  Japan.  He  will  spend  about  three 
months  in  the  Orient  on  business  for  his  firm. 

Messrs.  A.  B.  Davis,  Arthur  W.  Bromell  and  Ralph  W.  Morgan, 
formerly  of  the  Indiana  Section,  have  gone  with  the  Ault  &  Wi- 
borg  Company,  Cincinnati. 

Mr.  E.  A.  Wildman,  formerly  associated  with  the  Rockefeller 
Institute  for  Medical  Research,  has  taken  Mr.  A.  B.  Davis' 
place  in  the  synthetic  laboratory  of  Eli  Lilly  &•  Company,  Indian- 
apolis. 

Mr.  W.  J.  Cotton,  formerly  associated  with  the  scientific 
staff  of  Butler  College,  is  now  with  the  patent  office,  Wash- 
ington, D.  C. 
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Miss  Ethel  Jones,  head  of  the  chemistry  department  of  the 
Los  Angeles  High  School  and  of  the  Los  Angeles  Junior  College, 
has  been  elected  vice-president  of  the  Southern  California  Section 
of  the  A.  C.  S. 

The  National  Association  of  Manufacturers  of  Medicinal 
Products  will  hold  its  Sixth  Annual  Meeting  at  the  Waldorf- 
Astoria  Hotel,  New  York  City,  February  6  to  7,  191 7. 

We  learn  from  Science  that  Prof.  M.  I.  Pupin,  of  Columbia 
University,  has  been  elected  president  of  the  New  York  Academy 
of  Sciences,  which  in  19 17  will  celebrate  its  Hundredth  Anni- 
versary. 

The  Burdett  Oxygen  Company  completed  the  erection  of 
their  Pittsburgh  plant,  at  40th  Street  and  Allegheny  Valley 
Railroad,  on  December  i,  1916,  and  are  now  in  a  position  to 
furnish  oxygen  to  users  in  the  Pittsburgh  territory.  This  is 
the  eleventh  plant  erected  by  the  Burdett  Company  in  the 
various  industrial  centers  of  the  country. 

Dr.  Claude  L.  Wheeler,  editor  of  the  New  York  Medical 
Journal,  died  in  Brooklyn  on  December  30,  1916. 

The  Department  of  Ceramic  Engineering  of  the  University 
of  Illinois  will  issue  shortly  a  new  bulletin  describing  in  detail 
the  courses,  both  graduate  and  undergraduate,  which  it  offers 
in  Ceramic  Engineering  and  Ceramic  Chemistry.  The  bulletin 
will  also  contain  an  illustrated  description  of  the  new  laboratory 
and  its  equipment,  and  a  list  of  the  names  and  addresses  of  the 
graduates  of  the  Department  since  its  establishment.  Copies 
of  this  bulletin  can  be  obtained  upon  request  from  the  Depart- 
ment of  Ceramic  Engineering,  University  of  Illinois,  Urbana. 

A  Joint  Meeting  of  the  New  York  Section  of  the  American 
Electrochemical  Society  and  the  American  Institute  of  Mining 
Engineers  was  held  on  January  26,  the  program  consisting  of  a 
Symposium  on  the  Electrical  Precipitation  of  Smoke  and  Dust. 


At  the  Januar>-  19th  meeting  of  the  New  York  Section  of  the 
Society  of  Chemical  Industry,  the  retirement  of  Dr.  P.  C.  McH- 
hiney  from  the  secretaryship  of  the  Section  was  announced. 
Dr.  Allan  Rogers,  of  Pratt  Institute,  Brookl>-ii,  has  been  elected 
as  his  successor.  A  rising  vote  of  thanks  was  extended  Dr.  Mcll- 
hiney  for  his  efficient  services  to  the  Section  during  the  past 
six  years. 

A  Joint  Meeting  of  the  New  York  Sections  of  the  American 
Chemical  Society,  the  American  Electrochemical  Society  and 
the  Society  of  Chemical  Industrx-  will  be  held  on  February-  9. 
The  program  will  be  a  symposium  on  "Porcelain  Manufacture 
in  America — Chemical  and  Electrical  Properties." 

The  general  outline  of  the  Spring  Meeting  of  the  American 
Electrochemical  Society  at  Detroit  has  been  sketched  as  fol- 
lows: May  2 — Visits  to  automobile  plants  with  a  "get-together" 
roadhouse  ditmer  in  the  evening;  May  3 — Sessions  on  electric 
steel,  ferro-alloys  and  general  papers,  with  a  "smoker"  in  the 
evening;  May  4 — Session  on  non-ferrous  metals  and  low- 
temperature  electric  processes,  followed  by  visits  to  Electric 
Steel  Plants  and  Power  Houses  in  afternoon,  and  addresses  by 
President  Fitzgerald  and  Mr.  Alexander  Dow  in  evening;  May  5 
— Session  devoted  to  electrodeposition  of  metals,  theory  and 
prevention  of  rusting  of  iron,  and  other  papers.  The  Publica- 
tion Committee  announces  that  papers  for  this  meeting  should 
be  in  by  March  ist. 

The  DeCamp  Glass  Casket  Company  has  decided  to  locate 
its  plant  at  Kingsport,  Tenn.,  and  will  start  immediately  on  the 
construction  of  their  plant,  designed  for  the  production  of  glass 
burial  caskets  and  other  glass  articles. 

The  British  Dye  Company,  Ltd.,  have  announced  that  they 
have  iilactd  on  the  market  indanthrene  blue  under  the  name  of 
cliloranthrcne  blue. 


GOVLRNMLNT  PUBLICATIONS 


By  R.  S.  McBride,  Bureau  of  Standards,  Washingto 


NOTICE — Publications  for  which  price  is  indicated  can  be 
purchased  from  the  Superintendent  of  Documents,  Government 
Printing  Office,  Washington,  D.  C.  Other  jjublications  can 
usually  be  supi)licd  from  the  Bureau  or  Department  from  which 
they  originate.  Commerce  Reports  are  received  by  all  large 
libraries  and  may  be  cofisulted  there,  or  single  numbers  can  be 
secured  l)y  application  to  the  Bureau  of  I'orcign  and  Domestic 
Commerce,  Department  of  Commerce,  Washington.  The  regu- 
lar subscripticm  rate  for  these  Commerce  Reports  mailed  daily  is 
$2  50  per  year,  i)ayablc  in  advance,  to  the  Superintendent  of 

Documents. 

NATIONAL  MUSEUM 

Notes  on  Alunite,  Psilomelanite,  and  Titanite.  Ivdcar  T. 
Wherrv.  Proceedings  of  the  U.  S.  National  Museum,  Vol. 
31,  818  (October  16);  also  Kiprint  No.  --145. 

INTBBNAL  REVENUE  COMMISSIONER 

Exemptions  Applied  to  Distillers  of  Brandy.  Treasury  De- 
cision 2.^72,  from  Vol.  31,  No.  14.  This  decision  makes  certain 
exemptions  for  distillers  of  brandy  from  grape  cheese,  to  which 
sugar  solution  hiis  been  adflrd  after  maiuifncturc  of  wine,  in 
nccordaniT  with  llir  cxeiniiliiius  which  luivc  Ik-ch  made  for  dis- 
tillers of  brandy  from  oilier  autliori/.cd  frnit.s. 

Temperance  Beer.  Treu.Hury  Decision  2370,  from  Vol.  31. 
No.  \,\  This  ilrcision  places  the  resjMjnsiliility  on  brewers, 
maiuifactiirrrs  of  iH'veriiKes  and  dealers  who  place  on  the  market 
unstanip<(l  iH'verages  which  lui-  found  to  contain  more  than 
onr-tialf  of  1   ]irr  <rnl  of  iilcoluil  by  voluinr 

RcKulations  RelntinK  to  Dnmrstic  and  Imported  Wines, 
Liqueurs,  Cordials,  and  Similar  Compounds,  tiixnlilr  under  the 


Regulation  2S,  Supplement 


Act  approved  September  S,   id  16. 
2,  22  pp.     Paper,  5  cents. 

BUREAU  or  SUPPLIES  AND  ACCOUNTS 
Contract  Bulletin  Regarding  Tool  Steel.  6  pp..  issued  Oc- 
tober 12.  This  bulletin  of  the  Navy  Department  gives  informa- 
tion for  the  guidance  of  commandants,  commanding  officers, 
constructing  and  engineering  officers,  inspecting  officers  and 
others,  regarding  contracts  for  tool  steil. 

NAVY  ADVISORY  COMMITTEE  FOR  AERONAUTICS 
The  first  Annual  Report  of  this  committee  includes  the  fol- 
lowing four  reports,  three  of  them  in  2  parts  that  lUX  of  some 
chemical  intere.-;t 

(1)  Investigation  of  Pilot  Tubes.  BvRUAf  ok  Standards. 
Part  1  Pilot  Tubes  and  other  Anemometers  for  Aeroplanes, 
by  W.  H.  Hersdicl.  Part  2  -  Theory  of  I'itot  and  \'rnturi 
Tulws,  by  V,    Biickinghnm 

(j)  Relative    Worth    of    Improvements    in    Fabrics.     Gi>oD- 

VliAK   TiRi:   AM)   Kl  niUlK    l-'oMPANV. 

(3)  Investigations  of  Balloon  and  Aeroplane  Fabrics.  IMtkd 
Status  RrimKR  Comi-anv.  Part  1  Iliilloon  and  Aeroplane 
Fabrics,  by  Willis  A  CiblHins  and  Omar  U.  Smith.  Part  3  — 
Skin  Friction  of  Various  Siirfncts  in  .\ir.  by  Willis  A 
(•iblHins. 

Ui  Thermodynamic  EfBciency  o(  Present  Types  of  Internal 
Combustion  Engines  for  Aircraft.  Ci«i.tMniA  IMvkkmtv. 
Part  I  RtvKW  111  Dcvilopiiirnt  of  Miikiuci  SuituMc  (or  .\rto 
nautic  Service;  Part  j  Arro  l-jigitir!i  .Analy».r<1  with  Rcfcrrnce 
to  Elrnirnt!>  of  Process  or  Function,  by  Charles  \\   l.uckc. 
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CONOBESSIONAL  COMMITTEES 

Sisal  Hemp.  Report  of  hearing  before  the  House  of  Repre- 
sentatives committee  on  agriculture  and  forestry  regarding  im- 
portation of  sisal  and  manila  hemp,  particularly  in  reference  to 
United  States  Senate  Resolution  94.  This  is  a  two  volume  re- 
port covering  about  2,000  pages.  It  is  available  only  through 
members  of  Congress. 

DEPARTMENT  OF  AGRICULTCBE 

The  Effect  of  Cultural  and  Climatic  Conditions  on  the  Yield 
and  Quality  of  Peppermint  Oil.  Kr.^nk  Rabak.  Bulletin  454, 
16  pp.     Paper,  5  cents. 

Chemical  Composition  of  American  Food  Materials.  Bulletin 
28  of  the  E.xperiraeut  Station  OlTice.  A  reprint  giving  analysis 
of  animal  and  vegetable  foods,  showing  chemical  composition 
and  nutritive  value  of  food  per  pound.     Paper,  10  cents. 

Tests  of  Wood  Preservatives.  Department  Bulletin  145. 
Reprint.     Paper,  10  cents. 

QOVEENMENT  PRINTING  OFFICE 

Government  Publications  on  Agricultural  Chemistry.  Price 
List  40,  8th  Edition.  This  lists  the  publications  for  sale  by  the 
Superintendent  of  Documents. 

INTERNAL  REVENUE  COMMISSIONER 

Regulations  and  Instructions  Relating  to  the  Manufacture, 
Redistillation,  and  Denaturation  of  Domestic  Alcohol.  .•X  re- 
print of  regtdations  No.  30,  revised.  Supplement  2,  16  pp. 
Paper,  5  cents. 

BUREAU  OF  MINES 

Vapor  Pressures  of  Various  Compounds  at  Low  Temperatures. 
G.  A.  BuRRELi,  AND  I.  W.  Robertson.  Technical  Paper  142, 
26  pp.  Paper,  5  cents.  "Among  the  compounds  for  which 
the  pressures  at  low  temperatures  either  had  not  been  de- 
termined, or  had  been  determined  only  within  limited  ranges 
of  temperatures  were  ethylene,  propylene,  isobutylene,  ethane, 
propane,  isobutane,  sulfur  dio.xide,  nitrovis  oxide,  ammonia, 
and  acetylene.  This  paper  presents  the  results  of  vapor-pres- 
sure measurements  of  the  compounds  mentioned  at  tempera- 
tures below  the  normal  boiling  point  and  at  pressures  ranging 
from  760  mm.  to  i  mm." 

List  of  Publications.  A  revised  list  of  publications  (to  Novem- 
ber 1916)  giving  those  available  for  free  distribution  and  those 
that  may  be  obtained  only  through  the  Superintendent  of 
Documents.     27  pp. 

Operating  Details  of  Gas  Producers.  R.  H.  Kernald. 
Bulletin  109,  63  pp.  Paper,  10  cents.  This  is  a  discussion  of 
the  various  operating  characteristics  of  the  types  of  producers 
commonly  used  in  this  country,  including  a  detailed  summary 
of  the  reports  received  from  a  large  number  of  plants. 

Annual  Report  of  the  Director  of  the  Bureau  of  Mines.  90 
pp.  This  report  covers  the  fiscal  year  ended  June  30,  1916  and 
summarizes  the  administrative  work,  publications,  and  in- 
vestigations of  this  Bureau.  A  brief  resume  of  the  character 
and  status  of  each  problem  under  investigation  is  included. 
BUREAU  OF  STANDABDS 

Annual  Report  of  the  Director  of  the  Bureau  of  Standards. 
155  I'l'-  This  report  covers  the  fiscal  year  ended  June  30,  1916, 
and  summarizes  the  administrative  work,  publications,  and  in- 
vestigations of  this  Bureau.  A  brief  resume  of  the  character 
and  status  of  each  ijrobkni  under  investigation  is  included. 

Durability  of  Stucco  and  Plaster  Construction.  R.  J.  Wig, 
J.  C.  Pearson  and  W.  V..  Emi.Ey.  Technologic  Paper  70,  72  pp. 
"In  1915  the  Bureau  of  Standards  in  cooperation  with  a  com- 
mittee which  includes  representatives  from  the  Supervising 
Architect's  Office  of  the  Treasur>'  Department,  the  .American 
Concrete  Institute,  and  three  contracting  plasterers  of  wide 
experience  and  from  as  many  large  cities,  as  well  as  repre- 
sentatives from  the  industries,  undertook  a  comprehensive 
investigation  of  stucco  construction.  On  the  Bureau's  grounds 
was  erected  a  test  structure  containing  56  experimental  stucco 


panels,  each  approximately  15  feet  long  and  10  feet  high.  These 
panels,  which  were  completed  in  November,  1915,  represent 
practically  all  of  the  common  tjT)es  of  stucco  construction,  a 
variety  of  mixtures  being  used  on  metal  lath,  wood  lath,  hollow 
tile,  brick,  concrete  block,  plaster  board,  gypsum  block,  and 
concrete  bases. 

"In  April,  1916,  a  careful  inspection  of  the  condition  of  the 
panels  was  made,  and  the  present  progress  report  and  full  de- 
scription of  the  test  structure  was  prepared.  Only  2  of  the  56 
panels  were  entirely  free  from  cracks  six  months  after  the  panels 
were  erected,  and  a  number  of  them  were  in  very  poor  condition. 
On  the  other  hand,  about  40  per  cent  of  the  panels  were  rated 
as  satisfactory.  It  should  be  mentioned  that  the  smooth  type 
of  finish  employed  is  well  adapted  to  the  bringing  out  of  the 
small  defects,  such  as  cracks,  blotches,  uneven  texture,  etc. 
Further  experimental  work  is  needed  before  general  conclusions 
can  be  drawn." 

Investigation  of  Cartridge-Inclosed  Fuses.  By  Board  of 
Referees:  E.  B.  Rosa,  H.  B.  Brooks,  Burton  McColujm, 
\V.  J.  Canada,  F.  W.  Glading.  Technologic  Paper  74,  194 
pp.  Paper,  55  cents.  This  is  a  report  of  the  Bureau  of  Stand- 
ards in  the  case  of  Economy  Fuse  and  Manufacturing  Company 
vs.  Underwriters'  Laboratories  (Inc.),  concerning  the  fire  and 
accident  hazard  of  the  Economy  refillable  fuse  as  compared 
with  approved  fuses. 

Constitution  and  Microstructure  of  Porcelain.  .\.  k.  Klein. 
Technologic  Paper  80,  33  pp.  Paper,  25  cents.  "The  in- 
vestigation consisted  in  the  microscopic  pctrographic  examina- 
tion of  kaolin,  feldspar-quartz,  feldspar-kaolin,  and  feldspar- 
quartz-clay  bodies  burned  at  various  known  temperatures. 
Furthermore,  commercial  bodies  of  various  grades  ranging  from 
white  ware  to  hard  fired  porcelain  were  investigated.  The  end 
in  view  was  to  obtain  data  as  to  the  constitution  and  micro- 
structure  of  porcelains  and  the  changes  in  these  involved  by 
burning  at  various  temperatures.  Subsequently  it  was  found 
possible  to  correlate  to  a  certain  degree  the  constitution  and 
microstructure  with  the  burning  temperatiu-e  of  bodies  whose 
composition  lay  within  the  limits  of  white  ware  and  hard  fired 
porcelains." 

Thermoelectric  Measurement  of  Critical  Ranges  of  Pure  Iron. 
George  K.  Burgess  and  H.  Scott.  Scientific  Paper  296, 
7  pp.  Paper,  5  cents.  "There  is  described  a  sensitive  method 
for  the  measurement  of  the  change  of  true  thermoelectric  power 
with  temperature,  by  means  of  which  observations  may  be  taken 
in  vacuo  at  2  °  intervals.  • 

"The  thermoelectric  power  of  the  iron-platinum  couple  has 
been  determined  for  the  temperature  range  0°  to  1000°  C, 
using  iron  of  99.968  Fe  purity." 

Specifications  for  and  Methods  of  Testing  Soaps.  Anon- 
■i'MOUs.  Circular  No.  62,  22  pp.  Paper,  5  cents.  This  circular 
includes  a  general  discussion  of  tlie  composition  of  soap  and  the 
varieties  of  toilet  and  laundry  soaps  and  cleansing  powder  for 
which  specifications  are  suggested.  Seven  sets  of  specifica- 
tions are  proposed  for  milled  toilet  soap,  white  floating  soap, 
liquid  soap,  salt-water  soap,  special  grade  laundry  soap,  ordinary 
grade  laundry  soap  and  chip  soap.  The  methods  described 
include  those  for  sampling  deliveries  for  preparations  of  the 
laboratory  sample  and  for  the  following  tests  and  determina- 
tions: Matter  volatile  at  105°  C;  free  alkali  or  acid  (method 
for  all  except  liquid  soaps) :  free  alkali  or  acid  (method  for  liquid 
soaps);  alkali  as  alkaline  salts;  silicate;  sulfate;  matter  insoluble 
in  water;  unsaponified  saponifiable  matter;  preparation  of  tot.al 
fatty  acids  (method  for  milled  toilet,  white  floating  or  salt- 
water soaps);  preparation  of  fatty  and  rosin  acids  (method  for 
ordinary  or  special  grade  laundry  or  chip  soaps);  titer  test; 
acid  number  of  fatty  acids;  total  alkali  (method  for  all  except 
liquid  soaps);  total  alkali  (method  for  liquid  soaps);  chloride; 
rosin ;  total  soap  (method  for  liquid  soaps) ;  sugar — qualitative  test. 
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BUKEAU  OF  FOREIGN  AND  DOMESTIC  COMMERCE 
Artificial  Dyestuffs  Used  in  United  States:  Quantity  and 
Value  of  Foreign  Imports  and  of  Domestic  Production  during 
Fiscal  Year,  1913-14.  Thomas  H.  Norton.  Special  Agents 
Series,  254  pp.  Price,  30  cents.  Census  of  dyes  currently  employed 
in  United  States  by  textile,  paper,  ink,  varnish,  fur,  feather, 
paint,  and  other  industries.  It  gives  in  detail  quantity  and 
value  of  each  of  5,674  brands  of  synthetic  colors  imported  from 
Kurope,  fiscal  year  1913-14,  similar  information  on  coal-tar 
crudes  and  intermediates  imported  in  same  period,  and  com- 
plete list  of  artificial  colors  manufactured  in  United  States  prior 
to  1915. 

OEOLOGICAL  SURVEY 
Quicksilver  in  1915.  H.  D.  McCaskey.  Separate  from 
Mineral  Resources  of  the  United  States,  19 15,  Part  I;  published 
October  4th.  "The  quicksilver  industry  continued  to  be  of 
more  than  usual  interest  throughout  19 15,  owing  to  the  large 
consumption  of  the  metal  in  the  manufacture  of  war  supplies 
and  the  generally  prevailing  high  prices  resvUting  from  the  great 

demand Prices    for    the    metal    became    so    high    in 

February  and  March,  1916,  that  domestic  contractors  for  the 
Allies  induced  the  British  Government  to  permit  shipments  of 
quicksilver  to  this  country  to  complete  contracts,  and  thus,  to 
a  small  but  important  extent,  competition  in  the  home  market 
between  domestic  and  foreign  supplies  was  reestablished  and 
prices  rapidly  fell  from  $300  per  flask  in  February,  1916,  to 
$75,  the  price  now  (August,  1916).  According  to  reports  from 
the  producers,  169,939  short  tons  of  new  ore  were  mined  and 
available  for  treatment  in  19 15,  a  considerable  increase  over  the 
quantity  in  1914,  due,  of  course,  to  increased  development  and 
prospecting  as  well  as  to  more  rapid  exploitation  of  established 
mines  to  take  advantage  of  high  prices. 

"Of  new  and  old  ore  and  old  furnace  material,  158,817  short 
tons  were  treated  in  1915,  averaging  0.4  per  cent  quicksilver, 
or  9.9  lbs.  per  ton,  an  increase  in  quantity  of  35,819  tons  but 
with  a  slight  decrease  in  tenor,  owing  chiefly  to  the  lower-grade 
ore  worked  in  Nevada. 

"A  total  of  only  2,391  tons  was  treated  in  retorts,  yielding 
1,214  flasks  of  quicksilver,  or*i.9  per  cent  of  metal  from  the  ore 
charged.  On  the  other  hand,  156,426  tons  of  lower-grade  ore 
were  treated  in  shaft  furnaces,  yielding  19,819  flasks  of  mercury, 
or  an  average  of  0.48  per  cent  of  metal." 

List  of  Publications.  A  revised  list  (to  December,  1916) 
of  the  ])ul)licati()ns  of  the  Geological  Survey  including  those 
still  available  for  free  distribution  and  those  for  sale  by  the 
Superintendent  of  Documents.      168  pp. 

Analysis  of  Silicate  and  Carbonate  Rocks.  W.  F.  HiuLK- 
iiKANi).  HuUelin  .(.'-•,  2T,ii  PI).  I'apir,  25  cents.  This  is  a 
reprint  in;Lkinn  this  iiniKirtanl  publication  again  available 
IhrouKh  tlu-  iinice  of  tlir  Snpii intendenl  of  Docinnents. 

Geographic  Tables  and  Formulas.  .S.  S.  Gannett.  Bulletin 
650,  4th  Ivdition  l'ai)er,  25  cents.  The  earlier  editions 
of  these  tables  were  numbered  otherwise  in  the  series  of  bulletins. 
Anticlines  In  Central  Wyoming.  C.  J.  Hark.s.  Hullctin 
641-I,  from  ConiribnlioMs  ti>  I'Aonoinic  Geology.  191(1,  Part  II. 
I)p.  233  279.  Published  December  16,  ii)i6.  "The  examina- 
tion of  central  Wyoming  was  iinilcrtnken  to  determine  whether 
or  not  the  region  contains  anticlines  or  other  folds  fiivornblc  for 
the  aeminnlation  of  oil  and  gas  and  also  the  innnber  and  occurs 
rence  of  oil  sands.  If  favorable  folds  are  present,  the  next 
imporlant  (inestion  is  whether  the  oil  bearing  sands  are  sealed 
1h-Iow  iniprrviiins  rocks  in  (hose  folds  so  as  to  hold  the  oil  and 
xas  or  wlietlur  those  saiuls  have  been  exposeil  by  enision.  allow 
Mig  the  oil  and  gas  to  escape. 

"The  United  Stales  Geological  Survey  can  not  stale  positively 
thai  oil  or  gas  in  eonnnenial  (|uiintities  exists  in  any  of  these 
anticlines,  but  it  <I<m-s  suggest  lliat  some  of  their  ai>lKMir,  after 
liild  i-xaniinnliiin,  Ici  offer  fjivoraMe  conditions  for  the  accnnuihi. 


tion  of  oil  and  gas.  Drilling  is  the  only  method  of  ascertaining 
whether  or  not  oil  or  gas  can  be  found  in  these  folds." 

Oil  Shale  in  Northwestern  Colorado  and  Adjacent  Areas. 
Dean  E.  Winchester.  Bulletin  641-F,  from  Contributions 
to  Economic  Geology,  1916.  Part  II,  pp.  139-198.  Published 
December  18,  1916.  "The  results  of  the  tests  made  in  the 
field  and  in  the  laboratory  at  Washington  are  given  and  show 
variation  from  a  maximum  yield  of  90  gallons  of  oil  to  the  ton 
of  shale  to  a  minimum  of  0.31  gallon.  The  yield  of  ammonium 
sulfate  was  not  determined  for  samples  tested  dining  the  early 
part  of  the  first  season's  work,  but  those  which  were  tested  show 
a  range  from  18.3  pounds  by  dry  distillation  or  34  pounds  by 
steam  distillation  to  0.4  pound  to  the  ton  of  shale.  Likewise 
the  yield  of  inflammable  gas  ranges  in  the  samples  for  which 
the  amount  was  recorded  from  4.549  cubic  feet  to  the  ton  of 
shale  to  less  than  5(X)  cubic  feet.  " 

Mineral  F>roducts  of  the  United  States.  Unnumbered  pub- 
lication. I  large  sheet,  24  X  30  in  .  tabulating  the  mineral 
products  for  the  calendar  years  1906  to  1915  and  indicating  the 
total  value  of  products  from  1880  to  1905.  Available  from  the 
Geological  Survey  on  request. 

Gold,  Silver,  Copper,  Lead,  and  Zinc  in  Colorado  in  1915. 

(Mines  Report.)  Charles  W.  Henderson  Mineral  Resources 
of  the  United  States,  1915,  Part  I,  pp.  421-484.  Published 
December  12,  1916.  This  and  the  following  four  pamphlets 
regarding  gold,  silver,  copper,  lead  and  zinc  are  "Mines  Re- 
ports" for  the  districts  in  question.  The  general  summary 
for  these  metals  throughout  the  United  States  will  be  prepared 
in  consolidated  reports  abstracted  in  This  JotTRNAU  as  they  are 
issued . 

Gold,  Silver,  Copper,  Lead  and  Zinc  in  Arizona  in  1915. 
V.  C.  Heikes.  Mineral  Resources  of  United  States,  1915,  Part 
I,  pp.  485-521. 

Gold,  Silver,  Copper,  Lead  and  Zinc  in  Idaho  and  Washington 
in  1915.  C.  N.  Gerrv.  Mineral  Resources  of  the  United 
States,  1915,  Part  I,  pp.  523-575.  Published  December  26, 
1916. 

Gold,   Silver,   Copper,  Lead  and  Zinc  in  Montana  in   1915. 

V.  C.  IliJiKES.  Mineral  Resources  of  the  United  States,  igij. 
Part  I,  pp.  577-612.     Published  December  g.  loK) 

Gold,  Silver,  Copper,  Lead,  and  Zinc  in  Nevada  in  1915.  \'. 
C.  Heikes.  Mineral  Resources  of  tlic  United  States,  1915, 
Part  I,  pp.  613-654.     Published  December  26.  1916. 

Annual  Report  of  the  Director.  185  pp.  This  report  sum- 
marizes the  work  of  the  Survey  for  the  fiscal  year  ended  June 
30,  1 9 16. 

Copper  in  1915.  (General  Report.!  B.  S.  lU'Ti-KR.  Scpiiratc 
No.  21  from  Mineral  Resources  of  the  United  States,  1915. 
Part  I,  pp.  655-722.  Published  December  20.  1916.  ".\ftcr  the 
beginning  of  the  I-'uropean  war  in  .Vugust.  K114.  ninny  of  the 
large  copper  companies  of  the  United  States  curtailed  their 
output  Ijy  30  to  50  per  cent  and  nuuiy  of  the  smaller  cxnipanies 
cea.sed  operations  entirely.  This  otMulition  prcvaik*<I  through 
the  last  five  months  of  1914  and  into  1015.  IvJirly  in  loi.s  it 
became  apparent  that  the  reciiiireinents  of  copin-r  for  war  ma- 
terials wouhl  far  cxceetl  what  had  Imcii  grnerallv  unticiixilcd, 
the  price  of  the  iiiclal  l>cgan  to  advance,  and  in  i^Misrqncnce 
production  increased  Hoth  pruv  and  output  conluuird  to 
increase  slen<lilv  aiul  riipidlv.  Ueforc  the  iniildir  of  the  your 
most  comimiiies  were  o|>eraliiiK  at  full  capacity  and  in  the 
.seconil  lialf  of  the  year  plnnlit  were  pushed  to  the  utniiMl.  in 
some  of  them  a  hiuh  rroivrry  of  nirtui  liciiig  vaorilKTil  for  a 
large  output  The  total  output  for  the  venr  was  the  lurKr«t 
in  the  history  of  the  industr>-. 
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"The  summary  of  statistics  of  the  copper   industry   in   the 

United  States  in  191 5  is  given  as  follows: 

Production  of  copper: 

Smelter  output 1 

Mine  production I , 

Refinery  production  of  new  copper — 

Electrolytic 1  , 

Lake 

Castinf!  and  pig 

Total  domestic 1 , 

Total  domestic  and  foreign 1 

Total  new  and  old  copper 2 

Total  ore  produced 

Copper  ore  produced .' 

Average  yield  of  copper 

Imports 

Exports 

Consumption: 

Total  new  copper 1 

Total  new  and  old  copper 1 , 

World's  production 

Value  of  production  in  the  United  States $ 


114,345,342  lbs. 
236,757,062  lbs. 
36,603,119  lbs. 
387,705.523  lbs. 

634.204.448  lbs. 
026.000,000  lbs. 

43.415,133  short  tons 
43,404.182  short  tons 
1 .66  per  cent 

315.698.449  lbs. 
681,953,301  lbs. 


242,902,000 


"The  average  cost  per  pound  of  producing  electrolytic  and 
casting  copper,  as  compiled  from  the  annual  reports  of  com- 
panies giving  tliis  item,  was  7  86  cents.  This  compares  with 
8.62  cents  in  1914,  with  9.49  cents  in  1913,  and  with  8.74  cents 
in  191 2.  The  cost  as  indicated  by  these  figures  is  doubtless 
below  the  actual  average  cost  of  all  copper  but  probably  rep- 
resents the  general  trend  of  costs. 

"The  average  cost  per  pound  of  Lake  copper,  as  compiled  from 
the  annual  reports  of  companies  giving  this  item,  was  8.23  cents. 
In  1914  the  cost  was  10.93  cents;  in  1913,  13.44  cents;  and  in 
1912,  10.28  cents. 

"The  decrease  in  cost  in  1915  from  1914  wasaccomphshed  in 
spite  of  increase  in  wages  and  larger  expenditures  on  develop- 
ment and  construction  in  19 15.  Not  only  were  wages  in- 
creased but  there  was  doubtless  a  decrease  in  average  efficiency 
of  labor,  as  is  common  when  it  is  in  large  demand.  Notable 
improvement  in  ilietallurgical  practice  was  made,  but  the  effect 
of  this  will  appear  in  the  output  for  1916  much  more  than  in  tliat 
for  1915.  In  1915  such  improvements  as  were  installed  were 
probably  partly  offset  by  the  sacrifice  of  the  best  practices  for 
large  outputs. 

"The  average  selling  price  of  electrolytic  copper,  as  compiled 
from  the  reports  of  companies  giving  that  item,  was  17.33 
cents  a  pound  in  1915  and  that  of  Lake  copper  was  17.79  cents. 
It  is  probable  that  the  average  profit  per  pound  of  copper  pro- 
duced was  at  least  8  cents.  This  would  mean  a  profit  for  the 
industry  of  over  $1:1,000,000.  Several  of  the  copper  com- 
panies increased  their  dividends  during  the  year,  and  practically 
all  added  largely  to  their  reserve  funds,  so  that  most  of  them 
were   greatly    improved    in    financial   position   at   the   close    of 

1915. 

"The  most  satisfactory  feature  of  the  industry  during  the  last 
few  years  has  been  the  great  improvement  in  metallurgical 
practices.  The  blast  furnace  that  was  long  so  large  a  factor  in 
copper  metallurgy  has  been  in  large  part  replaced  by  the  re- 
vcrbcratory  furnace.  The  silica-lined  converter  has  in  many 
plants  given  place  to  the  more  efficient  basic-lined  converter. 
The  great  increase  in  concentrating  ore  treated  during  recent 
years  has  served  to  emphasize  the  lamentably  large  losses  by  the 
older  concentration  processes,  and  the  great  increase  in  recovery 
effected  by  later  improvements  is  most  important  and  gratifying. 
The  added  recovery  resulting  from  finer  grinding  in  the  Lake 
Superior  district  has  already  been  felt.  The  flotation  process, 
which  promises  almost  a  revolution  in  concentrating  methods, 
had  some  influence  on  production  in  1915  but  will  be  more 
important  in  19 16  und  subsequent  years.  Leaching  processes, 
which  a  short  time  ago  promised  to  take  a  prominent  place  in 
the  industry,  will  probably  be  restricted  to  classes  of  ore  not 
readily  susceptible  of  treatment  by  the  flotation  process  as  at 
present  developed.  There  seems  to  be  a  field,  however,  for 
leaching  processes  in  the  treatment  of  low-grade  oxidized  and 
partly  oxidized  ores.  Plants  were  in  process  of  construction 
during  the  year  and  others  will  doubtless  follow. 


"Improved  processes  promise  to  add  from  10  to  20  per  cent 
to  the  recovery  of  metal  from  concentrating  ores.  This  will  be 
felt  not  only  in  the  added  production  from  the  class  of  ores  that 
could  be  treated  by  the  less  efficient  methods  but  will  doubtless 
lead  to  a  lowering  in  the  grade  of  material  that  can  be  treated 
and  thus  add  largely  to  the  ore  reserves.  It  will  also  be  possible 
to  re-treat  some  of  the  tailings  from  earlier  operations. 

"No  systematic  attempt  has  been  made  to  ascertain  the  pro- 
portion of  the  copper  output  of  1915  used  in  different  industries, 
such  as  electric  transmission,  brass  manufactiu'e,  and  casting, 
but  some  idea  of  the  quantities  entering  the  different  industries 
can  be  gained  from  the  forms  in  which  the  output  of  the  re- 
fineries was  cast. 

"It  may  be  assumed  that  a  large  portion  of  the  37  per  cent 
cast  as  wire  bars  was  used  in  the  electric  industry  and  that  the 
9  per  cent  cast  as  cakes  was  used  largely  for  rolling.  The  other 
forms  are  less  easily  classified.  The  6  per  cent  cast  as  cathodes, 
together  with  a  portion  of  the  ingots,  probably  entered  the 
brass  industry,  and  a  large  quantity  of  copper  ingots  was  used 
in  casting." 

Coal  101915.  Part  A — Production.  C.  E.  Lesher.  Separate 
No.  24,  from  Mineral  Resources  of  the  United  States,  1915, 
Part  II,  pp.  345-431-     Published  December  16,  1916. 

"The  bituminous  coal  industry  in  1915  responded  in  a  gratify- 
ing manner  to  the  quickening  in  all  lines  of  business,  and  the 
record  for  the  year  shows  an  increase  in  the  total  quantity 
produced  of  nearly  5  per  cent  over  1914.  The  returns  to  the 
producers  were,  however,  lower,  the  average  price  per  ton  at  the 
mines  declining  from  $1.17  in  1914  to  $1.13  in  1915,  with  the 
result  that  the  total  value  increased  less  than  2  per  cent. 
Pennsylvania  anthracite,  production  and  value,  decreased  about 
2  per  cent. 

Summary  of  Statistics  of  Coai.  Produced  in   1915 
Quantity 
(net  tons)  Value 

Bituminous  coal  and  lignite 442  ,  624 ,  426     $502 ,  037  ,  688 

Pennsylvania  anthracite 88,995 ,061        184,653,498 


ToT.\L 531,619,487     $686, 691. 186 

"The  proportion  of  machine-rnined  bituminous  coal  to  the 
total  output  has  increased  each  year.  In  19 15  the  proportion 
was  55  per  cent,  twice  that  of  1903,  12  years  before,  and  the 
number  of  tons  so  mined  in  191 5  was  more  than  three  times 
that  in  1903." 

Coal  in  191 5.  Part  B — Distribution  and  Consmnption.  C. 
K.  Lesher.  Separate  No.  25,  from  Mineral  Resources  of  the 
United  States,  1915,  Part  II,  pp.  433-513-  Published  Decem- 
ber 28,  1916.  "The  object  of  this  report  is  to  furnish  statistics 
showing  the  internal  distribution  of  the  coal  produced  in  the 
United  States,  the  principal  purposes  for  which  it  is  used,  and 
the  quantities  consumed  in  each  state. 

The  Estimated  Distribution  op  Bituminous  Coal  and  Lignite  by  Uses 

Quantity  Percentage  of 

(net  tons)  total  consumptioa 

Railroad  fuel 122,000,000  28.0 

Steamship  bunker  fuel  (Tidewater) ... .          9,245,914  2.0 

(Great  Lakes) .  .           1.461,593  0.3 

Manufacture  of  beehive  coke 42,278,516  9.3 

Manufacture  of  by-product  coke 19,554,382  4.3 

Manufacture  of  coal  gas 4,563,579  1.0 

Domestic  and  small  steam  trade 71,336,489  16.0 

Industrial  steam  trade 143,765,500  33.0 

Exported 18.773.782  4.0 

Used  at  mines  for  steam  and  heat 9.798.681  2.0 

•Special  uses 714.073  0.1 


ToTAU ■. 443.492.509 


100.0     " 


Metals  and  Ores  in  1914  and  1915.  J.  P.  Dunlop.  Separate 
No.  22,  from  Mineral  Resources  of  the  United  States.  1915, 
I'urt  I,  pp.  723-733.  Published  December  27,  1916.  "The 
production  of  metals  given  in  the  following  table  shows  the  out- 
put from  plants — mills,  smelters,  and  refineries — in  the  United 
States,  and  is  essentially  a  measure  of  the  metallurgical  industry, 
as  the  ore,  matte,  and  unrefined  bullion  treated  in  this  country 
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METAI. 

Iron  (pig)  (o) 

Manganese  (spiegeleisen  an 

Other  ferroalIoys(6) 

Nickel 

Aluniinum(d) 

Gold 

Silver..  .; 

Platinum  and  allied  metals 

Quicksilver 

Tin(«) 

Copper,  stated  as  refined. . 

Lead,  stated  as  refined 

Antimony 

Antimonial  lead 

Zinc  (spelter) 


d  ferromanganese) . 


Mehls  Produced  in  the  United  States  in  1915 

From  Foreign  Ores.  Matte 
AND  L'nrefin 

Quantity 
(short  tons) 
1,058,424 
164.055 


/ From  Domestic  O 

Quantity 

(short  tons) 

32,972,200 

125,819 

143,902 

560 

49,903 

167.575 

2,570.094 

0.055 

788.737 


Value 

$388,397,654 

2,376,544 

3,621.264 

448.222 

17,985,500 

101,035,700 

37,397,300 

88,341 

1,826,912 


29.339 

748.132 

0.242 


Value 
>13.011 
9.280 
2.172 
22,626 

950 
449 
128 
756 

500 
son 
347 

Quantity 
(short  tons) 
34,030,624 
289,874 
145,407 
28.843.443 
49.903 

196.914 

4,318.226 

0.297 

788.737 

Value 
S  401.409.604 
11,656.993 

5.793,392 
23,074,978 
17  985,500 

17,689 

25,437 

390 

118,725.200 

62,834.800 

478,688 

1,826,912 

693.853 

507,026 

2,000 

19,371 

458,135 


(0)    Marketed  production. 

(6)  Includes  marketed  production  of   ferrosilicon,    ferrophospho 
1914  or  1915. 

(f)   Nickel  content  of  imported  matte  and  ore. 

(d)   Includes  foreign.      Figures  are  consumption  not  production. 

(f)   No  report  of  any  tin  ore  smelted  other  than  experimentally  in  1914 

are  derived  from  both  domestic  and  foreign  sources.  The  at- 
tempt is  made,  however,  to  show  the  production  in  marketable 
form  of  metals  from  both  domestic  and  foreign  mines  wherever 
possible.  The  production  of  domestic  ore  is  a  measure  of  the 
metal-mining  industry  of  the  United  States  alone. 

"The   following   table    shows   the    production   of   crude   ores 
supplied   from   domestic  mines  to   gold   and   silver  mills,   con- 
centrating plants,  and  smelters,  in  1915,  in  short  tons: 
rketed  pro- 


242,848.550 

47,660,000 

1.180,000 

3.092.675 

113.617,000 

961,575,662 

s,  ferrovanadiun 


123,249 

43,029 

1,544 

3,853 

31.384 


43.137.150 

4,045,000 

910.960 

573,061 

7,783.232 

147,058,033 

ferromolybdenur 


550,055 

3,544 

23,224 

489,519 


No  ferrotita 


285.985,700 

51,705.000 

2,090,960 

3.665.736 

121,400.232 

1  .108.633.695 

im   reported   for 


duction) 

..   62 

152,272 
10.874 

Manganiferous  iron  0 
Chromic  iron  ore.... 
Tungsten  ore 

re. 

53.976 
3.675 
2.736(a) 
6.250 

Aluminum  ore  . 

332  686 

Gold  ore 

.  .    11 

279.354 

.  .      1 

407.772 

158.817 

41  .000(6) 

Vanadium  and  urani 

um 

47.000 

Antimony  ore 

5,000 

Copper  ore: 

Western  States 

Central  Slates 

Eastern  States 

...   30 
..    12 

349,560 
334,700 
868,555 

Total 

..   43 

552,815 

Copper-lead  ore  . . . 
Lead  ore: 

Western  States. 

Central  States.. 

Eastern  States. . 


,429,546 

,067,800 

14 


7,497,360 


Total 

Zinc  and  zinc-lead  ore: 

Western  States ...  2.412, 663 
Central  States...  .  14.467.100 
Eastern  States 1.296,305 

Total 18,176,068 

Grand  Totai, 144,738,606 

{a)  Not  all  crude  ore;  includes 
marketed  concentrates  from  un- 
known quantity  of  crude  ore 
milled. 

(ii)    Estimated. 

L.  Hess.  Separate  No.  23. 
from  .Mineral  Resources  of  the  United  States,  1915,  Part  I, 
PP-  73.S  741.  Published  December  21,  1916.  "So  far  as  is 
known  to  the  Survey  magnesium  had  not  been  produced  on  a 
commercial  scale  in  the  United  States  until  1915,  though  experi- 
ments looking  toward  that  end  had  been  made  by  various 
firms  at  difTerent  times  and  especially  after  the  beginning  of  the 
ICuropean  war  in  1914.  The  total  production  during  1915  was 
87.500  pounds,  valued  at  about  $440,000. 

"Before  the  IJuropeaii  war  magnesium  was  quoted  at  about 
?i.6s  a  pound  for  the  imported  (German)  material.  After  the 
cutting  off  of  the  foreign  supply  ])rices  rose  to  $5  or  even  ?6 
a  i)ound  for  sticks,  and  powdered  material  sold  at  $6. 50  a  pound; 
and  jiriccs  remained  at  about  these  levels  through  the  year." 

There  is  included  in  this  bulletin  a  discussion  of  the  properties 
of  magnesium,  the  history  and  iiuthods  of  maiuifactiirc,  the 
uses,  the  future  of  this  nielal,  and  the  prices  under  difTerent 
conditions 

Magnesite  in  1915.  Ciiari.hs  O.  Yai.H.  Separate  No.  33, 
from  Mineral  Resources  of  the  United  States,  191.S,  Part  II, 
]>p.  1019-1026.  Published  Uecenil>er  19,  1916.  "The  crude 
magnesite  produced  and  sold  or  treated  in  the  United  States 
in  191.5.  ainouiitfii  In  .v>.499  short  tons,  Viilued  at  5274.491.  as 
(<iini>ared  with  11.295  short  tons  viilued  at  $124,223,  in  1914. 
The  domestic  material  continues  to  be  derived  from  California 
I  xclusivoly. 

"The  value  a.s.iigncd  to  the  domestic  product  in  i>>i,s  is  bn.w:d 
on  n  price  of  tn  to  S25  a  ton  of  ordinary  calcined  inagnesitr, 
tjot  ground,  in    sacks  at  Siui  I'rancisco,  which    ii  iissutned  to  l>c_ 


approximately  equivalent  to  S9  a  ton  for  the  raw  or  crude 
magnesite  at  the  same  point.  The  ground  magnesite  brings  a 
somewhat  higher  price  in  California  markets,  but  the  imported 
magnesite  sells  at  a  price  above  that  of  the  domestic  product, 
the  reason  being  that  the  imported  magnesite  is  more  finely 
ground,  is  put  up  in  better  packages,  and  may  be  purchased  in 
smaller  lots  on  longer  credit  than  the  domestic.  These  prices 
plus  freight  rates  have  made  the  use  of  domestic  magnesite 
expensive  to  those  who  have  been  accustomed  to  purchase  the 
imported  material. 

"The  Austrian  and  Hungarian  magnesite  formerly  imported 
contains  6  to  8  per  cent  of  iron;  it  is  therefore  more  available 
for  furnace  use  than  the  purer  magnesite  obtained  in  many  other 
parts  of  the  world;  moreover,  it  can  be  produced  more  cheaply 
and  in  larger  quantities  and  is  more  readily  manufactured  into 
refractory  brick  than  the  purer  material.  Until  the  cutting  off 
of  this  supply,  more  than  90  per  cent  of  the  magnesite  consumed 
in  the  United  States  was  derived  from  these  countries. 

"The  California  magnesite  deposits  carT>'  a  purer  material 
than  the  Austrian  and  Hungarian,  and  their  output  is  better 
adapted  for  making  paper,  tiling,  flooring,  and  cements  than  for 
refractory  use.  There  is  one  mine  recently  reported  in  the 
State,  in  Napa  County,  whose  product  carries  iron  and  corre- 
sponds nearly  in  composition  to  the  ore  from  Austria.  The 
mine  is  equipped  with  a  calcining  plant,  but  its  entire  output 
is  absorbed  by  local  steel  plants.  The  deposits  at  a  few  other 
mines  have  smaller  percentages  of  iron  but  more  silica  and  lime. 
Magnesite  is  not  in  demand  when  it  carries  more  than  5  per  cent 
of  silica  and  3.5  ])cr  cent  of  lime." 

Stone  in  1915.  G.  F.  Loughun.  Separate  No.  28.  from 
Mineral  Resources  of  the  United  States,  1915,  Part  II.  pp. 
761-842.      Published   Pcccmber  27,    1916. 

Gems  and  Precious  Stones  in  1915.  Wauhlmak  T.  Sciialler. 
Separate  No.  29,  from  Mineral  Resources  of  the  United  States. 
1915,  Part  II,  pp.  843-858.     Published  Peccmber  11,   191^. 

Borax  in  1915.  Chari.ks  G.  Yai.b.  Separate  No.  ii.  from 
Mineral  Resources  of  the  United  States,  nji.s.  Part  II.  pp. 
1017-1018.  "In  1915  the  production  of  crude  Iwrale  materials 
in  the  United  States  was  67,003  short  tons,  valued  at  $1,677,009. 
compared  with  62,400  short  tons.  val«c<l  at  $1,464,400,  in 
1914.  and  58,051  short  tons,  valued  nt  $1,491,530.  in  19'.^- 
All  the  crude  l>orate  materini  iu>w  used  in  this  countr>'  »  the 
mineral  colemanite  (calcium  borate),  .ind  the  output  in  1915 
came  from  a  few  mines  in  sonlhcni  and  soiithraslcni  California. 
The  value  of  the  prtxlucl  given  is  the  value  of  the  ore  at  the 
point  of  shipment  estiiiiutcd  on  a  l>a.sis  of  $1  |>rr  unit  (|)cr  cent) 
of  anhydrous  Uiric  acid  (Ixiron  trioxidc.  BiOi)  in  the  raw  ma- 
terial. All  the  ore  .ship|>ril  from  California,  howr\xr.  was 
calcine<l  or  concentrated  licforr  l»cing  put  on  the  c«r»  at  the 
iiiinci  " 
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Peat  in  1915.  James  S.  Turp.  Separate  No.  34,  from 
Mineral  Resources  of  the  United  States,  1915,  Part  II,  pp. 
1027-1030.  Published  December  30,  1916.  "The  most  success- 
ful industry  based  on  peat  so  far  attempted  in  the  United  States 
is  that  of  preparing  peat  for  use  as  a  fertilizer  or  as  a  filler  for 
chemical  fertilizers.  Black,  thoroughly  decomposed  peat  is 
most  satisfactor>'  for  all  fertilizer  uses,  as  such  peats  are  generally- 
heavier  and  more  compact  and  contain  more  nitrogen  and  less 
fibrous  material  than  the  brown  types.  Some  of  the  peat  sold 
during  19 15  for  direct  use  as  fertilizer  was  enriched  by  the  addi- 
tion of  beneficial  soil  organisms. 

"The  production  of  peat  for  fertilizer  and  fertilizer  filler 
during  1915,  as  reported,  was  38,304  short  tons,  valued  at 
$258,447,  as  compared  with  37,729  short  tons,  valued  at 
5249,899,  in  1914.  The  selling  prices  given  varied  widely 
according  to  the  grade  of  the  product,  the  uses  to  which  it  was 
to  be  put,  the  quantity  and  quality  of  the  materials  added, 
and  the  size  of  the  selling  unit.  The  lowest  price  per  ton  re- 
ported was  S3,  the  highest  S16,  and  the  average  $6.75.'' 

COMMERCE  REPOBTS— DECEMBER,  I916 

Filbert  oil  expressed  from  the  mito  in  Turkey,  is  being  used 
there  for  cooking,  lighting  and  soap  making.     (P.  834.) 

Large  quantities  of  potato  starch  are  being  shipped  from 
Prince  Edward  Island,  Canada,  to  the  United  States.     (P.  843.) 

Shortage  of  the  beet  sugar  crop  in  Russia,  has  caused  in- 
creased demand  for  sugar  in  the  far  East,  where  the  price  had 
been  declining.     (P.  867.) 

Information  regarding  coal  mining  in  Silesia,  including  labor 
conditions,  etc.,  are  given.     (Pp.  888-92.) 

Porcelain  manufacturers  in  Germany  have  increased  the 
price  an  additional  20  per  cent,  making  an  increase  of  65  per 
cent  over  pre-war  prices.     (P.  897.) 

Shipments  of  manganese  ore  from  Russia  are  increasing, 
though  still  far  below  normal.     (P.  904.) 

While  the  sugar  beet  crop  of  Russia  is  nearly  normal,  the 
output  of  sugar  will  be  low,  on  account  of  lack  of  labor,  trans- 
portation, etc.     (P.  904.) 

The  regulations  regarding  the  cutting  and  sale  of  pulp  wood 
in  New  Brunswick,  Canada,  provide  for  the  manufacture  in 
Canada  of  all  the  wood  into  pulp,  etc.     (P.  910.) 

Efforts  are  being  made  by  the  United  States  Bureau  of 
Fisheries  to  develop  the  production  of  leather  from  shark  skins. 
(P-  913) 

The  development  of  chemical  industries  in  South  Africa  is 
urged,  especially  the  manufacture  of  supplies  for  the  mining 
industry  and  of  iron  and  steel,  cement,  soap,  coal  by-products, 
etc.     (P.  924.) 

A  fiber  known  as  "sandade"  which  is  similar  to  kapok,  and 
suitable  for  mattresses,  etc.,  is  now  obtainable  in  Brazil.  (P. 
949.) 

Steps  are  being  taken  in  Chile  for  establishing  a  school  of 
mines  at  Antofagasta,  to  develop  the  numerous  mineral  prod- 
ucts of  Chile.     (P.  956.) 

Oil  is  to  be  used  entirely  as  fuel  on  the  railway  in  Costa  Rico. 
(P-  997) 

The  Chilean  nitrate  industry  has  just  about  reached  the 
proportions  existing  before  the  war.     (P.  ion.) 

Large  amounts  of  coal  briquets  are  being  shipped  from  Wales 
to  France,  Italy  and  Spain.      (P.  1048.) 

AJargc  sulfite  pulp  mill  is  being  built  in  Finland.     (P.  105 1.) 

In  the  manufacture  of  precipitated  chalk  in  Germany,  the 
marble  or  limestone  is  dissolved  in  hydrochloric  acid  and  the  iron, 
manganese,  and  most  of  the  magnesium,  are  precipitated  by  the 
addition  of  chloride  of  lime,  and  subsequently  milk  of  lime  to 


alkaline  reaction.  After  filtration  of  the  solution,  it  is  slightly 
acidified  with  hydrochloric  acid,  then  heated  to  60  or  70°  C,  and 
precipitated  with  NaaCOj  solution  in  excess.  The  product 
after  being  washed  filtered,  dried,  and  pulverized  has  a  very 
low  apparent  density.     (P.  1062.) 

The  rubber  industry  of  Honduras  is  in  very  poor  condition. 
(P.  1075.) 

Among  the  substitutes  for  rubber  in  use  in  Germany  for 
bicycle  tires,  are  steel  wire,  wood,  leather,  and  a  composition 
having  some  of  the  properties  of  rubber.     (P.  1078.) 

The  mercury  mines  of  Almaden,  Spain,  are  to  be  leased. 
(P.  1079.) 

The  American  output  of  merciiry  in  1915,  exceeded  that  of 
1914  by  27  per  cent  in  quantity  and  125  per  cent  in  value. 
(P.  1080.) 

Several  deposits  of  talc  are  being  worked  in  Brazil,  both  for 
talcum  powder  and  for  cooking  utensils,  which  are  turned  from 
solid  blocks  of  talc.     (P.  108 1.) 

Chemical  plants  have  recently  been  constructed  in  Russia 
for  the  manufacture  of  the  following  substances:  Superphos- 
phate, celluloid,  formalin,  lanolin,  naphthalene,  benzene, 
tanning  materials,  sulfuric  acid  and  glass.     (P.  1122.) 

Among  the  plant  products  now  exported  from  Brazil  are  the 
following:  Cassia  fistula,  quassia,  copaiba  oil,  ipecac,  matico, 
sarsaparilla,  tonka  and  vanilla  beans,  cacao  beans,  manaca, 
pilocarpus,  carnauba  wax,  and  Brazil  wood.     (P.  1126.) 

Exports  of  oil  from  Tampico  to  the  United  States  show  a 
marked  increase.     (P.  1127.) 

The  tungsten  output  of  Burma  shows  a  marked  increase. 
Most  of  the  product  is  now  being  shipped  to  England.  (P. 
1 166.) 

Exports  of  cassia  and  cassia  oil  from  Hongkong  to  the  United 
States  show  a  marked  increase.     (P.  1171.) 

Most  of  the  tin  exported  from  southern  China  is  obtained 
by  crude  methods,  the  concentration  of  the  low-grade  ore  being 
principally  hydraulic;  much  of  the  product  is  shipped  to  the 
United  States.     (P.  11 76.) 

At  the  recent  Chilean  Industrial  Exposition  was  a  large  dis- 
play of  chemicals  made  in  Chile.  One  plant  is  manufacturing 
400  chemicals,  which  are  being  exported  to  all  parts  of  South 
America.  Before  the  war,  Chile  was  purchasing  iodine  com- 
pounds from  Germany.     (P.   1185.) 

The  output  of  gambler  from  China  is  increasing.  This  dye, 
obtained  from  the  cimao  plant,  produces  a  brown  color  on  both 
silk  and  cotton.     (P.  1189.) 

The  Ladysmith  Copper  Smelter  on  Vancouver  Island,  has 
been  purchased  by  Americans  and  will  be  remodeled  to  produce 
blister  copper.     (P.  1197.) 

A  national  mining  congress  is  to  be  held  in  Peru  in  July,  1917. 
(P.  1203.) 

Spsciai,  Supflsusnts  Issued  in  Decbhber 


Nicaragua — 34a 
French  Indo-Cuina — 546 
Mauritius — 656 
Madagascar — -700 


Greece — 76 
Azores — 1 16 
Bahauas — 22c 
Costa  Rica — 24a 
Honduras — 316 

Statistics  op  E.XPORTS  to  the  United  Statss 

Hongkong — 1181  Greece — Sup.  76 

Antimony  Cork 

Chemicals  Opium 

Earthenware  Gum  mastic 

Explosives  Herbs 

Hides  Marble 

Leather  Chrome  ore 

Peanut  oil  limcry 

.■Vniseed  oil  Magnesitc 

Cassia  oil  Licorice 

Paper  Amyl  alcohol 

Sugar  Costa  Rica — Sup.  24a 

Tin  Hides 

Nicaragua — Sup.  34d  Rubber 

Gold  Sugar 

Silver  Madagascar — Sup.  70a 

Hides  Mangrove  bark 

Rubber  Graphite 

Sugar  Hides 
VaniUa 


Feb.,  1917 
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Coal  Tar  and  Ammonia.     By  George  Lunge,  Ph.D.     Fifth  and 

Enlarged  Edition  (English),   1916.     1658  pp.     D.  Van  Nos- 

trand  Co.,  New  York.     Price  for  the  set,  S18.00. 

The  new  fifth  (English)  edition  of  Lunge's  "Coal  Tar  and  Am- 
monia" consists  of  three  volumes,  two  devoted  to  the  produc- 
tion, nature,  components  and  uses  of  tar,  and  the  third  to  am- 
monia. The  edition  is  very  much  enlarged  over  the  preceding 
one  in  mere  bulk;  has  had  new  matter  added  and  scarcely  any- 
thing eliminated;  has  been  fully  sub-headed;  has  had  the  refer- 
ences made  more  specific  and  many  new  ones  added;  but  other-» 
wise  retains  the  same  general  form. 

Lunge  has  been  recognized  as  the  authority  on  coal  tar  and 
ammonia,  and  the  work  still  remains  a  comprehensive  treatise; 
but  it  seems  that  the  time  has  come  to  choose  between  being 
an  historical  work  and  compendium  of  almost  everything  that 
has  appeared  on  the  subject  of  coal  tar  and  ammonia,  or  an  up- 
to-date  treatise  on  the  present  accepted  practices  and  condi- 
tions of  this  industry.  The  history  of  coal  tar  is  interesting,  as 
are  many  of  the  historical  facts  connected  with  the  gas  and 
coke  industry;  but  with  an  edition  of  some  1600  pages  it  is  diffi- 
cult, if  not  impossible,  to  pick  out  the  accepted  practice  and 
facts  from  the  discarded  practice  or  theory.  Unfortunately 
the  work  is  now  neither  a  complete  reference  work,  an  up-to- 
date  statistical  work,  nor  a  practical  hand-book.  Most  of  the 
statistical  matter  is  already  at  least  6  years  old — too  old  to  be 
of  more  than  historical  value  in  a  rapidly  expanding  industry 
such  as  coal  tar  and  ammonia. 

As  a  practical  hand-book  and  compilation  of  accepted  prac 
tice  it  falls  far  short,  and  this  we  believe  to  be  the  most  neces- 
sary field  to  cover.  Wc  cannot  help  feeling  that  the  accurate 
sources  of  information  which  Dr.  Lunge  may  have  had  20  years 
ago  are  no  longer  open  to  him;  and  failing  in  information  of 
more  modem  methods,  he  has  repeated  the  old  ones,  in  reality 
long  since  obsolete. 

These  are  general  criticisms  which  apply  principally  to  Vols. 
I  and  II,  Vol.  Ill  on  ammonia  having  evidently  received  the 
greatest  attention.  Below  we  have  been  more  specific  in  calling 
attention  to  the  valuable  new  matter  found  in  this  edition  which 
has  been  added  since  the  previous  one,  and  also  to  the  lack  of 
current  data  and  description  of  current  practice  generally  re- 
ferred to  above.  Before  proceeding  to  the  review  in  detail,  we 
cannot  refrain  from  the  connnent  that  the  coal  tar  and  ammonia 
industry  in  the  United  Slates  has  received  but  scant  reference 
and  to  express  our  l)elief  that  any  future  edition  cannot  afford 
to  overlook  the  lca<Iership  which  the  United  States  is  assuming 
in  the  volume  of  production  of  coal  tar  ami  ammonia. 

CHAPTER  I — iNTKODicTioN;  This  introduclioi\  has  been 
doubled  in  the  space  allottetl  to  it;  the  principal  additional  matter 
covering  coal,  its  formntion,  properties  and  occurrence,  is  a  very 
proper  .addition  to  this  work,  though  necess;irily  treating  the 
subject  but  briefly;  it  contains  some  interesting  results  on 
work  on  the  real  composition  of  coal,  with  tables  of  coal  pro- 
duction and  the  percentage  which  is  so  used  that  coal  tar  re- 
sults as  .1  by  proiluct 

There  are  aKo  a  number  of  pages  added  on  the  values  of  tar 
in  the  past  and  some  speculative  remarks  on  future  values  under 
the  suKKC-sted  devclopinenlH  in  |H)ssible  coal  tar  prcKluction. 

CIIAITKK  II  rHOCKSSUS  I'OR  OIITAININIi  COAI.  TAR:  This 
chapter  has  been  but  slightly  altered,  the  new  matter  licing 
principally  history  of  the  introduction  of  liy  product  ovens, 
which,  hcuvcver,  for  most  countries  dm-s  not  go  furthrr  than  the 
vear  !<<</>,  there  are  M-veral  pages  givliig  prtKltictiiint  of  1hmi7oI 
from  coke  oven  gases  from  iHH(i  to  !ql.^.  and  .tonic  ilata  on  |m<- 
trntial  (iriHluctiont  of  tH'n7.<il  in  ninny  of  the  coimtricH  having 
by  priHiiK't  ovens.     Several  uilditioniil  pago  arc  iilto  given  to 


water-gas  tar,  its  production  and  characteristics,  with  special 
reference  to  the  separation  of  water  from  it.  There  are  also 
included  several  new  references  to  methods  of  producing  aromatic 
hydrocarbons  from  petroleum  oils  by  cracking.  This  is  gone 
into  in  some  detail,  the  Rittman  process  so  widely  heralded  in 
this  country  being  one  which  is  specifically  mentioned.  To  the 
coal-tar  separators  described  is  added  a  cut  of  the  Koppers 
Company's  separator;  on  which,  however,  but  a  few  lines  of  de- 
scription are  given,  together  with  several  references  to  the  con- 
densation of  tar  fog  by  electric  discharge. 

Under  the  description  of  methods  of  recovering  benzol  from 
coke  oven  gases  only  old  type  apparatus  is  described,  no  refer- 
ence being  made  to  the  tower  system  which  this  country  adopted 
universally  in  connection  with  all  of  the  new  benzol  recoverj- 
plants,  in  view  of  the  fact  that  this  is  at  this  time  theaccepted 
German  practice.  The  author  docs,  however,  very  carefully 
refer  to  a  number  of  other  publications  which  he  states  describe 
modem  methods  and  plants,  giving  particular  emphasis  to 
Lunge-Kohler's  work.  It  seems  to  us  that  the  present  t>-pe  of 
plants  warrants  more  attention  in  view  of  the  fact  that  there  is 
still  retained  a  whole  page  describing  a  method  for  removal  of 
benzol  from  gas  in  the  form  of  dinitro-benzol,  which  was  exhibited 
in  London  in  1 885,  but  certainly  was  nothing  more  than  a  curiosity. 

CHAPTER  III — THE  PROPERTIES  OF  COAL  TAR  AND  ITS  CON- 
STITUENTS: This  chapter  remains  exactly  the  same  in  form  and 
almost  the  same  in  substance  as  in  previous  editions.  The 
enumeration  of  the  compounds  contained  in  coal  tar  has  been 
revised  as  to  melting  points  and  boiling  points  of  a  number 
of  the  better  known  compounds,  and  a  few  additions  have  been 
made  to  this  list.  One  may,  perhaps,  question  whether  there 
is  anything  to  be  gained  by  carrying  from  edition  to  edition 
such  terms  as  "tetracoline,"  "octacoline,"  etc.,  for  which  no 
formula  can  be  given.  It  seems  that  after  such  a  long  period, 
lack  of  confirmatory  evidence  destroys  whatever  claims  some 
of  these  doubtful  substances  may  have  had  to  "reasonable 
presumption."  With  a  few  exceptions,  not  much  new  .matter 
has  been  added  to  the  descriptions  of  the  individual  compounds, 
altliough  perhaps  this  portion  of  Lunge's  work,  more  than  any 
other,  is  generally  and  deservedly  referred  to  as  authoritative. 

Under  aromatic  addition  products  (naphlhencs)  are  a  number 
of  new  references  to  some  important  iliscussions.  which  may  have 
considerable  bearing  on  the  theory  and  formation  of  co;il  tar. 
The  author,  however,  dismisses  rather  impatiently  the  work  of 
Pictet  and  Bouvier  along  tliesc  lines,  and  makes  no  mention 
whatever  of  the  work  of  Burgess  and  Wheeler.  Porter  and  0\'itz. 
and  Parr  and  Olin.  These  works  would  seem  to  merit  at  least 
passing  mention. 

liven  in  this  portion  of  his  work,  the  author  (|>iotcs  auUiorities, 
to  some  of  whom  it  is  evident  that  much  higher  crrilcnce  should 
be  given  than  to  others,  without  indicating  whether  or  not  the 
work  quoted  shoulil  Ik-  considcre<l  nulhoritativc. 

Under  "Phenol"  is  a  reference  to  its  synlhctio  production 
by  means  of  the  I)cn7enr  sulfonic  acid  pnK-ess.  llir  author 
states  that  it  is  aci-ompli>.hcil  by  fusing  this  iicid  with  caustic 
potash.  Later  on  in  the  chapter  on  "CailMilic  (>il.  '  the  s»Mne- 
what  more  common  method  of  fusing  the  MMlinin  l>en»oMilfonnte 
with  caustic  soila  is  inenlioned.  but  althoniih  the  author  rites 
uii  article  by  Ney  de.scribiiiK  this  pnx-ess  in  detail,  he  d<x>s  not 
in  this  or  in  any  other  phu-e  make  the  Iwrrnt  rrferencc  to  the 
tmncnrloiis  increase  in  svnlhclic  phenol  prodiirlion  l>v  rea.«on 
of  war's  deiiinnils 

.\t  the  IK-Kinniiig  of  the  chapter,  tefrirnce  is  made  to  the 
IMijsniioiis  pni|>rrties  of  etxil  tar,  nnil  pmctieallv  (he  same  refer- 
ence is  re|>ente<l  nt  (he  end  of  (he  chap(er.  indtca(inK  (hn(  (he 
author  iipprovri  of  "siifelv  litst"  and  la«(       In  (hio  r<>nnrc(inn 
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is  mentioned  a  British  patent  for  removal  of  the  substances 
tending  to  produce  pitch-cancer.  Neither  in  this  chapter  nor 
in  the  chapter  on  "pitch,"  do  we  find  any  mention  of  what  is 
probably  the  most  important  work  dealing  with  this  problem, 
namely,  the  report  of  H.  C.  Ross,  J.  W.  Cropper  and  W.  J.  A. 
Butterfield.  This  report,  under  the  title  "The  Problem  of  the 
Gasworks  Pitch  Industries  and  Cancer,"  was  published  in 
London,  in  1913,  and  with  it  was  printed  an  article  by  Dr. 
H.  Bayon  on  "Epithelial  Celloproliferation  Induced  by  the 
Injection  of  Gasworks  tar." 

Perhaps  nothing  in  the  chapter  needs  revision  more  than  its 
opening  paragraph,  dealing  with  the  specific  gravity  of  tar 
from  various  sources.  Surely,  at  this  late  day,  "London  tar," 
"country  tar"  and  "cannel  coal  tar,"  can  hardly  be  considered 
a  representative  classification  of  coal  tars 

CHAPTER  IV — THE  .APPLICATIONS  OF  COAL  TAR  WITHOUT  DIS- 
TILLATION: It  can  hardly  be  said  that  this  chapter  has  under- 
gone revision  since  the  1909  Edition.  Everything  contained 
in  the  previous  edition  is  retained  in  the  new. 

About  20  pages  are  devoted  to  "Burning  Tar  as  Fuel,"  and 
many  burners  are  illustrated  by  drawings  and  diagrams.  There 
is,  however,  only  the  very  briefest  reference  to  any  methods  of 
burning  that  would  be  considered  good  practice  to-day.  On 
page  341  appears  the  following;  "In  1902,  Bruckmann  reports 
(Z.  Verein  deutsch.  Ingeit.,  1902,  p.  317)  that  the  Great  Eastern 
Railway  of  North  America  used  Holden's  plan  in  88  locomotives, 
and  consumed  for  this  about  85,000  tons  of  tar — that  is,  about 
a  quarter  of  the  coal  tar  then  produced  in  the  United  States." 
The  reviewer  has  noticed  the  deplorable  tendency  on  the  part 
of  our  continental  colleagues  to  glean  much  of  their  information 
regarding  American  progress  from  the  columns  of  their  own 
technical  journals. 

In  contrast  to  the  amount  of  space  devoted  to  burning  tar, 
which  we  of  the  industry  like  to  consider  only  as  a  last  resort, 
such  an  important  field  for  the  use  of  coal  tar  as  pipe  coating 
receives  only  the  barest  mention.  Even  the  protection  of  large 
diameter  steel  and  iron  tubes  with  bituminous  coating,  in  which 
is  embedded  a  spirally  wound  membrane,  is  not  even  men- 
tioned, although  this  system  is  to-day  in  use  by  several  large 
companies  in  Europe,  as  well  as  in  the  United  States. 

The  section  on  the  application  of  coal  tar  to  the  manufacture 
of  roofing  felt  (which,  judging  from  American  practice,  should 
not  appear  at  all  in  this  chapter,  as  coal  tar  without  distillation 
is  entirely  unsuited  for  such  a  purpose)  sets  forth  at  the  expense 
of  4  pages,  a  description  of  "a  complete  modem  plant  for  the 
manufacture  of  roofing  felt,"  illustrated  with  pictures  and  dia- 
grams. This  same  modem  plant,  which  was  illustrated  in  pre- 
vious editions,  includes  saturating  machines  operated  by  hand- 
power.  We  read  on  page  359 :  "Many  attempts  have  been  made 
to  do  it  mechanically,  but  without  success,  as  the  loosened  felt 
is  not  sufficiently  resistant,  and  the  least  irregularity  causes  it 
to  tear,  which  is  easily  avoided  by  a  careful  man  working  by 
hand."  Although  the  reviewer  has  been  connected  with  the 
American  coal-tar  industry  for  17  years,  the  last  hand-power 
saturating  machines  were  scrapped  before  his  advent.  In 
spite  of  the  fact  that  American  practice  is  far  in  advance  of 
European  practice  in  the  department  of  tarred  roofing  manu-  , 
facture,  we  must  note,  in  justice  to  the  roofing  manufacturers  of 
Hamburg,  that  they  have  for  some  years  been  operating  their 
saturating  machines  by  steam  power,  Lunge  to  the  contrary 
notwithstanding. 

The  pages  devoted  to  tlic  use  of  tar  for  road-making  are  more 
numerous  than  in  the  previous  edition,  but  are  less  numerous 
tlian  the  tremendous  development  along  these  lines  warrants. 
The  author  has  not  been  at  pains  to  inform  himself  widely  con- 
cerning modem  practice  in  various  countries.  He  refers,  on 
page  362,  to  the  resolutions  adopted  at  the  Second  Intemational 
Congress  of  Roads,  held  at  Brussels  in  1910,  with  reference  to 


surface  tarring  of  roads,  but  does  not  refer  to  the  much  more  im- 
portant and  comprehensive  resolutions  adopted  at  the  Third 
Intemational  Road  Congress,  held  in  London  in  19 13.  On 
page  363,  the  author  states  that  "except  in  the  United  States, 
special  prescriptions  for  the  quality  of  tar  for  spreading  on  roads 
have  not  been  issued  by  the  public  authorities;"  although  for 
a  number  of  years  past,  the  Road  Board  of  England  have  been 
publishing  and  revising  quite  elaborate  specifications  for  tar  for 
this  purpose. 

CHAPTER  V — FIRST  DISTILLATION   OF  COAL  TAR:      ThiS  chapter 

has  been  expanded  to  153  pages,  from  122  in  the  former  edition, 
and  additional  matter  is  mostly  good  so  far  as  it  goes.  Here 
as  elsewhere,  the  information  given  applies  almost  exclusively 
to  European  practice,  especially  German  and  English,  and  in 
numerous  cases  no  reference  is  made  to  practice  in  the  United 
States,  which  in  some  lines  at  least  is  far  in  advance  of  that 
given.  The  author  seems  not  to  be  aware  of  the  fact  that  nearly 
as  much  tar  is  produced  and  worked  up  in  the  United  States  as 
in  Germany  or  England,  and  that  according  to  present  indications 
the  United  States  will  probably  before  long  pass  both  countries 
in  quantity.  For  example,  in  deahng  with  the  carriage  of  coal 
tar  from  point  of  production  to  point  of  use  the  classic  illustra- 
tions of  the  previous  edition  show  the  relatively  small  German 
tank  cars,  holding  presumably  20  tons  or  about  90  barrels  of 
tar,  whereas  modem  practice  here  generally  employs  tank  cars 
over  twice  as  large.  Mere  increase  in  size  of  course  does  not 
prove  better  practice  but  coni]3arison  of  notes  with  the  manager 
of  the  largest  German  tar  distilling  factory  showed  they  would 
rather  use  the  larger  cars  but  could  not  do  so  on  account  of  the 
inability  of  the  railroads  to  handle  very  heavy  equipment. 
Possibly  recent  developments  may  be  changing  this  condition. 
Attention  might  be  called  to  the  evident  typographical  error 
near  the  bottom  of  page  376,  where  the  size  of  these  German  cars 
is  given  as  20,000  tons  instead  of  20  tons.  Only  casual  mention 
is  made  of  steam  heating  coils  in  these  cars,  which  practical 
operators  know  is  one  of  the  most  important  and  at  the  same  time 
one  of  the  most  difficult  features  of  tank  car  construction.  The 
strains  in  railroad  movement  easily  break  the  coils  or  start 
troublesome  leaks  unless  they  are  very  carefully  designed  and 
strongly  constructed.  No  mention  is  made  of  the  use  of  pressure 
safety  valves  common  in  the  dome  of  tank  cars  to-day. 

With  regard  to  storage  tanks  at  the  plants,  description  is 
given  of  underground  wells,  formerly  largely  used  but  now  rarely 
built  and  no  details  are  given  as  to  design,  construction  or  equip- 
ment of  ground  level  steel  storage  tanks  now  commonly  em- 
ployed. The  author  is  also  sadly  deficient  in  knowledge  of 
modem  pumjiing  equipment  of  large  capacity  and  apparently 
favors  the  expensive  and  double  arrangement  of  filling  a  small 
receiver  by  gravity  and  then  blowing  the  contents  by  compressed 
air  to  the  stills. 

Over  2  pages  are  given  to  distillation  of  tar  (in  stills)  by 
steam.  This  might  be  condensed  to  a  few  lines  by  saying  the 
practice  has  been  somewhat  used  in  the  past  but  is  now  prac- 
tically iniknown,  although  in  a  few  small  works  superheated 
water  is  sometimes  used  in  making  dehydrated  tar  in  stills  to 
reduce  the  fire  risk. 

The  general  subject  of  dehydrating  tar  is  given  extended 
consideration.  The  statement  is  made  that  in  Germany  the 
quality  standard  of  sale  of  coal  tar  is  that  it  contains  not  over 
4  to  5  per  cent  water,  otherwise  reduction  is  made  for  excess 
water.  If  this  is  correct  the  basis  is  unreasonably  liberal.  In 
the  United  States  2  per  cent  is  the  recognized  standard  and  al- 
though with  high  carbon,  viscous  gas-works  tar  it  is  often  difficult 
for  the  tar  producer  to  reach  tliis  standard,  on  the  other  hand 
in  the  relatively  greater  production  of  coke-oven  tar  this  standard 
is  easily  attainable.  The  author  does  not  give  adequate  at- 
tention to  the  obvious  point  of  having  the  water  reasonably 
separated  from  the  tar  as  a  part  of  the  operation  of  original  con- 
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densation  and  collection  of  the  tar  in  the  gas-works  or  coke-oven 
plant. 

Description  is  given  of  dehydrating  by  special  type  of  centrif- 
ugal but  no  comment  is  made  on  the  necessity  and  methods  of 
avoiding  excessive  throwing  out  of  the  free  carbon  of  the  tar 
especially  in  handling  by  centrifugal  high  carbon  gas-works  tar 
which  is  more  troublesome  in  regard  to  excess  water.  On  page 
388  is  a  questionable  statement  that  moderate  heating  of  tar 
"to  a  certain  extent  splits  off  the  chemically  combined  water." 
Only  passing  mention  is  made  at  this  point  of  the  modern  rational 
method  of  using  for  dehydrating  purposes  the  waste  heat  from 
condensing  oils  and  cooling  pitch  in  connection  with  the  regular 
distillation  operation.  Unnecessary  space  is  given  to  the  tech- 
nical curiosity  of  dehydrating  tar  by  chemical  means. 

In  modem  practice  the  purification  of  tar  from  free  carbon  is 
carried  out  to  quite  an  extent  in  preparing  coal  tar  creosote 
solution  for  wood  preserving  purposes.  The  author  mentions 
this  but  his  general  treatment  of  the  subject  would  lead  the  un- 
wary reader  to  think  the  plan  is  used  more  or  less  generally 
commercially  with  tar  for  regular  distillation  purposes,  whereas 
we  doubt  if  this  is  ever  done.  Nearly  all  of  page  395  is  given  to 
processes  which  even  the  easy  going  author  indicates  are  valueless. 

In  the  section  on  the  construction  of  tar  stills  the  author  gives 
a  very  good  description  of  the  typical  German  vertical  still 
and  setting.  Reference  is  made  throughout  to  the  use  of 
"wrought  iron"  plates,  presumably  meaning  steel  plates  as  far 
as  present  practice  is  concerned.  The  treatment  is  too  dis- 
cursive, as  usual,  giving  almost  impartially  all  sorts  of  designs, 
good  and  bad.  On  p.  405  it  is  stated  that  the  usual  American 
tar  stills  are  horizontal  cylinders,  holding  about  2000  gallons. 
It  is  very  doubtful  whether  even  5  per  cent  of  American  tar  is 
handled  in  such  sized  stills,  to  say  nothing  of  the  fact  that  the 
details  given  of  construction  are  incorrect  for  the  comparatively 
few  used.  The  author  condemns  the  horizontal  cylindrical 
stills  of  whatever  size,  claiming  they  use  about  three  times  as 
much  fuel  as  the  vertical  type,  but  the  figures  given  on  p.  406 
of  coal  used  for  such  stills  are  absurdly  high  and  have  no  rela- 
tion to  modern  practice.  On  the  same  page  is  an  illustration  and 
description  of  the  so-called  "wagon-shaped"  stills,  said  to  be 
employed  at  the  Paris  Gas  Works.  Doubtless  they  may  have 
been  used  there  "once  upon  a  time,"  but  they  had  disappeared 
at  the  time  of  our  visit  live  years  ago. 

The  most  im|)ortant  change  in  design  of  intermittent  tar  stills 
is  the  use  of  increased  heating  surface  by  flues  through  the  still 
as  in  a  horizontal  tubular  boiler  (see  p.  409).  The  author  docs 
not  mention  that  the  type  shown  has  proved  rather  expensive 
in  repairs  to  offset  tlic  fuel  saving  and  that  as  a  result  a  still 
later  and  simpler  design  is  preferred. 

The  general  description  of  auxiliary  apparatus  used  in  con- 
nection with  the  tar  still  is  we  tliink  fairly  accurate  for  German 
conditions  but  not  as  up-to-date  as  it  might  be.  On  p.  425  is 
another  illustration  of  carelessness  where  the  second  and  fourth 
paragraphs  are  practically  duplications. 

Attention  should  be  directed  to  the  paragraph  at  the  bottom 
of  page  431 ,  referring  to  explosions  which  have  resulted  from  using 
air  pressure  to  remove  these  oils.  Static  electricity  may  be  also 
suggested  as  a  i)r<ibable  cause  of  similar  explosions. 

The  general  notes  on  fructioning  and  fractious  of  tar  oils  ore 
quite  good  although  troubled  us  u.sual  by  lack  of  simple  co- 
ordination .At  present  iinthraccnc  is  of  considerable  interest 
in  this  cnutitry  in  connection  with  the  demand  for  dyes  but  it 
is  not  and  probably  never  will  be  "the  most  vaUuibIc  product  of 
tar  distillation"  as  mentioned  at  the  bottom  of  p.  451,  and 
furthermore,  there  is  no  evidence  that  it  has  been  so  in  Iiuro|>c 
for  many  years. 

Niuncrous  descriptions  arc  given  of  apparatus  for  continuous 
tar  distillation.  It  is  difliciilt  to  a.HsiKn  nny  reason  except 
la^iiicsH  on  tlir  part  of  llie  author  for  rarrviiig  over  in  full  sutnr 


descriptions  from  the  older  editions,  while  merely  mentioning 
the  patent  number  of  more  modem  and  rational  processes. 

On  p.  507  the  author  includes  some  British  statistics  of  1885 
which  might  have  been  considered  rather  aged  when  included 
in  the  last  previous  edition  of  1909  but  at  any  rate  they  are  more 
modem  than  the  test  of  Berlin  Gas  Works  tar  (p.  508)  which  is 
of  1879. 

In  the  division  on  tar  testing  there  is  the  usual  mixture  of 
mostly  ancient  practice,  through  which  the  reader  plods  wearily 
and  finds  at  the  end  (bottom  of  p.  519)  merely  reference  to  "other 
ways  of  testing"  which  in  reality  include  the  present  standards. 
Emphasis  is  laid  on  the  importance  of  getting  fair  average  samples 
for  any  testing.  We  might  comment  that  this  is  most  vital  and  at 
times  it  is  appalling  to  think  of  the  amount  of  work  which  has 
been  and  perhaps  still  is  thrown  away  each  year  in  various  in- 
dustries in  testing  carelessly  taken  samples  which  are  not  repre- 
sentative of  the  material  in  question. 

CHAPTER  VI — pitch:  This  chapter  has  a  mixed  value.  In 
some  divisions,  as  for  example,  briquetting,  it  is  reasonably  ade- 
quate. Considerable  new  matter  has  been  added  which  is  good, 
as  for  example,  the  comments  and  tests  on  the  elementar>-  compo- 
sition of  pitch,  beginning  at  the  bottom  of  p.  532. 

It  is  natural  for  the  author  to  give  extended  attention  to  the 
use  of  pitch  as  a  binder  in  briquetting  fine  coal  as  this  is  and  has 
been  for  years  the  main  European  outlet  for  pitch.  Some  day 
this  industry  will  receive  more  attention  in  the  United  States 
on  account  of  increasing  cost  of  lump  coal,  unless  the  problem 
is  otherwise  solved  by  different  methods  of  working  up  fine  coal 
or  better  outlets  are  found  for  the  increasing  production  of  pitch 
in  this  country  following  the  great  increase  in  by-product  coke- 
oven  tar.  Up  to  this  time  the  coal-tar  industry  in  the  United 
States  has  had  to  find  other  outlets  for  pitch  as  briquetting  has 
been  practically  negligible  and  it  may  be  said  the  industry  has 
developed  very  creditably  in  large  use  of  pitch  for  roofing,  water- 
proofing and  road  purposes.  In  the  briquetting  line  many  statistics 
as  usual  are  given  but  there  is  practically  nothing  later  than  1909. 

Another  use  for  pitch  mentioned  (p.  548)  is  in  making  black 
iron  varnishes  and  paints.  Very  excellent  paints  arc  made, 
which  compare  favorably  with  most  otlier  metal  paints,  which 
use  mucli  more  expensive  materials  ami  sell  at  much  higher  prices. 

The  use  of  pitch,  etc.,  for  paving  and  road  purposes  is  but 
briefly  referred  to  in  tliis  cliapter,  the  subject  being  more  fully 
covered  in  tlie  chapter  on  "Applications  of  Coal  T;ir  without 
Distillation,"  which  heading  is  incorrect  for  road  tar. 

Practically  no  mention  is  made  here  of  the  iniix>rtant  use  of 
pitch  in  connection  with  tarred  felt  in  making  coni|>osition  roofs 
so  largely  u.scd  as  standard  in  tliis  country  for  roofs  which  are 
flat  or  have  only  a  moderate  slope.  The  development  in  tliis 
line  of  the  coal  tar  industry  has  been  very  nmcli  greater  here 
tlian  in  Gernuuiy. 

Considerable  attenti6n  is  given,  as  in  previous  editions,  to 
distillation  of  pilch  to  coke.  Practically  nothing  new  has  been 
added,  i)crhaps  for  the  rcoson  that  until  recently  this  outlet 
has  been  neglected.  As  the  peculiar  proi>crtics  of  pitch  coke 
are  better  undcrsloml  there  will  be  increased  deninnd  for  tliis 
product  in  this  country  as  well  os  abroad. 

In  view  of  the  present  attention  to  occupational  diseases,  it 
is  interesting  to  note  the  description  (p.  574)  of  so-calleil  "pitch 
cancer"  and  preventive  mca.surcs.  Arransenicnt  sliould  l>c 
made  to  prevent  the  fine  particles  of  pitch  du.vt  gcttui);  lodgeil 
|H;rnuincntly  in  the  .skin  and  i>crsonal  ciraiilinc.'vs  on  the  part  of 
the  operatives  is  extremely  important. 

Consiilerablc  data,  sonic  new,  is  given  on  the  trstiuK  of  pitdi, 
but  as  before,  it  is  Riven  more  or  Icsji  haphoianl,  leaving  the 
reader  in  doubt  as  to  the  Ixrst  practice.  The  Mispicion  rests 
that  the  iiutlior  has  not  very  clear  anil  dcfidctl  ideas  when  he 
prctcnts  .so  nniih  dutu,  often  conflirtiiii;.  nithout  cxininicnt  or 
indication  of  rt-lativc  iin|H>rlttnoc. 
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CHAPTER  VII — ANTHRACENE  OIL:  A  little  revision  has  been 
made  of  this  chapter,  particularly  on  the  purifying  of  anthracene, 
together  with  new  tables  on  the  percentage  of  anthracene  in 
different  fractions  of  the  oil,  new  tables  on  the  properties  of 
bodies  occurring  with  crude  anthracene,  and  a  description  of 
the  estimation  of  the  commercial  products  obtained  from  filtered 
anthracene  oil.  The  statistics  do  not  go  beyond  the  year  1909. 
The  interesting  statement  is  made  that  anthracene  should  only 
be  recovered  where  it  can  be  done  on  a  large  scale  and  in  con- 
junction with  the  other  products  occurring  with  it.  There  is 
also  mentioned  a  newer  method  for  filtering  out  the  anthracene 
crystals  and  a  comparison  of  the  usual  method  with  the  use  of 
centrifugals.  There  is  given  a  description  of  the  well-known 
method  of  purifying  anthracene  from  carbazol,  and  purifying 
the  carbazol,  which  is  already  generally  known.  Several  other 
methods  of  purifying  are  given,  but  seem  to  be  old  ones  and  really 
have  had  no  practical  application. 

CHAPTER  VIII — CREOSOTE  OIL:  Much  attention  has  been  given 
during  the  past  10  years  to  specifications  for  creosote  oil  for 
treatment  of  timber  for  various  structural  puriwses.  In  so  far 
as  American  practice  is  concerned,  this  chapter  is  almost  entirely 
free  from  reference  to  recent  developments.  The  author  has 
evidently  not  availed  himself  of  statistical  data  or  technical 
information  available  in  the  Proceedings  of  the  American  Rail- 
way Engineering  Association  and  the  American  Wood  Preservers' 
-Association.  Most  of  the  material  in  this  chapter  has  been  carried 
forward  substantially  unchanged  from  previous  editions.  The 
bibliography  and  patent  references  are  fragmentar>'.  The  sta- 
tistics are  meager,  and  no  attempt  has  been  made  to  bring  them 
up  to  date.  Seeing  that  the  industry  of  tar  distillation  has  al- 
ways depended  for  its  success  on  the  utilization  of  creosote  oil 
in  timber  preservation,  the  inadequacy  of  Lunge's  work  in  ful- 
filling the  requirements  of  a  practical  reference  work  on  coal  tar 
is  nowhere  more  clearly  recognizable  than  in  this  chapter. 

CHAPTER  IX — CARBOLIC  OIL:  This  chapter  has  been  revised 
to  a  considerable  extent,  one  of  the  new  points  brought  out  being 
the  different  methods  of  handling  this  oil  depending  on  whether 
it  has  high  or  low  acid  content,  and  tlie  fact  tliat  fractional  dis- 
tillation of  this  oil  is  advisable  as  well  as  the  method  of  fractional 
distillation  for  the  separation  of  phenol  from  cresols;  all  of  which, 
however,  has  been  pretty  well  recognized  before  its  appearance 
here.  A  reference  to  the  American  practice  is  still  retained 
which  is  undoubtedly  many  years  old  and  has  no  basis  in  fact 
at  present.  Estimates  of  the  per  cent  of  constituents  of  carbolic 
oil  are  given;  as  also  the  fractions  and  their  properties  obtained 
by  redistillation  of  this  oil. 

In  discussing  carbolic  acid  and  its  purification  several  new 
pages  are  given  on  the  cause  of  reddening  of  tliis  acid,  together 
with  a  remedy.  There  is  also  description  of  methods  for  the 
separation  of  Meta  and  Para-Cresols,  with  separate  description 
of  Hoffmann-La  Roche's  French  patent. 

A  section  on  methods  for  examination  of  carbolic  oil  and 
carbolic  acid  of  various  grades  is  particularly  good,  containing 
the  German  metliod  of  carrying  out  Lowe's  solidifying  point 
test.  The  specifications  and  properties  of  commercial  forms  of 
carbolic  acid  and  the  cresols  are  also  given.  There  is  inserted 
in  this  chapter,  which  is  certainly  in  the  wrong  place,  reference 
to  the  work  of  Church  and  Weiss  on  testing  creosote  oils  for 
parafTins,  as  also  tliat  of  Cloukey  on  testing  for  carbon. 

On  the  uses  of  carbolic  acid  new  matter  is  given  on  a  formula 
for  carbolic  soaps  and  similar  preparations,  and  a  section  devoted 
to  condensation  products,  which  are  certainly  deservedly  re- 
ferred to.  especially  tlie  work  of  Backeland.  Several  new  methods 
are  also  given  for  the  analysis  of  carbolic  preparations.  The 
statistics  in  relation  to  phenol  and  cresols  are  only  those  of  Ger- 
many up  to  1 910. 

Under  the  sub-heading  "Naphthalene"  in  this  chapter  the 
definite  statement  is  made  that  the  only  rational  way  of  removing 


oils  from  crude  naphthalene  is  by  hydraulic  pressure  with  the 
application  of  heat,  of  which  fact  we  are  somewhat  doubtful. 
Several  pages  describing  this  process  with  its  variations  have  been 
rewritten.  .Additional  description  has  been  given  of  the  de- 
tails of  washing  naphthalene  with  acid,  and  the  apparatus  used. 
In  the  description  of  the  distillation  of  naphthalene,  and  also 
its  subliming,  the  same  old  matter  is  retained  even  to  the  cut  and 
description  of  subliming  the  material  into  an  inverted  barrel, 
which  seems  to  be  exceedingly  ridiculous  in  view  of  modem 
methods,  one  of  which  he  also  describes,  the  method  being  that 
of  Rispler.  It  is  also  noted  that  the  source  of  most  of  the  new 
matter  on  najihthalene  has  been  Rispler.  Several  new  pages 
have  been  added  on  methods  of  naphthalene  testing. 

On  the  uses  of  naphthalene,  the  detailed  description  of  the 
old  Albo-Carbon  light  is  still  retained,  although  this  undoubtedly 
is  obsolete  in  Europe  just  as  it  has  been  obsolete  in  this  country 
for  twenty  years.  Najjhthalene  is  also  referred  to  in  connec- 
tion with  motor  fuel;  and  while  this  is  properly  discussed,  yet 
the  descrii)tion  would  hardly  be  the  basis  for  accepting  the  scheme 
as  a  practical  one.  Uses  of  naphthalene  for  treatment,  in  con- 
nection with  sulfur,  of  plant  diseases  are  given  as  well  as  a  use 
for  production  of  artificial  resins.  In  the  naphthalene  statistics 
only  the  German  statistics  of  1909  and  1910  are  given. 

CHAPTER  X — LIGHT  OIL:  The  principal  addition  to  this  chapter 
is  a  six-page  reference  to  the  adoption  of  the  fractional  distilla- 
tion of  this  oil,  with  reasons  for  such  adoption,  and  typical  re- 
sults. A  reference  is  also  made  to  the  handling  of  the  light  oil 
secured  from  the  scrubbing  of  coke-oven  gases  and  its  separation 
into  benzol  and  toluol  with  their  purification. 

An  interesting  addition  is  in  the  description  of  safeguards 
which  are  advisable  for  benzol  plants,  especially  with  respect 
to  the  methods  of  extinguishing  benzol  fires. 

To  the  description  of  the  recovery  of  the  acid  from  the  waste 
acid  tar  from  coal-tar  naphtha  washing  has  been  added  more 
references;  but  a  United  States  patent  is  quoted  from,  which  is 
intended  entirely  for  petroleum  acid  tars,  which  has  no  appUca- 
tion  in  this  case. 

A  few  new  notes  are  added  regarding  the  recovery  of  pyridine 
bases,  together  with  their  testing,  and  a  few  lines  on  coumarone 
resin,  which  really  deserves  a  little  more  attention  than  given. 
The  statistics  in  this  chapter  again  are  only  for  the  year  1911. 

CHAPTER    XI — WORKING    UP    THE    LIGHT    NAPHTHA    INTO    FINAL 

PRODUCTS:  This  chapter,  in  its  description  of  stills  used  for 
this  purpose,  contains  nothing  new.  The  statement,  however, 
is  made  that  the  diameter  of  a  rectifying  column  must  vary  with 
the  size  of  the  still,  which  statement  is  obviously  incorrect  as 
the  diameter  of  the  column,  other  things  being  equal  merely 
has  to  do  with  the  rate  of  distillation  and  has  no  reference  to 
the  capacity  of  the  tank  constituting  the  still  itself. 

Several  new  pages  have  been  inserted  on  removing  thiophene 
from  benzol.  A  new  paragraph  has  also  been  inserted  covering 
the  removal  of  toluol  from  coal  gas,  which  report  has  since  been 
verified,  the  result  being  accomplished  by  washing  the  gas  with 
tlie  usual  wash  oil  previously  saturated  wiUi  5  per  cent  of  benzol, 
which  results  in  the  toluol  being  taken  out  of  the  gas  and  the 
benzol  left  in  it,  the  toluol  substituting  the  benzol  in  the  wash  oil. 
The  matter  on  xylols  has  been  rewritten  without  noticeable  change. 

A  number  of  new  tables  are  given  on  the  yields  of  commercial 
products  from  light  oil  and  crude  naphtha.  I"ew  dates  are  given 
in  relation  to  these  yields,  and  those  only  show  the  data  to  be  old. 
Tables  are  also  given  on  the  composition  of  commercial  benzols. 

Under  the  head  of  testing  methods  at  the  end  of  this  chapter, 
new  matter  is  inserted  giving  typical  results  of  the  testing  of 
hght  oil,  and  a  page  devoted  to  the  determination  of  toluene  in 
commercial  toluol  and  solvent  naphtha,  which  is  evidently  due 
to  the  efforts  to  recover  all  the  toluene  for  war  purposes. 

A  new  section  has  been  devoted  to  testing  for  pyridine  and  other 
bases.     An  interesting  addition  is  the  method  of  Spilker  for  esti- 
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mating  the  yields  of  the  products  obtainable  from  crude  coke-oven 
benzol  or  coal-tar  light  oil.  A  number  of  new  references  are 
given  on  the  storing  and  handling  of  benzols,  etc.,  especially 
with  respect  to  their  inflammability;  but,  as  usual  in  foreign 
practice,  the  units  described  are  small. 

Very  considerable  additions  are  made  to  the  data  on  applica- 
tion of  benzol,  etc.,  with  the  principal  uses  being  named,  par- 
ticular emphasis  being  laid  on  the  description  of  carbureting 
water  gas  with  benzol,  which  contains  full  explanation  and  cut 
of  the  apparatus  used.  Considerable  addition  has  also  been  made 
to  the  notes  on  benzol  as  a  motor  fuel,  in  which  is  pointed  out 
the  necessity  of  a  non-freezing  specification  and  in  which  is  given 
an  idea  of  the  wide  use  in  Europe  of  benzol  for  this  purpose. 
German  figures  of  the  quantity  used  being  given  from  1901  to 
1910.  German  statistics  of  imports  and  e.\ports  up  to  1905  are 
given  at  the  end  of  this  chapter  of  the  various  products  of  coal  tar, 
and  under  the  new  German  classification  this  continues  to  1907. 
Benzol  and  toluol  figures  are  given,  however,  including  igi  i. 

CHAPTERS  XII  TO  XVII — AMMONIA  SECTION:  The  discussion  of 
ammonia,  as  revised,  has  been  extended  from  342  to  574  pages, 
an  increase  of  two-thirds,  and  in  this  amplified  form  has  been 
deservedly  accorded  the  dignity  of  a  separate  binding. 

It  may  be  said  at  the  outset  that  as  far  as  comprehensiveness, 
wealth  of  detail  and  timeliness  go,  the  new  volume  easily  sur- 
passes its  predecessor.  Its  i^nk  as  a  compendium  of  informa- 
tion on  ammonia  is  so  high  that  it  outclasses  all  the  other  books 
on  the  subject.  Few  industries  that  are  as  young  as  the  recovery 
and  treatment  of  ammonia,  have  had  the  benefit  of  so  assiduous 
a  biographer.  The  work  is  not.  however,  above  merited  criti- 
cism.    It  lacks  notably  on  the  side  of  well-digested  comment. 

To  note  the  chapters  in  detail :  The  first,  bearing  the  number 
XII  and  the  title  "Historical  Notes,"  including  a  brief  glance 
at  the  future,  is  practically  new  and  decidedly  interesting  matter. 
The  following  chapter.  No.  XIII,  "Sources  from  Which  Am- 
monia is  Obtained,"  has  been  expanded  to  nearly  twice  its  former 
dimensions,  and  constitutes  a  very  complete  description  of  the 
processes  by  which  ammonia  can  be  produced.  Conspicuous 
among  the  additions  is  a  discussion  of  the  synthetic  production 
of  ammonia  from  nitrogen  and  hydrogen,  including  the  Haber 
process  and  a  list  of  |)atcnts  taken  out  by  Haber,  I.c  Rossignol 
and  by  the  Badische  Anilin-  und  Sodafabrik,  with  a  digest  of 
them;  an  account  of  the  Woltereck  process  for  obtaining  am- 
monia and  other  products  from  peat  and  of  the  controversy  witli 
Messrs.  Frank  and  Caro  as  to  the  actual  fixation  of  atmospheric 
nitrogen  in  the  operation;  the  Frank-Caro  peat  process,  using 
the  Mond  producer  as  a  basis;  a  description  of  the  original  Mond 
producer  and  of  the  improved  design  as  worked  out  by  A.  H. 
Lymn,  and  a  discussion  of  the  possibilities  of  cheap  power  pro- 
duction l)y  the  use  of  gas  in  the  improved  Mond  producer  and 
gas  engines,  as  compared  with  water  power. 

In  this  chapter  there  are  also  some  statistics  given  for  the  re- 
covery of  ammonia  from  coke  ovens,  in  which  the  Knglish  Alkali 
Committee's  reports  arc  quoted.  Among  so  much  up-to-date 
data,  it  is  rather  surprising  to  fmd  tlicse  statistics  halt  nt  the 
year  1907,  when  the  Committee's  report  for  1914  was  at  least 
as  ea.sily  available  as  tlie  XL  S.  figures  for  coal  carbonization  for 
the  year  1914,  given  in  Uie  line  below.  Apprehension  is,  how- 
ever, allayed  by  fnuling  the  data  given  in  detail  up  to  1914  on 
page  1520. 

Chapter  XIV  treats  of  the  composition  and  analysis  of  uni- 
nioniaciil  liquor  and  the  |iro|)crtics  of  its  con.stitucnts.  One 
would  not  have  expected  to  find  tlir  old  ICnglish  "ounce"  test 
for  gas  li(|ii(>r  si  ill  c|U(>te<l  as  being  in  use,  altlinugh  it  is  hardly 
conceivable  that  any  up  to  dale  works  would  admit  that  it  was 
regarded  as  anything  else  than  a  historical  curiosity. 

Methods  of  analysis  for  annnonia  li(|uor  as  employed  by 
the  Itritisli  Alkali  Comniittcc  up  to  ii/kj,  urc  al.so  given.  It 
is  to  be  noted,  however,  that  a  dctniird  and  drfinitc  xclirmc  for 
sampling  and  aiialysit  of  ooncont ruled  anunnnia  liipior  jind  for 


ammonium  sulfate  is  not  included,  aside  from  a  cursory  descrip- 
tion of  the  methods  followed  by  the  Deutsche  Ammoniak- 
Verkaufs-Vereinigung  for  ammonia  Uquor,  and  farther  on,  an 
outline  of  the  method  for  sulfate.  From  a  commercial  point 
of  view,  it  is  highly  desirable  that  official  methods  of  analysis 
be  promulgated  and  adopted,  not  so  much  for  the  enlightenment 
of  competent  chemists,  who  indeed  would  find  no  difficulty 
in  drawing  them  up  for  themselves,  but  in  order  to  guide  those 
of  less  experience  and  to  avoid  commercial  disputes,  to  which 
lack  of  recognized  official  methods  frequently  gives  rise.  The 
carload  unit  of  ammonium  sulfate  is  25  tons  and  of  concentrated 
liquor,  say,  7,000  gallons,  which  would  be  about  the  same  amount 
of  ammonia.  A  difference  of  o.i  per  cent  in  test,  due  either  to 
sampling  or  analysis,  would  amount  to  about  S30.00.  Larger 
differences  frequently  occur  at  present  even  in  expert  hands. 
In  Chapter  XV  the  working  up  of  crude  ammoniacal  liquor 
into  concentrated  liquor  and  pure  ammonia  is  treated  in  ex- 
tenso.  The  chapter  does  not  include  the  production  of  sulfate, 
as  formerly,  this  being  reserved  for  the  ensuing  chapter. 

In  the  first  part  of  Chapter  XV,  devoted  to  the  treatment 
without  distillation  and  to  the  manufacture  of  concentrated 
gas  liquor,  the  text  has  undergone  slight  revision  and  amplifica- 
tion. It  is  to  be  noted  that  in  Fig.  265,  p.  1355,  the  letters 
"C,"  "D,"  "E"  referred  to  in  the  text,  are  still  lacking  in  the 
diagram.  The  section  on  "Manufacture  of  Liquor  Ammonia" 
is  much  the  same,  barring  rearrangement,  but  under  "Manu- 
facture of  Anhydrous  Liquid  Ammonia,"  some  new.  illustra- 
tions and  descriptive  matter  have  been  inserted.  A  few  pages 
on  the  storage  and  carriage  of  anhydrous,  the  properties  of 
commercial  anhydrous,  its  application  and  analysis,  have  also 
been  added. 

Chapter  XVI,  on  the  "Manufacture  of  Sulfate  of  Ammonia." 
outside  of  a  few  new  introductory  paragraphs,  is  practically 
unchanged.  The  types  of  apparatus  originated  by  different 
inventors  are  given  as  before.  The  mention  of  the  Wilton 
saturator  is  given  the  same  brief  notice,  as  in  the  previous  volume. 
altliough  to  the  mind  of  the  writer  the  use  of  the  air  lift  or 
ejector  for  removing  the  finished  salt  from  the  acid  bath  solved 
at  one  stroke  many  of  the  existing  difficulties  of  the  sulfate 
maker,  and  made  the  continuous  saturator  a  workable  deWcc. 
Previous  to  this  use  of  the  air  lift  by  Wilton,  elevated  saturators 
with  bottom  outlets,  mechanically  operated  bronte  screws, 
or  bucket  conveyors,  had  been  resorted  to  in  continuous  satura- 
tion with  but  indifferent  success.  Many  times  more  space  is 
given  in  the  test  to  devices  of  far  le.ss  practical  imi>ortance. 
.\dditions  have  been  made  to  the  patent  review  together  with 
new  matter  on  the  coloration  of  sulfate  and  on  the  treatment 
after  removal  from  tlie  saturator.  Additional  matter  on  llie 
examination  of  commercial  ammonium  sulfate  and  the  sohcuic 
or  tests  for  it.  as  given  by  the  D.  A.  V.  V.,  has  also  Ixvn  inserted 
here.  Mention  is  made  of  the  movement  to  establish  tlie  li 
per  cent  NHj  grade  as  the  standing  in  England,  as  it  now  is  in 
Germany  and  the  I'nited  States,  but  no  reference  is  found  to  the 
appearance  on  the  German  market  or  elsewhere  of  a  dried  and 
ground  sulfate  carrying  25.3.5  per  cent  NUi.  an<l  pructicjilly 
moisture  free,  though  the  prices  on  this  grade  have  In-rn  rrgiilarlv 
quoted  in  Gennany  for  years  pa.st. 

The  linal  chapter  treats  of  the  other  technically  im|mrtant 
ammonium  salts,  including  the  chloride,  carlxMintrs,  nitrate, 
phosphate,  and  others.  While  tlic  fonncr  aminKemcnt  is  pre- 
served, considerable  new  infomiation  ha.n  licen  added.  It  i« 
followed  by  a  brief  Apiietidix,  and  by  several  ixiKcs  of  addenda, 
incluiling  lute  data  on  coal  tar  as  well  as  ammonia  The  volume 
contains  the  index  of  names  and  one  of  subjrvti.  the  coni(<lrtc 
table  of  ciinlrnts  apiKaring  only  in  Volume  I. 

Your  revii'wrr  wi^lics  to  orkmmlcilgc  the  great  a<u«<itaiicc 
rcndcnMl  by  Mcwrn  8.  R.  Churvh  and  K  IV  IVny  for  the  review 
of  certain  of  Ihe  chapters  in  Volume^  I  and  11.  ami  to  Mr  C  G 
.\twatrr  im  Vohiinr  III.  V>.  W.  Javnb 
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Transactions  of  the  American  Institute  of  Chemical  Engineers. 

Volume  VIII  (1915).     Office  of  the  Secretary,  Cooper  Union, 

New  York,  N.  Y.     Published  by  the  Institute  through  D. 

Van  Nostrand  Co.,  New  York,    1916.     8vo.   iii   +  309  pp. 

Price,  $6.00  net. 

The  eighth  volume  of  these  transactions  is  slightly  larger  than 
its  predecessor  through  the  use  of  heavier  paper,  there  being 
the  same  number  of  pages  in  each  volume.  The  high  standard 
recently  set  by  these  transactions  in  its  illustrations  is  largely 
maintained.  The  general  make-up  of  the  volume  is  as  heretofore 
though  the  volume  behaves  upon  handling  as  though  the  bind- 
ing would  not  last.  It  is  to  be  hoped  this  is  not  a  sign  amidst 
the  general  elevation  of  price  and  depression  of  quality,  that 
our  books  are  to  be  more  poorly  made.  Committee  reports 
which  appeared  in  last  year's  volume  after  being  omitted  for  three 
years  are  missing  from  this  volume. 

The  frontispiece  is  a  photogravure  of  Dr.  J.  C.  Olsen  who 
has  served  as  Secretary  of  tlie  Institute  since  the  first  year  of  its 
existence,  and  who  has  acted  in  this  capacity  from  the  first  as 
editor  of  these  Transactions. 

The  following  papers  and  addresses  presented  before  the  Insti- 
tute are  contained  in  the  present  volume: 

Resources  and  Possibilities  of  Chemical  Industry  in  the  Southwest. 
Edgar  Baruch. 

The  Chemical  Evidence  of  Smelter  Smoke  Injury  to  Vegetation.  J.  P. 
Mitchell. 

Cottrcll    Processes    of    Electrical    Precipitation.     Walter    A.    Schmidt. 

The  Fleming  Patent  Dust-CoUecting  System.     W.  C.  Hanna. 

The  Thiogen  Process  for  Removing  Sulfur  Fumes.     S.  W.  Young. 

The  Manufacture  of  Cream  of  Tartar.     Otto  Best. 

Engineering  I'eatures  of  Wine  Making.     Arthur  Lachman. 

The  Treatment  of  .Sewage  by  Aeration  in  the  Presence  of  Activated 
Sludge.     Edward  Bartow. 

A  New  Electrolytic  Method  of  Sewage  Disposal.     J.  C.  Olsen. 

Costs  as  Applied  to  Professional  Business.     Ralph  A.  Gould. 

The  Improvement  of  High  Boiling  Petroleum  Oils,  and  the  Manufac- 
ture of  Gasoline  as  a  By-product  therefrom,  by  the  Action  of  Alutninum 
Chloride.     A.  M.  McAfee. 

Some  American  Contributions  to  Industrial  Chemistry.  Samuel  P. 
Sadtler. 

The  Development  in  the  United  States  of  the  Manufacture  of  Products 
Derived  from  Coal.     H.  W.  Jordan. 

Notes  on  a  New  Process  of  Bleaching.     S.  F.  Peckham. 

Lutes  and  Cements.     S.  S.  Sadtler. 

The  Design  and  Operation  of  Ozone  Water  Purification  Systems. 
Sheppard  T.  Powell. 

Changes  in  the  Volume  and  Specific  Gravity  of  Linseed  Oil  Films  on 
Drying.     G.  W.  Thompson. 

The  Utilization  of  Wood  Waste.     Arthur  D.  Little. 

The  Production  of  Ammonia  from  Cyanamid.     W.  S.  Landis. 

These  titles  are  typical  of  the  broad  field  of  chemical  engineer- 
ing. The  collection  of  papers  on  phases  of  the  smelter  fume 
problem  read  at  Leland  Stanford  Jr.  University  and  not  at  "San 
Francisco,"  as  might  be  inferred,  in  reality  show  clearly  that 
tlie  science  of  chemistry  need  not  be  divorced  from  usefulness 
to  the  community  because  its  professors  are  not  connected 
with  a  formal  college  of  Engineering.  It  was  a  pleasure  to  note 
how  every  chemistry  instnictor  one  met  at  this  institution 
seemed  to  have  on  his  mind  some  phase  of  this  important  smelter 
.  problem,  whereas  too  frequently  in  institutions  where  engineer- 
ing and  applied  chemistry  receive  more  formal  recognition  there 
is  a  profound  coolness  toward  the  "applied"  man  as  though 
one  became  a  sort  of  leper  when  he  ventured  into  the  field  of 
problems  from  whose  solution  the  commtmity  might  benefit. 

It  seems  too  bad  that  the  efficiency  of  the  smelter's  "legal 
department"  renders  it  unnecessary  to  try  out  more  thoroughly 
such  processes  as  the  Thiogen  Process  of  Young.  The  article 
of  Peckham  and  particularly  page  222  should  be  read  by  every 
chenrtst  who  has  not  had  experience  with  the  brand  of  chemical 
logic  with  which  our  patent  office  sulTers  from  time  to  time. 
Some  remedy  should  be  found  for  the  type  of  injustice  on  the 
part  of  our  patent  office  so  mildly  recounted  in  this  article. 

Other  articles  in  the  volume  enrich  the  literature  of  this  field 


especially  in  the  case  of  cream  of  tartar,  sewage  cost,  petroleum 
refining,  American  contributions  to  industrial  chemistry,  ozone 
and  ammonia  from  cyanamide. 

It  seems  a  pity  in  the  Transactions  of  a  select  and  small  organ- 
ization that  better  record  cannot  be  kept  of  the  discussions  of 
papers.  In  the  case  of  the  Jordan  paper  on  the  coal-tar  industrj' 
and  its  development  in  America  it  happened  that  there  joined 
in  tlie  discussion  a  number  of  chemical  engineers  whose  knowledge 
in  this  industry  goes  back  farther  than  that  of  any  American 
now  living  and  the  hitherto  unpublished  material  brought  out 
appeared  imknown  to  the  author  of  the  paper,  yet,  for  some 
reason  it  was  omitted  from  the  transactions. 

James  R.  Withrow 
The  Analysis  of  Copper  and  Its  Ores  and  Alloys.    By  George  L. 

Heath,   Chief  Chemist,   Calumet  &  Hecla  Smelting  Works. 

292  pp.,  with  18  figures  and  2  plates.     McGraw-Hill  Book  Co., 

New  York,  1916.     Price,  $3.00. 

A  carefully  written  text  by  a  leading  authority  on  the  subject 
is  always  welcome,  more  especially  if  material  on  the  topic  is 
widely  scattered  or  altogether  lacking.  The  present  output 
of  new  copper  in  the  United  States  is  probably  somewhere  near 
150,000.000  pounds  per  month,  to  which  there  must  be  added 
about  one-fifth  as  much  of  secondary  copper  recovered.  When 
it  is  remembered  that  this  copper  enters  into  an  almost  infinite 
variety  of  commercial  products  it  is  at  once  evident  how  import- 
ant is  the  field  to  which  Mr.  Heath  has  addressed  himself.  To 
his  task  he  brings  the  accumulated  experience  of  years  of  practice 
and  investigation,  and  the  resulting  volume  seems  likely  to  be- 
come, as  the  Confession  of  Faith  phrases  it,  "the  one  infallible 
rule  and  guide  to  faith  and  practice"  for  chemists  and  assayers 
engaged  in  commercial  work. 

The  introductory  chapter  is  devoted  to  descriptions  of  equip- 
ment. Instead  of  describing  all  the  wide  variety  of  designs  and 
patterns  Mr.  Heath  contents  himself  with  a  brief  but  lucid 
account  of  those  which  he  considers  best,  for  which  his  readers 
will  be  grateful.  The  second  chapter  deals  with  sampling, 
and  may  therefore  be  considered  the  most  important  in  the 
book.  This  is  considered  under  five  divisions:  mine  sampling, 
mechanical  ore  sampling,  copper  stamp  mill  sampling,  smelter 
sampling,  and  copper-bearing  products  within  the  works.  On 
the  first  two  only  a  brief  summary  is  given.,  with  references  to 
the  recognized  authorities,  but  the  reader  wonders  why  the 
practice  at  the  Mansfield  mines  is  described  in  some  detail, 
unless  Mr.  Heath  considers  it  representative  of  the  best  prac- 
tice, which  is  at  least  open  to  question.  It  is  interesting  to  learn 
from  Division  3  that  the  Lake  Superior  stamp  mills  have  a  sys- 
tematic method  of  sampling.  The  fourth  and  fifth  divisions 
are  those  with  which  the  author  is  chiefly  concerned.  The 
methods  used  in  many  different  places  are  given  in  sufficient 
detail,  with  reference  to  the  authorities.  The  third  chapter 
deals  with  reagents  and  standard  solutions.  The  next  four 
chapters  deal  with  ores,  slags,  metal  and  flue  dust,  furnace 
refractories,  and  the  precious  metals.  This  concludes  the  first 
part.  Part  II  deals  with  the  work  of  an  electrolytic  refinerj'. 
Part  III  with  the  analysis  of  refined  copper,  especially  the  detec- 
tion of  foreign  metals.  Part  IV  with  the  analyses  of  commercial 
copper  alloys,  and  Part  V  with  the  metallography  of  copper 
and  brass,  and  the  electrical  resistivity  of  copper.  The  volume 
concludes  with  a  glossary,  and,  as  frequently  happens  in  glos- 
saries, it  is  not  difficult  to  find  fault  with  some  of  the  definitions. 
He  also  frequently  uses  the  phrase  "zinc  spelter,"  as  though 
there  were  some  other  kind  of  spelter  tliat  is  not  zinc.  Such 
imperfections  are  only  minor  ones;  it  is  fair  to  draw  attention 
to  them  in  a  critical  review,  but  it  should  not  obscure  the 
main  point  that  Mr.  Heath  has  done  a  tremendous  service  to 
analytical  chemists  in  placing  at  their  service  so  comprehensive 
and  autlioritative  a  work. 

T.  T.  Read 


Feb. 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


NLW  PUBLICATIONS 


By  IKSNS  DbMattt,  Libia 


Melloa  Institute  of  Industrial  Research,  Pittsbursh 


Agricultural  College;  a  Study  in  Organization  and  Management  and  in  the 
Problems  of  Teaching.  F.  A.  Waugh.  8vo.  260  pp.  Price,  $1.10. 
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WBOLBSALB   PRICES   PREVAILING    IN   THE   NEW   YORK    MARKET   ON    JANUARY  15 


INOaOAMIC  CHEMICALS 

AceUte  of  Lime 100  Lbs. 

Alum,  lump  ammonia 100  Lbs. 

Aluminum  Sulfate,  high-grade Ton 

Ammonium  Carbonate,  domestic Lb. 

Ammonium  Chloride,  gray Lb. 

Aqua  Ammonium.  26°,  drums Lb 

Arsenic,  white Lb. 

Barium  Chloride Ton 

Barium  Nitrate Lb. 

Barytes,  prime  white,  foreign Ton 

Bleaching  Powder,  35  per  cent 100  Lbs. 

Blue  Vitriol Lb. 

Borax,  crystals,  in  bags Lb. 

Boric  Acid,  powdered  crystals Lb. 

Brimstone,  crude,  domestic Long  Ton 

Bromine,  technical,  bulk Lb. 

Calcium  Chloride,  lump.  70  to  75%  fused Ton 

Calcium  Chloride,  granulated Ton 

Caustic  Soda,  76  per  cent Lb. 

Chalk,  light  precipitated Lb. 

China  Clay,  imported Ton 

Feldspar Ton 

Fuller's  Earth,  foreign,  powdered Ton 

Glauber's  Salt,  in  bbis 100  Lbs. 

Green  Vitriol,  bulk 100  Lbs. 

Hydrochloric  Acid,  commercial,  18° Lb. 

Hydrochloric  Acid.  C.  P  .  cone.  22' Lb. 

Iodine,  resublimed Lb. 

Lead  Acetate,  white  crystals Lb. 

Lead  Nitrate Lb 

Litharge.  American Lb. 

Lithium  Carbonate Lb. 

Magnesium  Carbonate.  U.  S.  P Lb. 

Magnesite,  "Calcined" Ton 

Nitric  Acid.  36" Lb. 

Nitric  Acid  42° Lb. 

Phosphoric  Acid,  sp.  gr.  1.750 Lb 

Phosphorus  yellow Lb. 

Plaster  of  Paris Bb). 

Potassium  Bichromate,  casks Lb. 

Potassium  Bromide  (granular) 100  Lbs 

Potassium  Carbonate,  calcined,  88  @92% Lb. 

Potassium  Chlorate,  crystals,  spot Lb. 

Potassium  Cyanide,  bulk.  98-99  per  cent.. .  .Mixture 

Potassium  Hydroxide,  88  @  92% Lb. 

Potassium  Iodide,  bulk Lb. 

Potassium  Nitrate Lb. 

Potassium  Permanganate,  bulk Lb- 
Quicksilver,  flask,  75  lbs 

Red  Lead.  American,  dry Lb. 

Salt  Cake,  glass  makers' Ton 

Silver  Nitrate Ox. 

Soapstone  in  bags Ton 

Soda  Ash.  58% 100  Lbs. 

Sodium  Acetate Lb. 

Sodium  Bicarbonate,  domestic 100  Lbs. 

Sodium  Bicarbonate,  English Lb. 

Sodium  Bichromate Lb. 

Sodium  Chlorate Lb. 

Sodium  Fluoride,  commercial Lb. 

Sodium  Hyposulfite 100  Lbs. 

Sodium  Nitrate.  95  per  cent,  spot 100  Lbs. 

Sodium  Silicate,  liquid 180  Lbs. 

Sodium  Sulfide,  30%,  crystals,  in  bbls Lb. 

Sodium  Bisulfite,  liquid.  32  s.  g Lb. 

Strontium  Nitrate Lb. 

Sulfur,  flowers,  sublimed 100  Lbs. 

Sulfur,  roll 100  Lbs. 

Sulfuric  Acid,  chamber.  66°  Bi Ton 

Sulfuric  Acid,  oleum  (fuming) Ton 

Talc.  American  while Ton 

Terra  Alba.  American.  No.  1 100  Lbs. 

Tin  Bichloride.  50° 100  Lbs. 

Tin  Oxide Lb. 

White  Lead,  American,  dry Lb. 

Zinc  Carbonate Lb. 

Zinc  Chloride,  commercial Lb 

Zinc  Oxide,  American  process  XX Lb. 

Zinc  Sulfate Lb. 


OBOANIC  CHEMICALS 

Acetanilid,  C.  P..  in  bbls Lb. 

Acetic  Acid.  56  per  cent,  in  bbls Lb. 

Acetic  Acid,  glacial.  99Vi%.  in  carboys Lb 

Acetone,  drums Lb. 
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Alcohol,  denatured.  1 80  proof Gal. 

Alcohol,  grain.  188  proof Gal. 

Alcohol,  wood,  95  per  cent,  refined Gal. 

Amyl  Acetate Gal. 


Aniline  Oil. 
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Benzoic  Acid,  ex-toluol Lb. 

Benzol,  90  per  cent Gal. 

Camphor,  refined  in  bulk,  bbls Lb. 

Carbolic  Acid.  U.  S.  P..  crystals,  drums Lb. 

Carbon  Bisulfide Lb. 

Carbon  Tetrachloride,  drums,  100  gals Lb. 

Chloroform Lb. 

Citric  Acid,  domestic,  crystals Lb. 

Creosote  beechwood Lb. 

Cresol.  U.  S.  P Gal. 

Dextrine,  corn  (carloads,  bags) 100  Lbs. 

Dextrine,  imported  potato Lb. 

Ether.  U.  S.  P.,  1900 Lb. 

Formaldehyde,  40  per  cent Lb. 

Glycerine,  dynamite,  drums  included Lb. 

Oxalic  Acid,  in  casks Lb. 

Pyrogallic  Acid,  resublimed  bulk Lb. 

Salicylic  Acid Lb. 

Starch,  cassava Lb. 

Starch,  corn  (carloads,  bags)  pearl 100  Lbs. 

Starch,  potato Lb. 

Starch,  rice Lb. 

Flour,  sago Lb. 

Starch,  wheat Lb. 

Tannic  Acid,  commercial Lb. 

Tartaric  Acid,  crystals Lb. 


OILS,  WAXES,  ETC. 

Beeswax,  pure,  white Lb. 

Black  Mineral  Oil,  29  gravity Gal. 

Castor  Oil   No.  3 Lb. 

Ceresin.  yellow Lb. 

Corn  Oil.  crude 100  Lbs. 

Cottonseed  Oil,  crude,  f .  o.  b.  mill Gal. 

Cottonseed  Oil,  p.  s.  y Lb. 

Menhaden  Oil.  crude  (southern) Gal. 

Neat's-foot  Oil,  20° Gal. 

Paraffine.  crude.  120  m.  p Lb. 

Parafiine  Oil,  high  viscosity Gal. 

Rosin.  "F"  Grade,  280  lbs Bbl. 

Rosin  Oil.  first  run Gal. 

Shellac,  T.  N Lb. 

Spermaceti,  cake Lb. 

Sperm  Oil.  bleached  winter.  38° Gal. 

Spindle  Oil.  No   200 Gal. 

Stearic  Acid,  double-pressed Lb. 

Tallow,  acidless Gal. 

Tar  Oil.  distilled Gal. 

Turpentine,  spirits  of Gal. 

METALS 

Aluminum.  No.  1,  ingots Lb. 

Antimony,  ordinary Lb. 

Bismuth.  N.  Y Lb. 

Copper,  electrolytic Lb. 

Copper,  lake Lb. 

Lead.  N.  Y 100  Lbs. 

Nickel,  electrolytic Lb. 

Platinum,  refined Ox. 

Silver Ox. 

Tin Lb. 

Tungsten  (WOi) Per  Unit. 

Zinc,  NY 100  Lbs 

FERTILIZER  MATERIALS 

Ammonium  Sulfate 100  Lbs. 

Blood,  dried  FOB  Chicago Unit 

Bone.    4  and    50.    ground,  raw Ton 

Calcium  Cyanamid Unit  of  Ammonia 

Calcium  Nitrate.  Norwegian 100  Lbs. 

Castor  Meal Unit 

Fish  Scrap,  domestic,  dried,  f.  o.  b.  works Unit 

Phosphate,  acid   16% Ton 

Phosphate  rock;  f.  o.  b.  mine: 

Florida  land  pebble,  68  per  cent Ton 

Tennessee.  78-80  per  cent Ton 

Potassium  "muriate."  basis  80  per  cent Ton 
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EDITORIALS 


CHEMISTS  AND  THE  COUNTRY'S  CRISIS 

On  February  sth  President  Stieglitz  sent  the  follow- 
ing telegram  to  President  Wilson: 

President  Wilson,   The  While  House,  Washington 

The  American  Chemical  Society,   with  over  eight  thousand 
members,  begs  to  place  its  services  at   your  command,  espe- 
cially in  matters  facilitating  preparations  of  munitions,  supplies, 
medicinal   remedies,   and  other  chemical   materials. 
(Signed)  Julius  Stieglitz. 

President,  American  Chemical  Society 

In  reply  the  following  acknowledgment  was  received: 

The  Whiti:  Hoitsi;,  \V.\shington 

The  President  deeply  appreciates  your  very  generous  and  patri- 
otic proffer  of  your  services,  and  he  wishes  in  this  informal  way  to 
express  his  grateful  thanks. 

On  February  15th  Secretary  Charles  L.  Parsons, 
sent  the  following  letter  to  the  Secretary  of  War: 

Hon.  Newton  D.  Baker,  Secretary  of  War,  Washington 

Professor  Julius  Stieglitz,  President  of  the  American  Chemical 
Society,  on  behalf  of  the  Society,  requests  me  to  offer  to  you,  or 
to  any  of  the  Bureaus  of  the  War  Department,  any  assistance 
which  the  Society  can  render  in  the  present  international  com- 
plications. The  Society  now  has  nearly  nine  thousand  members 
covering  all  branches  of  chemical  industry  in  all  sections  of  the 
country.  They  are  organized  into  forty-nine  local  sections. 
The  American  Chemical  Society,  its  local  sections,  and,  we  be- 
lieve, its  individual  members  are  at  your  service.  It  is  already 
represented  by  two  of  its  prominent  members  on  the  Naval 
Consulting  Board,  who  are  at  liberty  to  call  on  the  Society  for 
any  assistance  which  the  Navy  may  require.  We  are  equally 
anxious  that  the  War  Department  shall  feel  that  the  chemists  of 
this  country  represented  by  the  American  Chemical  Society  are 
placed  at  your  service  and  your  command,  especially  in  matters 
facilitating  the  preparation  of  munitions,  supplies,  medicinal 
remedies  and  other  chemical  materials. 

(Signed)  Chas.  L.  Parsons. 

Secretary,  American  Chemical  Society 

In  this  grave  period  of  our  country's  history,  the 
chemists  of  America  pledge  to  President  Wilson 
their  undivided  loyalty  and  untiring  service.  Our 
organization  bears  the  proud  title,  "The  American 
Chemical  Society,"  and  whatever  America's  call  may 
be  its  chemists  stand  ready  to  respond. 

Much  has  been  said  and  written  within  the  last 
two  years  of  the  important  r61e  of  the  chemist  in  mod- 
ern warfare  and  the  thought,  broadened  to  include 
normal  conditions,  has  gained  firm  lodgment  in  the 
national  consciousness,  bringing  American  chemists 
and  the  American  people  into  closer  and  more  cordial 
relationship.  The  thought  carries  with  it  no  undue 
elation  but  rather  a  sober  realization  of  the  responsi- 
bilities which  must  be  worthily  met,  responsibilities 
bearing  not  only  upon  the  direct  production  of  muni- 
tions and  of  other  necessities  for  both  the  army  and 
the  navy  but  also  upon  the  efficient  operation  of  all 
industrial  processes  which  will  conserve  to  the  utmost 
the  resources  of  our  land,  the  food  and  raiment  of 
our  people  and  the  vigor  of  our  race. 

In  this  spirit  we  offer  our  services. 


AMERICA  FOR  AMERICANS 

On  February  i,  1917,  Germany  began,  without 
advance  notice,  the  ruthless  U-boat  warfare  on  all 
merchantmen.  This  latest  policy  led  to  our  sever- 
ance of  diplomatic  relations  with  that  country.  With 
the  conviction  that  events  of  the  near  future  will 
inevitably  draw  us  into  active  participation  in  the 
great  world  conflict,  we  have  begun  to  clear  our  decks 
for  action.  Our  representatives  in  Congress,  laying 
aside  all  partisan  feelings,  have  rightly  stood  squarely 
behind  our  President.  Hundreds  of  millions  have  been 
appropriated  for  the  navy  and  the  army  and  for  coast 
defense.  Every  effort  is  being  made  to  coordinate  all 
elements  of  national  strength  and  to  insure  maximum 
efficiency  in  all  lines  when  the  fated  day  arrives. 

In  these  busy  days  of  "setting  our  house  in  order," 
there  has  been  one  abhorrent  neglect.  There  still 
remains  upon  our  statutes  in  Section  501  of  the  Dye- 
stuff  Section  of  the  General  Revenue  law  an  excep- 
tion whereby  the  following  classes  of  coal-tar  com- 
pounds are  relieved  from  the  special  duty  of  j  cents 
per  pound:  "natural  and  synthetic  alizarin  and  dyes 
obtained  from  alizarin,  anthracene  and  carbazol, 
natural  and  synthetic  indigo  and  all  indigoids  whether  or 
not  obtained  from  indigo,  and  medicinals  and  flavors." 

To  the  average  citizen— doubtless,  indeed,  to  the 
average  congressman — the  enumeration  of  these  peculiar 
sounding  chemical  terms  has  little  significance,  but 
to  those  who  have  followed  closely  the  steps  leading 
to  this  enactment  the  clause  has  a  sinister  meaning. 
Wherever  the  full  measure  of  protection,  both  ad 
valorem  and  special  was  accorded  these  dyestuffs  there 
has  been  remarkableindustrial  activity  and  development ; 
where  it  was  withheld,  as  in  the  excepted  lines  men- 
tioned above,  growth  has  been  seriously  hampered 
and  in  many  cases  completely  prevented.  Yet  every 
new  coal-tar  dyestuff  plant  erected  adds  one  more 
unit  to  the  list  of  factories  which  can  be  quickly  con- 
verted in  time  of  war  to  munitions  plants  for  the 
prompt  manufacture  of  coal-tar  high  explosives. 
Furthermore,  and  of  greatest  importance,  each  such 
new  plant  would  house  operatives,  foremen,  super- 
intendents and  chemists  who  could  serve  as  trained 
nuclei  for  larger  groups  in  high  explosives  manu- 
facture: this  contention  has  been  abundantly  at- 
tested in  public  legislative  hearings  and  in  press  ac- 
counts of  the  present  activities  of  German  dyestuff 
plants.  Must  our  public  interest  be  sacrificed,  there- 
fore, by  the  retention  of  this  excepting  clause  in  our 
dyestuft"  legislation?  A  thousand  times  we  say,  "No"! 
Every  patriotic  iinpulse  demands  that  this  clause, 
which  has  stamped  upon  its  face  in  scarlet  letters 
the  words  "Special  Privilege,"  be  removed  from  our 
statutes.  The  wording  of  that  clause  was  never 
suggested  by  American  chemical  manufacturers.  It 
w-as  stricken  by  the  Senate  from  the  original  House 
legislation  at  the  earnest  solicitation  of  American 
manufacturers  but  it  was  restored  to  the  bill  at  the 
insistence  of  the  House  representatives  in  the  Con- 
ference Committee.  To  be  more  specific,  only  one 
consumer   has    asked   for   special    favors    as    to   these 
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excepted  lines,  namely  Mr.  Caesar  Cone  of  Greens- 
boro, X.  C,  or  whoever  he  may  represent,  while  only 
one  member  of  Congress  has  made  public  defense  of 
the  measure,  namely  Mr.  Claude  Kitchin  of  North 
Carolina,  the  Chairman  of  the  House  Ways  and  Means 
Committee.  Have  Messrs.  Cone  and  Kitchin  anj' 
right  willfully  to  restrict  the  number  of  potential 
munitions  plants  in  this  country  in  such  a  crisis  as  is 
now  upon  us?  Such  abuse  of  personal  influence 
and  of  legislative  power  carries  with  it  possibilities 
of  national  shortage  which  no  men  who  love  their 
country  should  be  willing  to  assume,  much  less  to 
struggle  for.  If  Mr.  Kitchin  thinks  we  give  him  too 
much  blame  for  the  responsibility  of  this  legislation 
we  invite  him  to  the  test,  and  we  confidently  predict 
that  if  he  will  signify  his  assent  to  the  removal  of  this 
excepting   clause   it    will  be  swept  from  our  statutes. 

It  is  not  too  late  for  this  grave  defect  to  be  remedied, 
though  the  new  revenue  measure  has  passed  the 
House  and  is  now  before  the  Senate.  Even  at  the 
very  last  moment  in  the  Conference  Committee,  which 
will  be  necessitated  by  the  Senate  amendments  to 
the  House  bill,  an  amendment  striking  out  this  ob- 
noxious clause  can  be  inserted  by  agreement  of  the 
conferees.  Mr.  Kitchin,  we  invite  you  to  the  test, 
a  test  which  calls  for  no  increased  appropriations 
but  which  has  as  its  essence  "America  for  Americans"! 

The  gold  brick  character  of  this  dyestufi  legis- 
lation was  sufficiently  evident  at  the  time  of  its  enact- 
ment. Recent  developments,  however,  have  shown 
that  an  even  more  cunning  hand  was  at  work  in  the 
wording  of  this  excepting  clause  than  we  thought. 
This  story  we  wrote  for  the  "Annual  Review"  of  the 
New  York  Journal  of  Commerce.    We  reproduce  it  here: 


CHXMICAL  LEGISLATION;  NOT  WISE  BUT  OTHERWISE 

If  a  poll  were  taken  of  the  dycstulT  consumers  in  the  Inited 

States   as    to — what   is  an   "indigoid not   obtained   from 

indiKo"-  how  many  could  answer  the  question  definitely? 

To  ]>iit  the  case  stronger  if  a  similar  test  were  made  of 
the  almost  nine  thousand  members  of  the  .American  Chemical 
Society,  would  the  result  be  dilTcrent  from  that  of  the  con- 
sumers' poll?  During  the  past  week  I  have  asked  five  of  the 
most  prominent  American  dyestuff  chemists  for  an  answer 
and  failed  to  receive  it;  yet  the  above  quoted  words  are  from 
tlie  <lyestuff  section  of  the  general  revemie  bill,  which  is  now 
the  law  governing  duties  on  imported  dyestufTs. 

These  statements  sound  somewhat  academic,  but  on  last 
Saturday,  January  2^ih,  I  received  a  communication  from  a 
reliable  source,  wliich  justifies  the  statement  that  there  is  good 
ground  to  believe  that  when  the  next  shipment  of  foreign  dye- 
stiilTs  is  received  in  this  country,  possibly  on  the  Deutscliland, 
if  she  arrives,  effort  will  be  made  to  have  the  sulfur  colors, 
such  as  sulfur  black,  etc.;  relieved  of  the  payment  of  the  5 
cents  per  pound  special  duty  on  the  groinid  of  the  exception  in 
the  (tcneral  Kevenue  Bill  which  excludes  from  the  special  duty 
on  finished  dyestnlTs  "all  ituligoids  whether  or  not  obtained 
from  indigo."  The  basis  of  this  efTort  will  be  the  classification 
(if  dyeslulTs  in  Niet/.ki's  "Die  Chemic  der  Organischeti  Karb- 
stoffe,"  fifth  edition. 

Tlie  apparently  harmless  little  phrase  "whether  or  not  ob- 
tained from  indigo"  has  escaped  attenliim.  I  nm  free  to  S4iy 
it  "got  by"  me,  though  I  have  s|H)ken  and  written  often  about 
(he  injustice  to  the  American  dyestuff  manufacturer  resnltini; 
from  the  similar  rxcepliou  of  indigo  and  aliriiriu  in  the  <uime 
section   of   the   bill.     The  successful   outcome,   however,   of   un 


effort  to  bring  in  sulfur  colors  under  this  title  free  of  special 
duty  would  prove  something  of  a  shock  to  the  many  American 
manufacturers  of  sulfur  colors  who  have  gone  so  heavily  into 
this  line  of  manufacture  because  they  believed  they  had  the 
protection  of  both  the  ad  valorem  and  the  special  duty.  This 
is  the  joker  in  the  dyestuff  legislation. 

Who  is  responsible  for  this  joker?  Certainly  not  American 
chemists.  They  are  deeply  concerned  in  the  upbuilding  of  an 
American  dyestuff  industrj'  and  have  unanimously  luged  that 
all  coal-tar  finished  dyestuffs  be  given  uniform  tariff  protection. 

Who  was  so  clever  in  the  use  of  masked  phrases  which  may 
include  sulfur  colors  along  with  indigo,  alizarin,  etc..  in  the  excep- 
tions to  the  special  duty  of  5  cents  per  pound?  Certainly  not 
those  members  of  Congress  who  amused  themselves  at  the 
heart-breaking  efforts  of  the  reading  clerks  to  pronounce  the 
names  of  the  various  coal-tar  crudes,  intermediates  and  finished 
dyestuffs  contained  in  the  several  sections  of  the  bill. 

Who,  then,  advised  Mr.  Kitchin,  the  chairman  of  the  House 
Ways  and  Means  Committee,  and  in  charge  of  the  bill,  as  to  the 
wording  of  that  exception  which  he  alone  attempted  to  defend 
cuttlefishly  in  debate — an  exception  which  the  Senate  later 
rejected  but  which,  according  to  published  statements,  he  insisted 
upon  to  the  last  in  the  Conference  Committee  and  succeeded 
in  having  restored  to  the  bill  in  the  closing  hours  of  Congress? 

These  are  not  questions  which  can  be  lightly  brushed  aside. 
The  distress  of  our  industries  resulting  from  the  cessation  of 
importations  of  foreign  dyestuffs  aroused  the  country  to  the 
necessity  of  a  home  production  of  these  substances,  especially 
when  it  was  realized  that  we  possessed  a  superabundance  of  the 
crude  material,  coal  tar,  from  which  synthetic  dyestuffs  are  made. 

For  the  first  time,  I  believe,  in  the  history  of  our  Govern- 
ment, manufacturers  and  consumers  united  in  urging  such 
tariff  legislation  as  would  enable  the  industry  during  its  early 
stages  to  get  a  fair  start  and  would  prevent  it  being  crushed,  in 
case  of  the  early  ending  of  the  European  war,  by  an  inrush  of 
importations  from  the  old  and  thoroughly  established  German 
dyestuff  industry. 

I  said  "manufacturers  and  consumers  united."  That  is  not 
cpiitc  correct,  for  a  careful  reading  of  all  the  public  documents 
bearing  on  this  legislation  shows  that  one  and  only  one  con- 
sumer asked  for  special  favors  as  to  the  dyestuffs  included  in 
the  exception  in  the  bill.  That  one  ctmsumer  was  Cacsiir 
Cone  of  North  Carolina,  as  shown  in  the  printed  briefs  and 
hearings  before  the  subcommittee  of  the  Senate  I-inanoc  Com- 
mittee in  charge  of  this  section  of  the  general  revenue  bill. 
The  subcommittee  rejected  the  plea  of  Mr.  Cone,  struck  from 
the  bill  the  ol>jectionable  exception,  logically  added  ctwi-tar 
photographic  chemicals,  medicinals  and  llavors.  and  in  this 
form  the  bill  was  passed  by  the  Senate,  ideal  in  its  classifica- 
tion from  the  .'Xmcrican  manufacturer's  stantI|>oint  and  un- 
tainted by  any  special  privilege. 

What  necessities  of  the  situation  demanded  that  in  the  Con- 
ference Conunittec  tlic  views  of  the  Senate  based  U|>on  full 
hearings  should  give  way  to  the  restoration  of  the  "exception  " ' 
Certainly  it  was  no  question  of  raising  revemii.  for  the  cMvption 
included  those  dyes  which  have  since  l>ccn  iui|Kirt(Hl  to  s<mic 
extent  and  on  every  iMumd  of  which  the  govcninient  has  l<»st 
5  cents  revenue.  Mori-<iver,  there  will  be  n  further  I"'-'-  .'f 
S  cents  per  pound  on  .ill  sulfur  colors  if  the  Ho:ird  of  .Vpi  ■ 
admit  the  contention  that  these  IicIoiik  in  the  cluwof  n. 
"not  derived  from  indigo  "  In  a  notinal  year,  such  us  nji  ;  1  i. 
.S  cents  special  iluty  on  the  ixmndagc  of  these  exi-cptiil  dvc 
stuffs  would  h.ive  In-cn  tnon-  than  three  (piartct^  of  a  million 
dollurt,  II  tiily  sum  in  these  Ciovcmmcnt  "H.  C    1."  dny» 

What  can  lie  done  to  rrniedy  the  situation '  I'luinly  nnthing  in 
the  Iloii<>e,  for  the  new  ncctions  of  the  (Wnrrut  Re>xnur  Hill 
have  just  passetl  that  Ixxly  and  no  rcfnciicc  1^  moilr  therein 
to  dyestiifTo  May  wc  not  ho|)c,  however  ^«ll  of  us  who  l>rlirxT 
in    wholewinic    legislation     tliUt    the    Senate    will    aKoin    plaix 
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in  the  bill  its  classifications  of  last  year  and,  having  replaced 
them,  stand  by  them  to  the  end  in  the  Conference  Committee? 


If  Caesar  Cone  represents  himself  alone  in  this  matter 
he  has  too  much  influence.  How  is  it  that  he  alone 
can  negative  a  nation-wide  demand  for  a  complete  Amer- 
ican dyestuf  industry?  If  he  represents  others  will 
he  or  Mr.  Kitchin  publicly  state  who  is  so  represented? 

DTVESTMENTS  FOR  WARTIME  PROFITS  OF  THE 
CHEMICAL  INDUSTRIES 

The  abnormal  conditions  of  the  past  two  years,  with 
the  excess  of  demand  over  supply  of  chemical  prod- 
ucts, has  resulted  naturally  in  a  period  of  sunshine 
for  the  chemical  industries  of  America.  The  ability 
of  our  manufacturers  as  financiers  has  been  amply 
demonstrated  by  the  fact  that,  although  comfortable 
dividend  payments  have  been  made,  other  portions 
of  profits  have  been  devoted  to  plant  expansions,  to 
making  better  provision  for  plant  depreciation,  and 
to  allowing  good  reserves  for  a  future  "rainy  day." 
But  are  these  lines  of  disposition  of  profits  all-suflB- 
cient?  Are  there  not  other  fundamental  matters 
bearing  on  the  future  welfare  of  our  chemical  industry 
which  stand  closely  related  to  these  industries  as  a 
whole  and  which  should  therefore  receive  the  general 
support  of  all  industries  individually  and  collectively? 
Two  such  items  occur  to  us  as  urgently  calling  for  the 
broad-minded  consideration  of  our  industrial  leaders. 

THE  DECENNIAL  INDEX  OF  CHEMICAL  ABSTRACTS 

Through  Chemical  Abstracts,  the  American  Chemical 
Society  places  bi-monthly  at  the  disposal  of  its  readers 
a  review  of  the  world's  chemical  literature.  For 
some  time  Abstracts  has  occupied  the  unquestionable 
position  of  being  the  greatest  abstract  journal  ever 
published.  The  amount  of  material  handled  during 
the  past  ten  years  of  its  existence  has  been  so  enor- 
mous that  the  Council  of  the  Society  has  felt  com- 
pelled to  publish  a  Decennial  Index.  The  first  ten 
volumes  will  thus  be  placed  efficiently  at  the  disposal 
of  very  busy  chemists,  who  will  have  at  hand  com- 
plete bibliographies  of  each  subject  and  author  dur- 
ing the  past  decade.  The  industries  have  a  very  direct 
interest  in  this  time-saving  undertaking. 

The  members  of  the  Society  realized  at  once  the 
value  of  the  publication  of  such  an  index.  The 
Editor  had  estimated  that  the  cost  of  publication  would 
not  be  more  than  $10.00  ^er  subscriber,  in  case 
2000  subscribers  were  assured.  While  more  than 
2500  subscribers  have  been  secured,  the  general 
advance  in  costs  of  materials  and  labor  have  com- 
bined to  increase  the  expense  as  originally  estimated. 
Furthermore,  it  has  been  found  that  the  editorial 
work  required  to  give  the  maximum  efficiency  to  the 
volume  is  greater  than  the  first  estimate,  and  the 
adoption  of  the  convenient  entry-a-line  form  for  the 
index  has  also  added  greatly  to  the  original  space 
requirements.  More  important  than  all  of  these 
considerations,  however,  is  the  fact  that  so  valuable 
a  publication  should  not  be  limited  to  the  present 
actual  subscribers  but  should  furnish  a  considerable 
stock  to  be  available  for  the  constantly  increasing 
membership  of  the  Society. 

A    sum    approximating    Sio,ooo    above   the   subscrip- 


tions is  necessary  to  make  this  great  work  a  complete 
success.  Secretary  Parsons  has  been  authorized  by 
the  Directors  to  canvass  the  chemical  industries  for 
contributions  to  this  fund.  While  only  a  few  manu- 
facturers have  been  approached,  the  response  has 
been  so  cordial  and  hearty  that  it  can  be  confidently 
predicted  that  the  industries  will  stand  squarely 
behind   this   noteworthy   undertaking. 

A  CENSUS  OF  CHEMICAL  IMPORTS  OTHER  THAN  DYESTUFFS 

The  fundamental  basis  of  the  application  of  chemistry 
through  industrial  processes  is  the  law  of  supply  and 
demand.  Our  government  furnishes  through  the 
Census  and  the  publications  of  the  Department  of 
Commerce  that  which  purports  to  be  the  statistical  basis 
for  our  industries.  This  material  is  so  lacking  in 
detailed  classification  that  its  service  is  but  limited 
in  legitimate  expansion  under  the  hurry  call  of  the 
present  times.  While  ideal  conditions  demand  a 
detailed  census  of  productions,  the  more  restricted 
and  urgent  need  is  for  a  detailed  classification  of  im- 
ports of  chemicals  during  a  typical  pre-war  fiscal 
year.  The  compilation  of  such  facts  has  already 
been  partly  accomplished  by  the  publication  of  the 
Dyestuff  Census  by  the  Department  of  Commerce. 
Dyestuffs,  however,  constitute  only  a  limited  portion 
of  imports  of  chemicals,  and  the  same  reasons  which 
called  it  forth  demand  also  a  census  of  chemicals 
other  than  dyestuffs.  In  the  December,  1916,  issue 
of  This  Journal  an  official  of  the  Department  of 
Commerce  very  clearly  pointed  out  this  need  and 
stated  that  while  the  machinery  for  such  a  study 
was  available  in  his  Bureau,  unfortunately  adequate 
funds  were  not  at  hand.  While  such  funds  might 
be  secured  through  the  slow  channels  of  congressional 
appeal,  the  situation  from  the  chemical  manufacturer's 
standpoint  calls  for  prompter  action.  It  was  there- 
fore suggested  that  the  work  be  undertaken  by  co- 
operation of  the  American  Chemical  Society  with 
the  Bureau  of  Foreign  and  Domestic  Commerce, 
the  census  to  be  published  in  This  Journal.  The 
suggestion  was  so  commendable  that  we,  as  President 
of  the  Society  at  that  time,  conferred  with  Dr.  E.  E. 
Pratt,  Chief  of  the  Bureau.  At  our  request  he  prepared 
an  estimate  of  the  total  cost  of  the  undertaking. 
This  amounted  to  $4,000.  It  was  further  stated 
that  there  would  be  no  objection  from  the  Bureau's 
standpoint  if  private  corporations  aided  in  raising 
the  $2,000  expected  of  the  American  Chemical  Society, 
the  only  stipulation  being  that  the  funds  should  be 
placed  in  the  hands  of  the  Treasurer  of  the  Society 
and  that  the  results  of  the  study  should  be  made 
known  simultaneously  to  all  manufacturers.  In  the 
Minutes  of  the  Annual  Meeting  of  the  Directors 
of  the  Society  on  December  9,  1916,  is  the  following 
record:  "The  Directors  heartily  approve  of  coopera- 
tion between  the  American  Chemical  Society  and 
the  U.  S.  Bureau  of  Foreign  and  Domestic  Commerce 
in  the  compilation  of  a  detailed  statistical  review 
of  the  imports  of  chemicals,  other  than  dyestuffs, 
provided  the  necessary  funds  are  furnished  by  the 
industrial  chemical  interests." 

Several  prominent  chemical  manufacturers  were 
interviewed  by  us  in  this  connection,  and  one  of  the 
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first  acts  of  President  Stieglitz  was  the  appointment 
of  a  committee  to  raise  the  needed  funds.  This 
committee,  consisting  of  Charles  Baskerville,  J. 
Merritt  Matthews  and  Chas.  H.  Herty  {Chairman), 
is  now  preparing  to  solicit  funds. 

It  is  sincerely  to  be  hoped  that  the  response  on  the 
part  of  the  industries  will  be  prompt  and  unanimous 
so  that  the  actual  work  of  compilation  from  the  gov- 
ernment records  can  be  immediately  begun.  Only 
thus  can  we  overcome  the  handicap  under  which  we 
labor  as  compared  with  the  chemists  of  Germany 
who  have  always  been  furnished  by  their  government 
with  the  fullest  possible  detailed  statistics  on  which 
to  build  the  splendid  chemical  industry  of  that  land. 

HAIL  TO  BRANEGAN! 

Have  you  ever  met  James  A.  Branegan  of  Phila- 
delphia? If  not,  you  have  missed  something.  We 
had  that  pleasure  a  few  days  ago,  for  we  looked  him 
up,  being  anxious  to  learn  something  of  the  person- 
ality of  the  man  whose  name  is  so  closely  associated 
with  the  recent  remarkable  growth  of  the  Philadelphia 
Section  of  th»  American  Chemical  Society,  a  Local 
Section  whose  membership  has  doubled  within  the 
past  three  years. 

Genius  displays  itself  in  many  forms  and  in  the 
persuasive  art  of  getting  new  members  Branegan 
is  a  true  genius.  In  him  we  found  a  remarkable  com- 
bination. Just  think  of  it — Widmann  Medalist  for 
his  research  on  dyestuffs,  salesman  of  "intermediates" 
for  a  great  chemical  organization,  one-time  feather- 
weight champion  of  Philadelphia,  author  of  "The 
Scientist  of  Prehistoric  America,"  and  present 
holder  of  the  championship  of  the  world  for  getting 
new  members  for  a  chemical  organization.  This  many- 
sidedness  is  not  difficult  to  understand  when  one  notes 
the  aggressive  air,  the  devotion  to  the  matter  in  hand, 
the  happy  heartedness,  the  good  judgment  and  sound 
common  sense,  and  the  fine  sentiment  which  under- 
lies his  every  thought. 

We  were,  however,  particularly  anxious  to  learn 
how  he  managed  to  get  so  many  new  members,  what 
were  his  methods  of  approach,  his  arguments,  his 
general  attitude  in  the  matter.  He  talked  freely 
and  his  answers  to  questions  were  illuminative. 

"I  never  ask  a  man  'Don't  you  want  to  join  the 
American  Chemical  Society?'  that  would  give  him 
a  chance  to  say  'No,'  and  that  would  tend  to  end  the 
interview."  (There  was  the  boxing  instinct  which 
had  led  to  a  championship;  no  defensive  fighter, 
but  aggressive  through  and  through.) 

"In  the  first  place  I  always  have  a  list  of  prospects 
with  me.  If  they  are  very  young  men  just  starting 
out,  I  talk  to  their  employers,  otherwise  to  the  man 
himself.  Then  I  study  my  prospect  just  as  I  study 
the  man  to  whom  I  want  to  sell  something;  I  know 
him  thoroughly  before  bringing  up  the  subject." 
(There  is  the  spirit  of  the  investigator!)  "Tlien  when 
I  do  turn  loose  ho  doesn't  have  time  to  catch  his 
breath;  I  tell  iiim  about  the  meaning  of  organiza- 
tion to  men  in  any  walk  of  life,  of  the  great  results 
ucconiplishcd  by  the  Society  through  its  publications 
and  its  meetings;  how  the  presence  near-by  of  its 
journals    keeps  one    always    brushed    up    on    subjects 


he  has  to  handle,  how  one  is  sure  to  get  into  a  rut 
and  begin  slipping  backward  if  he  doesn't  know 
men  and  their  work;"  (Can't  you  see  that  uppercut 
with  the  left  and  that  right-hand  jab!)  "how  one 
fails  to  qualify  for  a  better  position  if  he  fails  to  make 
use  of  such  an  opportunity,  how  already  more  than 
eight  thousand  men  have  banded  themselves  together 
to  lift  American  chemistry  and  chemical  industries 
to  the  very  highest  possible  point.  The  prospect 
doesn't  get  a  chance  to  say  a  word,  but  I  am  watching 
him  closely  and  soon  I  see  by  his  eye  that  the  psycho- 
logical moment  has  arrived — out  from  my  pocket 
comes   the   ever   present   application   blank   and  soon 


JAMH3   A     Brankoan.    ChMrman   Memhmhif  Commitltt 
Philadelphia  StctioH.  American  Chtmical  Society 

the  job  is  finished — and  I  get  the  $10  membership 
dues  too.  Sometimes  he  doesn't  have  the  amount 
with  him;  then  I  lend  it  to  him  and  I  never  yet  have 
lost  a  cent  from  such  loans." 

"Why  do  you  do  this,  Mr.  Branegan?"  we  asked. 

"Because  I  love  the  American  Chemical  Society. 
I  am  grateful  for  all  the  good  it  has  done  me  and  I 
owe  it  something  in  return.  A  man  who  receives 
from  and  in  turn  contributes  nothing  to  an  organisa- 
tion gives  a  pretty  good  imitation  of  a  leech.  No 
man  can  get  many  members  unless  he  truly  loves  the 
Society;  if  that  feeling  is  in  his  heart  his  mouth  will 
speak  wisely. 

"No,  I  don't  want  any  position  but  Chairman  of 
the  Membership  Committee.  Perhaps  I  am  a  little 
'nutty'  on  the  subject.  Well,  it  is  my  hobby.  I 
get  lots  of  fun  and  satisfaction  out  of  it,  and  there's 
always  plenty  of  work  of  this  kind  ahead." 

Wc  sat  amnzi'd  at  his  talk.  It  wn«  »  '"•«•  i>i-iii  We 
felt   humbled   in   our  own   love  (or   '  Oh. 

(or  a  thousand  like  hinil     What  p<<  ti|{geit 

thcmselvcsl     All   hail   to   BroncRanl 
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PRESS  AND  PXJBLICITY   COMMITTEES  FOR  LOCAL 
SECTIONS 

In  the  February  issue  of  the  Catalyst,  published 
by  the  Philadelphia  Section,  an  account  is  given  of  the 
steps  being  taken  for  the  appointment  of  a  Local  Press 
and  Publicity  Committee  of  members  expert  in  different 
fields  of  chemistry  who  will  supply  the  newspapers 
within  the  territory  of  that  Section  "with  correct 
information  and  honest  criticism"  and  who  will  "stand 
ready  and  willing  at  all  times  to  be  consulted  by  the 
press."  One  of  the  first  fruits  of  that  movement  was  the 
presence  of  Mr.  M.  D.  Edmonds,  Business  Editor 
of  the  Public  Ledger,  at  a  local  section  meeting  with 
consequent  intelligent  publicity  of  important  papers 
presented  at  the  meeting. 

The  Chicago  Section  has  for  some  time  had  such  a 
Committee.  The  Pittsburgh  Section,  on  February  isth, 
took  similar  action,  authorizing  its  chairman  to  develop 
a  similar  Committee  for  that  section. 

Such  steps  are  heartening.  Too  long  we  have  talked 
solely  to  each  other  and  then  wondered  why  our 
profession  was  not  more  highly  appreciated  by  the 
general  public.  Too  often  we  have  cried  out  among 
ourselves  against  some  of  the  travesties  appearing  in 
the  daily  press  and  purporting  to  be  representative 
of  what  the  public  wished  to  read  and  therefore  of 
what  the  managing  editors  were  willing  to  publish. 
We  are  convinced  that  our  criticisms  of  both  the 
public  taste  and  newspaper  policies  have  been  unjust. 
We  have  been  selfishly  lazy  and  neglectful  in  this  im- 
portant matter,  and  sometimes  we  have  held  ourselves 
aloof  from  popular  presentation,  though  well  qualified 
for  such,  assuming  the  snobbish  attitude  that  such  effort 
was  the  part  of  minds  of  lower  order.  Wherever  the 
press  has  been  approached  in  a  spirit  of  true  coopera- 
tion the  response  has  been  immediate:  the  collection  of 
recent  newspaper  clippings  presented  to  our  office  by 
the  Press  &  Publicity  Committee  of  the  American  Chem- 
ical Society  furnish  ample  proof  of  these  contentions. 

In  this  connection  we  would  suggest  to  President 
Stieglitz  that  the  Chairman  of  each  Local  Section 
Press  and  Publicity  Committee  be  appointed  a  mem- 
ber of  the  similar  Committee  of  the  Society.  Through 
such  connections  the  work  of  all  of  these  Committees 
can  be  coordinated  and  their  eflfectiveness  largely 
increased. 

ANNOUNCEMENT 
While  bringing  to  the  office  of  Editor  a  mass  of  igno- 
rance concerning  technical  details  of  the  work,  we  also 
brought  with  us  a  deep-rooted  conviction  as  to  the  un- 
desirability  of  controversial  communications  being 
drawn  out  from  month  to  month  until  the  attenua- 
tion almost  reaches  the  vanishing  point.  Our  columns 
stand  gladly  open  for  communications  in  criticism 
of  matter  which  has  previously  appeared,  but  we  hereby 
announce  that  the  future  policy  of  This  Journal  will 
be  to  submit  copy  of  such  communications  to  the  auth- 
ors so  criticized  with  the  request  for  their  reply. 
Both  communications  will  then  be  printed  in  the  next 
earliest  issue  and  it  is  hoped  that  this  amount  of  dis- 
cussion will  suffice  all  parties  concerned. 


NO  NICHOLS  MEDAL  THIS  YEAR 

This  brief  announcement,  following  the  meeting 
of  the  Committee  charged  with  the  responsibility  of 
annually  awarding  the  Nichols  medal  for  the  best  re- 
search in  pure  chemistry,  gives  pause  for  serious  thought. 

After  careful  consideration  of  American  chemical 
literature  and  with  the  suggestions  of  the  Secretaries 
of  the  Local  Sections  in  hand,  the  Committee  felt 
that  during  the  year  1916  no  research  had  been  pub- 
lished which  was  of  sufficient  fundamental  importance 
and  intrinsic  worth  to  justify  the  award  of  the  medal. 

It  is  possible  that  such  researches  are  in  progress 
but  are  not  yet  sufficiently  completed  to  justify  pub- 
lication. If  so,  all  is  well,  for  nothing  could  be  more 
unfortunate  than  undue  haste  in  publication. 

On  the  other  hand,  the  thought  constantly  obtrudes 
itself  that  the  immediate  necessity  for  the  expansion 
of  our  chemical  industries,  the  drain  upon  University 
staffs  for  heads  of  industrial  research  laboratories, 
the  efforts  spent  in  national  scientific  organization 
and  the  distractions  of  this  distressing  period  of  the 
world's  history  have  produced  an  atmosphere  uncon- 
genial and  unsuited  to  that  quiet  growth  of  ideas  and 
their  severe  testing  in  the  laboratory  which  makes 
for  real  progress  in  the  science  of  chemistry. 

If  these  latter  thoughts  be  the  correct  explanation, 
the  situation  is  deeply  to  be  regretted,  for  greatest 
progress  can  be  realized  only  through  marked  ad- 
vances in  both  pure  and  applied  chemistry. 


CHEMICAL  ABSTRACTS  AGAIN  IN  THE  SADDLE 

During  the  past  year  the  Editor  of  Chemical  Abstracts 
has  been  seriously  hampered  in  his  work,  and  the 
usefulness  of  that  Journal  has  been  markedly  cur- 
tailed, by  the  action  of  the  British  censors  in  holding 
up  the  shipments  of  many  foreign  journals,  notably 
those  from  Germany.  Through  the  courteous  cooper- 
ation of  the  Department  of  State  and  especially 
through  the  efforts  of  the  Librarian  of  Congress,  all 
obstacles  have  been  removed  and  the  journals  con- 
signed to  the  American  Chemical  Society  have  been 
duly  forwarded  as  shown  in  the  following  letter  from 
Editor  Crane: 

Dear  Dr.   Herty: 

Because  I  am  sure  that  you  will  be  interested  I  am  writing 
to  tell  you  that  at  last  I  have  succeeded  in  obtaining  a  large 
shipment  of  German  jounials  on  the  basis  of  the  special  permit 
obtained  last  j'ear  from  the  British  Government  with  your 
help.  We  have  most  of  the  important  journals  nearly  com- 
plete to  the  end  of  19 16.  I  have  been  told  that  some  of  these 
copies  are  the  only  ones  in  this  country.  We  plan  to  publish 
abstracts  which  will  be  unusually  long  and  detailed  in  order  to 
make  up  for  the  lack  of  journals  in  this  country  in  so  far  as 
possible. 

Thanking  you  again  for  your  help  in  this  connection,  I  am 
Sincerely  yours, 
February  12,  191 7  K-  J-  Crane 

That  which  it  is  impossible  for  individuals  to  accom- 
plish has  been  done  for  the  American  Chemical  Society. 
One  more  fine  illustration  of  the  benefits  of  organiza- 
tion and  cooperation. 


Mar,,  1917 
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RLPORT  OF  AMLRICAN  INDUSTRIAL  COMMISSION  TO  FRANCL 


The  American  Industrial  Commission  to  France, 
organized  and  sent  out  by  the  American  Manufacturers' 
Export  Association  of  New  York  City,  left  New  York  at 
the  end  of  August,  19 16,  and  spent  seven  weeks  inspect- 
ing the  principal  industrial  centers  of  France.  The 
itinerary  arranged  by  the  French  authorities,  repre- 
sented by  Mr.  Maurice  Damour,  Deputy  for  Bordeaux, 
and  Chief  of  the  French  Industrial  Commission  to  the 
United  States  of  191  5,  included  all  o' the  important  in- 
dustrial cities  of  France  and  covered  the  entire  range  of 
French  industrial  activity.  The  investigatory  charac- 
ter and  large  spirit  of  the  French  Commission,  whose 
visit  to  America  was  being  repaid,  was  strictly  ad- 
hered to  throughout,  with  gratifying  sentimental  suc- 
cess as  regards  the  impression  created  upon  the  mem- 
bers of  the  inviting  Government,  the  press,  and  the 
French  people  generally. 

The  personnel  of  the   Commission  was  as  follows: 

W.  W.  Nichols,  Chairman.  Vice-President,  American  Manufacturers' 
Export  Association,  N'ew  York. 

J.  G.  Butler,  Jk  .  Vice-President,  Brier  Hill  Steel  Company,  Youngs- 
town.  Ohio. 

S.  W.  Fairchild.  President.  Drug  Section,  New  York  Board  of  Trade. 

A.  B.  Fabquhar,  Vice-President,  Chamber  of  Commerce  of  the  United 
States. 

G.  B.  Ford,  City  Planning  Engineer.  Member  of  Geo.  B.  Post  &  Sons, 
New  York  City. 

S.  F.  HoGGSON,  President,  lloggson  Brothers.  New  York  City. 

F.  J.  LhMaistre,  Consulting  Chemical  Engineer,  E.  I.  du  Pont  de 
Nemours  St  Company,  Wilmington,  Delaware. 

J.  R.  MacArtiiur,  President,  MacArthur  Bros.,  New  York  City 

C.  O.  Mailloux,  Consulting  Engineer,  New  York  City. 

C.  G.  PpeippER,  Vice-President.  Geo.  Borgfcldt  &  Company,  New  York 
City. 

J.  E.  Sagub,  Former  New  York  Public  Service  Commissioner;  former 
Vice-President.  American  Locomotive  Company,  New  York  City 

E.  i\.  Warren,  Vice-President,  Universal  Winding  Company,  Boston, 
Mass. 

£.  V.  Douglass,  Secretary,  .\mcrican  Manufacturers'  Export  .\ssocin- 
tion.  New  York  City. 

E.  Garden,  French  Sccrctiiry  to  the  Commission. 

The  Commission  recognized  that  America  must 
become  an  important  factor  in  European  reconstruction 
after  the  war  and  that  whatever  tends  to  throw  light 
on  the  specific  needs  of  one  nation  cannot  fail  to  call 
attention  to  the  similar  needs  of  all. 

The  following  survey  of  the  chemical  and  allied 
industries  in  l-Vance  was  prepared  especially  for  This 
JoiKNAi.  by  Mr.  LcMaistre. — [Editor.] 

A  SURVEY  OF  THE  CHEMICAL  AND  ALLIED  INDUSTRIES 
IN  FRANCE  DURING  THE  WAR 

lly    I'.   J.   l.i'.MAiiVKii 
Member  of  the  American  Industrial  Comintsnion  to  France 


Tile  war  has  completely  changed  the  normal  condi- 
tions of  the  French  chemical  industry  and  greatly 
increased  its  importance.  The  following  is  but  11 
brief  survey  of  the  present  conditions  of  this  important 
industry.  It  is  to  be  regretted  that  vital  statistics 
are  missing  in  this  re])ort.  This  is  due  to  the  govern- 
ment regulations  prohibiting  factories  working  on 
orders  for  the  govi-rnmonl  issuing  statements  of  any 
kind.  In  an  analysis  of  existing  contlilions.  it  should 
not  be  overlooked  that,  in  many  cases,  l)Ost  operating 
practices  have  not  been  selected,  due  to  stress  of  pro- 
duction at  maximum  capacity. 


From  the  few  plants  visited  by  the  Commission, 
we  gathered  the  impression  that  the  war  had  convinced 
many  French  manufacturers  that  they  were  operating 
on  altogether  too  small  a  scale,  consistent  with  low 
cost  of  production  and  that,  if,  after  the  war,  they  were 
to  place  themselves  in  a  position  to  compete  with  Ger- 
man manufacturers,  it  would  be  essential  to  drop 
certain  lines  of  manufacture  and  encourage  the  combi- 
nation of  the  others  as  far  as  possible. 

It  has  been  suggested  in  numerous  instances  by  those 
well  advised  that  in  coordinating  the  more  important 
branches  of  the  chemical  industries  it  will  be  neces- 
sary to  abandon  the  old,  inefficient  plants  as  well  as 
those  plants  illogically  located  both  as  to  railway  facili- 
ties and  distribution  of  finished  products.  Such  state- 
ments were  made  at  many  different  points  during  our 
trip  through  France  by  those  best  qualified  to  judge. 
Books  have  been  published  expressing  this  opinion 
by  some  of  the  best  advised  chemists  in  France. 
Such  statements  as  these  may  be  found  in  the  monthly 
bulletins  of  the  Sociili  d' Eiuoiiragemeiil  pour  L'lu- 
duslrie  Nalionale. 

As  regards  chemical  plant  construction,  the  ten- 
dency appears  to  be  to  erect  permanent  buildings  which 
compare  very  favorably  with  our  best  types  in  America. 
In  many  instances,  however,  insufficient  considera- 
tion has  been  given  to  possible  plant  expansion,  which 
is  in  line  with  the  general  conservatism  of  the  French 
people. 

France  had  been  a  heavy  purchaser  of  chemicals 
from  Germany  prior  to  the  war.  There  is  now  a  general 
disposition  to  seek  American  sources  of  supply.  It  is 
intimated,  however,  that,  if  the  United  States  is  to 
compete  with  Germany  in  this  respect,  it  will  be  an 
essential  prerequisite  that  the  American  manufacturer 
study  French  conditions  closely,  the  French  being 
perfectly  candid  in  their  statements  that  in  many 
instances  the  German  chemical  manufacturers  were 
belter  informed  of  their  probable  requirements  than 
they  were  themselves.  Some  economists  have  gone 
so  far  as  to  intimate  that. the  ultimate  success  of  this 
trade  development  with  France  will  depend  upon  the 
proper  distribution  throughout  the  country  of  Amer- 
ican representatives,  conversant  with  the  French 
language  and  thoroughly  familiar  with  the  chemical 
trade.  Men  of  wider  range  of  knowledge  than  these 
usually  assigned  to  such  tasks  must  bo  employed  by 
the  American  manufacturer. 

The  old  difficulty  of  the  decimal  system  was  re- 
ferred to,  it  being  exceedingly  difficult  for  the  French 
people  to  understand  why  so  progressive  a  country 
as  America  should  be  so  slow  in  the  adoption  of  the 
metric  system.  The  chemists  of  America  have  here 
an  opportunity  to  take  the  initiative  in  this  mtich 
needed  reform  in  our  own  cotintry.  The  present  \\mc 
seems  opportune, as  many  mills  and  factories  with  orders 
forexpt)ri  have,  during  the  i»asi  two  years,  been  forced 
to  educate  their  employees  in  the  mclric  system. 

The    French    government    recogniics    the    benefits 
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derived  by  the  German  manufacturers  due  to  the  fullest 
privileges  regarding  the  use  of  denatured  alcohol  in 
the  industries.  Recent  legislation  has  been  proposed 
which  will  undoubtedly  place  the  French  chemical 
manufacturer  on  a  more  satisfactory  basis  than  hereto- 
fore as  compared  with  their  German  neighbors.  Al- 
cohol manufacture  and  control  has  received  a  very 
close  study  during  the  past  two  years.  Mr.  R.  P. 
Duchemin's  report  entitled  "L'Emploi  et  Le  R(5gime 
de  L'AlcooI  dans  les  Industries  Chimiques  et  Pharma- 
ceutiques,"  appearing  in  a  recent  bulletin  of  the 
SocieU  d^ Encouragement  pour  L'Industries  Nationale, 
fully  discusses  all  phases  of  this  problem. 

It  is  of  interest  to  note  that  about  4,000,000  people 
are  employed  in  the  wine  industry  in  France. 

TECHNICAL    EDUCATION 

Considerable  attention  is  being  given  to  the  im- 
portant subject  of  technical  education.  The  French 
people  recognize  that  they  are  extremely  backward 
in  this  branch  of  their  educational  work  and  that  they 
compare  unfavorably  with  Germany  and  Switzerland 
in  numbers  of  trained  chemists.  On  a  unit  popula- 
tion basis,  Switzerland  has  300  chemists  and  Germany 
250,  while  France  has  only  7. 

It  has  been  suggested  that  chemical  courses  in 
American  universities  should  be  made  known  to 
French  educationalists  and  that  interchange  of  pro- 
fessors and  advanced  students  be  encouraged. 

According  to  the  statement  of  a  professor  of  one  of 
the  universities  in  Paris,  the  present  inferiority  of 
the  French  chemical  industry  is  due  to: 

I — Lack  of  standard  factory  methods. 

2 — Insufficient  general  knowledge. 

3 — Lack  of  technical  education. 

4 — Banking  conditions. 

In  the  readjustment  period  after  the  war,  it  is  more 
than  possible  that  the  United  States  may  receive  a 
number  of  men  for  post-graduate  work  and  study  in 
our  colleges  having  chemical  engineering  departments. 
The  business  men  of  France,  as  well  as  those  financially 
interested  in  the  chemical  industries,  appreciate  more 
fully  than  ever  that  chemists  with  only  a  theoretical 
knowledge  are  not  competent  as  plant  managers. 
Men  holding  such  positions  must  also  be  thoroughly 
familiar  with  engineering.  It  must  be  admitted,  how- 
ever, that  the  experience  of  intensive  chemical  manu- 
facture in  war  time  has  shown  that  French  chemists, 
when  given  responsibility,  have  developed  accordingly. 
It  is  realized  that  the  former  common  practice  of 
confining  the  chemist  to  mere  analytical  work  must 
not  be  reverted  to  if  efficiency  is  to  be  maintained. 

The  more  progessive  manufacturers  appreciate  the 
importance  of  the  development  of  industrial  research 
laboratories  such  as  have  proven  so  profitable  in 
Germany,  as  well  as  in  this  country. 

CHEMICAL    LITERATURE 

In  addition  to  the  standard  monthly  chemical 
periodicals,  there  have  recently  been  issued  several 
journals  devoted  especially  to  industrial  chemistry, 
the  aim  being  to  publish  articles  of  special  interest 
to  chemical  engineers  confronted  with  factory  troubles. 
Publications  such  as  these  should  be  encouraged  by 
all  the  interested   parties,   and   if  combined   with  the 


advantages  of  a  large  society  made  up  of  research 
and  industrial  chemists  will  do  much  towards  the  elim- 
ination of  petty  jealousies  now  existing  between  the 
several  small  groups  of  chemists  distributed  throughout 
the  country.  The  special  traditions  of  each  section 
of  France  need  not  be  sacrificed  by  consolidation  into 
one  large  society.  It  is  apparent  that  many  of  the 
chemists  throughout  France  are  not  familiar  with  the 
best  thought  of  their  own  country,  due,  in  the  main, 
to  the  lack  of  a  satisfactory  medium  of  distribution 
of  such  information  and  lack  of  travel  and  free  inter- 
course. In  our  own  country,  it  has  been  demonstrated 
that  free  intercourse  among  industrial  chemists  can 
be  had  without  sacrificing  the  secret  processes  of  the 
diflerent  industries  represented. 

It  was  our  observation  that  very  few  of  the  French 
technical  men  know  of  our  more  important  chemical 
journals.  This  is  a  condition  which  could  be  readily 
corrected  to  our  mutual  advantage. 

Under  the  respective  headings  given  below,  will  be 
found  some  general  information  obtained  from  those 
interested  in  the  respective  industries.  On  account 
of  the  broad  scope  of  the  Commission's  work,  these 
remarks  are  merely  a  brief  survey  of  the  more  important 
branches  of  the  chemical  industry. 

DYES 

After  the  war,  France  will  be  in  a  better  position 
than  formerly  to  manufacture  economically  many  of 
the  chemicals  used  in  large  quantities  in  this  industry. 
The  French  Commission,  appointed  to  survey  this 
industry,  in  their  report  in  the  July-August  issue 
of  the  Bulletin  of  the  Sociiti  d' Encouragement  pour 
L' Industrie  Nationale,  state  that  "more  coke  ovens 
will  be  required  if  this  industry  is  to  be  placed  on  a 
satisfactory  commercial  basis."  It  is  also  stated 
that  "some  agreement  must  be  made  with  other  coun- 
tries for  a  steady  supply  of  intermediates."  The 
development  of  this  industry,  however,  brings  up  for 
discussion  the  question  of  patents  and  tariffs,  and  due 
consideration  must  be  given  to  the  fact  that,  until 
the  outbreak  of  the  war.  Germany  had  enjoyed  an 
exceptionally  favored  position  as  regards  French  duties. 
Under  such  conditions,  the  French  dye  industry  could 
not  be  properly  developed.  Some  consideration  has 
already  been  given,  at  the  Allies'  Economic  Confer- 
ence at  Paris,  to  combining  with  the  British  dye  indus- 
tries to  work  to  a  common  end,  with  the  view  of  es- 
tablishing a  definite  policy  of  action  for  the  very  com- 
plicated conditions  which  must  arise  after  the  war. 
Whereas  too  much  confidence  is  not  placed  on  plans 
for  future  action,  it  is  thought  that  a  tariff  plan  ap- 
proved by  the  Allies  will  be  better  than  the  drifting 
policy  France  has  followed  in  the  past. 

Statements  have  also  been  made  that,  for  some 
period  after  the  war,  there  will  be  an  opportunity  for 
the  sale  of  considerable  quantities  of  American  dyes 
in  France,  because  it  is  to  be  expected  that  time  will 
elapse  before  the  newly  equipped  chemical  plants 
will  be  capable  of  furnishing  more  than  a  part  of  the 
requirements  of  France  and  her  colonies.  The  prob- 
lems arising  out  of  the  development  of  a  thoroughly 
coordinated    dye   industry   in   a   country    depleted   of 
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money  and  men  must  be  classified  as  among  the  most 
difficult  of  France's  commercial  problems. 

In  191 2,  France  manufactured  coke  equivalent  to 
3,925,000  tons  of  coal  and  purchased  coke  equivalent 
to  2,847,000  tons  of  coal,  representing  a  total  coke 
consumption  in  the  metallurgical  industries  equiva- 
lent to  6,772,000  tons  of  coal  or  a  total  tar  production 
of  505,250  tons. 

It  is  estimated  by  one  of  the  foremost  industrial 
chemists  in  France  that  by  the  adoption  of  the  stand- 
ard German  practice  they  should  have  obtained  a 
yield  of  53,177  tons  of  benzol  or  about  four  to  five  times 
the  quantity  obtained  during  191 5.  It  is  further 
estimated  that  by  the  adoption  of  the  standard  method 
of  washing  illuminating  gas  there  would  be  24,000 
tons  of  benzol  available  from  the  5,000,000  tons  of 
coal  used  in  the  gas  industry,  which  would  make  a 
total  benzol  production  for  France  of  about  76,500 
tons.  On  the  same  basis  of  calculation,  there  would 
also  be  available  31,000  tons  of  naphthalene  and  3,100 
tons  of  anthracene. 

ELECTROCHEMICAL    INDUSTRIES 

Great  activity  has  been  in  evidence  in  these  in- 
dustries which  have  a  popular  interest  outside  of  the 
chemical  profession.  In  the  French  Alps  alone  the 
horse-power  development  since  the  war  started  has 
increased  from  500,000  to  1,500,000  H.  P.  and  plans 
are  under  way  for  further  extensions.  There  are  no 
figures  available  to  determine  what  percentage  of  this 
increase  has  been  for  the  chemical  industries.  Many 
new  lines  of  manufacture  have  been  started,  some  of 
which  are  fairly  established.  Many,  however,  will 
have  to  be  closely  investigated,  as,  under  the  existing 
conditions  of  operation,  cost  has  been  sacrificed  in  the 
interest  of  larger  production.  At  one  electrochemical 
plant  visited  by  the  Commission,  magnesium,  sodium 
and  aluminum  were  being  made,  as  well  as  sodium 
hydroxide,  compressed  oxygen,  etc. 

ATMOSPHERIC    NITRIC    ACID 

We  were  informed  that  extensive  developments 
have  been  made  in  the  manufacture  of  nitric  acid 
from  the  air  during  the  past  two  years.  The  govern- 
ment authorities  are  fully  aware  of  the  importance 
of  the  permanent  development  of  this  industry  on  a 
sound  economic  basis,  inasmuch  as  upon  it  are  depend- 
ent the  fertilizer  trade  and  the  manufacture  of  dyes 
and  explosives 

Prof.  Fieurent,  in  his  book  entitled  "Les  Industries 
Chimiqucs  en  France  et  en  Allemagne,"  published  by 
the  Conservatoire  Nationale  des  Arts  ct  Metiers, 
1916,  gives  a  very  interesting  discussion  on  the  follow- 
ing processes  for  the  manufacture  of  nitric  acid  and 
nitrogen  fertilizers  from  atmospheric  nitrogen:  Birke- 
land,  Schfinherr,   Pauling,  Serpek,   Haber,   Cyanamid. 

French  chemists  have  given  very  close  study  to  the 
Serpek  method  of  manufacture  of  nitric  acid  from  the 
air.  In  this  process  bauxite  is  used.  If  this  process 
can  be  worked  out  on  a  satisfactory  ba.iis,  it  will  con- 
nect the  nitrate  industry  with  the  very  important 
aluminum  industry. 

As  regards  Cyanamid  manufacture,  the  production  in 
Fronce    is    small    as    compared    with    other    countries. 


The  following  figures  were  collected  by  the  International 
Institute  of  Agriculture: 

Cyanamid  Pkodoction — Metric  Tons 


Year 

France 

Germany 

Canada 

World 

1912 

5000 

22.000 

32.000 

105.000 

1913 

7500 

24.000 

48.000 

155,000 

More  recent  figures  indicate  that  the  world  produc- 
tion in  1916  was  approximately  210,000  metric  tons. 
The  bulk  of  this  increase  is  attributed  to  Germany 
owing  to  the  fact  that  Germany  has  had  to  depend  on 
artificial  nitrates,   which  was  not  the  case  in  France. 

PHARMACEUTICAL    CHEMICALS 

Those  interested  in  this  branch  of  the  industry 
are  fully  cognizant  of  the  fact  that,  through  a  lack  of 
initiative  on  their  part,  they  have  allowed  the  control 
of  the  manufacture  of  pharmaceutical  chemicals  to 
go  to  Germany. 

The  existing  French  law  does  not  permit  patenting 
any  particular  pharmaceutical  composition  and  it  is 
claimed  that  the  French  tariff  has  encouraged  the 
German  manufacturers  in  the  manufacture  of  these 
products.  A  well  developed  program  for  the  manu- 
facture of  pharmaceutical  chemicals  and  synthetic 
perfumes  has  been  outlined  which  ought  to  do  much 
towards  placing  these  industries  on  a  more  perma- 
nent basis. 

The  French  perfume  manufacturers  consider  that, 
on  account  of  climatic  conditions,  they  should  have  no 
difiBculty  in  maintaining  the  lead  in  the  manufacture 
of  perfumes.  Mr.  Justin  DuPont  estimates  that 
France  exports  annually  perfumes  to  the  value  of 
$5,000,000  to  S6, 000, 000.  Active  development  now 
exists  in  the  manufacture  of  artificial  perfumes. 

SULFURIC    ACID    MANUFACTURE 

The  demands  of  the  War  Department  for  sulfuric 
acid  have  been  such  as  to  insure  France  being  entirely 
independent  of  any  outside  source  of  supply  of  this 
commodity  for  a  long  time  to  come.  The  largest 
sulfuric  acid  plants  are  located  in  the  south  of  France. 

PAPER    INDUSTRY 

The  Commission  visited  one  of  the  more  up-to-date 
paper  mills  of  central  France  at  which  all  grades  of 
paper  were  being  made,  from  the  coarse  Manila  to 
the  finer  grades  of  writing  paper.  This  plant  was 
operating  under  water  power.  The  principal  woods 
used  were  spruce,  birch  and  poplar.  Part  of  the 
plant  was  devoted  to  the  sulfite  process.  From  in- 
formation gathered,  it  appears  that  France  is  inde- 
pendent of  outside  sources  of  supply  of  paper. 

It  is  of  interest  to  note  that  from  Algiers,  the  French 
shipped  to  England  in  191  a,  117,000  tons  of  Esparto 
grass,  commonly  known  as  ".Mfa."  This  grass  grows 
wild,  needs  no  cultivation  and  is  used  by  the  English 
in  the  manufacture  of  high-grade  writing  paper. 

CEMENT    MANUFACTURE 

No  Portland  cement  plants  were  visited,  but  we 
were  advised  that  Prance  hod  manufacturing  capacity 
for  her  own  requirements  and  those  of  her  colonies. 
Conferences  with  several  members  of  the  Chambers 
of  Commerce  interested  in  this  industry  indicated  that 
considerable  of  the  present  cement  equipment  would 
have  to  bo  replaced  by  equipment  of  l.irgcr  capacity. 
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REFINING    OF    SUGAR 

On  account  of  government  regulation,  all  refineries 
are  enforced  to  sell  sugar  at  a  fixed  price.  The  single 
refinery  visited  by  the  Commission  was  working  on  a 
government  order.  The  by-product,  molasses,  is 
used  largely  for  the  production  of  alcohol,  and,  as  in 
this  country,  the  residues  are  employed  for  combining 
road  materials 

France  in  1003  had  296  factories  with  an  output 
of  raw  sugar  of  1,080,000  tons,  equivalent  to  approxi- 
mately 6,315,300  tons  of  beets.  France  stands  second 
to  Germany  in  her  development  of  the  beet  sugar 
industry. 


Raw  Sugar  Output 
IN  Tons 

—Germany . 

Annual 

Sugar  yield  per 

consumption 

Year 

France       Germany 

100  kg. 

beets 

per  bead 

1840 

22784               14200 

5.9 

kg. 

2.5  kg. 

18S0 

62165              53300 

7.3 

3.1 

1860 

126480            126520 

8.6 

4.3 

1870 

262136            126000 

8.6 

4.7 

1890 

750000          1336000 

12.5 

8.5 

1903 

1080000          1921000 

14.4 

13.0 

1905 

1605000 

14.9 

14.9 

1906 

730000          2400000 

14.7 

17.0. 

1909 

807500          2037400 

16.3 

19.5 

In  1908,  there  were  approximately  38,000  employees 
occupied  in  the  beet  sugar  industry  for  a  period  of 
two  months  with  an  average  wage  of  $0.73  per  day. 
The  520,000  acres  under  cultivation  in  France  in  1907 
was  increased  in  1910  to  580,000  acres. 

In  the  period  1903  to  1914,  the  manufacturing  tax 
on  beet  sugar  was  reduced  by  40  per  cent.  During 
this  period,  the  consumption  increased  61  per  cent. 
In  Germany,  during  the  same  period,  there  was  a 
33  per  cent  reduction  in  taxation,  with  an  increase 
in  consumption  of  60  per  cent. 

The  following  tabulation  indicates  the  relative  im- 
portance of  the  beet  sugar  industry: 

Total  World  Production  ok  Cane  and  Beet  Sugar  1866  to  1915 


Year 
1866 
1878 
1887 
1893 
1899 
1901 
1911 
1913 
1915 


Total  Production        Percentage  Represented 

in  Lbs.  by  IJeet  Sugar 

4.579.000.000  30.7 

7,266,000,000  44.0 

11,375,000,000  53.8 

14,501,000,000  53.0 

17,942,000,000  62.6 

21,757,000,000  62.5 

38.083,000,000  50.4 

40,788,000,000  49.3 

40,998,000,000  44.9 


MANUFACTURE  OF  BUTTER   SUBSTITUTES  AND  TABLE  OILS 

At  the  city  of  Marseilles  there  is  an  extensive  pro- 
duction of  a  number  of  butter  substitutes  and  table 
oils,  which  are  sold  under  various  trade  names.  These 
are  consumed  by  the  poorer  classes  of  the  community 
for  table  use,  replacing  the  more  costly  butter  and 
olive  oil,  and  by  the  hotels  for  culinary  purposes. 
Copra,  palm  kernels  and  peanuts  from  the  Orient  are 
the  crude  materials  used  in  these  refineries.  The 
refining  of  the  oils  is  carried  on  under  very  strict  in- 
spection and  numerous  government  investigations 
have  been  made  to  determine  the  nutritious  proper- 
ties of  these  products. 

We  were  informed  that  the  permanent  success  of 
this  industry  had  been  largely  due  to  the  careful 
chemical  control  enforced  by  the  majority  of  the 
plants.  At  the  early  stages  of  the  development  of 
this  industry,  it  was  not  considered  that  chemists 
were  necessary.  Practically  all  the  plants  of  the 
Marseilles  district  were  operating  to  maximum  ca- 
pacity on  government  orders. 


PETROLEUM 

This  industry  in  France  is  on  such  a  small  scale 
that  it  cannot,  of  course,  compare  with  the  American 
petroleum  industry.  Prior  to  the  war,  the  bulk  of 
the  crude  petroleum  was  obtained  from  Russia.  The 
replacement  of  this  by  American  crude  oil  has  required 
considerable  change  in  refining  practice.  The  re- 
fining equipment,  on  the  whole,  is  smaller  than  that 
used  in  this  country  and  is  not  of  recent  design.  The 
urgent  demands  of  the  Department  of  War  for  motor 
fuels  have  necessitated  a  very  active  study  on  the 
part  of  the  engineers  and  chemists  with  a  view  to 
determining  the  relative  values  of  gasoline  mixtures, 
which  are  termed  "Essences."  It  is  considered  that 
much  valuable  information  has  already  been  collected. 
This,  of  course,  will  be  available  in  times  of  peace. 
Given  below  are  the  official  receipts  of  American 
petroleum  at  the  port  of  Marseilles  during  the  past 
five  years.  Marseilles  is  the  second  largest  city  in 
France  and  has  a  population  of  over  500.000. 

Total 

Year 1911  1912  1913  1914  1915        1911-15 

Tons 18,302      21,657      24,700       18,674      33,902       117.235 

PORCEL.MN 

In  the  Limoges  district,  several  of  the  porcelain 
factories  have  been  turned  over  entirely  to  the  manu- 
facture of  chemical-ware  for  the  Department  of  War. 
They  have  overcome  the  initial  difficulties  of  this 
new  line  of  manufacture  and  now  make  chemical-ware 
equal  to  the  best  English  and  German  grades.  The 
manufacture  of  porcelain-ware  for  the  laboratory  has 
received  very  close  study.  The  French  manufacturers 
claim  that  they  will  be  in  a  position  after  the  war  to 
meet  the  strictest  specifications  for  this  line  of  goods. 

Remarkable  development  has  also  been  made  in  the 
manufacture  of  optical  instruments.  This  industry 
will  be  on  a  very  permanent  basis  after  the  war. 

CELLULOID 

France  has  been  a  leading  nation  in  this  manufacture 
for  years.  This  special  industry  is  at  a  standstill 
at  the  present  time  as  the  government  has  called 
upon  all  these  manufacturers  to  make  nitrocotton. 

SODA   INDUSTRY 

These  plants,  many  of  which  are  located  in  the  south 
of  France,  have  been  taxed  to  capacity  during  the 
past  two  years.  This  is  also  true  of  the  chlorine  in- 
dustry, these  heavy  chemicals  being  made  on  a  scale 
many  times  greater  than  ever  before.  In  1012, 
France  imported  344,348  tons  of  soda.  Of  this  amount, 
about  40,000  tons  were  used  in  the  chemical  industries. 

SANITATION    AND    HEALTH 

In  France,  sanitation  and  health  do  not  receive  the 
same  attention  as  in  America.  This  is  especially 
true  in  the  chemical  industry.  In  more  than  one 
instance,  operators  were  kept  in  poorly  equipped 
rooms,  handling  toxic  chemicals  without  adequate 
supervision.  Reference  is  not  made  here  to  exigencies 
which  have  developed  as  a  result  of  the  war,  but  to 
regular  operating  conditions. 

Wilmington,  Delaware 
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ORIGINAL  PAPLRS 


THE  FIXATION  OF  NITROGEN' 

By  John  E.  Bucher 

The  herein  described  process  for  the  fixation  of 
nitrogen  differs  primarily  from  all  those  now  in  com- 
mercial use  in  fixing  nitrogen  in  the  form  of  alkali 
cyanides  instead  of  in  the  form  of  oxides  of  nitrogen, 
calcium  cyanamid,  nitrides,  or  ammonia.  It  is  further 
characterized  by  operating  at  very  moderate  tempera- 
tures such  as  900  to  950°  C.  so  that  it  is  not  dependent 
upon  cheap  electric  power  and,  it  can,  because  of  this 
moderate  temperature,  be  operated  in  iron  retorts. 
It  is  of  the  utmost  simplicity,  uses  iron,  which  is  the 
cheapest  metallic  catalyzer,  and  does  not  require 
pure  materials  such  as  nitrogen  but  can  use  air  or  pro- 
ducer gas  just  as  well.  It  requires  no  special  apparatus 
and  can  hence  be  operated  at  once  with  what  can  be 
found  in  practically  every  manufacturing  community. 
It  does  not  require  skilled  labor  to  operate  it,  and  it  is 
preeminently  a  method  which  can  be  installed  quickly 
in  an  emergency  for  the  preparation  of  cyanides,  am- 
monia and  nitric  acid. 

These  statements  are  based  on  a  very  large  amount 
of  chemical  and  engineering  work,  most  of  which  was 
done  three  to  five  years  ago,  and  which  has  appeared 
only  in  the  form  of  patents  from  time  to  time.  I  have 
not  heretofore  published  anything  regarding  any 
part  of  this  work. 

Meanwhile  certain  circumstances  arose  which  made 
it  necessary  to  abandon  my  work  on  nitrogen  fixation 
and  abnormal  political  and  industrial  conditions  have 
affected  our  country  as  well  as  the  rest  of  the  world. 
I  think  that  all  thoughtful  people  agree  that  we  are 
in  no  position  to  face  any  serious  crisis  which  might 
suddenly  arise. 

For  example,  we  are  now  practically  in  the  midst  of 
an  alkali  cyanide  famine  which  is  causing  very  serious 
hardships  in  a  number  of  our  industries  and  our 
Government  officials  estimate  that  we  would  need 
180,000  tons'  of  nitric  acid  per  year  in  case  of  war  with 
any  first-class  power  and  that  it  is  of  the  utmost  im- 
portance to  have  some  ready  means  of  getting  this 
from  atmospheric  nitrogen  so  as  not  to  be  dependent 
on  the  hazardous  expedient  of  importing  it  by  ocean 
transportation  in  the  form  of  sodium  nitrate  from 
South  America. 

The  popular  idea  seems  to  be  llial  it  is  necessary  to 
have  cheap  hydro-electric  power  to  provide  such  quan- 
tities of  nitric  acid  together  with  a  costly  plant  which 
would   re(iuire   considerable   lime   for  its  construction. 

The  data  already  accumulated  in  my  work  show  that 
electric  power  is  not  necessary  and  that  the  process 
can  be  installed  in  a  short  time  on  any  scale  desired 
and  at  comparatively  small  expense.  1  had  not  in- 
icndcil  to  publish  anything  on  my  nitrogen  tixntion 
work    for   a    few    years    more    until    I    could    complete 

I  Prtirntril  lirfuri  the  'llh  Aniiiml  Mretlni  o(  llir  Anitriran  IntlKuU  •■( 
hcniltul  KliKinccri.  Nlw  York.  January  10  (o  I  .>.  1917. 
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some  further  important  engineering  work  connected 
with  it.  The  above  considerations,  however,  led  me 
to  the  conclusion  that  I  could  not  in  justice  delay 
action  any  longer,  and  hence  your  kind  invitation  to 
present  this  paper  was  accepted  with  the  hope  of  com- 
pleting the  work  as  opportunity  offers. 

HISTORICAL 

The  fixation  of  nitrogen  in  the  form  of  alkali  cy- 
anides is  by  far  the  oldest  of  all  such  methods  and  its 
first  period  of  great  commercial  activity  dates  from 
1 840  to  1847  when  it  terminated  in  failure.  In  January, 
1839,  there  appeared  an  abstract  of  the  work  of 
Lewis  Thompson*  on  "Improvement  in  the  Manufac- 
ture of  Prussian  Blue"  with  the  statement  that  he  had 
been  awarded  the  Gold  Isis  medal  of  the  Society  of 
Arts  in  the  previous  year  for  this  work.  After  speaking 
of  the  wasteful  process  of  producing  cyanides  from 
animal  matter  then  in  use,  he  says: 

"Reflecting  on  these  circumstances,  it  occurred  to 
me  that  the  atmosphere  might  be  made  to  supply. 
in  a  very  economical  manner,  the  requisite  nitrogen. 
if  allowed  to  act  on  a  mixture  of  carbon  and  potash 
under  favorable  circumstances.  The  experiment 
proved  on  trial  to  be  correct,  and  in  some  measure 
exceeded  my  expectation,  for  the  carbonaceous  matter 
employed  may  be  worked  over  again  many  times, 
and  is  even  improved  by  each  operation.  I  found  it 
necessary  to  use  iron,  for  a  reason  which  will  be  ap- 
parent in  the  explanation  of  this  process:  when  iron  is 
not  employed,  a  much  higher  temperature  is  required." 

He  ground  two  parts  potash,  or  pearl-ash,  two  parts 
coke  and  one  part  iron  turnings  into  a  coarse  powder 
and  heated  the  mixture  in  an  open  crucible  in  an  open 
fire  to  a  full  red  heat  for  about  half  an  hour,  stirring 
the  mass  occasionally.  He  obtained  an  abundant 
yield  of  cyanide  which  he  converted  into  Prussian  Blue. 

J  regard  Thompson's  remarkable  work  as  the  most 
basic  that  has  ever  been  done  on  the  fixation  of  nitrogen 
by  the  cyanide  process.  He  discloses  clearly  the  idea 
of  using  the  nitrogen  of  the  atmosphere  and  also  states 
with  the  utmost  clearness  that  iron  is  "necessary" 
in  the  process  if  it  is  to  be  carried  out  at  a  temperature 
short  of  "much  higher"  than  a  "full  retl  heat." 

Thompson's  article  soon  led  to  very  active  dis- 
cussions or  investigations  throughout  the  scientific 
world  by  some  of  the  most  noted  investigators  of  the 
time,  such  as  Berzelius,'  Krdmnnn  ami  Marchand." 
l-'ownes  and  Young,*  Ltinglois.'  Riokcn.*  nelbnick.' 
and  Bunsen  and  Playfiiir.' 

Practically    all    took    the    perhaps    justifiable    view 

I  Xlr.kaniK-  A/dtdiiiir.  Nn  B22.  Mar  <<  ()>-«').  P  0.\  •>«>  Pimtlfr't 
folylfkniulits  Journal.  N    I'    .\t  (ISilV  .'SI. 

•  ltrr>rllii».  Jakrr'l-tTiiklr.  II  (I84.I),  W. 

•  Kniinann  ami  Marchaml.  J    fttkl   ('*>■■     M  (IM;>.  41  ■ 

•  I'nonr.  ami  V»<in(.  J    fttkl    (*<•<  .  t«  (IS4:),  407 
«  l.aii|loi..    «aa   .»••«.  ^»yi  ,  |.M  1.  117 
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that  Thompson  had  not  proved  the  fixation  of  nitrogen 
because  it  might  have  come  from  the  coke  and  some 
of  those  who  did  experimental  work  then  prepared 
charcoal  from  sugar  and  heated  it  with  alkali  carbonate 
in  a  current  of  nitrogen.  They  all  omitted  the  iron 
turnings  and  hence  either  obtained  no  cyanide,  or  only 
traces,  or  else  had  to  heat  it  to  a  very  high  tempera- 
ture. They  finally  concluded,  however,  that  nitrogen 
could  actually  be  fixed  in  this  manner  but  that  the 
favorable    conditions  for    fixation    were    not    known. 

Commercial  work  began  in  1840  and  in  1843  Newton* 
took  out  the  first  patent  for  the  formation  of  cyanides 
from  atmospheric  nitrogen.  Works  were  finally  lo- 
cated at  Newcastle-on-Tyne  which  regularly  pro- 
duced over  one  ton  of  yellow  prussiate  of  potash  per 
24  hours  at  a  cost  of  1.86  francs  per  pound,  by  draw- 
ing air  down  through  retorts  filled  with  charcoal  con- 
taining potassium  carbonate.  These  processes  com- 
pletely ignored  Thompson's  recommendation  of  the 
uses  of  iron  and  consequently  had  to  be  operated  at 
a  white  heat.  This  caused  poor  yields,  slow  action, 
much  loss  of  alkali,  great  expense  in  constantly  re- 
newing the  refractory  clay  retorts  which  were  speedily 
destroyed  by  the  alkali  and  the  process  resulted  in 
great  loss  of  money  and  failure  in  1847. 

Since  this  numerous  other  attempts  have  been  made 
to  get  cyanides  from  atmospheric  nitrogen  by  methods 
which  in  the  vast  majority  of  cases  did  not  use  iron  as 
a  catalyzer.  In  1881  to  1885  Victor  Alder^  of  Vienna 
took  out  a  series  of  patents  in  Germany  and  elsewhere. 
In  the  first  of  these  he  states  that  alkali  carbonates 
can  be  converted  into  cyanides  when  heated  to  red- 
ness with  carbon  in  nitrogen  and  that  the  process  is 
essentially  favored  by  the  presence  of  metals  such 
as  finely  divided  iron,  but  that  the  use  of  iron  is  not  an 
indispensable  condition  as  the  process  succeeds  com- 
pletely even  without  its  use.  In  a  second  patent  he 
states  that  the  combination  takes  place  copiously 
only  in  the  presence  of  gases  containing  carbon  (hydro- 
carbons, carbon  monoxide,  or  a  mixture  of  the  two) 
in  which  metals  that  are  able  to  transmit  carbon, 
such  as  iron,  manganese,  chromium,  nickel,  and  co- 
balt act  extraordinarily  favorably  as  will  be  shown 
below.  These,  together  with  his  other  statements 
made  in  his  patents,  constitute  such  a  mixture  of  truth 
and  falsehood  that  it  is  not  surprising  that  failure 
resulted  after  six  years  attempt  to  work  the  patents 
in  Germany. 

Thompson's  original  disclosure  of  the  necessity  of 
iron  was  finally  so  completely  ignored  or  forgotten 
that  Castner,'  who  used  alkali  metals  instead  of  car- 
bonates, stated  that  iron  is  "inert"  while  Acker,*  who 
also  used  alkali  metals,  disclaimed  iron  as  a  "reactive" 
metal  in  the  cyanide  synthesis. 

In  view  of  these  complete  contradictions  and  the 
complete  failure  of  the  fixation  processes  depending 
on  the  formation  of  cyanides  it  is  hence  not  surprising 
that  development  took  place  along  the  lines  of  elec- 
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trical  fixation  methods  such  as  the  arc  and  Cyanamid 
processes  as  soon  as  the  production  of  large  quantitie<; 
of  cheap  hydro-electric  power  was  accomplished. 

EXPERIMENTAL 
I MAGNESIUM    NITRIDE    PROCESS 

The  above  hasty  study  of  nitrogen  fixation  to  cy- 
anides did  not  seem  very  encouraging  and  I  did  not 
have  access  to  the  work  of  Thompson  and  Alder  at 
the  time.  Accordingly  some  work  was  done  with 
nitrides  with  a  view  to  fixing  nitrogen  according  to 
the  following  equations: 

MgClj  =  Mg  -I-  CI2     (i)        3Mg  +  N2  =  Mg,N2    (2) 
MgaNz  +  6NH4CI  =  3MgCl2  +  8NH3  (3) 

This  process  was  electrolytic  in  nature  and  was 
designed  to  afi'ect  improvements  in  the  ammonia- 
soda  process.  The  magnesium  chloride  would  be 
electrolyzed  to  magnesium  and  the  resulting  metal 
would  be  burned  in  the  nitrogen  from  the  towers  to 
fix  nitrogen  as  magnesium  nitride.  This  later  would 
be  heated  with  ammonium  chloride  obtained  from  the 
mother  liquors  to  produce  ammonia  and  regenerate 
the  magnesium  chloride  for  the  electrolytic  stage. 
This  would  greatly  modify  the  ammonia-soda  process 
by  fixing  its  waste  nitrogen,  recovery  of  all  the  waste 
sodium  chloride,  elimination  of  waste  liquors  contain- 
ing calcium  chloride  and  the  production  of  chlorine 
as  a  new  product.  It  depends,  however,  on  cheap 
electric  power  and  would  depend  upon  being  operated 
in  connection  with  the  ammonia-soda  works.  As  I 
wished  to  get  a  general  nitrogen  fixation  process  which 
was  not  dependent  upon  any  locality  or  industry, 
this  work  was  abandoned. 

II NITROGEN    FIXATION    WITH    ALKALI    METALS 

The  decision  was  now  made  to  test  the  chemical 
principles  upon  which  the  fixation  of  nitrogen  to  cyanide 
depended  and  it  was  decided  to  use  free  alkali  metal 
at  first  to  study  the  reaction: 

2Na  -t-  2C  +  N2  =  2NaCN  +  46,200  calories.     (4) 
An  apparatus  shown  in  Fig.  i  was  accordingly  con- 
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structed  of  an  ordinary  'A-in.  malleable  iron  pipe 
about  30  in.  long,  connected  at  both  ends  with  a  re- 
ducing coupling  and  with  '/s-in.  inlet  and  outlet  pipes. 
This  Vj-in-  pipe  was  then  placed  inside  of  a  larger 
outer  pipe  which  had  a  tee  and  bushings  at  one  end 
and  a  ring  of  asbestos  board  at  the  other.  This  ap- 
paratus gave  a  means  of  heating  in  a  combustion  fur- 
nace while  the  inner  tube  was  surrounded  by  an  atmos- 
phere of  hydrogen  or  nitrogen  to  prevent  oxides  of 
carbon  from  diffusing  through  the  walls  of  the  inner 
tube  and  forming  sodium  carbonate  with  the  metallic 
sodium.  Hydrogen  diffuses  into  the  inner  tube  so 
easily  that,  with  a  slow  current  of  nitrogen  and  a  2-ft. 


Mar.,  191; 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


235 


section  red  hot,  the  exit  gas  at  the  end  of  the  tube 
burned  and  contained  about  200  cc.  of  hydrogen  per 
hour.  Carbon  monoxide  diffuses  very  much  more 
slowly  and  was  detected  with  iodine  pentoxide. 

EXPERIMENT  I — The  inner  tube  was  then  filled  with 
lampblack  containing  substantially  no  ash  and  the 
whole  heated  in  a  current  of  hydrogen  to  a  white  heat, 
cooled,  opened,  and  then  14  grams  of  sodium  added 
at  one  end  and  a  current  of  nitrogen  passed  into  the 
inner  tube.  Reaction  began  slowly  and  continued  for 
three  days  (25  hours),  the  current  of  gas  being  occasion- 
ally reversed  to  drive  sodium  vapor  first  one  way  and 
then  the  other. 

The  tube  was  cooled,  opened  and  found  to  contain 
perhaps  0.5  gram  of  unchanged  metallic  sodium. 
The  tube  and  contents  were  washed  with  water  and  gave 
23.7  grams  of  sodium  cyanide  which  is  79  per  cent 
of  the  theory  based  on  the  quantity  of  sodium  used. 

In  another  case  the  inner  tube  was  charged  with 
80  grams  of  electrode  graphite,  powdered  to  pass 
through  a  loo-mesh  sieve,  and  ignited  with  a  current 
of  hydrogen  for  over  one  hour.  Then  it  was  cooled, 
12  grams  of  metallic  sodium  were  added  and  then  it 
was  heated  in  a  current  of  nitrogen  for  a'/a  days 
(about  20  hours)  to  redness  as  above  and  58  per  cent 
of  the  theoretical   amount   of   cyanide   was   obtained. 

Quite  a  number  of  experiments  of  this  nature  were 
made  and  while  the  absorption  of  nitrogen  was  some- 
times faster  than  at  others,  it  was  always  a  matter  of 
hours.  There  is  hence  no  question  that  cyanide 
formation  is  slow  under  these  conditions. 

EXPERIMENT  2 — I  now  decided  to  try  my  idea  that 
iron  should  act  as  a  catalyzer  notwithstanding  the 
above  assertions  to  the  contrary.  A  Vz-'ri.  iron  tube  was 
hence  heated  as  before  while  a  current  of  nitrogen  was 
passing,  after  being  charged  with  120  grams  finely 
powdered  alcoholized  iron,  12  grams  of  ignited  lamp- 
black and  after  7  grams  of  metallic  sodium  had  been 
pushed  into  the  charge. 

When  the  tube  got  to  a  low  red  heat,  absorption  of 
nitrogen  began  so  rapidly  that  a  partial  vacuum  was 
formed  and  the  water  through  which  the  exit  gas  bubbles 
started  to  rush  back  towards  the  hot  iron  tube  and  was 
stopped  only  by  quickly  turning  on  the  nitrogen  in  a 
torrent.  The  absorption  was  practically  instantaneous 
and  there  was  no  time  to  take  observations.  Only 
a  small  quantity  of  exit  gas  bubbled  through  the  water 
and  it  must  have  been  argon.  The  whole  thing  was 
finished  just  as  soon  as  the  requisite  nitrogen  could  be 
passed  in  and  94  per  cent  of  the  sodium  was  converted 
into  cyanide.  The  absorption  was  exceedingly  sharp 
and  the  end  of  the  tube  was  entirely  free  from  carbon 
and  contained  a  core  of  porous  iron  of  a  bright  silvery 
luster  and  so  malleable  that  it  flattened  out  under  a 
pestle. 

There  were  sintered  globules  of  metal  sliowing  that 
tlie  temperature  must  have  risen  hundreds  of  degrees 
higher  inside  of  tiie  tube  than  outside  owing  to  the 
powerful  exothermic  nature  of  the  reaction.  This 
experiment   shows    with    the    utmost   sliarpncss    that: 

(i)  Iron  is  an  exceedingly  active  catalytic  agent 
in  the  fixation  of  nilrogcn. 


(2)  The  reaction  is  powerfully  exothermic. 

(3)  We  have  a  new  method  for  the  preparation  of 
argon. 

(4)  The  reaction  gives  a  fine  method  of  separation 
of  nitrogen  and  the  argon  group  in  gas  analysis. 

We  may  now  write  the  equation  thus: 

2Ka  -f  2C  -F  N2  +  Iron  =  2NaCN  +  Iron        (5) 

Suspecting  that  much  of  the  slow  absorption  ■  in 
Experiment  1  was  due  to  the  walls  of  the  iron  tube, 
the  experiment  was  repeated  by  forcing  a  thin  seamless 
copper  tube  into  the  inner  'A-in.  iron  tube.  This 
tube  was  charged  with  4  grams  of  sodium  and  some 
ignited  lampblack  and  heated  in  a  current  of  nitrogen 
for  4  hours.  No  absorption  could  be  noticed  and  on 
titration  it  was  found  that  only  10  cc.  of  nitrogen  had 
been  converted  into  cyanide.  This  shows  very  sharply 
the  catalytic  influence  of  the  walls  of  iron  tubes. 

Ill PURIFICATION    OF   IRON 

The  above  Experiment  2  and  the  equation  shows 
that  while  we  are  dealing  with  the  fixation  of  nitrogen 
with  sodium,  carbon  and  iron,  we  are  necessarily  remov- 
ing carbon  from  the  charge  and  hence  purifying  the 
iron.  Sodium  in  the  form  of  solid,  liquid  or  vapor, 
has  frequently  been  added  to  iron  and  so  has  nitrogen. 
Sodium  and  nitrogen  have  even  been  added  separately 
or  alternately  to  the  same  mass  of  iron.  But  I  have 
found  no  disclosure  wherein  any  one  even  hinted  at 
treating  iron  with  sodium  and  nitrogen  simultaneously 
so  as  to  remove  the  carbon  in  the  form  of  cyanide  by 
virtue  of  the  catalytic  action  of  the  iron  itself. 

This  seems  to  be  a  novel  process  which  is  just  as 
interesting  as  the  nitrogen  fixation  itself.  It  depends 
upon  a  powerfully  reducing  action  while  all  large  com- 
mercial processes  depend  upon  the  oxidizing  action 
for  the  removal  of  carbon.  It  cannot  attack  the  iron 
after  the  carbon  is  removed  as  is  the  case  in  oxidation 
reactions.  It  will  remove  not  only  carbon,  but  also 
sulfur,  oxygen  and  phosphorus.  It  suggests  the  idea 
of  removing  silicon  and  manganese  by  the  oxidation 
processes  even  to  the  extent  of  overburning  the  iron 
and  then  removing  the  remaining  oxides,  carbon,  sulfur 
and  phosphorus  with  sodium  with  or  without  the 
previous  addition  of  carbbn  and  that  a  Bessemer  con- 
verter might  be  blown  with  nitrogen  and  sodium  vapor. 
It  also  leads  one  to  wonder  whether  with  very  cheap 
sodium  it  could  not  be  made  to  apply  to  iron  from  ores 
very  rich  in  phosphorus. 

To  further  test  these  ideas  for  solid  iron,  a  number  of 
hacksaw  blades  were  heated  to  rcdne.-is  in  nitrogen  and 
sodium  vapor  for  a  number  of  hours.  They  came  out 
very  soft  and  silvery  in  appearance  and  could  not  be 
tempered,  thus  showing  thai  the  carbon  had  disap- 
peared and  that  the  iron  had  acted  as  a  catalyter 
to  purify  itself.  This  removal  of  carbon,  sulfur,  ond 
phosphorus  must  take  place  substantially  instantly 
at  the  surface  of  the  iron  ond  it  is  hence  determined 
practically  by  the  rates  of  the  diffusion  of  the-se  sub- 
stances through  the  hot  iron. 

The  removal  of  carbon  froni  a  piece  of  steel  wire 
is  so  complete  that  when  the  latter  is  made  the  anode 
in  dilute  hydrochloric  acid,  it  remains  briRht  and  there 
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is  not  the  slightest  sign  of  carbon  as  the  iron  dissolves. 
If  desired  the  surface  of  the  iron  can  be  purified  quickly 
and  the  interior  will  remain  in  the  form  of  steel.  Many 
interesting  topics  arise  regarding  the  electrical  properties 
of  iron  thus  purified,  corrosion  of  iron  and  the  coating  of 
the  metal  with  tin,  zinc,  etc.,  but  their  discussion  would 
require  a  separate  paper. 

IV PREPARATION    OF    METALLIC    SODIU.M 

The  general  principles  of  physical  chemistry  re- 
garding the  reversibility  of  chemical  reactions  at  once 
led  me  to  consider  whether  the  above  reaction  for  the 
decarburization  of  iron  might  not  be  reversible  and 
that  it  might  hence  be  written: 

2NaCN  +  Tron'^"*"  ->\'a  +  No  +  Carburized  Iron  (6) 

You  will  at  once  notice  that  this  is  simply  the  equa- 
tion for  the  case-hardening  of  iron  by  means  of  cyanides 
which  has  been  known  for  a  long  time.  In  fact,  it  is 
practically  evident  that  when  the  iron  takes  the  carbon 
from  sodium  cyanide,  it  must  set  free  the  other  two 
elements,  sodium  and  nitrogen,  which  do  not  re- 
combine  under  the  conditions  at  which  case-hardening 
takes  place.  This  hence  gives  us  a  new  method  of 
getting  metallic  sodium  based  simply  on  the  process 
of  case-hardening  iron  with  the  additional  precaution 
of  keeping  away  air  or  gases  which  would  destroy  the 
liberated  metallic  sodium.  With  all  the  practical 
use  of  cyanogen  compounds  in  casehardening.  it  is 
curious  that  no  record  of  such  a  disclosure  for  preparing 
sodium  could  be  found. 

EXPERIMENT  3 — Accordingly  some  sodium  cyanide 
was  mixed  with  pure  iron  powder  in  an  iron  tube  and 
heated.  A  considerable  layer  of  metallic  sodium  was 
found  in  the  colder  part  of  the  tube.  Similar  ex- 
periments with  potassium  cyanide  gave  metallic 
potassium  quite  readily. 

The  same  thing  happens  when  the  cyanide  is  added 
to  molten  iron  and  this  might  be  of  special  interest 
practically  because  the  carbon  could  be  removed  from 
the  molten  iron  by  a  current  of  air  blown  into  the  con- 
verter and  cyanide  then  passed  in  again  as  before.  The 
general  method  of  operation  would  be  very  similar  to 
that  used  in  making  water  gas  commercially. 

I  did  not  follow  this  up  because  I  had  no  suitable 
means  for  testing  the  engineering  features  of  such  a 
process  and  the  method  of  getting  sodium  by  the  elec- 
trolysis of  cyanide  with  the  incident  formation  of  cy- 
anogen, oxamide,  oxalic  acid  and  formic  acid,  which 
will  be  described  later,  seems  to  offer  greater  advantages 
than  this  new  method. 

V NITROGEN    FIXATION     WITH    ALKALI    CARBONATES 

Having  now  determined  that  iron,  or  some  similar 
element,  was  an  exceedingly  efficient  as  well  as  es- 
sential catalytic  agent  in  the  fixation  of  nitrogen,  I 
decided  to  test  the  following  ideas: 

At  a  given  temperature  which  is  quite  high,  sodium 
carbonate  and  carbon  give  the  reaction 

NajCOj  -I-  2C:^2Na  -f-  3CO  (7) 

which  was  formerly  used  for  the  preparation  of  sodium. 
It  would  hence  seem  that  at  moderate  temperatures 


of,  say,  from  860  to  980°  C,  we  might  get  traces  of 
metallic  sodium  according  to  the  equation.  This  free 
sodium  should  then  react  practically  instantly  with  the 
carbon  and  nitrogen,  providing  finely  divided  iron  were 
present  as  has  already  been  shown.  If  these  ideas 
are  correct,  we  should  get  an  extraordinarily  cheap  and 
efficient  method  of  nitrogen  fixation,  providing  the 
reaction  velocity  for  the  formation  of  metallic  sodium 
vapor  is  high.  This  would  mean  that  as  the  sodium 
vapor  disappeared  to  form  sodium  cyanide,  more  sodium 
would  immediately  be  liberated,  according  to  the  law 
of  mass  action,  to  re-establish  the  equilibrium  and  the 
process  would  thereby  become  continuous,  and  we 
could  represent  it  thus: 

2NaCN   -I-   4C   -I-    X2 

=  2NaCN    +  3CO  —  138,500  calories     (8) 

The  following  two  experiments  support  these  views 
in  the  most  striking  manner: 

EXPERIMENT  4 — In  this  experiment  a  mixture  of 
10  grams  of  finely  powdered  graphite  was  heated  with 
5  grams  of  sodium  carbonate  from  920  to  040°  C. 
for  50  minutes  in  a  current  of  nitrogen.  A  '/2-in. 
copper  tube  was  used  in  order  to  avoid  the  catalysis 
of  iron  walls.  At  this  temperature  there  was  a  very 
slow  but  steady  evolution  of  carbon  monoxide  and  some 
white  fumes  passed  out  of  the  tube  with  the  gas  cur- 
rent. These  fumes  imparted  a  steady  but  not  very 
intense  yellow  color  when  they  were  led  into  a  Bunsen 
flame.  Upon  cooling,  a  minute  quantity  of  free  metallic 
sodium  was  found  in  the  end  of  the  copper  tube.  This 
hence  gives  positive  experimental  evidence  that  the 
formation  of  metallic  sodium  from  carbonate  takes 
place  according  to  the  above  equation  at  temperatures 
below  940°  C. 

The  contents  of  the  tube  were  lixiviated  and  tested 
for  cyanides  with  iron  salts  in  the  usual  way.  No 
precipitate  of  Prussian  blue  formed  even  on  standing 
for  a  few  minutes  and  only  a  slight  greenish  blue  color 
showed  no  more  than  a  trace  of  cyanide  to  have  been 
present. 

A  similar  experiment  was  then  made  with  30  grams 
of  finely  divided  iron  and  5  grams  of  sodium  carbonate 
in  a  slow  current  of  nitrogen  for  50  minutes  at  920  to 
1000°  C.  In  this  test  the  issuing  gas  did  not  impart  the 
slightest  color  to  the  Bunsen  flame,  thus  showing  that 
no  sodium  was  formed  and  that  the  carbonate  is  so 
slightly  volatile  as  not  to  give  a  flame  test  under  the 
conditions  of  the  experiment. 

EXPERIMENT  5 — A  mixture  of  lo  grams  of  graphite 
and  10  grams  of  finely  powdered  iron  with  5  grams  of 
sodium  carbonate  was  now  heated  in  a  '/»-in.  iron 
tube  from  920  to  940°  C.  for  50  minutes  in  a  current 
of  nitrogen,  just  as  in  the  preceding  experiment  in 
which  no  powdered  iron  was  used.  There  was  a  steady 
flow  of  gas  which  burned  with  the  characteristic  blue 
flame  of  carbon  monoxide.  The  escaping  gases  showed 
no  fumes  nor  did  they  at  any  time  show  the  slight 
yellow  color. 

The  product  showed  a  conversion  of  over  60  per  cent 
sodium  carbonate  into  sodium  cyanide  and  a  very 
heavy  precipitate  of  Prussian  blue  was  obtained. 
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These  two  experiments  establish  the  foundation  for 
nitrogen  fixation  in  the  sharpest  possible  manner  and 
they  support  the  above  quotation  of  Lewis  Thompson's 
work  in  the  most  striking  way.  They  show  that  at 
a  red  heat  we  can  have  no  nitrogen  fixation  with  carbon 
and  soda  ash  alone,  but,  that  when  finely  divided  iron 
is  added,  we  have  an  exceedingly  efficient  method. 

These  experiments,  which  cost  practically  nothing 
and  took  only  a  few  hours'  time,  were  made  in  1912 
and  they  emphasize  the  utter  inexcusability  of  those 
who  quoted  Thompson's  invention  and  then  ignored 
his  positive  statement  about  the  necessity  of  the  pres- 
ence of  iron  for  work  at  a  red  heat.  They  also  show 
that  Alder's  above-mentioned  statement,  that  the  fixa- 
tion of  nitrogen  at  a  red  heat  sticceeds  even  without 
the  presence  of  iron,  etc.,  is  entirely  erroneous  and 
that  his  claim  that  "carbonizing"  gases,  such  as  carbon 
monoxide,  must  be  introduced  with  the  nitrogen  if 
cyanides  are  to  be  formed  abundantly,  has  not  the 
slightest  basis  in  fact. 

It  shows  at  once  that,  by  ignoring  the  work  of  Thomp- 
son, investigators  and  manufacturers  were  forced  to 
work  at  such  exceedingly  high  temperatures  that  the 
results  could  be  only  a  ruinous  destruction  of  apparatus 
and  commercial  failure. 

The  above  facts  are  in  harmony  with  Dr.  Ewan's 
statement  in  his  carefully  prepared  article  in  Thorpe's 
"Dictionary  of  Applied  Chemistry,"  Revised  Edition, 
Volume  II,  1912,  page  196: 

"A  few  temperature  measurements  which  the  writer 
made  with  a  platinum  rhodium  thermocouple  showed 
that  potassium  vapor  is  first  evolved  from  a  mixture 
of  potassium  carbonate  and  charcoal  at  about  1350° 
and  that  the  formation  of  cyanide  takes  place  very 
slowly  at  this  temperature,  the  potassium  cyanide 
volatilizing  for  the  most  part." 

These  experiments,  together  with  Dr.  Ewan's  tem- 
perature measurement,  show  why  even  the  methods 
which  used  alkali  metals  without  catalyzers  were  doomed 
to  failure  as  well  as  those  using  alkali  carbonate.  It 
is  of  no  vise  from  the  technical  point  of  view  to  work- 
on  any  method  which  involves  conditions  under  which 
material  suitable  for  apparatus  will  not  stand  up. 
I  had  this  sharply  in  mind  when  I  determined  to  get 
a  cyanide  fixation  process  which  should  be  effective 
at  say  from  860  to  950°  C.  so  that  iron  or  copper  ap- 
paratus might  be  used  in  carrying  out  the  process.  The 
addition  of  the  iron  catalyzer  solved  this  problem, 
which  I  regard  as  the  most  important  in  my  entire 
work,  so  completely,  that,  judging  by  Dr.  Ewan's 
figure,  the  temperature  of  cyanide  formation  is  lowered 
more  than  50°°  C. 

I  made  hundreds  of  experiments  with  powdered 
carbon  in  the  form  of  charcoal,  coke,  lampblack, 
etc.,  and  with  sodium,  potassium,  caesium,  rubidium, 
and  barium  compounds  in  the  form  of  carbonates  and 
hydroxides  to  test  various  ])()inls  under  widely  varying 
conditions  and  to  get  ([iiantitativc  data  for  tcclinicd 
applicition. 

Ultimately  a  series  of  tests  was  made  with  tiie 
powdered  materials  in  horizontal  iron  tubes  of  varying 
sizes  which  ultimately  reached  6  in.  in  diameter  and 


10  ft.  in  length.  Time  will  not  permit  the  description 
of  these  experiments  and  tests.  I  can  say  that  only 
the  best  results  were  obtained  w^ith  2-in.  pipes,  10  ft. 
in  length.  In  some  of  these  cases  equal  portions  of  the 
solution,  lixiviated  from  the  cyanized  charge,  required 
the  same  number  of  cc.  of  N/10  AgNOa  solution, 
acidified  with  nitric  acid,  and  of  -V'lo  H2SO4  (with 
methyl  orange)  for  titration. 

These  figures  show  all  the  alkali  metals  to  be  present 
as  cyanides,  and  this  is  what  I  mean  when  I  speak  of 
cyanide  of  100  per  cent  purity.  When  such  a  solution 
is  evaporated  to  dryness  in  vacuo,  it  is  easy  to  obtain 
a  residue  directly  which  titrates  for  over  95  per  cent 
of  sodium  cyanide. 

BRIQUETTING 

Having  thoroughly  established  the  general  condi- 
tions for  efficient  nitrogen  fixation  with  substances 
in  powder  form,  the  next  thing  was  to  work  out  engineer- 
ing methods  for  handling  the  materials.  The  incon- 
venience of  heating  powder  in  a  current  of  nitrogen 
gas  at  a  red  heat,  naturally  suggests  briquetting. 
A  study  of  the  art  reveals  numerous  examples  of  bri- 
quetting, usually  done  with  such  substances  as  tar, 
pitch,  resins,  etc.,  or  by  use  of  lumps  of  charcoal, 
wood,  and  like  substances  to  attain  the  desired  porosity. 

Desiring  to  avoid  the  use  of  such  foreign  substances, 
I  first  prepared  briquettes  by  heating  the  mass  of 
sodium  carbonate,  coke  and  iron  to  the  melting  point 
of  soda  ash  in  the  absence  of  air.  The  pasty  powder 
upon  slight  pressure  becomes  compacted  and  yields 
briquettes  which  are  very  hard  and  compact  upon 
cooling.  I  have  found  such  briquettes  to  be  quite 
active,  and  they  gave  cyanide  of  loo  per  cent  purity 
upon  being  heated  for  10  minutes  in  a  current  of 
nitrogen. 

This  is  a  fascinating  process  since  the  briquettes 
would  already  be  at  a  cyanizing  temperature  just  as 
they  are  formed.  It  would,  however,  mean  the  solving 
of  unique  engineering  problems;  hence  I  did  not  follow 
it  further  at  the  time. 

The  experience  with  the  red-hot  briquettes  led  me 
to  conclude  that  perfectly  satisfactory  briquettes 
could  be  made  by  adding  hot  water  to  the  mixed 
charge  of  coke,  soda  ash,  apd  iron,  and  making  use  of 
the  solubility  curves  and  transition  points  of  the  phases 
of  sodium  carbonate  as  shown  approximately  in  Fig.  .'. 
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The  curve  at  a  glance  shows  that  the  mass  should 
he  mixed  with  the  wnler  at  ns  near  the  maximum 
temperature    of     104.75°    ns    convenient.     We    shall 
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then  have  a  mixture  of  monohydrate,  Na2C03.H20, 
coke,  and  iron  moistened  with  a  hot  saturated  solu- 
tion of  sodium  carbonate.  These  phases  cannot  change 
on  cooling  until  the  temperature  reaches  about  35°  C, 
at  which  the  crystals  would  take  up  all  the  water  and 
we  would  later  have  a  dry  hydrate,  Na2C03.ioH20, 
as  far  as  the  water  added  would  permit. 

In  other  words,  there  is  here  a  range  of  fully  70°  C. 
through  which  the  mass  might  cool  before  the  bri- 
quetting  operation  would  be  interfered  with.  These 
predictions  were  realized  in  an  exceedingly  satisfactory 
manner,  and  many  tons  of  briquettes  were  prepared 
without  the  slightest  trouble.  At  first  an  ordinary 
concrete  mixer  without  steam  jacket  was  used.  The 
hot  water  and  the  heat  of  hydration  of  the  soda  ash 
brought  the  temperature  (work  done  in  the  summer) 
high  enough  to  give  fine  briquettes,  but  as  the  tempera- 
ture was  not  much  above  the  transition  point,  the 
whole  mass  had  a  tendency  to  set  like  plaster  of  Paris 
if  the  operations  were  delayed. 

Later  a  steam-jacketed  kneading  machine  was  used 
with  the  utmost  convenience  so  that  the  full  length 
of  the  monohydrate  curve  was  available  before  cooling 
could  stop  the  process.  The  hot,  dough-like  mass  was 
briquetted  with  an  ordinary  small  power-driven  meat 
chopper  having  a  cylindrical  worm  with  a  steel  disc 
of  3 'A  in.  diameter  and  having  37  circular  holes  of 
Vs  in.  diameter.  The  knife  was  fixed  so  that  the  bri- 
quettes were  cut  off  at  about  i  in.  length.  The  effi- 
ciency of  these  small  machines  was  surprising,  e.  g., 
the  9-gal.  steam-jacketed  kneading  machine  gave 
7200  lbs.  of  briquettes  per  24  hours  with  15  minutes 
to  the  charge,  and  it  could  just  as  well  have  been  run 
at  s  minutes  to  the  charge  to  give  21,000  lbs.  of  bri- 
quettes per  24  hours.  The  meat  chopper,  which  was 
smaller  than  that  often  seen  in  a  city  market,  easily 
gave  5, 000  lbs.  of  briquettes  per  24  hours  with  in- 
experienced help,  and  I  have  been  able  to  force  it  to 
three  times  this  capacity  for  a  short  interval  Thus 
even  a  few  of  these  machines  not  much  larger  than 
toys  would  give  a  very  large  yearly  output.  Of  course, 
a  large  brickmaking  machine  would  give  a  very  large 
output  commercially. 

These  briquettes  should  be  dried  rapidly  so  as  to 
get  them  hard  and  free  from  dust.  Hot  waste  gases 
are  very  satisfactory  for  such  drying.  A  commercial 
bake-oven  would  dry  many  tons  per  day  or  a  dryer 
can  be  constructed  out  of  brick  and  iron  very  quickly. 
If  the  briquettes  cool  before  they  are  sufficiently  dry 
they  will  harden,  and,  on  further  standing,  will  fall 
to  powder  as  one  might  expect  when  the  bulky  hydrate, 
NajCOa.ioHjO,  forms  to  break  them  up  just  as  freezing 
water  may  break  a  spongy,  brittle  substance.  I  have 
dried  briquettes  in  the  hottest  part  of  the  Bunsen 
flame  in  less  than  two  minutes. 

The  powder  was  prepared  for  this  work  on  a  commer- 
cial scale  by  grinding  iron  scale  (magnetite,  haematite, 
etc.,  will  do  just  as  well)  to  a  loo-mesh  powder  in  an 
iron  ball  mill  with  manganoid  steel  balls;  then  an  equal 
weight  of  coke  previously  ground  in  a  similar  way  to 
loo-mesh  was  added  and  the  grinding  continued  for 


perhaps  an  hour;  then  the  soda  ash  was  added  and  the 
grinding  continued  for  5  minutes  or  even  less. 

The  iron  or  iron  scale  and  coke,  being  solids,  must 
be  mixed  with  the  utmost  thoroughness,  but  the  soda 
ash  becomes  mobile  by  addition  of  water  in  briquetting 
as  well  as  by  fusing  at  860°  C.  in  the  furnace  so  that 
no  great  care  is  necessary  in  mixing  it  with  the  other 
two  constituents.  Briquettes  thus  prepared  with 
iron  scale  gave  as  high  as  28  per  cent  of  NaCN  in  the 
heated  charge.  Thus  it  is  shown  that  we  may  start 
with  iron  oxides  instead  of  metallic  iron.  In  the  first 
run  we  may  thus  produce  finely  divided  iron  which  is 
in  very  fine  condition  for  subsequent  runs. 

I  will  hereafter,  for  convenience,  speak  of  the  sur- 
face of  carburized  iron  which  is  in  close  contact  with 
the  ground  carbon  as  the  "catalytic  solution  surface." 
For  cyanide  formation  it  is  only  necessary  to  have 
nitrogen,  sodium  carbonate,  and  such  a  catalytic 
solution  surface  in  contact  simultaneously  It  is, 
hence,  evident  that  sodium  carbonate  in  too  large 
quantity  will  flood  the  solution  surface  so  that  the 
nitrogen  cannot  get  at  it  readily.  This  will  smother 
the  reaction  so  as  to  make  it  sluggish,  and  it  is,  thus 
evident  that  there  must  be  a  percentage  of  soda  ash 
which  will  give  maximum  commercial  efficiency. 

The  three  following  experiments  were  made  to  give 
a  rough  quantitative  idea  of  this  factor:  They  were 
made  with  50  lbs.  of  alcoholized  iron  and  with  50  lbs. 
of  pulverized  coke  ground  for  5  hours  in  the  ball  mill 
and  the  mixture  was  then  briquetted  with  three  differ- 
ent proportions  of  soda  ash. 

EXPERIMENT  6 — In  this  case  the  iron-coke-soda  ash 
was  briquetted  in  the  ratio  respectively  of  2  :  2  :  i 
so  as  to  give  a  20  per  cent  soda  ash  briquette.  Then 
150  grams  of  these  briquettes  were  heated  in  a  i-in. 
iron  pipe  in  a  current  of  nitrogen  at  a  temperature 
from  600  to  1000°  C.  The  reaction  took  place  briskly 
and  the  issuing  gas  burned  finely.  The  briquettes 
were  cooled,  lixiviated  and  titrated  in  the  manner  de- 
scribed above.  They  were  found  to  contain  13.7 
per  cent  of  actual  NaCN  corresponding  to  85  per  cent 
of  the  total  alkali  metal  in  the  solution.  For  brevity, 
I  shall  speak  of  such  cases  as  85  per  cent  purity. 

EXPERIMENT  7 — Here  the  same  materials  were  bri- 
quetted to  make  a  i  :  i  :  i  iron-coke-soda  ash  ratio 
and  150  grams  were  heated  as  before  in  the  i-in. 
horizontal  iron  tube  at  a  temperature  from  600  to 
1030°  C.  for  30  minutes.  The  gas  evolution  was 
considerably  slower  than  in  Experiment  6.  The  re- 
sulting briquettes  contained  20  per  cent  of  actual 
NaCN  of  95  per  cent  purity. 

EXPERIMENT  8 — In  this  case  the  iron-coke-soda,  ash 
mixture  was  made  into  1:1:2  briquettes  which  con- 
tained 50  per  cent  of  soda  ash,  and  150  grams  were 
heated  in  the  same  horizontal  iron  pipe  in  the  nitrogen 
current  for  one  hour  at  600  to  1090°  C.  The  com- 
bustible gas  evolved  sluggishly  during  the  entire  time, 
and  the  mass  finally  contained  14  per  cent  of  actual 
cyanide  of  80  per  cent  purity. 

These  three  experiments  show  that  the  20  per  cent 
soda  ash  briquettes  were  quite  reactive,  the  33  per  cent 
ones   intermediate,    and   the    50   per   cent   one   rather 
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sluggish  so  that  they  had  to  be  heated  longer  and  to 
a  higher  temperature  in  order  to  get  the  poorer  result. 
These  experiments  rather  indicate  that  with  either 
larger  or  continuous  acting  furnaces  it  should  be  easy 
to  get  cyanized  briquettes  to  contain  at  least  30  to 
35  per  cent  of  actual  NaCN  and  this  prediction  was 
later  verified.  The  experiments  also  clearly  show  the 
loss  of  alkali  compounds  by  volatilization  during  the 
run. 

If  the  briquettes  do  not  completely  fill  a  horizontal 
pipe,  or,  if  they  sag  somewhat,  as  inevitably  they 
must  as  soon  as  they  become  plastic  when  soda  ash 
melts,  then  the  nitrogen  will  tend  to  pass  through  the 
upper  channel  rather  than  through  the  briquettes. 
This  is  further  aggravated  by  the  counter-current  of 
carbon   monoxide   which   is   formed  in  the   reaction. 

This  factor  is  not  very  serious  in  a  Vs-in.  pipe  or 
even  a  i-in.  pipe,  but  it  must  become  more  serious 
with  larger  diameters.  The  following  two  experi- 
ments give  conclusive  data  on  this  point. 

EXPERIMENT  Q — Twenty-five  pounds  of  the  same 
2:2:1  briquettes  such  as  were  used  in  the  i-in. 
pipe  in  Experiment  6  were  heated  in  a  horizontal 
6-ft.  piece  of  6-in.  iron  pipe  and  the  temperature  kept 
from  1000  to  1080°  C.  for  i  hour  and  20  minutes  while 
a  current  of  nitrogen  was  passing. 

Upon  cooling  it  was  found  that  the  plastic  charge 
had  sagged  V2  in.  in  the  upper  part  of  the  tube  to  pro- 
duce a  crescent-shaped    channel  as  shown  in  Fig.   3. 
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The  entire  charge  averaged  only  3.5  per  cent  of  actual 
NaCN  of  very  low  purity  as  against  13.7  per  cent 
cyanide  of  85  per  cent  purity  under  the  far  milder 
and  shorter  treatment  of  the  same  sample  of  briquettes 
in  the  i-in.  horizontal  pipe  in  Experiment  6.  A  vertical 
section  at  about  the  middle  of  the  charge  was  also  tested 
and  it  showed  12.5  per  cent  cyanide  in  a  narrowtoplayer, 
then  3  per  cent  in  the  broad  intermediate  layer,  while 
the  bottom  layer  showed  only  1.4  per  cent  NaCN. 
This  is  also  shown  diagrammaticnlly  in  Fig.  3. 

EXPERIMENT  lo — The  result  in  the  preceding  ex- 
periment showed  that  increasing  the  size  of  a  horizontal 
pipe  to  6  inches,  when  the  current  of  nitrogen  passed 
into  the  end,  completely  ruined  the  process  commer- 
cially. If  this  theory  is  correct,  then  this  damage  could 
be  avoided  entirely    by    placing    the    pipe    vertically. 


This  was  done  with  the  same  6-ft.  pipe  of  6  in.  di- 
ameter, and  as  I  had  no  more  of  the  2:2:1  bri- 
quettes on  hand,  we  used  the  more  sluggish  1:1:1 
briquettes  as  a  so-lb.  charge. 

The  pipe  was  heated  from  1000  to  1090°  C.  for  only 
I  hour  and  10  minutes  with  a  rapid  current  of  nitro- 
gen passing.  This  gave  a  massive  column  of  yellow 
flame  which  at  its  maximum  arose  to  a  height  of  4 
to  s  ft.  above  the  mouth  of  the  vertical  6-in.  shaft. 
On  cooling,  the  top  of  the  charge  was  found  to  con- 
tain 24  per  cent  of  actual  NaCN  while  the  bottom  con- 
tained 20  per  cent,  giving  an  average  for  the  entire 
charge  of  22  per  cent,  and  showing  that  over  10  lbs. 
of  cyanide  must  have  beenproduced  in  this  run. 

These  two  spectacular  runs  on  a  semi-commercial 
scale  show  at  a  glance  that  my  process  can  be  absolutely 
ruined  by  simply  placing  the  retort  horizontally  in 
the  furnace  instead  of  vertically. 

The  same  thing  was  also  shown  with  longer  and  larger 
pipes  in  which  the  charges  were  on  a  scale  of  hundreds 
of  pounds  of  briquettes  in  each  run. 

EXPERIMENT  II — This  run  was  made  in  the  same 
vertical  pipe  of  6  in.  diameter  as  had  been  used  in 
the  preceding  Experiment  10.  It  was  made  to  test 
the  volatility  of  the  alkali  compounds  quantitatively: 
The  charge  happened  to  be  55  lbs.  of  briquettes  con- 
sisting of  22  lbs.  of  iron  scale,  24  lbs.  coke  and  9  lbs. 
of  soda  ash.  The  heating  continued  for  2  hours  at 
1000  to  1100°  C. 

Upon  cooling,  the  top  layer  of  briquettes  was 
found  to  contain  28  per  cent  of  actual  NaCN  of  87 
per  cent  purity.  Passing  down,  the  other  sections 
showed,  respectively,  16, 14,  12  and  10  per  cent  of  actual 
NaCN  and  the  purity  of  the  four  sections  varied  from 
90  to  93  per  cent. 

The  lower  section  contained  a  central  cone  of  mod- 
erately firm  briquettes  whose  content  was  12  per  cent 
of  NaCN  of  100  per  cent  purity.  This  cone  was  sur- 
rounded by  an  annular  section  which  had  fallen  to 
powder  because  its  content  of  7  per  cent  sodium  cy- 
anide was  no  longer  enough  to  hold  the  particles  of 
iron  and  carbon  together. 

These  results  are  shown  diagrammatically  in  Fig.  4. 
and  they  show  exactly  the  .general  results  we  should 
expect  in  an  experiment  of  this  sort  where  we  have 
heat  passing  in  through  the  walls  of  the  tube  and  a 
rapid  gas  current  sweeping  through  the  hot  briquettes 
exposing  a  large  surface  for  the  evaporation  of  alkali 
compounds.  The  endothermic  reactions  in  this  case 
intensify  the  effect. 

This  oxperiment  at  once  suggests  two  methods  of 
solution,  both  of  which  I  have  carried  out  successfully 
in  practice.  The  first  would  be  to  make  the  briquettes 
so  active  that  they  could  be  cyanized  at  lower  tempera- 
tures, thus  reducing  the  loss  by  volatility  very  greatly 
and  by  making  other  suitable  changes.  The  other 
solution  would  be  a  continuously  operating  furn.ice, 
and  here  great  volatility  would  be  a  most  valuable 
asset. 

ACTIVITY    or    DRIQUKTTKS 

The  two  following  experiments  were  made  with  »s 
grams  of  briquettes  healed  in  each  case  in  a  current 
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of  nitrogen  in  a  'A-in.  iron  tube  which  was  laid  hori- 
zontally into  the  heat  zone  of  the  furnace. 

EXPERIMENT  12 — In  this  case  2:2:1  iron-coke- 
soda  ash  briquettes  were  used.  They  were  heated  from 
710  to  920°  C.  in  13  minutes.  There  was  an  exceed- 
ingly rapid  evolution  of  carbon  monoxide  which  died 
down  to  almost  nothing  in  6  minutes  before  a  tempera- 
ture of  900°  was  reached.  The  product  contained 
15.2  per  cent  of  actual  NaCN  of  92  per  cent  purity. 
We  may,  hence,  conclude  that  2:2:1  briquettes 
should  give  over  15  per  cent  cyanide  of  over  90  per 
cent  purity  in  10  minutes  at  temperatures  below 
920°  C. 

EXPERIMENT  13 — In  this  case  the  alkali  was  washed 
out  of  the  briquettes  and  soda  ash  then  added  di- 
rectly to  the  moist  filter  cake  of  iron  and  coke  so  as 
to     make     i  :    i  :   i     iron-coke-soda     ash     briquettes. 

These  briquettes  did  not  give  the  rush  of  carbon 
monoxide  which  was  noted  in  the  preceding  experiment, 
but  there  was  a  steady  evolution  of  gas  during  most 
of  the  28  minutes  while  the  tube  was  being  heated  from 
620  to  920°  C.  There  was  still  some  action  when  the 
heating  was  stopped. 

The  resulting  briquettes  contained  30  per  cent  of 
actual  NaCN  and  the  purity  was  87  per  cent.  This 
very  satisfactory  experiment  shows  that  we  can  get 
over  30  per  cent  cyanide  of  87  per  cent  purity  in  a 
batch  furnace  below  920°  C  in  less  than  30  min. 
heating.  We  may,  hence,  conclude  that  an  efficient 
nitrogen  fixation  takes  place  below  920°  C. 

In  another  experiment  briquettes  from  the  same 
lot  of  2  :  2  :  I  iron-coke-soda  ash  briquettes  used  in 
fexpcriment  12  were  heated  for  lo  minutes  from  560 
to  820°  C.  and  gave  11. 5  per  cent  of  actual  NaCN 
of  61  per  cent  purity.  This  shows  that  even  below 
820°  C.  we  get  considerable  quantities  in  a  few  min- 
utes. The  process  can,  hence,  certainly  be  carried 
out  at  very  reasonable  temperatures. 

This  reaction  could  easily  be  carried  out  in  copper 
tubes  which  do  not  oxidize  easily.  It  also  shows  that 
at  mines  the  cyanide  could  be  lixiviated  and  the  moist 
filter  cake  could  be  treated  with  soda  ash  in  the  knead- 
ing machine,  briquetted,  and  used  over  again. 

CONTINUOUS    FURNACES 

The  second  way  of  overcoming  the  loss  of  alkali 
noted  under  Experiment  11  is  to  have  the  charge 
moving  continuously,  preferably  by  gravity;  this 
would  keep  the  final  concentration  of  alkali  in  the 
briquettes  just  the  same  as  at  the  beginning,  because, 
whatever  distilled  from  the  heat  zone  would  neces- 
sarily have  to  return  to  it  and,  hence,  would  he  of  ad- 
vantage in  insuring  contact  rather  than  a  disadvantage. 

This  type  of  process  would  have  great  advantages 
in  many  other  ways,  some  of  which  will  be  pointed 
out.  The  process  would  act  very  much  like  a  blast- 
furnace but  it  would  differ  in  yielding  a  plastic  product 
instead  of  molten  products. 

The  first  experiment  was  carried  out  with  an  8-in. 
iron  pipe,  8  ft.  long,  placed  vertically  in  a  furnace 
and  connected  by  means  of  a  tee  with  a  worm  con- 
veyor immediately  below  the  furnace.  Everything 
worked  well  for  a  while  until  the  hot  plastic  briquettes 


got  into  the  conveyor  and  hardened  so  that  it  could 
not  be  turned.  This  was  rather  what  had  been  ex- 
pected; therefore,  the  experiment  was  modified  by 
using  a  tube  14  ft.  long  so  that  the  worm  conveyor 
could  be  placed  about  4  ft.  below  the  bottom  of  the 
furnace.     Fig.    5  shows  the  principle  of  the   arrange- 


ment. Here  the  descending,  incandescent,  plastic 
briquettes  would  cool  by  the  ascending  current  of 
nitrogen,  and  by  the  air  outside.  The  cooling  was 
made  more  thorough  still  by  using  a  current  of  water 
and  a  piece  of  cloth  wrapped  around  the  pipe  below 
the  heat  zone.  In  this  way  the  briquettes  became 
cooled  and  hardened  so  that  they  passed  through 
the  conveyor  in  about  the  same  physical  condition 
as  that  in  which  they  entered  the  furnace. 

The  hardened  briquettes,  however,  stick  in  the  pipe 
so  that  hammering  may  be  necessary  to  move  them, 
and  at  times  when  the  pipe  was  rough  it  gave  much 
trouble.  This  can  be  helped  in  various  ways,  such  as 
making  the  entire  pipe  conical,  or  by  making  only 
that  part  below  the  heat  zone  conical,  by  making  the 
briquettes  larger,  by  feeding  briquettes  poor  in  alkali 
in  the  annular  ring  next  to  the  wall  of  the  pipe,  or 
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even,  pieces  of  coal  or  coke  might  be  fed  into  the  outer 
annular  space  while  the  core  of  the  charge  contained 
the  briquettes  richer  in  alkali,  or,  the  cooling  zone 
might  be  a  larger  pipe  than  that  used  for  the  heat  zone 
as  shown  in  Fig.  6.  A  complete  solution  would  no 
doubt  be  obtained  by  making  the  cooling  zone  so  wide 
that  the  hot  cyanized  briquettes  would  have  to  cool 
below  the  solidifying  point  of  the  sodium  cyanide 
before  they  could  come  in  contact  with  the  iron  walls. 
The  idea  is  well  shown  in  Fig.  7  where  the  hot  plastic 


briquettes  are  shown  not  shaded  while  the  cooler  har- 
dened briquettes  are  shaded.  I  have  never  had  the  hot 
plastic  briciuettcs  stick  in  a  furnace  operated  ac- 
cording to  my  directions;  the  slicking  always  took 
place  after  they  had  hardened.  Also,  solid  briquettes 
never  stick  in  a  properly  operated  furnace. 

This  very  simple  principle  shown  diagrammatically 
in  Fig.  7  can,  hence,  scarcely  fail  to  remove  this  diffi- 
culty absolutely.  There  is  a  slight  tendency  to  stick 
at  the  top  of  the  heat  zone  where  the  briquettes  are 
just  softening,  but  I  have  also  been  alile  to  obviate 
this  with  the  utmost  ease  by  observing  certain  condi- 
tions. 

In  some  of  the  work  I  niaile  tests  in  a  vertical  iron 
pipe  3  2  ft.  long  and  8  in.  in  Hinmctcr.  This  required 
500  Ills,  of  bri(|ueltcs  to  chnrgo  it  nntl  then,  in  some 
tests,  J, 000  lbs.  were  fed  in  a  24-hr.  run. 

The  furnace  was  constructed  on  an  improved 
principle  as  compared  with  that  shown  in  Fig.  5. 
The  furnace  consisted  esscnlially  of  .1  double  chimney 


with  a  thin  partition  separating  the  two  compart- 
ments. An  oil  burner  flame  was  directed  vertically 
down  one  flue  and  the  flame  then  led  around  baffles 
into  the  other  flue  which  contained  the  22-ft.  pipe. 
The  flame  then  passed  up  around  the  pipe  and  by  con- 
trolling the  draft  at  the  top  an  efifective  furnace  was 
obtained. 

I  further  led  a  number  of  air  jets  into  the  main 
flue  in  such  a  way  that  the  air  oozed  through  long, 
narrow  slits  into  the  burning  gases.  In  this  way  a 
reducing  combustion  could  be  maintained  in  the  heat 
zone  and  the  entire  length  of  pipe  in  the  furnace  could 
be  heated  to  a  perfectly  uniform  temperature  when 
desired.  The  whole  furnace  was  within  a  derrick- 
like structure  high  enough  so  that  burned-out  pipes 
could  be  hoisted  out  mechanically  without  cooling 
them,  and  new  ones  inserted.  Considering  that  these 
were  simply  first  crude  attempts,  the  furnaces  worked 
surprisingly  well.  I  believe  that  they  are  practical 
and  that  a  gas  producer  would  do  the  work  far  more 
easily,  but,  unfortunately,  I  did  not  have  one — hence, 
the  oil  burner  furnaces. 

AN    ELECTRIC    FVRN.^CE 

When  the  price  of  yellow  prussiate  of  soda  and  red 
prussiate  of  potash  began  to  rise  and  ultimately  reach 
values  of  S7.00  and  $28.00,  respectively,  for  each 
pound  of  nitrogen  they  contained,  I  decided  to  con- 
struct two  types  of  electric  furnaces  which  depended 
on  the  principles  I  had  in  mind  for  years  in  case  of 
emergency  either  at  the  mines  or  for  these  chemicals. 
It  was  self-evident  that  they  would  work  and  that 
they  could  be  installed  in  a  few  hours  where  any  sort* 
of  commercial  current  is  available.  They  depend 
simply  upon  using  iron  as  a  resistor  and  then  keeping 
away  oxygen  so  that  they  cannot  burn  out. 

The  first  one  was  merely  a  piece  of  I'l-in.  galvanized 
iron  pipe  such  as  is  used  on  buildings  as  a  water  con- 
ductor. Two  strips  of  copper  were  clamped  about 
the  ends  for  leads  and  the  whole  tube  set  verlically 
in  a  chimney  of  brick  which  were  piled  on  the  floor 
to  give  an  opening  0  inches  square.  The  space  be- 
tween the  galvanized  pipe  and  the  brick  were  filled 
with  magrtesia  asbestos  and  the  furnace  was  com- 
plete. It  was  filled  with  briquettes  and  the  currents 
of  nitrogen  and  electricity  were  turned  on.  The  zinc 
burned  off  like  a  flash  and  in  a  very  few  minutes  there 
was  a  steady  uniform  heat  in  the  briquettes  and  a 
fine  flame  of  carbon  monoxide.  The  transformer 
gave  only  ,550  amperes  and  I  had  no  means  of  measur- 
ing the  voltage  which  was  probably  not  over  j  or  j 
volts.  Resulting  bri(iuettes  containeil  over  12  per 
cent  NaCN. 

Wishing  to  carry  out  this  exceedingly  satisfaclory 
experiment  quickly  on  u  larger  scale  and  bcinij  un- 
able to  get  a  suitable  transfurmer,  I  purchas<'d  n  small 
15  kilowatt  welding  machine  for  the  emergency. 
These  machines  are  rated  at  2  or  .<  volts  for  the  second- 
ary current  and  only  50  to  75  per  cent  etVuioncy  be- 
cause ihey  are  light  and  intended  only  for  intermittent 
service. 

The  furnace  was  now  mnde  fron>  a  piece  of  ordinary 
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4-in.  iron  pipe^  6  ft.  in  length.  This  was  thrust  through 
an  iron  drum  about  4  ft.  high  and  thirty  inches  in  di- 
ameter with  round  holes  for  the  iron  pipe.  The  leads 
from  the  transformer  were  connected  to  the  pipe  by 
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FIG.  8 

strips  of  copper  which  had  a  cross-section  of  3  in.  by  '/< 
in.  The  drum  was  then  filled  with  magnesia  asbestos 
and  the  whole  furnace  was  complete.  Then  an  8-in.  to 
4-in.  reducing  coupling  was  provided  at  the  bottom  of  the 
4-in.  pipe  and  this  in  turn  connected  to  a  4-ft.  length 
of  8-in.  pipe  which  was  closed  with  a  cap  at  the  bottom. 
A  hole  for  a  i-in.  pipe  was  then  drilled  through  the 
top  of  the  reducing  coupling  and  at  one  side  there 
was  a  stuffing  box  for  the  '/i-in.  iron  rod  which  held 
up  the  charge.  The  other  end  of  this  rod  was  supported 
by  a  piece  of  i-inch  iron  tube  which  served  as  ni- 
trogen inlet  as  well.  Fig.  8  shows  the  furnace  dia- 
grammatically.  A  piece  of  fire-brick  was  now  cut  and 
fastened  to  another  perforated  round  piece  as 
shown  in  Fig.  8a.  This  was  lowered  into  the  furnace 
to  support  the  column  of  briquettes. 

The  current  available  was  not  over  about  9  kilo- 
watts and  this  was  turned  on.  After  several  hours 
the  pipe  had  not  become  quite  red  hot  but  the  machine 
and  the  copper  leads  were  unduly  heated.  Accordingly 
a  number  of  buckets  of  snow  and  ice  were  thrown 
over  the  leads  and  the  welding  machine.  When  the 
cloud  of  steam  cleared  away  it  was  found  that  the  iron 
tube  was  now  at  a  good  low  red  heat  and  it  became 
hotter  gradually. 

The   treatment   with   snow   and   ice   was   continued 


through  all  the  runs  as  it  raised  the  efficiency  by  les- 
sening the  resistance  of  external  circuit.  Briquettes 
were  now  added  and  a  fine  run  made,  but  it  took  3 
hours  because  the  temperature  was  not  as  high  as  it 
should  have  been.  Even  so,  I  had  no  trouble  in  getting 
charges  which  gave  25  per  cent  of  actual  NaCN 
consistently.  When  the  runs  were  finished  a  cap  was 
turned  on  the  top  of  the  4-in.  pipe  and  the  iron  rod 
supporting  the  charge  withdrawn.  The  entire  charge 
dropped  into  the  lower  8-in.  pipe.  The  iron  rod  was 
now  pushed  back,  the  top  opened  and  a  new  brick 
support  lowered  into  the  furnace  and  15  lbs.  of  bri- 
quettes poured  in. 

The  whole  change  took  less  than  2  minutes  and  the 
electric  current  was  not  shut  ofif.  The  top  was  now 
closed  again  without  interrupting  the  currents  of  elec- 
tricity or  nitrogen,  the  8-in.  pipe  was  removed,  a 
new  pipe  substituted  and  the  run  proceeded  as 
before. 

The  current  was  kept  on  this  for  about  3  days  and 
a  considerable  number  of  runs  made.  The  iron  drum 
should  be  of  thin  metal  to  reduce  reduction  currents. 
It  was  so  satisfactory  in  every  way  that  I  considered 
it  unnecessary  to  run  it  any  longer.  This  furnace, 
hence,  avoids  both  sticking  of  the  charge  and  if  the 
drum  is  kept  tight,  or,  a  little  nitrogen  or  reducing  gas 
passed  into  the  magnesia  asbestos,  it  will  be  impossible 
for  the  pipe  to  be  destroyed  by  oxidation. 

By  using  a  large  number  of  pipes  in  series  it  would 
not  even  be  necessary  to  provide  a  transformer,  since 
we  could  allow  a  drop  of  a  few  volts  for  each  pipe. 
If  one  has  a  three-phase  current  of,  say,  125  volts  at 
120  amperes,  it  is  possible  to  modify  the  furnace  shown 
in  Fig.  8  by  merely  setting  a  few  fire-clay  tiles  2  ft. 
high  by  12  in.  inside  diameter  around  the  6-in.  iron 
pipe  which  I  used  in  this  case.  I  allowed  3  pieces  of 
Vs-in.  iron  wire  each  30  ft.  long  shaped  as  shown  in 
Fig.  9  to  hang  down  into  the  annular  space  between 
the  tile  and  the  pipe. 

"lb    Supports 


-h 
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There  were  3  pieces  of  fire-brick  at  the  bottom  to 
keep  the  wires  spaced  from  each  other  and  from  the 
iron  pipe.     The  three  segments  were  then  used  with 
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Y-connection  and  I  was  thus  enabled  to  get  18  H.  P.  in 
the  furnace  instead  of  12  by  a  single  phase. 

A  slow  current  of  nitrogen  carrying  some  gasoline 
vapor,  was  passed  into  the  annular  space  to  prevent 
oxidation  of  the  thin  white-hot  wire.  This  worked 
finely  and  gave  over  30  per  cent  of  NaCN  in  the  bri- 
quettes used.  The  wire,  even  with  this  imperfect 
construction,  lasted  9  hours,  while  it  probably  would 
not  have  lasted  9  minutes  if  air  had  been  ad- 
mitted. 

On  a  large  scale  this  furnace  would  be  very  simple 
since  we  would  use  only  a  single  phase  to  each  furnace 
and  also  use  the  furnaces  in  series  and  we  would  soon 
have  to  use  say  i-in.  iron  rods  for  the  resistors 
even  with  fairly  high  voltages  such  as  250  to  500. 
This  entirely  practicable  type  of  furnace  would  prob- 
ably be  less  desirable  than  that  described  already  where 
the  pipe  itself  is  the  resistor,  but,  in  small  scale  work, 
it  can  be  connected  at  once  to  any  city  current  without 
expense  of  loss  of  time  in  waiting  to  have  special  low- 
voltage  transformers  made. 

The  resistance  of  iron  increases  probably  5  or  6-fold 
in  heating  from  the  room  temperature  to  the  cyanizing 
temperature,  and  varies  with  carbonization,  etc.  I 
have  not  been  able  to  make  strictly  accurate  observa- 
tions, but  in  all  of  my  work  I  found  that  the  follow- 
ing formula  gave  me  sufficiently  accurate  results  so 
that  the  field  rheostat  regulation  gave  me  entire  con- 
trol over  the  current. 

Soo  VW 


Amperes  = 


where  V  is  the  voltage  used,  W  the  total  weight  of  iron 
in  lbs.  and  L  the  total  length  of  the  conductor.  I 
found  it  to  hold  for  Vi«-in.  wire,  and  for  rods  '/i  in. 
in  diameter  as  well  as  for  pipes  from  i  to  4  in.  in 
diameter. 

These  electric  furnaces  are  not  what  I  should  intend 
to  install  if  I  were  asked  to  put  up  a  large  plant  but 
they  are  what  I  would  put  up  for  an  emergency  plant 
(to  which  I  will  again  refer)  because  I  have  personally 
worked  through  every  phase  of  these  processes  and 
nothing  whatever  is  left  to  chance  or  guess  work.  The 
time  factor  would  in  such  a  case  be  more  important 
than  the  greater  economy  and  speed  which  I  feel  can 
almost  certainly  be  obtained  by  internal  electrical 
heating  where  the  briquettes  themselves  are  the  re- 
sistor. 

While  we  are  speaking  of  the  application  of  elec- 
trical heating  with  solid  catalytic  solution  surfaces, 
it  may  also  be  well  to  mention  the  experiment  with 
molten  iron. 

Fig.  10  shows  the  apparatus  and  is  almost  self- 
explanatory.  It  represents  a  cylindrical  furnace  with 
basic  lining  and  a  perforated  bottom  like  a  Bessemer 
converter.  It  contains  molten  iron  into  which  coke 
or  graphite  fragments  arc  deeply  pressed.  The 
graphite  column  acts  as  electric  resistor  to  produce 
the  heat  and,  while  in  the  bath,  it  serves  both  to  re- 
tard the  gas  bubbles  so  as  to  insure  sufTicicnl  contact 
and  to  keep  the  iron  saturated  with  dissolved 
carbon. 


Sodium  vapor  and  nitrogen  are  blown  into  the  bottom 
of  the  furnace  and  cyanide  distils  out  at  the  top 
with  the  argon.  The  linings  I  used  in  the  short  time 
of  the  run  stood  better  than  I  had  expected.  If  the 
lining  will  stand  sufficiently  in  actual  work  then  I 
feel  that  ash  in  the  carbon  will  be  the  other  serious 
factor  since  the  method  of  getting  ashless  carbon 
mentioned  hereafter  will  not  apply.  However,  there  are 
other  methods  of  solution. 

RATE    OF    HEAT    PENETRATION 

In  considering  the  technical  application  of  these 
inventions,  the  rate  of  heat  penetration  into  the  bri- 
quettes becomes  very  important.  The  following  ex- 
periment enables  us  to  form  some  idea  of  the  magni- 
tude of  this  factor. 

EXPERIMENT  I4--In  this  run  a  4-in.  vcrticol  pipe 
of  iron  was  used  with  a  pyrometer  inserted  in  the  center 
of  the  8-lb.  charge  of  the  a  :  3  :  1  iron-coke-soda  ash 
briquettes  through  a  '/»-in.  iron  tube.  The  whole 
was  placed  in  a  cold  furnace  and  a  powerful  oil  flanie 
used  in  the  heating  Hy  the  time  the  outer  pyrometer 
read  1030°  C.  the  inner  one  in  the  charge  read  only 
150'  C.  After  40  minutes  more  the  outer  one  reached 
1080°  C.  while  the  inner  one  registered  only  880*  C. 
In  another  20  minutes  the  inside  temperature  read 
loio'  C.  while  the  outer  remained  constant  at  io8o*  C. 
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The  heat,  hence,  flows  in  slowly  and  the  rise  is  influenced 
by  many  factors  of  which  the  heat  absorption  of 
138,500  calories  is  one.  The  result  was  17  per  cent 
of  NaCN  of  99  per  cent  purity  in  the  briquettes. 

This  experiment  gives  the  valuable  data  which  en- 
ables us  to  say  that  it  would  take  quite  a  while  to  heat 
a  6  or  8-in.  column  of  briquettes  to  a  uniform  tempera- 
ture. It  also  seems  to  confirm  the  very  probable 
idea  that  the  charge  will  conduct  much  better  after 
it  is  partially  heated  than  when  it  is  cold.  The  im- 
portance of  both  these  observations  will  be  shown 
later. 

INTERN.AI,    ELECTRICAL    HEATI.VG 

Experiment  14  shows  that  this  factor  would  seriously 
retard  rapid  working  in  cyapide  formation  with  large 
masses  where  the  heat  had  to  penetrate  in  from  the 
outside.  It  would  be  a  question  of  hours  in  large 
tubes.  If  we  could  use  the  charge  directly  as  a  re- 
sistor and  thus  generate  the  heat  within  the  briquettes 
themselves,  the  heating  would  be  reduced  from  hours 
to  minutes  with  proportional  saving  of  radiation  losses 
and  increase  of  output.  Experiments  along  this  line 
are  very  hopeful  and  wonderfully  interesting,  and  I 
think  no  similar  thing  has  ever  arisen  in  electrical 
furnace  work.  To  discuss  adequately  the  very  im- 
portant results  already  obtained  would  require  more 
time  than  is  available  for  this  entire  paper,  and  I  am 
not  yet  at  liberty  to  disclose  the  most  important  of 
them. 

I  am,  hence,  compelled  to  dismiss  this  with  the  fol- 
lowing general  statements:  The  briquettes  contain 
an  insulator,  soda  ash,  which  makes  them  practically 
non-conductors  at  the  room  temperature  but  the  con- 
ductivity increases  very  rapidly  until  at  cyanizing 
temperatures  it  may  easily  increase  3,000-fold.  It 
is,  hence,  only  necessary  to  heat  the  charge  to  start 
the  current  or  to  put  the  briquettes  into  a  hot  furnace. 
I  have  heated  a  charge  in  a  glass  tube  with  the  current 
in  a  few  seconds  so  that  the  entire  run  was  finished 
in  less  than  i  minute  with  abundant  yield  of  cyanide 
and  I  have  also  heated  charges  of  many  lbs.  in  a 
few  minutes.  This  suggests  wonderful  possibilities 
and  shows  that  here  is  an  entirely  different  proposi- 
tion from  that  discussed  in  the  case  of  the  electric 
furnace  shown  in  Fig.  8. 

AIR    INSTEAD    OF    NITROGEN" 

Having  now  shown  how  to  fix  nitrogen  with  simple 
apparatus  with  pure  nitrogen,  I  desired  to  get  away 
from  the  use  of  pure  nitrogen  so  that  my  process  would 
not  be  tied  up  to  ammonia-soda  or  similar  works, 
where  nitrogen  is  a  waste  product.  Also  I  did  not 
wish  to  be  compelled  to  put  up  a  liquid  air  or  other 
plant  in  order  to  get  nitrogen.  I  suspected  from  the 
fact  that  carbon  monoxide  is  formed  in  large  quantity 
in  the  process,  that  a  little  more  would  do  no  harm 
under  the  right  conditions.  This  suggested  at  once  the 
use  of  producer  gas  in  place  of  pure  nitrogen  or  even 
the  use  of  air  directly  providing  it  passed  through  hot 
coke  before  it  reached  the  catalytic  solution  sur- 
face. 


A  number  of  runs  were,  hence,  made  in  horizontal 
iron  pipes  of  i  in.  diameter  as  shown  in  Fig.  11. 
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Several  inches  of  layers  of  coke  were  held  in  position 
in  the  tube  with  iron  screens  and  then  another  screen 
kept  the  briquettes  away  from  the  porous  absorbing 
surface  of  the  coke.  The  pipe  was  heated  to  the  cy- 
anizing temperature  and  a  current  of  air  then  passed 
in.  Of  course,  this  gave  an  extra  fine  carbon  mon- 
oxide flame.  When  the  process  was  over  the  air  was 
shut  off  before  the  tube  was  cooled. 

Similar  runs  were  made  in  the  apparatus  by  using 
pure  nitrogen  and  the  results  were  just  the  same  as 
when  air  was  used.  In  other  cases  the  producer  gas 
was  made  in  a  separate  furnace  and  then  passed  into 
the  cyanizing  tube. 

There  was  no  apparent  difference  in  any  of  these 
results.  It  is,  hence,  evident  that  the  process  is  inde- 
pendent of  pure  nitrogen  and  that  air,  producer  gas, 
flue  gas,  or  even  the  gases  from  the  combustion  chamber 
of  the  furnace  could  be  drawn  through  the  cyanizing 
tube  just  as  well.  To  make  the  test  still  more  striking 
on  a  commercial  scale,  two  pipes  of  iron  8  ft.  long 
were  put  side  by  side  vertically  in  a  furnace  as  shown 
diagrammatically  in  Fig.  12. 
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One  pipe  was  6  in.  in  diameter  and  as  I  had  no  other 
of  this  size,  the  other  was  taken  of  4  in.  diameter.      The 
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pipes  were  closed  with  caps  at  the  bottom  and  then 
iron  pipes  of  V2  in-  diameter  were  thrust  to  the  bottom 
of  the  larger  pipes  and  about  a  foot  layer  of  coke  was 
dropped  into  each  one.  Then  72  lbs.  of  briquettes 
were  poured  into  the  larger  pipe  and  an  equally  deep 
layer  was  placed  in  the  4-in.  pipe. 

The  whole  apparatus  was  now  heated  red  hot  for 
a  considerable  time  and  pure  nitrogen  passed  into 
one  and  air  into  the  other.  The  result  was  19  per 
cent  of  NaCN  in  the  pipe  which  had  the  air  and  18 
per  cent  in  that  through  which  the  pure  nitrogen 
passed.  These  results  are  practically  identical,  thus 
showing  that  air  can  be  used  and  that  the  process 
can  now  be  operated  anywhere.  You  can  now  see 
how  easily  producer  gas  could  replace  the  nitro- 
gen in  working  the  electric  furnace  shown  above  in 
Fig.  8. 

PRODUCTION    OF    NITROGEN 

Although  I  do  not  need  nitrogen  in  my  fixation 
process  with  carbonates,  it  is,  nevertheless,  very  con- 
venient to  have  it  for  tests  and  when  working  with  the 
alkali  metals  themselves.  The  passing  of  air  over 
heated  copper  has  many  great  advantages,  particu- 
larly in  the  fact  that  the  reagent  is  solid.  Notwith- 
standing this,  there  seems  to  be  much  prejudice  against 
it  commercially  and  it  was  condemned  as  impractical 
or  impossible  just  as  many  of  the  other  basic  things 
I  have  described  to-night. 

As  no  one  cited  any  physical  or  chemical  principle 
against  it  which  seemed  reasonable,  it  was  in  order 
either  to  show  that  it  could  be  done  or  else  why  it 
could  not  be  done. 

Accordingly  a  2-in.  iron  pipe  40  in.  long  was  filled 
with  the  turnings  which  result  as  a  waste  product 
when  the  copper  rolls  used  in  the  textile  industry 
are  turned  down  in  a  lathe.  These  turnings  can  be 
gathered  in  quantity  and  at  a  price  below  that  of  copper 
ingots.  The  copper  used  may  contain  considerable 
zinc  and  still  be  entirely  suitable  for  the  work.  Four 
lbs.  were  tamped  into  the  iron  pipe  to  give  a  28-in. 
column. 

These  pipes  were  heated  in  a  combustion  furnace  to 
a  low  red  heat  and  they  easily  gave  200  liters  of  ni- 
trogen before  they  were  exhausted.  Then  they  were 
reduced  with  hydrogen  and  were  again  ready.  I 
never  used  gasometers,  but  simply  passed  the  air 
blast  furnished  by  a  small  glass  suction  pump  over  the 
hot  copper  and  then  used  the  gas  directly  in  the 
runs. 

The  arrangement  is  shown  in  Fig.  12  and  shows 
how  easily  one  can  gel  the  current  of  nitrogen  auto- 
matically at  constant  pressure  in  any  quantity  varying 
from  a  few  lnil)blcs  to  2  liters  per  minute.  The  tubes 
wore  run  for  months  and  were  just  as  good  as  when 
they  were  first  made. 

It  was  then  desired  to  conslruct  a  large  commercial 
unit  nnd  in  order  to  test  how  much  sagging,  analogous 
li>  that  .^lK)wn  by  the  briquellcs  in  Fig.  6,  would  take 
jihicc,  the  liorizonful  pipe  was,  liciicc,  purpo.scly  taken 
12  in.  in  diameter  by  to  ft.  long  ami  charged  with  the 


copper  turnings.  It  gave  300  liters  of  nitrogen  per 
minute  at  first  but  in  a  few  days  was  completely  useless. 
Examination  showed  that  the  copper  had  sagged  4  in. 
and  was,  moreover,  covered  with  iron  scale  from  the 
pipe  so  that  the  air  did  not  get  in  contact  at  all.  In 
another  case,  about  a  6-in.  tube  was  placed  vertically 
but  the  plastic  copper  soon  compacted  by  its  own 
weight  so  as  to  shut  oflf  the  gas  current. 

These  factors  having  been  determined  to  be  large, 
it  was  evident  that  they  must  be  avoided.  This  was 
very  easily  done  and  the  first  furnace  constructed  did 
so  well  that  I  should  simply  duplicate  it  if  more  nitrogen 
were  needed. 

I  used  a  vertical  pipe  10  in.  in  diameter  and  6  ft. 
long,  which  was  heated  in  a  furnace  having  two  ver- 
tical flues,  one  for  the  burner  flame  and  the  other  for 
the  tube  containing  the  copper.  The  supports  for 
the  copper  were  made  from  two  ordinary  i-in.  iron 
crosses  with  side  openings  which  were  connected  by 
a  threaded  6-in.  piece  of  iron  rod  through  the  side 
openings.  Then  4-in.  iron  nipples  were  turned  into 
the  8  remaining  openings  so  as  to  make  the  8-armed 
support  which  would  just  slide  down  into  the  lo-in. 
pipe. 

One  was  dropped  in  and  the  copper  tamped  down 
just  level  with  the  top  of  the  cross  with  a  stick.  Then 
another  support  was  dropped  down  so  that  it  rested 
on  top  of  the  lower  cross  and  copper  was  tamped  in 
as  before.  This  was  continued  until  the  top  was 
reached  and  the  pipe  contained  280  lbs.  of  copper 
turnings.  Every  section  of  copper  was  thus  sup- 
ported firmly  and  independently.  It  could  not 
sag  from  the  sides  because  the  tube  was  vertical.  It 
could  not  compact  itself  because  each  section  had  to 
sustain  only  its  own  weight  and  whatever  sag  there 
was  in  a  section  could  simply  open  a  horizontal  sec- 
tion which  would  do  no  harm. 

This  furnace  was  run  hard  for  6  weeks  in  the  tests 
and  I  could  not  detect  the  slightest  deterioration.  It 
gave  16,000  liters  of  nitrogen  in  2  to  3  hours  before  re- 
quiring reduction  and  then  it  was  reduced  by  cautiously 
adding  a  number  of  liters  of  wood  alcohol  at  the  top. 
This  served  not  only  for  reduction  but  also  as  a  measure 
of  the  capacity  of  the  furnace.  I  never  heated  it 
above  450°  C.  In  actual  practice  one  would  reduce 
the  copper  with  the  carbon  monoxide  from  the  cyanizing 
furnace  and  on  a  large  scale  perhaps  it  might  not  be 
necessary  to  apply  external  heat  since  the  reactions 
in  the  copper  turnings  are  exothermic.  The  reduc- 
tions should,  hence,  not  be  too  energetic  as  otherwise 
it  might  heat  the  copper  too  liigh.  I  do  not  know 
how  others  construct  their  furnaces  but  this  one  is 
eminently  satisfactory. 

The  expense  of  copper  need  hardly  be  considered 
because  the  cyanide  produced  would  now  pay  for  the 
copper  every  40  minutes  and  oven  in  normal  limes  in 
less  than  half  a  day.  If  anyone  is  doing  electrolytic 
work  nnd  has  waste  hydrogen,  this  will  also  give 
nitrogen  with  the  utmost  case  since  it  is  only  neces- 
sary to  btirn  the  hydrogen  nnd  nir  in  regulated  streams 
in     a^  very    simple    nppnrntvis.      It  consists  simply  of 
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iron  tubes  which  may  be  lined  with  fire-brick  inside 
in  the  combustion  space. 

This  is  about  the  same  as  the  above  scheme  with 
copper,  only  the  copper  is  left  out  and  the  hydrogen 
and  air  act  simultaneously.  The  steam  formed  con- 
denses out  and  leaves  the  nitrogen  which  may  contain 
a  slight  excess  of  hydrogen  if  desired  and  the  heat 
generated  can  be  used  for  evaporation  purposes. 

A  still  simpler  device  follows  from  my  method  of 
changing  cyanide  into  urea  as  shown  below.  In  fact, 
it  will  be  seen  that  the  nitrogen  there  becomes  a  waste 
product  in  nitrogen  fixation  and  it  may  accumulate 
twice  as  fast  as  it  is  being  fixed. 

DISTILLATION    OF    CYANIDE 

Having  now  shown  methods  of  obtaining  alkali 
cyanides,  it  is  naturally  in  order  to  consider  methods 
of  getting  the  cyanide  from  the  briquettes.  One 
would  wish  to  avoid  lixiviation  if  possible  and,  hence, 
the  following  work  on  distillation.  As  we  would  de- 
stroy the  catalytic  solution  surface  by  heating  the  iron- 
carbon  mixture  above  theeutectic  point  (about  ii2o°C.) 
because  of  the  iron  melting  to  globules,  it  seemed 
worth  while  to  try  the  distillation  in  either  a 
current  of  nitrogen  or  in  a  vacuum.  Both  seem  to 
work. 

For  example:  Some  cyanized  briquettes  were  placed 
in  a  copper  tube,  heated  to  1000°  C.  and  at  about 
2  mm.  pressure.  The  cyanide  collected  in  a  pool 
which  solidified  to  a  clear  mass  which  could  not  be 
told  from  glass  by  appearance.  There  was  no  cyanide 
whatever  left  in  the  iron-coke  mixture  and  only  the 
merest  trace  of  alkali. 

In  another  case  the  specimen  of  distilled  cyanide 
was  titrated  and  found  to  be  99.9  per  cent  NaCN. 
I  have  also  distilled  both  sodium  and  potassium  cy- 
anides in  vacuo  while  a  melting  point  tube  filled  with 
sodium  chloride  was  in  the  mixture.  The  sodium 
chloride  did  not  melt;  hence  the  cyanide  must  have 
distilled  below  this  melting  point  (792  or  820°  C). 

KjFeCCN).  and  K4Fe(CN)6  were  also  heated  in 
vacuo.  This  gave  a  fine  distillate  of  KCN  while 
iron-carbon  in  very  finely  divided  form  remained. 
This  would  be  slightly  wasteful  but  would  work 
finely  since  the  iron,  carbon  and  nitrogen  obtained 
in  decomposition  would  go  back  into  the  cyanizing 
process  again. 

ASHLESS    CARBON 

The  great  promise  of  the  above  method  of  dis- 
tilling cyanides  would  soon  come  to  grief  by  having 
the  ash  from  the  coke  accumulate  with  each  repetition 
until  it  would  stop  the  process.  If  we  could  get  this 
carbon  from  carbon  monoxide,  it  would  be  ideal. 
This  suggests  the  following  equation: 

or.n'7~*T-  4-  COj  +  38080  calories 

The  equilibrium  for  this  equation  gives  almost  pure 
carbon  monoxide  at  1050°  C.  while  at  500°  C.  it  is 
almost  reversed  so  that  carbon  monoxide  must  be  un- 
stable at  low  temperatures  and  if  we  could  find  a  suit- 
able catalyzer  we  should  be  able  to  get  carbon  from  it. 


I  first  passed  pure  carbon  monoxide  over  ground 
coke  but  could  notice  no  change.  No  carbon  dioxide 
could  be  detected  with  the  Hempel  burette  and  only 
a  trace  of  precipitate  was  obtained  with  lime-water. 
Evidently  the  catalysis  was  negligible. 

The  experiment  was  repeated  as  before  in  a  combus- 
tion tube  of  hard  glass  which  had  a  layer  of  finely 
divided  iron  in  the  bottom.  A  very  striking  change 
took  place  at  once.  The  surface  of  the  iron  blackened 
at  once  and  the  issuing  gas  contained  over  40  per  cent 
of  carbon  dioxide  in  spite  of  the  rapid  current  and  the 
very  slight  contact.  The  catalysis  must,  hence,  be 
exceedingly  efficient  and  in  a  few  hours  the  bulk  of 
the  whole  charge  had  so  increased  from  the  deposited 
carbon  that  the  entire  section  of  the  tube  became  filled 
so  that  the  gas  could  no  longer  pass  through. 

The  wonderful  importance  of  this  when  applied  to 
the  iron-coke-soda  ash  can  be  seen  at  once.  It  gives 
us  ashless  carbon,  in  the  form  of  very  finely  divided 
lampblack,  together  with  38,080  calories  of  heat  de- 
veloped within  the  charge  itself.  In  addition,  since 
the  coke  does  not  appreciably  catalyze  the  reaction, 
the  deposited  carbon  must,  hence,  be  in  very  close 
contact  with  the  iron. 

We  thus  have  this  automatic  process  to  do  away  with 
the  ash  in  the  carbon,  with  grinding  the  carbon,  with 
mixing  the  carbon  and  iron  and  it  provides  internal 
heat  in  the  briquettes  themselves.  It  is,  hence,  equiva- 
lent to  that  much  internal  electric  heating. 

I  will  show  how  this  will  apply  later  under  the  theory 
of  the  continuous  furnace.  Suspecting  that  Mond' 
might  have  done  such  work  in  connection  with  his 
metal  carbonyl  compounds,  I  looked  up  the  literature 
and  found  that  he  had  done  so.  He  found  that  with 
15  parts  of  nickel,  he  could  deposit  85  parts  of 
carbon. 

I  also  noticed  that  I  could  not  obtain  over  about  43 
to  45  per  cent  of  carbon  dioxide  in  the  experiments  and 
this  suggests  that  there  must  be  an  equilibrium  which 
should  not  be  here  if  the  process  were  one  of  pure 
catalysis  since  the  catalyst  should  simply  hasten  the 
velocity  of  transformation  but  should  not  completely 
change  its  course. 

A  search  of  the  literature  revealed  considerable  work 
along  this  line  from  the  point  of  view  of  the  phase 
rule.  Findlay^  discusses  the  work  of  Baur  and  Glaess- 
ner,  Boudouard  and  Hahn. 

Fig.  13  shows  a  diagram  embodying  part  of  their 
important  work  on  the  equilibrium  relation  of  carbon 
dioxide,  carbon  monoxide,  iron  and  carbon  at  varying 
temperatures,  while  the  dotted  line  in  the  curve  shows 
what  the  relation  should  be  if  no  catalyzer  were 
present  or  if  the  catalyzer  exerted  no  foreign  func- 
tion. 

It  is  evident  at  a  glance  that  as  soon  as  the  concen- 
tration of  CO2  reaches  a  certain  value,  it  will  begin 
to  oxidize  the  iron  to  FeO,  thus  destroying  the  catalyzer 
and  completely  changing  the  action. 

The  curve  ABC  of  Fig.  13  marks  the  concentrations 

1  Jour.  Am.  Chtm.  Soc.  B7  (1890).  749. 

•  Pindlay,  "The  Phase  Rule.  3rd  Impression."  page  306. 
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of  CO  and  CO2  which  correspond  to  each  tempera- 
ture as  long  as  any  metallic  iron  is  present.  The 
maximum  value  we  can  get  for  the  formation  of  CO2 
is  hence  about  42  per  cent  at  the  temperature  of 
680°  C. 

On  the  other  hand,  nickel  does  not  form  oxides  as 
readily  as  iron  and  it  will,  hence,  transform  CO  almost 
quantitatively  into  COj.  This  can  be  shown  beauti- 
fully as  a  lecture  experiment  by  placing  finely  divided 
nickel  in  a  glass  tube  heated  to  perhaps  300  to  400°  C. 
When  pure  CO  is  passed  into  the  tube  it  is  so  com- 
pletely transformed  that  the  CO  flame  goes  out  and  the 
exit  gas  contains  98  per  cent  of  COj. 

These  phase  rule  studies  are  of  great  importance  in 
the  study  of  blast-furnace  reactions,  case-hardening, 
etc.,  and  I  will  further  apply  them  under  the  question 
of  the  oxidation  of  iron  pipes. 

OXIDATION    or    IRON    PIPES 

In  conducting  the  above  process  by  external  heating, 
the  question  of  oxidation  of  iron  pipes  must  be  seriously 
considered,  but,  from  some  thousands  of  experiments 
I  feel  sure  that  this  will  not  be  of  the  slightest  trouble 
when  operations  are  based  upon  scientific  principles. 
If  we  use  electrical  heating,  the  oxidation  is  absolutely 
avoided  in  the  furnace  shown  above  in  Fig.  8,  which  was 
designed  and  built  for  this  very  purpose. 

My  experience  leads  me  to  believe  that  it  can  be 
entirely  avoided  in  fuel-heated  furnaces.  For  example, 
the    temperature-concentration    diagram    in    Fig.     13 


300       400       500       too      700       BOO     300    1000    MOO 

Temperature  "  C 

Fto.  13 

shows  that  iron  oxide  cannot  exist  in  the  field  above 
the  curve  ABC  and,  hence,  it  is  impo.ssible  even  to 
oxidize  the  iron  pipe  until  the  heating  flame  contains 
the  corrcspontliiiK  value  of  C0|. 

For   instance,    if    llic   iron    pipe   is    iieatcd    to    950°, 


then  we  could  have  25  per  cent  of  CO2  present  and  still 
have  oxidation  impossible;  that  is,  we  could  burn 
carbon  according  to  the  equation, 

4C  -f  2'/20,  =  3CO  -f  COj  -1-  184,830  calories, 
without  any  possibility  of  oxidizing  the  tube  and  then 
the  remaining  203,010  calories  could  be  obtained  by 
admitting  enough  air  in  the  preheating  zone  to  burn 
the  3 CO  where  oxidation  would  no  longer  take  place 
because  of  the  lower  temperature.  We  might  also 
combine  the  principle  of  the  regenerative  oven  here  if 
we  desired. 

These  figures  would  be  modified  somewhat  by  con- 
sidering the  diluting  influence  of  nitrogen,  but  I  have 
only  time  to  state  general  principles  without  giving 
details.  It  is  very  likely  indeed  that  much  more 
heat  may  be  liberated  in  the  heat  zone  because  of  the 
protective  influence  of  a  layer  of  oxide  on  the  surface 
of  the  tube,  but  I  always  prefer  to  calculate  on  the 
most  unfavorable  case. 

Also,  we  might  consider  admitting  hydrogen  with 
the  producer  gas  as  by  having  a  steam-blown  producer. 
The  hydrogen  present  would  then  steadily  diffuse 
through  the  red-hot  iron  walls  as  explained  above 
under  Fig.  i.  The  outward  diffusing  hydrogen,  aided 
by  the  outward  diffusing  carbon  and  carbon  monoxide, 
would  meet  the  ingoing  layer  of  oxide  and  would  drive 
it  back  under  the  right  conditions. 

Also  copper  tubes  would  absolutely  avoid  this  oxi- 
dation and  they  would  easily  stand  the  temperature. 
I  have,  in  fact,  used  copper  tubes  largely  at  950 
to  1000°  in  another  line  of  work  with  the  greatest 
success.  I  could  notice  no  damage  to  the  tube  either 
inside  or  outside.  The  expense  of  the  copper  would 
not  be  prohibitive  and  it  could  be  cut  down  by  using 
it  only  in  the  actual  heat  zone,  and  by  using  it  as  a 
sheathing  for  iron  tubes;  perhaps  iron  plated  with 
copper  would  do.  I  have  also  tried  nickel  sheathing 
with  results  which  would  warrant  a  longer  test. 

There  is  no  doubt  that  the  trouble  from  the  oxida- 
tion of  iron  tubes  has  been  grossly  exaggerated,  and, 
personally,  I  feel  convinced  that  there  is  nothing  to  it. 

THEORY  or  BATCH  FURNACE 

The  theory  of  the  batch  furnace  is  also  the  theory 
of  tlie  process  in  its  simplest  form.  We  merely  grind 
together  intimately,  iron,  coke  and  soda  ash,  moisten 
and  briquette  the  material.  The  dry  briquettes  are 
then  heated  in  a  vertical  pipe,  to  say  oso"  C,  in  a 
current  of  nitrogen  or  producer  gas  until  carbon  mon- 
oxide no  longer  escapes.  This  is  exceedingly  simple 
and  is  all  that  there  is  to  the  process. 

The  theory  is  that  the  iron,  by  dissolving  the  carbon, 
gives  a  solid  solution  in  which  the  carbon  may  move 
freely  and  it  becomes  octivc.  This  gives  us  our 
"catalytic  solution  surface." 

It  is  hence  only  necessary  to  produce  the  extremely 
active  catalytic  solution  surface,  to  maintain  it  un- 
impaired during  the  process,  and  to  give  the  nitrogen 
and  alkali  mclnl  or  compound  free  access  to  the  «ur- 
fncc  during  the  run. 
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ENRICHING    PRODUCER    GAS 

You  will  note  from  Equation  8  that  nitrogen 
gas  is  absorbed  in  the  process  and  carbon  monoxide 
is  formed  in  large  volume.  The  gas  is  enriched  in  a 
two-fold  way  and  I  have  noted  75  per  cent  of  carbon 
monoxide  in  the  exit  gas  from  the  batch  furnaces. 

Bunsen  and  Playfair  absorbed  all  their  nitrogen; 
hence  it  is  probable  that  under  the  right  conditions 
producer  gas  can  be  enriched  so  that  it  will  be  sub- 
stantially pure  carbon  monoxide. 

DESTRUCTIVE  EFFECT  OF  CARBON  MONOXIDE 

You  will  notice  that  in  using  producer  gas,  I  always 
shut  off  the  gas  current  before  the  briquettes  began  to 
cool.  This  is  a  vital  point.  For  example,  briquettes 
containing  19  per  cent  of  sodium  cyanide  were  heated 
red  hot  in  a  current  of  producer  gas  and  cooled  slowly 


while  the  current  continued.  When  cold,  they  con- 
tained only  3  per  cent  of  cyanide  of  sodium.  This 
shows  that  we  have  almost  complete  destruction  of 
cyanide  when  the  briquettes  cool  in  a  producer  gas 
current  and  that  we  avoid  all  trouble  in  the  above 
batch  furnace.  Fig.  8,  by  merely  stopping  the  current 
before  the  charge  cools,  or,  by  dumping  the  hot  bri- 
quettes so  that  the  gas  current  can  not  pass  through 
while  they  are  cooling. 

This  destruction  may  well  be  due  to  carbon  dioxide 
formed  by  the  catalysis  of  the  iron  in  causing  the 
formation  of  ashless  carbon  by  the  equation  2CO  <  * 
C  4-  CO2.  If  this  be  the  true  explanation,  the  iron 
acts  both  as  a  destructive  and  constructive  catalyzer 
in  the  process. 


If  this  be  so,  then  at  500  to  600°  C,  cyanide  should 
be  destroyed  rapidly  (see  the  temperature  concentra- 
tion diagram,  Fig.  13)  while,  at,  say,  950  to  1000°  C, 
the  CO2  has  almost  disappeared  and  the  speed  of  the 
cyanide  formation  has  increased  so  that  no  harm  is 
done.  This  is  very  important  in  the  continuous 
furnace  shown  in  Fig.   14. 

THEORY  OF  THE  CONTINUOUS  FURNACE 

It  would  take  a  separate  paper  to  deal  with  the  gen- 
eral features  of  such  a  furnace  as  that  shown  in  Fig.  5. 
The  briquettes  passing  in  the  top  become  preheated, 
by  utilizing  the  waste  heat  from  the  gases  of  the 
reaction  zone,  and  then  collect  all  the  cyanide  fumes 
which  are  liable  to  distil  in  clouds  from  the  batch 
furnace.  When  they  get  red  hot  they  will,  by  catal- 
ysis of  their  iron  content,  produce  the  reaction 

2C0:^  C  -I-  CO2  -f-  38,080  calories. 

This  gives  finely  divided  ash-free  carbon  which  is 
necessarily  in  intimate  mixture  with  the  finely  divided 
iron.  It  also  gives  out  heat  in  the  briquettes  themselves 
and  therefore  has  the  same  exceedingly  important  effect 
as  internal  electric  heating.  Unfortunately  the  equil- 
ibrium relations  of  curve  ABC  in  Fig.  13  must  be 
applied,  but,  even  if  we  take  the  maximum  value  at 
680°  C.  this  would  contribute  over  20,000  calories 
towards  the  138,500  calories  needed  in  the  heat  zone 
for  the  reaction 
2KajC03  +  4C  +  Nj 

=   2NaCN  -|-  3CO  —  138,500  calories. 

This  is  an  exceedingly  great  advantage.  Then  in 
the  cyanizing  zone  the  same  reaction  takes  place  as 
in  a  batch  furnace,  but  the  intense  volatilization  from 
the  porous  briquettes  carries  the  alkali  upwards  to 
be  recondensed  on  the  cooler,  briquettes  above  with 
corresponding  heat  changes.  This  distillation  gives 
fine  circulation  of  alkali  to  the  solution  surface  and  is 
carried  back  by  the  descending  briquette  column. 

Below  the  cyanizing  zone,  the  nitrogen  cools  the 
briquettes  and  itself  becomes  preheated  so  as  to  carry 
the  waste  heat  back  into  the  heat  zone.  The  plastic 
briquettes  now  harden  again  and  are  removed  by  the 
conveyor.  When  producer  gas  washed  with  caustic 
alkali  to  remove  CO2  is  used  instead  of  nitrogen  we 
have  in  some  ways  a  very  different  problem. 

For  example,  in  a  run  in  a  14  ft.  6-in.  pipe  which 
should  have  yielded  at  least  20  per  cent  of  NaCN  in 
the  briquettes,  I  got  only  5  per  cent  of  cyanide  when 
feeding  at  the  rate  of  2000  lbs.  per  day.  When  the 
feeding  was  reduced  to  1000  lbs.  per  day  the  yield 
dropped  to  i  per  cent  of  NaCN  in  the  briquettes. 
In  view  of  the  facts  already  disclosed  it  is  evident  that 
the  producer  gas  destroyed  '/«  of  the  cyanide  formed 
with  the  2,ooo-lb.  feed,  and  when  this  was  made 
slower  the  producer  gas  had  a  longer  time  to  act  and 
"/;o  of  the  cyanide  was  destroyed. 

This  looked  bad  for  the  continuous  process  with  the 
producer  gas.  The  difficulty  was  overcome,  however, 
by  simply  passing  the  producer  gas  into  the  briquette 
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column  at  the  base  of  the  heat  zone.  In  this  case  the 
cyanized  briquettes  as  they  cool  are  entirely  away 
from  the  current  of  producer  gas  (there  must  be  no 
leak  in  the  lower  fitting  of  the  furnace  pipe,  otherwise 
some  of  the  producer  gas  would  be  forced  downward 
with  the  briquettes  and  thus  do  harm). 

This  arrangement  is  shown  diagrammatically  in 
Fig.  14  and  is  arranged  so  that  we  may  use  either 
nitrogen  or  producer  gas  and  it  shows  the  principle 
of  transferring  carbon  from  one  part  of  a  closed  system 
to  another  with  oxides  of  carbon  so  as  to  separate 
from  ash;  incidentally  such  a  simple  modification 
in  the  furnace  gives  25  per  cent  NaCN  in  the 
briquettes. 

Even  poor  briquettes  will  give  good  results  in  these 
continuous  furnaces.  Some  of  the  advantages  can, 
however,  be  attained  in  batch  furnaces  by  running 
the  waste  gases  and  fumes  from  the  top  of  one  into 
the  bottom  of  the  next  furnace. 

LIMITING     FACTS 

Suppose  we  consider,  for  example,  a,  vertical  6-in. 
iron  pipe,  6  ft.  in  length  charged  with  briquettes  of  the 
usual  size.  Thus  the  speed  of  operation  would  be 
limited  by  the  activity  of  the  briquettes,  by  the  rate 
at  which  nitrogen  could  be  passed  in,  and  by  the  rate 
at  which  heat  could  penetrate  through  the  charge  to 
the  center  of  the  core.  Results  already  mentioned 
show  that  the  briquettes  are  active  enough  to  be 
cyanized  in  i  or  2  minutes.  The  retjuisite  nitrogen 
could  be  passed  through  them  in  10  minutes.  The 
heating  could  be  done  in  2  hrs.  without  undue  excess  of 
temperature  outside. 

These  data  show  why  heat  conduction  is  the  slow 
factor  and  why  internal  heating  by  electricity  or  by 
the  ashless  carbon  method  are  so  interesting.  Also 
the  slow  conduction  determines  the  furnace  design. 
It  means  above  all  else  a  long  heat  zone,  just  as  long 
as  possible,  so  that  it  will  not  be  necessary  to  force  an 
excessive  amount  of  heat  through  a  short  heat  zone 
with   all   the   ruinous  effects  that  follow. 

1  should  use  the  full  length  commercial  pipes  of  20- 
to  24-ft.  length  unless  the  plastic  briquettes  com- 
pacted too  mucli.  In  that  case  I  should  try  slanting 
the  pipes  and  if  this  did  not  work  I  would  cut  the  pipe 
so  as  to  bring  the  preheating  zone  in  at  an  angle  which 
should  be  sure  to  relieve  the  pressure. 

SODIUM    KKRROCYANini: 

Having  now  shown  how  to  fix  nitrogen  in  the  bri- 
f|uettes,  it  is  in  order  to  show  how  compounds  can  be 
recovered  from  thcin.  If  wc  add  hot  water  to  the 
cyanized  bri(|uclles  to  make  a  stiff  paste  and  then 
steam  them  in  an  agitator  you  will  see  at  once  that  we 
have  an  electrolyte  of  sodium  cyanide  and  innumeralile 
carbon-iron  elements  in  contact  with  it. 

We  might  hcnco  expect  to  get  as  a  result  of  elec- 
trical action,  or  otherwise,  the  following  reaction: 

6  NaCN  +  I'-e  +  jHjO 

-  Na«Fe(CN),  +  jNnOIl  +  Hi- 


This  reaction  takes  place  with  great  ease,  hy  drogen 
being  given  off  in  large  quantity.  After  agitating  for 
several  hours,  the  hot  mass  is  filtered  and  the  black 
powder  turned  back  into  the  process  again. 

The  hot  filtrate  deposits  an  exceptionally  fine  quality 
of  sodium  ferrocyanide  on  cooling,  and  upon  con- 
centrating the  filtrate  the  rest  deposits  out  from  the 
strong  solution  of  caustic  soda  which  is  formed.  The 
caustic  soda  is  either  turned  right  back  into  the  pro- 
cess or  used  otherwise.  The  method  is  exceedingly 
effective. 

LIXIVIATIOX    FOR    CYANIDES 

From  this  behavior  of  the  briquettes  with  hot  water, 
we  see  that  it  will  be  necessary  to  observe  certain 
precautions  in  lixiviating  to  get  sodium  cyanide. 
On  the  other  hand,  the  solubility  curve  in  Fig.  1 5  shows 
that  at  temperatures  below  35°  C.  the  mass  will  take 
up  water  of  crystallization  to  form  NaCN.2HiO 
which   will  "set"  the   mass  just  like  plaster  of  Paris. 


—  20—10      O       10      20     30    40     50     fcO     70     80    00    100 

TE/^PERATURE  JN     "C 

l-"lO     IS 

To  avoid  both  dilemmas  we  should  lixiviate  at  a  tem- 
perature slightly  above  35°  C,  the  transition  point  of 
the  cyanide.  This  should  be  done  quickly  because  the 
ferrocyanide  reaction  is  going  on  slowly  even  at  this 
temperature. 

The  solution  can  be  concentrated  in  vacuo  if  desired. 
The  cyanide  is  pure  enough  for  many  purposes.  Or,  it 
can  be  distilled  as  mentioned  above.  I  have  some- 
times added  lime  to  it  to  causticize  any  soda  ash  present 
as  this  would  prevent  the  hydrolylic  dissociation 
to  form  hydrocyanic  acid, 

NaCN  -t-  HjO:;^  NaOH  +  HCN, 
for  which   manufacturers  frequently  add  caustic  soda 
intentionally. 

.Mso  we  may  odd  calcium  chloride  to  remove 
the  carbonate  and  replace  it  by  sodium  chloride 
thus: 

Na.CO,  +  CaCl,  -  CaCOi  +  AaCl. 
On  then  evaporating,  we  have  the  mixture  of  sodium 
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chloride  and  sodium  cyanide  which  is  so  much  sought 
in  the  jewelry  trade. 

AMMONIA    AND    SODIUM    FORMATE 

If  we  boil  sodium  cyanide  solution  to  get  ammonia 
and  sodium  formate, 

NaCN  +  2H20  =  HCOjNa  +  NH3, 
we  can  only  get  to  the  boiling  point  of  the  solution, 
the    action  is  slow  and  hydrocyanic  acid  is  likely  to 
form  according  to  the  already   mentioned  hydrolytic 
dissociation. 

If,  however,  we  add  caustic  soda  (or  prepare  it  with 
lime  in  the  lixiviated  solution),  we  get  these  eflfects: 
the  caustic  soda  prevents  hydrolytic  dissociation  to 
form  hydrocyanic  acid,  it  raises  the  boiling-point  of 
the  solution  and  it  salts  out  the  sodium  formate  from 
the  solution  by  making  it  many  times  less  soluble 
than  in  pure  water. 

The  operation  is  carried  out  with  a  return  condenser 
and  the  ammonia  after  passing  through  a  caustic 
soda  dryer  is  chemically  pure  and  anhydrous  and 
can  be  compressed  at  once  into  cylinders,  if  desired. 
The  sodium  formate  can  be  turned  back  into  the 
cyanizing  process  or  it  can  be  converted  into  sodium 
oxalate  at  once  by  merely  heating  in  vacuo;  from 
these  we  can  easily  obtain  formic  and  oxalic 
acids. 

UREA,    AMMONIA    AND    NITROGEN 

If  we  can  arrange  a  flanged  cast-iron  pot,  3  in.  in 
diameter  by    12    in.    deep,    with    a    cover,    inlet    and 


cyanide  into  urea.  The  cyanide  is  kept  just  above 
its  melting  point  and  a  current  of  air  is  passed  through 
the  molten  cyanide.  It  burns  to  sodium  cyanate 
according  to  the  approximate  equation, 

NaCN  -f  Air  =  NaCNO  -f  zNj. 

The  nitrogen  thus  formed  is  turned  into  the  cyaniz- 
ing furnaces  and  this  gives  us  4  atoms  of  nitrogen 
for  each  2  atoms  fixed.  The  process  hence  takes  its 
own  nitrogen  from  the  air  to  such  an  extent  that 
theoretically  one-half  would  have  to  be  thrown  away 
as  a  waste  product  in  spite  of  the  process  being  one  for 
the  fixation  of  nitrogen. 

One-half  of  the  cyanate  is  now  heated  with  water 
which  converts  it  into  ammonia  long  before  the  boiling 
point  is  reached  according  to  the  equation, 

NaCNO  +  2H20  =  NaHCOa  -f  NH,. 
The    sodium    bicarbonate    is    thrown    back    into    the 
process    and    the    ammonia   saved    or    else    converted 
into  urea  as  follows. 

The  other  half  of  the  NaCNO  is  added  to  water  and 
the  ammonia  then  passed  in.  Then  COj  from  the 
cyanizing  furnaces  is  also  passed  into  the  liquid. 
The  change  is  represented  by, 

NaCNO  -1-  NH,  -f  H2O  -+-  CO2 

=  NaHCOs  +  NH,CNO  and  NH4CN0 

=   C0(NH2)j  {Urea). 
You    will  notice  that  this  is  exactly  similar  to  the 
ammonia-soda  process, 

NaCl  +  NH,  +  HjO  +  CO2 

Z^  NaHCO,  -f  NHiCl,— 

the  radical  — CNO  taking  the  place  of  the  chlorine 
atom  of  sodium  chloride. 

The  urea  reaction  takes  place  much  better  than  the 
ammonia-soda  one  because  the  NH4CNO  is  passed 
into  urea  and  hence  practically  does  away  with  re- 
versibility while  the  NH4CI  in  the  ammonia-soda 
process  causes  a  loss  of  30  or  40  per  cent  because  of 
this  factor. 

The  bicarbonate  is  returned  to  the  process.  We 
thus  have  a  very  inexpensive  way  of  getting  urea  which 
has  over  46  per  cent  of  nitrogen  and  which  is  about 
three  times  as  rich  in  nitrogen  as  sodium  nitrate. 
It  is  about  twice  as  rich  in  nitrogen  as  ammonium 
sulfate  and  would  not  introduce  sulfuric  acid  into  our 
soils,  many  of  which  are  already  too  acid. 

The  urea  was  tested  in  water  culture  in  the  botanical 
laboratory  of  this  university  and  found  to  give  results 
equal  to  that  of  the  nitrogen  from  potassium 
nitrate. 

The  urea  may  also  be  combined  with  nitric  acid 
produced  from  ammonia  so  as  to  form  urea  nitrate 
(CO(NH2)2.HN03,  which  is  still  very  rich  in 
nitrogen  but  less  soluble  than  urea. 

^°'  '*  METALLIC    SODIUM 

exit  pipes,  and  a  2-in.  reducing  coupling  as  shown  in  Sodium  cyanide  melts  at  a  much  lower  temperature 

Pig.  16,  we  have  a  serviceable  laboratory  unit  to  convert      than  salt  and  requires  much  less  voltage  for  electrol- 
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ysis.  My  experiments  indicate  that  it  can  be  easily 
electrolyzed  [aNaCN  =  2Na  +  (CN)2]  to  sodium 
and  cyanogen.  This  should  give  us  a  very  cheap  way 
of  getting  sodium  from  sodium  carbonate  with  the 
incidental  fixation  of  nitrogen. 

OXAMID,     OXALIC    AND    FORMIC    ACIDS 

The  cyanogen  obtained  from  above  was  not  sup- 
posed to  be  readily  convertible  into  oxamid  but  I 
find  it  converts  with  the  utmost  ease  under  the  right 
conditions.  The  gas  is  rapidly  absorbed  in  hydro- 
chloric acid  (44  per  cent)  and  then  changes  to  oxamid 
thus:  (CN)2  +  2H2O  =  C0(NH2)!,  which  being 
practically  insoluble  separates  out  as  a  pure  white 
powder. 

Here  we  have  the  remarkable  case  of  the  hydrochloric 
acid  acting  as  a  catalyzer  to  concentrate  itself  even  to 
the  point  of  becoming  gaseous,  while  at  the  same  time 
precipitating  out  the  resultant  compound. 

Curiously  enough,  the  reaction  practically  stops  when 
the  hydrochloric  acid  is  slightly  dilute  (14  per  cent). 
The  oxamid  has  nearly  32  per  cent  of  nitrogen  and  is 
nearly  insoluble  in  water  and  it  should  be  especially  of 
value  as  a  fertilizer  and  should  partially  approximate 
the  effect  of  the  nitrogen  in  dried  blood  rather  than  that 
from  the  more  soluble  sodium  nitrate.  This  has  ap- 
parently already  been  verified  by  Dr.  Hartwell  of  the 
Rhode   Island   Agricultural   Experiment   Station. 

We  get  chemically  pure  oxalic  acid  from  the  oxamid 
by  merely  heating  it  for  a  minute  or  so  with  the  con- 
centrated hydrochloric  acid  to  add  more  water, 
thus: 

(CONH,)^  +  4H!0  +  2HCI 

=  (COOH)a.2H20  -f  2NH4CI. 

The  acid  crystallizes  out  free  from  all  mineral 
salts. 

The  acid  upon  heating  with  glycerin  transforms  at 
once    into    formic    acid     according    to    the  equation, 
(COOH),  =  HCOjH  +  CO,. 

CAUSES    OF    FAILURE 

A  few  of  the  large  number  of  reasons  for  the  ab- 
solute failure  to  achieve  commercial  results  worthy  of 
consideration  by  the  methods  described  in  this  paper 
may  be  given: 

(1)  The  omission  of  iron  (which,  by  the  way,  is  prob- 
ably the  only  technically  suitable  catalyzer  where 
alkali  carbonates  are  used),  absolutely  ruins  the 
process. 

(2)  Failure  to  mix  the  constituent  properly  is  nearly 
equally  ruinous  and  has  no  doubt  contributed  largely 
to  failure. 

(.?)  Heating  a  briquette  a  little  loo  high  will  melt 
the  iron  at  the  eutectic  point  into  globules,  thus  de- 
stroying the  extended  catalytic  solution  surface  and 
thereby   completely  ruining   the  process. 

(4)  It  is  olso  above  shown  Ihut  simply  pultinR  11 
largo   vertical   retort  in   the   furnace   horizontally   will 


completely  ruin  the  process   whenever  the   charge  is 
plastic. 

Alder  preferred  to  mix  his  powdered  materials  with 
water  and  then  with  pieces  of  charcoal  from  "size  of 
pea  to  size  of  fist."  You  can  see  at  once  that  here  the 
charcoal  would  absorb  the  molten  cyanide  just  as  a 
sponge  absorbs  water,  thereby  preventing  the  alkali 
from  contacting  freely  with  the  catalytic  solution 
surface  even  when  he  had  one  present  by  using  iron. 
To  show  hojir  serious  this  is,  I  prepared  an  active  iron- 
coke-soda  ash  mixture  according  to  my  specifications 
which  yielded  cyanide  of  98  per  cent  purity.  A  por- 
tion was  then  mixed  with  water  and  charcoal  and  it 
now  yielded  cyanide  of  only  14  per  cent  purity.  This 
shows  conclusively  that  Alder's  preferred  directions 
will  ruin  even  an  initially  active  mixture.  You  can 
now  see  why  I  was  careful  to  have  the  screens 
spaced  in  Fig.  11  to  keep  the  coke  and  briquettes 
apart. 

(5)  The  above  work  shows  that  cooling  a  cyanized 
charge  containing  iron  in  producer  gas  ruins  the  pro- 
cess. 

(6)  Evidently  oxygen  would  be  worse  and  you  can 
form  your  own  inference  about  cooling  the  descending 
charge  in  nitrogen  containing  2.5  per  cent  of 
oxygen. 

(7)  The  quantitative  measurement  of  heat  penetra- 
tion also  shows  that  the  heat  zone  should  be  long  so 
as  to  allow  time  for  the  heat  to  penetrate  to  the  center 
of  the  charge  without  having  to  force  the  process  and 
thereby  causing  no  end  of  needless  trouble. 

EMERGENCY    PROCESS 

I  have  carefully  distinguished  between  what  I  have 
actually  demonstrated  with  units  which  were  of  com- 
mercial size  and  those  other  things  which  have  not 
been  worked  out  as  far. 

In  view  of  the  conditions  now  existing,  I  wish  to  call 
attention  to  this  topic  so  definitely  that  the  issue  will 
be  so  sharply  defined  that  anyone  interested  can  test 
the  matter  for  himself  by  direct  experiment  within  a 
few  hours.  This  is  a  perfectly  fair  way  of  finding  the 
truth  or  falsity  of  the  statements  and  criticisms  I 
have  felt  compelled  to  make. 

If  one  wishes  an  operative  process  at  once,  it  is  only 
necessary  to  construct  the  furnace  shown  in  Fig.  8. 
Construct  a  platform  about  6  feet  by  8  feet  with  6 
feet  of  free  space  underneath  out  of  4  X  6  timbers  and 
2-in.  planks,  cutting  a  hole  through  which  the  iron 
pipe  may  pass.  Put  on  four  small  piles  of  brick  to 
support  the  metal  drum  which  should  be,  say,  30  in. 
in  diameter  by  6  feet  in  height  and  fill  it  with  magnesia 
asbestos  after  inserting  the  drilled  pipe  and  fastening 
with  locknuts.  Put  on  the  reducing  coupling,  slufljng 
box  and  iron  support  as  shown  in  Fig.  8  and  drop  in 
the  brick  support  8a  and  turn  on  the  8-in.  receiving 
pipe. 

This  completes  the  furnace  ond  with  the  help  of 
several  workmen,  I  would  find  no  trouble  in  tloing  the 
whole  thing  in  6  hours.     Briquettes  arc  now  added  and 
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the  copper  leads  attached.  With  sufficient  current 
the  first  run  will  be  finished  and  drawn  within  2  hours 
and  then  runs  can  be  made  every  hour;  this  can  be 
kept  up  indefinitely  if  the  drum  be  air-tight. 

This  furnace  can  be  in  operation  in  less  than  24 
hours,  giving  its  output  steadily  and  will  easily  yield 
150  lbs.  of  sodium  cyanide  per  24  hours  or  over  200 
lbs.  of  sodium  ferrocyanide  in  the  same  time.  An 
ordinary  meat  chopper  will  easily  supply  briquettes 
enough  to  run  8  such  furnaces. 

With  over  S2.00  per  lb.  now  asked  for  sodium 
cyanide,  and  with  sodium  ferrocyanide  at  over  $1.25 
per  lb.  and  potassium  ferrocyanide  at  over  $7.00  per 
lb.  within  the  past  10  months  and  great  anxiety  in 
both  the  mining  and  jewelry  industries  it  seems  that 
the  above  furnace  which  costs  less  than  $100.00  and 
can  be  put  up  and  operating  in  less  than  a  day  might 
have  been  tried. 

It  would,  at  a  stroke,  either  have  shown  how  to  re- 
lieve the  situation  immediately  or  else  have  shown 
that  what  I  have  been  telling  you  to-night  is  worth- 
less. 

If  no  high  amperage  is  available,  the  ordinary  light- 
ing current  of  120  or  220  volts  with  iron  rods  analogous 
to  the  construction  above  indicated  in  Fig.  9  would  work 
just  as  well.  If  electricity  were  not  available  then  an 
oil  burner  would  answer  just  as  well  as  any  burning- 
out  of  pipes  would  not  need  to  be  considered  at  such 
prices.  I  am  not  here  advocating  any  particular 
furnace,  hence  there  is  no  cause  for  discussion  about 
its  merit  or  lack  of  merit.  It  simply  shows  a  means 
of  getting  away  from  endless  discussion  by  do- 
ing something  to  get  chemicals  which  are  sorely 
needed. 

These  units  could  be  enlarged  and  put  in  series  to 
take  practically  any  current  and  I  have  data  for  the 
design  of  a  plant  capable  of  producing  the  ammonia 
for  180,000  tons  of  nitric  acid  per  year  along  these  lines 
and  it  would  be  something  which  could  be  done 
quickly  in  case  of  need. 

COST    OF    PROCESS 

I  do  not  have  time  to  go  into  the  question  of  cost 
of  production  this  evening  but  I  have  estimated  it 
very  carefully  from  what  I  have  actually  tested  with 
commercial  units  as  well  as  from  theory.  I  will 
hence  say  that  the  equation, 

NacCOa  -f  4C  -I-  N; 

=  2NaCX  -|-  3CO  —  138,500  calories, 

would  theoretically  require  about  35,000  H.  P.  to 
produce  180,000  tons  of  nitric  acid,  allowing  85 
per  cent. efficiency  in  oxidizing  the  ammonia. 

But  the  three  molecules  of  CO  in  the  above  equa- 
tions would  give  on  burning, 

3CO  -f  1V2O;  =  3COC  +  200,000  calories, 

equivalent  to  about  50,000  H.  P.  to  help  make  up  the 
unavoidable  heat  losses.  Combining  these  two  equa- 
tions we  have 


NaoCOj  +  4C  -f  I'/.Oj  -f  N2 

=  2NaCN  +  3CO:  +  61,500  calories. 

The  total  process  is  hence  really  an  exothermic  one 
and,  in  any  case,  it  does  not  require  electric  power. 
Owing  to  its  great  simplicity  and  to  the  inexpensive 
materials,  the  cost  is  exceptionally  favorable  for 
the  fixation  of  nitrogen  and  the  production  of  cya- 
nides, ammonia,  urea  and  the  other  substances  above 
mentioned. 

COMPARISONS 

We  are  now  in  a  position  to  compare  the  above 
process  with  three  of  the  commercial  methods  now  in 
successful  operation.  The  arc  process  which  has  been 
developed  on  such  a  large  scale  in  Norway  yields  nitric 
acid  and  nitrates  but  it  requires  a  very  high  tempera- 
ture and  is  hence  absolutely  dependent  not  only 
on  electric  power,  but,  I  think  all  agree  that  it  can  suc- 
ceed only  where  the  power  is  very  cheap  because  the 
requirement  of  current  is  very  large.  It  i^  further 
handicapped  by  yielding  very  dilute  products  which 
must  be  worked  over. 

The  Cyanamid  process  requires  calcium  carbide 
which  can  be  made  practically  only  at  the  high  tem- 
peratures of  the  electric  arc.  It  is  therefore  also  ab- 
solutely dependent  upon  electric  power  but  it  can  make 
use  of  more  expensive  power  than  the  arc  process. 

It  has  hence  a  correspondingly  wider  choice  of  loca- 
tions. It  is  also  handicapped  by  using  nitrogen  itself 
rather  than  producer  gas. 

My  process  differs  from  the  above  processes  bj' 
operating  at  temperatures  which  may  be  below 
950°  C.  and  it  is  therefore  independent  of  electric 
power.  This  means  that  it  can  be  operated  at  any 
locality  suitable  for  manufacturing  purposes.  I  can 
use  producer  gas  just  as  well  as  nitrogen  and  the  pro- 
cess is  therefore  independent  of  pure  atmospheric 
nitrogen.  It  is  so  exceedingly  simple  that  it  can  be 
installed  immediately  with  apparatus  obtainable  in  the 
open  market  and  because  of  the  remarkable  trans- 
formations of  the  cyanogen  it  opens  the  way  for  the 
cheap  production  of  organic  substances  such  as  urea, 
oxamid,  etc.,  as  well  as  new  commercial  methods  for 
oxalic  and  formic  acids  and  many  other  substances  I 
have  in  mind. 

The  Haber  process  fixes  nitrogen  by  combining  it 
with  hydrogen  and  requires  these  substances  in  the 
pure  state.  It  requires  costly  machinery,  and  its  de- 
velopment required  the  highest  type  of  engineering 
skill.  These  highh'  specialized  things,  however,  mean 
that  it  will  also  require  especially  competent  people  to 
run  it. 

On  the  other  hand,  the  process  I  have  described  to 
you  this  evening  represents  the  other  extreme.  It 
makes  use  of  the  crudest  things  such  as  coke,  producer 
gas  and  water.  These  are  handled  by  the  simplest 
possible  mechanical  operations  and  the  catalyzer, 
iron,  is  not  bothered  even  by  the  gross  assortment  of  ele- 
ments in  the  ash  of  the  coke,  and  any  sort  of  labor, 
when  properly  directed,  can  handle  it. 
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It  is  not  worth  while  to  make  a  summary  of  the 
work  I  have  described,  because  the  whole  presentation 
has  been  condensed  so  as  practically  to  be  a  summary. 
Almost  everything  mentioned  can  be  done  in  a  variety 
of  ways  which  I  did  not  have  time  to  mention  and  even 
the  most  important  things  could  not  be  much  more  than 
mentioned. 

I  hope  that  the  evidence  presented  to-night  has  cleared 
away  some  of  the  erroneous  statements  which  have  hin- 
dered progress  in  this  field  which  has  been  handled  in 
an  exceptionally  unfortunate  way.  I  also  hope  that 
the  statements  under  "Emergency  Process"  will,  if 
sudden  need  arise,  lead  to  instant  action  instead  of 
interminable  discussion  and  counter-propositions. 
The  way  to  test  the  matter  is  to  set  up  the  apparatus 
as  is  sharply  set  forth.  A  roof  can  be  put  over  it 
after  it  is  in  operation  and  blueprints,  plans  and  im- 
provements can  await  their  turn. 

None  of  the  things  mentioned  in  the  above  work 
were  discovered  by  chance.  All  were  predicted  by  a 
carefully  considered  application  of  the  very  simple 
but  fundamental  principles  of  physics,  chemistry  and 
mathematics,  which  every  undergraduate  in  chemistry 
is  taught.  They  were  then  verified  by  experiments 
which  were  chosen  to  give  decisive  answers  to  ques- 
tions and  to  establish  quantitative  data. 

Only  a  comparatively  short  time  could  be  given  to 
the  work  because  of  the  heavy  pressure  of  other  duties, 
and  it  would  certainly  have  been  impossible  to  carry 
it  out  if  it  were  not  true  that  pure  science  is  the  only 
foundation  fur  industrial  work. 

I  have  been  connected  with  universities  and  tech- 
nical schools  for  28  years  as  student  and  teacher. 
I  have  always  used  every  effort  to  further  the  view  that 
all  industries  must  be  based  directly  on  work  in  pure 
science  and  that  the  only  way  to  succeed  is  to  become 
thoroughly  master  of  these  fundamental  principles 
and  then  look  at  things  from  every  point  of  view  in 
order  to  solve  whatever  problems  may  be  encoun- 
tered. 

There  seems  to  be  a  constantly  increasing  pressure 
both  from  within  as  well  as  from  without  the  uni- 
versity, which  is  inimical  to  this  ideal  and  many  cures, 
which  are  at  varicncc  with  it,  are  advocated,  in  the  rush 
to  get  results  (juickly  by  a  short  cut  to  knowl- 
edge. 

if  it  had  been  more  generally  realized  that  hard  work 
and  careful,  self-sacrilicing  preparation  are  very  likely 
ultimately  to  lead  to  quick,  certain,  solution  of  difli- 
culties  ratiicr  than  perhaps  to  years  of  misguided  effort 
and  enormous  expenditures  of  money,  with,  like  as 
not,  ultimalc  failure,  things  would  not  have  drifted 
to  their  present  condition. 

If  these  illustrations  have  sonic  inlUieticc  in  this 
direction  I  believe  liiat  it  will  be  more  important 
to  the  country  than  even  «  succcsRful  nitrogen  fixa- 
tion process. 

IliiuWN  Univrmitv 

rxuVIURNCK.    R.     I. 


THE  VOLATILIZATION  OF  POTASH  FROM  CEMENT 
MATERIALS' 

By  E.  .\nderso.n'  and  R.  J.  Xestell 
Received  January  25,  1917 

In  the  course  of  an  extended  series  of  investiga- 
tions upon  the  subject  of  potash  volatilization  from 
silicate  mixtures,  the  following  report  was  prepared, 
covering  that  portion  of  the  laboratory  work  which 
was  incident  to  the  study  of  volatilization  of  potash 
from  cement  making  materials. 

The  work  reviewed  in  this  report  forms  one  link 
in  a  chain  of  investigations  covering  various  possi- 
bilities of  volatilizing  potash  from  silicates  during 
the  process  of  manufacturing  Portland  cement,  with 
subsequent  collection  of  the  volatilized  potash  from 
the  furnace  gases  by  means  of  electrical  precipitation. 
The  process  of  electrical  precipitation  can  be  applied 
in  two  ways:  should  the  total  dust  and  fume  issuing 
from  the  furnace  contain  a  large  percentage  of  potash, 
the  total  suspended  material  can  be  collected  in  a 
single  electrical  precipitator;  should,  on  the  other 
hand,  the  potash  content  be  low,  a  fractionation  of 
the  suspended  material  may  be  resorted  to,  as  for  ex- 
ample by  utilizing  a  two-stage  fractional  precipita- 
tion apparatus. 

OBJECT- — It  has  long  been  known  that  the  raw  ma- 
terial used  in  cement  making  contains  potassium  salts 
which  are  partly  volatilized  in  the  burning,  and  from 
experiments  in  field  and  laboratory,  some  data  bearing 
on  this  volatilization  have  been  obtained  and  published. 
Very  little  exact  information,  and  particularly  such 
directly  applicable  to  the  potash  volatilization  from 
actual  cement  materials  has,  however,  been  available, 
and  the  following  series  of  experiments  were  under- 
taken for  the  purpose  of  obtaining  such  information 
regarding  the  factors  which  influence  the  liberation  of 
potash  in  actual  cement  burning. 

SCOPE  OF  THE  iNVESTic.\TioN — The  rate  of  volatiliza- 
tion of  a  potash  salt  from  cement  mix  in  the  highly 
heated  zone  of  a  cement  kiln,  is  dependent  upon  a 
number  of  factors.  As  predominating  factors  affect- 
ing the  possible  recovery  in  the  furnace  gases  beyt>nd 
the  furnace,  there  may  be  njentioned:  (i)  the  tempera- 
ture prevailing  in  the  kiln;  (2)  volume  of  gas  passing; 
(3)  the  intimacy  of  contact  between  the  furnace  gases 
and  the  cement  mix;  (4)  the  vapor  pressure  of  the  potash 
salt  or  salts  formed:  (5)  the  possibility  of  dissociation 
under  certain  furnace  conditions  (oxidizing,  neutral 
or  reducing  atmosphere  or  changing  temperature) 
to  components  of  greater  or  less  volatility  than  the 
original  salt;  (6)  the  degree  of  saturation  of  the  gas 
ill  contact  with  cement  material:  (7)  the  rate  of  dilTu- 
sioii  both  of  the  salt  vaporizing  in  the  interstices  of 
the  cement  mix  to  the  surface  of  contact  with  the  gas 
stream,  and  of  the  saturated  gas  at  the  surface  to  the 
leaner  gas  areas  beyond. 

Furthermore,  since  in  cement  burning.  c««ient 
material  changes  from  a  mixture  of  lime  and  clay  to 
a  clinker  consisting  largely  of  silicates  and  aiuminatcs 
of  calcium,  the  release  or  formation  of  the  potash  salt 

'  Rtpnri  on  I.«l><««tory  tnvnIlMlion  by  the  \VM«rn  Prrclpil«lKHi 
CumpAiiy. 
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must  also  depend  upon  the  stage  reached  in  this  change, 
as  well  as  on  the  temperature  at  that  point.  Since  an 
investigation  of  the  dependence  of  the  rate  of  volatiliza- 
tion upon  the  factors  mentioned  was  too  extensive 
to  be  undertaken  with  the  time  and  resources  at  our 
command,  the  more  empirical  method  was  chosen  of 
simply  establishing  conditions  as  nearly  as  possible 
identical  with  kiln  practice,  and  determining  the  rate 
directly  under  those  conditions. 

In  order  that  the  data  obtained  should  be  as  compre- 
hensive and  conclusive  as  possible,  experiments  were 
made  on  ten  different  cement  materials  from  different 
parts  of  the  United  States  and  from  Japan.  The  fol- 
lowing are  the  names  and  locations  of  the  cement  mills 
from  which  the  samples  investigated  were  obtained: 


MiLU 

Location 

Mills 

Location 

Alpha 

Cementon.  N.  Y. 

Utah 

Salt  Lake  City.  UUh 

Atlas 

Northampton,  Pa. 

Pacific 

Cement.  Cal. 

Dexter 

Nazareth,  Pa. 

Santa  Crul 

Davenport,  Cal. 

Security 

Hagerstown,  Md. 

Riverside 

Crestmore,  Cal. 

Olympic 

Bellingham,  Wash. 

Asano 

Moji,  Japan 

DESCRIPTION    OF    APPARATUS    AND    EXPERIMENTS 

Since  the  information  desired  was  primarily  in  re- 
gard to  cement  burning,  it  would  have  been  very  de- 
sirable to  duplicate  exactly  the  conditions  found  in 
a  rotary  kiln.  This  would,  however,  have  entailed 
both  elaborate  apparatus  and  large  amounts  of  material, 
so  the  scheme  finally  adopted  was  simply  to  heat  small 


Fig.  1 — Gas  Fdrnacs  for  Potash  Volatiliiahon 

amounts  of  the  material  in  a  furnace  where  the  tempera- 
ture, and,  to  a  certain  extent  also,  the  nature  of  the 
gases  in  contact  with  the  material,  could  be  controlled. 
Analyses  of  the  material  for  K2O  before  and  after  heat- 
ing then  showed  the  extent  of  the  volatilization. 

It  was  desirable  also  that  the  material,  when  heated, 


should  be  in  contact  with  gases  similar,  as  nearly  as 
possible,  to  those  in  a  cement  kiln.  For  this  reason 
the  heating  was  done  in  a  gas-fired  furnace  of  a  modified 
Fletcher  type.  This  furnace  (Fig.  I)  was  constructed 
especially  for  these  experiments  from  Johns- Manville  high 
temperature  cement  No.  32,  fire  clay  being  impracticable 
on  account  of  its  lower  melting  point.  Although  this 
high  temperature  cement  is  rather  slow  in  setting,  and 
has  a  tendency  to  crack  on  heating,  it  served  the 
purpose  very  well,  and  withstood  temperatures  as 
high  as  1500°  C. 

The  furnace  was  heated  by  means  of  a  blast  M^ker 
burner,  and  manometers  on  the  gas  and  air  connec- 
tions made  it  possible  to  control  the  temperature 
very  accurately  and  to  duplicate  any  previous  run. 
One  of  the  air  intakes  of  the  burner  was  connected 
with  an  SO2  container,  so  that  this  gas  could  be  mixed 
with  the  incoming  air  when  desired.  Here  also  a 
manometer  served  to  indicate  the  relative  amounts 
of  gas  admitted,  but  the  absolute  SO2  content  of  the 
furnace  gas  was  determined  by  analyses.  The  tem- 
perature was  measured  with  a  LeChatelier  pyrometer 
and  platinum-rhodium  couple. 

In  making  a  run,  the  material  was  placed  in  a  shallow 
platinum  dish,  supported  in  the  center  of  the  furnace 
so  that  the  flame  and  gases  passed  directly  over  it. 
A  platinum  shield  around  the  dish  served  to  equalize 
the  temperature  and  prevent  local  overheating.  The 
end  of  the  pyrometer-couple  was  inserted  directly 
in  the  material  heated.  Under  these  conditions  it 
was  possible  to  maintain  temperatures  constant  to 
within  10°  C.  anywhere  from  800  to  1400°  C.  The 
sketch   gives   an   outline   of  the   furnace  and   set   up. 

In  the  first  experiments  it  was  attempted  to  stir 
the  charge  regularly  during  each  run.  This,  however, 
gave  very  non-uniform  results,  due  to  the  impossi- 
bility of  providing,  by  intermittent  hand-stirring,  a 
surface  exposure  or  renewal  consistent  throughout 
the  period  of  a  test  or  of  a  series  of  experimental 
runs.  Since  the  volatilization  is  dependent  upon  the 
factors  of  temperature  and  rapidity  of  removal  of  the 
vaporized  potash  by  the  moving  gas  stream,  and  the 
rate  of  diffusion  of  the  gaseous  potash  salt  from  the 
interior  of  the  charge  into  the  gas  stream  above,  the 
scheme  finally  adopted  was  to  discontinue  the  stirring 
and  to  use  a  small  amount  of  sample,  about  i  g.,  which 
was  placed  as  a  thin  layer  in  the  dish  in  as  nearly  the 
same  manner  as  possible,  each  time.  In  this  way, 
and  without  stirring,  good  check  runs  could  be  secured, 
and  uniform  results. obtained. 

All  the  experiments  were  made  on  material  previously 
calcined  at  about  900°  C.  which,  however,  still  con- 
tained small  amounts  of  COj  At  high  temperatures 
and  long  exposures  this  lost,  in  addition  to  the  COi, 
also  the  KjO  and  NajO,  while  when  heated  in  an  at- 
mosphere of  S02,  much  of  this  latter  gas  was  absorbed, 
so  it  was  necessary  to  determine  the  change  in  weight 
of  the  charge  for  each  run,  in  order  that  the  KjO 
analyses  could  be  correctly  interpreted. 

OUTLINE    OF    INVESTIGATION 

The  scheme  of  the  experiments  was,  first,  to  in- 
vestigate  rather   thoroughly   two   of   the   ten   cement 
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mixes,  and  then  to  rvm  a  series  of  shorter  tests  on  the 
entire  ten. 

Thus  tests  were  made  on  either  the  Security  or 
Alpha  material  to  determine: 

(1)  The  rate  of  volatilization  at  different  temperatures. 

(2)  The  effect  of  SO;  in  furnace  gases  on  the  volatilization-rate. 
(.1)   The  time  factor  of  volatilization  at  1200°  C. 

(4)   The  time  factor  of  volatilization  at  1400°  C. 

(.5)   The  effect  of  reducing  gases  on  the  volatilization  rate. 

(6)  The  volatilization  from  unground  clinker. 

(7)  The  effect  of  addition  of  gypsum  to  raw  mix. 

(8)  The  effect  of  addition  of  calcium  o.\ide  to  raw  mix. 
19)   The  effect  of  addition  of  calcium  chloride  to  raw  mix. 
10)  The  effect  of  addition  of  sodium  chloride  to  raw  mix. 

(II)    The  volatilization  of  sodium. 

Having  in  this  manner  investigated  the  behavior 
of  two  of  the  cement  mixes,  the  volatilization  rate  at 
(lifTerent  temperatures  was  determined  also  for  the 
remaining  eight. 

In  addition  to  the  regular  raw  material,  so  called 
"treater  dust"  was  also  tested,  since  this  is  used  as 
part  of  the  feed  in  certain  cement  mills.  The  tests 
on  this  included  determination  of  the  rate  of  potash 
volatilization  as  well  as  the  effect  on  this  rate  of  the 
addition  of  chlorides. 

Supplementing  these  laboratory  experiments,  data 
regarding  actual  kiln  operation  have  been  added. 

PROCEDURE 

The  procedure  in  these  volatilization  tests  was, 
as  has  already  been  indicated,  first  to  calcine  the 
material  at  about  goo°  C,  after  which  its  K^O  con- 
tent was  determined.  Then  small  amounts,  usually 
between  one  and  two  grams,  were  heated  in  the  furnace 
under  the  required  conditions,  after  which  the  K^O 
remaining  in  the  heated  material  was  again  determined 
as  well  as  the  loss  in  weight.  From  this  was  calculated 
the  per  cent  of  the  original  potash  which  had  been 
volatilized.  Duplicate  runs  were  made  in  most  cases 
so  that  errors  in  analyses  and  temperature  control 
were  minimized. 

DESCRIPTION    AND    DISCCSSION    OF    E.M'E  Kl  M  ENTA  I,    DATA 

CEMENT  MATERIALS-  Table  I  and  Fig.  II  show  the 
volatilizatir)n  of  ])otash  from  the  Security  cement 
material,  in  one   hour  at    1100°.    1 1  ;o°,    1200°,    I2^o°, 


had  been  added  to  these  gases.  These  results  are 
very  concordant,  and  show  conclusively  that  the 
presence  of  SO2  in  the  gases  in  contact  with  the  ma- 
terial retards  the  volatilization  of  the  potassium  com- 
pounds. 

In  the  case  of  the  Alpha  material  (Table  I  and  Fig. 
Ill),  the  retardation  due  to  the  SO2  is  just  as  positive 
and  regular  as  with  the  Security  cement  material. 
The  15-min.  treatment  of  the  "Security"  shows  this 
retarding  effect  at  1400°,  and  while  the  retardation  is 
less  here  than  at  lower  temperatures,  it  is  just  as 
positive. 

Regarding  the  explanation  of  this  retardation  with 
SOj,  tests  made  on  pure  K2S04  and  K^COs  show  that 
the  carbonate  is  much  more  easily  volatilized  than  the 
sulfate.  The  carbonate  lost  65  per  cent  of  its  weight 
in  half  an  hour  at  1300°  C  while  the  sulfate  lost  only 
I  per  cent  in  the  same  time  and  at  the  same  tempera- 
ture. These  tests  also  proved  that  the  carbonate  is 
changed  to  sulfate  when  treated  in  an  atmosphere  of 
SO-.,  and  air.  and  that  in  such  an  atmosphere,  much  less 
of  the  carbonate  is  volatilized  than  in  the  ordinary 
SOj-free  furnace  gases.  It  is.  therefore,  probable  that, 
in  the  presence  of  SO2,  the  potassium  in  the  cement 
material  combines  to  form  the  sulfate,  and  remains  as 
such  in  the  clinker. 

At  temperatures  below  1350°  C  the  lime  in  the 
material  also  combines  with  the  SO-  to  form  sulfates 
and  sulfites.  Thus  at  1100°  C.  the  charge  gained 
ig  per  cent  in  weight  in  one  hour,  when  SO2  was  present. 
Of  this  iQ  per  cent  increase,  one-half  was  sulfur.  At 
temperatures  above  i,?50°  C.  the  sulfur  coniliincd 
with  the  lime  is  again  driven  off. 

The  fact  that  so  much  of  the  lime  combines  with 
the  SO2  would  also  account,  in  part,  for  the  retardation 
of  the  potash  volatilization.  A  certain  amount  of 
lime,  over  that  theoretically  necessary  to  combine 
with  the  silica  present  in  the  mix.  seems  to  be  indis- 
pensable for  a  fair  liberation  of  the  alkali  salts,  and  the 
formation  of  any  appreciable  amounts  of  calcium  sul- 
fate would  easily  reduce  this  excess  below  its  opfimum 
\alue. 
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I)     ami   I  .(oo'  C,  when  the  furnace  gases  were  1  liusr  I  iic     puscnn-    ni     i.ihinm     ■.ini.iu'     .iHuir      M.>wri,i, 

'.rdiiiary   combusli(m.     Table    I    and    Fig.    It    also      interferes  with  the  vol«tiliinlion,  n»  is  seen  from  Tabic 
liide  li.'ita  for  similar  tests  wher<'  o.  j   per  cent  SOj      I,  last  test. 
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Table  I— Volatilization  of  Potash  from  Secirity  Cement— Temperature  Varied 


Kind  or 

Cement 

Material 

Used 


"Security" 

1  hr. 

1100 

1  hr. 

1  hr. 

1250 

I  hr. 

1.100 

I  hr. 

1359 

1  hr. 

1400 

"Alpha" 

1  hr. 

1200 

(Raw)  Mix  • 

1  hr. 

Calcined 
"Security" 

1  hr. 
15  min. 

1400 

Per  cent  In 

KiO  Change 

before  in  Wt. 

Heating  Per  cent 

1.47  —2.5 

1.47  —2.5 

1.47  — 4.5 

1.47  — 4.5 

1.47  

1.47  —4.5 

0.91  —2.0 

0.91  —2.0 

0.91  —6.0 

1.47  —2.5 

1  .  40  — 2 .  .1 


Apparent- 
Duplicates 

1.53      1.46 

1.18      1.27 
0.78 

0.051   0.068 

0.06    '6.03 


1.49 
1.22 
0.78 
0.06 

6!6i5 
0.83 
0.044 
Trace 


Cor-  Total  KiO 
reeled  Volatilized 
1.4.S  I 

1.19  19 

0.74  50 

0.06  96 

6.6i5     '99 

0.81  11 

0.043  96 

Trace  100 

Trace  100 


Atmosphere  Containing  0.2  Per  cent  SO: 
Change     PER  CENT  K-O  after   Heating      Per  cent 
Apparc 


Per  cent 
-H9.n 
-1-14.0 
-1-9.0 
-f6.0 
-5.0 
—5.0 
-(-13.5 
-t-6.0 
-(-6.0 
—2.5 


Duplicates 
1.29  1.31 
1.36      1.34 

1.21 
0.85     0.81 

0.04 
0.00     0.00 


1.21 
0.83 
0.04 
0.00 

0.69 

0.25 

0.04 

0.09     0.015        0.12 


1.32 
0.88 
0.04 
0.00 
0.93 
0.34 
0.05 
0.12 


0.0 
0.0 
10.0 
40.0 
97.0 
100.0 
0.0 
63.0 
95.0 
92.0 


"Security"  -f  ) 

5%  CaSOi  J  15  mm.         1 

In  general,  Curves  I  and  II  (Fig.  II)  show  that  the 
presence  of  0.2  per  cent  SO2  in  the  furnace  gases 
necessitates  an  increase  in  temperature  of  50°,  to 
maintain  any  given  volatilization.  The  retardation, 
however,  decreases  with  rise  in  temperature,  due  to 
the  breaking  up  of  the  calcium  sulfate  formed. 

The  relation  between  the  volatilization  rate  and 
temperature  will  be  discussed  in  connection  with  the 
experiments  on  the  other  cement  materials. 

Table  II  and  Fig.  IV  show  the  rate  of  volatilization 
of  potash  from  the  Security  raw  material  at  1200°  C. 

Table  II— Volatilization  at  1200°  C.  in  Varying  Times,  in  SO-Free 
Atmosphere 


Per  cent  K:0      Change 
before  in  Wt. 


Heating 
1.47 


I'er  cent 
2.5  loss 
2  loss 
2  loss 
4.5  loss 
6 . 4  loss 


Per  cent  KaO 
AFTER  Heating 
Apparent     Corrected 
1.45  1.41 

1.22  1.19 

1.11  1.08 

1.03  0.99 

0.64  0.60 


Per  cent 
Total  KjO 
Volatilized 
4.0 
19.0 
27.0 
33.0 
59.0 


mately  half-inch  cubes.  Of  these  one  was  analyzed, 
and  the  other  three  heated  at  1400°  C.  for  •/«,  V2 
and  I  hour,  respectively.  From  the  results  it  is  evi- 
dent that  the  greater  part  of  the  potash  remaining  in 
the  clinker  can  be  driven  off.  with  suflficiently  high  and 
continued  heating. 

That  the  addition  of  chlorides  to  a  potash-bearing 
mineral  facilitates  the  volatilization,  is,  of  course, 
universally  recognized  and  Table  IV  shows  the  eflfect 

Table  IV— Volatilization  at  1200°  C.  in   1  Hour  witu  and  without 
THE  Addition  of  CaO  or  NaCl  to  Material 
Per  cent  PER  cent  KiO 

KiO         Change         after  Heating  Per  cent 

before         in  Wt.        . .\pparcnt •         Cor-  Total  KjO 

Heating     Per  cent        Duplicates         Av.        reeled  Volatilized 
1,47  —2.5  1.18      1.27        1.22        1.19  19 

1    23  —2.1  0.95     0.90       0.92       0.90  27 

1   40         —9.0         0.57     0.49       0.53        0.48  66 


.\duition 

TO 

Material 


Evidently  a  loo  per  cent  expulsion  at  this  temperature 
would    require    several    hours.      Curve    IV    (Fig.    IV) 


cent    NaCl    on    the   Security   raw    material. 

volatilization  was  increased  from  19  to  66 
The  addition  of  16  per  cent  lime  was  also 
tried — as  the  table  shows.  As  was  to  be  expected, 
the  increase  in  volatilization  caused  by  this  was  very 


of  5  per 
Here  the 
per  cent. 


Fig.  IV — Per  Cent  KiO  Volatilized  at  120 

with  its  single  point  showing  the  rate  of  volatilization 
at  1400°  C,  was  drawn  only  to  emphasize  the  enormous 
increase  in  the  volatilization  velocity,  as  the  tempera- 
ture is  increased. 

The  two  preceding  tests  were  made  on  finely  ground 
material  where  the  volatilization  would  necessarily 
be  greater  than  from  partially  or  wholly  clinkered 
cement.     Table  III  and  Fig.  V  show  what  can  be  ex- 

Table  III— Volatilization  of  Potash  from  Uncround  Clinker 
Temperature   1400°  C. 

Time  Per  cent  KiO    PER  CENT  KjO  after  Heating  Per  cent  Total 

Hr.  before  Heating  Apparent  Corrected  K:0  Volatilized 

v.  0.82  0.21  0.21  74 

V,  0.82  0.15  0.15  82 

1  0.82  0.14  0.14  83 

pected  in  such  a  case.  In  these  tests,  a  large  piece  of 
clinker    was    broken    in    four    parts,    making    approxi- 


p,c  V — Per  Cent  KsO  Volatilized  at  1400°  C.  from  Unghound  Clinker 


small,  ordinary  cement  mixes,  of  course,  having  an 
ample  excess  of  calcium  oxide  for  the  silica  present. 
In  this  connection  it  might  be  of  interest  to  note  that 
with  ordinary  feldspar  the  potash  does  not  begin  to 
volatilize  appreciably  until  over  50  per  cent  CaCOj 
has  been  added. 

Quite  often  in  cement  burning  insufficient  air  is 
admitted  to  the  kiln,  giving  a  reducing  atmosphere. 
The  assumption  has  been  made  that  suck  reducing 
gases  retard  the  volatilization  of  potash  from  the 
material  being  burned,  and  to  test  this,  samples  of  the 
Security  raw  mix  were  heated  in  as  powerfully  reducing 
an  atmosphere  as  was  possible  to  obtain  by  maintaining 
the  temperature  in  the  furnace  on  a  minimum  amount 
of  air.     Table  V  shows  the  comparison  between  the 
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I'li:    VI — Per  Cent  K:0  Volatilized  from  Cement  Materials  in  One  Ho 


volatilization  in  such  an  atmosphere,  and  in  ordinary 
furnace  gas.  and  the  results  indicate  that  the  assump- 
tion is  unfounded,  the  reducing  atmosphere  being,  if 
anything,  more  favorable,  at  least  for  the  lower  tem- 
peratures. 

rCING 


V — Volatilization 
Atmosphere. 

ov    i'otasfl    in    oxidizisi-.    and    redi'c 
'Security"  Calcined  Raw  Mix 

Temperature 

Time 

Per  cent  K;0  Volatilize 
Oxidizing       Reducing 

1200°  C. 
1250°  C. 
1300°  C. 

1  hour 
I  hour 
I  hour 

19                       24 
.SO                      66 
96                      91 

The  claim  has  also  been  made  that  the  sodium  is 
less  readily  volatilized  than  the  potassium.  In  the 
case  of  cement,  however,  the  difference  does  not  seem 
to  be  very  great,  for  with  the  Security  raw  material, 
95  per  cent  of  the  soda  was  driven  off  in  one  hour  at 
1300°  C.  with  a  parallel  volatilization  of  06  per  cent 
of  the  potash  (see  Table  VI). 

Table  VI — Volatilization  oh  .Sodum 
".Security"  Raw  Mix.  Heated  One  Hoik 
Per  cent  Phh  cent  NaiO 

NniO  in  Lous  in  aktkk  IIeatinii  Per  cent 

Temp.  Culcincd  Weight  Cor-  Totiil,  Nii;(> 

°  C.  Materiol  Per  cent         .■\pparclit     rcclcil  X'nintilized 

1300  O.fi.S  4   5  0.04  0.04  94 

The  object  of  the  experiments  just  discussetl  was. 
as  has  already  been  pointed  out,  to  throw  as  much  light 
;is  possible  on  the  behavior  of  any  one  cement  material. 
In  the  following  experiments  the  aim  has  been  to  ap- 
jily  what  seemed  to  be  the  most  important  lest,  that 
iif  the  volatilization  at  different  tcmper.'iture.s,  to  a 
number  of  difTcrcnt  cement  materials. 

I'ig.  VI  shows  the  volatilization  of  iiol.isli  in  one 
liour  at  1 100,  1150,  1^50  and  i.ioo"  C.  from  ten  cement 
materials  obtained  from  different  localities. 

The  similarity  of  these  curves  makes  it  evident  th.'il 
the  potash  volatilization  from  any  cement  material 
follows  tlic  same  general  law,  and  this  is,  of  course, 
but  natural,  considering  the  similarity  of  the  nuiterial. 
Thus  it  can  be  seen  that  in  an  ordinary  cement  mix, 
the  potash  does  not  begin  to  be  driven  off  until  a  tem- 
perature nf  noo°  V.  has  been  reached.  The  only 
exceptions  found  were  in  cement  material  from  Utah 
and  from  Japan.      Tlie  rale  of  volatilization  increases 

'|iidly    with    the    Icmiirriil  ure.    I  he   change   being    par 


ticularly  rapid  about  1250°  C.  and  at  1300°  C.  prac- 
tically all  of  the  potash  is  driven  olT  in  one  hour  under 
the  conditions  of  these  experiments. 

This  remarkable  uniformity  of  behavior  of  these 
different  cement  materials,  obtained  from  such  widely 
separated  sources,  is  strikingly  brought  out  by  the 
volatilization  curves;  the  additional  data  for  these 
appear  in  Table  VII.  In  order  to  show  this  more 
clearly,  these  curves  have  all  been  plotted  super- 
imposed (Fig.  VII);  the  still  greater  similarity  between 
certain  individual  ones  has  been  indicated  by  plotting 


ItOO  ISOO 

CCNTICRAOC 
ATiLi7Ki>  moM  Ci:yi;NT  H  \w  Mix  in 


l-'u;.  VII     l'oTA»ii  Vo 

together  in  four  groups,  shown  in  Figs.  VIII  A,  H,  C, 
I).  The  last  two,  however,  are  sinular  only  in  curvn- 
ttire,  being  separated  by  .-iboiit  50°  in  tonipcrature. 
It  is  significant  thai  ihis^  arrangement  grotips  together 
the  cement  materials  of  the  Jvast  with  japan,  the  South- 
west, the  Northwest,  and  linally  I'lah  with  Maryland. 
The  reason  for  this  is  |)robably  to  be  found  in  the 
mineralogical  nature  of  the  potash-bearing  component 
of  the  cement  material. 

To  give  some  idea  of  the  relation  betwrcn  the  data 
given  in  these  curves  and  actual  vnlntiliintion  in  the 
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kiln,  this  latter  has  been  calculated  from  the  K;0 
content  of  the  clinker,  where  this  was  known,  and 
these  values  given  in  a  separate  column  headed  "Per 
cent  K2O  Volalilized  in  Kiln."  On  the  charts  this  has 
been  indicated  by  a  dotted  horizontal  line. 


Table 

VII— .VnniTuiN 

AI.    D 

ATA   FOR   VOLATILIZ 

^TION 

Curves 

.z'r. 

Per  CENT  K"0 

•2S 

•: 

_c 

=  ■5 

-g 

Per 

CENT 

KiO    AFTER 

.2 

Cement 
m  a  terial 

"1 

£=5 

a. 
E 

Heating 
.Apparent  . 

Cor- 
Duplicates      Av.  reeled 

> 

5  'i-H 

.\lpha 

.    I  .  (10 

1100 

1    R 

1  08 

1.08 

1,06 

0 

1150 

1    3 

0.88 

0.95 

0.91 

0,90 

10 

1200 

0.88 

0.95 

0.91 

0.90 

10 

1250 

2  5 

0.18 

0.16 

0.17 

0.16 

8,t 

1.100 

2.5 

0.13 

0.12 

0.125 

0.12 

88 

0,72     28 

.Mlas 

.    1.21 

1100 

18 

1.29 

1.29 

1.26 

0 

11.50 

1.8 

1.05 

1.05 

1,05 

1,03 

15 

1200 

1    6 

0.77 

0,77 

0,76 

3/ 

1 250 

3   0 

0.18 

0.15 

0,  165 

0,16 

8/ 

1300 

4.  1 

0.07 

0.10 

0.085 

0,08 

93 

0,80     34 

Asano 

.    0.9(1 

1100 

18 

0.83 

0,83 

0,82 

9 

1150 

1    8 

0.82 

0.81 

0,81 

0,80 

11 

1200 

1    8 

0.70 

0.55 

0,625 

0  61 

32 

1250 

2.5 

0.11 

0.09 

0,10 

0.10 

89 

1300 

2 . 7 

0.04 

0.04 

0,04 

96 

Dexter 

.    1.3?. 

1100 

1   4 

1.30 

1    30 

1,28 

4 

11.50 

0  5 

1.14 

1  .  14 

1,13 

15 

1200 

1  .2 

0.99 

0.99 

0,98 

•.'6 

1250 

3   0 

0.26 

0.26 

0,25 

81 

1.100 

5.0 

0. 1 3 

0,13 

0,12 

91 

0,87     35 

Olympic 

.    0.61 

1100 

1  .8 

0.65 

0  65 

0,64 

0 

1150 

1    8 

0.59 

0.60 

0,.59 

0.58 

5 

5 

1200 

1    8 

0.40 

0.43 

0.41 

0.40 

35 

12.50 

2   7 

0.11 

0.08 

0,095 

0.09 

85 

1 300 

2 . 7 

P.  06 

0.06 

0  06 

92 

0  44     28 

I'iicific 

.    II.8.S 

1100 

1    0 

0.90 

0.90 

0  89 

0 

1150 

1.0 

0.85 

0.85 

0.65 

0.84 

1 

1200 

15 

0.68 

0.74 

0.71 

0.70 

18 

1 250 

2   3 

0.10 

0,12 

0.  11 

0.  11 

8/ 

I.WO 

3.5 

0.09 

0,09 

0.09 

90 

0,43     49 

Utah.. 

1    44 

1  100 

1.5 

1.32 

1.30 

10 

1150 

1    8 

1.08 

1.10 

1.09 

1.07 

26 

1200 

2.0 

0.75 

0.73 

0.74 

0.73 

.SO 

1250 

3  ; 

0.11 

0.12 

O.ll 

0.11 

92 

1.300 

3.5 

f».08 

0.09 

0,085 

0.08 

94 

0,17     85 

. .    0 . 80 

1100 

1.0 

0.83 

0,82 

0 

1150 

1  .0 

0.78 

0.80 

0.79 

0.78 

2 

1200 

1  .5 

0.74 

0.78 

0,76 

0,75 

7 

1  250 

2,5 

0.28 

0.34 

0,31 

0.30 

62 

1  300 

2.5 

0  08 

0.05 

0,065 

0,06 

92 

0.22     73 

Santa  Cruz. . 

. .     1 . J4 

1  100 

1.8 

I..30 

1.28 

0 

1150 

2.0 

1.22 

1.21 

1.21 

1,20 

3 

1200 

2.0 

1.21 

1.17 

1.19 

1,16 

7 

1250 

3.5 

0.30 

0.40 

0,35 

0,34 

72 

1300 

40 

0.12 

0.10 

0.11 

0,10 

92 

0.28     78 

Since  the  volume  of  gases  through  a  kiln  is  roughly 
constant  the  potash  volatilization  in  the  kiln  neces- 
sarily depends  on  two  factors,  viz..  the  time  and  tem- 
perature of  burning,  and  the  specific  nature  of  the 
potassium  compounds  in  the  material.  Consequently 
the  kiln- volatilization  is  subject  to  variation;  not  only 
with  different  materials,  but  also  in  the  case  of  any 
one  material  the  volatilization  will  vary  w-ith  different 
methods  of  burning.  It  is  seen,  however,  that  in 
all  cases,  the  kiln-volatilization  is  equivalent  to  one 
hour's  heating  in,  the  furnace  used  at  from  1160  to 
I  260°  C. 

THEATER  DIST 

As  has  been  mentioned,  treater  dust,  or  material 
collected  in  dust  precipitating  equipment  is  also  used 
in  certain  cement  mills  as  raw  material  for  cement. 
As  a  matter  of  fact,  the  heavy  portion  of  any  dust  so 
collected  is  essentially  partly  calcined  raw  material, 
to  which  have  been  added  varying  amounts  of  alkali 
salts,  usually  sulfates.  The  object  of  this  secondary 
burning,  aside  from  saving  that  much  raw  material, 
is  to  obtain  a  "treater  dust"  comparatively  rich  in 
potash,  by  burning  a  very  low-grade  potash  ma- 
terial. 


>  c  >= 

C  (2  C!«! 

'•?^  ,.  -■=  ?ii  ?•= 

in  Per  cent  g  sj  g'J  g  «j 

KsO  in  Wt.         K;0  after  Heating      os       =  uj= 

Riverside    Calcined  Temp.  Per     , —  .\pparcnt — .      Cor-    gw  ^'-J  ^'Z 

Treater  Dust   Material    °C.    cent     Duplicates      .\v.     rccted  p.  B.  p> 
(1200       2        3.74    3,78      3,76     3.68 


4 .  36  < 


+  10';t  NaCl      3,92 
-1-  10^  CaCU     3,92 


1300  7 

1400  18 

1.300  18 

1.300  26 


!,42 


0,13  0,10 
0,78  0,96 
0,17    0,13 


3,76 

3,56     2,38 

0,11      0,09 


45     3.64      16 


It  has  been  found,  however,  that  the  volatilization 
of  potash  in  the  kiln  from  such  dust  is  much  less  satis- 
factory   than    from   the    regular   raw    material.     Thus 
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at  the  Riverside  plant,  the  volatilization  from  the  regu- 
lar "raw  mix"  is  73  per  cent,  while  the  treater  dust, 
burned  in  the  secondary  kiln  gives  a  volatilization 
of  only  16  per  cent.  It  is  probable  that  this  low 
liberation  from  the  dust  is  largely  due  to  the  pres- 
ence of  sulfates  in  the  dust,  of  lower  vapor  pressure 
than  the  oxide,  the  product  apparently  volatilized 
from  the  original  raw  mix. 

That  here  also  all   of  the   potash   can   be  driven   off, 
is  shown  by   Table  \'1I1   and   Fig.    IX.      These  results 


I'lo    IX     I'KH  Cknt    Ki(1  Viii.ATii.ir.Kn  vrom  Kiviih»ii>ii  Tkkatkm 
DiixT  IN  Onk  IIuiik 

were  ol>tainf<l  in  the  same  manner  as  those  previously 
recorded.  Higher  temperature  or  longer  heating  than 
with  the  regular  cement  material,  was,  however,  neces 
snry,  for  at  i.^oo"  ('.  only  f>ne-lialf  of  the  potash  hail 
been  expelled,  but  at  1400°  (".  the  vnl.itili/.ation  was 
practically  complete. 

The  addition  of  chloride  increased  the  velocity  of 
the  volalilizalion  in  thtH  Cftde,  lis  with  the  regular 
miiterial.    practically    doubling    the    rate    at     i,<oo°    C\ 


Calcium  chloride  seems  more  elTective  than  the  corre- 
sponding sodium  salt,  and  this  also  appears  to  have 
been  the  experience  of  others  who  have  investigated 
these  reactions. 

It  is  interesting  to  note  that  even  here,  with  a  ma- 
terial containing  over  4  per  cent  K;0.  and  much  SOj, 
the  kiln  volatilization  is  equivalent  to  one  hour's 
furnace  trealinent  at  about  1200°  C. 

\()l..\TILIZATIOX    l.\     KII.XS 

Regarding  the  volatilization  of  potash  in  actual 
kiln    operation.    Table    IX    gives   some   data   obtained 


TaiiI.IJ     IX       IC.XI'HRIMENTS    on     TIIK     I.IBKKATION 
K1I.NS 

Security  Ci-nicnt  8:  l.inic  ( 

PltRCBNTAO.K»    VitS 


Potash    in   Ckhknt 


Dnli- 
Dec. 

I'»I.S    *       BfRNlNC.    CONIIITI 


Per  mil 
Net    Kaw  Ma-  Total  K^l 
Clinker         ta)         Icri«l     Votatiliml 
•>      Norinul   Knrniiit!  10.'"       0.»i7  0  •»«  .11.6 

Id      Hard  lliiiiMiii;  Mix.  Kilnsllotlcr  III  0.7.«  I  .{N  .VI. O 

II      Nnriii.il  Mix      Kiln  Hot  ,         O.W  0  61  108  •l.^..^ 

l.t      Kiln  \ir\   III. 1      Clinker  Over- 

liiiriu-<l  n.<)4  O  6.'  I    OK  M .b 

ml  Net  per  rent  Ki<>  iiiloilmeil  nn  Ihc  l»u>  ol  .14';    luu  in  irri|[ht 


from  the  Security  plant.  This  shows  the  effect  of 
burning  with  normal  and  greater  than  normal  kiln 
temperature.  Thus,  while  with  normal  burning  ,u 
per  cent  of  the  potash  was  vol.itilixed,  this  was  in- 
creased to  43.5  per  cent  by  raising  the  temperature 
of   the   kiln. 

Tests  made  in  another  cement  plant  bonr  out  this 
conclusion  that  hard  burning  (burning  at  n  higher 
temperature)  increases  the  jiolash  volntiliintion.  In 
this  ca.se,  one  kiln  was  run  so  as  to  produce  soft- 
burned  clinker  (clinker  formed  at  a  lower  tempera- 
ture) which  was  sampled.  Then  the  fire  and  kiln 
speed  were  changeil  so  as  to  give  a  very  harcl  burned 
proiluct,  nnd  this  then  sampled.  The  clinker  was  in 
both  cases  sound,  and  showed   no  "free  lime."     The 
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following  proved   to   be   the   K2O   content   of  the  two 
samples: 

0.50% 
0.17% 


Then  a  large  sample  of  normal  clinker  was  separated 
in  three  sizes,  labeled  "coarse,"  "medium"  and  "fine," 
the  appro.\imate  average  diameters  of  each  size  being 
I  in.,  Vs  in.  and  '/»  in.,  respectively. 

The  potash  content  of  these  samples  was: 


Coarse  clinker KjO 

Medium  clinker KsO 

Fine  clinker KsO 


0.377% 
0,278% 
0.240% 


So  the  conclusions  arrived  at  from  the  laboratory 
experiments,  that  time  and  temperature  of  heating 
were  the  important  factors  in  potash  volatilization, 
are  well  substantiated  by  results  obtained  in  practice. 
And  to  the  above  two  main  factors  in  the  volatiliza- 
tion can  then  also  be  added  the  size  of  the  product, 
since  the  smaller  the  clinker,  the  more  completely 
will  the  potash  be  driven  off. 


Fic.  X— Calcinatio 


t  POTASH-V<)I.ATII,lZATION    IN    CKMENT  KILN 


Table    X    and    Fig.    X  show  the   volatilization   and 
heating   zones   in   a  rotary   cement   kiln.     These   data 

Tablk  X — Kiln  Losses  of  COi  and  KjO 
Riverside  Portland  Cement  Co. 


Distance 

Per 

Loss 

from 

cent 

in  Wt. 

Per  ce 

^tKjO 

Per  cent  Lost 

Feed  End 

COs 

Per  cent 

Apparent 

Corrected 

CO2 

KsO 

0 

32.0 

0 

0.460 

0.460 

0.0 

0.0 

5 

32.0 

0 

0.0 

0,0 

15 

32.0 

0 

0.460 

0.460 

0,0 

0.0 

25 

.W.O 

2 

t 

8,1 

0,0 

35 

29.0 

3 

12,2 

0,0 

45 

28.0 

4 

15,9 

0,0 

55 

23.0 

9 

0.480 

0,437 

34,6 

5,0 

65 

7.0 

25 

88,6 

75 

0.0 

32 

0.490 

0.333 

100,0 

27,6 

85 

0.0 

95 

0.0 

0.300 

0.204 

55,6 

100 

0.0 

were  the  results  of  analyses  of  samples  taken  every 
five  feet  in  a  100-foot  kiln  which  had  been  shut  down 
for  a  re-lining  without  first  "running  out"  the  feed. 
Although  samples  were  taken  every  five  feet,  only  the 
10-foot  samples  for  COj  and  the  30-foot  samples  for 
K;0  have  been  included  in  the  table. 

It  is  seen  that  in  a  cement  kiln  there  is  first  a  heating 
zone,  then  a  calcining  zone,  and  finally  the  clinkering 
zone.  Evidently  very  little  of  the  potash  is  driven  off 
before  the  material  begins  to  clinker.  This  was,  of 
course,  to  be  expected  from  the  experimental  data 
given. 

It  might  be  added  here,  that  in  no  case  of  the  ex- 
perimental heating  was  a  permanent  clinker  produced 


in  one  hour  below  1350°  C.  At  1300°  C.  there  always 
resulted  a  seemingly  normal  black  and  hard  clinker, 
which,  on  cooling,  rapidly  disintegrated  into  a  fine 
grayish  powder. 

GE.NKRAI.    DlSCrSSIOX 

Although  the  preceding  experiments  and  data  show 
little  that  was  new  or  unlocked  for,  they  do,  however, 
indicate  some  of  the  factors  governing  the  volatiliza- 
tion of  potash  from  the  average  cement  material. 

Evidently  the  nature  of  the  potassium-bearing  com- 
pound varies,  and  the  potash  is  driven  off  more  easily 
in  some  cases  than  in  others,  but  the  data  and  curves 
here  shown  indicate  that  practically  all  of  this  com- 
pound can  be  driven  off  at  from  1200  to  1300°  C. 
from  any  material,  if  time  enough  be  allowed.  They 
show  also  that  the  volatilization  rate  increases  very 
rapidly  with  the  temperature,  so  that  at  1400°  C. 
the  time  needed  to  drive  off  practically  all  of  the  potash 
is  very  short  indeed. 

Time  and  temperature,  therefore,  can  be  said  to 
be  the  determining  factors,  while  the  tests  on  actual 
kilns  which  were  reported  on,  show  that  the  size  of  the 
clinker  is  also  important. 

In  order  to  increase  the  volatilization  otherwise 
than  by  longer  and  harder  burning,  it  has  been  shown 
that  chlorides  can  be  added  advantageously.  The 
addition  of  sulfates,  as  gypsum,  or,  what  amounts  to 
the  same  thing,  the  introduction  of  SO2  in  the  furnace 
gases,  through  the  burning  of  sulfur-carrying  fuel, 
instead  of  improving  the  volatilization,  has  been  shown 
to  be  decidedly  detrimental. 

Unfortunately  there  is  very  little  information  avail- 
able on  potash  volatilization  in  actual  kiln  practice. 
The  data  obtained,  however,  agree  well  with  the  ex- 
perimental results  of  this  investigation,  in  that  they 
show  that  time  and  temperature  are  the  determining 
factors.  In  addition,  these  data  indicate  the  impor- 
tance of  producing  small  size  clinker,  so  as  to  expose 
a  relatively  larger  surface  to  the  heating  effect  in  the 
kiln. 

Burning  at  high  temperature,  then,  in  kilns  so  con- 
structed as  to  keep  the  material  in  the  hot  zone  and  in 
contact  with  the  highly  heated  moving  gas  stream  as 
long  as  possible,  would  seem  to  be  the  logical  means 
of  obtaining  the  maximum  potash  volatilization  from 
a  potash-bearing  cement  material. 

SVMMARV 

The  following  conclusions  seem  fully  warranted 
Vjy  the  experimental  data  presented: 

I — The  potash  in  any  cement  material  can  all  be 
volatilized. 

II- — The  determining  factors  in  this  reaction  are 
temperature  and  length  of  time  exposure  of  the  cement 
material  to  temperature  and  gas  volume  prevailing. 

Ill — The  low-er  limit  of  temperature  for  potash 
volatilization  is  1100°  C,  and  the  rate  of  volatiliza- 
tion increases  rapidly  with  the  temperature. 

IV — The  presence  of  chlorides,  particularly  cal- 
cium chloride,  increases  the  velocity  of  the  volatiliza- 
tion, while  sulfates  decrease  this  rate. 

V — Because  of  the  formation  of  sulfates,  SO2  in 
the  furnace  gases  retards  the  volatilization. 
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VI — Sodium  is  driven  off  nearly  as  easily  as  is  the 
potassium. 

VII — In  the  kiln,  besides  the  factors  of  time  and  tem- 
perature, the  size  of  the  clinker  also  affects  the  vola- 
tilization-rate. The  smaller  the  clinker,  the  better 
the  volatilization  of  potash  from  it. 

VIII- — Although  the  potash  in  any  cement  mix  can 
be  driven  off,  the  rate  of  expulsion  at  any  given  tem- 
perature varies  for  different  materials,  and  is  probably 
dependent  on  the  mineralogical  character  of  the  potash- 
bearing  component  of  the  cement  material. 

Western  Precipitation  Company  Laboratories 
Los  Angeles.  California 


THE  EFFECT  OF  TEMPERATURE  AND  DURATION  OF 

REACTION  ON  THE  FORMATION  OF  LIGHT 

OILS  IN  COAL  CARBONIZATION  AT 

ATMOSPHERIC  PRESSURE 

By   M.   C.    Whitaker  and  W.   R.   Ckowell 
Received  December  11,  1916 

The  object  of  the  present  investigation  was  to  study 
in  a  qualitative  way  the  effect  of  temperature  and  dura- 
tion of  the  reaction  on  the  formation  of  the  light  oils 
obtained  in  coal  carbonization  at  atmospheric  pres- 
sure. By  light  oils  here  we  mean  those  distilling 
from  the  tar  at  temperatures  below  210°  C:  the  in- 
dividual members  of  the  light  oil  family  which  will  re- 
ceive particular  consideration  are  those  of  interest 
from  an  industrial  standpoint — viz.,  the  phenols  or 
tar  acids,  benzene,  toluene  and  xylene. 

To  study  the  effect  of  duration  of  reaction,  the  so- 
called  "recirculation"  process  of  coal  carbonization 
was  employed,  and  the  effects  thus  obtained  were  com- 
pared with  those  obtained  in  another  series  of  experi- 
ments in  which  the  coal  was  distilled  in  a  manner 
similar  to  that  employed  in  current  practice. 

mSKIKKAI,     KF.VIKW 
EFFECT  OF  TKMPKRATUKE   ON  LIGHT   OIL  FORMATION — • 

The  work  of  Lewes'  and  Bornstein-  on  low  tempera- 
ture oils  and  the  work  of  Jones  and  Wheeler'  and 
Pictet  and  Bouvier^  on  low  temperature  vacuum 
tar  oils  indicate  thai  the  low  temperature  oils 
arc  characterized  by  a  low  specific  gravity,  high 
,  liquid  paraffin  content,  comparatively  high  tar  acid 
I  content  and  low  aromatic  content.  In  tars  pro- 
duced below  500°  C.  the  liquid  paraffins  consist  of 
those  of  the  hexanc,  heptane,  octane  and  possibly 
of  the  higher  scries,  while  there  arc  also  present  con- 
si(lerai)lc  ([uantitics  of  olcfincs  and  the  naphlhencs. 
Phenol,  itself,  occurs  in  small  quantities,  but  its  higher 
homologucs,  such  as  the  crcsols,  occur  in  greater 
quantities  than  in  ordinary  coal  tar.  Coals  rich  in 
o.xygcn  (10  to  11  per  cent)  and  hydrogen  (above  5 
per  cent)  and  which,  therefore,  have  large  percentages 
of  rcsinic  bodies,  on  being  carbonized  at  low  tempera- 
tures yield  tars  rich  in  phenol  and  crcsol. 

■  J.  Gat  Uthlint.  101,  8.>.t,  "The  Carlioiilialiuii  of  Ciiiil."  Lrcliirc  IV. 
Hoy.  Sot.  Aril.  (0,  ?lfi 
' /..  onitw.  Ihtm.,   IT  (I'MM).  8f..l.    ISiO,  J.  Caibel  ,  4t  (I'lOft),  bil, 
f.48.  667;  J   .SW   (Tkm.  I iiJ  .  U  (l'«KO,  il3.  38.^;  Clitm.-Xn..  IMM,  9;7. 
'  J.  I  hem.  Snt..  105  (1')I4).  140  51.  2J62-?.1fl.5 
«  Compl.  r»Mj.  IIT  <1<<H).  77«-78l. 


The  work  of  L.  T.  Wright,i  Watson  Smith,'  Born- 
stein and  others  shows  that  the  tendency  of  increasing 
the  temperature  of  carbonization  is  to  cause  a  falling 
off  in  the  actual  and  percentage  yields  of  the  light  oils, 
a  decrease  in  the  actual  yield  of  heavy  oil,  but  an  in- 
crease in  the  percentage  yield  of  heavy  oil.  The 
specific  gravities  of  both  fractions  tend  to  increase 
and  the  yield  of  tar  acids  tends  to  decrease  with  in- 
creased temperature.  At  very  high  temperatures 
benzol  falls  off  and  the  light  oils  are  lacking  in  the 
phenols  which  are  carried  to  the  creosote  oil. 

THE     EFFECT    OF     TEMPERATURE     ON    THE     FORMATION 

OF  THE  INDIVIDUAL  AROMATics — A  Special  Study  of 
the  effect  of  temperature  on  the  formation  of  the 
individual  aromatics  benzene,  toluene  and  xylene  in 
coal  carbonization  was  suggested  by  the  work  of 
Rittman,  Egloff  and  Twomey  in  the  cracking  of 
petroleum  oils  at  atmospheric  pressure. 

Starting  with  cymene,  they  found  it  possible  to 
produce  by  "cracking"  all  the  other  hydrocarbons 
of  the  series,  such  as  xylene,  toluene,  benzene, 
naphthalene  and  anthracene.'  From  xylene  alone 
they  obtained  toluene,  benzene,  naphthalene  and 
anthracene,  but  no  cymene.  Toluene  yielded  ben- 
zene, naphthalene  and  anthracene,  but  no  cymene  or 
xylene.  Benzene  went  to  diphenyl,  naphthalene  and 
anthracene,  but  not  to  any  of  its  higher  homologues. 
From  naphthalene,  anthracene  is  readily  obtainable 
but  none  of  the  monocyclic  hydrocarbons,  benzene, 
toluene,  xylene,  and  cymene  are  produced.  Anthra- 
cene yielded  no  naphthalene  but  went  entirely  to 
tarry  matter,  carbon  and  gas.  On  the  foregoing 
evidence  the  authors  claimed  that  they  were  justified 
in  stating  that  the  course  of  the  cracking  reaction  in 
the  aromatic  series  might  be  indicated  as  follows: 
Higher  benzene  homologues  — *■  lower  benzene  homo- 
logue — >■  benzene — ^  (diphenyl) — >•  naphthalene — *■ 
anthracene  — >■  carbon  and  gas. 

In  further  work  along  these  same  lines,  Eglofl  and 
Twomey*  cracked  a  Pennsylvania  gas  oil  at  atmos- 
pheric pressure  and  besides  verifying  the  course  of 
reactions  of  the  aromatics  as  just  described,  they  also 
discovered  valuable  relations  existing  between  tem- 
perature and  rate  of  formation  of  the  individual  aro- 
matics. The  salient  features  of  their  results  may  be 
seen  from  a  study  of  Fig.  I,  taken  from  their  report. 
These  curves  show  that : 

I—  All  of  the  aromatics,  benzene,  toluene,  antl  xylene, 
begin  to  form  in  appreciable  quantities  at  about 
500°  C. 

3 — The  points  of  maximum  aromatic  formation  are 
definite:  that  for  benzene  is  at  8oo°  C,  and  those 
for  toluene  and  xylene  are  at  700°  C. 

3'  In  the  zone  of  maximum  aromatic  (ormnlion 
(650-850°  C.)  there  is  a  higher  porcontago  yield  of 
benzene  than  of  toluene  and  a  higher  percentage 
yield  of  toluene  than  of  xylene,  thus  offering  further 
evidence  that  the  course  of  the  reactions  is  as  pre- 
viously   indicated,    vis.,    higher    homologues    such    as 

•  J  .V...    them  t»4  .  T,  .^•J 

•  IHd  .  t.  ''.M> 

•  Klllmnii.  Il^mn  ami  Kilud.  Tiim  JocaNAL.  T  (l«l.^).  1019. 
•7    r*yi   ( >rm  .  to  (Wlh).  I.'l 
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those    of    aromatic    formation,    the    general    course    of 
the  cracking  reactions  might  be  represented  as  follows: 


450   soo 


650     600     650     700    ^50 
Degrees   Cennqrade 


300     350 


Fig.  1 — Analysis  op  Cracked  Pethoi-Bum  Oit  on  thu  Basis  op 
RecovBRED  Oil.  (Eglotf  &  Twomey) 

mesitylene,  pseudociimene,  etc.  — >■  xylene >  tol- 
uene — >■   benzene. 

The  authors  suggested  that  a  study  of  the  tempera- 
ture efect  on  the  distiUation  of  coal  would  undoubtedly 
give  results  similar  to  those  obtained  by  them  i)i  oil 
cracking. 

We  have  seen  that,  starting  with  an  oil  consisting 
almost  entirely  of  paraffin  hydrocarbons,  it  is  possi- 
ble to  produce  by  cracking  the  various  aromatics 
in  the  manner  described.  But  what  of  the  reactions 
taking  place  in  the  steps  intermediary  between  the 
paraffin  and  the  aromatic  stages?  A  general  survey 
of  the  work  of  many  investigators  in  the  field  of  thermal 
hydrocarbon  decomposition  furnished  us  with  the 
following  general  conclusions: 

I — When  a  paraffin  of  high  molecular  weight  is  de- 
composed by  heat,  the  products  of  the  first  stages  of 
decomposition  consist  of  paraffins  of  lower  molecular 
weight  and  of  defines.  The  point  of  rupture  of  the 
carbon  chain  depends  upon  conditions  of  tempera- 
ture and  pressure.  • 

2- — Among  the  most  important  products  resulting 
from  a  decomposition  of  the  olefines  just  mentioned 
are  acetylenes  and  other  unsaturated  compounds, 
alicyclic  compounds  or  naphthenes,  and  probably 
various  polycyclic  compounds,  etc. 

3 — Benzene  and  its  higher  and  lower  homologues 
are  formed  largely  at  the  expense  of  the  products  of 
olefine  decomposition'  mentioned. in  (2). 

By  furnishing  these  links  connecting  the  points  of 
high    molecular    weight    paraffin    decomposition    with 

*  E.  H.  Leslie  in  Thesis  on  "The  Decomposition  of  Hydrocarbons  and 
the  Influence  ol  Hydrogen  in  Carbureted  Water  Gas  Manufacture,"  pp. 
1-.?,';.     Abstract  of  thesis  in  Tins  Journal.  8  (1916),  593. 
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A  striking  evidence  that  the  important  aromatics 
may  be  obtained  by  the  thermal  decomposition  of 
mixtures  of  gaseous  paraffin  hydrocarbons  is  presented 
in  the  recent  work  of  Zanetti  on  the  cracking  of  the 
propane-butane  fraction  from  natural  gas  condensate.' 
At  temperatures  from  700  to  qoo°,  he  was  able  to 
collect  about  30  cc.  of  tar  which  yielded  both  toluene 
and  benzene,  and  at  200°  C.  naphthalene  began  to 
come  over  and  crystallize  in  the  condenser. 

THE    RECIRCL  LATIOX    PRINCIPLE 

In  the  recirculation  process,  coal  is  carbonized  in  a 
closed  retort  in  an  atmosphere  of  the  permanent  gases 
generated  during  the  heating,  while  at  the  same  time 
these  gases  are  continuously  recirculated  through  the 
retort  and  the  rest  of  the  system.  In  following  out 
this  scheme,  first  the  tars  are  swept  out  of  the  furnace 
and  immediately  condensed  and  then  the  remaining 
incondensable  or  permanent  gases  are  passed  by 
means  of  a  fan  through  the  retort  again  in  order  to 
repeat  the  same  cycle-  of  operations.  The  main  ob- 
ject of  this  procedure  is  to  sweep  out  of  the  carbon- 
izing chamber  all  the  distillation  products  before 
they  are  further  decomposed  by  the  action  of  continued 
heating.  The  mechanical  details  of  the  apparatus 
used  as  well  as  a  more  detailed  account  of  the  experi- 
mental procedure  are  described  in  later  paragraphs. 

In  the  process  of  coal  distillation  described  as  repre- 
senting most  closely  that  of  standard  practice,  the  coal 
was  carbonized  in  the  same  retort  under  the  same  con- 
ditions as  above,  except  that  all  of  the  products  evolved 
were  expelled  from  the  furnace  under  their  own  pres- 
sure instead  of  through  the  medium  of  recirculated 
gases, 

THE  GENERAL  EFFECT  OF  RECIRCULATION Accord- 
ing to  the  literature,  the  presence  of  an  excess  of  an 
inert  gas,  such  as  carbon  monoxide,  hydrogen,  etc., 
has  two  important  effects  on  carbonization:  the 
first  is  a  dilution  effect,  which  causes  a  decrease  in  the 
partial  pressures  of  the  constituent  gases,  and  the  sec- 
ond is  an  increase  in  volume  effect  which  tends  to  cut 
down  the  time  of  heating.  Of  less  importance  is  the 
absorption  effect  such  as  hydrogenation,  etc'  It  is 
obvious  that  the  chief  effect  of  recirculation  is  also 
to  cut  down  the  time  of  heating  and  this  effect 
in  combination  with  the  others  ju.st  mentioned  tends 
to  favor  those  reactions  occurring  at  the  earlier  stages 
of  hydrocarbon  decomposition.  We  would  expect, 
therefore,  that  recirculation  would  tend  to  increase 
the  yield  of  the  paraffins  more  than  that  of  the  un- 
saturated bodies,  and  that  it  would  tend  to  increase 
the  yield  of  unsaturated  bodies  more  than  that  of  the 
aromatics. 

I  This  Journal.  8  (1916).  674. 
•  Leslie,  Thesis,  p.  .19. 


Mar.,  1917 


THE   JOIRXAL   Of  I SDiSTRIAL    AXD   EXGIXEERIXG   CHEMISTRY 


263 


Fir,.  2 — General  View  of  the  Carbonizing  Sv 

INDUSTRIAL  PROCESSES  OF  RECiRCiLATiox-  Numer- 
ous patents  have  been  taken  out  for  distilling  coal 
on  a  commercial  scale  by  the  recirculation  process.' 
Viut  there  seems  to  be  little  reliable  information  or 
scientific  data  published  showing  actual  results  oljtained. 

A  number  of  articles  have  appeared,  no  doubt 
backed  by  the  promoters  of  the  Del  Monte  process 
which  is  being  operated  in  England.  The  following 
is  a  quotation  concerning  the  character  of  the  Del 
Monte  tars:^ 

"The  liquid  condensate  is  neither  the  heavy  tars 
produced  by  high  temperature  methods  nor  the  light 
tars  which  have  hitherto  resulted  from  various  low 
temperature  processes.  It  is  a  true  petroleum  of  the 
paraffin  series,  its  chemical  formula.  C„H2n  +  2.  being 
identical  with  the  petroleum  produced  by  the  Penn- 
sylvania oil  wells.  It  is  amenable  to  cracking  and 
yields  by  this  treatment  a  very  high  percentage  of 
motor  spirit.  On  refining,  all  the  petroleum  products 
are  obtained." 

Carbonizing  lemperatures  as  low  as  500°  I',  and 
yields  of  crude  oil  varying  from  85  gal.  per  ton  for  coal 
'"  I, ?,i  gal.  per  ton  for  shales  and  bitumens  arc  claimed.' 

I    \(    roKS     ID     HI-     ClINSIDI   k  I  I)    IN     ANY    COAl.    CAKIIOMZA- 
IIHN     I'KilCKSS 

In    the    c.\])erinicnlal    investigation    of    any    process 
'Oal  carl)oni/.alion  it  is  assumeil  that  the  following 
M  tors  should  lie  taken  into  consideration: 

I    -  Tnnprriiliiri-     ,ii      wliidi     i-.irbnnizing     reactions 
I  l<e  place. 

-  Pressurr  in  the  carlionizing  retort. 
;  -  Coiiiinlriiliuii    of    the    various    eonsliluenls    in- 
■  Ived  in   the  carbonizing  reactions. 
I      Diiriilioii  of  the  rtitilious  taking  place  in   the  re- 
■t    during  carbonirnlion. 

'  I'r     ■■ulrtll    No.   .VMl.llftt   ijiily    \\.    \'HH\.   It.  S    I'lilclll    Ni.    'J.^»..l;l 
.1     it>.    I'»10);   II.  S    I'llnlt    No    ■i;o.V,4   (Sept     !.«,    \>)\m .   liim     I'alciil 

.  \tfiyi  (I'll  II. 

>  rht  (Mm  (.'Hdri/oiN.  lOT,  Mutch  6.  IU|4 
•  J   (.''■•  I.iihlin,.  ItO  (IVU),  .t;n 


STEM  (Photocrapii  Take.n  IN  Two  Sections) 

5 — Size  and  character  of  the  surfaces  in  contact 
with  the  constituents  undergoing  decomposition,  or 
the  catalytic  effect. 

6 — Nature  of  the  coal. 

It  is  evident  that  Factors  (2),  (5)  and  (6)  may  be 
kept  constant  in  their  effect  throughout  any  series  of 
experiments.  It  is  also  evident  that  the  nature  of  the 
carbonization  process  makes  impracticable  any  at- 
tempt at  control  of  the  concentration  factor. 

E.xperimental  evidence  indicates  that  the  bulk  of 
the  volatile  matter  of  coal  under  the  proper  condi- 
tions may  be  liberated  at  quite  low  temperatures—  say 
at  temperatures  below  500°  C.  With  sufficient  sur- 
face exposure  of  the  coal  it  would  seem  probable 
that  at  most  of  the  carbonizing  tcniperatures  the  im- 
portant reactions  take  place  after  the  tars  and  gases 
have  been  freed  from  the  coal.  For  this  reason  it 
would  seem  more  important  to  know  the  tempera- 
ture of  the  atmosphere  of  the  retort  than  that  of  the 
coal  itself,  therefore  the  best  location  of  the  pyrods 
would  seem  to  be  at  each  end  of  the  coal  charge  as 
shown  in  Fig.  3.  The  chief  error  in  the  measurement 
of  the  temperature  of  the  atmosphere  of  the  retort 
is  due  to  the  tendency  of  the  metal  pyrods  to  absorb 
radiant  energy  more  readily  than  the  gases.  Heal  is 
transferred  to  the  gases  largely  through  conduction 
an<l  convection;  therefore  this  error  may  be  overcome 
to  a  large  extent  by  keeping  the  gases  in  motion  in 
such  a  manner  as  to  stimulate  ns  much  as  possible 
the  processes  of  conduction   and   convection. 

The  duration  of  the  carbonixing  reactions  ilcpends 
first,  upon  the  rate  <if  removal  of  0»e  volatile  matter 
from  the  coal,  ami  second,  upon  the  speed  of  removnl 
of  the  liberated  vnlatde  matter  from  the  none  of  heat- 
ing. This  means  that  the  rale  of  heating  must  he 
under  control,  that  the  coal  shuiild  be  in  «  wore  or 
less  finely  divitled  con»lilion  and  should  he  held  in  a 
container  of  such  design  118  to  secure  the  inaxinuim 
aino\inl  of  surface  exposure,  that   the  velocity  of  the 
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gases  through  the  zone  of  heating  should  be  under 
control,  and  that  the  dimensions  of  the  heating  zone 
and  size  of  the  coal  charge  should  be  the  same  for  all 
runs.  The  rotation  of  the  retort  would  tend  to  in- 
crease the  amount  of  surface  exposure  of  the  coal  as 
well  as  to  insure  a  more  uniform  heating  of  the  coal 
charge  .and  also  stimulate  the  conduction  and  convec- 
tion of  heat  to  the  gases. 

COAL    USED    IN    TESTS 

A  selected  grade  of  Pennsylvania  bituminous  coal 
especially  suited  for  gas  making  was  crushed  and 
screened;  all  the  particles  passing  through  a  4-mesh 
screen  were  rejected.  The  size  of  the  particles  of 
coal  taken  varied  from  about  V4  to  i  in.  in  diameter. 
These  were  carefully  sampled  and  stored  away  in  cov- 
ered barrels.  The  percentage  analysis  of  this  coal  was 
as  follows: 

Volatile 
Matter 
34.1 


Moistt 
Proximale 0.9 


Fixed 
Carbon  Ash 

59.2  5.8 


Ultimate  (Dry  Basis). 


Hydrogen 

5.7 


Nitrogen 
1.6 


EXPERIMENTAL    APPARATUS    AND    PROCEDURJE 

A  general  plan  of  the  carbonizing  system  may  be 
;en    in    Figs.    2    and    3.      During    recirculation    runs 
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Fig.  3 — Plan  of  Carbonizing  Systbm 

the  procedure  was  as  follows:  Coal  was  carbonized 
in  the  retort  R.  The  volatile  products  passed  to  the 
condensers  C\,  C2  and  C3,  where  most  of  the  water  and 
part  of  the  tar  were  deposited.  The  remaining  vola- 
tile products  then  passed  to  the  fan  F,  where  most  of 
the  light  tars  were  deposited  in  the  water-sealed  bot- 
tle W.  The  remaining  volatile  products  consisting 
of  incondensable  gases  were  then  passed  by  the  fan 
to  the  by-pass  Bi,  where  a  part  went  to  the  gas  holder 
Gi  and  the  remainder  were  sent  into  the  retort  again 
in  order  to  sweep  out  the  freshly  generated  tars  and 
gases  and  repeat  the  same  cycle  of  operations. 

Since  it  is  assumed  here  that  the  aromatics  are  the 
products  of  secondary  and  higher  hydrocarbon  de- 
composition, it  seemed  evident  that  the  only  mode 
of  experimental  procedure  that  would  give  consistent 
results  would  be  that  in  which  the  temperature  of  the 
retort  was  maintained  constant  at  all  stages  of  the 
runs.  To  accomplish  this  purpose,  the  coal  charge 
was  thrust  into  the  retort  while  it  was  heated  to  full 
temperature.  All  air  was  displaced  by  an  inert  gas, 
such  as  carbon  dioxide,  and  this  was  quickly  displaced 
by  gas  from  a  previous  run. 


In  the  runs  in  which  recirculation  was  not  employed, 
the  procedure  was  similar  to  that  just  described  ex- 
cept that  the  fan  was  not  in  operation  and  the  return 
connection  to  the  retort  was  cut  off.  The  products 
of  carbonization,  therefore,  passed  under  their  own 
pressure  from  the  retort  through  condensers  and  fan 
to  a  gas  holder  depositing  the  condensable  products 
on  the  way. 

In  both  circulating  and  non-circulating  runs  the  heat- 
ing was  continued  until  the  rate  of  gas  evolution  was 
about  o.  I  cu.  ft.  per  hour.  This  made  the  length 
of  the  runs  from  i  to  3  hours. 

The  pressure  at  the  retort  was  0.8  in.  of  water  in  all 
runs. 

In  all  runs  the  charges  consisted  of  5  lbs.  of  coal; 
and,  except  in  the  cases  of  the  500°  non-circulating 
and  the  700°  circulating  runs,  at  least  two  runs  were 
made.  In  the  case  of  these  two,  single  runs  were 
made.  In  the  case  of  the  800°  and  900°  non-cir- 
culating runs,  five  runs  were  made  in  order  to  secure 
enough  tar  for  light  oil  fractionation. 

THE  FURNACE — Fig.  4  shows  a  cross  section  of  the 
furnace  used.  The  furnace  is  a  type  of  so-called 
"heating  machine"  put  out  by  the  American  Gas  Fur- 
nace Co.  and  was  modified  in  construction  to  meet 
the  needs  of  the  present  experiments.  The  retort  is 
of  the  revolving  type  and  the  speed  of  rotation  was 
about  I  r.  p.  m.  In  Fig.  4  the  basket  of  coal  is  shown  in 
position  and  the  general  course  of  the  gases  and  tars 
may  be  followed.  The  coal  basket  consisted  of  two 
concentric  cylindrical  rolls  of  4-mesh  heavy  wire 
screen  wired  at  each  end  to  annular  rings  of  the  same 
material.  The  furnace  was  heated  by  two  sets  of  gas 
burners  consisting  of  5  burners  to  a  set.  The  tempera- 
ture of  the  retort  was  automatically  controlled  by  a 
special  temperature  regulator  so  that  the  variation 
in  temperature  was  not  greater  than  20°  F.  Parts 
of  this  regulator  may  be  seen  at  the  extreme  right 
and  just  below  the  body  of  the  furnace  in  Fig.  2.  A 
detailed  description  of  the  operation  of  the  regulator 
is  contained  in  a  bulletin  published  by  the  American 
Gas  Furnace  Co. 

CONDENSERS,   FAN   AND   GAS  HOLDERS,   ETC. The  COH- 

densers  consisted  of  six  2-ft.  lengths  of  I'/j  in. -pipe 
provided  with  water  jacket  of  2-in.  pipe.  The  base 
of  the  condensers  consisted  of  3-in.  heavy  cast  iron 
piping.  In  these  latter  were  placed  thin  sheet  iron 
tar  pans  for  catching  the  condensed  tar. 

The  fan  was  a  Sturtevant  Monogram  type,  and  ro- 
tated at  a  speed  of  2000  r.  p.  m.  Besides  acting  as  a 
gas  circulator  it  also  served  as  a  tar  extractor.  The 
rapidly  revolving  blades  tended  to  beat  out  the  parti- 
cles of  tar  which  were  not  deposited  in  the  condensers. 

The  gas  holders  were  of  standard  type,  each  10 
cu.  ft.  in  capacity,  and  were  calibrated  by  calculating 
their  volumes  from  their  linear  dimensions.  On  one 
of  the  holders  was  mounted  a  motor-driven  stirrer. 

All  pipe  connections  were  1V2  in.  standard  wrought 
iron. 

MEASUREMENT    OF    TEMPERATl^RE    AND    RATE    OF    GAS 

CIRCULATION — The  temperatures  at  each  end  of  the  coal 
charge   were   measured   by   the   base   metal   pyrods   P\ 


Mar.,  191 ; 


THE  JOIRXAL  OF  IXDISTKIAL   AND  EXGI XEERI XG  CHEMISTRY 


265 


^    j1 


^  '-'  ^'  ^'.^.^,.^.^..:^l.^       ^.^.^  £^nt  Cases 

s. 


Exit 
Tans  and  Co^es 


K  K.  Coal  Charge 
Bi — Bt,  Burners 
T,  Buffer 


Pi  Pi.  Entrance 
Si  S2,  Stuffing  Boxes 
S3  Si,  StufHng  Boxes 
Fig.  4 — Cross  Section  of  Furn.\ 

and  P;  shown  in  Fig.  4.  These  pyrods  were  calibrated 
against  a  standard  platinum-platinum-iridium  junc- 
tion. 

The  rate  of  circulation  of  the  gases  was  determined 
by  passing  the  gases  obtained  from  various  runs  from 
one  tank  to  the  other  through  the  whole  carbonizing 
system  under  the  same  conditions  as  were  maintained 
during  the  runs.  The  rate  of  circulation  was  found 
to  be  from  4  to  s  cu.  ft.  per  minute. 

YiF,LDS  OF  THF.  PRODUCTS  OBTAINED — Because  of  the 
small  size  of  the  charges  of  coal  treated  (5  lbs.),  it  is 
evident  that  the  actual  yields  of  the  products  ob- 
tained by  the  experimental  processes  used  cannot  be 
compared  with  those  which  would  be  obtained  if  these 
processes  were  operated  on  an  industrial  scale.  It 
was  not  proposed  to  study  actual  yields  in  them- 
selves, but  rather  to  compare  the  yields  obtained  in 
the  two  processes  studied  and  to  examine  into  the 
character  of  the  important  reactions  involved  in  coal 
carbonization. 

ANALYSIS  OF  THE  TAR — The  crude  tar  as  recovered 
from  the  condensers  and  fan  contained  considerable 
amounts  of  water.  As  much  as  possible  of  this  water 
was  removed  by  gravity  and  the  remainder  by  dis- 
tillation. Distillation  of  the  crude  tar  was  conducted 
in  an  iron  cylindrical  still  of  about  500  cc.  capacity. 
The  crude  oil  was  separated  from  the  tar,  and  the  light 
oil  distilling  below  210°  C.  was  separated  from  the 
dry  crude  oil  by  distilling  in  a  Jena  flask  provided  with 
a  Glinsky  tube.  The  tar  acids  were  removed  from 
the  light  oil  by  treatment  with  10  per  cent  caustic 
soda  solution.  The  tar  bases  were  removed  by  treat- 
ing the  residue  from  the  caustic  soda  treatment  with 
warm  sulfuric  acid  of   1.15  specific  gravity. 

The  light  neutral  f)il  was  dried  and  fractionated  in  a 
flask  provided  with  a  (llinsky  tube.  The  distillation 
cuts  chosen  were  as  follows: 


o  to  9}°  c. 
Bcnccnr  Cut 


9S  to  123"  C. 
Toluene  Cut 


12.1  to  ISO^C.        12s  to  170°  C. 
Xylene  Cut     Solvent  Naphlhii  Cut 


The  uiisalur.'ited  bodies  were  removed  from  each 
fraction  by  treatment  with  sulfuric  acid  (1.S4  sp.  gr.) 
in  an  ice  bath.  The  aromatics  were  removed  by  treat- 
ing the  fractions  after  sej)uralion  of  the  unsaturated 
bodies  with  fuming  sulfuric  acid  in  an  ice  batli.  Tiie 
residue  from  tliis  treatment  rcpresontnl  the  amount 
of  par.'iflins  present.  The  amounts  of  benzene,  toluene 
and  xylene  were  calculated  from  the  amounts  of  the 
nromutics  in  the  benzene,  toluene  and  xylene  cuts, 
and  also  from  the  spe('i(i<'  gravities  of  each  cut.  using 


Exit  Pyrods  Wi— W<.  Firebrick  Walls 

for  1 ',  i"  Pipe  Ci  C-,  Covers  of  Retort 

for  Pyrods  Ri  R..  Pistons 

CE  Used  for  Coal  Carbonization 

constants  representing  the  average  values  for  the  gravi- 
ties of  the  aromatics  and  non-aromatics  present.' 
The  results  obtained  by  the  two  methods  checked 
very  closely. 

In  all  cases  where  the  volume  of  oil  was  great  enough, 
the  specific  gravity  was  determined  by  means  of  a 
Mohr-Westphal  balance.  For  determining  the  specific 
gravity  of  very  small  volumes  of  oil,  the  use  of  a  modi- 
fication of  the  Drushell  type  of  pycnometer'  was 
found  to  be  most  satisfactory.  All  specific  gravity 
determinations  were  made  at  15°  C. 

EXPERIMENTAL    RESULTS 
THE   TOTAL,    LIGHT,    AND   HEAVY  OIL    YIELDS Table   I 

shows  the  specific  gravities  and  actual  yields  of  total. 
light,  and  heavy  oil.     These  are  plotted  in  Figs,  5.  6 

Table  I — Yields  of  Total.  Light,  and  Heavy  Oils  (Basis  One  Shoki 
Ton  of  Coal) 

Light  Oil  Heavy  Oil 

Temp.  Total  Oil  (0  to  210°  Cut)  (210°  to  Pitch) 
°  C.  Conditions     Liters      Sp.  Gr.         Liters       Sp.  Gr.        Liters     Sp.  Gr. 

40O      Cire.                   84.4          0.947            22.0         0.866  62.4          0.975 

26.0  0.867  58.4  0  990 
16.2    0.914  .15.4    0.989 

11.1  0.920  22. .1  1. 000 
9.7  0.952  2.1.6  1.020 
7. J  0.943  18.7  1.030 
7.5  0.954  21.8  1,034 
2.4  0.950  8.0  1.0.15 
3.3  0.960  16.1  1.041 

0.00     ...       2.4 

and  7,  which  shows  that  the  general  effect  of  increasing 
temperature  is  to  cut  down  very  materially  the  yields 
of  total,  light,  and  heavy  oil.  However,  it  is  evident 
that  while  the  percentage  yield  of  light  oil  diminishes, 
the  penenttigc  yield  of  heavy  oil  increases.  An  in- 
spection of  Table  I  shows  that  the  specific  gravities 
in  all  cases  tend  to  increase  with  rising  temperature. 

In  the  run  at  900°  C.  without  circulation  it  was 
impossible  to  obtain  any  light  oil.  Although  25  lbs. 
of  coal  were  carbonized,  besides  25  g.  of  water,  only 
about  6  cc.  of  a  mixture  consisting  mostly  of  naphtha- 
lene and  anthr.'icene  were  obtained. 

The  nuestion  may  arise  as  to  the  reason  for  the  yields 
of  all  the  oils  being  so  low  at  400"  in  the  case  of  no 
circulation.  The  values  plotted  here  represent  the 
amounts  of  oil  that  it  was  possible  to  recover  in  the 
condensing  system.  These  yields  were  low  in  the  cn.sc 
of  no  circulation  because  the  vapor  pressure  of  the  tar 
was  not  great  enough  to  carry  much  of  it  out  of  the 
retort.  As  a  conseipience  a  large  part  of  it  remained 
behind  ;»nil  formed  a  sticky  mixture  with  the  undo- 
com|)osod  coal  and  coke. 

>  KUIm>n  Txi.MiFV  and  K|l»fl.  UtI  <  »>«.  lint.  U  tlU|1).  No  II. 
|>   68;. 
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Circ. 

33.3 

0.997 
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26.0 

1.007 
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Circ. 
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It  will  be  seen  that  the  general  effect  of  recircula- 
tion at  all  temperatures,  except  possibly  500°  C, 
is  to  increase  the  yields  of  total,  light,  and  heavy  oils. 
In  the  majority  of  cases  the  gravities  of  the  oils  pro- 
duced in  recirculation  runs  are  lower  than  those  pro- 
duced in  non-circulating  runs  at  corresponding  tem- 
peratures. 

THE  LIGHT  OIL  (o-2io°  C.) — Table  II  shows  results 
of  tests  on  the  light  oil  cut  to  210°  C. 


Tablf 

II— Tests 

ON  Light 

Oil 

(0-210°  C.l 

Neutral 

Tar  .^cids 

OP 

Light  Oiu 

Tar  Bases 

Temp 

Liglit  Oil 

Per  cent 

.iters  per  Short 

Per  cent 

"  C. 

Conditions 

Sp.  Gr. 

Volume 

Tc 

n  of  Coal 

Volume 

400 

Circ. 

0.816 

26.3 

5.8 

0.9 

SCO 

Non-circ. 

0.8,10 

'5.0 

6.5 

1.4 

600 

Circ. 

0.892 

24.2 

3.9 

1  .9 

Non-circ. 

0.901 

24.0 

2.7 

1.7 

700 

Circ. 

0.920 

24.0 

2.3 

3.3 

Non-circ. 

0.930 

21.0 

1.5 

2.3 

800 

Circ. 

0.922 

22.8 

1.7 

2.6 

Non-circ. 

0.932 

17.0 

0.4 

3.3 

900 

Circ. 

0.927 

17.1 

0.6 

3.4 

Non-circ. 

0  0 

0.0 

0.0 

400 


500 


600 


700 


son  900' 

neutral  oil  distilling  below  170°  C.  All  percentages 
are  expressed  on  the  basis  of  the  volumes  of  the  170° 
cuts.  The  percentage  volumes  of  aromatics  and  un- 
saturated bodies  are  plotted  in  Fig.  9.  The  per- 
centage volumes  of  paraffins  are  plotted  in  Fig.  10. 
Tablr   III — Tests  on  Neutral  Light  Oh.   Distilling    below    170°   C. 


Temp. 


"■  c. 

Conditions 

400 

Circ. 

500 

Non-circ. 

600 

Circ. 

Non-circ. 

700 

Circ. 

Non-circ. 

800 

Circ. 

Non-circ. 

Per  cent  Volume 
Unsaturated     Aromatics  ] 


29.4 
.34.2 
25.0 
26.8 


32.6 
.W.6 
61.0 
69.5 
69.5 
73.5 
79.0 
83.5 
84.5 


38.0 
26.2 
14.0 


6.3 
0.0 
1.8 
0.0 


The  actual  and  percentage  yields  of  tar  acids  are 
plotted  in  Fig.  8,  which  shows  that  increase  of  tempera- 
ture tends  to  decrease  both  the  actual  and  the  per- 
centage yields  of  tar  acids  very  materially,  and  that  re- 
circulation increases  both  the  actual  and  the  percentage 
yields  of  tar  acids.  This  effect  is  most  noticeable 
at  temperatures  above  600°  C. 

The  tendency  of  recirculation  to  produce  oils  of  low 
specific  gravity  is  shown  in  the  case  of  the  neutral 
light  oil  (Table  II)  better  than  in  the  case  of  the  light 
oil  before  the  removal  of  tar  acids  and  bases  (Table  I). 
The  specific  gravities  in  the  latter  case  hold  up  in  the 
circulating  runs  prolJably  because  of  the  high  tar  acid 
content. 

TESTS     ON     NEUTRAL     LIGHT     OIL     DISTILLING      BELOW 

170°  C. — Table  III  shows  the  results  of  the  tests  on  the 


Fig.  Q  shows  that  the  effect  of  rise  in  temperature 
is  to  increase  the  percentage  of  aromatics  and  decrease 
the  percentage  of  unsaturated  bodies,  contained  in 
the  neutral  oil  boiling  below  170°  C.  Recirculation 
decreases  the  percentage  yield  of  both,  especially  of 
the  aromatics.  Still  more  marked  is  the  fall  of  the 
percentage  yield  of  paraffins  with  increased  tempera- 
ture, and  their  conservation  by  recirculation,  as  shown 
in  Fig.  10. 

The  fact  that  the  aromatics  increase  so  materially 
with  rise  in  temperature  while  both  paraffins  and  unsat- 
urated bodies  fall  oft"  seems  to  indicate  that  the  aro- 
matics are  formed  at  the  expense  of  the  other  two. 
Further  evidence  of  this  action  is  shown  in  the  ten-  ■ 
dency  of  recirculation.  The  fact  that  recirculation 
tends  to  increase  the  percentage  yield  of  paraffins 
and  cut  down  the  percentage  yield  of  aromatics  and 
unsaturated  bodies  indicates  that  the  first  named  is  a 
product  of  earlier  decomposition  than  that  of  the  other 
two. 
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THE  BENZENE,  TOLUENE  AND  XYLENE  FRACTIONS — 

Table  IV  shows  the  total  volumes  and  specific  gravi- 
ties of  the  benzene  (0-95°),  toluene  (95-125°)  and  sol- 
vent naphtha   (125-170°)   cuts  before  the  removal  of 


Taulk    IV 

— VOI,UM89 

AND    SpHCII'IC 

Gravities    of    Benzene.    1 

POLUENE 

A 

ND  Xylene 

Cuts  (Basis 

One  Short  Ton 

at 

COAl.) 

Solvent 

lorn 

p- 

Benz 

KNE  Cut 

TouoBNE  Cut 

Naphtha  Cut 

"  C. 

Conditions  Cc. 

Sp.  Gr. 

Cc.         Sp.  Gr. 

Cc. 

Sp.  Gr. 

■ton 

Circ. 

976 

0.720 

2480          0.764 

7080 

0.806 

S(ll) 

Non- 

circ.        928 

0.730 

3212          0.782 

8120 

0.813 

'.()() 

Circ. 

328 

0.740 

1048          0.825 

3260 

0.859 

Non 

circ.        176 

0.7.50 

880         0.839 

3056 

0.870 

70(1 

Circ. 

124 

0.800 

768          0.850 

2040 

0.883 

Non- 

circ.           88 

0 . 8.S0 

800         0.865 

1932 

0.905 

Kno 

Circ. 

512 

0.802 

620          0.847 

1288 

0.899 

Non- 

circ.         124 

0.857 

236         0.868 

576 

0.923 

VOII 

Circ. 
Non- 

176 

0.825 

232          0.845 
0 

784 
0 

0.905 

the  aromatics.  Table  V  shows  the  actual  and  per- 
centage yields  of  benzene,  toluene  and  xylene  con- 
tained in  these  cuts.  Actual  yields  arc  on  the  basis  of 
total  volumes  per  short  ton  of  coal. 

Taui.e  V- -Actual  and  Pehcentaoe  Yields  oi^  Benzene.  Toluene  and 
Xylene  (Basis  (jne  Short  Ton  or  Coal) 

AcTIi 
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Conditio 

400 
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.SOO 

Noii'Circ. 

600 

Circ. 

Non-circ. 

700 

Circ. 

Non-circ. 
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Noll-clrc. 
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01 
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0.0 

2.5 

6  4 
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0.2 

4.6 

6    1 
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0.2 

4.4 

112 

680           1 592 

0.4 

5.9 

14.1 

652             880 

0.6 

6.7 

9   2 

764            836 
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10  5 

11.4 

512            452 

3.4 
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6  0 
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4   4 
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HO 
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3.1 
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4.5 
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0   II 

(1  (1 
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The  actual  and  percentage  yields  of  benzene  are 
|)Uitlefl  in  I'igs.  11  and  12.  It  will  be  seen  that  ben 
zenc  begins  to  form  between  400  and  500°  C".,  rises  to 
n  maximum  at  800°,  and  in  the  case  of  the  non-cir 
culnling  runs,  drops  off  to  zero  at  ()Oo°.  The  efTccl  of 
recirculation  in  the  case  of  all  lomperalures  except 
000°   is   to  deercnse  the   prrccnlagf  yields  of  beniene. 
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but  in  the  zone  of  maximum  formation  (700-900°) 
the  actual  yields  are  favored  by  recirculation.  It  will 
be  noted  that  at  900°,  while  the  yield  without  circula- 
tion is  zero,  the  yield  with  circulation  is  greater  than 
the  maximum  obtained  in  the  former  case.  Since 
analysis  of  the  gases  indicated  that  the  amount  of 
"gas  benzol"  was  greater  in  the  circulating  runs  than 
in  the  non-circulating  runs  at  temperatures  aliove  700, 
it  cannot  be  said  that  the  increased  yields  in  the  former 
case  are  due  to  the  scrubbing  action  of  the  fan. 

The  actual  and  percentage  yields  of  toluene  are 
plotted  in  Figs.  13  and  14,  which  show  that  toluene 
forms  at  400°  and  in  the  case  of  the  non-circulating 
runs  tends  to  approach  a  maximum  at  700°.  and  drops 
off  to  zero  at  900°.  The  tendency  of  recirculation  is 
to  decrease  the  perccntaf^e  yields  at  all  temperatures 
and  to  increase  the  actual  yields  at  temperatures  above 
700°.  Toluene  seems  to  begin  to  form  at  an  earlier 
temperature  than  benzene  since  there  is  a  very  ap- 
preciable yield  of  the  former  at  400°. 

Figs.  15  and  lO  show  that  xylene  forms  at  400° 
and  that  it  has  a  greater  yield  than  toluene  at  that 
tem])erature,  thus  indicating  that  it  is  formed  first. 
The  maximum  i)ercentage  yield  of  xylene  is  at  600°. 
The  yield  then  drops  off  as  in  the  case  of  benscnc  and 
toluene.  Recirculation  seems  to  favor  both  the 
actual  and  the  prrcriilagr  yields  of  xylene  at  tempera- 
tures above  500°. 

T.'iblo  IV  shows  thai  the  actual  volumes  in  the  ben- 
zene, tohiene  and  xylene  c\ils  in  the  r«ins  below  700* 
are  considcr.'ible  although  the  percentage  yields  of 
aromatics  are  small.  It  was  thn«ight  that  a  study 
of  the  boiling  points  in  these  frnctions  might  be  of 
value  in  identifying  .some  of  the  constituents  present 
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at  the  lower  temperatures.  The  boiling  points  ob- 
served indicated  that  in  the  benzene  fraction  there 
were  present  paraffins  of  the  hexane  and  heptane 
series,  and  possibly  some  naphthenes  boiling  in  the 
eighties  and  nineties.  The  toluene  fraction  probably 
contained,  besides  some  benzene  and  toluene,  naph- 
thenes ranging  in  boiling  points  from  100  to  125°  C. 
The  solvent  naphtha  fraction  besides  the  xylenes 
ranging  in  boiling  points  from  about  136°  to  150°  C, 
probably  also  contained  also  other  homologucs  of  ben- 
zene such  as  ethyl  benzene,  mesitylene,  pseudo  cumene, 
etc.,  as  well  as  naphthenes  ranging  in  boiling  points 
from  130  to  150°  and  from  168  to  170°. 

PERCENTAGE      YIELDS      OF      BENZENE,      TOLUENE      AND 
XYLENE  (basis  OF  VOLUMES  OF  NEUTRAL  OIL  DISTILLING 

BELOW  170°  C.) — Table  VI  shows  the  percentages  of 
benzene,  toluene  and  xylene  on  the  basis  of  neutral 
oil  distilling  below  170°  C.  By  having  these  values 
plotted  together  on  the  same  scale  the  course  of  the 
reactions  of  the  three  aromatics  may  be  followed  and 
the  character  of  benzene,  toluene  and  xylene  forma- 
tion in  the  case  of  coal  compared  to  that  obtained  in 
the  case  of  petroleum  oil  and  shown  in  Fig.  i. 

Table  VI — Percbntage  Yiblds  of  Benzbne.  Toluene  and  Xylene  on 
THE  Basis  op  the  Neutral  Oil  Cut  to  170°  C. 


.p.  "  c. 

Condition 

400 

Circ. 

500 

Non-circ 

600 

Circ. 

Non  circ. 

700 

Circ. 

Non-circ. 

800 

Circ. 

Nou-circ 

900 

Circ. 

enzene 

Toluene 

Xylene 

0.0 

5.6 

LI. 4 

0.5 

9.7 

13.0 

0.9 

15.1 

39.0 

1.2 

16.5 

38.8 

2.1 

22.2 

30.0 

2.5 

27.2 

29.7 

10.6 

21.2 

18.7 

11.2 

24.4 

20.5 

8.7 

16.0 

12.6 

0.0 

0  0 

0.0 

Fig.    17  shows  the  percentages    for  the    circulating 
runs    and    Fig.    i8    shows    the    percentages,  for    non- 
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circulating  runs.  A  comparison  of  these  curves 
with  those  contained  in  Fig.  i  showing  the  results 
of  Eglofl  and  Twomey  on  the  cracking  of  petroleum 
oil  brings  out  the  following  facts: 

I — -The  points  of  maximum  formation  of  toluene 
and  benzene  are  the  same,  viz.,  700  and  800°  C, 
respectively. 

1 — The  point  of  maximum  formation  of  xylene  in 
the  case  of  the  coal  runs  occurs  at  600°  C,  while  it 


occurs  at  700°  in  the  case  of  the  oil  runs.  It  was 
learned  recently  that  experiments  on  other  oils  have 
given  points  of  maximum  xylene  formation  at  tem- 
peratures between  600  and  700°  C. 

3 — The  order  of  magnitude  of  the  percentages  of 
benzene,  toluene  and  xylene  at  400°  and  low  tempera- 
tures in  the  coal  runs  is  opposite  to  that  in  the  oil 
runs.  We  would  expect  this  when  we  have  condi- 
tions such  that  we  get  larger  yields  at  very  low  tem- 
peratures where  the  speed  of  the  reactions  is  low. 
The  fact  that  xylene  has  a  higher  percentage  yield  than 
toluene  at  400°  and  that  toluene  has  a  higher  percent- 
age yield  than  benzene  might  indicate  that  xylene 
forms  before  toluene  and  that  toluene  forms  before 
benzene. 

4 — It  will  be  noted  that  at  temperatures  higher 
than  700°,  the  point  of  maximum  formation  of  toluene, 
the  xylene  falls  below  toluene  in  the  coal  runs  in  the 
same  way  as  in  the  oil  runs. 

5 — The  benzene  curve  in  the  coal  runs  is  different 
from  that  of  the  oil  runs  in  that  the  percentage  yields 
at  no  point  rise  above  those  of  toluene.  Hence  this 
curve  does  not  indicate  that  benzene  is  formed  at  the 
expense  of  toluene  and  xylene  at  any  stage  of  the  car- 
bonization. We  would  expect  this  in  the  case  of  coal 
since  it  must  be  remembered  that  most  of  the  ben- 
zene is  in  the  gas.  If  this  were  added  to  that  recov- 
ered in  the  tar,  no  doubt  the  relations  in  the  case  of 
coal  would  be  the  same  as  those  shown  in  Fig.  i. 

6 — Taking  everything  into  consideration,  it  is 
probable  that  the  course  of  the  reactions  of  the  indi- 
vidual aromatics  is  the  same  in  the  case  of  coal  as  in 
the  case  of  the  oil. 

summary    and    CONCLUSIONS 

I — The  results  of  the  present  investigation  confirm 
those  of  other  investigations  in  regard  to  the  effect 
of  temperature  on  the  formation  of  the  total,  light 
and  heavy  oil,  and  of  the  tar  acids  in  the  light  oil. 
Low  temperatures  favor  the  formation  of  the  total, 
light  and  heavy  oil  and  tar  acids.  Increasing  tempera- 
ture causes  a  falling  off  in  the  percentage  yields  of 
light  oil  and  tar  acids  and  an  increase  in  the  percentage 
yields  of  heavy  oil.  The  low  temperature  oils  are 
characterized  by  high  content  of  paraffins  and  un- 
saturated bodies  and  low  content  of  aromatics.  In- 
creased temperature  causes  the  percentage  yields  of 
paraffins  to  decrease  and  that  of  the  aromatics  to  in- 
crease. In  the  zones  of  maximum  aromatic  formation 
the  percentages  of  unsaturated  bodies  fall  off  decidedly. 

II — In  the  case  of  the  coal  used,  the  relations  be- 
tween temperature  and  the  rate  of  formation  of  ben- 
zene, toluene  and  xylene  seem  to  be  quite  definite. 
Xylene  and  toluene  seem  to  form  between  400  and 
900°  C,  and  benzene  between  500  and  900°  C.  The 
point  of  maximum  formation  of  benzene  is  800°  C. 
That  of  toluene  is  700°  C,  and  that  of  xylene  is  600°  C. 

Ill — The  results  stated  in  II  agree  closely  with  those 
obtained  in  the  cracking  of  petroleum  oils  and  seem 
to  indicate  that  the  course  of  the  reactions  in  the 
formation  of  benzene,  toluene  and  xylene  from  higher 
benzene  homologues  is  the  same  in  the  case  of  coal 
carbonization    as    in    the    case    of   oil    cracking.     This 
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leads  us  to  suppose  that  a  large  portion  of  the  primary 
products  of  the  decomposition  of  coal  are  high  molec- 
ular weight  paraffins.  These  decompose  into  defines 
which  in  turn  form  the  decomposition  products  for 
the  formation  of  benzene  and  its  homologues.  The 
course  of  the  reactions  may  be  indicated  as  follows: 
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IV — Diminishing  the  duration  of  the  carboniza- 
tion reactions  by  recirculation  tends  to  increase  the 
actual  yields  of  total,  light  and  heavy  oils  as  well  as 
the  yields  of  the  total  benzene,  toluene  and  xylene 
fractions. 

V — Recirculation  tends  to  increase  the  percentage 
yields  of  the  paraffins  and  to  decrease  the  percentage 
yields  of  aromatics  and  unsaturated  bodies  thus  offer- 
ing further  evidence  that  the  aromatics  are  formed  at 
the  expense  of  the  other  two. 

VI — Although  the  percentage  yields  of  the  individual 
aromatics,  benzene,  toluene  and  xylene,  are  favored 
by  increasing  the  duration  of  the  carbonizing  reactions 
by  non-circulation,  in  the  zones  of  maximum  aromatic 
formation — usually  between  700  and  900°  C. — the 
actual  yields  are  favored  by  recirculation. 

VII — Recirculation  tends  to  increase  both  the 
actual  and  the  percentage  yields  of  tar  acids  in  the  light 
oil.  This  would  tend  to  confirm  the  conclusions  of 
other  investigators  that  the  tar  acids  are  products 
of  the  primary  decomposition  of  coal. 

VIII — The  results  as  a  whole  emphasize  the  neces- 
sity of  temperature  control  in  coal  carbonization  if 
the  yields  of  the  important  aromatics  are  to  be  con- 
sidered. Under  the  conditions  usually  maintained 
in  standard  practice,  it  is  evident  that  for  actual 
efficient  combined  yields  of  benzene,  toluene  and 
xylene,  the  carbonizing  temperatures  should  not 
greatly  exceed  800°  C,  nor  should  they  lie  much 
lower  than  700°  C.  The  fact  that  such  good  yields 
of  the  aromatics  are  obtained  at  the  gas  and  coke 
works  where  very  high  temperatures  are  employed  is, 
no  doubt,  due  to  the  protection  offered  by  the  cooler 
central  core  of  coal  which  does  not  reach  the  cracking 
temperatures,  and  to  the  cooling  effect  on  the  hotter 
gases  due  to  dilution  with  the  cooler  gases  emerging 
from  the  center  of  the  charge. 

IX — By  the  use  of  any  device  whereby  the  duration 
of  the  carbonizing  reactions  is  shortened,  it  seems  possi- 
l)lc  both  to  increase  the  yields  of  the  paraffin  oils  at 
the  lower  temperatures  and  the  yields  of  the  aromatics 
at  the  higher  temperatures.  It  is  also  possible  to 
operate  at  higher  carbonizing  temperatures. 

X^ — The  similarity  of  the  coal  carbonizing  reac- 
tions to  those  undergone  during  oil  cracking  suggests 
the  possibilities  of  carbonization  at  low  temperatures 
and  n  treatment  of  the  low  temperature  tnrs  by  the 
cracking  processes  used  on  the  petroleum  oils.  In 
this  way  the  valuable  tar  acids  could  \w  conserved 
liy  removing  them  before  the  cracking  treat  menl,  and 


more  eflBcient  yields  of  the  aromatics  (or  possibly  of 
the  lower  boiling  paraffins)  could  be  obtained.  How- 
ever, until  the  oil  cracking  processes  prove  more  fully 
their  industrial  worth,  this  phase  of  by-product  re- 
covery will  not  be  entitled  to  serious  consideration. 
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mFLAMMABILITY  OF  CARBONACEOUS  DUSTS 

By  H.  H.  Brown 
Received  November  13,  1916 

The  fact  that  coal  dust  is  explosive  is  very  generally 
known  to-day.  The  large  loss  of  life  that  often  ac- 
companies a  mine  disaster  has  forcibly  called  atten- 
tion to  this.  As  early  as  1844,  Faraday  recognized 
that  coal  dust  was  an  important  factor  in  explosions 
in  mines.  But  only  within  the  last  thirty  years  has 
it  been  fully  recognized  that  coal  dust  alone  was  ex- 
plosive without  the  presence  of  gas.  To-day  nearly 
every  large  country  has  its  experiment  station  to  study 
causes  and  means  of  prevention  of  mine  explosions. 

It  must  not  be  concluded,  however,  that  coal  dust 
is  the  only  dust  that  will  explode,  as  experiments  have 
clearly  shown  that  many  other  carbonaceous  dusts 
are  at  least  as  easily  ignited  and  as  capable  of  propaga- 
ting an  explosion  as  is  coal  dust.  While  most  of  the 
dust  explosions  reported  in  surface  plants  occur  in 
mills  and  elevators  handling  wheat,  oats  and  corn, 
and  their  products,  it  appears  that  no  mill  handling 
carbonaceous  material  is  immune  from  the  possibility 
of  an  explosion.  The  list  of  known  explosions  in  other 
kinds  of  mills  includes  those  handling  dextrine,  sugar, 
starch,  malt,  wood,  linseed  meal,  cottonseed  meal, 
paper,  cork,  fertilizer,  sulfur,  cocoa,  and  spice  dusts. 

That  flour  dust  will  explode  was  clearly  demon- 
strated in  1878  by  a  tremendous  explosion  in  the  Wash- 
burn Flour  Mills  in  Minneapolis.  An  investigation 
was  made  by  Professors  Peck  and  Pcckham'  in  con- 
nection with  which  they  tested  the  cxplosibility  of  a 
variety  of  dusts  by  blowing  them  as  a  cloud  into  a 
closed  box  containing  a  small  flame.  They  concluded 
that  practically  all  finely  divided,  highly  carbonaceous 
material  would  explode  under  the  conditions  tried. 
More  recently  R.  V.  Wheeler,'  chief  chemist  for  the 
Explosion  in  Mines  Committee,  England,  carried  out 
some  systematic  tests  for  the  purpose  of  discrimina- 
ting between  harmless  and  dangerous  dusts,  and  to 
determine  the  temperatures  at  which  inflammation  of 
the  dangerous  dusts  takes  place  readily.  As  a  result 
of  these  tests  he  divided  the  dusts  into  throe  classes, 
rii.; 

I — Dusts  which  ignite  and  propagate  flame  readily, 
the  source  of  heat  reijuired  for  ignition  being  compara- 
tively small,  for  example,  a  lighted  n>atch, 

<  Mimti  01.1  Mion.tl<.  n  (■■KM).  5> 
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11 — Dusts    which    are    readily    ignited    but    which,  measured  in  a  coal  dust  explosion  an  average  velocity  of 

for  the  propagation  of  flame,  require  a  source  of  heat  2273  ft.  per  sec.  over  a  distance  of  100  ft.      In  experi- 

of  large  size  and  high  temperature,  such  as  an  elec-  ments    at    the    British    E.xperiment    Station,"    Altofts, 

trie  arc,  or  of  long  duration,  such  as  the  flame  of  a  England,  an  average  velocity  of  2014  ft.  per  sec.  has 

Bunsen  burner.  been  obtained.      TafTanel-  obtained  a  velocity  of  3300 

III — Dusts   which   do  not  appear  to  be  capable  of  ft.  per  sec. 

propagating  flame  under  any  conditions  likely  to  ob-  A  pressure  of  103  lbs.  per  sq.  in.  is  reported  by  the 

tain  in  a  factory,  because  (a)  they  do  not  readily  form  Bureau    of    Mines.       The    British    authorities    report 

a  cloud  in  air,  or   (b)   they  are  contaminated  with   a  pressure  up  to  100  lbs.  per  sq.  in.,  with  an  estimated 

large    quantity    of    incombustible    matter,    or    (c)    the  pressure  in  one  test  of  120  lbs.      TafTanel  reports  hav- 

material  of  which   they  arc  composed   does  not   burn  ing  measured  pressures  of  227  to  270  lbs.  per  sq.  in., 

rapidly  enough.  while  in  one  test  the  steel  gallery,  with  an  estimated 

Certain   dusts  of   interest   in   the  present   investiga-  breaking  strength  of   570  lbs.   per  sq.   in.,   gave  way, 

tion  were  classified  by  Wheeler  as  follows:  pieces  of  the  sheet  steel  being  thrown  distances  up  to 

.Sugar                                                Grain  (Hour  mill)  ISO  meters    (472  ft.). 

starch                                              Maize  ^                          v*t  (             / 

"CiAbsi    J  R'c^ '">ai  and  suijar  refuse     Grain  (grain  storage)  The    maximum    velocities    of    propagation    of   flame 

'     ■          I  Wood  flour                                     Rape  seed  .                                                                                      i        x     o 

Malt                                    Corn  flour  in    many    gas    mixtures    have    been    determined    with 

I  Oat  husk                                         Flour  (flour  mill)  ,            _.            -.n^-i-i^ji^-i-s-NT            ^c 

,„ „ accuracy    by     Dixon, ^     Berthelot,-"    Emich,'     Nernst,^ 

j  Rice  milling  Grist  milling 

Class  II     Castor  oil  meal                      Horn  meal  and  Others.'     For  Certain  of  these  mixtures  the  follow- 

OlTal  grinding  fbran)                     Mustard  •                       ,^                          ,   ,     .         , 

mg  results  were  obtained: 

(  Spice  milling                                     Sack  cleaning  Vpi  oriTv  ppr  Sprovn 

Cass  III  ;  Cottonseed                                      Rape  seed  (Russian,  GASEOUS  MIXTURES                                                    Meter       ^Fee" 

I  Cottonseed  and  soya  Lean         Gram  cleaning  2H=  +  O, 2820  9250 

The    Minneapolis    explosion    aroused    milling    men      4  parts  coal  gas  +  s  parts  oxygen 2700  8876 

,       ,,         ,  r         •    .•  j-^-  J  J  C.Hi  +  30. 2364  7724 

to  'the  danger  of  existing  conditions  and  caused  many      ch.  +  2O2 2322  7616 

,.,  ..  .  J-    414.  J  -4.        2CO  +  0« 1680  5510 

to    take    precautions    immediately    to    guard    against 

repetition  of  similar  occurrences.  The  impression  Mallard  and  LeChatelier*  obtained  a  pressure  of  6.  5 
was  not  lasting  and  although  a  large  number  of  grain  atmospheres  (97.  5  lbs.  per  sq.  in.)  for  a  mixture  of  i 
dust  explosions  occurred  after  that  time,  general  in-  vol.  CH4  +  2  vol.  Oj  +  9  vol.  air.  Leau  and  Bone' 
terest  was  not  awakened  again  until  June  24,  1913,  foupd  a  pressure  of  20.7  atmospheres  (310.5  lbs.  per 
when  an  explosion  occurred  in  a  feed  grinding  plant  sq.  in.)  developed  in  a  mixture  of  2H2  +  O2. 
at  Buffalo  in  which  33  men  lost  their  lives,  and  over  It  will  be  noted  that  as  high  pressures  have  been  ob- 
70  men  were  injured.  This  explosion,  which  occurred  served  in  coal  dust  explosions  as  in  gas  explosions, 
during  the  ordinary  process  of  operation,  completely  However,  the  extremely  high  velocities  attained  by 
destroyed  the  milling  plant  and  did  considerable  the  flame  in  certain  gas  mixtures  have  not  been  re- 
damagc  to  surrounding  property.  As  a  result  of  this  ported  as  observed  in  dust  explosions.  Such  high 
disaster  the  millers  in  and  around  Buffalo  were  very  velocities  could  not  be  expected,  for  even  the  finest 
desirous  of  obtaining  any  pos.sible  information  rela-  dust  particles  are  many  times  larger  than  gas  mole- 
ting  to  the  inflammability  of  grain  dust  which  would  cules,  and  so,  even  in  thfe  most  dense  dust  clouds  the 
help  them  in  taking  effective  safety  precautions  in  particles  could  not  be  as  close  together  nor  as  inti- 
addition  to  the  measures  already  adopted.  An  agita-  mately  mixed  with  the  oxygen  as  are  gas  molecules, 
tion  was  started  which  resulted  in  a  cooperation  be-  Therefore,  the  heat  of  combustion  of  one  dust  particle 
tween  the  millers  and  the  Bureau  of  Mines  for  the  in-  cannot  be  as  readily  transmitted  to  the  next  particle 
vestigation  of  questions  relating  to  explosions  of  grain  as  it  can  in  a  mixture  of  gases.  But  the  finer  the  dust 
dusts.  This  was  later  taken  up  by  the  Government  the  more  nearly  will  it  approach  the  size  of  a  gas  mole- 
and  is  being  continued  as  a  cooperation  between  the  cule.  Therefore,  it  might  be  expected  that  the  velocity 
Bureau  of  Chemistry  and  the  Bureau  of  Mines.  The  of  the  flame  through  a  cloud  of  very  fine  dust  would 
laboratory  investigations,  originally  carried  on  in  the  more  nearly  approach  the  velocity  attained  in  gas 
laboratories  of  the  Bureau  of  Mines  at  Pittsburgh,  explosions.  As  a  matter  of  fact,  this  is  true.  Taf- 
have  recently  been  transferred  to  the  laboratories  of  fanel'"  has  brought  this  out  in  tests  made  at  the  French 
the  Bureau  of  Chemi.stry  at  Washington.  Experiment  Station.      Results  obtained  by  the  Bureau 

SIMILARITY   BETWEEN   GAS   AND  DUST   EXPLOSIONS  of  Mines"  lead  to  the  same  conclu.sion. 

Although     the     investigations     of     dust     explosions  The  rate  at  which  inflammation  travels  through   a 

have  not  been  as  complete  or  conclusive  as  those  made  ,  „       ,    ,  n        •..           n  ■••  .   f    1  t^    .  t-             .      n       a 

^  1  Report  of  Committee  on   British  Coal   Dust   Uxpenments.     Record 

■on  gas  explosions — probably  because  of  the  great  diffi-  of  first  .series,  i9io. 

culties  encountered  in  maintaining  or  even  obtaining  °  "L^s  experiences  francaises  sur  Us  poussicres  dc  houiUc."    intcr- 

..                 ,                ,         ,         r                    1       •        1       1          ■.           ji  nationaler  Kongress,  Dusselford.  1910.      Berichte  der  Ahtcilung  fiir  Bergbaii. 

a    uniform    dust    cloud    of    any    desired    density— the  » 11.  Dixon,  p;,.7.  rron.<..  184,  97.  161:  200,  328;  c/i^m.  .Vrwj.  46,  "o. 

available   data     show     quite    conclusively   that   the   phe-  *  M.  Berthelot.  -Sur  la  Force  des  Mati^rcs  Explosives."  1  (1883),  159. 

nomena    exhibited    by    the    two    types    of    explosions  '  F.mich.  Sfr   42,  2462.         .  „  „  . 

•'                                   J  r                         r  t  Nernsl,  'Thcorctischc  Chcmie.  '  Dnile  Aliflase.  p.  628. 

are  very  similar.     A  statement  of  a  few  pressures  and  '  Notably  viciiie;  Mallard  and  i.cChatciicr. 

flame   velocities   measured   in   explosions   of   coal   dust  >  e.  MaiUrd  and  h.  uchateiier,  .imi.  .Uibm.  |8|  i  (i883).  379. 

,       f                       .,,                   i       ■     A-       ,       i-u-      c      ^  »  H.  Leau  and  W.  A.  Bone.  C/icm.  AVtis,  66  (1882).  101, 

and  of  gases  will  serve  to  indicate  this  fact,  „,  ^  «     i  «     .i  «        „<  t   , 

*=>                                                                       -  '0  Tananel,  Fourth  Series  of  Tests. 

The.  United  States  Bureau  of  Mines'  reports  having  u  g.  s.  Rice,  "investigations  of  Coai-Dust  Explosions."  Buti.  Amn . 

'  U.  S.  Bureau  of  Mines.  Bull.  66  (1913).  Insl.  Mining  Eng.,  1914,  p.  2476. 
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gas  mixture  is  dependent  upon  at  least  two  factors 
the  inflammability  of  the  gas  and  the  percentage  of 
the  gases  in  the  mixture.  The  rate  at  which  inflamma- 
tion travels  through  a  dust  cloud  seems  to  be  depend- 
ent upon  two  similar  factors,  namely,  the  inflamma- 
bility of  the  dust  and  the  a-mount  of  dust  in  suspension. 
A  third  important  factor  is  the  fineness  of  the  dust. 

It  will  be  seen,  therefore,  that  gas  and  dust  explosions 
are  similar  in  many  ways  and  that  a  gas  explosion  is 
only  a  limited  case  of  a  dust  explosion. 

A  thorough  knowledge  of  the  nature  of  dust  explo- 
sions and  of  the  accompanying  phenomena  is  necessary 
in  order  to  devise  means  for  the  prevention  of  such 
explosions  and  for  the  stoppage  of  explosions  if  by  mis- 
chance they  should  start.  It  is,  therefore,  necessary 
to  know  how  dust  ignites,  the  various  means  by  which 
it  may  be  ignited,  or  inflamed,  and  the  chemical  proc- 
esses that  take  place.  Another  important  factor  to 
know  is  the  ease  with  which  the  dust  ignites  and  prop- 
agates a  flame.  This  property  we  may  call  the 
"innammabilily"  of  the  dust.  The  term  "exi)losi- 
bilily"  has  also  been  applied  in  this  connection. 
ui;vf,i.(.pmi;nt  ok  .mi.iik.o  for  tkstim:  inki,.\m  m  ahii.i ty 

(IF    DUSTS 

When  tin-  preseiil  investigation  was  started  to  de- 
termine the  causes  an.l  means  of  prevention  of  grain 
dust  explosions,  one  of  the  first  problems  undertaken 
was  to  devise  a  melhn.l  for  testing  the  inflammability 
of  the  various  dusts,  or  to  adapt  some  method  at 
present  used  for  testing  the  same  properly  of  coal 
dusts.  The  method  of  Wliecler  was  tried,  but  the 
tests  were  unsatisfactory.  A  method  for  testing 
coal   .lusts   ha.l   been   developed   by   the    VnHed   States 


/ZOO 


Bureau  of  Mines.  Preliminary  tests  showed  that  it 
could  be  adapted.  Several  kinds  of  dusts  were  tested 
and  the  results  published  by  the  Millers"  Committee 
of  Buft-alo.  New  York,  as  a  "Preliminary  Report  on 
the  Explosibility  of  Grain  Dusts."' 

Further  tests  were  made  with  the  same  and  other 
dusts  at  the  same  and  at  lower  temperatures.  The 
results  are  given  in  Fig.  I.  The  temperatures  were 
measured  by  a  thermocouple  with  its  hot  3un"-'t'on 
on  the  inside  of  the  igniting  coil.  The  pressures 
given  for  temperatures  from  1000  to  1200°  C.  are  the 
average  of  all  results  given  by  each  dust  at  these  tem- 
peratures. But  at  the  lower  temperatures  igmtions 
were  not  obtained  in  every  test,  so  that  the  points 
given  are  the  average  of  only  those  where^lhe  dust 
ignited.  The  results  given  at  1100  and  i-'oo"  I  .  were 
referred  to  Pittsburgh  Coal  Dust  as  a  standard,  but 
the  results  at  all  lower  temperatures  arc  those  actually 
obtained.  Also,  as  in  the  early  tests,  all  the  dusts  ex- 
cept 6i.  112.  and  malt,  were  dried  at  105°  C  '"  •■»  cur- 
rent of  dry  air.  ,  •    ,    .     . 

Tests  were  also  made  on  a  few  other  undned  dusts 
:,t  two  temperatures  only.  The  results  at  1200"  C. 
were  referred  to  the  coal  .lus<   stan.lard. 
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method  to  be  described.  They  are  given  also  to  show 
how  low  a  temperature  is  required  to  ignite  these 
dusts — a  temperature  of  700°  C.  on  the  inside  of  the 
igniting  coil  showing  only  a  very  dull  redness  at  the 
surface  that  is  scarcely  visible  in  daylight. 

VARIABLES  AFFECTING  RESULTS — The  method  as 
used  at  this  time  was  not  at  all  satisfactory  for  either 
coal  or  grain  dusts,  as  the  results  were  less  uniform 
and  reproducible  than  was  desired.  There  were  too 
many  variables.  The  igniter,  with  its  means  of  tem- 
perature measurement,  was  unsatisfactory  since  it 
did  not  give  the  actual  temperature  at  the  point  of 
ignition,  and  did  not  compensate  for  the  deposition  of 
ash  on  the  coil,  or  the  wearing  away  of  the  alundum 
coating.  Probably  the  most  important  variable  was 
the  manner  in  which  the  dust  was  inserted  into  the 
globe  and  against  the  coil.  This,  it  appeared,  was 
controlled  not  only  by  the  amount  of  air  used  to  force 
in  the  dust  and  by  its  rate  of  flow,  but  also  by  the 
size  and  shape  of  the  funnel  which  holds  the  dust. 
Other  variables  were  the  amount  of  dust  used,  the 
temperature  used  to  ignite  the  dust,  and  whether  or 
not  a  screen  was  used  over  the  funnel  through  which 
the  dust  would  be  forced. 

MEASURING  TEMPERATURE  OF  IGNITER — To  Over- 
come the  variables  in  the  igniter,  a  coil  of  similar 
construction  was  used,  except  that  it  had,  outside  the 
alundum  coating,  platinum  foil  fastened  tightly  around 
the  coil.  The  temperature  at  the  surface  of  the  coil 
is  measured  by  a  thermocouple.  The  wires  of  the 
thermocouple  are  not  fused  together  in  the  usual 
manner  to  form  the  hot  junction,  but  are  attached 
separately  to  the  platinum  foil.  The  platinum  rhod- 
ium wire  is  fastened  around  the  coil  at  the  center  and 
the  platinum  wire  about  3  mm.  to  one  side.  These 
were  fastened  to  the  foil  by  means  of  heat  and  pres- 
sure. The  hot  junction  is  then  at  the  immediate 
surface  of  the  coil  and  the  temperature  registered 
is  that  of  the  point  of  contact  between  the  small 
platinum  rhodium  wire  and  the  platinum  foil.  To 
reduce  to  a  minimum  the  loss  of  heat  from  the  sur- 
face of  the  igniter  by  conduction  along  the  wires, 
the  ends  in  contact  with  the  foil  are  drawn  down  to 
a  diameter  of  0.15  mm.  With  this  arrangement 
the  coil  can  always  be  kept  clean  and  the  actual 
temperature  at  the  point  of  ignition  known. 

METHOD  OF  INSERTING  DUST — It  was  early  observed 
that  by  grading  the  releasing  of  the  air  used  to  force 
in  the  dust,  that  is,  by  opening  the  pinchcock  at 
various  rates,  a  great  variation  in  results  could  be 
obtained  with  any  dust.  To  obviate  this  a  mechanical 
releasing  device  was  made  which  would  always  re- 
lease at  the  same  rate  and  very  rapidly.  With  cer- 
tain dusts  this  rapid  forcing  of  the  dust  against  the 
igniting  element  was  found  to  be  too  rapid  to  obtain 
the  highest  pressures  possible.  Therefore,  the  rate 
of  flow  of  the  air  was  controlled  by  a  short  piece  of 
capillary  tubing  placed  between  the  releasing  device 
and  the  funnel. 

This  method  gave  much  more  satisfactory  results 
than  had  previously  been  obtained.  However,  it 
was  observed  that  the  results  could  be  varied  by  in- 


serting the  dust  into  the  funnel  in  different  ways, 
that  is,  whether  it  was  compact  or  loose,  partly  around 
the  bend  in  the  funnel,  or  entirely  in  the  upright  por- 
tion, or  partially  in  the  bowl.  Concordant  results 
were  very  difiBcult  to  obtain  with  the  original  funnel. 
Therefore,  an  extensive  series  of  tests  was  started  to 
develop  a  funnel  that  would  be  suitable  for  all  types 
of  dusts,  and  also  a  size  of  capillary  which  would 
give  consistent  results. 

In  these  series  of  tests  seven  different  types  of  fun- 
nels were  tested  before  one  was  obtained  which  was 
satisfactory.  Tests  with  several  different  types  of 
dusts  were  made  with  each  funnel.  Capillaries  of 
from  i.o  to  2.5  mm.  bore  were  used  in  the  tests. 
The  two  extreme  sizes  were  used  in  only  a  few  tests 
as  the  one  of  o.  i  mm.  bore  was  found  to  be  too  small 
to  allow  passage  of  sufficient  air  to  raise  the  dust, 
and  the  one  of  2.  5  mm.  bore  gave  results  only  slightly 
higher  in  some  cases  than  were  given  with  the  next 
size  smaller.  Therefore,  only  the  following  sizes  were 
used  in  most  of  the  tests:  1.5,  2.05,  and  2.35  mm. 
bore,  respectively. 

The  pressure  of  the  air  used  to  force  the  dust  into 
the  globe  also  affected  the  results  very  appreciably. 
Tests  were  made  with  the  air  under  15  cm.  and  20  cm. 
of  mercury.  The  latter  pressure  was  found  the  more 
satisfactory. 

The  manner  in  which  the  dust  was  inserted  was 
also  affected  by  a  14-mesh  screen  placed  over  the  fun- 
nel. This  served  to  break  up  the  dust  and  make  a 
more  uniform  cloud.  However,  some  of  the  grain 
dusts  were  very  fibrous,  and  so  did  not  pass  readily 
through  the  screen.  This  gave  irregular  and  low  re- 
sults with  some  of  these  dusts  so  that  tests  were  made 
using  the  screen  and  without  it. 

AMOUNT  OF  DUST- — In  all  the  early  work  50  mg.  of 
the  dusts  were  used  in  each  test  except  where  curves 
were  run  with  varying  amounts  of  material.  These 
results  indicated  that  a  larger  amount  of  material 
would  give  more  uniform  results,  therefore  series  of 
tests  were  run  with  both  50  and  75  mg.  of  the  dusts. 
The  results  with  75  mg.  were  much  higher  in  every 
case,  fully  as  uniform,  and  in  some  cases  more  uniform 
than  with  50  mg.  As  75  mg.  was  a  convenient  amount 
to  handle,  giving  sufficiently  high  results  with  the 
less  inflammable  materials,  and  not  too  high  for  safe 
handling  of  the  apparatus  with  the  more  inflammable, 
this  amount  was  used  in  all  later  experiments. 

EFFECT   OF   LARGE  AMOUNTS   OF  DUST The  tCStS  With 

75  mg.  of  dusts  suggested  a  study  of  the  effect  of  large 
amounts  of  material.  Therefore,  a  short  series  of 
tests  was  made  with  four  different  dusts.  That  size 
capillary  was  used  which  previous  tests  had  indicated 
would  give  highest  results.  The  results  of  these 
tests  are  given  in  Fig.  II.  It  will  be  observed  that  for 
Samples  47  and  a  the  curve  had  nearly  reached  its 
maximum  at  150  mg.  of  material,  while  the  pressures 
for  sugar  and  starch  were  still  increasing  at  this  point. 
Higher  points  were  not  run  because  pressures  might 
be  obtained  beyond  the  safe  working  limits  of  the  ap- 
paratus. 
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Pittsburgh  coal  dust,  gave  higher  results  with  the  2.05- 
and  2-35  mm.-bore  capillaries,  and  in  some  cases  with 
the  1.5  mm.  capillary  than  were  given  at  the  highest 
temperature  in  the  earlier  tests.  The  2.05  mm. 
capillary  gave  the  most  concordant  results. 

OTHER  v.\Ri.ABLES — However,  the  results  at  this 
point  were  not  entirely  satisfactory.  The  only  other 
variables  that  had  not  been  thoroughly  tested  were 
the  effect  of  higher  temperature  and  the  action  of  the 
valve  between  the  air  reservoir  and  explosion  flask. 
A  slight  change  in  capillary  was  also  considered. 

EFFECT  OF  VALVE— Tests  were  made  to  determine 
the  effect  of  the  valve.  The  results  obtained  without 
the  valves  were  appreciably  lower  than  when  the 
valve  was  used.  This  was  expected  as  the  volume  of 
air  affected  by  the  ignition  was  thereby  increased  by 
the  volume  of  the  air  reservoir.     However,  the  valve 


-W  ZOO  z^o 

]Ne]ght  of  Host—  Milligrams 

Fig.  II 

The  results  indicate  that  large  amounts  of  the  more 
inflammable  materials  could  not  be  used  in  the  present 
type  of  apparatus,  and  also  that  only  a  certain  pressure 
will  be  developed  even  though  more  material  is  used. 
It  is  possible  that  these  curves  would  behave  as  gas 
curves  and  begin  to  decrease  if  sufficiently  large 
amounts  of  materials  were  used. 

In  running  this  series  of  tests  it  was  observed  that  a 
slight  amount  of  charring  resulted  in  each  test  with 
100  mg.  of  Sample  47,  while  with  150  mg.  of  material 
a  considerable  amount  of  charred  material  was  found 
in  the  flask  after  ignition.  Only  very  slight  charring 
was  noticed  with  the  starch  and  flour.  When  150  mg. 
of  sugar  were  used,  a  perceptible  odor  of  formaldehyde 
came  from  the  flask,  while  with  200  mg.  the  odor  was 
quite  strong.  These  observations  would  indicate 
incomplete  combustion  with  these  amounts  of  ma- 
terial, and  also  that  the  heat  of  the  reaction  caused 
some  decomposition  of  the  dust. 

INDICATIVE  RESULTS— For  comparison  with  pre- 
vious and  later  results  there  is  given  in  Fig.  Ill  the  re- 
sults obtained  with  a  few  typical  dusts,  using  three 
different  sized  capillaries,  with  and  without  a  screen 
over  the  funnel.  These  results  were  obtained  with 
the  funnel  that  was  found  to  be  most  satisfactory. 
Seventy-five  milliRrams  of  material  were  used  and 
ignited  at  a  temperature  of  1100°  C,  a  temperature 
approximately  the  same  as  1200°  C.  on  the  inside  of 
the  coil,  which  had  been  used  (piite  satisfactorily  in 
the  early  work.  The  results  arc  those  actually  given, 
and  arc  not  referred  to  any  standard  dust. 

In  these  tests  it  will  be  observed  that  the  results 
with  dextrin,  sugar,  and  Samples  13  and  4?  arc  higher 
at  certain  or  all  points  when  no  screen  was  used  over 
the  funnel.  No  reason  can  be  assigned  to  the  two 
former  but  the  latter  two  contained  fibrous  nintenal 
which  was  held  back  by  the  screen.  With  the  other 
<lu8ts  the  screen  served  to  break  up  the  dust  an.l  form 
a  more  uniform  cloud. 

All   these   dusts  except    wheal    Ih.ur    (No.    .i.O,    .ni.l 
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was  discarded,  as  it  was  shown  Ihal  it  did  not  always 
work,  and  the  results  without  it,  though  lower,  were 
more  uniform. 

.  TEMPERATURE  OF  iGNiiu.N^To  determine  the  et- 
fect  of  temperature  under  the  nVw  conditions,  a  scries 
of  tests  was  made  at  temperatures  from  looo-to  1  joo 
C  at  50°  intervals.  In  these  tests  a  capillary  of  1^9 
mm.  bore  was  used  as  this  was  the  sire  used  by  the 
Bureau  of  Mines  at  this  time  in  testin,:  coal  dusts, 
and  as  it  was  only  slightly  smaller  than  the  capillary 
(2.0s  mm.  bore)  found  to  give  the  most  satisfactory 
results  with  grain  dusts. 

As  some  of  the  dusts  had  not  reached  a  "'f «"""» 
pressure  at  xioo\  tests  were  made  at  xny  <  The 
results  of  these  tests  are  given  in  Fig.  W 

It  will  be  observed  that  the  curves  begin  to  become 
horironlal  at  n.So'.  ..'"«  that  the  results  at  lioo 
•in.l  1 32.<;"  are  only  slightly  higher  in  most  c.iscs.     The 
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results  at  all  these  temperatures  were  quite  uniform 
and  concordant.  On  account  of  these  facts,  and  be- 
cause the  results  at  1200°  C.  were  not  much  different 
from  those  obtained  at  1150°  C,  which  would  mean 
that  a  slight  variation  of  this  temperature  would  not 
make  any  appreciable  difference  in  the  results,  and 
since  1200°  C.  was  more  convenient  to  use  than  a  higher 
temperature,  it  was  taken  as  a  standard  temperature. 

EFFECT  OF  CAPILLARY — To  determine  the  most 
satisfactory  size  of  capillary  for  all  types  of  dusts,  a 
series  of  tests  was  made  at  1200°  C,  using  four  differ- 
ent capillaries,  6  cm.  long  and  varying  in  bore  by 
0.1  mm.  from  1.9  mm.  to  2.2  mm.  These  results 
are  given  in  Fig.  Y. 

It  will  be  observed  that  in  most  cases  the  size  of 
capillary  had  no  marked  effect  upon  the  average  re- 
sults. This  was  due,  probably,  to  the  high  igniting 
temperature,  and  to  the  fact  that  the  differences  in 
diameter  of  the  capillaries  were  not  large  enough  to 
affect  greatly  the  rate  of  flow  of  the  air.  However, 
there  was  a  difference  in  the  uniformity  of  the  results 
obtained.  The  2.0  mm.  capillary  gave  the  more  uni- 
form and  concordant  results,  and  these  were  nearly 
as  high  or  higher  than  the  results  given  with  other 
capillaries.  So  this  capillary  was  chosen  as  the  best 
for  future  work. 

COMPARISON   OF   METHODS   FOR   COAL   AND   GRAIN 

DUSTS — During  the  development  of  this  method,  the 
Bureau  of  Mines  was  also  perfecting  their  method 
for  testing  coal  dusts.  As  the  properties  of  the  two 
dusts  are  very  dissimilar,  a  duplication  of  tests  could 
not  be  avoided.      However,  it  was  thought   advisable 


1000  1100  I  zoo         19         20        zi        2-2 

Temperature  Centigrade  J?iam  of  Capillary 

Fig.  IV  Fig.  V 

10  have  as  few  differences  in  the  methods  as  possible. 
It  was  partly  for  this  reason,  to  conform  more  closely 
to  Bureau  of  Mines  practices,  that  the  valve  was  dis- 
carded, and  that  a  temperature  of  1200°  C.  and  a 
2.0  mm.  capillary  was  adopted.  These  conditions 
gave  the  best  results  with  coal  dust,  and  practically 
the  same  results  with  grain  dusts  as  slightly  different 
conditions  would  give.  The  method  as  adopted  for 
testing    grain     dusts    is    as    follows:      Temperature, 


1200°  C,  capillary  6  cm.  long  and  2.0  mm.  bore;  air 
under  20  cm.  pressure;  no  one-way  valve  between 
air  reservoir  and  explosion  flask,  but  a  pinchcock 
back  of  the  air  reservoir;  75  mg.  of  material;  a  coarse 
screen  over  the  funnel  except  when  very  fibrous  dust 
is  tested;  and  a  funnel  4.0  mm.  internal  diameter, 
with  a  bowl  ^U  in.  deep  and  ^/g  in.  across  at  the  top, 
and  the  bend  in  the  funnel  being  a  right-angle  Vs  in. 
below  the  bowl  and  having  a  small  wire  screen  inside 
and  just  back  of  the  bend. 

The  same  type  of  apparatus  is  used  in  testing  the 
inflammability  of  both  the  coal  and  the  grain  dusts. 
It  is  shown  in  Figs.  VI  and  VII.  The  only  difference 
in    construction    is    in    the    funnel.      The    methods    of 


operation  are  different,  however,  in  that  75  mg.  of 
grain  dust  are  used  as  against  100  mg.  for  the  more 
inflammable  coals,  and  300  mg.  for  the  less  inflamma- 
ble. The  vital  difference  is  that  oxygen  under  15  cm. 
of  mercury  pressure  is  used  to  insert  the  100  mg.  of 
coal  dust,  while  air  at  20  cm.  of  mercury  pressure  is 
used  to  insert  the  grain  dusts. 

RESULTS   WITH  CARBONACEOUS  DUSTS — The   method 
as  developed  and  standardized  has  been  used  in  test- 
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ing  the  inflammability  of  a  large  variety  of  dusts.  The 
results  are  given  in  Table  I  in  the  order  of  inflamma- 
bility: 

Table  I — Inflammability  of  Carbonaceous  Dusts 

Pressure 
Generated 
Lbs.  per 
Sample  Ko.  Kind  of  Dust  Sq.  In. 

51  A  I.ycopodium 1  7  .  .■; 

13  A  Stinking  smut  of  wheat 15.9 

61  Yellow  corn  dust  from  first  break  in  dry 

milling 15.2 

18  A  Dextrin  dust  from  dextrin  kiln 14.6 

47  A  Stinking  smut  of  wheat 14. .^ 

20  A  Powdered  wheat  starch 14.0 

46  A  Stinking  smut  of  wheat  with  wheat  dust ..  .      13.9 

4  .\  White  dextrin 13.9 

21  A  Starch  dust  (corn!  from  dry  starch  kilns.  .      13.8 

6  A  Canary  dextrin 13.8 

43  A  (200  mesh)   Tan  bark  dust 13.3 

5  A  Powdered  corn  starch 13.2 

1 1  A  Wheat  starch 13  .  I 

1 7  A  Starch  and  dextrin  dust  from  about  tray 

filler 13.0 

35(200)  Wheat  elevator  dust,  side  wall 13.0 

19  A  Dextrin  dust  from  top  of  reels  and  mixer.  .      12.8 

36  A  (200)  Wood  dust  from  chipper  room 12.8 

3  A  Corn  starch 12.7 

37  (200)  Oat  and  corn  dust  from  unloading  station.  .  12.6 
2  A  Lump  corn  starch  pulverized  to  pass  200 

mesh 12.5 

112  White  corn  dust,  top  of  elevator 12.5 

13  (200)  Wheat  elevator  dust 12.5 

43  Oat  and  corn  dust,  top  of  elevator 12.4 

57  (100)  Oat  dust  from  ground  oat  hulls 12.3 

1  A  Sugar,  lump  pulverized  to  pass  200  mesh.  .      12.2 

23  A  Gluten  feed  dust,  from  beams,  etc..  in  cur- 

47  (200)  Oat  dust  from  feed  oats 12.0 

7  A  Dark  canary  dextrin 11.8 

65(200)  Feed  dust  from  dust  collector 11.8 

9  A  Potato  flour 11.7 

31  A  .Sugar  dust  from  sugar  pulverizer. 11.7 

12  A  Rice  starch 11.3 

33  (200)  Wheat  flour  from  packing  room 11.2 

14  A  Powdered  wheat  starch 11.0 

24  A  (200)  Corn  elevator  dust 11.0 

50  A  Malt    dust    from    discharge    of    collecting 

system 10.6 

103  Wheat  flour  dust,  rolls  and  purifiers 10.5 

48  A  (200)               Fertilizer  dust,  from  grinding  dry  tankage.  10.5 
26  A                         Tapioca  flour 10.4 

34  A                          Sugar  dust,  collector  from  powder  mills.  .  .      10.3 
xl3  C  Pittsburgh  Standard  Coal  Dust 10   1 

43  A  Tan  bark  dust 10.0 

29  A  Tapioca  flour 9.9 

32  A  Cocoa  dust  from  cocoa  bolters 9.9 

97  Reduction  middlings 9.4 

33  Wheat  flour  from  packing  room 9.3 

42  A  Cocoa  dust  from  cocoa  cooling  room 9.1 

8  A  Rice  starch 9.0 

41  A  Extra  fine  sulfur  flour 8.8 

44  A  Wheat  smut  and  field  dust 8.8 

49  A  Ground  cork  dust 7.4 

30  A  Rice  flour 5.6 

25  A  (200)  Arrowroot  powder 3.9 

1 5  A  Potato  starch 3.2 

37  A  Gelatin  dust  from  elevator 1.1 

The  results  in  Table  I  cannot  be  considered  as  abso- 
lute, as  showing  that  the  order  as  given  here  is  the 
exact  order  of  ease  with  which  these  will  ignite.  It  is, 
however,  the  order  of  inflammability,  as  given  under 
the  conditions  used  in  the  tests.  A  change  of  any 
of  the  conditions  might  increase  the  pressure  given 
by  some,  while  it  would  decrease  the  pressure  given  by 
others.  This  fact  is  clearly  shown  in  Fig.  Ill,  where 
increasing  the  size  of  capillary  caused  an  increase  in 
pressure  with  certain  dusts,  but  a  decrease  with  others. 
However,  the  results  indicate  that  most  of  the  dusts 
have  a  higher  degree  of  inflammability  than  Pittsburgh 
coal  dust,  but  in  the  light  of  present  knowledge  it  is 
difTicult  to  interpret  the  significance  of  this  higher 
pressure,  except  that  the  dust  is  more  easily  ignited. 

Although  these  results  are  only  relative,  they  indi- 
cate that  all  the  flusts  tested  have  a  high  degree  of 
inflammability,  and  that  a  dangerous  condition  exists 
where  a  cloud  of  any  one  of  them  is  in  suspension,  or 
in  a  position  where  it  can  be  easily  thrown  into  sus- 
pension in  the  air.  The  relative  degree  of  danger  is 
approximately  in  the  order  of  the  foregoing  results. 

Tests  on  11  larger  scale  arc  under  way  which  will  aiti 


in  the  interpretation  of  these  results.  These  are  de- 
signed to  demonstrate  under  what  conditions  each 
dust  will  ignite,  whether  the  source  can  be  as  small  as  a 
static  spark,  or  whether  it  must  be  as  large  as  a  gas 
flame,  or  something  between  these  limits. 
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A   STUDY  OF  COMMERCIAL  BEECHWOOD  CREOSOTE 

By  H.  K.  Smith  and  S    F.  .\cree 

Received  December  19,  1916 

A  sample  of  beechwood  creosote,  made  by  a  com- 
mercial process  and  furnished  by  the  manufacturer, 
has  been  analyzed  at  the  Forest  Products  Laboratory. 
Madison,  Wisconsin,  as  a  part  of  the  studies  on  hard- 
wood   tars,    creosotes    and    other    related    substances. 

The  sample  was  found  to  have  the  characteristics 
indicated  in  Table  I. 

Table  I — Analysis  of  Sample 


Frac- 

,  Per  cent . 

Sp. 

Ind. 

Ciiaractek 

tion 

Temp. 

Ob-       Cumu- 

Gr. 

Ref 

No. 

°C. 

served       lative 

60°  C. 

60°  C. 

Fraction 

1 

205 

3.7             3.7 

Yellow  liquid 

2 

215 

10. 1          13.8 

Golden  vcllow  liquid 

3 

225 

20.8          34.6 

1  .003 

1.5074 

Golden  vcllow  liquid 

4 

235 

8.1           42.7 

1.009 

1.5083 

Golden  vcllow  liquid 

5 

245 

5.5          48.2 

1.012 

1.5111 

Golden  vcllow  liquid 

6 

255 

8.4          56.6 

1.019 

1.5117 

Golden  vcllow  liquid 

7 

265 

13.4          70.0 

1.021 

1.5123 

Golden  yellow  liquid 

8 

275 

2.7          72.7 

1.022 

1.5138 

Golden  brown  liquid 

9 

285 

4.8          77.5 

1.5138 

Rcd'brown  paste 

Kesidu 

e     .     . 

21.6         99.1 

Black  solid 

In  the  present  investigation  it  was  desired  especially 
to  determine  if  any  considerable  portion  of  the  phenolic 
constituents  have  boiling  points  around  205°  C. — 
that  of  guaiacol.  As  the  sample  contained  sonic  tar 
and  pitch  it  was  thought  best  to  remove  these  before 
further  studies. 

The  distillation  was  carried  on  in  an  iron  still  hold- 
ing about  5  liters.  On  account  of  frothing,  only  about 
2  liters  could  be  distilled  at  one  .time.  There  was  an 
overflow  attachment  to  the  still  so  arranged  that  when 
frothing  became  so  violent  as  to  cause  an  overflow, 
the  lead  to  the  condenser  could  be  closed  and  another 
passing  out  of  the  window  opened  to  prevent  the  con- 
tamination of  the  distillate  with  the  froth.  In  the 
first  run  there  were  about  2  liters  in  the  still.  This 
was  heated  slowly,  abotit  1'  .  hours  being  required 
for  the  first  drops  to  come  over  at  45  to  50°  C.  The 
temperature  rose  rapidly  to  about  85°,  then  slowly  to 
00°,  where  it  was  constant  for  a  while.  The  liqtiid 
coming  over  at  this  temperature  was  light  brown 
and  a  good  deal  of  water  was  present.  Finally,  the 
temperature  rose  to  i.^o"  and  the  other  fractions  were 

Taulk  II-   DiitTiLLATioN  or  DuKciinoou  Ciiii»iHiTit 
No.  \  2  y  i 

Amount  DUtillril  2  lllen 
WO  to  200"  . .  I7.<  cc 
2fKI  lu  .'15°.  \*n 

2\\  to  .'.MV  '41) 

J.Wt.(.'45 
245  1.1  2W 

.'Ml"  up  .'<i7 

I'llch.    .  J84 

l.iken.     Tabic    II    gives   a   suinmnry   o(   the   fractions 
obtained  in  four  ilistillntions. 
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In  No.  2  the  part  coming  over  above  260°  was 
apparently  a  decomposition  product;  brown  fumes 
came  over  and  the  temperature  fluctuated. 

In  No.  3  the  pitch  left  was  coked.  When  cool  it 
was  hard  and  brittle,  insoluble  in  water,  would  not 
melt  on  heating,  but  decomposed.  A  small  part  was 
soluble  in  a  solution  of  sodium  hydroxide. 

In  No.  4  the  distillation  was  stopped  at  260°.  The 
pitch  left  was  softer  and  more  liquid  than  those  of  the 
previous  runs. 

SEPARATION      OF      215-230°  FRACTION     INTO      NKUTRAL 
AND    ACID    PORTIONS 

The  creosote  was  shaken  up  with  several  portions 
of  10  per  cent  NaOH  solution  until  all  the  acid  portion 
was  extracted,  the  neutral  portion  floating  on  the  top. 
The  liquids  were  separated  in  a  separatory  funnel. 
The  neutral  oil  was  then  shaken  up  with  water  until 
the  water  was  neutral  to  litmus.  The  sodium  hy- 
droxide solutions  of  the  acid  oils  were  then  acidified 
with  dilute  HCl.  The  oil  precipitated  out  and  was 
separated.  This  was  washed  with  water  until  neutral 
to  litmus.  The  amounts  of  oil  extracted  by  the  suc- 
cessive portions  of  sodium  hydroxide  are  illustrated 
in  Table  III. 

Table  III — 100  Cc.  op  215-230°  Fraction  Treatkd  with  Successive 
50  Cc    Portions  or  10  Per  cent  NaOH.  Separated  and  Acidified 
Portion  I  II  III  IV        Total 

Vii-W  of  Acid  Oil 12  cc.  14  cc  18  cc.  2  cc.  46  cc. 

Yield  of  Neutral  Oil ..  ..  ..  38  cc. 


I.o 


16  ( 


Table  IV — Extractions  of  250  Cc.  Portions  of  215  To  230°  Fraction 
Portion  I  II  III  IV  Total 

Creosote 250  cc.  250  cc  250  cc.  250  cc.  1000  cc. 

Acid  Oil 140  150  125  145  560 

Neutral  Oil 98  100  93  105  396 


I-o 


32 


44 


Table  lY  gives  the  total  amounts  of  acid  and  neutral 
oil  extracted  from  250  cc.  portions  of  the  distilled 
creosote  boiling  at  215  to  230°  C. 

FRACTIONATION     OF    THE     NEUTRAL    OIL 

The  distillation  was  conducted  through  a  12-in. 
Hempel  column  at  a  rate  of  about  2  drops  per  second. 
The  color  of  the  fraction  was  light  yellow,  verging  to- 
ward brown  in  the  higher  fractions.  From  290° 
the  temperature  suddenly  jumped  to  325°,  where 
practically  all  the  remaining  material  came  over, 
excepting  a  small  residue  of  about  9  grams. 

Table  V— Fractionation  of  Neutral  Oil 


to  170°  12.5  g 
170  to  190°       8.0 
190  to  195°        8.0 

195  to  200°  22.0 

200  to  205°  55.5 

205  to  210°  47.5 


210  to  215°  28.5  g. 

215  to  220°  56.0 

220  to  225°  70.0 

225  to  230°  26.5 

230  to  235°  35.5 

235  to  240°  42,5 


240  to  245  °  M  .  0  g. 

245  to  250°  24.0 

250  to  255°  14.0 

255  to  260°  21.0 

260  to  280°  21.0 

280  to  325°  26.5 

325  to  330°  15.0 

Total  Distillate 567.0  g. 

Residue 9.0 

Loss 19.0 

FRACTIONATION     OF  THE     ACID     PORTION     OF     215-230° 
FRACTION 

The  distillation  was  carried  on  in  a  one  liter  flask 
with  a  12-in.  Hempel.  The  first  drops  came  over  at 
08°.     The  fraction  was  a  light  brownish  yellow  which 

Table  VI— Fractionation  of  Acid  Portion 
864  Grams  of  the  Oil  Fractionated 

98  to  190° 52.5  g.  215  to  225° 185. Og. 

190to205° 95.0  225to240° 70.5 

(ChieBy  at  203  to  205)  240  to  260° 77.0 

205  to  215° 257.0  260  to  265° 24.0 

Total  Distillate 761 .0  g. 

Residue  (above  265  °) 21.0 

Loss 82  .0 


changed    to    a    pinkish    brown    on    standing.     After 
standing  over  a  month  the  fraction  was  a  clear  brown 

liquid. 

SLMIIARY 

It  is  seen  from  the  above  data  that  this  sample  of 
beechwood  creosote  containing  tar  and  pitch  distills 
rather  uniformly  from  200  up  to  360°  C.  and  leaves 
a  residue  of  20  to  25  per  cent  pitch.  If  the  tempera- 
ture is  not  carried  above  this  point  the  pitch  residue 
is  soft  and  excellent,  but  above  300°  it  decomposes, 
foams  over  and  becomes  friable  when  cold.  When 
the  creosote  fraction  is  then  redistilled  in  glass  vessels 
practically  no  pitch  residue  is  obtained. 

When  the  215-230°  fraction  was  extracted  with  10 
per  cent  sodium  hydroxide  in  excess  to  remove  the 
phenolic  compounds,  a  yield  of  about  40  per  cent  of 
neutral  oil  and  56  per  cent  of  acid  oil  was  obtained. 
These  oils  distil  practically  without  decomposition  and 
formation  of  pitch.  The  acid  oil  on  redistillation  gave 
a  yield  of  about  65  per  cent  of  a  guaiacol  fraction 
boiling  between  190  and  225°  C. 

Forest  Products  Laboratory 
Madison,  Wisconsin 

A  METHOD  OF  PRODUCING  CRUDE  WOOD  CREOSOTE 
FROM  HARDWOOD  TAR 

By  R.  C.  Judd  and  S.  F.  Acree 
Received  December  19,  1916 

The  purpose  of  this  work  was  to  ascertain  a  prac- 
tical method  of  producing  on  a  semi-commercial  scale 
a  wood-tar  creosote  from  crude  hardwood  tar  without 
decorrtposing  part  of  the  material  in  the  still.  The 
requirements  to  be  met  are  that  the  method  must  be 
rapid,  no  coke  must  be  left  as  a  residue,  and  the  oil 
shall  contain  as  little  free  acid  as  possible. 

JIETHOD    OF    CONDUCTING    THE    WORK 

Three  methods  of  distillation  were  tried: 

I — Distillation  with  steam. 

II — Straight  distillation. 

Ill — Straight  distillation  while  using  steam  for 
stirring. 

The  two  former  methods  were  found  to  be  un- 
satisfactory and  are  not  reported  here. 

(I)  Distillation  with  steam  gave  small  yields  and 
a  large  amount  of  steam  was  consumed.  Moreover, 
the  length  of  time  necessary  to  obtain  a  reasonable 
amount  of  oil  was  excessively  long. 

(II)  Straight  distillation  gave  good  yields  of  oil  but 
there  is  great  danger  of  deep-seated  exothermic  de- 
composition of  the  tar  or  pitch  into  gas  and  vapor 
when  the  temperature  is  not  carefully  controlled.  This 
can  become  so  violent  that  the  still  can  be  blown  up. 
Even  when  great  care  was  taken  there  seemed  to  be 
a  slight  amount  of  coking  in  the  still  which,  with 
frequent  use,  would  eventually  cause  trouble  and  per- 
haps ruin  the  still.  This  is  especially  true  when  the 
temperature  of  the  pitch  rises  above  300  to  325°  C. 
Work  along  this  line  will  be  reported  later  in  detail. 

(III)  The  last  method,  viz.,  stirring  with  steam,  gave 
good  yields  of  oil,  was  somewhat  more  rapid  than  di- 
rect distillation  and  there  were  no  evidences  of  coking. 
It  was  found  that  in  the  early  part  of  the  distillation 
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steam  was  not  necessary  as  there  was  already  a  large  rather  surprising  variations  in  their  so-called  physical 
amount  of  water  present.  The  distillation  was,  there-  constants.  Paper  is  essentially  a  network  of  inter- 
fore,  carried  on  to  the  point  where  the  distillate  came  woven  cellular  fibers  which  may  or  may  not  be  sized, 
over  as  a  homogeneous  liquid.  The  temperature  was  loaded,  calendered,  coated  or  treated  in  other  ways 
slowly  raised  until  100°  C.  was  exceeded  and  steam  for  special  purposes,  but  the  paper  will  still  show  the 
under  constant  pressure  was  then  injected  into  the  general  physical  characteristics  of  the  individual  fibers 
tar.  The  ratio  of  oil  to  water  in  the  distillate  gradually  which  make  up  the  sheet  and  determine  its  quality. 
decreased  until  only  25  per  cent  of  the  distillate  was  influence  of  humidity  on  strength 

oil.     The    distillation    was    then    stopped.      The    last  „.         ^,      ■■,■■■,,   i-,           c         ,.     ^     r 

.     ^      ,.           ,-,-z-   J    ^  Since  the  individual  fibers  of  a  sheet  of  paper  are 

portion   of   the   distillate    on   standing   solidihed   to    a  ■      ^,          i_   1       ,.     ^           ■  ^-             ,         ,        e 

^  .     ,.,                  ,                   ^    ,,                            r            ai  hygroscopic,  the  whole  sheet  consisting  so  largely  of 

lelly-hke    mass    because    of   the    presence    of    paraffin.  •">           '^                       .       „                            xu-             \-^ 

^     ■'        .  ,       .       ,         .,,           ,.      .  ,      ,        ,    ,         ,         ,  ,  fibrous     material     naturally     possesses     this     quality. 

The  residue  in  the  still  was  liquid  when  hot  and  could  ,         ,    ^          ,             ,            \^        ^i.     ■    j-    ■■,     1   /-v 

,    ,                     ?.            ,-j-£   J   .^          i_     J  though  to  a  lesser  degree  than  the  individual  fibers. 

be  easily  poured,  but  on  cooling  solidified  to  a  hard  ^    .    ^                      ,            .-       .i.   ^        1        -j   ■.              .      ^ 

.    ,      ■'.     ,       ,.  ,           ,,  ,               ,        ,   •     X,      ^   '  It  IS  a  common  observation  that  on  humid  days  a  sheet 

brittle  pitch  which  could  be  powdered  m  the  fingers.  .                            ^     ^  ,                       j    •     1 

.  .             .                ,          ,    ,             ,              ^,  of  paper  is  more  limp,  stretches  more  and  is  less  resis- 

Special  experiments  showed  that  not  more  than  2  per  ,      ,  f    ,       .             ■.   u       x-        ..i               j        j             t>i. 

^        ,    ,             .    ,  tant  to  tearing  and  bursting  than  on  dry  days.     The 

cent  of  the  tar  is  lost  as  gas  or  vapors.  ,  ^-        ,.       -^-^        c  ^u        ^           u               ■       c 

relative   humidity   of  the   atmosphere   vanes  from   30 

RESULTS  per  cent  in  cold,  dry  weather  to  almost  100  per  cent 

The  following  yields  were  obtained  by  this  method  in  foggy  or  hot,  moist  weather.     Indoors,  the  relative 

of  distillation:  humidity  ranges  are  not  so  wide  except  that  on  a  cold, 

No  1— iioog  Tar  taken             Total  dry  day  the  relative  humidity  in  a  steam-heated  room 

"l^'^"""       .?"       ^VoT^r"",  "^^^  often  falls  to  20  per  cent  while  in  summer,  with  all  the 

1st  Portion  of  Distillate 282  cc.            64  cc.          19.8Water  ^              _ 

Straight  distillation 29  cc.          29  cc.         s.SLightoii  windows  opcn.  indoors  it  may  be  almost  as  high  as  that 

2nd  Portion  of  Distillate 

Stirred  with  steam 1076  cc.          446  g.            40.5  Heavy  Oil  OutdoOrS. 

Residue  (by  diflerence) 31.2  Pitch  ,t-v        ■                r           ..        • 

Herzberg'  in  his  treatise  on  "Papierprvifung      gives 

No.  2— 1175  g.  Tar  taken                 Total                                                        _  ,,               ,,          o-^r               •i.-j-.-                .i.i.-> 

Distillate          Oil       Per  cent  in  Tar  data  on  the  effect  of  Varying  humiditics  on  the  physical 

1st  Portion  of  Distillate 371  cc.         101  cc.       23  Water  properties  of  paper.     From  a  study  of  his  data,  it  is 

Straight  distillation ...                   9  Light  Oil  f       f                          ft-                                                J 

2nd  Portion  of  Distillate  evident  that  variations  in  the  relative  humidity  of  the 

Stirred  with  steam 920  cc.            372  cc.          32  Heavy  Oil  .       .               .           ', 

Residue  (by  difference) 36  Pitch  atmosphere    and    consequent    variations    in    the    per- 

The  heavy  oil  from   No.    i   contained  0.7  per  cent  rentage  moisture  in  the  paper  have  a  decided  effect 

acids    figured    as    acetic    acid.     This    was    reduced   to  on  the  strength  and  stretch  of  paper.     As  the  humidity 

0.3  per  cent  by  washing  three  times  with  equal  volumes  falls,  the  breaking  length  is  increased  and  the  stretch 

of  water.  decreased. 

conclusion  Herzberg  in  quoting  from  the  work  of  G.  Dal<5n  states 

In  brief,   the  following  method  seeems  to  be  a  de-  that  for  relative  humidities  between  o  per  cent  and  80 

sirable    one    for    the    production    of    crude    wood-tar  P^r  cent,   paper  expands  in  direct  proportion  to  the 

creosote  on  a  semi-commercial  scale:     (1)  Distill  with  amount  of  moisture  present.     But  when  the  relative 

direct  heat  until  the  distillate  comes  over  as  a  homo-  humidity  is  between   80  per  cent  and    100  per  cent, 

geneous  liquid  well  above  the  boiling  point  of  water.  the  expansion  is  somewhat  over  this  proportion. 

(2)  Raise  the  temperature  and  stir  the  tar  with  a  steam  O.  Daldn,  after  many  experiments  on  the  effect  of 

jet;   collect   this   latter   portion    of   the   distillate   in   a  varying  humidities  on  the  breaking  length  and  stretch 

separate   container   and    continue    until    the    distillate  of  papers,  constructed  a  table  of  factors  by  which  the 

contains  solid  paraffin.  results   for   breaking   length   and   stretch   obtained   at 

If  the  above  procedure  is  carried  out  carefully  the  relative  humidity  are  to  be   multiplied  to  obtain  the 

heavy  oil  fraction  should  not  contain  more  than  one  correct  result  for  65  per  cent  relative  humidity.     This 

per   cent   acid   and   the   pitch   can   easily   be   emptied  table  of  factors  has  been  published  in  Herzherg's  book 

without   fear   of   coking   in   the   still.     Furthermore,  a  on  page  18. 

slight  gain  in  time  of  distillation  will  result  from   the  As  a  result  of  the  investigations  made  at  the  testing 

use  of  steam,  laboratories  in   Germany,   all   papers  for   Government 

PoRKBT  Products  laborato.v  use  are  tested   at  the   Royal   Testing   Laboratories  at 

Madison,  Wisconsin  Gross-Lichterfcldc,  undcr  a  constant  relative  humidity 

of  65  per  cent. 

SOME  OBSERVATIONS  ON  THE  INFLUENCE  OF  ji^g    jrorest    Products    Laboratory    has   recently    in- 

HUMIDITY  ON  THE  PHYSICAL  CONSTANTS  ^.^^^,1^,,  ^  constant  humidity  room  in   which  to  study 

OF  PAPER'  ^,j^  effect  of  variations  in   humiditv  on  the  physical 

'"' ''"''R«-!frrd  jli!'r7'8'' WW ''""'''''*  properties    of    paper.      The    room    is    double-walled. 

,           "'",'     """""•  .S  ft.  3  in.  X  0  ft.  j'/>  in.  X  7  ft-  6  in.  high,  and  fitted 

Samples  of  paper  taken  for  testing  purposes  at  the  .  "  .  „j   „„„o » ,;,»;.« 

.„         ,,,.'.           ■    ^     t    \     ,■      ,■    I ,  ui,««,  with   a  constant   temperature  and   constant    humidity 

mi      am      alcr  at  the  point  of  destination   may  show  .     ,.„,_,, 

■^  apparatus.     Fig.    i   represents  a  diaKrammata-  sketch 

I  ThU  imper  rcprcaciila  pnrt  of  the  lhr«i«  prraenlril   l>y   V.  Sllvrritctn  •  '                                 "                                     .                           .     ,,          ,        „„l.,. 

I„  p«r.l..l   rr„„ircn,cnt   (or  Ih.   Dr«rec  of  Chcmlc.l   Un,i..rrr   In  .he   Unl  of     the     apparatus  whicll  COnS.StS  essentially  of  B  K«lV*- 

veriiiy  of  wuroniin.  nizcd   iron   coniluit   A    in  one  corner  of  the  room  and 

•  III  Charic,  Section  of  Piilp  micl  I'upcr,  MmlUon.  Wlimiiiln. 

<  Sliidrni  Rr.»rch  AMUtanI,  I'orc.l  S<.rvlce  '  «     llr..l.r,B    ■p.i.ir.prflt.in,."  P    U 
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reaching  from  the  floor  through  the  roof  where  it  is 
connected  with  a  motor-driven  fan  B.  The  outlet 
from  B  leads  through  heating  coils  C  into  flue  D  and 
back  into  the  room.  At  the  bottom  of  the  conduit  A 
is  a  settling  tank  E  from  which  the  pump  F  draws  its 
supply  of  water  and  pumps  it  to  the  sprays  G,  the 
water  dropping  down  into  the  tank  E.  Above  the 
sprays  are  a  series  of  eliminator  plates  //.  The  air 
compressor  /  delivers  compressed  air  to  the  tank  A',  L 
is  the  humidity  regulator,  M  is  a  thermostat,  while 
A''i  and  iVj  are  diaphragm  valves.  P  is  an  air  outlet 
duct.  Q  is  a  steam  supply  line  in  which  the  steam  is 
reduced  to  a  pressure  of  5  lbs.  per  square  inch  by  means 
of  a  reducing  valve. 

Q     Sfeain  P/pe 


During  operation,  the  pump  F .  sprays  G.  compressor 
./  and  fan  R  are  in  constant  operation.  Air  enters  the 
opening  in  .1  as  shown  by  the  arrow,  passes  up  through 
the  sprays  G  and  into  the  eliminator  plates  H  where 
the  entrained  water  is  removed,  then  up  through  fan  B. 
heater  C,  and  flue  D  into  the  room  and  finally  out 
into  the  atmosphere  through  flue  P. 

Before  explaining  the  regulation  of  the  temperature 
and  humidity  it  is  best  to  review  some  definitions. 
The  "dew  point"  of  air  is  that  temperature  at  which 
i'  is  saturated  with  a  given  amount  of  water  vapor. 
If  cooled  below  this  temperature,  some  vapor  will 
condense  and  dew  will  be  deposited.  The  "dry  bulb" 
temperature -is  the  ordinary  temperature  of  the  air  in 
the  room  as  given  by  an  accurately  graduated  ther- 
mometer. The  "wet  bulb"  temperature  is  that  given 
by  a  thermometer  similar  to  that  used  for  determining 
the  dry  bulb  temperature,  but  having  the  bulb  tightly 
covered  with  a  piece  of  soft  muslin  or  silk  which  is  thor- 
oughly wet  and  over  which  a  current  of  air  is  passed. 


Through  the  evaporation  of  water  from  the  cloth,  the 
wet  bulb  temperature  is  always  lower  than  that  of  the  dry 
bulb  except  at  the  dew  point,  when  all  three  tempera- 
tures read  alike.  However,  the  wet  bulb  temperature 
is  always  higher  than  the  dew  point  temperature  except 
at  100  per  cent  relative  humidity.  The  "relative 
humidity"  is  the  ratio  of  the  amount  of  water  vapor 
in  a  given  space,  to  the  amount  which  the  same  space 
will  hold  when  fully  saturated  at  the  same  tempera- 
ture and  is  expressed  in  per  cent. 

For  a  given  amount  of  moisture  per  cu.  ft.  of  air, 
the  dew  point  is  always  the  same,  because  at  the  dew 
point  temperature,  only,  is  the  air  saturated  with  that 
amoiint  of  moisture.  If  this  air  is  heated,  both  the 
dry  bulb  and  wet  bulb  temperature  rise,  the  dry  bulb 
more  rapidly  than  the  wet  bulb,  because  the  latter  is 
cooled  by  the  evaporation  of  water  from  its  muslin 
jacket.  As  the  air  is  heated,  its  capacity  for  water 
vapor  is  increased  and,  therefore,  the  relative  humidity 
falls.  By  taking  the  difference  between  the  wet  and 
dry  bulb  thermometers,  the  relative  humidity  can  be 
found  by  consulting  a  humidity  chart  or  a  set  of 
tables. 

The  above-mentioned  method  of  regulation  is  em- 
ployed with  the  apparatus  in  use.  Referring  to  Fig.  i, 
the  air  as  it  passes  from  the  eliminators  H  is  saturated 
with  water  vapor,  i.  c,  it  is  at  its  dew  point.  If  no 
heat  is  added  to  or  taken  from  the  air  it  will  pass  through 
the  fan  and  into  the  room  at  the  same  temperature 
as  that  wh.ch  it  had  when  leaving  H,  and  the  wet 
and  dry  bulb  thermometers  will  both  register  the  same 
temperature,  namely  that  of  the  dew  point.  No 
evaporation  can  take  place  from  the  wet  bulb  ther- 
mometer because  the  surrounding  air  is  already  sat- 
urated and  can  hold  no  more  moisture. 

If  now,  the  humidity  regulator  L  is  set  for  say  60 
per  cent  relative  humidity,  then  by  means  of  the  dia- 
phragm valve  iVi,  steam  is  admitted  to  the  heating  coils 
and  the  air  heated.  As  the  temperature  rises,  the 
capacity  of  the  air  for  water  vapor  increases  and  the 
relative  humidity  decreases.  At  60  per  cent  relative 
humidity,  the  humidity  regulator  shuts  off  the  steam 
from  the  heating  chamber  until  the  humidity  in  the  room 
rises  above  that  for  which  it  is  set  when  steam  is  again 
admitted  to  the  heaters.  The  acttiating  mechanism 
in  the  humidity  regulator  is  a  silk  thread  which  con- 
tracts and  expands  with  the  amount  of  moisture  present 
in  the  room.  Through  this  regulator  the  compressed 
air  from  K  being  at  a  higher  pressure  than  the  steam 
keeps  the  diaphragm  valve  shut.  When  the  percentage 
humidity  rise^  above  that  for  which  the  regulator  is 
set,  the  silk  thread  expands  and  shuts  off  the  air  pres- 
sure and  steam  is  admitted  to  the  heating  coils. 

For  high  relative  humidities  where  it  is  necessary 
to  keep  the  temperature  of  the  sprays  above  that  of 
the  water  from  the  supply  pipes,  the  thermostat  M 
operates  the  diaphragm  valve  N^  which  governs  the 
admission  of  steam  to  the  spray  water  as  it  enters  the 
pump   F. 

An  automatically  operated  wer  and  drj^  bulb  ther- 
mometer or  psychrometer  was  used  to  determine 
the  relative  humidity.     The  extreme  ranges  of  humidity 
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we  were  able  to  secure  with  the  cooling  water  at  our 
command  were  41  to  82  per  cent. 

TESTS    OF    COilllERCI.AL    P.^PERS 

The  laboratory  originally  planned  to  include  in  this 
work  a  series  of  tests  on  commercial  papers  made  under 
uniform  conditions  of  mechanical  treatment  and  from 
the  same  stock  where  the  only  variation  would  be  one 
of  ream  weight.  For  papers  made  on  any  given  furnish 
there  appears  to  be  a  certain  thickness  (which  decides 
the  ream  weight)  from  which  the  paper  of  unit  maxi- 
mum strength  is  produced.  Some  work  has  been  done 
by  Rehn'  on  the  study  of  the  influence  of  weight  on 
strength  of  paper,  which  brings  out  some  interesting 
points.  It  was  hoped  that  samples,  taken  at  the  time 
of  change  in  weight,  representing  papers  of  different 
ream  weights  made  with  the  same  mechanical  treat- 
ment and  from  the  same  furnish,  could  be  obtained 
from  the  mills.  Unfortunately,  some  of  the  papers 
submitted  showed  such  large  variation  in  appearance, 
texture  and  color,  that  we  feel  sure  they  represent  dif- 
ferent runs,  and  this  was  substantiated  by  a  study  of 
the  strength  tests.  This  necessitated  our  omitting 
at  this  time  any  study  of  the  effect  on  the  physical  con- 
stants caused  by  variation  in  ream  weight. 

The  physical  tests  employed  in  arriving  at  a  basis 
of  comparison  of  the  strengths  of  the  papers  studied 
under  varying  degrees  of  humidity  were  the  following: 

I — Ream  weight. 

2 —  Thickness. 

3—  Resistance  to  bursting;  points  per  lb.,  points  per 
o.ooi  in.  thickness. 

4 — Tensile  strength,  breaking  length. 

5—  Stretch. 

6 — -Resistance  to  folding. 

1-  The  ream  weight  was  l;iken  on  the  500  basis, 
sheets  24  in.  X  ,^6  in. 

2-  The  thickness  was  measured  by  a  spring  mi- 
crometer. 

,? — The  resistance  to  bursting  was  measured  by  the 
Mullen  tester.  By  "])oints  per  lb."  is  meant  the 
bursting  strength  in  pounds  reciuired  to  liurst  one 
sq.  in.  of  surface  as  determined  1)y  the  Mullen  lest 
divided  by  the  ream  weight.  By  "strength  factor"  or 
"points  per  o.ooi  'n."  is  meant  the  bursting  strength 
in  pounds  as  determined  by  the  Mullen  lest  divided 
liy  the  number  f)f  thousandths  of  an  im-h  tliickness  of 
the  ])aper. 

4  -The  tensile  strength  in  kilograms  was  determined 
by  the  Schoppcr  tensile  s^trcngth  machine.  The  tensile 
strength  varies  with  the  kind  of  paper,  the  width  of  the 
strip  and  the  thickness.  A  numerical  expression 
for  the  tensile  strength  of  the  paper  which  depencls 
solely  upon  the  nature  of  the  i)aper  is  called  the  "l)reak- 
ing  length,"  and  is  independent  of  the  thickness  anil 
the  wiilth  of  the  paper,  as  these  are  considered  in  the 
calculation  by  which  "lireaking  length"  is  deterniineil. 
By  "breaking  lenKlh"  is  meant  the  length  of  .-i  strip 
of  paper,  which,  if  suspended  from  a  support,  will  break 
at  the  point  of  stij)port  due  lo  its  own  weight. 

'    ll„    U..W.I  ,    C.  ^,.     ;..,/.    V.    iru'.  Auxllll   2\.    \'l\\. 


5 — The  percentage  stretch  of  the  paper  is  obtained 
with  the  Schopper  tensile  strength  machine  at  the 
same  time  as  the  tensile  strength  is  taken. 

6 — The  resistance  to  folding  is  measured  by  the 
Schopper  folder. 

These  tests  and  their  significance  are,  of  course. 
familiar  to  the  paper  trade  and  are  only  cited  to  avoid 
any  misunderstanding  of  the  tabulated  results.  As 
is  well  known,  machine-made  papers  are  stronger  in 
the  machine  direction  which  is  indicated  in  the  table 
by  the  minus  sign  ( — )  than  across  the  machine  direction 
which  is  indicated  in  the  table  bj'  the  plus  sign  (-1-). 
The  stretch  of  machine-made  paper  is  less  in  the  ma- 
chine direction  ( — )  than  across  the  machine  direc- 
tion (-f ). 

In  order  to  obtain  average  results  five  tests  were 
made  to  determine  bursting  strength  and  five  tests 
in  each  direction  for  tensile  strength  and  stretch,  and 
three  folding  tests  both  with  and  across  the  machine 
direction.  If  variable  results  were  obtained  10  tests 
were  made  and  the  results  averaged. 

Four  sets  of  commercial  papers  of  totally  different 
properties  were  examined.  These  w'ill  be  designated 
as  Series  I,  II.  Ill  and  IV.  Series  I,  known  as  ground- 
wood-sulfite  papers,  was  supplied  in  25,  30  and  34-lb. 
weights  and  was  made  according  to  the  mill  sub- 
mitting these  samples  on  a  furnish  of  30  per  cent 
groundwood  and  70  per  cent  sulfite  pulp.  These 
papers  were  of  a  "wild"  formation  and  showed  many 
shives. 

Series  II  consisted  of  papers  made  on  an  all  sulfite 
furnish  in  weights  of  25,  40,  and  60  lbs.  These  papers 
showed  a"  "wild"  formation,  making  it  difficult  to 
obtain  uniform  results. 

Series  III  and  IV  represent  kraft  papers  of  two  dif- 
ferent shipments  from  the  same  mill.  Series  III  con- 
sisted of  samples  of  25,  30,  40,  and  50-lb.  papers  while 
Series  IV  consisted  of  30,  40.  and  60-lb.  papers.  Papers 
of    Scries    III    and    IV    showed    a    "wild"    formation. 

Before  beginning  the  actual  testing  it  was  necessary 
to  determine  the  length  of  time  required  for  the  papers 
to  "season,"  /.  «•..  to  reach  the  desired  moisture  con- 
tent. Herzberg  in  his  "Papicrprufung"  slates  that 
the  strips  should  be  kept  under  the  desired  atmos- 
pheric conditions  for  at  least  half  an  hour  before 
testing. 

K.  Fenchel  and  K.  Comely'  state  that  "experi- 
ments on  the  rate  of  absorption  and  loss  of  moisture 
when  pulp  was  transferred  from  an  atmosphere  at  50 
per  cent  humidity  to  one  of  70  per  cent  and  then  back 
again,  showed  that  two  hours  were  suflicient  for  the 
establishment  of  equilibrium  with  the  moistcr  atmos- 
phere but  on  returning  to  the  drier  atmosphere,  the 
original  weight  w.is  not  restored  in  so  short  a  time." 
In  these  experiments  the  humidity  was  controlled  by 
blowing  the  air  through  CaClj  sohitions  or  ihroHKh 
gr.inulalcd  CaClj. 

To  see  how  long  it  would  take  for  papers  to  beeonte 
saturate<l  under  the  conditions  of  the  experiment 
sheets  of  newspaper,  all-rag  jitalionery,  liRhl  and  heavy 
weights    of    krnfl    wrapping    paper,    ligl'l    and    hedvy 

I     /      v..       .    1,_      !,.<  ,   It    .1.111.      lli>l 
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Table  I 

Humidity  changed  from  55  per  cent  to  70  per  cent  at  7:05  P.M. 

Results  given  in  Grams 

Humidity;           55  per  cent  70  per  cent  70  per  cent  70  per  cent 

Paper                                   6:40  P.M.  9:00  p.m.  10:00  p.m.  10:37  p.m. 

News 27.54  27.96  27.98  27.96 

All  Rag 17.79  18.00  18.00  18.01 

Light  Weight  Kraft 13.18  13.34  13.37  13.37 

Heavy  Weight  Kraft 20.28  20.53  20.52  20.56 

Light  Weight  Water  Finish    27.71  28.14  28.11  28.17 

Heavy  Weight  Water  Finish  47. 48  48.18  48.14  48.09 

Aspen  Pulp 31.46  31.90  31.92  31.90 

weights  of  "water  finished"  wrapping  paper  and  a  sheet 
of  unsized  aspen  soda  pulp  were  suspended  from  a  string 
across  the  room  and  each  sheet  was  weighed  approxi- 


mately every  half  hour  on  an  analytical  balance,  until 
the  weight  became  constant. 

Table  I  shows  the  time  required  to  season  the  paper 
when  changing  from  55  per  cent  relative  humidity  to 
7c  per  cent.  The  change  from  55  per  cent  to  70  per 
cent  relative  humidity  was  made  at  7.05  p.m.  The 
data  show  that  in  two  and  one-half  hours  all  the  papers 
had  practically  attained  equilibrium.  A  striking 
feature  of  this  test  is  that  the  heavily  sized  all-rag 
paper  reached  a  state  of  constant  weight  about  half 
an    hour    before    the    unsized  aspen  pulp.     The  light 


Papei 
25-lb. 


Humidity  Weight 
Per  per  ream 
cent       Lbs. 


34-lb 41 


25-lb 41 


60-Ib 41 


25-lb 44 


40-lb 44 


50-lb 44 


30-Ib 44 


40-lb 44 


60-Ib 44 


26.5 
28.0 
28.0 
27.5 
32.5 
32.5 
32.0 
33.0 
34.5 
32.0 
35.0 
36.5 
35.5 
37.0 


22.5 
25.5 
22.0 
43.5 
44.5 
43.5 
44.5 
45.5 
46.0 
63.7 
62.0 
70.5 
63.5 
69.0 
68.8 


28.5 
29.0 
29.0 
29.0 
30.0 
29.0 


30-lb 44       31.5 


31.5 
32.0 
33.5 
42.5 
43.0 
44.5 
43.5 
45.5 
46.0 
53.5 
54.5 


54.5 
55.0 
56.0 


33.0 
35.0 
32.0 
33.0 
35.0 
34.0 
40.5 
40.0 
40.5 
41.0 
43.0 
43.5 
63.0 


65.0 
71  .0 
66.0 


Points 
i  Bursting    per 
Strength    Lb. 


Pomls  pe 
0.001  in. 
Tbicknes! 


Table  II 
Tensile  Strength 
Kilograms > 


0.00300 
0.00286 
0.00293 
0.00312 
0.00326 
0.00298 
0.00354 
0.00364 
0.00358 
0.00316 
0.00368 
0.00340 
0.00404 
0.00410 
0.00400 
0.00400 
0.00412 
0.00416 


0.00182 
0.00194 
0.00194 
0.00184 
0.00164 
0.00162 
0.00310 
0.00300 
0.00300 
0.00300 
0.00304 
0.00326 
0.00432 
0.00406 
0.00490 
0.00428 
0.00484 
0.00498 


0.00276 
0.00276 
0.00270 
0.00266 
0.00262 
0.00266 
0.00300 
0.00304 
0.00312 
0.00312 
0.00300 
0.00315 
0.00400 
0.00396 
0.00380 
0.00398 
0.00390 
0.00402 
0.00492 
0.00484 
0.00494 
0.00492 
0.00494 
0.00498 

0.00314 
0.00338 
0 . 00308 
0.00322 
0.00302 
0.00304 
0.00382 
0.00374 
0.00371 
0 . 00384 
0  00392 

0.00576 
0.00556 
0.00575 
0.00610 
0 . 00636 
0 . 00580 


12.8 
12.2 
12.0 
12.8 
12.0 
9.4 
17.0 
16.6 
14.6 
16.0 
14.4 
11.8 
17.0 
17.5 
15.75 
16.20 
16.6 
14.4 


12.8 
13.2 
13.6 
12.2 
13.2 
11.0 
27.6 


27.8 
24.6 
32.6 
31.0 
33.4 
32.0 
30.75 
28.6 


22.2 

20.8 

21.25 

20.8 

21.5 

20.75 

23.8 

23.2 

25.6 

24.5 

22.4 

22.5 

34 .  25 

35.2 

34.6 

37.0 

35.2 

32.2 

34.2 

32.6 

36.0 

33.8 

34.2 

29.8 


23.8 
26.5 
26.5 


30.7 

29.75 

27.0 

25.6 

56.0 

54.5 

48.4 

55.5 

50.7 

45.2 


0.482 
0.478 
0.447 
0.457 
0.429 
0.342 
0.523 
0.511 
0.456 
0.485 
0.417 
0.369 
0.486 
0.479 
0.444 
0.438 
0.420 
0.374 


0.545 
0.518 
0.523 
0.550 
0.518 
0.500 
0.635 
0.634 
0.584 
0.578 
0.611 
0.535 
0.512 
0.500 
0.474 
0.520 
0.445 
0.416 


0.779 
0.718 
0.733 
0.718 
0.716 
0.714 
0.756 
0.725 
0.800 
0.778 
0.700 
0.672 
0.806 
0.819 
0.778 
0.850 
0.774 
0.700 
0.639 
0.598 
0.659 
0.616 
0.622 
0.532 


0.879 
0.772 
0.744 
0.803 
0.758 
0.741 
0.833 
0.820 
0.758 
0.725 
0.628 
0.589 
0.889 
0.886 
0.787 
0.853 
0.714 
0.685 


Series  I- 
4.25 


4.09 
4.10 
3.68 
3.15 


4.56 
4.08 
4.42 
3.92 
3.47 
4.21 
4.27 


3.5 

3.48 

3.36 

3.08 

2.64 

4.60 

4.55 

4.12 


3.16 
5.08 
5.00 
4.38 
4.72 
4.24 
3.44 


Breaking  Length 

. -Meters 

—     +  Am. 
Groundwood-Sulpite  Papers 

1.8    2.75   5860   2820  4340 

2.61   5450   2700  4075 

2.55   5210   2500  3855 

2.42   5190   2400  3795 

2.26   4750   2220  3485 

1.90   4100   1860  2980 

3.61   6040   3340  4690 

3.53   5940   3220  4580 

3.18   5370   2760  4065 

3.37   5700   2980  4340 

3.15   5110   2600  3855 

2.41   4080   2120  3100 

3.97   5810   3460  4635 

3.85   5660   3030  4345 

4940   2820  3880 

5520   3040  4280 

4690   2700  3695 

3760   2175  2968 


1.72 


2.62 
2.52 
2.24 
2.36 
2.04 


2.86 
2.70 
2.50 
2.58 
2.44 
1.94 


3.44 
3.65 
3.34 
2.69 


7.04   4.24 
6.80   4.24 


.01 
6.63 
8.05 
6.80 
8.90 
9.40 
8.46 
8.56 
8.14 
7.54 
7.55 
7.63 
6.82 


7.76 
7.82 
8.21 
7.79 
7.93 
7.64 


7.15 
8.55 
8.89 
9.10 
9.30 
9.03 
8.02 
6.95 
6.75 
7.29 
6.84 
6.92 
5.99 


3.87 
3.80 
3.20 
7.36 
7.58 
7.08 
7.08 
7.02 
6.52 
9.15 
9.32 
8.82 
8.82 
8.50 
7.30 


-All  Sulfite 
2.06  3.15 
2.06   3.15 


2.91 
2.85 
2.44 
5.63 
5.68 
5.35 
5.40 
5.34 
4.93 
6.92 
7.10 
6.83 
6.79 
6.47 


1.90 
1.68 
3.90 
3.78 
3.62 
3.72 
3.66 
3.34 
4.80 


4.14   5.72 


Paper 

7320 
7330 
6890 
6700 
6240 
5520 
7100 
7200 
6550 
6840 
6480 
6100 
5990 
5940 
5510 
5775 
5360 
4680 


Series  III— 
5.00  3.08 
4.96  2.68 
4.75  2.86 
4.60  2.67 
4.46  2.70 
4.14  2.54 
5.82  2.87 
5.52  3.10 
5.25  2.96 
2.84 
2.72 
2.34 
4.08 
4.14 
4.02 
4.00 
3.90 
3.40 
5.53 


No.  1  Krapt 
4.04   7230 


5.36 
5.05 
4.52 
8.28 
7.92 
7.82 
7.82 
7.20 
6.64 
7.50 


7.28  5.24 
7.06  5.10 
6.66 
6.30 


3.82 
3.81 
3.63 
3.58 
3.34 
4.34 
4.31 
4.10 
4.10 
3.88 
3.43 
6. IS 
6.03 
5.92 
5.91 
5.55 
5.02 
6.51 
6.55 
6.26 
6.08 
5.73 


4.50   5.40 


7200 
6720 
6380 
6120 
5160 
7650 
7290 
6950 
6800 
6400 
5160 
7900 
7550 
7320 
7360 
6660 
6030 
5800 
5880 
5670 
5550 
5110 
4660 


5.64 
5.80 
5.62 
5.48 
4.84 
7.30 
7.60 
6.78 
6.54 
6.89  6.10 
5.92 
10.81 
10. .34 
10.00 
10.60 
9.30 
8.36 


Series  IV — No.  1  Kraft 
6.26 


8.24 
8.77 
8.29 
8.84 
8.77 
8.28 
7.75 


3.32 
3.24 
3.08 


4.72 
4.48 
4.52 
4.35 


2.76   4.12 
2.44   3.64 


4.20 

3.78   5.16 


3.68 
3.34 
6.50 
6.86 
5.85 
6.32 
5.86 
4.96 


4.89 
4.63 
8.65 
8.50 
7.93 
8.46 
7.58 
6.66 


7640 
7240 
7220 
7050 
6490 
5800 
7550 
7830 
7030 
6840 
6150 
5870 
6900 
6650 
6310 
6980 
5880 
5220 


3580 
3210 
3220 
3240 
3150 
2820 
3700 
3580 
3410 
3566 
3390 
3090 
3060 
3020 
3240 
2995 
3060 
2550 


4410 
3860 
4110 
4260 
3790 
3460 
3780 
3920 
3710 
3610 
3520 
2920 
3895 
3950 
3780 
3765 
3600 
3120 
4250 
4030 
4000 
3850 
3610 
3340 


3880 
4100 
3940 
3860 
3380 
2910 
4275 
3770 
4200 
3850 
3720 
3270 
4410 
4430 
3860 
4170 
3680 
3220 


5450 
5270 
5055 
4970 
4695 
4170 
5400 
5390 
4980 
5200 
4935 
4595 
4525 
4480 
4375 
4385 
4210 
3615 


5820 
5530 
5415 
5320 
4955 
4310 
5715 
5605 
5330 
5205 
4960 
4040 
5900 
5750 
5550 
5562 
5130 
4575 
5025 
4955 
4835 
4700 
4360 
4000 


5760 
5670 
5580 
5455 
4935 
4355 
5912 
5800 
5615 
5345 
4935 
4570 
5655 
5540 
5085 
5530 
4780 
4220 


1  .24 
1.25 
1.45 
1.32 
1.78 
1.72 
1.16 
1.24 
1.38 
1.38 
1.58 
1.58 
I  .30 
1.30 
1.42 
1.42 
1.64 
1.76 


1.28 
1.00 
1.42 
1.52 
1.04 
1.12 
1.06 
1.10 
1.38 
1.50 
0.92 
0.92 
0.98 
1.00 
1.20 
1.30 


1.50 

1.94 

2.30 

1.75 

1.84 

1.92 

2.10 

2.02 

2.26 

1.90 

2.02 

2.22 

2.23  ■ 

2.20 

2.56 

1.35 

1.48 

1.74 

1.62 

1.54 


1.64 
1.74 
2.08 
2.12 
2.26 
2.44 
1.50 
1.72 
1.81 
1 .80 
1.90 
2.32 
2.00 
1.97 
2.11 
2.48 
2.60 
2.56 


2.27 
2.72 
2.96 


2.52 
2.66 
2.52 
3.02 


2.90 
3.28 
3.70 


1.56 
2.35 
2.60 
2.60 
3.02 
3.48 
2.30 
2.68 
2.94 
3.06 
3.40 
4.32 
1.85 
2.26 
2.58 
2.42 
2.86 
3.40 


3.62 
3.56 
4.75 
5.30 
5.64 
6.54 
2.90 
3.48 
3.92 


5.54 
5.92 
6.40 
6.42 
6.60 
4.27 
4.32 
4.82 
5.06 
5.30 
5.68 


3.04 
4.00 
4.50 
4.52 
4.82 
4.86 
4.72 
4.66 
5.23 
4.92 
5.84 
6.20 
3.88 
4.34 
4.47 
4.74 
4.79 
5.60 


1.76 
2.08 
2.14 
2.82 
2.81 
1.65 
1.88 
2.01 
1.95 
2.30 
2.64 
1.86 
1.87 
2.28 


1.31 
1.80 
1.94 
1.80 


1.85 
2.00 
2.08 
2.39 
2.91 
1.38 
1.58 
1.78 
1.71 
2.01 
2.35 


3.40 
3.79 
4.42 
2.32 
2.66 
2.92 
2.99 
3.11 
3.30 
2.89 
3.78 
4.07 
4.31 
4.31 
4.58 


3.32 
3.54 
3.65 
3.11 
3.19 
3.52 
3.36 
3.87 
4.26 
2.94 
3.15 


114 
126 
170 


293 
649 
326 


357 
671 
515 


238 
638 
630 
839 
111 
309 
357 
70S 
1016 
1148 
1775 
436 
619 
901 
1386 
1913 
3721 
212 
340 
547 
545 
754 
1369 


443 
451 
1017 
939 
1213 
3200 
381 
583 
1153 
1241 
2013 
2500 
1139 
1474 
2662 
2370 
8231 
11000 


217 
354 
337 
114 


238 
265 
208 


313 
146 
582 
720 
1036 

131 
81 
391 
203 
397 
228 
214 
407 
578 
484 
1002 
614 
347 
514 
665 
1046 
2752 
2823 


253 
304 
246 
413 
399 
767 
445 
385 
634 
714 
653 
757 
796 
1295 
1662 
2095 
2912 
2320 


234 
323 
498 
220 
S3 
118 
362 
297 
468 
361 


270 
192 
610 
67S 
937 

225 
219 
548 
610 
772 
1000 
325 
513 
740 
935 
1457 
2167 
250 
427 
606 
795 
1753 
2096 


348 

378 

631 

676 

806 

1980 

413 

484 

893 

977 

1233 

1628 

968 

1384 

2162 

2232 

5571 

6660 
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weight  papers  also  tend   to  approach  equilibrium  some- 
what sooner  than  the  heavier  papers. 

The  papers  for  each  day's  run  were  hung  loosely 
from  a  cord  strung  across  the  room  so  that  the  a:r  had 
free  play  around  them  and  were  left  to  season  for  at  least 
3  hours  Each  set  of  papers  was  tested  without  mter- 
ruption  on  the  same  day  and  all  the  cond,Uons  of  test- 
ing were  kept  as  nearly  constant  as  possible. 

RESULTS    OF    THE    EXPERIMENT 

The  results  of  the  tests  under  varying  humidities 
are  shown  in  detail  in  Table  II ,  and  graphically  by  means 
o  curves.  Keeping  in  mind  the  shivy  f--^^.-^  /^J 
groundwood-sumte  papers  and  the  wild  formation  of  all 
of  the  samples  of  papers  examined,  these  results  can  be 
considered  only  as  indications.  However  certain  con- 
clusions may  be  drawn  which  should  be  of  interest. 

T.L  II  shows  the  average  of  the  results  obtained 
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CONCLrSIONS 

I_The  value  of  points  per  pound  increases  with  the 
decrease  in  relative  humidity.     The  increase  between 
40  and  65  per  cent  is  fairly  regular  but  the  increase  of  the 
relative   humidity   above    70   per   cent   causes   a  large 
reduction  in  strength.    Forexample.  on  the  groundwood- 
sumte  mixture,  Series  I,  taking  the  strength  at  65  per 
cent  relative  humidity  as  standard,  the  average  varia- 
tion for  the  three  papers  was  8  per  cent  for  the  humidity 
change  from  41  per  cent  to  65  per  cent  while  from  65 
per  cent  to  82  per  cent  the  drop  was  21.5  per  cent,  giv- 
ing a  total  variation  in  strength  of  almost  30  per  cent 
from  the  strength   at   65   per  cent   relative  humidity 
On  the  Series  IV,  No.   i   kraft,  the  variation  from  44 
per  cent  to  64  per  cent  relative  humidity  was  13.7  per 
cent,   while  from  64  to  82  per  cent  the  difference  in 


in  testing  the  difTc-renl  papers  of  Scnes  1,  I.  1 1  •  -1 
IV  at  4..  55.  64.  68,  77  and  82  per  cent  hum,d.l,-s^ 
In  order  not  to  show  too  many  cur^.s  only  those  for 
Scries  II  on  the  all  suHite  papers,  and  for  Serjcs  IV  on 
kraft  papers  are  inehule.l  in  Figs.  2  and  3.  The  results 
for  ali  the  different  weights  of  the  papers  m  each  o 
Soric..  II  and  IV,  for  both  the  "points  per  pound  and 
for  "breaking  length."  are  plotted  as  the  curves  are 
practically  parallel  un.l  form  ,1  composite  curve. 


„..    ....«!      the    t<ital    variation    in 

:;::;S:s«:::ir;^------^^ 

-';i;^^;r:rSssee.n.o  hold  ^.r  the  breads 

length      Above   70  to   7.^   per   cent   relative   hum.dtly 

s  rength   falls   .nore  rapidly   than  »-t-"^^'"/*' ,J" 

.    .  .      ".    la-r    cent.     For    the    groundwood-sulfite 
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41  per  cent  and  65  per  cent  relative  humidities  is  10 
per  cent,  while  an  increase  in  humidity  from  65  per 
cent  to  82  per  cent  caused  a  reduction  in  the  breaking 
length  of  27.2  per  cent,  a  total  variation  of  over  37  per 
cent.  For  Series  IV,  No.  i  kraft,  the  variation  in 
breaking  length  for  the  humidity  change  from  44  per 
cent  to  64  per  cent  was  6.4  per  cent,  while  with  an  in- 
crease in  humidity  from  64  per  cent  to  82  per  cent  the 
drop  in  breaking  length  was  iq.3  per  cent,  a  total  vari- 
ation of  25.7  per  cent. 

Ill — The  stretch  of  the  paper  increases  with  increase 
in  relative  humidity,  the  variation  being  rather  more 
regular  than  with  points  per  pound  and  breaking  length. 
For  the  groundwood-sulfite  mixture.  Series  I,  the 
stretch  increased  17.0  per  cent,  with  increase  in  relative 
humidity  from  41  per  cent  to  65  per  cent,  and  31  per 
cent  with  increase  in  humidity  from  65  per  cent  to  82 
per  cent.  For  the  Series  IV,  No.  i  kraft,  the  stretch 
increased  20.4  per  cent  with  increase  in  relative  humid- 
ity from  44  per  cent  to  64  per  cent,  and  18.7  per  cent 
with  increase  in  humidity  from  64  per  cent  to  82  per 
cent. 

IV-  The  folding  properties  seem  to  be  affected  to  a 
greater  degree  than  any  other  property.  For  the 
groundwood-sulfite  mixture  and  the  all  sulfite  papers, 
the  resistance  to  folding  increased  tremendously 
between  55  and  77  per  cent  relative  humidity,  a  further 
increase  in  the  moisture  content,  however,  causing  the 
folding  strength  to  break  sharply.  With  the  kraft 
papers,  the  folding  strength  inci;eased  with  the  in- 
crease in  humidity  and  at  the  most  saturated  con- 
dition used,  viz.,  82  per  cent,  the  papers  showed  far 
greater  folding  strength  than  at  77  per  cent.  For  the 
groundwood-sulfite  paper,  Series  I,  the  number  of  folds 
increased  153  per  cent  with  a  humidity  increase  from 
41  per  cent  to  77  per  cent.  Above  77  per  cent  relative 
humidity  the  folding  strength  decreased,  showing  that 
the  per  cent  of  relative  humidity  giving  greatest  folding 
strength  had  been  passed.  For  Series  IV,  30-lb. 
paper,  the  number  of  folds  increased  from  348  at  44 
per  cent  relative  humidity  to  igSo  folds  at  82  per  cent 
humidity,  an  increase  of  470  per  cent,  while  the  60-lb. 
paper  showed  an  increase  of  588  per  cent  in  the  folding 
strength  in  varying  the  relative  humidity  from  44  to  82 
per  cent. 

The  results  obtained  are  sufficient  to  show  that 
when  paper  is  bought  and  sold  on  strength  specifica- 
tions, more  uniform  results  would  be  obtained  if  the 
relative  humidity  at  the  time  of  testing  were  specified. 

l''oRBST  Products  I, 

Madison.  Wisconsin 


FURTHER  STUDIES  ON  A  NUMERICAL  EXPRESSION 

FOR  COLOR  AS  GIVEN  BY  THE  IVES 

TINT  PHOTOMETER 

Dy   Otto   KkivSS   and   C.    C.    McN'ai  r.llTox 
Received  January  22.  IVIT 

In  a  ]3revious  paper  by  the  authors'  we  described 
the  results  of  some  experiments  in  attempting  to 
determine  a  numerical  expression  for  color  of  paper 
as  given  by  the  Ives  Tint  Photometer.  These  experi- 
ments  were    made,    (i)    to   determine   if   color   indica- 

'  Pater,  August  2,  iyi6.  and  Tins  Journau.  8  (rJ16),  711. 


tions  as  shown  by  the  Ives  Tint  Photometer  could  be 
employed  as  a  means  of  measuring  the  progress  of 
beating,  and  (2)  to  observe  the  relation  between  the 
numerical  expression  for  depth  of  color  as  read  by  the 
instrument,  as  compared  with  the  grading  for  depth 
of  color  as  observed  by  visual  inspection.  As  reported 
in  the  previous  paper  we  found  it  was  possible  to  give 
a  numerical  expression  for  depth  of  color  of  papers 
comparable  to  visual  grading  where  the  variations 
were  produced  by  either  varying  the  amount  of  color 
or  by  holding  the  amount  of  dyestuff  constant  and 
varying  the  depth  of  color  by  variation  in  the  hydra- 
tion of  the  stock.  The  matter  of  scientifically  and  ac- 
curately recording  color  both  as  to  hue  and  intensity' 
is  one  of  especial  interest  to  those  interested  in  paper 
research.  A  numerical  expression  for  color  is  of  value 
for  purposes  of  scientific  record  and  description,  and 
for  comparison  and  classification  of  papers  and  paper 
stocks.  The  best  prepared  papers  may  change  in 
shade  in  a  comparatively  short  time,  due  to  changes  of 
the  paper  stock  itself  or  the  fugitive  character  of  the 
dyestuflt. 

Further  experiments  were  made  in  order  (i)  to  de- 
termine whether  any  shade  matched  visually  in  both 
hue  and  intensity  with  a  different  combination  of  dye- 
stuffs  would  give  the  same  tint  photometer  reading, 
(2)  to  study  the  darkening  action  caused  by  calendering 
of  paper  and  whether  such  progressive  darkening  ac- 
tion could  be  numerically  recorded,  and  (3)  to  study 
if  there  is  a  definite  relation  between  the  readings  of 
the  tint  photometer  and  the  glarimeter  for  successive 
increases  in  darkness  and  finish  as  produced  by  pro- 
gressive calendering. 

For  description  of  the  Ives  Tint  Photometer  refer- 
ence is  made  to  our  previous  paper. 

Through  the  courtesy  of  the  Badische  Company, 
New  York  City,  some  paper  dyeings  made  on  a  furnish 
of  80  per  cent  groundwood  and  20  per  cent  unbleached 
sulfite  stock  and  sized  with  rosin  size  were  obtained. 

A  paper  which  will  be  designated  a  "brown  shade" 
tising  per  1000  pounds  of  stock. 

Vesuvine  BPX  .\uramine  Cone.  Safraninc  T  extra  Cone. 

4  lbs.  12  oz.  4  oz. 

was  accurately  matched  both  for  shade  and  depth  of 
color  by  a  dyed  paper  using  per  1000  pounds  of  the 
same  stock. 


and  this  dyeing  will  be  designated  as  "brown  match." 
These  two  dyeings  matched  well  under  both  natural 
and  artificial  light  and  gave  the  following  readings 
under  the  Ives  Tint  Photometer,  the  results  being  the 
average  of  5  readings: 

Tint  PiioTt>MiiTKR  Readings 
Parts:  Red  Green  Blue  Black 

Brown  shade 7,1.7  il  .\  .11.0  l.'i8.2 

Hrown  match 73.8  .17.2  .10.9  l.'iS   1 

A  "blue  shade"  was  prepared  using  per  looo  pounds 
paper  stock,  consisting  of  80  per  cent  groundwood  and 
20  per  cent  unbleached  sulfite. 


This  was  matched  with  a  "blue  match"  using  per  1000 
pounds  of  the  same  stock, 


Mar.,  igi; 
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These  two  dyeings  are  fair  matches  under  natural 
light  whereas  under  artificial  light  the  combination 
with  Victoria  Blue  is.  of  course,  decidedly  redder. 
On  comparing  these  dyed  samples  under  the  Ives 
Tint  Photometer  the  following  average  readings  were 
obtained: 


Parts: 
lue  shade-, 
lue  match 


Tint  Photometer  Re 
Red  Green  Blue 

28.9  27.3  49.5 


The  readings  as  given  for  both  the  brown  and  the 
blue  matches  check  within  the  allowable  experimental 
error  showing  that  matches  made  with  different  com- 


of  Safranine  T  extra  Cone.  (Samples  Xos.  i.  2b.  ^a. 
and  7)  are  shown  in  plotted  form.  The  curves  are 
typical  of  all  the  dyeings  examined,  in  so  far  as  thej- 
show  the  increase  in  parts  black  and  the  decrease  of 
the  parts  red.  blue,  and  green  produced  by  successive 
calendering.  The  three  sets  of  curves  marked  parts 
black,  red.  blue,  and  green  show  the  tint  photometer 
readings  of  the  dyed  samples  with  practically  no  finish, 
with  an  intermediate  finish  and  with  a  high  finish. 
In  order  to  measure  the  per  cent  glare  of  the  samples 
use  was  made  of  the  glarimeter  which  was  invented 
by  Prof.  IngersoU  at  the  Forest  Products  Laboratory, 
The  per  cent  glare  for  the  three  degrees  of  finish  of 


Sample 

■                  OF 

■ 

1 )  No  Finish 

Descriptio-n 

Dye  Used 

Red  Green 

Blue 

Black 

Natural 

None 

88.2 

80.2 

72.0 

59.6 

4  lbs.  Vesuvine  BPX 

72.0 

37.2 

32.1 

158.7 

4  oz.  Safranine  T  extra  Cone. 

87.0 

57.7 

65.1 

90.2 

12  oz.  .Auramine  Cone. 

86.8 

81.3 

49.8 

82.1 

Brown  shad.- 

Mixture  of  2a.  b  and  c 

7.1.7 

37.1 

31.0 

158.2 

Broivn  match 

Mixture  of  ia.  b  and  r 

73.8 

37.2 

30.9 

158.1 

2  lbs.  1 '/:  oz.  .Safranine  T  exUa.  Cone 

.85.3 

34.1 

48.5 

132.1 

.1  lbs.  2'  I  oz.  Auramine  Cone. 

87.3 

77.0 

34.4 

101.3 

!  •   I  oz.  victoria  Green  B.  F. 

64.8 

76.3 

70.8 

88.1 

.1  lbs.  10'  J  oz.  Methyl  Violet  N. 

37.3 

27.9 

48.4 

186.4 

1  lb.  101  ;  oz.  Victoria  Blue  B  Cone 

31.2 

45.9 

61.5 

161.4 

Blue  shade- 

Mixture  of  4o  and  4b 

28.9 

27.3 

49.5 

194.3 

Blue  match 

Mixture  of  5a  and  5h 

27.1 

27.8 

47.2 

197.9 

1  lb.  5'  :  oz.  Methylene  Blue  BGN 

33.8 

61.8 

64.3 

140.1 

5  lbs.  Vesuvine  BPX 

70.7 

35.2 

28.8 

165.3 

5  lbs.  Safranine  T  extra  Cone. 

79.3 

26.1 

36.3 

158.3 

5  lbs   Auramine  Cone 

84.6 

75.5 

32.2 

107.7 

5  lbs.  Methylene  Blue  BGN 

24.6 

46.6 

54.4 

174.4 

5  lbs.  Victoria  Green  BF 

23.8 

46.3 

46.2 

183.7 

5  lbs   Victoria  Blue  B  Cone. 

24.4 

35.2 

54.3 

186.1 

5  lbs.  Methyl  Violet  N 

34.5 

'5  2 

45.3 

195.0 

Tint  Photometer  Re.\dincs- 

(2)  Low  Finish 

Red  Green  Blue  Black 

83.2  74.5  68.9  73.4 

71.5  37.5  31.1  159.9 

83.1  55,0  61.5  100.4 
79.9  75.2  47.3  97.6 

71.3  37.1  30.5  161.1 

71.6  36.1  30.1  162.2 
79.9  32.4  44.5  143.2 
81.0  72.9  35.4  110  7 

60.2  71.6  66.8  101  4 

36.0  26  9  45.5  191.6 

30.1  44.4  58.7  166.8 

27.1  26.2  46.3  200.4 
26.6  27.2  44.8  201.4 

33.2  60.6  62.2  144,0 

69.3  35.0  28.8  166  9 
77.1  26.0  35.6  161.3 
82.8  72.9  32.1  112.2 
24.3  44.5  51.7  179.5 
23.3  45.1  44.9  186.7 

24.0  35.2  51.4  189.4 

34.1  25.4  45.0  195.5 


80.2  72.6  65.3  81.9 

68.8  35.6  30.1  165.5 

80.2  51.3  58.5  1 10.0 
78.1  73.0  46.5  102.4 

68.7  34.1  28.8  168.4 

68.5  35.0  28.9  167.6 

77.3  30.9  41.8  150.0 
78.1  71.6  34.9  115.4 

57.6  69.3  64.0  109.1 

34.4  25.8  43.8  196.0 

28.8  42.2  55.5  173.5 
26.1  25.0  42.0  206.9 
25.1  25.0  42.5  207.4 

31.0  56.5  59.1  153.4 

67.1  32.8  27.3  172.8 

71.7  24.5  33.2  170.6 
80.7  69.9  33.1  116.3 

22.9  42.2  49.5  185.4 
22.4  41.8  41.5  194.3 
22,3  32.0  49.6  196  I 
31.7  23.2  42.0  203.1 


Glare  Readings 
(Per  cent) 

111  (2)  (3) 

18.8  38.7  51.4 

27.7  46.0  65.8 

22.5  41.1  62.0 

19.2  37.6  ,<;9.5 
26.0  46.3  66.2 
25.0  47.4  68.1 

27.0  47.7  65.6 

20.3  40.0  58.2 

19.8  43.5  63.4 
52.7  71.2  82.4 

41.6  59.2  73.4 

59.9  75.3  85. 0 
.59.7  75.4  85.8 

.10.2  48.1  66.4 

26.5  46.9  (>8.1 

25.3  51.0  68.2 
20  0  39.7  52.7 

33.1  62.9  77.0 

46.4  65.8  79.0 
466  66  7  80.2 

57.6  740  86.2 


binations  of  dyestuffs,  if  they  match  visually,  will 
give  comparable  readings  with  the  Ives  Tint  Photom- 
eter, The  blue  shade  and  blue  match  do  not  check 
as  well  as  the  brown  dyeings  either  visually  or  under 
the  tint  photometer.  Individual  dyeings  were  made 
on  the  same  stock  and  with  the  same  proportion  of 
dycstutVs  as  were  used  in  the  brown  and  blue  dyeings 
in  the  hope  that  some  relation  could  be  discovered 
between  the  tint  photometer  readings  of  the  com- 
ponent colors  and  the  mixture.  This  we  have  not  been 
able  to  do  but  the  tint  photometer  readings  on  these 
various  dyed  samples  are  given  in  the  above  table, 
and  may  enable  some  reader  to  discover  a  relation 
which  will  hold  consistently  for  different  colors. 

It  is  common  knowledge  in  the  paper  mill  that 
calendering  and  supcrcalendering  will  darken  the  paper. 
Some  experiments  were  made  to  determine  whether 
the  progressive  darkening  of  cither  dyed  or  undyed 
paper  as  produced  by  calendering  could  be  observed 
and  numerically  recorded  by  means  of  the  tint  photom- 
eter. The  sample  papers,  prei)ared  in  identical  manner 
with  little  or  no  finish,  were  successively  calendered 
to  give  various  degrees  of  finish;  the  colors  were  read 
hy  the  tint  plintonieter  and  the  per  cent  glare  ile- 
Icrminerl  liy  the  IngersoU  glarinieter  after  each  calen- 
dering, ("ninplele  tint  |)ii<)lomelcr  and  per  cent  glare 
readings  are  given  in  the  table  for  conditions  of  (i) 
lui  finish,  (j)  low  finish,  and  (.0  high  finish.  We  have 
no  siipercalendcr  or  plater  at  the  luboratury,  and  tiie 
various  fini,shes  were  obtained  on  the  samples  studied 
llirongh  the  courtesy  of  the  Haminerniill  Paper  Coin 
p.'iny,  Ivrie,  Pennsylvania. 

Data     from     the     tint    photometer    anil    glarimeter 
readings  tnaile  "in  the  sheets  dyed  with  various  strengths 


the  various  samples  examined  are  given  in  the  pre- 
ceding table  and  are  shown  graphically  at  the  top  of 
the  accompanying  figure. 

A  brief  description  of  the  general  principles  on  which 
the  use  of  the  glarimeter  is  based,  may  be  of  interest; 
for  a  full  description  the  reader  is  referred  to  the  orig- 
inal article  describing  the  instrument,' 

Light  reflected  from  a  sheet  of  paper  may  be  con- 
sidered as  belonging  to  one  of  two  general  types.  First 
there  is  dilTusely  reflected  light  which  means  that  the 
light  is  reflected  uniformly  in  all  directions,  A  matte 
surfaced  paper  diffusely  reflects  the  bulk  of  the  light 
falling  on  it  and  may  be  considered  as  a  typical  ex- 
ample of  this  case.  Secondly,  part  of  the  light  may  be 
"specularly"  reflected,  which  is  the  case  of  all  light 
where  the  angle  of  incidence  equals  the  angle  of  re- 
flection. The  bulk  of  the  light  reflected  from  a  highly 
supcrcalcndercd  paper  may  be  considered  as  being 
"specularly"  reflected.  Practically,  light  reflected 
even  from  the  dullest  matte  finished  paper  is  a  mixture 
of  diffusely  and  "specularly"  reflected  light. 

The  "specularly"  reflected  light  which  is  charac- 
terized by  being  plane  jiolarized  causes  Iho  efltect 
which  is  commonly  known  as  "glare"  nnti  the  glarim- 
eter measures  the  percentage  glare  hy  detcrnuning 
the  percentage  of  "specularly"  reflected  light  in  com- 
parison with  the  total  reflected  light, 

.Ml  papers  will,  of  course,  show  a  certain  pcri-cnlagc 
of  glare,  but  with  incrca.sc  in  finish,  the  pcri-cntagc 
gliire  increases.  Further,  all  colored  papers  will  give 
a  higher  per  cent  glare  reatling  than  white  papers  of 
the  same  finish,  as  the  actual  amount  of  "specularly" 

1  HlKln.il    \VmI4.    March    .'I,    1914.    \\<wU<    /'aNr    TtUt    Rmtw, 
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reflected  light  is  unaffected  by  the  depth  of  color  of 
the  paper,  while  the  amount  of  diffusely  reflected 
light  is  diminished,  depending  on  the  depth  of  the  shade 
of  the  paper. 

The  increase  in  per  cent  glare  caused  by  calendering 
is  shown  by  the  typical  glare  curves,  as  plotted  in  the 
figure  for  dyeings  made  with  various  amounts  of 
Safranine  T  extra  Cone,  on  a  furnish  of  80  per  cent 
groundwood  and  20  per  cent  unbleached  sulfite.  The 
per  cent  glare  of  the  blank  made  from  the  same  furnish 
as  the  dyed  samples  increased  from  18.8  to  38.7  to 
51.4  per  cent  with  the  successive  calenderings.  The 
effect  of  the  color  in  increasing  the  per  cent  glare  read- 
ing by  causing  absorption  of  some  of  the  light  is  evi- 
dent from  a  study  of  the  curve. 


LBS.  OF  DYE  PER  1000  LBS.  OF  DRY  STOCK. 

We  have  shown  that  it  is  possible  to  give  a  numerical 
expression  for  both  shade  and  depth  of  color  by  means 
of  the  tint  photometer  and  that  two  dyeings  which 
match  visually,  will,  within  the  allowable  experimental 
error,  match  under  the  IvesTintPhotometercven though 
the  two  matches  were  dyed  with  different  dyestuffs. 
For  white  sheets  it  is  possible  to  follow  the  progress 
of  calendering  both  by  the  tint  photometer  in  record- 
ing the  increase  in  parts  black  of  the  paper  or  by  the 
decrease  in  parts  red,  blue,  or  green,  and  by  the  glarim- 
eter  in  recording  the  increase  in  per  cent  glare. 

For  colored  papers  the  tint  photorneter  will  record 
the  increase  in  parts  black  for  successive  production 
of  finish  by  calendering,  but  the  per  cent  glare  will 
increase,  not  only  due  to  the  finish  of  the  paper  itself, 
but  also  dvie  to  the  fact  that  with  darkening  of  the  paper 
the  amount  of  diffusely  reflected  light  is  decreased 
without    changing   the    amount    of   light    "specularly" 


reflected.  With  the  same  finish  but  with  increase  in 
color,  this  causes  an  apparent  increase  in  per  cent  glare. 
With  the  present  design  of  the  glarimeter,  uniform 
lighting  conditions  are  secured  by  an  incandescent 
light  within  the  light-proof  interior  of  the  instrument, 
while  lighting  conditions  for  the  tint  photometer  are 
secured  from  daylight.  In  trying  to  check  relations 
between  the  two  instruments,  the  color  screens  of  the 
tint  photometer  were  later  attached  to  the  objective 
of  the  glarimeter  while  readings  were  being  taken  but 
the  results  secured  were  very  erratic.  Thus  while  the 
glarimeter  might  be  found  of  value  in  determining 
the  finish  of  white  papers,  in  the  light  of  our  data  it 
could  not  be  recommended  for  colored  papers  of  differ- 
ent hues  and  intensities. 

Forest  Products  Laboratory 
Madison.  Wisconsin 


THE  CHEMISTRY  OF  WOOD  DECAY 
PAPER  I— INTRODUCTORY 

By  Robert  Evstafieff  Rose  am.  Martin  William  Lisse' 
Received  November  27,  I9I6 

During  the  decay  of  wood  the  composition  of  the 
material  obviously  undergoes  profound  alteration. 
By  slow  changes  the  structure  of  the  wood  is  destroyed, 
the  macroscopic  changes  being  accompanied  by  a 
corresponding  chemical  disintegration.  The  highly 
complex  compounds  originally  present  pass  into  others 
of  increasing  simplicity  until  at  last  all  passes  into 
carbon  dioxide,  water,  perhaps  also  hydrogen  and  meth- 
ane. Between  wood  and  its  ultimate  dissolution 
products  must  lie  a  whole  range  of  intermediate  sub- 
stances. The  chemistry  of  the  process  has  received 
but  scant  attention,  though  it  should  prove  of  interest, 
as  a  scientific  study,  and  as  a  prerequisite  to  dis- 
covering possible  uses  for  a  waste  product  occurring 
in  great  quantity.  The  subject  has  been  merely 
touched  upon  in  the  work  of  Omelianski,^  while  the 
efforts  made  to  determine  the  nature  of  humus  and  its 
components  bear  only  distantly  upon  the  question  of 
wood  decay,  although  the  results  obtained  should 
prove  valuable  in  determining  the  nature  of  the  sub- 
stances in  very  rotten  wood.'  The  very  nearest 
approach  to  the  subject  has  been  made  by  Schreiner 
and  Sullivan,^  who  have  identified  some  products 
obtained  from  rotten  wood  and  peat. 

It  is  clearly  no  easy  task  to  determine  the  chemical 
changes  undergone  during  the  disintegration  of  wood 
under  natural  conditions;  the  transition  of  the  material 
is  a  slow  one  unsvtited  to  laboratory  study;  the  accom- 
panying conditions  vary  very  greatly,  and  the  products 
formed  are  largely  lost  as  gases  or  as  water-soluble 
compounds.  Moreover,  inasmuch  as  decay  is  due  to 
the  activity'  of  lower  vegetative  forms,  the  nature  of 
the  bacteria,  fungus  or  fungi  responsible  will  largely 
modify  the  outcome. 

>  Used  by  M.  W.  Lisse  in  part  tulfiUment  of  the  requirements  for  the 
M.S.  degree  in  the  University  of  Washington. 

'Compl.  rend..  121  (1895),  65.1:  126,  970.  ll.M;  Ardiiv.  Scienc.  bioton., 
7,  411;  9,  No.  ,1;  Ccnir.  Bakt..  8  (II),  19.':  11,  370  and  703. 

•Compare  Czapck.  "Die  Biochemie  der  Pflanzcn,"  Vol.  I,  pp.  226-229. 

«  Sullivan,  This  Journal,  6  (1914),  919.  and  8,  1027;  O.  Schreiner 
and  E.  C.  Shorey,  U.  S.  Dept.  Agr.,  Bureau  of  Soils,  Bull.  7«,  1914:  Sullivan, 
.•Science,  S8  (1913),  678. 
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Realizing  the  many  uncontrolled,  not  necessarily 
uncontrollable,  variables,  it  yet  seemed  desirable  to 
us  to  attempt  to  apply  a  chemical  method  of  analysis 
to  a  study  of  the  problem.  The  present  paper  is  the 
outcome  of  the  very  superficial  survey  of  the  field, 
attempted  in  order  to  find  whether  the  work  would 
show  any  promise  of  success. 

For  this  first  attempt  it  was  unnecessary  to  take  into 
account  everything  known  of  the  composition  of  wood; 
to  regard  wood  as  a  complex  consisting  of  moisture, 
cellulose,  lignocellulose,  with  smaller  quantities  of 
fats,  starches,  acid,  tannins,  etc.,  was  sufficient  for  the 
purpose. 

In  adopting  a  method  of  analysis  the  following  con- 
siderations had  weight: 

I — The  decrease  in  cellulose  content  should  be  de- 
termined directly  by  such  a  method  as  the  chlorination 
process  of  Cross  and  Bevan. 

II — Inasmuch  as  decay  is  associated  with  increasing 
molecular  simplification,  the  solubility  of  the  material 
should  prove  worthy  of  determination.  For  this 
reason  the  amounts  extracted  both  by  cold  and  by  hot 
water  were  determined.  Quite  evidently  the  first 
of  these  could  hardly  be  reliable  because  with  increas- 
ing solubility  in  cold  water  there  would  be  an  increas- 
ing tendency  towards  loss  by  leaching  out. 

Ill — The  lignin  complex  gives  a  variety  of  charac- 
teristic hydrolysis  products.  It  yields  furfurol  and 
methyl  furfurol  with  strong  hydrochloric  acid,  methyl 
iodide  with  stfong  hydriodic  acid,  and  acetic  acid 
when  treated  with  dilute  sulfuric  acid.  This  being  so  it 
should  be  better  for  the  present  purpose  to  determine 
each  product  separately  than  to  establish  the  amount 
of  lignin  present,  though  the  latter  should  form  a  part 
of  a  more  exact  analysis.  The  reason  for  preferring 
a  determination  of  the  hydrolysis  products  of  lignin 
was  simply  that  to  do  so  would  make  it  perhaps  possible 
to  distinguish  between  the  fate  of  different  portions 
of  the  lignin  i.om]jlex.  This  hope  was  realized  as  will 
be  apparent. 

IV — During  its  decay,  wood  becomes  more  and  more 
similar  to  "humus,"  which  is  itself  the  result  of  partial 
vegetable  decomposition.  Humus  is  largely  soluble 
in  alkali  and  it,  therefore,  seemed  desirable  to  de- 
termine the  amount  of  alkali-soluble  material  in  the 
wood. 

V-  In  addition  to  the  above  determinations,  the 
moisture  content  was  found,  in  order  to  allow  the  cal- 
<ulation  of  all  results  to  a  moislurc-frcc  basis.  Also, 
it  was  thought  advisable  to  determine  the  percentage 
soluble  in  ether,  and  the  ash. 

While  the  methods  to  be  employed  were  being  dis- 
cussed, the  authors  were  very  fortunate  in  receiving, 
through  the  courtesy  of  the  Director  of  the  Forest 
Products  Laboratory  at  Madison,  Wisconsin,  a  pre- 
liminary outline  of  a  method  for  wood  analysis,  due  to 
liie  work  of  Dr.  A.  W.  Schorger.  This  proved  almost 
iileal  for  the  purpose  r)(  this  research  and  was  very 
largely  adoplcfl.  The  method  is  to  be  published  in 
the  near  future  and  wc  feel  that  no  discussion  of 
nu'thoils  should  be  entered  upon  in  the  present  paper 
and  will,  therefore,  conlini'  ourselves  to  giving  enough 


detail  to  make  clear  the  meaning  of  the  analytical 
results.  The  minutiae  will  be  taken  up,  if  necessary, 
at  a  date  subsequent  to  the  publication  of  the  contri- 
bution of  the  Forest  Products  Laboratory.  The  authors 
wish  to  take  this  occasion  to  thank  Dr.  Schorger  for 
his  kindness. 

No  attempt  was  made  to  identify  the  fungi  responsi- 
ble for  the  decay.  In  future  work  some  effort  must 
be  made  to  do  this,  because  even  a  superficial  examina- 
tion shows  that  the  course  of  disintegration  may  be 
very  different  under  nearly  similar  conditions.  The 
difference  is  probably  due  to  a  variation  in  the  type  of 
fungi  present.  Thus  the  spongy  products  of  extreme 
decay  are  sometimes  very  white  and  consist  of  masses 
of  fibers  having  the  appearance  and  properties  of  cellu- 
lose, which  is,  therefore,  the  last  portion  of  the  wood 
to  be  attacked.  On  the  other  hand,  the  samples  ana- 
lyzed showed  the  lignin  complex  to  be  the  most  re- 
sistant. Evidently  different  fungi  produce  very  differ- 
ent cytases. 

,  EXPERIMENTAL 

The  samples  analyzed  were  three,  all   Douglas  Fir: 
(i)   Sound  heart  wood. 

(2)  Heart  wood  softened  by  decay  to  an  extent 
which  made  the  annular  rings  rather  less  distinct  than 
in  the  sound  specimen,  which  had  changed  the  color 
to  a  whitish  yellow  (sound  wood  is  reddish),  and  had 
made  the  wood  much  less  resistant  to  strain  at  right 
angles  to  the  grain.  The  last  may  be  better  charac- 
terized by  saying  that  on  chopping  the  wood  with  the 
grain  a  clean  blow  would  cause  it  to  split  readily  in 
perfect  pieces,  but  that  a  less  violent  stroke  would 
frequently  cause  pieces  2  in.  X  2  in.  to  break  at  right 
angles  to  the  grain.  The  sample  was  taken  from  a 
fallen  tree  whose  diameter  was  about  4  feet  at  the  base. 
The  portion  taken  must  have  been  15  feet  from  the 
ground  when  the  tree  was  standing.  The  trunk  was 
still  covered  with  bark.  How  long  the  tree  had  been 
dead,  it  was,  of  course,  impossible  to  determine.  The 
upper  end  was  in  a  state  of  advanced  decay  under  the 
bark,  the  wood  being  quite  spongy. 

Sample  2  could  not  have  lost  very  extensively 
by  leaching  of  water-soluble  breakdown  products, 
because  it  was  taken  from  near  the  center  of  the  log 
which  was  freshly  cut.  The  wood  was  wet  but  suffi- 
ciently sound  to  protect  the  inside  portions  from  any 
rapid  removal  of  solul>le  products  of  decay. 

(3)  Heart  wood  in  the  last  stages,  taken  from  what 
remained  of  a  standing  stump.  This  sample  was  por- 
ous, dark  red-brown  in  color,  and  could  be  crushed 
readily  between  the  fingers.  Care  was  taken  to  avoid 
the   material  excreted   by  the  larvae  of  wood   beetles. 

I'KKl'ARATION  OK  SAMIM.K  Tho  Wood  was  reduced  lo 
particles  which  would  p:iss  a  40- mesh  sieve,  and  this 
powder  was  used  for  :ill  ileterminations  except  that  of 
cellulose.  In  the  latter  ease  fine  sawdust,  or  its  equiva- 
lent in  particles  too  large  to  pass  the  40-mosh  sieve, 
was  used.  Care  was  taken  to  obtain  as  representative 
a  sample  as  possible.  The  material  for  analysis  was 
kept  in  air-tight  containers  in  order  that,  with  the 
moisture  once  ticterniined,  portions  coulil  be  weighed 
out  and  tho  results  calculated  on  a  inoisHiK-  fni   l.:isi.'; 
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Table  I — Perckntages  of  Analyses  of  Sovnd,  1'artially  Rotted  and  Completely  Rotted  D^h'clas  Fik  Wood 

Sample  No                              (1)  Heart  Wood                               (2)  Partial  Rot  <3)  Complete  Rot  Comparison  op  Results 

I              II          Av.                           I             II          Av.  I              II          Av.       Heart  Wood     Partial  Rot    Complete  Rot 

Cold  Water-Solublc .3.94       4.12       4.0.3                       1.77        1  . 7.S        1.76  1.27        1.06        1.16  4.0.3  1.7.5  1.16 

Hot  Water-Solul)le(a)....     2.31        2.15        2.23                       4.36       4.02       4.19  7.72        7.82        7.77  2  23  4.19  7.77 

Alkali  Soluble 10.66     10. .56      10.61  38.16     38.04     38.10  6.'>.34  6.S .  29  65.31  10.61  38.10  6531 

Cellulose       58.81      59.12     58.96  41.64     41.69     41.66  8.51        8.43       8.47  58.96  41.66  8.47 

Acid  Hydrolysi.-i 0.72       0.71        0.71                       0.28       0.28       0.28  0.17  0.18       0.17  0.71  0.28  0.17 

Pentosan         7.26       7.09       7.16                      6.73       6.85       6.79  2.92  3.00       2.96  7.16  6.79  2.96 

Methyl  Pentosan 2.81        2.47        2.64                      3.71        3.42       3.56  6.12  6.00       6.06  2.64  3.56  6.06 

Mcthoxy  Group 3.96       3.92       3.94                      5.15       5.18       5.16  7.72  7.89       7.80  3.94  5.16  7.80 

Moisture  (40-mcsh) 9.85       9.77       9.81  10.63      10.64      10.63  9.10  9.08  9.09  9.81  10.63  9.09 

Moisture  (sawdust) 10.26     10.17      10.22                      9.09       9.10       9.09  8.97  8.98       8.97  10.22  9.09  8.97 

Kthcr  Kxtract 2.67       2.76       2.71                       2.00       2.11        2.05  2.12  2.12       2.12  2.71  2.05  2.72 

Ash 0.18       0.12       0.15                       O.IS       0.15       0.15  0.64  0.67  0.65  0.15  0.15  0.65 

(a)  Percentages  for  "Hot  Water-Soluble"  are  the  Total,  les!  the  "Cold  Water-Soluble.' ' 

ANALYTICAL   METHODS  rate,  thus  leaving  the  ratio  between  them   nearly   con- 

.MOISTURE— 3  to  4  g.  dried  at    105°  C.  for  6  hours.  stant.      This  result  is  surprising,  and  highly  instructive; 

COLD   WATER   EXTRACTION^ 2  to  3   g.   digested  with  it  shows  that  the   method   of  investigation   may   well 

300  CO.   cold   water  for  48  hours.      Weight  of  washed  throw  some  light  on  the  chemical  structure  of  wood. 

and  dried  residue  determined.  It  is  too  early  to  theorize,  but  if  a  guess  may  be  al- 

HOT   WATER   EXTRACTION— 2  to  3  g.  extracted   with  lowed,  it  would  .seem  very  probable  that  the  part  of 
boiling   water   under   reflux   for    3    hours.      Weight    of  -  the   lignin   complex   which   furnishes    methyl    furfurol, 

residue  after  washing  with  hot  water  and  drying  gives  that  is,  the  methyl  pentosan,  also  contains  the  methoxy 

loss,  from  which  cold  water-soluble  is  deducted.  group,  and  that  the  pentosan  and  the  complex  yielding 

CELLULOSE-  Determined     by     Cross     and     Bevan's  acetic  acid   on   hydrolysis   are   associated.      This   is  to 

chlorination  method.  ^^  surmised  from  the  fact  that  the  values  for  methyl 

PENTOSAN  AND    METHYL  PENTOSA.x— Determined  by  pentosan  and  methoxy  show  a  like  ratio  throughout  and 

the  Tollen  phloroglucide  method.  a'^o  represent  an  increasing  percentage  of  the  whole, 

ACID    HYDROLYSIS— 2    g.    treated    with    boiling    2.5  that  is,  appear  to  represent  the  most  resistant  complex 

per   cent   sulfuric   acid   during   3    hours.      The   volatile  i"    the    wood.      Pentosan  and  the  hydrolyzable  group 

acid  produced  is  distilled  off  and  titrated.      Result  cal-  diminish    in     percentage    progressively    though    their 

culated  as  acetic  acid.  ratio  does  not  remain  constant,  and  it  can  only  be  said 

METHOXY— Determined  by  Zeisel's  method.  that  both  belong  to  a  complex  or  complexes  less  stable 

ETHER   EXTRACT— 3   to  4'g.   extracted  in   a   Soxhlet  towards    decay    than    that    of    methyl    pentosan    and 

apparatus  for   i6  hours.      Residue  left  on  evaporation  methoxy. 
of  solvent  is  weighed.  ^t   should   be   emphasized   that    the   above   analyses 

ALKALI-SOLUBLE— 2   g.   are    treated   with    loo  cc.   of  are  merely  in  the  nature  of  a  preliminary  attack.      They 

I  per  cent  NaOH  in  a  boiling  water  bath  for  one  hour.  liave  served  to  show  the  value  of  the  method,  but  will 

Loss  in  weight  of  sample,  less  percentage  removed  by  need  a  great   deal   of  amplification.      For  instance,  it 

extractions  with  hot   and   cold   water,   ether  and   acid  will  be  necessary  to  determine  the  distribution  of  the 

hydrolysis,  is  calculated  on  moisture-free  basis.  Iign>n   characteristics   between  the   alkali-soluble    ma- 

ASH-  5  g-  ignited  in  muffle.      The  results  as  obtained  terial  and  the  residue;  direct  lignin  determinations  are 
by  us  are  probably  too  low,  owing  to  lack  of  a  suitable  required;  some  attempt  should  be  made  to  isolate  prod- 
muffle  ^"^ts  sufficiently  pure    to    permit  of  analysis  from  the 
DISCUSSION  alkali-soluble   substances.      Were   the   last   to  succeed 

,                .      ^.         f  .  V            u„  •„  T  1,1    T    ,1     .  t    ,.;  it  would  throw  much  light  on  the  vexed  question  of 

An  exammation  of  the  results  in  1  able  1  makes  it  evi-  *>                    .                .'  . 

,      ^  ^,     ,   .,                    ...         f          J      „           1,1     „          A  the  nature  of  humus.      Another  point  requiring  study 

dent  that  the  composition  of  wood,  as  roughly  gauged  ^               '          °           ■' 

,       ^,       .       ,          .           ,.     •            4.  ^^       „  f     „    1     .4  IS  the  elementary  analysis  of  the  wood  in  each  stage, 

by  the  inadequate  preliminary  tests  performed,   does  .'           .r                                                      &  > 

,      ,     ,.           ai  ■     ^T       1     ■         I            4.       11           c  t-u  because  that  will   determine  whether  the  changes  are 

indeed  alter  sufficiently  during  decay  to  allow  of  the  .                 .       .            .    .                               *" 

,.      ,.           r           ,   i^-     1          ti     1      ^c    „4-    J           Ti  „  accompanied  by  oxidation  as  it  is  reasonable  to  suppose 

application    of    analytical     methods    of    study.        1  he  t'              j                                                               ft- 

,               .,^1-1                                              J  that    they    are.      Furthermore,    the    gaseous    products 

changes   taking   place    are   progressive   and   very   pro-  ,       ,  ,   ,                             ,.,,,,               j 

e        J               •             J      u-  1,  1,   „  „i<.„,„^  i;+fi„  :„  ^♦„,„  should  be  analyzed.      It  is  hoped  to  make  these  and 

found,  even  in  wood  which  has  altered  little  in  struc-  -'                                ... 

,  several   other  questions  the  subiect  of  future  papers. 

tural  appearance.  '                                 -^ 

As    was    foreseen,    the    ether-soluble   materials   vary  si'MMar\ 

but   little.      The    cold    water-soluble    portion    actually  1 — Analysis  of  a  sound  sample  of  Douglas  Fir  heart 

decreases  regularly,  while  the  value  for  the  solubility  wood  is  given. 

in    hot    water   increases.      The    tendency    towards    the  n — Analyses  of  a  partially  and  of  a  totally  rotten 

production  of  acidic  breakdown  products  is  very  evi-  portion  of  fir  are  compared   with  that  of  the  original 

dent  from  the  rapid  increase  in  alkali-soluble  material.  wood. 

That  these  are  formed  largely  at  the  expense  of  the  m — The  progress  of  decay  is  readily  followed   by 

cellulose  follows  from  the  surprisingly  rapid  fall  in  the  the  use  of  chemical  methods.      Indeed,  the  change  is 

cellulose  percentage,  so  marked  that  a  comparative  cellulose  determination 

Turning   to   the   lignin,   the   evidence   is    more    con-  might  well  serve  to  detect  insipient  decay, 

fiicting  but  also  more  interesting.      It  will  be  noticed  IV—  In  the  cases  studied,  decay  is  accompanied  by 

that  two  of  the  lignin  values,  those  for  acid  hydrolysis  a  very  rapid  fall  in  cellulose  content, 

and     pentosan  fall,   while  two  rise,   those  for   methyl  V — The  lignin  is  far  more  resistant   than  the  cellu- 

pentosan  and  methoxy,  the  latter  two  rising  at  the  same  lose.      If  lignin  is  a  definite  compound,  then  its  mole- 
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cule  does  not  appear  to  decay  uniformly,  the  portion 
first  attacked  being  that  which  yields  acetic  acid  and 
furfurol  on  hydrolysis.  The  more  resistant  portion  of 
the  complex  is  that  which  yields  methyl  furfurol  on 
treatment  with  concentrated  hydrochloric  acid,  and 
methyl  iodide  when  heated  with  concentrated  hydriodic 
acid. 

VI- — The  results  obtained  tend  to  show  that  the 
method  described  may  well  be  used  in  attacking  the 
problem  of  the  chemical  composition  of  wood  and  of 
such  substances  as  are  found  in  humus,  *.  e.,  humins, 
ulmins,    huminic,    ulminic   and    hymalomelanic   acids. 

VII — Attention  is  drawn  to  desiderata  of  further 
work. 

Department  op  Chemistry 
University  of  Washington,  Seattle 


THE  EFFECT  OF  EXPOSURE  ON  COMMERCIAL  LIMES 
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INTRODUCTION 

The  object  of  this  investigation  has  been  to  deter- 
mine the  effect  of  exposure  to  the  atmosphere  on  the 
carbon  dioxide  and  water  contents  of  commercial 
limes,  or  the  effect  of  what  is  commonly  known  as 
"air-slaking"  on  the  chemical  analysis.  It  was  under- 
taken to  fix  more  accurately  the  causes  of  complaints 
on  high-grade  lime  shipments  and  to  determine  whether 
these  are  due  to  the  quality  of  lime  leaving  the  plant  or 
to  deterioration  on  the  road.  So  far  as  lime  manu- 
facturers are  aware,  no  work  has  been  done  on  this 
subject,  although  it  is  of  importance  in  the  lime  trade 
especially  in  the  shipment  of  high  calcium  lime  for 
chemical  use. 

METHOD  AND  EXPERIMENTAL  DATA 

Obviously  the  best  way  of  carrying  out  the  tests 
would  have  been  to  expose  under  the  exact  conditions 
obtained  in  practice,  but  this  was  not  practicable, 
owing  to  the  expense  and  difficulties  of  using  such 
large  quantities. 

Accurate  sampling  is  an  important  factor  in  the 
analysis  of  lime  shipments  and  is  even  more  trouble- 
some than  in  the  case  of  coal.  The  lime  is  in  the  form 
of  large  lumps,  through  which  may  be  scattered  com- 
paratively large  pieces  of  unburned  stone  or  core, 
making  it  very  difficult  to  obtain  a  representative 
sample  unless  the  lime  is  afterwards  ground.  In 
order  to  prevent  errors  in  sampling,  due  to  the  presence 
of  core,  the  lime  used  in  the  tests  was  carefully  selected 
by  hand.  It  was  impossible  to  use  one  large  sample, 
quartering  and  sampling  at  certain  periods,  for  as  the 
lime  slaked  the  sampling  operations  would  break  it 
up  until  finally  it  would  become  completely  pulverized. 
This  rubbing-off  of  the  coaling  of  slaked  lime  and 
exposure  of  quicklime  would  also  affect  the  rate  of 
absorption  of  carbon  dioxide  and  water. 

The  containers  for  the  bulk  lime  samples  were 
boxes,  having  six  compartments,  6  in.  X  6  in.  X  6  in., 
in  each  of  whicli  was  placed  a  sample.  The  careful 
selection  gave  lime  sufficicnlly  uniform  so  that  the 
samples  were  of  the  same  composition  at  the  start. 
Each  box  was  open  nt  the  top,  but  a  lid  was  supported 
,ihf)Ut  6  in,  aiiovc  tlu'  l)ox  in  order  to  exclude  dust  nnd 


dirt.  In  order  to  compare  the  results  obtained  bj' 
exposure  in  boxes  with  exposure  under  conditions  more 
closely  approaching  actual  practice,  6  open  barrels 
were  filled  about  'A  full  of  large  lumps  carefully  se- 
lected and  exposed  simultaneously.  The  samples  of 
ground  and  hydrated  lime  were  contained  in  boxes 
6  in.  X  6  in.  in  cross-section  but  varying  in  depth  in 
order  to  determine  the  protective  effect  of  the  upper 
layers  of  finely  divided  material.  All  the  samples 
were  placed  for  exposure  in  a  small  building  and  were 
probably  in  a  more  exposed  position  than  would  be 
found  in  actual  practice  as  the  building  was  very  loosely 
constructed  and  in  addition  had  two  open  windows. 
Several  samples  were  prepared  by  quartering  from  a 
large  pile.  One  was  reserved  for  analysis  at  the  start 
and  the  others  were  placed  in  the  containers,  exposed 
and  analyzed  at  the  intervals  indicated  in  the  tables. 
Available  calcium  oxide  was  determined  by  the 
direct  Solvay  method  of  liberating  the  ammonia  from 
an  ammonium  chloride  solution  and  titrating  with 
normal  hydrochloric  acid.  Total  calcium  oxide  was  de- 
termined volumetrically  by  precipitation  as  oxalate 
and  titration  with  standard  permanganate.  In  de- 
termining carbon  dioxide,  the  well-known  method  of 
absorption  in  a  Geissler  bulb  was  used.  Water  was  found 
by  difference  between  loss  on  ignition  and  carbon  dioxide. 

EXPOSURE    OF    HIGH    CALCIUM    LUMP    LIME This    test 

consisted  in  the  determination  of  the  rate  at  which 
high  calcium  lump  lime  takes  up  carbon  dioxide  and 
water.  Two  sets  of  samples  were  exposed  simultane- 
ously: one  set  containing  lump  lime  'A  in.  to  2  in.  in 
size  and  placed  in  the  boxes,  the  other  s  in.  to  6  in. 
in  size  and  contained  in  the  barrels.  The  analyses 
and  other  data  are  given  in  Tables  I  and  II,  the  latter 
giving  the  results  obtained  with  the  barrel  samples. 

Tabls  I — Hicn  Calcium  Lump  Limb  (Boxbs) 

Per  c«Dt  Complete 

Date     Dayt       Per  cent  Per  cent    Available  Analysis 

Analyzed    Ei-      • ^ •       • " •  CaO  Dry  before 

(1915)    posed  Avail.    Total      COi        HiO      Basis  Exposure 

6/17  0       9.5.6       96.2       0.2  1.6       97.2       SiOi  0.20% 

6/24  7        84.8       86.5       0,8        11.6       96.0       R.Oi  0.78 

7/2  15       81.1        83.1        1.0        13.6       93.9       CaO  96.17 

7/17       30       76.2        79.4        1.7        15. S       90.3        MaO         1.01 

8/1  45        68.0       72.0       2.4       21.4       8«.6       COi  0.16 

8/16       60       64.7        70.3       3.1        22.7        83.6        HiO  1.56 

Tabls  II — Bakrsia 

6/17  0       94.9       95.4       0.2  1.7        96.7       SiO.  0.56% 

6/24  7        87.7        88.9       0.7  9.3       96.6       R«Oi  0.80 

7/2  15       85.1        87.1        1.0        10.4       94.9       CaO  95. .W 

7/17        30       82.4        83.5        1.1        12.7       94.3        MtO         1.15 

8/1  45        81.0        82.5         1.2         14.6        94.6        COt  0.24 

8/16        60        73.0        75.1         1.8        19.4        90.8        WtO  1.74 

Taulb  111— Maonsmvm  Lump  Limb  (Boxes) 

6/17  0  0.3  3.2  .SiO.  0.21% 

6/24         7  1.2         8.8  RK>i  0.66 

7/2  15  1.8        11.3  CaO  56.64 

7/17        .10  1.9        13.5  MnO  38.89 

8/1  45  1.9        15.5  CIH  0  33 

8/16       60  2.6        15.6  HtO  3.17 

Tablb  IV — Hlou  Calcium  Lump  Umb 

2/13  0        94.5        96.3        0.3  0  5        95.0        SiOi  0  90% 

2/20  7        90.3       93.8       0.6         3.9       94.9        R«Ol  0.87 

2/27        14        84.7        88.8        1.5  7.6       91.6       CaO  96.27 

3/6  21        85.0       87.6       0.9         9.4       93.8       MlO  0.94 

3/IJ       28       82.4       86.1        1.5       10.3       91   9       CO,  O.JJ 

3/20       35        80  7        84 .  .<        1.6        12.7       «.V  4        lliO  O.SI 

Tarim  V-  llion  Calcium  lIvnaATBD  Limb 

7/27         n  1.1       27.3  SiO  1  01% 

8/16       211  1.4       25.2  RtOi  1   40 

8/16       20  2.3       24.6  CaO  68.05 

HI6       20  5.6       23.7  MiO  1.31 

Cl>i  1 .0.^ 

lliO  27.25 
Takln  VI-  IIioii  Calcium  C.aoUND  Limb  (10  Mmb) 

;   27         n  I.J         6.2  9(IH  \  t*% 

8,16       20  2,3       12.2  RhH  2  38 

8/ 16       20  2,9       14.4  >.aO  85  48 

8,   6       2t>  4.0       18.4  MiO  2  J2 

COi  1.73 

IliO  «.!« 


388 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY       Vol.  g,  No.  3 


OAKS'     £X/VICO 

Fig.  I — Comparison  op  Experimental  Conditions  with  Those 
Approaching  Actual  Practice 
Absorption  op  Carbon  Dioxide  and  Water 

EXPOSURE     OF     A     MAGNESIAN     LUMP     LIME Samples 

of  a  magnesian  lump  ('A  in.  to  2  in.  in  size)  lime 
were  prepared  by  careful  selection,  placed  in  6  in.  X 
6  in.  X  6  in.  boxes  and  exposed  under  the  same  con- 
ditions as  the  previous  test  with  the  results  given  in 
Table  III. 

EXPOSURE  OF  HIGH  CALCIUM  LUMP  LIME  UNDER  WINTER 

AND  SUMMER  CONDITIONS — All  the  tests,  exccpt  the  one 
indicated  in  Table  IV,  were  carried  out  in  typical 
summer  weather,  while  the  present  one  had  been 
carried  out  as  a  preliminary  run  during  the  previous 
winter,  the  only  variable  being  the  weather. 

EXPOSURE     OF     A     HIGH     CALCIUM     HYDRATED     LIME 

Three  open  boxes,  6  in.  X  6  in.  X  3  in.,  6  in.  X  6  in.  X 
6  in.  and  6  in.  X  6  in.  X  9  in.,  the  varying  dimension 
being  the  depth,  were  filled  with  hydrate.  After 
20  days'  exposure,  the  contents  of  the  boxes  were 
analyzed  as  indicated  in  Table  V. 

EXPOSURE     OF     A     HIGH     CALCIUM     lO-MESH     GROUND 

LIME — This  test  was  merely  a  duplication  of  the  pre- 
vious test,  using  commercial  lo-mesh  ground  lime  such 
as  is  sold  for  agricultural  purposes  instead  of  the 
hydrate.     The  results  are  given  in  Table  VI. 

RESULTS 

In   order  to   discuss   more  conveniently   the    results 
■»•  cxf'rfr/MCA/r^u. 


«Ol ' ' 3 

O  V  so  JO  ^V  JC  OC7 

£K*cy    ot^os£-o 

Fig.  II — Comparison  op  Experimental  Conditions  with  Those 

Approaching  Actual  Practice.     Decrease  in 

Calcium  Oxids  Content 


o^rs     sx/^exseo 


Fig.  Ill — Effects  of  Exposure  on  High  Calcium  and 

Magnesian  Limbs 

Absorption  of  Carbon  Dioxide  and  Water 

obtained  in  the  previous  investigations,  they  have  been 
expressed  graphically.  Days  exposed  are  plotted  as 
abscissae  for  all  curves,  while  the  factors  affected  by 
exposure  are  plotted  as  ordinates.  It  will  be  noticed 
that  the  best  line  representing  average  conditions 
misses  quite  a  few  of  the  experimental  points.  Most 
of  these  discrepancies  can  probably  be  explained  as 
due  to  sampling  and  variation  in  the  weather  condi- 
tions of  the  different  periods. 

COMPARISON  OF  EXPERIMENTAL  CONDITIONS  WITH 
THOSE   APPROACHING  ACTUAL  PRACTICE    (FigS.   I  and  II) 

- — Owing  to  the  greater  surface  exposed  in  the  boxes  in 
relation  to  their  volume  and  the  lumps  of  smaller  size, 
the  box  samples  indicate  a  greater  deterioration  than 
the  barrel  samples.  The  question  arises  as  to  a  com- 
parison between  the  barrels  and  commercial  bulk  lime 
shipments.  The  size  of  lumps  is  practically  the  same 
in  both  cases,  but  in  actual  shipments  the  ratio  of  the 
surface  exposed  to  the  air  to  the  total  volume  is  prob- 
ably less  than  in  the  case  of  the  barrels.  Also  the  air 
does  not  have  such  free  access  to  the  lime  under  actual 
conditions  as  it  had  in  the  experimental  tests.  From 
these  considerations,  it  is  indicated  that  deterioration 
in  commercial  shipments  is  less  than  that  indicated  by 
the  barrel  samples.  In  the  statement  of  final  results 
(Figs.  VI  and  VII),  the  data  obtained  from  these 
barrel  samples  are  used  since  these  represent  condi- 
tions more  closely  approaching  actual  practice  than 
the  box  samples. 

EFFECTS  OF  EXPOSURE  ON  HIGH  CALCIUM  AND  MAG- 
NESIAN LIMES  (Fig.  Ill) — The  deterioration  of  mag- 
nesian limes  in  shipment  has  little  importance  in  prac- 
tice as  these  find  their  chief  use  in  plastering  and  are 
usually  barreled  or  made  into  hydrate.  It  is  interesting, 
however,  to  compare  the  rates  of  absorption  of  carbon 
dioxide  and  water  for  high  calcium  and  magnesian 
limes.  As  indicated,  the  absorption  of  water  is  less 
in  the  case  of  magnesian  limes.  The  water  is  probably 
absorbed  by  the  calcium  oxide  present  and  the  mag- 
nesium oxide  acts  merely  as  a  filler,  since  it  has  been 
shown  that  the  magnesium  in  commercial  hydrated  mag- 
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Fig.  IV^Effects    of   Exposure  on  Lime  in  Winter  and  in  Summer 
Absorption  of  Carbon  Dioxide  and  Water 

nesian  limes  exists  not  as  the  hydrate  but  as  mag- 
nesium oxide.  The  carbon  dioxide  increases  at  the 
start  more  rapidly  with  the  magnesian  lime  than  with 
the  high  calcium  lime.  Whether  this  is  due  to  the 
greater  porosity  of  the  magnesian  lime,  as  the  high 
calcium  lime  was  very  dense,  or  to  an  inherent  quality 
of  magnesian  limes,  it  cannot  be  stated.  If  this  is 
a  general  characteristic  of  magnesian  limes,  it  may 
throw  some  light  on  their  superior  plastering  qualities. 

EFFECTS  OF  EXPOSURE  ON  LIME  IN  WINTER  AND  IN 

SUMMER  (Figs.  IV  and  V) — It  is  commonly  recognized 
among  those  who  have  to  deal  with  lime  that  its  de- 
terioration is  far  more  rapid  in  summer  than  in  winter. 
This  variation  between  the  two  seasons  is  shown  quanti- 
tatively by  the  curves  in  the  figures  indicated.  There 
is  a  very  great  difference  in  the  absorption  of  water 
in  summer  and  winter,  but  less  difference  in  the  ab- 
sorption of  carbon  dioxide.  These  results  would  have 
been  predicted  from  the  fact  that  a  far  greater  amount 
of  water  exists  in  the  atmosphere  in  summer  than  in 
winter  and  that  the  carbon  dioxide  content  is  almost 
constant. 

EFFECTS     OF     EXPOSURE     ON     GROUND     tIME     AND    HV- 

DRATED  LIME — ^Thc  analyses  in  Tables  V  and  VI  indi- 
cate that  there  is  little  difference  in  the  rates  of  car- 
bonation  of  ground  lime  and  hydrated  lime  although 
the  apparent  effect  of  "air-slaking"  is  much  more 
marked  with  ground  lime  because  of  hydration.     The 


carbonation  of  hydrate  is  of  little  importance  com- 
mercially as  it  is  packed  in  tight  bags.  Ground  lime 
is  often  sold  in  bulk  and  although  the  results  obtained 
may  not  be  applied  directly  because  of  the  greater 
depth  in  actual  practice,  it  is  of  interest  to  determine 
the  approximate  thickness  of  the  layer  affected  by 
"air-slaking." 

The  depths  of  the  boxes  vary  as  1  :  2:3.  From 
the  analyses  in  Table  VI,  the  carbon  dioxide  absorbed 
varies    as 

(2.5-1.7)   :   (2.9-1.7)   :    (4-0-I-7) 
or  as 

0.8  :    1.2  :    2.3   =   I   :    1.5  :    2.9. 

These  results  show  that  carbonation  in  bulk  ground 
lime  will  not  penetrate  to  a  greater  depth  than  ap- 
proximately 3  in.  in  20  days  of  summer  weather  since 
the  weight  of  carbon  dioxide  absorbed  was  almost  the 
same  in  each  box. 

The  foregoing  conclusions  evidently  do  not  hold  for 
hydration  as  the  conditions  are  quite  different.  The 
absorption  of  water  is  so  much  greater  that  the  top 
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FlO.   VI AOSORFTION    OF  CaRBON     DiOXIDK    and  WaTKR    BV    Bl'LK   LlM« 

i.s  Wintur  and  in  Summer 

layer  becomes  completely  hydrated,  thus  allowing  any 
additional  water  to  pass  on  to  the  lower  part  of  the 
mass.  The  amount  of  carbon  dioxide  absorbed  is 
comparatively  small,  so  that  only  a  thin  layer  is  neces- 
sary to  protect  the  remaining  portion  from  carbonation. 
The  results  obtained  with  hydrate  likewise  indicate 
that  carbonation  is  very  superlicial. 

CURVES  FOR  THE  PRKDICTION  OF  THE  DtTERIORATIOS 
OF   HIGH  CALCIUM     BULK      LIME      SHIPMENTS      (Figs.      VI 

and  VII)— It  is  essential  that  these  curves  shall 
represent  actual  conditions  as  nearly  as  pa-Jsible. 
Therefore,  the  barrel  tests,  which  approached  the  real 
conditions  more  closely  than  the  box  tests,  were  made 
the  basis  of  the  curves.  It  must  be  realited  that  the 
predictions  are  only  approximate,  but  they  arc  on  the 
side  of  safety  and  are  likely  to  indicate  more  "air- 
slaking"  than  will  lake  place.  It  should  also  be 
recoijniied  that  changes  in  weather  conditions  will 
lend  to  decrease  or  increase  "air-slaking." 

Since    no   barrel   tests   were   carried   out    in    winter. 
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it  became  necessary  to  reduce  the  box  tests  carried  out 
in  winter  to  barrel  conditions.  This  was  done  by  as- 
suming that  the  ratios  of  the  ordinates  of  the  barrel 
curves  to  the  box  curves,  obtained  in  summer,  would 
remain  the  same  during  the  winter. 

In  the  construction  of  the  curves,  the  initial  car- 
bon dioxide,  water  and  calcium  oxide  contents  were 
taken  as  zero.  This  renders  them  more  easily  used; 
it  then  becomes  necessary  in  order  to  determine  the 
analysis  after  "air-slaking"  only  to  add  the  water  and 
carbon  dioxide  percentages  from  the  curves  to  the 
corresponding  initial  percentages  as  found  by  analysis. 
Similarly,  the  calcium  oxide  decrease  as  found  from  the 
curves  is  subtracted  from  the  initial  calcium  oxide 
content.  Exposure  in  shipment  is  usually  for  a  short  time 
so  the  time  of  exposure  is  indicated  onlv  up  to  30  days. 

■a      Of 
^^ 


/O  20 

MAYS  SXPOS£/f 

Fig.  VII — Effect  of  Exposure  on   Calcium  Oxide  Conte.st  of  Bulk 
I,iMS  IN  Winter  and  in  Summer 

In  addition  to  the  curves  for  total  and  available 
calcium  oxide,  curves  giving  the  decrease  in  available 
calcium  oxide  on  the  dry  basis  are  added.  The  calcu- 
lation of  analyses  on  the  dry  basis,  i.  e.,  assuming  the 
only  loss  in  availability  as  being  due  to  carbonation, 
is  a  method  satisfactory  to  both  the  consumer  and 
manufacturer  of  lime.  The  consumer  pays  only  for 
the  weight  of  lime  as  it  leaves  the  lime  plant  when  it 
contains  practically  no  water.  If  it  absorbs  water 
on  the  road,  it  is  merely  converted  into  the  hydrate, 
giving  the  same  amount  of  available  alkali.  This 
slaking  is  of  little  consequence  in  many  industries  as 
the  lime  must  be  slaked  before  use.  However,  the 
carbonation  represents  a  distinct  loss,  but  as  indicated 
on  the  curves  calculated  on  the  dry  basis,  there  is  a 
relatively  small  decrease  in  the  available  calcium  oxide 
content  due  to  this  cause.  Total  calcium  oxide,  cal- 
culated on  the  dry  basis,  will  show  almost  no  decrease; 
the  decrease  in  this  case  is  simply  due  to  the  additional 
weight  of  the  material  in  consequence  of  the  absorp- 
tion of  the  small  amount  of  carbon  dioxide. 

Berkeley  Labor.atory 

Security  Cement  and  Lime  Company 

Martinsburc,  West  Virginia 


STUDIES  ON  THE  PHENOLDISULFONIC  ACID  METHOD 

FOR  DETERMINING  NITRATES  IN  SOILS' 

By  Charles  W.  Davis 

Received  March  27,  1916 

According  to  Tiemann"*  the  estimation  of  no  sub- 
stance has  so  constantly  occupied  the  attention  of 
analytical  chemists  ("literally  'enchained'  them") 
as  the  determination  of  nitric  acid;  and  Gill"  says, 
"No  determination  requires  more  care,  or  occasions 
more  trouble  in  its  execution,  or  is  more  unsatisfactory 
when  finished,  than  the  one  in  question." 

Three  general  methods  are  used: 

I — The  Zinc-Iron  Method. 
II — The  Tiemann-Schulze  Method. 

Ill — The  Colorimetric  Method. 

The  last  two  are  direct  methods.  Other  direct 
methods  that  have  attracted  attention  are  those  of 
Schlossing-Reichardt,"  Crum-Lunge,"  and  Marx- 
Trommsdorf."  These  methods  are  best  suited  only 
when  relatively  large  amounts  of  nitrates  are  present, 
and  in  water  analysis  this  would  necessitate  the  evapora- 
tion of  a  large  quantity  of  water. 

The  phenoldisulfonic  acid  method  is  another  direct 
method  that  has  received  much  attention  from  soil 
chemists  and  soil  bacteriologists  during  the  past  ten 
years.  It  originated  with  SprengeF"  in  1863,  then 
for  some  time  fell  into  disuse,  but  in  1885  it  was  re- 
vived by  Grandval  and  Lajoux.^'  Afterwards  articles 
appeared  by  Fox,'^  Johnson,-'  Lind,^  Smith,"  Bar- 
tram, ^^  and  Hazen  and  Clark. ^' 

Hazen  and  Clark"  as  well  as  the  German  chemists 
have  criticized  the  method  severely.  On  recommenda- 
tion of  the  Association  of  the  German  Experiment 
Stations, ^^  the  Halle  Station,  after  an  investigation 
as  to  the  most  reliable  method  for  the  determination 
of  nitrates  in  soils  and  fertilizers,  selected  the  Zinc- 
Iron  Reduction  Method  as  being  the  most  accurate. 

SOURCES    OF    ERRORS    MENTIONED    BY    VARIOUS 
INVESTIGATORS 

Leeds, '^  Fox,^^  and  Gill'^  have  found  losses  of 
nitrates  on  the  water  bath.  Chamot  and  Pratt* 
report  losses  small  on  a  water  bath  except  when  chlor- 
ides are  present. 

Many  writers  have  found  interference  in  determina- 
tions in  the  presence  of  organic  matter  due  in  part  to 
the  masking  of  the  yellow  tint,  besides  certain  floc- 
culents  as  carbon  black,  potash  alum,'  aluminum 
cream,  copper  sulfate,  etc.,  used  to  precipitate  clay 
and  organic  matter  occasions  considerable  loss  in 
nitrates. 

Gill'*  and  Weston''  found  losses  in  the  presence  of 
carbonates,  while  Chamot  and  Pratt*  claim  losses  of 
nitrates  insignificant  except  when  the  quantities  of 
nitrates  are  low  or  the  alkalinity  of  the  solution  very 
high. 

Lipman  and  Sharp,-  and  Kelly'  call  attention  to 
great  losses  in  the  determination  due  to  presence  of 
sulfates  either  in  the  solutions,  or  when  sulfates  as 
potash  alum  are  used  as  a  flocculent. 

1  Part  of  Thesis  submitted  in  partial  ful6Ilment  of  the  requirement 
for  the  Degree  of  Doctor  of  Philosophy  in  Agronomy  in  the  graduate  school 
of  the  Iowa  State  College.  1916. 

*  Numbers  refer  to  Bibliography  at  end  of  article. 
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Chlorides  seem  to  be  the  greatest  interfering  salt  as 
evidenced  by  the  investigations  of  Gill,"  Stewart  and 
Greaves,'"  and  Chamot  and  Pratt.'' 

The  latter  investigators  also  point  out  the  inter- 
ference of  chloroform  when  used  in  soil  solution  to 
prevent  denitrification.  They  also  show  that  the 
presence  of  iron  produces  a  brown  or  red  solution, 
thus  affecting  the  desired  yellow  color  of  the  nitro- 
phenoldisulfonate. 

REAGENTS    AND    APPARATUS 

I— All  reagents  were  tested  for  purity  before  using. 

2 — The  standard  nitrate  solutions  were  made  up 
according  to  the  U.  S.  Bureau  of  Soils,*  and  used  in 
the  determination  of  nitrates  in  the  first  eight  tables  of 
results  shown  herein.  The  standard  solution  for  the 
remainder  of  determinations  was  made  after  Hill's 
procedure.^ 

3 — Throughout  the  whole  work  Chamot  and  Pratt's' 
modified  phenoldisulfonic  acid  reagent  was  used. 

4 — ^he  color  was  always  developed  with  a  concen- 
trated potassium  hydroxide  solution. 

5 — Colors  were  compared  in  the  regulation  com- 
paring tubes.  The  Sargent-Kennicolt  colorimeter  was 
used  occasionally  as  a  check  on  the  work. 

In  obtaining  results  as  shown  in  Tables  XV  and  XVI, 
the  writer  used  a  colorimeter  manufactured  by  Lenz 
and  Naumann,  New  York. 

Known  amounts  of  nitrates  were  measured  from 
standard  potassium  nitrate  solution  by  means  of 
pipettes. 

EFFECT    OF    AMMONIA    FUMES    ON    THE    DETERMINATION 

It  was  thought  advisable  to  ascertain  if  ammonia 
fumes  in  the  laboratory  would  affect  the  results  in  the 
evaporating  process  on  the  water  bath.  Shallow 
dishes  containing  ammonium  hydro.xide  were  placed  in 
the  hood.  Here  samples  of  known  nitrate  content 
were  evaporated  and  compared  with  samples  evaporated 
in  the  laboratory.  The  ammonia  fumes  did  not 
affect  the  results.  In  a  second  experiment  ammonium 
hydroxide  was  boiled  in  the  hood  with  other  samples, 
so  that  the  fumes  were  given  off  profusely,  and  these 
samples  were  evaporated;  nitrates  were  determined  and 
compared  with  samples  evaporated  away  from  the 
presence  of  ammonia.  In  this  second  experiment  no 
loss  of  nitrates  was  obtained. 

EFFECT  OF  DELAY  IN  APPLICATION  OF  PHENOLDISULFONIC 
ACID    AFTER    EVAPORATION 

A  series  of  nitrate  solutions  was  evaporated  to 
[  dryness,  and  after  a  delay  of  24,  48  and  72  hours,  the 
phenoldisulfonic  acid  was  added.  The  results  showed 
that  the  delay  in  the  application  of  the  phenoldi- 
sulfonic acid  had  no  effect  whatever. 

A  second  scries  was  prepared  and  equal  (|uantities 
of  the  acid  were  applied  immediately  after  evaporation 
and  left  in  contact  unequal  pcriodN  of  time.  Table  I 
shows  the  results  of  this  experiment: 

Tadl*  I 

I  line  In  Contact 10  inln.         .In  mln,  I  lir.  24  hn. 

.ilrMlca  Aililcil  (U.) 0.004  O.CHM  0.004  0,004 

Nllrulrn  l-'.ninil  (O.) 0.004  0.004  o.(X),1J  0.no.\S 


EFFECT  OF  LIGHT  AND  TIME  OX  COLOR  MATERIAL 

Three  solutions  were  prepared  and  the  color  devel- 
oped. No.  I  was  read  immediately.  No.  2  was  left 
on  the  laboratorj'  desk  for  24  hours.  It  was  thus  ex- 
posed to  light  for  about  12  hours.  No.  3  was  placed 
in  the  dark  room  for  24  hours.  From  the  results 
(Table  II),  we  conclude  that  readings  should  be  made 
without  delay  after  the  color  is  developed. 

Table  II 

Mg.  Nitrates 
No.  Treatmbnt  Added  Found 

1 Immediate  reading  0.0040  0.0040 

2 Left  on  laboratory  desk  24  hours       0.0040.  0.0025 

3 Left  in  dark  room  24  hours  0 .  0040  0 .  0036 

METHODS    OF    APPLYING    THE    ACID 

The  next  experiment  was  planned  for  the  purpose 
of  finding  the  effect  of  method  of  applying  the  phenol- 
disulfonic acid  to  the  dry  residue  in  the  nitrate  de- 
termination. The  acid  was  applied  to  the  salt  as  fol- 
lows: (i)  without  stirring;  (2)  while  stirring  with  a 
glass  rod;  (3)  while  hot.  No  variation  was  found 
in  the  results. 

EFFECT  OF  TEMPERATURE  WHILE  POTASSIUM  HYDROXIDE 
IS    BEING    ADDED 

At  various  times  we  observed  that  in  the  application 
of  potassium  hydroxide  for  the  purpose  of  developing 
the  color  much  heat  was  evolved  and  sometimes 
violent  action  occurred.  A  series  of  experiments  was 
carried  on  to  find  the  influence  of  temperature  during 
the  time  the  alkali  was  being  added,  with  the  results 
given  in  Table  III. 

Table  hi 

Mg.  Mg. 

Nitrates  Nitrates 

No.             Trbatment  of  SoLtJTiON                    Added  Found 

1 Kept  at  room  temperature                    0.010  0.010 

2 Heated  by  reaction                                  0.010  0.010 

3 Heated  to  80°  C.                                   0.010  0.010 

4 Heated  to  100°  C.                                 0.010  0.010 

5 At  freezing  temperature  (on  ice)         0.010  0.0096 

EFFECT   OF   CONCENTRATED   SOLUTION    WHEN   POTASSIUM 
HYDROXIDE    IS    ADDED 

After  the  application  of  phenoldisulfonic  acid, 
when  the  salt  is  taken  up  with  water,  if  the  solution  is 
highly  concentrated,  a  precipitate  is  sometimes  formed 
on  the  addition  of  KOH.  This  phenomenon  suggested 
a  series  to  find  whether  the  concentration  of  the  solu- 
tion at  this  point  affected  the  results.  Table  IV  shows 
no  variation  in  results  whether  the  solution  just  before 
the  addition  of  potassium  hydroxide  was  dilute  or 
concentrated. 

Tauls  IV 

Mf.  M|t. 

Nitrate*  Nitrate* 

No.                Solution                               Cc.            Added  Pound 

1 Concentrated                            25               0.o;.<  0.025 

2 Concentrated                              25                0.025  0.025 

3 Dilute                                         50               0.025  0.025 

4 Dilute                                            50                11  0.'5  0.02S 

EFFECT  OF  VARIOUS  SALTS 

The  writer  carried  on  experiments  to  ascertain  the 
effects  of  NaCl,  NajS04,  Na,COi,  and  mixed  alkali 
salts  on  the  loss  of  nitrates.  These  results  confirm 
in  a  general  way  the  results  of  Lipman  and  Sharp* 
in  experiments  with  these  same  salts. 

EFFECT    OF    NaC|H»0| 

Since  Lipman*  as  well  as  the  wrilt^r  found  the  effect 
of   chlorides,  sulfates,   an<l   carbonates   to  decrease  in 
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the  order  mentioned,  the  latter  producing  slight  loss, 
if  any,  it  was  believed  a  weak  acid  with  a  strong  base 
might  not  occasion  any  loss  whatever.  From  i  to 
20  mg.  of  sodium  acetate  were  used  in  a  solution 
containing  0.025  mg.,  no  loss  of  nitrates  being  noticed. 

EFFECT    OF    VARYING    AMOUNTS    OF    STANDARD    NITRATE 

SOLUTION  AND  UNIFORM  AMOUNTS  OF  PHENOL- 

DISULFONIC    ACID 

A  series  with  a  nitrate  content  from  0.0125  to  0.200 
mg.  was  now  analyzed  using  uniform  amounts  of 
phenoldisulfonic  acid  (2  cc.)  throughout  and  compared 
with  standard  of  0.025  ing-  having  been  treated  with 
2  cc.  of  phenoldisulfonic  acid.  The  loss  here  with  the 
sample  lowest  in  nitrates  was  4  per  cent;  the  sample 
highest  in  nitrates  lost  30  per  cent.     (See  Table  V.) 

Tablb  V — 2  cc.  Phsnoldisulfonic  Acid  Added  in  Each  Casb 

Mg.  Nitrates  Added 0.0125  0.0250  0.0500  0.0750  0.1000  0.2000 

Mg.  Nitrates  Found 0.0120  0.0250  0.0446  0.0625  0.0832  0.1388 

EFFECTS      OF      VARYING     AMOUNTS      OF      NITRATE      WITH 
VARYING    AMOUNTS    OF    PHENOLDISULFONIC    ACID 

It  was  then  decided  to  increase  the  amount  of  phenol- 
disulfonic acid  in  proportion  to  the  amount  of  nitrates 
used:  2  cc.  of  this  acid  were  used  for  every  0.025 
mg.  of  nitrate.  In  this  way  a  greater  per  cent 
of  nitrates  was  recovered  from  the  artificial  solution. 
Here  the  maximum  loss  was  only  10  per  cent  as  com- 
pared with  a  loss  of  30  per  cent  in  Table  V. 

Table  VI 
Cc.  Disulfonic  Acid  1  2  4  6  8  16 


MEANS     OF     PREVENTING     LOSS     OF     NITRATES     BY     THE 
PHENOLDISULFONIC    ACID    METHOD 

The  results  of  the  last  two  experiments  demonstrated 
the  fact  that  when  the  nitrate  solution  approaches  loo 
parts  per  million,  or  more,  the  loss  of  nitrates  is  great 
even  when  there  are  no  interfering  salts  present,  such 
as  chlorides,  sulfates,  etc.  On  further  investigation 
the  writer  was  convinced  that  much  loss  took  place 
on  the  water  bath  as  had  been  suggested  by  Lipman' 
and  others. 

Three  things  suggested  dissociation  of  KNO3  on  the 
water  bath:  (i)  Slight  or  no  loss  of  nitrates  when 
sodium  carbonate  was  added  before  evaporation; 
(2)  recovery  of  more  nitrates  in  soil  solution  when  CaO 
is  used  as  a  substitute  for  alum  in  precipitating  the 
clay  in  a  soil  solution.  Not  only  does  the  use  of  CaO 
prevent  the  loss  occasioned  by  the  SOj  radical,  as  in  the 
case  when  alum  is  used  as  a  flocculent,  but  the  fact 
that  CaO  is  an  alkali  prevents  the  loss  of  nitrates  when 
the  KNO3  dissociates  by  uniting  and  forming  Ca(N03)2. 
An  excess  of  alkali  prevents  the  formation  of  nitric 
acid;  (3)  a  bit  of  blue  litmus  paper  was  placed  in  the 
KNO3  solution  and  it  was  noticed  to  have  turned  red 
just  before  the  solution  became  dry.  This  was  the 
first  clue  that  furnished  a  solution  for  the  prevention 
of  loss  of  nitrates  on  the  water  bath. 

EFFECT  OF  ADDING  AMMONIA  TO  THE  POTASSIUM  NITRATE 
SOLUTION    BEFORE    EVAPORATION 

Since  it  had  already  been  found  that  ammonia 
fumes  did  not  affect  the  loss  or  gain  of  nitrates,  a  series 


was  run  in  which  each  sample  was  kept  ammoniacal 
during  evaporation.  The  results  were  as  anticipated 
as  will  be  seen  in  Table  VII. 

Table  VII 

Mg.  Nitrates  Added 0.0125     0.0250     0.0500     0.0750     0.1000 

Mg.  Nitrates  Found 0.0125     0.0250     0.0500     0.0760     O.IOIO 

In  the  last  experiment  the  five  samples  were  com- 
pared to  a  standard  containing  0.025  mg.  of  KNOj, 
to  which  no  ammonia  had  been  added  before  evapora- 
tion as  in  case  with  the  samples  above. 

EFFECT    OF    POTASH    ALUM    [KiAliCSOj)*] 

It  was  desired,  if  possible,  to  prevent  loss  occasioned 
by  the  use  of  potash  alum  as  a  flocculent  in  preparing 
the  soil  solutions  for  analysis. 

Lipman  and  Sharp, ^  in  speaking  of  the  phenoldi- 
sulfonic acid  method  in  determining  nitrates,  say: 
"So  that  while  we  deem  it  unsafe  in  the  presence  of 
considerable  quantities  of  salts  containing  chlorides  and 
sulfates  to  determine  nitrates  by  the  phenoldisulfonic 
acid  method,  and  would  therefore  recommend  the 
Street  modification  of  the  Ulsch  method"  in*  such 
cases,  it  is  likewise  clear  that  many  of  the  nitrate  de- 
terminations made  in  soil  laboratories,  as  is  especially 
the  case  in  soil  bacteriological  work,  would  not  be 
interfered  with  by  salts.  In  such  cases  the  method  csm 
be  safely  depended  upon  if  potash  alum,  aluminum 
cream  and  bone-black  are  not  used  to  coagulate  the 
clay  and  organic  matter,  since  they  have  been  found  in 
the  researches  above  described  to  be  productive  of  very 
serious  errors." 

Since  ammonia  is  highly  volatile,  potassium  hy- 
droxide was  substituted  in  keeping  the  solution  al- 
kaline on  the  water  bath.  This  prevented  the  loss  of 
nitrates  on  the  water  bath,  so  that  we  were  able  to 
recover  all  nitrates  when  the  samples  contained  from 
5  to  150  mg.  of  potash  alum  before  evaporation. 
Lipman  and  Sharp,'  however,  lost  as  high  as  38  per 
cent  of  nitrates  when  they  used  the  same  amounts  of 
potash  alum  without  the  addition  of  alkali.  Table  VIII 
shows  a  comparison  of  the  writer's  and  Lipman  and 
Sharp's  results. 

Table  VIII 

Mo.  Nitrates  Added  Mg.  Nitrates  Found 

Davis              Lipman  Davis  Lipman 

0.050  ...  0.040 

0.025                 0.050  0.025  0.036 

0.025                0.050  0.025  0.033 

0.025                 0.050  0.025  0.031 

0.025                 0.050  0.02S  0.034 

0.025               0.050  0.025  0.040 

In  the  previous  experiment  we  have  shown  conclu- 
sively that  potash  alum  may  be  used  as  a  flocculent 
in  preparing  the  soil  solution  without  incurring  any 
loss  of  nitrates;  then,  since  potash  alum  is  undoubtedly 
the  best  flocculent  in  precipitating  clay  and  organic 
matter,  soil  chemists  and  soil  bacteriologists  may  safely 
continue  its  use  as  a  flocculent,  provided  the  solution 
is  kept  alkaline  on  the  water  bath. 

EFFECT    OF    POTASSIUM    CHLORIDE    BY    NEW    METHOD 

We  now  attempted  to  recover  all  nitrates  in  the 
presence  of  the  chlorine  radical.  A  series  was  pre- 
pared using  from  i  to  20  mg.  KCl  and  evaporated 
down  with  excess  of  potassium  hydroxide  as  in  the 
previous  experiment.      Here  equal  amounts  of  phenol- 


Mo. 

KtAh(SO<)<  Added 
Davis  Lipman 

5.0 
12.5  12.5 

25.0  25.0 

50.0  50.0 

100.0  100.0 

150.0  150.0 


Mar.,  1917 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


293 


disulfonic  acid  were  applied,  but  rather  violent  action 
took  place.  Hydrochloric  acid  fumes  were  notice- 
able. The  results  as  shown  in  Table  IX  were  start- 
ling. 

Tablb  IX 
Mg.  KCl  Added  1  5  10  20 

Mg.  Nitrates  Added 0.025  0.025  0.025  0.025 

Mg.  Nitrates  Found 0.0125  0.100  0.0050  0.0035 

This  loss  of  nitrates,  of  course,  did  not  take  place 
on  the  water  bath,  but  at  the  time  the  phenoldisulfonic 
acid  was  added.  There  was  a  noticeably  large  residue 
of  potassium  salts  since  potassium  hydrcxide  had  been 
added  to  keep  the  solution  alkaline  and  potassium 
chloride  had  been  added  to  the  series.  This  was 
responsible  for  the  violent  action,  thus  liberating 
much  hydrochloric  acid  which  in  turn  brought  about 
losses  of  nitrates  at  this  point. 

EFFECT     OF     Ca(0H)2     IN     PREVENTING     THE     LOSS     OF 

NITRATES   IN   THE   PRESENCE    OF   CHLORIDES   AT   THE 

POINT     WHEN    THE    PHENOLDISULFONIC    ACID 

IS    APPLIED 

To  avoid  the  violent  action  when  phenoldisulfonic 
acid  is  applied  it  was  decided  to  substitute  saturated 
calcium  hydroxide  solution  for  potassium  hydroxide 
before  evaporation.  Potassium  chloride  was  added 
in  amounts  as  before.  When  the  solutions  went  to 
dryness  the  residues  were  found  to  be  small,  and  we 
hoped  the  difficulty  had  been  overcome,  but  we  were 
much  disappointed  as  the  results  in  Table  X  will 
show. 

Tabls  X 

Mg.  KCl  Added                                           1                     S  10  20 

Mg.  Nitrates  Added 0.025  0.025  0.025  0.025 

Mg.  Nitrates  Found 0.0250  0.0220  0.0195  0.0140 

Here  with  20  mg.  of  KCl  we  obtained  a  loss  of  44 
per  cent.  This  was  better  than  in  the  previous  ex- 
periment, yet  the  loss  was  still  too  great.  In  the  last 
experiment  the  chemical  action  was  slight,  but  HCl 
fumes  were  still  noticeable  when  the  acid  was  applied. 

Another  trial  was  carried  out  as  previously,  except 
that  the  phenoldisulfonic  acid  was  added,  slowly, 
drop  by  drop,  in  an  effort  to  reduce  the  action.  The 
results  were  as  follows: 

Tadlb  XI 
Mg.  KCl  Added  1  5  10  20 

Mg.  Nitrates  Added 0.025  0.025  0.025  0.025 

Mg.  Nitrates  Found 0.023  0.023  0.019  0.014 

Still  another  trial  was  made.  Nos.  i,  2,  3,  and  the 
standard  were  treated  as  before,  i.  e.,  4  cc.  of  phenoldi- 
sulfonic acid  were  applied  to  each,  but  in  No.  4  an  ex- 
cess of  phenoldisulfonic  acid  was  used  (about  12  cc), 
and  instead  of  adding  the  acid  slowly  it  was  flooded 
over  the  dry  residue  quickly.  The  results  were  as 
follows; 

Taiilk  .XII 
No.  12  3  4 

Mg.  KCl  Acldrd  I  5  10  20 

Mg.  Nilrntes  Adilcd 0.02S  0.02J  0.02S  0.025 

Mg.  Nitrates  Found 0.0225  0.0220  0.0200  0.0250 

The  treatment  of  No.  4  in  Table  XII  shows  means 
of  preventing  less  of  nitrates  at  the  time  of  applica- 
tion of  phenoldisulfonic  acid.  We  now  decided  to 
apply  treatment  of  No.  4  in  the  above  table  to  a  whole 
series.  This  was  done  and  gave  results  free  from  loss 
of  nitrates. 


EFFECT    OF    SODIUM    SULFATE    BY    NEW    METHOD 

Kelly^  made  a  study  of  the  efifects  of  sulfates  on  the 
determination  of  nitrates,  using  Na2S04,  (NH4)2SO<, 
and  CaS04.  Since  his  greatest  loss  occurred  in  the 
presence  of  Na2S04  we  carried  out  an  experiment  with 
this  same  salt  by  our  new  method.  A  comparison 
of  our  results  with  those  of  Kelly's  is  given  in  Table 
XIII  below. 

Table  XIII 

Mo.  Na>S04  Addbd  Mg.  Nitratbs  Added  Mo.  Nitrates  Found 

Davis          Kelly  Davis                  Kelly  Davis  Kelly 

1        1  0.025       0.275  0.025  0.275 

5        5  0.025       0.275  0.025  0.265 

10       10  0.025       0.275  0.025  0.225 

20       20  0.025       0.275  0.025  0.180 

40  ...        0.275         ...  0.140 

The  writer  recovered  all  nitrates,  while  Kelly  lost 
from  o  to  32  per  cent  when  20  mg.,  and  48  per  cent 
when  40  mg.  of  sodium  sulfate  were  used. 

BAER's  METHOD COPPER  SULFATE  AS  FLOCCULENT 

Baer"  used  copper  sulfate  as  aflocculent  in  preparing 
soil  solutions  for  nitrate  determinations  After  the 
solution  was  clarified  with  copper  sulfate,  aliquot 
parts  were  measured  out  into  Erlenmeyer  flasks  and 
the  copper  removed  by  adding  one  gram  of  manganese 
oxide.  The  flasks  were  stoppered  and  gently  warmed, 
and  then  filtered  and  washed,  the  filtrate  was  evapo- 
rated to  dryness  and  the  nitrates  determined  by  the 
ordinary  method.  While  CUSO4  is  an  excellent 
flocculent  the  writer  has  never  been  able  to  recover 
all  nitrates  even  by  the  modified  method.  Since 
potash  alum  can  be  used  as  a  flocculent  and  all  nitrates 
recovered  regardless  of  what  other  salts  may  be  pres- 
ent, it  seems  that  there  is  no  use  of  attempting  to 
use  copper  sulfate  since  it  is  necessary  to  remove  the 
copper  before  the  determination  can  be  made. 

APPLYING     NEW     METHOD     TO     THE     DETERMINATION     OP 
NITRATES    IN    SOILS 

As  lime,  copper  sulfate  and  alum  are  considered 
good  flocculents,  a  comparison  of  these  was  made 
by  the  new  method.  Three  so-gram  samples  were 
prepared  and  placed  in  Mason  jars  with  240  cc.  of 
distilled  water.  Ten  cc.  of  normal  solutions  of  CaO, 
CuSOi  and  KjAlj(S04)4  were  added,  respectively. 
The  samples  were  placed  in  a  shaker  for  30  minutes  and 
the  determinations  made  by  the  modified  method. 

Tabus  XIV 

Flocculknt  Mg    Nitrates  Pound 

No.                         Used  in  Soil  Solution 

I C«0  0.1514 

2 CUSO4  0.925 

J KiAli(S04)«  0.I5M 

Another  sample  of  soil  was  taken  and  lime  and  alum 

were  used  as  flocculents.   The  acid  solution  with  the  alum 

was  tried  both  by  new  and  old  methoil. 

Table  XV 

Mg.  Nilralr* 
No.  Flocculent  Used  Pound  in  Soil  SoluUoa 

I CaO  0.1S4.» 

2 KiAli(SO,l,  (New  Melho.1)  0. 1543 

3 KiAli(SO<)<  (Old  Method)  0.1025 

It  was  now  suggested  that  a  comparison  of  the  old 
colorimetric  and  modified  colorinietric  method  be  tried 
on  several  soils  of  varied  nitrate  content.  Alum  was 
used  as  a  flocculent  in  each  case.  Samples  of  soil 
were  taken  from  the  following  plots:  Corn,  fallow, 
oat  stubble  and  alfalfa.  The  results  are  found  in 
Toblc  XVI. 
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Table  XVI 

Mg.  Nitrates  in  100  Grams  of  Soil 

Old  New 

No.                                Kind  oi"  Soil,             Color.  Method  Color.  Method 

1 Corn                                1.1639  1.3403 

2 Fallow                           0.8798  1.1639 

3 Oats                              1.1060  1.1245 

4 Alfalfa                          2.0382  2.0382 

You  will  observe  that  by  the  modified  method 
greater  amounts  of  nitrates  were  found  with  each  soil 
except  in  case  of  that  from  the  alfalfa  plot;  here  the 
results  were  the  same.  Perhaps  a  heavy  application 
of  lime  to  the  soil  before  seeding  the  alfalfa  rendered 
this  soil  strongly  alkaline  and  the  presence  of  the 
alkali  in  the  soil  prevented  loss  of  nitrates  on  the 
water  bath. 

Since  in  the  last  experiment  the  highest  amount  of 
nitrates  found  in  the  soil  was  over  2  mg.,  we  tested 
the  reproducibility  of  the  method  in  artificial  solutions 
of  known  nitrate  content,  using  samples  from  0.55 
mg.  to  over  2  mg.     All  nitrates  were  recovered. 

Many  investigators  have  asserted  that  the  colori- 
metric  method  is  unreliable  when  large  amounts  of 
nitrates  are  to  be  determined.  This  objection 
prompted  an  experiment  to  find  if  as  much  as  4  mg. 
of  nitrate  could  be  recovered  in  artificial  solu- 
tions. All  nitrates  were  recovered,  thus  showing  the 
reproducibility  of  results. 

APPLICATION      OF      THE      MODIFIED      PHENOLDISDLFONIC 
ACID    METHOD    TO    SOIL    BACTERIOLOGICAL    WORK 

Frequently  large  amounts  of  nitrates  are  obtained 
in  the  nitrification  experiments  in  soil  bacteriology. 
We  decided  to  test  the  applicability  of  the  method  to 
work  of  this  kind. 

NITRIFICATION     EXPERIMENT 

Soil  samples  were  taken  from  the  soil  plots  of  the 
Iowa  Experiment  Station.  The  plots  were  as  fol- 
lows: 

Soil  No.  loi  from  timothy  sod.  The  timothy  had  just 
been  cut. 

Soil  No.  102,  peat  plot.  Two  and  eight-tenths  tons 
of  peat  had  just  been  added  and  kept  fallow. 

Soil  No.  107,  check  plot  which  had  also  been  kept 
fallow. 

Two  hundred-gram  samples  of  each  soil  were  placed 
in  tumblers  in  duplicate:  200  mg.  of  (NH4)2S04  were 
dissolved  in  60  cc.  water  and  added  to  each  tumbler. 
The  incubation  was  carried  on  for  three  weeks  at  room 
temperature.  The  tumblers  were  weighed  every  six 
days,  and  the  water  lost  by  evaporation  was  restored. 
At  the  end  of  three  weeks  the  nitrates  were  determined 
as  follows:  The  samples  were  placed  in  shaker  bottles 
with  800  cc.  of  water.  Alum  was  used  as  the  floccu- 
lent.  After  the  samples  had  been  shaken  30  minutes, 
25-cc.  portions,  in  duplicate,  were  evaporated  to  dry- 
ness with  15  cc.  of  saturated  Ca(OH)j  solution.  The 
samples  were  treated  with  5  cc.  portions  of  phenoldi- 
sulfonic  acid  and  compared  with  standard.  Table 
XVII  shows  the  large  amounts  of  nitrate  found. 

That  large  amounts  of  nitrates  can  be  determined 
by  the  phenoldisulfonic  acid  method  is  here  demon- 
strated.    In  Table  XVII  from  6  to  15  times  as  much 


102. 

107. 


Tablb  XVII 

Mg.  N  Found  as  Nitrate  per  lOOg. 
Plot  Soil  Duplicates 

Timothy  62.774  58.250 

Peat  66.086  57.554 

Check  35.786  29.016 

nitrate  was  determined  as  in  the  preceding  experi- 
ments where  known  amounts  of  nitrates  were  used. 
Should  soils  contain  larger  amounts  of  nitrates  than 
those  used  in  Table  XVII  one  need  only  to  reduce  the 
amount  of  aliquot  part  of  soil  solution  taken  for  the 
determination. 

SmiMARY 
I STUDIES    ON    THE    OLD    METHOD 

I — Ammonia  fumes  in  the  laboratory  do  not  affect 
the  result  in  the  determination  of  nitrates  by  the 
phenoldisulfonic  acid  method. 

2 — Light  affects  the  color  material  and  readings 
should  be  made  without  delay. 

3 — Applying  phenoldisulfonic  acid  without  stirring, 
stirring  with  a  rod,  or  applying  while  hot  shows  no 
difference  in  results. 

4 — The  temperature  of  the  solution  at  the  time  alkali 
is  added  to  develop  color  shows  no  variation  in  results 
except  at  freezing  temperature  when  a  loss  of  4  parts 
per  million  is  found  in  a  loo-part-per-million  solu- 
tion. 

5 — In  checking  up  Lipman  and  Sharp's  work, 
"Studies  on  the  Phenoldisulfonic  Acid  Method  for 
Determining  Nitrates  in  Soils,"  we  found  the  loss  of 
nitrates  occasioned  by  the  addition  of  various  salts  to 
correspond  with  the  results  of  these  investigators, 
the  maximum  loss  being  caused  by  the. chlorine  radical, 
and  decreasing  with  sulfates  and  carbonates — the 
latter  producing  no  loss.  The  addition  of  a  weak  acid 
(sodium  acetate)  produced  no  loss  of  nitrates  what- 
ever. 

6 — Potassium  chloride  added  just  before  and  just 
after  the  developing  of  the  color  by  potassium  hydroxide 
produced  no  loss  of  nitrates. 

7— When  uniform  amounts  of  phenoldisulfonic  acid 
(2  cc.)  were  used  the  maximum  loss  of  nitrates  was 
30  per  cent;  when  proportional  amounts  of  phenoldi- 
sulfonic acid  were  used  (».  e.,  2  cc.  for  each  0.025  ^S-)t 
the  maximum  loss  was  reduced  to  10  per  cent. 

II — PREVENTING     LOSS     OF     NITRATES     BY     A     MODIFIED 
METHOD 

I — Loss  of  nitrates  was  found  to  take  place  on  the 
water  bath,  and  this  loss  was  prevented  by  keeping 
the  solution  alkaline  during  the  process  of  evapora- 
tion. 

2 — The  addition  of  two  drops  of  HCl  in  a  solution 
containing  25  parts  per  million  of  nitrates  caused  a  loss 
of  all  nitrates. 

3 — By  the  modified  method  we  were  able  to  prevent 
the  loss  of  nitrates  in  the  presence  of  chlorides,  sul- 
fates and  carbonates. 

4 — When  chlorides  were  present,  a  loss  of  nitrates 
was  found  to  take  place  on  the  addition  of  the  phenol- 
disulfonic acid.  This  loss  was  overcome  by  evapora- 
ting the  solution  to  dryness  with  excess  of  Ca(OH)», 
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and  flooding  an  excess  of  phenoldisulfonic  acid  quickly 
over  the  salt. 

5 — All  nitrates  in  a  soil  solution  can  be  recovered 
regardless  of  the  salts  present  therein. 

6 — Potash  alum  may  be  used  as  a  flocculent  in  pre- 
paring the  soil  solution  without  producing  a  loss  of 
nitrates.  By  the  old  method  the  loss  of  nitrates  in  the 
presence  of  certain  salts  was  often  as  high  as  50  per 
cent. 

7 — Since  potash  alum  is  an  excellent  flocculent,  soil 
chemists  and  soil  bacteriologists  need  not  hesitate  to 
employ  its  use,  provided  they  use  the  modified  phenol- 
disulfonic acid  method. 
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A  NOTE  ON  THE  DETECTION  AND  ESTIMATION  OF 
SMALL  AMOUNTS  OF  METHYL  ALCOHOL 

By  Elias  Elvove 
Received  January  24,  1917 

In  applying  the  DenigSs'  test  for  methyl  alcohol 
to  its  colorimetric  estimation,  Simmonds'  recommends 
that  the  solution  be  always  made  up  to  contain  lo 
per  cent'  ethyl  alcohol.  In  studying  this  method  with 
the  view  of  applying  it  to  the  detection  and  estimation 
of  methyl  alcohol  vapor  in  air  it  was  found,  how- 
ever, that  the  test  can  be  made  more  sensitive  by  re- 
ducing the  proportion  of  ethyl  alcohol  from  lo  to 
0.5  per  cent.  That  this  is  so  may  be  seen  from  the 
following  e-xperiment:*  To  2.5  cc.  of  an  aqueous 
solution  of  methyl  alcohol  containing  0.3  mg.  methyl 
alcohol  (No.  i),  in  a  50  cc.  Erlenmeyer  flask,  there 
were  added  2.5  cc.  of  a  one  per  cent  aqueous  solution 
of  ethyl  alcohol.  To  another  equal  volume  of  this 
methyl  alcohol  solution  (No,  2),  there  were  added 
2.5  cc.  of  a  20  per  cent  aqueous  solution  of  ethyl  al- 
cohol. Each  solution  was  then  treated  with  2.5  cc. 
of  a  2  per  cent  potassium  permanganate  solution  and 
0.2  cc.  concentrated  sulfuric  acid  and  allowed  to 
stand  3  minutes.  The  excess  of  the  permanganate 
was  then  reduced  by  mixing  each  solution  with  0.7 
cc.  of  a  9.6  per  cent'  oxalic  acid  solution.  Each 
solution  was  then  further  acidified  by  mixing  with 
one  cc.  of  concentrated  sulfuric  acid,  allowed  to  cool 
to  room  temperature,  and  finally  mixed  with  5  cc.  of 
Schiff's  reagent.  After  standing  40  minutes,  they 
were  compared  in  the  narrow  form  50  cc.  Nessler  tubes 
and  it  was  found  that  whereas  No.  i  had  developed 
a  very  decided  color.  No.  2  was  almost  completely 
colorless  in  comparison.  After  standing  an  hour, 
this  difference  was  even  more  pronounced,  the  color 

'  Compi.  rend.,  180  (1910),  832. 

•  Analyst,  37  (1912),  16, 

•  All  percentages  of  ethyl  alcohol  mentioned  in  this  paper  refer  to  per- 
centage by  volume. 

'  The  details  of  this  experiment  also  give  the  essentials  of  the  procedure 
which  was  finally  adopted.  To  apply  this  for  estimating  the  methyl  alcohol 
In  its  aqueous  solution,  such  as  may  be  obtained  by  suitably  passing  through 
water  a  definite  volume  of  air  carrying  methyl  alcohol  vapors,  proceed  as 
follows:  Ascertain  by  a  preliminary  experiment  the  approximate  amount 
of  methyl  alcohol  In  the  solution.  If  this  shows  that  5  cc.  of  It  conlaio 
more  than  I  mg.  of  methyl  alcohol,  dilute  so  as  to  bring  it  within  this 
limit  Mix  4.5  cc.  of  this  diluted  solution  with  0.5  cc.  of  5  per  cent  ethyl 
alcohol.  Similarly  prepare  several  5  cc.  portions  of  methyl  alcohol  •olulions 
by  diluting  the  proper  amounts  of  a  0.1  per  cent  (0.1  g.  to  100  cc  )  aqueous 
solution  of  methyl  alcohol  to  4  5  cc.  with  water  and  then  adding  0.5  cc. 
of  5  per  cent  ethyl  alcohol  to  each.  These  standard  methyl  alcohol  solu- 
tions are  made  to  vary  by  0.1  mg.  methyl  alcohol  and  the  limits  are  chosen 
so  as  to  bring  the  unknown  wilhin  their  range.  The  unknown  and  the 
standards  are  then  subjected  eisctiv  alike,  preferably  in  50  cc.  Krleomeyet 
flasks,  to  the  permanganate  treatment  and  the  sub.w.iurnt  mixing  with 
SchilT's  reagent  as  described  above.  The  sohitiuns  ore  finally  Iransferrvd 
Into  the  narrow  form  .SO  cc.  Neuter  lubes  and  the  resulling  colon  are  com- 
pared after  llie  solutions  have  slocv)  40  minutes. 

•  Sinimonds  use<l  0  5  cc.  of  the  oiallc  acid  solution  but  this  amount  was 
found  insufficient  lo  reduce  readily  the  eiceu  |iermanganale  when  lh«  pro- 
portion of  elhyl  aU-ohnI  was  reduced  lo  0  .5  per  cent,  and  hence  0.7  cc  was 
used  In  each  case  In  order  lo  make  them  oacllr  comparable  That  this 
slight  dllTercnce  In  the  amount  of  oxalic  acid  usett  was  not  an  important 
foctor  was  proven  br  making  a  «imllar  ctimparison  In  which  the  Iwo  nun 
itirirred  only  In  this  respect,  when  there  was  no  appieriable  dinerence  In  Ih* 
rvsult. 

•  This  strength  oxalic  acid  is  usad  by  Slmmonds  but  it  was  found  that 
a  10  per  cent  solution  (10  g  lo  lOO  rr  >  oniwers  the  piitpnM>  just  as  w*ll 
an()  lor  ths  sake  of  almpllclly  .ii  .  Ir  Hence  in  all  the  ■nhar- 
quenl  work  a  10  per  cent  malic  •>.  rmployed  In  c^<ol  weather 
this  sohiilun  niav  nee<l  a  llltir  «  .  '  •'•Ive  the  rrysials  formed  on 
•landing. 
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of  No.  I  having  increased  while  No.  2  still  remained 
almost  completely  colorless  in  comparison. 

According  to  Simmonds,  with  "properly  sensitive" 
Schiff's  reagent  0.3  mg.  of  methyl  alcohol  in  5  cc. 
can  be  detected  but  the  best  depths  of  color  for  com- 
parison are  obtained  when  the  5  cc.  taken  for  the  test 
contain  from  i  to  4  mg.  The  standards  for  the  color- 
imetric  comparisons  are  made  to  vary  by  whole  units 
of  a  milligram,  containing  1,  2,  3,  etc.,  mg.  of  methyl 
alcohol,  respectively.  By  reducing  the  proportion  of 
ethyl  alcohol  from  10  to  0.5  per  cent,  however,  and 
applying  the  test  as  outlined  above,  even  as  little  as 
0.1  mg.  of  methyl  alcohol  in  5  cc.  showed  a  coloration 
on  standing  40  minutes. *  A  suitable  series  of  standards 
for  the  colorimetric  comparisons  may,  therefore,  be 
obtained  by  varying  the  amounts  of  methyl  alcohol 
in  fractions  of  a  milligram  as  o,  o.i,  0.2,  0.3,  0.4,  0.5, 
0.6  and  0.7  mg.,  respectively. 

PREPARATION    OF    THE    REAGENT 

As  has  already  been  indicated  above,  Simmonds 
refers  to  a  "properly  sensitive"  Schiff's  reagent.  He 
does  not,  however,  say  anything  descriptive  about  it, 
either  as  to  its  composition,  mode  of  preparation  or 
keeping  qualities.  According  to  Schaffer,^  the  re- 
agent should  be  prepared  from  fuchsine  and  sulfur 
dioxide,  using  the  proportion  of  0.5  g.  of  the  for- 
mer to  I  g.  of  the  latter  in  400  cc.  When  more  than 
I  g.  of  SO2  was  added  to  0.5  g.  of  fuchsine,  Schafler 
found  the  reagent  valueless  after  standing  2  days; 
but  when  prepared  in  the  above  proportion,  he  found 
it  to  keep  well  for  10  days,  although  he  recommends 
not  to  use  a  solution  over  7  days'  old.  In  this  con- 
nection, it  was  thought  that  probably  an  improve- 
ment in  the  preparation  of  this  reagent  could  be  in- 
troduced by  substituting  an  equivalent  amount  of 
anhydrous  sodium  sulfite  for  the  sulfur  dioxide. 
The  advantage  in  such  a  change  is  apparent,  since  it 
enables  one  to  weigh  out  directly  the  amount  required 
whereas  with  the  sulfur  dioxide  it  probably  would 
be  necessary  to  prepare  first  an  aqueous  solution  of 
it,  determine  its  strength,  and  then  calculate  how 
much  of  it  would  be  required  in  order  to  have  the  proper 
proportion  of  SO2  to  fuchsine.  As  a  matter  of  fact, 
Denig^s  in  his  communication'  refers  to  the  variety 
of  procedures  which  have  been  given  for  the  prepara- 
tion of  Schiff''s  reagent  and  then  states  the  one  he 
adopted  which  calls  for  a  certain  volume  of  a  sodium 
bisulfite  solution  of  a  certain  degree  Baum^'.  Since, 
however,  sulfite  in  solution  is  not  very  stable  while 
the  anhydrous  sodium  sulfite  is  quite  stable*  even  when 
kept  under  ordinary  conditions,  it  appears  preferable 
to  base  the  formula  for  the  fuchsine  bisulfite  (Schiff's) 
reagent  on  the  latter  rather  than  on  the  former.  The 
following  reagent  was  found  to  give  satisfactory  re- 

>  In  working  with  these  smaller  quantities  of  methyl  alcohol,  the  color 
develops  more  slowly,  so  that  while  40  minutes  was  sufficient  to  show  a 
coloration  in  comparison  with  the  control  even  when  dealing  with  only  0.1 
mg.  in  5  cc,  an  hour  or  even  two  hours  should  be  allowed  for  the  color  to 
develop  when  the  problem  is  the  detection  of  methyl  alcohol,  since  under 
these  circumstances  it  is,  of  course,  desirable  to  obtain  a  fairly  intense 
coloration. 

'  U.  S.  Naval  Medical  Bull..  6  (1912).  392. 

»  Compl.  rend..  150  (1910).  5.M. 

*  Elvove,  Am.  J.  Pharm..  82  (1910).  211. 


suits  and  it  appears  to  be  at  least  as  good,  if  not  better, 
in  keeping  qualities'  than  the  reagent  in  the  prepara- 
tion of  which  sulfur  dioxide  was  used  as  recom- 
mended by  Schaffer:  0.2  g.  finely  powdered  fuchsine^ 
dissolved  in  about  120  cc.  hot  water  and  cooled  to  room 
temperature;  2.0  g.  anhydrous  sodium  sulfite'  dis- 
solved in  about  20  cc.  water  and  added  to  the  fuchsine 
solution;  then  add  2.0  cc.  HCl  (sp.  gr.  1.19)  and  di- 
lute to  200  cc.  with  water.  After  standing  for  about 
an  hour,  this  solution  is  ready  for  use  as  a  reagent  for 
formaldehyde  or  methyl  alcohol  by  the  procedure 
referred  to  above. 

EFFECT    OF    TEMPERATURE 

Since  there  is  a  rise  in  temperature  when  the  solution 
is  mixed  with  the  concentrated  sulfuric  acid,  it  was 
thought  desirable  to  determine  whether  or  not  this 
rise  in  temperature  affects  the  color  produced  on  mixing 
with  the  fuchsine  bisulfite  reagent.  The  following 
experiment  was,  therefore,  carried  out:  Two  5  cc. 
portions  of  an  aqueous  solution  of  methyl  alcohol, 
each  containing  0.3  mg.  of  methyl  alcohol  and  0.5 
per  cent  of  ethyl  alcohol,  were  treated  by  the  perman- 
ganate procedure  referred  to  above.*  After  mixing 
with  the  I  cc.  concentrated  sulfuric  acid,  No.  i  was 
allowed  to  cool  to  room  temperature  before  it  was 
treated  with  the  5  cc.  of  fuchsine  bisulfite  reagent 
while  No.  2  received  the  fuchsine  bisulfite  immediately 
after  the  solution  had  been  mixed  with  the  sulfuric 
acid.  After  both  mixtures  had  stood  40  minutes, 
the  resulting  colors  were  compared.  It  was  found 
that  they  were  not  alike  but  that  the  one  (No.  2) 
which  was  treated  with  the  reagent  immediately  after 
the  mixing  with  the  sulfuric  acid  had  a  deeper  color. 
It  appears,  therefore,  that  when  a  quantitative  result 
is  desired  the  solutions  to  be  compared  should  all  have 
the  same  temperature  before  the  fuchsine  bisulfite 
reagent  is  added.  In  most  cases  this  can  probably 
be  more  advantageously  attained  by  allowing  all  the 
solutions  to  cool  to  room  temperature  after  the  final 
mixing  with  the  concentrated  sulfuric  acid. 

EFFECT    OF    THE    PRESENCE    OF    FORMALDEHYDE 

According  to  Simmonds,  when  the  solution  to  be 
examined  for  methyl  alcohol  also  contains  formalde- 
hyde, "its  effect  must  be  determined  and  allowed  for." 
From  this  brief  and  unexplained  statement  one  might 
get  the  impression  that  all  that  is  necessary  is  to  de- 
termine the  effect  of  the  formaldehyde  on  the  reagent 
previous  to  the  oxidation  of  the  methyl  alcohol  to 
formaldehyde  and  then  allow  for  this  by  subtracting 
the  amount  of  formaldehyde  found  before  the  oxida- 
tion from  that  found  after  the  oxidation.  Such  a 
procedure,  however,  would  lead  to  erroneous  results, 
since  it  appears  that  the  oxidation  of  the  methyl 
alcohol  to  formaldehyde  in  the  procedure  outlined  above 
is  not  quantitative  but  that  some  of  the  formaldehyde 

'  A  fuchsine  bisulfite  reagent  prepared  as  here  described,  which  had 
stood  in  a  closed  bottle  for  about  six  weeks,  was  found  at  the  end  of  that  time 
to  be  as  useful  a  reagent  for  formaldehyde  as  one  which  had  been  freshly 
prepared. 

*  The  fuchsine  used  had  the  label  of  G.  Grilbler  &  Co.,  Leipzig. 

*  Commercial  anhydrous  sodium  sulfite  which  complies  with  the  re- 
quirements of  the   U.  S.   Pharmacopoeia  may  be  used  for  this  purpose. 

*  Sec  details  of  experiment  at  beginning  of  article  and  also  the  accom- 
panying foot-note. 


Mar.,  1917 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


297 


is  still  further  oxidized  and  does  not  show  up  in  the 
final  reaction  with  the  fuchsine  bisulfite  reagent.  In 
the.  presence  of  formaldehyde,  therefore,  it  appears 
necessary  to  proceed  somewhat  as  follows:  Determine 
the  amount  of  formaldehyde  in  the  solution  colori- 
metrically  by  means  of  the  fuchsine  bisulfite  reagent 
and  a  suitable  series  of  standards  containing  known 
amounts  of  formaldehyde.  Then  make  up  the  methyl 
alcohol  standards  so  that  they  will  also  contain  formal- 
dehyde in  the  same  concentration  as  that  in  the  solu- 
tion to  be  examined.  After  this  has  been  done,  the 
procedure  referred  to  above  for  estimating  the  methyl 
alcohol  may  be  followed  and  the  figures  for  methyl 
alcohol  obtained  directly  by  comparison  with  these 
modified  standards. 

Hygienic  Laboratory,  U.  S.  Public  Health  Servics 
Washington,  D.  C. 


RELATION  OF  THE  FAT  IN  MILK  TO  THE 
SOLLDS-NOT-FAT 

By  Lucius  P.  Brown  and  Clarbncs  V.  Ekroth 
Received  December  1,  1916 

In  the  year  1910  the  New  York  State  standard  for 
the  chemical  composition  of  milk  was  placed  by  the 
Legislature  at  its  present 'figures,  to  wit:  3  per  cent 
fat  and  11.5  per  cent  total  solids.  No  standard  for 
solids-not-fat  was  mixed. 

In  making  municipal  standards  the  City  of  New 
York  was  empowered  under  the  law  to  enact  additional 
legislation  but  could  enact  no  legislation  conflicting 
with  that  of  the  State.  In  endeavoring  to  secure  a 
good  milk  supply  for  the  city  and,  at  the  same  time, 
to  make  figures  which  would  be  useful  in  the  detection 
of  adulteration,  the  only  additional  legislation  which 
the  city  could  enact  was  to  set  a  standard  for  solids- 
not-fat,  which  was  accordingly  placed  at  the  difference 
between  the  State's  standards  for  fat  and  total  solids, 
namely  8.5  per  cent.  When  a  rigid  enforcement  of  this 
standard  was  attempted  it  was  objected  by  dealers 
that  the  standard  was  an  impossible  one  and  that  the 
cattle  in  the  city's  milk  shed  could  not  supply  it. 
An  investigation  was,  therefore,  set  on  foot  to  de- 
termine whether  these  claims  were  justified.  In  the 
course  of  this  some  very  interesting  facts  developed. 

In  looking  into  the  experiences  of  the  several  states 
as  (presumably)  set  forth  in  legislation,  it  developed 
that  apparently  the  standards  for  the  different  states 
had  been  made  entirely  without  system.  For  instance, 
one  state  requires  a  minimum  of  12  per  cent  total 
solids,  but  only  2.5  per  cent  of  this  need  be  fat. 
Whether  any  normal  cow  could  be  found  in  that  state 
(or  anywhere  else)  giving  milk  containing  9.5  per  cent 
solids-not-fat  and  2.5  per  cent  butter-fat  is  not  only 
open  to  at  least  a  reasonable  doubt  but  it  is  quite  cer- 
tain that  no  unadulterated  herd  milk  would  even  ap- 
proach such  figures.  Another  state  require.f  9.75 
per  cent  solids-not-fnt.  We  venture  to  say  that  a 
literal  enforcement  of  this  standard  would  leave  the 
state  witiiout  u  milk  supply. 

The  legal  standards  furnishing  no  help,  nothinj;  re- 
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mained  except  to  consult  actual  analytical  figures. 
We  were  able  to  obtain  the  figures  of  herd  milk  and  of 
that  of  a  large  number  of  individual  cows  of  known 
purity  in  papers  by  Lythgoe^  and  Sherilian'  and  from 
our  own  work.  The  results  of  all  three  of  these  sources, 
about  1, 600  samples,  were  separately  plotted.  Using 
the  fats  as  ordinates  aiid  the  solids-not-fat  as  abscissae, 
curves  of  the  same  general  shape  but  on  different 
portions  of  the  chart  were  obtained.  The  making  of  a 
zone  with  the  extreme  curves  as  boundaries  suggested 
itself  to  Mr.  Ekroth,  giving  the  interior  zone  bounded 
by  the  lines  K-K  and  P-P  as  shown  in  Fig.  I   herewith. 


This  seemed  promising  but  it  was  recognized  that  with 
such  a  small  number  of  samples  the  influence  of  the 
many  factors  of  variation  in  the  composition  of  the 
milk  might  not  be  eliminated,  these  factors  being:  dif- 
ference in  breeds,  the  season  of  the  year,  feeding 
practice  in  different  sections  of  the  country  and  in 
different  countries,  etc.  The  available  literature 
furnished  a  large  number  of  analyses  of  milk,  the 
sources  drawn  upon  being  Richmond.  Lench,  Haeckcr, 
Woodward  and  Lee,  and  others.  Altogether  the 
figures  from  over  300,000  samples,  including  approxi- 
mately 40,000  New  York  City  samples  lunpublished), 
were  used.     We  exercised  our  best  judgment  in  elimi- 
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Dating  samples  apparently  adulterated  and  it  is  our 
belief  that  the  influence  of  adulteration  in  the  large 
number  of  samples  examined  is  negligible.  The 
result  was  the  zone,  bounded  by  the  lines  A- A  and 
B-B,  of  the  greater  area  as  shown.  It  is  significant 
that  in  no  portion  of  its  boundaries  does  this  zone 
exxlude  the  smaller  one.  It  is  believed  that  this  larger 
zone  offers  a  practical  means  of  determining,  at  least 
presumptively,  whether  or  not  a  given  sample  of  herd 
milk  or  other  mixed  milk  is  adulterated.  Thus,  if  a 
given  milk  in  its  fat  and  solids-not-fat  falls  within  the 
zone  it  can,  in  the  absence  of  other  facts,  be  fairly  con- 
sidered to  be  unadulterated  but  if  the  junction  line  of 
these  two  constituents  falls  outside  the  zone  the  milk 
is  at  least  suspicious  and  the  burden  of  proof  is  then 
to  show  that  it  is  unadulterated. 

There  will,  of  course,  be  individual  animals  whose 
milk  at  times  or  continuously  will  not  show  the  com- 
position herein  indicated,  but  inasmuch  as  milk  sup- 
plies are  made  up  of  the  milk  of  a  number  of  indi- 
viduals, it  is  believed  that  this  chart  will  be  of  value 
not  only  to  governmental  milk  controls  but  to  dealers 
as  well. 

The  curve  C-C  shown  about  the  middle  of  the  larger 
zone  represents  a  smoothed  curve  obtained  from  1,000 
analyses  of  individual  cows  made  by  Dr.  Lythgoe  and 
placed  by  him  in  12  groups  according  to  the  total  solids. 
In  plotting  this  curve,  however,  total  solids  were  dis- 
regarded by  us  and  were  separated  into  fat  and  solids- 
not-fat. 

At  the  time  this  paper  was  read  no  method  of  treat- 
ment of  the  chemical  composition  of  milk,  having  to 
do  with  the  limiting  values  of  unadulterated  milk, 
had  been  found  by  either  of  the  authors  in  the  litera- 
ture but  we  have  since  seen  Dr.  A.  G.  Woodman's 
table  on  page  135  of  his  work  on  "Food  Analysis," 
published  in  1915.  While  the  two  methods  are  not 
strictly  comparable.  Dr.  Woodman's  idea  of  limiting 
values  is  that  which  we  had  already  adopted  independ- 
ently in  this  treatment  of  the  subject.  It  will  be  noted, 
however,  that  Woodman's  table  referred  to  is  calcu- 
lated from  certain  assumptions  and  analyses  while  we 
have  endeavored  to  confine  ourselves  only  to  published 
tables.  Inasmuch  as  this  represents  a  somewhat 
considerable  departure  from  ordinary  methods  of 
treating  the  matter,  we  do  not  wish  to  be  considered 
as  suggesting  that  the  zone  in  its  present  form  repre- 
sents absolutely  true  conditions  but  we  present  it  in 
the  hope  that  it  may  be  tested  out  by  workers  interested 
in  these  lines  to  the  end  that,  if  possible,  a  graph  may 
be  finally  obtained  which  may  be  used  to  give  us  ab- 
solute results  in  testing  the  composition  of  any  sample 
of  milk.  It  is  hoped,  in  addition  to  the  use  above 
suggested,  that  this  figure  may  serve  as  a  guide  to  our 
law-making  bodies  so  that  they  shall  not  make  the 
impossible  standards  we  have  noted  above. 

In  making  this  chart  we  attempted  to  use  analytical 
results  from  some  5,000  samples  of  milk  produced  in 
New  York  State  as  cheese  factory  supplies,  but  the 
average  composition  of  these  milks,  when  plotted 
according  to  the  solids-not-fat,  gave  the  curve  D-D  in 
Fig.  I,  of  an  entirely  different  form  from  any  normal 


milk  curve  which  we  have  been  able  to  obtain,  being 
convex  to  the  ordinate.  The  conclusion  is  irresistible 
that  a  considerable  portion  of  these  samples  had  been 
skimmed. 

A  study  of  the  proportions  of  the  two  milk  constitu- 
ents mentioned,  as  indicated  by  this  figure,  shows  some 
very  interesting  inter-relations.  In  order  to  bring 
this  out  more  clearly.  Tables  I  and  II  have  been  made. 
In  making  both  these  tables,  the  fat  has  been  used  as 

Table  I 
Fat  Solids-Not-Fat  (Per  cent)         Total  Solids 


cr  cent 

Av. 

Extremes 

Per  cent 

3.00 

8.05 

7.75-8.35 

11.05 

3.25 

8.30 

8.05-8.65 

11.55 

3.50 

8. 55 

8.20-8.90 

12.05 

4.00 

8.90 

8.55-9.25 

12.90 

4.50 

9.20 

8.85-9.50 

13.70 

5.00 

9.35 

9.05-9.65 

14.35 

5.50 

9.50 

9.20-9.80 

15.00 

6.00 

9.60 

9.30-9.90 

15.60 

the  fixed  point  and  the  solids-not-fat  and  total  solids 
corresponding  thereto  have  been  sought.  For  the  lower 
percentages,  fat  has  been  selected  in  differences  of 
^/i  of  I  per  cent.  The  zone  shows  that  corresponding 
to  3  per  cent  of  fat,  there  may  be  from  7.75  to  8.35 
per  cent  solids-not-fat.  The  average  of  these  gives  the 
figure  in  Col.  2,  Table  I,  while  the  total  solids  are,  of 
course,  the  sum  of  this  average  and  the  fat.  The  limit- 
ing figure  in  this  table  should  be  of  value  to  legislators. 
In  Table  II  the  difference  apparent  by  an  examina- 
tion of  the  chart  in  the  increment  of  fat  and  solids-not- 
fat  is  reduced  to  figures.  Thus,  it  will  be  seen  that  in 
the  lower  ranges  the  average  fat  increments  are  about 
the  same  as  those  for  the  solids-not-fat  but  with  about 
3.5  per  cent  of  fat  the  increment  of  the  solids-not-fat 
begins  to  decrease  until  on  reaching  the  higher  figures  for 
fat  the  latter  increment  is  less  than  one-third  that  of  the 
fat.  The  difference  between  extremes,  as  shown  by 
Cols.   7  and  8  of  Table  II,  is  also  of  interest,  showing 

Table  II  Dippergncb 

BETWEEN 

Increments  Extrbubs 
Per  cent  Per  cent  Per  cent 
Per  cent  Fat  Solids-Not-Fat  Per  Solids-  Per  Solids- 
Aver-  Approx.  Aver-  Approx.  cent  Not-  cent  Not- 
ages  Extremes  ages  Extremes  Fat  Fat  Fat  Fat 
3.00  2.85-3.30  8.05  7.75-8.35  0  0  0.45  0.60 
3.25  2.95-3.60  8.30  8.05-8.65  0.25  0.25  0.65  0.60 
3.50  3.15-3.95  8.55  8.20-8.90  0.25  0.25  0.80  0.70 
4.00  3.50-4.65  8.90  8.55-9.25  0.50  0.35  1.15  0.70 
4.50  3.90-5.40  9.20  8.85-9.50  0.50  0.30  1.50  0.65 
5.00  4.20-6.25  9.35  9.05-9.65  0.50  0.15  2.05  0.60 
5.50  4. 50-?  9.50  9.20-9.80  0.50  0.15  ?  0.60 
6.00       4.75-?  9.60       9.30-9.90  0.50       0.10  ?         0.60 

the  fat  to  be  much  the  more  variable  constituent. 
For  any  given  average  percentage  of  fat,  it  will  be 
noted  that  the  maxima  and  minima  of  the  corre- 
sponding figures  for  solids-not-fat  have  a  comparatively 
limited  range,  these  figures  in  no  case  being  more  than 
0.7  nor  less  than  0.6  of  i  per  cent.  For  the  higher 
average  percentages  of  fat,  on  the  contrary,  the  dif- 
ference between  maxima  and  minima  may  be  over 
2  per  cent. 

It  will  be  apparent  from  these  facts  that  standard 
requirements  embracing  only  fat  and  solids  are  il- 
logical because  it  is  possible  so  to  water  or  skim  a 
milk  with  high  fat  as  to  benefit  considerably  the  dealer 
and,  at  the  same  time,  leave  the  milk  well  within  the 
requirements  of  the  legal  standard  for  both  fat  and 
total  solids. 

Table  II  likewise  seems  to  show  that  the  practice 
of  paying  for  milk  on  the  fat  percentage  basis  will. 
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when  the  cattle  predominating  in  any  given  milk  supply 
are  of  breeds  or  strains  having  a  comparatively  low 
percentage  of  fat,  probably  have  the  effect  of  markedly 
raising  the  "solids-not-fat""'  but  that  this  effect  will 
not  be  so  marked  with  percentages  of  fat  above  about 
4.50.  Inasmuch  as  possibly  most  qity  milk  supplies 
in  the  United  States  are  now  furnished  by  cattle  having 
milk  of  low  fat  percentages,  this  method  of  payment  is 
to  be  commended  if  a  milk  of  given  moderate  nutri- 
tive value  is  desired;  but,  as  has  been  pointed  out  by 
others,  this  method  of  payment  is  unfair  to  the  man 
furnishing  a  low  or  medium  grade  milk,  in  that  his 
cattle  produce  relatively  higher  total  solids  than  cattle 
with  a  high  fat  content. 

It  will  further  appear,  from  an  examination  of  the 
tables  and  figures,  that  in  legislating,  unless  due  regard 
is  had  to  the  inter-relations  of  the  constituents  of  the 
milk,  legislators  will  make  trouble  for  administrators 
by  suggesting  such  a  composition  for  milk  as  is  not 
normally  produced  by  the  cows  themselves.  Thus, 
for  a  standard  of  3  per  cent  fat  an  average  of  8  per  cent 
solids-not-fat  would  be  proper  and  for  8.5  per  cent  solids- 
not-fat,  the  fat  should  be  placed  at  3.5  per  cent. 

It  is  thus  seen  that  the  standard  proposed  by  the 
Federal  Government  and  in  use  by  them  of  3.25  per 
cent  fat  and  8.5  per  cent  solids-not-fat  is  open  to 
criticism,  the  corresponding  figure  as  shown  by  this 
curve  being  8.3  per  cent  solids-not-fat  as  an  average 
and  the  same  thing  is  apparently  true  of  the  standards 
of  most  of  the  states. 

It  is  worth  while  here  to  note  Fig.  II  of  our  accom- 
panying paper  on  the  "Chemical  Quality  of  New  York 
City  Market  Milk."  This  figure  shows  the  percentage 
of  the  samples  in  certain  groups  of  known  purity  milk, 
arranged  according  to  the  same  scheme  of  percentages 
as  indicated  by  the  tables  in  this  paper.  It  will  be 
noted  by  reference  to  that  paper  that  the  groups  of 
the  higher  fat  content  and  of  the  corresponding 
solids-not-fat  show  a  marked  parallelism,  tending  to 
show  the  accuracy  of  the  relationship  indicated  by  the 
zone  chart  presented  herein.  This  is  further  indicated 
by  Fig.  Ill  of  that  paper. 

SUMMARY 

I — The  zone  chart  devised  appears  to  show  the  ap- 
proximate chemical  composition  of  normal   milk. 

II — This  chart  appears  to  be  capable  of  use  as  a  guide 
in  fixing  legal  standards. 

Ill — It  appears  also  to  be  capable  of  use  as  a  guide 
in  detecting  adulterated  milk. 

IV — A  milk  standard  having  regard  only  for  the 
total  solids  is  illogical. 

V — Most  of  the  legal  milk  standards  in  force  in  the 
several  states  of  the  Union  as  well  as  that  of  the 
Federal  Government  arc  unbalanced  and,  therefore, 
incapable  of  enforcement. 

We  desire  to  acknowledge  our  indebtedness  to  the 
sources  of  reference  given  herewith  and  to  Dr.  L.  L. 
Van  Slykc,  J.  H.  Newman,  Assistant  Food  Commis- 
sioner of  Illinois,  and  others  for  valuable  informa- 
tion furnished  in  private  communications. 
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CHEMICAL  QUALITY  OF  NEW  YORK  CITY  MARKET 

MILK 

By  Lucius  P.  Brown  and  Clarsnce  V.  Ekkoth 

Received  December  1.  1916 

The  size  of  the  problem  presented  in  an  endeavor 
to  control  the  quality  of  milk  supplied  to  New  York 
City  is  one  which  is,  of  course,  equalled  nowhere  else 
in  the  United  States  and  probably  in  only  one  other  city 
of  the  world.  The  population  of  the  city  is  5,500,000. 
It  consumes  daily  about  2,000,000  quarts  of  fluid 
milk  and  as  much  or  a  little  more  milk  in  other 
forms.  The  fluid  milk  is  collected  at  about  1200 
country  creameries  and  pasteurizing  plants  and  sup- 
plied by  some  45,000  dairy  farms  located  in  7  different 
states  and  in  Canada.  When  it  arrives  in  the  city, 
it  is  distributed  by  about  600  dealers  using  more  than 
7,000  delivery  wagons  and  by  12,000  retail  stores. 

It  is  axiomatic  that  the  cow  producing  the  largest 
flow  of  milk  will  be  the  one  favored  by  the  dairyman 
dealing  with  a  city  milk  supply,  other  things beingequal. 
Unfortunately,  this  tendency  can  be  pushed  to  ex- 
tremes and  it  is  conceivable  that  cattle  may  be  so 
bred,  with  an  eye  single  to  the  flow  of  milk,  as  to 
reduce  greatly  and  injuriously  the  food-value  of  this 
milk.  For  the  past  ten  years  the  chief  efforts  of  the 
New  York  City  Health  Department  have  been  de- 
voted to  securing  a  safe  milk  supply  rather  than  one 
furnishing  a  maximum  of  nutrients.  It  is  obvious 
that  the  tendency  to  reduce  the  quality  of  the  milk 
supply  must  have  limits  set  to  it  lest  the  community 
suffer  from  too  great  a  reduction  in  the  actual  amount 
of  food  furnished  by  it. 

In  an  attempt  to  get  together,  in  an  easily  demon- 
strable form,  information  gathered  during  the  past 
40  years,  we  have  made  an  exhaustive  analysis  of 
certain  available  data,  hoping  it  may  be  of  use  to  other 
food  officials.  Space,  obviously,  will  not  permit  of 
detailed  presentation  of  many  of  the  facts  which  could 
be  brought  out. 

In  the  years  1904  and  1905  this  Department  con- 
ducted a  survey  of  the  country  creameries  supplying 
the  city,  which  resulted  in  the  establishment  in  1Q06 
of  a  regular  country  inspection  service.  These  in- 
vestigations indicated  that  a  considerable  amount  of 
skimming  had  been  practiced  in  the  country.  A 
comparison  of  inspections  in  1909  with  those  of  1905 
showed  that  there  had  resulted,  as  the  effect  of  closer 
supervision,  a  marked  increase  in  the  content  of  both 
fat  and  solids-not-fat,  as  shown  by  Charts  0,  ^.  c  and 
d  of  Fig.  I  and  as  further  indicated  by  Fig.  III.  Up 
to  that  time  the  standard  for  total  solids  of  New  York 
State  milk  had  been  la  per  cent.  The  Legislature 
of  1901  reduced  this  to  11.5  per  cent,  the  fat  being  left 
unchanged  at  3  per  cent.  Inasmuch  as  a  certain 
proportion  of  the  milk  supply  had  been  running  below 
the  standard  for  a  number  of  years  prior  to  this  time, 
no  marked  change  is  indicated  by  Charts  r  and  /, 
Fig.  I,  for  191  i,  except  a  slight  drop  of  fat  content; 
this  is  significant,  however,  only  because  the  liguro,«! 
for  1915,  when  the  lower  solids  requirement  lind  been 
in  effect  for  s  yeors,  indicated  «  still  further  lowering 
of   the   content   of   this   constituent,    very    notable   as 
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compared  with  the  fat  curve  for  1909,  the  year  when 
the  maximum  effect  of  the  former  high  standards  was 
observed. 
g  An  interesting  feature  of    Fig.    I    is   that  the  milk, 

o  as  a  rule,  for  the  4  years  plotted,  ran  very  much  above 
"  the  standard  ii?  fat.  The  solids-not-fat  curves 
o  of  this  figure  further  indicate  that  during  the 
?  greater  part  of  these  years,  the  milk  was  be- 
j  low  the  standard'  in  solids-not-fat,  an  indication 
i  of  the  unbalanced  character  of  this  standard 
a  and  the  fact  that  the  dealers  in  endeavoring  to  live 
S  up  to  such  a  standard  were  forced  to  give  more  fat 
§  than  the  standard  called  for.  It  also  appears  to  in- 
>•       dicate  that  the  3  per  cent  standard  for  fat  is  unneces- 


FiG,  III— Charts  Showing  the  Avbrage  Monthly  Percentages  or 
Fat  and  Solids-not-Fat  in  New  York  City  Milk  for  the  Years 
1905,  1909,  1912  AND  1915 

sarily  low  but,  despite  this  fact,  it  is  only  natural  to 
suppose  that  there  was  no  great  straining  of  the  possi- 
bilities in  this  attempt,  the  effort  being  simply  to  get 
just  within  the  standard.  This  is  further  indicated  by 
Charts  k  to  «  of  Fig.  II,  which  are  all  of  "known  purity" 
samples  and  which  all  indicate  a  great  preponderance 
of  the  higher  percentages.  Charts  0  and  p  are  from 
routine  milk  supply  samples  but  are  supposed  to  be 
pure  samples,  and  show  the  same  thing. 

In  Fig.  Ill  the  curve  for  solids-not-fat  for  191 5  is 
interesting,  showing,  as  it  does,  a  decided  rise  in  the 
latter  part  of  the  year,  coincident  with  the  announce- 
ment by  the  Department  of  Health  that  a  greater 
effort  on  the  part  of  the  dealers  must  be  made  to  live 
up  to  the  solids-not-fat  standard.  When  compared 
with  the  corresponding  curve  for  the  fat  the  fact  that 
the  latter  curve  shows  no  perceptible  change  would 
lead  to  the  supposition  that  an  appreciable  number  of 
cows  furnishing  milks  of  higher  fat  content  had  been 
added  to  the  milk  shed,  but  that  their  milk  had  been 
partly  skimmed  and  then  added  to  lower  grade  milk 
in  such  a  way  as  to  increase  the  solids-not-fat  alone. 
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Charts  i  and  j  of  Fig.  II  are  of  interest  as  repre- 
senting about  150  samples  taken  from  the  herds  fur- 
nishing one  of  the  lowest  grade  milk  supplies  of  the 
state  and  of  known  purity.  They  indicate  what  the 
result  of  lack  of  attention  to  the  quality  of  the  milk 
supply  may  result  in. 

SUMMARY 

I — The  diagrams  shown  indicate  a  considerable 
betterment  of  the  milk  supply  as  a  result  of  more 
rigid  enforcement  of  the  standards. 

II — The  fat  standard  of  3  per  cent  is  a  very  easy  one 
to  live  up  to  but  will  not  result  in  a  betterment  of  the 
nutritive  value  of  the  milk. 

Ill — The  suggestion  in  our  other  paper  of  this  date 
as  to  the  unbalanced  character  of  the  ordinary  milk 
standard  in  effect  in  the  United  States  is  further  in- 
dicated by  these  diagrams. 

IV — As  a  corollary  to  the  conclusions  of  both  papers 
in  question,  it  would  appear  that  it  is  time  that  the 
chemical  standards  for  milk  in  the  United  States  were 
placed  on  a  more  rational  basis. 

Bureau  ok  Food  and  Drugs 
DsPARTMBNT  or  Health,  New  York  City 

RED  PEPPERS 

By  Frank  M.  Boylbs 
Received  November  9,  1916 

In  the  trade  the  hot  red  peppers  are  divided  into  or 
classed  as  "capsicums"  and  "chillies."  The  larger 
pods  are  usually  called  "capsicums"  and  the  smaller 
pods,  varying  in  size  from  about  '/j  to  I'/i  inches  in 
length,  "chillies." 

The  term  Cayenne  or  Cayenne  Pepper  is  applied 
only  to  the  ground  product  which  is  made  from  either 
or  both  the  capsicums  and  chillies.  The  capsicums 
and  chillies  vary  greatly  in  flavor  and  pungency. 
Contrary  to  general  belief  some  of  the  capsicums  are 
more  pungent  than  some  of  the  chillies. 

During  the  past  few  years  the  writer  has  examined 
a  large  number  of  shipments  of  commercial  grades  of 
red  pepper  of  various  varieties,  both  domestic  and  im- 
ported, and  has  been  impressed  by  the  number  that 
do  not  comply  with  the  requirements  for  this  class  of 
products  as  laid  down  in  Circular  19,  Office  of  the 
Secretary.  U.  S.  Department  of  Agriculture,  which 
circular  serves  as  a  standard  for  the  Department  in 
the  enforcement  of  the  Food  &  Drugs  Act  of  1006. 

This  condition  obtains  not  only  with  the  imported 
peppers  but  also  in  a  striking  degree  in  the  case  of 
peppers  of  domestic  origin,  which  are  now  being  pro- 
duced in  such  quantities  as  to  be  of  considerable  com- 
mercial importance. 

Louisiana  and  Texas  produce  a  considerable  amount 
of  capsicums  and  chillies  and  in  South  Carolina  the 
industry  has  forged  ahead  considerably;  in  1915  the 
production  in  this  state  was  approximately  150,000  lbs. 

The  South  Carolina  capsicums  average  about  j'/i 
in.  in  length  and  are  of  a  bright  red  color.  They  are  free 
of  stems,  very  bright  in  appearance,  carry  no  extrane- 
ous dirt,  and  altogether  present  an  appearance  not 
excelled  by  any  variety  of  capsicums.  Upon  grinding, 
they  produce  a  bright  powder  of  excellent  appcarnnrc, 
equal  in  flavor  and  pungency  to  most  and  much  better 
than  many  of  the  imiHirli'd  caii'Mniiiis. 


The  writer  has  had  the  opportunity  of  examining 
samples  from  a  number  of  shipments  of  these  capsicums, 
the  data  being  compiled  in  Table  I.  These  capsicums 
were  ground  under  the  supervision  of  the  writer  and 
the  samples  were  composites,  representing  the  regular 
Table   I — Percentage  Analyses  of  South  Carolina  Capsicums 


\SH . 

Crude 

. Ethsr  Extra< 

No. 

Moisture 

Total 

Insoluble 

Fiber 

Total 

Volatile  N 

1 

6.02 

5.37 

0.67 

28.36 

12.90 

1.15 

2 

7.38 

4.82 

0.25 

27.62 

11.90 

0.72 

3 

6.65 

5.83 

0.48 

24.45 

13.22 

0.85 

4 

5.67 

7.75 

0.65 

29.29 

5 

4.40 

7.04 

1.20 

27.27 

14122 

iiss 

6 

5.37 

7.14 

0.96 

30.48 

7 

5.90 

6.27 

0.71 

24.34 

8 

6.17 

7.19 

1.07 

25.12 

15124 

6'.2.i 

9 

5.31 

7.28 

1.10 

25.27 

14.85 

0.20 

10 

5.55 

4.95 

0.55 

25.37 

14.85 

0.15 

11 

5.65 

5.51 

0.77 

28.95 

13.44 

0.42 

12 

5.60 

5.82 

0.86 

28.37 

15.10 

0.32 

13 

5.72 

1.20 

21.27 

16.32 

0.62 

14 

5.22 

0.73 

22.65 

16.20 

0.55 

15 

5.35 

0.62 

23.27 

15.98 

0.49 

16 

5!96 

5.47 

0.77 

21.01 

15.00 

0.40 

17 

7.08 

5.03 

0.77 

20.07 

Ma 

X.    7.38 

7.75 

1.20 

30.48 

16.32 

1.85 

Mil 

.    4.40 

4.82 

0.25 

20.07 

11.90 

0.15 

Av 

5.90 

5.98 

0.78 

25.48 

14.55 

0.60 

factory  run  and  were  taken  at  frequent  intervals  during 
the  grinding.  Each  sample  represents  the  composi- 
tion of  lots  of  about  2  200  lbs.  They  were  not  previously 
sieved  because  of  their  apparent  freedom  from  ex- 
traneous dirt  and  because  a  number  of  preliminary 
trials  showed  that  only  a  negligible  quantity  of  dust 
(from  0.03  per  cent  to  0.08  per  cent)  could  be  removed; 
the  total  ash  and  acid-insoluble  ash  in  this  small  amount 
of  dust  were  14.5  per  cent  and  4.8  per  cent,  respectively. 
All  lots  were  free  from  stems. 

These  peppers  were  grown  under  the  indirect  super- 
vision of  the  Bureau  of  Plant  Industry  of  the  U.  S. 
Agricultural  Department,  from  Hungarian  Paprika 
Seed.  In  this  climate  peppers  grown  from  these  seed 
become  very  much  hotter  than  the  imported  Paprika, 
so  hot  indeed  that  in  the  trade  they  are  classed  as 
Capsicums,  and  when  ground  constitute  Cayenne 
pepper.  This  industry  was  begun  in  South  Carolina 
about  10  years  ago. 

A  study  of  the  results  obtained  on  these  peppers 
shows  that  29.4  per  cent  exceed  the  standard  of  not 
more  than  6.5  per  cent  for  Total  Ash  as  given  in 
Circular  19,  the  maximum  being  7.75  per  cent; 
that  88.2  per  cent  exceed  the  standard  of  not  more 
than  0.5  per  cent  for  HCl-Insoluble  Ash;  that  33.5 
per  cent  contain  more  than  double  the  standard  amount 
of  Insoluble  Ash;  that  29. 4  per  cent  exceed  slightly 
the  standard  of  not  more  than  iS  per  cent  for  Crude 
Fiber,  the  maxinnun  being  30. 48  per  cent:  and  that  76.4 
per  cent  fall  below  the  standard  for  Non-Volatile 
Ether  Extract  of  not  less  than  i  5  per  cent,  the  lowest  be- 
ing 10.75  pcf  cent.  These  data  show  that  the  South 
Carolina  peppers,  though  of  a  very  desirable  quality, 
are,  to  a  large  extent,  not  in  accord  with  any  of  the 
requirements  of  Circular  19. 

In  Table  II  arc  given  the  results  on  35  lota  of  Bom- 
bay Capsicums.  Each  of  these  samples  represents 
a  grind  of  apjiroximatcly  two  tons;  the  .samples  are 
coni|>osiles  taken  at  frequent  intervals. 

As  in  the  case  of  the  domestic  peppers,  these  capsi- 
cums were  not  sifted,  a  preliminary  trial  having  shown 
that  less  than  1  per  cent,  consislinR  of  organic  and  in 
Kri'.iiur  m.ittrr    rcuilil  bo  rrinovcd        In  all  of  tlic  v.irie- 
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Per 

CENT  Ash 

Total 

Insoluble 

S  <)6 

0.35 

7.50 

0.77 

7.41 

0.86 

5.58 

0.32 

6.17 

0.43 

6.16 

0.79 

9.84 

0.95 

6.06 

0.31 

6.14 

0.51 

5.56 

0.74 

5.95 

0.96 

Table  II- 

Per 

cBNT  Ash 

Total 

Insoluble 

8,43 

0.65 

6.00 

0.33 

8.72 

0.57 

6.84 

0.65 

7.07 

0.28 

7.08 

0.81 

6.77 

0.51 

7.07 

0.14 

7.42 

0.71 

5.75 

0.23 

7.28 

0.34 

-Bombay  Capsicums 


6.92 
6.96 
6.61 
5.77 
6.00 


Maximum  of  35  samples . . 
Minimum  of  35  samples. 
Average  of  35  samples.. 


Per  cent  .\sh 


Total 
4.9 
5.7 
5.17 
6.32 
6.07 


Insol. 
0.20 
0.50 
0.42 
0.78 
0.30 
of  19  sa 


5.76 
5.80 
6.20 
5.90 


7.20 


7.67 

7.67 

8.25 

6.42 

9.355 

9.35 

5.56 

6.95 


BI.E  III — Japan  Capsicums 
Per  cent  Ash 

p.     Total          Insol.  N< 

6.75          0.20  i; 

6.41          0.15  U 

6.15          0.21  i; 

6.61          0.26  IE 

5.93          1.17  IS 


Average  of  19  samples. 


0.94 
1.14 
0.82 
0.47 
0.60 
1.30 
1.61 
1.22 
1.75 
1.57 
1.10 
0.51 
1.50 
1.75 
0.14 
0.76 


5.70 

5.77 

6.82 

6.84 

6.32 

6.84 

4.9 

6.05 


29.87 
27.15 
25.00 
29.00 
28.30 
27.80 
32.30 
25.25 
32.30 
25.00 
28.08 


0.32 
0.60 
0.33 
0.36 
0.36 
1.17 
0.14 
0.39 


Per  cent  Ether  Extract 
Potal  Volatile       Non-Vol. 

15.28 
14.60 
15.79 
18.71 
17.21 
16.75 
16.37 
17.87 

26!40 
12.35 
17.75 
15.85 
20.40 
12.35 
16.57 


17.47 
16.72 
18.27 

26!87 
12.85 
18.25 
16.10 
20.87 
12.85 
17.22 


0.72 
0.38 
0.40 

6!47 
0.50 
0.50 
0.25 
0.72 
0.25 
0.45 


CSUDS 

Fiber 

23.90 
23.30 
26.64 
22.50 
22.85 


N. 


Extract 
on-vol. 
16.35 
15.62 
12.80 
17.03 
16.00 


Table  IV — Mombassa  Chillies 
Per  cent  Ash   Crude  Per  cent  Ether  Extract 


No. 

Total 

Insoluble 

Fiber 

Total 

Volatile  Nc 

n-volatilc 

1 

.    6.70 
.    5.95 
.    4.57 
.    6.25 
.    9.40 
.    5.38 
.    4.36 

1.62 
0.85 
0.50 
1.77 
1.75 
0.35 
0.61 

29.75 
30.45 
22.63 
25.44 
25.56 

23!  69 

2S!71 
20.97 

2i;65 

6 '.22 
0.32 

6!i5 

15.75 
16.85 

3 

4 

5 

6 

7 

25.49 
20.65 
16.16 

2i!50 

Maximum.. 
Minimum.. 

.   9.4 
.    4.36 

1.77 
0.35 

30.45 
22.63 

25.49 
15.75 

Average 6.08         1.06         26.25  ...  20.06 

ties  treated  in  this  paper  the  sifting  experiments  were 
not  performed  with  a  few  pounds  of  the  product 
taken  from  the  center  of  the  bale,  as  is  sometimes  done, 
but  one  or  more  whole  bales  were  sifted  on  a  mechanical 
sieve.  These  capsicums  usually  carry  a  small  amount 
of  stems.  In  these  35  lots  the  stems  averaged  less 
than  V2  inch  in  length. 

It  is  seen  that  62.8  per  cent  of  the  Bombay  Capsicums 
exceed  the  standard  for  Total  Ash,  the  maximum  being 
9.3s  per  cent;  that  45.7  per  cent  contain  more  than 
7  per  cent  Total  Ash;  that  71.4  per  cent  exceed  the 
^standard  for  HCl-Insoluble  Ash,  and  that  22.7  per  cent 
contain  more  than  i  per  cent  Insoluble  Ash. 

While  the  Crude  Fiber  and  Non-Volatile  Ether 
Extract  were  not  determined  on  all  of  these  lots  still 
it  is  apparent  that  in  this  variety  of  Red  Peppers 
the  Crude  Fiber  will  often  exceed  the  standard  while  the 
Non-Volatile  Ether  Extract  will  almost  always  be 
higher  than  the  standard. 

Table  III  shows  the  results  on  19  lots  of  Japan 
Capsicums.  On  the  whole  these  peppers  are  well 
within  the  limits  of  the  standards  but  occasionally 
shipments  come  in  which  are  high  both  in  Total  and 
Insoluble  Ash.  Notwithstanding  that  these  capsi- 
cums generally  come  within  the  standards,  they  are 
not  superior  either  in  color,  flavor  or  pungency  to  the 
other  varieties.  These  samples  are  composites  and 
represent  grinds  of  about  5000  lbs.  The  stems  on  these 
lots  averaged  less  than  V4  in.  in  length. 

The  results  on  7  lots  of  Mombassa  Chillies  are  re- 
corded in  Table  IV.  These  samples  are  composites 
representing  grinds  of  about  3000  lbs.  These  peppers 
frequently  exceed  the  standard  for  Total  Ash  and  in 
the  majority  of  lots  the  Insoluble  Ash  is  very  much 
above   0.50   per   cent.     These    chillies   are   practically 


Table  V — Miscellaneous 


Capsicums 

Korean,  highest  type 7  .  70 

Korean 6 .  20 

African,  highest  type 5.05 

Korean,  highest  type 6.75 

Korean,  highest  type 7. 10 

Niger 5.72 

Niger,  highest  type 5.27 

Niger 6.17 

Bombay  Cherries)  5.35 

(highest  type)     J  5.67 

Bright  Japan  Chillies 4.63 


Per  cent  Ash 
Total    Insol. 
0.60 


Per  cent 
Ether  Extract 
Total      Vol.  Non-vol. 


0.20 
0.95 
0.75 
0.50 
0.60 
0.62 
1.27 
0.65 
0.82 
0.18 


28.76 
26.02 
25.85 
24.20 
27.77 
22.82 
29.20 
27.45 
24.02 


22.70 
20.37 
18.65 


0.45 
0.60 
0.25 


17.85     0.30 


19.45 
22.25 
19.77 
18.40 
21.96 
18.22 
15.60 
17.55 
22.50 


always  free  of  stems.  Only  a  negligible  amount  of 
inorganic  matter  could  be  removed  by  sifting,  conse- 
quently they  were  not  sifted. 

Table  V  lists  the  results  on  a  number  of  different 
varieties  of  red  peppers  which  are  not  so  often  met 
in  commerce.  Some  of  these  lots,  it  will  be  noted,  are 
of  the  very  highest  type  obtainable. 

The  Korean  Capsicums  and  so-called  Bombay 
Cherries,  which  latter  are  small  peppers  about  the 
size  and  shape  of  an  ordinary  cherry  (carrying  no 
stem  and  exceptionally  bright  and  free  from  ex- 
traneous dirt),  are  almost  invariably  higher  than  the 
standard  in  either  Total  or  Insoluble  Ash  or  both. 

These  samples  represent  the  factory  run  on  lots  of 
about  2  tons.  These  peppers  were  not  sieved  be- 
cause of  their  apparent  freedom  from  dirt  and  also 
because  experience  had  shown  that  practically  no  min- 
eral matter  could  be  removed  by  this  means. 

CONCLUSIONS 

These  data  show  clearly  that  the  present  standards 
for  Red  Peppers  are  sadly  in  need  of  revision.  In- 
deed, there  are  very  few  red  peppers  entering  into 
commerce  to-day  that  will  comply  with  all  of  the  re- 
quirements of  Circular  19. 

The  standard  for  Total  Ash  should  be  increased  to 
7.50  per  cent. 

The  standard  for  HCl-Insoluble  Ash  should  be 
increased  to  i.oo  per  cent. 

The  standard  for  Non-Volatile  Ether  Extract 
should  be  lowered  to  14  per  cent. 

The  standard  for  Crude  Fiber  should  be  increased  to 
29  per  cent. 

Chemical  Laboratories,  McCormick  &  Company 
Baltimore,  Maryland 
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LABORATORY  AND  PLANT 


THE  MANUFACTURE  OF  PICRIC  ACID  FROM  THE 
MEDICAL  STANDPOINT 

By  F.   O.   West,   M.D..   Resident  Surgeon 
New  England  Manufacturing  Company,  Woburn,  Massachusetts 

A  Study  of  the  medical  complaints  of  workmen 
engaged  in  the  manufacture  of  picric  acid  has  furnished 
much  material  that  is  interesting,  and  some  of  which, 
I  trust,  will  be  of  value  to  others.  Although  this 
investigation  has  covered  the  short  period  of  nine 
months,  a  report  is  made  at  this  time  because,  owing 
to  the  excellent  system  of  manufacture  recently  in- 
stalled, the  number  of  accidents  from  this  trade  will 
be  greatly  reduced.  A  subject  as  many-sided  as 
this  cannot  be  fully  discussed  in  a  short  paper:  there- 
fore, as  the  chief  danger  arises  from  the  fumes  of  nitric 
and  mixed  acids,  this  particular  part  will  be  more  fully 
treated. 

The  conditions  under  which  our  men  work,  and  the 
vigorous  medical  supervision,  have  been  important 
factors  in  minimizing  the  accidents  of  a  dangerous 
trade.  The  building  devoted  to  making  picric  acid 
was  erected  especially  for  this  purpose  and  is  a  modern, 
substantial  structure.  The  systems  of  lighting  and 
ventilating  are  adequate;  exits  are  numerous  and  of 
easy  access.  The  new  method  of  manufacture  has 
almost  eliminated  the  escape  of  fumes  in  the  building, 
and  has  markedly  reduced  the  number  of  acid  burns. 
Our  hospital  department,  described  in  a  recent  pub- 
lication,' is  thoroughly  organized  and  completely 
equipped. 

The  examination  of  all  new  men,  and  the  reexamina- 
tion of  the  older  employees  at  frequent  intervals,  have 
mucli  to  do  with  preventing  accidents  by  weeding  out 
the  unfit  and  discovering  intercurrent  disease.  This 
work  has  given  much  valuable  information,  and  has 
been  the  means  of  rejecting  9  per  cent  of  all  men  ap- 
plying for  employment.  The  reasons  for  rejection 
include:  heart  lesions,  albumin  and  casts  in  the  urine, 
asthma,  bronchitis,  aortic  aneurysm,  mediastinal 
tumor,   arteriosclerosis,  and   alcoholism. 

PHYSICAL    EXAMINATIONS 

Realizing  that  a  permanent  and  well-trained  force 
of  able-bodied  men  is  of  great  value  in  preventing 
accidents  and  illness,  much  attention  has  been  given 
to  accomplishing  this  thing.  As  a  result  there  have 
been  many  changes  in  the  employees  of  this  depart- 
ment; signs  of  unfitness  and  inborn  carelessness  soon 
show  themselves.  Our  records  give  the  interesting 
information  that  wc  have  had  the  representatives  of 
18  nationalities  and  4  races  among  the  men  working 
with  picric  acid;  moreover,  we  have  recruited  from  .^j 
different  occupations,  varying  from  laborers  to  college 
graduates.  None  of  these  men  were  familiar  with 
this  particular  trade  before  coming  to  this  plant. 
No  class  or  race  of  men  seem  to  be  especially  sensitive 
I,  to  the  dangers  of  this  trailc:  a  strong,  licallhy,  non- 
alcoholic man,  free  from  arteriosclerosis,  hn.s  provod 
I  good  risk,  even  in  regard  to  fume  poi.Koning. 

■  HoiloH  Mtdlial  and  XHttltol  Journal.  D«r*mb«r  }l,  IQIA. 


The  information  concerning  fume  poisoning  has 
been  obtained  from  398  cases  reported  at  our  hospital, 
and  we  make  a  strenuous  effort  to  have  all  men  so 
affected  come  for  treatment. 

No.  of  Men SO     29     25     13     7     2     4     3     2       2       2  Total  Cases 

No.  of  Attacks. . .      1        2       3        456789      10      13  398 

Twenty-nine  cases  were  serious  enough  to  require 
bed  treatment  in  our  hospital  ward,  for  periods 
varying  from  '/a  day  to  3  days.  The  absence  of 
any  deaths  in  this  series  of  398  cases  is  due,  we  be- 
lieve, to  the  vigorous  method  of  handling  such  ac- 
cidents. 

DELAYED    ACTION    OF    FUMES 

Our  experience  is  in  accord  with  that  of  other  ob- 
servers in  that  mild  and  apparently  insignificant  at- 
tacks may  result  in  serious  consequences,  which,  at 
the  time,  could  not  be  foreseen,  and  also,  that  fume 
poisoning  may  have  a  delayed  action.  The  following 
case  will  illustrate  both  points.  One  of  the  older  em- 
ployees, having  become  careless  and  believing  himself 
immune  to  fumes,  neglected  to  report  at  the  hospital 
after  two  very  slight  attacks.  When  he  left  work 
some  time  later,  there  was  absolutely  nothing  to  in- 
dicate that  he  was  not  perfectly  well.  He  ate  supper 
and  went  to  bed  in  his  usual  good  health.  On  being 
called  to  breakfast,  about  twelve  hours  after  the  last 
attack,  he  was  found  to  be  semiconscious  and  breathing 
with  great  diflRculty.  He  remained  in  this  condition 
three  days,  but  finally  recovered  and  soon  reported 
back  to  work.  Since  then,  about  three  months,  he 
has  worked  here  but  in  another  department,  and  as 
far  as  we  are  able  to  see,  has  not  suffered  from  his 
experience. 

The  symptoms  given  by  our  cases  do  not  vary  from 
those  already  stated  by  other  observers,  and  will  not 
be  taken  up  in  this  paper. 

AFTER-EFFECTS    OF    FOUE    POISONING 

As  to  serious  complications  and  sequelae  of  fume 
poisoning,  our  observations  do  not  include  a  large 
enough  number  of  cases  or  extend  over  a  long  enough 
period  to  warrant  making  any  positive  statements. 
Our  investigation,  however,  has  not  disclosed  any 
cases  of  pneumonia  or  any  predisposition  to  affections 
of  the  respiratory  apparatus.  Although  we  have  had 
398  cases  of  fumes,  there  have  been  only  7  cases  of 
coryza  and  7  of  bronchitis  in  this  scries  treated  at  the 
hospital,  and  the  men  having  the  greatest  number  of 
attacks  of  fumes  were  not  more  susceptible  than  the 
others.  Neither  do  repeated  examinations  of  the  urine 
show  any  evidence  of  renal  irritation.  It  has  been 
noticed  that  men  working  where  fumes  arc  present 
show  a  tendency  to  headache,  constipation  and  indi- 
gestion. How  much  of  these  can  with  fairness  be 
attril)utcd  to  fumes  is  problcntatic,  for  these  workers 
have  changed  more  frequently  thnn  those  in  other 
departments  of  the  plant,  and  many  "sour  stomachs" 
among  men  who  cannot  hold  a  job  for  any  length  of 
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time  can  easily  be  blamed  on  something  else  besides 
employment. 

METHODS    OF    TREATING    "FUMES" 

The  method  of  handling  "fumes"  is  the  same  in  all 
instances  regardless  of  the  mildness  of  the  attack, 
or  whether  we  believe  it  due  to  apprehension  or 
malingering.  Foremen  are  instructed  to  send  to  the 
hospital  all  men  affected,  and  the  hospital  department 
sees  to  it  that  such  men  do  not  leave  the  plant  till  they 
have  again  reported.  Treatment,  whether  the  man 
is  coughing  or  complains  simply  of  a  slight  oppression 
in  the  chest,  is  started  with  the  lungmotor,  which  we 
have  modified  somewhat  to  suit  our  needs  (see  Fig.  i). 


Fig.  1 — Lungmotor  Modified  to  Taee  up  Ammonia  Fumss 

Instead  of  using  simply  air  or  oxygen,  we  have  so  ar- 
ranged that  the  air  takes  up  ammonia  fumes  by  being 
drawn  over  the  surface  of  aromatic  spirits  of  ammonia. 
This  mixture  is  so  regulated  that  the  ammonia  fumes 
can  be  forced  into  the  lungs  without  causing  any  great 
inconvenience  to  the  patient,  and  can  be  kept  up 
indefinitely.  Prolonged  treatment,  however,  has  not 
been  necessary,  as  the  relief  is  almost  immediate.  If 
oxygen  is  used,  it  is  supplied  from  a  small  cylinder, 
and  not  taken  from  the  generator  that  accompanies 
the  apparatus.  When  cough  and  substernal  distress 
are  relieved,  the  patient  is  kept  under  observation  for 
some  time  before  being  allowed  to  return  to  work, 
and  from  time  to  time  inhales  ammonia  fumes  from 
a  small  bottle  of  ammonium  carbonate  cubes.  In- 
ternal treatment  consists  of  aromatic  spirits  of  ammonia 
and  a  saline  laxative.  Chloroform  has  not  been  used. 
The  men  are  also  instructed  to  refrain  from  smoking 
and  the  use  of  alcohol.  Bed  treatment  in  our  hospital 
is  insisted  upon  in  cases  that  cause  any  anxiety,  or 
when  the  man  lives  away  from  this  vicinity  and  under 
unfavorable  home  surroundings. 

There  has  been  one  case  of  chronic  fume  poisoning 
in  a  man  who  had  frequent  slight  acute  attacks,  and 
was  indifferent  to  the  methods  used  for  self-protection. 
This  man  showed  a  slight  cough  and  bluish  lips.  He 
did  not  report  till  forced  to  by  a  severe  attack  and  was 
thus  discovered.  These  symptoms  cleared  up  when 
he  was  put  to  work  outside  and  he  shows  no  ill 
effects. 


EYE    BURNS 

There  are  other  ailments  worthy  of  note  that  affect 
men  in  this  employment.  The  next  most  serious  class 
of  injuries  that  we  have  to  deal  with  are  mixed  acid 
burns  of  the  eyes;  and  these  are  difficult  to  prevent 
as  the  men  will  not  use  the  goggles  provided.  It  is 
not  uncommon,  on  calling  a  man  to  account  for  not 
wearing  his  goggles,  to  have  him  state  he  had  them 
in  his  pocket.  The  gambling  instinct  to  "take  a 
chance"  is  responsible  for  a  large  percentage  of  accidents. 
Under  the  old  method  of  manufacture  in  earthenware 
pots,  these  injuries  were  numerous  and  sometimes 
serious.  But  it  is  marvelous  to  see  an  eye  clear  up 
that  has  been  so  badly  burned  that  the  sclera  is  edem- 
atous and  lies  in  folds  that  protrude  between  the  lids, 
and  has  the  appearance  of  the  white  of  a  fried  egg, 
the  cornea  being  at  the  same  time  obscured  by  a  brown- 
ish opacity.  There  have  been  50  acid  burns  of  the 
eye,  varying  in  severity.  In  only  one  case,  as  far  as 
we  have  been  able  to  learn,  has  there  been  resulting 
interference  with  vision.  In  our  first-aid  racks  we 
have  a  bottle  of  limewater  to  be  used  at  the  time  of 
accident.  At  the  hospital  the  eye  is  irrigated  with  a 
quart  of  limewater  to  make  certain  that  all  the  acid 
is  neutralized;  this  is  followed  with  an  irrigation  of 
warm  boric  acid  solution  and  hot  boric  compresses 
applied  till  the  inflammation  subsides. 

DERMATITIS 

Dermatitis  of  the  forearms  and  parts  of  the  body 
that  come  in  contact  with  dirty  hands  is  very  resistant 
to  treatment.  In  the  summer,  when  men  perspire 
freely  and  do  not  change  their  clothing  frequently 
enough,  a  dermatitis  is  set  up,  apparently  due  to  acid 
irritation;  failure  to  keep  the  hands  clean  carries  this 
trouble  to  other  parts  of  the  body.  Treatment  con- 
sists in  first  cleaning  the  part  thoroughly  with  soap 
and  water,  and  then  going  down  the  list  of  the  con- 
ventional lotions,  ointments,  and  powders  till  the  most 
beneficial  one  is  discovered. 

Indigestion,  headache,  and  constipation  have  been 
very  frequent  causes  for  complaint.  Whether  these 
are  due  to  hasty  eating,  many  times  to  poor  lunches, 
to  alcohol,  to  improper  attention  to  the' bowels,  is  hard 
to  say,  but  these  certainly  have  been  very  important 
factors.  I  believe  we  should  be  reluctant  to  attribute 
these  complaints  to  working  conditions,  till  the  other 
contributing  causes  are  ruled  out. 

ACTUAL    PICRIC    ACID    POISONING 

Finally,  there  have  been  very  few  cases  of  an  in- 
teresting condition  that  we  have  attributed  to  picric 
acid  poisoning.  These  have  been  men  who  had  been 
engaged  in  scraping  the  brick  lining  of  the  diluting 
tanks.  Inhalation  of  the  dust  made  the  men  light- 
headed, dizzy,  and  caused  them  to  say  things  which 
they  were  conscious  were  silly  and  absurd,  but  which 
they  could  not  control.  At  the  same  time  they  were 
unsteady  on  their  feet.  There  was  no  cough,  sub- 
sternal oppression,  or  praecordial  distress.  Benzol 
was  not  in  any  way  concerned.  After  a  short  period 
of  rest  in  the  fresh  air,  these  symptoms  disappeared. 
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Repeated  physical  examinations  of  the  older  employees 
and  careful  inquiry  have  failed  to  discover  a  symptom- 
complex  that  could  be  attributed  to  chronic  picric 
poisoning.  If  the  digestive  disturbances  above  men- 
tioned are  evidences  of  such  poisoning,  then  we  must 
admit  that  such  a  condition  is  very  easily  and  rapidly 
acquired,  as  many  of  the  men  with  these  complaints 
reported  shortly  after  being  employed.  The  men 
working  with  this  substance  for  the  longest  time  show 
no  predisposition. 

This  is  without  question  a  dangerous  trade  and  many 
accidents  occur  as  a  natural  result.  Even  though  a 
company  makes  every  effort  to  protect  its  men,  trouble 
will  still  follow  gross  carelessness  on  the  part  of  em- 
ployees; and  it  is  entirely  proper  to  attribute  a  very 
large  percentage  of  accidents  to  this  cause.  Also, 
because  it  is  a  dangerous  occupation,  and  the  men  are 
working  with  something  that  is  more  or  less  a  mystery 
to  them,  they  are  prone  to  find  in  their  work  a  cause 
for  all  their  bodily  ills,  regardless  of  how  absurd  may 
be  the  relation  of  cause  to  effect. 

WoBURN.  Massachusetts 


A  NEW  DIRECT  READING  PRECISION  REFRACTOMETER 

WITH  UNIFORMLY  DIVIDED  SCALE 

By  G.  W.  MOFFITT 

Received  December  18,  1916 

I INTRODUCTION 

It  has  long  been  known  that  the  value  of  the  index 
of  refraction  frequently  serves  as  a  valuable  criterion 
of  the  qualities  of  a  liquid.  That  the  means  for  testing 
thus  afforded  is  not  in  more  general  use  seems  to  be 
due  to  the  lack  of  satisfactory  means  for  easily  de- 
termining the  index  of  refraction  rather  than  to  any 
inherent  weakness  in  the  method  itself.  If  some 
dependable  instrument  combining  ease  of  operation 
with  accuracy  of  results  were  at  hand  it  is  probable 
that  there  are  many  who  would  avail  themselves  of  its 
possibilities.  While  there  are  several  good  refrac- 
tometers  which  may  be  obtained,  their  use  involves 
a  great  deal  of  care  and  skill  if  results  are  to  be  ob- 
tained showing  the  necessary  high  degree  of  accuracy. 
In  some  of  them  the  operation  is  long  and  the  result 
is  not  available  without  more  or  less  calculation  and 
reference  to  tables. 

There  seems,  therefore,  to  be  a  real  demand  in  the 
field  of  food  and  industrial  chemistry  for  a  simple, 
accurate  refractometer  so  simple  in  operation  that  one 
without  any  special  knowledge  of  optics  could  obtain 
accurate  results  easily  and  with  certainty.  Such  an 
instrument  has  been  recently  designed  by  the  writer'  and 
a  brief  description  of  the  refractometer  and  a  discussion 
of  its  theory  are  here  given  for  the  purpose  of  placing 
the  instrument  before  those  who  have  need  of  it  in 
their  work.  The  good  points  of  the  instrument  will 
appear  in  the  discussion,  and  may  be  briefly  summa- 
rized as  follows: 

I-  A  linear  scale  calibrated  directly  in  terms  of 
I  lie  index  of  refraction  of  the  liquid  under  px!unin;i- 
I  ion. 

■  I'hytical  Knitw.  Ileceinbvr,  l')lr> 


2 — The  possibility  of  so  constructing  the  instrument 
that  white  light  may  be  used  when  it  is  desired  to  de- 
termine the  mean  index,  the  instrument  still  retaining 
approximate  achromatization  in  many  cases. 

3 — Simplicity,  and  ease  of  manipulation. 

4 — Few  adjustments  other  than  those  fixed  per- 
manentlj'  in  the  construction  of  the  instrument. 

5 — Settings  obtained  bj'  comparing  the  dimensions 
of  an  image  with  those  of  an  eye-piece  scale — an 
accurate  means  of  determining  the  proper  adjust- 
ment. 

6 — Adequate  means  for  temperature  control  when- 
ever required. 

7 — Small  amount  of  the  liquid  required  for  a  de- 
termination, a  single  small  drop  being  sufficient. 

8 — Ability  to  determine  the  index  to  one  or  two 
points  in  the  third  decimal  place — a  degree  of  pre- 
cision equal  to,  if  not  better,  than  that  of  the  total 
reflection  instruments. 

The  entire  operation  of  determining  the  index  of 
refraction  of  a  liquid  consists  in  placing  a  drop  of  the 
liquid  at  the  proper  place  on  a  convex  surface,  bring- 
ing the  nose  of  the  microscope  down  upon  it,  and 
focusing  the  eye-piece.  The  value  of  the  index  is 
then  read  off  directly  from  the  uniformly  divided  scale 
on  the  focusing  tube  of  the  instrument.  In  an  in- 
strument of  convenient  size  the  change  in  setting  for  a 
change  of  index  from  i.ooo  to  1.500  may  be  more 
than  10  cm.  With  an  eye-piece  of  fairly  high  power 
the  uncertainty  in  a  setting  need  not  be  more  than 
0.02  cm.  In  most  cases  it  will  be  less.  The  sensi- 
tiveness will,  therefore,  compare  favorably  with  that 
of  the  best  total  reflection  instruments. 

II — THEORY 

CASE  I — Consider  the  arrangement  shown  in  Fig.  I. 
Let  a  point  source  of  light  be  placed  at  C,  distant  R 
below  the  surface  of  the  liquid.  Its  image,  due  to  the 
refraction  at  the  surface  of  the  liquid,  will  be  at  S,  so 
that  ST  =  R//I,  where  n  is  the  index  of  refraction  of 
the  liquid.  Let  S  act  as  a  virtual  o"bject  at  distance 
k  -{■  R/«  from  a  converging  lens  L  of  focus  /.  and  let 
the  image  of  S  formed  by  this  lens  be  at  I.  distant  p 
from  the  lens.     Then 


k  +  R/»  "*"  p       /■ 


(i) 


Clearing  of  fractions, 

npf  -f  knf  +  Rf  =  pkii  +  R/>.  (a) 

This  equation  becomes  linear  in  m  and  p  when 

npf  «>  npk,  or  when  it   =  /.  (3) 

Equation  2  then  becomes 

R 

/■ 

That  is,  if  Equation  i  is  satisfied,  the  position    of  the 
imaKc  depends  directly  on  the  index  of  the  liquid. 

CASE  2 — Consider  the  arrangement  shown  in  Fig.  II. 
Let  the  point  source  be  placed  «t  C.  the  center  of  cur- 
vature of  a  spherical  lens  Itiiving  concentric  surfaces, 
and  lei  a  drop  of  the  liqui<l  be  plnicd  between  the  lens 


R 

w   -        p 

P 


(4) 
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F/GJT 


and  a  plane  parallel  glass  plate  placed  in  contact  with 
the  lens.  The  treatment  dififers  from  that  of  Case  i 
in  that  the  effect  of  the  plane  parallel  glass  plate  must 
be  considered.  Beginning  with  C  as  a  point  source  to 
locate  its  image  C  by  refraction  at  the  surface  T  we 
have  the  following  equation: 

„.„        Rm'  ,  . 

C'T  =  ,  (S) 

n 

where  «'  is  the  index  of  refraction  of  the  plane  parallel 
plate.  In  the  same  way  the  refraction  at  T'  may  be 
expressed. 

ST'   =  (CT'  +  t)\    =  ^  +    '  (6) 

«  n         n 

where  /  is  the  thickness  of  the  plane  parallel  glass  plate. 
From  the  equation  of  the  converging  lens, 


p        R 


+    -.  +  k 


(7) 


The  condition  that  this  equation  be  linear  in  n  and  p  is 
I 


,  +  k  =  f. 


(8) 


Making  this  substitution  and  clearing  of  fractions  we 
have 

R  R  ,  , 

n  =       p  —     .  (9) 

P  f 

It  will  be  noticed  that  Equation  g  is  identical  with 
Equation  4,  but  that  the  conditions  for  linearity  of 
scale  stated  in  Equations  3  and  8  are  slightly  different, 
owing  to  the  effect  of  the  plane  parallel  glass  plate. 
It  will  be  seen  that  in  both  cases  the  adjustment  for 
linearity  of  scale  is  such  that  if  parallel  rays  were 
incident  upon  the  upper  face  of  the  lens  L  they  would 


be  brought  to  a  focus  at  the    plane    surface  of  the 
liquid. 

CASE  3 — Consider  the  case  when  the  source  is  not 
at  the  center  of  curvature  of  the  concentric  lens,  or 
when  the  lens  is  of  some  other  form,  but  at  a  distance 
from  it  such  that  its  apparent  distance  from  the  curved 
liquid  surface  is  ti.  The  image  by  refraction  of  the 
liquid  lens  into  the  plane  parallel  plate  is  according  to 
the  equation  for  the  plano-concave  lens  bounded  on  the 
plane  side  by  a  medium  of  index  n'. 

n'  I        n  —  I  uRn' 

=  ,   or,  C  T  =  7 ;   (10) 

C'T        «  R  R  +  m(m—  i) 

The  refraction  at  T'  may  be  expressed  as  follows: 

C'T  +  t  _  mR  .     t 

'         ~  R  +  «(n  —  1) 

The  object  distance  for  lens  L  is 

mR  .     I 


ST'   = 


+ 


(11) 


SO  = 


+     .  +  k. 


R  +  u{n —  i) 
Applying  the  equation  for  the  converging  lens, 
1  + ! 


(12) 


t 


R  +  «(« —  i) 
Differentiating  with  respect  to  n, 
dp  _  u^Rn'y^ 

dn 


+  k 


=  J-     (13) 


(14) 


(-!-?> 


[16) 


[tiRn'  +  it  +  n'k—n'f)[R  +  «(«  — 1)])  = 
When  the  condition  expressed  in  Equation  8  holds 

t  +  n'k  —  n'f  =  o,  (is) 

and  the  slope  is  a  constant,  Equation  13  taking  the 
simpler  form 

R       .  /         R 

II  = 

P 

When  k  is  too  large  the  second  term  in  the  denominator 
is  positive  and  increases  with.  k.  Therefore,  the  slope 
decreases  as  n  becomes  greater  and  the  curve  is  con- 
cave toward  the  axis  of  «.  If  k  is  too  small  the  re- 
verse is  true  and  the  curve  is  concave  towards  the  axis 
of  p.  If  «  be  set  equal  to  R,  Equation  16  becomes 
identical  with  Equation  9,  that  equation  being  a  special 
case  of  the  general  equation  just  derived. 

RELATIONS     BETWEEN     DIMENSIONS     OF     OBJECT     AND 

IMAGE — Let  C  represent  the  size  of  the  object  in  Fig. 
II,  and  let  C,  S  and  I  represent  the  size  of  the  images 
formed  at  these  respective  points.     Then 

C   _  C'T  _  S_ 

C    ~      u     ~  C 


(17) 


since  no  change  in  size  of  image  is  produced  by  the 
refraction  at  T'.  By  refraction  at  the  converging 
lens  L, 

'  =  ^  (x8) 

S        SO 
Combining  17  and  18, 


I    _  S         I 
C  ~   C  ^  S 


''"'  X  L 
u  SO 


(19) 


Substituting  the  values  of  C'T,  p,  and  SO  from  Equa- 
tions 10,  12  and  16,  and  simplifying, 
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/ 


(20) 


The  image  is  of  constant  size  for  a  fixed  value  of  u> 
a  property  of  the  system  utilized  in  a  method  for 
precise  focusing   to  be   described  in  a  later  paragraph. 

Ill ABERRATIONS 

SPHERICAL    ABERRATION    AND    DISTORTION With    the 

direct  illumination  that  may  be  used  in  this  instrument 
it  is  possible  to  use  a  stop  of  rather  small  diameter  and 
still  have  a  well-lighted  field  of  view.  Since  only  a 
small  portion  of  each  lens  is  used  in  forming  the  image 
of  any  point  in  the  object  the  effect  of  spherical  aber- 
ration in  blurring  the  image  is  very  small.  Therefore, 
it  seems  unnecessary  to  take  particular  precautions 
to  eliminate  spherical  aberration. 

Curvature  of  the  image,  however,  may  aSect  the 
performance  of  the  instrument  to  a  slight  extent.  The 
curvature  of  the  virtual  image  formed  by  the  liquid 
lens  is  concave  towards  the  eye-piece.  The  effect  of 
the  converging  lens  L  in  forming  the  image  at  the  eye- 
piece is  to  diminish  the  curvature.  The  curvatures 
of  the  surfaces  and  the  position  of  the  stop  should  be 
so  chosen  that  the  resulting  image  will  be  as  nearly 
plane  as  possible  over  the  area  covered  by  the  image 
at  the  eye-piece. 

Even  if  the  radius  of  curvature  of  the  image  were  so 
small  as  5  cm.  in  an  instrument  whose  image  were  0.5 
cm.  in  extent,  the  periphery  of  the  image  would  be  out 
of  the  plane  of  the  center  by 


h  = 


0.06   mm. 


2S 

8R        400 

This  value  is  less  than  the  error  of  a  setting.  And 
since  the  focusing  is  always  done  on  the  peripheral 
portions  of  the  image  the  efTect  would  be  to  change 
slightly  the  position  of  the  zero  point  of  the  scale. 

CHROMATIC  ABERRATION — In  Considering  the  chro- 
matic properties  of  the  system  two  distinct  cases 
arise.  If  the  converging  lens  L  be  strictly  achromatic 
the  adjustment  for  k  is  correct  for  all  wave-lengths. 
The  instrument  will  not  give  an  achromatic  image  at 
the  eye-piece,  but  the  various  colored  images  will  be 
distributed  along  the  axis  according  to  the  dispersion 
of  the  particular  licjuid  in  the  apparatus.  Such  would 
be  the  construction  of  the  rcfractometer  if  it  is  desired 
to  measure  the  value  of  the  index  for  different  wave- 
lengths in  order  to  determine  the  dispersion  of  the 
liquid.  In  this  case  monochromatic  illumination  is, 
of  course,  necessary.  Lens  L  must  be  thoroughly 
achromatized  in  order  that  the  adjustment  of  k  .shall 
be  correct  for  all  the  values  of  wave-length  with  which 
the  instrument  is  to  be  used. 

The  other  case  arises  when  the  lens  L  is  of  the  simple 
uncorrected  type.  This  leads  to  a  construction  which 
may  be  approximately  achromatized  for  liquids  of 
f)rdinary  dispersion,  and  which  when  illuminated 
with  white  light  will  give  the  index  for  some  particular 
value  of  the  wave-length  for  which  the  instrument 
has  been  calculated.  Considering  the  positions  of  the 
red  am!  the  blue  images  formed  by  the  liquid  alone, 
wc  find  that  the  blue  image  lies  nearer  the  Icn.s  L  than 


does  the  red  image.  If  the  chromatic  properties  of 
this  lens  are  such  that  its  images  of  the  images  formed 
by  the  liquid  lens  fall  at  the  same  point  the  system 
will  be  achromatic  in  the  sense  that  the  different 
colored  images  will  be  at  the  same  point  in  the  eye- 
piece. This  condition  can  be  realized  only  for  liquids 
whose  dispersion  bears  a  certain  relation  to  the  index 
of  refraction  for  some  intermediate  wave-length. 
Since  no  such  relation  is  general  it  will  be  seen  that  it  is 
not  possible  to  achromatize  the  instrument  completely, 
although  an  approximation  may  be  realized  which  will 
be  satisfactory  for  many  liquids.  Whenever  it  is  de- 
sired to  use  the  instrument  with  a  liquid  which  gives 
chromatic  effects  detrimental  to  accurate  focusing  it 
would  be  necessary  to  use  the  monochromatic  light 
for  which  the  instrument  was  designed  to  give  accurate 
readings. 

The  condition  for  approximate  achromatization  may 
be  derived  as  follows:  For  the  convergent  lens  L, 
assumed  bi-convex, 


V, 


V'c 


V'cV'k 


V'c 


V, 


2d' 


(21) 


(22) 


(24) 


where  V'p  and  V'c  are  the  virtual  object  distances 
for  the  lens  L  for  the  same  value  of  />,  and  where 
i'  =  w'f  —  n'c  for  the  lens,  and  r  is  the  radius  of 
curvature  of  the  lens  faces.  For  the  plano-concave 
liquid  lens, 

\'c  —  Vp        Vc  —  Vp        d 
VfVc      ~        Vd'        ~  R' 

where  Vc  and  Vp  are  the  distances  from  the  liquid  to 
the  corresponding  images  for  a  given  value  of  u.  R 
is  the  radius  of  curvature  for  the  curved  surface  of  the 
liquid  and  d  =  n-p  —  hq.  The  condition  for  achroma- 
tization is 

Vc  —  Vp  =  V'c  —  Vp.  (23) 

Dividing  (21)  by  (22)  and  substituting  (23), 

Vd'    _   2R</' 
V'd'  ~      Td      ~ 
This  reduces  to 

MRVa/oCn'D —  i)d  = 

«D/D«V2Rd'  +  (mR  4- /dR— .'■D"W2Rd',     (25^ 

which  shows  that  it  is  possible  to  achromatire  the 
system  for  any  liquid  whose  mean  index  bears  a  cer- 
tain relation  to  the  square  root  of  its  dispersion.  This 
relation  is  determined  by  the  constants  of  the  optical 
system. 

IV — THE    INSTRUMENT 

The  rcfractometer  may  be  set  up  in  a  convenient 
form  resembling  an  ordinary  microscope  in  appearance. 
Instead  of  the  usual  state  a  healing  tnnk  may  be 
provided,  through  the  center  of  which  passses  a  spring- 
mountcd  tube  carrying  the  object  scale  nl  the  lower 
end  and  the  lens  on  which  the  liquid  is  placed  at  tlie 
upper  end.  The  spring  mounting  lifts  this  lube  so 
that  the  lens  comes  above  the  top  of  the  heating  jacket 
when  the  microscope  is  raised.  In  this  position  il  is 
easy    of    access  for  cleaning  and  for  placing  the  ilrop 
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of  liquid  in  position.  At  the  lower  end  of  the  mi- 
croscope tube  is  placed  the  plane  parallel  plate,  and  up 
in  the  tube  at  the  proper  distance  is  placed  the  con- 
verging lens  L.  The  microscope  tube  is  arranged  so 
that  it  may  be  lowered  into  position  and  the  two  lenses 
brought  into  contact,  and  in  contact  with  the  liquid, 
and  lowered  into  the  heating  jacket.  The  eye-piece 
should  be  mounted  in  the  end  of  a  tube  telescoping 
into  the  microscope  tube  with  rack  and  pinion  ad- 
justment for  ease  of  focusing.  The  focusing  tube 
should  also  be  provided  with  a  scale,  read  with  a  ver- 
nier, whose  divisions  are  in  accord  with  Equation 
16,  if  the  instrument  is  to  be  direct  reading.  The 
eye-piece  should  be  of  fairly  high  power  and  should  be 
mounted  in  such  manner  that  it  and  the  eye-piece 
scale  may  be  moved  laterally  a  short  distance  in  order 
to  enable  the  user  to  bring  the  image  and  the  scale 
into  coincidence. 

ADJUSTMENTS — The  adjustments  of  the  instrument 
are  few  and  simple.  The  converging  lens  and  the 
plane  parallel  plate  must  be  carefully  fixed  with  re- 
spect to  each  other.  On  this  adjustment  depends  the 
linearity  of  scale.  It  will  be  seen  that  the  proper 
adjustment  is  such  that  parallel  light  incident  on  the 
lens  from  above  is  brought  to  a  focus  on  the  lower 
surface  of  the  plate.  If  the  system  be  lined  up  with  a 
telescope  focused  for  parallel  light  by  the  auto-colli- 
mation  method,  the  adjustment  may  be  made  by 
eliminating  parallax  between  the  cross  wire  of  the 
telescope  and  the  images  of  fine  dust  particles  on  the 
lower  surface  of  the  plate.  If  the  lens  is  not  achromatic 
this  adjustment  should  be  made  with  monochromatic 
light  of  the  same  wave-length  for  which  the  instrument 
is  to  read  correctly. 

FOCUSING — In  the  development  of  the  equations  it 
was  shown  that  the  image  in  the  eye-piece  is  of  a 
fixed  size  whenever  the  instrument  is  in  proper  focus. 
The  ratio  of  the  image  size  to  the  object  size  is  given  in 
Equation  20.  Therefore,  if  two  scales  be  ruled  with 
divisions  in  the  ratio  of  /  to  u  the  one  may  be  used  as  an 
eye-piece  scale  and  the  other  as  an  object  whose  image 
is  formed  at  the  eye-piece.  When  focusing  is  complete, 
image  and  eye-piece  scale  will  be  of  the  same  size  and 
coincident. 

POSITION  OF  stops:  effect  on  focusing — The  rays 
usually  used  when  locating  the  position  of  an  image 
graphically  are  seldom  those  that  actually  form  the 
image.  The  position  of  the  stop  that  limits  the  aper- 
ture of  the  instrument  determines  the  rays  that  ac- 
tually form  each  part  of  the  image.  This  would  seem 
to  be  of  small  importance  here  in  its  effect  on  spherical 
aberration  and  curvature  of  field  but  it  plays  an  im- 
portant part  in  focusing  by  comparison  of  image  with 
eye-piece  scale.  While  the  eye-piece  is  moved  outward 
throughout  the  range  of  clear  focus  we  may  have  the 
image  increasing,  decreasing,  or  remaining  of  con- 
stant size,  depending  on  the  position  of  the  stop. 
And  the  steeper  the  slope  of  the  chief  image  rays  with 
the  axis  of  the  instrument  the  greater  will  be  the  ac- 
curacy with  which  the  focusing  may  be  done.  Several 
cases  arise. 


I — When  the  stop  is  between  the  object  and  the  liquid 
lens  the  chief  image  rays  are  slightly  convergent  and 
the  image  increases  in  size  as  the  eye-piece  is  racked 
in.  This  convergence  is  never  very  great.  A  rather 
large  aperture  for  the  liquid  lens  is  also  required. 
For  these  reasons  this  position  of  the  stop  is  not  good. 

2 — When  the  stop  is  in  the  plane  of  the  liquid  lens 
it  is  at  the  principal  focus  of  the  lens  L  and  the  chief 
image  rays  are  parallel.  No  change  in  the  size  of  the 
image  results  on  moving  the  eye-piece  toward  or  away 
from  the  lens.  Accurate  focusing  cannot  be  done 
with  the  stop  in  this  position. 

3 — When  the  stop  is  at  the  converging  lens  the  chief 
image  rays  diverge  from  a  point  approximately  co- 
incident with  the  optical  center  of  the  lens.  Their 
slope  decreases  with  increase  of  the  index  of  the  liquid, 
thus  decreasing  the  accuracy  of  a  setting  for  the  higher 


Fig.  Ill 


values  of  the  index.  It  is  apparent,  however,  that  the 
decrease  in  accuracy  is  less  rapid  than  the  increase  in 
value  of  the  index  so  that  the  percentage  error  decreases 
with  increase  of  the  index.  It  will  be  noted  that  the 
center  of  the  liquid  lens  is  used  to  form  the  center  of 
the  image  while  the  peripheral  rays  form  the  edge  of  the 
image.  This  arrangement  enables  one  to  focus  with 
a  good  degree  of  precision. 

4 — If  the  stop  be  placed  at  a  fixed  distance  above  the 
converging  lens,  say  at  its  principal  focus,  the  diver- 
gence of  the  chief  image  rays  is  increased  over  that  of 
Case  3,  and  the  accuracy  of  a  setting  thereby  increased. 
Between  the  liquid  lens  and  the  converging  lens  the 
chief  rays  are  parallel  to  the  principal  axis.  The 
effective  apertures  of  both  lenses  are  the  same  and  vary 
inversely  with  the  index  of  the  liquid.  The  percentage 
accuracy  of  the  settings  is  a  constant  because  the  dis- 
tance from  the  stop  to  the  image  is  directly  proper- 
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tional  to  the  index  of  the  liquid.  This  position  of  the 
stop  seems  most  likely  to  give  high  precision  in  the 
readings.  Evidently  the  most  accurate  settings  can 
be  made  when  the  divergence  of  the  chief  image  rays 
is  as  great  as  is  consistent  with  a  good  length  of  image 
and  reasonably  small  apertures  of  the  lenses,  especially 
of  the  liquid  lens.  Since  the  aperture  of  the  lenses  is 
increased  by  bringing  the  stop  nearer  the  eye-piece 
it  is  seen  that  there  is  a  limit  where  the  increase  in 
aberration  effects  due  to  increased  aperture  of  the  lenses 
will  counterbalance  any  gain  in  accuracy  of  focusing 
due  to  increased  divergence  of  the  chief  image  rays. 

A  compact  instrument  with  a  very  open  scale,  and 
covering  a  long  range,  might  be  constructed  in  the  fol- 
lowing manner:  Let  the  spring-mounted  tube  carry 
three  object  scales  instead  of  one.  Let  these  scales 
be  so  ruled  and  placed  that  when  focusing  on  the  first 
scale  values  of  index  from  i.ooo  to  1.2 -|-  would  cover 
the  range  of  the  engraved  scale  of  the  instrument. 
By  focusing  on  the  second  scale  values  from  1.2  to 
1.4 -f  could  be  read,  and  by  focusing  on  the  third  scale 
values  from  1.4  to  1.6  4-  could  be  determined.  Such 
an  instrument  would  be  of  practically  the  same  size 
as  one  with  single  scale  covering  the  same  range 
with  one-third  the  openness  of  scale.  With  certain 
values  of  index  two  scales  would  be  in  focus  in  the  field 
of  view  at  the  same  time.  Each  scale  should  be  given 
a  distinguishing  mark  and  the  three  should  be  placed 
at  different  angles  across  the  field  of  view  in  order  to 
prevent  confusion  of  the  scales. 

V EXPERIMENTAL 

After  considerable  preliminary  work  a  single  scale 
instrument  was  constructed  essentially  as  described 
above.  The  lenses,  except  the  optical  flat,  were  made 
by  a  local  firm  of  spectacle  lens  grinders.  The  center- 
ing was  not  all  that  could  be  desired  and  for  this  reason 
a  satisfactory  study  of  the  effect  of  varying  the  posi- 
tion of  the  stop  was  impossible.  The  stop  was  placed 
at  the  converging  lens  L  which  had  a  focal  length  of 
about  8.5  cm.  The  aperture  used  was  somewhat  less 
than  a  centimeter  in  diameter.  The  radius  of  curvature 
of  the  upper  face  of  the  concentric  lens  was  6.0 -f  cm. 
Actual  openness  of  scale  was  found  to  be  1.282  cm. 
for  a  change  of  o.i  in  the  index  of  the  liquid.  The 
value  of  M  was  placed  equal  to  that  of  /,  since  that 
adjustment  leads  to  the  shortest  tube  length  for  the 
instrument.  It  also  leads  to  more  accurate  focusing 
than  when  the  tube  is  longer  since  the  chief  image  rays 
are  more  divergent.  The  length  of  the  object  and  the 
image  scales  was  0.5  cm.  The  approximate  adjustment 
of  k  was  made  by  the  collimation  method  already 
described,  using  sodium  light. 

Careful  determinations  of  the  index  of  refraction 
were  then  made  for  several  liquids  using  a  spectrom- 
eter and  a  hollow  60°  prism.  Immediately  after 
the  deviation  readings  were  taken  with  the  spectrom- 
eter a  drop  of  the  liquid  was  removed  from  the 
prism  and  placed  in  the  rcfrnctomeler.  A  number  of 
sellings  were  mudc  and  the  reading  of  the  centimeter 
scale  on  the  focusing  tube  of  the  instrument  recorded 
each  time.  The  illumination  for  nil  rcadinKS  wns  fur- 
nishi'il  by  a   lUinson  burner  wiinsr  flame   wos  colored 


R 

efractometer  Readings  cm. 

1 

.42 

1.41 

1.42      1.41-h 

.-> 

•SV 

5.59 

5.S8 

7 

07 

7.03 

7.04 

7 

.68 

7.66 

7.67 

by  a  piece  of  asbestos  soaked  in  a  solution  of  common 
salt.  The  procedure  was  carried  out  for  all  the  liquids 
in  the  table  below. 

Spectrometer 
Substance  Value  of  n 

■Wi 1 .000  (assumed) 

Water 1.3318 

Kerosene 1 .  4475 

Cedar  Oil 1.4994 

Carbon  Bisulfide 1 .  6209 

Curve  I,  Fig.  IV,  shows  the  results  graphically. 
It  will  be  noticed  that  the  curve  deviates  somewhat 
from  a  straight  line,  being  concave  toward  the  axis 
of  index  of  refraction.  If  we  refer  to  Equation  14, 
which  gives  the  slope  of  this  graph  as  n  varies,  we  see 
10 
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that  the  curve  would  be  concave  toward  the  axis  of 
indices  when  the  value  of  k  is  too  great.  The  value  of 
k  was  then  decreased  by  0.03  cm.  and  readings  again 
taken.  The  results  are  shown  in  Curve  II,  Fig.  IV. 
The  graph  is  sensibly  a  straight  line. 

It  is  obvious  that  if  a  uniformly  divided  scale  be 
placed  so  that  the  i.ooo  mark  shall  coincide  with  the 
1.55  cm.  mark  of  the  centimeter  scale  on  this  in- 
strument as  used  in  making  the  above  readings,  and 
the  1.600  mark  be  made  to  coincide  with  the  o-ij  cm. 
mark  we  shall  have  a  direct  reading  instrument  with  an 
openness  of  scale  suflicicnt  to  determine  the  index  to 
the  third  ilccimal  place. 

This  rcfraclomctcr  has  been  made  the  subject  of 
patent  application,  and  its  ni.-inufaclurc  will  be  taken  up 
if  suflicicnt  demand  arises. 

WxaniNOTON   IIhiv»»iut* 
St.  Louis.  Miwoum 
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PAST  I— GENERAL  REPORT 

NEED   OF    SPECIFICATIONS 

A  demand  for  specifications  which  will  enable  purchasers 
of  rubber  insulation  for  wire  or  cable  to  secure  good  material 
on  the  basis  of  competitive  bids  has  existed  for  many  years. 

In  recent  years,  there  has  been  no  difficulty  in  securing  insula- 
tion having  the  dielectric  strength,  specific  resistance,  elasticity 
and  mechanical  strength  required  in  practice.  Indeed,  with  the 
possible  exception  of  dielectric  strength  these  qualities  are  usu- 
ally in  excess  of  actual  service  requirements.  There  is  another 
quality,  namely,  permanence,  which  although  equally  essential, 
has  not  been  so  easy  to  obtain. 

While  the  physical  properties  of  rubber  insulation  are  suscep- 
tible of  positive  determination  by  tests  which  can  be  made 
before  acceptance  by  the  purchaser,  the  permanence  of  insula- 
tion can  be  ascertained  with  certainty  only  by  actual  trial, 
often  at  great  loss,  inconvenience  and  even  danger.  It  should, 
therefore,  be  the  aim  of  specifications  to  overcome  this  difficulty 
and  by  some  indirect  means,  ensure  that  the  manufacturers 
supply  compounds  having  the  required  endurance. 

This  obviously  presents  a  difficult  problem,  as  it  requires 
that  some  relation  be  established  between  permanence  and  one 
or  more  of  the  properties  which  are  susceptible  of  test.  It  has 
been  established  by  experience  that  Hevea  rubber  or  the  rubber 
ol  the  Hevea  BrasUiensis  tree,  when  properly  cured,  is  a  superior 
grade  which  is  entirely  satisfactory  for  electrical  insulation 
of  the  class  under  consideration.  Hevea  rubber  may,  there- 
fore, be  specified  with  advantage,  although  certain  other  rubbers 
of  good  quality  may  be  excluded.  The  rubber  has  to  be  Hevea 
rubber  of  good  quality,  the  materials  associated  with  it  in  the 
compound  must  be  known  to  be  non-deleterious  and  the  com- 
pound itself  must  be  well  prepared,  applied  and  vulcanized. 

TYPES   OF    SPECIFICATIONS 

Two  types  of  specifications  have  been  devised  to  compass 
those  restrictions.  The  first  type  of  specification  proceeds  on 
the  assumption  that  certain  physical  characteristics  are  developed 
to  an  unusual  degree  by  the  use  of  Hevea  rubber,  especially  the 
grade  known  as  fine  Para.     Among  the  qualities  affected  by  the 


grade  of  rubber,  and  alleged  to  be  useful  indications  of  the  pres- 
ence of  Para  rubber,  are  the  tensile  strength,  elasticity  and  specific 
electrical  resistance.  Accordingly  some  specifications  have 
been  issued  in  which  one  or  more  of  these  qualities  is  specified 
in  an  exaggerated  degree.  Experience  has  shown  that  such 
specifications  are  ineffective,  as  the  specified  physical  quality 
can  be  obtained  either  by  manipulation  of  poor  compounds  or 
at  the  expense  of  permanence  in  compounds  made  originally 
of  good  materials.  In  consequence  of  this,  specifications  based 
exclusively  on  physical  tests  have  fallen  into  disrepute,  but  such 
tests  now  serve  in  modified  form  as  adjuncts  to  other  types  of 
specifications. 

The  second  type  of  specifications  to  be  considered  is  that  in 
which  a  more  or  less  rigid  formula  for  the  compound  is  specified 
and  compliance  with  it  exacted  either  by  inspection  during 
manufacture,  or  by  chemical  analysis  supplemented  by  other 
tests  of  tV*e  finished  product.  Inspection  which  will  really  ensure 
compliance  with  such  specifications  is  usually  impracticable. 
Reliance  must,  therefore,  be  placed  principally  upon  chemical 
analysis.  Three  difficulties  at  once  arise.  In  the  first  place, 
chemical  analysis  cannot  directly  ascertain  the  quality  of  the 
rubber  which  has  been  used  in  the  manufacture  of  a  compound ; 
it  can  determine  quality  only  by  the  mdirect  method  of  measuring 
•certain  characteristic  constituents.  It  is,  therefore,  necessary 
to  present  in  the  specification  a  relation  between  the  desired 
formula  and  the  chemical  findings.  The  second  difficulty  is 
that  in  the  past,  chemists  have  employed  diverse  methods  of 
analysis  which  give  inconsistent  results.  It  is,  therefore,  neces- 
sary to  establish  a  satisfactory  and  standard  procedure  for  anal- 
ysis. The  method  of  analysis  must  not  only  yield  the  information 
desired,  but  it  must  also  be  practical  and  capable  of  yielding 
uniform  results  when  applied  to  the  same  compound  by  different 
chemists.  In  order  to  secure  this  uniformity  it  is  important  to 
describe  the  methods  of  analysis  in  detail.  The  third  difficulty 
has  been  the  non-uniform  interpretation  of  analytical  results. 

The  specification  hereinafter  presented  is  of  the  second  or 
chemical  type,  in  which  an  endeavor  has  been  made  to  meet 
the  three  objections  hitherto  urged  against  such  specifications. 
It  contains  a  table  showing  the  range  of  analytical  results  that 
should  be  obtained  from  a  good  compound  containing  30  per  cent 
of  high  class  Hevea  rubber,  and  is  supplemented  by  a  detailed 
analytical  procedure.  The  specification  is  not  complete  as  given, 
it  being  necessary  to  add  appropriate  electrical  and  mechanical 
test  requirements  Examples  of  complete  rubber  insulation 
specifications  are  cited  in  Part  VI  of  this  report. 

The  specification  should  always  be  used  in  conjunction  with 
the  analytical  procedure.  The  latter  will,  however,  serve  for 
the  analysis  of  any  compounds  of  the  30  per  cent  Para  type 
with  mineral  fillers,  provided  the  inten'retation  is  made  to 
correspond. 

HISTORY   OF   THE   COMMITTEE 

The  necessity  of  purchasing  insulated  wire  under  conditions 
of  competitive  bidding  led  the  various  departments  of  the  govern- 
ment, the  railroads  and  other  large  consumers,  to  issue  specifica- 
tions for  rubber  insulation.  These  specifications  were  based 
upon  the  individual  experience  or  theories  of  a  number  of  engi- 
neers, aided  by  suggestions  from  some  of  the  manufacturers. 
For  several  years  no  attempt  was  made  to  standardize  the.se 
specifications,  and  much  trouble  was  given  to  the  manufacturers 
by  the  diversity  of  requirements  contained  in  them.  In  1906, 
the  Rubber  Covered  Wire  Engineers'  Association,  consisting  of 
representatives  of  the  leading  manufacturers,  prepared  a  speci- 
fication which  was  olTcred  as  a  standard.  This  was  followed 
in  191 1  by  the  revised  specification  of  the  National  Board  of 
Fire  Underwriters,   which,  however,  calls  for  a  comparatively 


Mar.,  191  7 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


3" 


low  grade  of  compound.  The  former  specification,  although 
the  best  that  could  be  agreed  upon  at  that  date,  was  so  defective 
as  to  afford  little  or  no  protection  to  consumers.  The  latter 
occupies  a  field  by  itself,  and  makes  no  pretension  to  specifying 
the  highest  quality  of  compoimd.  Consumers  desiring  high- 
grade  insulation  of  great  permanence,  therefore,  continued  to 
use  their  own  specifications,  altering  them  from  time  to  time, 
in  accordance  with  the  best  information  available,  with  a  grow- 
ing tendency  to  rely  upon  chemical  rather  than  physical  tests. 
Some  difiiculty  was  experienced  both  in  obtaining  bids  and  in 
enforcing  these  specifications  owing  to  the  inability  of  chemists 
to  make  concordant  analyses  of  rubber  compounds.  This 
matter  reached  an  acute  stage  in  191 1,  when  a  number  of  manu- 
facturers and  consumers  held  a  conference  in  order  to  discuss 
the  possibility  of  standardizing  specifications  and  analytical 
methods  for  rubber  insulation.  This  conference  was  held  at 
New  York  on  December  7,  191 1,  Col.  Samuel  Reber  of  the  U.  S. 
Signal  Corps  presiding.'  The  following  interests  were  repre- 
sented : 

Signal  Corps,  U.  S.  Army.  General  Electric  Co. 

American  Chemical  Society.         Hazard  Manufacturing  Co. 

Lederle  Laboratories.  Simplex  Wire  &  Cable  Co. 

New  York  Central  Lines.  Standard  Underground  Cable 

Pennsylvania  R.  R.  Co.  Co. 

After  a  full  discussion  of  the  subject,  a  Committee  was  ap- 
pointed to  devise  a  specification  and  an  analytical  procedure 
for  rubber  insulation,  the  Committee  to  report  at  a  future  con- 
ference. The  Chairman,  assisted  by  other  members,  appointed 
the  following  to  serve  upon  this  Committee  which  was  named 
"The  Joint  Rubber  Insulation  Committee:" 

C.  R.  Boggs,  Simplex  Wire  &  Cable  Co. 

W.  S.  Clark.  General  Electric  Co. 

W.  A.  Del  Mar,  N.  Y.  Central  R.  R.  Co.  (later  Interborough 
Rapid  Transit  Co.). 

W.  B.  Geiser.  N.  Y.  Central  R.  R.  Co. 

J.  P.  Millwood,  Consulting  Chemist. 

P.  Poetschke,  Lederle  Laboratories. 

H.  B.  Rodman,  Pennsylvania  R.  R.  Co. 
Later  at  the  request  of  the  Committee  and  by  unanimous  con- 
sent of  the  members  of  the  original  Conference,  the  following 
were  added : 

J.  B.  Tuttle,  U.  S.  Bureau  of  Standards. 

E.  L.  Willson,  Hazard  Manufacturing  Co. 

W.  A.  Del  Mar  was  elected  secretary  of  botli  the  Conference 
Committee  and  of  the  Joint  Rubber  Insulation  Committee.  No 
permanent  chairman  was  elected,  it  being  left  to  the  Com- 
mittee to  elect  a  chairman  at  each  meeting. 

The  Committee  inmiediately  upon  its  formation  decided  to 
confine  it.self  to  the  ficvclopmcnt  of  a  specification  and  an 
analytical  procc(hirc  for  compoimds  of  the  ^o  per  cent  Para 
type.  In  accordance  with  this  policy  it  made  a  study  of  the 
chemical  characteristics  of  Hevea  rubber  and  of  the  available 
analytical  procedures.  New  procedures  were  also  developed 
and  studied.  Samples  of  different  rubber  compounds  were 
analyzed  by  these  tentative  metluxls.  The  results  were  un- 
satisfactory and  the  discrepancies  were  investigated.  Sub- 
committees were  formed  to  do  much  of  this  work.  Twelve 
regular  committee  mcetinKS,  besides  numerntis  sub-conunittcc 
meetings,  were  held;  many  different  compounds  were  distributed 
to  be  analyzed  by  the  entire  committee,  ami  others  were  ex- 
perimented upon  by  the  siib-ciimmittei-s  and  individual  members. 

;\flir  two  years. of  this  work  the  Cununiltir  prcsentcil  a  pre- 
liminary report  to  a  Second  Conference  which  was  held  ut  New 
York  on  October  15,  191.1,  Col.  S.  Kcber  iiguin  presiding.  The 
report  was  unnnitn(ni!ily  accepted  by  the  Conference  and  the 
Committee  authorized  to  contimic  in  existence  for  anolhcr  year 
■  The  iiiviuiloni  wrrc  ixucil  l<y  Mr.  H.  II.  Kalte.  I'liirf  Kniinrrr 
of  KItctrIc  Trnrllon.  nf  the  New  Vntk  i'cntral  Railroad  I  ntiinanv 


for  the  purpose  of  making  any  revisions  that  might  appear 
necessary  in  its  report,  as  the  result  of  a  year  of  experience 
with  it. 

The  Committee  was  also  authorized  to  publish  the  preliminary 
report.  This  was  accomphshed  through  the  courtesy  of  the 
American  Chemical  Society,  the  American  Institute  of  Elec- 
trical Engineers,  and  the  U.  S.  Bureau  of  Standards,  the  report 
appearing  in  their  oflicial  pubUcations,  This  Journal 
(January,  191 4),  the  Proceedings  of  the  American  Institute  of 
Electrical  Engineers  (January,  19 14),  and  Bureau  of  Standards 
Circular  No.  38,  respectively. 

Instead  of  reporting  in  a  year,  the  Committee  foimd  it  neces- 
sary to  devote  nearly  3  years  to  this  work,  holding  13  additional 
meetings,  or  a  total  of  25  general  meetings  exclusive  of  sub- 
committee meetings. 

The  Committee  was  authorized  at  the  second  Conference, 
to  increase  its  personnel  without  securing  the  approval  of  the 
Conference  Committee.  It  has  added  the  following  chemists 
to  its  membership: 

A.    E.   Ellis,    Interborough   Rapid  Transit  Co.,   New   York. 

G.  d'Eustachio,  Standard  Underground  Cable  Co. 

E.  W.  Gundy,  Pennsylvania  R.  R.  Co. 

C.  W.  Walker,  American  Steel  &  Wire  Co. 

C.  F.  Woods,  A.  D.  Little  Co.,  Inc.,  Boston. 

The  following  resignations  have  been  accepted  since  the  Second 
Conference:  J.  P.  Millwood  and  P.  Poetschke.  Mr.  Geiser 
also  resigned,  due  to  stress  of  other  work,  but  has  been  re- 
elected. 

The  Joint  Rubber  Insulation  Committee's  specification  for 
rubber  insulating  compound  has  been  adopted  by  the  principal 
engineering  societies  which  issue  standards  of  the  kind.  Among 
these  are  the  American  Electric  Railway  (Engineering)  As- 
sociation, the  Association  of  Railway  Electrical  Engineers  and 
the  American  Society  for  Testing  Materials.  The  specifica- 
tion has  also  been  adopted  by  a  large  number  of  important 
purchasers  of  insulated  wire,  including  the  U.  S.  Signal  Corps, 
the  Panama  Canal,  the  New  York  Central  R.  R.  Co.,  the  Inter- 
borough Rapid  Transit  Co.,  the  Public  Service  Corporation  of 
New  Jersey,  etc. 

The  Committee  desires  to  express  its  thanks  to  the  many 
gentlemen  not  members,  who  have  actively  participated  in  the 
work,  especially  to  Messrs.  F.  S.  Deemer,  F.  A.  Hull,  M.  M. 
Kahn,  C.  B.  Martin,  G.  H.  Savage,  J.  F.  Tinsley  and  D.  Whipple. 


PABT  II— SPECIFICATION  FOR  SO  PER  CENT    HETEA    RUBBER 
COMPOUND  (CHEMICAL  CLAUSES) 

I — A  30  per  cent  fine  I'ara  or  best  quality  plantation  llcvea 
rubber  compound  witli  mineral  tillers,  shall  be  furnished.  It 
shall  contain  only  tlie  following  ingredients:  (1)  Rubber; 
(2)  Sulfur;  (3)  Inorganic  mineral  matter;  (4)  Refined  solid  paraffin 
or  ceresinc. 

2 — The  vulcanized  compound  sh.ill  conform  to  the  following 
requirements,  when  tested  by  the  prixx-dure  of  the  Joint  Rubber 
In.sulation  Committee,  results  iH-ing  cxprcs.-icd  as  (KTVontngca 
by  weight  of  the  whole  sample: 

RXQUIRRMBNTS    iNOIriNDINT    OF    TMR    AHOUNT    OV    Rl'HIM    FoVMO 

Maxlmuni         Minimum 

Rubber S.\  .tO 

Waxjr  Itvdrorarlma* 4 

I'rce  Sulfur 0.7 

Red  lend.  CRrbon,  or  organic  fillerv  Rhall  not  t>c  present. 
RiiUt'inHtiitNTs   Dkpindknt  t'roN   .\moi'nt  or  Krasii*  Fukmd 
(Re()uircmfinti  (or  liuerraedlatc  pcrc«nta(e>  fthall  be  In  proportion  to 
the  i>crcenlaRe  of  rubber  found.) 

JO    I'Xa    CIIKT  .*.*    !*«■    CINT 

RUKRMR    ClIMPUl'ND  RfaKS*    CoMIMl'MD 

Mailmum  Minimum     Matlmum  Minimnm 

SaponlAable  Acetone  liitmct    I    .V^  O.SS                   1.50  fl.M 

Un»ap<.iiih..l  I.    Kr^n. 0.«S  .                            0  JO  .... 

Chloi..'                               O.VO  I  .00             

Alcol'                             i.ct....   O.JJ  0.»0  .... 

Toi.i                                 .')....   J. 10  }  M  .... 

Speoi                                              .  1.67 
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3 — The  acetone  solution  shall  not  fluoresce. 

4 — The  acetone  extract  (60  cc.)  shall  be  not  darker  than  a 
light  straw  color. 

5 — Hydrocarbons  shall  be  solid,  waxy  and  not  darker  than  a 
light  brown. 

6 — Chloroform  extract  (60  cc.)  shall  be  not  darker  than  a 
straw  color. 

7 — Failure  to  meet  any  requirement  of  this  specification  will 
be  considered  sufficient  cause  for  rejection. 

8 — Contamination  of  the  compound,  such  as  by  the  use  of 
impregnated  tapes,  will  not  excuse  the  manufacturer  from  con- 
forming to  this  specification. 

NOTE  1 — This  specification  shall  be  supplemented  by  ap- 
propriate clauses  relating  to  tensile  strength,  elasticity,  electric 
insulation  resistance  and  dielectric  strength.  (See  the  Wire 
and  Cable  Specifications  of  the  American  Society  for  Testing 
Materials,  the  Association  of  Railway  Electrical  Engineers, 
etc.,  for  examples  of  such  clauses.) 

NOTE  2— The  limit  on  total  sulfur  may  be  omitted  at  the  option 
of  the  purchaser.     (See  Part  IV  of  this  Report.) 


FART  III— ANALYTICAL  PKOCEDURE 

OBJECT  OP   THE  ANALYSIS — The  object  of  this  procedure  of 
analysis   is   to   determine   whether   rubber   compounds   comply 


not  more  than  20  per  cent  will  pass  through  a  40-mesh  sieve. 
Sift  all  the  material  through  a  20-mesh  sieve,  regrinding  what 
is  retained  on  the  sieve  until  the  entire  sample  has  passed  through. 
The  wires  of  the  sieves  shall  be  evenly  spaced  in  both  directions 
and  shall  be  of  0.016  and  o.oio  inch  diameter  in  the  20-  and 
40-mesh  sieves,  respectively.  Remove  with  a  strong  magnet 
any  metal  that  may  have  come  from  the  grinder  and  thoroughly 
mix  the  sample. 

E.XTRACTION  APPARATL'S — The  extraction  apparatus  shall 
conform  with  the  accompanying  Fig.  III.  It  shall  be  heated  so 
that  the  period  of  filling  an  empty  syphon  cup  with  acetone  and 
completely   emptying  it  will  be  between  2'/2  and  .-^Vs  minutes. 

PREPARATION  OF  REAGE.VTS:  I — Acctone  shall  be  freshly 
distilled  over  anhydrous  potassium  carbonate,  using  the  fraction 

56-57°  c. 

2 — -Alcoholic  potash  solution  shall  be  of  normal  strength  and 
shall  be  made  freshly  by  dissolving  the  proper  amount  of  po- 
tassium hydrate  (purified  by  alcohol)  in  95  per  cent  alcohol 
which  has  previously  been  distilled  over  potassium  hydrate. 
The  solution  shall  be  allowed  to  stand  for  24  hours  and  only 
the  clear  liquid  used. 

3 — Ether  shall  be  washed  with  three  successive  portions  of 
distilled  water  and  distilled,  using  the  fraction  34-36°  C. 

4 — Chloroform  shall  be  shaken  with  water,  dried  by  calcium 
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chemically  with  the  accompanying  specification  which  is  in- 
tended to  secure  compounds  containing  30  per  cent  of  the  best 
Hevea  rubber,  and  mineral  fillers. 

OUTLINE  OF  PROCEDiTRE — The  general  procedure  is  shown  in 
Fig.  I. 

GENERAL — Make  the  analysis  upon  the  insulation  after  vul- 
canization and,  whenever  possible,  before  the  saturation  of  the 
braid.  Wipe  the  insulation  thoroughly  with  a  damp  cloth  to 
remove  any  adhering  material,  but  do  not  remove  waxy  hydro- 
carbons from  the  surface. 

If,  however,  a  saturated  braided  sample  must  be  used,  remove 
the  braid  and  sandpaper  the  insulation  to  a  depth  of  at  least 
0.005  in.  and  wipe  with  a  damp  cloth.  The  latter  procedure, 
however,  is  not  to  be  recommended,  as  it  may  cause  an  appreci- 
able error  in  the  acetone  extract.  In  such  cases  report  the  con- 
dition of  the  sample. 

Perform  all  determinations  in  duplicate  and  take  the  average 
value  arbitrarily  as  the  true  value.  Duplicate  determinations 
must  check  within  the  limits  specified. 

Make  blanks  on  all  determinations  and  deduct  the  results 
accordingly. 

SAMPLE — Remove  the  insulation  entirely  from  sufficient  wire 

to  give  a  sample  weighing  about  25  grams.     Cut  this  into  small 

pieces'  and  grind  slowly  in  either  a  No.  O  Enterprise  coffee  mill 

or  a  mill  such  as  shown  in  Fig.  II.     Adjust  the  grinder  so  that 

>  This  is  most  conveniently  done  with  a  meat  chopper. 


chloride,  decanted,  and  freshly  distilled,  only  the  clear  distillate 
being  used. 

5 — Carbon  tetrachloride  shall  be  pure  and  freshly  distilled. 

6 — The  nitric  acid  bromine  reagent  shall  be  prepared  by  adding 
a  considerable  excess  of  bromine  to  the  concentrated  nitric  acid, 
shaking  thoroughly  and  allowing  it  to  stand  for  some  hours 
before  using. 

7 — The  fusion  mixture  for  sulfur  determinations  shall  be  made 
by  mixing  equal  quantities  of  sodium  carbonate  and  powdered 
potassium  nitrate. 

8 — The  barium  chloride  solution  shall  be  made  by  dissolving 
100  g.  of  cr>'stallized  barium  chloride  in  one  liter  of  distilled 
water  and  adding  two  or  three  drops  of  concentrated  hydro- 
chloric acid.  If  there  is  any  insoluble  matter  or  cloudiness 
the  solution  shall  be  heated  on  a  steam  bath  over  night  and  fil- 
tered through  589  S.  &  S.  Blue  Ribbon  filter  paper. 

9 — -Distilled  water  only  shall  be  used  in  preparing  solutions 
and  in  all  washing  operations.  Reagents  not  otherwise  specified 
shall  be  of  a  "C.  P.  tested"  quality. 

ACETONE  EXTRACT — Extract  continuously  with  60  cc.  acetone 
for  eight  hours,  two  2-g.  samples  that  have  been  prepared  within 
24  hours.  Unite  the  extracts  in  a  weighed  flask,  using  hot  chloro- 
form to  rinse  the  flasks.  Distil  off  the  reagents  and  dry  the  flask 
and  contents  for  four  hours  at  95-100°  C.  Desiccate  until  cool 
and  weigh.  Continue  to  dry  for  two-hour  periods  until  constant 
weight  is  obtained.     In  drying,  place  the  flask  pn  its  side  but 
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at  a  sufficient  angle  from  the  horizontal  so  that  the  extract  does 
not  appreciably  run  down  the  side  of  the  flask. 

UNSAPONiFiABLE  MATERIAL-Add  to  the  acetone  extract  50 
cc  alcoholic  potash  solution.  boU  under  a  reflux  condenser  for 
two  hours,  and  evaporate  on  a  water  bath  untU  all  alcohol  is 
removed  Add  10  cc.  water  and  20  cc.  ether;  heat  until  the  wax, 
etc  are  in  solution,  cool,  transfer  to  a  separatory  funnel,  wash 
out 'the  flask  with  warm  water,  cool,  and  finally  wash  with  two 
20-cc  portions  of  ether.  The  water  volume  should  be  100  cc. 
and  the  ether  at  least  40  cc.  Shake  vigorously  for  two  mmutes, 
and  allow  the  solutions  to  separate  thoroughly.  Draw  off  the 
aqueous  solution  into  a  second  funnel,  leaving  in  the  first  funnel 
the  ethereal  solution  and  any  flocculent  material  that  may  be 
present  Again  rinse  the  flask  with  20  cc.  ether  and  add  it  to 
the  aqueous  solution;  shake  vigorously  for  two  minutes,  and  when 
separated  draw  off  the  aqueous  solution  and  unite  in  the  first 
funnel  the  ethereal  solutions  and  any  flocculent  material.  Re- 
peat, shaking  with  20  cc.  portions  of  ether,  until  no  residue  is 
obtained  on  evaporating  a  2  o-cc.  portion.  The  aqueous  solution 
and  subsequent  washings  shall  be  reserved  for  the  free  sulfur 


the  filtrate  in  a  flask  which  is  afterwards  cooled  to  —4  or  —5  C. 
to  make  sure  that  all  possible  waxy  hydrocarbons  have  been 
removed,  and  refilter  if  necessar>'.  Dissolve  the  residue  on  the 
filter  paper  with  hot  chloroform,  into  the  original  flask.  Evap- 
orate the  chloroform  and  dry  the  flask  at  95-100°  C;  cool 
in  a  desiccator  and  weigh.  Continue  to  drj-  until  constant 
weight  is  obtained. 

HYDROCARBONS  S— Evaporate  the  alcohol  from  the  flask 
containing  the  alcohol-soluble  unsaponifiable  material,  add  25 
cc.  carbon  tetrachloride,  and  transfer  to  a  separator>'  funnel. 
Shake  with  concentrated  sulfuric  acid,  drain  off  the  discolored 
acid  and  repeat  with  fresh  portions  of  acid  until  there  is  no  longer 
any  discoloration.  After  drawing  off  aU  the  acid,  wash  the 
carbon  tetrachloride  solution  with  repeated  portions  of  water 
until  all  traces  of  acid  are  removed.  Transfer  the  carbon  tetra- 
chloride solution  to  a  weighed  flask;  evaporate  off  the  solvent 
and  dr>'  the  flask  at  95-100°  C;  cool  in  a  desiccator  and  weigh. 
Continue  to  dry  until  constant  weight  is  obtained. 

FREE  sui.Fi.TR— Add  two  grams  potassium  nitrate  to  the  aqueous 
solution  and  washings  from  the  ethereal  separation  of  the  un- 


K.O.  n-Ru«o««  GK..OUK  (AU.  D.«« .sis  ,.  Ch.x.mhxh.s).  C«ho,.o  P..r,s  o,  r™.  No.  O  Es„.p..s,  Co,«.  ^.■u.  to  ..  U„o 


determination.  Wash  the  flask  and  the  funnel,  from  winch  the 
ethereal  solution  has  l.ccn  taken,  with  water,  until  they  are  free 
from  alkali.  Wash  the  ethereal  solution  with  wiilcr  until  it 
has  been  washed  twice  after  Uie  wash  water  shows  no  alkaline 
reaction.  Retain  with  the  ethereal  solution  any  flocculent  ma- 
terial. I'illcr  llic  ethereal  solution  from  the  flocculent  material, 
through  a  small  pellet  of  extracted  cotton,  into  a  weiKlied  flask, 
washing  first  with  eUier  and  subsequently  with  hot  chloroform, 
using  Uiis  to  rinse  the  original  flask  and  both  separatory  f>'nnels- 
Fvaporutc  the  solvents  and  dry  the  extract  at  ^.S-mo"  C; 
cool  in  a  desiccator  and  weigh.  Continue  to  dry  until  constant 
weight  is  obtained. 

MVUKOCAKi.oNS  A  -Add  50CC.  absolutc  alcohol  to  the  unsaponi- 
fiable niaterial  and  warm  until  solution  is  a.H  complete  as  possible. 
Cool  the  s.,lution  to  -4  or  -5°  C.  and  maintain  at  this  tempera- 
ture for  one  liour  by  packing  the  flask  in  a  mixture  of  uo  an. 
salt,  filter  out  the  waxy  liydrocarl.otis.  using  a  funnel  i)ackrd 
with  ice  and  suit,  an<l  apply  suction  if  necessary.  Wash  the 
flask  and  filter  with  abmit  J.s  cc.  of  95  Prr  cent  alcohol,  which 
lins  be.11   prrvimislv  exiled  in   the  same  tcmt>croHirc.     Cntcli 


saponified  material.  Evaporate  to  dr>ness  in  a  silver  or  nickel 
dish  and  heat  to  quiet  fusion,  avoiding  contammation  wnth 
sulfur  fumes.  Transfer  with  cold  water  to  a  beaker,  ncutruluc 
with  hydrochloric  acid,  add  2  cc.  concentnited  hydrochlonc 
acid,  filter  and  wash,  making  a  volume  of  joo  cc.  Heat  to 
boiling  and  add  slowly  a  slight  excess  of  hot  barium  chlondc 
solution.  Allow  to  stand  over  night,  filter,  wash,  igmtc.  weigh 
the  barium  sulfate  and  calculate  to  sulfur. 

DUFINITION     OH     TKKMS     DESCRIDING    COMIXINKNTS  Ol-  ACKTONB 

EXTRACT— The  difTereiice  Utwccn  Uic  Acetone  Extmct  and 
Uic  Erce  Sulfur  shall  l>c  called  the  Organic  lixtract. 

The  diflfercncc  between  the  Organic  lixtract.  and  Utc  Un- 
saponifiable Material  shall  lH^  culled  Uic  S«iH.nifiublc  Acrtone 

l''xlrucl 
'The  sum  of  the  Hydrocarlxms  .1   and  P  »h.->ll  1h?  callctl  the 

Total  Waxy  Jlydrocurbon.i. 

The  difference  iK-twecn  the  ri.HajH.nifiublc  Matcnnl  and  the 
Waxy  My.lrocnrbons  shall  Ik-  culled  rnMponifiuhle  Kc.Mn». 

cinoKoroRM  KXTHACT- l-xtrucl  continuously  the  rr»lduc» 
from  both  of  Uie  ncrt.M.e  extractions   iwiHumt   «ccr*mnly  rr 
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moving  the  acetone  that  may  be  on  them)  for  fom-  hours  with 
60  cc.  chloroform.  Unite  the  extractions  in  a  weighed  flask, 
using  hot  chloroform  to  rinse  the  flasks.  Distil  off  the  solvent 
and  dry  the  flask  and  contents  for  two  hours  at  95-100°  C. 
Cool  in  desiccator  and  weigh.  Continue  to  dry  for  one-hour 
periods  until  constant  weight  is  obtained.  In  drying,  place 
the  flask  on  its  side  but  at  a  sufficient  angle  from  the  horizontal 
so  that  the  e.xtract  does  not  appreciably  run  down  the  side  of  the 
flask.  (If  it  is  needful  to  wait  after  the  acetone  extraction, 
before  starting  the  chloroform  extraction,  the  sample  must  be 
kept  in  a  vacuum  of  at  least  50  mm.  of  mercurj'-) 

ALCOHOLIC  POTASH  EXTRACT — Dry  the  residues  from  the  chloro- 
form extractions  at  50-60°  C.  until  the  odor  of  chloroform  can 
no  longer  be  detected;  unite  the  residues  from  the  two  2-g. 
samples  in  a  200  cc.  Erlenmeyer  flask.  Add  100  cc.  alcoholic 
potash  solution  and  boil  for  four  hours  under  a  reflux  condenser. 
Filter  tlie  solution  by  decantation  through  an  11 -cm.  hardened 
filter  paper  into  a  beaker  and  wash  twice,  using  each  time  25 
cc.  hot  absolute  alcohol  and  then  wash  thoroughly  with  hot  water. 
Wash  any  rubber  on  the  filter  paper  back  into  the  original  flask 
and  reserve  this  for  the  determination  of  Rubber  Hydrocarbons. 
Evaporate  the  solution  to  approximate  dryness,  take  up  in  warm 
water  and  transfer  to  a  separatory  funnel.  Acidify  with  30 
cc.  of  5  A''  hydrochloric  acid,  using  this  to  rinse  the  beaker. 
Add  sufficient  water  to  make  the  bulk  of  the  solution  100  cc. 
When  cool  add  40  cc.  ether,  using  it  to  rinse  the  beaker  in  20  cc. 
portions.  Shake  the  aqueous  and  ethereal  solutions  thoroughly. 
After  complete  separation,  draw  off  the  aqueous  solution  and 
treat  in  another  separatory  funnel,  with  a  fresh  20-cc.  portion 
of  ether.  Continue  to  shake  the  aqueous  solution  with  fresh 
portions  of  ether  until  a  colorless  portion  has  been  obtained, 
then  shake  out  twice  more.  Unite  the  ethereal  solutions  and  wash 
with  successive  additions  of  water,  continuing  twice  after  the 


water  shows  no  acid  reaction.  Filter  through  a  plug  of  ex- 
tracted cotton  into  a  tared  flask,  wash  the  filter  and  funnel  with 
ether,  evaporate  the  ether  without  boiling  and  dry  the  residue 
at  95-100°  C;  cool  in  a  desiccator  and  weigh.  Continue  to  dry 
imtil  constant  weight  is  obtained. 

RUBBER  HYDROCARBONS — Add  to  the  flask  containing  the  rub- 
ber residue  from  the  alcoholic  potash  extraction,  sufficient  water 
to  make  the  total  volume  of  the  solution  125  cc.  and  then  add 
25  cc.  concentrated  hydrochloric  acid.  Heat  for  an  hour  at 
97-100°  C.  Decant  the  supernatant  liquid  through  a  hardened 
filter  paper  on  a  Biichner  funnel,  7  cm.  diameter,  using  suction; 
wash  the  residue  with  25  cc.  hot  water  and  decant.  (While 
a  Biichner  funnel  is  recommended,  it  is  permissible  to  use  an 
ii-cm.  hardened  filter  paper  with  platinum  cone,  in  a  60°  funnel.) 
Perform  this  entire  treatment  with  water  and  hydrochloric  acid, 
three  times  and  save  the  first  and  second  decantations  for  the 
"organic  matter"  test  described  in  organic  fillers  below. 
The  rubber  at  this  stage  should  be  white  and  practically  free 
from  black  specks  of  undissolved  fillers;  if  not,  continue  the  acid 
treatment  until  the  black  specks  disappear.  (If  carbon  is  pres- 
ent, all  the  particles  of  rubber  will  be  grayish,  bluish,  or  black, 
depending  on  tlie  form  and  quantity  of  carbon  used.  Black 
specks  in  light  particles  of  rubber  usually  indicate  the  pres- 
ence of  lead  sulfide  which  must  be  removed  to  prevent  the  forma- 
tion of  lead  sulfate  on  igniting  the  residue  C.)  Add  150  cc. 
hot  water  to  the  flask  and  let  stand  on  a  steam  bath  or  hot  plate 
for  half  an  hour  and  decant  through  the  filter  paper.  Return 
to  the  flask  any  rubber  that  goes  on  the  filter  paper.  Repeat  until 
the  washings  are  free  from  chlorides  (see  organic  fillers). 
Transfer  aU  the  rubber  in  tlie  flask  to  the  filter  paper  and  dry 
as  much  as  possible  by  suction.  Wash  the  rubber  with  50  cc. 
of  95  per  cent  alcohol,  using  suction.  Transfer  the  entire  resi- 
due to  a  weighing  bottle.  Dry  at  95-100°  C.  for  an  hour,  cool 
in  a  vacuum  desiccator  under  reduced  pressure  and  weigh. 
Dry  for  a  half  hour,  cool  and  weigh,  repeating  this  process  until 
either  constant  weight  is  reached  or  the  weight  starts  to  increase. 
Let  this  weight  be  represented  by  C.  On  a  portion  (D)  of  this 
residue  (C)  determine  the  ash  {E)  according  to  the  paragraph 
immediately  following  this  and  the  sulfur  (F)  in  the  ash  (£). 
Determine  the  sulfur  (//)  in  another  portion  (G)  of  residue  (C). 
Make  all  sulfur  determinations  as  described  under  TOTAL  sulfur. 
Place  about  0.5-g.  of  residue  C  into  a  weighed  porcelain  cruci- 
ble. Let  the  weight  of  residue  be  represented  by  D.  Heat 
gently  gradually  driving  off  the  volatile  matter.  When  the  crucible 
has  ceased  to  smoke,  raise  the  temperature  gradually  to  between 
450  and  500°  C.  until  all  organic  matter  has  been  burned  away, 
which  is  usually  indicated  by  the  ash  becoming  white.  (An 
electric  muffle  furnace  with  pyrometer  is  recommended  for  this 
purpose.)  Cool  in  a  desiccator  and  weigh,  the  weight  of  ash  being 
represented  by  E  in  the  formula  for  rubber  hydrocarbons.  Make 
sulfur  test  on  ash  by  the  method  described  under  total  sulfur. 
If,  however,  50  X  C  X  £  is  not  over  unity,  the  determination  of 
sulfur  in  the  ash  may  be  omitted  and  F  assumed  to  be  zero. 
Then, 


Rubber  Hydrocarbons  =  100 


C  r         E—  F       W] 
IV D g\ 


expressed  as  a  percentage  of  the  total  sample. 

TOTAL  sulfur — Place  a  0.5-g.  sample  of  rubber  in  a  porcelain 
crucible  of  about  100  cc.  capacity.  Add  20  cc.  nitric  acid  bromine 
reagent,  cover  the  crucible  with  a  watch  glass,  and  allow  to  stand 
for  one  hour.  Heat  very  carefully  for  an  hour,  remove  the  cover, 
rinsing  it  with  a  little  water,  and  evaporate  to  dryness.  Add 
5  g.  of  the  KNOj-NajCOj  fusion  mixture,  and  3  to  4  cc.  of  dis- 
tilled water.  Digest  for  a  few  minutes,  and  then  spread  the 
mixture  half  way  up  the  side  of  the  cnicible  to  facilitate  drying. 
Dry  on  a  steam  bath  or  hot  plate.  Fuse  the  mixture,  using  a 
sulfur-free  flame  until  all  the  organic  matter  has  been  destroyed 
and  the  melt  is  quite  soft.     Allow  to  cool,  place  the  crucible  in  a 
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600  cc.  beaker,  and  cover  with  water.  Digest  three  or  four 
hours  on  the  steam  bath.  Filter  into  an  800  cc.  beaker,  washing 
thoroughly  with  hot  water.  The  total  volume  should  be  about 
500  cc.  Allow  to  cool,  add  7  to  8  cc.  concentrated  hydrochloric 
acid  to  the  filtrate,  and  heat  on  the  steam  bath.  Test  the  solu- 
tion for  acidity  with  congo  paper  and  add  10  cc.  of  hot  barium 
chloride  solution.  Allow  to  stand  over  night,  filter,  wash,  weigh 
the  "barium  sulfate,  and  calculate  to  sulfur. 

SPECIFIC  GRAViTY^The  specific  gravity  shall  be  the  ratio  of 
the  weight  of  a  given  volume  of  the  compound  to  the  weight  of 
an  equal  volume  of  water,  both  at  20  °  C.  Cut  strips  of  the  largest 
practicable  size  from  the  conductor  and  use  about  5  g.  for  the 
sample.  Determine  the  specific  gravity  in  the  usual  maimer 
by  means  of  a  specific  gravity  bottle.  Care  must  be  taken  that 
no  air  bubbles  adhere  to  the  sample. 

CHECKS — Specific  gravity  determinations  shall  check  within 
o.oi.  The  other  duplicate  determinations  shafl  check  within 
the  following  limits  expressed  as  percentages  of  the  original 
sample : 

Determination  Check 

Acetone  Extract 0.10 

Saponifiable  Acetone  Extract 0. 10 

Unsaponifiable  Resins 0.10 

Waxy  Hydrocarbons 0.10 

Free  Sulfur 0.05 

Chloroform  Extract 0.10 

Alcoholic  Potash  Extract 0.10 

Rubber  Hydrocarbons 0.20 

Total  Sulfur 0.10 

INTERPRETATION — The  percentage  of  rubber  shall  be  considered 
to  be  the  sum  of  the  rubber  hydrocarbons,  saponifiable  acetone 
extract,  unsaponifiable  resins,  chloroform  and  alcoholic  potash 
extracts,  expressed  as  percentages.  If  the  chloroform  extract 
is  over  3.0  per  cent  of  the  rubber  so  calculated,  subtract  the 
excess  from  the  rubber.  If  the  alcoholic  potash  extract  is  over 
1.8  per  cent  of  the  rubber,  as  first  calculated,  subtract  this  ex- 
cess also  from  the  rubber. 

RED  LEAD — Dissolve  I  g.  of  the  sample  in  75  cc.  xylol  at  a 
temperature  of  about  100°  C.  When  the  rubber  is  dissolved, 
the  absence  of  any  red  particles  indicates  the  absence  of  red 
lead.  If  red  particles  are  present,  filter  the  solution  into  a  Gooch 
crucible  and  wash  thoroughly  with  benzol,  acetone  and  alcohol 
successively.  Remove  the  felt  and  residue  to  a  distilling  flask, 
add  25  cc.  10  per  cent  hydrochloric  acid,  and  distil  over  the 
chlorine  liberated  by  the  lead  peroxide,  absorbing  the  gas  in  a 
solution  of  potassium  iodide  and  starch.  Not  more  than  o.  i 
.  cc.  of  0.1  A^  thiosulfate  shall  be  required  to  titrate  the  iodine 
liberated. 

ORGANIC  riLLERS — Transfer  the  first  and  second  decantations 
of  tlie  hydrochloric  acid  solutions  to  a  carefully  cleaned  porcelain 
dish  and  add  20  cc.  concentrated  sulfuric  acid.  Place  dish  on 
steam  bath  or  hot  plate  to  drive  off  water  and  hydrochloric  acid. 
A  pronoimccd  charring  of  the  residue  indicates  the  presence  of 
organic  matter  soluble  in  water  or  hydrolyzcd  by  hydrochloric 
acid. 

Uxaniine  filter  paper  and  rubber  while  decanting  acid  solution 
and  again  while  washing  free  of  chlorides.  Some  types  of  or- 
ganic fillers,  not  reniovid  by  water  and  hydrochloric  acitl,  would 
be  plainly  visible  at  this  point. 

I'lacc  a  small  portion  of  residue  (C)  under  a  microscope  and 
examine  for  fibrous  and  other  characteristic  organic  matcriul. 
If  organic  fillers  arc  indicated  and  not  clearly  proven  by  this 
test,  place  I  g.  of  the  organic  sample  in  a  beaker,  add  7s  cc. 
xylol  and  heat  on  hoi  i)late  until  the  rubber  is  dissolved.  Decant 
xylol  sohitiiin  and  wash  residue  with  ether  .several  times  by  dc- 
cantatioii       Dry    residue   and   examine   imdcr   the   microscope 

STATKMItNT    01'    KltSULTS 

The  rrsiills  of  the  analysis  shall  be  stated  in  the  following 
form : 


Per  cent 
Acetone  Extract 

Saponifiable  Acetone  Extract 

Unsaponifiable  Resins, 

Waxy  Hydrocarbons 

Free  Sulfur [  _'_ \ 

Chloroform  Extract [ 

Alcoholic  Potash  Extract 

Total  Sulfur 

Rubber '_ 

Color  of  Acetone  Extract  (60  cc.  vol.) 

Fluorescence  in  Acetone  Extract  Solution  (present  or  absent) 

Hydrocarbons  A  (consistency  and  color) 

Hydrocarbons  B  (solid  or  liquid) 

Color  of  Chloroform  Extract  (60  cc.  vol.) 

Carbon  (present  or  absent) 

Organic  Fillers  (present  or  absent) ! .      '.','.] 

Red  Lead  (present  or  absent) 

Specific  Gravity 

Sample  braided  or  not 


PAET  IV— EXPLANATION  OF  SPKCinCATION 

Experience  has  shown  that  compounds  of  the  grade  which 
contains  only  good  Hevea  rubber,  may  be  relied  upon  to  be  more 
permanent  than  those  made  of  rubber  of  other  grades.  It  is 
not  affirmed  by  the  Committee  that  a  compoimd  which  con- 
forms with  this  specification,  is  necessarily  permanent,  or  that 
a  better  compound  caimot  be  made,  but  it  is  believed  that  en- 
forcement of  the  specification  will  limit  the  use  of  inferior  ma- 
terials and  that  it  will  put  the  manufacturers  more  nearly  upon 
an  equality  of  endeavor,  where  they  can  use  tlieir  experience  to 
obtain  the  best  results.  Used  in  connection  with  the  analytical 
procedure,  the  specification  will  enable  purcliasers  to  order  a 
good  compoimd  and  to  ascertain,  with  a  greater  certainty 
than  heretofore,  whether  the  material  received  represents  the 
compound  specified. 

The  term  Hevea  applied  to  rubber  means  rubber  from  the 
Hevea  BrasUiensis  tree  whether  wild  or  cultivated  and  regard- 
less of  the  locality  in  which  it  has  been  grown.  Para  rubber  is 
Hevea  rubber  of  the  kind  originally  shipped  from  the  port  of 
Para,  Brazil,  and  comes  in  several  grades.  The  rubber  required 
by  this  specification  should  be  Hevea  rubber  of  good  quality, 
such  as  fine  Para  or  best  quality  plantation  rubber. 

Carbon  is  excluded  not  only  because  it  is  considered,  by  some 
purcliasers,  to  be  deleterious,  but  because  it  interferes  with  the 
determination  of  rubber  hydrocarbons. 

Red  lead  is  excluded  because  of  the  possibilities  of  its  deleterious 
effects  on  tlie  rubber. 

Ozokerite  is  prohibited  because  the  acetone  extract  obtainable 
from  it  interferes  witli  tlie  separation  of  the  acetone  extract 
obtainable  from  the  rubber,  thereby  vitiating  tlie  assay  of  the 
rubber  extract.  This  prohibition  is  unimportant  to  the  manu- 
facturers, as  ceresine,  which  is  permitted,  is  the  essential  con- 
stituent of  ozokerite. 

An  upper  limit  is  placed  upon  the  rubber  in  order  to  prevent 
the  attainment  of  electrical  and  mechanical  strength  by  the  use 
of  an  extra  quantity  of  inferior  nibbcr  whose  lusting  qualities 
might  not  be  satisfactory. 

The  hydrocarbons  are  limited,  owing  to  their  tendency  to  sep- 
arate from  the  compound  and  tlius  pcssibly  cause  porosity. 

The  free  sulfur  is  limited  because  an  excessive  amount  may  t>c 
deleterious. 

The  maximum  limit  on  the  saponifiable  acetone  extract  is  to 
prevent  the  use  of  raw  or  reclaimed  rublicr  willi  high  saiKmifiablc 
extract.  The  medium  limit  assists  in  forcing  Uic  u»c  of  Hcvca 
rubber,  since  it  is  characteristic  of  the  occtonc  extract  from  Hcvra 
rubl>er  to  be  largely  .saponifiable. 

The  tin.saponifiable  resins  ore  limited  l>ecau'ic  a  low  proportion 
of  imsaponifiable  tcsins  is  charactcrislic  of  Hcvca  nibl>cr.  A 
high  result  luiKht  be  due  to  tlic  presence  of  rrclaimed  nibl>cr. 

The  chliiroform  extract  is  limited,  fimt  to  pre>-cnt  the  use  of 
liituiiiinous  sultstanccs,  and  second,  to  limit  depolymcriictl  and 
imdcriMired  rublicr. 
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The  alcoholic  potash  extract  is  limited  to  prevent  the  use  of 
saponifiable  rubber  substitutes. 

The  specific  gravity  is  limited  to  reconcile  the  specification 
of  ingredients  by  weight  with  the  practice  of  purchasing  material 
by  volume. 

Fluorescence  of  the  acetone  solution  is  prohibited  as  it  indi- 
cates the  presence  of  bituminous  substances,  rosin  oil  or  mineral 
oils. 

The  color  of  the  acetone  extracts  is  specified  to  conform 
with  the  normal  color  of  the  extract  from  Hevea  rubber.  A 
darker  color  indicates  adulteration  or  an  inferior  grade  of  rubber. 

The  hydrocarbons  are  required  to  be  solid  in  order  to  prevent 
the  use  of  oils  and  paraffin  of  low  melting  point.  The  shade 
required  is  tliat  obtained  from  paraffin  wax  or  ceresine.  If 
hydrocarbons  B  are  Jiquid  this  would  indicate  reclaimed  rubber 
softened  with  mineral  oil,  or  parafiin  of  low  melting  point. 

The  color  of  the  chloroform  extract  is  specified  to  conform 
with  the  color  of  dissolved  gum  in  minute  quantities.  The  pres- 
ence of  bituminous  substances  would  be  indicated  by  a  brown  or 
black  color. 

It  would  be  desirable  that  the  sulfur  of  vulcanization  be  limited 
to  exclude  reclaimed  rubber,  which  contains  the  sulfur  of  its 
previous  vulcanization,  but  the  Committee  has  not  yet  developed 
an  acceptable  method  for  determining  this  quantity.  It  is, 
therefore,  confronted  with  the  choice  of  either  placing  a  limit 
on  the  total  sulfur  or  giving  up  the  attempt  to  exclude  shoddy  by 
sulfur  limitation.  Option  is,  therefore,  given  to  the  purchaser 
to  insert  or  omit  the  limit  on  total  sulfur.  Such  insertion  will 
at  times  exclude  reclaimed  rubber  and  the  Committee  believes 
it  possible  to  make  a  suitable  compound  with  this  limitation. 
The  Committee  thinks  that  a  sulfur  limit  positively  excluding 
reclaimed  rubber,  would  place  too  great  a  hardship,  in  other  ways, 
on  the  manufacturers.  Where  the  specification  is  used  with  no 
total  sulfur  limit,  the  use  of  many  kinds  of,  or  much,  reclaimed 
rubber,  will  be  guarded  against  by  the  limits  of  the  various  com- 
ponents of  the  acetone  extract.  When  the  limitation  on  total 
sulfur  is  omitted,  sulfur-bearing  fillers,  which  possess  certain 
advantages,  may  be  used. 

This  specification  should  be  supplemented  by  appropriate 
elasticity  and  tensile  strength  tests,  in  order  to  add  to  the  as- 
surance that  good  rubber  has  been  used  and  that  the  vtilcaniza- 
tion  process  has  been  properly  carried  out;  also  by  appropriate 
electric  stress  and  resistance  tests,  to  assure  proper  insulating 
qualities  and  homogeneity  of  structure.  The  exact  value  of 
the  limits  for  these  tests  will  depend  upon  the  use  to  which  'the 
material  is  to  be  put. 


PART  V— EXPLANATION  OF  PROCEDUEE 

GENERAL — The  tentative  report  of  tlie  Committee,  presented  in 
October,  1913,  provided  for  the  determination  of  the  percentage  of 
rubber  present  by  the  method  of  difference.  The  mineral  fillers 
were  determined  by  the  terebene  solution  metliod.  Results  ob- 
tained in  the  use  of  this  metliod  showed  that  it  gave  inaccurate 
results  on  some  compounds.  The  Committee,  therefore,  de- 
termined to  abandon  it  and  to  find  a  suitable  substitute.  It  is 
believed  that  tlie  method  now  recommended  will  satisfactorily 
solve  the  problem. 

The  most  feasible  means  of  limiting  the  kind  of  rubber  was 
considered  to  be  the  determination  of  the  saponifiable  and  un- 
saponifiable  resins.  These  are  fairly  constant  characteristics 
of  tlie  resins  of  Hevea  rubber,  and  of  compounds  made  from  the 
same.  Other  metliods,  such  as  the  determination  of  the  saponi- 
fication number  and  the  optical  activity  of  the  resins,  were 
thought  to  be  unpractical. 

The  method  as  developed  is  applicable  to  the  analysis  of  any 


pure  rubber  compound  containing  only  mineral  matter  with  or 
without  ceresine  or  paraffin  wax,  regardless  of  the  kind  or  amount 
of  rubber,  and  can  be  used  in  conjunction  with  other  specifica- 
tions provided  the  limits  are  changed  to  correspond  with  the 
amount  and  kind  of  rubber  desired,  and  due  consideration  is 
given  to  interfering  mineral  matter.  When  applied  to  a  com- 
pound without  ceresine  or  paraffin  wax  the  unsaponifiable  acetone 
extract  is  the  unsaponifiable  resins. 

The  method  has  been  definitely  described,  to  make  it  certain 
that  experienced  chemists  may  obtain  concordant  results.  The 
interpretation  has  been  rigidly  defined,  obviating  any  ambiguity 
as  to  the  meaning  that  will  be  assumed,  even  though  this  some- 
times appears  to  be  arbitrary. 

SAMPLE — In  order  to  obtain  uniform  results,  the  Committee 
has  established  by  experiment  that  a  definite  method  of  sampling 
has  to  be  adopted  and  that  for  all  extractions  the  sample  must 
be  reduced  in  a  prescribed  manner  to  at  least  an  approximately 
similar  degree  of  fineness.  For  this  reason  the  procedure  specifies 
a  definite  type  of  grinder  obtainable  in  two  forms,  and  also  speci- 
fies definite  sieves. 

EXTRACTION  APPARATUS — The  Committee  has  proved  that  the 
extraction  apparatus  used  by  different  chemists  must  be  of  ex- 
actly the  same  form  and  the  same  size.  It  was  also  proven  that 
small  samples  in  the  apparatus  give  the  maximum  results  and 
that  the  rate  of  extraction  is  dependent  upon  the  amount  of 
solvent  and  its  temperature  as  it  passes  through  the  sample. 
The  apparatus  finally  adopted  combines  the  advantages  of  several 
forms  tliat  were  studied,  and,  together  with  simplicity  of  operation 
and  adjustment  to  uniform  conditions,  gives  practically  com- 
plete extraction  when  used  as  specified.  A  number  of  other 
variations  that  might  have  a  possible  effect  upon  the  amount  of 
extract,  were  tried  but  found  to  be  inappreciable. 

ACETONE  EXTRACTION — The  extraction  is  made  within  24  hours 
of  the  preparation  of  the  sample,  so  obviating  any  appreciable 
oxidation.  Two  samples  are  extracted  and  united,  so  that  a 
larger  amount  of  extract  may  be  obtained  for  the  subsequent 
separations,  andt  he  extraction  apparatus  kept  within  a  con- 
venient size.  Hot  chloroform  is  used  to  fa'cilitate  the  complete 
transference  of  the  extract.  The  flasks  are  placed  on  their  sides 
when  drj'ing,  to  hasten  the  emission  of  the  solvent  and  thus  re- 
duce the  chance  of  volatilizing,  through  longer  heating,  some  of  the 
more  volatile  constituents  of  the  extract.  Drying  in  vacuo 
at  room  temperature,  does  not  remove  all  the  moisture  if  paraffin 
is  present  and  .such  drying  with  heat  or  at  100°  C.  in  an  inert 
gas  presents  no  practical  advantage  over  the  method 
given. 

SEPARATioi{  OF  THE  ACETONE  EXTRACT — The  method  given 
was  developed  so  that  all  the  desired  constituents  could  be  de- 
termined on  one  sample. 

Kmphasis  is  laid  on  thorough  extraction  of  the  unsaponifiable 
material  and  the  retention  of  the  flocculent  material  with  the 
ethereal  solution.  This  latter  material  is  not  soluble  in  either 
etlier  or  water,  but  it  was  proven  that  if  such  as  was  chloroform- 
soluble  was  included  in  the  unsaponifiable  material,  the  subse- 
quent determination  of  the  hydrocarbons  would  be  more  ex- 
act. A  portion  of  this  flocculent  material  is  insoluble  in  chloro- 
form. 

The  hydrocarbons  are  determined  in  two  places,  making  an 
approximate  separation  between  the  solid  and  tlie  liquid  ones, 
if  both  are  present.  The  first  hydrocarbons  (-4)  are  those  in- 
soluble in  the  solvent  at  a  low  temperature.  The  presence  of 
unsaponifiable  resins  in  the  solution  prevents  the  more  com- 
plete freezing  out  of  the  hydrocarbons,  but  the  remainder  is 
obtained  after  treatment  of  the  resins  with  sulfuric  acid.  In  this 
way,  chance  of  loss  through  the  action  of  the  acid  has  been  largely 
eliminated. 


Mar.,  191; 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


317 


The  method  for  free  sulfur  gives  all  the  sulfur  in  the  acetone 
extract  with  the  exception  of  negligible  amounts  which  may  be 
in  the  unsaponifiable  material.  It  was  proven  that  the  results 
agree  with  determinations  made  directly  on  other  acetone  ex- 
tracts. 

The  saporufiable  and  unsaponifiable  resins  are  obtained  by 
difference. 

CHLOROFORM  EXTRACTION — The  chloroform  extraction  should 
be  made  at  once  after  the  acetone  extraction,  or  the  sample  put 
in  a  vacuum,  so  as  to  avoid  the  danger  of  an  abnormally  high 
extract.  When  the  extract  is  dried  as  specified,  constant  weight 
is  obtained  before  any  appreciable  oxidation  occurs.  If  bitu- 
minous substances  are  present,  that  portion  which  has  not  been 
extracted  by  the  acetone  will  be  largely  soluble  in  chloroform 
and  can  be  readily  distinguished  by  its  color.  The  amount  of 
extract  is  also  affected  by  the  presence  of  uncured  and  inferior 
rubber.  A  properly  cured  Hevea  compound  will  always  give 
a  little  extract  with  chloroform,  which  varies  somewhat  with  the 
method  and  conditions  of  cure. 

ALCOHOLIC  POTASH  EXTRACTION — The  alcoholic  potash  ex- 
traction is  the  usual  saponification  process  for  obtaining  the  fatty 
acids  of  rubber  substitutes.  The  total  amount  of  such  substitutes 
is  not  obtained,  but  if  any  appreciable  amount  is  present,  the 
value  will  exceed  that  of  the  limit  allowed.  When  no  substitutes 
are  present,  this  determination  always  yields  a  small  amount  of 
extract  from  Hevea  rubber. 

RUBBER  HYDROCARBONS — Methods  for  the  determination  of 
the  percentage  of  rubber  are  of  two  kinds,  the  direct  and  the 
difference  methods.  The  Committee  adopted  a  diifcrence 
method  after  trial  of  various  methods,  both  direct  and  indirect. 

The  difference  methods  are  those  in  which  the  rubber  is  re- 
moved and  the  residue  weighed.  This  may  be  done  in  either 
of  two  ways:  by  the  use  of  solvents,  or  by  ignition.  The  early 
work  of  the  Committee  was  largely  along  the  line  of  removing 
the  rubber  by  means  of  solvents.  Many  kinds  and  probably 
every  class  of  rubber  solvents  were  tried.  Some  did  not  com- 
pletely dissolve  the  rubber  at  low  temperatures  and  ordinary' 
atmospheric  pressure;  others  appeared  to  dissolve  the  rubber, 
but  formed  a  colloidal  solution  holding  some  of  the  fillers,  which 
could  neither  be  filtered  nor  centrifuged  clear  of  mineral  matter. 
Many  of  them  were  so  time-consuming  as  to  render  them  worth- 
less, even  if  accurate  results  could  be  obtained  The  solvent 
method  given  in  the  Preliminary  Report  was  found  to  give  in- 
accurate results  with  compounds  containing  much  litharge  or 
zinc  oxide,  but  gave  very  good  results  on  most  classes  of  com- 
pounds if  xylol,  instead  of  terebcnc,  is  used  as  the  solvent.  It 
has  since  been  demonstrated,  however,  that  it  is  practically  im- 
possible to  obtain  corn-ct  results  on  an  important  class  of  com- 
pounds and  that  mi-llind  was,  therefore,  abandoned. 

Ashing  the  compound  gives  fairly  accurate  results  provided 
no  volatile  or  decomposable  fillers  arc  included.  This,  however, 
cannot  be  assumed  to  be  the  ca.sc.  In  the  method  which  the 
Committee  recommends,  these  objectionable  fillers  arc  largely 
removed  before  the  compound  is  ignited,  and  provision  is  made 
for  teslinn  llmse  few  materials  which  are  volatile,  but  not  removed. 
This  melliod  is  a  modification  of  an  unpublished  one  devised 
some  years  ago  by  G.  II.  Savage. 

In  the  testing  of  this  method,  com|)ouncls  condiininK  most  of 
the  known  commercial  inorganic  fillers  were  analv/ed  W'liiting, 
talc,  magnesium,  and  lead  compounds  and  barimn  e.iibonatc 
which  are  objecliniiable  in  direct  ashing  do  not  in  any  way 
interfere  with  the  determination  of  rubber  by  this  inethixl. 
A  number  of  orKiinic  fillers  were  uscti,  but  these,  Uk>,  did  not 
cuu.se  any  great  error. 

The  securing  of  accurate  rc5ulU  by  llu'  method  given  depends 
largely  cm  two  things  the  romplite  snlntion  of  decoinpostible 
filliTH,  and  the  rrnioval  »f  all  cliluiiiUs.  With  these  |ireciiutinn.i(, 
the    ailiilvst    is    almost    <<tti4in    tn    nbt.iin    nasmiablv    acrtu.ilc 


results.  The  formula  for  calculating  the  rubber  hydrocarbons 
presents  no  difficulty  if  the  exact  quantities  called  for  in  the 
method  are  used. 

The  rubber  as  it  is  weighed  under  (C)  contains  sulfur  in  com- 
bination with  the  rubber.  On  ignition  sulfur  is  driven  off  with 
the  rubber.  By  determining  the  sulfur  before  and  after  ignition, 
the  amount  so  lost  can  readily  be  calculated,  and  the  proper 
correction  made. 

TOTAL  SULFUR — The  sodium  peroxide  method,  specified  in  the 
Committee's  Preliminary  Report,  is  widely  used  in  the  analysis 
of  wire  insulation,  and  is  known  to  yield  accurate  results  on  such 
compounds.  The  liability  of  explosion  with  that  method,  how- 
ever, renders  it  somewhat  objectionable. 

It  will  be  noted  that  the  bromine  nitric  acid  method  which 
is  now  specified  does  not  require  the  dehydration  and  separation 
of  silica.  If  the  filtrate,  after  the  fusion  and  extraction  with  water, 
is  acidified  in  the  cold,  and  after  the  precipitation  of  the  barium 
sulfate  the  solution  is  not  permitted  to  concentrate  to  a  relatively 
small  volume,  any  silica  which  is  in  solution  will  remain  dissolved. 
The  elimination  of  this  step  by  proper  precautions  saves  con- 
siderable time  without  in  any  way  interfering  with  the  accuracy 
of  the  determination. 

INTERPRETATION  OF  RESULTS — Emphasis  is  laid  on  the  method 
of  calculating  the  results.  The  saponifiable  acetone  extract  and 
the  unsaponifiable  resins  are  considered  to  be  parts  of  tlie  rubber. 
The  chloroform  and  alcoholic  potash  extracts,  when  within  the 
limits  specified,  are  also  so  considered.  Any  quantity  in  excess 
of  these  limits  is  assumed  to  be  due  to  foreign  substances  or  in 
case  of  chloroform  extract,  to  under\-ulcanized  rubber.  No 
allowance  is  made  for  the  ash  in  the  raw  rubber,  as  it  is  considered 
to  be  negligible.  This  method  of  calcidation  has  to  be  adopted 
if  the  rubber  found  is  to  agree  with  that  originally  put  into  the 
compound. 

MOISTURE — A  determination  of  moisture  is  not  given,  as  elec- 
trical tests  will  detect  its  presence  if  in  excess.  If  electrical 
tests  are  required,  the  error  introduced  by  the  omission  of  this 
determination  is  very  small. 

NOTE — With  a  procedure  of  this  length  it  is  impossible  to  ex- 
plain every  detail  without  undue  elaboration,  and  tlic  Committee 
wishes  to  point  out  tliat  while  to  experienced  chemists  the  pro- 
cedure may  seem  overburdened  by  detail,  yet  every  specified 
detail  was  found  neccs.sary  in  order  that  the  conditions  essential 
to  accurate  and  consistent  work  might  be  reproduced  by  all 
chemists  using  the  procedure.  For  this  reason  it  is  extremely 
important  that  all  instructions  be  observed,  even  if  their  signifi- 
cance is  not  perceived  by  the  individual  chemist.  It  will  prob- 
ably be  found  tliat  even  with  the  instructions  properly  observed, 
.some  experience  will  be  needed  to  apply  the  melliod  successfully. 


PART  VI     LIST  or  IMPORTANT  SPKCIFICATIONS  CONTAININO 

THE  JOINT  RUBBER  INSULATION  COMIWITTEK  S  CHEMICAL 

CLAUSES  OR  ANALYTICAL  PROCEDURE 

AMERICAN     KLKCTRIC     RAILWAY    (iJNr.lNKEKINC.)     ASSOCIATION: 

Standard  Specification  for  Rubber  Insulated  Wire  and  Cable. 
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CURRENT  INDUSTRIAL  NLWS 


CORROSION  AND  ELECTRICAL  PROPERTIES  OF  STEELS 

At  a  meeting  of  the  Royal  Society,  held  on  November  23rd  in 
London,  an  interesting  paper  on  the  above  subject  was  sub- 
mitted by  Sir  Robert  Hadfield,  F.R.S.,  and  Dr.  E.  Newbery. 
The  condition  that  a  metal  shall  dissolve  in  an  acid  with  evolu- 
tion of  hydrogen  is:  single  potential  of  metal  plus  overvoltage 
less  than  single  potential  of  hydrogen  electrode,  all  measure- 
ments being,  of  course,  made  in  the  given  acid.  If,  therefore, 
it  is  assumed  that  the  atmospheric  corrosion  of  a  metal  is  a 
process  similar  to  that  of  dissolution  in  an  acid,  it  should  be  pos- 
sible to  predict  the  corrosion-resisting  power  of  a  given  metal 
by  determining  its  single  potential  referred  to  a  hydrogen  elec- 
trode together  with  its  overvoltage  in  a  suitable  electrolyte. 
Experiments  on  a  number  of  special  steels  have  been  carried  out 
to  test  the  validity  of  the  above  assumption.  The  overvoltage, 
single  potential  and  loss  of  weight  in  acid  of  each  specimen 
were  determined  and  compared  with  the  atmospheric  corrosion 
after  exposing  clean  surfaces  for  ten  weeks.  The  results  show 
that  the  electrical  methods  give  decidedly  better  estimates  of 
the  corrosion-resisting  powers  of  steels  than  the  acid  methods 
and,  although  neither  method  gives  reliable  estimates  in  all 
cases,  yet  the  electrical  method  appears  to  rest  upon  a  sound 
theoretical  basis  and  is  probably  capable  of  further  developments 
which  may  result  in  the  formation  of  reliable  corrosion  data.^A. 
McMillan. 


CRACKING  OF  PETROLEUM 

Papers  dealing  with  the  "Pyrogenesis  of  Petroleum"  were 
read  before  the  Institution  of  Petroleum  Technologists,  Lon- 
don, at  a  recent  meeting.  In  the  first,  Mr.  E.  Lawson  Lomax 
presented  a  mass  of  historical  and  bibliographical  matter  illus- 
trating the  development  since  the  beginning  of  the  last  century. 
It  was  pointed  out  that  the  products  obtained,  when  petroleum 
is  heated,  may  be  placed  in  four  classes— permanent  gas, 
illuminating  oils,  aromatic  hydrocarbons  and  volatile  fuels  for 
internal  combustion  engines — and  these  classes  may  be  taken 
to  represent  the  lines  along  which  development  has  taken  place. 
The  second  paper,  by  Messrs.  A.  E.  Dunstan  and  F.  B.  Thole, 
dealt  with  some  general  considerations  regarding  the  chemical 
reactions  involved  in  the  decomposition  and  synthesis  of  hydro- 
carbons with  heat.  They  remarked  that,  starting  with  acetylene 
at  a  moderate  temperature  and  using  reduced  nickel,  Sabatier 
has  synthesized  fair  imitations  of  American,  Caucasian  and 
Galiclan  oils,  while,  by  using  higher  temperatures  and  the  same 
gas  as  starting  point,  some  chemists  have  obtained  compounds 
identical  with  those  occurring  in  coal  tar  and  of  the  highest 
complexity,  and,  as  an  inference,  it  was  suggested  that  the  nature 
of  the  material  to  be  cracked  has  little  influence  on  the  final 
products. — M. 


NEW  PROOFING  MATERIAL 

According  to  India  Rubber  Journal,  52  (1916),  5,  a  new  process 
of  proofing  materials  with  cork  has  been  introduced  in  France 
and  has  brought  orders  from  the  French  government  for  hos- 
pital sheetings,  etc.  It  has  also  been  used  for  featherweight 
waterproofs  and  is  said  to  be  quite  waterproof,  a  non-conductor 
of  heat  and  unbreakable.  By  using  a  special  machine,  thin 
slices  of  cork  of  an  even  thickness  are  obtained  from  a  block 
of  cork.  The  slices  are  placed  in  chemical  baths  in  order  to 
remove  the  resinous  parts  which  make  cork  a  more  or  less  brit- 
tle substance.  Upon  their  removal,  the  cork  sheets  become 
flexible  and  may  be  compared  in  this  respect  with  thin  leather. 


In  fact,  the  sheets  can  be  folded  and  bent  without  breaking- 
By  combining  the  cork  sheets  with  a  suitable  cloth,  preferably 
a  thin  and  strong  cloth  of  good  color,  an  excellent  waterproof 
material  is  obtained.  An  adhesive  preparation  is  used  to  cement 
the  cork  to  the  cloth  or,  if  a  stronger  garment  is  desired,  the  cork 
sheets  are  placed  between  two  layers  of  cloth.  The  cork  fabric 
is  said  to  have  a  decided  advantage  over  ordinary  waterproof 
materials  because,  being  porous,  it  permits  of  ventilation  whereas 
ordinary  waterproof  prevents  it,  and,  in  addition,  the  cork  is 
very  hght.  A  coat  made  of  it  is  said  to  be  the  lightest  in  the 
market. — M. 


SEARCHLIGHT  PROJECTORS 

Messrs.  Crompton  &  Co.,  of  London  and  Chelmsford,  have 
issued  a  catalogue  which  gives  an  account  of  searchUght  pro- 
jectors manufactured  by  them.  The  smaller  ones  are  controlled 
by  hand  with  or  without  gearing  for  the  elevating  and  training 
mechanisms  but  the  larger  ones,  with  mirrors  24  in.  in  diameter 
and  upwards,  are  often  arranged  to  be  operated  electrically, 
the  motors  being  housed  within  the  cone  base.  Different  forms 
of  distant  mechanical  control  can  be  fitted,  whereby  the  pro- 
jectors may  be  operated  from  the  bridge  or  charthouse  of  a  ship 
by  means  of  rods  or  wire  ropes.  The  mirrors,  which  may  range 
up  to  a  diameter  of  60  in.,  are  usually  of  plate  glass  ground  to 
true  parabolic  form  and  silvered  to  give  maximum  reflection; 
the  lamps  are  of  the  horizontal  carbon  type.  The  catalogue 
points  out  that  statements  regarding  the  candle-power  of  a  pro- 
jector are  of  no  value  since  the  factor  which  has  most  effect 
on  the  beam,  inz.,  atmospheric  conditions,  is  quite  beyond  the 
control  of  the  manufacturer.  In  addition  to  a  description  of 
commercial  types  of  projector,  a  few  details  are  given  of  a  port- 
able apparatus,  for  use  in  fortresses,  which  includes  a  petrol- 
driven  air-cooled  generating  plant,  mounted  on  wheels,  a  60  in. 
projector  with  remote  control  and  carts  for  horse  and  manual 
haulage  to  carry  a  sufiicient  length  of  main  and  control  cable 
to  permit  the  projector  to  be  worked  at  a  distance  of  600  yards 
from  the  generating  plant. — M. 


COKE  INDUSTRY  OF  NEW  SOUTH  WALES 

Messrs.  L.  F.  Harper  and  J.  C.  H.  Minguye,  in  Paper  No. 
23  of  the  New  South  Wales  Department  of  Mines  and  Mineral 
Resources,  give  a  general  survey  of  the  coke  industr>'  of  the 
province.  The  paper  contains  chemical  analysis  and  physical 
properties  of  all  types  of  coal  found  in  New  South  Wales  and 
also  gives  complete  analysis  of  the  ashes.  It  would  seem  that 
coke-burning,  which  has  been  carried  on  for  a  half  century, 
is  a  growing  industry,  the  production  having  risen  from  304,800 
tons  in  1914  to  417,753  tons  in  1915.  The  report  suggests, 
however,  that  the  methods  of  the  industry  have  not  been  en- 
tirely in  accordance  with  modem  coke-oven  practice.  The  sulfur 
in  the  coals  and  cokes  is  remarkably  low  while  the  coking  proper- 
ties of  the  coals  are  good.  The  most  commonly  used  oven  is 
the  beehive  oven,  rectangular  in  form  but  with  arched  roof. 
The  coke  is  discharged  with  a  ram  and  quenched  outside  the 
ovens.  Only  one  modem  by-product  plant  is  in  full  operation, 
a  battery  of  regenerative  Semct-Solvay  ovens  at  Newcastle, 
N.  S-  W.,  with  semi-direct  ammonia  recovery  and  a  benzol 
plant.  It  would  seem  that  coking  for  by-products  should  give 
good  prospects,  the  yields  being  given  as  30  lbs.  of  ammonium 
sulfate,  3  gals,  of  benzol,  S  gals,  of  tar  and  12,600  cu.  ft.  of  gas 
(585  B.  t.  u.)  per  ton  of  coal.  These  results,  the  report  says, 
should  do  something  to  destroy  the  prejudices  evidenced  by  the 
older  and  cruder  types  of  plant. — M. 
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IRON  INDUSTRY  IN  NORMANDY 
The  British  Consul  at  Havre  reports  that  the  iron  mines 
and  blast  furnaces  of  Caen  are  at  present  being  worked  by 
the  Government,  and  that  the  industry,  which  was  languishing 
for  many  years,  is  now  in  a  most  flourishing  condition.  A 
large  new  plant  of  the  most  modem  type  is  being  installed  and 
the  railway  authorities  are  doing  their  utmost  to  develop  the 
industry.  The  output  of  iron  ore  in  the  district  has  now  reached 
over   1,000,000  metric  tons  per  annum. — M. 


VULCANIZATION 

In  an  investigation  on  the  problem  of  accelerating  vulcan- 
ization and,  in  the  course  of  numerous  experiments  with  vari- 
ous types  of  organic  compounds.  Professor  S.  J.  Peachey,  accord- 
ing to  a  report  in  Engineer,  123  (1916),  37,  has  discovered 
that  the  nitroso-derivatives  of  certain  bases,  such  as  dimethyl- 
aniline,  methylaniline,  diphenylamine  and  so  on,  are  capable 
of  acting  as  powerful  accelerators  of  the  vulcanizing  process. 
A  mixing  of  100  parts  rubber  and  10  parts  sulfur,  which  nor- 
mally requires  to  be  heated  to  138°  C.  at  40  lbs.  steam  pressure 
for  1V2  hours,  may  be  completely  vulcanized  in  from  20  to  25 
min.  by  incorporating  0.5  per  cent  of  paranitrosodimethyl- 
aniline  with  the  mixing  prior  to  heating.  Similarly,  a  \'ulcanite 
mixing  containing  25  per  cent  sulfur,  which,  under  ordinary 
circumstances  requires  to  be  heated  for  6  hrs.  at  140°  C,  may 
be  vulcanized  in  2  hrs.  by  the  addition  of  0.75  per  cent  nitroso- 
base. — M. 

NATIVE  AND  ARTIFICIAL  ASPHALT 
According  to  Graefe,  who  writes  in  the  Zeilschrift  fiir  ange- 
wandte  Chemie,  native  asphalt  can  be  tlistinguished  from  the 
artificial  preparation  by  the  black  coloration  (due  to  HjS)  im- 
parted to  lead  acetate  paper  by  fumes  given  ofT,  when  a  sample 
is  heated  to  200-205  °  C.  for  a  few  minutes.  AH  samples  of  native 
asphalt  examined  by  him  gave  a  powerful  reaction  but  not  the 
artificial  varieties,  except  that  Californian  asphalts  and  the 
residue  from  crude  Trinidad  oil  reacted  faintly.  .\11  the 
extracts  with  the  exception  of  that  from  Val  de  Travcrs  rock 
gave  a  fairly  strong  reaction. — M. 


ELECTRO -METALLURGY  OF  ZINC 
In  a  recent  article  on  the  French  outlook,  L' Information  makes 
some  observations  on  the  electro- thermic  reduction  of  ores. 
Attention  is  called  to  the  fact  that  not  only  is  there  ordinarily 
a  loss  of  from  20  to  25  per  cent  of  metal  in  the  ores,  but  there 
is  a  consumption  of  6  to  8  tons  of  coal  per  ton  of  spelter.  In 
view  of  these  facts,  the  possibilities  of  the  electric  furnace  de- 
mand consideration.  Electric  smelting  of  zinc  has  long  been 
the  subject  of  experimental  working  in  I'rance.  The  Arudy 
works  in  the  Pyrenees,  which  have  been  in  operation  since 
1904,  claim  to  l)e  able  to  smelt  a  ton  of  raw  blende  containing 
35  per  cent  metal  with  a  loss  of  not  more  tlian  2  per  cent.  The 
Uginc  works  are  now  using  the  Cole  and  Pierron  furnace.  An 
electro -metallurgical  company  is  being  formed  in  Lyons  to  oper- 
ate works  at  Ipcrrc,  in  Savoie,  as  well  as  in  the  Pyrenees. — M. 


SHIPBUaDING  RETURNS 
According  to  the  Olass^inv  llenitd  Sup(>tfmnit  for  1916,  there 
arc  two  principal  features  in  the  statistics  representing  the 
work  (lone  in  the  shipyards  and  rnK>nrering  shops  of  the  world 
during  I9>'>-  The  first  is  the  decreased  production  in  the 
United  Kiiigdotn  and  the  second  the  incrcii.sc  in  the  iigKreKote 
tonnage  produced  in  fDrelgn  countries.  This  latter  increase 
ix  nci-oiuited  for  uhnost  wholly  liy  the  work  done  in  Ainericu 
and  Jiipati.  In  the  United  States  the  production  wii.s  more  than 
doiililc  that  of  191J,  while  in  Japan  the  total  wn<i  almost  three 


times  that  of  :9i5,  the  increase  being  accounted  for  principally 
by  the  construction  of  a  good  many  large  cargo  steamers.  It 
is  not  remarkable  that  there  should  be  a  decrease  in  the  Dutch 
production  owing  to  the  difficulty  of  obtaining  materials.  The 
comparative  tonnages  of  all  the  foreign  countries  are  shown 
in  the  following  table: 

. 1916 .  . 1915 . 

Ves.       Tons  H.  P.  Ves.        Tons         H.  P. 

U.  S.  A 178     554,810     306.895  127     270.124     322,168 

Japan 250     246,234     327,776  127       98.213      182.039 

Holland 300     211.693      158,765  390     217.592     114.510 

Germany 20       81.950     168,700  46     179.804     188.156 

Italy 30       60,472       41,691  4       20,230       20.000 

Norway TO       44,902       32.244  86       61.477       41.925 

Sweden 35       40,090       27,433  33       25,927        32.530 

France 10       39.457       52.400  32       41,438       20.950 

Denmark 30       37,150       21.780  40       51.361        32.042 

Spain 10        11.171        28.400  7        14,306        13.750 

China 38  7,862         6.356  50         8.073  6.400 

Russia ...  13  792  540 

TOTAI. 971   1,335,791   1.172.440  955     989.337     975.010 

With  regard  to  the  German  figtires,  these  are  taken  to  repre- 
sent tlie  launches,  of  which  information  has  been  received  but 
cannot  account  for  the  total  work  done  in  the  countrv. — M. 


ECONOMIC  UTILIZATION  OF  COAL 
In  the  course  of  a  series  of  lectures  delivered  at  the  Royal 
Society  of  Arts,  London,  on  the  economic  utilization  of  coal. 
Professor  Brame  spoke  of  the  composition  of  coal,  and  of  coal 
as  a  source  of  heat  and  power,  and  also  dealt  with  the  by-product 
side  of  coal  in  general.  It  was  mentioned  that  no  great  addi- 
tion to  our  knowledge  of  coal  constituents  has  developed,  various 
important  points  at  the  present  time  existing  where  results 
were  contradictor>'.  The  results  of  low-temperature  carbon- 
ization as  obtained  in  McLaurin's  plant  where  the  gases  were 
non-luminous  and  the  tar  was  of  a  dr>-ing  character  and  com- 
pletely soluble  in  caustic  soda  were  specially  interesting.  The 
lecturer  suggested  a  promising  line  of  attacking  this  problem 
by  applying  the  methods  which  have  been  found  so  useful  in 
the  case  of  alloys — the  use  of  solvents  in  conjunction  with 
the  micro-structure.  In  dealing  with  the  prospects  for  the 
more  economical  use  of  coal,  reference  was  made  to  the  use 
of  powdered  coal  and  to  the  advantage  of  briquetting  coke 
dust.  In  tliis  connection  mention  was  made  of  the  work  being 
done  at  tlie  Smethwick  gas  works.  As  regards  prep;ired  fuels, 
it  was  shown  that  the  high  price  of  coal  is  bringing  gas-works 
coke  into  favor  as  an  agent  for  steam-rising  and  that,  by  its 
use  at  Dcptford,  a  saving  of  id  per  cent  in  fuel  costs  was  effected. 
— M. 


COKE-FUEL  FOR  ELECTRIC-POWER  STATIONS 
It  is  reported  tliat  the  London  County  Council  have  placed 
an  order  for  eight  coke  burning  mechanical  stokers  for  u.se  under 
llie  steam  boilers  at  their  Greenwich  generating  station.  It 
is  calculated  that  the  first  set  of  stokers  now  conteniplatctl  will. 
if  worked  to  their  full  capacity,  consume  ux)  tons  of  coke  per 
H  hrs.,  and,  having  regard  to  the  relatively  high  cost  of 
coal  as  well  as  the  relatively  greater  degree  of  efficiency  attain- 
able by  the  use  of  coke,  every  effort  will,  no  doubt,  l>e  made  to 
use  the  lu-w  stokers  to  their  fullest  capacity.-    M 

GLASS  WORK  DEVELOPMENTS  IN  ENGLAND 

.\  new  national  i-enler  of  glass  ttvlmology  has  In-cn  cstulilisllcd 
;il  the  I'nivcrsity  of  SheffielU.  l-iiiKl.md.  .md  a  s|>c»-i«l  exhibition 
of  cluniical  glass,  laboratory  kI.uvs  and  optical  ula.vs  wa^  rrtfntly 
lulil  in  the  university  biiildiiiKs.  The  exhibits  were  drclare<l 
by  ex|HTt.i  in  glajts  manufacture  to  lie  mxKl,  and  ooiisi»tetl  mainly 
of  articles  which  had  not  l>ecn  made  in  l-lngland  prior  to  the  w«r 
Dr  Heath,  of  the  Advisory  Council  ol  S»-icntilic  and  Industrial 
Ueseorrli,  in  un  addrrvs.  (Irt-|arr<l  himself  c\iiifidcnt  that,  in  ten 
years'  tiiiir,  the  kIuss  industry  of  l-inKlaX'l  "•■nl.l  l>r  m  ilu-  (i.ml 
mnk      M. 
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NEW  PAPER-MAKING  MATERIAL 

According  to  a  report  in  the  Chemical  Trade  Journal,  59 
(1916),  572,  the  Trade  and  Industry  Committee  of  the  Royal 
Colonial  Institute  have  been  investigating  the  qualities  of  the 
grass  known  as  lalang  as  a  possible  paper-making  material. 
It  is  found  in  large  quantities  close  to  the  coasts  of  Malaya 
and,  as  it  is  a  waste  product,  it  can  be  got  for  the  mere  cost 
of  collection.  A  chemical  analysis  shows  that  the  grass  is 
capable  of  yielding  a  good  quantity  of  cellulose  suitable  in  every 
way  for  the  manufacture  of  paper.  It  is  ver>'  susceptible  to 
the  action  of  dilute  alkalies  but  the  final  product  is  exception- 
ally pure  and  readily  resolved.  The  pulp  obtained  after  washing 
is  of  good  quality  and  color.  By  using  a  mixture  of  half-pulp 
obtained  from  the  lalang  grass  and  half-cotton  beaten  together, 
the  paper  obtained  would  prove  useful  as  a  high-class  wrapping 
paper  as  it  is  strong  and  possesses  a  comparatively  high  resis- 
tance to  folding.  The  paper  made  from  all-grass  pulp,  it  is  added, 
would,  with  judicious  treatment  for  improvement  of  color, 
be  very  suitable  for  writing  purposes. — M. 


MINERAL  PRODUCTION  OF  SPAIN 

The    Spanish    mineral    production    for    last  year,    according 
to  official  returns,  is  as  follows: 

No.  Tons  Mines 

Iron  ore 5.617,839  367 

Iron  pyrites 730, .^68  20 

Copper  pyrites 1,464,349  45 

Copper 23,067  10 

Lead  ores 285,265  8 

Zinc  ores 81,921  SO 

Stibnite 20,717  17 

Manganese 14,328  11 

Wolfram 511  13 

Antimony 300  4 

Tin 102  4 

Sulfur 28,937  6 

Phosphorite 9,080  3 

Steatite 963  3 

— M. 


ARTICLES  DECLARED  CONTRABAND 

By  a  Proclamation  published  in  the  London  Gazette,  De- 
cember 29,  the  following  articles  are  declared  absolute  contra- 
band ;  Oxalic  acid  and  oxalates,  formic  acid  and  formates,  phen- 
ates,  metallic  sulfites  and  thiosulfates,  soda  lime  and  bleaching 
powder,  platiinini,  osmium,  ruthenium,  rhodium,  palladium, 
iridium  and  the  alloys  of  the  metals,  strontium  salts  and  com- 
pounds thereof,  sulfate  of  barium  (barites),  bone-black.  The 
following  amendments  are  made  in  Proclamation  of  October  14: 
For  "ethyl  alcohol,  methyl  alcohol"  are  substituted  "alcohols 
including  oil  and  wood  spirit  and  their  derivatives  and  prepara- 
tions;" for  "aluminum,  alumina  and  salts  of  aluminum"  read 
"aluminum  and  its  alloys,  alumina  and  salts  of  aluminum;" 
for  "wolframite,  scheelite"  read  "tungsten  ores;"  for  "fuel 
other  than  mineral  oils"  is  substituted  "fuel  including  char- 
coal other  than  mineral  oils." — M. 


INDUSTRUL  COMBINE  IN  SWEDEN 
According  to  Engineering,  several  amalgamations  have  lately 
taken  place  in  Sweden  and  an  important  move  has  just  been 
recorded.  The  large  and  ably  managed  General  Swedish 
Electric  Company  in  Vesteras  has  purchased  a  controlling  in- 
terest in  the  shares  of  the  Swedish  Turbine  Co.,  Ljungstrdm, 
and  in  the  Surahammar  works.  The  Surahammar  works 
hold  a  leading  position  in  Sweden  as  regards  railway  material, 
and  this  specialty  as  well  as  others  will  be  pushed  with  all  energy 
and,  at  the  same  time,  other  lines  particularly  adapted  for 
the  General  Swedish  Electric  Co.  will  be  taken  in  hand  and 
extended.     The   Ljungstrdm   Turbine   Co.   controls   the   I.jung- 


stroni  patents  for  Sweden,  Norway,  Denmark,  Finland  and 
Russia.  A  branch  factory  will  probably  soon  be  erected  in 
Russia  to  meet  the  great  demands  of  that  country.  The  other 
Ljungstrom  patents  are  owned  by  a  separate  company  with 
which  the  General  Swedish  Electric  Co.  has  arranged  an  inti- 
mate cooperation  so  far,  however,  without  buying  any  shares 
in  it,  and  has  in  consequence  increased  its  capital  from  $5,616,000 
to  $7,200,000.  The  Ljungstrom  Turbine  Co.  has  a  share  cap- 
ital of  $1,620,000,  of  which  the  General  Swedish  Electric  Co. 
has  purchased  Si,o65,6cx3,  having  likewise  acquired  two-thirds 
of  the  Surahammar  Co.'s  share  capital  of  $1,176,000.  The 
General  Swedish  Electric  Co.  has  done  exceedingly  well  during 
the  war  increasing  its  turnover  for  the  first  half  of  1916  by 
some  60  per  cent  and  the  share  capital  has  been  increa.sed  from 
$3,216,000  to  $5,616,000  during  the  period  of  war. — M. 


CELLULOSE  FROM  SPINACH 

As  reported  in  Papcr-Muker,  52  (1916),  538,  a  French  horti- 
culturist, Mons.  R.  de  Noycr,  indicates  a  very  simple  and  re- 
munerative means  of  remedying,  in  a  measure,  the  shortage  of 
paper.  In  his  opinion,  it  is  a  question  merely  of  cultivating 
spinach,  which  is  an  excellent  vegetable  and  the  stems  of  which 
contain  46  per  cent  of  cellulose,  while  wheat  straw  contains 
only  4.1  per  cent.  Now  cellulose  forms  a  considerable  factor 
in  the  composition  of  paper,  and  M.  Noyer  says  that  he  has  ex- 
perimented with  this  commodity  and,  by  following  the  method 
of  the  Grenoble  paper-making  school,  has  been  able  to  produce 
a  product  of  remarkable  consistency  equal  to  any  Japanese 
product.  He  concludes  by  remarking  that,  with  spinach  stems 
after  four  or  five  months'  culture,  an  economy  of  50  per  cent  may 
be  realized  on  the  wood-pulp  which  is  ordinarily  employed  alone, 
and  a  paper  of  good  quality  is  obtained,  samples  of  which  M. 
Noyer  possesses.  Now  is  an  opportune  time  to  experiment 
on  a  large  scale  and  M.  Noycr  offers  to  do  all  in  his  power  to  ad- 
vance this  desirable  study  both  by  advice  as  to  methods  of 
culture  and  supply  of  seeds  of  which  he  has  an  ample  provision. 
— M.  

BRITISH  BOARD  OF  TRADE 

During  the  month,  December  15  to  January  15,  the  British 
Board  of  Trade  received  inquiries  from  firms  in  the  United 
Kingdom  and  abroad  regarding  sources  of  supply  for  the  fol- 
lowing articles.  Firms  which  may  be  able  to  supply  informa- 
tion regarding  the  articles  are  requested  to  communicate  with 
the  Director  of  the  Commercial  Intelligence  Branch,  Board  of 
Trade,  73  Basinghall  St.,  London,  E.  C. 


Bakelite 

Cabot  cloth,  tor  Sudan 

Carbon   blocks,  {or  making  carbon 

brushes 
Carbon  brushes 
Carbons,  cinema 
Chemicals: 

Kerric  chromate 

Ferric  oxide 

Phenolphthaluin 

Saccharin 

Sodium  peroxide 

SuUocyanides 

Tin  oxide,  light 

Zinc    chloride,    solid.    97-99    per 
cent 

Zinc  oxide 

Zinc  dust  (blue  powder^ 
Dental  Plate  shears 
Dyks: 

Acid  yellow 

Naphthol  yellow 

Rhodamine 

Tartrazine  and  other  dyes 


Anilii 
Elastic  cord  or  cable  of  40,  50  01 

elastic  threads 
Gabardine     cloth,      waterproof 

rubberized 
Gum  Thus 
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Machinery  and  Plant  for: 

Molding    galalith    into   rods   and 

sheets 
Making  photograph  and  picture 

frames 
Making  horseshoes 
Making    eyelets    for    boots    and 

shoes 
Making  matches 
Manufacture  of  saccharine 
Making  hempen  cables  for  ships 
Briquetting  bituminous  schists 

Metal  edging   for  cardboard   boxes 

Metal  name  tabs 

Needles,  sewing 

Paints: 

Luminous  paint 

Red  lead 

White  lead 

"Carbolineum"  wood  preservative 
Pliers,  small,  5-in..  American  make 
Pulleys,     pressed     steel.     American 

make 
Phosphorus    compound    for    match 

manufacture 
Stoves,  spirit  and  "r6chande" 
Steel     hooping.     Vl    in.    by    26    G. 

», ,.  in.  by  26  G 
Thimbles,  nickel-plated 

— M. 
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CHARLES  MARCHAND 
Charles  Marchand.  chemical  engineer,  was  born  in  la  Loupe, 
Eure  et  Loire,  France,  on  March  7,  1848,  and  died  at  his  resi- 
dence Sea  Gate,  Long  Island,  N.  Y.,  January  16,  1917.  Soon 
after  his  arrival  in  this  country  he  was  elected  to  Membership 
in  the  American  Chemical  vSociety,  on  February  6,  1879.  He 
belonged  to  a  group  of  French  chemists  who  did  much  for  the 
Society  in  those  early  days — Tessie  du  Motay,  P.  Casamajor, 
A.  Bourgougnon,  Auguste  J.  Rossi,  and  Charles  Marchand. 
Marchand  was  a  graduate  of  the  "Ecole  Centrale  des  Arts 
et  Manufactures,"  Paris,  France.  To  enter  he  had  to  be  a 
Bachelor  of  Arts,  and  on  graduating  he  became  "Ingenieur  des 
Arts  et  Manufactures."  While  attending  lectures  there  by 
Prof.  Berthelot  he  was  inspired  to  endeavor  to  prepare  a  food 
ration  containing  a  large  amount  of  protein.  He  further  hoped 
to  provide  a  large  amoimt  of  nourishment  in  tablet  or  powder 
form  to  be  taken  by  invalids  who  could  not  tolerate  large 
amounts  of  heavy  foods. 

Marchand  realized  that  a  large  amount  of  money  and  time 
would  be  required  before  such  a  food  could  be  perfected.  America 
seemed  to  offer  a  fertile  field  wherein  his  goal  might  be  achieved. 
Marchand's  work  in  scientific  fields  probably  will  be  best 
known  by  his  success  with  the  preparation  and  preservation  of 
peroxide  of  hydrogen  which  was  known  only  as  a  curiosity  and 
unstable  product  before  Marchand'.s  work.  It  remained  for 
him  to  discover  the  means  for  producing  it  in  quantities  and  in 
such  a  condition  that  it  could  lie  marketed  and  used  by  the  con- 
sumer when  and  as  desired.  When  he  had  perfected  his 
methods  of  manufacturing  a  stable  and  reliable  peroxide  of 
hydrogen  solution  in  water,  he  proudly  and  joyfully  wrote  of 
it  to  his  former  colleagues  in  France.  His  chagrin  may 
be  imagined  when  they  wrote  urging  him  not  to  .speak  seriously 
of  his  plans  because  they  believed  that  people  would  consider 
him  mentally  unbalanced.  This  rebuff  from  his  friends  in  his 
native  country  wounded  him  beyond  his  powers  to  express  him- 
self. Later  he  sent  full  details  to  France  and  when  his  scientific 
friends  had  studied  the  process,  they  sent  him  a  large  gold  medal 
and  their  sincere  wishes  for  the  .successful  introduction  of  the 
process  and  product  to  hinnanity.  After  hydrogen  peroxide 
came  hydrozone  and  glycozone,  the  essential  constituent  of  each 
being  oxygen  which  is  to  be  liberated  in  the  nascent  state. 

Marchand  gave  his  personal  attention  to  the  manufacturing 
and  marketing  of  his  jjcroxide  of  hydrogen,  developing  the  busi- 
ness to  a  very  large  and  profitable  one,  finally  disposing  of  his 
interests  in  the  company  to  engage  in  the  manufacture  of  a  con- 
densed food  product,  called  "Meatox,"  which  he  prepared  from 
beef.  However,  it  developed  that  the  launching  successfully  of 
a  business  of  the  ningMiliide  he  had  conceived,  rctiuircd  a  larger 
sum  than  lie  had  availaljk-  and  he  was,  therefore,  compelled  to 
susi)cfid  his  cITorls  for  the  lime  1)eing. 

Later  he  moved  to  I'orlland,  Oregon,  and  became  interested 
in  mining  and  land  properties  and  although  these  ventures 
did  not  prove  successful,  he  was  able  to  live  happily  aiul  keep 
up  his  enthusiasm  despite  his  reverses.  While  living  in  Port- 
land, he  became  acquainted  with  some  paper  pulp  manufac- 
turers on  the  Willamette  River  imd  from  them  learned  of  the 
serious  problem  coufronting  paper  pulp  manufacturers,  !•/>., 
the  disposal  of  the  waste  li(|Uor  from  sulfite  mills.  lie  investi- 
gated the  problem  and  thru  lUulertiKik  some  research  work  in 
the  laboratory  which  resulted  in  his  discovcrinK  how  to  purify 
the  li(|uors  so  as  to  i)rii(lucc  ethyl  alcohol,  Marchniul  then 
rrocted  a  denuanstriition  plant  at  Kiinbcrly,  Wisconsin,  which 
would  show  the  coniiurrcial  value  of  his  prcK-css.  This  plant 
has  been  in  operation  for  sciine  inontliH  now,  produciiiK  pure 
ethyl  niroliol  from  the  waste  sulfite  liquor  nt  iin  ex|>rnsc  that 


would  leave  a  considerable  margin  of  profit.  Marchand  was 
engaged  in  making  a  few  modifications  and  improvements  in 
his  process  when  he  was  suddenly  stricken  with  apoplexy. 

Marchand  was  made  verj'  happy  by  the  results  of  his  latest 
mvention  and  while  he  expected  it  would  make  handsome  profits, 
his  first  desure  was  to  use  the  large  part  of  these  for  altruistic 
purposes.  One  of  his  plans  was  to  create  a  fund  to  be  devoted 
to  improving  the  welfare  of  inventors  in  general,  but  especially 
those  who  are  without  adequate  funds  to  commercialize  their 
discoveries.  He  also  wanted  to  offer  prizes  for  research  along 
certain  lines,  especially  looking  to  the  solution  of  chemical 
problems  having  national  and  even  international  scope. 

Marchand's  genial  nature  endeared  him  to  his  friends  and 
scientific  associates.  His  introduction  of  peroxide  of  hydrogen 
to  the  world  entitles  him  to  lasting  credit  both  from  his  co- 
scientists  and  from  humanity. 

Charles  A.  Doremi's 

RICHARD  BRYANT  DOLE 
Richard  Bryant  Dole,  chemist.  Water  Resources  Branch, 
U.  S.  Geological  Survey,  died  in  Washington  on  January  21, 
after  a  brief  illness.  He  was  bom  in  Portland,  Maine,  May  8, 
1880;  graduated  with  honors  from  Bowdoin  College  in  190J; 
was  a  graduate  student  in  chemistry  and  sanitation  at  Massa- 
chusetts Institute  of  Technology  in  1903;  and  from  1903  until 
his  death  served  in  positions  of  increasing  importance  and  re- 
sponsibility with  the  U.  S.  Geological  Sur\'ey. 

Mr.  Dole's  principal  activities  were  related  to  the  cliemical 
and  sanitary  quality  of  surface  and  groimd  waters  of  the  United 
States.  He  conducted  a  lunnber  of  surveys  of  hytlrologic 
basins,  determining  and  reporting  on  quality  of  water,  source 
and  nature  of  pollution,  methods  of  purification,  and  value 
for  industrial  use.  One  of  the  larger  investigations  he  super- 
vised was  a  general  survey  of  stream  waters  of  the  I'nited  States 
and  the  published  results  of  this  work  stand  as  the  most  compre- 
hensive compendium  of  information  as  to  quality  of  stream  waters 
tliat  has  been  produced  for  any  country  in  the  world.  At  the 
time  of  his  death  he  was  engaged  in  preparing  for  publication 
a  compilation  of  all  available  information  on  the  quality  of 
surface  and  ground  waters  of  the  linitcd  Slates  with  interpreta- 
tions and  suggestions  for  their  use  in  industrial  processes.  His 
research  into  methods  of  water  analysis  led  to  his  appointment 
as  a  member  of  the  Committee  on  Standiftil  Methods  of  Water 
Analysis  of  the  American  Public  Health  Association  and  as 
chairman  of  the  Division  of  Water,  Sewage,  and  Sanitation  of 
the  American  Chemical  Society.  He  was  a  member  of  these 
societies  for  many  years  and  was  active  in  the  work  of  several 
other  associations  of  chemists,  engineers,  and  sanitarians.  He 
was  a  member  of  the  Cosmos  Club.  Washington,  D.  C,  and  of 
the  Phi  Beta  Kappa  Society 

Mr.  Dole  was  the  author  of  many  articles  in  technical  journals 
and  of  several  im|>ortant  publications  of  the  Ge»ilogicul  Survey, 
llis  chapter  on  Water  for  lndustri;U  Pur|>oscs  in  Rogers  nnd 
Aubert's  "Manual  of  Industrial  Chemistry"  is  worthy  of  s|>ccial 
note.  He  represented  the  I'uited  States  ('.overnnicnt  .is  accnt 
in  charge  of  exhibits  at  the  NutiiHial  luuadorian  I{x|Hisitinn 
in  ii>o<j  ami  a.vsisted  in  the  presentation  of  the  exhibits  of  the 
Department  of  the  Interior  at  other  internatuMial  i-xi>o.ii- 
tions. 

Mr.  Dole's  activities  for  the  Ciovernnicnl  and  for  the  icvcral 
technical  six-ictics  with  which  he  was  iis_sooiittrd  were  charac- 
tiii^ed  by  a  kecniiess  of  thouKhl.  a  clearness  of  litn.irv  rvpiession. 
an  cnthusla.sm  and  capacity  for  work  that  rcmtcictl  his  brief 
professional  career  nn  unumallv  proiluctivc  one. 

N.  C.  Grovkr 
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NOTL5  AND  CORRL5PONDLNCL 


COOPERATION  IN  INDUSTRIAL  RESEARCH  WORK 

Editor  0}  llie  Journal  of  Industrial  and  Engineering  Chemistry: 

One  of  the  most  important  measures  of  our  industrial  prog- 
ress is  the  ability  of  American  chemists  to  carry  out  successful 
research  work.  The  conditions  for  such  work  were  never 
better  than  now  nor  have  we  ever  brought  out  results  under 
greater  pressure  than  in  these  times  of  violent  activity  in  chem- 
ical industries. 

Duplication  in  research  is  often  an  unconscious  crime  and  a 
needless  waste  of  time  with  many  of  us;  for  when  we  are  forced 
to  develop  processes,  in  absence  of  information  in  literature, 
etc.,  and  produce  results  at  any  cost,  we  often  find,  at  some 
later  day,  our  work  already  done  by  others.  Would  not  an 
abstract  registry  of  researches  permit  of  greater  speed  in  inves- 
tigating problems  with  better  results  and  at  the  same  time 
largely  prevent  duplication?  Again,  in  establishing  patent 
rights,  would  not  such  a  registry  open  to  the  public  minimize 
priority  claims  litigation  as  well  as  such  antagonistic  contro- 
versies as  the  Redmanol-Bakelite? 

The  writer  has  reviewed  these  ideas  elsewhere'  and  reads 
with  interest  the  report^  of  the  Subcommittee  of  the  Committee 
of  One  Hundred  on  Scientific  Research  of  the  A.  A.  A.  S.  That 
there  is  need  for  a  broader  cooperation,  a  more  liberal  atti- 
tude of  industrial  heads  and  a  complete  publication  of  researches 
requires  no  comment. 

In  the  hands  of  the  members  of  the  American  Chemical 
Society  the  economic  fabric  of  American  industry  rests  and  it 
is  now  time  to  break  away  from  those  old  retrogressive  tradi- 
tions and  from  the  secrecy  of  research  work  to  establish  that 
broad  cooperation  which  spells  success  for  our  Society.  In- 
vested interests  have  held  the  situation  iron-bound  up  to  the  pres- 
ent time  witli  tlie  result  that  not  more  than  fifty  per  cent  of  the 
data  of  research  work  done  has  been  published,  while  many 
important  results  are  still  withheld — an  injustice  to  the  chemist 
and  a  serious  bar  to  industrial  progress.  The  reasons  for  non- 
publication  may  be  due  to  a  desire  for  secrecy  of  unsuccessful 
results,  but  in  any  event  if  we  are  to  emerge  from  a  supersti- 
tious chemical  era,  narrow-minded  secrecy  must  be  replaced  by 
the  fullest  of  cooperation  quickly  and  if  such  is  not  the  case, 
are  we  to  suspect  that  there  is  no  honor  among  us,  or  to  be 
driven  to  look  only  for  selfish  advantages? 

It  often  happens  that  in  unsuccessful  researches  or  in  those 
partly  completed,  there  lies  an  idea  of  immense  value  to  others — 
an  idea  that  the  original  observer  overlooks  or  which  does  not 
bear  potently  upon  results  desired.  Should  not  these  investi- 
gations too  be  published  for  the  benefit  of  all?  Any  answer 
to  these  questions  largely  depends  upon  our  trust  in  fellow 
chemists,  upon  our  ability  to  promote  real  progress  and  upon 
our  desire  to  gain  high  ethical  standards  of  success. 

For  final  consideration  I  would  suggest  that  clear  abstracts 
of  researches:  (i)  Complete,  (2)  In  process,  (3)  Unsuccessful 
— be  published  in  a  special  section  in  This  Journal  but  prefer- 
ably in  Chemical  Abstracts.  Abstracts  so  published  should  be 
numbered  or  keyed  (so  that  those  interested  could  learn  the 
source)  after  some  predetermined  plan  developed  perhaps  by  the 
Council  of  the  Society.  The  form  used  could  well  pattern  after 
patent  abstracts  in  Chemical  Abstracts,  viz. 

Purification  crude  resorcin.    No. ,  Dec.  20,  1916.    95% 

U.  S.  P.  product  commercially  recovered  at  cost,  70cents  per  pound. 

Citric  acid  from  acetone.     No.  ,  Dec.  30,  1916.     Citric 

acid  and  other  compounds  formed  with  acetone  and  dil.  HjSOj 
about  270-280°  in  16-18  atmospheres  CO;. 

ROCHBSTSK,  N.  Y.,  January  24,  1917  R.    T.    Wn.1, 

'  This  Journal.  8  (1916).  78.  </  ««. 
'Science.  N.  S..  S»,  1150. 


ASSISTANTSHIPS  AND  FELLOWSHIPS  IN  CHEMISTRY 
PRINCETON  UNIVERSITY 

The  Department  of  Chemistry  of  Princeton  University 
announces  that  thgre  are  a  number  of  laboratory  assis- 
tantships  in  the  Department  filled  by  yearly  appointment. 
The  holders  are  ordinarily  required  to  devote  about  twelve 
hours  per  week  to  assisting  in  the  conduct  of  the  various 
undergraduate  courses.  These  assistantships  afford  the  holders 
ample  opportunity  to  pursue  graduate  studies  and  investiga- 
tions leading  to  one  of  the  higher  degrees.  At  present,  the  salary 
is  $500  in  case  of  first-year  men,  while  in  case  of  those  re- 
appointed it  is  $550.  No  tuition  or  laboratory  fees  are  required 
and  all  assistants  are  allowed  $15  per  term  (S30  per  year)  to  cover 
necessary  supplies  and  breakage  of  apparatus 

Recommendations  for  these  assistantships  must  be  made  on 
special  application  blanks,  which,  with  any  further  information 
regarding  these  positions,  may  be  obtained  from  the  Secretary 
of  the  Department  of  Chemistry. 

The  Department  also  calls  attention  to  the  University 
Fellowships  open  to  graduate  students  in  Chemistrj'.  These 
fellowships  are  divided  into  two  classes,  the  advanced  and  the 
ordinary.  The  advanced  fellowships  have  an  annual  stipend 
of  $1000,  exempt  from  charge  for  tuition,  and  are  assigned  only 
to  graduate  students  of  at  least  one  year's  standing  who  have 
given  evidence  of  unusual  ability  in  their  graduate  work  and 
of  capacity  to  engage  successfully  in  research.  The  ordinary 
fellowships  regtJarly  have  a  stipend  of  S600  on  first  appoint- 
ment, and  of  $700  on  re-appointment,  subject  to  the  charge  of  $100 
for  tuition.  Candidates  for  fellowships  should  write  for  application 
blanks  to  the  Dean  of  the  Graduate  School,  Princeton  University. 


INDUSTRIAL  FELLOWSHIPS  IN  RUBBER  CHEMISTRY 
MUNICIPAL  UNIVERSITY  OF  AKRON,  OHIO 

Two  industrial  fellowships  in  the  study  of  the  chemistry  of 
India  rubber  have  been  established  at  the  Municipal  Univer- 
sity of  Akron,  one  by  tlie  Goodyear  Tire  and  Rubber  Company 
and  the  other  by  the  Firestone  Tire  and  Rubber  Company. 
These  fellowships  will  yield  $300  per  year  each  and  will  be  open 
to  graduates  of  standard  American  colleges  who  have  completed 
a  thorough  college  course  in  chemistry  and  are  recognized  as 
students  of  excellent  ability.  By  action  of  the  directors  of  the 
university  tlie  holder  will  be  exempt  from  all  fees  and  will  ren- 
der certain  services  in  instruction  and  laboratory  supervision. 
At  the  end  of  the  year  of  work  at  the  Municipal  University 
the  holder  of  the  fellowship  will  enter  the  employ  of  the  company 
which  has  provided  the  fellowship. 

OUR  NITROGEN  DEMAND  AND  SUPPLY  IN  THE  EVENT 
OF  WAR— CORRECTION 

In  the  letter  by  Prof.  M,  C.  Whitaker  in  This  Journal,  9 
(1917),  204,  he  quotes  the  estimate  in  my  Iron  and  Steel  Insti- 
tute paper,  of  the  probable  coke-oven  ammonia  capacity  at  the 
end  of  1917,  as  given  out  under  date  of  July  ist.  This  is  an 
error,  as  the  paper  was  in  print  on  May  26th,  and  the  data  used 
were  actually  of  May  I  St.  The  estimate  was  made  from  a  con- 
servative point  of  view,  and  included  only  plants  actually  agreed 
upon  at  that  time.  Since  then  there  has  been  a  decided  increase 
in  the  figures.  ^    „    ^hilds 

Tbb  Barrett  Company 


THE  SAMPLING  OF  FERTILIZERS— A  CORRECTION 

The  address  given  at  tlie  end  of  the  above  article,  which  ap- 
peared in  This  Journal,  9  (1917),  167,  should  read  "Laboratory 
of  Armour  Fertilizer  Works,  Chicago,"  instead  of  Laboratory 
of    Armour   &    Company,    Chicago.  F.  S.  Lodge 
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PERSONAL  NOTL5 


The  Franklin  Institute  has  recently  awarded  its  Elliott 
Cresson  Gold  Medal  to  Dr.  Edwin  Fitch  Northrup,  Research 
Physicist,  of  Princeton,  N.  J.  This  award  was  made  in  recog- 
nition of  a  special  type  of  electric  furnace  developed  by  Dr. 
Northrup,  in  which  a  temperature  of  more  than  3000°  C.  can 
be  developed,  and  of  his  pyrometric  methods  and  new  pyro- 
metric  apparatus  for  the  direct  and  accurate  reading  of  high 
temperatures  up  to   1600  or   1700°  C. 

Mr.  Alex.  L.  Feild  has  left  the  Bureau  of  Mines  and  accepted 
the  position  of  metallurgist  and  physical  chemist  with  the 
Gulf  Pipe  Line  Company.  His  address  after  March  15  will  be 
Gulf  Pipe  Line  Company,  Gulf  Building,  Houston,  Texap. 

Mr.  James  M.  Wadsworth  of  California  has  been  appointed 
assistant  petroleum  technologist  of  the  Bureau  of  Mines. 

Mr.  K.  L  Kithil,  formerly  connected  with  the  Bureau  of  Mines, 
is  now  general  manager  of  the  Schlesinger  Radium  Company, 
Denver,  Colo. 

Mr.  George  M.  Berry,  chairman  of  the  Sjrracuse  Section 
of  the  A.  C.  S.,  and  chief  chemist  of  the  Halcomb  Steel  Com- 
pany, Syracuse,  N.  Y.,  has  been  engaged  to  give  a  special  course 
of  lectures  on  metallurgy  in  the  College  of  Applied  Science, 
of  Syracuse  University. 

Dr.  Herbert  H.  Dow,  founder  of  the  Dow  Chemical  Com- 
pany, Midland,  Mich.,  spoke  on  "The  Evolution  of  the  American 
Manufacturing  Industries  and  Their  Probable  Trend  in  the 
Future,"  at  the  February-  15th  meeting  of  the  Detroit  Section 
of  the  A.  C.  S.  Dr.  Bemhard  C.  Hesse,  of  New  York, 
will  talk  on  "The  American  Chemical  Society  and  the 
Nation,"  at  the  March  15th  meeting  of  the  Detroit  Section 
Dr.  C.  E.  K.  Mees,  of  the  Eastman  Kodak  Company,  has 
chosen  for  his  illustrated  lecture  of  April  19,  the  title,  "Photo- 
graphic Research:  An  Example  of  the  Work  of  a  Specialized 
Research  Laboratory." 

A  Committee  on  Analyzed  Reagents  consisting  of  W.  F.  Hille- 
brand;  Chairman,  Chas.  Baskerville,  and  W.  D.  Bigelow,  has 
been  appointed  by  President  Stieglitz  of  the  American  Chemical 
Society.     (See  This  Journai,,  9  (1917),   109.] 

Mr.  William  James  Mullins,  of  Franklin,  Pa.,  died  on  Jan- 
uary 20,  at  the  Hotel  Schenley,  Pittsburgh.  Mr.  Mullins  was 
bom  in  Steubenville,  O.,  on  August  21,  i860.  He  was  reared 
in  Pittsburgh  and  received  his  later  education  in  the  Massa- 
chusetts Institute  of  Technology,  Boston.  He  went  to  Franklin 
as  chemist  for  the  Standard  Oil  Company,  which  position  he 
held  until  iSyj,  when  he  resigned  from  active  work  and  devoted 
himself  to  art  and  church  work.  He  is  survived  by  a  wife  and 
three  daughters. 

The  next  annual  convention  of  the  National  Fertilizer  .Associ- 
ation will  be  held  in  White  Sulphur  Springs,  W.  Va  ,  on  July  9. 

The  I'nited  States  Civil  Service  Coniinlssion  announces  an 
open  cotnpetitive  examination  for  melallurf^isl  (male),  salary 
f 2400-^,1300,  on  Morch  6,   1917. 

The  Uurdett  Oxygen  Company  begun  operation  of  its  Okla- 
homa plant,  located  at  the  Stock  Yards  Station  at  Oklahoma 
City,  on  February  ijtii,  and  will  be  in  a  position  to  furnish 
oxygen  to  users  in  tluil  territory.  This  is  the  twelfth  plant 
instalU'il  by  the  Uurdett  Company  in  the  various  iuduslriat 
centers  of  the  coinitry 

Mr.  G  I,.  1".  Philips,  technical  director  of  Philips'  Glow- 
lampworks.  Limited,  ICindliovrn,  Holland.  Iius  been  nominated 
Potior  honorn  causa  by  the  senate  of  the  Tcchnieal  University 
ut.Delft,  Holland. 


The  department  of  chemistr>-  of  the  College  of  the  City  of 
New  York  offers  during  the  Spring  Semester,  191 7.  the  following 
remaining  lectures,  open  to  the  public: 

March  2 — "New  Method  for  Nitrogen  Fixation"  fexperimental,  showing 
utihzation  of  home-made  apparatus),  by  Dr.  J.  E.  Bucher.  professor  of 
chemistry.   Brown  University.   Providence.  R.   I, 

March  16 — "Chemical  Structure  and  the  Biological  Function  of  Tissue 
Elements."  by  Dr.  P.  A.  Levene,  chief  chemist.  Rockefeller  Institute, 
New  York  City. 

March  23 — "The  Conservation  of  Pine  Forests  through  the  Methods 
of  Chemical  Research"  (illustrated  by  specimens  and  stereopticon). 
by  Chas.  H.  Herty.  Editor.  Journal  of  Industrial  ir  Enginiering  Chemistry. 

March  JO— "The  Getting  of  Wisdom."  by  Dr  C.  E.  K.  Mees,  director 
of  research  department,  Eastman  Kodak  Co..  Rochester.  N.  Y. 

April  13 — "Colloids  in  Pharmacy"  (illustrated  and  experimental), 
by  Dr.  John  L'ri  Lloyd,  Cincinnati.  O. 

April  27 — "Some  Chemistry  of  the  Tropics"  (illustrated  from  recent 
observation),  by  Dr.  L.  H.  Friedburg.  professor  emeritus.  College  of  the 
City  of  New  York. 

Dr.  Chas.  H.  Herty  addressed  the  Pittsburgh  Section  of  the 
A.  C.  S.,  on  "Chemistry  in  a  National  Crisis,"  at  their  133rd 
RegiJar  Meeting  on  February  15. 

Mr.  C.  D.  McCourt,  of  Lcmdon,  who  was  prominently  iden- 
tified with  Prof.  William  A.  Bone  in  surface  combustion  mat- 
ters, was  killed  on  October  8,  1916,  at  Eaucourt  r.\bbaye,  France. 
This  information  was  received  in  a  letter  from  Mr.  Henry 
Edmunds,  Brighton,  England,  to  Mr.  Carleton  Ellis,  Montdair, 
N.  J.  Mr.  McCom-t  spent  some  time,  in  this  countr>'  several 
years  ago  in  the  development  of  the  applications  of  surface 
combustion  and  his  charming  personality  made  for  him  many 
friends. 

The  Mont  Color  &  Chemical  Company,  Monticello,  X.  Y..  has 
been  formed  to  produce  chemicals,  intermediates  and  dyes 
from  coal  tar 

Prof.  F.  P.  Venable,  of  Chapel  HiU,  N.  C,  an  ex-president 
of  the  University  of  North  Carolina,  and  an  ex-president  of  the 
American  Chemical  Society,  was  appointed  by  President  Stieg- 
litz to  represent  tlie  American  Chemical  Society  at  the  inaugu- 
ration of  Wallace  Carl  Riddick  as  president  of  the  North 
Carolina  College  of  .\griculture  and  Mechanic  .\rts,  on  Feb- 
ruary 22,   1917. 

The  First  National  Bank  of  Boston  is  opening  a  South 
American  Branch  at  Buenos  Aires,  Argentina,  under  the 
managership  of  Mr.  Noel  F.  Tribe,  a  banker  of  experience, 
who  has  resided  in  the  .\rgentine  for  the  past  20  years. 

Dr.  Benjamin  T.  Brooks,  of  the  Mellon  Institute,  has  accepted 
the  position  of  Research  Chemist  for  the  Bayway  Chemical 
Company,  of  New  York,  and  will  take  up  his  new  duties  on 
April  I  St. 

Mr.  Ivdgar  B.  Carter,  director  of  scicnlitic  work  at  Swan- 
Myers  Company,  addressed  the  Indiana  Section  of  the  \.  C.  S. 
on  "Immunity  and  Immuno-Chemistry,"  at  their  Fcbniory 
9th  meeting.  Dr.  Wilder  D.  Bancroft's  address  on  March  gth 
will  be  "Contact  Catalysis." 

Mr.  Earl  R.  Smith  has  been  transferred  to  the  U.  S.  lUin-au 
of  Soils  as  mechanical  engineer  in  the  design  and  construction 
of  the  new  government  potash  iilant  at  Summerlnnd.  C«l., 
where  he  and  Dr  Turrentine,  of  the  l>r)iartnH-nt  of  AgriiMilturc, 
will  investigate  the  lommercial  iMissjbiliiirs  of  extractiiig  |>otnMi, 
iodine,  tar  products,  acetone,  etc  ,  from  I'acitic  cuust  kelps. 

John  Woods  Uecknian  and  Herbert  Eniil  Undrn  announce 
the  formation  of  the  Hcckman  anil  Linden  I-lniiinechng  Cor- 
poriiliiin.  for  the  piirix^o  of  undcrtakini:  the  drvrlopnient 
and  tiLinagcnient  of  rlirMilc.il,  m>-lalltiii;K-.il,  cUvUiK-hrmicAl 
und  electrnnictullurKioal  indu«trir!<,  lu  well  iis  hydniclcctric 
ciltcrpritcs.     Collier       UallMW    KiiildinK,    Sun    Fn«ilci«co. 
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GOVLRNMLNT  PUBLICATIONS 


By  R.  S.  McBride,  Bureau  of  Standards,  Washiogto 


NOTICE — Publications  for  which  price  is  indicated  can  be 
purchased  from  the  Superintendent  of  Documents,  Government 
Printing  OlHce,  Washington,  D.  C.  Other  publications  can 
usually  be  supplied  from  the  Bureau  or  Department  from  which 
they  originate.  Commerce  Keports  are  received  by  all  large 
libraries  and  may  be  consulted  there,  or  single  numbers  can  be 
secured  by  application  to  the  Bureau  of  Foreign  and  Domestic 
Commerce,  Department  of  Commerce,  Washington.  The  regu- 
lar subscription  rate  for  these  Commerce  Reports  mailed  daily  is 
$2.50  per  year,  payable  in  advance,  to  the  Superintendent  of 
Documents. 

SMITHSONIAN  INSTITUTION 

International  Catalogue  of  Scientific  Literature.  .Separate 
from  Report,  1916.  5  pp.  This  is  a  report  of  the  United  States 
Regional  Bureau  of  International  Catalogue  of  Scientific  Litera- 
ture, fiscal  year  1916. 

SUPEBINTENDENT  OF  DOCUMENTS 
Forestry.     Government  publications  relating  to  tree  planting, 
wood  tests,  and  lumber  and  timber    industries,  for  sale  by  the 
Superintendent  of  Documents,  are  given  in  Price  List  43,  loth 
Edition,  21  pp.     Issued  December,  1916. 

Soils  and  Fertilizers.  Government  publications  relating  to 
these  subjects  and  for  sale  by  the  Superintendent  of  Documents 
are  given  in  Price  List  46,  loth  Edition,  20  pp.  Issued  De- 
cember, 19 16. 

CONQKESSIONAL  COMMITTEES 

Paper  Mills.  IIousc  Report  1244,  19  pp.  This  is  a  report 
to  accompany  House  Bill  17699  which  authorizes  the  Public 
Printer  to  provide  pulp  and  paper  mill  or  mills  for  manufactiu-e 
of  print  paper  for  the  Government. 

Coal  and  Other  Mineral  Lands.  Senate  Report  882,  from 
Committee  on  Indian  Affairs.  3  pp.  December  19,  1916. 
This  report  relates  to  the  disposal  of  coal  and  mineral  deposits 
in  Indian  lands  and  is  intended  to  accompany  Senate  Bill  583. 

Coal  Lands.  Senate  Report  889,  from  the  Committee  on 
Indian  Affairs.  3  pp.  December  20,  1916.  This  report,  to 
accompany  House  Joint  Resolution  306,  relates  to  the  authoriza- 
tion of  the  Secretarj'  of  the  Interior  to  extend  the  time  for  pay- 
ment of  deferred  installments  due  on  purchases  of  tracts  of  sur- 
face of  segregated  coal  and  asphalt  lands  of  Choctaw  and  Chicka- 
saw tribes  in  Oklahoma.  See  also  House  Report  1219  intended 
to  accompany  the  same  bill,  dated  December  15,  1916. 

Mines  and  Mineral  Resources.  Senate  Report  880,  from  the 
Committee  on  Indian  Affairs.  3  pp.  December  16,  1916. 
This  report  relates  to  House  Bill  12426  to  authorize  mining  for 
metalliferous  minerals  on  Indian  reservations. 

DEPARTMENT  OF  AQBICULTURE 

The  following  four  articles  in  the  December  issues  of  the 
Journal  of  Agricullural  Research  contain  material  of  chemical 
interest.     Page  references  and  dates  refer  to  Volume  7. 

(i)  Nitrification  in  Semiarid  Soils.  W.  P.  KellEY.  (Pp. 
417-438;  December  4.) 

(2)  Factors  Affecting  the  Evaporation  of  Moisture  from  the 
Soil.  F.  S.  H.-^RRis  AND  J.  S.  Robinson-.  (Pp.  439-460;  De- 
cember 4.  ) 

(3)  Assimilation  of  Iron  by  Rice  from  Certain  Nutrient  Solu- 
tions. P.  L.  GiLE  AND  J.  C).  Carrero.  (Pp.  503-528;  De- 
cember 18.) 

(4)  Influence  of  Bordeaux  Mixture  on  the  Rates  of  Trans- 
piration from  Abscissed  Leaves  and  from  Potted  Plants.  Wii.i.iam 
H.  Martin.      (Vp.  529-547;  December  18.) 

Important  Soils  of  the  United  States.  Unnumbered  publica- 
tion of  Bureau  of  Soils.     28  pp.  and  map.     This  report  is  issued 


to  accompany  the  collection  of  soils  and  sub-soils  for  use  of 
schools  and  colleges  teaching  agriculture  and  physical  geography. 

Sea  Island  Cotton.  W.  A.  Orton.  Farmers'  Bulletin  787, 
from  the  Bureau  of  Plant  Industry,  issued  December  30,1916. 
40  pp. 

The  Production  of  Sweet-Orange  Oil  and  a  New  Machine 
for  Peeling  Citrus  Fruits.  S.  C.  Hood  and  G.  A.  RussEtL. 
Department  Bulletin  399,  contribution  from  the  Bureau  of 
Plant  Industry.  45  pp.  Paper,  40  cents.  Possibility  is  sug- 
gested of  the  commercial  production  of  sweet-orange  oil  from 
waste  oranges,  and  there  are  given  detailed  descriptions  and  illus- 
trations of  a  machine  for  peeling  oranges,  grape  fruit,  and  lemons. 

The  Soy  Bean,  with  Special  Reference  to  its  Utilization  for 
Oil,  Cake,  and  Other  Products.  C.  V.  Piper  and  W.  J.  Morse. 
Department  Bulletin  439,  contribution  from  the  Bureau  of 
Plant  Industry,  issued  December  22nd.  20  pp.  Paper,  5  cents. 
This  reports  on  the  cultivation  of  soy  beans  in  various  coimtries 
of  the  world,  their  use  as  food  for  man  and  beast  and  as  a  ferti- 
lizer, methods  of  oil  extraction,  uses  of  the  oil,  etc. 

The  Chemical  Composition  of  Lime-Sulfur  Animal  Dips. 
Robert  M.  Chapin.  Department  Bulletin  451,  contribution 
from  the  Bureau  of  Animal  Industry,  issued  December  14. 
20  pp.  Paper,  5  cents.  Experiments  are  described  in  the 
preparation  of  a  solution  for  dipping  cattle  and  sheep,  and 
the  "8-18-10"  formula  prescribed  by  the  Animal  Industry 
Bureau. 

The  Chemical  Composition  of  American  Grapes  Grown  in 
the  Central  and  Eastern  States.  W.  B.  Alwood,  B.  G.  Hart- 
MANN,  J.  R.  Eoff,  S.  F.  Sherwood,  J.  O.  Carrero  and  T.  S. 
Harding.  Department  Bulletin  452,  contribution  from  the 
Bureau  of  Chemistry,  issued  December  18.  20  pp.  Paper, 
5  cents.  Statistical  data  are  given  of  grapes  examined,  dis- 
cussion of  analytical  results,  and  sumraarj'  of  sugar  and  acid  for 
five  years. 

The  Effect  of  Cultural  and  Climatic  Conditions  on  the  Yield 
and  Quality  of  Peppermint  Oil.  Frank  Rabak.  Department 
Bulletin  454,  contribution  from  the  Bureau  of  Plant  Industry, 
issued  December  9.  16  pp.  Paper,  5  cents.  Proof  is  pre- 
sented that  conditions  of  soil  and  climate  are  influential  factors 
in  the  formation  of  oil  and  its  constituents  in  the  peppermint 
plant. 

The  Drying  for  Milling  Purposes  of  Damp  and  Garlicky 
Wheat.  J.  H.  Co.x.  Department  Bulletin  455,  contribution 
from  the  Bureau  of  Plant  Industr>',  issued  December  15.  n  pp. 
Paper,  5  cents.  This  article  indicates  the  proper  temperature 
and  the  best  methods  for  artificial  drying,  cleaning,  and  handling. 

The  Use  of  Energy  Values  in  the  Computation  of  Rations 
for  Farm  Animals.  Henry  Prentiss  Armsby.  Department 
Bulletin  459,  contribution  from  the  Bureau  of  Animal  Industry, 
issued  December  15.  31  pp.  Paper,  5  cents.  This  is  a  re- 
vision of  Farmers'  Bulletin  showing  346,  the  feed  requirements 
of  various  cattle,  relative  value  of  feed,  and  methods  of  com- 
pounding rations. 

Fats  and  Their  Economical  Use  in  the  Home.  A.  D.  Holhbs 
and  H.  L.  Lang.  Department  Bulletin  469,  contribution  from 
the  States  Relations  Service,  issued  December  15.  27  pp. 
Paper,  5  cents.  This  report  discusses  character,  selection, 
and  use  of  edible  fats,  of  interest  to  teachers  and  students  of 
domestic  science,  housekeepers,  and  others  concerned  with  the 
problems  of  food  selection  and  preparation. 

Studies  on  the  Digestibility  of  the  Grain  Sorghums.  C.  F. 
Langworthy  and  a.  D.  Holmes.     Department  Bulletin  470, 
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contribution  from  the  States  Relations  Service,  issued  December 
22.     31  pp.     Paper,  5  cents. 

Table  for  Converting  Weights  of  Mechanical  Separations 
into  Percentages  of  the  Sample  Analyzed.  H.  G.  Boerner. 
Department  Bulletin  516,  contribution  from  the  Bureau  of  Plant 
Industr>'  and  the  Office  of  Markets  and  Rural  Organization, 
issued  December  28.  21pp.  Paper,  5  cents.  A  table  is  given 
which  enables  the  grain  analyst  to  obtain  the  equivalent  per- 
centage of  a  sample  of  grain  when  the  weight  of  the  sample 
analyzed  and  the  weight  of  the  mechanical  separation  are  given.. 

Phosphate  Fertilizers  for  Hawaiian  Soils,  and  Their  Availability. 
William  T.  McGeorge.  Bulletin  41,  Hawaii  Agricultural 
K.xperiment  Station,  issued  December  2.  45  pp.,  4  plates. 
Paper,  10  cents.  Results  are  presented  of  scientific  and  prac- 
tical investigations  in  which  it  is  found  that  phosphate  fertilizers 
should  be  applied  to  Hawaiian  soils  in  a  soluble  form  to  produce 
the  best  results. 

Improved  Apparatus  for  Use  in  Making  Acidity  Determina- 
tions of  Corn.  H.  J.  Besley  and  G.  H.  Baston.  Circular 
Ko.  68,  Office  of  the  Secretary,  issued  December  30.  4  pp. 
Pa|)er,  5  cents. 

Pulp  and  Paper  and  Other  Products  from  Waste  Resinous 
Woods.  Reprint  from  the  Bureau  of  Chemistry  Bulletin  159. 
Paper,  5  cents.  This  gives  results  of  experimental  work  in  the 
making  of  pulp,  paper,  turpentine,  resin  oil,  and  methyl  alcohol. 

Technical  Drug  Studies.  Reprint  from  the  Bureau  of  Chem- 
istry Bulletin  150.  Paper,  10  cents.  Methods  are  described 
with  analysis  and  investigations  of  the  quality  of  commercial 
hydrogen  dioxid,  glycerin,  beeswax  and  cocaia. 

Peanut  Butter.  Circular  98,  Reprint  of  the  Bureau  of  Plant 
Industry.  Paper,  5  cents.  This  is  a  description  of  the  varieties 
of  iieanuts  and  factory  and  eciuipment  necessary  for  the  manu- 
facture of  peanut  butter. 

BUBEAU  OF  MINES 

Prospecting  and  Mining  of  Copper  Ore  at  Santa  Rita,  New 
Mexico.  Donald  1*.  MacDonald  and  Charles  Enzian. 
Bulk  tin  107,  115  pp.     Paper,  25  cents. 

Molybdenum:  Its  Ores  and  Their  Concentration  with  a  Dis- 
cussion of  Markets,  Prices  and  Uses.  Frederick  W.  Horton. 
Bullilin  III.  "The  direct  pun><«e  of  this  bulletin  is,  on  the 
one  hand,  to  prove  to  possible  consumers  of  molybdenum  that 
the  element  is  not  as  rare  as  commonly  supposed,  and  that  this 
country  possesses  many  deposits  of  low-grade  ore  from  which 
large  supplies  may  be  derived,  and  on  the  other  hand,  to  prove 
to  present  and  prospective  producers  of  molybdenum  that 
there  is  a  latent  market  for  their  product  in  the  alloy-steel  trade, 
which  needs  only  the  assurance  of  steady  supplies  for  a  con- 
siderable development.  It  is  also  intended  to  assist  the  miner 
of  iiiulybdenum  by  giving  him  information  regarding  various 
methods  of  concentration  that  have  proven  applicable  to  the 
diftirent  types  of  molybdenum  ore,  and  by  acquainting  him 
with  market  conditions,  uses,  prices,  etc.  The  vsirious  iiiolyb- 
deiiuin  minerals  are  described  in  detail,  and  tests  for  their  de- 
termination are  given  to  aid  the  prospector  in  recognizing  them. 
In  addition  to  the  most  applic.iblc  and  reliable  qualitative  tests 
for  molybdenum,  the  quantitative  determination  of  the  clement 
is  described  in  some  detail,  as  the  methods  of  analyses  reconi- 
niiiided  in  the  ordinary  textbooks  will  not  in  general  give  cor- 
net irsnlls,  particularly  on  low  grade  ores. 

"The  iMiprccedeiiled  diniand  for  steel  hnrdening  mctuls  oc- 
casioned by  the  luiropeaii  war  is  slowly  drawing  the  attention 
both  of  prospective  consumers  and  of  producers  to  possibilities 
in  regard  to  inolylidemim.  Several  mining  oiMTali<ins  UMiking 
toward  u  considerable  production  of  both  inolvbdeiiitc  and 
wulfenite  have  already  been  commenced,  and  mamifncturcrs 
arc  itivestigating  the  possibilities  of  using  molybdciiuiu  in  u 
larKc  wny.     The  fact  that  molybdenum  is  now  (April  I,   1916) 


selling  at  $3  to  S4  a  pound,  as  compared  with  $8  to  Sio  a  pound 
for  tungsten,  and  the  fiulier  fact  that  i  poimd  of  molybdenum 
will  produce  approximately  the  same  residts  as  2  or  3  pounds  of 
timgsten,  are  serving  to  quicken  this  interest. 

"Under  the  influence  of  the  high  prices  being  paid  for  the  metal 
and  the  unusual  demand,  the  whole  molybdemun  industry  is 
developing  as  never  before,  not  only  in  the  United  States,  but 
also  in  Queensland,  New  South  Wales,  and  Norway,  the  three 
countries  that  have  previously  supplied  practically  the  entire 
world's  production." 

The  Principles  and  Practice  of  Sampling  Metallic  Metal- 
lurgical Materials  with  Special  Reference  to  the  Sampling  of 
Copper  BuUion.  Edward  Keller.  Bulletin  122,  94  pp. 
Paper,  20  cents.  .\  large  number  of  methods  are  discussed 
in  considerable  detail  with  elaborate  illustrations  and  a  consider- 
able number  of  experimental  results  showing  the  relative  value 
of  different  procedures. 

"Considerable  space  has  been  devoted  to  the  general  and 
theoretical  principles  on  the  groimd  tliat  under  modem  condi- 
tions the  best  results  in  any  field  of  activity  can  be  attained 
only  with  the  aid  of  an  adequate  knowledge  of  the  best  theories 

underlying  the  practice No  attempt  has  been   made  to 

advocate  any  one  method,  but  it  is  hoped  that  the  analyses  of 
all  of  the  methods  in  use  will  show  where  each  may  be  correctly 
and  safely  applied.  The  fact  that  it  is  possible  to  demonstrate 
the  theoretical  correctness  of  several  methods  indicates  the  in- 
validity of  the  claim  that  any  single  one  of  them  is  the  standard." 

The  Analytical  Distillation  of  Petroletim.  W.  F.  Ritt-Man 
and  K.  W.  Dean.  Bulletin  125,  68  pp.  Paper,  15  cents. 
"This  report  presents  the  results  of  an  investigation  conducted 
by  the  Bureau  of  Mines  for  the  purpose  of  assisting  in  the  es- 
tablishment of  a  satisfactory  standard  method  for  the  analytical 
distillation  of  petroleum,  a  problem  of  great  importance  to  the 
petroleum  industry.  Experiments  were  performed  for  the  pur- 
pose of  studying  the  characteristics  of  methods  t>T)ical  of  those 
in  use;  comparative  studies  were  made  of  the  efficiencies  of  the 
principal  types  of  fractionation  apparatus  available  to  the  pe- 
troleum chemist;  and  the  characteristics  of  a  type  of  apparatus 
that  the  results  of  the  experiments  seemed  to  indicate  w.-is  best 
adapted  to  the  purpose,  were  investigated  in  detail.  Also, 
some  experiments  were  made  to  determine  the  effect  of  cracking 
as  a  factor  in  the  analytical  disUUation  of  petroleum  in  still- 
heads." 

This  report  is  substantially  an  extension  of  the  articles  pub 
lishod  by  the  same  authors,  This  Journat.,  7  (1915).  «85-95 
and  754-60. 

Bibliography  of  Recent  Literature  on  Flotation  of  Ores,  Janu- 
ary to  June,  1916.  D.  A.  Lyon,  O.  C.  Ralston,  F.  B.  Lanky 
and  R.  S.  Lewis.     Technical  Paper  135,  13  I'P      Paper,  5  ix-nts. 

Physical  and  Chemical  Properties  of  Gasolines  Sold  Through- 
out the  United  States  during  the  Calendar  Year  1915.  W.  F. 
RiTTMAN,  W.  A  Jacobs  and  li.  W.  Dkan.  TechiiiciU  Paper 
163,  35  pp.  Pa]>cr,  10  cents.  "The  Bureau  of  .Mines,  in  the 
course  of  its  petroleum  investigations,  has  noted  the  dciu-lh  of 
published  information  regarding  the  physical  and  chcniiciil 
properties  of  different  v.^rieties  of  gasoline  generally  marketed. 
Such  iiiforination  is  of  gnat  imiH)rtance  both  to  jiroiluccrs  and 
consumers,  nnd  for  this  rc»ison  it  was  deemed  udvisiiblc  to  con- 
duct an  investigation  todolcrmine  the  proi>crtics  of  K;iM>linr  sold 
throughout  the  United  Stales  during  IQIJ  The  results  of  thi» 
investigation  are  rr|>orlcd  in  this  pniK-r." 

OKOLOOIOAL  8UKVIT 

Gypsum  in  Southern  Part  of  Bighorn  Mounlain.s,  Wyomin(. 

ClIAKLIM    T.    Ll'I'TON    AND    1>      1>ALI!    CoNlUT        HuUclUl    64O-H. 
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Placer  Deposits  of  the  Manhattan  District  Nevada.  Henry 
G.  Ferguson.  Bulletin  640-J,  from  Contributions  to  Economic 
Geology,  1916,  Part  I,  pp.  163-193.     Published  January  20,  19:7. 

The  Garrison  and  Philipsburg  Phosphate  Fields,  Montana. 
J.  T.  Pardee.  Bulletin  640-K,  from  Contributions  to  Economic 
Geology,  1916,  Part  I,  pp.  195-228.  Published  January 
20,  1917.  "Workable  deposits  of  high-grade  rock  phos- 
phate (containing  60  per  cent  or  more  tricalcium  phos- 
phate) occtir  in  both  the  Garrison  and  Philipsburg  fields. 
That  in  the  Garrison  field  lies  from  6  to  10  miles  north 
of  the  town  of  Garrison  and  is  easily  accessible,  and  the  portion 
considered  as  available  to  mining  contains  by  estimate  97,000,000 
long  tons  (equivalent  to  108,640,000  short  tons  of  2,000  pounds), 
an  amount  about  twice  as  great  as  the  total  production  of  the 
United  States  to  date.  About  one-third  of  the  amount  lies 
above  the  natural  drainage  levels,  and  much  of  this  portion  can 
be  very  readily  extracted  by  means  of  adits  driven  along  the 
phosphate  bed. 

"In  the  Philipsburg  field  too  little  work  has  been  done  to 
justify  a  tonnage  estimate,  but  the  deposits  are  believed  to  be 
extensive,  and  are  known  to  be  in  two  places  at  least  of  workable 
size  and  readily  available  to  mining." 

Anticlines  in  the  Blackfeet  Indian  Reservation,  Montana. 
Eugene  Stebinger.  Bulletin  641-J,  from  Contributions  to 
Economic  Geology,  1916,  Part  II,  pp.  281-305.  Published 
January  22,  1917.  "The  purpose  of  this  paper  is  to  give  a  brief 
account  of  the  geologic  formations  in  the  reservation  and  of 
their  lay  or  geologic  structure,  and  a  more  detailed  description 
of  the  anticlines  and  of  tlie  formations  that  appear  to  contain 
oil  or  gas  in  Southern  Alberta  and  Northern  Montana. 

"The  discovery  of  small  quantities  of  oil  and  gas  in  several 
anticlines  along  the  eastern  front  of  the  Rocky  Mountains  west 
of  Calgary,  Alberta,  has  aroused  interest  in  the  possible  oil  and 
gas  resources  of  the  formations  in  this  general  region,  especially 
of  the  southern  extensions  of  the  folded  and  faulted  beds  that 
were  productive  in  Canada. 

"The  general  conditions  in  this  region  suggest  that  drilling 
in  the  Blackfeet  Indian  Reservation  would  have  about  the  same 
chance  of  success  as  in  the  adjacent  region  in  Southern  Alberta, 
extending  from  the  international  boundar>'  northward  to  Calgary 
— a  region  in  which  drilling  by  over  40  companies  during  the 
last  three  years  has  been  slightly  successful." 

Coals  in  the  Area  between  Bon  Air  and  Clifty,  Tennessee. 
Charles  Burrs.  Bulletin  641-K,  from  Contributions  to 
Economic  Geology,  1916,  Part  II,  pp.  307-310.  Published 
January  19,  1917.  "Present  knowledge,  therefore,  seems  to 
justify  the  conclusion  that  two  coal  beds  lie  beneath  the  area 
represented  by  the  unshaded  space  on  the  economic-geology 
map  in  the  Pikeville  folio  but  that  the  areas  in  which  these  coals 
are  workable  are  patchy  in  distribution,  so  that  any  investment 
or  mining  in  this  area  should  be  preceded  by  careful  and  thorough 
prospecting." 

Petroleum  Withdrawals  and  Restorations  Affecting  Public 
Domain.     Bulletin  623,   Appendix  A,    15   pp.     Paper,  5   cents. 

Nickel  in  1915.  Frank  L.  Hess.  Mineral  Resources  of 
the  United  States,  1915,  Part  I,  pp.  743-766.  Published  January 
12,  191 7.  "No  nickel  ores  are  known  to  have  been  mined  in 
the  United  States  in  recent  years,  but  an  equivalent  of  822  short 
tons  of  nickel  was  saved  in  1915  as  a  by-product  in  the  electro- 
lytic refining  of  copper.  Of  this  output  the  larger  part  was 
marketed  as  metallic  nickel  and  the  smaller  part  was  contained 
in  hydrous  nickel  sulfate. 

"What  part  of  this  nickel  came  from  American  pig  or  blister 
copper  and  what  part  from  foreign  copper  is  uncertain,  but  it  is 
roughly  estimated  that  American  ores  produced  between  one- 
half  and  two-thirds  of  tlie  whole. 

"The  great  bulk  of  tlie  nickel  supply  of  the  United  States  has 
been  drawn  for  years  from  Canada.    .During  1915  smaller  quanti- 


ties were  imported  from  New  Caledonia,  Australia,   and  Nor- 
way. 

"During  the  general  stock-taking  which  has  been  going  on  in  the 
United  States  during  the  last  year  many  questions  as  to  the 
country's  resources  in  nickel  have  been  asked,  and  in  order  to 
answer  these  questions  and  to  show  what  nickel  and  nickel 
ore  would  be  available  in  case  of  urgent  need  and  shortage  of 
supplies  from  other  countries,  the  information  available  on  the 
deposits  of  the  United  States  has  been  epitomized  in  this  paper. 
"The  nickel  deposits  of  the  United  States  are  small  compared 
with  the  unrivaled  deposits  at  Sudbury,  Canada,  but  they  have 
in  the  past  made  some  production  and  will  probably  do  so  again. 
"The  United  States  refines  much  more  nickel  than  it  can  use, 
so  that  though  not  a  large  producer  it  is  a  large  exporter." 
This  report  also  discusses  the  forms  of  occurrence  of  nickel, 
nickel  minerals,  market  for  nickel  ores,  laboratory  tests  for 
nickel,  and  the  uses  of  this  metal.  A  long  table  is  presented 
giving  the  analyses  reported  by  various  authors  of  a  large  num- 
ber of  nickel  alloys. 

Coke  in  1915.  C.  E.  Lesher.  Mineral  Resources  of  the 
United  States,  1915,  Part  II,  pp.  515-558.  Published  December 
14,  1916.  "The  quantity  of  coke  produced  in  the  United  States 
in  1915  was  41,581,150  net  tons,  valued  at  $105,503,868,  an 
increase,  compared  with  1914,  of  7,025,236  tons,  or  20  per  cent, 
in  quantity,  and  of  $17,169,651,  or  19  per  cent,  in  value.  By- 
product coke  showed  the  larger  gain,  the  total  quantity,  14,072,- 
895  tons  in  1915,  being  an  increase  of  2,852,952  tons,  or  25  per 
cent  over  1914.  Beehive  coke  output  in  1915  was  27,508,255 
tons,  a  gain  of  18  per  cent,  compared  with  1914.  By  far  the 
greater  part  of  the  coke  manufactiu'ed  (about  90  per  cent  in 
1915)  is  used  in  the  iron  furnaces  of  the  country,  and  the  quantity 
of  coke  made  annually  depends  to  a  large  extent  upon  the  de- 
mand from  the  iron  and  steel  trade.  It  follows,  then,  that  the 
rate  of  production  of  coke  should  correspond  closely  to  the  rate 
of  pig-iron  output,  and  that  this  is  true  is  indicated  by  the  graphic 
record  shown. 

Average  Yibud  op  By-Proddcts  p8B  Ton  op  Coal  (2.000  Podnds) 
PROM  All  Operations  in  1915 

Coke 1 .440        pounds 

Tar 7.1     gallons 

.\mmonium  sulfate 20.1     pounds 

Light  oil 1.54  gallons 

/  Total 10.950  cu.  ft. 

)  Surplus  sold  or  used. . .  .      4.325  cu.  ft. 
C»as:\  Burned  in  coking  process     6.270  cu.  ft. 

V  Wasted 355  cu.  ft. 

By-Phoducts  Obtained  from  Coke-Ovbn  Operations  in  1915 

Average 
Product  Quantity  Value  value 

Tar  obtained  and  sold .  .    138.414,601  gaUons  $3,568,384     $0,026 

Ammonia  obtained   and 
sold: 

Sulfate 199,900.487  pounds  5,648.958       0.028 

Liquor 10,626.612  gallons  1,240,473       0.117 

Anhydrous  or  free  am- 

monia(o) 30.002.196  pounds  2.978,044       0.099 

Gas  produced 213,667.614  M  cu.  ft.  

Surplus  gas  sold  or  used: 

Illuminating 17,196,426  M  cu.  ft.  3,083.311        0.179 

Domestic  fuel 27,590.624  M  cu.  ft.  3,158.129       0.114 

Industrial  fuel 39,568,864  M  cu.  ft.  2.383,459       0.060 

Benzol  products: 

Crude  light  oils 13,082,678  gallons  4.304.281       0  33 

Secondary  light  oils. . .  182,039  gallons  28,731        0.16 

Benzol 2,516,483  gallons  1.428,323       0.568 

Toluol 623,506  gallons  1,529,803       2.45 

Solvent  naphtha 196,151  gaUons  46.233       0.24 

Naphthalene 465.865  pounds  46,959       0.10 

Other  products(6) 379,491        

Coke 14,072,895  net  tons 


$78,382,904 
(a)  Includes  liquor  and  sulfate  sold  on  pound  basis  of  NHi. 
lb)  Includes  breeze,  retort  carbon,  domestic  coke  and  coke  dust,  and 
aniline  oil. 

"The  average  value  per  ton  at  the  ovens  of  the  coke  manu- 
factured in  1915  was  $2.54,  a  slight  decrease  from  $2.56  in  1914. 
Alabama,  Colorado,  Illinois,  Indiana,  and  Tennessee  were  the 
only  states  recording  increase  in  value  per  ton. 

"The  recovery  of  the  valuable  by-products  from  American 
coke  manufacture  made  big  advances  in  19 15  and  has  now  at- 
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tained  the  proportions  of  an  important  industry.  The  value 
of  these  by-products  was  nearly  $30,000,000,  a  large  increase 
over  the  previous  high-water  mark  of  $17,500,000  in  19 14. 
Although  there  were  material  increases  in  the  output  and  value 
of  gas,  tar,  and  ammonia,  which  was  to  be  expected  with  a  greater 
output  of  by-product  coke,  the  increase  in  benzol  products  was 
remarkable  and  presented  the  most  interesting  feature  of  the 
year  in  the  coke  industry  The  value  of  these  products  rose 
from  less  than  $1,000,000  in  1914  to  more  than  $7,760,000  in 
1915.  Benzol  has  been  recovered  in  this  country  from  coke- 
oven  gas  for  a  number  of  years,  but  prior  to  19:5  the  market 
was  small  and  the  price  low. 

"In  1914  there  were  14  benzol  plants  in  the  United  States, 
but  they  were  all  controlled  by  one  company,  and,  therefore, 
it  is  not  feasible  to  publish  the  scatistics  of  their  production  for 
that  or  previous  years.  Sixteen  additional  coke  plants  were 
equipped  with  benzol  apparatus  in  1915,  and  the  output  was 
very  greatly  increased. 


Diagram  SiiowiNn  Quantity  and  Valos  ot  Coal  Carbonizbd  in 
By-Product  Cokb  Ovbns  in  tub  Unitbd  States  im   1915.  and  Quantity 

AND  VaLUB  'IF  TUB  PRODUCTS  ObTAINSD 

"The  accompanying  diagram  shows  graphically  the  quantity 
of  coal  carbonized  or  treated  in  by-product  ovens  and  the  quan- 
tities of  by-products  obtained;  also  the  value  at  the  ovens  of  the 
coke  and  the  resultant  products.  The  by-products  shown  in 
preceding  tables  in  various  units,  as  gallons  and  cubic  feet,  have 
been  reduced  to  net  tons  for  comparison.  The  weight  of  gas 
used,  32  pounds  per  lo^xj  cubic  feet,  was  calculated  from  an 
average  analysis  of  debcii/.olizcd  g.is.  Tar  was  considered  to 
have  a  specific  gravity  of  1.14,  and  light  oil  a  specific  gravity 
of  0.88.  All  aniinoiiia  was  reduced  to  tons  of  NHt.  Surplus 
gas  only  is  shown,  as  no  value  is  attached  to  gas  consumed  in 
the  process  or  wasted." 

Petroleum  in  1915.  John  1).  Northrop.  Mineral  Resources 
of  the  United  Slates,  1915.  Part  II,  pp.  f,y^-l(>o.  Published 
December  \2,  1916.  "Mciisured  by  marketed  |)ro(Uirtion,  the 
year  1915  was  the  greatest  in  the  history  of  the  crudc|H-trolcuni 
industry  in  this  country,  the  quantity  involved  In-ing  }8l, 104,104 
barrels,  as  coni|)urcd  with  the  previously  established  record  of 
265,762,535  barrels  attained  in  1914." 

The  data  presented  in  this  report  are  given  in  great  detail 
by  districts  and  for  (lilTcrrnt  periods. 


Clay-Working  Industries  and  Building  Operations  in  the  Larger 
Cities  in  1915.  Jefferson  Middleton.  Mineral  Resources 
of  the  United  States,  1915,  Part  II,  pp.  859-926.  Published 
December  22,  1916.  "Of  the  two  great  divisions  of  the  in- 
dustry— (i)  brick  and  tile  and  (2)  pottery — the  former  showed 
a  decrease  and  the  latter  showed  an  increase  in  value.  The  de- 
crease in  value  of  brick  and  tile  was  $3,793,978  or  nearly  3  per 
cent;  the  increase  in  pottery  was  $1,927,227,  or  more  than  5 
per  cent. 

Clay  Products  of  the  United  States  in  1915 

Percentage 
Increase  or  decrease 
Product  Value  in  1915 

Common  brick $42,145,292  —  3.71 

Vitri6ed  brick  or  block 12,230.899  —  2.16 

Front  brick 9,535,536  -t-2.65 

Fancy  or  ornamental  brick 109,425  — 12.08 

Enameled  brick 835,808  —22.25 

Draintile 8,879,264  -)-4.19 

Sewer  pipe 11,259,349  — 19.66 

Architectural  terra  cotta 4,796,062  —21.22 

Fireproofing 7.800,928  —  6.97 

Tile  (not  drain) 5,186,055  —9,11 

Stove  lining 459,341  — 11.76 

Fire-brick 18,839.931  -1-14.68 

MisceUaneous 3.716,944  4-17.41 

Total  brick  and  tile 125,794,844  —  2.93 

Total  pottery 37,325.388  -1-5.44 

Grand  Total $163,120,232  —  1.13 

"A  study  of  the  tables  shows  that  the  pottery  industry  has 
made  much  progress,  that  the  value  of  the  domestic  output 
has  nearly  doubled  in  the  last  15  years,  that  from  an  industry 
of  minor  importance,  both  as  to  quality  and  value,  pottery  has 
risen  to  great  importance,  supplying  large  quantities  of  wares 
of  ever-increasing  excellence,  and  that  this  country  has  reached 
a  state  where  it  is  practically  independent  of  the  Old  World 
in  the  manufacture  of  potter>',  more  than  four-fifths  of  the  wares 
now  sold  being  domestic.  The  imports  of  pottery,  which  have 
always  been  a  large  factor  in  consumption,  reached  their  maxi- 
mum value  in  1907,  and  have  declined  since  that  date,  the  ac- 
celeration of  the  decline  in  the  last  two  years  being  doubtless 
due  to  the  European  war.  In  1915  they  were  valued  at  less 
than  half  as  much  as  in  1907. 

"Production  of  porcelain  electrical  supplies,  in  which  there 
was  the  largest  decrease  in  1914,  showed  the  largest  increase  in 
1915 — $540,932,  or  more  than  13  per  cent.  White  ware  and 
stoneware  also  increased  considerably  in  value.  The  value  of 
china  showed  a  small  decrease — $54,530,  or  about  2  per  cent. 

"The  value  of  white  ware,  including  diina,  but  excluding  sani- 
tary ware  and  porcelain  electrical  supplies,  was  $17,654,398, 
in  1915.  an  increase  of  $301,633  over  1914  If  the  value  of 
sanitary  ware  and  porcelain  electrical  supplies  be  added,  the 
total  for  1915  would  be  $30,318,816,  or  more  than  81  per  cent 
of  the  value  of  all  pottery  products,  and  an  increase  of  $961,512." 

Natural  Gas  in  1915.  John  D  Northrop.  Mineral  Re- 
sources of  the  I'nited  States,  1915.  Part  11,  pp.  g27-ioi5.  Pub- 
lished December  29.  1916  "The  steady  annual  increase  in 
gasoline  production  that  has  characterized  the  growth  of  the 
casing-head  ga.soline  industo'  in  the  United  States  during  the 
last  live  years  w;is  fully  maintained  in  1915.  In  that  year  the 
quantity  of  raw  gasoline  extracted  from  naturiil  gas  and  sold 
in  this  country  amounted  to  65.364,665  gallons,  a  quantity  greater 
by  22,712.033  gallons,  or  53  per  cent,  than  the  record  output 
in  1914  and  greater  by  41,303,848  gallons,  or  172  per  cent,  than 
the  output  in  1913. 

"As  a  factor  in  the  total  production  of  g,i,soliiir  in  the  United 
States  the  contribution  of  the  ciisinx-heud  gasoline  industry  Ls  of 
relatively  slight  though  increasing  iniiHirtancr  .\cvxirding  to 
statistics  compiled  bv  the  niin-iui  of  the  Census  tlic  total  quan- 
tity of  giusolinc  produced  in  the  United  States  in  1914  was  1.235,- 
578.250  gallons,  of  which  42.632,650  giUlons,  or  about  3.5  per  cent, 
WHS  extracted  from  natural  goii. 

"At  the  end  of  1015  there  were  414  plants  for  the  extraction 
of  giLsoline  from  niituntl  K<k-s  in  actual  operation  in  the  United 
States,  a  net  gatn  of  -'8  plants  during  ilie  year The  daily 
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capacity  of  all  gasoline  plants  increased  from  179,353  gallons 
at  the  end  of  1915,  a  gain  of  30  per  cent  that  is  accounted  for  in 
part  by  a  7  per  cent  increase  in  the  number  of  new  plants  and 
in  part  by  the  fact  that  many  of  the  plants  in  operation  at  the 
end  of  1914  operated  during  only  a  part  of  that  year.  On  the 
basis  of  300  working  days,  the  actual  average  output  of  casing- 
head  gasoline  in  1915  was  217,882  gallons  a  day." 
SANITARY  LEGISLATION 

Transportation  of  Living  Cultures  of  Pathogenic  Bacteria. 
Regulation  of  the  Public  Health  Council  of  New  York  State, 
February  4,  1916.     Reported  Public  Health  Reports,  32,  p.  96 

Milk  and  Milk  Products.  The  following  three  regulations 
reported  in  Public  Health  Reports  in  the  volume  and  page  indi- 
cated relate  to  "Milk  and  Milk  Products,  Their  Production, 
Care  and  Sale"  and  include  standards  for  purity  or  composition 
of  certain  of  these  materials: 

(i)  Winston-Salem,  North  Carolina,  Ordinance  of  June 
9,  1916.     (Vol.  31,  pp.  3440-2.) 

(2)  San  Antonio,  Texas,  Ordinance  of  November  20,  1916. 
(Vol.  31,  P-  3483.) 

(3)  San  Francisco,  California,  Ordinance  3961  N.  S.  adopted 
November  9,  1916.     (Vol.  32,  pp.  25-39.) 

COMMEKCE  REPOKTS— JANUABY,  I917 

The  mineral  output  of  India  in  general  shows  a  decided  in- 
crease, particularly  of  petroleum,  magnesite,  copper  and  ocher. 

(P.  4-) 

The  Argentine  and  Paraguayan  producers  of  quebracho  ex- 
tract, used  for  tanning,  have  arranged  to  limit  the  production 
in  order  to  maintain  the  price.     (P.  12.) 

The  production  of  cement  in  Japan  is  now  in  excess  of  the  de- 
mand.    (P.  23.) 

Ferro-tungsten  is  now  being  produced  near  Liverpool,  the 
supply  being  now  greater  than  the  demand.     (P.  23.) 

A  large  plant  for  creosoting  lumber,  especially  for  marine 
construction,  has  been  erected  at  Vancouver.     (P.  30.) 

A  new  process  for  the  recovery  of  sucrose  from  the  final 
molasses  has  been  devised  in  Hawaii.  It  depends  upon  evapora- 
tion to  99  per  cent  Brix,  and  the  use  of  special  high-speed  centrif- 
ugals.    (P.  31) 

The  dyestuff  industry  in  Switzerland  has  been  greatly  ham- 
pered by  the  lack  of  coal  tar  and  sulfuric  acid.     (P.  82.) 

Experiments  in  Germany  upon  the  use  of  nettle  fiber  as  a 
substitute  for  cotton  are  very  promising.  It  is  estimated  that 
in  Austria  there  is  sufficient  uncultivated  land  to  produce  suffi- 
cient nettle  fiber  to  replace  the  normal  cotton  imports  of  Ger- 
many and  Austria.     (Pp.  89,  114.) 

There  is  a  marked  increase  in  the  demand  in  the  United 
States  for  Spanish  oxide  of  iron  used  as  a  red  pigment.     (P.  94.) 

A  process  has  been  devised  in  England  for  the  manufacture  of 
artificial  milk  from  water,  sugar,  phosphates,  and  ground  pea- 
nuts and  soya  beans.  Lactic  bacteria  culture  is  used  to  pro- 
duce a  slight  acidity  and  after  pasteurization,  a  small  amount  of 
citric  acid  is  added.     (P.  130.) 

Pig  iron  production  of  Canada  in  1916  exceeds  that  of  1915 
by  28  per  cent;  and  the  production  of  steel  exceeds  that  of  1915 
by  42  per  cent.  In  1916,  43,790  tons  of  steel  were  made  in  elec- 
tric furnaces,  as  compared  with  61  tons  in  1915.     (P.  135.) 

A  large  factory  is  to  be  erected  at  Messina,  Sicily,  for  the  manu- 
facture of  tartaric,  citric,  and  sulfuric  acids.     (P.  146.) 

Efforts  are  being  made  to  increase  the  use  in  France  of  "alfa" 
for  paper  stock.  Alfa  is  a  variety  of  esparto,  grown  extensively 
in  Algiers  and  Tunis.     (Pp.  158-9.) 

Special  efforts  are  being  made  to  increase  the  cultivation  of 
flax  in  Silesia,  Germany.     (P.  172.) 

Cultivation  of  coconuts  for  the  production  of  copra  is  being 
increased  in  the  Bahamas.     (P.  200.) 

With  favorable  weather  conditions  the  Cuban  sugar  crop  for 


this  year,  will  exceed  the  record  crop  of  last  year.     (P.  209.) 

Detailed  statistics  of  the  seed-oil  industry  of  the  United  King- 
dom are  given,  including  the  following  seeds  and  oils,  viz.,  castor, 
cotton,  linseed,  rape,  soya  bean,  oil  nuts,  copra,  and  palm  ker- 
nels.    (Pp.  218-21.) 

Efforts  are  being  made  by  Scandinavian  capitalists  to  obtain 
concessions  in  Argentine  for  the  cultivation  of  native  fibers 
and  manufacture  of  twine,  bagging,  etc.     (P.  223.) 

The  supply  of  certain  dyes  in  Japan  is  now  in  excess  of  the 
demand,  so  that  efforts  are  being  made  to  cancel  the  embargo 
on  exports.     (P.  223.) 

Experiments  are  being  made  upon  the  cultivation  of  sugar 
beets  in  China.     (P.  227  ) 

The  sugar  crop  of  Java  and  the  Philippines  is  larger  than  in 
previous  years.     (P.  227.) 

The  output  of  leather  in  Japan  is  now  twice  as  great  as  in 
1914.     (P.  236.) 

The  production  of  manganese  ore  in  the  United  States  in 
1916  was  three  times  that  of  1915,  the  leading  producer  being 
California.  Imports  of  manganese  ore  were  nearly  double  those 
of  1915.     (P.  260.) 

At  present  paper  pulp  is  more  expensive  in  England  than  rags, 
so  that  the  latter  are  being  used  in  many  cases  instead  of  pulp. 
(P.  290.) 

The  use  of  kapok,  the  silky  fiber  from  the  West  Indies,  for 
upholstery,  life  preservers,  etc.,  is  increasing  in  England.    (P.  295.) 

Large  numbers  of  American  experts  are  employed  in  Australia 
in  the  glass,  rubber,  copper,  lead  and  steel  industries.     (P.  306.) 

Manganese  ore  is  now  being  exported  from  Costa  Rica.  (P. 
309.) 

The  Chilean  Government  is  about  to  sell  some  of  its  nitrate 
lands.     (P.  310.) 

A  large  beet  sugar  factory  is  to  be  erected  in  Chosen  (Korea) 
by  Japanese  capital.  Large  amounts  of  paper,  made  from 
mulberry  bark,  are  being  exported  from  Chosen.     (P.  317.) 

New  cinnabar  deposits  are  reported  from  New  Zealand.     (P. 

327.) 

Large  deposits  of  monazite  have  been  discovered  in  Ceylon. 

(P.  354) 
The  Japanese  output  of  zinc  has  increased  over  250  per  cent. 

(P.  375.) 

The  British  Empire  produces  75  per  cent  of  the  world's  sup- 
ply of  rubber  but  consumes  not  more  than  1 2  per  cent  of  it,  the 
United  States  taking  approximately  62.5  per  cent.       (P.  393.) 

The  United  States  imports  88  per  cent  of  the  paper  and  pulp 
exported  from  Canada.     (P.  407.) 

Special  Supplbmbnts  Issued  in  January 
Barbados — 22d  Chosen  (Korea) — SSc 

Venezuela — Mb  Straits  Settuements — 56li 
Dutch  East  Indies — 53a  Society  Islands — 62a 


Cartagena, 
BiA — 370 
Gold 
Hides 
Ipecac 
Platinum 
Rubber 
Tannic  acid 
Mangrove 

Dutch  East  Indies — 

Sup.  53a 
Potassium  chloride 
Damar 
Gambler 
Peanuts 
Hides 
Jelutong 
Kapok 

Oil   of   citronella 
Paradin 
Quinine 
Rubber 
Sugar 
Tin 

Gutta  pcrcha 
Gum  benzoin 
Gum  copal 


Statistics  op  Exports  to  the  United  States 

COLOM 


Niagara  Falls,  Can- 
ada— 409 
Abrasive 
Aloxite 

Calcium  carbide 
Cobalt  oxide 
Calcium  cyanamid 
Lime  nitrogen 
Fcrrosilicon 
Pig  iron 

Newsprint  paper 
Silver 
Paper  pulp 

Barbados — Sup.  22d 

Balata 

Manjalc 

Molasses 

Skins 

Sugar 

Venezuela — Sup.  486 

Bones 

Copaiba 

Divi-divi 

Hides 

Fustic 


-241 


Brussels 
Photographic  gla 
Window  glass 
Glue 
Arti6cial  silk 

Ecuador — 293 

Gold 

Hides 

Rubber 

CnosBN,  Korea — Sup. 

55.: 
Gold 
Copper 
Graphite 
Hides 

Straits  Settlements 

— Sup.  566 
Gambler 
Gum   copal 
Gutta  percba 
Hides 
Jelutong 
Coconut  oil 
Rubber 
Tin 
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By  Ikbns  DbMatty.   Librarian.  Mellon  Institute  of  Industrial  Reseaicb,   Pittsburgh 


8vo.     436  pp.      Price,  $3.00. 
160   pp.      Price. 


Arithmetic  for  Engineers.     C.   B.  Clap 

E.  P.  Dutton    &  Co  ,  New  York. 
Chemistry  for   Experimentation.     W.   F.    Hoyt.     12n 

$0.70.      D,  Van  Nostrand  Co.,  Xew  York 
Chemistry:      General    Chemistry.      H.     P.     Cadv.     8vo.     522    pp.      Price, 

$2.2.S.      .McGraw-Hill  Book  Co.,  New  York. 
Chemistry:     Resume   aide-memoire   Chimie.     R.    Lespieau.      16mo.      152 

pp.      Price.  1  fr.  50.      Hachette  et  Cie.,  Paris. 
Concrete,  Plain  and  Reinforced.     F.  W.  Taylor  and  S.   E.  Thompson'. 

3rd  Ed.     8vo      885  pp       Price,  $5.00.     John  Wiley    &  Sons,  New  York. 
Copper:     Sulfate    et     Acetate    de    cuivre.     P.    Teillahd.     8vo.      164  pp. 

Charite  Pierre  Rouge,  .Montpellier. 
Electrotechnics:     Legons     d'electrotechnique     g€n£ral.     P.     Janet.     8vo. 

426  pp.      Price,   13  fr       Gauthier-Villars  et  Cie.  Paris. 
Engineering:     Notes  et  Formules  de  Tingenieur.     de  Lauarpe.     2  Vols. 

18th  Ed.      2956  pp.      L.  Geisler,  Paris. 
Engineering  Mathematics.     W.  E.  Wynne  and  W.  Spraragen.     220  pp. 

Price,  $2.00.      D.  Van  .N'ostrand  Co.,  Xew  York. 
Explosives:     Mecanique    des    explosifs.     Etude   de   dynamique    chimique. 

E.  JouGUET.      18mo.     516  pp.      Octave  Doin  et  fils.  Paris. 
Heating  and  Ventilation.     C.   L.    Hubbard.     New  Hd.     l2mo.     213   pp. 

Price,  $1.50.      American  Technical  Society,  Chicago. 
Hydraulics:     Elements    of    Hydraulics.     S.    E.    Slocum.     2nd    Ed.     8vo. 

329  pp       Price,  $2.50.      McGraw-Hill  Book  Co  ,  New  York. 
Internal    Combustion   Engines:      Description    et   Pratique   des  moteurs   & 

explosion  et  a  combustion  interne.     J.  M.  Le  Guilcher.     8vo.     131  pp. 

Augusliii     Challamcl,     Paris. 
Machine    Design:     Handbook    for    Machine    Designers.     F.    A.    Hausey. 

2ad    Ed      4to.     561    pp.     Price.   $5.00      McGraw-Hill   Book   Co,   New 

York. 
Oil:     Practical  Oil  Geology.     Dorsby  Hager.     2nd  Ed.     16rao.      187  pp. 

Price,  $2  00.      McGraw-Hill  Book  Co  ,  New  York 
Oil-Field  Development  and  Petroleum  Mining.     A.  B.  Thompson.     648  pp 

Price,  $7.50       D.  Van  Nostrand  Co..  New  York 
Paint:     The   Industrial   and   Artistic   Technology  of   Paint  and   Varnish. 

A.  H.  Sabin.     2nd  Ed.     8vo.     473  pp.     Price,  $3.50.     John  Wiley    St 

Sons,  New  York. 
Paper:     Its  History,  Sources  and  Manufacture.     H.  A.  Maddox.     l2mo 

159  pp.      Price,  $0.85.     Sir  Isaac  Pitman    &  Sons,  New  York. 
Petroleum:     List  of  Books  on  Petroleum.     8vo.     16  pp.     Library  of  the 

Mechanics'  Institute.  .Sun  Francisco. 
River  Discharge:     Prepared  for  the  Use  of  Engineers  and  Students.     J. 

C    Hoyt  and  N.  C.   Grovbr.     4th   Ed.     8vo.     210  pp.     Price,  $2  00. 

John  Wiley    &  Sons,  New  York. 
Steam  Piping:     Its  Economical  Design  and  Correct  Layout.     A.  L.  Johns- 

t<jn,    Jr.      l2mo.     62    pp.      Price,    $2.00.     EnKinccring    Magazine    Co., 

New  York. 
Steel:     Elliott's   Weights  of   Steel  for   Engineers.     T.   J.    Elliott,     8vo. 

662  pp       Price,  $20  00       IViiton  Publishing  Co.,  Cleveland. 
Steel:     The  Story  of  Bethlehem  Steel.     Arundbl  Cottbr.     l2mo.     6S  pp. 

Price.  $0  75.      .Moody  MuKazinc  llook  Co..  New  York. 
Synthetic     Inorganic    Chemistry.     A.     A.     Blanchard.      l2mo.     214    pp. 

Price.  $1.00       John  Wiley    «i  Sons,  New  York. 
Textiles:     American  Textile  Report  and  Directory.     25th  Ed.     8vo.     829 

pp       Uockham  Publishing  Co.,  Boston 
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MARKET  REPORT— FEBRUARY,  1917 

WHOLESALE    PRICES    PREVAILING    IN   THE    NEW    YORK    MARKET   ON     FEBRUARY  1 5 


INORGANIC  CEXMICALS 

AceUte  of  Lime lOO  Lb' 

Alum,  lump  ammonia 100  Lbs. 

Aluminum  Sulfate,  high-grade Ton 

Ammonium  Carbonate,  domestic Lb. 

Ammonium  Chloride,  white Lb. 

Aqua  Ammonium.  26*.  drums Lb 

Arsenic,  white Lb. 

Barium  Chloride Ton 

Barium  Nitrate Lb. 

Bary tes.  prime  white,  foreign Ton 

Bleaching  Powder,  35  per  cent 100  Lbs. 

Blue  Vitriol Lb. 

Borax,  crystals,  in  bags Lb, 

Boric  Acid,  powdered  crystals Lb, 

Brimstone,  crude,  domestic Long  Too 

Bromine,  technical,  bulk Lb. 

Calcium  Chloride,  lump.  70  to  75%  fused Ton 

Calcium  Chloride,  granulated Too 

Caustic  Soda.  76  per  cent Lb. 

Chalk,  light  precipitated Lb. 

China  Clay,  imported Ton 

Feldspar Ton 

Puller's  Earth,  foreign,  powdered Ton 

Glauber's  Salt,  in  bbli 100  Lbs. 

Green  Vitriol,  bulk 100  Lbs. 

Hydrochloric  Acid,  commercial,  18° Lb. 

Hydrochloric  Acid,  C.  P.,  cone.  22° Lb. 

Iodine,  resublimed . .  .  .' Lb. 

Lead  Acetate,  white  crystals Lb. 

Lead  Nitrate Lb. 

Litharge.  American Lb. 

Lithium  Carbonate Lb. 

Magnesium  Carbonate.  U.  S.  P Lb. 

Magnesite.  "Calcined" Ton 

Nitric  Acid,  36° Lb. 

Nitric  Acid  42° Lb, 

Phosphoric  Acid,  sp,  gr.  1,750 Lb. 

Phosphorus  yellow Lb. 

Plaster  of  Paris Bbl. 

Potassium  Bichromate,  casks Lb. 

Potassium  Bromide  (granular) 100  Lbs. 

Potassium  Carbonate,  calcined.  48  @92% Lb. 

Potassium  Chlorate,  crystals,  spot ....  Lb, 

Potassium  Cyanide,   bulk,  98-99  per  cent Mixture 

Potassium  Hydroxide,  88  @  92% Lb. 

Potassium  Iodide,  bulk Lb. 

Potassium  Nitrate Lb. 

Potassium  Permanganate,  bulk Lb, 

Quicksilver,  flask,  75  lbs J 

Red  Lead,  American,  dry Lb. 

Salt  Cake,  glass  makers' Ton 

Silver  Nitrate Ol. 

Soapstone  in  bags Ton 

Soda  Ash,  58% 100  Lbs. 

Sodium  Acetate Lb, 

Sodium  Bicarbonate,  domestic 100  Lbs. 

Sodium  Bicarbonate.  English Lb. 

Sodium  Bichromate Lb. 

Sodium  Chlorate Lb. 

Sodium  Fluoride,  commercial Lb, 

Sodium  HyposulBte 100  Lbs, 

Sodium  Nitrate,  95  per  cent,  spot 100  Lbs. 

Sodium  Silicate,  liquid.     40°  B^ 100  Lbs. 

Sodium  Sulfide,  30%.  crystals,  in  bbis Lb, 

Sodium  Bisulfite,  liquid.  32  s.  g Lb. 

Strontium  Nitrate Lb. 

Sulfur,  flowers,  sublimed 100  Lbs. 

Sulfur,  roll 100  Lbs. 

Sulfuric  Acid,  chamber,  66°  Bi Too 

Sulfuric  Acid,  oleum  (fuming) Ton 

Talc,  American  while Ton 

Terra  Alba.  American,  No.  1 100  Lbs, 

Tin  Bichloride.  50° 100  Lbs. 

Tin  Oxide Lb. 

White  Lead.  American,  dry Lb. 

Zinc  Carbonate Lb. 

Zinc  Chloride,  commerdat Lb 

Zinc  Oxide,  American  process  XX Lb. 

Zinc  Sulfate Lb. 


OBQANIC  CBXMICAL8 

Acetanllid.  C,  P..  in  bbls Lb. 

Acetic  Acid.  56  per  cent,  in  bbls Lb, 

Acetic  Acid,  glacial.  99Vi%.  in  carboys Lb 

Acetone,  drums Lb. 
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Alcohol,  denatured.  180  proof Gal. 

Alcohol,  grain.  188  proof Gal. 

Alcohol,  wood.  95  per  cent,  refined Gal. 

Amyl  Acetate .- Gal. 

Aniline  Oil Lb. 

Benzoic  Add,  ex-toluol Lb. 

Benzol.  90  per  cent Gal. 

Camphor,  refined  in  bulk,  bbls Lb. 

Carbolic  Acid,  U.  S.  P..  crystals,  drums Lb. 

Carbou  Bisulfide Lb. 

Carbon  Tetrachloride,  drums.  100  gals Lb. 

Chloroform Lb. 

Citric  Acid,  domestic,  crystals Lb. 

Creosote  beech  wood Lb. 

Cresol.  U.  S.  P Gal. 

Dextrine,  corn  (carloads,  bags) 100  Lbs. 

Dextrine,  imported  potato Lb. 

Ether,  U.  S.  P..  1900 Lb. 

Formaldehyde,  40  per  cent Lb. 

Glycerine,  dynamite,  drums  included Lb. 

Oxalic  Acid,  in  casks Lb. 

Pyrogallic  Acid,  resublimed  balk Lb. 

Salicylic  Acid Lb. 

Starch,  cassava Lb. 

Starch,  com  (carloads,  bagi)  pearl 100  Lbs. 

Starch,  potato Lb. 

Starch,  rice Lb. 

Flour,  sago Lb. 

Starch,  wheat Lb. 

Tannic  Acid,  commercial Lb. 

Tartaric  Acid,  crystals Lb. 

OILS,  WAXSS,  BTG. 

Beeswax,  pure,  white Lb. 

Black  Mineral  Oil,  29  gravity Gal. 

Castor  Oil    No.  3 Lb. 

Ceresia,  yellow Lb. 

Com  Oil.  cmde 100  Lbs. 

Cottonseed  Oil,  crude,  f.  o.  b.  mill Gal. 

Cottonseed  Oil  p.  s.  y Lb. 

Menhaden  Oil,  crude  (southern) Gal. 

Neat's-foot  Oil.  20* Gal. 

Paraffine.  crude.  120  m.  p Lb. 

Paraffine  Oil,  high  viscosity Gal. 

Rosin,  "F"  Grade,  280  lbs Bbl. 

Rosin  Oil.  first  run Gal. 

Shellac,  T.N Lb. 

Spermaceti,  cake Lb. 

Sperm  Oil,  bleached  winter.  38® .Gal. 

Spindle  Oil.  No    200 Gal. 

Stearic  Acid,  double- pressed Lb. 

Tallow,  acidless Gal. 

Tar  Oil.  distilled Gal. 

Turpentine,  spirits  of Gal. 


METALS 


Aluminum.  Ne.  1,  ingots Lb. 

Antimony,  ordinary Lb. 

Bismuth,  NY Lb. 

Copper,  electrolytic Lb. 

Copper,  lake Lb. 

Uad.  N.  Y 100  Lbs. 

Nickel,  electrolytic Lb. 

Platinum,  refined,  soft Ox. 

Silver Ox. 

Tin Lb. 

Tungsten  (WOt) Pm  Unit. 

Zinc,  N.  Y 100  Lbs. 

FBBTILIZKB  MATERIALS 

Ammonium  Sulfate 100  Lbs. 

Blood,  dried  FOB  Chicago Unit 

Bone.    4  and    50.   ground,  raw Ton 

Calcium  Cyanamid Unit  of  Ammonia 

Calcium  Nitrate.  Norwegian 100  Lbs. 

Castor  Meal Unit 

Fish  Scrap,  domestic,  dried,  f.  o.  b.  works Unit 

Phosphate,  acid    16% Ton 

Phosphate  rock;  f.  o   b.  mine: 

Florida  land  pebble.  68  per  cent Ton 

Tennessee.  78-80  per  cent Ton 

Potassium  "muriate."  basis  80  per  cent Ton 

Pyrites,  furnace  size,  imported Unit 

Tankage,  high-grade;  f.  o.  b.  Chicago Unit 
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EDITORIALS 


CHEMISTS  AND  PREPAREDNESS 
The    following    letter   is    now    being    sent    to    everj' 
chemist  in  America  whose  name  could  be  secured: 

By  request  of  the  Council  of  National  Defense,  the  Bureau 
of  Mines,  in  cooperation  with  the  American  Chemical  Society, 
will  procure  a  Roster  of  Chemists  of  the  United  States.  Data 
covering  the  qualifications,  experience  and  skill  of  each  chemist 
are  desired  to  determine  the  line  of  duty  in  which  he  could  best 
serve  the  country  in  time  of  need. 

European  experience  has  shown  that  nothing  is  more  im- 
portant in  time  of  war  or  other  national  emergency  tlian  a 
knowledge  of  the  qualifications  and  experience  of  tlie  country's 
expert  technical  men.  Men  whose  knowledge  was  invaluable 
to  the  production  of  munitions  ordnance,  and  supplies  were 
killed  in  the  trenches  during  the  first  months  of  the  European 
war.  This  was  due  to  lack  of  early  information  regarding 
individuals  and  has  now  been  remedied  in  every  European 
country.  It  is  therefore  important,  especially  at  present,  that 
this  information  be  available  in  the  United  States. 

You  are  accordingly  requested,  as  a  patriotic  duty  not  only 
to  fill  out  the  card  which  you  will  receive  herewith,  but  to  see 
that  every  chemist  within  your  acquaintance  receives  one  and 
does  likewise.  Additional  cards  will  be  furnished  upon  request. 
You  will  please  check  only  those  subjects  in  which  you  are 
expert,  especially  where  you  have  had  actual  manufacturing 
experience.  Please  return  the  card  promptly,  using  the  enclosed 
franked  envelope.  The  information  received  will  be  carefully 
classified,  carded  and  indexed.  Your  prompt  response  to  this 
matter  will  be  very  much  appreciated. 

Van  H.  Manning,  Director,  Bureau  of  Mines 
Jui,ius  Stieglitz,  President,  A  merican  Chemical  Society 

The  letter  is  accompanied  by  blank  forms  on  which 
is  requested  information  as  to  personality,  experience 
and  special  qualifications.  This  information  will  be 
carefully  classified,  indexed,  and  carded  for  future  use. 
It  is  the  hope  of  the  Bureau  of  Mines  to  keep  this 
work  up-to-date  in  future  years. 

For  the  purpose  of  mobilizing  chemical  investi- 
gators the  following  letter  is  also  being  mailed: 

To  assist  the  Chemistry  Committee  of  the  National  Research 
Council  in  its  efforts  to  prepare  for  the  use  of  tlie  Government 
a  classification  of  our  chemical  investigators,  it  is  requested  that 
you  fill  out  the  reverse  .side  of  this  card.  As  the  matter  is 
urgent,  it  is  hoped  that  you  will  give  it  your  careful  attention. 
Marston  Taylor  Bogert,  Chairman, 

Chemistry  Committee,  National  Research  Council 

The  information  requested  includes  lines  of  work, 
willingness  to  aid  the  Government  in  the  solution  of 
problems  aflecting  the  security  and  defense  of  our 
country,  preference  in  research  and  available  time  for 
such  work. 

No  word  of  appeal  is  needed  for  this  patriotic  duty. 
Through  President  Stieglitz  we  have  already  offered 
our  services  to  our  country.  This  is  the  first  request 
made  of  us.  The  answers  to  these  questionnaires  should 
be  immediate  and  unanimous. 

The  subject  matter  is  so  timely,  and  the  experience 
of  England  is  so  vitally  interesting  that  we  reproduce 
elsewhere  an  article  on  "Chemistry  in  Wartime"  from 
the  English  Journal,  The  Chemical  Trade  Journal  and 
Chemical   Engineer. 


AGAIN  I  SAY  "AMERICA  FOR  AMERICANS" 
In  our  last  issue  we  announced  the  policy  of  always 
being  willing  to  publish  criticisms  of  matter  appearing 
in  This  Journal,  with  the  further  statement  that  those 
so  criticized  would  be  given  opportunity  to  reply. 
With  complete  willingness  we  include  ourselves  among 
those  subject  to  criticism,  at  the  same  time  reserving 
to  ourselves  the  same  privilege  of  reply. 

On  the  evening  of  March  gth  I  was  handed  the 
following  communication  in  person  by  Professor 
Alexander  Smith,  Head  of  the  Department  of  Chem- 
istry in  Columbia  University  and  a  Past-President  of 
the  American  Chemical  Society,  with  the  request  that 
it  be  published  in  This  Journal. 


CRITICISMS   OF    CHEMICAL  LEGISLATION   WHICH   ABE 

NOT    WISE.    BUT   OTHEEWISE 

By  Alexander  Smith 

The  editorials  in  This  Joitrnal,  and  the  reports  of  addresses 
by  the  Editor,  Dr.  Herty,  have  called  the  attention  of  chemists, 
and  all  interested  in  chemistry,  to  the  wording  of  one  paragraph 
of  the  tariff  bill  of  September  1916,  in  which  the  dyes  relieved 
from  the  5  per  cent  per  pound  tax  are  specified.     The  classes 

mentioned  include  " natural  and  synthetic  indigo  and 

all  indigoids  whether  or  not  obtained  from  indigo "     My 

purpose  is  not  to  discuss  the  matters  of  public  policy  involved 
in  these  exemptions,  but  simply  to  call  attention  to  a  serious 
error  in  the  arguments  used  by  the  critics  of  the  section  in 
question. 

Dr.  Herty  refers  to  Nietzki's  Chemie  der  Organischen  Farb- 
stoffe,  and  says  "that  if  our  chemists  did  not  know  what  'indi- 
goids' were.  Professor  Nietzki  did  know."  "In  the  fifth  edition 
(1906)  I  found  the  group  of  dyes  known  as  'indigoids'  com- 
pletely specified.     The  list  included  all  forms  of  sulfur  dyes." 

Now  no  argument  is  really  supported  by  a  misrepresentation 
of  the  facts,  although  in  this  instance  the  misrepresentation  was 
entirely  unconscious  and  unintentional.  In  1906  Nietzki  did 
not  know  what  "indigoids"  were,  because  the  word  does  not 
occur  in  the  book,  and  was  in  fact  first  introduced  to  the  science 
two  years  later  by  Friedlandcr'  in  a  paper  entitled  "On  Indi- 
goid  Dyestufis,"  In  1896,  aside  from  some  halogen  derivatives 
of  indigo,  and  one  or  two  dyes  related  to  indigo  and  found  in 
natural  indigo,  practically  no  dyes  closely  related  to  indigo  were 
known,  and  there  was  no  need  for  a  clsiss-name.  The  invention 
of  thio-indigo  red  in  1905  was  followed  by  the  production  of  a 
large  number  of  substituted  indigoes,  all  of  which  contained  the 
chromogenic  group  — CO — C  =  C — CO —  and  so  in  1908  the 
term  "indigoid"  was  suggested  to  cover  the  members  of  this 
group.  Authoritative  works-  now  all  mention  indigoids,  and 
define  them  as  indicated  above,  and  the  definition  in  every  one 
of  these  books  absolutely  excludes  the  possibility  that  any 
chemist  could  even  think  of  sulfur  colors  in  the  same  connection. 
Numerous  other  references  could  be  given  to  show  that  the  word 
"indigoid"  is  always  used  with  the  meaning  stated  above.  It 
is  sufficient  to  quote  Thorpe : 

"Indigoids. — The  congeners  of  indigo  may  be  divided  into  two 
different  classes.     One  of  them  contains  the  true  derivatives  of 

1  Ber..  41  (1908).  772. 

»  Cain-Thorpe.  "The  Synthetic  Dyestufifs,"  191S,  174. 

Green.  "Analysis  ot  Dyestuffs."  1915,    12.1   and    38. 

Thorpe.  "Dictionary  of  Applied  Chemistry."  1911,  S,  l-W. 

Wahl.  "L'industriedcsMatiiresColorantejQrganiques,"  191*.  317.  .146. 
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indigo,  in  which  one  or  more  of  the  8  hydrogen  atoms  of  the 
two  phenylene  groups  are  replaced  by  other  substituents;  the 
other  embraces  substances  which  are  strictly  analogous  to  indigo 
in  their  constitution,  but  different  from  it  in  the  construction 
of  the  complex  connecting  the  two  phenylene  groups,  which 
in  this  case  as  w-ell  as  in  that  of  indigo  may  have  their  hydrogen 
atoms  replaced  by  other  substituents.  An  enormous  variety 
of  new  dyestuffs  may  thus  be  synthesized,  all  of  which  contain 
the  characteristic  chromophoric  group  of  indigo  ;• — CO  —  C  = 
C  — CO— .'■ 

An  examination  of  Nietzki's  book  shows  clearly  that  he  dis- 
tinguishes between  sulfur  dyes  and  indigo  dyes,  for  he  divides 
dyes  into  thirteen  classes,  and  places  the  former  in  Class  X 
and  the  latter  in  Class  XII,  and  uses  this  classification  con- 
sistently. Dr.  Herty's  misunderstanding  seems  to  have  arisen 
from  a  superficial  examination  of  a  more  condensed  classification 
occurring  in  Nietzki's  volume.  In  one  place  he  mentions  five 
classes  determined  solely  by  the  properties  used  in  dyeing, 
namely  (i)  basic  colors,  (2)  acid  dyestuffs,  (3)  mordant  dyestuffs, 
(4)  neutral  or  salt  dyestuffs,  and  (5)  an  unnamed  group  which 
includes  insoluble  dyestuffs,  such  as  indigo,  certain  azo-dye- 
stuffs,  and  the  sulfur  dyestuffs.  But  he  does  not  say,  or  even 
imply  that  these  dyes — mostly  vat  dyes — are  similar  to  indigo, 
but  only  that  the  sulfur  dyes  do  not  belong  to  the  other  four 
classes,  and  he  does  not  use  the  term  indigoids,  because  that 
term  did  not  then  exist.  These  are  simply  a  somewhat  hetero- 
geneous collection  of  dyes,  which  do  not  belong  to  the  first  four 
classes.  Furthermore,  an  examination  of  Nietzki's  book  shows 
that  he  would  have  felt  grossly  insulted  if  anyone  had  stated 
that  he  classed  sulfur  dyes  with  indigo  dyes.  He  not  only  puts 
them  in  separate  classes,  but  on  page  291  he  defines  sulfur 
colors  on  the  basis  of  the  method  of  manufacture  and  on  page 
295  gives  their  general  properties.  On  page  325  he  says  "indigo 
dyestuffs  are  all  derivatives  of  indol  CsHyN,"  and  not  one  of  the 
sulfur  colors  he  mentions  in  Class  X,  thiazol  and  sulfur  dye- 
stuffs  (p.  288,  et  seq.)  is  derived  from  indol.  There  is,  therefore, 
no  possibility  that  anyone  would  include  a  sulfur  brown  as  an 
"indigoid,"  cither  on  the  basis  of  anything  Nietzki  says,  or 
on  the  definition  of  indigoids  now  found  in  many  recent  authorita- 
tive works,  for  these  definitions  absolutely  exclude  any  such 
interpretation. 

Dr.  Herty  seems  to  think  that  Mr.  Caesar  Cone,  who  died  on 
March  i,  191 7.  and  cannot  now  make  any  reply,  caused  the 
introduction  of  the  word  "indigoids,"  and  did  so  witli  the 
deliberate  intention  of  widening  the  exempted  group,  so  as  to 
make  it  include  sulfur  dyes.  Since  the  word  "indigoid"  is  a 
purely  scientific  term,  and  is  not  used  as  a  trade  classification, 
tliere  is  no  reason  to  suppose  Mr.  Cone  ever  beard  of  the  word 
before  it  appeared  in  the  act.  All  who  knew  Mr.  Cone  personally 
are  well  aware  that  he  would  never  have  been  guilty  of  using  a 
subterfuge  of  this  description.  The  introduction  of  the  word 
indigoids  is  easily  explicable  in  an  entirely  different  way.  In 
a  case'  tried  before  the  General  Appraisers,  and  reversed  by  the 
Court  of  Appeals,  the  word  indigoids  made  its  first  appearance 
in  connection  with  the  chemical  trade.  Its  introduction  into  the 
act  was  undoul)tcdly  based  on  this  case. 

A  reading  of  the  two  reports  shows  that  the  act  of  1913, 
II  514,  places  "indigo  and  dyes  obtained  from  indigo"  on  the 
free  list.  The  Lower  Court  decided  that  dyes,  chemically 
similar  to  inilJKo  (such  as  lliio-indigos)  and  made  from  the  s:imc 
fundamental  substances,  but  not  made  from  finished  indigo 
itself,  were  covered  by  tliis  exemption.  The  Higher  Court 
reversed  this  decision,  claiming  that  the  net  applied  only  to 
dyes  made  with  indigo  ns  one  stage  in  the  actual  manufac- 
ture. 

Incidentally,  the  indigoid  group  is  also  defined  in  the  report 
liy  references  to  Thorpe's  dictionary,  in  11  way  that  excludes 

■  Trcaiury  DccUloni,   .IM.^0,   (0,    No.    }.\.    \\-\i    (June  8.  I''I6).  and 
ifi'ift,^,  M,  No   .<,  M-07  (Prliruury  I.  I')I7). 


all  dyes  not  containing  the  characteristic  indigo  chromogenic 
group.  The  new  act  differs  from  the  old,  therefore,  in  the  fact 
that  chemical  cousins  of  indigo,  now  known  as  indigoids,  even 
if  not  made  from  indigo  itself,  are  included  in  the  exemption. 
But  there  is  not  the  sUghtest  possibility  of  the  word  indigoid 
being  interpreted  so  as  to  cover  any  dyes  not  actually  containing 
the  indigo  chromogenic  group. 


When  Professor  Smith  handed  me  this  communica- 
tion in  an  envelope  bearing  the  printed  inscription 
"Columbia  University  in  the  City  of  New  York, 
Department  of  Chemistry"  I  confess  I  was  surprised, 
for,  as  far  as  I  could  remember  he  had  never  pub- 
lished an  article  before  in  the  field  of  industrial  chem- 
istry. This  surprise  was  largely  increased  when  I 
learned  that  the  communication  was  on  the  subject 
of  dyestuffs. 

I  have  been  pretty  closely  associated  with  every 
stage  of  the  fight  for  an  American  dyestuff  industry, 
have  followed  the  discussions  in  all  available 
journals,  and,  through  the  aid  of  clipping  bureaus, 
have  followed  closely  the  discussions  in  the  daily 
press.  Never  before  had  I  seen  or  heard  of  anything 
written  or  spoken  by  Prof.  Smith  on  this  subject. 
This  surprise,  however,  was  increased  to  amazement 
when  I  first  read  the  above  communication.  Let  me 
explain. 

The  title  of  Prof.  Smith's  article  is  a  paraphrase  of 
an  article  which  I  wrote  for  the  Annual  Review  of  the 
New  York  Journal  of  Commerce,  published  on  February 
S,  191 7,  which  article  was  reproduced  in  the  March, 
1917,  issue  of  This  Journal  as  a  part  of  my  editorial 
"America  for  Americans."  In  his  opening  sentence 
above  Prof.  Smith  states,  "The  editorials  in  This 
Journal,  etc."  I  have  written  only  two  on  this 
subject,  so  it  is  evident  that  Prof.  Smith  has 
seen  the  one  containing  the  Journal  oj  Commerce 
article. 

In  his  second  paragraph  he  quotes  me,  and  strange 
to  say,  in  a  contribution  to  a  scientific  journal,  he 
gives  no  reference  as  to  the  sourtc  of  the  quoted 
matter.  This  is  a  curious  oversight  for  one  so  accus- 
tomed to  publication  as  he  is.  As  a  matter  of  fact 
he  quoted  sentences  written  by  Mr.  Isaac  Russell, 
a  reporter  of  the  New  York  Evening,  Mail,  who,  after  a 
iS-minute  interview  with  me  one  day  in  my  office  and 
having  no  knowledge  of  chemistry  or  German  and  with 
only  a  few  rough  notes  written  on  a  piece  of  paper 
not  larger  than  an  ordinary  envelope,  wrote  a  three- 
quarter  column  story  about  indigoids  and  tariff  legisla- 
tion which  was  printed  in  the  Entiini;  Mail  of  January 
3.  «9i7- 

Reading  the  story  I  felt  that  Mr.  Russell  had  done  a 
pretty  good  piece  of  reporlorial  work  for  so  technical 
a  subject  and  was  gratified  to  note  that  in  recording 
my  discussion  of  the  subject  he  did  not  use  quotation 
marks,  for  there  were  a  number  of  errors  in  his  article. 
Knowing  that  the  evening  newspaper  public  would 
not  be  interested  in  .1  correction  of  such  inaccuracies 
of  chemistry  and  of  Cicmian  translation,  I  determined 
to  put  the  matter  stratghl  before  tho-sc  who  would  be 
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interested  in  such  matters  and  so  tore  up  the  partly 
written  article  on  "Chemical  Legislation:  Wise  and 
Otherwise"  which  I  had  been  requested  to  write  for 
the  Journal  of  Commerce  and  wrote  instead  the  article 
referring  only  to  dyestuff  legislation  under  the  modified 
title  "Chemical  Legislation:  Not  Wise  but  Otherwise." 
Thus  I  gave  over  my  own  signature  my  views,  for 
which  I  would  therefore  be  solely  and  entirely  re- 
sponsible. 

Among  the  inaccuracies  of  the  reportorial  statements 
were  those  quoted  by  Prof.  Smith.  I  did  not  make 
such  statements.  Prof.  Smith's  unctuous  sentence, 
"Although  in  this  instance  the  misrepresentation  was 
entirely  unconscious  and  unintentional"  smacks  of 
insincerity  for  the  merest  tyro  in  chemistry  could  not 
have  made  such  statements  if  they  were  "unintentional." 

What  I  did  say  over  my  own  signature  was, 
"If  a  poll  were  taken  of  the  dyestuff  consumers  in  the 
United  States  as  to  what  is  an  'indigoid'  which  is 
'not  derived  from  indigo'  how  many  could  answer 
the  question  definitely?"  and  further  that  I  had  failed 
to  receive  an  answer  from  "five  of  the  most  prominent 
American  dyestufl;  chemists."  I  further  stated  that 
from  information  received  there  was  good  ground  to 
believe  that  effort  would  be  made  to  bring  in  sulfur 
dyes  without  payment  of  the  special  duty  and  that 
the  basis  of  the  effort  would  be  the  classification  in  the 
5th  edition  of  Nietzki's  book.  I  did  not  seek  to  justify 
any  such  contention.  I  did  refer  to  the  misfortune 
that  would  befall  the  American  dyestuff  industry  if 
such  a  contention  should  be  sustained  by  the  Board  of 
Appraisers.  I  certainly  hope  that  it  would  not  be  so 
sustained  but  that  does  not  affect  the  intention 
of  the  importer  who  had  determined  to  test  the  matter. 

It  was  a  public  duty  to  call  attention  to  this  intended 
move  against  the  revenue  of  the  country  and  the 
American  dyestuff  industry.  Regardless,  however,  of 
anybody's  views  as  to  "indigoids  not  obtained  from 
indigo,"  one  thing  is  certain — if  Congress  would  repeal 
that  excepting  clause,  no  test  cases  of  sulfur  dyes  could 
ever  arise  and  that  is  the  point  for  which  all  who  are 
interested  in  the  American  industry  should  struggle. 
"Safety  First"  fits  this  case. 

From  the  mere  reading  of  Prof.  Smith's  communica- 
tion I  fail  to  see  its  purpose.  Many  things  suggest 
that  the  natural  thing  for  Prof.  Smith  to  have  done 
would  have  been  to  tell  me  frankly  of  his  researches 
in  the  meaning  of  indigoids  and  to  advise  that  I  publish 
a  correction.  This  would  have  enabled  me  to  clear  up 
his  misunderstanding  of  the  situation.  Instead  he 
hands  me  a  paper  fully  prepared  with  the  request  that 
it  be  published  in  This  Journ.m,  of  which  I  am  the 
Editor. 

Does  he  seek  to  safeguard  the  American  in- 
dustry? If  so  he  should  reserve  his  ammunition  for 
the  Board  of  Appraisers  and  aid  the  government 
attorneys  should  the  case  arise.  Was  it  to  exhibit 
great  learning  in  this  popular  field?  If  so  he  seeks 
notoriety  in  a  way  which  is  extremely  unusual,  to 
say  the  least.  Does  he  seek  to  bolster  up  the  cause  of 
the  importers  by  allaying  discussion  of  a  matter  which 
might   sweep    away    with    it    indigo,    alizarin   and  the 


other  excepted  dyes,  or  by  lulling  us  into  a  false  sense 
of  security? 

I  regret  to  harbor  the  last  thought  but  am  impelled 
to  it  by  the  unexpected  defense  which  he  makes  of 
the  late  Mr.  Caesar  Cone's  motives.  Mr.  Cone  made 
no  secret  of  his  position  in  this  matter.  In  the  brief 
of  the  Proximity  Manufacturing  Company  (Mr. 
Cone's  Company)  to  the  Senate  Committee  on 
Finance,  filed  last  July,  these  words  occur:  "and  we 
respectfully  submit  that  the  second  paragraph  of 
Section  401  should  be  amended  by  adding: 
and  natural  and  synthetic  alizarin,  and  dyes  obtained  from 
alizarin,  anthracene  and  carbazol:  and  natural  and  synthetic 
indigo  and  all  indigoids,  whether  or  not  obtained  from  indigo, 
shall  be  returned  to  the  free  list  and  shall  be  exempt  from  duty." 

Again,  in  an  address  by  Mr.  Cone  before  the  National 
Association  of  Garment  Manufacturers  at  St.  Louis, 
Mo.,  on  November  16,  1916  (a  printed  copy  of  which 
is  before  me  bearing  the  imprint  of  Harrison 
Printing  Company,  Greensboro,  N.  C),  Mr.  Cone 
said  (page  10  of  this  address):  "Now  while  we  are  on 
this  dyestuff  question — I  don't  know  whether  you 
gentlemen  know  it  or  not,  but  I  have  been  personally 
villified  somewhat  by  some  of  my  friends  because  I 
was  the  only  man,  the  only  manufacturer  in  the 
United  States  that  attempted  to  oppose  the  duty  that 
they  have  put  upon  certain  dyestuffs,  and  particularly 

on  indigo On  the  8th  or  9th  of  September  a 

bill  was  passed  putting  a  duty  of  30  per  cent  on  indigo, 
and  any  indigo  that  comes  to  this  country  now  bears 
that  duty,  and  I  dare  say  that  it  would  have  been  30 
per  cent  plus  5  cents  a  pound  but  for  the  efforts  made 
by  my  attorney  and  myself  in  Washington.  And  I 
thought  at  one  time  that  I  was  going  to  be  successful 
in  keeping  that  30  per  cent  off."  Engaging  frankness, 
amounting  even  to  a  boast.  His  own  words  confirm 
completely  every  statement  I  have  ever  made  con- 
cerning  Mr.   Cone  and  this  legislation. 

No,  if  there  is  a  joker  in  this  tariff  bill  I  have  never 
thought  that  Mr.  Cone  was  primarily  responsible  for 
it:  he  was  not  a  chemist.  There  is  good  ground,  how- 
ever, for  a  reasonable  inference  at  this  date  that  if  this 
discussion  continues  a  little  longer  we  shall  know  who  is 
responsible  for  it. 

Meanwhile,  more  light  is  thrown  on  Prof.  Smith's 
remarkable  contribution  by  a  chain  of  interesting 
events  which  have  happened  recently.  On  February 
7,  a  card  was  mailed  to  me  from  E.  D.  Lee,  Librarian 
of  the  Chemistry  Reading  Room  of  Columbia  Uni- 
versity, requesting  me  to  return  the  volume  of  Nietzki's 
which  I  had  taken  out  on  Prof.  Metzger's  card.  Re- 
turning from  Washington,  D.  C,  on  the  loth  the 
volume  was  immediately  returned.  Then  arose  the 
following  correspondence:  , 

67 1  James  Street 
I'elham  Manor,  N.  Y. 
February  23,  1917 
Mr.  Charles  H.  Hertv,  Kditor, 

Journal  of  Industrial  &  Engineering  Chemistry, 
41st  St.  and  Madison  Ave.,  New  York. 

Dear  Sir: 

In  the  Texlite  Record  of  February  2nd,  I  read  the  article 
mentioning    that    in    the    5th    edition    of    Nietzki,    the    group 
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of  dyes  known  as  Indigoids  is  completely  specified  and  that  the 
list  includes  all  forms  of  Sulphur  dyes. 

This  classification  of  Sulphur  dyes  being  quite  new  to  me, 
I  tried  to  find  the  information  about  Indigoids,  but  after  getting 
hold  finally  of  the  above  mentioned  book  and  looking  all  over  it, 
I  cannot  find  it. 

I  would  appreciate  very  much  if  you  would  write  me  the 
exact  page  of  Nietzki  dealing  with  this  matter. 

It  may  interest  you  to  know  that  I  have,  however,  found  an 
exact  definition  of  Indigoids  in  the  following  te.xt  books: 

The  Synthetic  Dyestuffs,  etc.  by  Cain  Thorpe 

The  Manufacture  of  Organic  Dyestuffs  by  Wahl 

Analysis  of  Dyestuffs  by  Green 
and  also  in  Dictionary  of  Applied  Chemistry  by  Thorpe. 
Sincerely  yours, 

(Signed)  Dr.  H.  Meyer 


35  East  41st  Street 
New  York  City 
February  26,  igry 
Dr.  H.  Meyer, 

671  James  Street, 
Pelham  Manor,  N.  Y. 
Dear  Sir: 

Replying  to  your  letter  of  February  23rd,  I  beg  to  refer 
you  to  the  two  concluding  paragraphs  of  the  introductory 
chapter,  fifth  edition,  of  Nietzki's  "Chemie  der  Organischen 
Farbstoffe,"  page  27. 

Very  truly  yours, 
(Signed)  Chas.  H.  Herty,  Editor 


671  James  St. 
Pelham  Manor,  N.  Y. 
March  2,  191 7 
Mr.  Charles  H.  Herty,  IJditor, 

Journal  of  Industrial  &  Ivngineering  Chemistry, 
41st  St.  and  Madison  Ave., 
New  York 
Dear  Sir: 

I  am  in  receipt  of  your  letter  of  February  26th.  and  wish  to 
thank  you  for  your  information. 

In  going  over  the  two  paragraplis  on  page  27  of  Nietzki's 
Chemie  der  Organischen  Farbstoffe,  fifth  edition,  I  can, 
however,  not  find  anytliing  about  sulphur  dyes  being  "Indigoids." 
Nietzki  after  giving  the  4  groups  of  dyestuffs,  namely,  I 
Hasic— II  Acid  -III  Mordanl  and  IV  Neutral  or  Salt  dyestuffs, 
puts  in  a  fifth  group  all  the  colors  which  do  not  l)elong  to  any 
of  these  four  groups  and  on  account  of  their  unsolubilily  have 
to  be  produced  direct  on  the  fil)er,  and  mentions  as  examples. 
Indigo,  insoUible  Azo  dveslulT^  and  also  Sulpliur  tlyestufls,  but  I 
do  iu)t  Itiiiik  it  says  that  Sulphur  dyestuffs  belong  to  the  Indigo 
class;  it  wuuld  then  be  just  as  correct  to  call  Indigo  a  Sulphur 
dyestiilT 

Sincerely  yours, 

(Signed)  Dk    11.  Mi:vi:k 

As  the  two  letters  from  Dr.  H.  Meyer  were  written  on 
paper  without  lellerliencl  aiui  as  1  hnil  never  even  hennl 
of  anyone  in  I'eilium  Manor,  1  did  not  care  to  continue 
.such  «  discussion  and  so  sin)|)iy  filed  the  letters.  A 
few  (lays  later,  however,  I  was  somewhat  intercstcfl 
to  learn  that  a   l)r,   11.    Mevcr  was  a  chemist  of  the 


Badische  Company  at  128  Duane  St.,  Xew  York 
City. 

On  the  9th  of  March  Prof.  Smith  handed  me  his  com- 
munication. I  was  at  once  struck  by  the  similaritj- 
of  literature  references  to  definitions  of  indigoids  given 
by  him  and  by  Dr.  Meyer  in  his  letter  of  February  23 
and  a  somewhat  similar  treatment  by  both  of  Nietzki's 
"condensed  classification,"  as  Prof.  Smith  alliteratively 
describes  it. 

A  few  days  later  I  was  interested  to  learn  that  on 
June  30,  1913,  an  application  for  a  patent  on  "Pro- 
ducing Hydrogen"  (U.  S.  Patent  1.115,776,  issued 
November  3,  1914)  was  filed  by  Carl  Bosch  and 
Wilhelm  Wild  of  Ludwigshafen-on-the-Rhine,  Ger- 
many, assignors  to  Badische  Anilin  &  Soda  Fabrik, 
of  Ludwigshafen-on-the-Rhine,  Germany,  a  corpora- 
tion of  Baden.  The  assignment  was  executed 
June  12,  1913,  and  recorded  June  30,  1913.  On 
July  3,  1914,  the  L'.  S.  Patent  Office,  Division  31. 
received  a  communication  labelled  Paper  No.  3  (a 
certified  copy  of  which  is  before  me)  in  which  was 
recorded  certain  amendments  to  the  patent  and  the 
substitution  of  new  claims  for  the  original  claims. 
The  paper  further  gives  what  the  attorneys  of  these 
applicants  assert  to  be  a  report  "of  Prof.  Alexander 
Smith  of  Columbia  University,  a  leading  authority 
and  who  has  reported  as  follows:"  Here  follows  what 
purports  to  be  from  a  report  by  Prof.  Smith.  I  shall 
not  take  the  space  in  This  JofRXAL  to  publish  it 
unless  these  statements  are  questioned.  This  was  the 
first  definite  knowledge  I  had  of  a  direct  connection 
of  Prof.  Smith  with  the  Badische  Anilin  und  Soda 
Fabrik. 

With  some  light  gained  yet  still  puzzling  over  the 
meaning  of  all  of  this,  I  finally  referred  to  Mr.  Isaac 
Russell,  the  Evening  Mail  reporter  who  had  written 
the  first  interview  on  this  subject,  the  letters  of  inquiry 
sent  to  me  by  Dr.  H.  Meyer.  I  told  Mr.  Russell  he 
would  probably  find  Dr.  Meyer  with  the  Badische 
Company  at  128  Duane  St.  Mr.  Russell  thanked  nic 
and  said  he  would  seek  an  interview  with  him  and  bring 
out  the  fact  that  there  appeared  to  be  definitions  of 
indigoids  not  made  from  indigo  which  made  the 
tariff  revision,  as  drawn,  perfectly  safe.  On  March 
21,  Mr.  Russell  informed  me  that  he  visited  the  offices 
of  the  Badische  Company  at  128  Duane  Street,  and 
found  that  Dr.  H.  Meyer  was  out;  he  was  informed, 
however,  that  Dr.  Meyer  lived  at  Pelham  Manor  and 
could  be  reached  by  telephone  at  the  number  given 
in  the  Westchester  Section  of  the  telephone  directory. 
This  number  shows  the  address  671  James  Street,  thus 
agreeing  with  the  addrcs.s  given  on  Dr.  Meyer's 
letters  to  me.  On  March  jj,  Mr.  Rus.scll  appeared 
at  my  office.  He  reported  that  he  liad  been  to  the 
Badische    Company's    ofTues    and     met     Dr.     Meyer. 

Instead  of  giving  him  an  interview.  Dr.  Meyer  said, 
as  Mr.  Russell  reportcil  to  mo:  "I  think  you  had  better 
not  take  this  up  in  the  newspapers.  It  is  a  technical 
chemical  subject  and  it  had  better  be  settled  by  the 
chemists  and  college  profe.ssors  in  the  chemical  journals. 
\  chemical  journal  is  soon  to  appear  with  an  article 
on  this  subject  by  a  professor."     Mr.  Russell  further 
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said  that  Dr.  Meyer  had  referred  him  to  me  as  Editor 
of  the  paper  in  which  the  article  was  to  appear.  Mr. 
Russell  asked  me  for  a  copy  of  this  article  out  of 
which  to  make  an  article  for  the  Evening  Mail  as  a 
follow-up  to  the  first  Mail  article.  He  said  he  had 
told  Dr.  Meyer  he  would  go  to  me  for  a  copy  of  the 
article  and  use  it  in  lieu  of  the  interview  which  Dr. 
Meyer  had  declined.  He  said  Dr.  Meyer  approved 
this  idea.  I  declined  to  give  Mr.  Russell  a  copy  of 
this  article  as  the  galley  proof  of  Prof.  Smith's  article 
had  not  yet  been  sent  to  him. 

This  article  by  Prof.  Smith,  about  which  Dr. 
Meyer  was  so  well  posted,  is  the  only  communica- 
tion I  have  received  on  this  subject.  To  my 
mind  all  of  this  establishes  with  reasonable  certainty 
a  Smith-Meyer-Badische  connection  and  all  that  goes 
with  it. 

Only  one  thing  more — all  of  the  rest  of  us  have  been 
fighting  to  build  up  an  American  dyestuff  industry, 
not  simply  as  an  economic  necessity,  but  because  we 
know  how  closely  related  this  industry  is  to  the 
production  of  high  explosives  for  our  army  and 
navy. 

Meanwhile,  during  the  progress  of  the  details  recorded 
in  this  reply,  our  country  has  been  drawn  daily  nearer 
and  nearer  into  war  with  Germany,  and  even  to-day 
when  most  of  us  hold  strongly  the  conviction 
that  we  are  already  at  war  with  Germany,  Prof.  Smith 
telephoned  at  noon  to  the  office  of  This  Journal  to 
learn  whether  his  communication  would  be  published 
in  the  April  issue  and  was  seemingly  gratified  to  be 
assured  that  it  would. 

Again  I  say,  America  for  Americans! 
„     ,.  „  ,„,,  Chas.   H.   Herty 

March  22,  1917 


NO  TARIFF  COMMISSIONER  FOR  CHEMISTRY 

The  announcement  of  the  personnel  of  the  Tariff 
Commission  brought  with  it  keen  regret  that  President 
Wilson  had  not  been  sufficiently  impressed  by  the 
many  recommendations  and  arguments  forwarded  him 
to  lead  him  to  appoint  Mr.  Ellwood  Hendrick  as  a 
member  of  that  body. 

It  must  be  gratifying,  however,  to  Mr.  Hendrick 
to  know  that  while  he  had  from  the  outset 
declined  to  enter  into  any  active  canvass  for  ap- 
pointment, nevertheless  he  received  the  unanimous 
endorsement  of  all  the  organizations  of  chemists 
and  of  those  allied  organizations  whose  needs  could  be 
thoroughly  understood  and  comprehended  only  by  one 
having  a  thorough  grasp  also  of  the  chemical  situ- 
ation and  the  interlacing  character  of  all  of  these  in- 
dustries. 


A  TIMELY  PROPOSAL 

We  are  very  glad  to  feature  in  this  issue  the  address 
delivered  by  Dr.  B.  C.  Hesse  before  the  Detroit  Section 
on  the  subject  of  "The  American  Chemical  Society 
and  the  Nation."  In  this  address  Dr.  Hesse  has  put 
forward  a  constructive  suggestion  which  deserves  the 


serious  consideration  of  every  member  of  the  Society 
and  especially  of  the  members  of  the  Council  who  will 
assemble  soon  at  Kansas  City  for  the  Spring  Meet- 
ing. 

The  remarkable  growth  in  membership  in  recent 
years  has  enabled  the  Society  to  do  things  which  have 
excited  the  admiration  of  the  chemical  world.  Its 
continuous  and  its  present  accelerated  growth  oflfer 
marked  possibilities  of  still  greater  achievements  in 
the  future.  This  great  numerical  strength,  however, 
contains  within  itself  grave  possibilities  of  danger 
through  discord  and  consequent  disruption,  unless 
statesman-like  provision  be  made  for  the  logical  and 
orderly  expression  of  the  convictions  of  members 
on  matters  in  which  they,  as  experts,  have  the  right 
and  the  duty  to  be  heard. 

Things  have  moved  rapidly  in  this  world  during  the 
past  three  years,  necessitating  new  viewpoints  and  new 
adjustments.  The  nation  has  suddenly  awakened  to 
the  fundamental  importance  of  the  work  of  its  chemists 
and  now  holds  them  in  higher  regard  than  ever  before. 
In  return  for  this  national  recognition  we  must  assume 
a  national  obligation,  namely,  a  national  viewpoint.  For 
the  formulation  and  expression  of  opinions  on  national 
problems,  the  membership  is  too  bulky ;  even  the  Council 
has  grown  too  large,  while  the  Directors  are  charged 
rather  with  the  financial  administration  of  the 
Society. 

Furthermore,  quick  decision  is  often  demanded. 
For  these  reasons  a  small  group  of  experienced  men  is 
required  whose  judgment  can  be  promptly  gathered — 
a  group  somewhat  continuous  yet  changing  in  its 
personnel  and  thoroughly  representative  of  the  Society. 
In  its  efforts  such  a  group  should  have  the  hearty  in- 
dorsement of  the  members  or  be  abolished.  Dr.  Hesse 
seems  to  have  had  all  such  points  in  mind  in  working 
out  the  proposal  which  he  has  submitted. 

So  often  during  the  past  two  eventful  years,  in  the 
capacity  of  President  of  the  Society,  we  have  felt  the 
need  of  such  a  body  as  the  proposed  Board  of  Control  of 
National  Policies.  Without  it  we  did  the  best  we  could  in 
the  many  exigencies  which  arose,  sometimes  assuming 
authority  to  speak  when  we  really  doubted  the  posses- 
sion of  such  authority.  Many  times,  when  occasion 
demanded  action,  we  took  the  risk  of  rebuke,  trusting 
solely  to  the  good-will  of  fellow  members  and  their 
confidence  in  our  honesty  of  purpose.  Fortunately 
we  met  with  no  rebukes,  but  such  situations  are 
dangerous  for  the  Society,  as  well  as  somewhat  em- 
barrassing to  its  executive  head. 

There  is  also  the  constant  danger  of  the  action  of  a 
Local  Section  being  misinterpreted  as  the  action  of  the 
parent  organization.  On  two  occasions  last  year  it 
was  necessary  for  us  officially  to  call  attention  to  the 
fact  that  the  recommendations  regarding  tariffs  on 
dyestuffs  were  not  those  of  the  American  Chemical 
Society,  but  were  those  of  the  New  York  Section  of 
the  Society,  and  that  consequently  such  use  of  the 
name   of   the  Society  was  not  authorized. 

It  is  not  at  all  difficult  to  conceive  a  case 
where   two    Local    Sections   in    different    parts   of  the 
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country  might  have  opposite  views  on  a  question 
of  public  policy.  The  confusion  which  might 
arise  incident  to  the  publication  of  those  opposing 
views  and  their  misconception  as  views  of  the  Society, 
might  easily  lead  to  a  popular  discrediting  of  the 
organization  as  a  national  influence.  Such  possi- 
bilities suggest  that  Local  Sections  could  well  forego 
their  present  privilege  of  unlimited  public  expression, 
confining  themselves  in  this  public  capacity  to  local 
matters  and  privately  presenting  their  views  on  national 
matters  to  a  National  Board. 

As  we  see  the  matter  now.  Dr.  Hesse's  suggestion 
involves  a  change  in  the  constitution,  and  it  is  possible 
that  discussion  of  the  proposal  by  the  Council  may 
lead  to  some  changes  in  the  details  of  the  plan,  but  the 
fundamentals  are  essentially  sound.  We  are  all  in- 
debted to  him  for  this  thoughtful  address. 


Following  the  reading  of  Dr.  Hesse's  paper  the  De- 
troit Section  passed  a  Resolution  favoring  the  adoption 
by  the  Society  of  a  policy  along  the  lines  suggested. 
Later  the  Board  of  the  Detroit  Section  unanimously 
voted  to  propose  at  the  Kansas  City  Meeting  of  the 
Council  an  amendment  to  the  Constitution  of  the 
Society  creating  a  Board  of  Control  of  National 
Policies. 


PLANT  PRECAUTIONS 

At  the  outbreak  of  the  European  war  this  country 
was  threatened  with  a  serious  shortage  of  barium  salts. 
With  fine  energy  and  courage  the  Toch  brothers  im- 
mediately began  the  erection  of  a  plant  at  Sweet- 
water, Tenn.,  to  utilize  the  ores  in  that  vicinity. 
This  plant  had  been  continuously  enlarged  and  methods 
improved,  thus  constituting  an  important  factor  in  our 
program  of  national  self-containedness. 
f  In  spite  of  full  provision  of  facilities  for  fighting 
fire,  including  the  thorough  training  of  both  the  day 
and  the  night  forces,  this  plant  was  gutted  by  fire  on 
the  night  of  March  8th,  although  the  time  clock  of  the 
watchman  showed  that  just  ten  minutes  previously  he 
had  been  at  the  place  where  the  fire  originated. 

In  view  of  such  an  occurrence  it  cannot  be  too 
strongly  urged  that  no  steps  be  left  untaken  which  will 
insure  the  safety  of  our  chemical  industrial  plants 
against  incendiary  fires. 

We  know  full  well  the  deeply  conceived  spirit  of 
malicious  destruction  which  has  been  evidenced  in 
other  lands  during  this  war  period.  Let  us  quickly 
and  completely  awake  to  the  fact  that  we  too  are  now 
fully  subject  to  that  same  malicious  spirit  and  there- 
fore let  us  take  no  chance  of  misfortune  which  alertness 
and  abundant  caution  can  avert. 


THE.  AMERICAN  CHLMICAL  SOCILTY  AND  THL  NATION 


I  C.  HbssE  before  the  Detroit  Section  of  the  \ 


.  Chemical  Society,  March  IS,  1917 


The  American  Chemical  Society  has  to-day  over 
8,300  members  meeting  in  49  local  sections  in  32  States 
of  the  Union  and  the  District  of  Columbia.  In  point 
of  numbers  it  is  the  largest  organization  of  chemists 
in  the  world.  Each  local  section  has  its  own  Chairman, 
Secretary  and  E.xecutive  Committee  for  the  treatment 
of  its  local  affairs  and  further,  it  has  representation 
from  among  its  membership  in  the  Council  of  the  So- 
ciety in  accordance  with  the  size  of  its  membership. 
The  Council  of  the  Society  controls  the  formulation 
and  execution  of  all  the  policies  of  the  Society  and  also 
receives  from  the  entire  membership  of  the  Society 
by  secret  letter  ballot  suggestions  for  candidates  for 
President,  Councilors-at-large  and  Directors,  and 
from  among  these  suggestions  the  Council  makes  the 
final  selection,  also  by  secret  letter  ballot.  The 
Secretary  of  the  Society,  the  Treasurer  of  the  Society 
and  the  Editors  of  the  various  publications  of  the 
Society  are  elected  by  the  Council.  Hence,  those  in 
positions  of  authority  and  responsibility  receive  that 
authority  substantially  directly  from  tiic  membership 
and  are  responsible  to  and  under  the  control  of  that 
membership.  In  this  respect,  then,  our  Society  lives 
up  to  and  ])ractices  so  neorly  as  it  can  be  done  the  great 
principle  embodied  in  the  Declaration  of  Iiulcpemlcnce 
that  all  govern iiuMits  derive  their  jusl  powers  from  the 
consent  of  the  governed. 

The  Society  hold.s  two  general  meetings  of  its  Council 
and  of  its  membership  each  year;  its  Hoard  of  Directors 


meets  at  the  same  time  also  and  at  such  other  times 
as  the  business  of  the  Society  requires. 

The  object  of  the  American  Chemical  Society  is 
"the  advancement  of  chemistry  and  the  promotion 
of  chemical  research." 

In  furtherance  of  these  objects  the  work  of  the  general 
meetings  is  carried  out  in  8  Divisions,  namely:  In- 
dustrial Chemists  and  Chemical  Engineers;  Physical 
and  Inorganic  Chemistry;  Fertilizer  Chemistry;  Agri- 
cultural and  Food  Chemistry;  Organic  Chemistry; 
Pharmaceutical  Chemistry;  Biological  Chemistry; 
Water,  Sewage  and  Sanitation. 

The  American  Chemical  Society  publishes  three 
journals,  one  for  pure  chemistry,  one  for  industrial 
and  engineering  chemistry  and  a  third  devoted  to 
coordination  of  progress  everywhere  and  in  all  branches 
and  lines  of  chemistry. 

Supplementary  to  this  there  arc  33  standing  and 
divisional  committees  appointed  annually  which  look 
after  the  subjects  confided  to  their  care  nnd  0  of  these 
dcol  with  topics  of  nalion.al  scope. 

Ol'R    PLAN    OP    ORGANIZATION    THE    BEST 

This  plan  of  organization  is  unique  in  the  chemical 
societies  of  the  world  and  since  the  outbreak  of  the 
present  war,  German  chemists  of  eminence  have 
publicly  praised  that  plan  and  have  expressed  regret 
at  the  absence  of  such  a  cohesive,  elastic  and  coflrdi- 
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nated  organization  among  the  chemists  of  their  own 
country,  and  have  cited  it  as  a  reason  against  further 
subdivision  among  German  chemical  societies.  While 
this  is  not  necessarily  conclusive  yet  it  is  a  matter  of 
some  satisfaction  to  have  an  admission  that  the  chem- 
ists of  the  United  States  do  something  better  than 
their  professional  brethren  across  the  Atlantic.  It  may, 
therefore,  be  stated  with  confidence  as  a  fact,  and  not 
at  all  as  a  vainglorious  boast,  that  the  American  Chem- 
ical Society  is  the  largest  chemical  society  and  has  the 
best  plan  of  organization  of  any  chemical  society  in 
the  world. 

OUR    GOVERNMENTS    AND    CHEMISTRY 

The  various  states  of  the  Union  and  their  respective 
municipalities  devote  a  considerable  amount  of  efifort 
and  money  toward  the  growth  and  diffusion  of  chemical 
knowledge  and  the  application  of  chemistry  to  the 
welfare  of  their  citizens.  Our  Federal  Government 
likewise  expends  much  effort  and  money  toward  the 
same  ends.  In  this  respect,  also,  we  can  invite  com- 
parison with  any  other  country  confident  that  it  will 
not  result  to  our  disfavor. 

OUR    PAST    POLICY 

For  the  first  thirty  years  or  so  of  its  existence  the 
American  Chemical  Society  practically  entirely  re- 
frained from  taking  part  in  shaping  national  policies 
or  in  solving  national  problems,  partly  because  it 
was  not  invited  so  to  do  and  partly  because  it  regarded 
its  function  to  be  fostering  the  science  rather  than  the 
art  and  the  industry  of  chemistry.  Gradually  this 
has  been  changed  and  quite  markedly  so  with  the  found- 
ing of  its  Journal  of  Industrial  and  Engineering 
Chemistry  in  1908,  which  has  come  to  be  regarded 
as  the  best  publication  of  its  kind  in  this  country. 
The  actual  participation  of  the  Society,  as  such,  in 
shaping  policies  of  national  scope  did  not  increase 
much,  if  any,  until  during  and  after  1914. 

our  activities  since   1 91 4 

Since  19 14  the  American  Chemical  Society  has  par- 
ticipated nationally  by  having  representation  as 
follows; 

I — On  the  Naval  Consulting  Board. 

2 — On  Advisory  Committees  to  the  Bureau  of 
Standards  and  to  the  Bureau  of  Mines. 

3 — On  the  National  Research  Council. 

4 — In  conjunction  with  the  National  Academy 
of  Sciences  and  four  Engineering  Societies  for  general 
lines  of  cooperation  and  also  on  the  Nitrate  Supply 
of  the  United  States. 

This,  in  itself,  is  an  achievement  and  a  recognition 
of  no  small  significance  and  importance;  it  is  a  matter 
of  justifiable  pride  and  satisfaction  that  we  have  been 
able  to  render  national  service  of  worth  Snd  effect, 
but  it  is  largely  the  result  of  invitation  and  not  of  our 
initiative.  However,  we  must  not  dwell  upon  these 
results  too  long  nor  too  exultantly. 

OUR    FUTURE 

This   new   phase   of   our   activities,   upon    which    we 


have  entered  quite  by  force  of  circumstances  and  not 
at  all  with  forethought  or  conscientious,  deliberate 
and  comprehensive  planning  or  initiative  must  give 
us  pause  and  compel  us  to  consult  among  ourselves 
and  with  our  friends  as  to  the  responsibilities  we  are 
thus  assuming  and  as  to  the  best  and  most  effective 
way  of  discharging  them  patriotically,  promptly  and 
comprehensively,  all  for  the  best  interests  of  the 
Nation. 

There  can  be  no  doubt  that  if  the  membership  of 
the  American  Chemical  Society  were  specifically  asked 
to  pass  upon  these  acts  of  its  Council  and  of  its  ex- 
ecutive officers,  that  each  and  all  of  these  acts  would 
be  ratified  and  approved.  As  a  matter  of  fact,  while 
there  has  been  acquiescence,  there  has  been  no  such 
formal  ratification  and  as  a  further  matter  of  fact, 
those  acts  were  each  and  all  performed  without  the 
specific  consent  or  authorization  of  the  membership 
itself  and  in  the  final  analysis  the  membership  must 
so  instruct  its  officers  because  for  the  forty  years  of 
its  existence  the  policy  of  the  Society  as  shown  by  its 
acts  did  not  contemplate  and  has  not  contemplated 
any  such  steps  on  the  part  of  those  it  had  placed  in 
authority,  although  there  is  nothing  in  that  policy 
and  in  those  acts  that  could  be  construed  as  specifically 
prohibiting  acts  of  the  kind  we  have  performed  in  the 
past  two  years  and  a  half. 

why    we    must    authoritatively    broaden    OUR 


For  those  in  authority  to  proceed  much  further 
without  such  specific  authority  from  the  membership 
itself  may  be  fraught  with  grave  danger  and  may  easily 
leave  the  door  open  for  internal  dissension  and  strife 
which  could  not  do  otherwise  than  disturb  the  mag- 
nificent structure  of  our  organization  and  rob  it  of 
its  just  opportunity  to  serve  the  Nation.  Those 
who  devised  this  structure  planned  wisely  and  well; 
they  laid  their  plans  as  far  into  the  future  as  they  safely 
could.  Three  years  ago  not  one  of  us  would  have 
been  willing  to  prophesy  this  expansion  of  our  activities 
into  the  domain  of  national  affairs  in  the  concrete 
and  direct  manner  that  has  taken  place  in  the  past 
thirty  months.  It  is  for  us  of  to-day  to  plan  as  wisely 
for  the  future  as  did  they  who  devised  and  developed 
this  potentially  strong  and  elastic  organization  of 
which  every  American  chemist  may  well  be  proud; 
this  structure  is  now  entrusted  to  our  care  for  its  de- 
velopment and  safe-keeping.  Let  us  not  fail  to  measure 
up  to  the  responsibility  which  the  course  of  events  has 
placed  upon  us. 

WE    HAVE    NOT   FULLY    UTILIZED    OUR   PAST 
ADVANTAGES 

Taking  into  account  the  geographical  extent  and 
numerical  strength  of  our  Society,  its  exceptionally 
elastic  and  adaptable  plan  of  organization  and  also 
all  that  which  our  federal,  state  and  municipal  govern- 
ments do  for  chemistry,  the  question  forces  itself  upon 
us:  Have  we  in  the  past  made  the  most  of  this  con- 
dition of  affairs?  I  think  an  impartial  inquiry  will 
develop  that  we  have  not  done  so  and  the  reason  for 
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that  is  not  hard  to  find.  We  have  fostered  the  science 
of  chemistry  in  an  idealistic  manner  and  have  given 
much  less  thought  to  nationality  of  origin  of  scientific 
advancement,  than  to  the  actual  advancement  of  the 
science  as  a  whole;  in  this  we  have  been  encouraged 
by  the  general  national  and  international  political 
policy  of  our  Nation,  namely  that  of  self-sufficient 
isolation  from  the  Old  World  and  the  general  atti- 
tude of  friend  of  all  the  world,  and  all  the  world  our 
friend. 

OUR    PAST    ACTIVITIES    INCOMPLETE 

The  events  of  the  past  thirty  months  have  not 
shown  that  that  was  an  intrinsically  wrong  course, 
but  they  have  shown  that  it  was  not  enough;  we  were 
all  right  so  far  as  we  went  but  we  did  not  go  far  enough; 
that  is,  we  should  also  have  had  an  eye  on  what  national 
advantage  we  could  gain  from  the  general  advance 
of  the  science  as  a  whole  and  what  national  disad- 
vantage would  flow  from  our  not  making  the  most  of 
those  advances  for  ourselves  and  as  a  Nation. 

That  is,  while  our  course  in  the  past  has  not  been 
a  mistaken  one  yet  it  did  include  an  omission.  I 
believe  that  we  can  cure  that  omission  without  in  any 
wise  interfering  with  our  past  policy;  in  fact,  I  believe 
that  a  cure  for  that  omission  will  merely  strengthen 
and  foster  that  policy  in  its  own  field. 

A    PROPOSED    REMEDY— A    BOARD    OF    CONTROL 

As  to  the  remedy,  I  offer,  of  my  personal  initiative, 
the  following  plan  as  a  feasible,  practical  and  practic- 
able means  of  so  expanding  our  activities  with  authority 
and  authoritatively.     This  plan  is: 

I — The  membership,  by  secret  letter  ballot,  to  vote 
on  the  expansion  of  our  activities  to  cover  all  fields 
of  national  endeavor,  economic,  scientific,  commercial, 
industrial  and  the  like. 

II— In  the  event  of  the  adoption  of  such  an  expansion 
of  policy,  the  Society  to  have  a  Board  of  Control  of 
National  Policies  of  the  American  Chemical  Society. 
This  Board  of  Control  to  consist  of  five  members: 
the  President  of  the  American  Chemical  Society, 
the  Secretary  of  the  American  Chemical  Society,  the 
Editor  of  the  Journal  of  Industrial  and  Engineering 
Chemistry  of  the  American  Chemical  Society  or  of  its 
successor-publication  and  the  two  available  past 
Presidents  of  the  American  Chemical  Society  next 
preceding,  each  member  to  have  one  vote.  The 
President  of  the  American  Chemical  Society  shall 
be  the  Chairman  of  this  Board  of  Control.  The  Secre- 
tary of  the  American  Chemical  Society  shall  be  the 
Secretary  of  this  Board  of  Control.  This  Board  of 
Control  shall  have  complete  and  sole  jurisdiction  over 
any  and  all  subjects  of  national  scope  to  be  taken  up, 
shall  direct  what  national  matters  shall  be  taken  up, 
and  no  such  work  can  be  taken  up  without  the  consent 
of  this  Hoard.  Furliier,  as  to  the  manner  in  and  the 
extent  to  which  Ihey  shall  be  taken  up,  tiic  Board  of 
Conlrf)!  shall  appoint  necessary  committees  and  their 
needful  ofTiccrs  and  shall  direct  and  supervise  the  work 
and  reports  of  nil  such  committees  and  such  cnmmillcc- 
rcporls  arc  not  to  be  made  public  until  approved  by 
Ihc  Board  of  Control  and  shall  be  publishctl  by  the 
Hoard  of  Control  in  Ihul  publication  of  the  American 


Chemical  Society  best  adapted  thereto  and  in  any 
additional  publications  this  Board  may  elect,  and  shall 
be  communicated  to  such  committees  or  public  bodies 
as  this  Board  may  deem  desirable.  At  each  Fall 
meeting  of  the  Society  this  Board  of  Control  shall 
report  to  the  general  meeting  what  it  has  accomplished 
since  the  Fall  meeting  next  preceding,  the  work  in 
hand  and  the  work  in  project  and  all  the  suggestions 
for  added  work  or  for  betterments  it  may  then  have 
received  from  members  of  the  Society  or  from  others 
and  this  report  to  be  printed  in  full,  in  the  next  suc- 
ceeding issue  of  the  Proceedings  of  the  Society  and  in 
any  other  place  or  places  the  Council  may  designate. 
At  the  December  letter-poll  of  members,  in  alternate 
years,  the  membership  shall  be  asked  to  vote  on  con- 
tinuance and  discontinuance  of  the  authority  for  such 
expansion  of  our  activities  and  approval  or  disapproval 
of  the  work  of  the  two  years  next  preceding.  If  such 
continuance  of  authority  be  withheld,  this  Board  of 
Control  shall  cease  its  activities  forthwith. 

FOR     AND     NOT     OF     THE     AMERICAN     CHEMICAL     SOCIETY 

It  must  be  remembered  that  the  ultimate  work  of 
this  Board  of  Control  cannot,  in  fact,  be  the  opinion 
or  recommendation  0/ the  American  Chemical  Society; 
all  it  can  be  or  profess  in  fact  to  be  is  an  expression  of 
opinion  or  the  making  of  a  recommendation  or  a  state- 
ment of  fact  by  authority  and  in  behalf  of  the  American 
Chemical  Society;  such  an  expression  of  opinion  or 
such  recommendation  or  such  a  statement  of  fact  in 
no  wise  prohibits  any  member  or  members  of  the 
Society  from  disagreeing  or  from  publicly  expressing 
their  disagreement  or  non-concurrence  in  any  way 
that  they  see  fit  so  long  as  they  do  not  directly  or  in- 
directly represent  themselves  as  speaking  for  or  by 
authority  of  the  Society  or  of  any  part  of  the  Society. 
Therefore,  this  Board  of  Control  must  see  to  it  that 
membership  on  the  various  committees  that  it  may 
find  needful  to  appoint  be  conditioned  upon  fitness, 
disinterestedness  and  ability  and  willingness  to  as- 
certain all  the  facts,  draw  all  the  conclusions  and  make 
all  the  recommendations  regardless  and  entirely  inde- 
pendent of  any  personal  opinion,  prejudice,  or  interests 
prospective  committee-members  may  have. 

CONFIDENCE    AND    AVTHORITATIVENF.SS 

Under  these  conditions  the  final  work  of  this  Board  of 
Control  would  be  entitled  to  respectful  hearing  without 
any  ciuarrcls  or  quibbles  as  to  motives,  etc.,  and,  as 
such,  to  treatment  on  its  merits — even  by  no  matter 
how  hostile  a  committee,  say,  of  Congress.  The  work 
will  have  been  done  by  authority  of  the  membership 
renewed  each  two  years,  an<l  the  work  itself  will  be 
authoritative  because  wc  can  safely  trust  such  a  Board 
of  Control  to  select  the  best  availjiblc  men  for  ony 
given  task  because  it  would  be  made  up  of  men  who 
have  reached  that  Board  on  the  initiative  of  the 
membership  and  because  that  membership  considered 
them  to  be  of  that  broad- minded  type  required  for 
successful  Icailership  and  the  Society  by  so  electing 
them  had  K'ven  them  its  conlidence  in  their  probity, 
honesty  an»l  ability;  having  gainetl  thai  confidence 
of  their  fellow  chemists  in  that  way  and  in  some  cases 
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through  many  years  of  honorable  Society  service  in 
addition,  the  members  of  this  Board  of  Control  can 
safely  be  trusted  further  to  conserve  the  best  interests 
of  the  Nation  and  of  their  Society  as  well  as  their  own 
personal  honor. 

Such  a  Board  of  Control,  working  in  such  a  way 
ought  and  would  merit  and  would  soon  gain  and  hold 
the  confidence  of  the  public  and  of  those  in  authority 
in  our  government.  For  the  Society,  it  would  at- 
tend to  it  that  there  be  continuity  of  effort  and  policy 
and  that  new  circumstances  were  promptly  met  in 
the  best  available  way  and  that  our  efforts  were  properly 
coordinated  and  further  would  prevent  participation 
in  minor  matters,  because  it  would  be  the  sole  mouth- 
piece of  the  Society  in  matters  of  national  scope.  We 
could  depend  upon  it  that  such  a  Board  would  see  to 
it  that  all  the  work  would  be  done  from  the  viewpoint 
of  the  Nation  as  a  whole,  that  the  Society  would  not 
be  used  as  a  cat's  paw  for  individual  ends  because  in 
matters  of  this  nature  we  are  American  citizens  first 
and  American  chemists  afterwards  and  we  must  deal 
with  them  with  the  welfare  of  the  whole  Nation  in 
mind  first,  last  and  all  the  time;  the  American  Chemical 
Society  cannot  under  any  circumstances  permit  it- 
self to  be  maneuvered  into  the  position  of  spokesman 
for  individual  gain  but  it  must  at  all  times  embody, 
present  and  advocate  the  best  interests  of  the  Nation 
and  of  the  whole  Nation;  therefore,  it  must  be  cir- 
cumspect, judicious,  prompt,  comprehensive  and  thor- 
ough in  all  such  work  and  must  at  all  times  command 
and  deserve  the  full  confidence  of  the  public;  it  must 
not  promise  more  than  it  can  perform  and  must  live 
up  to  its  promises. 

SMALL    COMMITTEES    THE    ONLY    PRACTICABLE    MODE 

We  must  get  at  all  relevant  facts,  deductions  and 
conclusions  and  face  them  whether  we  like  them  or 
not;  we  must  not  fear  nor  solicit  political  favor,  we 
must  be  comprehensive,  complete,  fair  and  just  in 
our  work.  To  my  mind  this  can  be  accomplished  by 
a  Board  such  as  I  have  just  outlined  and  now  is  the 
time  to  start  in  on  the  work,  for,  under  the  most  favor- 
able conditions,  it  will  be  four  or  six  years  before  a 
smooth-working  organization  can  be  effected. 

From  the  practical  point  of  .view  of  getting  things 
done,  experience  unequivocally  teaches  that  to  leave 
the  execution  of  a  piece  of  work  to  our  membership  at 
large  is  totally  inefficient  and  non-productive  of  re- 
sults within  any  reasonable  time.  A  small  committee 
of  3,  5  or  7  members,  having  received  its  general  in- 
structions from  such  a  Board  of  Control,  would  get 
somewhere  and  with  a  reasonable  degree  of  certainty 
and  accuracy  long  before  the  total  membership  or  a 
majority  thereof,  would  have  realized,  understood  and 
appreciated  the  trend,  scope  and  purport  of  the  in- 
structions and  of  the  work  to  be  accomplished.  Such 
a  Board  of  Control,  having  all  national  threads  in  its 
hands,  would  attend  to  it  that  not  too  much  was  under- 
taken at  one  time,  that  the  needful  cooperation  between 
different  committees  was  forthcoming  and  relative 
progress  kept  in  alignment,  that  the  various  results  were 
promptly  communicated     where    they   would    accom- 


plish the  most,  and  the  entire  activity  kept  in  defi- 
nite relationship  to  the  campaign  as  a  whole — some- 
thing which  the  membership  as  a  whole  or  our  Council 
could  never  hope  to  realize  or  to  accomplish. 

EXCLUSIVE    SPOKESMANSHIP    NECESSARY 

The  title  "American  Chemical  Society"  belongs  to 
the  Society  as  a  whole  and  no  part  nor  member  of  the 
Society  should  make  use  of  that  title  not  in  harmony 
with  the  aims  and  objects  of  the  Society  as  a  whole. 
If  members,  sections,  or  divisions  of  the  Society  dis- 
agree with  any  particular  act  of  national  scope  of  the 
Society  they  should  in  no  wise  be  hampered  nor  inter- 
fered with  in  full  and  free  public  expression  of  that 
disagreement  but  they,  on  their  part,  must  avoid 
everything  that  would  tend  to  give  their  disagreement 
the  appearance  of  sanction  by  the  American  Chemical 
Society  or  any  part  of  it,  otherwise  confusion  must 
result  and  consequently  the  name  of  the  American 
Chemical  Society  may  come  to  stand  for  much  less 
than  in  reality  it  should. 

SUMMARY 

In  order  to  have  the  greatest  weight  with  legislative 
and  similar  committees,  those  appearing  before  them, 
professedly  in  behalf  of  the  general  good,  must  first 
show  conclusively  or  at  least  very  persuasively  that 
they  have  no  individual  nor  collective  axes  to  grind 
either  directly  or  indirectly.  This  would  be  taken 
care  of  by  the  plan  just  outlined  which  would  be  em- 
bedded in  our  membership,  would  take  its  right  of 
existence  from  that  membership  and,  based  upon  its 
record,  must  go  back  to  that  membership  once  every 
two  years  for  a  new  lease  of  life.  Secondly,  they  must 
show  conclusively  or  persuasively  that  they  know  what 
they  are  talking  about  and  that  they  are  competent 
to  perform  the  work  they  offer  to  perform.  For  this 
we  shall  have  to  rely  upon  the  judgment  of  this  Board 
of  Control  to  pick  the  best  men  available  for  any  par- 
ticular piece  of  work.  With  a  Board  constituted  as 
outlined  this  seems  to  me  a  matter  of  very  small  risk 
and  of  a  very  great  degree  of  certainty.    • 

Further,  this  Board  being  charged  with  the  initiative 
and  the  sole  and  exclusive  spokesmanship  for  the 
Society  in  matters  of  this  kind  would  be  put  on  its 
honor  and  on  its  mettle  to  see  to  it  that  important 
national  matters  were  promptly  discerned  and  properly 
treated  as  they  arose  and  that  not  too  much  was  at- 
tempted at  any  one  time  and  that  the  scope  of  the  work 
was  confined  to  practical  limits,  all  of  which  things 
a  large  body  such  as  our  Council  and  certainly  our 
membership  could  never  hope  to  accomplish. 

THE     AMERICAN     CHEMICAL     SOCIETY     CAN     ONLY     GAIN 

In  SO  exclusively  delegating  the  initiative,  direction 
and  execution  of  its  participation  in  national  affairs 
does  the  Society  or  do  its  sections  or  divisions  re- 
linquish anything  fundamental?  I  think  the  answer 
must  be  "No."  The  membership  itself  cannot  do 
this  work  nor  can  the  Council  and  it  is,  therefore,  a 
question  of  getting  something  constructively  done 
nationally  as  against  getting  nothing  done  at  all. 
The  only  risk  that  we  run  is  that  of  placing  all  our 
national  activities  in  the  hands  of  five  men.     But  all 
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these  men  have  already  been  tried  and  found  true  to 
our  best  interests  and  there  is  no  real  reason  to  believe 
that  they  would  not  continue  so  to  be  true. 

As  I  see  it,  there  is  a  positive  added  advantage  in 
having  such  a  Board  of  Control  because  the  partici- 
pation of  the  Society  in  national  affairs  should  increase 
rather  than  decrease.  As  matters  now  stand,  the  Presi- 
dent of  the  Society,  who  is  generally  new  to  such  re- 
sponsibilities, may  appoint  any  committees  he  deems 
needful,  inclusive  of  committees  on  affairs  of  national 
scope;  while  this  plan  would  take  away  from  him  the 
sole  appointing  power  of  such  national  committees 
he  would  be  given  definitely  and  specifically  four 
experienced  advisors  who  must  act  with  him  and  all 
five  must  act  in  concert;  the  President  is  thus  officially 
given  specific  and  experienced  help  in  problems  of 
national  scope  and  the  Society  gains  by  having  five 
men  decide,  guide  and  control  its  conduct  in  these 
matters  as  against  but  one,  a  usually  inexperienced  man, 
under  our  present  arrangement.  As  against  this 
we  have  loss  of  such  rights  as  sections  and  divisions 
may  now  have  for  action  in  national  affairs,  but  these 
rights  should  be  formally  surrendered,  to  the  end  that 
national  action  by  the  Society  may  be  given  greater 
force  and  effect;  if  at  any  time  this  Board  of  Control 
abuses  its  powers  or  is  derelict  in  its  duties  such  sec- 
tional or  divisional  rights  can  be  recovered  and  ex- 
ercised in  the  manner  provided.  To  my  mind,  this 
temporary  and  controllable  parting  with  sectional  and 
divisional  rights  can  only  be  in  the  interest  of  all  since 
there  can  really  be  but  one  leader  and  we  must  all 
get  back  of  the  leader  and  should  not  be  pulling  in 
different  directions. 

THE    POSSIBLE    FIELDS 

Those  of  our  members  who  have  accepted  positions 
on  committees  and  boards  of  national  scope  on  behalf 
of  or  for  our  Society  have  every  right  to  expect  authori- 
tative, prompt  and  efficient  cooperation  from  the 
Society  should  occasion  therefor  arise  and  this  without 
any  strings  tied  to  it,  and  they  should  have  it.  A 
Board  of  Control,  such  as  suggested,  will  enable  our 
Society  to  give  that  cooperation  in  the  most  cfTicient, 
authoritative  and  effective  manner  available  and  far 
better  than  any  we  could  give  under  our  present  ar- 
rangement. 

Questions  of  conservation  of  water  power,  mineral 
products,  forest  products  and  the  like  will  no  doubt 
offer  additional  opportunities  to  such  a  Board  as  also 
will  questions  of  developing  and  diversifying  our 
internal  manufactures  and  trade,  our  export  trade, 
transportation  of  materials,  hours  of  labor,  old  age, 
accident,  sick  and  pension  funds,  workmen's  compensa- 
tion acts,  coordination  of  instruction,  investigation 
and  research,  in  addition  to  those  national  questions 
in  which  wc  have  heretofore  or  only  recently  partici- 
pated. Now  that  Congress,  by  creating  a  Tariff 
Commission,  has  conceded  that  Congressional  com- 
mittees such  as  the  Ways  and  Means  Committee  and 
llie  Finance  Committee  of  the  Senate  are  unequal  to 
the  task  of  nsrcrtaining  fvindamcntnl  facta  and  of 
dctcrniining  what  arc  fundamental  facts,  opportunity 
is  ^'iviMi  u.';  to  aid  in  lli.il    iliic.  lion   iinham|ipi<'il   l.v   llir 


claptrap,  sophistry,  legerdemain,  unfair  tactics  and 
browbeating  that  seem  to  be  inseparable  from  so  many 
congressional  committee  investigations,  and  paying 
attention  solely  to  the  merits  of  the  subject;  we  will 
be  in  good  position  then  to  make  recommendations 
to  Congress  as  to  specific  tariff-treatment,  something 
which  the  Tariff  Commission  itself  cannot  freely  do. 
No  doubt  there  will  be  further  opportunities  of  aiding 
in  other  national  fact-ascertainments  which  are  not  or 
cannot  be  efficiently  executed  by  congressional  com- 
mittees but  must  be  done  by  special  commissions  or 
the  like. 

To  my  mind,  the  time  has  come  when  we  must 
think  in  terms  of  the  Nation,  with  our  eye  on  the  map 
of  the  world  and  on  our  national  requirements,  but 
without  in  any  wise  diminishing  our  support  of  the 
science  itself. 

CONCLUSION 

On  the  assumption  that  the  membership  will  de- 
cide that  the  Society  should  systematically  take  definite 
part  in  all  relevant  national  matters  I  suggest  the  fore- 
going plan  as  containing  a  fairly  comprehensive  and 
complete  basis  from  which  to  construct  and  develop 
a  real  working  and  workable  plan. 

And  why  should  not  the  Society  decide  to  expand 
nationally?  If  we  wish  to  live  up  to  the  finest  and 
best  traditions  of  a  democracy  there  is  every  reason 
why  we  should  so  decide  and  none  why  we  should 
not.  Why  are  we  not  as  well  qualified  to  initiate  and 
guide  relevant  national  matters'  as  are  legislators  or 
government  officials?  In  fact,  we  are  better  qualified 
than  either  or  both  and,  therefore,  we  should  do  it. 
By  evading  such  opportunity  we  are  not  living  up  to 
our  citizenship  nor  are  we  fulfilling  our  obligations. 
The  American  Chemical  Society  should  walk  right 
up  to  this  opportunity  and  embrace  it  with  enthusiasm 
and  determination.  Then — let  us  not  backslide. 
Let  us  contribute  our  share  towards  making  a  democ- 
racy as  efficient  nationally  as  any  other  form  of  govern- 
ment. Eternal  activity  is  the  price  of  progress  just 
as  eternal  vigilance  is  the  price  of  liberty. 

The  American  Chemical  Society  has  such  a  compre- 
hensively planned  organization  and  so  many  points 
of  contact  with  national  endeavor,  as  expressed  in 
our  various  divisions  of  government  and  our  various 
scientific  or  technical  associations,  that  it  can  readily 
add  to  its  present  activities  systematic  constructive 
work  along  lines  of  national  and  international  polity. 
This  is  a  gap  in  our  work  which  we  should  at  once  pro- 
ceed to  fill  effectively  and  efficiently  lest  our  national 
citizenship  be  reduced  to  mere  lip-scrvicc.  The  plan 
just  outlined  is,  therefore,  submitted  as  a  starting  point 
for  such  action  and  because  of  the  great  importance 
of  the  subject  it  is  now  commended  to  prompt  and 
careful  consideration  by  the  Society. 

Finally,  whatever  plan  of  national  coftpcration  is 
evolved  it  nui.sl  have  the  continued,  continuous,  prompt 
and  wholc-heorted  support  of  the  entire  membership 
each  of  us  must  k'vc  of  his  strength,  time,  thought  nnd 
ability  all  that  he  can  and  whenever  he  can;  otherwise 
these  efforts  cannot  and  ought  not  long  endure. 
•»  HuoAo  Stumt.  n«w  Yo««  (.'rt* 
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FERRO-URANniM' 

By  H.  W.  Giui.i:tt  .\nd  it.  I,.   M.\ck 

Uranium  steel  apparently  dates  from  about  1897, 
when  it  was  stated^  that  the  French  Government  was 
trying  to  make  use  of  uranium  steel  in  guns.  Merck's 
1907  index  (p.  452)  states  that  the  only  technical 
use  for  uranium  is  in  the  form  of  an  alloy  in  the 
manufacture  of  gun  barrels. 

Escard'  states  that  it  is  reported  that  Krupp  uses 
uranium  steel  in  armor  plate.  There  have  been  various 
rumors,  naturally  not  capable  of  direct  proof,  that 
Germany  is  using  uranium  steel  liners  in  big  guns, 
in  the  present  war. 

Fischer''  says,  "a  German  firm  is  putting  on  the 
market  ferro-uranium  to  be  used  in  the  manufacture 
of  steel.  England  is  also  interested  in  uranium  steel 
and  as  a  permanent  supply  of  ferro-uranium  is  guar- 
anteed by  Messrs.  Geo.  G.  Blackwell  Sons  and  Co., 
Ltd.,  of  Liverpool,  trials  on  a  large  scale  will  be  made 
in  the  steel  industry.  The  properties  of  uranium  and 
tungsten  steels  are  similar.  Fischer'  says,  "some  of 
the  large  (American)  steel  companies  have  tried  to  use 
uranium  in  their  line  of  work,  but  with  little  or  no  suc- 
cess." 

Tourchinsky^  includes  without  further  comment 
0.23  per  cent  in  the  composition  of  steels  made  at  the 
Sonoritz  works  in  1915. 

Commercial  use  of  uranium  steel  in  the  LTnited 
States  is  quite  recent.  Keeney'  states  that  in  1915 
the  Standard  Chemical  Company  worked  on  the  use 
of  uranium  in  steel  and  put  ferro-uranium  on  the 
market.  He  says,  "although  the  applications  of  ferro- 
uranium  have  not  been  completely  solved,  the  results 
are  encouraging  and  indicate  that  in  high-speed  steel 
a  small  percentage  of  uranium  may  be  substituted  for 
a  very  large  percentage  of  tungsten  without  injuring 
the  cutting  qualities  of  the  steel.  A  high-speed  steel 
showing  excellent  cutting  qualities  contained  C  0.78 
per  cent,  Mn  none,  Si  0.16  per  cent,  P  0.02  per  cent, 
W  8. IS  per  cent,  Cr  3.62  per  cent,  V  1.81  per  cent, 
U  1.02  per  cent."  Two  or  three  other  American 
firms  are  contemplating  the  commercial  production  of 
ferro-uranium. 

Comparative  tests  of  uranium  steels  whose  com- 
position is  not  given,  against  other  high-speed  steels, 
also  of  unstated  composition,  have  been  given  by  the 
Standard   Chemical   Company.'      Uranium    steel    has 

^  To  be  read  at  the  Kansas  City  Meeting   of  the   .\fncrican    Chemical 
Society.     Published  by  permission  of  the  Director  of  the  Bureau  of  Mines. 
'  Dennis,  L.  M..  "Uranium,"  "Mineral  Industry,"  6  (1897),  6.'i4. 

•  J.  Escard,  "Sur  Ics  differents  procedes  dc  preparation  de  I'uranium 
metallique  pur  ou  a  1'  etat  dc  fontc."  Rev   chim.  induslrirlle,  18  (1907),  81. 

•  S.  Fischer,  "Uranium  and  Vanadium,"  "Mineral  Industry,"  22 
(1913),  773. 

•  S.  Fischer.  "The  Carnotite  Industry,"  Trans.  Am.  Eleclrochem. 
Soc.  29  (1913),  374. 

•  K,  Tourchinsky,  "Nathusius  Electric  Furnace  in  the  Steel  and  Tube 
Works  at  Sonoritz,"  Rev.  Russ.  Soc.  of  melallurgy,  through  Rev.  de  met.,  12 
(1915),  cxtraits,  p.  180. 

'  R.  M.  Kecney,  "Uranium  and  Vanadium."  "Mineral  Industry,"  24 
(1915),  706.  Sec  also  J.  M.  Flanncry,  U.  S.  Patents  1,201,625;  1.201.626; 
1,201,627,  January  2.  1917. 

•  Standard  Chemical  Co.,  "Uranium  in  High-Speed  Steel."  Mel.  and 
Chtm.  Eng..  IB  (1916),  160;  Iron  Age.  97  (1916),  952. 


been  widely  advertised  as  "the  last  word  in  high-speed 
tool  steel,"  and  it  has  also  been  advertised  that  "ferro- 
uranium  used  in  high-speed  steels  greatly  increases 
strength,  toughness  and  durability,  producing  a  steel 
that  will  stand  up  on  the  job." 

However,  the  reports  of  Hoffman  and  Johnson' 
were  not  so  favorable,  the  former  stating  that  a  ura- 
nium steel  with  5  per  cent  W  and  3  to  4  per  cent  Cr 
made  a  very  good  tool  and  did  good  work  for  say  two 
grindings,  but  after  that  did  not  hold  its  efficiency 
and  had  to  be  rehardened,  and  the  latter,  that  a  40- 
point  carbon  steel  with  0.3  per  cent  U  was  disappoint- 
ing, being  red  short  at  ordinary  forging  heat  and  al- 
together uninteresting  from  a  practical  point  of  view. 

It  is  also  understood  that  in  most  attempts  it  has 
been  found  very  difficult  to  produce  uranium  high- 
speed steel  free  from  streaks  or  seams. 

It  will  be  necessary  to  have  more  definite  data  than 
have  yet  been  published  before  the  real  value  or  lack 
of  value  of  uranium  in  steel  can  be  determined.  All 
that  can  be  said  at  present  is  that  uranium  deserves 
a  careful  trial  both  in  tool  steel  and  in  ordnance,  though 
the  former  is  probably  the  more  promising  field. 

Although  the  production  of  uranium  steels  was 
attempted  ten  years  ago,  the  literature  is  singularly 
barren  of  really  definite  information  on  them,  and  is 
even  more  meager  in  regard  to  the  manufacture  of 
ferro-uranium. 

The  electrolysis^  of  fused  mixtures  of  CaO  and  the 
oxide  of  the  metal  to  be  produced  has  been  suggested 
as  a  method  of  making  ferro-alloys.  In  a  private 
communication,  Mr.  Beckman  has  outlined  his  pro- 
cess for  making  ferro-uranium,  in  which  equimolecular 
proportions  of  CaO  and  rather  impure  UsOj  were 
fused  in  a  magnesite-lined  furnace  and  electrolyzed 
with  an  iron  cathode  and  carbon  anode.  The  fur- 
nace was  not  arranged  to  pour  or  tap,  and  the  product 
was  chiseled  out  after  cooling.  Mr.  Beckman  stated 
that  he  had  thus  made  carbon-free  ferros  of  60  per 
cent  U,  and  9  per  cent  V  with  the  balance  mainly  Fe 
and  Si.  He  kindly  sent  the  writers  a  small  sample 
whose  analysis  he  did  not  have,  which  was  made  by 
the  above  process. 

The  analysis'  of  this  sample,  the  composition  of  the 
ferro  produced  by  the  Standard  Chemical  Company, 

Tabls  I 

Ratio 

* — Pbrcbntace  Composition — ,  To  10%  U 

Ferro                                     U          C         Si            V          Al  C         Si 

Electrolytic 57.2     4.2     4.3     Traces    1.5  0.73     0.76 

Kecney 50.0     3.0      1.0     2.0          ...  0.60     0.20 

Commercial  No.  1 41.2     4.9     2.4     2.3          ...  1.12     0.58 

Commercial  No.  2 40.0     3.5     2.0 0.88     0.50 

to  to 

3.0  0.75 

as  given  by  Keeney,*  and  the  analyses  of  two  ship- 
ments of  commercial  ferro  made  in  1916  and  reported 
by  the  purchasers,  are  given  in  Table  I.  The  absolute 
percentage  of  carbon  and  silicon  in  the  ferro  is  not  so 

'  Hoffman  and  C.  M.  Johnson,  in  discussion,  "Symposium  on  Electric 
Steel,"  This  Journai,,  8  (1916).  949;  .\Iel.  and  Chem.  Eng.,  16  (1916).  448. 

'  J.  W.  Beckman,  "An  Electrolytic  Furnace  Method  for  Producing 
Metals,"  U,  S.  Pat.  973,336,  Trans.  Am.  Eledrochem.  5of..  19  (1911),  p    171. 

'  By  E.  L.  Mack. 

*  R.  M.  Kecney,  Loc.  cit. 
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important  as  their  ratio  to  the  uranium  content,  so, 
for  comparison,  the  percentages  of  these  impurities 
for  each  10  per  cent  U  have  been  calculated  and  in- 
cluded. 

Johnson'  states  that  he  has  encountered  so-called 
ferro-uranium  containing  15  to  20  per  cent  aluminum, 
and  that  vanadium  was  always  present,  from  2  to  3 
per  cent  up  to  28  per  cent;  he  states  also  that  one 
ferro-uranium  analyzed  by  him  contained  15  per 
cent  silicon. 

One  steel  company,  according  to  a  private  communi- 
cation, has  made  ferro-uranium  on  an  experimental 
scale,  in  an  Acheson  graphite  crucible,  under  an  in- 
direct arc,  using  silicon  or  ferrosilicon  as  reducing 
agent,  and  has  produced  ferro  of  15  to  85  per  cent  U, 
with  carbon  averaging  about  4.5  per  cent  in  all  lots. 
Quite  a  little  silicon  was  also  left  in  the  ferro.  On  the 
85  per  cent  ferro,  this  would  give  0.53  per  cent  C  for 
each  10  per  cent  U. 

The  price  of  American  ferro-uranium  in  February  1 9 1 7 
was  $7.50  per  lb.  of  contained  U,  i.  e.,  $3.75  per  lb.  for  a 
50  per  cent  ferro.  A  German  product  was  quoted^ 
in  1914  at  450  Marks  per  kilo  for  a  ferro  of  about 
50  per  cent  U.  A  recent  quotation'  on  uranium  oxide 
is  $3.60  per  lb.  of  96  per  cent  UsOg,  with  special  prices 
on  ton  lots,  equivalent  to  $4.40  per  lb.  of  contained  U 
at  the  price  for  small  lots.  This  leaves  a  margin  of 
$3.10  per  lb.  U  to  cover  loss  of  U  in  reduction,  cost  of 
iron,  coke,  flux,  power,  labor,  interest,  depreciation  and 
profit  in  the  manufacture  of  the  ferro. 

Partly  on  account  of  the  price,  experiments  on 
uranium  steels  seem  to  have  been  confined  to 
those  with  a  maximum  of  about  i  per  cent  U. 
While  it  is  probable  that  uranium  steels  with  such 
high  percentages  as  the  12  to  20  per  cent  W  in  some 
tungsten  steels  may  not  be  commercially  desirable, 
it  would  be  well  to  know  what  the  properties  are  of 
steels  really  high  in  U. 

In  present  practice  in  the  addition  of  ferro-uranium 
to  steel,  '/j  to  Vi  the  U  is  lost.  Experience  will  prob- 
ably reduce  this  loss  materially,  but  reports  so  far 
indicate  that  with  a  ferro  much  below  40  per  cent  U 
the  U  is  not  readily  taken  up  and  that  with  a  very 
high  U  ferro — say  95  per  cent,  or  practically  a  crude 
metallic  U,  the  metal  burns  up  so  rapidly  that  much 
is  lost  before  it  can  get  into  the  steel.  It  seems  prob- 
able that  45  to  65  per  cent  U  will  be  about  the  proper 
percentage.  Those  who  have  attempted  to  use  ferro- 
uranium  find  that  it  must  be  added  just  before  pouring 
or  during  pouring,  as,  if  added  any  length  of  time  be- 
fore the  steel  is  cast,  no  U  is  found  in  the  steel, 
possibly  because  of  reaction  with  slag  as  well  as  oxida- 
tion.    The  steel  should  be  very  hot. 

The  C  and  Si  ratios  in  the  ferros  whose  composi- 
tions have  been  given  arc  so  high  that,  with  the  '/>  to 
'/j  loss  of  U,  these  ferros,  even  if  added  to  a  carbon- 
free  iron,  would  reach  the  usual  limit  of  cnrbon  for  a 
tool  steel   when   about    5   per  cent   U   remains  in   the 

>  (.'.    M     loliiiMiti.   "Chemical    Almlyiiia  of   SprcUl   Sl«cti."    1914    nl., 

'  l>t  lUrnS  pricr  li»l.  Muy.  \')]i. 

•  I'oolf  Mlntral  (.'u      Miiirrsl  l'ool<  nolfs.  Jsnuarr  in,  |Q|7. 


Steel,  and  in  most  cases  the  silicon  would  also  be  over 
the  usual  limit. 

On  the  other  hand,  if  experiments  prove  that  only 
very  small  amounts  of  U  are  desirable,  ferros  of  the 
composition  given,  or  those  even  higher  in  carbon, 
could  be  used.  But  until  a  purer  ferro  is  produced, 
experiments  on  steels  really  high  in  U  and  of  normal 
C  and  Si  content  will  be  impossible. 

The  uranium  oxide  used  in  the  work  described  below 
was  produced  by  the  National  Radium  Institute. 
It  was  mainly  UO2,  with  some  U3O3.  This  runs  about 
83  per  cent  metallic  U.  The  oxide  contained  about 
2  per  cent  FejOs,  o.i  per  cent  Al^Oa,  o.i  to  0.25  per  cent 
V2O6,  0.20  to  0.35  per  cent  SiO;.  0.3  per  cent  moisture. 
1.3  per  cent  NaCl,  0.15  per  cent  carbon.  Of  these 
impurities,  for  use  in  a  ferro-uranium  made  by  reduction 
with  carbon,  only  the  AI2O3,  V^Os  and  SiO;  can  intro- 
duce impurities  into  the  ferro.  On  the  basis  of  metallic 
U  -h  V  -f  Si  -1-  Al,  the  total  impurities  that  can  go 
into  the  ferro  are  less  than  0.5  per  cent. 

Beside  the  greater  purity  of  this  UO2  than  most 
commercial  UjOj,  the  lower  oxide  is  advantageous  in 
that  the  first  stage  of  the  reduction,  from  U3O3  to  UOj, 
has  already  been  accomplished,  hence  the  further 
reduction,  from  UOj  to  U,  v.ili  not  require  as  much 
energy  as  would  be  the  case  when  U3O8  is  used.  In 
order  that  the  other  materials  used  might  approach 
this  standard,  a  pure  ingot  iron,  and  a  low-ash  coke 
were  used. 

UO;  is  not  reduced  by  carbon  below  1500°  C.,'  and 
according  to  temperature  measurements  on  the  sur- 
face of  the  slag  at  the  end  of  successful  runs,  a  tem- 
perature of  at  least  1700°  is  required  for  efficient  re- 
duction, requiring  an  electric  furnace. 

UO3  has  a  specific  gravity  of  10.2,  that  of  iron  is  a 
little  under  8,  and  that  of  metallic  uranium  is  about 
18.7.  Hence  if  one  melts  UO;,  carbon  and  iron  to- 
gether without  a  slag,  the  iron  will  stay  on  top  and  will 
not  collect  the  uranium.  So  it  is  essential  to  have 
some  flux  present  which  will  combine  with  UOj  to 
form  a  slag  lighter  than  iron.  This  slag  should  also  be 
a  good  arc-supporter,  in  order  to  use  the  direct  arc 
type  of  furnace,  since  the  bulk  of  the  reduction  seems 
to  go  on  directly  under  the  arc  itself.  The  slag  must 
not  introduce  undesirable  impurities  into  the  ferro. 
The  furnace  must  be  provided  with  a  lining  that  will 
not  be  strongly  attacked  by  the  slag  or  introduce  un- 
desirable impurities,  and  which  will  stand  up  at  the 
high  temperature  needed. 

Attempts  to  produce  the  ferro  in  an  indirect  arc 
type  of  furnace  soon  showed  that  there  would  be  an 
excessive  power  consumption  to  get  the  required  tem- 
perature, and  the  direct  arc  type  was  then  taken  as  the 
most  promising.  The  Renncrfolt  type,  where  the  arc 
is  deflected  onto  the  charge,  might  serve,  but  was  not 
tried,  as  only  single-phase  power  was  available,  and 
there  was  no  diflicully  in  gclting  slags  that  were  good 
arc  supporters  for  the  direct  arc  type. 

In  preliminary  experiments  it  was  found  that  Al|Oi 
made  a  very  fluiil  slag  with  l'0|,  and  as  it  wa.<  at  first 

I  II.  C.  (;rr«nwnwl.  "Rjduclion  «*  H»«r«c«ncy  0<M»  !•»  CmIxhi," 
J   (krim    ><>.  ,  •(  iivom.  un.i. 
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thought  that  Al  would  not  be  reduced  rapidly  enough 
to  produce  a  very  impure  ferro,  this  was  tried. 

In  order  first  to  produce  a  ferro  sufficiently  high  in  U 
without  regard  to  carbon  content,  experiments  were 
made  with  both  Girod  and  Hdroult  type  furnaces 
with  carbon  or  graphite  hearths.  Some  of  the  first 
of  these  were  not  tilting  or  tapping  and  the  product 
was  taken  out  when  cold,  but  it  was  soon  found  that 
even  for  preliminary  work,  a  tilting  furnace  was  de- 
sirable, since,  by  tilting  the  furnace  to  and  fro  slightly 
during  the  run,  a  fresh  charge  can  be  brought  directly 
under  the  arc  and  far  better  results  obtained. 


over  the  graphite  hearth,  in  the  hope  that  it  might 
keep  the  ferro  away  from  the  graphite,  but  while  some 
of  this  layer  remained  unfused,  the  ferro  would  break 
through  and  touch  the  graphite,  and  high  carbon 
ferros  resulted,  giving  a  ratio  of  from  0.9  to  1.3  per 
cent  C  for  each  10  per  cent  U,  save  in  Expt.  49,  where, 
after  the  furnace  was  cold,  a  small  separate  regulus 
was  found  that  had  been  kept  out  of  contact  with  car- 
bon by  the  UO;  layer.  This  piece,  49  B,  analyzed 
50  per  cent  U,  0.62  per  cent  C,  or  0.12  per  cent  C  per 
10  per  cent  U. 

It  is  evident  that  ferro-uranium  can  be  readily  pro- 


Tabls  II — Rdns  in  Tilting  Fobnacbs,  Graphite  Hearth — AlsOi  in  Slag 
Experiments  47.  48,  49,  SO  and  65:  Layer  of  UOj  on  Hearth 


Lbs.  Slag-Formers 

Lbs.  Old 

Furnace 

Lbs. 

Psrcbntagb  An 

\Lysis 

Ratio  to 

Charged  w 

th  Fe 

Slag                 Lbs. 

Lbs. 

Lbs. 

Time 

at 

Kw.  h. 

Ferro 

OF  PRODUCI 

10%  U 

AliO.  CaO 

UOi  Charged              SiOj 

UO1 

Coke 

Hrs 

Min. 

Start 

Used 

Poured 

U 

C 

Si 

AI 

c 

Si 

I.O     0.25 

1.0 

4.0 

1.25 

8 

Cold 

51 

4.75 

47.5 

4.2 

0.3 

Not  det 

0.89 

0.06 

5.25 

1.5(6) 

12 

Cold 

60.5 

8.1 
1.0(/) 

42.5 

4.5 

0.3 

Not  det. 

1.06 

0.07 

0.5     0.3 

0.5 

6.0 

1.25 

3 

Cold 

58.5 

10.8 

45.0 

4.2 

0.4 

Not  det. 

0.94 

0.10 

2:6  (No.  43) 

6.5 

1.5 

0 

Cold 

59 

6.0 

52.0 

5.8 

0.5 

Not  det. 

1.12 

0.10 

2.0  (No.  43)  0.5 

6.5 

0.25(c) 

1.5 

1.5 

48 

Hot 

30 

7.0 

39.0 

5.2 

1.6 

2.0 

1.33 

0.41 

0.9 

6.4 

0 

Cold 

40 

8.5 

55.0 

5.9 

1.07 

8.0 

0.7 

10 

Cold 

40.5 

6.6 

45.0 

4.85 

1.08 

3.75 

3.5 

0.5 

32 

Cold 

36 

3.0 

29.5 

2.55 

0.87 

52(e) 

Sl(«) 

1.5(/) 

50.0 

0.62(0  0.3 

0.12 

6!66 

1.0 

10.6 

0.9(d) 

5 

Cold 

45.5 

0.5(g) 

52.0 

5.3 

1.04 

40 

67.5 

4.0(/.) 
...(<) 

60.0 
50.0 

5.3 
3.2(y) 

6!4 

3.6 

0.90 
0.64 

o.'xi 

3.0(0 

) 

8.75 

0.6(<i) 

1 

12 

Cold 

50.75 

8.0 

38.0 

5.8 

i!6 

1.53 

6!26 

4.0 

3.5 
3.5 

4.0 
4.0 
4.0 

4.0 


(o)  Plus  1.0  CaFj. 
(/)  Taken  from  furnace  when  cold. 


(6)  Charcoal,     (c)  For  reduction  of  SiOj. 
(g)  Sample  poured  3  min.  after  coke  ' 


(d)  Coke  at  end.  after  adding  UOt  not  mixed  with  it.      (e)  Total. 
ras  charged,      {h)  Second  pour,      (i)  This  piece  not  io  contact  with  graphite. 


(i)  This  piece  probably  not  in  contact  with  graphite 


Hence  a  small  tilting,  single-phase  H^roult  type 
furnace,  with  a  graphite  hearth,  was  built.  This  fur- 
nace, and  those  later  used,  all  took  600  to  750  amperes 
at  60  to  90  volts;  with  90  to  95  per  cent  power  factor, 
i.  e.,  some  30  to  60  kw.  It  was  regulated  either  by 
the  length  of  the  arcs  or  by  regulating  the  voltage. 
The  iron  was  charged  into  the  furnace,  slag  formers 
added,  the  furnace  heated  till  iron  and  slag  were 
fluid,  then  the  charge  proper  (UO2  mixed  with  coke) 
added  slowly  and  the  furnace  then  heated  20  to  30 
minutes  more  before  pouring  the  ferro.  Results  in 
this  furnace  are  shown  in  Table  II. 


duced  on  a  carbon  hearth  with  very  little  loss  of  U, 
but  that  there  will  be  4  to  5  per  cent  carbon  in  the  ferro, 
and  that  without  water-cooling  of  the  hearth  a  layer 
of  UO2  cannot  be  satisfactorily  preserved. 

A  magnesite  hearth  was  tried  in  the  same  furnace 
shell  as  was  used  with  the  graphite  hearth,  with  the 
AI2O3  slag  and  with  excess  carbon  in  the  charge  and 
ferros  of  33  to  40  per  cent  U,  4  to  5  per  cent  C,  pro- 
duced, but  the  magnesite  hearth  was  ruined  in  one  to 
three  heats.  A  zirkite  hearth  was  ruined  in  one  heat. 
Small  scale  tests  of  silica  and  chromite  were  made, 
but  neither  stood  up  and  they  introduced,  respectively, 


Expe 


Table  III — Runs  in  Stationary  Water-Coolbd  Fdrnacs 
nts  54,  56,  57  and  58  on  Magnesite  Hearth.     Experiments  61,  62,  63  and  64  on  SiC  Hearth 

Lbs. 


54  28. 

56  18. 

57  23. 

58  8. 

61  1. 

62  11. 

63  25. 

64  19. 
(o) 


0(0)  (Nos.  45. 
0  (No.  55) 
0  (Nos.  55  &  ; 
0  (No.  57) 


0  (No.  61) 
0  (No.  62) 
0  (No  63) 
Plus  I  lb.  t 


Lbs.  Lbs.    Lbs.      Lbs. 
Fe  CaFj  AljOj     CaO 

4.0 1.0 

3.0 0.4        

4.0   1.25    

4.0   1.3     0.6        

4.0 


UOj 
0.5 
3.0 


Lbs. 

Coke 

1.0(e) 

0.75(/) 

0.6(e) 

0.5(e) 


Ferro- 
SUicon 
(50%     Time 
Si)    Hrs.   Mil 


3.7    ... 

3.9  .  . 
3.0  .. 
(6)  Als 


4.0 

25(i>)  10.0(c)  0.6(ej 

6.5(<0 

. ..      11.0(e)  None 

None 

0.5 


2.0(g) 

0.9 

0.75 


U-free  in 
Sep-  Reg 
arable  ulus 
2.0  3.5 
Much 
2.25 


U       C     Si 


Al 


46.0   1.3    1.3  Trace 

1.4  28.0  3.4  1.8  4.9 
2.25  33.0  2.7  1.4  0.7 
6.0        1.6    

4.5  45.0  3.7  0.3      ... 


Ratio  to 

10%  U 

C       Si 

0.28  0.28 

1.21  0.65 

0.82  0.42 


0.35  BiOi.     (c)  In  bottom,     (d)  In  charge,     (e)  Alone.     (/)  Mi 


6.25  12.0  3.S  0.7     ... 

5.25     9.0  2.5  4.5      ... 

4.0  35.0  3.9   1.4      ... 

cd  with  UOi.     (k)  Also  0.3  NatCOi. 


0.82  0.07 

2.92  0.58 
2.78  5.0 
1.12  0.40 


In  Expts.  39-41,  16.7s  lbs.  UO2  were  charged,  and 
24.65  lbs.  ferro  averaging  44.5  per  cent  U  were  ob- 
tained. The  UO2  charged  was  equivalent  to  about 
14  lbs.  metallic  U  and  11  lbs.  metallic  U  were  obtained 
in  the  ferro,  or  nearly  an  80  per  cent  recovery,  not 
counting  the  U  in  the  metal  and  slag  (about  3  lbs.) 
left  in  the  furnace  which  bring  the  loss  down  to  about 
10  per  cent.  In  other  words,  the  loss  of  uranium 
is  very  small.  There  is  a  slight  orange  sublimate, 
apparently  UO3,  given  off  in  small  amounts,  some  of 
which  condenses  on  the  electrodes. 

In  Expts.  47-50  inclusive,  a  layer  of  UO2  was  fused 


large  amounts  of  Si  and  Cr.  Hence,  a  magnesite 
hearth,  and  later  a  carborundum  hearth,  water-cooled 
in  order  to  maintain  a  layer  of  frozen  UOj  or  slag 
over  it,  was  tried  in  a  stationary  furnace.  The  product 
was  dug  out  when  the  furnace  was  cold.  This  was 
usually  in  two  parts,  one  which  had  not  gotten  under 
the  arcs,  as  the  furnace  could  not  be  rocked  back  and 
forth  to  stir  the  charge,  and  which  had  only  a  trace 
of  U,  the  other  the  regulus,  in  the  center.  The  re- 
sults are  given  in  Table  III. 

The  AljOj  in  the  slag  introduced  Al  into  the  ferro. 
This  may  be  more  of  an  apparent  than  a  real  impurity, 
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as  AI2O3  and  uranium  oxides  form  a  fluid  slag,  and  as 
small  amounts  of  Al  might  be  expected  to  be  oxidized 
before  the  bulk  of  the  U  is,  the  Al  might  even  to  some 
extent  protect  the  ferro  from  loss  of  U  and  the  AI2O3 
be  eliminated  as  a  fluid  slag  instead  of  held  as  in- 
fusible AI2O3  inclusions,  as  when  Al  is  used  alone. 
It  is  possible  that  a  Fe-U-Al  alloy  that  would  give  a 
fluid  slag  on  oxidation  might  be  found  to  reduce  the 
trouble  from  streaks  and  seams  in  uranium  high-speed 
steel  or  at  least  prove  a  good  deoxidizer  and  scavenger 
for  steel.  However,  the  present  purpose  is  to  pro- 
duce a  ferro-uranium  as  free  as  possible  from  all  im- 
purities. Experiments  were  made  with  other  slags: 
one  of  B203-CaO-U02  was  not  satisfactory,  but  a 
CaO-CaF2-U02  slag  worked  fairly  well. 

For  the  preparation  of  pure  uranium  from  the  oxide, 
Kuzel  and  Wedekind'  suggest  the  use  of  metallic  cal- 
cium, while  another  patent^  suggests  the  use  of  CaCj 


shell  18  in.  X  18  in.  X  14V2  in-  Wgh  in  the  body  por- 
tion, and  with  a  hearth  portion  11  in.  X  11  in.  X  4V1 
in.  deep  extending  downward  from  the  bottom  of  the 
body  portion,  was  made  up,  mounted  on  trunnions, 
provided  with  pouring  spout,  and  the  hearth  portion 
arranged  for  water-cooling  by  being  surrounded  with  a 
perforated  spray  pipe,  the  holes  in  which  were  at  such 
an  angle  that  the  streams  hit  the  main  or  upper  bottom 
just  outside  the  junction  with  the  sides  of  the  hearth 
portion,  causing  sheets  of  water  to  cover  the  junction 
and  flow  down  the  sides. 

A  pan  IS  in.  X  15  in.  X  3  in.  deep  suspended  by 
corner  posts  extending  down  from  the  main  bottom  was 
hung  with  its  bottom  i  in.  below  the  hearth  bottom. 
A  hole  was  cut  in  the  center  of  the  bottom  of  the  pan 
of  such  size  that  it  did  not  drain  the  cooling  water  all 
off,  but  some  ran  over  the  edges. 

This  covers  the  bottom  and  the  lower  2  in.  of  the 


' 

D 

Chargb  Proper  in  Pounds 

sregarding  Slag  Left  in  Furnace 

• 

Expt 

Mill 

Old 

No. 

Fe 

CaO 

CaF,  Scale 

Slag 

UO. 

Coke 

66 

4 

5 

0.9 

67 

4 

5 

0.8 

68 

4 

5 

0.7 

69 

4 

5 

0.6 

70 

4 

0.6 

73 

b'.'i 

6'.2 

5.6 

'2.5 

'5.2 

1.0 
0.63 

74 

0.2 

0.2 

5.0 

5.2 

I.O 
0.63 

75 

4.0 

II.O  (No.  74) 

0.85 

76 

4.0 

4.5  (No.  74) 

'i'.o 

0.8 

77 

4.0 

o.\ 

6;2 

5.0  (No.  76) 
&3.5(No   71) 

3.0 

0.8 

78 

4.0 

10.0 

0.8 

79 

4.0 

o.\ 

oli 

12.0 

0.8 

80 

4.0 

0.3 

0.3 

6.0  (No.  79) 

6.0 

0.8 

81 

4.0 

0.2 

0.2 

7.25  (No.  79) 

5.0 

0.8 

82 

4.0 

0.1 

0.1 

8.75  (No.  79) 

4.0 

0.8 

G  Fm 

RNACB. 

Watbr-Cooled  Hearth 

^urnac 

e 

Lbs. 

Percentage  Analysi. 

Ratio  to 

at 

Ferro 

of  Product 

10%  U 

.Start  Kw.  h. 

Poured     U 

C 

Si 

C 

Si 

Remarks 

Cold 

53.5 

4.0 

58.0 

2.4 

1.0 

0.42 

0.17 

SiC    hearth    &    sides.      LitUe 

Hot 

33 

7.3 

44.5 

2.25 

1.0 

0.51 

0.23 

CaO  &  CaFi  used  or  needed. 

Cold 

53 

6.5 

37.5 

2.1 

3.0 

0.58 

0.80 

Ferro  touched  SiC  sides. 

Hot 

28.25 

5.4 

37.5 

1.75 

2.0 

0.47 

0.54 

Hot 

18.25 

6.5 

25.5 

4.2 

2.5 

1.64 

0.98 

Cold 

47.5 

5.8 

70.0 

1.7 

3.8 

0.25 

0.55 

Magnesite  hearth,  carbon  sidet 
in  this  and  all  subsequent  runs. 

Hot 

28.25 

5.9 

60.0 

2.4 

2.4 

0.40 

0.40 

5  lbs.  mill  scale  -f-  1  lb.  coke 
charged  before  UOi  and  rest 

Cold 

50.0 

8.9 

51.5 

2.05 

2.5 

0.40 

0.49 

of  coke. 

Hot 

30.0 

6.5 

48.0 

1.65 

1.75 

0.35 

0.37 

Cold 

46.75 

6.8 

45.5 

2.0 

4.0 

0.44 

0.88 

No.  7 1  slag  contaminated  nritb 
SiC. 

Hot 

27.5 

6.9 

46.0 

2.1 

1.8 

0.46 

0.39 

Hot 

21.75 

3.0 

33.0 

2.6 

1.4 

0.79 

0.43 

Too  much  slag  in  furnace,  slu 
too    stiff,    magncsite    spollec 

5.0(0) 

from  roof. 

Cold 

48.75 

5.2 

67.0 

I.I 

0.9 

0.17 

0.14 

Hot 

25.0 

6.8 

53.5 

2.4 

1.2 

0.45 

0.23 

Hot 

23.5 

8.0 
2.0(a 

45.0 

3.6 

1.2 

0.80 

0.27 

Slag  stiffened  by  spalled  mag- 
nesite       from        roof.      Ferro 

4.0      . 
4.0      . 

1.4      ... 

.      2.7      ... 

13.0 
10.0 

1.0 
0.8 

4  0      . 

.      0.9      ... 
.     0.75  S.5 
.      1.2S  5.5 
1.25  5.5 
.      2.40  6.0 

9.0  (No 
9.0  (No 
9.0  (No. 

91} 
9lf 
91 

9.0 
4.0 
6.0 
8.0 
9.0 

0.8 

2.0 
2.0 
2.0 
2.0 

1.30  6.5 

12.0 

2.0 

14.9        68.5 
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;hed  carbon  walls. 
A.  C.  generator  temporarily 
out  of  commission.  Used 
D.  C.  at  50  volts  800  amp*, 
on  these  two.  This  voltage 
would  hold  only  one  arc.  so 
one  electrode  always  touched 
slag  or  ferro.  giving  high 
carbon.  lOin  on  each  elec- 
trode used  in  the  two  heals. 
Fresh  lining  of  UCVCaO- 
CaFt  put  in  before  No.  85 
(not  contaminated  with 
SiC).  Charge  all  added  in 
center     from     No.     8.^    on. 


Hot 
Cold 
Hot 
Hot 
Cold 


38.25  12.5 
30.75  10.6 
45.00     3.2 


56.0 
63.5 
63.0 
72.0 
58.5 


0.65 
0.65 
0.90 
0.60 
1.20 


0.22 
0.34 
0.28 
0.32 
0.62 


Furnace  cooled  2*/i  I- 
Expts  87  sod  88. 


bet« 


0.14  ■  No 
0.08  ^  «" 
0.21     Too 


<)|     sfag    contained    some 
ulsifid  No.  91    ferro. 
much  CaPi.    Slag  loo  auld 
TO    spattered     against    the 
Carlton  sides,  giving  a  high  car* 


3     Hot      35.50     7.5       63.0     2.15     0,75     0.34     0,12 


rial. 


97      1.50  6.3      ■  13,0     2,0        I         II      Warm  41 

(a)  Taken  out  when  furnace  was  cold. 

or  CaCi  plus  fcrrosilicon.  At  arc  temperatures 
CaCj  will  be  decomposed  into  C  and  Ca,  both  of  which 
should  take  part  in  the  reduction.  According  to 
Expts.  62-64  (Table  III),  coke  appears  a  more  effective 
reducing  agent  than  CaCj,  with  or  without  fcrrosilicon. 
As  the  CaO. CaF,  slag  was  fairly  satisfactory  and  as 
the  walcr-cooling  preserved  a  frozen  layer  of  slag 
over  the  lining  of  the  stationary  furnace,  the  next  step 
was   to  combine  these   in   a   lilting   furnace.     An   iron 

>  II,  Kiiirl  and  I!.   Wediklnd.    French    Patent   419.04.t.   Class   VIII.  2. 
Appllcallun  Oil     13.   \')W>,  grnlllrd  Oct     17.  l'<10,  published  Dec.  24,   1910. 
'    Klaclrlc  Furnace  and  Smellen,  I.ld  ,  l.andon.  Ocnnan  Patent  }47,WQJ. 
Class  401-,  Group  12.  Applirallon  Apr.  R.   1911.  patented  June  II.   |9|7. 


43.0     2.15     0.70     0.50     0.16 


■ntire  chartv 
)cether. 

Ferro  not   not  enough  to  pour 
properly. 


added  toe 


sides  of  the  hearth  portion  continually  with  quite  a 
volume  of  water,  while  the  upper  j',  j  in.  of  the  sides 
are  cooled  by  sheets  of  water.  The  w.itcr  falls  from 
this  pan  into  a  large  pan  beneath  the  furnace,  connected 
to  the  sewer. 

A  neater  job  could  have  been  made  by  completely 
enclosing  the  hearth  position  and  providing  inlet  and 
outlet  pipes,  but  the  open  system  was  used  instead  of 
a  closed  one  for  greater  safely  in  casse  something 
should  go  wrong  and  the  bottom  cut  through,  and,  in 
order  that  the  cooling  might  be  watched. 

An  apron  on  the  front  of  the  furnace  below  the  pour- 
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ing  spout  (which  is  i'/:  in.  above  the  main  bottom) 
prevents  the  water  from  splashing  into  the  ladle  or 
mold,  when  the  furnace  is  tilted  to  pour. 

A  carborundum  lining  was  first  used,  both  in  the 
hearth  and  on  the  sides,  but  the  sides  were  attached 
by  spattered  slag,  crumbled  off,  and  contaminated 
the  ferro  with  Si.  Had  sides  as  well  as  hearth  been 
water-cooled,  this  lining  would  have  served. 

Then  split  magncsite  brick  (1V4  in.  thick)  were  used 
in  the  hearth,  and  carbon  on  the  sides.  For  some- 
time the  charge  was  added  between  the  electrodes 
and  the  outside  of  furnace,  with  the  idea  of  making 
sure  that  the  slag  did  not  melt  clear  to  the  magnesite. 
It  was  found,  however,  that  this  was  not  necessary, 
and  all  charging  was  finally  done  in  the  center,  be- 
tween the  arcs.  Until  a  high  CaFj  content  of  slag 
was  maintained,  and  until  center  charging  was  begun, 
the  slag  built  up  in  the  sump  and  after  a  few  heats 
the  ferro  was  brought  up  so  far  that  it  touched  the 
carbon  sides  and  gave  high  carbon  ferros.  To  prevent 
this,  some  of  the  slag  had  to  be  removed  from  time  to 
time  and  added  to  subsequent  charges.  After  chiseling 
out  some  slag  the  rest  was  roughly  shaped  into  a  sump 
and  the  furnace  heated  without  charge  till  the  slag 
was  melted,  to  form  a  tight  frozen  lining.  In  a  run, 
the  slag  was  first  melted,  the  iron  charged  and  melted, 
then  the  charge  proper  slowly  added,  and  heating  con- 
tinued till  the  CO  flame  grew  weak.  The  slag  never 
poured  out  of  the  furnace  with  the  ferro,  but  all  re- 
mained in  the  furnace.  The  electrode  consumption 
averaged  i  in.  on  each  2  in.  diameter  graphite  electrode 
for  each  26  kw.  h.  used,  but  much  of  this  was  due  to  oxi- 
dation in  the  air  while  cooling,  so  the  electrodes  were 
pulled  out  of  the  furnace  while  pouring,  which  would 
not  be  the  case  in  a  steadily-run  commercial  furnace. 

The  results  in  the  water-cooled  tilting  furnace  are 
given  in  Table  IV  on  page  345. 

Better  results  were  obtained  when  the  iron  was 
charged  in  the  metallic  state,  than  as  oxide  (mill 
scale). 

Including  UO2  for  slag  and  lining,  there  was  charged 
in  Expts.  85-97  (see  Table  IV): 

151.5    lbs.  UO2  equivalent  to 

18.65  lbs.  CaFi 

1.6    lbs.  CaO 

20.0    lbs.  Fe  equivalent  to 

35.5    lbs.  mill  scale  equivalent  to 

is.O    lbs.  Fe    for    remelting    equivalent 

to  (see  Table  V) 

16.2    lbs.  coke 


i  obtained  107.45  lbs.  Fe  equiva- 
lent to 

and  85  .0  lbs.  slag  equiv,  to 


123.4        123.4 


Lbs.  Fe 

40.9 
7.8 

48.7 


3.8 


Loss,  lbs 12.0 

Loss  calculated  on  75.4  lbs.  U  actually  used,  16.5  per  cent;  on  44  lbs. 
Fe  actually  used.  8.5  per  cent. 

Loss  calculated  on  total  U,  9  per  cent;  on  total  Fe.  7.5  per  cent. 

Most  of  the  loss  was  due  to  fine  particles  carried  out 
by  the  CO  flame  (this  might  be  reduced  by  briquetting), 
some  to  spatter,  some  to  volatilization  of  UO3  or  of  a 
fluorine  compound,  and  some  to  mechanical  loss  in 
charging  and  pouring.  Two  of  the  thirteen  heats 
included  above  were  on  remelting,  and  the  loss  therein 
makes  the  loss  calculated  above,  too  high,  15  per 
cent  being  probably  nearer  the  true  figure. 


The  average  Si  in  the  last  11  runs  in  Table  IV 
(all  others  in  that  table  being  contaminated  by  SiC) 
was  under  0.7  per  cent. 

The  average  carbon  in  all  26  runs,  good  and  bad,  of 
Table  IV  was  under  2.5  per  cent.  Excluding  those 
where  the  ferro  touched  or  spattered  against  the  car- 
bon sides,  which  would  not  occur  if  the  furnace  had 
water-cooled  magnesite  sides,  the  average  of  21  runs 
is  under  2  per  cent  carbon.  That  of  the  three  runs 
87-89,  in  which  the  best  conditions  obtained,  was  1.33 
per  cent  C. 

The  power  consumption  in  6  runs,  87-89  and  92- 
94  was  under  4  kw.  h.  per  lb.  for  ferro  averaging 
63  per  cent  U,  1.8  per  cent  C,  and  on  heats  89  and  94, 
with  the  furnace  fully  hot,  about  3  kw.  h.  per  lb., 
pouring  about  9  lbs.  per  heat.  In  a  large  commer- 
cial furnace,  the  power  consumption  should  be  much 
lower  than  in  the  little  experimental  furnace. 

For  a  commercial  furnace,  assuming  a  capacity  of  4 
200  lbs.  ferro  per  heat,  200  kw.  (say  loo  volts,  1200  " 
amperes  per  phase),  on  a  three-phase  tilting  direct 
arc  furnace  of  the  Heroult  type,  would  probably  not 
be  too  much,  as  the  best  results  on  the  ferro  come  when 
it  is  heated  very  hot,  though  such  a  furnace  would  be 
overpowered  for  steel.  To  withstand  the  high  tem- 
perature, the  thin  magnesite  walls  and  bottom  (say 
2V2  in.  thick)  should  be  strongly  water-cooled  so  as  to 
rnaintain  a  solid  U02  lining  within  them.  The  roof 
should  be  of  carbon  bricks  on  the  inside,  as  the  usual 
silica  roof  would  drip  and  contaminate  the  ferro. 
The  center  of  the  roof  should  be  open  for  charging. 

A  three-phase  direct  arc  furnace  like  the  Heroult  is 
preferable  to  a  single-phase  like  the  Girod,  and  rather 
large  carbon  electrodes  should  be  used,  to  give  as  many 
and  as  large  arcs  as  are  practical,  since  there  is  little 
reduction  outside  the  arc  itself. 

Fluorspar  alone  is  the  best  flux  tried,  if  Al  is  to  be 
kept  out  of  the  ferro.  Its  amount  should  be  so  regu- 
lated that  the  slag  is  not  so  stiff  as  to  hold  ferro  in 
emulsion,  and  not  so  fluid  as  to  spatter  badly  under  the 
arc.  The  slag  was  good  when  60  lbs.  UO2  (excluding  that 
reduced  and  poured  out  as  ferro,  but  including  30  lbs.  used 
as  original  lining)  and  10  lbs.  CaF:  had  been  charged. 

Bleecker'  suggests  first  making  ferro  alloys  high 
in  carbon,  by  reduction  with  carbon,  then  crushing 
the  ferro,  mixing  it  with  iron  oxide  or  oxide  of  the  other 
metal  in  the  ferro,  and  remelting,  in  order  to  decar- 
bonize. Or,  he  states,  one  may  first  make  a  high  carbon 
alloy  and  decarbonize  by  later  adding  to  the  molten 
ferro  iron  oxide  or  the  oxide  of  the  other  metal.  Re- 
melting iron  high  in  carbon  with  iron  oxide  to  refine 
it  is  of  course  steel-making  routine,  and  Moissan* 
and  Escard'  both  long  ago  described  decarbonizing 
metallic  uranium  high  in  carbon,  by  heating  it  with 
uranium  oxide.  Table  V  gives  some  results  on  re- 
fining high  carbon  ferros. 

The  finely  crushed  ferro  emulsified  badly  with  the 
slag,  particularly  in  Expts.  83  and  84  when  the  slag 
was    extra    stiff    because    of   adventitious    magnesite. 

>  \V.  F.  Bleecker.  U.  S.  Pat.  1,094.114.  Apr.  21.  1914. 
•  H.   Moissan.  trans,  by  V.  Lenher.  "The    Electric    Furnace."    1904 
cd..  pp.   167.  170 

'  J.  Kscard.  Loc.  cit. 
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Table  V — Remelting  Fekros  for  Repining 
Tilting  Furnace.  Water-Cooled  Hearth 

/ Charge  Proper  in  Pounds s 

Disregarding  Slag  in  Furnace  Furnace  Lbs.     Percentage  .^jialysis 

Expt.  Analysis  Ferro  Mill  Time  at  Ferro  of  Product 

No.  Ferro  U  C         .Si  Slag  UO2     Scale     CaF-  Hr.  Min.     Start       Kw.-H.     Poured         U         C  Si 

71 6.0  (No.  70) (a)      25.5     4.2     2.5        None  5.0      1       0         Cold         49  3.5  36.5     0.9       4.7 

83 9.0  (No.  82) (a)      45.0     3.6      1.2       9.0  (No.  82)     5.0     0.75      1     20         Cold         55  4.0  56  1.7        1.6 

84 7.0  (No.  65)(o)      38.0     5.8      1.0       7.0(No.82)      ...      1.75       0.75      ..    50         Hot  31.25         4.0  47.5     2. 45      1.4, 

90 7.0  (No.  89)(a)      56.0     1.2     0.65      ...  3.0     1.2        1      ..  Cold         49  2.25  43.0     0.95      1.5^ 

91 9.0  (No.  86) (a)      68.5     5.0     0.25      ...  6.0      2.5        ..    50  Hot  36  7.0  66.0     1.8       0.75 

5.0(i.) 
Ratios  per  10%  U 

Original  Refined Recovery  (Pounds) . 

Expt.  Ferro  Ferro  In  Ferro  Charged  In  Ferro  Recovered 

No.  C  Si  C         Si  U  C  Si  U         C  Si  Remarks 

71 1.64     0.98         0.25      1.28  1.50     0.25     0.15  1.25     0.03       0.16         SiC  hearth  &  walls,  walls  crumbled  and  contaminated  Ferro 

with  Si 

83 0.80     0.27  0.30     0.29  4.05     0.25     0.11  2.70     0.07       0.06  Magnesite  hearth 

83 1.53     0.26         0.52     0.30  2.67     0.41     0.07  1.90     0.10       0.06         Magnesite  hearth 

90 0.22      0.12  0.22      0.12  3.56     0.07      0.04  0.97      0.024     0.035  (  »f,„„,.:,,    i,.„,i,       i  ■       c-  u   1,1       j  . 

91 0.73     0.04         0.27     0.11  6.17     0.45     0.02         4.62     0.126     0 . 053 (c)   P'^!-"""^  ■  "'^""l-     ^P-"^^    ">    S.    probably    due    to 

3.30     0.09       0.038(d)  1      siliceous  impurities  in  CaF, 

(0)  Crushed  to  pea  size  and  smaller.     Plus  any  ferro  left  in  furnace  from  preceding  run. 
(fr)  Taken  from  furnace  in  regulus,  when  cold,     {c}  Poured,      {d)  Regulus. 

In  all  of  these  runs  the  recovery  of  the  ferro  charged  scavenger   of   oxygen   and   nitrogen,   aluminum   would 

was  poor,  much  less  being  poured  than  was  charged,  not  be  harmful  and  might  be  advantageous,  and  the 

There    was    always    some    spatter,    small    globules    of  slag  former  might  be  wholly  or  in  part  AljOj. 

ferro   being   shot   up   into   the   air   above   the   hearth,  Grateful  acknowledgment    is    made  to  the   Depart- 

oxidizing,    and    dropping    back    into    the    hearth,    the  ment  of  Chemistry  at  Cornell  University  for  the  use, 

Fe203  thus  produced  tending  to  decrease  the  percentage  under  a  cooperative  agreement,  of  its  laboratory  facili- 

of  U  in  the  recovered  ferro,  as  metallic  U  in  the  ferro  ties,  which  are  particularly  well  adapted  to  a  problem 

will  be  oxidized  by  FcjOa.     The  experiments  indicate  of  this  nature. 

that  it  is  probably  desirable  to  produce  a  low  carbon  Ithaca.  New  York      

ferro  in  one  operation,  rather  than  first  to  make  a  high 

,         f  ,  ^u     \         a        ■*  INFLAMMABILITY  OF  CARBONACEOUS  DUSTS  IN 

carbon  ferro  and  then  to  refine  it.  ATMOSPHERES  OF  LOW  OXYGEN  CONTENT 

Vanadium  has  not  been  determined  in  most  of  the 

By    11.    H.    Drow.s    and   J     K.   Clemknt 

ferros.      It  cannot  average   as  high   as  0.2?   per  cent,  „      ■    j  „,        ,      ,„  ,,,.. 

'^  °  -^    ^  '  Received  November  20.  1916 

though  individual  ferros,  made  with  a  large  amount  of 

INTRODUCTION 

fresh    UO2,   will  run  a  trifle  higher  than  the  average 

because  V  is  more  readily  reduced  than  U,  while  one  '^^  ^^^  ^^^^^^  '"  ^  previous  paper,'  if  dust  could  be 

made    from    a    charge    consisting    largely    of    old    slag  entirely   confined   within   the   machinery   of   a    mill   in 

from  which  the  V  is  already  largely  extracted  will  run  ''^"^h    combustible   dust   is   produced,   and   a    method 

lower  than  the  average.     A  few  analyses  of  the  ferros  ^o"''^    ^^    f°""'i    ^«'"    Preventing    explosions    in    these 

indicated  that  probably  0.4  per  cent  and  certainly  not  machines,  a  long  step  would  be  taken  in  the  preven- 

over  0.5  per  cent  is  the  maximum.     Traces  of  V  were  ^'^^  °^  '^"^^  explosions  in  mills.      To  keep  a  dust  cloud 

present  in  all  from  forming  in  the  machines  appears  to  be  almost, 

As  V  is  used  in  almost  all  tool  steels,  the  very  small  '^    "°^    ""erly,    impossible.     It    is    possible,    however, 

amount  of  V  that  would  be  introduced  into  steel  by  ^^  P'"°P'^'"  <^leaning  to  remove  foreign  material  from  the 

the   ferro-uranium  certainly  would  not  be  clas.sed  as  a  K""^'"  '''"^  ^''"'^  '^'^'^"  'he  possibility  of  a  spark  being 

harmful   impurity,   though   for  experimental   work   on  f°'"'"'^^'  '"  ^he   machine  which   might  igmte  the  dust. 

the  value  of  U  in  steel  it  is  desirable  to  have  a  ferro-  ^"t  cleaners  and  separators  do  not  -always  take  out 

uranium  as  low  as  possible  in  V  in  order  not  to  have  ^"  ^he  foreign  material,  so  that  even  under  the  best 

another  variable  to  contend  with  in  the  V.  conditions  foreign  materials  may  get  into  the  machines. 

It  appears  that  by  using  a  pure  UO,,  a  low-ash  coke,  "■"  °^'^"  conditions  develop  which  might  cause  sparks. 
and  a  pure  iron  as  raw  materials,  with  CaF,  as  slag  or  other  sources  of  heat,  to  be  formed  within  the  ma- 
former,  and  using  a  tilting  direct  arc  type  furnace  with  '^'^'"^-  ^'^"^  creating  a  very  dangerous  condition.  How- 
water-cooled  magnesite  hearth  and  sides,  it  should  be  «^'"='"'  '^  ^hcre  were  present  within  the  machine  an  at- 
po.ssiblc  to  produce  commercially,  without  a  second  mosphcre  which  would  not  support  combustion,  the  dust 
refining  operation,  ferro-uranium  of  any  desired  U  ^""''^  "°''  'K"'^*^  ''"'^  '"^  explosion  could  not  take  place. 
content,  say  4C^  7o  per  cent,  with  carbon  averaging  ^""^  ="""c  time  the  possibility  of  preventing  csplo- 
bclow  2.0  per  cent,  silicon  below  0.7s  per  cent,  vanadium  «'«""  ^^'^hin  machines  by  the  use  of  inert  gases  has  been 
below  o.s  per  cent,  and  with  aluminum,  sulfur,  phos-  ""^"  consideration.  In  an  article  on  "Coal  Dust 
phorus  and  manganese  all  so  low  as  to  be  negligible.  Explosions  and  Their  Prevention."  J.   Hargcr*  recom- 

,,  .,,,,,  iiumkIs  a  low  oxygen  content  in  the  ntniospherc  of  the 

If  experiments  with  such  a  ferro  show  that  uranium  .■         t        \     ■  ti  ■•        .   . 

.....  ,     ,  ,      ,  ,  mines  as  a  preventive  of  explosions.     The  writer  states 

steels   high   in   uranium   arc   not   valuable,   but   that   a  .  .        ,  ,, 

.....  ,   ,  .  .,    ,  ...  in  part  as  follows: 

little  uranium  is  useful,  and  if  the  amount  required  is  ,,,„,  ,  .11,1  .    1     .  1 

.  .         .  ,  ,        ,  ,  ...  ,  I  he  only   way   to  absolutely   prevent  dust  cxplo- 

so  low  that  the  carbon  introduced  by  a  high  carbon  •     .  1  .l  '  .  1    1         .1. 

,  ..         ,  .  ,,  ...  sions  IS   to  reduce   the  oxygen   percentage  below   the 

ferro    IS    harmless,    then    the    furnace    might    have    an  ,  ,■     ■.       11  '-.i    ./     ,a         .         11. 

....         ,  ,    ,      ,  .  .  lower  limit,  which  vanes  with  the  different  coal  dusts, 

itncooled  carbon  hearth,  and  the  ferros  would  contain 
.|    s  per  cent  carbon  '  ■iiidumm.i.imy  m  «.  >ri>an«Toui  Hu.i..    Tm.  Jovumal.  t  (i«in. 

If  uranium  is  found  useful  only  as  a  dcoxidizer  or  '  j  sm.  cinm  inj  .i\  K\t\i).  *\s 
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A  reduction  of  2  per  cent  in  practice  will  do  this  for 
all  mines,  but  to  get  a  guarantee  of  absolute  immunity 
17V2  per  cent  oxygen  is  the  figure.  A  l^^/^  per  cent 
oxygen  atmosphere  is  ideal  for  a  coal  mine,  if  it  were 
not  too  expensive  to  obtain,  which  should  not  be  the 
case." 

He  recommends  not  over  i  per  cent  carbon  dioxide 
in  this  atmosphere,  as  a  higher  percentage  would  be 
dangerous  from  the  point  of  view  of  respiration. 

Referring  to  decreasing  the  oxygen  content  of  the 
atmosphere  he  states: 

"This  method  is,  in  my  opinion,  the  only  one  which 
can  be  thoroughly  applied  to  mines  or  machines  making 
inflammable  dust." 

The  most  likely  source  of  such  inert  gases  around  a 
mill  are  the  flue  gases.  These  contain  a  large  amount 
of  nitrogen,  79  per  cent,  the  other  21  per  cent  con- 
taining varying  amounts  of  oyxgen  and  carbon  di- 
oxide. Under  normally  good  working  conditions  the 
oxygen  content  is  about  11  per  cent.  Small  amounts 
of  carbon  monoxide  are  often  present,  especially  when 
the  oxygen  content  is  low,  but  this  is  usually  under 
one  per  cent.  For  use  in  enclosed  machines  the  car- 
bon dioxide  content  would  not  necessarily  have  to  be 
as  low  as  in  a  mine  or  in  an  atmosphere  where  men 
were  working  so  this  would  not  have  to  be  removed 
from  the  flue  gases  before  they  could  be  used  in  the 
grinding  systems  of  mills. 

The  purpose  of  this  investigation  was  to  determine 
to  what  amount  the  oxygen  content  of  the  air  must  be 
reduced  in  order  to  prevent  the  propagation  of  ex- 
plosions of  various  carbonaceous  dusts. 

EXPERIMENTAL 

APPARATUS — The  Bureau  of  Mines  has  made  a  num- 
ber of  tests  upon  the  inflammability  of  coal  dusts  in 
mixtures  of  air  and  natural  gas.  For  this  work  the 
apparatus  used  in  the  usual  testing  of  coal  dusts  was 
adopted  with  but  one  change.  This  was  an  auxiliary 
attachment  to  the  base  plate  for  putting  the  gas  into 
the  globe.'  It  consists  of  a  brass  tube  lying  just  above 
the  glass  injection  funnel  and  passing  upward  through 
the  base  plate  at  the  right  of  the  funnel.  After  passing 
through  the  base  plate  it  extends  upward  for  a  distance 
of  I  in.  and  then  encircles  the  top  of  the  funnel.  The 
portion  of  the  brass  tube  forming  this  circle  has  eight 
small  holes,  spaced  at  equal  intervals  from  each  other, 
drilled  through  its  upper  wall.  The  outward  end  of 
the  brass  tube  is  connected  to  the  gas  holder. 

GAS  MIXTURES — The  gas  mixtures  used  contained  ap- 
proximately 79  per  cent  of  nitrogen,  the  remaining 
21  per  cent  being  made  up  of  carbon  dioxide  and 
oxygen. 

To  obtain  the  gas  mixtures,  commercial  carbon  di- 
oxide, oxygen  and  nitrogen  were  used.  The  gas  mix- 
tures were  made  in  a  large  gas  holder,  the  amount  of 
each  gas  used  being  measured  roughly  by  the  height 
of  gas  in  the  holder.  The  mixtures  were  then  analyzed 
before  and  after  each  series  of  tests. 

METHOD  OF  OPERATION — To  tcst  the  inflammability 
of  the  dusts  in  these  gas  mixtures  in  the  apparatus 

>  "Inflammability  of  Carbonaceous  Dusts." 


referred  to  above,  it  was  necessary  to  displace  all  the 
air  in  the  globe  with  the  gas  mixture.  Evacuating 
and  refilling  were  considered,  as  were  other  methods, 
but  the  only  method  which  proved  to  be  practical  was 
to  allow  a  sufficient  amount  of  the  gas  to  enter  to  dis- 
place all  the  air.  To  determine  the  amount  of  gas 
necessary  to  displace  the  air  in  the  globe  (capacity  of 
1390  cc),  measured  amounts  of  a  gas  containing  9.5 
per  cent  carbon  dioxide  and  11.2  per  cent  oxygen  were 
allowed  to  flow  into  the  globe  through  the  gas  in- 
jecting tube  around  the  top  of  the  funnel,  and  to  force 
the  air  out  of  a  valve  in  the  tube  to  which  the  pres- 
sure gauge  is  attached. 

A  sample  taken  after  4.5  liters  had  been  allowed 
to  flow  into  the  globe  showed  8.2  per  cent  COi  and  13 
per  cent  oxygen.  Four  and  a  half  liters  more  were 
allowed  to  flow  into  the  globe.  A  sample  taken  showed 
9.6  per  cent  CO2  and  11.4  per  cent  oxygen. 

Nine  liters  of  the  gas  were  allowed  to  flow  through 
another  globe.  A  sample  of  the  gas  in  the  globe  showed 
9.5  per  cent  CO2  and  11. 4  per  cent  oxygen. 

These  results  indicate  that  9  liters  of  gas  will  dis- 
place all  the  air  in  the  globe.  Therefore,  to  be  certain 
that  all  the  air  is  displaced,  10  liters  of  gas  were  al- 
lowed to  flow  into  the  globe  before  each  test.  The  gas 
flowed  at  a  rate  of  0.9  to  i.o  liter  per  minute. 

To  blow  the  dust  into  this  gas  mixture  by  a  puff 
of  air  would  change  the  oxygen  content  and  introduce 
an  appreciable  error.  Therefore,  a  second  connec- 
tion was  made  to  the  gas  holder  so  that  gas  could 
be  drawn  from  it  and  compressed  by  a  vacuum  and 
compression  pump,  into  the  bulb  attached  to  the  funnel 
which  contained  the  dust  to  be  tested. 

The  method  of  testing  was,  therefore,  not  unlike 
that  used  for  testing  the  explosibility  of  carbonaceous 
dusts  in  air,  except  that  the  explosion  flask  was  filled 
with  a  known  gas  mixture  and  the  dust  was  injected  by 
the  same  gas  mixture  under  a  pressure  of  20  cm.  of 
mercury.  The  heating  of  the  igniting  coil  was  so 
regulated  that  the  dust  might  be  injected  as  soon  as 
possible  after  all  the  air  had  been  displaced.  This 
was  done  to  obviate  any  possible  change  in  the  gas 
mixture  by  leakage  or  any  other  way. 

SERIES  OP  TESTS — A  few  preliminary  tests  were  made 
with  dusts  which  gave  an  indication  of  the  lower  limit 
to  be  expected.  Five  typical  dusts  were  then  tested, 
using  the  following  gas  mixtures: 


cent  O. 

Per  cent  COi 

Per  cent 

15.9 

4.0 

79.1 

15.0 

5.6 

79.4 

14.1 

6.8 

79.1 

13.9 

6.1 

80.0 

13.4 

7.6 

79.0 

12.8 

7.6 

79.6 

12.2 

9.0 

78.8 

10.9 

9.2 

79.9 

0.8 

0.0 

99.2 

Pittsburgh  Standard  Coal  Dust  was  tested  with  the 
following  gas  mixtures: 


Per  cent  Ot 

Per  cent  COi 

Per  cent  Nt 

19.8 

1.2 

79.0 

19.2 

1.9 

78.9 

18.1 

2.8 

79.1 

16.9 

4.6 

78.5 

15.0 

8.8 

75.2 

0.8 

0.0 

99.2 

It  will  be  observed  that  the  sum  of  the  oxygen  and 
carbon   dioxide   content   does   not   always   add   to    21 
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per  cent.  This  is  due  to  the  inaccurate  method  of 
measuring  the  gas  as  it  was  mixed.  These  figures 
are  the  mean  of  two  analyses  made  before  and  after 
each  series  of  tests.  In  no  case  was  there  a  variation 
of  over  0.2  per  cent  in  the  two  analyses. 

As  in  all  cases  where  no  inflammation  was  notice- 
able, a  pressure  was  obtained  above  that  given  by  the 
blank — that  is  a  test  made  without  any  dust — it  was 
thought  that  these  might  be  due  to  a  decomposition 
caused  by  the  dust  striking  the  hot  coil  and  not  due  to 
a  slight  ignition.  To  determine  this,  a  series  of  tests 
was  made  using  99.2  per  cent  pure  nitrogen  in  the 
globe.  With  all  grain  dusts  a  pressure  of  0.4  to  0.5 
lb.  more  than  the  blank  was  obtained,  that  is,  a  pressure 
of  0.6  to  0.7  lb.  The  average  of  0.6  lb.  was  there- 
fore taken  as  the  zero  correction,  in  all  tests  where 
gas  mixtures  are  used.  Coal  dust  gave  a  pressure  of 
o.  2  lb.  more  than  the  blank,  or  a  pressure  of  0.4  lb.  This 
pressure  was  taken  as  the  zero  correction  for  coal  dust. 

RESULTS — The  results  obtained  with  the  five  typical 
dusts  and  coal  dust  are  given  in  Fig.  I,  the  average 
lbs.  pressure  being  plotted  against  the  percentage  of 
oxygen  in  the  gas  mixture.     This  method  was  adopted 
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instead  of  ploltinR  pressures  against  percentaRC  of 
COi,  since  it  is  the  amount  of  oxygen  in  the  air  rather 
than  the  amount  of  cnrl)on  dioxide  that  determines 
inflanimnblc  limits.  If  the  carbon  dioxide  replaced 
the  oxygen  in  air,  then  plotting  against  carbon  dioxide 
would  give  the  same  curves  because  the  balance  of 
the  3  1  per  cent  would  be  oxygen.  Hut  in  the  gas 
mixtures  used,  the  carbon  dioxide  was  sometimes  one 
per  cent  lower  than  would  be  required  to  make  the 
■:iitn  nf  it  .'iiul  the  oxygen  up  to  21  per  cent.     This  ono 


per  cent  or  less  is  nitrogen,  an  inert  gas,  and,  therefore, 
would  have  a  similar  effect  to  that  of  the  carbon  di- 
oxide in  preventing  combustion. 

The  values  as  given  in  the  curves  are  the  average 
of  all  results  obtained  in  each  series  of  tests.  For 
the  pressures  above  2  pounds,  the  results  given  in  each 
series  were  quite  uniform  and  concordant.  This  is 
also  true  for  pressures  averaging  under  0.5  lb. 
But  those  results  between  0.5  lb.  and  2  lbs.  are  less 
uniform. 

It  will  be  observed  that  these  curves  are  quite  similar 
in  their  direction,  falling  very  rapidly  as  the  percentage 
oxygen  is  decreased  until  a  point  is  reached  where  the 
curves  flatten.  This  point  is  in  nearly  every  case 
at  pressures  near  or  less  than  i  lb.  It  is  considered 
that  rapid  oxidation  will  take  place  if  the  oxygen  con- 
tent of  the  atmosphere  is  above  that  indicated  by  the 
break  in  the  curve,  but  cannot  take  place  if  the  oxygen 
content  is  less  than  this  amount. 

CONCLUSIONS — Although  no  large  scale  tests  have 
been  made  with  which  to  compare  these  results,  from 
the  general  action  of  the  dusts  in  the  tests,  it  may  be 
concluded  that  an  explosion  of  a  grain  dust  cannot  be 
initiated  in  a  gas  mixture  containing  12  or  less  per 
cent  of  oxygen,  the  remainder  being  inert  gases.  And 
this  limit  could  be  extended  to  14  or  14.5  per  cent  of 
oxygen  if  elevator  dusts  alone  are  considered.  The 
results  would  suggest  that  the  maintaining  of  an  at- 
mosphere of  inert  gases  in  all  systems  grinding  or 
handling  carbonaceous  materials  which  form  dangerous 
dusts  would  be  an  effective  means  of  preventing  many 
dust  explosions;  for  even  though  an  ordinarily 
dangerous  amount  of  dust  may  be  present  and  a  spark 
or  other  source  of  heat  may  be  formed,  the  dust  would 
not  be  ignited  or  an  explosion  be  propagated  because 
the  oxygen  content  of  the  atmosphere  would  be  too 
low  to  support  combustion. 

The  results  of  these  tests  show  that  a  lower  oxygen 
content  in  the  inert  gas  mixture  is  necessary  to  pre- 
vent an  explosion  of  grain  dust  than  would  be  required 
to  prevent  a  coal  dust  explosion.  .  And,  the  results 
obtained  with  coal  dust  would  indicate  that  a  lower 
oxygen  content  in  the  mine  atmosphere  would  be  neces- 
sary to  prevent  a  coal  dust  explosion  than  was  recom- 
mended by  Harger."  However,  his  recommendation 
of  17.5  per  cent  oxygen  was  very  close  to  that  deter- 
mined by  the  authors. 

It  may  be  noted  in  this  connection  that  the  results 
published  in  a  previous  paper  show  that  with  one  ex- 
ception coal  dust  is  less  inflammable  in  air  than  the 
other  dusts  used  in  the  tests  with  inert  gases.  This  ono 
exception  is  wheat  flour,  a  comparatively  coarse  dust. 

Large  scale  tests  are  being  planned  to  demonstrate 
further  tiic  effectiveness  of  this  preventive.  The  re- 
sults which  may  be  obtained  then  may  alter  the  above 
results  slightly.  However,  it  is  considered,  as  a  result 
of  the  present  tests,  that  .in  inert  gas  mixture  con- 
taining \i  per  cent  or  lower  of  oxygen  will  prevent  a 
dust  explosion  from  starting  or  propagating. 

llt'iiilAi>  or  CnsMtnTrnT 
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THE  THERMAL  DECOMPOSITION  OF  BENZENE  They    again    claimed    that    Berthelot's  "chrysene"  is 
By  J.  E.  Zanetti  and  g.  Eoloff  identical  with  their   "triphenylene."     In  their  experi- 
Reccived  January  20,  1917  Hicnts,  they  used  the   method  previously  employed  by 
HISTORICAL  INTRODUCTION  Schultz,  using  a  rate  of  i  drop  every  3  seconds.     The 
The  discovery  of  diphenyl  by  Fittig'  in  1862  by  the  yield  of  /»-diphenylbenzene  was  40  g.  from  2  kg.  of  ben- 
action  of  sodium  on  brombenzene  opened  up  a  new  zene. 

field    in    organic    chemistry.     His    method,    however,  Olgiatti'     obtained    diphenylbenzenes    by    likewise 

was  costly  and  it  was  not  till  Berthelot^  in  the  course  passing  benzene  through  a  red  hot  tube  and  collecting 

of  his  classic  researches  on  pyrogenetic  reactions  found  the32ot042o°  C.  fraction  of  the  decomposition  products. 

that  benzene,   when  passed  through  a  red  hot  tube,  xr  u    ■>  c       j^u^-ui               o,-.u 

' ,  .  „      :         ,     ,                   ,     ,.   ,        ,  Haber'  found  that  below  000     C.  benzene  was  not 

decomposed    chiefly    into    hydrogen    and    diphenyl,    a,  j      j  ^i.  ^      ,      i.                o/~>          -.^./r^j 

,    ^,                     ,     ,      r                   •           ,        •  decomposed  and  that  only  above  1000    C.  was  it  effected 

much   cheaper   method   of   preparation,   that  impetus  ...     .,      ,          ^-          r   j-   i_       1       tt  i_           ^-     j,   ^, 

^       ,        ,       .     ^    '^.     ,                         ,         ,  with  the  formation  of  diphenyl.     Haber  noticed  the 

was   given   to   the   chemistry   of   that   compound    and  r          i-          r     xi                ...  n-                         j       ,             -^i 

,     ,       ,  .             .         ,        .  , ,                     ,     ,          ,  formation  of  other  crystalline  compounds  along  with 

methods  of  improving  the  yields  were  worked  out  by  ...        ,   u  4.  j-j       ,.  ■         *•     4.     »i.          v               1    j 

.  diphenyl   but  did  not  investigate  them;  he  remarked 

various  investigators.  .,     .          ,  ^,    ,                      i.     i_x   •      j 

"  that  naphthalene  was  not  obtained. 

Berthelot  found  that  by  passing  vapors  of  benzene  t^          ......  x-                    •       ^     ^i.     •          .,             r  ^i 

,   .         ,              ,                 r  From  that  time  on,  owing  to  the  importance  of  the 

through  a  red  hot  porcelain  tube,  at  the  rate  of  one  -  ,                r            u       *.-            »                              ^    j- 

"^                       ,,.,,,                  ,       ,.      ..  use  of  benzene  for  carbureting  water  gas,  many  studies 

gram  per  minute,  he  obtained  hydrogen  and  a  liquid  r  ^.v      ,                •.•         r  ,                ,          t,             ui-  i.   j 

'      ,             : ,    ,.  7        ,         1       ,  of  the  decomposition  of  benzene  have  been  published. 

product,   from   which   he  isolated   diphenyl   and   other  -kj   jr     ,      ,    ,■    t    .u      j                 ■^-           c    u                 u 

^    ,         '               ,     ,,  ,              ,,  ,  McKee'    studied    the    decomposition    of    benzene    by 

hydrocarbons  which  he  claimed  to  be     chrysene     benz-  •        ■■                   .1.          ,                      ..    u     i.     ..   j     1 

•'    ,    .              ,,      r^               •■              •          ,,  passing  its  vapors  through  a  copper  tube  heated  elec- 

erythrine,  and  '  bitumene.       He  stated  unequivocally  ,  •     ,,          j   j  4.        ■   •       ..v             -c             •,•         r  ., 

.  •'     ,       '           .         ,    ,           ,                   ,  trically  and  determining  the  specmc  gravities  of  the 

that  between  the  boiling  point  of  the  undecomposed  j          j     t           1    ^.i.  •                                  j       .1. 

,     .           ,    ,      ,.   ,         ,      ,                        r  recovered    products   and   their   appearance   under   the 

benzene  and  that  of  the  diphenyl,  there  was  no  inter-  ,     •  •           •                     tt            ■,              4..         .       .    ^ 

^         ,    ,                   ,    ,    ,                   ,  polarizing    microscope.      He    made   no   attempt    what- 

mediate  compound,  and  that  no  naphthalene,  styrolene,  ^    ^  4.        ■     ^-         c  4.1,       1,       •     1                •*•         c 

^          '              .       ^           ,                1  ■  ,  ever  at  determination  of  the  chemical  composition  or 

or  anthracene  were  formed.     From  the  gas,  which  con-  . ,               j     *         ti,      *              *                                  *  1 

,     ,     ,                      ,      ,              ,       ,   .         '      ,            .  these  products.       The    temperatures    were    accurately 

sisted  of  almost  pure  hydrogen,  he  claimed  to  have  ob-  1        j           4.-        •          j       t  4.1,             14.-          c 

„      ^      .    ■'    .   ^       ,           ,        .     ,  measured  and  mention  is   made  of  the  regulation  of 

tamed  a  small  quantity  of  acetylene,  though  the  pres-  .,         ..     u   4-  -4.  •        4.    •             xi-    4.              4.                •  j 

,  ,     ,       ^         .^  ,  ,  .         r       ,      .  ,      ,              r  the  rate,  but  it  is  not  given.     His  temperatures  varied 

ence  of  hydrogen  sumde'  interfered  with  the  test  for  ,,                 oj/coo         J4.1.          1              i- 

■',,,,.                 .  between   448   and   765     C   and   the   only   conclusions 

that  compound  and  rendered  it  uncertain.  u     j                    4.u   4.  4.u                  4.       r  j                 •4.-            j 

^  he  drew  were  that  the  amounts  of  decomposition  and 

Following     Berthelot's     discovery,     Schultz^     intro-  ^he  specific  gravities  increased  with  the  temperature. 

duced  several  improvements  and  pointed  out  the  in-  jpatieff^  found  that  benzene  in  the  presence  of  iron 

fluence  of  rate  and  temperature.     Instead  of  passing  g^^^g  diphenyl  and  hydrogen  above  600°. 

the  vapors  from  boiling  benzene  through  a  hot  porce-  c     -4.1        j  t             15            j  u                               4. 

\       ,             ,       ,        .             ,           ,    ,            ,     ,  Smith  and  Lewcock*  passed  benzene  vapors  at  vary- 

lam  tube,  he  used  a  hot  iron  tube  and  dropped  the  .           .^.v         v.          ji.4.-        4.^-4.1. 

.'        ,           ,                 .       ,                                  ,  ing  rates  through  a  red  hot  iron  tube  in   the   presence 

benzene  into  it  at  the  rate  of  i  drop  every  3  seconds.  ,         .              .    ,                  ,       .                •       4.  „         4 

.                     .  of  various  catalyzers  and  using  varying  temperatures. 

Later,  he  used   100-200  g.  per  hour  and  a  not  quite  rpv         4.  ,                   ■,                -j        <■      i  •         1     j      1       ■ 

.  '                             ^  ,    ,    f      ■  ,  ,                                 ^  The  catalyzers  used  were  oxides  of  calcium,  lead,  alumi- 

white-hot       tube.     Schultz     yields    were     50    to    60  ,      .                   -j        4.       u   4.         4.1,                   1      4.1. 

,    ,      ,                       ,  •'  .,     ,  ,       .      ^  .       ^_  num.  barium  peroxide,  etc.,  but  as  they  remark,    the 

per  cent  of  the  benzene  used.     Luddens*  used  a  CO2  4.-                    4.  u         u                1         *  1   4.-       • 

'^                                ,                       .  ,                   ,            ,      ,  action  may  not  have  been  purely  catalytic,  since  some 

stream  to  carry  the  vapors  of  benzene  along  the  hot  e  4.u           a                       1       j    *      ^u                       j- 

■'  ,.,       .       ,  ,,         ,  ,       TT   ,         «  of   the    oxides    were    reduced    to    the    corresponding 

tube,  a  method  likewise  followed  by  Hubner."  .   ,          ,                .  ,          t,,        «    j  4^.    ,.  ..u       •  u     f 

„  '                    .         ,         ,                         ,             ...  metals  or  lower  oxides.     They  find  that  the  yield  of 

Schultz'   studied   also   the   tarry   products   obtained  ,■   u        ^  ■         4.-               a  u         -4.               4^            u 

.  .     ,.   ,         ,          ,  .  ,       .„    ,              ,         ,.    ,         ,  diphenyl  is  not  increased  by  using  temperatures  above 

along  with  diphenyl.  and  identified  />-  and  wj-diphenyl  o 

benzene    and    claimed    that    Berthelot's    "chrysene"  '                      . 

,             •   ,           c  A-   u„      11 „    „„4 +1, Recently,  HoUins  and  Cobb^  have  found  that  benzene 

was  only  a  mixture  of  diphenylbenzenes    and   another  ■" 

hydrocarbon    melting   at    266°    C.      He   obtained    also  '^    "«*    decomposed    below    800      when    a    mi.xture    of 

another  hydrocarbon  melting  at   196°  C,  which  gave  hydrogen  and   methane  saturated  with  benzene  vapor 

a  compound  with  picric  acid,  whereas  none  of  the  others  ^^^  P^^^^^  through  a  hot  tube. 

would.      Berthelot^    objected    to    Schultz'    correction,  Rittman,  Byron  and  Eglofl'  studying  the  decomposi- 

basing  his  objections  on  analytical  data  and  put  forward  tion    of    aromatic    hydrocarbons    by    passing    benzene 

the  claim  that  Schultz'  product   was  impure  and  con-  through  an  iron  tube  6  ft.  long  at  the  rate  of  200  cc. 

sisted  of  a  mixture  of  diphenylbenzenes  with"chrysene."  Per  hour,  using  varying  temperatures  and  pressures, 

Schmidt  and  Schultz'  made  an  exhaustive  investi-  state  that  they  obtained  naphthalene  and  doubtless 

gation   of   the   tarry   products   from   the   benzene   de-  diphenyl,  though  they  did  not  isolate  it. 

composition    and    obtained    the    following    products:  Summing  up  in  review,  the  decomposition  of  benzene 

M.  p.       Picratc  by  heat  takes  place  in  such  a  way  as  to  split  off  two 

I2;  p-rii'phcayihenzcnc::::::::::::: :::::.'.  205°^°       NoJII  or   more  hydrogen  atoms  from  the  ring,  forming  di- 

n\  r^^^"""':::::::::::::::::::  ill'         Redncedies  phenyl  and  diphenylbenzenes.      No  investigator,  pre- 

S  Benzcrythrine -..307-308°   None  vious  to  Rittman,    Byron  and   Egloff,   has   claimed  to 

(6)  Oily  hydrocarbons '         -^                               ^          ' 

(7)  Pitch  (b.  p.  above  450°)  i  Ber..  27  (1894).  3387. 

■  Ann.,  124  (1862),  276.     •  Ann.  ie  Chim.,  (41  9  (1866),  445.  '  J.  Gasbel..  39  (1896),  377-382,  395-399,  435-439,  etc. 

•  From  the  thiophene  in  benzene.     Thiophcnc  not  yet  discovered.  •  J.  Soc.  Chem.  Ind.,  23  (1904),  403. 

<  Ber..  6  (1872),  682;  Ann..  17«  (1874),  201:  Ber..  9  (1876),  547.  'J.  Russ.  Phys.  Chem.  Soc.  39  (1907).  681. 

»  Ber..  8  (1875).  870,    •  Ann..  209  (1881).  339,     '  Ibid..  174  (1874),  230.  »  J.  Chem.  Soc..  101  (1912),  1453-1458. 

•  Bull',  soc.  chim..  12)  22  (1874).  437.         •  Ann..  203  (1880).  118.  '  Gas  World.  60  (1914).  879.     '  Tms  Journai.,  7  (1915),  1019. 
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have  obtained  any  naphthalene,  and  none  at  all  of 
anthracene  or  phenanthrene.  Indeed,  those  who  de- 
voted any  attention  to  the  point,  as  Berthelot  and 
Haber,  state  unequivocally  that  they  were  unable  to 
obtain  any  naphthalene.  In  other  words,  all  investi- 
gators, previous  to  1915,  have  been  unable  to  adduce 
conclusive  evidence  that  the  benzene  ring  breaks  up 
at  temperatures  below  800°  C.  and  atmospheric  pres- 
sure, in  any  except  two  ways: 

(i)    Benzene — >- Carbon    -+-    Gas, 
or,    (2)    Benzene — >- Condensation     Products,    by    the 
splitting  off  of  hydrogen  from  two  or  more  molecules. 

Rittman,  Byron  and  Egloff  do  not  state  in  their 
publication  what  test  besides  the  boiling  point  they  used 
in  determining  the  presence  of  naphthalene.  Since 
their  claims  are  entirely  in  opposition  to  all  previous 
work,  that  the  amounts  of  material  obtained  by  them 
were  small,  that  the  boiling  points  of  diphenyl  and 
naphthalene,  especially  when  mixed  with  other  decom- 
position products,  are  dangerously  near  together  to 
be  of  value  in  deciding  the  matter,  further  evidence 
on  that  point  seemed  desirable. 

Berthelot's  contention  that  he  obtained  chrysene 
was  definitely  settled  by  the  work  of  Schmidt  and 
Schultz'  who  proved  that  the  hydrocarbon  he  believed 
to  be  chrysene  melted  sharply  at  196°  and  not  at 
"about  200°,"  and  further  by  Lieberman,-  who  ob- 
tained pure  chrysere  melting  at  250°  and  pointed  out 
that  Berthelot's  product  could  not  have  been  that 
compound. 

In  connection  with  other  studies  on  thermal  decom- 
position of  hydrocarbons  undertaken  in  this  labora- 
tory by  one  of  us,'  it  seemed  desirable  to  study  more 
completely  the  course  of  reaction  of  the  decomposition 
of  benzene  in  order  to  arrive  at  some  definite  con- 
clusions regarding  its  behavior  at  high  temperatures 
and  gradually  gain  insight  into  the  complicated  mech- 
anism of  formation  of  cyclic  and  polycyclic  com- 
pounds from  straight  chain  hydrocarbons. 

EXPERIMENTAL 

The  plan  of  the  experimental  work  consisted  in 
studying  the  decomposition  of  pure  benzene  by  pass- 
ing it  at  measured  rates  through  a  furnace,  the  tempera- 
ture of  which  could  be  accurately  controlled.  The 
plan  included  the  following  topics: 

1—  Influence  of  the  temperature. 

2 — Influence  of  the  rate. 

3 — Influence  of  the  metallic  catalyzers. 

4 — Composition  of  the  gases. 

5-  Composition  of  the  tar. 

MA'F.RIAL — The  benzene  used  was  pure  Ihiophcnc- 
free  benzene  boiling  at  80-81°  C.  of  specific  gravity 
0.881,  at  15.5°  C.  No  test  for  thiopiiene  was  given 
by  the  indophencne  reaction,  and  on  treatment  with 
C.  P.  concentrated  sulfuric  acid,  no  change  of  color 
was  noticeable  in  the  acid. 

Three  hundred  cc.  of  benzene  wore  used  in  cacli  run 
whenever  possible.  In  some  cases,  as  when  nickel 
anil  iron  were  used  n.s  calulyzcrs  at  the  higher  temperft- 
turcs,  not  nujrc  than  onc-foiirtli  of  that  amount  could 

<  Lot.  (U.         »  Ahm..  1M,  JW.      I  Till*  JounMAL.  •  (IV16).  674.  777. 


be  used  as  the  deposition  of  carbon  would  plug  up  the 
tube,  and  stop  the  run. 

APPARATUS  AND  PROCEDURE — The  heating  apparatus 
used  consisted  of  a  Whitaker-Rittman  furnace,  the 
description  of  which  has  been  given  in  detail  in 
This  Journal'  and  will,  therefore,  not  be  described 
here.  The  arrangement  of  the  apparatus  is  dia- 
grammatically  given  in  Fig.  I.  Essentially  it  consisted 
of  an  iron  tube  1V2  in.  in  diameter,  electrically  heated 
and  provided  with  a  rheostat  and  a  pyrometer  to  regu- 
late and  measure  the  temperature.  The  pyrometer 
was  a  base-metal  thermocouple  which  was  compared 
with    a    standardized    platinum-iridium    thermocouple 


1 — Oil  feed  cup 
2 — Tube  of  furnace 
3 — Nichronie  wire  resistance 
4,  5— -Magnesia  lining 
6 — Stuffing  l)Ox  for  pyrometer 
7 — CondcnsiT  tube 
8— Water  jacket 
9 — Support  €i(  furnace 
to — Wide  mouth  giau  bottle 


Fio   I — ArrARATi's  L'sbi>  in  Tksts 

1 1 — KiiJ  for  gases 


12 — Electrodes  of  copper  ga 
\y — Induction  coil 
14 — Storage  batteries 
15 — Pyrometer  ro<l 
16 — Pyrometer  scale 
17 — Pyrometer  supjH»rl 
18— Voltmeter 
Ifl — Kheoatat 


and  found  to  check  up  within  s  to  io°,  according  to 
temperatures.  The  temperature  could  be  maintained 
constant  within  s°  C.,  for  long  periods  of  time.  The 
benzene  was  led  into  the  tube  from  a  larKO  oil  feed 
cup  with  a  sight  tube  by  which  the  rate  of  flow  could 
be  accurately  determined  by  counting  tlic  drops  falling 
in  a  certain  time.  t)nc  drop  per  second  gave  n  flow 
of  100  cc.  per  hour,  two  drops  joo  and  three  drops 
joo  cc.  These  values  were  determined  experimentally, 
as,  of  course,  the  site  of  the  drop  will  vary  with  the 
size  of  the  opening.  The  bonxcnc  did  not  drop  directly 
into  the  heateil  tube,  even  at  the  higher  rales,  but 
flowed  along  the  sides  .'ind  vnporiicd  l>efore  reaching 

■•(1914),  472. 


352 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY       Vol.  9,  No.  4 


the  area  of  high  temperature.  This  is  an  important 
point  in  a  vertical  furnace  since  some  of  the  benzene 
could  readily  fall  through  the  tube  without  vaporizing, 
owing  to  the  small  surface  of  the  spherical  drop  and 
the  short  time  it  would  be  exposed  to  heating. 
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The  condensing  apparatus  consisted  of  a  piece  of 
iron  pipe  V2  in.  in  diameter,  3  ft.  long,  surrounded 
by  a  water  jacket.  The  water  cooling  was  found  un- 
necessary, in  fact,  detrimental,  as  the  diphenyl  was  apt 
to  solidify  and  choke  the  condenser.  The  cooling 
was  quite  sufficient  as  was  shown  by  recoveries  of 
98  per  cent  of  the  benzene  used  in  some  of  the  runs 
where  little  decomposition  to  carbon  occurs.  The 
receiver  consisted  of  a  wide  mouth  glass  bottle  pro- 
vided with  two  electrodes  connected  with  an  induction 
coil  and  a  set  of  storage  batteries.  This  arrangement 
was  found  very  convenient  to  settle  the  "fog"  from  the 
gases  obtained  by  decomposition  at  higher  tempera- 
tures, and  afforded  a  means  of  accomplishing  com- 
plete deposition  in  the  receiver.  The  whole  apparatus 
was  washed  with  benzene  before  the  beginning  of  a 
new  run  in  order  to  avoid  vitiating  results  by  decompo- 
sition products  from  a  previous  run. 

The  decomposition  products  of  the  reactions  were 
distilled  in  a  500  cc.  flask  provided  with  a  Glinsky 
column  and  a  24-in.  condenser  for  the  lower  boiling 
fractions  (undecomposed  benzene).  The  residues  were 
transferred  to  a  standard  Engler  distilling  flask  and 
the  distillation  carried  on  up  to  300°  C.  Most  of  the 
distillate  came  over  between  250  and  275°  (diphenyl). 
A  small  fraction  coming  over  between  200  and  250°, 
was  collected  separately  and  carefully  tested  for  naph- 
thalene. The  residue  (tar)  was  in  most  cases  too  small 
to  be  fractionated  separately,  so  that  the  tars  from 
a  series  of  similar  runs  were  added  together  and  frac- 
tionated. 

CATALYZERS — The  catalyzcrs  were  pieces  of  metallic 
gauze  40  mesh  in  case  of  the  copper  and  iron,  40  mesh 
and  5°  mesh  in    the    case    of    nickel,    cut   into    pieces 


10  in.  X  1 2  in.,  rolled  so  as  to  fit  the  tube  and  inserted 
into  the  part  of  the  tube  above  the  pyrometer.  Fre- 
quent changes  were  necessary  as  they  quickly  became 
coated  with  carbon.  This  deposition  of  carbon  was 
particularly  objectionable  in  the  case  of  nickel  and  iron 
where  plugging  of  the  tube  would  occur  before  much 
of  the  benzene  could  pass  through. 

GASES — Samples  of  gas  were  collected  for  analysis 
at  the  exit  from  the  tar  separator.  To  test  for  acety- 
lene, a  large  test  tube  half  filled  with  an  ammoniacal 
cuprous  chloride  solution,  and  provided  with  a  two- 
hole  stopper  and  a  tube  reaching  to  the  bottom,  was 
inserted  at  the  end  exit  from  the  separator  tube.  To 
measure  the  amount  of  gas  given  off  in  the  reaction  a 
Referee  meter  graduated  to  o.ooi  cu.  ft.  and  provided 
with  a  thermometer  was  placed  at  the  end  of  the  tar 
separator. 

The  gases  were  analyzed  over  water  for  unsaturated, 
by  absorption  with  fuming  sulfuric,  for  hydrogen 
by  passing  over  copper  oxide  at  290-300°  and  for 
methane  by  explosion  with  oxygen. 

SOURCES  or  ERROR — The  chief  source  of  error  was 
the  deposition  of  carbon  in  the  tube  and  on  the  cata- 
lyzers as  well  as  on  the  pyrometer  rod.  This  tended  to 
obstruct  the  passage  of  the  gases  and  interfered  with 
the  temperature  measurements.  The  higher  tempera- 
tures are  probably  too  low  since  the  deposition  of  non- 
conducting finely  divided  carbon  would  act  as  a  heat 
insulator.  Since  the  pyrometer  projected  into  the 
middle  of  the  tube  the  temperature  measured  at  the 
beginning  of  a  run  was  the  actual  temperature  of  the 
vapors  and  gases  and  not  merely  that  of  the  walls  of 
the  tube. 

The  carrying  of  undecomposed  benzene  in  the  form 
of  vapor  by  the  hydrogen  introduces  quite  an  ap- 
preciable error  in  some  of  the  determinations.     This 


S5a°     600"     650°      7aa' 

Fig.  Ill — Inplubncb  op  Rats 


aoo'c. 


error  increases  with  increasing  decomposition  of  the 
benzene  and  consequent  increase  in  the  volume  of 
the  gases.  At  ordinary  temperatures  (20°  C),  the 
vapor  pressure  of  benzene  is  74.6  mm.  or  nearly  10  per 
cent  of  the  total  volume  of  hydrogen  given  off.     As 
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there  is  produced  by  the  reaction,  products  which  dis- 
solve in  the  benzene  and  lower  its  vapor  pressure, 
this  amount  of  benzene  in  the  gas  is  sensibly  lowered. 
Experimentally  we  found  this  percentage  to  be  about 
7.3  per  cent  (see  Table  III).     Calculations  of  per  cent 


low  as  500°.  In  all  cases  below  600°,  the  amounts 
decomposed  are  small,  but  quite  appreciable,  and  leave 
no  doubt  that  diphenyl  and  other  decomposition  prod- 
ucts are  formed  at  those  temperatures.  This  is  quite 
in  opposition  to  the  claims  of  Ipatieff  and   of  Haber' 


Table  I — Effect  of  Rate  (Per  cents  on  Basis  of  Total  Bsnzbnb  Used) 


^ 

Per 

CENT  BBNZENS 

Dbcomposkd  to 

Sp.  Gr. 

Recovered  Oils 

Per  cent 

Diphenyl 

AND  Tar 

Per  cent  Diphenyl 

Per  cent 

Tar 

Form  C 

arson  and  Gas 

100  cc. 

200  cc. 

300  cc. 

100  cc. 

200  cc. 

300  cc. 

100  cc. 

200  cc.     300  cc. 

100  cc. 

200  cc 

300  cc 

"C. 

per  hr. 

per  hr. 

per  hr. 

per  hr. 

per  hr. 

per  hr. 

per  hr. 

per  hr.       per  hr. 

per  hr. 

per  hr 

per  hr. 

per  hr. 

per  hr. 

per  hr 

.son 

0.886 

0.884 

4.0 

1.0 

0.6 

0.1 

3.4 

0.9 

11.0 

1.0 

550 

0.886 

0.884 

2.0 

4.0 

0.9 

0.8 

1 . 1 

3.2 

12.0 

2.0 

600 

0.887 

0.888 

0.886 

3.7 

7.5 

4.7 

2.2 

2.5             1.6 

5.0 

650 

0.897 

0.891 

0.890 

14.5 

9.5 

7.7 

10.9 

7.4            4.9 

3.6 

2.1 

2.8 

15.5 

7.5 

7.3 

700 

0.920 

0.910 

0.896 

20.0 

16.0 

10.3 

14  6 

13.5            8.1 

5.4 

2.5 

2.2 

8.0 

7.S0 

0.950 

0.936 

0.916 

32.0 

26.0 

21.3 

22.6 

21.5          14.7 

9.4 

4.5 

6.6 

26.0 

16.0 

8.7 

800 

0.956 

0.950 

0.945 

22.7 

6.8 

34.0 

5.4 

10.7          16.9 

17.3 

19.4 

17.1 

57.3 

31.0 

16.0 

decomposition  on  basis  of  "actual  benzene  used" 
{lolal  benzene  benzene  recovered)  should  be  corrected 
by  subtracting  from  the  "actual  benzene"  the  amount 
of  benzene  vapor  which  theoretically  could  be  re- 
covered by  cooling  the  gases  to  a  very  low  temperature. 
This  correction  may  amount  to  nearly  13  per  cent 
of  the  benzene  used. 

This  correction  applies  likewise  to  the  "per  cent 
of  carbon  and  gas"  formation,  if  the  latter  is  found  by 
subtracting  from  the  total  benzene  the  amounts  of 
diphenyl  and  tar  obtained. 

For  this  reason  the  percentages  calculated  in  this 
paper  are  given  on  the  basis  of  "total  benzene."  More- 
over, in  some  cases,  especially  at  lower  temperatures, 
the  amounts  of  "actual  benzene"  are  so  small  as  to 

Sr.  Gr.  Rkcovbrbd  Oil 
Temp.  Nickel 

•  C.  None      Cu  Fc         (o) 

500    0.884     0.884     0.884 

550    0.8H4     0.884     0.884     

600     0.886     0  88.^     0.885     0.8R4 
f.SO     0  890     0.HH9     0.887     0.885 

7(10     0.896     0.9(10     0.898      

7,S0     0.916     O.9.V.     0.902     0.884 

H(«)     0.945     0.936     0.906      

(a)   40-mcih  Nickel 

introduce  very  large  percentage  errors  if  results  are 
calculated  on  thai  basis. 

DISCUSSION    OK    DATA 

iNFLUENCK  OP  RATE — The  rcsults  regarding  the  in- 
fluence of  rate  arc  given  in  Tabic  I  and  Figs.  II  and  III. 
Decomposition  begins,  even  with  the  faster  rates,  as 


but  the  precautions  taken  in  these  experiments  to  pre- 
vent contaminations  from  a  previous  run  and  the  fact 
that  we  obtained  diphenyl  repeatedly  at  temperatures 
as  low  as  500°  can  leave  no  doubt  on  this  point. 

If  the  added  percentages  of  diphenyl  and  tar  as 
giving  the  total  amount  of  synthetic  products  (diphenyl, 
diphenylbenzenes,  etc.)  formed,  are  plotted  against 
temperatures,  there  is  no  marked  regularity  below 
600°  owing  to  the  fact  that  the  percentages  are  so 
close  together  as  to  come  within  the  limits  of  experi- 
mental error.  Above  that  temperature,  the  decompo- 
sition proceeds  with  regularity,  being  greater  in  the 
case  of  the  slower  rate  which  attains  a  maximum  at 
750°.  Above  that  temperature,  the  decomposition 
to  gas  and  carbon  (Fig.  Ill)  proceeds  so  rapidly  in  the 


Tablb  11- 

-Epfkct  of  Cata 

LYSIS    ( 

P««  cbnts  on  Basis 

Total  Bkniknr) 

Pb«  cent  Diphknvl 

Pur  cent  Rssinttii  Ta« 

I'UR  CBNT 

Gas  and  Cahbom 

Nickel 

Nickel 

Nickel 

Ntckal 

None     Cu 

Fe 

(0)     (6) 

None 

Cu      Fe      (0)     (i) 

None   Cu     F.     (a) 

None    Cu 

Fe 

(«)       (») 

1.0     

1.9 

0.1 

0.8     ...    0.0 

0.9               1.1    ... 

1.0     

4.0 

15,0     M.O 

4.0       1.3 

2.7 

0.8 

0.4    0.8    0.0   0.0 

a. 2     I.I     1.9     ... 

2.0      2.7 

5.i 

6.0      2.7 

4,7 

1.7    0.0 

1.6 

1.0     1.8    0.8   0.0 

3.1     1.7    3.2     1.6 

2.0      8.0 

7  0 

23.3    sr.o 

7.7      5.0 

7.0 

3.3    2.2 

4.9 

3.1     3.9     1.9   0.8 

2.8     1.9    3.1     1.4 

7.3     11.7 

8  0 

30.0      70.0 

10.3     11.3 

12.0 

...    5.8 

8.1 

9.8    7.6     ...     1.9 

2.2     I.S    4.4     ... 

S.S     18  J 

WO 

n.j 

21.3     23.3 

II. 0 

5.0   0.0 

14.7 

18.1     5.6    0.5    0.0 

6.6    5.2    5.4    4.3 

10.7     24.0 

.11  0 

.54.0     11.7 

10.0 

16.9 

8.6    2.2     

17.1     3.1     9.8     ... 

16.0    45.0 

72.0 

(6)  SO- mesh  Nickel 

case  of  the  loo  cc.  rate  ns  to  cause  a  marked  falling 
o(T  in  the  percentage  of  synthetic  products.  The  gas 
and  carbon  form.Tlion  being  slower  in  the  200  cc.  rale, 
its  effect  on  the  synthetic  products  is  less  marked  and 
although    the    percentage   of   synthetics   is   greater   at 

■  See  hUtwlcal  Intrndurllon. 
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800°  than  at  700°,  the  rate  of  increase  is  much  smaller 
than  in  the  previous  50°  rise.  Finally,  in  the  300 
cc.  rate,  the  amount  of  gas  and  carbon  being  much 
smaller  than  in  either  of  the  previous  cases,  its  in- 
fluence on  the  synthetics  is  scarcely  noticeable,  and 
their  rate  of  increase  is  the  same  between  750  and  800° 
as  between  700  and  750°. 

If  now  we  split  the  "synthetics"  into  their  com- 
ponents and  plot  these  separately  (Figs.  IV  and  V), 
we  find  that  diphenyl  decreases  markedly  above  750°, 
except  in  the  case  of  the  300  cc.  rate  where  there  is  a 
small  increase.  In  any  case,  the  rate  of  diphenyl 
formation  is  markedly  diminished.      To  counterbalance 


cases  of  reactions  in  the  gas  phase.  It  must  be  also 
remembered  that,  not  being  a  product  of  the  reaction, 
aCeHe — >-Ci2Hio  +  H;,  it  may  act  in  this  case  as  a 
true  catalyzer. 

The  action  of  copper,  iron  and  nickel  as  catalyzers 
is  much  the  same  as  that  observed  by  one  of  us'  in 
connection  with  the  decomposition  of  straight  chain 
hydrocarbons.  The  action  of  the  copper  is  almost 
nil  up  to  700°  C.  At  800°,  however,  a  marked  de- 
crease in  the  diphenyl  and  tar  formations  takes  place 
with  consequent  increase  in  the  carbon  and  gas.  There 
may  be  a  question  whether  this  decrease  is  due  to  specific 
catalytic  action  or  merely  to  increased  surface. 

Whatever  question  there  may  be  regarding  the  cop- 
per,   there    can    be    none    regarding     nickel    and   iron. 


J^Off"        SSO"     600°       650°        700"        750" 
Fig.  VI — Influence  of  Catalyzkks 


JOO°        SSO"       60a°       650°         70a°        7S0°       80O°C. 
Fig.  VII — Influence  of  Catalyzers 


this,  we  find  that  in  all  cases  the  rate  of  tar  formation 
increases  very  markedly  from  750  to  800°.  It  would 
then  appear  that  the  tar  formation  occurs  at  the  ex- 
pense of  diphenyl  and  that  the  diphenylbenzenes  and 
other  condensation  products  are  formed  by  the  action 
of  diphenyl  on  benzene. 

i.N'FLUENXE  OF  CATALYZERS — The  catalyzers  studied 
were  copper,  iron  and  nickel.  For  the  sake  of  uni- 
formity, wire  gauzes  of  the  same  mesh  were  used,  ex- 
cept in  the  case  of  nickel  when  two  different  meshes 
were  used.  The  rate  in  these  cases  was  300  cc.  per 
hour. 

The  graph  with  "no  catalyzer"  is  given  for  the  sake 
of  comparison.  It  is,  of  course,  a  question  whether 
the  finely  divided  carbon  which  forms  abundantly 
at  the  higher  temperatures  is  not  itself  a  catalyzer. 
As,  however,  the  amount  formed  on  the  sides  of  the 
tube  was  the  same  in  all  cases,  its  influence,  so  far  as 
that  amount  is  concerned,  is  negligible  for  purposes 
of  comparison.  As  to  whether  a  product  of  a  reaction 
can  be  called  a  catalyzer,  it  must  be  borne  in  mind 
that  at  the  higher  temperature  the  speed  of  the  reverse 
reaction,  6C  -|-  3H2 — ^-CeHe,  is  immeasurably  small, 
and  that  the  action  of  the  finely  divided  carbon  may 
be  in  the  nature  of  a  surface  action,  so  important  in 


These  are  true  catalyzers  for  the  reaction  CeHj  = 
6C  -f  3H2  (see  Fig.  VII).  Of  course,  the  surface  ex- 
posed has  a  marked  effect  on  the  action  as  may  be 
gathered  from  the  results  obtained  with  two  different 
meshes    of    nickel    gauze. 

GASES — Analyses  of  the  gases  are  given  in  Table  III. 

Table  III — Gas  Formed  at   100  Cc.  per  Hour  Rats 


Liters  per 

100   Cc. 

Percentages  of  Total  Gas 

Benzene 
Total  Gas 

Used 
lydrogen 

°  c. 

Unsaturated 

Hydrogen 

Residue 

500 

2,8 

2.6 

7.2 

90.8 

2.8 

550 

4.2 

3.9 

7.7 

89.9 

2.4 

500 

8.5 

7.8 

7.2 

89.8 

3.0 

650 

12.7 

11.8 

7.2 

90.6 

2.2 

700 

28.. 1 

26.2 

7.3 

88.3 

4.4 

750 

49.5 

36.1 

7.3 

90.5 

2.2 

800 

63.7 

59.2 

7.1 

91.8 

1.1 

The  per  cent  of  "unsaturated"  is  so  constant  and 
corresponds  so  well  to  the  amount  of  benzene  vapor 
that  it  cannot  be  ascribed  to  any  other  cause. 

Careful  tests  for  acetylene  with  ammoniacal  cuprous 
chloride  proved  absolutely  negative.  Of  all  investi- 
gators of  the  thermal  decomposition  of  benzene, 
Berthelot  is  the  only  one  to  report  acetylene,'  and  he 
was  none  too  sure  about  its  presence,  owing  to  the 
interference  of  sulfur  compounds  in  his  benzene 
which  generated  HjS. 

'  Loc,  cii.     '  See  historical  introduction. 
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It  seems  to  us  that  if  acetylene  is  formed  by  the 
thermal  decomposition  of  benzene  at  atmospheric 
pressure,  we  should  expect  some  of  the  condensa- 
tion products  that  it  forms  with  benzene,  such  as 
naphthalene,  styrolene,  anthracene,  etc..^  whereas 
none  of  these  products  has  been  reported^  and  in  fact, 
Berthelot    positively    declares    they    are    not    formed. 

In  the  analysis  of  the  gas,  there  always  remained 
a  residue  after  combustion  of  the  hydrogen  over  copper 
oxide,  which  could  not  be  exploded  with  oxygen. 
This  residue,  which  amounted  to  about  2.5  per  cent, 
was  undoubtedly  nitrogen.  The  very  large  volume  of 
the  system  and  the  necessity  of  taking  gas  samples 
before  the  almost  inevitable  plugging  of  the  tube 
with  carbon,   made  it  practically  impossible  to  sweep 


Sao"        SSO        6OO         650 


7st)      aooc 


out  all  the  air  from  the  apparatus  with  the  hydrogen 
produced  in  the  reaction. 

TAR — The  tarry  compounds  remaining  after  275° 
were  redistilled  and  extracted  with  alcohol,  according 
to  the  method  of  Schmidt  and  Schullz.'  We  were 
able  to  obtain  without  difliculty  the  same  compounds 
separated  by  those  authors:  m-  and  p-diphcnylbcnzcnes 
melting  at  86'  and  Iriphenylonc  196°,  this  Inst  giving 
a  compound  with  picric  acid.  The  amount  of  tar 
obtained  from  each  separate  run  was  so  small  that  no 
qunntitativc  relation  of  the  influence  of  rate  on  the 
formation  of  its  individual  constituents  could  be  ob- 


tained without  the  introduction  of  an  enormous  per- 
centage error  and  for  the  present  only  the  qualitative 
results  can  be  reported. 

CONCLUSIONS 

From  the  above  data,  as  well  as  from  those  of  pre- 
vious investigators,  it  seems  settled  that  the  decomposi- 
tion of  benzene  at  high  temperatures  (600-800°) 
takes  place  in  accordance  with  the  following  reactions: 

Carbon    ? 

and        /    -< Benzene 

Hydrogen  ) 


1  /IbH.  .So(    CMm  ,  T,  JI8.  J78.  .106. 

•  Kirrpt  tmplithiilrnt  by  Hitlman.  Ilyr 

•  Ann..  Ml,  118. 


■  ml  H|l<>n  (>.  <  ). 


(  Diphenylbenzenes 

Benzene  >■   Diphenyl  >•    '  (Condensation    Prod- 

1    ucts  Containing  3  or 
'    more  Benzene  Rings) 

At  temperatures  below  750°,  the  reaction  velocity  of 
the  diphenyl  formation  is  greater  than  that  of  carbon 
and  hydrogen.  Above  that  temperature,  the  velocity 
of  the  carbon-hydrogen  reaction  becomes  very  great 
and  decomposes  the  benzene  before  other  condensa- 
tion products  can  be  formed. 

It  seems  of  interest  to  remark  on  the  stability  of 
the  benzene  ring  and  on  its  complete  decomposition 
to  carbon  and  hydrogen  without  appreciable  quantities 
of  intermediate  products,  such  as  acetylene,  ethylene, 
ethane  or  methane  at  high  temperatures.  No  con- 
clusive evidence  has  thus  far  been  brought  forward 
to  show  that  the  ring  is  broken  at  high  temperatures 
with  formation  of  any  products  but  carbon  and  hy- 
drogen. 

The  remark  of  Rittman,  Byron  and  Eglofl'  that 
diphenyl  is  not  an  equilibrium  product  but  merely  an 
intermediate  one  seems  to  be  borne  out  by  our  results 
with  this  difference,  however,  that  whereas  those 
authors,  as  well  as  McKee,-  believed  the  equilibrium  to 
be  Benzene — >■  Diphenyl — »■  Naphthalene;  it  is,  in 
fact,  Benzene — *■  Diphenyl — *■  Diphenylbenzenes. 

There  have  been  no  catalyzers  so  far  brought  out 
that  catalyze  the  formation  of  diphenyl.  Those 
studied  by  Smith  and  Lewcock  proved  ineffective  and 
those  presented  in  this  paper  catalyze  only  the  forma- 
tion of  carbon. 

FORMATION     OF     NAPHTHALENE Owing     tO     the     faCt 

that  this  compound  was  reported  present  in  the  de- 
composition of  benzene,  by  Rittmaix.  Byron  and  EglofT, 
very  careful  tests  both  as  to  melting  and  boiling  points 
and  formation  of  picrate  were  made  on  the  first  frac- 
tion that  came  over  on  distilling  the  reaction  products, 
after  the  undecomposcd  benzene  had  boiled  ofT.  The 
boiling  point  of  naphthalene  is  ji8°,  whereas  that  of 
diphenyl  is  254°.  If  any  naphthalene  were  present, 
it  would  appear  in  the  first  fraction  of  the  distillate 
which  should  come  sensibly  below  the  boiling  point 
of  diphenyl.  The  first  fraction  after  the  scpiiration 
of  the  benzene  did  boil  much  below  diphenyl  and  for 
that  reason  was  separately  collected,  crystallized  re- 
peatedly and  treated  in  alcohol  solution  with  picric 
acid,  according  to  the  method  given  by  Millikcn.' 
In  no  cn.sc  was  a  melting  point  higher  than  70'  obtained, 
using  n  standard  short-stem  thermometer;  neither  was 
the  slightest  precipitate  of  naphthalene  picrate  ob- 
tained, though  the  method  was  checked  with  »aU«- 
fnctory    results    both    against    pure    naphthalene    and 

>  Tnin  JofiiiHAi.  T  imS).  10>» 

•  ,;    Sot.  Cktm    In4  .  IT  (I'KM).  «a« 

•  "liUoUBc.llon  o<  rur»  <>ni««ik  Campaniidi'    (Jofcn  WiWr  »  »»••) 
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mixtures  of  naphthalene  and  diphenyl  in  proportions 
from  I  :   i,  to  i  of  diphenyl  :  o.oi  of  naphthalene. 

As  a  further  test  the  accumulated  diphenyl  from 
all  experiments,  amounting  to  about  i  kilogram,  was 
distilled  in  a  large  fiask  and  the  first  few  cubic  centi- 
meters of  distillate  collected  and  submitted  to  the 
same  tests  with  negative  results. 

The  presence  of  naphthalene  in  Rittman,  Byron 
and  Eglofl's  product  at  atmospheric  pressure  can  be 
ascribed  by  the  writers  only  to  the  fact  that  those 
authors  used  commercial  benzene,  which  doubtless 
contained  toluene.  This  last  on  heating  with  benzene 
gives  naphthalene  as  shown  by  Carnellay'  by  passing 
mixtures  of  benzene  and  toluene  through  a  red  hot  tube. 

The  specific  gravity  of  the  benzene  used  by  Rittman, 
Byron  and  Eglofl  at  15°  was  0.879,  whereas  that  of 
the  one  we  used  was  0.881  at  15.5°.  The  difference 
is  small  indeed  but  it  tends  to  show  the  presence  of 
some  toluene  (0.871  at  15.5°)  in  the  material  used 
by  those  authors. 

SUMMARY 

I — The  thermal  decomposition  of  benzene  has  been 
studied  at  temperatures  varying  from  500  to  800°  C. 
and  atmospheric  pressure. 

II — The  chief  products  are  diphenyl,  diphenylben- 
zenes,  carbon  and  gas.  The  formation  of  diphenyl 
begins  at  as  low  a  temperature  as  500°. 

Ill — No  acetylene  was  found  in  the  gas,  which  con- 
sisted of  hydrogen  saturated  with  benzene  vapor,  and 
no  naphthalene  in  the  decomposition  products,  tend- 
ing to  show  that  the  thermal  decomposition  of  benzene 
at  atmospheric  pressure  takes  place  with  the  forma- 
tion of  condensation  products  in  which  the  benzene 
ring  apparently  remains  intact,  or  with  the  formation 
of  hydrogen  and  carbon. 

IV — The  elTect  of  rate  on  the  yields  of  diphenyl 
has  been  studied.  The  slower  rates  are  more  favor- 
able to  the  formation  of  diphenyl.  The  optimum 
temperature  is  in  the  neighborhood  of  750°.  Above 
that  temperature,  diphenyl  benzenes  as  well  as  car- 
bon and  hydrogen  form  readily. 

V — The  catalytic  action  of  copper,  iron  and  nickel 
has  been  studied.  Iron  and  nickel  favor  the  decom- 
position to  carbon  and  hydrogen.  The  action  of 
copper  is  not  marked  except  above  750°,  when  the 
formation  of  carbon  is  accelerated. 

Further  work  upon  these  topics  is  now  in  progress 
in  this  laboratory. 

dspaktmsnt  of  cusuistky 

Columbia  Univbrsity 

New  York  City 

RUBBER  HOSE  FOR  USE  ON  AEROPLANES 
By  Percy  A.  Houseman> 
Received  December  18.  1916 

The  enormous  increase  in  the  world's  output  of 
aeroplanes  during  the  last  three  years  has  rendered 
important  a  systematic  inspection  of  materials  used 
in  their  construction. 

One  of  the  materials  requiring  detailed  examination 

'  /.  Chem.  Soc,  87,  712. 

'  Formerly    Chief    Examiner.    Aeronautical    Inspection     Department 
Laboratories.  London,  England. 


is  rubber  hose,  which  is  held  to  be  the  most  desirable 
material  for  conveying  gasoline  from  the  tank  to  the 
engine  on  aeroplanes. 

It  was  found,  at  the  time  that  a  system  of  inspec- 
tion for  aeroplane  materials  was  initiated  in  England, 
that  the  quality  of  the  rubber  being  used  was  quite 
unsatisfactory.  This  was  probably  due  in  a  large 
measure  to  the  unfamiliarity  of  the  rubber  manu- 
facturers with  the  properties  required  of  gasoline- 
resistant  rubber  hose.  They  appear  in  some  cases 
to  have  endeavored  to  adapt  their  regular  types  of 
material,  such  as  steam-  or  water-hose,  for  use  with 
gasoline,  with  results  which  were  sometimes  disastrous 
to  the  life  of  the  aeroplane  and  to  its  pilot. 

The  Underwriters'  Laboratories  of  Chicago  have 
published  (May,  1914)  their  requirements  for  rubber 
hose  to  conduct  gasoline,  and  their  tests  are  very 
thorough.  When  the  hose  is  to  carry  gasoline  on  aero- 
planes some  modification  of  the  Underwriters'  ex- 
amination seems  desirable.  Bursting,  tensile,  and 
stretch  tests  on  the  original  hose  are  described  by  the 
Underwriters,  and  tensile  strength  is  also  determined 
24  hrs.  after  gasoline  immersion.  It  may  be  pointed 
out  that  after  such  a  period  the  rubber  recovers,  with 
little  deterioration,  its  original  physical  properties 
It  is  important  to  obtain  a  hose  which  will  show  good 
physical  behavior  while  immersed  in  gasoline  or  im- 
mediately after  removal  therefrom.  Bursting  and 
tensile  tests  were  given  up  as  specification  tests  by  the 
writer  because,  although  they  furnish  helpful  informa- 
tion, it  was  found  that  they  were  not  adequate  to  de- 
tect tubes  which  would  behave  badly  to'pv'ards  gasoline 
when  used  on  aeroplanes. 

In  drawing  up  specifications  for  gasoline-resistant 
rubber  tubing  the  following  tests  were  carried  out, 
and  found  to  be  suitable  for  controlling  the  quality 
of  the  tubing. 

They  are  intended  to  amplify  and  not  to  supplant 
the   specifications   of  the   Underwriters'    Laboratories. 

(i)  FLEXIBILITY — The'tubc  is  bent  to  a  circle  having 
a  diameter  (D)  which  varies  according  to  the  inside 
diameter  of  the  tube  (d)  as  shown  below: 


Up  to  ■/«  in. 
•/i«in.  to  1  in. 
IVi.  in.  to  !■/« 
Above  P/i  in. 


8  times  d 
10  times  d 
12  times  d 
14  times  d 


The  diameter  of  the  tube  so  bent  should  not  change 
at  any  point  by  more  than  10  per  cent  from  its  original 
diameter. 

A  tube  of  poor  flexibility  will  show  a  permanent 
weak  spot  if  bent  sharply  a  dozen  times  at  the  same 
place. 

(2)  IMMERSION  IN  GASOLINE — At  first  an  immersion 
test  of  200  hrs.  in  cold  gasoline  of  about  0.720  sp.  gr. 
was  used.  It  was  found  that  approximately  the  same 
effect  can  be  attained  in  a  shorter  time  by  boiling  in 
gasoline  for  1  hr.  under  a  reflux  condenser,  followed 
by  24  hrs.'  standing  in  gasoline  at  room  temperature. 
The  approximate  increase  in  weight  and  volume  of 
the  sample  (about  3  in.  long)  is  recorded  for  correla- 
tion with  the  results  of  the  other  tests.  The  decrease 
in  bore  at  the  narrowest  part  of  the  tube  is  also  noted 
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and  should  not  exceed  25  per  cent,  otherwise  the  sup- 
ply of  gasoline  to  the  engine  may  be  seriously  dimin- 
ished, especially  for  tubes  of  less  than  V2  in.  internal 
diameter. 

The  adhesion  of  the  rubber  to  the  canvas  fabric 
must  remain  good,  and  the  "nerve"  of  the  rubber 
must  not  be  seriously  impaired  when  examined  im- 
mediately after  the  gasoline  treatment. 

This  test  for  strength  of  adhesion  of  rubber  to  canvas, 
and  for  retention  of  "nerve"  of  the  rubber  is  open  to 
the  objection  of  being  too  vague,  but  it  was  not  found 
expedient  to  incorporate  standardized  tests  for  these 
properties,  and  in  actual  practice  no  difficulty  was 
ever  experienced  in  judging  whether  or  not  a  sample 
passed  the  test^  This  test  is  also  a  rough  guide  to  the 
amount  of  free  sulfur  present,  crystals  of  sulfur  being 
deposited  from  a  tube  containing  an  excessive  amount. 

(3)  PERMEABILITY   TO    GASOLINE A    I4  in.   length   of 

the  tube  is  held  vertically  and  plugged  with  a  glass 
stopper  at  the  bottom.  A  glass  tube  is  fitted  to  the 
top,  and  is  filled  with  gasoline  to  a  head  of  12  in. 
above  the  top  of  the  rubber  tube,  and  then  loosely 
stoppered.  The  length  of  rubber  tube  exposed  to 
the  action  of  the  gasoline  is  12  in.  At  first  the  gasoline 
is  absorbed  comparatively  rapidly  by  the  rubber. 
The  level  of  the  gasoline  in  the  glass  tube  should  not 
be  allowed  to  fall  more  than  3  in.,  additions  of  gasoline 
from  a  known  volume  being  made  as  necessary.  The 
amount  of  gasoline  which  permeates  through  the  walls 
of  the  rubber  tube  is  noted  during  the  first  and  second 
days,  as  a  guide  to  the  behavior  of  the  sample.  During 
the  third  24  hrs.,  by  which  time  the  rate  of  permeation 
has  become  approximately  constant,  the  amount  of 
gasoline  passing  through  the  tube  should  not  exceed 
100  cc.  per  sq.  ft.  of  original  internal  surface  of  the 
rubbw  tube. 

(4)  DRY  HEAT — A  piece  of  the  tube  is  heated  for 
2  hrs.  at  132°  C.  The  rubber  should  remain  elastic 
after  this  treatment,  and  should  show  no  signs  of 
stickiness  or  brittleness,  nor  should  any  surface  cracks 
become  visible  on  stretching  the  sample. 

(s)  COLD — The  tube  is  immersed  in  carbon  dioxide 
snow,  which  wa.s  found  to  render  all  tubes  brittle 
while  they  remained  cold.  The  rubber  regains  its 
elasticity  on  attaining  room  temperature  again,  and 
this  test  was,  therefore,  discontinued. 

(6)  BURSTING  PRESSURE — Tests  on  bursting  pres- 
sures were  carried  out  before  and  after  the  perme- 
ability test,  but  were  subsequently  given  up,  as  it 
was  found  that  the  quality  of  the  tube  could  be  suffi- 
ciently safeguarded  by  the  other  tests,  and,  moreover, 
the  pressure  to  which  the  tube  is  subjected  in  actual 
service  is  very  slight. 

(7)  ACETONE  EXTRACT,  FREE  SULFUR,  MINERAL  SUL- 
FIDES, AND  SULFUR  OF  VULCANIZATION  arc  aiso  de- 
termined, and  furnish  useful  information  in  forming 
a  judgment  as  to  the  (lualily  of  tiic  specimen  under 
examination.  Tiie  free  sulfur  should  not  exceed  i 
per  cent  of  the  weight  of  the  finished  tube  (exclusive 
of  the  canvas).  Kxccssivc  free  sulfur  will  be  carried 
by  the  gasoline  into  the  cylinders  of  the  cnRine  where 
it  may  promote  pitting. 


(8)  ASH — A  portion  of  the  rubber  is  incinerated 
very  slowly,  and  the  amount  and  composition  of  the 
ash  determined. 

(9)  QUALITY  OF  CANVAS — Tests  on  the  quality  and 
strength  of  the  fabric  inserted  in  the  tube  were  con- 
templated, but  it  was  found  expedient  to  leave  to  the 
judgment  of  the  manufacturer  the  kind  of  fabric  to 
be  used,  relying  on  the  tests  already  enumerated  to 
control  the  production  of  a  satisfactory  tubing. 

When  the  examination  of  rubber  hose  for  use  with 
gasoline  was  commenced,  great  diversity  in  con- 
struction, composition  and  behavior  was  found.  Some 
makers  appear  to  have  believed  that  vulcanized  rubber 
is  essentially  oon-resistant  to  the  action  of  gasoline, 
and  therefore  put  as  little  of  it  in  the  tubes  as  possible. 
Some  tubes  yielded  as  much  as  75  percent  ash,  while 
others  gave  less  than  40  per  cent.  As  great  a  diversity 
was  found  in  the  composition  of  the  ash.  Barium  sul- 
fate, lead,  zinc,  calcium  and  magnesium  were  found  in  a 
great  variety  of  proportions,  each  manufacturer  care- 
fully guarding  his  own  "mixings"  and  considering 
them  of  vital  importance  for  the  production  of  a  satis- 
factory tube.  Some  typical  figures  of  ash  analyses 
are  appended.  The  figures  for  total  ash  are  percentages 
of  the  finished  tube,  excluding  the  canvas. 

Table  I — Total  Ash  and  Ash  Analyses  of  GAsonNS-RESiaTANT  Rdbbbc 
Hose 

Total  Ash  Pbrcbntaobs  of  Total  Ash 

Description  of  Tubs          Per  c«nt         BaSOt    PbO     ZnO     C«0  MgO 

French  No.  1 51  26          10  .  26  10 

French  No.  2 42  20          .  .  5  34  20 

British  1 -A 72  43            3  4  ..  21 

British  I-B 73  44         35  4  .  4 

British  1-C 45  51          34  ',1,1 

British  1-D 45  40          ..  5  33  13 

British  2-A 49  .^         47  5  37 

British2-B 39  10          18  27  26  . 

British2-C 38  ..          37  ..  4  34 

British  2-D 43  19           18  3  26  4 

British  2-E 39  •■         ^7  ..  5  46 

British  3-A 68  36  34  5  .. 

British  3-B 41  ....  24  25  25 

British  4-A 45  46  29  4  10 

British  4-B 60  -2  7  12  1 

British5-A 59  28           6  7  31  .. 

British  6-A 44  ■•          IS  'i  ^  ^ 

British  7.A 61  .60  8  ..  3 

French  No.  i  was  not  a  very  good  tube.  The  rubber 
was  somewhat  harsh.  The  tube  failed  to  pass  the 
flexibility  test,  but  was  satisfactory  for  permeability. 
The  adhesion  between  rubber  and  canvas  at  the  end 
of  the  immersion  test  was  fairly  good,  but  the  tube 
contained  as  much  as  3  per  cent  free  sulfur.  The 
heat  test  caused  obvious  deterioration  in  the  quality 
of  the  rubber.  Barium  sulfate  and  lime  are  the  chief 
mineral  ingredients. 

French  No.  2  was  inferior  to  No.  1.  The  rubber 
was  harsh,  and  its  behavior  varied  along  the  length 
of  the  consignment,  indicating  probable  uneven 
vulcanization.  Mechanical  defects,  such  as  local 
pitting,  were  to  be  seen.  The  adhesion  of  rubber  to 
canvas  after  immersion  appeared  at  first  sight  to  bo 
very  good  but  this  was  due  rather  to  the  case  with 
which  the  rubber  itself  tore.  Lime  and  magnesia 
arc  the  most  prominent  minerals,  with  barium  sulfate 
as  a  diluent.  Rubber  hose  for  use  with  gasoline  on 
French  aeroplanes  is  required  to  contain  4  s  PC  ce°* 
mineral  matter  with  a  margin  of  *  s  P"  <*n^'  S©  Per 
cent  rubber  with  the  same  margin,  and  to  have  a 
density  of  1.6  (  *o.i). 
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British  i-A  to  i-D,  though  all  from  the  same  maker, 
show  wide  variations  in  total  ash  and  in  the  composi- 
tion of  the  ash.  The  bad  feature  of  both  i-A  and  i-B 
was  the  weakness  of  the  adhesion  between  rubber  and 
canvas.  Separation  of  the  plies  occurred  spontaneously 
under  gasoline.  The  other  properties  of  these  tubes 
were  satisfactory.     i-D  was  a  good  tube. 

British  2-A  to  z-E,  all  made  by  one  firm,  show  less 
variation  in  total  ash,  but  much  variation  in  the  com- 
position of  the  ash.  2-A  and  2-B  represent  respec- 
tively outer  and  inner  rubber  layers  of  the  same  tube. 
The  same  applies  to  2-C  and  2-D.  The  inner  layer 
of  rubber  proved  to  be  of  better  quality  for  use  with 
gasoline  than  the  outer  layer.  The  adhesion  between 
rubber  and  canvas  was  bad.  Tubes  2-A  and  B  showed 
high  constriction  of  the  bore.  All  of  these  tubes  con- 
tain a  considerable  quantity  of  lead,  and  2-E  is  notice- 
ably high  in  magnesia. 

British  3- A  and  j-B — 3-A  showed  bad  "adhesion;" 
3-B  very  good  adhesion,  though  the  rubber  was  rather 
"short"  after  the  immersion  test. 

British  4-A  and  4-B — The  product  of  this  firm 
showed  great  variability  in  bore-constriction,  but  the 
flexibility,  permeability,  adhesion  after  immersion  test, 
and  quality  of  rubber  after  immersion  test  were  all  good. 

British  6- A  was  a  good  tube.  British  7- A  was  tooharsh. 

A  large  number  of  other  tubes  were  examined,  but 
most  of  them  showed  defects  in  one  or  more  of  the 
properties  tested.  Some  manufacturers  used  a  certain 
amount  of  reclaimed  rubber  or  of  rubber  substitute, 
but  it  is  believed  that  this  is  not  desirable  as  regards 
the  quality  of  the  product,  although  it  lowers  the  cost. 

One  firm  made  an  excellent  tube  by  the  use  of  45 
per  cent  Para  rubber.  The  mineral  ingredients  in 
this  tube  were  lead,  calcium  and  magnesium.  This 
tube  withstood  the  immersion  test  with  hardly  any 
deterioration  in  the  "nerve"  of  the  rubber,  and  the 
adhesion  between  rubber  and  canvas  was  scarcely 
affected.  The  bore  constriction  after  immersion  test 
was  less  than  25  per  cent  on  a  '/2-in.  tube,  and  all  of 
the  other  tests  gave  good  results. 

It  is  probably  undesirable  to  use  less  than  40  per 
cent  rubber. 

In  many  cases  it  was  customary  to  insert  a  spiral 
of  brass  or  steel  wire  in  the  bore  of  the  tube  so  as  to 
improve  its  flexibility.  This  practice  is  unnecessary 
if  the  walls  of  the  tube  are  made  fairly  thick,  and  in 
the  case  of  the  brass  spiral  constitutes  a  possible  source 
for  the  entry  of  copper  into  the  rubber. 

It  was  found  that  a  decided  improvement  in  some 
of  the  properties  of  gasoline-resistant  rubber  hose 
could  be  achieved  by  changing  the  manner  in  which 
the  canvas  was  inserted.  The  usual  method  was  to 
friction  the  canvas  with  a  very  thin  layer  of  the  rubber 
mixing,  so  that  in  the  finished  tube  there  were  virtually 
three  plies,  an  inner  layer  of  rubber,  a  middle  layer 
of  canvas,  usually  from  2  to  4  turns  according  to  the 
size  of  the  tube,  and  an  outer  layer  of  rubber.  When 
a  tube  made  in  this  manner  is  subjected  to  the  immer- 
sion test  the  three  layers  expand  at  different  rates, 
resulting  often  in  spontaneous  separation.  The  canvas 
layer  expands  hardly  at  all,  and  so  the  expansion  of 


the  inner  layer  of  rubber  is  forced  inwards,  with  conse- 
quent constriction  of  the  bore.  A  better  method  of 
construction  consists  in  spreading  a  definite  layer  of 
rubber  on  the  canvas,  so  that  in  the  finished  tube  the 
thickness  of  rubber  between  each  turn  of  the  canvas 
is  at  least  twice  as  thick  as  the  canvas  itself.  A  cross- 
section  of  a  tube  made  in  this  way  shows  the  canvas 
to  be  distributed  as  a  spiral  through  the  whole  thick- 
ness of  the  wall  of  the  tube.  Such  a  tube  shows  im- 
proved flexibility  and  better  behavior  under  the  im- 
mersion test,  there  being  less  tendency  to  separation 
between  rubber  and  canvas  and  a  smaller  constriction 
of  the  bore.  For  tubes  up  to  '/s  in.  internal  diameter, 
two  turns  of  canvas  are  sufficient.  Between  'Vie  in. 
and  1V4  in.,  three  turns  are  desirable,  and  for  tubes 
larger  than  i'/4  in.  internal  diameter  4  turns  of  canvas 
should  be  used.  The  larger  sizes  are  used  for  oil  or  water. 
The  inner  layer  of  rubber  on  all  tubes  for  carrying 
gasoline  should,  of  course,  be  seamless.  A  seam  on 
the  inner  rubber  would  facilitate  penetration  of  the 
gasoline  to  the  canvas,  which  would  then  function  as 
a  wick  for  the  distribution  of  gasoline  throughout  the 
wall  of  the  tube. 

A  satisfactory  material  for  protecting  a  cut  end  of 
tubing  from  absorption  of  gasoline  may  be  made  from 
a  mixture  of  about  4  parts  gelatin  with  i  part  glycerin, 
with  the  addition,  if  desired,  of  a  small  quantity  of 
formaldehyde  or  potassium  bichromate.  Such  a  solu- 
tion might  even  be  run,  while  warm,  through  the  whole 
length  of  the  rubber  tube,  so  as  to  form  a  protective 
film  on  the  inner  surface.  Rubber  hose  for  gasoline 
is,  however,  now  being  made  in  Great  Britain  of  a 
quality  sufficiently  good  to  need  no  protective  film, 
and  there  is,  moreover,  the  possibility  of  portions  of 
such  a  film  becoming  detached  and  causing  partial 
choking  of  the  tube.  When  the  hose  is  not  to  be  cut 
the  ends  may  be  best  protected  from  absorption  of 
gasoline  by  being  capped. 

In  testing  a  large  consignment,  a  sample  should 
be  taken  from  at  least  every  100  ft.  in  order  to  guard 
against  lack  of  uniformity  in  quality,  such  as  would 
be  caused  by  uneven  vulcanization  or  variability 
of  the  mixing. 

In  storing  gasoline-resistant  rubber  hose  the  usual 
precautions  should  be  taken  for  protection  from  strong 
light,  and  from  extremes  of  temperature.  As  a  matter 
of  safety  a  tube  should  not  be  used  which  is  more  than 
6  months  old. 

The  testing  of  rubber  hose  for  use  with  oil  or  hot 
water  on  aeroplanes  is  less  important.  Rubber  hose 
for  use  with  oil  should  withstand  8  hrs.'  immersion 
in  castor  oil  at  100°  C.  without  serious  injury  to  tVe 
quality  of  the  rubber,  and  without  any  disintegration 
of  the  tube.  The  increase  in  weight  after  thoroughly 
wiping  off  the  oil  should  be  less  than  s  per  cent.  Rubber 
hose  for  use  with  hot  water  should  withstand  boiling 
in  water. 

The  writer  had  the  privilege  of  being  associated 
with  Mr.  W.  E.  Gibbs  and  Mr.  N.  W.  Barritt  in  carry- 
ing out  the  work  described  in  this  and  in  the  following, 
paper. 

Highland  Park,  Llanbkch.  Pennsylvania 
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GLUE  FOR  USE  ON  AEROPLANES 

By  Percy  A.  Houseman' 
Received  December  18,  1916 

There  are  many  parts  of  an  aeroplane  that  require 
the  use  of  an  adhesive  material.  Of  these  may  be 
mentioned  "airscrews"  (the  collective  name  for  pro- 
pellers and  tractors),  hollow  spars,  booms,  ribs,  ply- 
wood, etc.  For  some  of  the  small  parts,  such  as  the 
ribs,  which  are  subsequently  covered  by  "doped" 
fabric,  it  is  not  necessary  to  use  the  best  quality  of 
glue.  For  other  parts,  however,  it  is  of  vital  importance 
that  only  the  strongest  glue  be  used.  This  applies 
particularly  to  airscrews,  which  rotate  at  a  very  high 
speed.  Airscrews  are  built  up  in  laminae  of  walnut 
or  mahogany,  usually  7  in  number,  and  each  i  in. 
thick.  It  is  usual  to  glue  two  laminae  together,  and 
allow  them  to  remain  in  clamps  for  a  period  of  from 
6  to  24  hrs.  before  gluing  on  the  next  lamina.  The 
finished  airscrew  is  shaped  out  after  the  total  number 
of  layers  have  been  glued  together  and  have  been  al- 
lowed to  set.  The  glue  is  applied  hot,  and  usually 
by  at  least  two  workmen,  in  order  to  cover  the  surface 
as  quickly  as  possible.  The  temperature  of  the  gluing 
room  is  kept  above  70°  F.  It  would,  of  course,  be 
an  economy  to  glue  at  one  operation  all  of  the  laminae 
of  an  airscrew,  but  this  is  not  possible  when  a  cake 
glue  is  used,  on  account  of  the  rapidity  with  which 
the  hot  solution  sets.  Attempts  have  been  made  to 
overcome  this  difficulty  by  the  use  of  "liquid"  glues, 
but  these  have  usually  proved  unsatisfactory.  One 
French  liquid  glue  contained  some  hygroscopic  ma- 
terial, and  failed  to  set  in  14  days.  "Liquid"  glues 
should  be  used  only  on  work  in  which  great  strength 
under  widely  varying  conditions  of  temperature  and 
humidity  is  not  of  prime  importance.  Bone  glue 
should  never  be  used  on  aircraft  work.  The  best 
results  are  obtained  from  skin  or  hide  glues. 

In  working  out  a  method  for  the  examination  of 
glue  some  attention  was  given  to  such  chemical  and 
physical  tests  as  moisture,  ash,  nitrogen,  strength  of 
jelly,  viscosity,  percentage  precipitable  by  alcohol 
(Stelling's  test),'  etc.,  but  while  the  information  fur- 
nished by  these  tests  was  of  interest,  it  was  not  found 
possible  to  correlate  definitely  the  results  obtained, 
with  the  value  of  the  glue  for  aeroplane  work. 

A  method  was  therefore  developed  to  test  the 
strength  of  a  glued  joint  under  various  conditions. 
Experiments  were  made  with  blocks  of  biscuit-ware, 
as  recommended  by  Rideal  in  his  book  on  "Glue  and 
Glue  Testing."  Messrs.  Doulton,  of  London,  kindly 
made  the  necessary  blocks,  which  had  a  base  (ab) 
1  in.  square,  similar  in  design  to  that  shown  in  Fig.  I. 

Two  such  blocks  were  glued  together  under  various 
conditions  of  strength  of  glue  solution,  temperature, 
method  of  application,  pressure  of  clamping,  etc. 
The  blocks  were  pulled  apart  in  a  cement  testing  ma- 
chine with  automatic  application  of  the  load,  but  as 
uniform  results  could  not  be  obtained,  the  stone  blocks 
were  abandoned.     More  uniform  results  wore  obtained 

>  I'oriiirrly     I'liirt     I'.ianilnrr,     Arrniiaiiliriil     lii>pcclioii     Drpiailiiicnl 
U«linrilti>rlr>,  I.oikIoii.  Kni|lnn<t 
*Ch»m./.li.  to,  4AI. 


with  wood,  which  also  has  the  advantage  of  giving 
results  more  nearly  comparable  with  those  obtained 
under  actual  service  conditions.  Pieces  of  carefully 
selected  straight-grained  walnut  were  used,  and  from 
them  a  number  of  different  types  of  joints  were  pre- 
pared, and  used  to  illustrate  different  kinds  of  stresses. 
The  type  of  joint  finally  adopted  is  that  shown  in  Fig.  11. 
This  joint  gives  by  no  means  a  true  shear,  as  was 
easily  seen  by  examining  under  polarized  light  a  cellu- 
loid model  made  to  scale.  A  stress  more  nearly  ap- 
proaching pure  shear  would  probably  be  obtained 
with  a  joint  like  that  shown  in  Fig.  Ill,  made  up  from 
pieces  9  in.  X  2  in.  X  V4  in.  but  for  the  purpose  of 
obtaining  comparative  results,  that  shown  in  Fig. 
II  answers  well  and  has  the  advantage  of  simplicity. 

BLOCKS  le^^ 
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The  wood  is  exposed  for  24  hrs.  to  a  temperature 
of  35°  C.  before  making  the  joint.  The  test  pieces 
{A)  are  9  in.  X  2  in.  X  Vs  in.  These  were  roughened 
by  a  toothed  plane,  as  it  was  found  that  a  roughened 
surface  gives  a  stronger  joint  than  a  smooth  one.  The 
distance  pieces  (B)  are  3  in.  X  2  in.  X  '/$  in.  The 
area  of  the  glued  surface  of  the  joint  to  be  pulled 
apart  is  4  sq.  in.  To  prepare  the  glue,  it  is  broken 
into  small  pieces  and  is  soaked  over  night  in  the  requi- 
site amount  of  water.  For  the  gelatine  types  of  glue, 
I  part  by  weight  of  glue  to  2  parts  by  weight  of 
water  gives  a  desirable  concentratiori,  while  for  "Scotch" 
glues  I  part  of  glue  to  1.25  parts  of  water  gives  the 
best  results.  For  other  types  of  glue  the  water  re- 
quired usually  falls  within  these  limits.  The  soaked 
glue  is  dissolved  by  warming  to  60°  C,  and  the  solu- 
tion is  applied  at  that  temperature.  The  joints 
are  clamped  under  moderate  pressure  for  48  hrs., 
and  are  tested  after  a  further  24  hrs.  For  each  sample 
of  glue,  the  following  three  tests,  each  in  duplicate, 
arc  carried  out  on  the  joints  prepared  as  described 
above. 

(i)  REUULAR  TKST — The  joints  arc  pulled  apart  in 
a  Buckton  and  Wickstced  or  in  a  RiehU'  (Philadelphia) 
Testing  Machine  and  the  breaking  strain  per  sq.  in. 
of  glued  surface  is  recorded.  The  experimental  varia- 
tion is  less  than  *  10  per  cent,  most  of  which  may  be 
a.scribcd  to  unavoidable  variations  in  the  wooil. 

(2)  IIFAT  TEST — The  joints  arc  subjected  to  dry 
heal  in  an  electrically  heated  oven  for  j  days  at  45°  C. 
and  then  pulled  apart,  and  the  breaking  strain  re- 
corded. 
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(3)  IMMERSION  TEST — The  joints  are  completely  Casein  glues  are  very  generally  used  for  cementing 
immersed  in  water  at  20°  C.  for  12  hrs.,  and  are  then  together  the  "veneers"  on  ply-wood  which  finds  ex- 
pulled  apart,  and  the  breaking  strain  recorded.  tended   use   on   the   fuselage   and   other   parts   of   the 

Tests  (2)  and  (3)  are  intended  to  throw  light  on  aeroplane.  One  English  firm  uses  a  mixture  of  casein, 
the  behavior  of  an  airscrew  under  the  extreme  con-  'ime,  and  blood,  which  yields  a  cement  very  resistant 
ditions  of  a  tropical  climate  and  high  humidity.  Tests  to  water.  A  three-ply  board  made  with  such  a  cement 
were  also  made  with  moist  heat,  and  on  immersion  ^'H  withstand  an  immersion  test  in  water  at  50°  C. 
followed  by  dry  heat,  but  were  discontinued.  The  for  12  hours  without  any  separation  of  the  plies,  though 
last  named  test  was  found  to  be  too  drastic,  all  glues  the  strength  of  this  cement  on  a  "regular"  test  is  in- 
giving  very  low  results.  ferior  to  that  of  a  hide  glue. 

The  whole  procedure  outlined  above  is  an  arbitrary  Another  firm  of  ply-wood  manufacturers  uses  lime 

one,    and    for   this    reason   it   is   necessary    rigidly   to  and  casein  only,  in  the  proportion  approximately  of 

standardize  and  adhere  to  the  technique  of  the  method,  4    parts    by    weight    of    lime    to    7    parts    by    weight 

in    order    to    obtain    comparable    results.     When    the  of    casein.     Casein   and  borax  form  a  good    mixture, 

break  occurs  in  the  wood,  as  frequently  happens  in  but  are,  of  course,  more  expensive  than  casein  and  lime, 

the  regular  test,  one  can,  of  course,  only  say  that  the  Casein  glues  cannot  be  kept  more  than  a  few  hours 

glue  is  stronger  than  the  wood,  and  record  the  figure  after  mixing  with  water,  so  that  a  batch  when  mixed 

at  which  the  wood  breaks.  must  be  completely  used,  or  the  residue  wasted. 

_        ,    ,                     .                  _                _  When  a  new  glue  is  intended  for  use  on  airscrews. 

Table  I — Influence  o»  Addition  of  Phenol  or  Concentrated  °                                                                                     ' 

Ammonia  10  Glue  on  Strength  or  gldbd  Joint  the  tests  described  above  should  be  supplemented  by 

Glue  Tests:                          Regular          Heat       Immersion  a  practical  test  of  spinning  a  trial  airscrew  made  with 

Gelatin  A 644     627         459     ...          504     ...  tVip  npw  crliip 

Gelatin  A  -I-  5%  Phenol 532*616          476*627          621      ...  uucucwgiuc. 

Gelatin  A  -I-  10%  Phenol 677*845         .169     487         560     660  Highland  Park.  Llanbhcb.  Pa. 

"Propeller"  Glue 464      ...  470     464  540     504 

"Propeller"  Glue  4-  5%  Phenol 526     593  395*506  553     560  

■■&ofc'h"  Glue"  "^  'O^Phenol....  610     632         M5     429         560     565  ^   STUDY  OF  CERTAIN  FERMENTS  WITH  A  VIEW 

;;f"'^S"Sl"^  t  ?tg,^5P°'V'- ■•  52?' I^?       J?5    ???       l\l    5i?  TO  DETERMINING  A  METHOD  FOR  THE 

"Scotch"  Glue  -H  10%  Phenol 694     694         414     453         436     476  , . ^_   „„_ 

Gelatin  A 627     644         459     565          504     549  DIFFERENTIATION   OF   PASTEURIZED 

Gelatin  A  +  2%  Ammonia 610     655          616     688          800     875  MH  K"   PROM    R  A  W    MH  IT 

"Propeller"  Glue 464      ..             464     470         .540     504  MILK.   I'KUJVl    KAW    Mii^It 

"Propeller"  Glue  +  2%  Ammonia..  520     532         580     609         648     783  ,      REnTjrTACEC 

The  figures  represent  breaking  strain  in  lbs.  per  sq.  in.  of  glued  surface 

of  the  .standardized  joint      Breaks  in  the  wood  are  indicated  thus  *.  By  Richard  Edwin  Leb  and  Melvin  Guy  Mellon 

Received  May  1.  1916 

Addition  of  phenol  to  the  glue  improves  the  regular 

^,         .     „                            ,          ^                  ^     ,              .                   .  INTRODUCTORY 

test.     The  influence  on  heat  tests  and  on  immersion 

tests  is  not  marked,  but  the  tendency  is  to  raise  them  The  enthusiasm  and  skill  with  which  many  of  the 

slightly.     The    addition    of    s    per    cent   phenol  to   a  Problems  relating  to  the  distribution,  composition  and 

I  :   2  gelatine  solution,  depressed  the  setting  point  of  action  of  a  class  of  substances  known  as  enzymes  or 

that     solution    from     about    26    to    18°    C,     while  ferments    have    been    attacked    in    recent    years    have 

10   per   cent   phenol   caused   the   solution   to   be   still  contributed  much  data  of  importance  to  the  biological 

viscous  at  5°  C.     The  addition  of  5  per  cent  phenol  chemist  and  sanitarian. 

to  glue  solutions  to   be  used   on   aeroplane   work  is.  Some   of   these  ferments   are  so   widely   distributed 

therefore,    to   be   recommended,    both   because   of   its  '"  li^i^S  tissues  of  members  of  both  the  animal  and 

tendency  to  increase  the  strength  of  the  joint,  and  also  vegetable    kingdoms   that   it   has    been   suggested    by 

on  account  of  its  action  in  depressing  the  setting  point.  ^^^   well-known   investigator   "that  the   properties  of 

Ammonia    causes    the    glue    to    set    more    rapidly.  '*««  substances   might  almost  be  turned  to  account  as 

It  was  found  to  have  the  unexpected  effect   of  raising  «  seneral  chemical  test  for  vital  activity.  '     While  this 

the  figures  for  heat  and  immersion  tests,  while  leaving  ^^^y  seem  hke   an  exaggeration   of  their  significance 

regular  tests  little  afifected.  ^°^  although  the  precise  r61e  of  these  substances  in 

The  Germans  appear  to  have  used  a  casein  glue  on  the  life  of  the  cell  has  not  yet  been  determined,  it 
some  of  their  aircraft.  An  analysis  of  a  Swiss  glue  '«  undoubtedly  true  that  they  are  concerned  m  a 
of  this  type  showed  its  composition  to  be  about  66  g'-eat  many  of  the  most  important  biochemical  pro- 
per cent  casein  and  23  per  cent  mineral  matter.  The  «=esses  with  which  we  are  familiar.  And  furthermore, 
latter  was  composed  of  soda,  silica,  lime  and  alumina,  regardless  of  the  fact  that  very  few,  if  any,  of  these 
About  I  per  cent  of  petroleum  was  present  in  the  substances  have  been  isolated  in  a  pure  condition,' they 
powder.  This  casein  glue  is  prepared  for  use  by  rub-  ^ave,  without  doubt,  as  have  other  compounds,  a 
bing  up  with  cold  water.  It  requires  about  3  days  definite  chemical  composition;  and  through  the  exer- 
for  the  joint  to  set,  but  has  the  advantage  that  all  ^ise  of  definite  chemical  affinities,  they  are  able  to 
the  laminae  of  an  airscrew  can  be  glued  together  at  Produce  alterations  in  other  compounds. 

Holding  to  this  view,  Traube'  formulated  his  theory 

The  following  test  figures  were  obtained  on  joints  of    fermentation,    for    example,    upon    two    distinct 

made  with  the  Swiss  casein  glue:  chemical  propositions:  first,  that  the  ferments  are  defi- 

Regular                  Dry  Heat                MoUt  Heat               Immersioo  '  "  "Ou'd    probably  be   more  accurate  to  say   that    we  do   not  know 

55  [          ^35              j2g         661              448         465              672          862  whether  a  specific  eniyme  has,  or  has  not  been  prepared  in  the  pure  state. 

«  Theorie  der   Fermtnlwirkunteti.    Berlin.    18B8;    Utbtr  Aklivirunt   des 

The  immersion  test  is  particularly  high.  SaHrrj/o/*.,  IB,  659-675. 
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nite  chemical  compounds  elaborated  from  protein  as  a 
result  of  the  combined  action  of  heat,  water,  and  oxy- 
gen, and  are  present  not  only  in  the  lower  organisms  but 
also  in  the  tissues  of  the  higher  forms,  where  they  are 
responsible  for  biochemical  processes;  second,  that 
the  ferments  are  powerful  reducing  agents  and  oxygen 
carriers,  capable,  in  the  capacity  of  chemical  go-be- 
tweens {VermiUler),  of  effecting  the  transfer  not  only 
of  free  oxygen  to  easily  oxidizable  substances,  but 
also  the  transfer  of  combined  oxygen  from  one  com- 
pound to  another. 

In  accordance  with  this  theory,  he  was  led  to  divide 
ferments  into  three  classes:' 

(a)  Verwesungsfermente'^ — those  combined  loosely 
with  oxygen,  forming  unstable  compounds  which  give 
up  their  oxygen  to  other  substances  less  readily  oxidized. 

(6)  Reductionsfermenie — those  which  combine  with 
the  oxygen  of  water,  the  hydrogen  going  to  effect  the 
reduction  of  some  passive  body. 

(c)  Hochste  Fdulnissfermente — those  which  cause 
putrefactions  in  which  hydrogen  is  set  free. 

Although  there  is  not  complete  agreement  among 
investigators  as  to  the  exact  mechanism  by  which  the 
alterations  are  effected,  there  is  very  general  belief 
that  they  act  catalytically,  and,  therefore,  partake  of 
the  nature  of  ferments;  that  is,  enzymes  may  be  re- 
garded as  organic  catalysts. 

As  is  well  known,  they  are  very  unstable,  being 
generally  destroyed  by  an  exposure  to  a  temperature 
outside  of  relatively  narrow  limits;  and  inasmuch  as 
they  have  optimum,  maximum,  and  minimum  tempera- 
tures, and  thermal  death  points,  they  resemble  micro- 
organisms. 

Usually  action  ceases  at  0°  C;  the  optimum  for 
most  types  lies  between  30  and  50°  C,  they  are  soon 
destroyed  at  temperatures  above  70°  C,  and  almost 
instantaneously  by  boiling  water.  Likewise  they 
are  remarkably  sensitive  to  the  action  of  mineral 
acids  such  as  HCI  and  various  poisons'  such  as  HCN, 
SO,,  HgCU,  CiHsNH,  and  CHCI3. 

It  is  in  virtue,  however,  of  these  facts  which  have 
been  pointed  out,  viz.,  the  wide  distribution  of  these 
enzymes  in  the  animal  and  vegetable  kingdoms  and 
their  sensitiveness  to  various  physical  and  chemical 
agents,  that  they  have  become  of  great  importance  to 
the  biological  chemist  and  sanitarian,  as  enabling  them 
by  means  of  specific  tests  for  these  enzymes  to  form 
correct  conclusions  regarding  the  character  and  con- 
dition of  certain  foodstuffs;  «'.  «.,  these  tests  have  en- 
abled the  chemist  to  say  whether  the  food  is  raw  or 
has  been  healed. 

Among  the  first  of  these  enzymes  to  be  discovered 
and  to  have-  its  properties  studied  is  the  group  now 
known  as  the  oxidases.  They  arc  among  the  most 
widely  distributed  of  oil  the  ferments.  These,  to- 
gether  with   anotlicr   group   known   as   the   reductases, 

■  Kaillr.  /lul/.  S«,   Hygienic  l.alKiralnry. 

•  TfBlilie  III  hU  liiirr  wrillii||i  naril  (ht  trrm  (txydallamifrrmfmli  u 
prrtrralilr  li>  Ihc  Irriii  VrrHraiiiiM'rrmrnlr.  TliU  Iriin  li  rmployt<l  to 
■iBiiIfy  tliiiic  ftrniriilv  wlilc-h  pu******  tin*  powrr  of  tahlnit  up  fr»«  onyttn 
aiMl  rnrryiiiK  It  to  other  pttulve  aubitalicra,  thereby  accuiiipllihlug  the  osl- 
llallnli  of  (he  latter. 

•  I'lir  a  more  compiala  llil  •««  mIIcU  by  llarrU  anil  Cnlihlon,  J. 
DM.  I  htm.  U  (IVIS).  Hi. 


are  of  particular  interest  to  us  in  the  consideration  of 
the  problem  presented  in  this  paper,  owing  to  the  pres- 
ence of  the  former  (oxidases)  in  milk,  and  the  prob- 
able bacterial  origin  of  the  reductases. 

For  a  number  of  years  it  has  been  a  most  interesting 
question  as  to  whether  these  enzyme  reactions  could 
be  made  the  basis  of  methods  for  differentiating  old 
milk  from  new  milk,  and  pasteurized  milk  from  raw 
milk.  Regardless  of  the  controversy  which  has  arisen, 
a  number  of  investigators  have  proposed  tests  in  which 
the  reactive  properties  of  these  enzymes  have  been 
utilized  with  a  view  to  formulating  methods  for 
ascertaining  the  "sanitary  condition"  of  milk.  These 
investigations  seem  to  be  entirely  justified  when  we 
recall  the  following  well-known  facts:  (i)  Normal 
fresh  milk  has  the  property  of  decomposing  hydrogen 
peroxide  into  free  oxygen  gas  and  water;  (2)  ordinary 
milk  possesses  the  power  of  decoloring,  within  cer- 
tain limits  of  time,  various  coloring  substances  by  re- 
duction or  removal  of  oxygen.  Although  the  exact 
nature  of  these  reactions  and  the  source  of  the  substances 
in  milk  influencing  them  have  not  been  clearly  es- 
tablished, there  is  much  evidence  which  indicates  that 
they  are  of  an  enzymic  nature. 

It  is  scarcely  necessary  to  point  out  that  there  is 
much  uncertainty  at  the  present  time  as  to  the  ac- 
curacy and  significance  of  these  proposed  tests.  There 
is  no  question,  however,  as  to  the  need  of  them. 

Inasmuch  as  it  has  often  become  necessary  to  pas- 
teurize milk  to  be  sold  to  the  public,  because  it  has 
not  been  produced  under  the  required  sanitary  con- 
ditions, the  need  of  a  test  which  will  quickly  and  easily 
show  whether  a  given  sample  of  milk  has  been  heated 
or  not,  is  at  once  obvious.  In  the  effort  to  meet  this 
want  a  considerable  number  of  methods  have  been 
formulated  in  the  last  few  years.  Unfortunately, 
most  of  those  proposed  are  not  characterized  by  ex- 
actness or  simplicity.  However,  there  seem  to  be  a 
few  methods  which  have  received  neither  the  use  nor 
the  study  to  which  they  are  apparently  entitled. 

It  was  this  view  of  the  situation  which  led  the 
authors  of  this  paper  to  the  examination  of  various 
methods  which  have  been  proposed  for  the  differentia- 
ting of  raw  milk  from  pasteurized  milk  with  regard  to 
determining  their  relative  accuracy. 

The  methods  which  have  been  proposed  may  be 
conveniently  divided  into  two  main  groups:* 

(/)  Methods  based  upon  changes  which  the  protein 
in  milk  undergoes  when  the  latter  is  heated. 

(3)  Methods  based  upon  reactions  influenced  by  the 
presence  0/  certain  chemical  ferments  in  milk. 

An  examination  of  the  literature  dealing  with  thi« 
subject  reveals  the  fact  that  only  those  methods  which 
arc  included  in  the  second  group  hove  proven  at  all 
satisfactory.  And  it  will  be  noted  that  these  are  the 
methods  which  arc  based  upon  the  action  exerted  by 
the  presence  of  certain  eniymcs. 

In  this  inve.stigalion  we  have  been  concerned  with 
but  three  groups  of  these  chemical  ferments:  (i) 
n  peroxidase,  which  cau.tes  hydrogen  peroxide  to  react 

I  Darlhrl    "Milk   ami   DalfT  IVraliirlr"  p    «7. 
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with  certain  (oxidase)  reagents,  thereby  producing 
change  of  colors;  (2)  a  catalase,  which  decomposes 
hydrogen  peroxide  (with  the  liberation  of  oxygen)  but 
is  incapable  of  effecting  the  oxidation  of  oxidase  re- 
agents by  means  of  the  peroxide;  (3)  the  reductases, 
which  combine  with  the  oxygen  of  the  water,  the 
liberated  hydrogen  effecting  the  reduction  of  a  passive 
body  like  methylene  blue  with  attendant  decoloration. 
Owing  to  the  fact  that  the  peroxidases  and  catalases 
are  to  be  taken  up  in  another  paper,  they  will  not  be 
considered  further  at  this  time  as  this  paper  is  con- 
cerned only  with  the  nature,  source,  and  action  of 
the  enzyme  which  influences  the  reactions  upon  which 
are  based  the  reductase  methods. 

REDUCTASES  IN  RELATION  TO  PROBLEM 

The  reductases  (Reductionsfermente)  are  usually 
defined  as  those  ferments  which  combine  with  the  oxy- 
gen of  water,  the  hydrogen  going  to  efifect  the  reduc- 
tion of  a  passive  body  like  methylene  blue. 

The  reductase  test  is  based  upon  the  fact,  first 
noticed  by  Duclaux,'  that  ordinary  normal  cow's 
milk  has  the  power  of  converting  certain  coloring 
matters,  as  indigo-carmine,  into  the  corresponding 
leuco-compound  by  reduction.  He  also  showed  that 
this  property  of  milk  depends  upon  the  microorganisms 
which  it  contains. 

Neisser  and  Wechsberg-  proposed  the  use  of  methyl- 
ene blue  as  a  reagent  for  testing  the  quality  of  milk. 
H.  Smidt,=  P.  Th.  Muller,''  and  BartheF  also  worked 
on  this  method  and  came  to  the  conclusion  that  there 
existed  a  distinct  parallel  between  the  number  of 
organisms  in  the  milk  and  the  time  required,  under 
certain  conditions,  for  a  solution  of  methylene  blue 
to  be  decolorized.  According  to  Barthel*  the  reductase 
test  gives  approximately  the  relative  number  of  bac- 
teria in  the  milk.  Van  Slyke'  seems  to  agree  with 
this  as  he  maintains  that  this  reducing  property  ap- 
pears to  depend  upon  the  presence  of  microorganisms 
in  milk  since  the  larger  the  number  of  bacteria,  the 
shorter  the  time  required  to  produce  decoloration. 

There  seems  to  be  some  dispute,  however,  among 
other  investigators  as  to  the  exact  origin  of  the  re- 
ductase. Konning,'  Seligman,'  and  Grimmer"  are  of 
the  opinion  that  the  reductases  are  produced  by 
bacteria.  However,  Seligman  states  that  possibly 
some  reductases  may  exist  as  enzymes  in  milk.  Romer 
and  Sames"  are  opposed  to  the  enzyme  nature  of  re- 
ductase, and  state  that  it  is  produced  by  the  destruc- 
tion of  the  cells  of  the  mammary  glands  during  milking, 
as  the  first  milkings  have  but  slight  reducing  proper- 
ties and  the  last  milkings  are  highly  reducing. 

Sames"  is  not  only  opposed  to  the  enzyme  nature  of 

•  Le  Lait,  "Etudes  chimiqucs  et  microbiologiques,"  Paris,  1687. 
'  Analyst.  26  (1901),  148. 

•  MUnch.  Med.  Wochschr..  1900,  No.  J7. 
'  Hyg.  Runds^au.  14  (1904).  1-137, 

»  Arch.  Hys..  56  (1906),  108. 

\Z.  Nahr.  Genussm..  IS  (1908),  385;  "Milk  and  Dairy  Products,"  p.  128. 

VModcrn  Methods  of  Testing  Milk  and  Milk  Products,"  p,  158. 

•  MiUhwirlschafl  Zentr..  «.  156. 
•Z    Hyt..  SB,  I. 

'•  MiUhwirlschafl  Zentr..  6,  243. 

"  Z.  Nahr.  Genussm..  SO,  I. 

'•  Milchlvirlschafl  Zenlr..  6,  462. 
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reductase  but  insists  that  Seligman's  assumption  that 
the  reduction  is  due  to  bacteria  is  too  far-reaching. 
Salus'  believes  that  reductase  is  a  product  of  cell 
transformation,  Oppcnheimer'  is  of  the  opinion  that 
the  reductase  is  in  no  way  related  to  the  bacteria  and 
that  it  is  merely  difficult  to  distinguish  from  bacterial 
reductases. 

However,  on  the  basis  of  the  probable  bacterial 
origin  of  reductase,  there  have  been  two  tests  proposed 
for  its  detection: 

(/)  Schardin seer's  M .  Rcdiidasc  TtsI*  which  is 
carried  out  by  adding  i  cc.  of  Schardinger's  reagent 
M.  (viz.,  s  cc.  of  n  saturated  alcoholic  solution  of 
methylene  blue  and  195  cc.  of  water)  to  20  cc.  of  milk 
in  a  test  tube  and  placing  it  in  a  water  bath  at  45  to 
50°  C.  'With  this  reagent  a  number  of  hours  is  re- 
quired to  produce  decoloration. 

{a)  Sdiardini^er's  F.  M.  Keductasr  Test*  which  is 
carried   out   by   adding    1    cc.   of  Schardingcr'.s   F.    M. 

'  Arth.  f/yi,  71,  371. 

•  Arb.  Kil.  Inil.  Kxfrrlm.   Tknap.  lu  Fra»k/t>rl  a/A/,  IN*.  75, 

•  Z.  Nakr    (.Vnuiim  .  I  (I'JW.).  .\77 

•  Till*  JumMAi.,  •  1 1913),  VJi-ViT. 


the  bacterial  examination  uf   milk    were   employed    in    makinc 

reagent  {viz.,  s  cc.  of  a  saturated  alcoholic  solution 
of  methylene  blue,  5  cc.  of  40  per  cent  formaldehyde, 
and  190  cc.  of  water)  to  20  cc.  of  milk  in  a  test  tube, 
placing  it  in  a  water  bath  at  45  to  50°  C,  and  covering 
the  contents  of  the  tube  with  a  layer  of  liquid  petroleum 
to  prevent  the  access  of  air.  The  formaldehyde  serves 
to  produce  an  acceleration  in  the  time  of  reduction. 
Lythgoe'  states  that  raw  milk  will  decolor  this  re- 
agent-in  less  than  20  min,  and  pasteurized  milk  will 
take  a  longer  time. 

The  reaction  depends  upon  the  supposed  presence 
of  a  specific  enzyme  in  milk  called  aldchydc-rcdtictasc, 
which  is  more  or  less  quickly  destroyed  at  a  tempera- 
ture above  70°  C;  when  in  milk  heated  above  So"  C. 
its  destruction  is  complete.*  Hnrlhel"  states  that  the 
enzyme  is  destroyed  more  or  less  quickly  at  tempera- 
tures above  70°  C;  and  that  milk  heateil  to  80'  C. 
does  not  tlischarge  the  color  at  nil;  or  milk  heated  to 
7S*  C.  for  a  few  minutes  or  pnstcurifcd  for  is  minute* 
at  70°  C,  discharges  the  color  in  jo  minutes 

•  Tmi*  Jau«N*L.  I  (1913).  921-927 

•  Vaa  Slykv.  "Mo<lrrn  Mrlhorii  «l  Trtlint  Mllli  amt  Milli  IT.olurt*. ' 


p.  I(U. 


•  "Milk  and  Daily  I'radurta."  p    I.'*. 
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By  means  of  these  reagents  it  is  possible,  according 
to  Lythgoe,'  to  get  a  good  idea  of  the  temperature  to 
which  the  milk  has  been  heated,  and  also  how  long  it 
has  been  heated,  since  heating  the  milk  destroys  the 
enzyme.  Thus,  he  maintains,  this  method  affords 
a  very  good  means  of  distinguishing  between  raw  and 
pasteurized  milk. 

As  stated  previously,  there  seems  to  be  a  difference 
of  opinion  as  to  the  origin  of  the  reductase;  likewise 
investigators  are  far  from  any  agreement  regarding 
any  relationship  which  may  exist  between  the  time  of 
methylene  blue  reduction  and  the  number  of  bacteria 
present.  Angelici^  states  that  there  is  absolutely 
no  parallelism  between  the  two.  Fred,'  however,  holds 
to  the  view  that  most,  but  not  all,  milk  bacteria  reduce 
methylene  blue;  and  that  milk  reducing  methylene  blue 
in  from  is  minutes  to  an  hour  contains  from  15  to  50 
millions  of  bacteria  per  cc,  and  milk  requiring  7  hours 
or  more  contains  less  than  one  million  bacteria 
per  cc. 

Barthel*  states  that  fresh  milk  containing  10,000  bac- 
teria per  cc.  decolorized  the  methylene  blue  solution  in 
II  hrs.;  and  the  same  milk  four  days  old  containing 
17  millions  of  bacteria  per  cc.  decolored  the  solution 
in  14  min.  He  further*  maintains  that  when  the  re- 
duction takes  place  in  less  than  one  hour,  the  milk  has 
more  than  10  million  bacteria  per  cc,  and  when  the 
time  required  is  from  i  to  3  hrs.,  the  number  of  bacteria 
present  is  from  4  to  10  millions  per  cc.  As  a  conclu- 
sion he  asserts  that  when  the  reduction  requires  less 

'  This  Journal.  S  (1913).  922-927. 

•  Clin.  Vat..  34,  388. 

•  Centr.  Bakl.  ParasiUnk..  II  Abl.,  SB,  491. 
«  Z.  Nahr.  Cenussm..  15,  385. 

•/(.id.,  ai.  513. 
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than  I  hour,  the  milk  is  bacterially  too  impure  for  food; 
and  that  good  commercial  milk  should  require  not  less 
than  3  hours  for  decoloration. 

As  a  result  of  the  foregoing  discussion,  therefore, 
we  may  conclude  that  there  exists  a  considerable 
difference  of  opinion:  (i)  as  to  whether  the  reductase 
is  of  bacterial  origin  or  of  animal  metabolism;  and 
(2)  as  to  the  relationship  existing  between  the  time  of 
methylene  blue  reduction  and  the  number  of  bacteria 
present. 

EXPERIMENTAL 

The  following  experimental  work  was  carried  on 
with  a  view  to  determining  by  means  of  the  Schar- 
dinger  F.  M.  test: 

I — The  relationship  existing  between  the  number 
of  bacteria  and  the  time  required  to  decolorize  the 
methylene  blue  solution. 

2 — The  influence  of  time  and  temperature  of  pas- 
teurization on  milk  in  its  relation  to  Schardinger's 
reagent,  F.  M. 

RELATIONSHIP     BETWEEN     NUMBER     OF     BACTERIA     AND 
TIME    REQUIRED    TO    DECOLORIZE    METHYLENE    BLUE 

Twenty  samples  of  milk  were  tested  as  follows: 
(i)  the  acidity  was  determined  by  titration  with  iV/io 
NaOH,  0.1  cc.  of  the  solution  being  equivalent  to  i" 
of  acidity;  (2)  the  time  required  to  decolor  methylene 
blue  solution  was  observed;  (3)  bacterial  counts  were 
made  at  the  time  of  each  test  both  on  plain  agar  and 
on  lactose  litmus  agar.  Each  sample  was  tested  daily 
for  a  period  of  five  days,  during  which  time  the  milk 
was  allowed  to  remain  at  the  temperature  of  the  lab- 
oratory.    The  results  of  this  work  appear  in  Table  I. 

The  full  significance  of  this  data  becomes  more  easily 
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apparent  when  it  is  presented  graphically.     In  Pigs,  i  for   this   discrepancy   in   the   time   element,   unless   it 

to  5,  graphs  have  been  drawn  of  5  of  the  representative  can  be  attributed  to  a  difference  in  the  standard  of 

samples    of    the    above   series,    using    separate    curves  milk  which  is  to  be  regarded  as  "normal." 

to  show  the  increase  in  degrees  of  acidity,  the  time  ;'    Table  II  is  quoted  from  the  report  of  Mr.  Fabian's 

of  decoloration  of  methylene  blue,  the  plain  agar  bac-  work  to  which  reference  has  just  been  made. 

terial    count,    and    the    lactose    litmus    agar    bacterial  Table  ii  (Results  by  Mr.  Fabian) 

count.       The     dotted     portion     of    the     curves     indicates  Sample                     Minutes  Required  to      Bacterial  Count 

^,                ,      1  ,                                      ■          , ,                •     •,     1       .              ,  .    ,  '^o.                        Decoloriie  M.-Blue         on  Plain  Agar 

the  probable  course  covering  the  period  during  which  10 3  17  000  000 

no   tests    were    made,    as,    for   example,    on    Sundays.  's!!;.';;!; 6  "il'ooo'ooo 

The  age  of  the  milk  in  hours  is  plotted  as  abscissas.  If l-^  44.000,000 

^  '^  11 9  1,900,000 

There  are  three  sets  of  ordinates:  first,  the  column  on  2 13  8)0,000 

1 14  7-50  000 

the  left  by  which  both  the  plain  agar  and  the  lactose  12 15  37o!ooo 

litmus   agar   counts    are    plotted;    second,    the    middle  3'.'.'.'.'.'.'.'..'.'.'.'.'.'.'.'.    17                           56o!ooo 

column  expressed  in  minutes,  by  which  the  time  of  de-  u'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.    20                          aoo'ooo 

coloration  is  plotted;  and  third,  the  column  on  the  right  | IJ  49o'ooo 

expressed  in  degrees,  by  which  the  degree  of  acidity  is  [^ |^  loo'ooo 

plotted.      This  gives  four  curves  for  each  sample.  20 42  24o!ooo 

irom   the   data   presented   in   the    preceding    table  18 59  120,000 

and  by  means  of  graphs  the  following  conclusions  have  25'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.  120                           soiooo 

been  formulated:  24::;::::::;:::::::  iss                           mJooo 

(i)   An  increase  of  acidity  occurs  with  increase  of  age.  |^ }U  2o'ooo 

In  the  periods  examined  this  increase  was  greatest  in 

the  majority  of  cases  in  the  period  between  24  and  48  hrs.  Twenty-five    different    samples    of    raw    milk    were 

(2)  Normal  fresh  milk  of  good  quality  does  not  re-  ^^sted  with  Schardinger's  reagent,  F.  M.  A  bacterial 
duce    Schardinger's    F.    M.    reagent    in    less    than    20  «=°""t  was  also  made  of  each  sample. 

min. — the  shortest  time  observed  being  much  longer,  effect   of   time   and   temperature    of   pasteuriza- 

When  the  decoloration  was  effected  in  10  min.  or  less  tion  on  milk  in  its  relation  to  schar- 

time,  the  milk  was  found  to  contain  at  least  1,000,000  dinger's  reagent 

microorganisms  per  cc.  Pour   separate   portions   of  each   of   three   different 

(3)  Up  to  a  certain  point  an  increase  in  the  number  samples  of  milk  were  heated  gradually— a  rise  of  2°  C. 
of  bacteria  in  a  given  sample  is  accompanied  by  a  corre-  pgr  min.— in  a  water  bath  to  60.  65,  70  and  7=;°  C, 
spending  decrease  in  the  time  required  by  it  to  de-  ^nd  then  maintained  at  these  respective  temperatures 
color  the  reagent.  At  this  point  the  maximum  bac-  for  30  min.  Portions  were  removed  everv  10  min. 
terial  count  and  the  minimum  time  required  for  de-  ^^d  tested  with  the  reagent.  Bacterial  co'unts  were 
coloration  coincide.  ^^^jg  ^f  ^^^^  sample  tested  at  the  various  intervals 

This  relationship  seems  to  point  to  the  conclusion  ^f  ^j^^e.     Milk    10  hrs.   old   was  used,   as  fresh   milk 

that  the  reductase  is  of  bacterial  origin.     The  tables  ^   ^rs.   old   produced   no  decoloration  of  the   reagent, 

will  show,  however,  if  data  for  dijerenl  samples  are  ^he  results  obtained  are  given  in  Table  III. 

compared,  that  no  absolute  parallelism  exists  between  _         j,. 

the  time  required  for  decoloring  the  reagent  and  the  sam-          pastkurhation    Time  Required             bacthwai.  count 

«u»«6er  of  bacteria  present.     This  is  in  agreement  with  g}5.            "^.'c."'     Min.'     "■ '^^^''•""              puin""  *°*V  L 

results  obtained  by  Angelici."  1 w  0  .\o  .       40,000  i:.ooo 

XV.,.,..                             ,                  ,        ,  .               .               ,  10                       TO                                12.000                  h.SOO 

(4)  As  the  acidity  increases  beyond  this  point  of  20  9s  6,(h>o  .i..^oo 
coincidence  the  number  of  bacteria  decreases  and  the  m  0  60  40,000  n.ooo 
time  required  for  decoloration  increases.  ^o             120                    '"'400          None 

(s)   The  final  decrease  in  the  number  of  bacteria  and  -^           ■'J             '^                    35  [^          m^ooo 

the  increase  in  the  time  of  decoloration  are  probably  iS             No  decolor.              200          None 

•^                 ■'  20                 No  decolor.             None                None 

due  to  the  production  of  acid   by   acid-forming   bac-  JO             No  decolor.          None            '*"•!* 

...               ,        ,         .    .  .            ,.  '5             0              M                    .^6.0(10          10.000 

teria,  the  acid  thus  produced  probably  tending  to  re-  10             No  decolor.              mm          None 

move  the  effect  produced  by  the  aldehyde-reductase  .in             NodK^»t!          n""'            None 

and  to  make  the  medium  unfit  for  the  further  growth  ^ '^  |JJ  ^j  'Ciooo 

of  certain  bacteria.  -JJJ             ,*^                      "                 ;VJ5So 

The   foregoing   conclusions   arc   in   accord   with   the  '"            10              w                                       ■■'ooo 

data  obtained  in   this  laboratory  over  two  years  ago  jo              120                                             200 

by  I<.  W,  Fabian'  working  on  a  similar  problem.  70            o              50                                      .v^.ooo 

In  this  connection  it  is  noted  that  it  is  a  matter  of  ^            Nodl^lii'                             Nom 

record   that   Lythgoc*  found   thot   normal   fresh    milk  ''S             N.^.if.-i  ■           .;;,:,,          iii"ooo 

reduced  Schardinger's  P.    M.  reagent  in  less  than   ao  \^             's^.u.X^,           ^.S'          Nop» 

min.     The  authors  arc  unable  at  this  lime  to  account  '"             Ni..iM.>i<H           tj"«io          j'l'ooo 

'  cun.  Vol.,  14,  .1811.  'o             ^■''  '<»"'•«                '»"          ^■"" 

•  Working  In  thu  laboi.tory  In  i-Ji.'  In  coiui.nr.iion  with  the  .n.ior  Ti,csf  ilula  indiintc  thoi  both  the  tcm|>cr«ture  and 

aulllur.  _                  .,. 

'Tiii»Jouhmal.  •  (191.1).  922-927.  ihc  duration  of  the  pastcunintion  process  aficct  milk 
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with  reference  to  the  time  required  by  the  latter  to 
decolorize  methylene  blue.  In  general,  as  either  factor 
is  increased  the  time  required  for  decoloration  is  in- 
creased. Furthermore,  the  authors  found  as  the  re- 
sult of  a  larger  number  of  tests  than  are  recorded  here 
that  milk  heated  to  a  temperature  of  70°  C.  for  10 
min.  failed  to  decolor  the  reagent  in  several  hours. 
In  this  latter  respect  the  behavior  of  samples  of  milk 
pasteurized  under  the  stated  conditions  was  identical 
with  that  of  freshly  drawn  milk  of  good  grade. 

Mr.  Fabian  found  that  milk  pasteurized  at  80°  C. 
for  I  min.  behaved  towards  the  reagent  in  the  same 
manner  as  milk  pasteurized  at  75°  C.  for  3  min.  or 
at  70°  C.  for  10  min.,  and  that  in  no  case  was  the  re- 
agent decolored  in  several  hours.  Table  IV  is  quoted 
from  Mr.  Fabian's  report.  Samples  of  raw  milk,  eight 
hours  old,  were  used  in  making  the  tests  indicated. 

Table  IV  (.Results  by  Mr.  Fabian) 

Minutes  Required 


-H  Signifies  that  no  decoiorization  occurred  in  several  hours. 

FURTHER  Evidence  as  to  the  origin  of  reductase 

With  a  view  to  obtaining  more  evidence  in  regard 
to  the  origin  of  reductase  in  milk,  5  samples  of  the 
latter  were  pasteurized  at  70°  C.  for  10  min.  and  then 
set  aside.  The  samples,  in  the  usual  paper-disk- 
covered  bottles,  were  allowed  to  "age"  at  the  usual 
laboratory  temperatures.  They  were  tested  at  inter- 
vals of  24  hrs.  with  the  Schardinger  reagent  and  bac- 
terial counts  made. 

The  data  obtained  by  testing  the  first  two  samples 
are  presented  graphically  in  Fig.  6. 


TABI.B    V 

Bactbriai.  Count 

Age 

Acidity 

Time  to 

ON  Agar 

Hrs. 

Degrees 

Decolorize 

Plain 

L.  L. 

8 

20 

No  decol. 

500 

300 

24 

20.5 

No  decol. 

5,000 

48 

72 

8  min. 

2.000,000 

1,200,000 

72 

95 

15  min. 

1,000,000 

400.000 

96 

100 

18  min. 

40,000 

20,000 

120 

106 

60  min. 

30,000 

10.000 

4 

17 

No  decol. 

2,500 

500 

24 

17 

No  decol. 

100,000 

5.000 

48 

78 

10  min. 

150,000 

100,000 

72 

95 

12  min. 

200,000 

125,000 

4 

16 

No  decol. 

1,000 

300 

24 

18 

No  decol. 

10,000 

4.000 

48 

76 

25  min. 

100,000 

30,000 

72 

93 

30  min. 

60,000 

25,000 

4 

19 

No  decol. 

800 

450 

24 

20 

No  decol. 

11,400 

4,500 

48 

74 

14  min. 

700.000 

250,000 

72 

98 

16  min. 

500,000 

250.000 

4 

20 

No  decol. 

400 

300 

24 

23 

No  decol. 

8.000 

5.000 

48 

76 

8  min. 

1 .000.000 

800,000 

72 

96 

12  min. 

800.000 

300,000 

The  experiments  reported  in  Table  V  yielded  results 
which  indicate  that  milk  pasteurized  at  70°  C.  for 
10  min.  will  not  decolor  methylene  blue  solution  at 
the  expiration  of  24  hrs.  but  will  after  being  allowed 
to  stand   for   48   hrs.     This   points  to    the   conclusion 


that  reductase  is  not  only  destroyed  by  the  pasteuriza- 
tion process  but  that  it  is  of  bacterial  origin,  the  pre- 
sumption being  that  no  decoloration  of  the  reagent 
takes  place  until  the  bacteria  have  again  multiplied 
sufficiently. 

Mr.  Fabian  in  his  work  for  a  similar  purpose  col- 
lected a  number  of  samples  of  raw  milk  and  after  making 
the  bacterial  count  of  each  subjected  them  to  a  similar 
set  of  tests,  with  the  results  given  in  Table  VI. 


Table  VI  {Results  by  Mr    Fabian) 


Age 

Time  Required 

Hrs. 

to  Decolorize 

3  (raw) 

Several  hrs. 

24 

Several  hrs. 

48 

92  min. 

72 

17  min. 

96 

2  min. 

120 

4  min. 

3  (raw) 

Several  hrs. 

24 

Several  hrs. 

48 

70  min. 

72 

6  min. 

96 

3  min. 

120 

6  min. 

3  (raw) 

Several  hrs. 

24 

Several  hrs. 

48 

35  min. 

72 

6  min. 

92 

7  min. 

120 

8  min. 

3  (raw) 

Several  hrs. 

24 

Several  hrs. 

48 

10  min. 

72 

6  min. 

96 

9  min. 

Bacterial  Count 
ON  Agar 

L.  L. 


Plain 
300,000 


226)600 

■  ii6;6oo 

3i6;6oo 

i66'.6oo 

000,000 

304,000.000 

isoiooo 

"266;6oo 

The  conclusions  to  be  made  here  are  obviously  the 
same  as  those  formulated  in  the  preceding  paragraph. 

EFFECT      OF      THE      PRESENXE      OF      FORMALDEHYDE      ON 

MILK    WITH   REFERENCE   TO   THE   TIME   REQUIRED   TO 

DECOLORIZE    METHYLENE    BLUE 

The  following  work  was  undertaken  in  order  to  as- 
certain if  a  so-called  "preservative"  like  formaldehyde 
influences  the  action  of  milk  in  its  relation  to  the  Schar- 
dinger reagent.  Five  different  samples  of  milk,  each 
8  hours  old,  were  examined  as  follows:  Each  sample 
was  tested  as  regards  its  acidity,  time  required  to  de- 
color the  reagent,  and  bacterial  count;  then  each  sample 
was  treated  with  formaldehyde  (0.5  cc.  per  pint  of 
milk)  and  the  enumerated  tests  repeated  at  intervals 
of  24  hours.      The  results  are  given  in  Table  VII. 


Bacterial  Count 

<-itl 

tv 

Time  to 

on  .\gar 

egr 

Decolorize 

Plain 

L.  L. 

?n 

No  decoiorization 

20,000 

10.000 

20 

5 

Slight,  3  hrs. 

200 

100 

,'i 

Slight,  3  hrs. 

3,000 

700 

77 

No  decoiorization 

5,000 

800 

73 

No  decoiorization 

3,000 

28 

?3 

No  decoiorization 

3,000 

None 

19 

No  decoiorization 

5.000 

1,500 

19 

Slight.  2  hrs. 

1,000 

35 

20 

Slight,  5  hrs. 

1,200 

■,'1 

No  decoiorization 

.^1 

No  decolorizatioQ 

100 

None 

17 

No  decoiorization 

15,000 

7,000 

19 

Slight.  5  hrs. 

8,000 

1.100 

20 

No  decoiorization 

3,000 

600 

?? 

No  decoiorization 

1.300 

45 

?? 

No  decoiorization 

1.400 

None 

20 

Slight,  3  hrs. 

40.000 

17.000 

23 

Slight.  7  hrs 

3.000 

7,^ 

.■> 

No  decoiorization 

3.000 

250 

23 

S 

1.800 

40 

24 

No  decoiorization 

2,000 

None 

16 

5 

Slight.  4  hrs. 

27,000 

6.500 

18 

Slight.  4  hrs. 

4,000 

600 

19 

No  decolorizatibn 

5,500 

375 

71 

0,000 

80 

21 

No  decoiorization 

4,800 

None 

CONCLUSIONS 

The  relationships  indicated,  if  not  proved,  by  this 
rather  limited  series  of  experiments  are  extremely 
interesting.      For  example: 
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(i)  The  germicidal  properties  of  formaldehyde  in 
relation  to  microorganisms  found  in  milk  are  shown 
in  a  general  way. 

(2)  Unless  it  be  proven  that  reductase  is  formed 
■within  the  milk  by  purely  chemical  changes,  this 
series,  considered  in  relation  to  the  foregoing  series  of 
tests,  points  to  the  conclusion  that  reductase  is  of 
bacterial  origin,  as  the  time  required  for  decoloring 
the  reagent  was  not  reduced  by  allowing  the  milk 
to  "age,"  owing  presumably  to  the  fact  that  bacterial 
growth  in  the  samples  of  milk  was  inhibited  by  the 
formaldehyde. 

(3)  The  partial  decoloration  which  occurred  at  first 
was  probably  effected  by  the  reductase  present  in  the 
milk  before  the  formaldehyde  was  added.  The  final 
loss  of  power  of  these  same  samples  to  effect  the  same 
reaction  suggests  that  the  formaldehyde  may  interact 
with  the  reductase  or  counteract  its  influence  in  some 
way.  The  fact  that  both  of  these  substances  are 
strong  reducing  agents  does  not  tend  to  render  the 
problem  more  easy  of  solution. 

Since  the  completion  of  this  work  the  report  of 
the  investigation  of  Harris  and  Creighton'  on  the 
influence  of  certain  poisons  on  reductase  has  appeared. 
Although  the  list  of  poisons  reported  by  them  as  either 
destroying  the  reductase  or  retarding  its  action  does 
not  include  formaldehyde,  the  latter  may  act  in  a 
similar  manner.  This,  however,  will  be  a  matter  for 
future  investigation. 

GENERAL    SUMMARY 

I — A  Vjricf  outline  has  been  made  of  the  classifica- 
tion, distribution  and  reactions  of  certain  enzymes; 
the  possibility  of  making  their  sensitiveness  to  various 
physical  and  chemical  agents  the  basis  of  methods  for 
determining  the  sanitary  condition  of  certain  food- 
stuffs has  been  considered. 

II- — A  survey  has  been  made  of  the  work  done  con- 
cerning the  source,  nature  and  action  of  reductase  in 
its  relation  to  certain  methods  which  have  been  pro- 
posed for  the  differentiation  of  pasteurized  milk  from 
raw  milk. 

Ill — The  experimental  investigation  undertaken  by 
the  authors  of  this  paper  has  been  described.  As 
the  result  of  this  work  certain  conclusions  have  been 
formulated.     They  are  as  follows: 

(i)  Methylene  blue  as  it  occurs  in  Schardinger's 
reagent,  F.  M.,  is  not  decolored  by: 

(a)  Normal  fresh  milk  in  less  than  jo  niin.  When 
decoloration  was  cffcctcil  in  10  minutes  or  less  time  the 
milk  was  found  to  contain  1,000,000  or  more,  micro- 
organisms per  cc. 

(6)  Milk  pasteurized  at  70°  C.  for  10  min.  unless 
approximately  48  hrs.  have  elapsed  since  tlie  milk  was 
pasteurized;  or  until  the  bacteria  have  h;id  time  to 
multiply  sufficiently 

(c)  Old  milk  in  which  the  "])rcscrvativc,"  (urmaldc- 
liyde,  has  inhibilc<l  the  growth  of  bacteria. 

(3)  Schardinger's  reagent,    V.   M.,  is  as  a  rule  dc- 

>  lUrrli  iinil  Cnlghloa.  J.  BM.  Clitm..  U  (I9IJ),  iSi. 


colored    by    normal     milk    allowed    to    "age"    under 
ordinary  conditions  of  temperature  for  24  to  48  hrs. 

(3)  Pasteurization  increases  the  time  required  for 
the  decoloration  of  the  reagent. 

(4)  In  general,  no  proportionality  exists  between 
the  time  required  for  the  decoloration  of  the  reagent  and 
the  number  of  bacteria  in  milk.  In  a  given  sample, 
however,  a  general  relation  seems  to  exist  between  the 
two  up  to  a  given  point  of  acidity. 

(5)  Inasmuch  as  there  is  no  absolute  parallelism 
between  number  of  bacteria  present  in  milk  and  the 
time  required  to  decolor  the  reagent  but  that  the  re- 
lationship seems  to  exist  in  a  given  sample  of  milk, 
it  would  indicate  that  reductase  is  of  bacterial  origin 
but  that  not  all  bacteria  found  in  milk  produce  this 
enzyme.  (This  latter  conclusion  is  in  accord  with 
the  views  of  Fred.') 

(6)  It  seems  probable  that  formaldehyde  either 
gradually  retards  the  action  of  the  reductase  or  de- 
stroys it.  This  is  a  matter,  however,  for  more  careful 
investigation  in  the  future. 

It  will  be  noted  that  although  the  conclusions  formu- 
lated in  this  paper  are  not  in  accord  with  the  entire 
body  of  conclusions  of  any  previous  worker  in  this 
field,  yet  many  of  them  are  in  close  agreement  with 
certain  conclusions  of  a  number  of  investigators. 

Hygienic  Laboratory 
Carkecib  Hall  o»  Chemistry 
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A    STUDY    OF    THE    VOLUMETRIC   OR   PEMBERTON 

METHOD  FOR  DETERMINING  PHOSPHORIC  ACID, 

WITH  SOME  EXPERIMENTS  SHOWING  THE 

INFLUENCE  OF  TEMPERATURE  AND 

THE  SULFURIC  ACID  RADICAL 

ON  RESULTS 

Hy    1'HM.lr    McC.     Slli  i;v 
Received  October  JO.  1916 

There  has  been  a  great  deal  written  and  said  of  the 
volumetric  method  for  determining  phosphoric  acid, 
but  still  many  chemists  have  trouble  in  its  use  and 
manipulation.  It  has  been  found  by  most  workers 
who  employ  this  method  that  a  number  of  years  of 
careful  and  patient  experience  is  necessary  to  master 
it,  and  owing  to  the  length  of  time  necessary  to  acquire 
this,  many  chemists  have  discarded  it  altogether. 
The  writer  has  had  more  than  lo  years  of  practical 
and  constant  experience  in  determining  pho.sphoric 
acid  by  this  method,  both  with  a  large  fertilizer  concern, 
and  in  the  phosphate  fields  of  Florida,  and  possibly 
some  points  already  mentioned  can  bo  omphasixcd  in 
this  paper. 

On  account  of  the  extreme  delicacy  of  the  nicihod, 
and  in  order  to  show  how  it  may  be  rendered 
accurate  and  reliable,  it  might  bo  of  interest  to  in- 
clude some  experiments  showing  some  of  the  principal 
causes  th:it  bring  about  disturbances  in  results.  The 
problem  is  most  interesting,  and  while  no  pretense  is 
made  that  this  article  will  cover  the  entire  field,  it  is 
hoped  that  it  will  at  least  serve  the  purpose  of  aiding 

'  Ctnir    nakl   rar*iiu»kt.  II  4M  ,  •••  «•! 
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Table  I— Resolts  bv  Various  Methods  of  Treatment 


1 — By  dissolving  in  nitric  acid  and  a  few  drops  of  hydrochloric  acid 
2 — By  adding  an  equal  weight  of  50°  Bi.  sulfuric  acid,  as  in  the  manu 
facture  of  acid  phosphate,  and  then  making  solution  like  (1). 

3 — By  adding  twice   the   quantity  of  sulfuric  acid,   as  is  usually   em. 
ployed  in  the  manufacture  of  acid  phosphate. 

4 — By  solution  in  a  mixture  of   10  cc.  sulfuric  and   15  cc.  nitric  acid. 
5 — By  increasing  the  sulfuric  to  25  cc. 

Cubic  Centimeters  Standard  Solution  Sodium  Hydroxide  Required 
No.  5°C.     20°  C.  30°  C.  40°  C.  50°  C.  65°  C. 


30.08     30.15 


6 — By  making  solution  according  to  (2).  and  then  adding  barium 
chloride  to  remove  sulfuric  acid. 

7  and  8 — Solutions  corresponding  to  (1)  and  (2),  respectively,  only  using 
a  standard  that  has  been  used  in  the  writer's  laboratory  for  the  past  5 
years,  and  which  contains  much  less  iron  and  alumina  than  the  A.  C.  S. 
Standard,  but  which,  by  coincidence,  contains  practically  the  same  amount 
of  phosphoric  acid. 

Corrective  Factors . 

30°  C.        40°  C,       50°  C,        65°  C. 
0.99905     0.99472     0.9837        0.96573 


20°  C, 


1.0023 


2 30.20     30.0 


32.15 
32.10l.Av. 
32.20(32.16 
32.20J 


0.99505     0.98144     0.97195     0.937S 


31.301  Av.  .  .,,, 

31.45)31.37 o-'^ii 


4 30.20     30.20 


5 30.10     30.10 


.10.501  A  v. 
30.70)30.60 
30.40)  Av. 
30.55  (30.47 
30.35 


31.15  1  Av. 
31.08)  31.11 
30.95  1  A  v. 
31.08)31.01 
30.45 


31.25  1  Av. 
31.25)31.25 
31.401  Av. 
31.50)31.45 
31.25)  Av. 
31.28)31.26 
30.50 
30.35)  Av. 
30.20)30.27 


0.9648        0.92005 


some  chemists,  and  more  particularly  those  starting 
out  in  making  analyses  of  fertilizers,  and  of  the  materials 
which  enter  into  their  composition,  and  show  that  when 
properly  handled  the  method  is  equally  accurate, 
or  more  so,  than  the  Standard  Gravimetric.  Dr.  F. 
B.  Carpenter,  in  his  very  able  article,  mentions  both 
the  advantages  and  disadvantages  of  the  method,  to- 
gether with  details  which  cause  disturbances  of  results.' 

As  a  means  toward  more  accurate  determinations,  a 
number  of  modifications  of  the  original  method  have 
been  proposed.  Briefly  stated,  their  principal  fea- 
tures are  as  follows: 

I — Richardson's  modification  for  analyzing  acid 
phosphate,  which  depends  upon  the  removal  of  sul- 
furic acid  with  barium  chloride,  after  making  solution 
in  a  mixture  of  nitric  and  hydrochloric  acids. ^ 

2 — Separation  of  the  phosphoric  acid  from  sulfuric 
acid  by  precipitation  with  ammonium  hydroxide,  then, 
after  filtering  and  washing,  the  phosphates  are  dis- 
solved and  precipitated  in  the  usual  way. 

3 — Fairchild's  modification  making  the  end-point 
sharper  by  the  addition  of  barium  chloride,  after  dis- 
solving the  precipitate  of  ammonium  phosphomolyb- 
date  in  an  excess  of  standard  alkali.' 

It  is  conceded  by  those  experienced  in  the  method 
that  the  details  which  have  the  greatest  influence  on 
results  are  temperature  and  the  amount  of  sulfuric 
acid  radical  present;  and  to  show  the  effects  of  these 
important  factors  on  the  results,  several  series  of  ex- 
periments have  been  made  which  may  be  briefly  de- 
scribed as  follows:  The  sample  of  phosphate  rock 
which  was  adopted  by  the  Fertilizer  Division  of  the 
Society  as  a  standard  for  phosphoric  acid  was  taken  as 
a  basis  for  the  experiments.*  The  value  of  the  stand- 
ard adopted  is  30.15  per  cent,  which  was  the  average 
of  a  large  number  of  determinations  by  the  gravimetric 
method.  After  weighing  out  i-g.  portions  and  putting 
them  into   200-cc.  flasks,    which  ha,d  previously  been 

'  This  Journal.  2  (1910).  157. 

'  Sutton's  "Volumetric  Analysis.  "Schimpf's  ■'Volumetric  Analysis," 
and  J.  A.  C.  S..  89,  1314. 

»  This  Journal,  i  (1912).  520. 

'  "Details  of  Analysis  for  Standardization,"  This  Journal.  S  (1911), 
118. 


31.401  Av. 
31.50)31.45 
31.45  1  Av. 
31.15)31.30 
31.00 


0.99802     0.99802     0.98529     0.96914     0.95866     0.95866 


1.00166      1.00166 


0.9895 
0.9934 


30.85 


0.9648 

0.98852 

0.99108 

0.96618 


0.96326 
0.97258 
0.97244 
0.93312 


30.80  1 

30.80 

30.95 

32.101 

32.20)32.15 

carefully  calibrated,  solutions  were  made  according  to 
the  descriptions  given  in  Table  I. 

After  making  up  solutions  to  mark,  and  filtering 
through  dry  filters,  aliquot  portions  representing  o.i 
g.  were  taken  for  analysis.  After  diluting  with  water 
the  medium  for  precipitation  was  regulated  in  the 
usual  way,  by  -first  adding  ammonia  until  alkaline,  and 
then  clearing  up  by  the  addition  of  nitric  acid.  Before 
making  precipitations  from  Solutions  4  and  5 
10  g.  of  ammonium  nitrate  were  added,  as  otherwise 
the  precipitation  would  probably  be  incomplete  in  the 
presence  of  such  a  large  quantity  of  sulfuric  acid. 
As  an  experiment,  lo  g.  of  ammonium  nitrate  were 
also  added  to  {2B).  In  all  other  cases,  however,  no 
ammonium  nitrate  was  added,  other  than  that  formed 
from  the  reaction  between  ammonia  and  nitric  acid 
in  getting  the  proper  medium. 

With  the  precipitant  at  30°  C,  precipitation .  was 
made  at  various  temperatures  as  follows: 

At  5°  C.  by  adding  50  cc.  Molybdic  solution,  stirring  30  min 
At  20°  C.  by  adding  50  cc.  Molybdic  solution,  stirring  30  min 
At  30°  C.  by  adding  45  cc.  Molybdic  solution,  stirring  30  min 
At  40°  C.  by  adding  35  cc.  Molybdic  solution,  stirring  30  min 
At  50°  C.  by  adding  35  cc.  Molybdic  solution,  stirring  15  min 
At  65°  C.  by  adding  35  cc.  Molybdic  solution,  stirring 

Filtering  and  washing  was  done  by  the  use  of  1 1  cm. 
filter  papers:  this  the  writer  regards  as  being  more 
accurate  than  filtering  under  pressure,  and  when 
running  a  batch  of  6  or  more  determinations  at  a  timeitis 
done  about  as  rapidly.  The  precipitates  were  all  washed 
free  of  acid  as  determined  by  the  addition  of  a  drop 
of  N/4  alkali  to  the  filtrate.  It  is  noteworthy  that  in 
making  these  experiments  only  2  or  3  of  the  duplicate 
determinations  were  run  at  the  same  time,  and  there- 
fore the  results  are  more  truly  checks  than  had  all 
been  duplicated  together.  Results  found  by  precipi- 
tating at  the  low  temperatures,  5  and  20°  C,  were  not 
duplicated  through  lack  of  time,  but  as  would  be  ex- 
pected, the  figures  agree  closely  when  making  pre- 
cipitation from  the  various  solutions  at  these  tem- 
peratures. 

As  the  strength  of  the  standard  solutions  was  prac- 
tically 0.3238  N,  and  as  o.i  g.  of  rock  was  taken  for 
analysis,  the  number  of  cc.  of  solution  required  should 
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very  nearly  correspond  to  the  actual  percentages, 
provided  there  were  no  disturbing  elements  to  offset 
the  results.  In  Table  I  is  shown  the  number  of  cc.  re- 
quired when  precipitation  was  made  at  the  various  tem- 
peratures and  from  the  various  solutions  and  the  cor- 
rective factor  for  each  cc. 

It  will  be  noticed  what  a  great  deviation  there  is  in 
the  number  of  cc.  of  the  standard  solution  required  to 
dissolve  the  various  precipitates  formed  under  the 
different  conditions  of  temperature,  and  the  varying 
amounts  of  sulfuric  acid,  and  that  according  to  the 
Official  Volumetric  Method'  the  number  of  cc.  required 
corresponds  to  the  percentage  for  anything  from  room 
temperature  up  to  65°,  without  making  any  allowance 
whatever  for  correction. 

While  in  the  Official  Method  it  is  not  recommended 
that  sulfuric  acid  be  used  in  making  solutions  of  the 
material,  no  distinction,  however,  is  made  in  the  mode 
of  precipitation,  whether  or  not  the  sulfuric  acid  radical 
is  present.  It  is  noteworthy  that  at  a  temperature 
of  65°  C,  much  higher  results  are  found  on  acid 
phosphate  dissolved  in  nitric  acid  than  when  phosphate 
rock  was  dissolved  in  a  mixture  of  sulfuric  acid  and 
nitric  acid. 

By  reference  to  the  table  under  Treatment  2,  it  will 
be  noticed  that  the  number  of  cc.  of  standard  alkali 
required  to  dissolve  the  yellow  precipitate,  when 
precipitation  was  made  at  the  various  temperatures, 
varies  all  the  way  from  30  to  32.16  cc,  a  maximum 
variation  of  2.16  cc,  which  would  correspond  to  2.16 
per  cent  when  not  making  correction. 

If  we  consider  that  the  addition  of  i  g.  of  sulfuric 
acid  to  I  g.  of  rock  gives  2  g.  of  acid  phosphate,  and 
that  the  aliquot  taken  represents  0.2  g.,  the  maximum 
variation  caused  by  changes  in  temperature  is  1.08 
per  cent,  without  correction,  and  when  precipitating 
at  65°  in  determining  the  phosphoric  acid  in  acid 
phosphate,  results  will  often  be  i  per  cent  higher  than 
they  should  be. 

It  was  found  in  making  the  experiments  that  there 
was  much  difficulty  in  making  results  agree  when  pre- 
cipitating at  50  and  65°,  while  at  30  and  40°  there  was 
not  tht  least  trouble  in  this  respect,  the  results  being 
extremely  regular. 

The  deviation  in  analysis  of  phospliale  rock  caused 
by  changes  in  temperature,  as  shown  under  (i),  is 
about  half  of  what  it  is  after  the  addition  of  sulfuric 
acid  (after  the  manner  of  making  acid  phosphate), 
the  maximum  variation  being  1.14  cc. 

Kxperinicnl  3  shows  the  variation  at  50  and  65°  after 
adding  double  llie  amount  of  sulfuric  acid,  as  is  usually 
employed  in  making  acid  phosphate.  This  addition 
gave  a  result  2.62  per  cent  too  high,  and  0.61  percent 
higher  than  results  shown  in  (2),  necessitating  a  cor- 
rective factor  of  o.gjoos  per  cc.  when  precipitation  was 
made  at  6i". 

lixpcniiKMil  .J,  in  wliicii  solution  was  made  by  dissolving 
in  u  mixture  uf  .sulfuric  and  nitric  acids,  shows  a  varia- 
tion at  difTcrent  temperatures  of  i.a.s  cc,  and  with 
precipitation   at   30,   40  and    50°   C,   llic   volume   rc- 

'  liiiridu  or  Chtmldrip,  Bull.  lOT   (Wl?) 


quired  was  from  0.3  to  0.6  cc.  greater  than  in  the  acid 
phosphate  under  (2),  but  at  65°  this  quantity  was  0.71 
cc.  less. 

It  was  found  that  by  increasing  the  amount  of  sul- 
furic acid  used  in  making  solution  to  25  cc,  little,  if 
any,  difference  was  made  in  results. 

Experiment  6  shows  the  analysis  after  removing  the 
sulfuric  acid  radical  with  barium  chloride.  The  re- 
sults were  not  duplicated,  but  they  agreed  closely  with 
those  under  (i),  in  which  no  sulfuric  acid  is  added. 

Experiments  7  and  8  were  made  to  determine 
whether  or  not  iron  and  aluminum  had  a  tendency  to 
affect  results,  the  sample  being  very  low  in  these  metals, 
while  the  A.  C.  S.  standard  is  very  high.  The  results 
were  concordant. 

The  results  found  at  the  various  temperatures  and 
from  the  various  states  of  solution  show  how  utterly 
impossible  it  is  to  do  correct  work  when  precipitation 
is  made  at  from  40  to  50  or  from  60  to  65°,  as  men- 
tioned in  the  Official  Method,  unless  correction  is  made 
by  the  use  of  a  standard,  which  is  run  along  with  the 
batch  under  identically  the  same  conditions,  and  then 
corrections  made  accordingly.  If  work  is  being  done 
on  acid  phosphate,  it  is  suggested  that  a  control  test 
be  carried  on  at  the  same  time  by  adding  to  a  weighed 
quantity  of  standard  phosphate  rock  the  amount  of 
sulfuric  acid  used  in  making  the  acid  phosphate. 
It  was  also  found  by  experiment  that  the  sulfuric  acid 
may  be  added  after  making  solutions  in  nitric  acid  with 
the  same  results.  This  suggestion  is  intended  par- 
ticularly for  those  who  precipitate  phosphoric  acid  at 
temperatures  higher  than  30°  C.  It  is  advisable,  too, 
that  a  stirring  machine  be  employed. 

Should  a  sample  of  fertilizer  under  examination 
contain  a  large  amount  of  organic  matter  like  fish  scrap, 
ground  tankage  or  cottonseed  meal,  it  is  suggested 
that  the  method  of  solution  be  the  addition  of  a  mix- 
ture of  10  cc.  sulfuric  acid  and  15  cc.  nitric  acid, 
boil  on  a  hot  plate  until  black,  and  then  oxidizing 
the  organic  matter  by  the  addition  of  potassium 
nitrate.  Whenever  employing  this  method  allow  the 
flask  to  cool  down  with  the  hot  plate,  otherwise  it  will 
crack;  then  boil  with  about  loo  cc.  of  water.  A  por- 
tion of  a  standard  sample  of  phosphate  rock  is  dis- 
solved and  treated  in  the  same  manner,  and  the  value 
per  cc.  found  and  correction  made.  It  is  advisable 
when  precipitating  from  a  sulfuric  acid  solution  to 
add  at  least  5  g.  of  ammonium  nitrate. 

It  has  been  found  also  that  the  age  of  the  molybdic 
solution  may  seriously  affect  results.  If  a  solution 
is  very  old  and  show.-;  a  tendency  of  separating  out 
molybdic  acid,  it  should  be  discarded  and  not  even 
mixed  with  a  fresh  solution.  By  keeping  the  solution 
in  a  dark  bottle  and  in  a  cool  place  it  will  be  pre- 
served longer.  A  precipitating  vessel  that  is  most 
convenient  is  a  33°  cc-  Soxhlct  fat  extraction  flask 
filled  with  a  No.  9  rubber  .itoppcr;  after  adding  an  ex- 
cess of  standard  alkali,  the  stopper  is  inserted,  and  the 
flask  shaken  until  the  yellow  precipitate  «.■;  dissolved. 
The  end-point  is  sensitive  to  a  drop,  and  lhcrefor« 
Fairchild's  modification  is  unnccessory. 
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practice. 

Laboratory  of  Savannah  Gv, 
Savannah,  Georgi 


In  conclusion  it  may  be  stated  that  with  a  knowledge  anything  approaching  the  stagnation  of  summer  is 
of  the  method  and  with  strict  attention  to  detail,  avoided.  Water  first  flowed  in  from  the  Ashokan 
very  accurate  and  reliable  results  may  be  obtained,  tunnel  on  November  22,  1915,  and  continued  steadily 
and  the  fact  that  it  is  extremely  delicate  is  a  point  in  until  January  15,  1916,  when  the  water  was  123  ft. 
its  favor.     Accuracy,   however,    will   come   only   with      deep.     Filling   was   resumed   February    21,    1916,   and 

continued   to   full   reservoir   level    which    was   reached 
May  23,  1916. 

The  water  entering  was  of  low  turbidity  and  free 
from  B.  coli  in  10  cc,  having  seen  long  storage  at 
Ashokan  reservoir.  The  water  as  it  entered  the  reser- 
voir stirred  up  the  mud  of  the  bottom  with  the  result 
that  the  whole  volume  of  water  in  Kensico  reservoir 
was  muddy  and  showed  B.  coli  in  many  of  the  tests 
in  0.1  cc.  The  turbidity  contained  fine  silt  which 
settled  very  slowly.  The  turbidity  was  still  30  p.  p.  m. 
at  the  end  of  a  month  and  naturally  cleared  more 
slowly  in  the  deeper  water.  B.  coli  results  improved 
with  subsidence  of  turbidity  and  time  of  standing, 
tests  in  only  10  cc.  being  obtained  at  the  end  of  3  weeks 
and  at  the  end  of  6  weeks  being  negative  in  10  cc. 

Special  inspections  were  started  by  the  Laboratory 
Division  of  the  Department  of  Water  Supply,  Gas 
and  Electricity,  and  special  samples  were  taken  on 
December  22,  1915.  Eight  samples  taken  at  different 
points  along  the  side  of  the  reservoir  had  an  average 
of  only  36  bacteria  per  cc.  (agar  37°  C.)  and  no  B. 
coli  in  10  cc.  within  24  hrs.,  lactose  bile  test.  In  3 
days'  time  the  tests  in  10  cc.  were  positive  in  'A  of 
the  samples.  One  only  gave  a  test  in  i  cc.  These 
results  proved  the  presence  of  attenuated  B.  coli 
only,  its  source  being  the  disturbed  mud  of  the  reservoir. 
A  path  was  broken  through  the  ice  to  a  point  several 
hundred  feet  back  of  the  intake  at  the  dam  and  samples 
taken  from  a  row  boat  at  the  surface  and  at  50  ft. 
depth,  the  total  depth  of  water  being  82  ft.  These 
samples  were  taken,  as  were  all  similar  samples  later, 
by  the  method  employed  for  collecting  dissolved  oxy- 
gen samples,  i.  e.,  allowing  a  larger  bottle  to  fill  through 
a  small  bottle  so  that  the  analysis  of  the  water  in  the 
small   bottle   represents   the   actual   conditions   at   the 


THERMOCLINE  STUDIES  AT  KENSICO  RESERVOIR- 

Ity  Frank  E    Ham-;  and  John  E.  Dowd 
Received  September  30.  1916 

The  new  and  enlarged  Kensico  reservoir  is  the 
storage  reservoir  for  the  new  Catskill  water  supply 
nearest  to  New  York  City.  Owing  to  the  progress 
made  on  the  dam,  the  reservoir  was  filled  in  the  winter 
of  1915-16.  Close  watch  was  kept  of  the  quality  of 
the  water  in  order  to  utilize  it  at  the  earliest  possible 
moment.  During  construction  the  water  of  the  Bronx 
watershed  had  been  held  back  by  the  Bronx  and  Rye 
Dykes  and  the  Bronx  supply  fed  from  Rye  Dyke. 
As  soon  as  the  quality  of  the  water  permitted,  change 
of  draught  was  made  to  the  new  dam  and  filling  con- 
tinued over  the  Dykes  in  order  to  conserve  in  the  Cats- 
kill  system  as  much  of  the  winter  and  spring  flow  as 
possible. 

The  problem  was  interesting  in  that  it  is  not  the 
usual  procedure  to  use  water  from  a  reservoir  without 
long  standing  and  possibly  blowing  of  bottom  water 
after  stagnation. 

TREATMENT    OF    RESERVOIR    BOTTOM 

Soil  Stripped  from  certain  designated  portions  was 
used  for  filling  areas  of  shallow  flowage.  Swampy 
areas  were  covered  with  sand  and  gravel  to  a  depth 
of  12  in.  or  more.  The  bottom  and  a  margin  of  about 
30  ft.  outside  the  flow-line  were  cleared  of  all  buildings, 
fences,  trees,  bushes,  logs,  stumps,  high  grass,  tussocks 
or  clumps  of  roots  of  bushes  or  grass,  weeds  and  rub- 
bish. Stone  walls  within  the  30-ft.  margin  and  to 
a  depth  of   20  ft.   below  the  flow-line  were  removed. 


Table  I — Quality  of  Water  at  Various  Depths.  Kensico  Reservoir 
Physical 

Examination  . Chemical  Analysis 

O  .      (Parts  per  Million) 


•■3  t^ 


3      O     "O 

H   O   O 
8  20  Iv 


0.088  0.016  0.002  0.15  48 
0.088  0.020  0.002  0.10  51 
0.090     0.030     0.002     0.20     59 


Place  of 
Date  Collection 

Dec.  22.  1915      Surface 

50  ft.  Depth     34.7   U   21   2v  + 
82  ft.  Bottom 
Jan.  7,  1916         Surface  34         5    16  2ti 

25  ft.  Depth  34.5  5  16  2f 
50  ft.  Depth  35  4  16  2f 
117  ft.  Bottom 

Designated  areas  within  the  30-ft.  margin  and  the 
reservoir  bottom  to  a  depth  of  35  ft.  below  the  flow- 
line  were  grubbed  of  stumps  and  roots.  Material 
was  burned,  excrement  removed,  and  chloride  of  lime 
used. 

The  time  of  filling  the  reservoir   was   well  chosen, 
late   fall,    since    circulation   continues    all    winter    and 

I  Presented  at  the  53rd  Meeting,  .American  Chemical  Society,  New  York 
City.  September  25  to  30.  1916. 


1.0     25      13     0.40     0.4     93 
1.2     20      13     0.50     0.4 
1.4     20     13     0.50     0.4     92 


,%     Bacillus    2.2 


0.1 

1.0 

10 

u 

15 
37 

0 
0 

0 
0 

0 

-1- 

15 
15 

11 
11 

0 
0 

0 
0 

0 
0 

20 
100 

19      0      0     0 


depth  sampled.  These  samples  were  given  complete 
analysis,  physical,  chemical,  bacteriological,  and  micro- 
scopical. Dissolved  oxygen  and  free  carbonic  acid 
were  also  determined  at  the  reservoir.  The  results 
are  shown  in  Table  I. 

The  temperature,  oxygen-free  carbonic  acid  and 
other  determinations  proved  the  water  to  be  of  uni- 
form character  throughout.  Microscopic  organisms 
were    practically    absent,    oxygen    was    abundant,    90 
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per  cent  of  saturation  at  50  ft.  depth,  free  carbonic 
acid  very  low,  and  the  B.  coli  present  only  in  attenuated 
form  in  the  50-ft.  sample.  The  turbidity,  which  ac- 
counted also  for  the  slight  excess  of  iron,  was  still  just 
sufficient  to  have  caused  complaint  if  turned  into  service. 

On  January  7,  1916,  a  second  inspection  was  made 
in  the  same  way  (see  Table  I).  The  shore  samples 
were  of  similar  character,  averaging  38  bacteria  per 
cc,  and  only  attenuated  B.  coli  appearing  in  10  cc. 
in  4  out  of  7  samples. 

Samples  were  again  taken  from  a  boat  at  surface, 
25  ft.  and  so  ft.  depths,  the  total  depth  being  117  ft. 
Owing  to  the  difficulty  of  winter  sampling  from  a  row 
boat,  samples  were  not  taken  at  a  greater  depth  than 
50  ft.:  in  fact  some  samples  froze  and  burst  the  bottles 
while  standing  in  the  boat.  The  results  were  similar 
to  the  previous  analyses. 

The  water  had  improved  in  showing  less  turbidity, 
about  s  p.  p.  m.,  no  B.  coli  in  any  sample,  still  lower 
carbonic  acid,  and  oxygen  92  per  cent  of  saturation  at 
50  ft.  The  temperature,  oxygen,  free  carbonic  acid, 
and  microscopic  organisms  for  both  inspections  are 
plotted  in  Chart  No.  i  and  show  the  absence  of  stria- 
lion  or  any  thermocline,  all  lines  being  vertical. 
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Cf^ART  N91  WINTCR  CIRCULATION 

QiiALiTv   Of  Krniiico  Rkkkkvoir   Watkh   at   VAmom    Pki-tiik 

As  the  water  rose  diflic'ulty  was  experienced  with  the 
pipe  line  bringing  water  from  Rye  Dyke  and  it  became 
necessary  to  stipplement  at  the  new  dam.  Service 
from  Rye  Dyke  was  soon  discontinued  and  all  draught 
taken  at  the  new  dam,  the  point  of  draught  being  so  ft. 
o(T  the  bottom,  the  lowest  available.  Filling  of  the 
reservoirs,  which  was  stopped  January  15,  was  con- 
tinued February  31,  anti  the  Dykes  flooded  until  the 
reservoir  was  practically  full  with  ji  de|>tli  of  155  ft. 
on  May  23,  1916. 


Previous  experience  with  Croton  Lake  having  indi- 
cated that  there  would  be  no  stagnation  until  summer, 
special  sampling  was  discontinued  until  spring.  Regu- 
lar samples  were  taken  3  times  weekly  of  surface  and 
efiluent  at  the  dam  and  these  remained  of  excellent 
quality. 

Common  reference  is  made  to  winter  stagnation  in 
reservoirs.  It  is  the  opinion  of  the  writers  that  under 
usual  conditions  there  is  no  winter  stagnation.  In 
our  experience  with  Croton  Lake  and  with  Kensico 
Reservoir  the  water  circulates  and  overturns  all  winter 
long  even  to  a  temperature  below  that  of  greatest 
density.  The  following  table  of  temperatures  taken 
by  thermophone  by  the  Board  of  Water  Supply  sub- 
stantiates this  point: 

Table    II — Temperature   of    Water   at  Various   Depths.   Ksnsico 

Reservoir 

Depths                      1-ebruary  S.  1916  Depths  Apbii.  5,  1916 

Surface 32.7°  F.        0.4°  C.  Surface  35.8         2.1 

7  ft 33.9                 1.1  14  ft.  36.0          2.2 

22  ft 34.0                1.1  34  ft.  36.1          2.3 

62  ft 34.2                 1.2  89  ft.  36.3          2.4 

102ft 34.8                 1.6  129  ft.  .^6.4          2.4 

122  ft.  (bottom)                              ...  149ft. 

IL  will  be  noted  that  the  colder  temperatures  are 
at  the  surface,  that  on  February  8,  there  was  only  a 
difference  of  1.2°  C.  between  top  and  bottom  tempera- 
tures taken,  and  on  April  5,  only  0.4°  C.  difference, 
and  that  all  the  temperatures  on  April  5  are  higher 
than  those  on  February  8,  proving  circulation  from 
top  to  bottom.  The  probable  explanation  of  this 
circulation  is  that  water  cooled  below  4°  C.  becomes 
lighter  and  when  it  again  increases  in  temperature 
grows  heavier  up  to  4°  C.  Any  disturbance  as  by 
wind  then  causes  an  overturning  which  temperatures 
show  is  profound.  Such  appears  to  be  the  case  all 
winter.  Only  in  the  summer  does  true  stagnation 
take  place.  The  fact  that  Kensico  was  filling  most 
of  the  winter  really  has  no  bearing  on  the  results  in 
that  the  same  phenomenon  has  been  noticed  at  Croton 
Lake  and  also  there  was  no  water  running  in  from 
January  15  tc  February  21,  a  period  of  5  weeks.  Again 
the  water  entered  at  the  northern  end  and  sampling 
was  at  the  southern  end. 

The  temperatures  obtained  on  the  different  dates  are 
shown  in  Table  III. 

COMPLETE    ANALYSES 

On  May  11,  1916,  the  first  of  a  very  complete  set 
of  analyses  was  started.  Temperatures  were  taken 
by  a  thermophone  of  the  Board  of  Water  Supply, 
operated  by  Mr.  Glazer.  The  instrument  was  of  the 
galvanometer  type  and  readings  could  be  made  ac- 
curately to  0.1°  F.  The  instrument  had  been  conj- 
jiared  with  standard  thermometers  and  found  to  be 
correct.  Temperatures  were  read  at  every  5  ft. 
depth  down  to  100  ft.,  then  at  every  10  ft.  depth. 
When  the  thermocline  developed  later  it.s  exact  posi- 
tion was  determined  by  readings  i  ft.  apart.  Samples 
for  other  determinations  were  taken  at  frequent  in- 
tervals, including  especially  just  above  and  just  l>clow 
the  thermocline.  Samples  have  also  been  taken  from 
the  effluent  pipe  each  time,  which  have  demonstrated 
that    the   draught   is   actually   at    the   depth  intendeil. 
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Tadle  III 


May  22,  1 

916 

. 

• J 

ane  29.  1916 . 

De^th 

Temperatures 

Depth 

Temperatures 

Thcrmophone 

Ft. 

Therm 

ophone 

1 

55.1° 

F.    — I2.8°C 

.    55.8° 

F.    —13 

2°C. 

I  ', 

75  . 1  °  F. 

23.9° 

5 

55.0° 

—12.8° 

5 

73.2° 

22.9° 

10 

54.3° 

—12.4° 

10 

72.9° 

22.7° 

15 

54.0° 

-12.2° 

15 

72.4° 

22.4° 

20 

52.9° 

—11.6° 

16 

17 

171/ 

20 

71.5° 
66.4° 
64.3° 
62.4° 

21.9° 
19.1° 
17.9° 
16.9° 

25 

S\'.2' 

— i6.'7° 

54.'6° 

—12 

2° 

25 

56!i° 

13. '4° 

30 

49.6° 

—  9.8° 

30 

52.9° 

11.6° 

35 

47.9° 

—  8.8° 

35 

51.8° 

11.0° 

40 

47.0° 

—  8.3° 

40 

50.5° 

10.3° 

45 

46.2° 

—  7.9° 

45 

48.6° 

9.2° 

50 

45.3° 

—  7.4° 

46;8° 

—8 

2° 

50 

47.0° 

8.3° 

55 

44.5° 

—  6.9° 

55 

45.3° 

7.4° 

60 

44.0° 

—  6.7° 

60 

44.4° 

6.9° 

65 

43.7° 

—  6.5° 

65 

43.7° 

6.5° 

70 

43.6° 

—  6.4° 

70 

43.4° 

6.3° 

75 

43.4° 

—  6.3° 

75 

43.2° 

6.2° 

80 

43.3° 

—  6.3° 

80 

43.0° 

6.1° 

85 

43.2° 

—  6.2° 

85 

42.9° 

6.1° 

90 

43.2° 

—  6.2° 

90 

42.7° 

5.9° 

95 

43.2° 

—  6.2° 

95 

42.5° 

5.8° 

100 

43.1° 

—  6.2° 

4S!6° 

—7 

2° 

100 

42.4° 

5.8° 

IDS 

(Efflue 

nt) 

43.2° 

—6 

2° 

105 

42.3° 

5.7° 

110 

42.6° 

—  5.9° 

110 

115 

42.15° 
42.05° 

5.6° 
5.6° 

126 

42;i» 

— '5!6° 

120 

125 

41.95° 
41.95° 

5.5° 
5.5° 

130 

41:8° 

— '5!4° 

130 
135 

41.9° 
41.85° 

5.5° 

5.5° 

140 

4i!7° 

— 'S.'4° 

140 
145 

41.8 
41.8° 

5.4° 
5.4° 

150 

4i!7° 

— '5!4° 

44;6° 

-^ 

150 

41.8° 

5.4° 

. July  28.  1916- 

Depth      Temperatur 
Ft.  Thermophoi 

'A  78.3°  F.    25. 

5     78.2°  25. 

10     77.9°  25. 

15     77.8°  25. 

20  77.6°  25. 

21  77.2°  25. 

22  76.6°  24. 

23  62.3°  16. 

24  61.4°  16. 

25  60.4°  15. 
30  56.0°  13. 
35  53.6°  12. 
40  51.9°  11. 
45  50.3°  10. 
50  48.9°  9. 
55  47.5°  8. 
60  45.9°  7. 
65  45.0°  7. 
70  44.1°  6. 
75  43.6°  6. 
80  43.5°  6. 
85  43.3°  6. 


August  31.  1916 . 

Depth     Temperatures 
Ft.  ThermopboDe 

75.6°  F.    24.2°  C 


10 


95 
100 
105 
110 
115 
120 
125 
130 
135 
140 
145 
150 
155 
160 


43.0° 
42.8° 
42.7° 
42.5° 
42.4° 
42.3° 
42.2° 
42.1° 
42.0° 
42.0° 
42.0° 
43.0° 
43.8° 
43.8° 


75.6° 
75.6° 
75.2° 
74.0° 
73.7° 
73.5° 
72.1° 
68.5° 
65.7° 
58.0° 
55.5° 
53.2° 
51.9° 
50.5° 
48.6° 
47.4° 
46.3° 
45.3° 
44.5° 
44.2° 
43.8° 
43.4° 
43.1° 
42.9° 
42.8° 
42.8° 

42;6° 

42!4° 

42!5° 


24.2° 
24.2° 
24.0° 
23.3° 
23.2° 
23.1° 
22.3° 
20.3° 
18.7° 
14.4° 
13.1° 
11.8° 
11.1' 
10.3° 
9.2° 
8.6° 
7.9° 
7.4° 
6.9° 
6.8° 
6.6° 
6.3° 
6.2° 


5.9° 
5.'8» 
5;9° 


The  analyses  made  May  22  are  shown  in  Table 
IV.  Chart  No.  2  shows  the  temperatures,  oxygen,  free 
carbonic  acid,  and  microscopic  organisms.  It  is  evi- 
dent from  the  chart  that  a  thermocline  had  begun  to 
form  at  about  20  ft.  depth.  Oxygen  was  abundant 
at  all  depths  and  microscopic  organisms  at  a  minimum. 

Comparison  of  the  small  bottle  temperatures  with 
the  thermophone  proved  that  the  samples  came  from 
the  depth  intended.  Some  change  of  temperature 
in  the  deep  samples  is  occasioned  while  drawing  up 
through  the  warmer  water.  This  difference  becomes 
greater    as   the   surface    temperatures    become    higher. 


The  tubes  were  so  arranged  that  the  bottles  took 
2  min.  to  fill,  and  it  took  only  about  one-half  minute 
to  lower  to  the  depth  desired. 

The  analyses  show  the  water  to  be  of  remarkably 
uniform  character  from  top  to  bottom. 

On  June  29,  1916,  samples  were  again  taken.  The 
results,  shown  in  Table  IV  and  on  Chart  No.  3,  indicate 
that  marked  changes  have  taken  place.  A  distinct 
thermocline  has  formed  at  16  ft.  depth  with  great  in- 
crease of  temperature  of  the  surface  water.  Micro- 
scopic organisms  have  increased  above  the  thermocline. 
Free  carbonic  acid  has  increased  below  the  thermocline 


Table  IV — Quality  or  Water  at  Various  Depths  at  Kensico  Reservoir 
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anfl  oxygen  has  Ik^uii  to  ilt'crease  just  below  the 
thcrmodinc  and  at  the  bottom.  There  was,  however, 
an  abundanee  of  oxygen  at  nil  depths.  The  albuminoid 
ammonia  decreased  with  the  microscopjc  organisms 
from  top  to  bottom.  The  reverse  was  true  of  free 
ammonia,  nitrite,  and  free  carbonic  acid.  The  bottom 
samples  alone  showed  high  bacteria. 

The  next  .set  of  samples  was  taken  July   j8.  1016. 
The  results  arc  shown  in  Table  IV  and  on  Chart  No.  4. 


CHART  AffS       TMERMO^lINC  AT  23  rcCT 

«TIB    AT    VAKIOI'II    UIPTII* 

The  thcrmocline  is  very  sliarply  defined  at  ii'tt. 
depth.  Between  a 3  ft.  and  i,\  ft.  there  was  a  differ- 
ence of  8°  C,  whereas  for  each  foot  above  and  below 
these  points  there  was  only  fractions  of  a  degree  difTcr- 
ence.  Other  changes  were  more  sharply  marked. 
The  oxygen  curve  ilips  deeper  below  the  thermocline 
and  is  nearly  exhausted  at  the  bottom.  The  free 
carbonic  arid  has  greatly  incrcnsocj  at  the  bottom 
accompanied    by    high    color,    free    nmmonin.    nitrite. 
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and  amorphous  matter.  Microscopic  organisms  have 
greatly  increased  above  the  thermocline  and  some- 
what below,  the  curve  conforming  to  the  tempera- 
ture curve  very  closely.  Free  ammonia  showed 
certain  changes  also,  increasing  from  zero  at  the  surface 
to  a  maximum  just  below  the  thermocline,  reducing 
again  to  a  minimum  at  point  of  draught  (105  ft.) 
and  increasing  again  to  the  bottom.  Nitrite  and 
nitrate  showed  a  slight  increase  from  top  to  bottom. 

For  the  first  time  B.  coli  appeared  in  both  samples 
above  the  thermocline,  also  at  mid  depth  and  at  bottom. 
The  numerous  regular  samples  taken  of  the  effluent 
have,  however,  only  a  few  times  given  a  positive  test 
for  B.  coli  in  10  cc. 

Another  odd  feature  is  a  slight  rise  in  temperature 
at  the  bottom,  probably  due  to  earth  temperature. 
While  not  sufficient  to  cause  overturning  in  the  quiet 
water  of  that  depth,  this  probably  accounts  for  the 
gradual  increase  during  the  summer  in  the  tempera- 
ture of  the  water  below  75  ft.  depth. 

On  August  31,  1916,  another  set  of  samples  was 
taken.  The  results  are  shown  in  Table  IV  and  on 
Chart  No.  5.  The  thermocline  is  sharply  formed  at 
23  ft.  depth.  The  oxygen  dip  below  the  thermocline 
and  at  the  bottom  is  striking.  This  is  accompanied 
by  heavy  amorphous  matter  at  both  points  due  to 
the  death  of  microscopic  organisms  which  for  some 
reason  have  almost  disappeared  at  all  depths.  Par- 
ticularly striking  is  the  reciprocal  relationship  between 
the  oxygen  and  the  free  carbonic  acid,  the  latter  in- 
creasing greatly  just  below  the  thermocline  and  ex- 
ceedingly at  the  bottom.  The  bottom  sample  also 
shows  an  exceedingly  high  color  with  accompanying 
high  iron.  The  turbidity,  free  and  albuminoid  am- 
monia, amorphous  matter,  oxygen,  and  free  carbonic 
acid  all  show  the  effect  of  stagnation  and  leaching  of 
the  bottom. 

The  albuminoid  ammonia  decreased  from  the  sur- 
face to  the  point  of  draught  and  then  increased  to  the 
bottom.  The  amorphous  matter  increased  from  the 
surface  to  the  sample  just  below  the  thermocline, 
where  oxygen  is  low,  then  decreased,  to  increase  again 
at  the  bottom. 

The  water  was  in  satisfactory  bacteriological  con- 
dition throughout. 

The  increase  in  temperature  at  the  bottom,  extending 
for  15  ft.,  is  again  noticeable. 

In  conclusion  attention  is  called  to  the  fact  that, 
although  the  reservoir  was  recently  filled,  draught 
was  begun  almost  at  once  and  all  through  the  summer 
deep  draught  has  been  maintained  at  50  ft.  from  the 
bottom.  The  water  obtained  has  been  clear,  cold 
(43°  F.),  free  from  B.  coli  and  low  in  bacteria.  Micro- 
scopic organisms  have  been  avoided,  although  heavy 
growths  have  occurred  at  the  surface  of  a  type  pro- 
ducing on  decay  disagreeable  pig-pen  odors.  The 
water  has  also  contained  abundant  oxygen.  The 
draught  of  27  to  30  m.  g.  d.  has  had  no  effect  whatever 
on  the  water  in  the  Reservoir.  Similar  results  with 
larger  draught  have  been  obtained  at  Croton  Lake  for 
several  years. 

The   fact    of    continuous    winter   circulation    is    also 


emphasized  although  the  data  here  presented  in  con- 
nection with  Kensico  Reservoir  is  not  as  complete  as 
it  should  be. 

The  progressive  changes  in  character  of  the  water 
at  various  depths  accompanying  the  formation  of  the 
thermocline  have  been  striking.  Just  below  the 
thermocline  and  at  the  bottom  oxygen  has  diminished 
to  near  exhaustion.  Elsewhere  it  has  been  abundant. 
Reduction  in  oxygen  has  been  accompanied  by  in- 
crease in  free  carbonic  acid,  the  two  curves  being 
reciprocally  opposite  in  character.  The  free  carbonic 
acid  was  at  a  minimum  above  the  thermocline,  in- 
creasing below.  Microscopic  organisms  increased 
greatly  with  increase  of  temperature  above  the  thermo- 
cline. 

A  slight  increase  in  temperature  in  the  bottom  water 
was  noticeable,  a  phenomenon  we  have  never  noticed 
elsewhere. 

Mt.  Prospect  Laboratory.  Department  oh  Water  Supply 

Flatbush  Ave.  and  Eastern  Parkway 

Brooklyn.  New  York 

IS  THE  RECOVERY  OF  THE  NITROGEN  IN  SEWAGE 
SLUDGE  PRACTICABLE?' 

By   \\'ii.uia.m   R,   Copeland 

The  answer  to  the  question  as  to  whether  it  is  or 
is  not  practicable  to  recover  the  nitrogen  in  sewage 
and    sewage   sludge    will    depend   upon   three   factors: 

(i)   The  amount  of  nitrogen  contained. 

(2)  The  cost  of  recovering  and  disposing  of  the 
nitrogen. 

(3)  The  market  value  of  the  nitrogen. 

Sewage  may  be  defined  for  the  purposes  of  this 
article  as  the  liquid  and  water-borne  wastes  discharged 
into  the  city  sewers  through  drains  from  houses, 
buildings,  factories  and  streets,  together  with  more  or 
less  water  which  seeps  into  the  sewers  from  the  ground. 

In  view  of  the  great  variety  of  sources  and  modes 
of  collection  of  such  waste  liquors,  sewage  contains 
a  variety  of  elements  that  change  in  composition  with 
the  source,  season  of  year,  day  of  the  week  and  hour  of 
the  day.  As  nitrogen  is  an  important  constituent 
in  many  of  the  compounds,  such  as  fecal  matter,  urine, 
horse  manure,  hair,  meat  scraps,  etc.,  in  sewage,  the 
amount  varies  widely,  both  in  regard  to  the  portion 
which  is  dissolved  and  to  the  portion  held  in  sus- 
pension by  the  liquid. 

Recovery  of  nitrogen,  from  the  standpoint  of  this 
paper,  has  to  do  principally  with  the  nitrogen  in  sus- 
pension, because  that  is  the  portion  which  appears  in 
the  greatest  quantity  in  the  sludge.  The  total  ob- 
tained will  vary  both  with  the  treatment  process  used 
and  with  the  volume  contained  by  the  raw  sewage. 
To  illustrate  these  points  the  following  data  are  taken 
from  IMetcalf  and  Eddy's  "American  Sewerage  Prac- 
tice," Volume  3: 

Table  I— Composition  of  Dry  Sewacb  Sludge 

Per  cent 
Source  of  Sample  Sludge  Obtained  from    Nitrogen 

Frankfort-am-Main Plain  sedimentation  2.85 

Columbus,  Ohio Septic  tank  1.40 

F,ssen Imhoff  tank  1.22 

Philadelphia Imhoff  tank  1.20 

Worcester,  Mass Chemical  precipitation  2.77 

'  Presented  at  the  53rd  Meetinn  of  the  .American  Chemical  Society, 
New  York  City,  September  25-30.  1916. 
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Some  additional  data  compiled  by  J.  R.  McClintock, 
Consulting  Engineer,  of  New  York,  from  published 
reports  of  other  sewage  disposal  plants,  are  given  in 
Table  II. 

Table  II — Additional  Data  upon  the  Composition  op  Sewage  Sludge 
(Basis  of  10  Per  cent  Moisture) 

Per  cent 

Source  of  Sample                            Sludge  Obtained  from  Nitrogen 

Brooklyn  (Williamsburg) Dickson  (Veast)  process  1  .4 

Columbus  Testing  Station Grit  chamber  sludge  1.2 

Plain  sedimentation  tank  1.6 

Philadelphia  Testing  Station Plain  sedimentation  tank  1.2 

Cleveland  Testing  Station Plain  sedimentation  1 . 4 

Septic  tank  1.3 

Imhoff  tank  1.2 

Gloversville  Testing  Station Plain  sedimentation  2.. 3 

Septic  tank  2.2 

Worcester  M.  S:  E.  Vol.  Ill Plain  sedimentation  2 . 7 

Septic  tank 


Atlanta 


Imhoff  tank 


1  .5 


The  gist  of  the  data  given  in  these  tables  is  that  the 
sludge  which  has  been  obtained  heretofore  by  the 
best  known  processes  of  sewage  treatment  contained 
from  1.2  to  3.0  per  cent  of  nitrogen.  These  figures 
are  low  and  show  that  the  sludge  did  not  possess 
as  much  nitrogen  as  the  amount  contained  by  the 
raw  sewage  would  lead  us  to  expect.  This  condition 
may  be  explained  by  the  fact  that  a  large  share  of  the 
colloidal  matter  carried  by  the  sewage  ran  out  in  the 
effluent  flowing  away  from  the  tanks  and  took  nitrogen 
with  it;  or  in  the  case  of  chemical  precipitation  works 
the  lime  added  drove  nitrogen  off  in  the  form  of  am- 
monia and  diluted  the  portion  remaining  by  increasing 
the  amount  of  inert  mineral  matter.  Moreover, 
various  authors  state  that  from  lo  to  60  per  cent  of 
the  volume  of  the  solids  deposited  by  sewage  in  the 
sludge  digestion  chambers  of  Imhoff  tanks  and  other 
forms  of  septic  tanks,  is  converted  into  soluble  or 
gaseous  form.  Much  of  the  albuminoid  ammonia  is 
thus  changed  into  free  ammonia  and  free  nitrogen 
which  escape  in  the  liquor  or  bubble  out  at  the  gas 
vents. 

Within  the  last  two  years,  however,  a  new  method 
of  sewage  purification  by  the  so-called  "Activated 
Sludge"  process  has  been  tried  out  in  various  cities 
of  America  and  England.  One  of  the  distinctive 
features  of  this  process  is  that  the  colloidal  and  sus- 
pended matters  of  the  sewage  are  collected  in  the  sludge. 
If  this  is  not  reaerated  or  overaerated  the  solids  are 
not  liquefied  to  such  a  large  degree  as  they  are  in  septic 
tanks,  and  therefore  the  nitrogen  does  not  escape. 

For  example,  the  digested  sludge  accumulates  in 
Imhoff  tanks  at  a  rate  of  from  i  to  10  cu.  yds.  per 
1,000,000  gals,  of  sewage  treated;  whereas,  by  the 
activated  sludge  process  20  to  80  cu.  yds.  or  more  may 
be  deposited  in  the  settling  tanks,  varying  widely, 
of  course,  with  the  strength  of  the  sewage  and  the 
water  content  of  the  sludge. 

Tadlk  III — Analysiis  op  Milwaukee  City  Suwagu  Bkporb  and  Ai'tbr 

TREAT.MltNT    IIY    IhIIOPP   TaNK    AND   BY    ACTIVATED    SLUDOH 

Results  in  Parts  per  Million 

— NitroKcii  ua -^ 

Sus-       Ammonia  Or- 

Monlh                                              ni'iidcd               Albu-  ganic  Ni-  Ni- 

1915            Sample                       Matter  I'rcc    minoid     N  trite  Irate 

.Scwaxe 2,^3  14.6     7.88  29  O.IS  0.1.1 

Aug.      ICi'PLUKNT: 

InihofT 105  16.2     6.10  27  0.\<t  0.  13 

Aclivittcd  sllldkc 14          3.8     3.19  6  0.29  6.00 

Sewage 300  13.5     8.81  29  0.25  0.14 

Sept.      liPPLUlINT: 

Imhoff 116  15.4     7.10  27  0.12  0,09 

Artivutcd  aluditc..  .  .          H         5.7     2.22  9  0.24  5.01 


The  Milwaukee  sewage  testing  station  carried  on  a 
series  of  experiments  during  the  summer  of  191 5 
where  the  city  sewage  was  treated  by  the  Imhoff  and 
activated  sludge  processes  simultaneously.  Analyses 
of  the  sewage  effluents  and  sludges  are  given  in 
Table  III. 

Samples  of  digested  sludge  from  the  Imhoff  tank 
and  of  the  fresh  activated  sludge  were  also  collected 
and  analyzed  in  August  and  September.  While  it 
is  not  correct  to  say  that  these  sludges  represent  all 
of  the  raw  sewage  passed  through  these  tanks  during 
August  and  September,  it  is  fair  to  assume  that  they 
are  typical  of  the  sludge  which  was  being  produced 
by  those  processes  at  that  season  of  the  year.  There- 
fore, the  analyses  of  the  sludges  are  given  in  Table 
IV. 

Table   IV^Analyses  of  Samples  of  Imboff  and  Activated  Sludges 
Obtained  from  Milwaukee  Sewage 
Date  Nitrogen  Reported  as  NHj  on  a  Basis  of 

1915  Sample  Sludge  Dried  to  10  Percent  Moisture 

Aug.  Imhoff  sludge 2.87         3.82 

Activated  sludge 5.71  4.97  7.04 

Sept.  Imhoff  sludge 3.88         8.69 

Activated  sludge 8.69         9.00 

The  data  given  in  Table  III  show  some  interesting 
facts.  For  example,  the  Imhoff  effluent  contained  on 
an  average  more  than  100  pts.  per  m.  of  suspended 
matter,  whereas  the  effluent  from  the  activated  sludge 
process  contained  only  about  lo  p.  p.  m.;  the  Imhoff 
effluent  contained  more  free  ammonia  than  the  raw 
sewage,  whereas  the  activated  sludge  effluent  contained 
only  one-third  as  much.  The  Imhoff  effluent  contained 
almost  as  much  albuminoid  ammonia  as  the  raw 
sewage,  whereas  the  activated  sludge  effluent  con- 
tained only  about  one-third  as  much.  The  Imhoff 
effluent  contained  almost  as  much  organic  nitrogen 
as  the  raw  sewage,  whereas  the  activated  sludge  con- 
tained only  one-third  as  much. 

What  became  of  the  nitrogen  carried  by  the  sewage? 

Evidently  most  of  the  nitrogen  in  the  sewage  treated 
by  the  Imhoff  tank  passed  out  in  the  suspended  and 
colloidal  matters  carried  by  the  effluent. 

The  activated  sludge  process,  on  the  other  hand, 
converted  the  free  ammonia  into  nitrate  and  stored 
up  the  undissolved  albuminoid  ammonia  and  organic 
nitrogen,  as  indicated  by  the  large  amount  of  nitrate 
in  the  effluent  and  high  nitrogen  content  of  the  ac- 
tivated sludge. 

In  short,  analyses  of  this  material  when  dry  show 
that  activated  sludge  contains  from  4  lo  4'/.  per  cent 
of  nitrogen,  and  sludge  from  certain  industrial  plants 
such  as  packing  houses  may  carry  even  more. 

When  it  comes  to  recovering  this  nitrogen,  however, 
we  meet  with  a  serious  difficulty,  because  as  the  sludge 
gathers  in  the  settling  tanks  it  contains  from  98  to 
99  per  cent  of  moisture  and  the  bulk  of  this  water  must 
be  removed  before  the  dry  material  can  be  sold  for 
fertilizer. 

Several  methods  of  dcwalcring  the  sludge  have  been 
tried,  such  as  settling,  passing  the  mixture  through 
centrifugal  machines,  pressing  and  drying. 

The  best  information  now  available  points  to  a 
combination  of  settling  and  dccantalion  as  a  prelim- 
inary process.      By   this   means  the  water  will  be  cut 
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down  from  about  99  to  96  per  cent.  On  passing  the 
concentrated  residue  through  a  press  the  moisture  can 
be  cut  down  to  75  per  cent.  The  press  cake  can  be 
dewatered  in  a  dryer  to  10  per  cent  moisture  or  less. 

More  than  thirty  samples  of  activated  sludge  have 
been  dewatered  by  sedimentation,  decantation  and 
pressing  at  Milwaukee. 

It  is  an  interesting  and  notable  fact  that  two  different 
types  of  press  can  handle  the  settled  sludge  without 
requiring  the  addition  of  lime.  Many  experts  and 
manufacturers  of  presses  have  held  heretofore  that 
sewage  sludge  could  not  be  pressed  advantageously 
without  lime  because  of  the  gummy  or  gelatinous 
nature  of  the  colloids  in  the  sludge;  but  the  facts  re- 
main that  the  sludge  is  not  as  gummy  as  was  expected  and 
it  presses  fairly  easily  down  to  75  per  cent  of  moisture. 

In  order  to  try  out  the  feasibility  of  further  de- 
watering  the  sludge  four  samples  of  the  press  cake 
were  sent  to  fertilizer  plants  and  dried  there  on  a  com- 
mercial scale.  Three  of  these  tests  were  made  in  a 
steam  jacketed  (indirect  heat)  dryer  and  one  in  a 
semi-direct  heat  dryer. 

In  each  case  the  tests  proved  to  be  successful  from 
three  standpoints: 

I — The  sludge  dried  readily  to  a  satisfactory  me- 
chanical condition. 

2 — The  processes  did  not  require  much  power. 

3 — Little  nitrogen,  if  any,  was  driven  off  or  lost  by 
drying. 

From  the  mechanical  standpoint,  therefore,  the  re- 
covery of  nitrogen  in  sewage  sludge  is  practicable. 

With  regard  to  the  question  of  cost,  however,  the 
situation  at  the  time  of  writing  is  not  so  clear.  The 
pieces  of  apparatus  used  for  settling  the  raw  sludge 
and  drying  the  press  cake  were  not  designed  to  handle 
activated  sludge  in  the  most  economical  manner, 
but  were  requisitioned  as  being  the  best  commercial 
apparatus  available  at  the  time. 

By  comparing  the  behavior  of  activated  sludge  with 
such  matters  as  packing  house  tankage  I  estimate  that 
this  sludge  can  be  dewatered  so  that  the  recovery  of 
the  nitrogen  in  it  will  probably  cost  upon  present 
evidence  about  $8.00  to  $12.00  per  ton  of  material 
containing  10  per  cent  of  moisture,  depending  upon 
a  variety  of  local  factors.  These  figures  are  intended 
to  cover  interest  charges,  depreciation,  repairs  and  re- 
newals, and  a  liberal  provision  for  labor  and  fuel, 
as  well  as  the  cost  of  resettling  and  decanting  of  the 
water  of  the  original  sludge,  and  expenses  for  handling, 
freighting,  and  marketing  the  finished  product.  Ob- 
viously, the  total  cost  per  ton  will  be  somewhat  more 
in  the  case  of  a  small  plant  than  for  a  large  one.  For 
a  very  large  plant,  where  fuel  and  labor  are  relatively 
cheap,  it  is  possible  that  further  experience  will  reduce 
the  cost  below  the  lower  limit  in  the  range  here  given. 

The  dried  samples  of  sludge  were  analyzed  and  the 
data  obtained  are  given  in  Table  V. 

Table  V — Analyses  of  Comhhrcially  Drikd  Activated  Sludge 
Basis  of  10  Percent  Moisture 

Per  cent  of 
Sample  Character  Nitrogen  as  .     Available 

No.  of  Dryer  Ammonia  Phosphoric  Acid 

I  Semi-Direct  Heat  4.36  0.70 

2,  3  &  4      Indirect  Heat  4.76     4.56     5.06       0.81      0.47     0.39 

Average  of  4  Samples  4.68  0.57 


These  analyses  may  be  supplemented  by  the  follow- 
ing tests: 

Table  VI — .Additional  .\nalvses  of  .\ctivated  Sludge  Press  Cake 

Per  cent  of  Nitrogen 
Date  of  Calculated  to  Ammonia 

Collection  (Basis  of  10  Percent  Moisture) 

May        3,1916 5   74 

June      20,1916 +.65 

June      13.1916 4.88 

June       14,1916 4.92 

June      16,1916 5.01 

The  data  obtained  at  Milwaukee  as  cited  in  Tables 
V  and  VI  indicate  that  dry  activated  sludge  (basis  of 
lo  per  cent  moisture)  will  contain  4.6  to  5  per  cent  of 
nitrogen  figured  as  ammonia  and  0.6  to  0.7  per  cent  of 
available  phosphoric  acid.  In  addition  to  this  our 
data  show  that  the  dry  product  contains  about  '/< 
to  V2  per  cent  of  potash  and  from  3  to  4  per  cent  of 
fatty  material.  At  present  prices  the  nitrogen  is 
worth  $2.50  per  unit  (or  per  cent).  In  normal  times 
this  nitrogen  would  be  worth  about  $2.00  per  unit. 
The  phosphoric  acid  is  worth  about  So.  50,  and  the 
potash  may  be  worth  something  in  the  future,  although 
the  best  that  can  be  said  of  it  at  present  is  that  it  will 
assure  for  the  fertilizer  a  more  ready  sale. 

The  fat  present  in  the  Milwaukee  sludge  is  negligible. 
It  would  not  pay  to  recover  the  fat  nor  will  the  fat  injure 
the  selling  qualities  of  the  dried  sludge. 

SUMMARY 

Summing  the  whole  situation  up,  then,  we  see  that 
the  dried  sludge  has  a  market  value  upon  present 
figures  of  $9.00  to  $15.00  per  ton  of  material  con- 
taining 10  per  cent  moisture.  The  total  cost  of  getting 
this  product  and  placing  it  on  the  market  will  probably 
run  from  $8.00  to  $12.00  commercially  per  dry  ton, 
depending  upon  local  conditions.  For  large  plants 
this  cost  may  possibly  be  reduced  as  a  result  of  further 
experience. 

The  activated  sludge  containing  4  per  cent  or  more 
of  nitrogen  is  much  nearer  a  commercial  possibility 
than  the  sludges  obtained  by  the  older  methods  of 
treatment,  such  as  chemical  precipitation,  septic  tanks, 
or  the  Imhoff  process,  which  the  data  given  in  Table  I 
indicate  to  contain  only  1V2  to  3  per  cent  of  nitrogen. 

In  case  the  question  arises  as  to  the  possibility  of 
finding  a  market  for  the  dried  activated  sludge,  it 
should  be  added  that  raw  materials  containing  nitrogen, 
phosphoric  acid  and  potash  are  capable  of  being  worked 
up  readily  as  a  base  for  making  high-grade  fertilizers,  and 
as  they  are  not  very  plentiful  they  are  in  good  demand. 

Presumably,  however,  large  cities  such  as  New  York, 
Chicago,  etc.,  by  installing  this  activated  sludge  process, 
would  produce  so  much  raw  material  of  this  character 
that  the  product  would  have  to  be  parcelled  out  among 
a  number  of  manufacturers.  It  is  even  possible  that 
the  production  might  be  sufficient  to  reduce  the  price. 

However,  the  dried  sludge  is  a  good  fertilizer  just 
as  it  stands  and  contains  enough  value  to  pay  for 
sale   and   distribution   in   quite   a  large  local    market. 

The    data    given   in    the    preceding    pages    indicate, 
therefore,  that  the  recovery  of  the  nitrogen  in  sewage 
sludge  has  at  last  been  brought  within  the  range  of  a 
commercially  practicable  problem. 
Sewage  Testing  Station 
MiLn'AUKES.  Wisconsin 


Apr.,  1917 
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STORAGE  RESERVOIRS  AS  A  FACTOR  IN  THE 
PURIFICATION  OF  SURFACE  WATERS' 

By  S.   T.  rowELL 

The  impounding  of  surface  waters  in  storage  reser- 
voirs has  been  practiced  for  years,  but  the  primary 
object  of  such  treatment  has  been  the  conservation  of 
the  supplies  or  the  physical  improvements  to  the 
water  to  be  derived  from  sedimentation.  Until 
within  a  few  years  past  very  little  was  known  concern- 
ing the  hygienic  improvement  that  takes  place  in 
water  retained  in  storage  basins.  Dr.  Sedgwick^ 
made  note  of  this  fact  in  a  paper  which  he  read  before 
the  New  England  Water  Works  Association.  He 
pointed  out  that  it  was  but  fifteen  years  ago  that 
he  advanced  the  theory  that  it  was  in  "stagnant" 
rather  than  in  running  water  that  the  greatest  bac- 
teriological purification  takes  place.  At  that  time 
this  statement  caused  considerable  discussion  on 
account  of  this  seemingly  radical  theory.  Since 
that  time  so  much  has  been  learned  concerning  the 
chemical  and  bacterial  efficiency  of  storage  reser- 
voirs that  it  is  improbable  that  any  sanitarian  would 
attempt  to  disprove  this  general  statement. 

For  a  time  a  number  of  cities  in  this  country  de- 
pended wholly  upon  this  method  of  purification  but, 
as  stated  by  Mr.  George  W.  Fuller,'  "this  method  is 
expensive  and  seldom  tried  at  present."  With  our 
present  knowledge  of  water  treatment,  aside  from  the 
economic  standpoint,  it  is  doubtful  if  the  public  would 
be  content  with  this  form  of  purification  as  a  com- 
plete or  sufficiently  safe  one.  Considered  merely  as 
an  adjunct  to  filtration  or  sterilization  preliminary  to 
such  treatment,  storage  reservoirs  are  particularly 
eflScient  and  the  purification  to  be  derived  in  this  way 
far  outweighs  certain  disadvantages  that  are  at  times 
encountered  in  the  course  of  storage.  It  is  in  respect 
to  a  consideration  of  the  value  of  stored  water  as  a 
preliminary  method  of  purification  prior  to  ozone 
sterilization  that  it  is  dealt  with  in  this  paper. 

During  the  past  fifteen  months  the  writer  has  been 
aflforded  an  opportunity  to  study  conditions  in  the 
Herring  Run  storage  reservoirs  used  in  connection 
with  the  ozone  plant  of  the  Baltimore  County  Water 
and  Electric  Company.  The  raw  water  supply  is 
obtained  from  Herring  Run,  a  small  stream  which 
flows  through  a  rather  thickly  populated  district  in 
Baltimore  County  adjacent  to  Baltimore  City. 

Previous  to  ozonizalion  the  raw  water  is  stored  in 
two  shallow  reservoirs  holding  approximately  eighty 
million  (80,000,000)  gallons,  permitting  about  a  3-wecks 
.storage  period.  These  reservoirs  arc  used  in  tandem, 
the  water  flowing  from  the  first  to  the  second  basin 
through  an  outlet  chamber  with  gates  at  difTerent 
levels  so  as  to  draw  the  water  from  near  the  surface 
at  all  times.  Since  undertaking  a  study  of  conditions 
that  exist  in  these  reservoirs  weekly  samples  of  the 
raw  water  and  of  the  effluent  have  been  made.  The 
results  obtained,   particularly   the  bacterial   data,   arc 

'  I'ri-sciilcfl  ut  the  S.lrd  MccliiiK  ot  the  American  Clicmlcal  Socirly, 
New  York  City,  September  J.?  to  M,  1916. 

•  I)r  Wm.  T.  ScclKwlck.  "Wiilcr  .Supply  Snnlliilion  In  lllc  Nineteenth 
itnil  Twentieth  (.  cnturles."  N.  li.  11'.  W.  A<wc..  1916. 

'  C.ro  W.  I'liller.  "The  I'nrifieiillon  of  Wiitcr  from  Slnmlpnintii  Other 
Ihun  Ihr  llyiiirnic  Aipect,"  7ranj.  ISlh  Contr.  Ilyt.  oHif  lUmoiraphy.  Itll. 


of  unusual  interest,  considering  the  fact  that  the  reser- 
voirs are  quite  shallow,  averaging  probably  less  than 
lo  ft.  in  depth,  and  that  the  period  of  storage  does 
not  exceed  3  weeks. 

The  physical  and  chemical  improvement  to  the 
water  passing  through  these  basins  has  been  quite 
marked  at  all  seasons  of  the  year,  but  these  removals 
have  in  no  sense  been  abnormal.  There  has  been  an 
average  reduction  in  turbidity  of  14.2  per  cent  during 
the  period  covered  by  these  tests,  with  a  maximum 
removal  of  35-3  per  cent  during  July,  1915.  The  eflB- 
ciency  of  storage  here  in  respect  to  the  removal  of  tur- 
bidity has  not  been  as  great  as  at  other  places  with  the 
same  detention  period.  This  is  due  to  the  fact  that 
during  periods  of  high  water,  when  the  raw  supply 
contains  the  greatest  amount  of  suspended  solids,  the 
influent  gates  have  been  closed  and  the  necessary  daily 
pumpage  has  been  drawn  from  storage.  The  removal 
of  the  color  effected  by  these  reservoirs  has  been  marked, 
averaging  15.0  per  cent,  but  contrary  to  expectation 
the  greatest  color  reductions  have  been  in  the  spring 
and  fall  and  not  during  the  summer  months  as  has 
usually  been  noted  by  observers  in  studying  the  bleach- 
ing eft'ect  of  sunlight  upon  stored  water.  The  greatest 
bleaching  effect  is  normally  to  be  obtained  during  the 
warmest  months  of  the  year,  on  account  of  the  more 
active  oxidation  of  the  organic  coloring  matter  and  by 
the  direct  decolorizing  effect  of  the  sunlight.  Stearns,' 
in  studying  these  conditions  in  ten  reservoir  supplies 
of  Boston,  reported  color  reduction  of  from  0  to  69.5 
per  cent  for  periods  of  from  one  to  nine  years.  Low 
color  reductions  were  claimed  by  Mr.  Stearns  to  be 
due  to  "color  absorbed  from  reservoir  beds"  and  this 
in  a  measure  offsets  the  normal  decolorization  due  to 
storage. 

The  reason  the  color  reduction  has  been  less  here 
in  summer  is  believed  to  be  due  not  entirely  to  the 
absorption  of  organic  substances  in  the  reservoir 
bottoms  but  to  the  fact  that  during  the  summer 
months  the  algae  growths  are  always  prolific.  Many 
of  these  growths'  are  chlorophyll-bearing  organisms 
and,  due  to  disintegration,  the  chlorophyll  is  scattered 
throughout  the  water  and  this  tends  to  lessen  the 
bleaching  effect  of  the  sunlight.  In  addition  to  re- 
duction in  color  and  turbidity  there  has  been  con- 
sistent removal  of  organic  matter  from  the  water  as 
shown  in  Table  I. 

Tabi-b  I — Showing  1'hrchntai-.b  Rbmoval  oi"  Chhmical  Constitcsnts 
Dub  to  Storack  in  tub  Hbrring  Hi  n   Rksbrvoiii 

rKKCKNTAGK 

Constitubnts  Rhmoval 

Color }*n 

Turbidity '*f 

Total  Residue J  ' 

Voliilile  Miitlcr J-^ 

Mineral  Residue 'J 

Coiisunieit  Dxygen i? ■ ' 

Totul  Iron   '"•' 

I'ree  Ammonio 'S'liI^ 

Albuminoid  Ainmoni* »  /(«) 

(a)  Thew  determinations  have  not  been  made  Ihrouchoul  the  entire  ye«». 

The  physical  and  chemical  improvement  to  be 
gained  by  storage  cannot  be  discounted,  yet  the 
hygienic  betterment  derived  by  the  diminution  of  the 

>  Ralph    H.   Slearni.   •'Defoloriiatlon  of   Water   by   Storm««,"   N.   S. 

W.  »■.  .IJJOf..  1»1«-  _ 

•S    T.  r.iwcll.    •The  Knr.i  of  (Uone  on  Al«ae  Growth*."   .4.  I'.  IT, 

AtSM.  1114. 
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Fig.  I — Percbntage  Rsmoval  of  20°  C.  Bacteb 


likfected  by  storage  reservoir  at  herring  run 
Monthly  Thmpbkatdrbs 


Comparison  with  the  .\vera 


bacterial  count  is  of  far  greater  value.  The  careful 
and  exhaustive  studies  of  Dr.  A.  C.  Houston  of  the 
Metropolitan  Water  Board  of  London  has  clearly 
demonstrated  the  fact  that  by  storage  alone  a  very 
high  percentage  of  the  bacteria  can  be  removed. 

The  bacterial  reduction  obtained  in  the  Herring 
Run  reservoirs  has  been  quite  high,  but  the  efficiencies 
have  varied  with  the  seasons.  There  has  been  a 
direct  relationship  between  the  atmospheric  tempera- 
ture and  the  efficiency  of  these  reservoirs  in  the  elimina- 
tion of  the  bacteria  growing  at  20°  C.  From  Fig.  I 
it  will  be  seen  that  the  greatest  bacterial  removal  was 
during  July,  when  the  average  temperature  was  the 
highest  during  the  year.  From  then  on  there  was  a 
gradual  and  uniform  falling  off  in  the  bacterial  efficiency 
until  January,  when  the  sudden  rise  in  temperature 
was  followed  immediately  by  an  increased  efficiency 
in  the  percentage  removal  of  this  type  of  bacterium. 
It  will  be  noted  also  from  Fig.  II  that  the  destruction 


in  the  removal  of  these  types  was  considerably  less 
than  for  the  saprophytic  bacteria.  This  condition 
has  been  noted  by  Houston,'  Don  and  Chisholm-  and 
others,  and  explained  by  the  fact  that  in  summer  the 
active  growth  of  the  saprophytes  creates  an  environ- 
ment antagonistic  to  the  life  of  the  blood  tempera- 
ture germs.  Recently  the  writer  has  made  series  of 
tests  in  the  laboratory  which  tend  to  show  that  the 
rate  of  removal  of  the  38°  bacteria,  and  particularly 
B.  coli  forms,  is  far  more  rapid  in  the  presence  of  active 
growths  of  saprophytes  than  where  such  organisms 
are  absent  from  the  water. 

Numerous  theories  have  been  advanced  to  account 
for  the  beneficial  effect  to  surface  waters  brought  about 
by  storage.  There  is  a  general  consensus  of  opinion, 
however,  that  the  purification  effected  is  due  to  no 
single  cause  but  to  the  combined  results  of  equaliza- 
tion, sedimentation  and  inanition  or  devitalization 
of  the  bacteria.      The  advisability  of  retaining  surface 


Fig.  II     Perckntacb  Removal  of  38°  C. 


Bacteria  Effected  dv  Storage  Reservoir  at  Herring  Run  in  Compar 
Monthly  Temperatures 


I'lTH    THE    .\VERA 


of  38°  bacteria  appears  to  be  less  affected  by  tempera- 
ture changes  than  that  of  the  20°  organisms. 

It  is  interesting  to  note  that  during  the  summer 
months  the  percentage  removal  of  blood  temperature 
microbes  was  greater  than  20°  bacteria,  but  during  the 
colder  months  the  growth  of  these  organisms  was 
more   persistent   and   the   efficiency   of   the   reservoirs 


waters  in  storage  reservoirs  to  a  condition  of  sterility 
in  respect  to  the  pathogenic  bacteria  the  supplies  may 
contain   is    an    uncertain    and    questionable    procedure 

1  Dr.  A.  C.  Houston.  "The  Purification  of  Water  by  Storage."  Trans. 
15lh  Congr.  Hyg.  and  Demography,  191J.  The  Eighth  Annual  Report  of  the 
Metropolitan  Water  Board  of  London.  191i. 

'  Don  and  Chisholm.  "Modern  Methods  of  Water  Purification." 
1913. 
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from  an  economic  as  well  as  practical  viewpoint, 
but  the  bacterial  reduction  produced  by  comparatively 
short  detention  periods  prior  to  final  purification  by 
means  of  filtration  or  sterilization  with  chemicals 
has  much  to  appeal  to  the  practical  side  of  this  ques- 
tion. The  potent  advantages  in  favor  of  such  pre- 
liminarv  treatment  are  the  reduction  of  all  forms  of 


bacterial  life,  but  particularly  the  removal  to  a  very 
large  extent  of  the  pathogenic  germs,  and  the  general 
physical  and  chemical  improvements  of  the  water 
ensuring  more  uniform  control  and  economical  operation 
of  the  final  purification  system,  due  to  the  equalizing 
effect  that  reservoirs  of  this  type  produce. 

100  W.  Fayette  Street 
Baltimore.  Maryland 


LABORATORY  AND  PLANT 


AN  EXPERIMENT  IN  THE  EDUCATION  OF  CHEMICAL 
ENGINEERS' 

THE  TWENTY-FIFTH  ANNIVERSARY  OF  THE  AUDUBON 
SUGAR  SCHOOL 

By    Charles   E.    Coates 

In  these  days  of  preparedness,  the  training  of  chemical 
engineers  has  taken  on  a  consequence  which  is  interest- 
ing both  to  the  college  and  the  country  at  large.  The 
part  which  the  chemist  has  played  in  modern  develop- 
ment, we  have  known  in  a  way  for  some  years,  of 
course,  but  we  are  appreciating  now  as  never  before, 
the  vital  and  imperative  importance  to  our  nation 
of  a  body  of  men  who  cannot  only  discover  chemical 
principles  but  can  also  apply  them  industrially. 

At  the  same  time,  it  has  been  generally  acknowledged 
that  college  courses  in  Chemical  Engineering  have 
hitherto  been  lacking  in  some  essential  ingredient. 
Numerous  efforts  have  been  made  to  remedy  this 
state  of  affairs.  Among  the  most  recent  are  the  in- 
dustrial fellowship  system  of  the  Mellon  Institute 
and  the  plan  lately  outlined  by  the  Massachusetts 
Institute  of  Technology,  accounts  of  which  have 
appeared  in  This  Journal.  The  English  journals 
are  full  of  new  schemes  for  the  training  of  chemical 
engineers;  indeed  practically  all  the  larger  schools 
have  changed  such  courses  materially  within  the  past 
few  years.  In  view  of  this  and  inasmuch  as  e.xperience, 
after  all,  is  the  only  safe  guide  in  the  jungle  of  edu- 
cational theory,  it  has  been  thought  that  a  brief 
sketch  of  the  origin  and  development  of  the  Audubon 
Sugar  School  might  not  be  untimely. 

Few  people  realize  how  very  largely  the  sugar 
industry  of  to-day  is  a  chemical  industry.  A  little 
over  a  century  ago,  when  sugar  was  first  made  from 
beets,  the  root  was  low  in  sucrose  and  the  process  gave 
a  poor  yield  of  an  inferior  grade  of  sugar  with  an  al- 
most valueless  molasses.  The  chemist  and  the  agrono- 
mist, working  together,  slowly  raised  the  sucrose 
content  of  the  beet  root  until  it  was  more  than  doubled; 
the  chemist  and  engineer,  working  together,  slowly 
improved  the  processes  until  a  good  yield  of  sugar 
was  turned  out,  practically  pure,  and  both  the  molasses 
and  all  the  other  by-products  became  sources  of  profit 
and  not  of  loss.  In  consequence  the  net  cost  of  beet 
sugar  fell  year  by  year  until  it  became  a  serious  com- 
petitor of  cane  sugar  and,  finally,  it  was  offered  at 
prices  closely  approaching  the  cost  of  cane  sugar 
prnduclion. 

The  sugar  planters  of  Louisiana,  as  a  class,  are  i-cr- 

'  rrr>elllc<l   ut    lllr   5.1ril    Mccllni  of   (he    Anirricaii   (.'|icn>i> kI   .'MH-lrly. 
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tainly  among  the  most  intelligent  agriculturalists  in 
America.  Seeing  the  increasing  gravity  of  the  situa- 
tion, they  decided  to  meet  the  competition  of  beet 
sugar  by  the  same  methods  which  made  that  com- 
petition possible.  In  the  late  eighties  they  called 
to  Louisiana  Dr.  W.  C.  Stubbs  and  established,  under 
his  direction,  the  Sugar  Experiment  Station  at  Kenner, 
Louisiana,  which  was  subsequently  moved  to  Audubon 
Park,  on  the  outskirts  of  New  Orleans.  This  station 
was  financed  entirely  by  the  planters  of  Louisiana. 
A  complete  sugar  house  was  erected  on  a  scale  large 
enough  to  give  commercial  results,  and  altogether, 
perhaps  $100,000  worth  of  equipment  was  obtained 
either  by  purchase  or  gift. 

As  soon  as  the  work  was  fairly  under  way,  it  became 
evident  that  there  were  many  leaks  in  the  sugar  in- 
dustry as  carried  on  in  Louisiana  and  that  these 
could  be  stopped  by  proper  scientific  control.  But 
when  the  planters  began  to  look  for  chemists  and 
engineers,  they  were  simply  not  to  be  obtained.  Up 
to  that  time,  the  cane  sugar  industry  throughout 
the  whole  world  had  been  carried  on  largely  by  rule  of 
thumb.  Few  men  scientifically  trained  in  sugar 
chemistry  were  to  be  found  outside  of  Europe.  In 
1S90,  therefore,  at  a  meeting  of  the  Louisiana  Sugar 
Planters'  Association,  it  was  decided  to  establish, 
in  connection  with  the  Sugar  Experiment  Station,  a 
school  for  the  training  of  experts  in  sugar  work.  This 
was  placed  under  the  direction  of  Dr.  Stubbs  and  was 
opened  in  1891  as  the  Audubon  Sugar  School.  So 
far  as  I  know,  this  was  the  first  instance  in  America 
in  which  any  industry  established  both  laboratories 
for  the  scientific  investigation  of  its  problems  and  a 
school  for  the  college  training  of  men  to  put  the  theory 
into  practice. 

rOST-GRADl'ATK   CHARACTER   OF   WORK 

As  first  outlined,  the  Audubon  Sugar  School  was 
intended  to  appeal  mainly  to  graduates  of  schools  of 
engineering,  and  the  course  was  distinctly  post-grnduate 
in  character.  The  faculty  was  composed  of  some  of 
the  ablest  men  in  the  country,  special  stress  being  laid 
on  research  work.  It  soon  become  evident,  however, 
that  the  number  of  college  graduates  who  appreciated 
the  opportunities  in  the  sugar  industry  was  quite 
small,  and  that  the  demand  for  training  came  mainly 
from  men  who  had  not  received  very  much  undcr- 
gradujite  training.  Moreover,  there  were  a  number  of 
applicants  from  tropical  countries,  whose  preliminary 
studies  had  been  of  such  a  type  as  to  make  it  im- 
possible for  them  to  take  up,  successfully,  the  advanced 
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scientific  work  offered  in  the  Sugar  School.  At  the 
outset,  therefore,  the  greater  number  of  students 
were  special  students,  very  un-uniform  in  educational 
training,  which,  of  course,  handicapped  the  school 
materially.  The  course  was  two  years  in  length, 
classes  were  held  at  the  Experiment  Station,  and 
during  the  sugar  season  the  students  did  the  actual 
work  in  the  fields,  in  the  laboratory,  and  in  the  sugar 
house. 

The  school  was  successful  from  the  outset  and,  in 
a  couple  of  years,  more  students  were  applying  for 
admission  than  could  well  be  accommodated.  In 
the  meantime  the  Sugar  Experiment  Station  was  taken 
over  by  the  State  of  Louisiana  as  part  of  the  Louisiana 
State  University,  and  the  Planters'  Association  with- 
drew its  financial  support.  With  limited  funds,  the 
increasing  demands  upon  its  staff  along  purely  re- 
search lines,  and  the  growing  magnitude  of  its  routine 
work,  the  Station  found  it  impossible  to  handle  students 
also.  In  1896  the  school  was,  accordingly,  incorporated 
with     the     Louisiana     State     University,     preserving 
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the  name  by  which  it  had  become  known.  In  1908  its 
numerical  importance  was  such  that  it  was  reorganized 
as  a  college  of  the  University. 

From  the  first  the  writer  and  his  colleagues 
were  given  a  free  hand  by  President  Boyd  in 
formulating  the  course  of  study,  and  changes  were 
made  year  by  year  as  experience  or  circumstances 
dictated.  As  the  instruction  was  now  given  by 
the  regular  university  staff,  the  students  were, 
of  necessity,  ordinary  college  students,  subject  to 
the  college  entrance  requirements.  Moreover,  as 
the  chemical,  mechanical,  and  agricultural  subjects 
having  to  do  with  sugar  technology  had  to  be  based 
upon  chemistry,  physics,  mathematics  and  the  bio- 
logical sciences,  it  was  necessary  to  require  these 
subjects  of  all  those  taking  up  the  purely  sugar  work. 
The  enforcement  of  these  two  regulations  worked, 
at  the  beginning,  to  eliminate  a  number  of  applicants 
whom  the  University  would  have  been  glad  to  welcome, 
if  possible.  They  were,  for  the  most  part,  men  of 
maturity,  from   25  to  40  years  of  age,  who  had  had 


previous  experience  in  sugar  house  work,  and  were 
anxious  to  supplement  their  experience  with  a  certain 
amount  of  theory.  For  several  years  the  University 
received  these  men  as  special  students,  but  it  soon 
became  evident  that,  in  spite  of  their  laudable  am- 
bition, they  were,  in  nine  cases  out  of  ten,  merely 
wasting  their  time.  They  were  taught  certain  things 
in  a  mechanical  way,  such,  for  instance,  as  how  to 
polarize  sugar,  but  they  did  not  know  the  principles 
on  which  these  things  depended  and  their  studies  did 
not  lead  them  anywhere.  They  were  deceiving 
themselves  in  thinking  they  were  studying  sugar  chem- 
istry when  they  were  merely  becoming  chemical 
mechanics.  Only  after  it  was  too  late  did  they  recog- 
nize the  necessity  for  the  foundations  and  the  futility 
of  short  cuts  to  learning.  From  the  beginning,  the 
writer  counselled  these  men  against  their  under- 
taking, but,  as  they  were  ordinarily  both  intelligent 
and  self-confident,  he  could  not  keep  them  from 
following  their  own  -ideas.  Finally,  the  advanced 
courses  were  closed  to  students  of  this  type.  We 
expected  some  criticism  at  first,  but  none  came.  The 
questions  which  were  asked  by  certain  men  as  to  why 
they  could  not  be  admitted  were  readily  answered 
to  their  complete  satisfaction. 

As  men  of  this  class  present,  collectively,  a  problem 
of  a  general  nature,  I  may  say  here  that  I  do  not 
believe  that  it  is  possible  to  receive  them  in  the  same 
classes  with  the  ordinary  college  student.  The  latter 
is  presupposed  to  have  a  certain  fairly  uniform  prepara- 
tion for  his  work;  the  preparation  of  the  former,  on 
the  other  hand,  is  almost  always  inadequate  and  much 
has  been  forgotten  of  what  had  once  been  known. 
The  college  student,  therefore,  can  be  taught  in  the 
conventional  way,  but  men  of  maturity  must  be  taught 
each  as  a  separate  problem,  with  different  difficulties 
to  solve.  Then,  again,  the  college  student  is  joy- 
fully ignorant  of  practical  experience  and  responsi- 
bilities, and  the  college  teacher  must  bring  these 
home  to  him  as  best  he  may;  the  practical  man,  on 
the  other  hand,  has  learned  them  in  the  school  of  hard 
knocks,  and  not  infrequently  comes  better  equipped 
than  his  teacher,  so  that  what  is  good  advice  to  one 
man  is  a  platitude  to  the  other.  But  the  greatest 
difficulty  in  teaching  the  practical  man  lies  in  his 
unwillingness  to  fill  in  the  gaps  in  his  training.  He 
probably  knows  no  mathematics,  and  without  this 
he  cannot  study  to  advantage  college  physics,  without 
which  problems  in  mechanics  and  machinery  are  un- 
intelligible.    The  same  holds  along  other  lines. 

The  purpose  of  the  school  when  first  organized  was 
to  offer  to  the  citizens  of  Louisiana  the  opportunity 
to  secure  such  training  as  would  qualify  them  to 
enter  most  advantageously  the  sugar  industry  of  the 
state.  The  underlying  idea,  therefore,  was  to  train 
men  who  would  be  competent  to  manage  plantations 
which  both  grew  cane  and  made  sugar;  that  is  to  say, 
they  were  to  be  trained  in  agriculture,  engineering 
and  chemistry. 

FOUR-YEAR  COURSE  CHANGED  TO  FIVE 

The  course,  as  formulated  in  1897,  was  four  years 
in    length.      During   the   last    two   years   the   students 
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spent  the  sugar  season  at  the  Sugar  Experiment 
Station  at  Audubon  Park  in  practical  sugar  house 
work.  It  soon  became  clear,  however,  that  a  satis- 
factory foundation  could  not  be  given  to  high  school 
graduates  in  two  years,  so,  in  1899,  the  course  was 
made  five  years  in  length,  the  first  three  years  being 
devoted  entirely  to  foundation  subjects  and  all  tech- 
nology being  avoided.  During  the  fourth  and  fifth 
years  the  student  was  sent,  as  heretofore,  to  the  sugar 
house  at  Audubon  Park,  returning  at  the  end  of  the 
sugar  season  and  taking  up  his  work  for  the  rest  of 
the  year.  At  the  end  of  the  fifth  year  the  graduates 
received  the  degree  of  Bachelor  of  Science.  Here, 
too,  there  was  a  little  dissatisfaction.  The  Sugar 
School  students  thought  that  if  the  Engineering 
students  received  their  B.S.  degree  at  the  end  of  the 
fourth  year,  so  should  they.  At  the  end  of  the  fifth 
year  they  could  then  receive  another  degree.  There 
was  a  certain  specious  justice  in  this  claim,  but  it 
was  not  granted.      At  the  end  of  the  fourth  year  the 


students  than  it  could  well  care  for  and  they  have 
been  men  of  an  exceptionally  high  class,  which  merely 
goes  to  prove  again  that,  in  matters  educational,  if 
a  thing  is  well  worth  while  the  best  men  do  not  count 
the  price,  whether  in  time  or  money.  So  far  as  the 
writer  knows,  this  was  the  first  five  years'  course  in 
Chemical  Engineering  ever  offered  in  this  country. 

From  the  beginning,  there  was  a  strong  demand 
for  the  graduates  of  the  Sugar  School.  Ordinarily 
they  were  placed  six  months  before  they  graduated 
and,  as  they  made  good  without  any  exceptions,  the 
requests  became  year  by  year  more  pressing.  Most 
of  the  larger  sugar  houses  began  to  put  in  laboratories 
and  chemical  control  slow-ly  displaced  the  old  rule  of 
thumb.  About  1901,  the  demand  for  chemists  be- 
came so  great  that  two  or  three  of  the  best  fifth-year 
men  were  allowed  to  omit  the  second  year  of  the  prac- 
tical course  at  Audubon  Park.  Instead  they  were 
sent  to  a  sugar  factory  where  they  were  paid  the  regu- 
lar salary  of  an  assistant  chemist  and  worked  through 
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sugar  school  student  would  not  be  sufficiently  trained. 
If  he  were  to  receive  a  degree  then,  however,  he  would 
be  more  than  likely  not  to  appreciate  the  deficiencies 
in  his  training.  A  degree  is  a  sumtnum  bontim — an 
end  in  itself  to  most  college  students.  These  students 
were  also  anxious  to  get  into  practical  work.  Why 
work  a  year  longer  for  a  degree  wlicn  they  already  had 
a  degree?  This  argument  would  have  been  con- 
ilusivc  with  many  students  and  most  parents.  So 
the  course  was  fixed  at  five  years  and  the  sliidenl 
got  his  H.S.  degree  in  five  years  instead  of  four.  This 
was  done  because  the  five  years  were  necessary  and 
those  who  flid  not  like  it  were  told  that  it  was  a  rule  of 
the  school  and  could  not  he  changed.  The  results 
justified  the  means  and  to-day  the  students  take 
special  pride  in  this  particular  feature  of  the  course. 
There  was  some  fear,  at  first,  on  the  part  of  the 
;nilhf)rilies,  that  n  five  years'  course  would  drive  away 
tlic  desirable  students,  but  such  has  not  been  the  case. 
As  a   matter  of  fact,  the  Sugar  School  has  had   more 
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the  season  under  strictly  commercial  conditions, 
returning  to  the  University  when  the  season  was  over. 
It  was  immediately  apparent  that  these  men  had 
gained  something  which  gave  them  a  marked  ad- 
vantage over  those  students  who  were  taking  the 
routine  fifth-year  course  at  Audubon  Park,  but  it  was 
a  little  hard  to  tell  wherein  this  advantage  lay.  Per- 
haps each  man  had  benefited  in  a  different  way. 
To  one  it  gave  self-confidence,  to  another  an  apprecia- 
tion of  actual  working  conditions,  to  a  third  a  knowl- 
edge of  men  as  distinguished  from  boys;  to  all,  a 
certain  sense  of  responsil)ility  and  a  maturcr  point  of 
view. 

FACTORY    WORK    IN    FIFTH    YKAR 

The  fifth-year  practical  course  had  been  forniulnted 
and  carried  out  at  Audubon  Park  and  in  the  laboratory 
with  great  care.  It  contained  many  things  which 
the  student,  by  going  to  the  factory,  would  not  get, 
and  which  it  was  desirable  he  should  get,  so  the  actual 
factory   practice   was   permitted    with   some   degree  of 
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reluctance  and  a  little  fear  that  we  were  making  a 
concession  to  a  popular  demand.  But  its  undoubted 
advantage,  largely  psychological,  over  the  routine 
course  was  so  marked  that  in  1903  the  sending  out  of 
the  fifth-year  students  became  a  part  of  the  established 
policy  of  the  School  and  has  remained  so  ever  since. 
The  planters  met  the  movement  more  than  half  way 
and  have  given  the  students  every  possible  assistance. 


Fig.  hi — Evaporators  and  Pan  in  Sugar  House 

These  young  men  receive  the  same  salary  as  other 
assistant  chemists  and  for  more  than  ten  years  there 
has  not  been  one  who  failed  to  receive  employment. 
An  incidental  but  most  important  result  has  been  the 
strengthening  of  the  relationship  between  the  sugar 
planters  of  Louisiana  and  the  Louisiana  State  Uni- 
versity. The  students  bring  back'  to  the  University 
an  intimate  knowledge  of  the  actual  conditions  in 
the  various  sugar  houses  and  of  the  practical  problems 
which  arc  continually  presenting  themselves.  The 
planters,  on  the  other  hand,  discuss  these  conditions 
and  these  problems  with  the  various  officials  of  the 
Sugar  School,  sometimes  personally,  sometimes  by 
correspondence,  but  always  with  perfect  freedom. 
In  order  to  get  a  certain  breadth  of  view  as  to  the 
Louisiana  cane  sugar  industry  it  has  been  the  custom 
of  the  writer  to  visit  the  various  plantations  during 
the  sugar  season.  After  a  good  many  years  of  personal 
experience,  the  writer  has  come  to  the  definite  con- 
clusion that  this  personal  contact  between  the  students 
and  teachers  in  the  School  of  Chemical  Engineering, 


on  the  one  hand,  and  the  chemical  plant,  together  with 
its  responsible  officials,  on  the  other  hand,  is  absolutely 
necessary  if  the  school  is  to  attain  even  reasonable 
efficiency.  In  each  industry  this  contact  may  be  ob- 
tained in  a  dilTerent  way.  In  the  Audubon  Sugar 
School  the  practical  method  has  just  been  outlined. 
As  these  students  are  absent  from  the  University 
in  the  fourth  and  fifth  years  for  eight  to  ten  weeks 
of  the  first  term  during  the  sugar  season,  they  cannot 
be  taught  in  the  same  classes  w-ith  other  students 
during  the  eight  or  ten  weeks  when  they  are  present. 
They  are,  therefore,  taught  in  different  sections  from 
the  other  students  during  the  first  term,  the  second 
term,  of  course,  presenting  no  difficulties.  This 
method  placed  some  extra  labor  on  the  teaching  stafi, 
but  it  was  the  only  logical  way  and  has  worked  well 
in  practice.  There  seems  to  be  no  reason  why  it 
could  not  be  applied  more  generally  to  the  articula- 
tion of  courses  in  chemical  engineering  with  the  various 
industries  studied.  In  this  connection,  the  writer 
might  say  that  he  is  convinced  that,  in  the  fifth  year 
of  a  course  in  .Chemical  Engineering,  the  student 
should  get  away  from  generalizations  and  try  to 
master  reasonably  well  the  details  of  some  one  par- 
ticular industry.  The  confidence  in  his  own  ability 
which  a  student  gains  by  thus  narrowing  his  field  of 
study,  stays  with  him  should  he^  by  chance,  find  his 
opportunity  in  some  other  line  of  chemical  industry. 


INTRODUCTION       OF 


.AGRICULTURAL 
COURSES 


.AND       ELECTRICAL 


As  soon  as  the  Sugar  School  was  fairly  under  way, 
students  began  to  come  from  all  parts  of  the  world 
and  as,  at  the  time,  it  was  easier  to  secure  a  position 
as  a  sugar  chemist  than  as  a  sugar  agriculturalist, 
there  was  a  tendency  on  the  part  of  the  student  to 
stress  Chemistry  and  Engineering  at  the  expense  of 
Agriculture.  This  tendency  was  encouraged  by  the 
unsatisfactory  state  of  agricultural  teaching  twenty 
years  ago.  As  the  old  professor  of  agriculture  slowly 
began  to  resolve  into  his  component  parts  and  the 
professors  of  Agronomy,  Soil  Physics,  Animal  Industry 
and  the  like  took  his  place,  there  was  a  notable  tighten- 
ing up  along  all  lines  of  agricultural  pedagogy.  Full- 
term  courses  were  offered  where  two  or  three  weeks 
had  sufficed  and  the  increased  efficiency  of  agricultural 
teaching  began  to  appeal  to  students  generally.  But 
the  Sugar  School  students  found  themselves  in  need  of 
a  very  special  type  of  tropical  and  subtropical  agri- 
culture, where  the  conditions  were  altogether  unlike 
those  in  ordinary  American  agronomy.  To  meet 
this  demand,  it  was  decided  in  1907  to  offer  such 
courses  in  Sugar  Agriculture  in  the  last  three  years 
of  the  Sugar  School,  these  applying  specifically  to  the 
conditions  on  cane  plantations  in  Louisiana.  At 
about  the  same  time,  Congress  made  it  possible  for 
the  Experiment  Stations  to  do  experimental  work  in 
Mechanical  Engineering.  In  Louisiana,  this  work 
was  placed  in  charge  of  Professor  E.  W.  Kerr,  as  pro- 
fessor of  Mechanical  Engineering  in  the  Audubon 
Sugar  School,  and  was  concentrated  on  the  specific 
problems  in  the  sugar  houses  of  Louisiana,  such,  for 
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instance,  as  evaporation,  bagasse  burning,  boiler 
efficiency  and  the  like.  As  new  fields  in  Sugar  Agri- 
culture and  Sugar  Mechanics  began  to  develop,  it 
became  evident  that  even  five  years  was  not  sufficient 
time  to  give  Students  satisfactory  courses  in  these 
and  in  Sugar  Chemistry  as  well,  so,  in  1912,  a  course 


Fig.  IV — Students  Keeping  Chemical  Control  in  the  Factory  at  the 
Audubon  Sugar  School 

was  formulated  in  Sugar  Agriculture  with  Professor 
A.  F.  Kidder  in  charge  of  the  special  work  in  agriculture, 
the  course  including  Chemistry  and  Agriculture, 
being  distinct  from  Sugar  Engineering  which  included 
Chemistry  and  Engineering.  The  practical  work 
on  the  plantations  and  at  Audubon  Park  was  the  same 
for  each  course.  The  student  chooses  one  course 
or  the  other  at  the  beginning  of  his  junior  year,  and 
as  there  is  an  increased  number  of  openings  for  scientific 
agriculturalists  in  sugar  countries,  this  division  has 
its  fair  share  of  students.  It  is  possible  that  students 
under  exceptional  circumstance  might  find  it  de- 
sirable to  specialize  in  Sugar  Agriculture  and  Engineer- 
ing, leaving  out  most  of  the  work  in  Chemistry. 
Though  no  demand  for  this  has  yet  arisen,  the  courses 
are  so  formulated  that  the  demand  can  be  met  without 
any   difficulty. 

It  is  fair  to  infer  from  our  experience  in  this  respect 
that  after  a  school  of  Chemical  Engineering  has  been 
mainly  associated  with  some  given  industry  for  a  term 
of  years,  it  would  become  necessary  to  arrange  that 
the  students  have  suitable  latitude  in  elective  sub- 
jects for  the  last  year  of  the  course.  For  instance, 
during  the  last  year  or  two,  many  of  the  larger  sugar 
mills  have  been  changing  over  from  the  steam  drive 
to  the  electric  drive  and  it  is  generally  believed  that 
electrically  driven  machinery  will  largely  supplant 
steam  driven  machinery  in  the  near  future.  For  this 
reason,  there  has  arisen  lately  a  demand  for  more 
Electrical  Engineering  in  the  sugar  course,  which 
demand  we  arc  now  prepared  to  meet  V>y  olTcring  as 
electives,  special  courses  in  that  subject. 

ADMISSION    OF    COI.LKGK    GRADUATKS 

As  the  value  of  .scientifically  Irnined  men  bci-aine 
recognized  by  the  sugar  industry  throughout  the 
world,  students  came  to  Louisiana  from  practically 
.ill  of  the  sugar-producing  countries.  Japan,  Chftia,  the 
i'liiiippines,  Mauritius,  Tahiti,  Hawaii,  South  Africa, 
I'ranre,  Spain,  Italy,  (Icrmany,  Sweden,  Ntirway, 
Ivnglaiid  anil  every  one  of  the  South  ami  I'entrul 
American   roiintrics   iuivr    sent  students   to   the   Sugar 


School.  In  many  cases  these  were  already  college 
graduates,  and  there  was  some  difficulty  in  articulating 
their  previous  training  with  the  regular  Sugar  Course. 
The  first  three  years  of  the  Sugar  School,  however, 
are  devoted  to  pure  science,  and  technology  is  avoided 
as  far  as  possible.  Students  get  Mathematics  through 
Calculus,  Inorganic,  Organic,  and  Analytical  Chemistry 
two  years  each  of  Physics,  Mechanical  Drawing, 
Mechanical  Engineering,  and  one  year  of  Electrical 
Engineering,  together  with  English  and  some  foreign 
language.  As  these  subjects  are  covered  in  the 
Chemical  Engineering  courses  at  Cornell,  Boston 
Tech.,  Illinois  and  other  standard  institutions,  we  de- 
cided to  credit  the  first  three  years'  work  done  in  such 
institutions  for  the  first  three  years  of  the  Sugar 
School,  without  endeavoring  to  make  a  substitution 
of  subject  for  subject.  The  last  two  years  of  the  Sugar 
School,  therefore,  were  made,  so  far  as  possible,  of 
graduate  nature,  open  to  students  who  had  had  three 
or  four  years  of  college  training  and  who  were  pre- 
pared to  take  the  courses  offered.  In  this  class  there 
have  been  graduates  of  various  universities  both  in 
the  United  States  and  abroad.  These  have  been 
matriculated  as  graduate  students,  candidates  for 
the  degree  of  M.S.  Their  courses  have  ranged  from 
one  to  two  years  in  length,  depending  upon  the  nature 
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of  the  preliminary  training.  This  system  of  articula- 
tion of  a  highly  technical  course  with  an  (inderRraduato 
degree  has  been  in  use  now  for  about  1  .>  or  15  years 
and  has  worked  out  admirably  because  of  the  elasticity 
in     electives     permissible     to    the     Rrailuatc    student. 
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There  has  been  a  decided  tendency  on  the  part  of  the 
graduates  in  Mechanical,  Electrical  and  Chemical 
Engineering  to  apply  for  graduate  courses  in  the  Sugar 
School.  We  have  arranged  courses  for  such  students 
and  have  found  that  they  can  cover  nearly  twice  as 
much  ground  in  a  year  as  can  the  average  under- 
graduate. A  number  of  these  men  have  gone  into 
practical  work  with  uniform  success.  In  other  words, 
the  attitude  of  the  Sugar  School  towards  graduate 
students  is  something  like  this:  For  the  mature  man 
who  is  a  college  graduate  and  wants  to  take  up  this 
kind  of  work,  it  is  fair  to  assume  that  he  knows  what 
he  wants,  so  he  is  treated  not  as  a  boy  but  as  a  man  and, 
in  electing  his  course,  he  is  allowed  every  latitude 
compatible  with  common  sense.  For  instance,  these 
courses  hitherto  have  included  the  practical  course  at 
Audubon  Park  and  some  sugar  house  experience, 
but  both  these  requirements  would  be  waived  in  the 
case  of  the  man  who  was  already  familiar  with  sugar 
house  processes. 


liu.  VI— Dipping  Cane  in  Whaub-oii,  Solution 
ExPBRiMBNT  in  Control  op  Sugar-cans  Mbaly-bug 

As  at  present  organized,  then,  the  course  of  the 
Audubon  Sugar  School  is  five  years  in  length  and 
leads  to  the  degree  of  B.S.  The  first  three  years  are 
given  to  general  scientific  training  similar  in  type  to 
that  given  in  most  standard  schools  of  Chemical 
Engineering.  The  technical  work  is  given  entirely 
in  the  last  two  years,  which,  therefore,  include  most 
of  its  distinctive  features.  As  the  method  of  articula- 
ting the  practical  and  the  theoretical  is  the  result  of  a 
number  of  years  of  experiment  and  experience,  it 
might  not  be  amiss  to  give  it  in  detail.  At  the  be- 
ginning of  the  fourth  and  fifth  years,  the  student 
reports  to  the  university  about  the  20th  of  September. 
He  stays  there  until  the  opening  of  the  sugar  season, 
the  date  of  which  depends  somewhat  upon  crop  con- 
ditions, but  ordinarily  ranges  between  the  i8th  and 
the  2sth  of  October.  This  gives  him  one  full  academic 
month  at  the  university.  The  sugar  season  in  Louisi- 
ana lasts  until  from  the  loth  to  the  2sth  of  December, 
some  smaller  estates  finishing  earlier  and  a  few  larger 
ones,  somewhat  later.  The  university  assumes  that 
they  all  close  before  the  end  of  the  Christmas  holidays 
at  which   date  the  student   must   again   report  to  his 


classes.  This  gives  him  one  academic  month  before 
the  mid-term  examinations  in  February.  He  is  there- 
fore present  at  the  university  during  the  first  and  last 
month  of  the  first  term  and  is  working  at  the  sugar 
house  during  the  second  and  third  months,  allowing 
a  margin  of  about  a  week  for  overlapping,  due  to 
crop  conditions. 

FOURTH-YEAR    WORK 

The  subjects  taken  by  these  students  while  at  the 
university  during  these  two  months  are  of  two  types: 
The  first  type  is  strictly  technical  and  special,  as  for 
example  sugar  house  control,  sugar  machine  design 
and  sugar  chemistry.  Lectures  in  these  subjects 
stop  when  the  student  leaves  the  university  and  begin 
when  he  returns.  The  second  type  includes  general 
engineering  and  chemical  subjects  which  are  elected 
by  other  students,  such  as  thermodynamics  and  machine 
design.  The  Sugar  School  students  take  half  the  usual 
number  of  such  subjects  for  twice  the  usual  number  of 
hours  per  week,  which  requires  extra  sections.  During 
the  second  term  they  report  with  the  regular  college 
classes  in  all  subjects.  This  increases  the  work  of 
the  instructors  for  the  first  and  fourth  month  and 
lessens  it  for  the  second  and  third,  but  as  the  number 
of  class  hours  involved  is  not  large,  the  method  has 
worked  well  in  practice.  Laboratory  subjects  present, 
of  course,  no  special  difficulties. 

During  the  first  month  of  the  fourth  and  fifth  years 
all  the  students  concentrate  mainly  on  the  technical 
chemistry  and  engineering  of  sugar  house  practice. 
As  considerable  planting  is  done  during  this  period, 
they  also  visit  the  plantations  under  the  direction  of 
the  professor  of  Agronomy,  as  occasion  presents  itself. 
The  whole  sugar  squad  is  under  the  general  charge 
of  a  special  instructor  in  sugar  technology  who  is 
generally  one  of  the  superintendents  of  one  of  the 
larger  tropical  sugar  houses  and  is  thus  in  immediate 
touch  with  the  industry  in  its  most  recent  developments. 
He  accompanies  the  fourth-year  sugar  squad  to  the 
Sugar  Experiment  Station,  Audubon  Park,  New 
Orleans,  and  remains  with  them  during  the  sugar 
season,  at  the  close  of  which  period  he  leaves  for  his 
regular  work  in  Cuba  or  elsewhere. 

When  these  fourth-year  students  reach  Audubon 
Park,  they  have  been  drilled  in  the  routine  analytical 
processes  of  sugar  house  laboratories  and  in  the  general 
mechanical  principles  of  sugar  house  machinery. 
At  Audubon  Park,  the  university  has  a  sugar  house, 
cane  fields,  chemical  laboratories — both  control  and 
research — bacteriological  and  entomological  laboratories 
and  a -full  equipment  of  all  apparatus  necessary  for  the 
investigation  of  any  ordinary  problem,  chemical, 
mechanical  or  agricultural  which  might  arise  in  con- 
nection with  the  cane  sugar  industry,  the  whole  repre- 
senting an  investment  of  something  over  $100,000. 
Under  the  direction  of  an  instructor,  the  student 
squad  is  brought  into  personal  contact  with  each  of 
these  various  lines  of  activity,  and,  to  the  same  end, 
the  squad  is  visited  once  a  week  by  the  Dean  of  the 
Sugar  School,  the  professor  of  Mechanical  Engineering 
or  the  professor  of  Agronomy.  The  United  States 
Government  maintains  at  the  Park  a  department  for 
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the  investigation  of  insects  injurious  to  cane,  and  the 
students  must  keep  up  with  the  progress  of  these  in- 
vestigations. Immediately  after  reaching  the  Park, 
the  students  are  put  to  work  planting  cane.  This 
fall  planting  is  finished  in  three  or  four  days  and  is 
done  by  the  students  themselves  in  the  most  approved 
manner  under  the  supervision  of  the  director  of  the 
Sugar  Experiment  Station.  At  the  end  of  this  time 
the  field  hands  begin  to  cut  cane  and  deliver  it  to  the 
sugar  house.  Thereupon  the  sugar  squad  is  divided 
into  ten  sections  which  are  assigned  each  to  a  specific 
station.  The  sugar  house  has  a  nine-roller  mill  grind- 
ing somewhat  less  than  one  ton  of  cane  per  hour,  the 
juice  being  discharged  into  a  cane  weigher.  This  is 
Station  I  and  the  work  is  done  by  one  division  of  the 
squad.  From  the  weighing  tank,  the  juice  passes  to 
the  sulfuring  and  liming  tanks,  which  make  up  Station 
II,  thence  to  the  open  clarifiers,  Station  III,  thence  to 
the  settling  tanks  and  filter  presses,  Station  IV,  thence 
to  the  double  effects,  Station  V.  The  syrup  from  the 
double  effect  passes  to  the  vacuum  pans,  Station  VI, 
and  the  grained  massecuite  passes  to  the  mixer  and 
centrifugal,  Station  VII.  There  are  also  bag  filters, 
plate  presses  and  a  Sweetland  press  through  which 
the  juices  are  run  for  experimental  purposes;  these 
make  up  Station  VIII.  There  are  around  the  house 
a  number  of  small  engines  and  pumps;  the  care  of  these 
make  up  Station  IX.  To  each  of  these  stations,  a 
small  squad  of  students  is  detailed  for  two  or  three 
days  so  that  every  man  makes  the  round  of  the  stations 
about  twice.  The  chemical  control  is  Station  X  and 
rotates  with  the  others.  Samples  are  taken  of  the 
cane,  the  juice,  the  press  cake,  the  bagasse,  the  syrup, 
the  massecuite  and  the  molasses  and  the  requisite 
analyses  made.  A  very  elaborate  system  of  chemical 
control  has  been  instituted  in  as  great  detail  as  in  the 
2000-ton  houses,  specially  printed  blanks  being  pro- 
vided for  this  purpose,  the  whole  system  being  practi- 
cally identical  with  that  of  the  larger  Cuban  and  Porto 
Rican  sugar  corporations.  The  laboratory  is  pro- 
vided with  an  adding  machine  and  also  one  for  multi- 
plying and  dividing,  so  that  the  students  may  become 
familiar  with  these  important  labor-saving  devices. 
Complete  daily  and  weekly  reports  are  made  out  and 
special  stress  is  laid  on  the  arithmetical  side  of  sugar 
house  control.  The  importance  of  this  phase  of 
chemical  engineering  is  sometimes  overlooked.  It 
not  only  helps  make  the  chemist  a  more  valuable 
employee,  but  it  also  helps  him  to  realize  what  he  is 
doing  and  why. 

From  the  engineering  standpoint,  in  addition  to 
the  foregoing  stations,  certain  squads  make  detailed 
reports  on  the  efficiency  of  the  various  pumps,  the 
mills  and  the  evaporating  apparatus. 

From  the  agricultural  standpoint  other  scjuads  study 
the  result  of  the  lield  experiments  at  Audubon  I'ark 
for  llic  last  twenty-live  years,  and  Iciirn  the  prncticnl 
methods  employed  in  agricultural  research  as  applieil 
to  sugar  cane. 

During  the  fourlh-yeur  season,  the  siiuad  is  sent, 
two  at  a  time,  to  the  stale  sugar  factory  at  Angola, 
La.,  n  isoo-ton  house,  thoroughly  f(|uippcd  for  making 


either  white  or  96  test  sugar.  Here  they  help  in  carry- 
ing out  sugar  house  control  on  the  large  scale  and  under 
competent  direction. 

riFTH-YEAR    WORK 

At  the  end  of  their  first  season,  therefore,  the  students 
are  fairly  familiar  with  the  technique  of  every  part  of 
the  sugar  house,  though  of  course  they  are  not  skilled 
artisans.  They  are  able  to  make  out  a  complete 
report  on  the  chemical  control  of  the  sugar  house  and, 
to  some  extent,  on  the  chemical  efficiency  of  the  pro- 
cess. In  the  case  of  the  students  in  sugar  agriculture, 
they  can  also  make  out  a  report  on  the  condition  of 
the  cane  fields  and  their  various  agricultural  require- 
ments, such  as  fertilizers,  drainage  and  the  like.  Most 
of  the  work  on  the  purely  theoretical  side  of  both 
sugar  chemistry  and  sugar  engineering  is  given  to  the 
students  on  their  return  to  the  university,  to  which 
end  a  special  equipment  has  been  provided.  For 
instance,  there  has  been  installed  .m  elaborate  apparatus 


Fio.  VII— SiiowiNO  Results  oi>  Psktilizkk  Exfiikiwi;m^ 
for     the    experimental    investigation     of    evaporation 
which   has   made   possible   a   considerable   quantity   of 
research  work  along  this  line. 

The  fifth-year  students,  also,  put  in  the  first  month 
at  the  university,  concentrating  on  the  details  of 
various  phases  of  sugar  technology  and  paying  special 
attention  to  speed  and  accuracy  in  their  analytical 
work.  They  likewise  study  the  principles  underlying 
the  various  instruments  they  are  to  use  in  the  chemical 
and  mechanical  control  of  the  sugar  house — as  for 
example,  the  polariscope  and  the  indicator  card. 
When  the  season  opens  they  go  into  actual  sugar 
house  practice  at  various  factories  over  the  state  and 
stay  through  the  sugar  season.  These  students  are 
treated  simply  as  employees,  are  given  no  special 
favors  and  expect  none.  They  draw  the  same  salary 
as  any  other  sugar  chemist  and  liold  their  positions 
only  on  their  merit.  The  Ooiin  of  the  Sugar  School 
makes  an  annual  inspection  of  these  factories  during 
the  sugar  season  and  thus  learns  both  what  the  students 
arc  doing  and  what  the  management  expects  them  to 
do.     After  their  return  to  the  university  at  the  end  of 
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the  sugar  season,  they  devote  the  rest  of  the  year  to 
the  various  subjects  outlined  in  their  courses. 

The  fourth  and  fifth  years  of  the  sugar  school,  there- 
fore, are  quite  special  in  their  nature  and  are  open  to 
graduates  and  senior  students  of  standard  schools  of 
engineering.  The  student  of  the  graduate  type  is 
classed  according  to  his  preliminary  training  and 
allowed  to  elect  such  subjects  as  he  may  be  able  to  carry 
out  profitably,  the  utmost  latitude  being  given  him. 

The  Audubon  Sugar  School  is  now  twenty-five  years 
old.  The  number  of  students  during  the  past  five  years 
has  been  124,  94,  65,  70,  75.  The  School  graduates 
each  year  from  10  to  25  students.  These  young  men 
have  made  good  without  exception.  They  are  scattered 
all  over  the  sugar  world  and  occupy  many  of  the  most 
important  positions  in  the  sugar  industry,  which 
facts  are  taken  to  indicate  that  the  school  is  founded 
upon  correct  pedagogic  principles. 

CODE    OF    ETHICS 

Just  one  thing  more  might  be  mentioned  in  closing. 
It  is  somewhat  difficult  to  discuss  this  and  yet  its  ex- 
treme importance  is  beyond  question.  From  the  time 
a  student  enters  the  Audubon  Sugar  School  until  he 
leaves,  it  is  the  writer's  custom  to  call  frequent  attention 
to  the  fact  that  no  student  can  hope  to  learn  much 
chemistry  or  mechanics  or  anything  else  of  that  sort 
at  college.  He  merely  learns  where  the  literature  is, 
what  the  problems  are  and  how  to  study  them  for 
himself  personally.  One  thing,  however,  he  can  learn 
at  college  and  that  is  the  standard  of  character  necessary 
for  success  in  Chemical  Engineering.  These  men  are 
not  expected  to  stay  engineers  or  chemists;  such 
positions  are  only  stepping-stones.  Each  man  should 
hope  to  be,  at  some  time,  a  superintendent  or  ad- 
ministrator and  if  positions  of  this  type  are  to  be  won 
by  merit,  that  merit  must  include  absolute  personal 
integrity.  Any  lapse  from  the  highest  possible  code 
of  honor  will  destroy  the  usefulness  of  a  chemist  or  a 
superintendent.  Absolute  truthfulness  in  work  and  in 
reports,  loyalty,  willingness  to  cooperate — these  things 
are  essential  to  the  highest  success  in  the  sugar  business. 

This  is  the  code  of  the  students  in  the  Sugar  School, 
insisted  upon  by  themselves  from  the  time  they  enter 
the  university.  Lapses  are  treated  with  the  rude  but 
efficient  justice  of  student  self-government  and,  by 
the  time  a  man  graduates,  these  standards  are  ground 
into  "him  and  are  a  part  of  his  professional  character. 
It  is  a  matter  of  record  in  the  Sugar  School  that  in 
all  the  years  of  its  history,  there  has  not  yet  been 
one  of  its  alumni  to  prove  recreant  to  its  personal 
standards,  during  the  after  years  of  his  actual  contact 
with  the  business  world.  The  graduates  of  the  Sugar 
School  are  more  or  less  well-trained  in  the  sugar 
industry,  fair  scientists  or  excellent  as  the  case  may  be, 
but  in  all  instances  they  are  honorable  men,  trust- 
worthy and  loyal.  They  have  had  this  record  for  a 
quarter  of  a  century  without  a  break.  This  is  the 
one  point  in  which  the  Audubon  Sugar  School  feels 
it  has  a  right  to  be  proud. 

Audubon  Sugar  School 

Louisiana    Statb    Univkrsity 

Baton  Rouok 


THE  CONCENTRATION  OF  SULFURIC  ACID 

Uy   K.    H.   .\rmstron(; 
Received  December  26,  1916 

Owing  to  the  unusual  demand  for  munitions  and  as 
sulfuric  acid  is  .largely  used  in  the  manufacture  of 
these  products,  there  has  been  created  a  great  demand 
for  high  strength  sulfuric  acid  running  from  93  to 
97  per  cent  H2SO4. 

In  the  old  days  the  high  strength  sulfuric  acid  re- 
quired was  made  very  largely  in  iron  and  platinum 
stills.  There  are  a  number  of  other  methods  used  for 
concentrating  sulfuric  acid  but  as  all  these  give  a  small 
output  and  as  the  demand  for  the  last  year  required 
a  large  tonnage,  the  tower  method,  in  a  large  number 
of  cases,  has  been  resorted  to  by  a  great  many  chemical 
companies;  in  other  cases  the  acid  is  first  passed  down 
a  tower  where  it  gets  a  preliminary  concentration, 
bringing  it  up  to  62  to  63°  Be.  and  thence  through 
cast-iron  pans  that  set  in  a  furnace,  one  above  the 
other;  by  the  time  it  gets  to  the  last  pan,  which  is 
directly  over  the  fire,  it  has  attained  the  concentration 
of  from  93  per  cent  to  98  per  cent  H2SO4.  Ifi  this 
case  the  gases  of  combustion  from  the  furnaces  pass 
under  the  pans  to  the  tower,  at  which  point  they 
become  mixed  with  the  vapors  from  the  pan;  the  mixed 
gases  pass  through  the  tower  and  thence  through  a 
system  of  scrubbers  to  the  atmosphere. 

There  is  quite  a  difference  in  the  methods  pursued 
in  building  the  towers,  and  also  the  arrangements  of 
the  scrubbers  for  the  recovery  of  the  distillates.  But 
the  principle  of  concentrating  in  towers  is  the  same, 
as  practically  all  the  engineers  engaged  in  constructing 
the  plants  use  quartz  for  the  packing  and  an  oil  flame 
for  generating  the  heat. 

The  writer  has  had  considerable  experience  recently 
in  supervising  the  operation  of  some  concentrators. 
There  was  very  little  known  in  the  South,  previous 
to  the  last  year,  about  concentrating  acid  to  such 
high  strength;  this  being  true,  it  was  largely  a  question 
of  experimenting  to  find  the  best  method  of  operating 

CHEMICAL      DISINTEGRATION     OF     QUARTZ      PACKING 

One  of  the  first  conditions  that  the  writer  observed 
was  that  an  apparent  obstruction  would  develop  in 
the  towers  after  a  week  to  ten  days'  operation,  neces- 
sitating shutting  the  plant  down  and  washing  the  tower, 
after  which  the  plant  would  usually  run  very  satis- 
factorily for  another  week  or  so.  During  the  above- 
mentioned  washouts,  the  writer  observed  a  very 
heavy  non-gritty  substance  coming  from  the  tower. 
It  was  then  concluded  that  this  substance  must  be 
silica  and  as  silica  could  only  come  from  a  chemical 
disintegration  of  the  quartz  in  the  tower  packing, 
the  writer  became  convinced  that  the  quartz  was  under- 
going a  chemical  disintegration,  most  especially  as 
there  was  a  considerable  quantity  of  aluminum  in  the 
acid  passing  over  the  tower. 

This  was  finally  proven  to  my  entire  satisfaction 
by  the  fact  that  after  some  weeks'  operation,  the  plant 
would  show  all  symptoms  of  the  tower  being  too  open 
and.  in  one  case,  it  was  found  that  more  than  one-half 
of  the  quartz  originally  in  the  tower  had  gone  in  solu- 
tion and  passed  out.     In  others  it  was  found  that  chan- 
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nels  had  formed  through  the  packing,  owing  to  the  dis- 
solution of  the  quartz.  In  view  of  the  above,  there  can 
hardly  be  any  disputing  the  fact  that  under  the  con- 
ditions prevailing  in  the  concentrating  tower  there  is  a 
chemical  disintegration  of  the  packing.  Before  the 
writer  had  acquired  the  above-mentioned  evidence, 
the  question  was  taken  up  with  a  number  of  very 
able  men.  but  in  no  case  did  they  subscribe  to  the  theory 
that  there  could  be  a  chemical  disintegration  of  the 
packing. 

On  three  different  occasions,  one  of  our  towers 
became  so  open  that  it  would  not  concentrate  beyond 
63°  Be.  and  in  each  case  the  tower  was  got  back  to  as 
good  condition  or  better  than  it  was  when  first  built, 
and  in  one  special  instance  the  plant  was  brought  up 
from  9  tons  of  66°  Be.  in  24  hrs.  to  29.9  tons  in  24  hrs. 
The  actual  time  the  plant  was  stopped  to  make  the 
above  stated  change  did  not  extend  over  2'/j  hrs. 
The  condition  was  remedied  by  simply  removing  the 
lute  on  top  of  tower  and  introducing  a  piece  of  ordinary 
light  cast-iron  drain  pipe  through  the  opening  in  tower 
top  and  passing  small  pieces  of  broken  quartz  through 
the  pipe  into  tower.  The  end  of  the  pipe  was  moved 
about  as  desired,  thereby  making  it  possible  to  place 
the  quartz  in  any  part  of  the  tower.  During  a  period 
of  several  months  there  was  put  into  this  tower  as  much 
quartz  as  was  originally  used  to  pack  it,  yet  at  the  end 
of  this  period  the  tower  did  not  contain  any  more 
quartz  than  it  did  when  it  was  first  started.  As  there 
was  no  quartz  removed  from  the  tower  at  any  time 
it  is  quite  evident  that  the  packing  was  being  removed 
by  the  action  of  heat  and  acid 

At  one  time,  after  the  tower  had  been  cooled  off, 
an  examination  by  means  of  an  electric  light  let  down 
in  the  tower  showed  that  on  one  side  the  packing  was 
gone  until  there  was  very  little  left  over  the  arches. 
On  that  particular  occasion  it  took  40  kegs  of  broken 
quartz  to  fill  in  the  crevices  in  the  tower  so  as  to  bring 
that  side  of  the  packing  up  level  with  the  rest.  One 
party,  who  was  operating  a  plant  built  similar  to  ours, 
advised  that  he  usually  washed  his  tower  out  with  water 
about  four  times,  after  which  he  had  lo  shut  it  down  and 
repack  the  tower.  This  man's  experience  bears  out 
the  theory  advanced  by  the  writer,  that  there  was  a 
chemical  disintegration  of  the  packing  under  the  con- 
ditions prevailing  in  the  concentrating  tower 

PLAN     AND     OPERATION     OF     A     TOWER     CONCENTRATING 
riANT 

There  is  a  series  of  symptoms  present  that  if  properly 
followed  out  will  generally  lead  one  to  a  proper  under- 
standing of  the  trouble.  In  order  lo  make  this  plain, 
I  will  briefly  describe  a  general  lay-out  of  a  tower 
ronccnlraling  plant.  There  is  a  small  brick  furnace 
into  wliicii  the  oil  is  sprayed  by  steam.  From  this  fur- 
nace there  is  a  flue  leading  into  the  side  of  concentrating 
tower.  This  tower  has  a  brick  lining  and  brick  arches 
and  is  [jacked  with  about  4  fl.  of  small  quartz,  leaving 
about  5  ft.  of  space  between  top  of  tower  and  top  of 
packing.  The  acid  is  fed  lo  the  tower  by  a  syphon-aml 
l)ool  arrangement  so  that  there  is  about  ','»  cit.  ft. 
sprayed  over  the  packing  about  once  every  50  seconds. 
After  the   l)f)ot    has  becoiiic   ticarlv   ciiiplv   tlif   svplum 


gets  air,  which  stops  it  from  flowing;  the  boot  in  the 
meantime  is  being  refilled  from  a  supply  tank  over- 
head. When  the  boot  fills  to  a  certain  point  the  syphon 
automatically  starts  emptying  same,  so  we  have  an 
alternating  spray.  This  is  done  to  give  the  heat  in 
the  tower  a  chance  to  recover  and  the  tower  is  supposed 
to  concentrate  better  with  this  arrangement  than  when 
fed  continuously. 

The  vapors  and  misis  of  acid  pass  from  the  tower  into 
the  scrubbers  through  an  i8-in.  flue,  this  flue  being 
divided  so  that  one-half  of  the  gas  goes  into  each  scrub- 
ber. These  scrubbers  are  merely  enclosed  tanks 
packed  with  fine  gravel.  The  gravel  packing  is  sup- 
ported on  brick  and  coke  in  the  bottom  of  scrubbers, 
the  brick  being  so  arranged  that  tunnels  or  passage- 
ways are  provided  for  the  gas  to  pass  out  through  a 
i2-in.  flue  in  the  bottom  and  thence  to  the  auxiliary 
scrubber  packed  with  coke.  The  draught  is  created  in  the 
flues  by  either  a  fan  or  steam  jets  and  as  each  plant 
has  a  certain  draught  pressure  that  gives  the  best 
results  it  is  generally  tried  to  keep  the  draught  as  near 
this  pressure  as  possible. 

In  the  flue  between  the  furnace  and  tower  there  is  a 
pyrometer  tube  placed,  connected  by  wires  to  a  dial 
which  gives  a  continuous  record  of  the  temperature  of 
the  gases  entering  the  tower.  In  the  flue  leaving  the 
tower  near  the  top  an  ordinary  glass  U-tube  con- 
taining water  indicates  the  suction  inside  the 
flue.  There  is  also  placed  at  this  point  a  Fahrenheit 
thermometer,  so  that  by  observing  the  temperature 
of  gas  entering  tower  and  noticing  the  temperature  and 
suction  in  top  flue,  one  can  get  a  pretty  good  line  on 
the  working  of  the  plant.  For  instance,  a  tower  doing 
proper  work  will  usually  show  about  1200  to  1400°  F. 
for  the  gas  entering,  and  about  280  to  290°  F.  with 
about  '/»  in.  suction  in  the  flue  leaving  the  top  of  the 
tower.  When  the  tower  begins  to  become  foul  there 
will  be  observed  an  increase  in  the  temperature  of  gas 
entering  the  tower  and  an  increase  in  the  suction 
pressure  in  the  flue  leaving  top  of  tower.  Also  there 
will  be  observed  a  decrease  in  the  temperature  of  the 
gas  leaving  the  tower  and  when  this  temperature  falls 
to  about  250°  F.  it  will  be  found  that  very  little  66° 
Bd.  acid  is  being  made. 

This  condition  is  corrected  by  shutting  down  the 
tower  and  running  weak  acid  down  same  until  the 
packing  becomes  comparatively  cool,  after  which 
it  should  be  thoroughly  washed  with  water  running 
over  the  packing  for  at  least  12  hrs.  When  the  tower 
is  again  started  it  will  be  found  that  the  temperature 
of  gas  entering  it  will  be  about  200°  F.  lower  and  the 
tcmi)eralure  of  gas  leaving  it  will  be  40  to  50°  higher 
with  the  suction  pressure  in  flue  reduced  to  about  one- 
half  to  five-eighths  of  an  inch.  It  is  absolutely  neces- 
sary to  maintain  a  strong  suction,  either  by  steam  jets 
or  a  fan,  so  that  all  vapor  an<l  liistillates  will  be  ((uickly 
taken  from  the  lower  as  rapidly  os  formed,  otherwise 
they  would  condense  and  dilute  the  66"  acid,  thereby 
undoing  the  work  already  performed. 

On  the  other  hand,  when  the  lower  packing  becomes 
too  open  so  that  the  hoi  gases  and  acid  are  not  split 
up   into   niimito   (|\iaiitities   the   acid   will   pass  through 
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without  attaining  a  strength  greater  than  63  to  64° 
B(5.  and  the  gases  will  pass  out  of  the  tower  entirely 
too  hot,  going  as  high  as  350  to  360°  F.;  also  the  suc- 
tion of  the  flue  leaving  the  tower  will  drop  to  almost 
nothing,  while  the  temperature  of  the  gas  entering 
the  tower  will  decrease  from  200  to  300°  F. 

The  above-described  conditions  were  the  ones  that 
were  corrected  by  introducing  broken  quartz  through 
the  lute  at  the  top  of  the  tower. 

DIFFICULTY     WITH     AN     OPEN     BRICK    LINING    BETWEEN 
THE    PACKING    AND    LEAD 

The  writer  had  a  very  peculiar  experience  on  one 
occasion.  The  tower  showed  all  symptoms  of  being 
too  open.  It  was  shut  down  and  the  top  removed 
but  the  packing  appeared  to  be  in  perfect  condition. 
However,  as  it  was  quite  evident  that  the  gas  was  pas- 
sing too  freely  through  the  tower  and  as  we  had  been 
unable  to  get  any  66°  acid  from  this  unit  for  several 
days  previous,  it  was  decided  to  remove  the  packing, 
not  disturbing,  however,  the  i8-in.  brick  lining  be- 
tween the  packing  and  lead.  After  the  packing  had 
been  removed  and  the  tower  repacked,  the  plant  was 
started  up,  but  with  no  better  results  than  before. 
It  is  needless  to  say  that  the  writer  was  very  much 
concerned  about  the  matter,  as  the  tower  would 
not  produce  66°  acid  and  yet  there  was  nothing  ap- 
parently wrong  with  the  packing.  However,  the  top 
was  removed  again  and  a  very  careful  examination 
was  made  to  determine,  if  possible,  how  the  gas  was 
slipping  through  the  tower  with  so  little  resistance. 
It  was  observed  that  the  brick  wall  between  packing 
and  lead  was  very  open,  there  being  spaces  of  from 
V4  to  V2  in-  between  the  bricks  and  as  the  bricks  had 
been  laid  dry,  with  the  exception  of  about  3  in.  on  the 
edge  of  the  wall,  it  was  decided  that  the  heat  was 
evidently  coming  up  through  the  wall  and  not  through 
the  packing,  as  it  should.  The  wall  was  taken  down 
to  the  level  of  the  packing  (about  5  ft.  from  top  of 
tower)  and  acid-proof  cement,  consisting  of  silicate 
of  soda  and  silax,  was  poured  down  through  crevices 
in  the  wall  and  a  small  amount  of  it  appeared  under 
the  arches,  proving  that  the  theory  of  the  heat  going  up 
through  the  wall  was  a  correct  one.  The  wall  was  then 
laid  from  the  top  of  the  packing  up  in  mortar  made 
from  silicate  of  soda  and  silax.  This  mortar  was  used 
very  liberally,  making  the  bricks  tight  with  it,  just  as 
would  be  done  in  building  an  ordinary  brick  wall. 
When  this  work  had  been  finished  the  top  was  re- 
placed and  plant  started  up;  it  worked  beautifully, 
even  better  than  it  had  ever  worked  before. 

LOSSES  OF  ACID  IN  THE  CONCENTRATOR  AND  REGVI.ATION 
OF    DRAUGHT 

In  regard  to  losses  of  acid  in  the  concentrator  under 
normal  conditions,  when  the  tower  was  being  fed  with 
60,000  lbs.  of  60°  acid  in  24  hrs.,  the  losses  would 
amount  to  from  2,000  to  4,000  lbs.  of  60°  Bd.  acid 
per  day  of  24  hrs.  and  there  would  be  recovered  as 
66°  Br.  acid  about  39,000  lbs.,  equivalent  to  46,792 
lbs.  of  60°  B(?.  acid  and  the  balance,  or  9,208  lbs., 
would  be  recovered  in  the  distillates  from  scrubbers. 
This     scrubber     acid     runs     about     46°     Be.      It     is 


pumped  over  to  the  sulfuric  acid  plant  and  sent  down 
the  Glover  tower,  where  it  is  brought  up  to  60°  B^. 
along  with  the  other  acid  passing  over  a  Glover  tower, 
after  which  it  is  returned  to  the  concentrating  plant 
again. 

The  losses  varied  greatly,  according  to  the  amount 
of  draught  that  was  used.  When  a  very  strong 
draught  was  being  used  it  was  found  that  the  loss  of 
HsSOi  was  very  much  greater  than  was  sustained  when 
only  a  moderate  draught  was  being  used  on  plant.  We, 
therefore,  tried  to  get  the  happy  medium  of  using  just 
enough  draught  to  take  the  distillate  from  the  top  of 
the  tower  and  at  same  time  not  to  have  too  great  a 
loss  at  the  exit  stack. 

In  connection  with  the  above,  it  was  found  that  when 
using  Lunge's  method,  namely,  10  cc.  of  N/io  caustic 
soda  solution  and  aspirating  gas  through  the  same  that 
the  loss  of  SO3  would  run  from  0.25  to  0.5  per  cent. 
This  test  was  made  twice  daily  on  each  plant  and  was 
depended  upon  to  a  certain  extent  to  determine  the 
amount  of  draught  which  should  be  used,  but  as  the 
tower  very  rapidly  became  choked,  necessitating  a 
constant  increase  of  draught,  the  testing  of  the  gases 
was  of  very  small  benefit  in  regulating  the  plant. 
However,  if  it  were  possible  to  get  a  tower  packing 
that  would  not  disintegrate,  so  that  the  opening  would 
stay  uniform,  the  testing  of  the  exit  gases  could  be  used 
to  a  great  advantage  as  a  method  of  control. 

Southern  Fertiuizer  and  Chemical  Company 
Savannah.  Georgia 


PRINTING  PLATES  FROM  PHENOL  RESIN  COMPOUNDS 

By  L.  V.  Redman.  A.  J.  Weitii,  F.  P.  Brock 
Received  January  26,  1917 

The  growth  of  syndicate  work  in  illustrated  adver- 
tising, comic  supplement  and  "filler"  for  our  30,000 
American  Newspapers,  has  created  a  need  for  a  material 
which  will  lend  itself  to  the  rapid  production  of  printing 
plates  in  manifold. 

The  plate  requires  to  be  produced  rapidly  and  in- 
expensively and  must  be  of  such  quality  as  will  print 
clearly  on  the  cheap  sheet  used  by  daily  papers. 

Such  a  plate  is  in  no  way  intended  to  take  the  place 
of  copper,  zinc,  stone  or  wood  cuts  where  there  is  needed 
only  one  cut  or  at  most  a  very  few  cuts  of  any  one  sub- 
ject, such  as  in  the  printing  of  magazines,  books,  and 
catalogs.  The  new  plate  is  designed  to  fill  the  need  of 
thousands  of  daily  papers  which  require  the  same 
news  to  print  at  the  same  time,  either  advertising, 
comic  supplement,  news  of  general  interest  to  the 
country  or  "filler"  for  dailies  or  weeklies. 

Printing  plates  for  this  work  have  been  made  from 
celluloid  compounds  and  shellac  by  pressing  the 
celluloid  or  shellac  plastic  into  the  original  papier 
mdch^  mat  which  had  previously  received  an  impression 
from  the  zinc  etching.  The  celluloid  plate  is  used 
extensively.  The  shellac  plate  does  not  seem  to  have 
made  its  way  to  a  commercial  success.  The  shellac 
and  celluloid  plates  will  not  stand  the  heat,  pressure 
and  moisture  required  for  making  the  papier  m&ch6 
mat  for  stereotype  machines.  Also  the  "dots"  making 
up   the  screen   in  half-tones   of    celluloid   are  not  full 
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and  perfect.  The  shellac  plate  is  brittle  and  re- 
quires  careful  handling. 

It  is  possible  that  a  hard  rubber  plate  would  be 
highly  satisfactory.  The  time  of  vulcanization,  high 
cost  of  materials  and  the  fact  that  hard  rubber  at 
70°  C.  will  distort  under  pressure  are  the  chief  factors 
against  such  a  plate. 

The  qualities  possessed  by  phenol  resin  molding 
compounds  make  these  materials  highly  valuable 
for  printing  plates.  The  heat  resistance,  strength 
in  thin  sheets,  resistance  to  water,  and  the  accuracy 
and  speed  with  which  they  may  be  molded  make  them 
an  excellent  material  for  the  production  of  printing 
plates  in  multiple.  These  plates  may  be  used  for 
direct  printing  on  flat  bed  presses  or  may  serve  as  a 
cut  from  which  to  make  the  papier  mich6  mats  for 
stereotypes. 

Practical  difficulties  have  presented  themselves  in 
obtaining  a  satisfactory  mold  for  use  in  making  mani- 
fold plates  from  phenol  molding  compounds.  If  the 
molds  be  made  from  a  high-grade  steel  and  case-hard- 
ened, the  expense  is  prohibitive;  if  the  original  zinc 
etching  be  used,  a  negative  figure  or  picture  is  produced 
on  the  molded  phenol  sheet;  and  if  a  mold  be  made  of 
the  zinc  or  lead  etchings,  the  pressure  required  for 
forming  the  phenol  resin  into  shape  destroys  the  sharp- 
ness of  the  zinc  or  lead   cut   after   a  few  operations. 

A  satisfactory  mold  in  every  way  can  be  made  from 
the  phenol  molding  compounds.  The  method  of 
producing  the  mold  in  which  is  made  the  printing  plate 
in  manifold  is  as  follows: 

A  sheet  of  the  plastic  phenol  molding  compound 
is  placed  on  a  hot  plate  or  steam  table  the  same  as  in 
shellac  molding  and  is  kept  there  until  the  sheet  has 
heated  through  and  become  soft  and  pliable.  The 
original  zinc  etching  is  then  placed  on  top  of  the  warm 
plastic  sheet  and  both  are  placed  in  a  hot  press.  Any 
source  of  heat,  gas,  steam  or  electricity,  will  do  for  the 
hot  press.  In  this  case  steam  is  the  most  satisfactory 
and  electricity  the  least  desirable.  The  pressure  is 
raised  gradually  to  about  2000  lbs.  per  sq.  in.,  and  the 
compound  is  allowed  to  harden  for  a  few  minutes. 
Controlling  bars  prevent  the  press  heads  from  coming 
too  close  together,  and  insure  an  accurate  thickness 
for  the  mold  and  later  also  for  the  printing  plate. 
Open  on  every  side,  the  plastic  compound  is  allowed 
to  flow  out  around  the  edges.  The  mold  is  formed  this 
way  to  a  pre-detcrmined  thickness,  generally  Vn  to 
Vm  in. 

The  Icmpcralure  at  wliith  the  operation  is  carried 
on  varies  from  285  to  400°  F.,  depending  upon  the 
<iuality  of  the  material  used,  and  the  lime  during  which 
the  material  is  to  be  left  in  the  press.  Longer  time 
and  lower  temperature  give  a  tougher  product  than  do 
the  higher  temperatures  and  shorter  time.  In  this 
respect,  the  hardening  of  all  phenol  resins  bears  a  very 
close  similarity  to  the  vulcanization  of  rubber. 

The  plastic  sheet  as  soon  as  it  has  hardened  is  re- 
moved hot  from  the  press,  and  the  zinc  or  lead  etching 
is  taken  o(T.  The  plastic  sheet  is  now  hard  and  has 
on  its  face   the  negative  of   the  original   line  etching, 


and  in  practice  is  known  as  the  mold.  On  this  negative 
cast  or  mold,  warm  fresh  plastic  sheet  is  laid,  placed 
carefully  in  the  press  and  subjected  to  pressure  for  a 
few  minutes.  As  soon  as  the  fresh  sheet  has  hardened 
it  is  removed  from  the  mold.  This  time  the  positive 
printing  plate  is  produced,  it  being  the  reverse  of  the 
negative    mold.      This    second    molding    operation    re- 
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quires  about  ten  minutes  for  a  ii>nipletc  i-ycle  of  opera- 
tions, and  may  be  reproduced  many  thousands  of 
times  with  no  appreciable  dctcriorntiun  tu  the  original 
mold  made  from  the  phenol  plastic.  Since  the  average 
single  colunui  cut  is  abojil  two  inclios  by  three  inches, 
and  a  satisfactory  comnu'rcial  press  is  eij;htoen  inches 
by  eighteen  inches,  this  allows  three  hundred  plates 
per  hour  to  bo  ninde  in  a  single  two  platen  press. 
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As  the  plastic  sheet  and  mold  would  naturally  weld 
together  in  the  hot  press,  various  methods  are  used  to 
prevent  the  plate  sticking  to  the  negative  mold  or 
cast.  A  layer  of  oiled  paper,  thin  metal,  talc  dust, 
etc.,  between  the  mold  and  cast  has  proven  satisfactory 
but  care  must  be  taken  when  using  paper  or  foil  to  see 
that  it  is  not  torn  or  trouble  may  result. 

The  use  of  the  foil  or  paper  produces  a  rounded 
point  to  the  half-tone  screen  and  produces  a  more 
desirable  printing  plate  than  the  original  zinc  etching 
which  generally  has  a  protruding  crown  or  shoulder 
thereby  allowing  ink  to  collect  behind  the  point,  soon 
blurring  the  plate.  The  smooth  rounded  point  pro- 
duced on  the  phenol  plastic  by  the  use  of  the  inter- 
mediate paper  or  metal  foil  makes  a  plate  which  does 
not  gum  up  and  blur  with  the  printing  ink. 

Half-tones  have  been  produced  from  150-mesh  screen 
and  150  screen  is  the  highest  used  in  ordinary  half- 
tone work.  The  ordinary  newspaper  cut  is  produced 
from  screen  not  exceeding  100  mesh,  as  the  larger  dot 
is  required  for  printing  on  coarse  cheap  paper. 

Any  form  of  line  work  can  be  reproduced  with 
accuracy  and  is  in  general  an  easier  proposition  to 
handle  than  the  half-tone. 

Mounted  plates  may  be  molded  directly  upon  the 
block  of  wood  and  come  from  the  press  blocked  and 
ready  for  flat  bed  printing.  In  this  form  the  cut  can- 
not be  unblocked.  The  plates  are  also  produced  in 
thin  form  (Vis  inch  thick)  and  are  afterwards  in 
another  operation  blocked  by  tacking  or  gluing  like 
the  regular  zinc  cuts.  Plates  blocked  or  mounted  on 
wooden  blocks  by  tacking  may  be  readily  unblocked. 

The  weight  of  the  molded  plate  is  one-sixth  the  weight 
of  the  corresponding  zinc  etchings,  and  contributes 
a  saving  in  shipping  costs  equal  to  the  original  cost  of 
the  plate.  One  square  inch  of  plate  weighs  Vs  oz. 
Ready  for  shipping  35  sq.  in.  weighs  4  oz.  It  should 
be  borne  in  mind  in  this  case  that  in  extensive  adver- 
tising the  cost  of  mailing  or  expressing  the  zinc  cuts 
is  often  equal  to  the  original  cost  of  the  etching. 

Redmanol  Cbemicai,  Products  Company 

636   W.    22nd  Street 

Chicago 

THE  SETTING  OF  LITHARGE-GLYCERINE  CEMENT' 

Ity  H.  Iv.  Merwin 
Received  Dccciiiber  26.  1916 

A  little  litharge  which  had  passed  a  200-mesh 
screen  was  spread  in  a  large  excess  of  glycerine  on  a 
microscope  slide  under  a  cover-glass.  After  an  hour 
indications  of  the  crystallization  of  another  substance 
around  the  surfaces  of  the  litharge  grains  could  be 
seen;  after  three  hours  the  new  substance  was  very 
apparent;  and  after  24  hrs.  the  original  grains  of 
litharge  were  replaced  or  firmly  bound  together  by 
interlocking  crystalline  aggregates  of  the  new  sub- 
stance.    These  aggregates  consisted  of  radiating  fibers. 

Grains  in  a  similar  slide  held  at  80°  C.  for  an  hour 
were  firmly  cemented.  The  new  crystals  had  similar 
optical  properties  in  both  cases. 

•  This  cement  is  very  important  and  not  fully' appreciated,  e.  g.,  it  is 
used  in  very  large  quantities  in  lining  the  digesters  in  the  manufacture  of 
sulfite  pulp. — Editor's  Note. 


Glycerine,  pure  or  diluted  with  5  to  10  per  cent  of 
alcohol  or  water,  heated  to  boiling  and  agitated  with 
litharge,  gave  similar  crystals  which  were  much  less 
closely  aggregated.  Agitation  prevented  to  a  large 
extent  the  covering  of  the  litharge  grains  by  the  new 
crystals.  In  the  best  sample  of  material  thus  pre- 
pared— afterwards  used  for  analysis — about  10  per 
cent  by  volume  of  unattacked  litharge  and  90  per 
cent  new  crystals  were  estimated  microscopically. 
Analysis  showed  70.8  per  cent  of  Pb,  which  corresponds 
to  5  per  cent  residual  PbO,  and  95  per  cent  of  the 
compound'  CaHsOj.PbO,  representing  the  new  crystals. 

The  crystals  are  apparently  ^orthorhombic.  The 
refractive  indices  are,  a  =  1.75,  P  =  1.80,  7  =  1.84, 
with  7  parallel  to  the  length.  The  crystals  had  been 
slightly  attacked  by  the  alcohol  used  in  washing 
them. 

After  standing  with  glycerine  for  several  days  at 
ordinary  temperatures  the  centers  of  the  larger  grains 
of  litharge  that  had  passed  a  200-mesh  sieve  were  still 
unattacked.  Probably  coarser  grains  would  remain 
indefinitely. 

Geophvsicai,  Laboratory 

Carnegie  Institution  of  Washington 

Washington.  D.  C. 


THE  USE  OF  A  CONDENSER  TO  PREVENT  ARCING  IN 
BOMB  CALORIMETERS 

By   Kred   F.   Flanders 
Received  January  16,  19 1 7 

Commercial  lighting  current  of  no  volts  is  quite 
commonly  used  for  igniting  the  charge  in  bomb  calorim- 
eters. A  typical  arrangement  is  to  connect  two  32- 
C.  P.  lamps  in  series  with  the  fuse  wire. 

Objections  have  been  raised  to  the  use  of  current  of 
such  high  voltage  on  account  of  the  uncertain  amount 
of  heat  developed  by  the  arc  formed  at  the  instant 
the  fuse  wire  burns  out.^ 

The  arc  may  be  entirely  obviated  by  the  use  of  a 
2  mf.  condenser.  This  is  connected  across  the  leads 
running  to  the  fuse  wire  and  as  close  to  the  latter  as 
possible.  When  protected  in  this  manner  the  no- 
volt  current  produces  scarcely  a  visible  spark  when  the 
current  is  broken. 

The  use  of  the  condenser  might  also  prove  ad- 
vantageous where  a  storage  battery  or  other  source 
of  low  voltage  current  is  used,  for  even  with  voltages 
as  low  as  10  or  12  volts  there  is  still  an  appreciable 
arc  when  the  current  is  broken.  Condensers  satis- 
factory for  the  above  use  may  be  had  of  almost  any 
electrical  supply  house,  particularly  those  dealing 
in  wireless  apparatus.  They  are  listed  as  flat  telephone 
condensers,  should  be  of  about  2  mf.  capacity  and 
tested  for  500  volts.  A  very  neat  one,  2  X  4  X  'A 
inches,  was  supplied  by  the  Clapp-Eastham  Co.,  of 
Cambridge,  Mass.,  for  ninety  cents. 

Chemical   Laboratory 

Mass.  Commission  on  Mental  Diseases 

74    Fenwood    Road.    Boston 

I  This  compound  was  prepared  by  T.  Morawski  (/.  prakl.  Chem.. 
S2  (1880).  401.  and  Dingltr's  polyUch.  J..  SSS,  213)  in  his  original  studies 
of  this  cement. 

=  U.  S.  Bureau  of  Standards,  Circular  11,  p.  7.  Issue  of  May  IS,  1911. 
This  Journal,  9  (1917),   106.      Under  (6),  Firing  current. 
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DEVELOPMENT  OF  CHEMICAL  INDUSTRIES  IN 

SOUTHERN  CALIFORNIA   SINCE 

JANUARY  I,  19161 

By   Arthur   W.   Kinney 

Industrial  Commissioner,  Los  Angeles  Chamber  of  Commerce 

An  eminent  authority  says  that  the  measure  of  a  country's 
appreciation  of  the  value  of  chemistry  in  its  material  develop- 
ment and  the  extent  to  which  it  utilizes  this  science  in  its  in- 
dustries, generally  measure  quite  accurately  the  industrial 
progress  and  prosperity  of  that  country. 

The  year  19 16  has  been  the  most  notable  year  in  the  history 
of  Southern  California  in  the  amount  invested  in  chemical 
manufacturing  enterprises  and  in  the  number  of  new  products 
exploited.  Millions  of  dollars  have  been  expended  in  modem 
plants  and  more  than  twenty  new  products  have  been  developed, 
samples  of  which  are  on  display  at  the  industrial  bureau  of  the 
Chamber  of  Commerce. 

Very  few  of  the  people  of  this  region  appreciate  the  oppor- 
tunities and  possibilities  which  prevail  here  with  regard  to  an 
important  chemical  industry.  The  great  European  war,  which 
has  curtailed  and  in  many  instances  completely  shut  off  the  old 
supply  of  chemicals  heretofore  imported,  has  caused  an  enormous 
awakening  throughout  our  nation,  and  has  been  productive  of 
a  large  amount  of  chemical  research  and  investigation.  The 
reason  for  this  is  apparent,  in  view  of  the  statement  that  the 
volume  of  trade  and  manufacture  in  the  United  States  at  the 
present  time,  which  is  directly  dependent  on  the  needs  of  the 
chemist,  is  about  $7,000,000,000  per  annum.  As  the  months 
roll  by  it  is  being  demonstrated  that  American  chemical  manu- 
facturers have  the  brains  and  ability  to  produce  nearly  all  sub- 
stances which  have  heretofore  been  imported.  In  view  of  the 
authoritative  statement  that  in  California  there  exists  a  wider 
diversity  of  the  crude  chemical  materials  of  nature  than  in 
any  similar  area  of  the  world,  it  is  not  strange  that  this  section 
is  playing  such  a  prominent  part  in  the  exploitation  of  new 
materials  and  is  doing  its  full  share  in  the  building  up  of  a  great 
American  chemical  industry. 

In  this  article  we  shall  dwell  only  upon  those  Southern  Cali- 
fornia enterprises  which  have  commenced  operation  since  January 
1 .  1916. 

During  the  year  the  Hercules  Powder  Company  has  come 
into  the  field  and  invested  $1,500,000  at  Chula  Vista,  below 
San  Diego  City  proper.  The  improvements  consist  of  barges 
and  harvesters,  two  of  the  latter  costing  $45,000  and  $60,000, 
respectively;  a  ])ier  2300  feet  long,  a  floating  machine  shop, 
156  tanks  holding  50,000  gallons  each  and  9  holding  400,000 
gallons  each.  There  are  housings  for  an  intricate  mass  of 
machinery,  engines,  electrical  equipment,  laboratories,  evapora- 
tors, separators,  presses,  conveyors,  etc.  Potassium,  iodine 
and  acetone  are  taken  out  of  solution  by  processes  known  only 
to  the  chemists,  of  which  there  arc  sixteen.  Power  is  supplied 
by  six  batteries  of  lidgcnioor  boilers,  with  a  capacity  of  2700 
horse  power.     The  plant  covers  an  area  of  several  acres. 

At  the  harbor  district  of  I.os  Angeles  five  good-sized  kelp 
pro<lucts  concerns  have  begtni  operations  during  the  present 
year  -the  National  Kelp  Potash  Comiiany,  Oceanic  I'lnginecrinK 
Company,  Pacific  Products  Company  and  International  Potash 
Properties  Cmiipany  "f  I.ong  Ileach.  and  the  Dianiond  Match 
Company  at  VV'iliiiington.  The  product  of  the  latter  cnnipany 
is  used  by  the  great  plants  of  the  Diamond  Match  Company 
of  national  fame.  After  considerable  iiivesligation  the  Depart- 
ment of  Agriculture  has  decided  to  locate  iiiul  operate  at  Siiniincr- 
latid,  Santa  Harbara  County,  an  experiinrntal  kelp  products 
l>lant  which  will  have  a  ca|iacity  of  j<h)  tons  of  kelp  per  day. 
'  Krpiiiilril  (t,.Mi  Ihr  /,oi   Austin   Sunday  Timts.  I1rcciiil>«   17.    I<)lft. 


This  institution  will  cost  approximately  $175,000,  and  will  give 
the  potash  industr\'  a  thorough  tr>'out. 

POTASH    INDUSTRIES 

The  American  Trona  Corporation,  of  which  Baron  A.  de 
Rapp  is  president,  has  completed  during  the  year  two  costly 
refineries,  one  at  Trona,  Searles  Lake,  San  Bernardino  County, 
where  the  raw  material  is  obtained,  and  the  other  at  Los  Angeles 
Harbor,  where  the  concentrated  salts  are  to  be  refined. 

The  buildings  at  Searles  Lake,  extending  a  distance  of  one- 
third  of  a  mile,  are  of  fireproof  construction  and  include  labora- 
tories, engineers'  building,  auxiliary  building,  evaporator  build- 
ing, machine  shops,  power  plant  equipped  with  four  soo-horse- 
power  Babcock  &  Wilcox  boilers,  spray  pond,  restaurant,  offices, 
sleeping  quarters,  physicians'  quarters  with  hospital  and  opera- 
ting-room and  cottages  for  married  employees.  A  supply  of 
fresh  water  is  brought  from  the  mountains  sixteen  miles  distant. 

The  buildings  of  the  plant  at  Los  Angeles  Harbor  are  also 
of  fireproof  construction  and  include  a  refinery  building,  office 
building,  Iaborator>',  warehouse,  machine  shop  and  power 
plant  containing  two  500-horse-power  Babcock  &  Wilcox  boilers. 

The  American  Trona  Company  is  now  shipping  potassium 
chloride  from  the  Searles  Lake  plant.  Other  probable  products 
from  this  and  the  harbor  plants  are  caustic  potash,  permanganate 
of  potash,  bicarbonate  of  potash,  borax,  sodium  carbonate, 
chloride  and  sulfate. 

Another  large  chemical  enterprise  which  will  handle  similar 
products  is  that  of  the  Solvay  Process  Company,  an  $18,000,000 
corporation,  now  erecting  a  modem  plant  at  Borosolvay,  Searles 
Lake.  The  buildings  of  this  concern  include  a  power  plant, 
evaporator  building,  machine  shop,  crystallization  building.- 
warehouses,  clubhouse,  commissary  and  cottages.  The  Solvay 
Process  Company  is  the  discoverer  of  the  process  for  manu- 
facturing caustic  soda  and  now  operates  large  chemical  plants 
at  Syracuse.  N.  V..  and  other  cities. 

Other  sources  of  potash  exploited  during  the  year  have  been 
the  plant  of  the  Riverside  Portland  Cement  Company  and  various 
Southern  Califomia  beet-sugar  factories.  From  the  first- 
mentioned  source  many  thousand  dollars'  worth  were  ob- 
tained as  a  by-product. 

At  San  Diego  the  Lower  Califomia  Chemical  Company  is 
erecting  the  first  unit  of  a  ]>lant  which  will  be  devoted  to  the 
making  of  orcein  dyes,  using  as  a  raw  niateri.il  the  orchilla  weed, 
a  moss  foimd  growing  in  vast  quantities  along  the  western 
coast  of  Lower  California.  It  is  claimed  that  these  dyes  can 
be  produced  cheaper  than  the  imported  article  and  are  equal, 
if  not  superior,  to  the  same. 

DYKSTl'HFS 

Anotlicr  dye.stufT  enterprise  of  the  year  is  the  Internal  Dye 
Products  Company,  which  has  recently  equii>ped  a  new  plant 
at  Vernon.  This  company  is  backed  by  Los  .Xngeles  men 
aiul  will  engage  in  the  manufacture  of  aniline  dyes,  using  as  raw 
nuiterials  the  by-products  of  the  IcK-al  oil  refineries  and  giis 
plants. 

At  Corona,  Riverside  County,  the  Citrus  Hy-Products  Com- 
pany, a  cojiperulivc  orgtmir.ntion  conn>oscd  of  various  nieinl>rr$ 
of  the  California  Fniit  Cirowers'  Ivxchange,  has  In-en  in  active 
operation  niantifacturing  citric  acid  from  cull  lemons,  ImviuK 
used  this  year  over  .m-k.  tons  of  the  latter.  The  principal 
source  of  this  cnMunodity  has  been  Italy,  where  in  sonic  sections 
the  industry  consunics  from  one  thinl  to  the  whole  of  the  lemnn 
crop. 

During  the  year  three  new  coiicrriis  have  gone  into  the  manu- 
facture of  strontiiiin  nitrate  This  chrmicul  ih  largely  rniployed 
ill  the  iiiiinufaclnre  of  red  fire  and  is  used  by  iiianufacturrrs 
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of  fireworks  and  railway  signals.  The  raw  material  comes  from 
San  Bernardino  and  Imperial  Counties.  Prior  to  the  war  prac- 
tically all  this  commodity  was  imported  from  Europe.  The 
new  companies  in  operation  are  F.  G.  Mortimer  Company, 
at  Vernon;  Long  Beach  Chemical  Company,  and  Southern 
Reduction  Company,  both  at  Long  Beach.  The  latter  concern 
also  operates  a  new  plant  at  Vernon,  where  it  is  making  a  high- 
grade  of  chloride  of  lime  and  chlorine.  Another  new  enterprise 
at  Vernon  is  the  California  Chemical  Company,  which  is  now 
erecting  a  plant  for  the  manufacture  of  orchard  sprays. 

The  Linde  Air  Products  Company,  which  operates  factories 
in  twenty  or  more  American  cities,  has  just  completed  in  Los 
Angeles  a  modem  plant  for  the  manufacture  of  oxygen  gas. 

During  the  year  the  Grand  Canyon  Lime  and  Cement  Com- 
pany has  equipped  and  placed  in  operation  a  complete  establish- 
ment for  the  manufacture  of  hydrated  lime. 

The  Industrial  Bureau  has  been  advised  of  the  erection  of  a 
factory  at  Kscondido  which  will  handle  eucalyptus  lumber  from 
the  large  groves  in  that  vicinity.  One  of  the  important  by- 
products will  be  eucalyptus  oil,  now  largely  used  in  manufactur- 
ing pharmaceutical  preparations. 

OTHER    NEW    PRODUCTS 

Other  new  products  of  the  year  are  raolybdic  acid  salts,  made 
by  the  Rose  Chemical  Company  and  American  Alloy  and 
Chemical  Company,  tungstic  acid  by  the  Tungsten  Mines 
Company,  and  oxide  of  antimony  by  the  Western  Metals  Com- 
pany. In  addition  to  the  foregoing  there  have  been  made  in 
limited  quantities  molybdic  oxide,  ammonium  molybdate, 
ferro-tungstcn,  ferro-manganese,  ferro-vanadium,  ferro-molyb- 
denum  and  strontium  hydrate.  Crude  sulfur  from  Nevada  has 
found  a  ready  sale  among  our  local  manufacturers. 

Of  more  than  passing  importance  has  been  the  exhaustive 
investigation  of  the  Rittman  refining  process  made  by  the 
Independent  Oil  Producers'  Agency  and  the  statement  made 
that  while  fairly  good  results  have  been  obtained,  the  installa- 
tion of  a  small  plant  more  closely  adapted  to  California  re- 
quirements is  being  considered. 

This  has  been  a  remarkable  year  in  chemical  development, 
made  so  largely  through  the  incentive  of  high  prices,  and  the 
things  accomijlished  must  be  gratifying  indeed  to  our  business 
men  and  chemists.  We  have  here  raw  materials  of  great  variety; 
we  have  by-products  almost  without  number.  Adequate 
research  work  and  the  solving  of  the  problem  of  keeping  down 
the  manufacturing  costs  of  production  should  enable  us  to 
convert  these  raw  products  into  commodities  that  will  eventually 
bring  hundreds  of  millions  of  dollars  to  this  region. 
Los  Angeles,  California 

INITIATION  OF  EXPLOSIONS' 

By  Walter  Arthur 
Received  February  2,  1917 

Just  when  gunpowder  was  first  known  is  a  matter  of  most 
vague  conjecture,  but  its  use  was  recorded  many  centuries  ago. 
Its  advent  into  the  world  brought  most  marvelous  changes  into 
political  matters,  and  at  present,  is  playing  the  most  important 
role  in  the  greatest  of  all  human  activity.  Accompanying  the 
use  of  powder  and  explosives,  and  closely  allied  with  their 
development,  is  another  and  most  important  problem — ^the 
initiation  of  the  burning  or  explosion.  Powder  and  explosives 
afford  us  a  convenient  means  of  doing  work,  if  the  energy  repre- 
sented can  be  made  use  of  at  a  desired  moment  and  in  a  manner 
perfectly  safe  to  those  using  them.  The  character  of  the  ex- 
plosion is  dependent  upon  the  efficiency  of  the  method  of  igni- 
tion.    Hence  the  importance  of  the  question  of  initiation. 

Until  quite  recent  times,  black  powders  or  kindred  mixtures 
were  the  only  explosives  in  use;  the  energy  contained  was  lib- 
erated by  the  burning  of  the  mixture.     This  required  only  the 
I  Presented   before  the  January   Meeting  of  the  Philadelphia  Section 
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minutest  flame  to  start  the  ignition,  as  the  particles  of  the  various 
components  were  extremely  finely  divided,  and  a  very  small 
amount  of  heat  was  sufficient  to  raise  them  to  the  ignition 
point.  The  method  of  ignition  was  to  fill  with  powder  a  small 
opening  which  led  into  the  powder  chamber,  and  by  means  of  a 
flame  or  spark,  ignite  this  powder  train  from  the  outside.  This 
was  the  old  method  of  the  match  locks  and  flint  locks.  Most 
of  the  old  cannons  we  see  in  our  parks  and  public  places  were 
of  this  type. 

PRIMERS 

In  1799,  Howard  discovered  the  substance  we  know  as  mer- 
cury fulminate.  Its  ability  to  fire  gunpowder  gave  rise  about 
the  year  18 15  to  the  development  of  the  percussion  cap.  This 
is  the  beginning  of  what  might  be  termed  internal  ignition  in 
contradistinction  to  the  earlier  method  which  we  may  style 
external  ignition. 

The  percussion  cap  may  be  briefly  described  as  a  small  metal 
capsule  containing  a  small  amount  of  mercury  fulminate,  or 
mercury  fulminate  mixture,  or  other  mixture  with  similar  prop- 
erties. This  was  used  by  placing  it  over  the  ends  of  a  small 
tube  which  lead  to  the  powder  chamber.  When  struck  a  sharp 
blow,  the  mixture  detonated,  giving  rise  to  considerable  heat, 
thus  igniting  the  powder.  This  method  of  ignition  for  fire- 
arms was  in  common  use  until  very  recent  times  and  is  occa- 
sionally seen  to-day.  The  significance  of  this  invention  was  as 
great  as  the  discovery  of  guncotton  or  smokeless  powder.  It 
made  the  ordinary  firearms  much  more  effective  by  relieving 
the  gunner  of  any  anxiety  as  to  whether  he  had  powder  in  his 
pan.  It  permitted  of  ready  use  and  made  the  arm  independent 
of  the  weather.  The  combining  of  the  projectile,  powder  charge 
and  priming  charge  into  one  cartridge,  has  made  our  breech- 
loading  firearms  and  machine  guns  possible. 

There  are  a  number  of  methods  of  internal  ignition;  all  of  them 
are  much  alike.  In  some  substances,  as  in  light  ammunition, 
where  a  cartridge  case  with  a  thin  head  can  be  used,  the  priming 
mixture  is  placed  in  the  rim  of  the  head.  This  rim  is  struck 
a  sharp  blow  by  the  firing  pin  where  it  is  desired  to  ignite  the 
powder;  hence  the  so-called  "rim  fire."  In  most  instances 
the  priming  mixture  is  placed  in  a  small  cup  and  inserted  in 
a  chamber  in  the  head  of  the  cartridge  case,  the  firing  of  the 
priming  charge  being  done  by  crushing  the  priming  mixture 
between  the  cup  bottom  and  the  anvil.  Many  manufactiu'ers 
of  such  ammunition  place  the  anvil  in  the  cup,  but  others  make 
the  anvil  a  part  of  the  cartridge  case,  the  result  of  the  explosion 
of  the  primer  pellet  being  a  flame  of  considerable  length  and  in- 
tense heat.  The  primer  cup,  being  held  securely  in  its  chamber, 
allows  no  escape  of  flame  except  through  a  vent  into  the  pow- 
der charge. 

The  length  and  heat  of  the  primer  flame  will  determine  very 
largely  the  character  of  explosion  in  the  cartridge  case.  If  the 
flame  be  short  and  the  temperature  not  very  high,  only  a  por- 
tion of  the  powder  may  be  burned  before  the  projectile  leaves 
the  muzzle  of  the  gun.  This,  of  course,  lowers  the  pressure 
behind  the  projectile;  as  a  result,  a  lower  velocity  of  the  pro- 
jectile is  obtained.  On  the  other  hand,  if  the  primer  flame  be 
long  and  the  temperature  high,  all  of  the  powder  may  be  fired. 

The  number  of  mixtures  proposed  for  use  in  percussion  caps 
and  primers  is  legion ;  four  of  these  are  as  follows : 


21.9%     Sulfur  (flowers) 
30.8%     Antimony  Sulfide 
47.2%     Potassium  Chlorate 
35.01%  Ground  Glass 
28.01%  Mercury  Fulminate 
14.00%  Potassium  Chlorate 

1.97%  Shellac 
21 .00%  Antimony  Sulfide 


.13%  Potassium  Chlorate 
25%  Lead  Sulfocyanide 
17*"v:  .\nlimony  Sulfide 
5*,'f  Trinitrotoluene 
5I.2<~;   Potassium  Chlorate 
25.5';,  Antimony  Sulfide 
8.9^-  Sulfur  (flowers) 
12.4'o  C-round  Glass 
2.0"  <   Shellac 


It  will  be  seen  that  either  potassium   chlorate   or  mercury 
fulminate  is  to  be  found  in  each  of  them. 

In  order  to  increa,se  the  sensitiveness  of  the  primer,  an  abra- 
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sive,  such  as  ground  glass,  is  added.  The  glass,  due  to  the 
sharp  edges  and  hardness  of  its  particles,  cuts  into  the  particles 
of  fulminate  or  potassium  chlorate,  and  assists  in  their  break- 
ing when  the  mixture  is  crushed  under  the  firing  pin,  and  as 
the  firing  of  the  primer  is  a  result  of  the  breaking  of  the  crystals 
of  the  potassium  chlorate  or  fulminate,  the  sensitiveness  is  thus 
very  much  increased. 

MANUFACTURING    PROBLEMS 

The  difficulties  encountered  in  the  manufacture  and  loading 
of  primer  mixtures  are  many.  Owing  to  the  extreme  sensi- 
tiveness of  such  mixtures  to  friction  or  blows,  they  are  usually 
mixed  in  the  wet  condition,  and  dried  after  loading  into  the 
caps. 

In  order  to  secure  perfectly  uniform  results,  it  is  necessary 
to  have  a  thorough  mixture  of  the  various  components.  In 
using  such  materials  as  potassium  chlorate  or  antimony  sulfide, 
a  great  deal  of  difficulty  is  encountered  in  getting  the  proper 
granulation.  Very  coarse  materials,  about  100  mesh,  give 
very  poor  results;  the  flame  is  short  and  the  sensitiveness  is 
poor.  The  best  results  come  from  materials  of  abotxt  200 
mesh;  here  sensitiveness  and  flame  length  are  good.  The  difficul- 
ties in  using  such  fine  mixtures  comes  in  the  mixing.  These 
excessively  fine  materials  are  very  difficult  to  mix  thoroughly 
owing  to  the  tendency  to  collect  in  small  pellets  which  resist 
the  usual  mixing.  One  of  these  very  small  pellets  is  often  suffi- 
cient to  cause  a  misfire  if  it  gets  into  the  primer  cups. 

Another  difficulty,  comparatively  simple  in  its  nature,  yet 
disastrous  in  its  results,  comes  from  overloading  the  cups. 
Each  cup  is  designed  to  hold  a  certain  charge.  Sometimes,  in 
careless  filling,  the  maximum  charge  is  exceeded.  The  anvil 
is  forced  in  under  great  pressure,  the  result  being  that  the 
pellet  of  priming  material  is  so  hard  that  the  firing  pin  cannot 
break  it;  the  result  is  a  misfire. 

MODERN    EXPLOSIVES 

We  shall  turn  now  to  another  class  of  explosives  which  require 
the  use  of  a  primer  to  liberate  their  energy.  In  the  year  1864, 
Alfred  Nobel,  a  Swedish  engineer,  used  mercury  fulminate 
for  the  purpose  of  filling  priming  caps  to  initiate  the  explosion 
of  nitroglycerine  and  dynamite.  This  discovery  forms  one 
of  the  greatest  advances  of  the  last  century — an  advance  to 
which  we  owe  the  development  of  the  whole  modern  technique 
of  explosives,  and  such  giant  accomi)lishmcnts  as  the  building 
of  the  Panama  Canal.  Although  discovered  some  twenty  years 
previous,  it  remained  but  little  more  than  a  scientific  curiosity 
until  a  convenient  detonator  was  devised.  These  detonators 
or  dynamite  caps  arc  of  two  types — that  which  is  fired  by  l)um- 
ing  of  a  slow  fuse,  and  that  fired  electrically.  They  consist  of 
small  copper  capsules  partially  filled  with  mercury  fulminate, 
or  a  mixture  of  mercury  fulminate  and  potassium  chlorate. 
The  detonating  cap  to  be  fired  by  a  slow  fuse  is  exactly  as  de- 
scribed above,  the  fulminate  being  fired  by  the  burning  powder 
at  the  end  of  the  fuse.  The  detonating  caps  fired  electrically 
are  as  just  described,  except  imniecllately  above  the  charge  of 
mercury  fulminated  is  a  small  charge  of  guncotton  which  is  fired 
by  the  heat  from  a  short  resistance  wire.  The  electric  current 
ncccs.sary  for  such  work  depends  ujipn  the  number  of  charges 
to  be  fired.  These  detonators  are  made  up  in  various  sizes 
and  strengths,  and  are  numbered  from  1  to  ro. 

DcniKllntioii  No..       I  2  3  IS  6  7  8  9  10 

Churiic  in  Krutns.   O.t     0.4     0.S4     O.b.5     0.8      1.11      1. 5      i  .0     2.3     .1.0 

Hy  the  use  of  electric  detonators,  a  great  many  charges  may 
be  fired  simultaneously,  thus  accomplishing  what  would  otlicr- 
wlse  be  impossible.  This  method  also  allows  all  persons  to  re- 
tire to  a  safe  distance  before  the  explosion  ixxiirs.  It  also 
ofTords  a  means  of  detonating  (|uantities  of  nitroglycerine  deep 
down  in  the  curtli,  as  in  oil  will  shiMiling. 


SUBSTITUTES   FOR   MERCURY   FULMINATE 

Recently  a  great  part  of  the  mercury  fulminate  in  these  de- 
tonators has  been  replaced  by  picric  acid,  trinitrotoluene,  or 
tetranitromethylamine.  The  strong  initial  effect  is  thereby 
increased;  in  this  way  0.5  g.  of  mercur>-  fulminate  has  been 
made  to  detonate  a  charge  which  required  3.0  g.  of  mercur>- 
fulminate  in  the  earlier  caps. 

The  use  of  priming  substances  for  high  explosives  in  modem 
warfare  is  at  present  of  much  interest.  The  methods  of  appli- 
cation are  much  the  same  as  in  commercial  explosives,  the  only 
difference  being  in  the  use  of  a  time  element  in  many  cases. 
The  initial  primers  are  provided  with  firing  pins  which  are 
actuated  either  by  the  sudden  movement  of  the  projectile  in 
the  gun  or  by  the  striking  of  the  shell  against  some  resisting 
body.  Since  the  space  in  high  explosive  shells  through  which 
a  firing  pin  might  move  is  quite  limited,  a  very  sensitive  priming 
mixture  is  used.  Mixtures  of  mercury  fulminate,  potassium 
chlorate,  a  strong  reducing  agent,  and  often  an  abrasive  such  as 
ground  glass  are  used.  In  order  to  protect  these  primers  against 
abrasion  and  atmospheric  agencies,  shields  or  caps  of  paper  or 
metal  are  provided.  The  whole  of  it  must  be  so  arranged 
that  a  light  blow  of  the  firing  pin  measuring  only  a  few  inch- 
ounces  will  suffice  to  bring  about  the  necessary  explosion  of  the 
primer.  The  explosion  of  the  primer  detonates  a  greater  charge 
of  mercury  fulminate  which  communicates  its  detonating 
influence  to  the  body  of  the  main  explosive.  Quite  often  a 
booster  charge  is  added  between  the  fulminate  and  the  explo- 
sive, and  in  this  way  the  detonating  action  is  built  up. 

In  armor-piercing  shells  it  is  desirable  that  the  explosion 
take  place  after  the  shell  has  penetrated  the  armor.  In  this 
case  the  action  is  such  that  the  primer  is  fired  as  a  result  of  im- 
pact with  the  shell  against  the  armor  plate,  this  in  turn  igniting 
a  train  of  powder  so  arranged  that  the  main  detonating  mass 
will  be  exploded  at  the  correct  moment.  Owing  to  the  fact 
that  these  shells  travel  at  a  great  velocity,  only  the  briefest 
delay  is  required  between  the  action  of  the  primer  and  tlie 
detonator. 

In  high  explosive  shells  where  the  entire  action  is  to  be  in- 
stantaneous, the  delay  action  is  omitted,  the  explosion  of 
the  priming  charge,  detonator  and  boosting  charge  taking 
place  in  most  rapid  succession. 

In  the  case  of  shrapnel  shells  where  an  adjustable  time  action 
is  required,  movable  trains  of  powder  are  interposed  between 
tlie  primer  and  tlie  main  charge,  the  primer  l>eing  fired  from 
the  set  back  in  the  gun.  Shells  of  this  type  arc  often  provided 
with  two  primers — one  to  be  used  with  the  time  action,  another 
one  to  function  on  impact. 

There  are  various  types  of  cannon  primers  which  we  cannot 
discuss  at  this  time;  most  of  them  differ  from  tlie  small  anns 
primers  in  size  ami  mechanical  details.  5>ome  of  Uiem  arc  ex- 
ploded by  friction  instead  of  a  blow. 

MIXING 

Some  of  the  difficulties  encountered  in  the  manufacture  of 
the  various  priming  mixtures  might  be  of  interest  at  this  time 
The  first  thing  that  naturally  attracts  attention  is  the  inixing 
of  these  coin|)osilioiis,  as  they  must  be  sensitive  to  blows  and 
friction.  The  handling  and  loading  is  attende<l  with  much 
danger.  As  the  presence  of  some  liquid  in  the  mixture  acts  as 
a  sort  of  cushion  between  the  various  particles,  tliesc  niixturrs 
are  usually  made  up  with  water  or  alcohol.  After  the  mixture 
has  been  jiut  into  place,  the  li<|uid  is  dried  out.  Snue  timis 
haiulle  these  mixtures  dry,  but  it  is  always  attended  by  consid- 
erable (lunger — even  in  llic  wet  condition,  the  mixing  mii.st,  or 
should  be  done  by  hand.  Great  care  must  Ik;  exercised  diirinR 
the  mixing  lest  wime  portion  liecomc  \oq  dry  and  the  friction 
from  the  rubbing  start  an  explosion.  The  mixing  tables  and 
the  room  must  be  kept  thnrouKhly  clean. 
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Attendant  upon  the  danger  from  explosion  is  the  danger  from 
poisoning  when  mercury  fulminate  is  used  in  the  mixture  or 
loaded  separately.  Not  only  is  mercury  fulminate  a  poison 
when  taken  internally,  but  the  dust  from  it  produces  dermatitis 
and  skin  eruptions. 

FIRING    PINS 

It  is  interesting  to  note  that  the  functioning  of  artillery  primers 
made  with  a  shallow  layer  of  a  friction  mixture  backed  by 
mercury  fulminate,  is  dependent  upon  the  character  of  the  blow. 
If  a  light  blow  is  delivered,  the  fulminate  only  burns;  if  a  severe 
blow  is  delivered,  the  fulminate  is  exploded.  The  character 
of  the  point  of  the  firing  pin  has  a  great  deal  to  do  with  the  sensi- 
tiveness of  primers  of  this  type.  If  a  blunt  point  be  used,  a 
much  heavier  blow  is  required  than  if  a  sharp  firing  pin  be  used. 
If  a  long  taper  point  be  used,  much  less  disturbance  of  the  mix- 
ture is  produced  than  if  a  short  taper  point  be  used.  A  round 
point  al,so  gives  less  disturbance  to  the  mixture  than  a  triangular 
or  a  square  point.  The  maximum  effect  should  be  produced 
by  a  short  taper  sharp  square  point. 

THEORY   OF    EXPLOSIONS 

The  question  has  often  arisen,  "Why  does  a  mixture  of  potas- 
sium chlorate  and  some  easily  oxidizable  agent  explode  when 
struck  a  sharp  blow?"  This  is  not  easily  answered.  The  ex- 
plosion depends,  of  course,  upon  the  fact  that  crystals  of  potas- 
sium chlorate  arc  broken  or  fractured  in  the  presence  of  some 
substance  that  unites  with  the  oxygen  very  readily.  If  a  sub- 
stance, like  red  phosphorus,  be  in  contact  with  the  broken 
crystals,  an  explosion  of  great  brisance  occurs.  If  some  sub- 
stance like  sulfur  is  present,  which  unites  with  oxygen  much 
less  readily,  an  explosion  occurs  which  is  less  active  and  the  re- 
port therefrom  is  much  less  dull.  In  fact,  potassium  chlorate 
and  red  phosphorus  arc  so  active  that  they  can  scarcely  be 
mixed  without  an  explosion,  while  potassium  chlorate  and  sulfur 
will  admit  of  quite  considerable  mixing.  If  potassium  chlorate 
and  sugar  be  mixed  we  get  merely  a  burning — so  slow  is  the  ex- 
change of  oxygen. 

We  may  picture  in  our  minds  a  crystal  of  potassium  chlorate 
as  made  up  of  centers  called  potassium,  chlorine  and  oxygen 
all  arranged  in  some  perfectly  definite  manner  and  held  together 
by  lines  of  force  of  some  kind.  When  a  crystal  is  broken,  some 
of  these  lines  of  force  between  the  oxygen  and  the  other  ele- 
ments are  severed,  and  for  the  moment  are  free.  If  phosphorus 
be  present,  which  is  always  on  the  lookout  for  its  friend  oxy- 
gen, it  immediately  seizes  upon  the  opportunity  to  add  another 
member  to  its  household.  The  warmth  of  fricndshi])  jjroduces 
sufficient  heat  to  warm  up  the  neighboring  oxygen  communi- 
ties to  a  state  of  activity,  hence  heat,  flame  and  general  rear- 
rangement of  affairs! 

The  question  is  asked,  "What  happens  when  a  crystal  is  broken 
when  no  phosphorus  or  oxidizable  substance  is  present?"  Of 
course,  tliis  question  cannot  be  answered  at  present;  our  knowl- 
edge of  the  molecular  arrangement  is  too  scanty.  If  crystals 
of  mercury  fulminate  and  a  few  other  like  substances  be  broken 
rather  quickly  even  when  unattended  by  an  oxidizing  sub- 
stance, a  most  severe  explosion  occurs.  But  why?  This  is 
just  as  difficult  as  the  other  questions.  The  answer  may  be 
made  that  crystals  of  mercury  fulminate  are  unstable.  This 
explains  nothing.  Perhaps  some  of  the  recent  work  of 
Bragg  in  crystal  structure  may  eventually  give  us  some  in- 
formation. 

The  question  has  often  been  asked,  "Wliat  properties  of 
mercury  fulminate  enable  it  to  act  as  a  detonator,  and  in  what 
way  is  the  primary  explosion  related  to  the  principal  explosion?" 
The  chief  characteristic  of  mercury  fulminate  which  makes  it 
valuable  as  a  detonating  agent,  is  the  ease  with  which  it  can  be 
exploded  by  simple  and  ordinary  means  and  the  wonderful 
pressure  developed  therefrom,  which  brings  about  the  explosive 
<lecomposition  of  the  explosive  mass.     K  large  number  of  chem- 


icals are  violent  explosives  and  many  exceed  mercury  fulminate 
in  explosive  power  but  are  less  suitable  or  are  not  suitable  at 
all  as  detonators.  Some  are  too  sensitive  to  shock  or  friction; 
some  are  too  insensitive.  Some  may  cause  the  explosive  wave 
in  the  main  explosive  mass  to  proceed  too  slowly.  Mercury 
fulminate  occupies  the  middle  position.  A  great  number  of 
investigators  have  attempted  to  account  for  the  initiating 
effect  of  detonating  compounds.  Abel  advanced  the  theory 
of  synchronism  of  molecular  vibrations  between  the  primary 
and  secondary  explosives.  This  theory  is  supported  by  the 
fact  that  many  substances,  as  diazo-benzene,  nitrate  and  nitro- 
gen chloride,  could  be  used  only  in  large  quantities,  if  at  all, 
as  a  detonator  of  explosives.  While  mercury  fulminate  in 
small  quantities  was  sufficient  to  produce  a  detonation,  Abel 
ascribed  this  exceptional  behavior  to  a  resonance  phenomenon, 
which  he  described  as  a  molecular  vibration  which  brought 
tlie  molecules  of  the  explosive  to  be  detonated,  into  a  synchro- 
nous vibration,  thence  to  detonation.  L.  Wohler  made  a  thor- 
ough investigation  of  the  Abel  theory  and  came  to  the  conclu- 
sion that  it  was  not  sufficient  to  account  for  the  phenomenon. 
No  theory  advanced  so  far  seems  wholly  satisfactory. 

It  was  found  by  Abel  that  the  most  violent  exploding  com- 
pounds, nitrogen  chloride  and  iodide,  are  jiractically  without 
detonating  action  on  nitroglycerine  and  guncotton.  Only 
once  could  he  cause  detonating  action  with  3.25  g.  of  nitrogen 
chloride,  while  0.32  g.  of  mercury  fulminate  was  sufficient  to 
produce  the  detonating  action.  This  remarkable  difference 
is  explained  by  Wohler,  by  the  enormous  pressure  which  mer- 
cury fulminate  shows  in  contrast  to  that  of  nitrogen  chloride, 
and,  in  addition,  calls  attention  to  the  fact  that,  although  the 
gases  evolved  by  the  explosion  of  the  two  compounds  are  very 
nearly  equal,  the  heats  evolved  are  only  312  calories  per  kilo 
for  nitrogen  chloride  as  against  411  calories  for  mercury  ful- 
minate. Wohler  attaches  the  greatest  significance  to  the  fact 
that  the  loading  density  of  mercury  fulminate  is  far  beyond 
that  of  nitrogen  chloride. 

In  spite  of  the  fact  that  nitrogen  chloride  has  a  smaller  calorie 
number  and  a  lower  loading  density,  it  is  likely  that  nitrogen 
chloride  produces  a  greater  instantaneous  pressure  than  mer- 
cury fulminate.  Judging  from  the  shattering  effects  produced 
upon  glass  and  similar  bodies,  nitrogen  chloride  greatly  exceeds 
mercury  fulminate  in  brisanCe.  If  we  take  into  consideration 
the  difference  in  loading  density  and  heat  evolved,  we  find 
that  difference  is  not  sufficient  to  account  for  the  tenfold  differ- 
ence in  effect. 

It  is  common  practice  to  manufacture  detonators  which  are 
intended  for  explosives  that  are  brought  to  explosion  with 
difficulty  with  a  booster  charge  of  a  like  or  similar  substance, 
such  as  trinitrotoluene  or  tctranitromethylanilinc.  This  sup- 
ports rather  than  opposes  Abel's  theory. 

In  the  year  1883,  Berthelot  offered  the  theory  that  the  de- 
tonation of  a  brisant  explosive  was  to  be  considered  as  a  sudden 
wave-like  decomposition,  propagating  through  the  whole  mass, 
brought  about  by  the  kinetic  energy  of  the  detonator.  Ac- 
cording to  modem  views,  however,  neither  the  pressure  as  such, 
nor  the  violent  changes  brought  about  by  it,  is  sufficient  to  ac- 
count for  the  detonating  waves  of  a  secondary  explosive.  An- 
other author  of  recent  date  agrees  with  this  view  that  it  is  the 
adiabatic  heating  of  tlie  medium  in  contact  with  the  priming 
substance,  caused  by  the  great  pressure  which  initiates  the 
exceedingly  high  velocity  of  the  detonating  waves. 

The  action  of  a  blow  of  a  hammer  is  often  explained  upon  the 
assumption  that  the  heat,  into  which  the  energy  of  the  hammer 
is  transformed  on  being  suddenly  brought  to  rest,  heats  the 
portion  of  the  explosive  struck  to  a  temi)erature  at  which  a  sud- 
den increase  of  the  velocity  of  decomposition  leads  to  an  explosive 
velocity.  It  is  quite  well  knowni  that  very  sudden  heating  of 
an  explosive  leads  to  an  explosion. 
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How  then  can  the  detonation  of  an  explosive  be  carried 
over  an  intervening  air  space?  The  thermal  hypothesis  will 
not  account  for  this.  This  is  explained  by  the  compression 
and  rarefaction  of  the  surrounding  air.  Since  the  force  of  such 
waves  decreases  as  the  square  of  the  distance,  this  theory  is 
not  suflScient.  From  what  has  been  said,  it  can  be  seen  to  be 
a  very  complex  subject,  and  how  many  theories  fail  when  all 
the  facts  are  taken  into  consideration. 

DETONATORS 

VoT  many  years  mercury  fulminate  has  held  its  place  as  a 
detonating  substance  as  superior  to  all  others.  Of  recent  years, 
however,  its  place  has  been  threatened  by  otlier  compounds 
which  bid  fair  to  displace  it.  One  of  the  most  promising  of 
these  is  lead  azide;  lead  azide  is  a  salt  of  hydronitric  acid  whose 

constitution    is   expressed   thus:    |]    ^NH.     Some  investigators 

unite    it    thus:     N  =  N:=:N — H.       This   acid   forms   a   great 
number  of  salts,  as  mercury  azide,  silver  azide  and  sodium  azide. 

The  heavy  azides,  such  as  lead  azides,  are  prepared  by  treat- 
ing a  solution  of  sodium  azide  with  a  soluble  metallic  salt,  such 
as  lead  acetate,  the  sodium  azide  being  prepared  from  nitrous 
oxide  and  sodium  amide. 

Large  crystals  of  lead  azide  and  mercuric  azide  have  been 
found  to  be  very  sensitive  to  mechanical  shock,  the  sensitiveness 
increasing  with  the  size  of  the  crystals.  Even  the  breaking  of 
a  single  large  crystal  is  said  to  bring  about  explosion.  Crystals 
as  large  as  3  mm.  in  length,  when  dry,  often  explode  when 
brushed  with  a  feather.  If  a  hot  saturated  solution  be  allowed 
to  cool  slowly,  large  crystals  sometimes  form,  which  detonate 
imder  water.  The  formation  of  such  crystals  must  be  avoided. 
This  property  is  scarcely  obtainable  with  the  fulminates. 

Mercury  fulminate  and  lead  azide  difTer  very  greatly  in 
flash  point — lead  azide  flashing  about  330°,  mercury  fulminate 
flashing  about  180°.  Lead  azide  in  fine  crystals  appears  to 
be  less  sensitive  to  blow  than  mercury  fulminate.  It  is  very 
stable  when  stored  at  high  temperatures,  such  as  50°  C;  it  is, 
however,  decomposed  by  strong  sunlight.  The  action  of  lead 
azide  upon  metals  is  slight,  while  fulminate  is  quite  active. 

Mercury  fulminate  may  l)e  dead-pressed,  while  lead  azide  in- 
creases it  brisance  and  explosive  power  with  pressure.  If  de- 
tonator caps  be  loaded  with  lead  azide  and  a  booster  charge, 
much  less  lead  azide  is  necessary  to  produce  the  desired  detona- 
tion. The  sensitiveness  of  fulminate  to  mechanical  shocks  is  much 
lessened  by  the  presence  of  as  much  as  i  per  cent  moisture, 
while  lead  azide  is  not  much  lessened  by  this  small  amount. 
'l"his  particular  projjerty  is  extremely  valuable  in  case  of  stor- 
age of  detonating  caps  in  humid  atmosphere. 

Many  other  substances  have  been  proposed  as  detonating 
agents.  Trinitro-resorcinc  or  lead  styphnate  [CjHlNO^Ij- 
OjI'bJ  has  l)een  found  to  l)e  an  excellent  explosive.  Hexa- 
niethylaniine  triperoxidedianiine  |N(CH20.0CHj)3N)  is  said 
to  exceed  mercury  fulminate  4  or  5  times  in  priming  power. 

A  number  of  others  may  be  mentioned  as: 

Nitrogen  tefra-sulfide,  N<S<. 

Iliazo-benzol-nitrate.  C.HiNOj — NOi. 
NO 


lin.sic  niereury  nitroinetliane,  II 


< 


-  c<(^ng 


NO  -  C 


Perchlorulc  of  tri  nurcur-aldehyde,  ClO.HgdlgjO  -C— COH). 

Dr.  Alfred  Stellbaclier,  in  /.rilsclirift  fUr  das  irsamte  SthieiS 
und  Sprennslojfwfseii,  of  Oct.  i  and  Dec.  i,  1914,  has  prcst'iiled 
a  most  splendid  r<;sunU'  uf  recent  dcvclopnient!)  In  this  tit-Id, 
from  which  pjiper  I  Iiiivc  drnwii  freely. 

l''llANKrill>l>  Ambiinai. 
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WATER-METERS  IN  THEIR  SANITARY  RELATIONS  1 

By  Henry  Leffm.\xk 
Received  September  30.  1916 

The  management  of  an  American  city  is  the  despair  of  the 
efficiency  expert.  Ex-President  Taft  expressed  the  view  that 
in  two  respects  the  promise  of  better  things  that  had  been 
seen  in  the  formation  of  the  United  States  under  the  Constitu- 
tion had  seriously  failed  of  fulfilment:  procedures  in  courts 
and  the  administration  of  American  cities.  The  administration 
of  civil  and  criminal  law  in  most  parts  of  this  coimtry  is  legal- 
ized robbery,  and  the  business  and  engineering  administration 
of  cities  is  chiefly  remarkable  for  stupidity  and  dishonesty.  I 
come  from  a  city  that  has  been  widely  advertised  as  "corrupt 
and  contented,"  and  daily  experience  compels  me  to  admit  the 
substantial  accuracy  of  the  phrase.  In  spite  of  the  development 
of  the  science  of  city-planning,  miles  of  small  streets  are  allowed 
to  be  laid  out,  and  while  the  street  prism  is  being  excavated 
for  water  and  gas  supply  and  for  telephone  conduits,  no  pro- 
vision is  made  for  electric  light  and  power  wires.  High-tension 
currents  are  permitted  to  be  carried  on  hideous  poles  through 
residential  districts,  involving  danger  to  persons  and  property, 
and  subjecting  the  service  to  frequent  interruptions  from  storms. 
Situated  with  an  enormous  supply  of  fresh  water  at  its  bound- 
aries, which,  by  the  construction  of  simple  storage  reservoirs, 
could  have  been  rendered  safe  for  all  uses,  it  was  for  many 
years  one  of  the  worst  typhoid  nests  in  the  world.  Now,  after 
spending  many  millions  for  installing  a  plant  for  purification 
of  these  supplies,  its  "Solons"  are  debating  the  problem  of  meet- 
ing a  greatly  increased  demand,  and,  instead  of  seeking  rational 
means  of  preventing  waste,  are  looking  towards  an  expensive 
enlargement  of  the  plant. 

I  am  presenting  this  paper,  however,  not  to  inveigh  against 
any  particular  municipal  administration,  but  to  call  attention 
to  a  relation  between  engineering  and  chemistry  that  I  think 
is  often  overlooked  I  have  long  felt  that  the  main  sanitan,- 
problems  of  mimicipal  administration  are  essentially  engineering 
ones,  and  that  undue  emphasis  is  given  to  the  purely  chemical 
data.  There  is,  of  course,  no  phase  of  municipal  sanitation  more 
important  than  water  supply.  Water,  by  the  very  necessities 
of  our  existence,  is  largely  consimied  now,  and  it  must  be  fur- 
nished freely  and  continuously  in  a  perfectly  safe  condition. 
We  are,  unfortunately,  accustomed  to  regard  it  as  without 
price;  we  think  it  should  be  "as  free  as  air,"  but  this  cannot  be 
expected  in  municipal  life,  and  the  sooner  the  citizen  realizes 
that  water  should  be  i)aid  for  like  food,  clothing  and  transporta- 
tion, the  better  for  all  of  us.  Indeed,  it  would  be  well  if  the  ct)m- 
munity  could  be  brought  to  feci  that  water  of  high  purity  is  a 
luxury  and  should  command  a  gtxid  price. 

The  interrelation  between  chemistry  and  engineering  iH.-come.t 
still  more  intimate  by  the  growth  of  the  modem  practices  of 
sewage  disposal.  It  has  become  nt^ressary  not  only  to  secure 
an  abundant  supply  of  good  water,  but  to  restore  it  to  rcasounblc 
purity  after  it  has  been  tiscd.  The  time  is  rapidly  pas.sing  when 
a  comnuinity  may  tiike  as  it  pleases  from  the  upper  reaches  of 
a  stream,  and  throw  into  the  lower  reaches  its  driunaRC.  I'rom 
two  points  (if  view  comes,  therefore,  the  ncetl  for  prcvenlinc 
water-waste,  and  thus  the  question  of  a  controlloil  distribution 
is  brought  vividly  to  the  notice  of  the  snnitnriun 

Such  contrtil  may  be  obtained  in  two  ways:  l>y  an  intermittent 
distribution,  the  places  supplietl  iK-ing  pnividcd  with  slon«Kc 
tanks,  thus  limiting  the  anioimt  of  water  available  iliirinR  the 
34  hours,  or  by  mtuMiring  the  water  delivered  to  each  i-onsumer 
and  charging  for  il.  with  a  miniininu  rate.  The  storaRr  t.'»nk 
nietliiNl  with  inteiniitteni  pumping  is  usetl  in  many  foreign 
cities,  anil  ha.s  sonte  features  to  ifcoinnicnd  it.  but  with  the  lav- 
ish use  of  water  among  .•\nierlcans,  very  larRc  tanks  wtnilil  l>c 

'  IVrarntrfl   al    Ihr   .<.tnl    Mrrllni  ol   Iht    Aflirlli«n   Chrtnktil   .S<»c(rtv. 
New  Ymk  I'liy.  SrpirmlMT  .M  to  'n.  l<^l^ 
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needed.  The  meter-system  is  preferable.  The  mechanical 
problems  in  regard  to  water-meters  are  solved  and  many  forms 
that  are  accurate,  inexpensive  and  durable  are  available. 

I  have  residential  experience  in  but  two  cities,  Philadelphia 
and  Atlantic  City,  but  it  happens  that  these  present  a  decided 
contrast  in  the  matter  of  water-supply,  and  serve  well  to  illus- 
trate the  point  that  I  wish  to  discuss. 

Philadelphia  has  been  notoriously  wasteful  of  water.  This 
is  not  due  to  any  tendency  to  excessive  cleanliness.  Although 
about  the  middle  of  the  19th  century  it  was  often  praised  by 
visitors  for  the  conditions  of  its  streets,  yet  it  rapidly  fell  from 
grace  in  this  respect,  and  except  as  to  an  incomprehensible  and 
reprehensible  practice  of  frequently  washing  the  sidewalks,  it 
shows,  at  present,  a  good  deal  of  general  neglect  in  street  man- 
agement. Many  years  ago,  an  Knglish  visitor — Tupper,  I 
think — said  that  "the  carriage-ways  are  always  dirty  and  the 
footways  always  clean."  At  the  present  time,  owing  to  lack 
of  system  for  control  of  the  distribution,  the  consumption  is 
about  300  gals,  per  person  per  day ;  an  enormous  amount,  surely 
indicative  of  great  waste.  Metering  is  almost  non-existent.  A 
few  householders  have  discovered  that  by  installing  meters  a 
considerable  saving  of  water  rent  may  be  secured,  but  this  is 
merely  the  outcome  of  the  ridiculously  low  meter  rates.  For 
some  years,  indeed,  the  city  ordinances  forbade  the  installa- 
tion of  a  meter  in  a  private  house,  and  left  it  practically  optional 
to  large  establishments.  The  mass  of  consumers  are  on  a  flat 
rate,  that  is,  based  on  what  they  may,  not  on  what  they  do  use. 
How  any  person  charged  with  the  administration  of  a  munici- 
pality in  any  capacity  can  be  so  indifferent  to  business  methods 
as  to  favor  such  a  method  would  seem  to  be  beyond  human 
comprehension,  but  it  is  after  all  a  "strictly  business"  matter. 
Large  manufacturing  establishments  and  certain  private 
individuals  are  interested  in  maintaining  conditions  which  per- 
mit them  to  use  water  unrestrictedly,  while  paying  less  than 
their  proper  share  of  the  expense  of  the  supply,  and  as  these 
persons  exert  a  good  deal  of  support  to  the  dominant  political 
party,  especially  in  the  matter  of  campaign  contributions,  a 
subservient  administration  ignores  tlie  just  method. 

Turning  to  Atlantic  City — which  offers  an  interesting  contrast 
to  Philadelphia,  in  this  as  in  some  other  respects — we  find  ac- 
cording to  the  1915  report  of  the  Water  Department,  that  nearly 
the  entire  consumption  is  metered,  and  that  during  the  months 
in  which  the  visitors  are  comparatively  few  (October  to  May) 
the  consumption  is  about  150  gals,  per  person  per  day.  It 
must,  however,  not  be  overlooked  that  many  hotels  have  an 
independent  supply  from  artesian  wells,  and  that  the  city  has 
almost  no  industries  that  are  large  water  users.  On  the  other 
hand,  during  the  dull  season,  it  is  especially  the  large  hotels 
that  are  running  at  restricted  output,  and  bathing  is  a  special 
feature  of  the  resort.  This  is  largely  sea-bathing,  yet  even  this 
necessitates  the  use  of  fresh  water  both  for  rinsing  the  person 
and  for  the  laundry  of  bathing  suits.  Most  of  the  large  renting 
establishments  now  have  running  fresh  water  in  every  room. 
The  fact  that  residents  are  required  to  pay  for  the  water  used 
does  not  seem  to  cause  any  undue  restraint  in  the  ordinary  uses, 
though,  of  course,  it  tends  to  the  installation  of  good  plumbing 
and  to  keeping  this  in  repair. 

The  consumption  per  person  in  Philadelphia  is  somewhat 
difficult  to  determine,  and  in  any  case,  regard  must  be  had  to 
the  fact  that  the  city  is  spread  over  a  wide  area,  and  contains 
a  very  large  number  of  industrial  establishments  that  are  heavy 
water  users.  Private  sources  of  supply  are  not  numerous. 
As  a  rule,  both  the  subsoil  and  deep  water  obtainable  within  the 
city  limits  is  unfit  for  drinking  and  manufacturing  purposes. 
The  pumping  data  show  that  frequently  the  consumption  is 
about  300  gals,  per  iierson  per  day,  as  noted  alwvc,  but  this 
figure  is  based  on  what  is  termed  by  engineers  "plunger  dis- 
placement" and  is  generally  regarded  as  too  high.     Moreover, 


it  does  not  consider  leakage  in  the  street  distribution  system, 
which  is  probably  rather  high.  House  leakage,  especially  in 
the  flushing  apparatus,  is  very  high. 

It  is  hardly  necessary  to  present  any  statistics  of  water  waste 
in  American  cities  for  nearly  every  one  is  aware  of  it,  but  as  a 
brief  illustration  I  give  the  results  of  an  investigation  made  a 
few  years  ago  by  John  C.  Trautwine,  Jr.,  who  was  for  several 
years  chief  of  the  Bureau  of  Water  of  the  City  of  Philadelphia. 
A  block  of  the  characteristic  two-story,  small-street  dwellings 
was  utilized. 

Number  of  dwellings  (7-roomcd) 142 

Total  number  of  openings 782 

Number  leaking  slightly 22 

Number  running  continually J2 

Gallons  delivered  in  24  hours 119,800 

Gallons  wasted  by  leakage 103,600 

Gallons  per  capita:  Delivered 222 

Actually  used 30 

Wasted 192 

A  large  portion  of  the  waste  is  brought  about  by  a  small  pro- 
portion of  users,  so  that  a  restriction  by  metering  would  affect 
mostly  those  who  are  indifferent  to  the  welfare  of  others. 

As  I  remarked  above,  the  problem  of  waste-prevention  has 
assumed  an  additional  interest  by  reason  of  the  necessity  of 
sewage  purification.  AH  communities,  and  even  occupiers  of 
isolated  countr>'  houses,  now  recognize  that  the  effluent  water 
must  be  brought  to  a  fair  condition  of  organic  purity,  at  least, 
and  that  the  greater  the  dilution  of  this  effluent  the  greater  the 
cost  and  difficulty  of  treatment. 

In  the  discussion  of  this  subject,  the  main  opposition  to 
measured  supply  comes  from  the  owners  of  manufacturing  es- 
tablishments and  from  a  limited  number  of  well-meatiing,  but 
misguided  peojile,  who  believe  that  some  harm  will  be  done  if 
any  restriction  should  be  put  on  the  use  of  water.  Their  slogan 
is  that  "water  should  be  free  as  air"  and  that  everybody  should 
be  encouraged  to  be  clean.  A  careful  examination  of  the  houses 
in  which  the  worst  leakages  occur  would  probably  show  no 
greater  degree  of  cleanliness  than  in  those  in  which  the  plumbing 
is  kept  in  repair  and  the  water  used  with  judgment. 

The  truth  is,  however,  that  the  same  line  of  argument  that  is 
used  to  prevent  the  introduction  of  meters  may  be  used  to 
justify  free  distribution  of  food  and  beverages  and  free  amusement. 
Moreover,  all  the  data  available  show  that  all  reasonable  re- 
quirements may  be  met  by  the  system  of  assigning  a  minimum 
allowance,  and  changing  a  flat  rate,  imposing  additional  charges 
only  by  tliose  who  exceed  this.  Careful  investigations  in 
American  cities  have  shown  that  7  cu.  ft.  (somewhat  over  50 
U.  S.  gallons)  per  person,  per  day,  will  meet  all  necessities 
in  a  high-class  home  in  a  large  city.  In  Philadelphia,  at  present, 
a  minimum  charge  of  S8.00  per  year  allows  tlie  use  of  200,000 
gals.,  but  this  is  much  too  large,  and  it  is  proposed  to  raise  the 
price  and  reduce  the  allowance  so  that  Si 2. 00  will  be  charged 
for  90,000  gals,  per  year,  which  in  a  household  of  five  persons 
will  give  about  7  cu.  ft.  per  person  per  day. 

Briefly,  then,  my  thesis  is  that  in  view  of  tlie  importance  of 
pure  water  the  enormous  amount  now  required,  and  the  neces- 
sity of  purification  of  sewage,  the  sanitary  engineer  and  chemist 
should  use  every  effort  to  have  public  water  supplies  managed 
with  rigid  prevention  of  wastes  and  reckless  use,  and  that  this 
cannot  be  done  without  comjilete  metering  of  the  supply.  Con- 
sumers should  be  taught  that  principles  of  conservation  of  re- 
sources, as  well  as  proper  management  of  filtration  and  sewage- 
disposal  plants,  require  such  a  system,  and  further  that  the  in- 
stallation of  meters  with  the  provision  of  a  minimum  charge 
docs  not  interfere  with  the  use  of  water  as  freely  as  health  and 
comfort  require.  Municipal  supplies  must  depend  almost  en- 
tirely on  surface  waters.  Here  and  there,  artesian  and  subsoil 
sources  may  be  available,  but  these  exceptions  are  of  no  prac- 
tical importance.     I  am  still  of  the  opinion  that  I  expressed 
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many  years  ago  in  a  paper  before  the  Pennsylvania  State  Board 
of  Health,  that  unpurified  surface-water  is  always  unfit  for 
drinking,  and  that,  as  concerning  it,  analyses — bacteriological 
and  chemical — are  academic.  The  object  of  science  is,  of  course, 
the  discovery  of  truth,  and  from  this  point  of  view,  any  addition 
to  knowledge,  whether  the  discovery  of  a  new  marking  on 
Mars  or  the  properties  of  the  circle  in  non-Euclidian  space, 
must  be  appreciated,  but  the  sanitarian  deals  with  the  purely 
utilitarian  phase  of  science.  I  think  there  is  no  more  important 
problem  before  the  people  of  the  United  States  than  the  con- 
servation of  the  water  supply,  and  it  is  the  duty  of  informed 
persons  to  insist  with  all  possible  energy  upon  the  necessity  in 
economy  in  the  use  of  water,  for  maintaining  the  quality  of  the 
original  material  and  for  reducing  the  cost  of  the  subsequent 
purification  of  the  effluent.  For  these  reasons,  I  regard  the 
water-meter  as  a  most  important  sanitary  agent. 
1839  N.  17th  Street 
Phii-adei.pmia 


ADVANTAGES  OF  SOFTENED  WATER  IN  LAUNDRY 

WORK' 

By  J.   II.  Ryan 

Received  Novembers,  1916 

My  topic  to-day  is  what  advantage  softened  water  has  over 
hard  water,  the  saving  not  only  to  the  laundryman,  but  also 
to  the  customer,  and  what  the  possibilities  are  for  the  equip- 
ment of  a  modem  laundry  with  an  efficient  water-softening 
plant. 

The  laundries  of  this  country  in  19 14  transacted  business 
amounting  to  $142,503,350,  and  there  was  paid  for  labor 
871,764,059;  the  amount  invested  in  machinery,  equipments, 
buildings,  etc.,  was  $98,055,000.  These  figures  give  some 
idea  of  the  magnitude  of  the  laundry  business,  and  yet,  as  a 
matter  of  fact,  it  is  still  in  its  infancy.  The  majority  of  the 
laundries  in  this  country  arc  devoting  most  of  their  time  to  the 
laundering  of  the  provincial  stiff  collar  and  shirt,  but  this  portion 
of  the  business  is  by  far  the  smallest  part  of  the  work  that  the 
average  American  home  has  to  offer.  For  example,  one  man 
in  Michigan  decided  he  would  enter  the  family  wash  field  and 
in  less  than  one  year  increased  his  business  over  $1400  per  week. 
When  the  American  laundry  is  properly  equipped  and  makes  the 
proper  effort  to  obtain  this  class  of  work,  the  field  is  practically 
unlimited. 

It  might  be  well  for  us  to  consider  for  a  moment  the  class  of 
work,  also  the  diflicullies  that  the  laundrymen  have  to  contend 
with.  Laundry  is  cosmopolitan  in  its  service.  There  is,  of 
course,  a  wide  range  in  the  quality  of  the  fabrics  treated.  Not 
many  years  ago  fabrics  manufactured  in  this  and  other  countries 
were  heavier,  very  nuich  stronger  and  would  therefore  stand 
more  grief  in  the  laundry.  This  class  of  goods  is  seldom  ever 
used  now;  it  has  been  replaced  with  thin  delicate  fabrics  which 
are  "loaded,"  sometimes  to  the  extent  of  from  10  to  70  per  cent 
in  order  to  make  them  heavy  and  apparently  more  durable. 
Aside  from  this,  every  conceivable  color  known  comes  to  us 
from  day  to  day,  which,  in  treatment,  must  receive  the  utmo.st 
care.  Hence,  the  iiroblcm  is  a  very  different  one  from  that  of 
twenty  years  ago.  The  question  that  the  laiuidrymen  arc  trying 
to  solve  is  how  to  <lo  this  class  of  work  for  American  homes  with 
the  least  wear  and  tear  and  at  the  lowest  possible  cost. 

I''()r  more  than  a  i|uarter  of  a  century  I  have  been  in  the 
laundry  business.  About  half  of  that  time  I  was  connected  with 
n  lnun<lry  that  used  hard  water  exclusively.  I  can  best  illustrate 
the  point  I  nni  trying  to  make  by  giviiiK  yo"  a  little  jicrsonal 
experience  I  had  more  than  twenty  years  ago.  In  those  days 
we  heard  very  little  about  water  analysis,  or  at  least  the  laundry- 
men  knew  very  little  about  it.     All  they  knew  iiliont  wu.shinK 

■  Rcu<l  at  tlir  .^2n(l  Mcrllnx  o(  tlic  Ainrrlrnn  I.  Iirmlml  S<Miriy.  l'rl>iin>. 
I  hiimimixn.  Illlnolii.  April  18  lo  31.  I'llr.. 


was  this:  if  they  used  plenty  of  caustic  soda  or  soda  ash  in  the 
soap  and  a  plentiful  supply  of  bleach,  their  clothes  would  come 
out  of  the  machine  clean,  but  very  often  they  were  in  serious 
difficulties  and  did  not  know  just  why;  neither  did  they  know 
just  how  to  work  their  way  out  of  their  troubles.  The  story  I 
am  about  to  tell  you  will  demonstrate  beyond  any  question  of 
doubt,  the  value  of  water  softening  in  a  laundry  and  the  danger 
of  using  hard  water. 

The  laundryman  I  worked  for  was  troubled  a  great  deal  with 
a  yellow  or  brown  cast  in  his  work.  His  collars  always  had 
yellow  seams.  He  insisted  that  it  was  the  iron  in  the  water  that 
was  causing  this  trouble  and  at  a  considerable  expense  he  in- 
stalled a  filter,  but  this  did  not  do  away  with  his  difficulty.  At 
that  time,  and  even  now,  a  great  many  of  the  laundrj-men  use 
chloride  of  lime  and  soda  for  bleaching  purposes;  soda  is  used 
to  soften  the  bleach,  in  other  words  to  prevent  it  from  destroying 
the  soap.  It  mattered  very  little  how  much  of  this  bleach  was 
used,  there  would  still  be  yellow  seams  and  edges  on  the  collars. 
About  this  time  I  read  somewhere  that  oxalic  acid  was  a  good 
bleacher,  so  1  made  up  my  mind  that  I  would  do  a  little  experi- 
menting on  my  own  account.  I  took  some  collars  home  and 
prepared  a  solution  of  oxalic  and  water;  in  this  solution  I  placed 
the  collars,  rinsed  them,  and  immediately  the  yellow  seams 
vanished  but  a  green  tint  remained  and  I  had  considerable 
difficulty  in  washing  out  the  effects  of  the  acid.  After  the 
proprietor  had  inspected  the  work,  he  asked  me  one  day  how 
I  did  it  and  I  told  him  I  had  a  new  bleach;  he  thought  so  favorably 
of  the  work  I  was  doing  that  he  offered  to  form  a  stock  com- 
pany, if  I  would  turn  over  the  formula  to  them  so  they  could 
manufacture  it. 

About  this  time  I  became  a  little  negligent  about  washing  the 
green  tint  out  of  the  collars,  so  one  day  when  I  had  an  extra 
large  amount  of  collars  delivered  to  my  home  and  did  the 
necessary  work,  the  foreman  and  the  proprietor  made  up  their 
minds  1  was  using  sulfuric  acid;  they  proceeded  to  experiment, 
sent  out  for  a  bottle  of  sulfuric  acid,  filled  a  wooden  pail  three- 
quarters  full  of  water  and  poured  in  the  acid  until  they  thought 
the  solution  was  sjilficiently  strong  to  do  the  work.  They  then 
rinsed  in  this  solution  a  nightshirt  which  had  a  decided  yellow 
tint;  the  tliird  time  the  garment  went  into  the  pail  the  boss 
found  himself  hanging  onto  two  sleeves,  the  rest  of  the  night- 
shirt resting  quietly  and  unattached  in  the  pail;  but  it  had  the 
green  tint  the  same  as  1  had  left  in  the  collars;  after  this  operation 
was  over  I  told  them  of  my  secret  bleach  and  when  they  used 
oxalic  acid  in  their  rinsing  and  blueing  water  in  sufficient  quan- 
tities the  yellow  edges  would  disappear. 

This  particular  laundr>'man  never  knew  just  why  or  how  the 
acid  was  taking  care  of  the  yellow  scanjs,  neither  did  he  know 
just  what  was  making  the  yellow  scams:  it  was  the  result  of 
attempting  to  break  hard  water  in  the  machine  by  using  an 
excessive  amount  of  alkali. 

It  is  not  necessary  for  me  lo  go  into  detail  in  attempting  to 
bring  to  your  minds  the  great  hazard  the  lamidryman  takes 
when  he  attempts  to  break  hard  water  in  the  machine.  csiK-cially 
when  it  is  loaded  with  clothes.  You  might  a.sk  mc  if  there  is 
any  danger  in  using  soft  water  when  the  water  is  Ireutcil  in  a 
water  softener  The  facts  arc  that  the  danger  is  identical  with 
that  of  the  hard  water,  so  far  as  the  use  of  acid  is  i-tincfnietl ; 
the  minute  the  alkalinity  is  raised  above  7  grains  trunblr  -itarts 
and  then  the  acid  remedy  will  have  to  l>c  apjilicd. 

There  arc  three  water  softener  sy.tctns  that  are  griicrally 
used  in  the  laundries  of  lhi»  o<)untr>-:  the  intcrmitlcni.  the 
continuous  and  the  four-pi|>c  systems.  The  intrrniitlcnt 
system  is  seldom  used,  so  it  leaves  the  licld  n|>eu.  prMCticnlly 
s|>cakiiiK,  to  the  continuous  and  four-|>ii>c  sy>itrin» 

About  twelve  years  ago,  we  hud  what  »a»  known  a>  the  old 
Twccflalc  system  of  wntrr  softriiiuK      The  proce.vs  of  trrutmrnt 
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was  purely  caustic  soda;  we  used  this  system  for  about  three 
years  and  always  had  trouble  whenever  we  reduced  the  hardness 
below  8  grains,  because  we  would  always  have  an  excessive 
amount  of  alkalinity  in  the  water  so  that  it  would  take  a  large 
amount  of  acid  to  neutralize  it  before  we  were  able  to  blue  or 
destroy  the  yellow  color  that  would  appear  in  the  goods  after 
they  were  ironed.  The  four-pipe  system,  as  I  understand  it, 
uses  a  caustic  soda  treatment,  but  they  do  not  attempt  to  rinse 
or  blue  their  clothes  in  softened  water;  hence  the  necessity  of 
the  four-pipe  system.  I  am  very  much  opposed  to  the  system 
of  washing  in  soft  water  and  then  rinsing  iu  hard,  because  it 
destroys  all  the  visible  effects  of  soft-water  washing,  i.  e.,  that 
soft  velvety  feeling  that  clothes  possess  when  washed  and  rinsed 
in  soft  water.  Our  water  in  Kalamazoo  is  2 1  grains  and  is  quite 
hard — about  3  lbs.  of  solids  to  every  1000  gallons  of  water. 
It  is  impossible  to  wash  clothes  in  our  water  and  reduce  the 
hardness  below  3.5  and  4  grains  with  any  degree  of  safety,  for 
just  as  soon  as  the  hardness  is  decreased  below  that  point  there  is 
trouble,  due  to  an  excess  of  alkalinity. 

We  have  _  had  splendid  results  with  our  water  softening 
system.  It  fiks  been  in  operation  now  for  a  number  of  years  and 
we  have  never  had  a  particle  of  trouble  in  our  washroom;  on  the 
contrary  the  results  have  been  unusually  satisfactory.  We 
use  a  continuous  water  softener.  The  treatment  is  280  lbs.  of 
building  lime  and  40  lbs.  of  soda  ash  to  even,'  i<xi,ooo  gals,  of 
water.  Under  this  treatment  our  water  tests  hardness  4, 
alkaUnity  5  and  causticity  3.5  grains  per  U.  S.  gallon. 

We  have  not  used  any  chloride  of  lime  or  oxalic  acid  since  we 
installed  our  water  softening  plant.  We  use  a  little  acetic  for 
our  blue.  We  have  always  claimed  that  the  secret  of  good 
washing  was  pure  clear  soft  water  and  I  believe  we  have  demon- 
strated this  beyond  any  question  of  doubt.  We  believe  we  are 
doing  more  family  washing  than  any  other  city  in  America 
twice  our  size  and  we  attribute  this  largely  to  the  method  of 
treating  our  water  and  our  washing  methods  in  general. 

SAVINGS   MADE    BY    USE    OF    SOFT    WATER 

As  an  experiment  we  washed  recently  :oo  shirts  in  raw  hard 
water  with  3  lbs.  of  neutral  soap;  we  washed  this  same  number 
of  colored  shirts  in  the  same  machine  with  the  same  amount  of 
soft  water  with  i  lb.  and  6  oz.  of  the  same  soap  We  washed 
95  lbs.  of  family  washing  in  raw  hard  water  with  2'/2  lbs.  of 
neutral  soap;  we  repeated  the  same  operation  and  with  the  same 
weight  of  clothes  and  the  same  amount  of  soft  water  as  hard 
water  with  I'/i  lbs.  of  soap.  All  the  soft  water  used  tested  4 
grains.  This  is  not  all  the  saving,  however;  the  bleach  is  reduced 
to  a  minimum  and  no  acid  is  required  for  the  purpose  of  neutraliz- 
ing alkalinity  left  in  water  or  getting  proper  color.  If  we  did 
not  have  a  water  softener,  we  would  use  about  1400  lbs.  of 
neutral  soap  per  week.  The  present  market  value  of  neutral 
soap  is  about  S0.07,  which  would  make  our  soap  bill  S98  a  week. 
Our  saving  is  thus  about  S50  per  week. 

The  laundries  using  chloride  of  lime  and  oxalic  acid  are  finding 
them  a  very  expensive  commodity  at  present.  To  my  mind  the 
present  abnormal  condition  of  the  market  is  one  of  the  best 
things  that  has  happened  to  many  laundrymen  for  a  number  of 
years,  because  it  has  taught  them  that  laundries  using  the 
l)roper  kind  of  water  softener  can  and  do  get  along  without 
the  use  of  those  chemicals  and  do  better  work.  After  all,  what 
the  laundry  business  needs  more  than  any  other  one  thing  is 
plenty  of  pure  clean  soft  water,  and  when  a  laundry  will  install 
a  system  of  water  softening  that  will  product  this  kind  of  water, 
a  large  share  of  its  troubles  will  cease  and  the  customers  will  be 
happier  for  they  will  receive  their  clothes  clean,  clear  and  soft. 
White  goods  will  be  white,  soft,  and  last  longer  than  when 
washed  under  any  other  process  known  to  the  writer. 
Kalamazoo,  Michigan 


STREAM  INSPECTION  IN  CONNECTION  WITH  THE 
OPERATION  OF  SEWAGE  TREATMENT 
WORKS' 
By  C.  B    Hoover 
The  treatment  of  the  sewage  of  municipalities  is  made  neces- 
sary iu  order  that  the  natural  advantages  of  our  streams  may 
be   conserved.     These   natural   advantages  consist   in   the   op- 
portunities ^Jch  our  streams  furnish  as  sources  of  supply  for 
public  water  works  and  power  purposes,  for  recreational  activi- 
ties, and  as  an  important  factor  in  adding  beauty  to  the  land. 

The  discharge  of  sewage  into  a  stream  of  water  may  convert 
it  into  a  foul  open  sewer,  or,  it  may  have  no  appreciable  effect 
upon  the  stream,  the  result  in  any  case  being  governed  largely 
by  the  composition  of  the  sewage,  the  dilution  which  the  stream 
affords,  and  the  prevailing  temperature.  There  may  be  found 
to-day  almost  any  combination  of  these  three  factors  and  in 
fact  in  most  of  our  larger  inland  towns  and  cities,  a  wide  range 
of  combination  of  these  three  factors  may  be  observed  within 
a  period  of  one  year,  i.  e.,  a  given  volume  of  sewage  will  encoun-i 
ter  in  the  stream  a  widely  varying  dilution,  and,  in  turn,  the 
mixture  of  sewage  and  stream  water  will  be  subjected  to  widely 
varying  rates  of  oxidation,  due  to  changes  in  temperature  dur- 
ing the  year. 

The  object  of  sewage  treatment  is  to  prevent  harmful  stream 
pollution  and  broadly  speaking,  this  means  the  prevention  of 
the  discharge  of  pathogenic  bacteria  into  the  stream,  or,  the 
prevention  of  a  nuisance  in  the  stream,  or  both.  When  the  prob- 
lem is  simply  one  of  eliminating  pathogenic  bacteria,  chemical 
sterilization  is  practiced  and  stream  inspection  will  reveal  but 
little  that  cannot  be  ascertained  through  an  inspection  and 
analysis  of  the  effluent  of  the  works. 

When  the  problem  is  one  of  the  prevention  of  a  nuisance, 
the  desirability  of  stream  inspection  will  increase  as  the  dilu- 
tion afforded  by  the  stream  decreases.  The  minimum  dilution 
by  the  stream  may  be  such  that  stream  inspection  will  be  un- 
necessary because  a  satisfactory  stream  condition  may  be  safely 
assumed  from  the  results  of  tests  and  analyses  of  the  effluent 
of  the  works;  furthermore,  the  minimum  dilution  may  be  such 
that  assumptions  of  this  character  cannot  be  relied  upon  and 
the  only  way  to  check  the  adequacy  of  the  treatment  of  the 
sewage  is  to  inspect  thoroughly  the  stream  into  which  the  treated 
sewage  is  discharged.  If  the  stream  is  polluted  from  other 
sources,  the  results  of  stream  inspection  will  not  be  a  very 
reliable  index  of  the  adequacy  of  the  treatment  of  the  sewage 
which  is  discharged  i:ito  the  stream  cither  above  or  below  the 
other  points  of  pollution. 

It  is  thus  evident  that  stream  inspection,  in  order  to  be  of 
value,  must  be  comprehensive  and  must  be  made  both  above 
and  below  the  point  of  discharge  of  the  effluent  of  the  treatment 
works.  The  absence  of  definite  standards  of  purity  for  polluted 
streams  would  seem  to  indicate  a  difliculty  as  to  what  should  be 
looked  for  in  stream  inspection.  Where  the  polluted  stream 
passes  through  a  sparsely  settled  district  where  land  values  are 
low,  the  standard  of  purity  need  not  be  as  high  as  where  the 
stream  passes  through  a  thickly  settled  ajpcultural  district 
where  land  values  are  high  and  where  a  four-smelling  and  un- 
sightly stream  would  seriously  reduce  the  value  of  riparian 
properties.  The  keeping  of  a  stream  in  a  non-offensive  condi- 
tion might  be  all  that  would  be  required  in  the  first  case  and  if 
the  effluent  from  the  works  will  not  develop  an  offensive  odor  after 
a  two  days'  incubation  in  a  closed  container  at  37°  C,  it  may  be 
safely  assumed  tliat  such  an  effluent  when  discharged  into  a 
stream  will  not  produce  an  offensive  odor  regardless  of  tlie  dilu- 
tion which  tlie  stream  may  afford,  and  under  these  circumstances, 
comprehensive  stream  insiiection  would  hardly  be  necessary. 

'  Presented  at  the  S.ird  McciiiiK  of  ihir  .\iiicricaii  Chetnical  Society. 
September  25  to  30.  1916 
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Where  circumstances  demand  much  better  stream  conditions 
and  where  the  dihition  at  best  is  slight  and  where  the  volume 
of  sewage  is  often  greatly  in  excess  of  the  stream  flow,  compre- 
hensive stream  inspection  is  a  necessity  in  order  to  determine 
the  adequacy  of  the  treatment  of  the  sewage. 

At  Columbus,  Ohio,  a  situation  of  this  kind  must  be  dealt 
with  and  the  difficulty  of  the  problem  may  be  appreciated  from 
the  fact  that  the  volume  of  treated  sewage  (18  to  25  million 
gallons)  which  is  discharged  daily  into  the  Sciotc  liver  is  often, 
during  the  dry,  hot  summer  months,  four  times  that  of  the  daily 
volume  of  flow  of  the  stream.  The  critical  period  with  respect 
to  the  maintenance  of  satisfactor>'  river  conditions  is  from 
April  I  to  December  i,  this  being  the  period  of  higher  tempera- 
tures and  small  dilutions.  The  routine  of  river  inspection 
during  this  period  consists  of  an  inspection  trip  once  a  week 
from  a  point  about  two  miles  above  to  a  point  about  twenty- 
five  miles  below  the  effluent  outfall  of  the  treatment  works. 
There  are  two  inspection  stations  above  and  five  below  the  works 
and  at  each  of  these  stations  the  following  observations,  tests, 
and  analyses  are  made: 

I — Temperature  of  the  water  of  the  stream. 
2 — Dissolved  oxygen  content  of    stream   water.      From    this 
value   and   the   temperature  of  the   water,   the   percentage   of 
saturation  is  calculated. 

3 — A  sample  of  the  Water  is  taken  to  the  laboratory  and  the  dis- 
solved oxygen  consumed  (called  by  some  the  oxygen  demand) 
test  is  made. 

4 — The  methylene  blue  test  is  made  on  a  sample  of  the  water 
having  its  in  situ  dissolved  oxygen  content. 

5 — The  odor  test  (48  hours  at  37°  C.)  is  made  on  a  sample  of 
the  water  having  its  in  situ  dissolved  oxygen  content. 

6 — The  chlorine  value  is  determined  on  a  sample  taken  to 
the  laboratory. 

7 — The  presence  or  absence  of  odor  from  the  stream  is  noted. 
8 — The  prcsencd  or  absence  of  color  (particularly  black)  is 
noted. 

9 — The  presence  or  absence  of  floating  sewage  solids  or  sludge 
is  noted. 

10 — The  stream  bed  is  dragged  to  disclose  the  presence  or 
absence  of  sludge  deposits. 

The  collection  of  this  data  every  week  for  8  months  of  the 
year  during  the  past  5  years  has  given  the  City  of  Columbus  a 
very  complete  record  of  the  condition  of  the  Scioto  River  above 
and  below  the  treatment  works  and  has  aided  materially  in  the 
enlargement  of  capacity  and  improvements  in  the  treatment, 
which  have  been  accomplished  and  are  being  planned. 

The  interpretation  of  this  river  data  is  often  simple,  but  some- 
times very  confusing.  Chlorine  values  can  often  be  used  to 
approximate  roughly  the  stream  flow  and  tlius  to  indicate  tlie 
dilution  which  the  stream  is  supplying.  Chlorine  values  in 
connection  with  dissolved  oxygen  consumed  values  have  in  several 
instances  indicated  that  the  stream  was  sulTering  from  sludge 
deposits.  This  condition  has  been  found  above  the  works  near 
storm  sewer  outlets  and  a  week  or  more  after  the  storm  flow  had 
ceased,  the  chlorine  content  below  the  outlet  would  be  the  same 
as  that  above  t;  :  outlet,  but  the  dissolved  oxygen  consumed 
value  would  be  very  MUich  higher  below  than  above.  The 
ililorinr  value  indicated  an  absence  of  recent  pollution  and  the 
much  higher  dissolved  oxygen  value  indicated  that  the  stream 
was  sufTering  from  sludge  deposits,  the  presence  of  which  was 
also  verified. 

When  an  incompletely  nxidirrd  sewage  efllucnl  is  discharged 
into  a  stream  of  water  there  lire  two  possible  sources  of  oxygen 
loss  in  the  stream.  The  eflluent  rarely  is  mure  than  70  per  cent 
siittiriited  with  dissolved  oxygen  and  if  the  water  of  the  stream 
has  a  higher  saturation  than  tlie  eflluent,  there  will  be  a  loss  of 
oxygen  when  they  bceome  thoroughly  mixed  and  the  loss  will 
be  more  noticeable  as  the  dilution  decreases.     The  second  loss 


results  from  the  absorption  of  dissolved  oxygen  by  the  un- 
oxidized  material  in  the  effluent  and  this  loss  will  also  be  more 
noticeable  as  the  dilution  decreases.  The  stream  water  supply 
of  dissolved  oxygen  is  constantly  being  replenished  by  absorp- 
tion of  oxygen  from  the  air.  When  there  is  a  very  low  or 
negative  dilution,  the  oxygen  may  be  absorbed  by  the  sewage 
more  rapidly  than  it  can  be  replenished  and  this  results  in  the 
establishing  of  offensive  anaerobic  putrefaction;  this  condition 
may  continue  for  several  miles  down  the  stream;  then  dissolved 
oxygen  will  begin  to  appear  in  the  stream  and  the  oxygen  con- 
tent will  continue  to  increase  to  the  point  of  saturation,  if  no 
additional  pollution  occurs.  After  the  point  of  minimum  oxy- 
gen content  has  been  passed  and  an  increase  in  the  oxygen 
content  is  noted,  the  stream  may  be  said  to  have  thrown  off  its 
burden  and  from  that  point  on  it  is  convalescent  and  in  due  time 
will  recover  its  original  condition  of  cleanliness. 

Just  how  far  oxygen  depletion  in  a  stream  should  be  permitted 
to  go  has  never  been  definitely  settled  and  it  does  not  seem 
probable  that  a  standard  for  general  application  will  or  should 
be  adopted  unless  it  should  happen  to  be  in  the  natiu-e  of  an  ab- 
solute minimum  requirement.  It  seems  more  1  robable  that 
every  case  will  become  a  law  unto  itself,  the  standard  being 
evolved  on  the  basis  of  local  conditions  and  public  sentiment. 

In  interpreting  river  inspection  data,  especially  where  the 
stream  is  pretty  heavily  burdened  with  sewage,  no  single  test 
will  give  a  satisfactory  diagnosis  of  the  stream  condition,  and 
in  fact,  single  tests  of  either  methylene  blue  or  per  cent  of  satura- 
tion with  dissolved  oxygen  verj-  often  give  very  erroneous 
ideas  as  to  the  relative  condition  of  the  stream  from  one  station 
to  another.  The  stream  at  one  point  near  the  source  of  pollu- 
tion may  show  a  fair  percentage  of  saturation  and  a  fair  sta- 
bility value  and  at  a  point  farther  down-stream  the  satiu'ation 
and  stability  value  may  be  very  much  lower:  these  lower 
values  would  apparently  indicate  a  worse  river  condition,  but 
tlie  dissolved  oxygen  consumed  test  may  give  a  value  much 
lower  at  this  point  than  at  tlie  point  farther  up-stream,  and, 
when  the  results  of  the  three  tests  are  considered  it  becomes  ap- 
parent that  the  per  cent  of  saturation  and  stabihty  values 
often  mask  a  great  deal  of  potential  pollution,  which  can  be 
revealed  only  by  the  dissolved  oxygen  consumed  test. 

It  has  been  found  at  Columbus  that  when  the  stream  is  heavily 
burdened  with  sewage  the  inspection  must  be  very  comprehen- 
sive in  order  to  diagnose  accurately  or  correctly  the  condition 
of  the  stream. 

DlVlSKIN  OP  SKWAGH   DlbfOSAL 

City  up  CoLuyBUs,  Ohio 


SOME  REMARKS  ON  THE  BIOCHEMICAL  TREATMENT 

OF  SEWAGE,  WITH  ESPECIAL    REFERENCE  TO 

THE  ACTIVATED  SLUDGE  METHOD' 

liy  r.miK..i;  T.   IUuH<.>si>> 

The  discoveries  of  Pasteur  and  otlicrs,  in  the  tield  0(f  biology, 
led  to  the  recognition  of  the  necessity  of  sewage  treatment, 
not  only  to  prevent  a  nuisance,  but  also  as  a  protection  to  the 
community  from  <liseasc 

At  quite  an  early  period  the  tiUration  of  sewage  was  prol>oscd 
and  undertaken  in  MngUind.'  but  tJic  real  nature  of  purification 
by  tjiis  means  was  not  understood.  It  was  sup|K>sed  that  the 
elTect  of  the  filter  medium  was  physical  ami  mechanic.il.  a  kind 
of  straining  out  of  suspeiide<l  matter,  and  it  was  not  until  the 
di.scoverics  above  mentioned,  and  cx|K-riments  that  followed, 
that  the  real  nature  of  the  filtration  pnKTsscs  l>cciiuic  under- 

StlKld. 

>  Ku<l  l>croiT  Ihc  .<.Uil  Mrcltni  ot  llic  Aiiirrir«ii  Lhcinit«l  3oe4tiy. 
New  Yorit,  .Soplcinl>»r  .'>  I"  »0.   1'Mf. 

'  lindnrcr  of  <lf«liiii.  aiul  In  ch«t«c  of  tli<-  Srwagr  l'«i>»rim»nt  .'tattoo. 
llfHiklvn.  N    Y 

'  Krporl.  Mrltaimhlan  Main  I>ralna(t.  London.  ISMI 
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Meanwhile,  various  methods  were  suggested  and  tried  for 
the  treatment  of  sewage  with  chemicals.  The  object  at  first 
appears  to  have  been  the  destruction  of  the  putrescible  mat- 
ters, which  was  soon  found  to  be  impracticable;  then  the  removal 
of  them  by  means  of  chemicals  effecting  a  separation  of  the  or- 
ganic matters  from  the  liquid,  and  a  precipitation  thereof  as 
sludge,  which  could  be  removed  and  disposed  of  separately. 

It  was  also  thought  that  the  chemicals  might  be  employed  to 
destroy  the  biological  activities  (discovered  by  Pasteur)  or  the 
"germs,"  as  these  at  first  were  called,  and  tliat  this  was  the  most 
important  object  to  attain;  as  the  study  of  biochemistry  ad- 
vanced, the  absurdity  of  this  object  became  apparent,  until 
at  length  no  further  attempt  at  sterilization,  than  disinfection, 
is  thought  by  most  authorities,  to  be  desirable  in  sewage  treat- 
ment. It  is  now  well  known  and  recognized  that  the  so-called 
germs,  or  as  we  now  call  them  more  correctly,  the  bacteria,  are 
our  allies  and  agents  in  sewage  treatment,  and  tlie  only  varie- 
ties of  them  we  fear  and  desire  to  destroy  are  the  pathogenic 
bacteria:  these  have  their  natural  habitat  in  living  ani- 
mal tissue,  or  in  animal  organs,  and,  therefore,  are  dangerous, 
but,  being  adapted  especially  to  life  conditions  within  a  narrow 
range  of  temperature,  are  readily  destroyed. 

Besides  various  forms  of  filler  beds,  sewage  application  to 
land  under  cultivation  was  employed  before  the  biological 
processes  of  oxidation,  etc.,  were  understood.  Experience  had 
demonstrated  their  success  and  usefulness.  Of  these,  the  most 
interesting  instances  are  the  extensive  farms  of  Paris  and  Berlin. 

While  much  was  done  abroad  in  the  early  days  of  sewage 
disposal  study,  especially  in  England,  it  was  in  our  own  country 
that  the  most  important  experimental  results  were  accomplished, 
and  the  honor  of  carrying  the  work  onward  to  success  belongs, 
very  largely,  to  the  Commonwealth  of  Mas.sachusetts,  and  to 
the  Lawrence  Experiment  Station. 

As  a  result,  we  now  recognize  that  the  object  to  be  aimed  at 
in  sewage  treatment  is  biochemical  oxidation  of  the  unstable 
organic  materials  contained  in  the  sewage,  and  we  employ 
methods  and  processes,  which  make  use  of  bacterial  life.  If 
we  now  use  chemical  precipitation,  we  expect  that  the  effluent 
finally  will  reach  stability  by  means  of  natural  biological 
agents,  and,  as  at  Worcester,  either  prepare  it  for  dilution  in 
a  river  containing  myriads  of  bacteria,  or  discharge  it  upon 
filter  beds,  removing  previously  as  much  suspended  matter  as 
possible,  to  be  treated  in  a  more  intensified  form.  We  have 
found  that  the  removal  of  solids  from  the  sewage,  as  soon  as 
practicable,  prevents  their  becoming  dissolved  and  saves  the 
expense  of  removing  the  organic  material  after  it  has  dissemina- 
ted through  a  vast  quantity  of  water,  to  handle  which  is  attended 
with  a  cost  in  proportion  to  its  amount  and  the  contained  pol- 
lution. Such  matters  as  we  are  al)le  to  remove  by  screens  or 
tanks  decreases  the  burden  on  filter  beds,  or  on  the  oxygen  con- 
tent of  waterways,  into  which  the  sewage  may  be  discharged, 
where  the  method  employed  is  dilution. 

Following  the  information  published  by  the  Massachusetts 
State  Board  of  Ilealtli,  it  has  become  the  principal  object  of 
sanitary  engineers,  in  designing  sewage  treatment  and  disposal 
plants,  to  bring  together  in  the  most  suitable  and  efflcient  man- 
ner the  decomposable  materials,  the  oxidizing  bacteria  and  an 
abundant  air  supply  for  tlie  bacteria.  All  forms  of  sewage  dis- 
Ijosal  on  land,  in  the  method  known  as  broad  irrigation  or  sew- 
age farming,  all  filtration  methods,  such  as  tlie  sand  filter,  the  per- 
colating or  sprinkling  filter,  called  in  England  a  "bacteria  bed," 
the  contact  filter,  etc.,  no  less  than  the  various  forms  or  methods 
of  treatment  using  compressed  air  forced  into  sewage  in  a  tank, 
or  a  filter  bed,  depend  upon  this  fundamental  principle,  which 
is  also  nature's  principle,  by  means  of  which  brooks,  streams, 
rivers,  ponds,  and  indeed  all  natural  waters,  are  purified.  'J'his 
principle,  in  short,  consists  of  the  biochemical  oxidation  of  the 
decomposable  materials  present  in  foul  water  or  sewage. 


Since  the  discovery  of  oxidizing  bacteria,  there  has  been  a 
continuous  evolution  or  progress  in  the  growth  of  scientific 
knowledge  on  this  subject,  to  the  investigation  of  which  some 
of  the  foremost  scientists  have  given  freely  their  best  efforts. 

METHODS   OF   BACTERIAL    OXIDATION 

The  various  methods  may  be  briefly  referred  to  as  Broad 
Irrigation,  or  sewage  farming,  which,  on  account  of  the  small 
amount  of  sewage  that  can  be  applied  per  acre  per  year,  is  not 
now  in  much  favor.  As  already  mentioned,  Paris  and  Berlin 
still  employ  the  method,  although  the  latter  has  at  Wilmersdorf 
a  large  percolating  filter  plant.  Sand  filtration,  instances  of 
which  may  be  seen  at  Saratoga,  N.  Y.,  and  Worcester,  Mass., 
which  latter  has  70  acres  of  sand  filter  beds.  Contact  beds,  or 
contact  filters,  as  employed  at  Manchester,  in  England,  and  at 
many  places  in  Europe  and  America.  Sprinkling,  or  percolating 
filters,  which  may  be  seen  at  Salford  and  Birmingham  in  England, 
Wilmersdorf  in  Germany,  Baltimore  in  this  country,  and  many 
'  other  places,  both  in  Europe  and  America,  which  are  doubtless 
the  most  efficient  sewage  treatment  plants  in  operation  at  pres- 
ent. 

These  plants  all  depend  for  their  treatment  upon  the  cultiva- 
tion of  bacteria  on  the  surfaces  of  media  of  various  forms,  over 
which  the  sewage  is  applied,  after  having,  to  a  greater  or  less 
extent,  received  some  preparatory  treatment  by  means  of  screens, 
tanks,  etc. 

The  most  recent  method  of  sewage  treatment  is  by  means  of 
compressed  air  discharged  into  it  in  a  tank.  This  has  been 
denominated  the  "activated  sludge  method." 

Aeration  of  sewage  in  a  tank  by  means  of  compressed  air  is  in 
reality  only  a  reversal  of  the  method  by  filtration.  In  the  former 
the  bacteria  are  not  only  afforded  their  necessary  oxygen  by 
compressed  air,  but  they  are  moved  up  and  down  through  the 
liquid  and  brought  into  contact  with  it  untU  the  entire  liquid 
is  caused  to  have  the  greatest  possible  number  of  these  agents 
of  oxidation  within  it,  and  until  they  have  by  their  life  processes 
converted  the  unstable  organic  contents  into  a  stable  condition. 

In  the  filter  the  same  identical  result  is  secured  by  applying 
the  sewage  to  a  bed  of  sand  or  of  broken  stone,  the  particles  of 
which  are  surrounded  with  films  formed  of  bacterial  and  other 
growths,  over  which  tlic  sewage  percolates  in  the  presence  of 
abundant  atmospheric  air.  The  liquid  in  passing  through  the 
filter  flows  over  the  surfaces  of  tlic  medium,  and  the  more  vasic- 
ular  the  character  of  the  latter,  the  better. 

Mr.  Wilkinson,  of  Manchester,  England,  has  given  us  a  graphic 
presentation  of  the  relation  of  the  ordinary  filtration  to  the  ac- 
tivated sludge  process: 

"On  starting  up  a  new  filter,  the  sewage  shows  but  little  change 
after  passing  through,  but,  as  time  goes  on,  a  growth  shows  itself 
in  tlie  body  of  the  filter,  in  what  may  be  termed  the  stationary 
framework,  and  colonies  of  bacteria  accumulate  there,  which 
attack  the  sewage  and  effect  putrification,  or  oxidation,  of  the 
organic  matter. 

"These  bacteria  being  mainly  aerobic,  an  ample  sui)ply  of 
air  is  necessary,  in  order  that  they  may  tlirive,  hence  the  neces- 
sity for  adequate  ventilation  of  the  underdrainage.  •  •  » 
Let  us  take  a  given  volume  of  the  stationary  framework  from 
a  ripe  filter,  and  carefully  remove  the  coating,  or  growtli,  through- 
out tlie  material.  We  shall  then  have  a  certain  volume  of  what 
may  be  termed  sludge,  rich  in  aerobic  bacteria,  which  may  be 
referred  to  as  the  activated  sludge  of  this  particular  process. 
In  the  new  process  (activated  sludge),  the  active  sludge  is  cir- 
culated throughout  the  sewage  in  the  presence  of  air,  as  against 
the  present-day  practice  of  passing  sewage  in  thin  films  over 
active  sludge  retained  on  a  stationary  framework,  as  in  the  case 
of  percolators. 

"The  real  problem  then,  is  as  follows:  To  ascertain  the  most 
economical  method  of  applying  air  to  sewage  with  maintenance 
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of  complete  circulation  of  the  activated  sludge,  without  any 
formation  of  dead  banks  of  material.  The  problem  may  now 
be  said  to  resolve  itself  into  one  of  reproducing  in  a  tank  the 
changes  which  take  place  in  a  percolating  filter.  We  have 
our  tank,  which  represents  the  walls  and  floor  of  the  filter;  we 
have  our  colonies  of  bacteria  and  the  air  necessary  to  support 
their  life;  and  what  we  require  to  do  is  to  provide  means  for  sup- 
porting an  even  distribution  of  this  life  throughout  the  body 
of  the  tank,  other  than  by  allowing  the  bacteria  to  adhere  to  a 
stationary  framework,  such  as  stone,  slate,  or  clinker  material. 
Compressed  air  will  both  insure  sufficient  agitation  and  effect 
the  desired  results  as  regards  preserving  uniform  contact  and 
even  distribution  in  the  liquid.      ****•• 

Experimenters  had  been  investigating  the  treatment  of  sew- 
age by  forced  aeration  for  many  years,  but  the  honor  of  naming 
the  process  was  reserved  for  an  English  chemist.  In  a  happy 
moment  of  inspiration.  Dr.  Gilbert  Fowler,  of  Manchester, 
England,  bestowed  upon  it  the  name  "Activated  Sludge."  As 
is  well  known,  the  process  antedates  the  name.  Dr.  Fowler 
saw  the  work  of  Clark  at  Lawrence  in  191 2,  and  has  given  the 
latter  credit  for  his  share  in  the  development  of  the  pro- 
cess. 

The  method  itself  was,  in  fact,  the  offspring  of  many  fathers. 
It  would  scarcely  be  worth  while  in  a  brief  paper  like  this  to  at- 
tempt the  determination  of  the  question  of  parentage.  It  will 
serve  our  purpose  to  call  attention  to  the  fact,  that  previous 
to  the  experimental  work  of  Colonel  (now  General)  William  M. 
Black  and  Professor  Earle  B.  Phelps  (a  member  of  this  society), 
at  the  Brooklyn  Twenty-Sixth  Ward  Sewage  Works  in  1910, 
there  had  not  been  demonstrated  anywhere  a  practical  method 
of  sewage  treatment  by  the  direct  application  of  compressed  air. 
The  elaborate  experiments  made  by  these  investigators  with 
various  forms  of  tanks  of  sufficient  size  to  make  the  tests  on  a 
working  rather  than  a  laboratory  scale,  were  described  fully 
in  a  report  made  by  them  to  the  Board  of  Estimate  and  Appor- 
tionment of  the  City  of  New  York,  dated  February  16,  191 1. 
As  stated  in  the  report,  it  was  found  possible  to  reduce  the  de- 
mand of  sewage  for  oxygen  a  per  cent  to  50  per  cent  in  a  reten- 
tion period  of  about  3  hrs.,  with  the  application  of  about  two 
volumes  of  air  per  volume  of  sewage  and  by  larger  volumes  of 
air  and  longer  application,  to  obtain  complete  stability.  As 
the  cost  of  the  process  appeared  to  be  low,  about  Si  00  per  million 
gallons  of  sewage  for  the  air,  this  method  seemed  to  be  a  very 
attractive  means  of  treating  sewage.  It  was,  however,  recom- 
mended that  further  and  larger  exi)eriments  be  conducted,  or 
that  the  old  sewage  treatment  plant  at  tlie  Twenty-sixth  Ward 
Works  be  equipped  for  using  the  method  in  a  full  size  trial. 
As  the  latter  measure  was  found  to  be  impracticable,  on  account 
of  the  ex|)ense  of  e<iuipping  the  old  plant  for  the  new  method, 
it  was  delennined  to  establish  an  exi)eriment  station  for  the 
study  of  sewage  treatment  at  this  location,  to  try  out  this  and 
other  methods  of  treatment,  and  S.so.ooo  was  provided  by  resolu- 
tion of  the  Board  of  Ivstimatc  and  Apportionment,  dated  April 
18.  1912,  to  carry  out  the  work,  which  was  placed  in  the  charge 
of  the  Bureau  of  Sewers,  of  Brooklyn. 

The  ixperiinenlal  work  of  this  jjlant  began  in  1913,  and  has 
continued  up  to  the  present.  The  results  to  last  fall,  so  fur  as 
aeration  and  activation  methods  were  concerned,  were  pre- 
sented to  this  society  in  a  paper  read  by  Mr.  Iv.  J.  Fort,  Chief 
Engineer  of  Sewers,  Brooklyn,  at  tlie  meeting  held  at  Urbanu, 
III.  Since  that  lime  the  work  has  continued  along  these  lines, 
but  varied  soiiu-wliat  fnini  the  experiments  <leserlbcil  by  Mr. 
Fort.  It  is  not  our  intention  to  go  over  the  grounil  already  so 
ulily  covered,  espeeiidiv  :is  the  final  report  of  the  work  of  the 
Experimental  Station  will  s<K>n  be  available. 

As  this  paper  is  presented  by  an  engineer,  it  will  be 
excusiibic  i(  the  clieinieal  side  of  the  siibjert  is  left  for  the 
chemist. 


AERATION  METHOD  FROM  THE  ENGINEER'S  VIEWPOINT 

From  the  engineer's  point  of  view,  the  most  interesting  ques- 
tion to  be  considered  relates  to  the  availabiUty  of  the  method 
for  employment  in  the  treatment  of  sewage  preparatory  to  dis- 
posal. The  engineer's  problem  and  the  chemist's  are,  no  doubt, 
the  same  whenever  the  technical  side  of  sanitation  is  to  be  con- 
sidered; but,  ordinarily,  the  engineer  has  also  a  dut>-  to  perform 
that  perhaps  is  less  scientific,  but  scarcely  less  important  in 
effect,  for  he  is  charged  with  the  design  and  installation  of  sani- 
tary structures  to  meet  the  pressing  needs  of  rapidly  growing 
towns  and  cities,  the  tax  papers  of  which  are  usually  overbur- 
dened already  with  public  expenditures.  These  structures  must 
not  only  be  designed  and  built,  but  also  maintained  at  a  con- 
siderable yearly  cost,  a  mistake  or  failure  in  which  is  little 
short  of  a  public  calamity.  The  engineer's  problem,  in  short, 
is  quite  as  much  related  to  municipal  affairs  and  the  limitations 
imposed  by  financial  and  political  conditions  as  to  the  technical 
problems. 

The  engineer  is  taught  by  his  daily  practice  to  recognize  that 
the  sewage  treatment  and  disposal  system  which  experience  and 
experiment  demonstrate  to  be  the  most  reliable,  economical 
and  simple  in  operation,  which,  without  offense  or  nuisance, 
will  insure  an  effluent  satisfactory  and  suitable  at  all  times  for 
discharge  under  local  disposal  conditions,  is  the  most  available 
for  the  [)urpose. 

This  is  a  conservative  view  and,  if  always  adhered  to  strictly, 
there  would,  perhaps,  be  few  rank  failures;  but,  on  the  other 
hand,  there  would  be  but  slow  progress  in  the  science  of  sanita- 
tion. Had  we  been  content  with  tlie  early  methods  of  treat- 
ment, we  might,  perhaps,  have  perfected  some  of  them  to  a 
much  greater  degree,  but  we  would  not  have  made  much  ad- 
vance in  our  profession.  While  we  ought  to  be  conservative, 
we  ought  also  to  have  our  eyes  open  for  new  things,  in  order 
that  we  may  give  our  clients  the  benefit  of  new  ideas  and  inven- 
tions. 

So  much  has  been  published  about  tlie  principal  activated 
sludge  plants,  tliat  it  would  be  scarcely  necessar>'  to  give  a  par- 
ticular description  or  account  of  eitlicr  of  tliem.  The  writer 
visited  nearly  all  of  them  during  tlie  winter  and  spring  of  the 
present  year,  and  has  been  in  communication  with  them  all 
very   recently. 

The  metliod  certainly  produces  a  clear  sparkling  effluent, 
without  smell  or  nuisance.  The  ground  required  for  installing 
a  plant  is  probably  the  least  for  any  method  of  treatment,  and 
the  tanks  arc  less  costly  than  filter  beds  that  would  produce 
an  effluent  of  equal  stability.  The  removal  oJ  bacteria  effected, 
as  observed,  in  the  effluent  is  remarkably  high.  The  sludge 
contains  constituents  that  make  it  of  value  for  use  in  the  manu- 
facture of  fertilizer.  So  far  the  picture  is  roseate.  But  tlicrc  are 
many  difficulties  that  make  dark  shadows  in  this  fine  pros|)Cct,  and 
while  it  is  true  that  progress  is  Ix-ing  made  toward  their  solu- 
tion, they  must  be  recognized  and  given  due  weight  under  the 
jiresent  c<in<lition  of  the  art. 

The  amount  of  sludge  which  must  be  disposed  of  ca.silv  stands 
first  among  these  problems.  This  varies  frnin  j,o<x)  to  4,000 
gallons,  or  even  more,  per  i,ooo,ikx>  gallons,  with  a  water  con- 
tent of  from  •J9  to  gd  |K-r  cent.  This  sludge  is  highly 
piilrcscible,  unless  dewatered.  which  is  an  eN|HMisivc  oiHTation. 
Success  in  dealing  with  this  problem  is  icixirtrd  by  Mr  lliitlon, 
from  Milwaukee,  but  the  firtails  and  cost  <liita  arc  not  )-el 
aviiilable.  None  of  the  other  plants  rrinirt  that  tlu-y  \\aw 
solved  the  ilinicnity.  although  rncouniginK  remarks  are  in- 
dulged in  bv  a  few  experimenters 

At  the  Armour  &  Co.  plant  iit  the  Chicago  Stix-k  Yard*, 
experiments  arc  still  under  way  with  dewiiteiini:  method*. 
and  their  ctincliisions  arc  rr|>»irtc-<l  ns  not  liiiul  It  wx-m*  to 
them,  however,  iit  the  present  lime,  that  u  Iwtlcry  »(  vcrtioU 
flow   ju-ttlitiK   tanks  which   dcctr«!ic   moiMurc   t<i  97   in-r  cent. 
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followed  by  a  Worthington,  or  similar,  press,  is  the  best  method 
up  to  the  present.  The  sludge,  after  pressing,  is  dried  by  a 
direct  or  an  indirect  heat  drier  to  10  per  cent  moisture,  which 
is  necessary,  in  order  that  the  material  may  be  used  in  making 
fertilizer.  The  cost  of  this  method  is  such  that  the  commercial 
value  of  the  product  must  be  considerable,  in  order  to  make  the 
treatment  available.  If  means  of  transporting  the  dried  jirod- 
uct  to  market  are  costly,  or  fail  at  a  critical  moment,  serious 
trouble  may  arise. 

The  only  other  methods  mentioned  are  drying  on  sand,  or 
ImhofT  sludge  beds,  or  discharging  wet  sludge  upon  land  by 
various  means. 

One  does  not  feel  like  asserting  that  the  requirements  of  sludge 
disposal  have  as  yet  been  successfully  supplied  at  a  cost  that 
mere  sludge  disposal  will  stand.  The  value  of  the  dry  material 
as  a  fertilizer  base  is,  however,  considerable,  if  markets  are 
available,  and  transportation  sufficiently  easy  from  the  plant 
to  the  factory. 

"Our  further  analyses  of  the  sludge  for  fertilizer  value," 
writes  Mr.  Noble,  of  Armour  &  Co.,  "shows  it  will  run  between 
4.5  and  5  units  of  ammonia,  the  value  of  it  being,  therefore, 
about  what  we  have  previo\isly  estimated,  namely,  $9 .  00  to 
Sio.oo  per  ton  in  the  dried  state."  These  figures,  it  will  be 
observed,  refer  to  the  sludge  derived  from  the  stockyard  sew- 
age, and  will  probably  not  be  equalled  with  ordinary  domestic 
sewage. 

It  is  quite  probable  that  this  difficulty  can  be  overcome 
to  a  considerable  extent  by  means  directed  to  the  removal  of 
.sludge-producing  material  from  sewage  previous  to  the  treat- 
ment, as  for  instance,  by  screens  or  tanks.  So  far  no  com- 
plete data  are  obtainable  on  this  point,  but  experiments  seem 
to  justify  the  expectation  of  success.  Experiments  are  needed 
to  show  how  fine  such  a  screen  should  be,  for  if  it  removes  too 
much  suspended  matter,  the  process  may  be  seriously  inter- 
fered with.  So  far  as  the  writer  can  speak  from  experience, 
the  Imhoff  tank  is  not  likely  to  prove  as  successful  as  the  screen 
in  this  preliminary  treatment,  as  the  tank  takes  out  too  much 
of  the  best  size  material  in  suspension  for  the  activation  process. 
But  this  is  uot  stated  as  having  been  proved  conclusively,  and 
more  data  are  needed  on  the  point.  If  an  Imhoff  tank  is  used, 
the  surplus  activated  sludge  might  be  reduced  to  the  condition 
of  Imhoff  sludge,  by  being  introduced  into  the  digestion  cham- 
ber, as  suggested  to  the  writer  by  Mr.  Leslie  C.  Frank  some- 
time since. 

UTiile  the  conditions  at  Milwaukee  are  rather  unique  and 
favorable  to  the  activated  sludge  method,  as  well  as  to  the  trans- 
portation of  the  dewatered  sludge,  it  is  doubtful  if  other  cities 
less  favorably  situated  will  feel  justified  in  going  to  the  expense 
of  installing  extensive  plants  for  dewatering  sludge.  The  combina- 
tion of  a  commercial  venture  with  sewage  disposal  need  not 
necessarily  prove  a  failure,  but  the  chances  against  its  success 
do  not  make  the  project  seem  attractive. 

A  recent  communication  from  Mr.  Hattou  states:  "After 
elaborate  experiments  on  the  dewatering  of  sludge  and  sludge 
drying,  we  find  that  there  are  very  few  problems  connected 
therewitli  that  have  not  already  been  solved  in  industrial  estab- 
lishments where  material  of  like  character  must  be  treated. 
Either  of  two  kinds  of  presses  reduce  the  moisture  from  99  per 
cent  to  75  per  cent,  and  there  is  no  difficulty  by  either  the  direct 
or  indirect  dryer  to  reduce  this  moisture  from  75  per  cent  to 
10  per  cent  or  lower." 

This  statement  is  at  least  of  great  interest  and  it  seems  very 
l)romising.  It  seems  to  the  writer,  however,  that  in  most  places 
the  problem  will  always  be,  how  to  minimize  the  formation  of 
surplus  sludge,  and  how  to  get  rid  of  what  does  form  without 
dewatering  it  in  a  plant  especially  provided  for  this  purpose. 
If  it  cost  more  per  ton  to  dewater  tlian  the  sludge  will  sell  for, 
or   the   net   value   obtainable   therefor,   then   even   though    tlie 


value  figures  at  $9.00  to  $io.oo  per  ton,  few  will  care  to  under- 
take such  a  venture,  or  at  least  go  further  than  what  would 
be  the  fair  cost  of  sludge  disposal  by  other  means. 

PARTI.^L   DRYING    OF    SLl'DGE 

Dewatering  sludge  is  a  matter  of  difficulty  and  expense  and 
cannot  but  add  a  burden  to  the  maintenance  of  a  plant.  This 
may  be  provided  for  in  large  plants,  if  the  value  of  the  sludge 
recovered  warrants;  but  in  small  plants  it  would  probably 
lead  to  a  nuisance  and  would  not  be  usually  undertaken  where 
the  sewage  amounts  to  less  than  10,000,000  gals,  per  day.  To  in- 
stall the  necessary  plant  would  be  expensive,  and  the  cost  of 
maintenance  out  of  proportion  to  the^ossible  benefit.  In  great 
cities  like  Milwaukee,  Chicago,  Cleveland,  etc.,  where  trans- 
portation can  readily  be  secured  to  a  fertilizer  factorj',  it  may 
succeed,  but  in  smaller  places  its  success  is  doubtful,  and  unless 
new  methods  by  which  it  may  be  cheaply  and  efficiently  accom- 
plished are  found,  it  probably  will  seldom  be  undertaken.  It 
is  well  recognized  that  tlie  problem  of  dewatering  is  mainly  one 
of  proper  design  of  plant  and  of  cost.  The  apparatus  for  use 
in  this  process  has  long  been  known  and  used  in  the  various  . 
trades.  But  the  application  of  such  ai)paratus  to  the  sludge 
problem  is  as  yet  undeveloped,  and  in  the  stage  of  experiment. 
It  is  quite  possible  that  the  best  method  available  has  not  yet 
been  discovered. 

The  Schaefer-ter-Meer  centrifugal  sludge  dryer,  used  on  a  large 
scale  at  Frankfort-on-the-Main,  and  at  Hannover,  in  Germany, 
has  been  thoroughly  developed  as  a  sludge-drying  machine, 
which  can  handle  with  success  large  volumes  of  sludge  and 
dry  it  sufficiently  to  bum  in  an  incinerator  plant.  This 
machine  was  experimented  with  at  our  Jamaica  Sewage  Dis- 
posal Plant,  and  tests  show  that  operating  on  sludge  containing 
91.5  per  cent  of  moisture,  from  a  lime  precipitation  tank,  it 
effected  a  removal  to  64  2  per  cent  moisture,  and  operated  con- 
tinuou.sly  while  effecting  this  removal.  The  cost  of  this  method, 
as  shown  by  the  tests,  was  rather  high,  but  the  tests  were  really 
not  a  complete  exhibition  of  what  these  machines  can  do. 

The  Dickson  method  of  sludge  dewatering,  which  employs 
brewers'  yeast  to  effect  a  separation  of  water  and  sludge,  also 
offers  a  possible  means  of  success,  and  has  the  advantage  of  a 
fully  developed  system  by  means  of  which  the  dewatering  and 
drying  can  be  carried  from  the  commencement  to  the  comple- 
tion of  the  process,  without  extra  handling  between  the  various 
steps.  The  dried  sludge  leaves  the  apparatus  in  bags  ready 
for  shipment  to  the  fertilizer  factory,  or  may  even  be  made  a 
complete  fertilizer  ready  for  market  as  it  leaves  the  plant. 

So  far  tlie  cost  of  these  methods  has  not  been  determined  for 
activated  sludge,  but  the  writer  believes  it  will  not  be  lower 
than  the  cost  for  drying  ordinary  sludge. 

It  is  quite  iwssiblc  that  the  sludge  may  be  destroyed  by  a 
septic  process  where  the  amount  of  it  is  not  great  enough  to 
make  dewatering  an  attractive  measure.  But  little  study  has 
been  done  in  this  direction  and  much  is  desirable. 

As  the  sludge  tends  to  break  up  and  dissolve  with  overaera- 
tion  and  in  doing  so  diminishes  in  volume,  this  gives  promise 
of  still  another  method  that  so  far  has  received  but  little  study. 

We  have  found  at  tlie  Brooklyn  Experiment  Station  that 
by  means  of  long-continued  aeration,  activated  sludge 
may  be  broken  up  antl  reduced  to  10  per  cent  or  less, 
of  its  original  volume.  The  problem  is  to  get  rid  of  the 
water  during  this  reduction,  so  as  to  decrease  the  volume  to  be 
aerated.     That  this  may  be  done  seems  fairly  possible. 

Taking  tlie  surplus  activated  sludge  as  a  special  problem,  it 
would  seem  that  we  should  be  able  to  design  a  plant  to  reduce 
its  putrescible  contents  by  means  of  biological  agencies.  If 
we  may  treat  the  sewage  by  "activation,"  why  may  we  not  also 
find  such  a  means  of  treating  the  sludge?  Since  we  have  found 
that  long-continued  aeration  will  reduce  it  to  a  very  small  vol- 
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ume,  cannot  we  find  means  of  doing  this  without  excessive 
cost  for  air? 

We  observe  that  after  a  short  aeration  period  with  activated 
sludge,  clarification  of  the  sewage  takes  place,  and  that  out  of  a 
million  gallons  we  have  a  net  amount  of  2000  to  4000  gals,  of 
sludge,  which  we  must  dispose  of  separately,  and  this  is  about 
99  per  cent  water.  Clearly  we  can  afford  to  aerate  this  small 
volume  for  a  long  time,  if  necessary,  to  effect  its  reduction 
to  a  form  which  will  not  cause  a  nuisance.  Experiment  shows 
that  about  half  of  this  volume  is  free  water  which  can  be  re- 
moved by  an  hour's  tankage,  and  that  24  hours'  aeration  of  the 
sludge  will  separate  a  large  part  of  its  remaining  water,  and  the 
bacteria  will  keep  on  working  for  us. 

Thus  we  are  continually  treating  a  diminishing  quantity  of 
sludge,  and  the  problem  of  plant  design  seems  the  principal 
problem. 

.\ERATION    PROCESS 

Another  matter  that  is  receiving  the  most  careful  attention 
is  the  aeration  process.  Mr.  G.  L.  Noble,  of  Armour  &  Co.. 
writes:  "We  are  attempting,  by  experimental  work,  to  de- 
crease the  period  of  aeration  by  the  introducing  of  pure  cul- 
tures of  organisms  from  activated  sludge,  which  appear  to  be 
especially  active  in  producing  nitrification.  Our  work,  however, 
along  this  line  is  only  in  its  infancy,  and  we  have  no  data  to  re- 
port, *  *  ■*  ;  we  have  foimd  that  the  action  of  the  organ- 
ism is  inhibited  by  sewage  warmer  than  about  95°  F."  This 
shows  the  trend  that  experimentation  is  now  taking,  and  sug- 
gests great  possibilities;  also  that  we  have  yet  very  much  to 
learn  about  the  method. 

In  the  matter  of  design  of  activated  sludge  plants,  much  might 
be  said  about  what  we  have  still  to  learn.  The  shape,  depth, 
size  and  arrangement  of  tanks  is  as  yet  in  the  study  period,  and 
this  remark  applies  also  to  the  best  method  of  supplying  the  air 
to  the  sewage  in  the  tanks. 

The  earliest  experiments,  those  made  successfully  by  Messrs. 
Black  and  Phelps,  at  Brooklyn,  in  1910,  out  of  which  it  is  quite 
possible  that  tlie  entire  activated  sludge  invention,  directly 
or  indirectly,  developed,  employed  perforated  pipe  grids;  sim- 
ilar methods  were  used  elsewhere,  until  in  England,  Messrs. 
Ardern  and  Lockett  used  a  porous  material  in  their  experiments 
with  success.  Following  tliis,  similar  material  came  into  use 
in  this  country,  and  this,  while  still  employed  extensively,  has 
probably  achieved  no  greater  success  that  pipe  grids.  In  the 
writer's  work,  both  methods  were  employed,  but  the  pipe  grid 
proved  much  the  best  on  the  average. 

In  conclusion,  it  may  be  said  that  while  a  great  deal  remains 
to  be  learned  about  the  problems  which  we  have  referred  to, 
as  well  as  otlicrs,  and  many  dilTiculties  must  be  overcome,  the 
activated  sludge  method  seems  very  promising;  and  while  it 
may  not  prove  as  cheap  as  other  methods  of  sewage  treatment, 
there  are  many  conditions  which  will  favor  its  use.  A  word  of 
caution  should  be  added,  that  the  method  is  still  in  tlie  stage 
of  experiment  and  in  using  it  one  should  frankly  admit  that  there 
is  much  to  be  learned  about  it  before  full  confidence  is  justi- 
lied. 

2IS  MONTAOUB  Strukt 
BUOOKLVN,  NUW  YURK 


RE-AERATION  AS  A  FACTOR  IN  THE  SELF- 
PURIFICATION  OF  STREAMS 
liy  liARi.n  U.  I'liKLr* 
RccrlvctI  Decrmbrr  ?.  1916 
In  the  ndmiiiixtriitive  control  of  strriini  pollution,  the  ceo- 
iKiniic    principle    of    maxinnim    utili/iition    of    a    resource    nuiy 
usually  be  iipplird   to  divide  stmiiiis  into  two  miijor  xroups, 
depriidiMK  upon  whithi-r  or  not  they  nuist  be  used  us  soincrs 
of  domestic  wuter  supply.     In  the  cluss  of  wiitrr  supply  strcmns. 


permissible  pollution  is  limited  in  bacterial  terms,  with  secondary 
reference  to  organic  matter  per  se,  and  to  such  special  impurities 
as  acidity,  iron  or  harmful  mineral  compounds.  In  the  case 
of  streams  which  are  not  used  as  sources  of  domestic  water 
supply,  or  where  self-purification  interi'enes  to  such  an  extent 
that  permissible  pollution  is  not  limited  by  water  supply  stand- 
ards, nuisance  conditions  become  of  controlling  importance. 
Physical  effects,  visible  floating  material,  discoloration,  oily 
scums  and  deposits  upon  the  bottom  and  side  of  the  chaimel, 
and  chemical  changes  resulting  in  the  depletion  of  the  dissolved 
oxygen  and  consequent  odors  as  well  as  destruction  of  fish  life, 
all  may  contribute  to  the  general  condition  of  nuisance.  Each 
kind  of  effect  has  its  specific  remedy  and  a  properly  designed 
treatment  plant  is  one  which  accomplishes  the  specific  improve- 
ment required  without  involving  additional  and  unnecessary 
expense  in  dealing  with  non-essentials.  In  fact  sewage  treat- 
ment may  be  overdone.  Consider  a  stream  providing  ample 
dilution  but  with  a  sluggish  flow.  Removal  of  settleable  solids 
by  a  tank  is  obviously  required.  Now  if  zealous  authorities 
insist  upon  the  addition  of  a  trickling  filter  and  stop  there  then 
conditions  in  the  stream  are  made  actually  worse  because  of 
the  additional  settleable  solids  discharged,  whereas  the  addi- 
tional reduction  in  oxygen  demand  is  of  no  advantage  with  the 
ample  dilution  present. 

Of  the  various  types  of  sewage  treatment,  those  involving 
oxidation  of  organic  matter  are  at  present  by  far  the  most  ex- 
pensive, and  in  our  endeavor  to  protect  streams  against  nuisance 
conditions  every  effort  should  be  made  to  utilize  the  maximum 
oxidizing  power  of  the  stream  itself.  A  stream  will  oxidize 
sewage  according  to  its  own  oxygen  resources  whidi  are  of  two 
kinds,  initial  dissolved  oxygen  and  oxygen  obtained  through  re- 
aeration  It  has  usually  been  a.ssumed  in  discussions  of  nuisance 
conditions  that  the  dilution  ratio  is  the  essential  criterion  of 
safety  but  this  assumption  has  led  to  unfavorable  results  and 
a  simple  computation  with  the  data  of  modem  sewage  chemistry 
will  serve  to  show  its  fallacy. 

The  oxygen  demand  of  the  sewage  of  tlie  District  of  Columbia 
has  a  summer  value  of  about  ,ioo  p.  p.  ni.  The  normal  sewage 
flow  is  at  a  rate  of  about  0.25  sec. -ft.  per  1000  population.  The 
summer  value  of  the  dissolved  oxygen  in  the  Potomac  above  the 
city  is  approximately  8  parts.  Allowing  a  depletion  of  oxygen 
down  to  4  parts,  a  minimum  value  for  non-nuisance  conditions, 
there  is  required  a  dilution  of  i  :  75  or  nearly  19  sec. -ft.  per 
1000  population  to  satisfy  this  oxygen  demand  by  mere  dilu- 
tion. Experience  has  shown  that  in  open  river  conditions  and 
with  reasonably  pure  diluting  water  a  stream  flow  of  <>  sec  -ft. 
per  KKK)  is  ample  for  the  prevention  of  nuisance,  and  the  Chicago 
Drainage  Canal  was  designed  upon  a  basis  of  3.3  sec. -ft.  In 
the  ca.se  of  tlie  rivers  with  6  sec. -ft.  per  Tooo  it  is  evident  tliat 
over  two-thirds  the  total  oxygen  requirements  arc  satLsfied  by 
re-aeration.  In  a  canal  pun>osely  designed  to  avoid  any  inter- 
ference with  smooth  hydraulic  flow,  re-aeration  is  ut  a  minimum 
and  it  is  not  suri)risiiig  that  results  are  unlike  those  obtained 
in  rivers  under  like  dilution  conditions.  In  so  far  as  dispo.'ial 
of  sewage  by  dilution  in  n  running  stream  is  a  process  of  true 
purification  and  not  uiervly  one  destntclivc  of  stream  values, 
it  depends  upon  self-piirirication  of  the  stream,  in  which  rc- 
acratioii  is  an  essential  factor.  Curiously  this  iniiHirtant  ni.ittcr 
has  received  little  or  no  scientific  attention. 

nASIC    l-KINCII'LKS   OF    RK-AKKATION 

In  the  present  discus.sion  of  re-acnition  as  a  factor  in  the  sclf- 
purificntion  of  streams  certain  undrrlyinK  primiplrs  will  Xrt 
stated  and  discusse<l  for  the  punx'se  of  cstiiblisliiiiK  the  pnpM-ut 
status  of  our  information  and  the  pro|>rr  direction  of  future 
>tuily. 

I — -riiie  water  exposed  to  the  air.  at  11  K'vcn  tcni|Kraturr, 
will  di>isolve  iitinosplirrir  oxvKcn  up  t«  n  lUHxiniuni  ninount, 
this  vahir  brink'  known  ii\  (111-  ■^itiitation  value. 
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The  solubility  of  a  gas  in  water  is  proportional  to  the  gas 
pressure.  Since  the  oxygen  pressure  in  the  air  is  approximately 
one-fifth  an  atmosphere,  the  true  solubility  of  oxygen  in  water 
exposed  to  pure  oxygen  at  atmospheric  pressure,  is  about  five 
times  as  great  as  the  so-called  saturation  value.  In  the  pres- 
ence of  green  plant  life,  exposure  to  nearly  pure  oxygen  is  fre- 
quently observed  and  oxygen  values  of  several  hundred  per  cent 
of  saturation  are  frequently  recorded.  A  correct  knowledge 
of  the  true  physical  relation  existing  is  quite  necessary  to  the 
understanding  of  the  apparently  abnormal  results  which  have 
often  in  the  past  been  ascribed  to  faulty  chemical  analysis. 
The  solubility  of  oxygen  is  also  a  temperature  function.  Tables 
of  saturation  values  are  to  be  found  in  any  standard  work  on 
water  analysis.  Approximately  10  parts  by  weight  of  oxygen 
will  di.ssolve  in  1,000,000  parts  of  water  at  16°  C.  and  the  solu- 
bility increases  roughly  by  about  2  per  cent  per  Centigrade 
degree  decrease  in  temperature  and  vice  versa. 

2 — Self-purification  in  a  polluted  stream  is  the  result  of  the 
biochemical  oxidation  of  organic  matter  and  requires  oxygen 
for  its  consummation.  The  more  concentrated  the  organic 
matter  the  greater  the  rate  of  oxygen  depletion. 

American  sewages  have  a  biological  oxygen  demand  of  from 
200  to  400  p.  p.  m.  This  means  that  if  diluted  with  saturated 
water  at  16°  C  they  would  exhaust  the  oxygen  supply  of  that 
water  in  dilution  ratios  of  one  part  of  sewage  in  from  20  to  40 
parts  of  water.  Willi  greater  dilutions  corresponding  partial 
oxygen  depletion  will  result. 

3 — A  stream  saturated  with  oxygen  will  witlidraw  no  more 
oxygen  from  the  atmosphere.  If  partially  depleted  it  absorbs 
additional  atmospheric  oxygen  and  the  rate  of  such  absorption 
or  re-aeration  while  dependent  upon  many  other  factors  is  di- 
rectly proportional  to  the  state  of  depletion. 

4 — Under  any  given  condition  of  pollution  and  re-aeration, 
a  point  of  maximum  oxygen  depletion  is  reached,  somewhere 
down-stream,  at  which  the  rate  of  depletion  and  the  rate  of  re 
aeration  are  equal.  This  will  be  termed  tlie  critical  point  since 
it  determines  the  maximum  effect  of  the  pollution. 

Above  tlie  critical  point  the  oxygen  content  of  the  stream  is 
diminishing,  below  it  is  increasing.  The  location  of  this  point 
is  evidently  conditioned  by  the  time  of  passage  or  by  distance  in 
hours  rather  than  in  miles.  It  is  also  a  temperature  function 
since  depletion  is  accelerated  by  higher  temperatures.  As 
the  velocity  of  stream  flow  is  usually  at  its  minimum  during 
the  hottest  months,  the  critical  point  moves  up-stream  rapidly 
with  increasing  temperatures. 

5 — The  condition  of  the  stream  at  the  critical  point,  represent- 
ing a  balance  between  rate  of  depletion  and  rate  of  re-aeration, 
is,  at  constant  temperature,  a  function  only  of  pollution  and  of 
re-aeration. 

6 — The  capacity  of  a  stream  to  dispose  of  sewage  within  any 
specified  limits  of  nuisance  is  obviously  measured  by  the  con- 
dition of  the  stream  at  the  critical  point.  Since  it  is  at  a  mini- 
mum at  maximiun  temperatiu'c  and  minimum  stream  flow,  it 
becomes  under  fi.\ed  temperature  and  flow  conditions  a  function 
of  re-aeration  only: 

7 — The  capacity  of  a  stream  for  re-aeration  imder  extreme 
conditions  of  high  temperature  and  low  stream  flow,  tlierefore, 
measures  its  capacity  to  receive  and  dispose  of  sewage  by  self- 
purification  within  any  prescribed  limits  of  stream  depreciation 
or  nuisance. 

In  the  past,  although  the  relation  of  dissolved  oxygen  to  the 
condition  of  a  stream,  as  well  as  the  fact  of  re-aeration,  have 
been  fully  recognized,  the  relations  set  forth  in  the  above  princi- 
ples have  been  partially  or  wholly  overlooked  because  of  imper- 
fect ideas  of  the  role  of  oxidation. 

Mr.  Hering  evidently  voiced  the  best  opinion  of  the  day  when 
he  wTote  in  1887,'  "Oxidation  and  total  destruction  of   sewage 
1  Quoted  from  Fuller,  "Sewage  Disposal,"  1912,  227. 


by  decomposition  was  for  a  long  time  thought  to  be  the  main 
cause  for  the  clarification  of  polluted  rivers.  To-day  it  is  known 
to  be  but  a  minor  cause,  compared  with  dilution  and  subsidence." 
Observation  made  upon  the  old  Michigan  Canal  showed  that 
the  sewage  which,  with  a  dilution  in  water  of  i  cu.  ft.  per  sec. 
per  looo  population,  and  after  flowing  30  miles  in  about  as  many 
hours,  was  quite  offensive,  became  inoffensive  after  discharge 
into  the  Desplaines  and  later  into  the  Kankakee  River  and  with 
dilution  increased  to  about  3  ft.  It  was  erroneously  concluded 
that  the  same  inoffensive  condition  would  have  been  obtained 
throughout  by  a  primary  dilution  in  3  sec. -ft.  per  1000  inhabitants. 

IMPORTANCE    OF   OXID.^TIO^'    D.\TA 

Such  a  conclusion  followed  logically  from  the  assumption  of 
the  minor  importance  of  oxidation  and  the  latter  was  apparently 
justified  by  the  chemical  methods  of  the  times.  Oxidation  was 
measured  in  terms  of  nitrogen  rather  than  oxygen  and  it  is  only 
within  the  past  few  years  that  the  chemist  has  been  in  posses- 
sion of  methods  which  correctly  record  the  progress  of  the  oxi- 
dizing reaction. 

In  1906,  Hering  and  Fuller  reported  upon  this  matter  further, 
and  stated,'  "The  disposal  of  sewage  by  dilution  depends  upon 
the  amount  of  oxygen  in  the  diluting  water  being  sufficient  to 
prevent  putrefaction  of  the  organic  matter  in  the  sewage  as  the 
latter  undergoes  bacterial  decomposition."  Their  recommenda- 
tions were  based  upon  results  obtained  in  Massachusetts  upon 
flowing  streams,  and  were  to  the  effect  that  a  dilution  of  not 
less  than  3.33  sec.-ft.  per  1000  population  would  be  necessary, 
after  the  elimination  of  trades  wastes.  Throughout  the  dis- 
cussion emphasis  is  laid  upon  the  oxygen  initially  present  in  the 
dilution  water. 

The  application  of  observational  data,  obtained  upon  ninning 
and  comparative  shallow  streams  where  conditions  are  ideal  for 
re-aeration,  to  deep  canals  with  sluggish  flow  and  minimum  re- 
aeration  conditions  cannot  but  lead  to  unsatisfactory  results. 
A  large  part  of  the  residual  oxygen  found  in  streams  of  the  former 
type  can  now  be  shown  to  have  been  derived  from  natural  re- 
aeration.  If  it  be  assumed  that  such  residual  oxygen  was  ini- 
tially present  and  had  not  been  utilized  by  the  sewage,  the  ca- 
pacity of  the  sewage  to  consume  oxygen  is  thereby  underesti- 
mated and  the  application  of  the  data  to  streams  of  the  second 
type  with  deficient  re-aeration  will  lead  to  insufficient  dilution 
and  a  condition  of  nuisance  not  anticipated. 

As  early  as  1900,  Palmer'  found  the  dissolved  oxygen  at  the 
lower  end  of  tlic  sanitary  canal  in  August  to  be  5.88  per  cent  of 
saturation,  increasing  to  70  per  cent  after  passing  the  dam. 
Wisner'  reported  in  191 1  the  frequent  absence  of  oxygen  for 
many  miles  above  the  lower  dam  at  Lockport  with  a  dilution  of 
about  Z.2  sec.-ft.  per  1000.  Passage  over  the  dam  increased 
the  dissolved  oxygen  to  about  19  per  cent  of  saturation.  The 
relative  importance  of  dilution  and  re-aeration  will  be  appreciated 
if  it  be  noted  that  simple  passage  over  the  dam  had  the  effect 
of  a  25  per  cent  increase  in  saturated  dilution  water,  or  was 
equivalent  to  raising  the  dilution  from  3.3  to  4.1  sec.-ft.  per  1000. 

Numerous  other  examples  of  the  same  sort  are  to  be  found  in 
the  literature  but  enough  have  been  given  to  illustrate  the  point. 

The  problem  of  the  moment  deals  not  so  much  witli  present 
conditions  as  with  the  future.  It  is  of  tlie  utmost  importance 
to  determine  the  future  effect  of  gradually  increasing  pollution 
upon  any  given  stream.  In  connection  with  purification  treat- 
ments it  is  highly  desirable  to  know  what  degree  of  stream  im- 
provement may  be  anticipated  from  any  specified  degree  of 
purification  in  order  that  the  cost  of  various  treatments  may  be 
properly  balanced  against  the  benefits  to  be  expected.  Finally 
there  frequently  arises  the  problem  of  the  effect  of  a  very  large 

'  Fuller.  "Sewage  Disposal  "  1913,  252. 

'  Report    on    Streams*    Examination.    Sanitary    District    of    Chicago, 
1903,  '>iA. 

•  Quoted  by  Fuller.  "Sewage  Disposal,"  191S,  214. 
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pollution  of  a  hitherto  unpolluted  or  slightly  polluted  area, 
following  the  location,  for  example,  of  new  intercepting  lines  and 
discharge  points.  The  essential  elements  of  the  specific  and 
the  general  solution  are  as  follows:  Determination  of  the  ex- 
tent of  pollution  at  a  given  point,  measured  in  terms  of  the  new 
sewage  chemistry  which  deals  with  oxygen  relations,  and  of  the 
degree  of  self-purification  and  amount  of  residual  oxygen  at  some 
lower  point,  together  with  temperature  and  hydraulic  data, 
furnish  the  basic  facts.  The  oxygen  requirement  and  rate  of 
o.xygen  depletion  are  then  known.  The  condition  of  the  lower 
station  in  the  same  terms  is  calculable.  The  actual  condition 
compared  with  the  calculated  gives  the  re-aeration  factor  for 
the  stretch.  This  must  be  determined  for  the  same  stretch  over 
a  considerable  period  of  time  in  order  properly  to  include  the 
variations  in  hydraulic  conditions.  In  particular  the  re-aera- 
tion is  a  function  of  depth,  velocity  of  flow  and  degree  of  turbu- 
lence. Similar  data  may  be  obtained  at  the  same  time  over 
other  typical  stretches  and  the  relation  of  the  re-aeration  factor 
to  other  physical  and  hydraulic  conditions  noted.  From  such 
a  comprehensive  study  there  will  be  obtained  eventually  the 
necessary  data  for  the  determination  of  the  re-aeration  constant 
of  the  stream  in  question  under  various  physical  conditions. 
Then  die  result  of  increasing  or  decreasing  pollution,  always 
measured  in  proper  terms  of  oxygen  demand,  will  be  readily 
calculable.  Repetition  of  the  study  upon  another  stream  will 
give  similar  data  for  that  stream  and  also  permit  some  study 
of  the  effect  of  stream  type  upon  re-aeration.  With  accumu- 
lating data  of  this  sort  it  is  not  unreasonable  to  anticipate  that 
the  fundamental  constants  will  ultimately  be  derived  with  which 
the  capacity  of  any  stream  to  receive  and  dispose  of  sewage 
within  stated  nuisance  limits  may  be  determined  in  advance. 
Such  constants  will  furnish  the  only  rational  basis  upon  which 
to  estimate  the  effect  of  increasing  or  decreasing  jrollution,  or 
the  degree  of  purification  necessary  or  desirable  in  any  case. 
As  these  matters  have  been  shown  to  be  of  primary  importance 
in  any  application  of  the  principle  of  conserv^ation  to  streams, 
the  importance  of  work  of  this  character  is  obvious. 

In  the  foregoing  discussion  it  will  be  noted  that  no  reference 
has  been  made  to  eitlier  of  two  distinct  phases  of  the  pollution 
problem,  the  matter  of  dangerous  bacteria  and  tliat  of  sludge 
deposits.  Both  are  separate  and  distinct  problems  capable  of 
solution  independently  of  tlie  problem  of  oxygen  supply  and 
leading  to  nuisance  of  distinct  character.  The  presence  or 
absence  of  these  factors  does  not  influence  tlic  methods  or  con- 
clusions of  this  discussion,  allliough  tlic  matter  of  deposits  does 
enter  the  analytical  problem. 


TURBULENCE    OF    STRE-^IS   A   FACTOR 

-An  important  conclusion  of  this  discussion  will  be  touched 
upon  briefly  in  passing.  Re-aeration  is  conditioned  among  other 
things  by  the  degree  of  turbulence  of  the  stream.  In  quiescent 
water  a  diffusion  gradient  is  established  which  practically  stops 
re-aeration.  The  effect  of  dams  and  rapids  in  increasing  aera- 
tion is  not  so  much  dependent  upon  the  momentarj-  exposure 
of  the  water  but  is  largely  due  to  the  mi.xing  action  whereby  the 
diffusion  gradient  is  broken  up  and  re-aeration  permitted  to 
proceed.  In  artificial  canals  turbulence  is  avoided  as  largely 
as  possible.  The  effect  of  a  single  dam  upon  de-aerated  water 
has  already  been  shown  to  be  equivalent  to  a  large  increase  in 
initial  dilution.  Where  dilution  is  for  any  reason  limited,  the 
capacity  of  sluggish  and  non-turbulent  streams  can  be  greatly 
augmented  by  providing  for  artificial  turbulence  at  certain  points 
in  their  course.  Such  turbulence  need  not  be  of  the  character 
of  a  fall,  nor  need  it  cause  a  loss  of  head.  A  number  of  mere 
overturns  or  "boils"  will  be  found  more  efficient  than  a  single 
large  fall. 

The  determination  of  the  re-aeration  coefficient  of  a  stream 
has  been  undertaken  for  the  first  time  in  connection  with  the 
investigation  of  the  Ohio  River  now  being  made  by  the  U.  S. 
Public  Health  Service  under  the  direction  of  P.  A.  Siargeon 
Wade  H  Frost.  The  actual  analytical  problem  is  exceedingly 
complex  and  the  mathematical  reduction  and  analysis  of  the 
results  is  both  complicated  and  laborious.  The  work  has  pro- 
gressed to  a  point  at  which  it  is  obvious  that  results  of  value 
and  consistent  with  the  theory  here  stated  have  been  obtained. 

SUJIllARY 

In  the  development  of  the  maximum  economic  use  of  a  stream, 
its  capacity  to  dispose  of  sewage  and  waste  within  any  specified 
degree  of  depreciation  or  nuisance  is  a  factor  of  first  importance. 

This  capacity  is  limited  by  stream  conditions  and  is  a  func- 
tion of  the  capacity  for  re-aeration. 

For  this  reason  the  dilution  unit  is  an  improper  one  for  a 
discussion  of  nuisance  and  self-purification  and  results  obtained 
upon  one  stream,  expressed  in  such  units,  are  not  applicable  to 
another. 

Re-aeration  is  capable  of  experimental  determination  not  only 
in  single  instances,  but  in  terms  of  general  applicability. 

Its  determination  in  such  general  terms  involves  laborious 
work  of  a  hydraulic  and  analytical  nature.  A  beginning  has 
been  made  along  this  line  in  the  Ohio  River  Investigation  by 
the  V.  S.  Public  HealUi  Service. 

?iTH    AND    E    STRKKTS 
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THE  GERMAN  NITROGEN  INDUSTRY  AND  THE  FUTURE 
OF  GERMAN  AGRICULTURE' 

During  the  last  ten  years  German  agriculture  has  succeeded 
in  increa.sing  the  yield  of  the  land  to  an  extraordinary  extent, 
and  in  this  connection  a  comparison  willi  France  is  of 
interest. 

Thirty  years  ago  the  yield  per  luctare  in  I-'raiicc  was  about 
the  same  as  in  Germany.  Since  then  the  yield  in  I-'rance  has 
risen  about  o. i,  whereas  ('lerniany  has  nearly  doubled  her  yield 
a.s  indicated  below: 

WllKAT    YlULU    rilR    ACHK    IN    1(10    Kii.oh 

Yearly  Average                    1881/86  IQII/l.t 

C'.cniiany 12,8  22. ^ 

I'riiiicc IJ.O  1.1.6 

Kiium f  6.W 

This  ixcellent  result  is  partly  due  to  I-'urnicrs'  Associntions, 
AKrlriilttiriil  Schools  und  the  employment  of  modem  nu-thiMls, 
<  ICitmcl  from  Ihr  Irank/urlir  llandtlsblmi.  May  70,  1916. 


but  chiefly  to  the  ever-increasing  quantities  of  fertilizers  used. 
The  following  is  a  comparison  of  the  amounts  of  fertilizers  used 
per  hectare  during  the  last  few  years: 

I'olush  Nilratc  o(  Soda 

8.  10  kit. 
4. 10  kg 


Germany  has  always  been  well  provided  with  potash,  but  up 
to  about  lo  years  ago  had  to  rely  almost  entirely  on  imports 
of  nitrate  of  soda  for  lirr  nitroKcn.  The  following  table  sliows 
the  increase  in  the  imports  of  nitrate  and  in  this  connection  it 
should  be  mentioned  that  about  lo  to  i.s  |)cr  cent  of  these  quan- 
tities have  been  used  fur  industrial  pur|MVic$. 

CniMAN    CuNHirMrTlUN    Of    NlTIATB    OP    SoOA    (MiTalC    ToM*) 

i8»o       I88J       law       1001        1010       wn        i«i.'       i»i,» 

.15,000     IS.1,000    .I.W.OOO    .M7,000    7.V<.000    :o.1,000    78.1,000    747,000 

Gradually,  however,  the  German  Chemical  lndustr>-  has  been 
buildiiiK  up  a  substitute  for  nitrate  in  the  form  of  sulfate  of  am- 
monia     At   the  Ix-KinnitiK  of   this  crntuiy   the  production   in 
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Germany  was  still  small  and  imports  amounted  to  about  48,000 
tons  per  annum.  Since  1906,  however,  things  have  changed  and 
Germany  has  exported  larger  quantities  than  she  has  imported. 
The  development  of  our  consumption  of  sulfate  of  ammonia 
is  shown  by  the  following  table; 

German  Consumption  op  Sulpate  op  Ammonia  (Metric  Tons) 
Excess  of  Excess  of 

Imports      Exports  Product       Total 
over              over  from  Coke       Con- 
Imports  Exports     Exports     Imports  Ovens,  etc.  sumption 

1888 35,000       .35.000           ?                 

1900 23.000    2.000   21,000     104.000   125.000 

1909 58.000   59.000   1,000  281.000   280,000 

1910 31,000   93,000   62.000  313,000   251,000 

1911 24.000   74.000   50.000  418,000   368,000 

1913 35,000   "6,000   41,000  501.000   460,000 

The  increase  in  the  use  of  sulfate  of  ammonia  has,  therefore, 
been  extraordinarily  rapid.  In  the  year  1913,  460,000  tons  of 
ammonia  were  used  as  against  750,000  tons  of  nitrate  of  soda. 
Taking  the  manurial  value  of  sulfate  comjiared  with  nitrate 
as  4  to  3,  the  460,000  tons  are  equal  to  610,000  tons  of  nitrate,  so 
tliat  the  two  competitors  were  running  each  other  pretty  close 
already  in  1913. 

In  1 9 14  synthetic  sulfate  of  ammonia  first  entered  the  lists 
as  a  competitor  of  nitrate  of  soda  on  a  practical  scale.  Theoret- 
ically, the  possibility  of  i>roducing  ammonia  by  purely  chemical 
means  had  long  been  known,  and  the  well-known  Norwegian 
method  was  first  of  all  developed,  the  German  chemical  trade 
being  largely  interested. 

The  difficulties  in  introducing  this  process  into  Germany 
on  account  of  the  lack  of  water  power  forced  the  Badische 
Aniline  and  Soda  Works  to  develop  a  process  of  their  own.  In 
conjunction  with  Professor  Habcr  they  proceeded  to  do  this, 
putting  all  their  energy  into  the  Haber  process  and  giving  up 
their  Norwegian  interests. 

At  the  beginning  of  the  war,  the  Badische  were  producing  on 
a  scale  large  enough  for  one  single  works,  but  yet  not  sufficiently 
large  to  compensate  for  the  loss  of  nitrate  of  soda.  In  the  first 
year  of  the  war  there  was  accordingly  a  considerable  shortage 
of  fertilizers  for  agricultural  purposes.  But  our  chemical  in- 
dustry quickly  came  to  the  rescue,  and  should  the  blockade  of 
Germany  be  prolonged,  we  shall  soon  be  in  a  position  to  deliver 
more  nitrogen  for  agricultural  purposes  than  formerly  consumed 
in  peace  times. 

The  following  particulars  give  an  idea  of  tlie  extraordinary 
rai)idity  with  which  the  Haber  process  has  developed.  The 
capacity  rose  from  30,000  tons  in  1913  to  60,000  tons  in  1914, 
and  about  the  middle  of  191 5  the  output  of  the  original  works 
was  about  150,000  tons.  For  igi6  the  production  is  reckoned 
at  300,000  tons.  It  is  no  secret  that  the  Badische  Company 
has  lately  put  up  further  large  plants  in  another  part  of  Ger- 
many, so  that  its  producing  capacity  for  1917  will  no  doubt  be 
considerably  in  excess  of  19 16. 

Assuming  tliat  tlic  Habcr  production  in  the  near  future  will 
reach  500,000  tons,  this  process  alone  will  represent  the  pro- 
duction of  an  amount  of  nitrogen  nearly  equal  to  the  amount  of 
nitrate  of  soda  we  used  to  import.  In  passing,  it  may  be  men- 
tioned that  such  a  production  at  a  price  of  $60.00  per  ton  would 
represent  an  annual  turnover  of  30  million  dollars  for  tliis  one 
firm. 

In  addition  furtlier  large  quantities  of  nitrogen  have  been 
produced  witli  state  aid  in  the  form  of  cyanamid,  with  the  aid 
of  which  German  agricultural  needs  can  easily  be  met.  Furtlier- 
niore  the  whole  tendency  in  tlie  coal  industry  has  been  towards 
the  increase  of  by-product  ovens.  Up  to  the  time  when  the 
war  broke  out,  about  one-fifth  of  our  coal  was  coked,  but  the 
war  has  forced  resort  to  coking  to  a  far  greater  extent  than  be- 
fore. Everything  points  to  the  conclusion  tliat  in  the  near 
future  the  direct  combustion  of  coal  will  be  recognized  as  al- 
together uneconomic  and  disappear,  and  its  place  be  taken  by 
by-product  processes.     This  of  course  means  increased  recovery 


of  ammonia  from  coal.  Assuming  that  only  double  the  quan- 
tity of  coal  hitherto  used  is  employed  for  the  recovery  of  ammonia, 
the  increase  in  sulfate  of  ammonia  production  amoimts  to 
450,000  tons.  Based  on  the  above  the  following  comparison 
between  1913  and  1917  can  be  made: 

German  Consumption  op  Nitrogen.   1913,  in  Metric  Tons 

Sulfate  of  Ammonia 460,000  tons  =     92.000  tons  Nitrogen 

Norwegian  Nitrate  of  Lime..      35,000  tons  =       4.500  tons  Nitrogen 

Cyanamid 30.000  tons  =       6.000  tons  Nitrogen 

Ammonia — Haber  Process. . .      20.000  tons  =       4.000  tons  Nitrogen 

Total 106.500  tons  Nitrogen 

plus  Nitrate  of  Soda 750.000  tons  =   1 16.000  tons  Nitrogen 

Grand  Total 222.500  tons  Nitrogen 

German  Production  op  Nitrogen,  1917,  in  Metric  Tons 

Sulfate  of  Ammonia 700.000  tons  =   140,000  tons  NiUogen 

Norwegian  Nitrate  of  Lime tons  = 

Cyanamid 400,000  tons  =     80,000  tons  Nitrogen 

Ammonia — Haber  Process. . .   500.000  tons  =  100,000  tons  Nitrogen 

Total 320,000  tons  Nitrogen 

Nitrate  of  Soda None 

If  these  statements  are  only  approximately  correct  our  own 
production  will  already  next  year  be  greater  than  our  consump- 
tion before  the  war  including  the  amount  of  nitrate  of  soda  im- 
ported. In  case  of  need,  therefore,  we  can  altogether  do  without 
the  importation  of  nitrate  of  soda  for  agricultural  purposes. 
This  does  not  mean,  however,  that  the  import  of  nitrate  of  soda 
is  either  unnecessary  or  undesirable.  Nitrate  will  remain  very 
much  wanted  for  certain  purposes  and  agriculture  will  be  glad 
to  make  use  of  it  as  long  as  prices  remain  competitive,  especially 
in  view  of  the  amount  of  German  capital  invested  in  the  Chili 
nitrate  industry.  If  our  home  production  of  nitrogen  can  be 
supplemented  by  nitrate  of  soda,  so  much  the  better,  for  our 
experts  are  agreed  that  we  cannot  give  our  agriculture  enough 
nitrogen.  The  dire  necessity  the  war  has  brought  upon  us, 
forcing  us  to  help  ourselves  in  all  sorts  of  ways,  has  in  this  re- 
spect added  a  valuable  gift  for  the  future  in  that  these  new 
sources  of  nitrogen  wiU  enable  us  to  increase  our  agricultural 
production. 

All  sorts  of  possibilities  are  involved.  It  would  be  thoroughly 
in  keeping  with  the  character  and  accomplishments  of  the  Ger- 
man Chemical  Iiidustrj-  to  proceed  with  the  production  of  com- 
bined fertilizers  after  having  successfully  solved  the  problem 
of  the  synthetic  production  of  ammonia.  These  new  fertilizers 
may  perhaps  some  day  drive  out  the  old  material  in  the  same 
way  that  synthetic  indigo  drove  out  the  natural  product. 

It  is  not  impossible  that  Germany  may  become  the  great 
exporter  of  nitrogenous  fertilizers.  The  most  important  point, 
however,  is  the  increase  in  the  productivity  of  our  land.  The 
economy  of  9,000,000  pounds  per  annum  on  nitrate  of  soda  im- 
ports cannot  be  compared  in  importance  with  the  saving  in  our 
imports  of  wheat  and  foodstuffs  which  would  be  effected  by 
means  of  increased  fertilizing. 


FORMATION  OF  TOLUENE  BY  ACTION  OF  ALUMINUM 
CHLORIDE 

According  to  Chan.  Soc.  Abstracts,  V.  Fisher  and  H.  Niggemann 
[Ber.,  49  (1916),  1475 1  have  studied  the  conditions  for  the  most 
productive  degradation  of  xylene  to  toluene  by  the  action  of 
aluminum  chloride.  The  best  temperature  is  found  to  be  that 
of  boiling  xylene,  while  2  to  4  per  cent  of  aluminum  chloride  is 
quite  sufficient  and  2  hours  long  enough  for  the  purpose.  Under 
these  circumstances,  xylene  gives  an  approximate  12  per  cent 
yield  of  toluene  and  also  benzene  and  polymethylated  benzenes. 
Benzene  is  decomposed  by  tlie  energetic  action  of  aluminum 
chloride  but  without  producing  more  than  traces  of  toluene. 
Experiments  with  xylene-benzene  mixtures  have  also  been 
carried  out  with  the  hope  of  transferring  a  methyl  group  from  the 
one  to  the  other,  but  this  ingenious  idea  has  not  yet  led  to  definite 
results. — A.  McMillan. 
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STARTING  MOTOR  ENGINES  FROM  COLD 

A  device  for  starting  motor  car,  aeroplane  and  similar  engines 
from  cold  introduced  by  Messrs.  Gunspray,  of  39  St.  James 
Street,  London,  consists  of  a  petrol  reservoir  into  which  dips  a 
fuel  tube  ending  in  a  gauze  cap.  This  tube  leads  to  a  spray 
jet,  which  is  enclosed  in  a  passage  through  which  atmospheric  air 
is  supplied.  The  jet  is  inserted  in  the  induction  pipe  of  the 
engine  and,  under  the  influence  of  the  suction  created  by  turn- 
ing the  starting  handle,  is  sucked  up  the  fuel  tube  and  atomized 
at  the  jet  as  it  is  mixed  with  air.  A  control  screw,  which  can 
be  locked  in  position  by  a  locking  screw,  permits  the  air  supply 
to  be  adjusted  to  form  the  correct  explosive  mixture.  Com- 
bined with  the  starter,  and  operated  by  the  same  control,  is 
an  arrangement  which  enables  extra  air  to  be  admitted  to  the 
cylinders,  and  which,  it  is  claimed,  effects  considerable  economy 
of  fuel  if  judiciously  used.  The  starter  acts  independently 
of  the  carburetor,  and,  in  cases  where  a  heavy  fuel  such  as 
paraffin  is  employed,  can  be  used  to  effect  the  necessary  pre- 
warming  of  the  engine.- — M. 


MINING  IN  SWEDEN 

According  to  an  article  in  Mining  World,  92  (1917),  59,  all 
the  coal  obtained  in  Sweden  is  got  from  the  provinces  of  Mal- 
niolnis  and  Kristianstad  in  the  southern  part  of  the  Kingdom. 
'I'hc  seams,  which  are  of  Khactic  age,  are  interstratified  with 
beds  of  fire  clay  and  the  two  minerals  are  worked  together. 
The  thickness  of  the  coal  seams,  including  partings  in  the  shale, 
varies  from  3  to  5  feet.  Copper  is  furnished  from  the  well- 
known  Falu  Mine  in  the  province  of  Kopparberg.  There  are 
enormous  deposits  of  excellent  iron  ore.  The  output  is  6,700,000 
metric  tons,  of  which  the  province  of  Norrbottcn  furnishes  63 
per  cent.  Sweden  possesses  the  largest  supply  of  peat  in  the 
world  with  the  exception  of  Russia.  It  is  reckoned  that  there 
are  4,000,000  hectares  of  peat  with  an  average  depth  of  2 
metres.  This  may  be  calculated  to  yield  about  2,000  tons  per 
hectare  or  a  total  of  8,000,000,000  tons.  The  peat  is  used  as 
household  fuel  and  also  for  peat-litter  and  peat-mould.  Granite  is 
1 1  Harried  on  the  west  coast  and  also  on  the  Baltic  and  forms  an 
important  article  of  export.  Porphyry  and  marble  are  also 
products,  the  annual  value  of  the  stone  exported  being  $360,000. 
As  regards  zinc,  the  Ammeberg  mines  supply  most  of  the  ore 
which  is  exclusively  blende. — -M. 


ZIRKITE 


Zirkite  deposits,  according  to  the  Brazilian  Review  of  Dec.  19, 
1916,  have  been  found  in  the  Caldas  region  of  Brazil  which  Is  a 
mountainous  plateau  about  130  miles  north  of  the  City  of  Sao 
I'anlo.  Several  large  outcrops  of  the  ore  occur  on  thccxtreme  west- 
erly edge  of  the  plateau,  one  or  two  isolated  boulders  weighing  as 
much  as  30  tons.  No  extensive  development  work  has  yet  been 
adeuipted,  although  several  cross  cuts  have  been  run  to  deter- 
mine the  width  of  the  vein  and  a  few  .shallow  i)ros|)ecl  holes  to 
ascertain  the  depth.  The  cursory  examination  of  the  deposits 
makes  it  unsafe  to  venture  any  conjecture  as  to  the  quantity  of 
ore  available  Deposits  have  been  traced  for  a  distance  of  i.s 
miles  between  Ca.scata  and  Caldas  and,  from  surface  indications, 
the  deposits  seem  to  be  of  vast  extent.  Owing  to  the  hardness  of 
the  ore,  it  is  ulmust  impossible  to  drill  holes  for  explosives;  con- 
se(|uently,  the  method  employed  is  the  primitive  one  involviiiK 
fracture  by  tire  and  water.  In  some  of  the  deposits  the  ore  occurs 
as  gravel  and  large  pebbli-s  rtnbedded  in  the  rcililish  clay.  The 
clayey  iniitrlx  grrally  resenililes  boulder  cluy  and.  if  exposed  to 
the  sun  ami  air,  readily  dries  anil  the  7irc(iiiia  can  then  be  sep- 
united  from  the  clay  by  a  conrso  seteeii  Ilefori'  slilpnirnt. 
it  is  thoroughly  washed  to  rrniove  the  small  piTcrutuRc  of  ferru- 
ginous  nuittcr  still  reiuuiiiiiiK.-   M. 


BRITISH  ENGINEERING  IMPORTS  AND  EXPORTS 

With  the  Board  of  Trade  retiuns  for  December,  the  figiures 
of  our  engineering  imports  and  exports  for  the  whole  of  last  year 
are  now  complete.  The  imports  of  iron  and  steel  and  the  man- 
ufactures thereof  in  1916  were  valued  at  §53,860,929,  an  in- 
crease of  Si, 993.051.  as  compared  with  1915  and  of  $1, 650,134 
as  compared  with  1914,  but  the  quantity  was  775,033  tons  as 
against  1,177,340  tons  in  1915,  and  1,618,015  in  1914-  The 
figures  for  electrical  goods  at  $7,933,262  were  higher  than  1915 
by  $2,731,392  and  than  1914  by  $1,967,966,  while  machinery 
valued  at  $38,364,177  was  less  in  1915  by  $4,105,790.  but  more 
than  in  1914  by  $6,142,182,  though  its  weight  was  less  than  in 
either  of  these  two  years,  being  71,456  tons  against  90,006  and 
88,748  tons,  respectively.  Other  metals  and  manufactures 
thereof  were  worth  $186,378,588  or  $15,257,241  less  than  in 
1915,  but  $45,277,795  more  than  in  1914.  As  regards  raw  ma- 
terials, the  imports  of  iron  ore  were  valued  at  $56,288,035, 
against  $34,388,308  in  19 15  and  $24,742,891  in  1914  and  their 
weight  was  6,905,936  tons  compared  with  6,197,155  tons  in 
1915  and  5,704,748  tons  in  1914.  The  value  of  other  metallic 
ores  rose  to  $65,672,827  from  $55,556,088  in  1915  and  $45,760,- 
632  in  1914.  As  regards  the  exports  of  engineering  products 
manufactured  in  the  United  Kingdom,  increased  values  were 
recorded  in  most  classes.  Thus,  iron  and  steel  and  manufac- 
tures thereof  went  up  to  the  value  $272,072,496  from  $193,- 
949,740  and  $200,005,584  for  the  two  preceding  years.  Other 
metals  and  manufactures  thereof  were  valued  at  $61,059,148 
and  showed  an  increase.  Electrical  goods  and  apparatus  ex- 
ported were  valued  at  $19,714,713,  showing  an  increase  over  the 
two  previous  years,  while  machinery  valued  at  $97,110,595  was 
higher  than  in  :9i5,but  $53,432,251  behind  1914.  Among  raw 
materials  41,157,746  tons  of  coal,  coke  and  manufactured  fuel 
valued  at  $243,218,899  were  exported;  in  1915  the  weight  was 
45.770,344  tons  and  in  1914  the  corresponding  figure  was  61,830,- 
485,  the  value  being  $202,570,214. — M. 


RUSSUN  WATER  POWER 
It  is  reported  that  the  Russian  Government  has  authorized 
the  issue  of  a  bill  for  tlie  "notification  of  centers  of  water-power 
from  waterfalls  or  stretches  of  water  suitable  for  supply  of  sucli 
centers  of  national  or  public  importance."  Up  to  the  present, 
says  the  Board  of  Trade  Journal,  Russian  law  has  never  pro- 
vided for  the  utilization  of  water-power  except  in  the  case  of 
ordinary  mills.  Permits  to  make  use  of  water-power  have 
been  more  in  tlie  nature  of  certificates  setting  forth  tliat  the 
utilization  of  water-power  would  not  interfere  with  naviga- 
tion, than  concessions.  These  certificates  were  issued  only  after 
consulting  the  local  owners  of  water  frontages  and  thus  the 
utilization  of  water-power  depended  entirely  on  the  consent 
of  private  owners.  The  present  bill,  without  making  any  at- 
tempt to  decide  as  to  tlic  ownership  of  water-iHJWcr,  proposes 
to  empower  tlie  Government  to  declare  any  waterfall  or  stretch 
of  water  capable  of  liciiiK  used  as  a  source  of  watcr-iwwer  a.s  be- 
ing of  national  importance,  and  to  take  iHisscssion,  cither  for 
government  use,  or  with  a  view  to  Rmnting  concfssions  for 
its  use  in  industries  which  it  is  desirable  to  foster. — M. 


CINNABAR  AND  MERCURY  FROM  NEW  ZEALAND 

It  is  rcjiorted  that  11.  M.  Conuiiissiuiicr  in  New  Zealiind 
has  forwarded  some  samples  of  ciiiuulMr  obtained  tmm  a  de- 
posit at  Puhi  I'uhi  (Nortli  IsliuuP  and  a  sample  of  mcmiry 
distilled  therefrom.  The  dciKwit  has  not  l>cen  worked  to  any 
extent  as  yet,  owing  to  lack  of  capital  and  cx|Kricncr  At  pir»- 
eiit.  drives  arc  iK-iiig  miulc  to  a.scritain  the  extent  of  the  dcpiwit, 
and,  according  to  a  calculation  made  by  the  Departniriit  of  Mines, 
lo.CKXJ  tons  of  ore  arc  in  sight.  At  a  low  estiinntr  the  >wt  i* 
calculated  to  yield  J  |>er  cent  mercury.— M. 
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CONDENSER-TUBE  REPAIRS 

A  method  of  mending  condenser  tubes  is  described  in  a  recent 
issue  of  the  Electrical  World,  and  it  is  said  to  have  effected 
considerable  saving.  The  method  consists  in  cutting  out  the 
section  containing  the  break  and  inserting  a  new  one  which  is 
joined  with  the  other  sections  by  an  inner  sleeve  or  ferrule 
about  2Vj  in.  long.  The  latter  is  composed  of  a  piece  of  tub- 
ing about  half  as  thick  as  the  condenser  tube  and  has  a  diameter 
that  will  make  it  fit  tightly  in  the  sections  to  be  joined.  Both 
the  ferrule  and  the  ends  of  the  section  to  be  joined  are  thor- 
oughly tinned  and  sweated  together.  Special  care  must  be  taken 
to  cut  the  ends  square  so  that  they  will  meet  and  make  a  prac- 
tically continuous  tube.  Any  solder  adhering  to  the  outside 
of  the  joint  should  be  wiped  off  or  removed  by  emery  cloth 
so  that  the  tube  can  be  inserted  with  tube  plates  in  the  regular 
manner.  To  save  delay  in  making  repairs,  usually  several 
ferrules  are  prepared  and  tinned  in  advance.- — M. 


INDUN  SAFFLOWER  OILSEEDS 
In  an  article  in  the  Indian  Trade  Journal,  Mr.  J.  P.  Gore 
pomts  out  that  there  are  two  varieties  of  Indian  Safflower — 
Carthamus  tinctoria  and  Carlhavius  oxycanlha,  the  first  being 
cultivated  in  different  parts  of  India  while  the  latter  grows 
as  a  weed  in  the  Punjab.  The  seeds  of  the  former  are  small 
and  flat,  somewhat  resembling  linseed.  They  contain  6  per 
cent  moisture  and  on  extraction  with  ether  yield  28.02  per 
cent  of  a  pale  yellow  oil.  There  is  also  a  considerable  amount 
of  woody  fiber  in  the  seed.  The  fully  extracted  meal  gave  the 
following  analysis:  Moisture,  9.30  per  cent;  albuminoids, 
13.50  per  cent;  carbohydrates,  22.80  per  cent;  fibrous  matter, 
51.70;  and  ash,  3.70  per  cent.  The  oil  is  described  as  being  a 
good  drying  oil  and  might  be  used  in  the  manufacture  of  soft 
soap.  The  author  considers  that  this  oil  is  worth  more  atten- 
tion for  manufacture  of  varnishes.  It  is  at  present  used  in  the 
Northwest  Frontier  Provinces  for  the  manufacture  of  var- 
nished wax  cloth. — M. 

A  NEW  HYDROCARBON 

A  new  hydrocarbon,  to  which  the  name  Spinacidene  has  been 
given,  was  described  in  a  paper  read  by  Mr.  R.  Chaston  Chap- 
man at  a  recent  meeting  of  the  Chemical  Society,  London. 
The  author  explained  that  a  sample  of  cod-liver  oil  submitted 
to  him  for  analysis  gave  a  value  indicating  the  presence  of  89 
per  cent  mineral,  with  1 1  per  cent  of  some  fish  oil,  but,  owing 
to  the  large  amount  of  unsaponifiable  matter  and  bromine  ab- 
sorbed, he  determined  to  investigate  the  matter  further.  The 
oil  was  found  to  have  been  obtained  from  the  livers  of  certain 
members  of  the  sub-family  Spinacidae,  of  the  Cetacea.  and 
the  product  yielded  about  90  per  cent  of  the  new  hydrocarbon. 
The  compound  is  described  as  being  colorless  and  mobile,  and  on 
warming  gave  odor  of  the  lemon  terpenes.  It  is  optically 
active  and  on  exposure  it  becomes  viscous.  The  ultimate 
analysis  seemed  to  suggest  the  formula  CjiHsj  and  the  molecular 
refractivity  indicated  presence  of  three  double  bonds.- — M. 


PLASTIC  CELLULOID 

A  simple  method  for  rendering  celluloid  plastic  is  described 
in  the  British  Medical  Journal  of  a  recent  date,  so  that  it  can 
be  molded  into  any  shape  for  application  in  the  tissues  in  cer- 
tain parts  of  tlie  body  for  certain  conditions.  The  celluloid  is 
placed  in  ether  solution  and,  in  a  few  hours,  it  swells  slightly 
and  becomes  soft  as  a  jelly.  It  is  then  taken  out  of  the  solu- 
tion and  molded  into  any  shape  and  set  aside  to  dry.  The 
celluloid  regains  its  original  thickness  and  general  appearance, 
but  retains  its  new  shape.  As  ether  is  a  powerful  bactericide, 
it  will  effectively  sterilize  the  mold  and  make  it  ready  for  inser- 
tion.— M. 


CHROMITE 

Crude  chromite  ore,  so  important  in  modem  steel  metallurgy, 
says  Engineer,  123  (1917),  59,  has  generally  to  be  dressed  to  make 
it  suitable  for  sale.  It  has  usually  to  be  broken  up  by  hand  or 
mechanically  to  a  suitable  size  so  that  it  can  be  hand-picked. 
The  output  should  contain  about  50  per  cent  of  chromium 
sesquioxide.  Chromite  is  obtained  in  large  quantities  from  New 
Caledonia  in  the  South  Pacific.  There  is  a  large  output  from 
Rhodesia,  and  Greece  exports  chromiferous  ores  in  considerable 
quantities.  There  are  large  deposits  of  low-grade  ore  in  both 
Germany  and  Austria.  Great  Britain  and  France  have  to 
import  all  the  chromite  they  require.  North  America  has 
a  small  output,  about  2000  tons  annually,  but  has  also  to  import. 
There  are  many  chromite  mines  in  the  Ural  district,  mainly 
along  the  outcrops  of  the  rivers  Kameuka  and  Top  Kaja,  which 
have  yielded  as  much  as  20,000  to  30,000  tons  annually.  The 
mineral  is  also  found  in  some  of  the  areas  from  which  platinum 
is  recovered.  In  Japan,  outcrops  have  been  found  but  there  is 
no  output  as  the  quantities  available  appear  to  be  too  limited 
to  encourage  enterprise.— M. 

CALCIUM  CARBIDE  mDUSTRY 

According  to  the  Times  Engineering  Supplement,  No.  507,  p.  16, 
the  importations  of  calcium  carbide  into  the  United  Kingdom 
for  1916  were,  approximately,  24,000  tons  as  compared  with 
26,000  tons  in  191 5  and  about  28,000  tons  in  1914.  The  de- 
crease is  not  due  to  any  falling  off  in  the  consumption,  but  there 
seems  to  have  been  a  considerable  shrinkage  in  the  demands  of 
private  users,  owing  to  the  closing  down  of  country  houses,  etc. 
This  faUing  off  was  made  up  by  the  extensive  demand  for  car- 
bide in  the  manufacture  of  war  appliances  by  means  of  oxy- 
acetylene  welding.  A  gradual  increase  in  the  use  of  small  Ught 
miners'  lamps  burning  acetylene  took  place  in  this  country 
during  the  past  year  following  the  lead  given  by  the  United 
States.  The  employment  of  these  lamps  has  been  shown  to  be 
very  advantageous  in  increasing  the  output  of  minerals  and  pro- 
viding better  illumination.  The  supplies  of  cyanamide  made 
from  carbide  greatly  decreased  during  the  past  year  owing  to 
the  large  proportion  of  cyanamide  being  used  for  the  preparation 
of  nitrate  of  ammonia  and  nitric  acid. — M. 


A  NEW  CELLULOID  CEMENT 

The  Oil  and  Color  Trade  Journal,  51  (1917),  416,  quoting 
from  a  Swiss  contemporary,  gives  an  account  of  a  new  and  valu- 
able celluloid  cement  for  gluing  leather  splits  together  so  as  to 
form  solid  slabs  of  plates  of  leather.  As  is  well  known,  celluloid 
solutions  possess  the  drawback  of  being  much  too  sticky.  If 
a  celluloid  solution  is  prepared  in  acetone  or  other  solvent,  it  is 
impossible  to  obtain  a  substance  of  sufficient  liquidity  with  more 
than  16  to  18  parts  by  weight  per  100  parts  by  weight  of  acetone, 
as,  if  the  proportions  of  celluloid  be  increased,  then  the  resulting 
liquid  will  not  penetrate  between  the  fibres  of  the  material  and 
the  parts  will  not  adhere.  In  order  to  secure  a  highly  liquid 
solution  containing  a  greater  percentage  of  celluloid,  tlie  follow- 
ing process  must  be  observed :  Chemically  pure  acetone,  cellu- 
loid and  oxalic  acid  are  placed  in  a  hermetically  closing  iron 
receptacle.  The  amounts  are:  acetone  100  kilos,  celluloid  20 
to  30  kilos,  oxalic  acid  0.5  to  2  kilos.  After  hermetically  closing 
the  receptacle,  the  ingredients  are  thoroughly  mixed  by  suitable 
stirring  gear  at  normal  temperature.  This  is  continued  either 
incessantly  or  at  intervals  for  a  period  of  12  to  14  hours.  The 
product  obtained  can  be  used  at  once  or  kept  for  an  indefinite 
period  in  the  hermetically  closed  receptacle.  This  adhesive  must 
correspond  to  the  absorptive  capacity  of  the  material.  If  too 
thin,  it  must  be  suitably  thickened  and  pressure  may  be  used  to 
force  it  into  the  material,  if  necessary.  It  is  insolvable  in  water, 
it  is  highly  valuable  for  fastening  leather,  and  will  he  of 
special  use  in  driving-belt  factories. — M. 
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METAL  POWDERS   AND  SPANGLES 

Vigorous  efforts,  says  the  Times  Engineering  Supplement, 
No.  506,  have  been  made  to  capture  certain  of  the  industries 
which  once  were  wholly  in  German  hands,  and,  even  in  cases 
where  the  trade  did  not  exist  before  the  war,  steps  have  been 
taken  to  assist  firms  who  are  willing  to  embark  in  the  new  manu- 
facture. It  is  stated  that  in  1913  not  a  single  pound  of  bronze 
powder  was  made  in  France  although  the  annual  consumption 
of  imported  metallic  powders  attained  a  total  value  of  over 
$2,304,000.  This  was  the  more  remarkable  because  the  indus- 
try was  first  started  in  France  at  the  close  of  the  i8th  century. 
The  restarting  of  this  trade  is  associated  with  the  manufacture 
of  spangles  which  has  existed  in  the  Department  of  the  Oise 
since  1850.  These  spangles  are  stamped  out  of  extremely  thin 
sheets  of  metal,  chiefly  alloys  of  copper,  but  at  times  silver 
and  gold  spangles  are  produced  from  very  thin  leaves  of  the 
precious  metals.  The  uses  of  the  different  kinds  of  spangles 
are  too  numerous  to  mention.  A  very  important  one,  in  the 
case  of  thin  brass  spangles,  is  for  the  brushes  of  dynamos,  but 
they  are  mainly  employed  in  decoration.  The  fragments, 
chippings  and  metallic  laminae  which  result  from  the  manu- 
facture are  now  being  employed  successfully  for  the  prepara- 
tion of  various  kinds  of  bronze  powders,  the  tints  and  shades 
of  which  are  produced  in  a  wide  range  of  colors.  A  process 
has,  moreover,  been  devised  for  imparting  a  high  polish  to  the 
powders  thus  prepared. — M. 


CHINESE  GAMBIER 
Reports  from  Hong  Kong,  says  the  Oil  and  Color  Trade  Journal, 
51  (1917),  502,  state  that  an  increased  trade  is  now  being  done 
in  "cunao,"  or  Chinese  Gambier  in  South  China,  and  the  amount 
of  trade  passing  through  Hong  Kong  runs  to  about  30,000  short 
tons  per  annum.  For  many  generations  past,  the  Chinese  have 
used  this  product  for  dye  and  preservative  purposes  and,  now  that 
aniline  dyes  have  disappeared  from  the  Hong  Kong  market,  this 
gambier  is  coming  into  more  general  use.  The  dye  is  got  by 
crushing  and  soaking  the  roots  of  a  plant  known  as  cunao, 
the  resulting  liquor  being  drawn  off  and  concentrated.  Two 
qualities  reach  Hong  Kong.  The  second-grade  quality  is  the 
product  of  IndcjChina  and  is  employed  for  the  first  dyeing  of  the 
material,  while  tlic  actual  Chinese  product  is  used  for  the  fin- 
ishing dye  on  account  of  the  deep  brown  gloss  it  imparts.  The 
dye  is  of  a  brown  color,  is  highly  astringent,  goes  excellently 
with  various  mordants  and  is  extensively  used  in  China  for  dye- 
ing silks,  etc.  The  coarser  quality  is  the  chief  component  of  a 
mixture  used  for  fishing  nets,  sails  and  the  like  to  prevent  them 
rotting  away.  It  has  all  the  merits  of  gambier  but  is  much 
cheaper.  It  is  exported  in  the  form  of  a  paste  but  is  said  to  lose 
its  finer  qualities  if  kept  too  long.  If  [)ropcrly  packed  and  fur- 
ther concentrated,  there  seems  to  be  no  reason  why  the  product 
should  not  keep  indefinitely. — M. 


DISPOSAL  OF  WASTE  TIN  AND  SCRAP 
According  to  a  contemporary,  the  borough  of  llornscy,  ICng- 
luncl,  has  put  down  a  furnace  for  dealing  with  waste  tin  and 
scrap.  It  is  luated  by  the  destructor  fine  gases  and  Is  arranged 
in  such  a  w.iy  llial  the  work  can  be  carried  out  without  increusing 
the  staff.  Till'  results  of  the  first  three  months  justify  the  ex- 
periment as  the  annual  receipts  for  194  tons  should  amount  to 
203  potmds  (SQ64).  It  will  be  noted  that,  notwilhsliinding  the 
(lifliiiilly  of  disposing  of  wiistc  niclal,  the  destructor  yard  has 
been  kept  cicur  of  aecuiiuilation  and,  it  may  be  suid,  lliat  the 
f  rude  li:is  licen  secured  with  an  increiise  of  about  49  per  cent  upon 
the  rcturtis  received  from  pre  war  ('lerinun  trading  mid  this  by 
a  Hinipir  process  involving  no  tnatrriiil  encroaclnncnl  upon  the 
yui<l  space  or  additions  to  the  woiking  slafT  and  a  ciiinpanitivrly 
nuniinal  capital  outlay.     M. 


THE  GERMAN  LIGNITE  INDUSTRY 

According  to  a  report  in  Engineering,  103  U917).  104,  the 
German  lignite  industry  has  fared  well  during  the  war  and  better 
than  ever  in  1916.  This  industry  has  gained  considerable  im- 
portance, notwithstanding  the  development  in  coal  mining  and, 
although  it  comprises  some  300  installations,  these  are  controlled 
by  comparatively  few  companies,  some  of  which  are  large  con- 
cerns with  substantial  capital.  The  shortage  in  the  production 
of  coal  since  the  war  broke  out,  some  28  per  cent  for  the  first 
year  and  about  10  per  cent  for  the  second  year  of  the  war,  caused 
an  immense  increase  in  the  demand  for  lignite  and,  as  the  fol- 
lowing figures  show,  the  production  in  spite  of  the  shortage  of 
labor  was  larger  in  191 5  than  in  1913: 

Proddction  in  Tons 
Year  Raw  Lignite  Briquette 

1913 87,000,000  21.400,000 

1914 84.000.000  21.400.000 

1915 88.400.000  23.300.000 

The  year  1916  is  expected  to  show  a  further  rise.  From  a 
financial  point  of  view,  the  results  of  the  lignite  industrj'  during 
the  war  have  proved  satisfactory  in  spite  of  increased  expendi- 
ture. The  aggregate  profits  of  the  20  leading  Ugnite  concerns 
show  but  a  slight  decline  for  1914-15,  as  compared  with  1913-14, 
and  in  1915-16  the  result  surpassed  1913-14.  For  1913-14,  the 
average  dividend  was  10.4  per  cent,  while  for  1915-16  it  was 
10.8  per  cent,  and  is  likely  to  be  higher  for  the  present  year. 
The  war  seems  to  have  opened  up  new  markets  and  lignite  has 
now  become  a  factor  of  some  moment  in  various  chemical  in- 
dustries and  deposits  of  the  substance  are  eagerly  sought  after. 
The  rises  have  increased  considerably  as  is  shown  by  the  fact 
that  the  German  Petrol  Company  which  is  going  in  for  tar  produc- 
tion from  lignite,  paid  185  per  cent  for  shares  in  the  Rositz  Lignite 
Company,  which  shares  were  below  par  before  the  war. — M. 


FLAX-GROWING  INDUSTRY 
In  the  January  issue  of  the  Times  Trade  Suppltment.  the  possi- 
bility of  a  revival  of  the  flax-growing  industry  in  Great  Britain 
is  the  subject  of  an  article  by  Dr.  J.  V.  Eyre.  The  writer  states 
that  the  experience  of  the  last  three  seasons  has  shown  that  high- 
class  flax-crops  can  be  raised  in  the  British  Isles,  and  Belgian 
experts  have  declared  the  crops  to  be  generally  equal  to  those 
raised  in  their  own  country.  The  main  difficulty  since  war  broke 
out  has  been  to  obtain  labor  at  har\-est  time  to  pull  the  crop. 
To  meet  this  difficulty,  engineers  and  others  have  been  engaged 
for  a  long  time  on  the  design  of  a  machine  to  effect  the  pulling 
satisfactorily  and  several  machines  are  now  under  construction 
or  are  in  the  experimental  stage  in  both  Canada  and  Ireland. — M. 


OILSEED  CROPS 
According  to  the  Clieminil  Trade  Journal,  60  (1Q17  .  -i.  the 
first  forecast  of  winter  oilseeds  (rape,  mustard,  and  linsocd) 
crop  i.ssued  by  the  Department  of  Statistics.  India,  states  that 
the  total  estimated  iirea  under  ra|K  and  mustard  rciwrtcd  up  to 
date  is  3,888.oiK)  acres.  This  is  10  jicr  cent  alxnc  the  area  at 
this  time  last  year.  The  total  area  under  linsocd  is  estimated  ot 
2.627,0(x)  acres  or  3  per  cent  below  the  urea  for  last  year  The 
latest  information  pul>llslK-<l  by  the  Inlcniationnl  Institute  of 
Agriculture.  Rome,  shows  thai  the  estimate  of  the  linscetl  crop 
of  loKi  in  the  I'nited  States  is  i,59<i,(xxi  acres  and  384.01x1  tons 
against  i,3frfi,ooo  acres  and  34S.o<xj  tons  in  the  prccetling  yww. 
I'or  the  Canadian  crop  of  linseed,  the  estimates  arc  7^3.000  acres 
and  iQ4,txx>  tons  ns  against  8n6.<)<xi  acres  ami  jivs.ixm  tons  in  the 
previous  year.  From  unonioiul  sourers,  it  iip|>cars  that  in  the 
Argentine,  the  condition  of  the  linsocd  crop  is  dis;(strou%ly  bad 
on  account  of  dioUKlit  and  the  yield  Is  expcctc*!  to  l>c  only 
],S<i,r><a)  tons  as  compared  with  i)8<<.i»-«i  tons  last  year.  In  Uu«ia. 
also,  the  linsocd  crop  is  rrpoitcd  to  I*  poor  Ixith  in  quantity  and 
quality      M 
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BRITISH^OIL  TRADE  IN  1916 

The  London  Chamber  of  Commerce  Review  for  1916  states 
that  a  marked  feature  during  the  year  under  review  has  been  the 
continued  demand  for  oils  of  every  grade  and  more  particularly 
the  higher  grades  of  lubricating  oils.  Owing  to  increased  freights 
and  extra  cost  of  insurance,  prices  throughout  the  year  main- 
tained a  very  high  level.  In  early  spring  conditions  were  very 
stringent,  supplies  being  at  a  premium,  and  even  the  common 
oils  brought  as  much  as  the  best  oils  in  normal  times,  while 
some  grades  were  almost  unobtainable.  Easier  conditions  pre- 
vailed later,  but  towards  the  end  of  the  year  the  market  again 
hardened  and,  at  the  time  of  writing,  there  is  every  indication 
of  a  rise  in  prices  and  a  shortage  of  supijlies.  It  is  generally 
agreed  that  for  some  time  after  the  war  a  return  to  normal  will 
be  impossible.  Stocks  have  been  depleted  by  the  abnormal 
demands  and  the  difficulty  of  securing  freights  from  the  other 
side  of  the  Atlantic  has  increased  and  will  not  disappear  as  soon 
as  hostilities  cease.  The  question  of  future  supplies  is  at  present 
one  of  great  anxiety  to  importers.  There  are  no  indications  of 
any  lessening  of  the  demands  by  ordinary  users  from  which  it 
may  be  argued  that,  during  the  new  year,  business  will  be  ex- 
tremely brisk  with  high  prices  ruling  all  around. — M. 


THE  EXTRACTION  OF  SUMACH 

According  to  an  article  in  Lcnther  World,  9  (1917),  76,  when 
using  sumach,  it  should  be  rcmcml)crcd  that  this  material  is 
very  liable  to  loss  through  faulty  extraction.  Of  all  the  common 
tanning  materials,  sumach  is  the  one  in  which  the  tannin  is  most 
easily  destroyed.  This  loss  or  destruction  may  take  place  if 
the  sumach  is  not  extracted  at  the  correct  temperature.  Many 
tanners  think  that,  in  order  to  get  the  whole  of  the  tannin  from 
sumach,  it  is  necessary  to  boil  it,  but  this  is  quite  wrong  as, 
by  boiling  the  substance,  20  to  30  per  cent  of  the  tannin  may  be 
destroyed.  The  correct  temperature  for  extraction  is  between 
120  and  140°  F.;  if  the  cemi)erature  is  raised  above  this, 
some  may  be  destroyed.  The  sumach  should  be  mashed  with 
water  at  this  temperature  but,  after  the  extraction  of  the  tannin, 
the  solution  should  not  be  kept  for  any  length  of  time  before 
being  used.  A  sumach  infusion  ferments  more  quickly  than  that 
of  any  other  tanning  material  and,  if  allowed  to  stand  for  some 
days,  a  large  proportion  of  the  tannin  is  lost.  Contrast  this  with 
mimosa  bark,  the  liquors  of  which  can  be  kept  almost  indefinitely 
without  appreciable  loss.  Sumach  should,  therefore,  not  be 
extracted  before  it  is  required  for  use.  By  observing  these  points, 
considerable  economy  in  the  use  of  sumach  may  be  exercised. 
— M.  

FRENCH  COLOR  INDUSTRY 

The  Dyer  and  Calico  Printer  says  that  a  long  discussion  be- 
tween the  chemists  and  the  pharmaceutists  in  the  pages  of 
La  Revue  des  Produits  Chimiques  reveals  the  fact  that  the 
French  artificial  color  industry  is  handicapped  by  ancient 
enactments,  the  first  of  which  became  law  in  1777.  These  date 
from  the  time  when  chemistry  was  ranked  with  astrology  or 
even  black  magic,  and  the  result  is  that,  in  the  words  of  our 
contemporary,  the  administration  officially  ignores  chemistry 
and  the  chemist.  The  authorities  know  only  the  engineer, 
the  physician  and  the  pharmaceutist.  If,  therefore,  a  French 
works  wishes  to  put  synthetic  medicine  on  the  market,  it  must 
"interest  a  pharmaceutical  chemist  in  the  manufacture  of  these 
products."  The  law  seems  to  enact  that  a  pharmaceutical 
chemist  shall  alone  make  medicine  and  must  be  on  the  staff 
of  the  color  works.  Certainly,  he  need  not  be  resident  at  the 
works  and  may  conduct  his  department  from  some  other  town, 
but  he  must  accept  pay  for  the  use  of  his  name.  This  adds  to 
the  cost  of  i)roduction  and  it  is  easy  to  see  that  it  is  an  unneces- 
sary drawback  to  the  French  color  industry  in  its  competition 
with  imported  products. — M. 


CRANE  AND  HOIST  MOTORS 

The  British  Thomson-Houston  Co.,  London,  have  designed  a 
new  type  of  motor  for  intermittent  serx'ice,  special  attention  being 
given  to  the  need  for  avoiding  breakdowns.  The  machine  is 
described  as  being  of  the  totally  enclosed  reversible  series,  wound 
commutating  pole  type  and  has  been  standardized  for  ratings 
up  t0  5oH.  P.,  these  ratings  being  based  on  continuous  operation 
for  30  minutes  at  full  load  with  a  temperature  rise  not  exceeding 
55°  C.  The  machines  are  of  the  4-pole  type.  The  magnet 
frame  is  of  cast  steel  made  in  two  parts,  the  top  half  carr>-ing  the 
brush  holders  and  being  provided  with  lugs  to  support  the  as- 
sembled motor,  while  the  bottom  half  has  a  strong  foot  drilled 
for  holding-down  bolts.  The  fact  that  the  drillings  for  the  holes 
can  be  made  at  any  place  along  the  feet  is  an  advantage.  The 
armature  core  and  commutator  are  assembled  on  a  sleeve,  a 
form  of  construction  which  permits  the  removal  and  insertion 
of  a  shaft  without  the  necessity  for  disturbing  the  armature 
windings  or  the  commutator.  The  armature  windings  are  com- 
posed of  former  wound  coils  inserted  in  open  slots.  A  valuable 
feature  is  that  the  shaft  extensions  are  arranged  to  permit  the 
spur  gear  of  the  brake  to  be  mounted  on  either  end  of  the  shaft. 
— M. 

A  NEW  POCZET-LAMP 

A  pocket-lamp  without  a  battery  is  a  recent  Hungarian  in- 
vention. An  engineer  of  Budapest  transforms  muscular  energy 
into  electrical  energy  producing  light.  In  shape  and  intensity 
of  light,  it  equals  the  ordinary  torch-lamp.  The  thumb  moves 
a  small  lever  outside  the  case,  which  on  being  depressed  and  re- 
leased, springs  back  into  its  original  position.  This  movement 
is  transmitted  through  a  rachet  and  pawl  to  a  set  of  pinion  gears 
which  drive  a  small  dynamo,  the  field  of  which  is  fitted  with  a 
permanent  magnet.  It  is  necessary  to  keep  on  moving  the  lever 
with  the  thumb  as  long  as  light  is  required,  but  the  energy  stored 
up  in  the  spring  is  sufficient  to  maintain  light  for  a  few  minutes 
after  the  movement  of  the  lever  has  ceased.  When  the  design 
is  carried  out  in  a  heavier  form  as  a  hand-lamp,  the  lever  is 
actuated  by  squeezing  two  parallel  handles  attached  to  the  case, 
one  of  which  is  fixed  and  the  other  movable.  The  principle, 
says  the  English  Mechanic,  105  (191 7),  4,  might  also  be  applied 
to  other  purposes,  as  to  ignition  dynamos  for  blasting. — -M. 


RUSSIAN  PLATINUM  MINES 
Some  time  ago  H.  M.  Consul  at  Ivkaterinburg  reported  that  the 
annual  sale  by  auction  of  the  gold  and  platinum  mines  in  the 
Urals  was  to  take  place  at  the  Ekaterinburg  Mines  Department 
on  February  6.  In  all  600  mines  were  to  be  put  up  for  sale,  the  ma- 
jority being  situated,  as  is  usually  the  case,  in  the  Orenburg 
Government.  As  a  rule,  these  mines  are  bought  up  with  the 
idea  of  reselling  them  abroad  at  an  enhanced  price.  H.  M. 
Consul,  however,  in  a  later  report,  states  that  the  government 
authorities  have  decided  that,  until  further  notice,  all  platinum 
mineral  is  to  be  held  and  sales  refrained  from,  in  view  of  the  pro- 
posed requisition  of  platinum  by  the  govenimcnt. — M. 


MAGNETOS 

When  war  broke  out,  says  Engineering,  103  (1917),  84,  there 
was  only  one  British  firm  manufacturing  magnetos,  its  output 
being  under  100  per  week.  Practically  every  magneto  which 
went  on  motor  vehicles,  motor  boats  and  aircraft  of  Great 
Britain  came  from  Germany  or  America.  To-day  there  are  twelve 
or  more  British  firms  making  magnetos.  Their  entire  output, 
which  reaches  a  total  of  over  165,000  magnetos,  has  been  made  for 
war  purposes,  being  used  on  aeroplanes,  sea-planes,  airships, 
motor-lorries,  motor-ambulances,  motor  cycles,  "tanks,"  big- 
gun  tractors,  motor  boats,  wireless  sets,  searchlight  sets,  lighting 
sets  and  other  contrivances  where  magnetos  are  required. — M. 


Apr.,  1917 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING   CHEMISTRY 


411 


CHEMISTRY  IN  WARTIME' 

By  Richard  B.  Pilcher' 

Owing  to  the  conditions  of  modem  warfare,  chemists  have 
been  more  than  ever  in  request.  To  give  a  full  account  of  their 
work,  if  it  were  possible,  would  be  imprudent,  but  it  is  well  to 
place  on  record  a  statement  confined  to  wh^t  it  is  permissible  to 
relate,  giving  some  indication  of  the  importance  of  the  pro- 
fession of  chemistry  to  the  nation  in  these  times. 

The  Government  has  secured  the  guidance  of  chemists  and 
other  men  of  science  to  assist  in  the  investigation  of  suggestions 
and  inventions,  and  to  bring  their  knowledge  and  experience  to 
bear  on  measures  and  devices  of  offence  and  defence,  while  apart 
from  those  acting  in  an  advisory  capacity,  chemists  have  been 
called  for  service  in  the  field  as  weU  as  in  the  factory.  In  such 
times  there  is  a  demand  for  the  solution  of  problems  of  an 
unusual  character  which  can  be  entrusted  only  to  men  of  the 
highest  scientific  training,  with  initiative  and  foresight. 

So  much  had  we  come  to  rely  on  foreign  sources  of  supply 
for  many  of  our  needs  that  means  had  to  be  found  for  dealing 
promptly  and  efficiently  with  difficulties,  some  of  which,  unless 
overcome,  threatened  serious  disaster.  The  chemists  of  the 
country  have  not  been  found  wanting. 

The  laboratories  of  our  universities  and  colleges  have  become 
small  factories  for  the  preparation  of  drugs  and  medicaments, 
and  many  institutions  have  been  trusted  with  the  examination 
of  materials  used  in  tlie  manufacture  of  explosives.  The 
measures  taken  in  this  emergency  secured  uniformity  in  method 
and  the  standardisation  of  processes  which  would  otherwise 
have  been  difficult  to  attain.  Under  the  supervision  of  their 
professors,  students  unfit  for  service  with  the  colours  have  been 
helping  the  country,  and  at  the  same  time  gaining  useful  ex- 
perience. 

Several  hundred  chemists  have  been  engaged  for  assistance 
in  the  laboratories  and  in  the  works  of  Government  and  con- 
trolled establishments  supplying  armaments,  munitions,  and 
otlier  materials  of  war.  Many  of  these  have  found  an  oppor- 
tunity of  helping  tlie  country  through  the  registers  maintained 
by  the  Institute  of  Chemistry  and  otlicr  societies  for  tliis  purpose. 
In  ca.ses  where  the  number  of  men  having  technical  experience 
in  some  branches  was  limited,  the  authorities  have  made  arrange- 
ments for  probationary  training,  so  that  their  services  should  be 
available  when  required  in  new  factories. 

The  staffs  of  the  chemical  departments  of  Woolwich  Arsenal 
and  other  Government  factories  have  been  considerably  aug- 
mented, as  also  tliat  of  the  Government  Laboratory,  which,  as 
the  recently  published  report  shows,  has  been  largely  responsible 
for  the  examination  of  foodstuffs  and  many  other  requirements 
of  the  Ivxpeditionary  Forces. 

In  previous  wars  the  authorities  have  considered  oflicers  of 
the  K.  A.  M.  C.  sufliciently  trained  for  all  necessary  military 
duties  involving  chemical  knowledge,  but  in  the  present  conflict, 
witli  an  unprecedented  demand  for  medical  men,  qualified 
chemists  have  volunteered  in  such  numbers  as  to  give  practical 
force  to  the  suggestion  that  they  should  be  engaged  for  the 
purification  and  examination  of  water  supplies  and  for  dealing 
with  matters  of  hygiene  rec|uiring  chemical  knowledge.  As  u 
result  many  have  been  appointed  to  conunissions  and  engaged 
for  scienlilic  work,  not  only  with  the  R.  A.  M.  C.  but  also 
with  the  A.  S.  C  and  A.  ()  !>.,  and  other  units.  Attached  to 
various  forces  at  home,  with  the  armies  on  the  Continent  and  in 
Africa,  chemists  have  thus  rendered  valuable  service. 

In  conse(|Uence  of  methods  of  offence  initiated  by  the  enemy, 
such  as  the  emplnynieiil  of  poisonous  ga.scs,  there  arose  u  further 
demand  for  men  with  trniniiiK  in  chemistry  for  .Kerviee  in  the 
field.  iMir  the  diilirs  involved  the  authorities  (leoinrd  it  ex- 
pedient to  enlist  men  with  siieli  tiaiiiliig  rather  than  entrust 
>  I'romJintt  of  Iht  Inililuli  of  fhtmislry  (|q|7),  copird  rroin  (he 
ChlmUal  TraiU  Journal  and  Chtmiial  lincinttr.  M  (Prb  2i.  1917).  lAV 
•  KFKltlrnr  ami  Scrrrlary  of  llir  Iii^Uliilr  of  Cliemlatry. 


them  to  men  without  any  scientific  knowledge,  and  the  unit 
thus  formed  is  a  fighting  force.  With  the  assistance  of  the 
universities  and  technical  colleges  and  the  various  bodies  in- 
terested in  chemistr>',  an  entirely  new  force  was  brought  into 
existence.  The  officers  were  mainly  selected  from  chemists  who 
already  held  commissions,  while  sergeants  and  corporals  with 
knowledge  of  chemistry  were  transferred  from  other  units. 
That  they  did  their  work  well  is  shown  by  the  despatches  of 
Lord  French  and  Sir  Douglas  Haig. 

From  the  experience  gained  in  the  campaign  it  is  clearly 
advisable  that  the  State  should  have  control  of  such  an  organiza- 
tion of  professional  chemists  as  to  ensure  at  any  time  their 
efficient  ser\ice  in  the  many  requirements  of  the  naval,  military 
and  air  forces.  In  addition  to  competent  chemical  advisers  of 
undoubted  standing,  the  following  appear  to  be  essential: 
Chemists  to  control  the  manufacture  of  mimitions,  explosives, 
metals,  leather,  rubber,  oils,  gases,  food,  drugs;  chemists  for 
the  analysis  of  all  such  materials  and  for  research;  chemists,  on 
active  service,  to  assist  in  the  control  of  water  suppUes,  in  the 
detection  of  poison  in  streams,  in  the  analysis  of  water  and 
food,  in  the  disposal  of  sewage,  and  in  other  hygienic  matters; 
chemists,  both  at  home  and  in  active  service,  to  assist  in  de- 
vising safeguards  against  enemy  contrivances  of  a  scientific 
nature,  and  methods  of  offence  to  meet  the  same,  as  well  as  for 
the  instruction  of  troops  in  such  matters. 

It  has  been  called  a  "chemists'  war"  and  an  "engineers' 
war."  Many  regard  it  largely  as  a  conflict  between  the  men  of 
science  of  tlie  countries  engaged.  Our  chemists  have  not  been 
dismayed  at  that,  but  it  is  impossible  to  foresee  to  what  limits 
beyond  accepted  tenets  the  enemy  is  prepared  to  go  in  the 
application  of  science  to  warfare,  and  we  cannot  reproach  our- 
selves with  having  set  an  example  of  frightfulness. 

To  sum  the  matter  up,  chemists  have  met  the  situation  with 
a  spirit  of  true  patriotism,  and  have  been  promptly  organized 
for  the  service  required  of  them.  It  is  not  too  much  to  hope 
that,  as  tlie  discoveries  of  science  have  been  applied  to  the  de- 
struction of  humanity,  they  may  be  devoted  more  and  more 
to  the  furtherance  of  the  arts  of  peace,  to  tlie  uplifting  of  civilisa- 
tion, and  the  pacification  of  tlie  world. 

During  tlie  war,  in  spite  of  the  shortage  of  labour,  considerable 
additions  have  been  made  to  the  large  manufacturing  concerns 
throughout  the  country  in  the  extension  of  factories,  both  for 
tlie  production  of  tilings  hitlierto  obtained  from  abroad  and  for 
the  retiuirements  of  tlie  war. 

One  important  lesson  which  on  no  account  must  be  lost 
sight  of  is  that  the  country  must  be  self-sup|X)rting  in  all  such 
requirements. 

The  chemists  engaged  in  connection  willi  tlic  production  of 
materials  of  war  include  a  large  numlKr  who  were  previously 
occupied  in  works  which  have  passed  under  Government 
control.  Most  of  these  were  members  of  the  Institute  or 
graduates  in  science,  and  many  were  teachers,  who  thus  obtained 
an  insight  into  operations  on  a  manufacturing  scale.  If  Uicy 
return  to  teaching,  this  exi>eriencc  will  have  brotidcncd  their 
views;  but  many  will  no  doubt  prefer  to  remain  in  industry. 
(Jf  Uiosc  with  Uic  forces,  probably  tlic  majority  will  return  to 
their  former  work.  In  any  case,  many  good  Hritisli  chemists 
should  be  available  for  the  furtlicrnncc  of  British  industr>-. 


RESTRICTION  ON  MAGNESIA 
The  Hritish  Minister  of  Munitions  gives  notice  thut.  under 
the  Defence  of  the  Kcalms  Act.  he  prohibits  the  use  of  magilCMtc 
iiiid  mngncsitc  pr<«lucts  for  and  in  ctmncction  witJj  (1)  con- 
struction or  repair  of  any  building  (other  than  furnaces)  or 
any  flimring  or  deck  or.  (j)  the  miinuructiirc  of  any  insulntinc 
or  noil  conducting  material  except  under  and  in  Bccordance 
with  tlic  terms  of  u  iiennit  grunted  by  the  Minister  of  Muni- 
tions.-   M. 
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ALUMINUM  PRICES 
The  selling  price  of  aluminum  ingots  of  ordinary  commercial 
purity,  98  to  99  per  cent,  has  been  fi.xed  in  Great  Britain  by  the 
Ministry  of  Munitions  at  Si 080  per  ton,  carriage  paid  to  con- 
sumers' works.  The  maximum  price  of  remelted  aluminum 
scrap  or  swarf  ingots  of  98  to  99  per  cent  purity  has  been  fixed 
at  $1008  per  ton,  carriage  paid  to  consumers'  works.  This 
maximum  price  must  not  be  exceeded  but  a  lower  one  may  be 
fixed  by  agreement  between  seller  and  buyer  based  upon  the  me- 
tallic aluminum  content.  These  prices  take  effect  from  February 
I ,  and  permits  will  be  granted  for  such  dealings  in  the  above- 
mentioned  materials  as  are  in  accordance  with  the  above  prices 
which  are  subject  to  alteration  at  any  time  by  the  Minister  of 
Munitions. — M. 

NEW  COMPANIES  IN  JAPAN 
According  to  reports  from  H.  M.  Commercial  Attache  at 
Yokohama,  the  following  are  among  the  latest  industrial  de- 
velopments in  Japan:  A  company  with  capital  2,500,000  yen 
($1,250,000),  has  just  been  formed  at  Tokio  for  the  purpose  of 
refining  zinc  by  electrolysis  and  for  mining  and  smelting  other 
metals.  A  glass  factory  is  being  erected  at  Yokohama  with 
a  capital  of  $1,500,000  and  it  is  expected  that  operations  will 
be  started  in  March,  and  orders  have  already  been  placed  with 
this  company  for  large  quantities  of  bottles.  Another  company 
with  a  capital  of  $500,000  proposes  to  erect  in  the  suburbs  of 
Tokio  a  factory  for  the  manufacture  of  plate  glass.  A  mining 
concession  for  silica  is  said  to  have  been  obtained  by  the  latter 
company  in  the  Shizuoka  Prefecture.  With  a  view  to  working 
an  oilfield  in  the  Yamagata  district,  a  company  with  a  capital 
of  $1,500,000  has  been  formed,  while  another  with  a  capital  of 
$3,000,000  proposes  to  take  over  and  work  a  number  of  oil  con- 
cessions at  Kwiokawa,  Akita  Prefecture.  As  a  result  of  the  ex- 
periments made  in  the  manufacture  of  soda  ash  in  Nagoya,  a 
joint  stock  company  with  a  capital  of  $500,000  has  been  formed 
to  manufacture  this  product  and  land  has  been  acquired  at  Na- 


goya harbor  to  erect  factories.  An  electrochemical  company 
with  a  capital  of  $500,000  will  build  factories  at  the  river  Arakawa 
for  the  manufacture  of  bleaching  powder,  etc. — M. 


BRITISH  BOARD  OF  TRADE 

During  the  month  Ja!mar>-  15-Fcbruary  15,  the  British  Board 
of  Trade  received  inquiries  from  firms  in  the  United  Kingdom 
and  abroad  regarding  sources  of  supply  for  the  following  articles. 
Firms  which  may  be  able  to  supply  information  regarding  these 
things  are  requested  to  communicate  with  the  Director  of  the 
Commercial  Intelligence  Branch,  Board  of  Trade,  73  Basinghall 
St.,  London,  K.  C. 

Advertising  NovELTins:  Enamelled  iron  shades  for  electric 

Knives,  cheap,   to  retail    at     lOc.  lights 

each  Eyelets  for  boots 

Mirrors,      small,      covered      with  Fezzes,  felt 

celluloid  Gum  Arabic 

Pencils  Gedda,  amber  sorts 

Beech     boards    for    brushes     (good  Hose-pipes,  2V«  and  3  in. 

quality)  Isinglass 

Bells,  metal,  toy  Latex  cups 
Bottles,  glass,  straw-colored 

Bootlaces,  leather  and  mohair  Machinery  and  Plant  For: 

Buckles,  brace,  brass  Making  boot  lace  tags 

Candles  Making  gelatine 

Cord-wire  Making  capsules 

Cases,  cast-iron,  for  electrical  fuse-  Grinding  safety  razor  blades 

boards  and  switch-gear  Making  glass  flasks 

„  Conversion  of  starch  into  dextrine 

Chemicals:  Making  candles 

Amorphous  phosphorus  Stamping   out   leather,  cloth   and 

A  phanaphtho  rubber  washers 

Alphanaphthylamme  Gelatine,  shredding  plant 

r»"      th^l      T  Electric  baling  presses 

Uimetnylanilme  _  Hydraulic  baling  presses 

Mctaphenylcnediamme  ^^^^       ^^      j^^    ^        ^3^    to    rough 

Metatoluolenediamme  twine 

Naphthionate  of  Soda  Push-buttons 

Nitrobenzene  Rosin,  American,  1000  tons 

Orthotoluidine  Studs,  press,  also  two-piece 

Saltpetre    (refined,   granulated)  Tanks,    wagon,    for   distributing   oil 

Sulfanilic  acid  Wheels,  chilled  iron 

Caustic   Soda,    100    tons    95    per  Wheels,  tracing 

Wire,  galvanized,  4  mm.  thick 
Wire-nails,    assorted   '/■  in.    by    18 
B.  W.  G.  to  5  in.  by  8  B.  W.  G. 

Dextrinous  substances  (powder)  Wood  (ash)  rims  for  sieves 

Dyes,  cheap,  for  ink  making  Zinc,     sheet,     suitable     for     lining 

Egg-beaters,  Dover  pattern  packing  cases 

— M. 


cent 

Epsom  Salts,  druggists'  quality 
Silicate  of  Soda 


5CILNTIFIC  SOCILTILS 


CALENDAR  OF  MEETINGS 

American  Chemical  Society:  Spring  meeting,  Kansas  City, 
Mo.,  and  Lawrence,  Kan.,  April  10-14,  i9'7-  Annual  meet- 
ing, Boston,  September  10-16,  1917. 

American  Electrochemical  Society:  Thirty-first  General  Meet- 
ing, Detroit,  May  2-5,  1917.  Fall  meeting,  Pittsburgh, 
October  4-5,   19 17. 

American  Institute  of  Mining  Engineers:  Annual  meeting, 
St.  Louis,  October  8-13,  1917. 

American  Iron  and  Steel  Institute:     New  York,  May  25-26,  1917. 

American  Society  for  Testing  Materials:  Atlantic  City,  June 
26-30,  1017-  

NINETEENTH  ANNUAL  MEETING  AMERICAN  CERAMIC 
SOCIETY,  NEW  YORK  CITY,  MARCH  5  TO  8,  1917 

The  Nineteenth  Annual  Meeting  of  the  American  Ceramic 
Society  was  held  March  5  to  8,  1917,  at  New  York  City  with 
headquarters  at  the  Astor  Hotel.  All  the  sessions  were  held 
at  the  Astor  Hotel  except  the  one  of  Tuesday  afternoon,  March 
6,  which  took  place  at  the  Metropolitan  Museum  of  Fine  Arts, 
and  was  followed  by  a  tour  of  the  Museum.  The  annual  business 
session  of  the  Society  was  held  on  Monday  morning,  March 
5,  and  was  followed  by  the  Presidential  Address  by  Mr.  Lawrence 
E.  Barringer,  of  the  General  Electric  Company,  Schenectady, 
N.  Y.  On  Thursday,  March  8,  an  excursion  was  made  to 
Perth  Amboy,  N.  J.,  and  vicinity,  to  visit  the  Atlantic  Terra 
Cotta  Company,  Didier-March  Company,  and  the  Fords  Por- 
celain Works. 


PROGRAM    OF    PAPERS 
heavy  clay  wares:  their  manufacture  and  testing 

Study  of  Effect  of  Variation  of  Pressure  in  the  Forming  of  Dust  Pressed 
Tiles.     F.  K.  Pence. 

The  Advantages  of  Clay  Storage  and  a  Description  of  a  Successful 
Installation.     F   A   Riddle 

Notes  on  the  Manufacture  of  Promenade  Tile.     M.  W.  Blair. 

Notes  on  the  Flow  of  Clay  through  Hollow- Ware  Dies.     G.  D.  Morris. 

Humidity:  Its  Control  and  Relation  to  Drying  Clay  Wares.  W.  A. 
Denmkad. 

The  Effect  of  the  Size  of  Grog  in  Fire  Clay  Bodies.  F.  A.  Kirk- 
patrick. 

The  Relation  between  the  Fusion  Point  and  Composition  of  Refractory 
Clays.     R   J    Montgomery  and  C.  E.  Fulton. 

Volume  Changes  of  Some  Quartzites  and  Commercial  Sihca  Bricks 
on  Heating.     D.  W.  Ross. 

Note  on  the  Fine  Grinding  of  Refractory  Materials  before  Testing. 
R    J.  .Montgomery. 

Relation  of  Fusing  Point  of  Ash  to  AvailabiUty  of  Coal  for  Burning 
Ceramic  Wares.      R    R.  HicE. 

An  Attempted  Heat  Balance  on  a  Continuous  Kiln.     C.  B.  Harrop. 

Making  Paving  Brick  from  Blast  Furnace  Slag.     J.  B.  Shaw. 

The  Principles  of  Construction  of  Bucket  Elevators.     G    D.  Morris. 

ModiBcation  of  Load  Test  on  Fire  Brick.     J.  B.  Shaw. 

raw  materials,  minerals,  their  occurrence,  refining  and  testing 

Notes  on  the  Use  of  Sulfuric  Acid  in  the  Sedimentation  of  Kaolins. 
H.  G.  ScnuRECHT. 

Notes  on  Kaohn  Refining.     I.  E-  Sproat. 

American  Clays  for  Floating  Enamels.     J.  B.  Shaw. 

The  Relation  of  Salt  to  Clay  in  the  Purification  of  Clays.  H.  G. 
Schurbcht. 

A  Study  of  Some  American  Refractory  Bond  Clays.     A  V.  Bleinincbr 

AND  G.  A.   LOOMIS. 
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Clay  and  Shale  Deposits  in  the  Vicinity  of  Toronto.     E.  W.  Knapp. 

Apatite:  A  Substitute  for  Bone  Ash.     N.  B.  Davts. 

An  Instrument  for  the  Measurement  of  Plasticity.     W.  E.  Ehlbv. 

Discussion  on  Standard  Methods  of  Clay  Testing.  Led  by  A.  V. 
Bleininoer. 

A  Method  of  Measuring  the  Time  of  Set  of  Calcined  Gypsum.  W.  E- 
Emley- 

glass  and  enahbl  industries 

Glass  Sands:  Their  Origin,  Mode  of  Occurrence  and  Properties.  C. 
R   Fettke. 

The  Physical  Chemistry  of  the  Fining  of  Glass.     R.  M.  Howe. 

Glass  Tank-Furnace  Operation.     R,  L.  Frink. 

History  of  Alabaster  Glass.     A.  Silverman. 

Discussion:  In  What  Chemical  Condition  Does  Manganese  Exist  in 
Glass  when  Used  as  a  Decolorizer,  and  What  Factors  of  Furnace  Conditions 
Affect  It?     Led  by  R    L.  Frink. 

Enamel  Surfaces  under  the  Microscope.     E.  P.  Poste 

GLAZES    AND    COLORS 

The  Cost  of  Raw  Lead  Glazes.     H.  F.  Staley  and  L.  Hewitt. 

Chrome-Tin  Colors  at  Cone  9.     R.  H.  Minton, 

A  Synthetic  Production  of  Sulfate  Blisters  in  Whiteware  Glazes.  C 
F.  Binns. 

A  Study  of  Three-Component  Nomative  Systems  in  Raw  Lead  Glazes.. 
H.  F.  Staley  and  W.  G   Whitford. 

The  Crawling  of  Malt  Glazes.     C.  F.  Binns  and  M.  E.  Saonders. 

Bristol  Glazes,  Compounded  on  the  Eutectic  Basis.  Second  Paper. 
A.  S.  Watts. 

The  Control  of  Fusibility  in  Fritted  Glazes.  H  F.  Stauby  and  R.  J. 
Riley. 

Report  of  Practical  Application  of  Bristol  Glazes  Compounded  on  the 
Eutectic  Basis.     A.  S.  Watts. 

BODIES    AND    THEIR    PROPERTIES 

Notes  on  Flint  and  the  Preparation  of  Porcelain  Bodies.  G.  H.  Brown 
AND  C    F.  Oeiobr. 

The  Interchange  of  Quartz  and  Flint  in  Pottery  Bodies.  C.  F.  Binns 
and  W.  I.  Sutton. 

A  Deformation  Study  of  MgO-AliOi-SiOj  Mixtures.     A.  S.  Watts. 

A  Deformation  Study  of  BaO-AbOj-SiOa  Mixtures.     A.  S.  Watts. 

Latent  Heat  of  Fusion  of  Lime  and  Magnesia.     E.  W.  Wasbbur.n. 

A  New  Principle  in  Heat  Measurement.     W.  C.  Harter. 

Note  on  the  Temperature-Porosity-Volume  Changes  of  Some  Porcelain 
Bodies.     G.  A.  I.oomis. 

Note  on  the  Production  of  Special  Refractories,  Marquardt  Porcelain 
and  Magnesium  Aluminate.     F.  H.  Riddle. 

session  at  the  metropolitan  museum 
Ancient  Greek  Pottery.     Miss  Richter.  of  the  Museum  StaCF 
An    Attempted    Reproduction    of    Ancient    Oriental    Glazed    Pottery. 
Charles  F    Kinns  and  Nellie  I.  Wbi.i.s. 

Chinese  Porcelains.     Mr.  Bosch  Reitz,  of  the  Museum  Staff. 

An  Indigenous  American  Artist,  and  His  Medium.     Edward  Orton, 

JR 

View  of  the  Ancient  Greek  Pottery  and  the  Chinese  Porcelains  in  the 
Museum  Galleries.     Conducted  by  Miss  Richter  and  Mr.  Rbitz. 


SPRING    MEETING    AMERICAN     CHEMICAL     SOCIETY, 
KANSAS  CITY,  APRIL  10  TO  14,  1917 

The  I'"iftv-fourth  MtcliiiK  of  tlie  Aincricaii  Cliciiiical  Society 
will  be  held  in  Kansas  City,  Tuesday,  April  loth,  to  Saturday, 
April  14th,  inclusive.  The  Society  and  hotel  headquarters  will 
be  at  the  i  lotel  Muehlbach,  corner  of  12th  and  Hroadway  Streets. 

DIVISIONAL  PROGRAMS:  The  usual  nieetiuKS  will  be  held  by 
all  of  the  Divisions,  with  the  following  special  proRranis:  The 
Physical  and  Inorganic,  and  Organic  Divisions  will  hold  a  Joint 
MeetiuK.  Thursday  morniiiK,  April  12;  the  Division  of  Indus- 
trial Chemists  and  Chemical  Engineers  will  hold  a  Syinposiuni 
on  the  Chemistry  and  Metallurgy  of  Zinc,  Thursday,  April    12. 

KXCiiHSloNS:  Interesting  excursions  arc  being  arranged  cover- 
ing trips  to  the  following  industries:  Packing  houses,  (lour 
mills  and  other  foodstuffs  manufactories,  /.inc  smelters,  acids, 
cement.  i)aper.  soap  and  structural  steel  factories,  and  serum 
laboratiiries.  and  prol>:il>ly  also  a  petroleum  refinery.  A  trip 
will  iiKo  be  made  to  Lawrence  to  visit  the  llniversity  of  Kansas. 

CMAIRMRN  OV  TUB  LOCAL  COMMITTBOa 

EMiCHlif  ~W    A.  WiiiTAKKii.  lliiivrrilly  of  Kunua,  l.,ai>rrncr,  Kaiinx 
rJnano— K      lliiinrii,    Rlilriiour  Uakcr    C'.rucrry    Company.    Kiin»iu 
City.  Mluourl. 


Reception  and  Registration — L.  E.  Sayrb,  University  of  Kansas 
Lawrence,  Kansas. 

Smaller — G.  H   Clay,  Procter  and  Gamble.  Kansas  City.  Kansas. 

Banquet — R.  Cross,  Kansas  City  Testing  Laboratories,  Kansas  City. 
Missouri. 

Publicity — F.  B.  Dains.  University  of  Kansas,  Lawrence,  Kansas. 

Excursions — C.  F.  Gustafson.  Manual  Training  High  School,  Kansas 
City,  Missouri. 

Entertainment  of  Ladies — Mrs.  F.  B.  Dains.  1224  Louisiana  Street, 
Lawrence,  Kansas. 

PROVISIONAL  PROGRAM 

Tuesday,  Apeii,  10.  Evening,  Dinner  to  the  Council  and  Council 
Meeting. 

Wednesday,  April  II.  Morning,  Opening  Session  Afternoon, 
Public  Session:     "Petroleum  and  Natural  Gas."      Evening,  Smoker. 

Thursday,  April  12.  Morning  and  Afternoon,  Division  Meetings. 
Evening,  Banquet. 

Friday,  April  13.  Morning,  Di%Tsion  Meetings.  Afternoon,  Ex- 
cursions.     Evening,  Open. 

Saturday,  April  14.     Morning,  Excursions. 

PAPERS  FOR  THE  MEETING:  All  titles  for  papers  should  be  in 
the  Secretary's  hands  on  or  before  March  27th;  or  in  the  hands  of 
the  secretaries  of  divisions  on  or  before  March  z^th,  with  the  ex- 
ception that  titles  of  papers  should  reach  the  Secretary-  of  the 
Division  of  Industrial  Chemists  and  Chemical  Engineers  on  or 
before  March  2ist. 

The  Division  of  Industrial  Chemists  and  Chemical  Engineers 
have  voted  that  the  titles  of  all  papers  shall  be  sent  to  the  Secretary 
of  the  Division,  which  title  should  be  accompanied  by  an  abstract, 
in  time  to  have  the  abstract  passed  upon  before  the  paper  is  put  on 
the  program;  that  any  title  sent  without  an  abstract  shall  not  be 
printed  in  the  program,  and  that  the  time  limit  for  the  presenta- 
tion shall  be  Jive  minutes,  imless  special  arrangements  are  made 
with  the  Secretary  of  the  Division. 

By  vote  of  the  Council  no  papers  may  be  presented  at  the  meeting, 
titles  for  which  are  not  printed  on  the  final  program. 

ADDRESSES  OF  THE  DIVISIONAL  SECRETARIES 

Agricultural  and  Food  Chemistry:  Glen  F.  Mason,  H.  J.  Heint  Co., 
Pittsburgh,  Pa. 

Biological  Chemistry:  I.  K.  Phelps,  Bureau  of  Chemistry.  Washing- 
ton, D.  C. 

Ferlilizer  Chemistry:  F.  B  Carpenter,  Virginia- Carolina  Chemical 
Co.,  Richmond.  Va. 

Industrial  Chemists  and  Chemical  Engineers:  S,  H.  Salisbury.  Jr., 
Northampton,  Pa. 

Organic  Chemistry:  H  L.  Fisher,  Columbia  Univcrnity.  New  York 
City 

Pharmaceutical  Chemistry:  George  D  Bcal.  Chemistry  Building, 
University  of  Illinois,  Urbana,  III. 

Physical  and  Inorganic  Chemistry:  Earl  V.  Millard.  Institute  of 
Technology,  Boston,  Mass. 

Water,  Sevage  and  Sanitalion:  H.  P.  Corsoo,  U.  °S.  Public  Health 
Service,  Grove  City.  Pa. 

ladies'  ENTBRTAiNMBNT:  The  Committee  headed  by  Mrs. 
F.  B.  Dains  is  actively  at  work  arranging  a  program  for  tlie 
pleasure  of  visiting  ladies.  Ladies  may  come  to  tlic  meeting 
with  the  assurance  that  everything  will  be  done  for  Oieir  comfort 
and  pleasure.      Details  will  be  found  in  the  rm;d  program. 

PINAL  PROGRAM !  The  final  program  will  be  sent  to  all  members 
signifying  their  intention  of  attending  the  meeting,  to  the  .secre- 
taries of  sections,  to  the  Council,  and  to  all  memlicrs  nutking 
special  request  therefor  by  postal  card  or  attached  slip  to  the 
.Sccretiir)''s  ofl'icc. 

OBITUARY— FREDERICK  ROWLAND  HAZARD 

Industry  and  stK-iety  lost  a  coinniutuling  ligurr  in  the  rei-cnt 
ilealh  of  .Mr.  I'  K.  Har;«ril.  of  Syracuse  He  will  long  l>e  known 
as  a  mrmbcr  of  the  group  of  men  who  brought  the  Solvuy  privrs* 
for  the  manufaclurr  of  stMla-dsh  to  the  Cnilrtl  State* 

Horn  in  IVacc  Dale.  K  I.,  Mr.  Ilafnrd  rrcri>tMl  lti<i  early 
itcluMiling  in  Providence.  R.  I.,  and  was  graduated  from  Bmwn 
University   in    1881      For  two  years  he  waji  employetl  at   hia 
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father's  woolen  mills  at  Peace  Dale,  and  then  spent  a  year  or 
more  in  Europe  studying  the  ammonia  soda  process.  Equipped 
with  knowledge  so  acquired,  Mr.  Hazard  came  to  the  newly- 
established  plant  of  The  Solvay  Process  Company,  at  Syra- 
cuse, the  first  alkali  plant  built  in  the  United  States.  In  the 
manufacture  of  alkali,  Mr.  Hazard  had  found  a  field  which  was 
to  be  the  chief  interest  of  his  business  life.  As  Assistant  Treas- 
urer, Treasurer,  and  for  the  past  nineteen  years  as  President, 
he  participated  in  the  management  which,  through  its  initiative, 
foresight  and  energy,  not  only  instituted  alkali  manufacture  in 
this  country,  but  made  this  country  absolutely  independent  of 
European  supply. 

As  an  executive,  Mr.  Hazard  possessed  unusual  attainments. 
In  addition  to  natural  gifts  of  the  first  order  for  executive  and  finan- 
cial management,  he  had  a  complete  and  detailed  understanding 
of  the  ammonia  soda  process.  This  minute  knowledge  of  the 
business  made  him  an  executive  of  unfailing  judgment  in  matters 
of  manufacturing  policy  as  well  as  in  the  fields  of  finance  and 
organization.  There  is  one  striking  feature  of  Mr.  Hazard's 
administration  that  needs  particular  mention.  By  sheer  force 
of  character  he  created  an  "atmosphere"  in  the  multiple  organiza- 
tions of  which  he  was  the  leader  that  is  best  described  as  "whole- 
some." Not  only  by  his  example  of  simple  and  right  living  did 
he  set  a  standard  of  individual  conduct,  but  by  his  simple  and 
right  methods  of  thinking,  by  his  unswerving  justice  and  "square- 
ness," he  set  a  standard  of  business  ethics  which  affected  every 
man  in  the  organization. 

Since  Mr.  Hazard's  advent  to  the  Presidency  of  The  Solvay 
Process  Company,  the  interests  of  the  Company  have  been 
greatly  extended,  and  through  its  associated  companies,  it  has 
rendered  a  service  of  the  very  first  importance  in  conserving  the 
coal  supply  of  the  country  through  the  application  of  the  retort 
coke  oven.  It  is  not  too  much  to  say  that  the  example  set  by 
the  Solvay  interests  under  Mr.  Hazard's  presidency,  in  de- 
veloping the  coal  by-product  industry,  is  the  prime  reason  for 
our  nearly  perfected  independence  of  Europe  in  the  matter  of 
coal-tar  intermediates,  dyes  and  explosives. 

Besides   being   President   of   The   Solvay   Process   Company, 


Mr.  Hazard  was  President  of  Split  Rock  Cable  Road  Co.,  Presi- 
dent Solvay  Collieries  Co.,  Treasurer  TuUy  Pipe  Line  Co., 
Treasurer  Semet-Solvay  Co.,  and  Treasurer  By-Products  Coke 
Corporation.  Naturally,  Mr.  Hazard's  business  interests  reached 
out  beyond  the  companies  that  received  the  greater  part  of  his 
attention.  He  was  officer  or  director  in  several  banking  institu- 
tions, and  his  breadth  of  mind  and  understanding  made  his  coun- 
sel always  of  value.  He  was  President  of  the  Syracuse  Trust 
Co.  at  the  time  of  his  death  and  at  various  times  had  been 
Trustee  in  Onondaga  County  Savings  Bank,  Director  in  Com- 
mercial Bank,  and  Director  in  First  National  Bank. 

From  his  connections  and  from  inclination,  Mr.  Hazard  was 
always  interested  in  affairs  chemical.  The  Syracuse  Section  of 
the  American  Chemical  Society  has  had  occasion  many  times  to 
be  thankful  for  his  generous  help,  notably  at  the  holding  of  the 
joint  meeting  of  the  Ithaca,  Rochester  and  Syracuse  Sections. 
For  several  years  past,  Mr.  Hazard  had  been  President  of  the 
Manufacturing  Chemists'  Association. 

Keeping  step  with  his  business  vision  and  accomplishments, 
Mr.  Hazard's  place  in  the  social  structiu'e  of  the  community 
was  one  of  pre-eminence.  His  name  is  linked  inseparably  with 
the  success  of  the  Y.  M.  C.  A.  and  the  Y.  W.  C.  A.  activities  in 
Syracuse;  with  the  hospitals  and  free  dispensary;  with  the  Boy 
Scouts;  with  the  Associated  Charities;  with  the  work  of  the 
Moral  Survey  Committee,  and  with  the  fight  against  the  loan 
shark  evil.  He  had  been  President  of  the  Onondaga  Provi- 
dent Loan  Association  since  its  inception.  He  was  also  Past 
President  of  the  Y.  M.  C.  A.  Chamber  of  Commerce,  Syracuse 
Athletic  Association,  Syracuse  Music  Festival  Association,  and 
of  Solvay  Village. 

An  account  of  Mr.  Hazard's  character  would  not  be  complete 
without  a  reference  to  the  constant  thought  he  gave  to  the  well- 
being  of  the  Company's  employees,  and  indeed  to  all  men  and 
women  who  toil.  He  was  untiring  in  his  efforts  to  make  plant 
conditions  and  home  conditions  safer,  better  and  happier. 
He  worked  as  well  as  gave,  and  society  lost  in  Mr.  Hazard  a 
character  of  rare  genius  in  constructive  philanthrophy. 

J.  D.  Pennock 


NOTL5  AND  CORRL5PONDE,NCL 


DDREX  BARIUM  PLANT  BURNED 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

We  regret  to  announce  that  on  Thursday  night,  March  8th, 
our  plant  at  Sweetwater,  Tennessee  was  practically  destroyed 
by  fire,  and  at  the  present  writing  we  are  unable  to  say  when 
we  will  be  able  to  supply  barium  carbonate,  sodium  sulfide  and 
depilatory.  Fortunately  the  Long  Island  City,  N.  Y.,  plant 
of  Toch  Brothers  will  be  able  to  handle  all  existing  blanc  fixe 
and  barium  chloride  contracts.  We  are  trj'ing  to  make  arrange- 
ments through  other  sources  to  manufacture  part  of  our  prod- 
ucts. This  fire,  of  course,  does  not  interfere  with  our  raw 
material  supply. 

Owing  to  the  fact  that  the  Durex  Chemical  Corporation  had 
every  possible  facility  for  fighting  fires  and  had  both  the  night 
force  and  the  day  force  tlioroughly  trained,  it  is  well  to  point 
out  to  other  chemical  manufacturers  tliat  every  precaution  be 
taken  against  incendiary-  fires  at  the  present  time.  Two  weeks 
ago  one  of  the  bridges  connecting  two  of  the  buildings  of  the 
Durex  plant  caught  fire  during  the  day,  but  the  men  were  so 
well  trained  that  inside  of  five  minutes  the  fire  was  extinguished. 
The  present  fire  took  place  at  12.30  in  the  morning,  and  the  time 
clock  of  the  watchman  showed  that  he  had  been  at  the  place 
where  the  fire  originated  ten  minutes  before.  In  less  than  30 
minutes  the  barium  carbonate  plant  and  tlie  barium  sulfide 
plant  No.  I  were  beyond  control.  In  less  than  a  half  hour 
all  the  smokestacks  collapsed. 


Mr.  Henry  M.  Toch,  the  President  of  the  Durex  Chemical 
Corporation,  is  at  present  of  the  opinion  that  the  corporation 
should  build  a  plant  in  Chattanooga  and  another  one  in  Long 
Island  City. 


320  5th  Avb.,  New  York 
March  15.  1917 


Durex  Chemical  Corporation 
Per  Maximilian  Toch 


TWO  LETTERS  ON  CORROSION  OF  INGOT  IRON 
CONTAINING  COBALT,  NICKEL,  OR  COPPER 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

The  authors  of  the  paper  published  under  the  above  title. 
This  Journal,  9  (1917),  125,  have  very  freely  discussed  the  re- 
sistance to  corrosion  of  a  pure  commercial  open-hearth  iron 
manufactured  by  the  American  Rolling  Mill  Company  of  Middle- 
town,  Ohio,  and  sold  under  the  brand-name  of  American  Ingot 
Iron  and  have  attempted  to  contrast  the  corrosion  resistance 
of  this  product  with  certain  alloys  built  upon  it  as  a  base,  con- 
taining cobalt,  nickel  and  copper. 

The  authors'  conclusions  are  based  mainly  on  exposure  and 
loss  in  weight  tests  of  small  test  pieces  prepared  in  the  labora- 
tory. American  Ingot  Iron  was  melted  up  in  small  crucibles 
in  an  electric  furnace  and  treated  with  dcgasifiers  and  certain  alloy- 
ing constituents  and  small  castings  about  1.25  inches  in  diameter 
were  made  from  which  small  discs  were  turned,  etc.,  etc.  These 
little  discs,  about  the  size  of  a  half  dollar  were  suspended  by  silk 
threads  or  by  other  means  and  put  out  on  a  roof.     After  cor- 
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roding  for  what  is  termed  a  sufficient  length  of  time,  the  samples 
were  treated  with  ammonium  citrate  to  remove  adherent  rust 
and  weighed.  The  loss  in  weight  is  recorded  and  tabulated, 
and  upon  these  tabulations  some  very  sweeping  conclusions 
are  based.  In  fact,  eleven  separate  conclusions  are  appended 
to  this  paper,  which,  if  justified  by  the  experimental  evidence, 
ought  to  settle  the  much  debated  question  of  the  relative  cor- 
rosion of  pure  iron  and  some  of  its  alloys  for  all  time  to  come. 
As  a  matter  of  fact,  however,  the  conclusions  are  not  justified 
nor  are  the  results  in  accord  with  those  obtained  on  samples 
obtained  from  sheets  of  similar  analysis  manufactured  on  the 
large  open-hearth  scale  of  operation,  as  the  authors  themselves 
point  out. 

General  Conclusion  III,  p.  135,  states  that  alloys  formed  by 
the  addition  of  0.25  to  0.30  per  cent  of  copper,  nickel  and  cobalt 
to  American  Ingot  Iron  are  more  resistant  to  atmospheric  cor- 
rosion than  the  pure  American  Ingot  Iron  from  which  the  alloys 
were  prepared.  The  manufacturers  of  American  Ingot  Iron 
have  for  many  years  been  interested  in  studying  the  properties 
of  all  possible  alloys  built  on  a  pure  iron  base.  The  scientific 
research  department  of  this  company  is  well  known  to  be  second 
to  no  other  anywhere  in  the  iron  and  steel  industry  in  respect 
to  personnel,  laboratories,  equipment  and  plant  experimenta- 
tion facilities.  It  is  a  comparatively  easy  and  cheap  procedure 
to  make  up  series  of  alloys  in  small  laboratory  crucibles  but  the 
research  department  of  the  American  Rolling  Mill  Company 
has  long  since  discovered  that  corrosion  tests  made  on  such 
samples  are  simply  unconclusive  and  misleading.  A  careful 
inspection  of  the  results  recorded  in  this  paper  furnishes  abundant 
evidence,  if  any  were  needed,  of  tlie  trutli  of  this  statement. 
The  differences  in  the  corrosion  factors  derived  from  duplicate 
samples  of  the  same  heat  show  a  wider  variation  in  many  cases 
than  is  shown  between  the  samples  of  the  various  alloys.  To 
select  a  few  instances  only.  Sample  H,  207  (a),  a  0.50  per  cent 
nickel  alloy,  showed  a  corrosion  loss  factor  of  510,  while  its  dupli- 
cate, H,  207  (c),  showed  a  loss  of  910.  A  0.125  pcr  cent  cobalt 
alloyi  34204  (a)  sample  cut  from  a  commercial  sheet  showed 
a  corrosion  loss  of  11 80,  while  its  twin  cut  from  the  same  sheet 
showed  a  loss  of  292,  a  greater  difference  than  is  shown  between 
any  of  the  average  differences  between  the  competing  types 
that  were  under  test.  Since  sweeping  conclusions  arc  in  order, 
why  is  it  not  fair  to  conclude  that  one  sample  out  of  any  given 
heat  is  excellent  in  corrosion  resistance  and  another  very  bad 
indeed,  or,  perhaps,  even  better,  why  not  conclude  that  all  such 
tests  are  misleading  and,  therefore,  worse  than  none  at 
aU? 

Based  on  very  simil;ir  inclliods  of  testing,  E.  A.  and  L.  T. 
Richardson'  have  concluded  that  the  addition  of  copper  to  pure 
iron  has  a  very  slight  influence  on  corrosion  resistance,  while 
the  present  authors  conclude  rather  vaguely  that  "it  seems  to 
be  conducive  to  reducing  the  corrosion  of  American  Ingot  Iron 
under  atmospheric  conditions." 

No  one  has  been  more  concerned  than  the  manufacturers 
of  American  Ingot  Iron  to  discover  whether  the  alloys  of  cobalt, 
copper  and  nickel,  as  well  as  many  other  elements,  with  pure 
iron  were  superior  to  a  carefully  standardized  aiul  guaranteed 
purity  of  iron  itself.  \c)t  only  atmospheric  corrosion,  which  is 
rarely  encountered  by  uncoutcd  sheet  iron  in  service,  but  all 
the  nuillirorm  and  variable  conditions  of  service  exposure  have 
been  studied.  Not  wishing  to  make  this  discussion  too  long, 
it  may  be  stated  that  although  prenuiturc  publication  of  results 
has  been  carefully  avoided,  the  conditions  noted  in  more  than 
u  thousand  full  size  conuncrcial  sheets  do  not  agree  with  the 
concliisidiis  of  the  authors  who  seem  to  have  been  u  little  troubled 
by  this  tendency  themselves.  Ilnving  arranged  co<Vperution 
with  the  American  Kolling  Mill  Company  after  supplying  the 
cobalt  material,  they  received  a  ninnber  of  full  nir.c  coliult  alloy 
■  Taper  before  Aiiirrlcun  Kleclrocbcmlcal  Society,  Seplemlier  .<0,  IVI&. 


sheets  made  on  the  big  scale  of  operation  usual  in  open-hearth 
practice.  The  authors,  however,  did  not  receive  any  nickel 
or  copper  alloy  sheets.  It  is  difficult  to  understand,  therefore, 
how  they  can  discuss  the  corrosion  of  Ingot  Iron  containing  nickel 
or  copper,  since  they  did  not  have  any  such  material  in  their 
tests.  After  Ingot  Iron  has  been  melted  in  a  crucible  and  had 
other  constituents  added  to  it,  it  is  no  longer  American  Ingot 
Iron.     They  state: 

"The  samples,  Nos.  34175  to  44009,  prepared  by  the  American 
Rolling  Mill  Company,  so  far  as  this  series  alone  is  concerned, 
do  not  tend  to  bear  out  the  conclusions  from  the  series  prepared 
at  the  laboratory.  From  these  samples  alone  it  would  seem  that 
additions  of  small  amounts  of  cobalt,  up  to  one  per  cent,  have 
very  little  effect  on  corrosion,  and  that  the  addition  of  nickel 
to  about  0.7  per  cent  was  harmful." 

In  conclusion,  I  desire  to  give  expression  to  a  fact  that  is  very 
often  overlooked.  Independent  investigators,  with  a  zeal  which 
may  be  altogether  proper,  can  publish  results  of  tests  and  draw- 
sweeping  conclusions  witliout  any  particular  sense  of  duly  or 
responsibility  to  anybody  except  themselves  by  so  doing. 
A  great  manufacturing  company,  however,  believing  in  and  proud 
of  the  excellence  of  its  products  which  are  mainly  tlie  fruit  of 
organized  research  work,  has  to  be  very  certain  indeed  that  it  is 
right  before  it  urges  upon  consumers  the  purchase  of  new  prod- 
ucts, possibly  at  an  increased  price,  and  which  in  any  case  must 
be  ready  to  stand  the  test  of  ser\'icc  and  make  good  not  only 
imder  atmospheric  corrosion,  but  under  the  thousand  and  one 
conditions  that  all-round  service  must  meet. 

Washington,  D.  C.  A.   S.   CfSHMAN 

February  1 ,  1917 


Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 
In  his  comments  on  the  paper  by  Mr.  Blake  and  myself  as 
printed  in  This  Journai,,  9  (191 7),  125,  Mr.  Cushman  makes 
a  point  of  "cooperation"  with  the  American  Rolling  Mill  Co. 
We  received  their  products  for  our  tests  in  exchange  for  a  con- 
siderable batch  of  very  pure  metallic  cobalt.  Beyond  that,  I 
recall  no  cooperation  being  contemplated  for  the  four  series  of 
observ-ations  on  small  samples  which  were  made  for  the  Canadian 
Bureau  of  Mines,  primarily  for  tlic  purpose  of  studying  the  effect 
of  additions  of  metallic  cobalt.  Further  independent  public:i- 
tions  were  contemplated  regarding  the  obser\-ations  on  the  rolling 
mill  sheets  (Series  V),  concerning  which  there  was  considerable 
correspondence  regarding  cooperation.  This  was  in  1913, 
about  four  years  ago,  but  nothing  has  since  been  done  by  cither 
l)arty  about  cooperative  research,  except  that  each  supplied  the 
otlier  witli  analyses  of  materials  submitted.  This  has  been  ac- 
knowledged in  the  text.  I  take  this  opportunity  again  to  thank 
the  American  Rolling  Mill  Company  and  in  particular,  Dr. 
Beck,  Director  of  their  Research  Ilepartmcnt,  for  many  courtesies 
in  connection  with  our  exchange  of  materials.  The  present 
paper  is  not  intended  to  cover  Series  V,  1.  e.,  observations  on  the 
rolling  mill  sheets.  We  state:  "It  will  take  at  least  another 
year  for  these  sheets  to  corrode  through  to  dcstniction,  In'forc 
which  time  no  final  conclusions  can  be  drawn."  It  is  contem- 
plated that  our  observations  on  these  shcc  s  should  form  a  c<im- 
plete  and  independent  paper  to  t>c  published  niorr  or  lev;  simul- 
taneously with  those  of  the  American  Rolling  Mill  Cnnipany 
on  the  same  or  .similar  sheets. 

In  his  last  paragraph,  Mr.  Cushman  inidcrtakes  to  lecture 
"independent  investigators"  in  genrral,  and  prrsuniablv  our- 
selves in  particular,  for  lock  of  "senw  of  duty  or  rrs|Kinsibilily," 
in  ciintra<listinctioM  tu  a  "great  manufacturing  company."  I  have 
served  and  uni  at  the  niomrnt  srrx'ing  ai  dirtvtor  and  r\cv"utivc 
oflir«-r  in  several  corpur.itions.  but  I  h.ivc  f.iilcd  to  ni>iu-r  that 
Ihrir  i-ollectivo  "scn.sc  of  dtitv  ami  irs|HinMbilUv"  nsc<.  to  girairr 
heights  than  that  of  ihrir  individual  mrmlx-n>.  Hut  t««>  much 
space  and  linir  have  already  l>crn  taken  rrfrrting  tu  llic  (KtiKMuU 
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aspect  introduced  by  Mr.  Cushman  into  the  discussion.  I  shall 
pass  to  the  consideration  of  the  paragraphs  referring  to  tech- 
nical questions. 

Mr.  Cushman  remarks,  "as  a  matter  of  fact,  however,  the  con- 
clusions are  not  justified  nor  are  the  results  in  accord  with  those 
obtained  on  samples  obtained  from  sheets  of  similar  analysis 
manufactured  on  the  large  open-hearth  scale  of  operation  as  the 
authors  themselves  point  out."  We  pointed  out  no  such  thing! 
In  the  first  place,  we  cut  no  samples  from  the  sheets.  All 
samples  were  cut  from  bars.  The  remark  probably  refers  to 
Conclusion  IV,  following  Series  II.  Mr.  Cushman  failed  to 
note  that  this  conclusion  was  from  a  preliminary  series  of  measure- 
ments on  samples  which  were  unannealed.  We  carefully  Umit 
that  conclusion  by  the  phrase  "so  far  as  this  series  alone  is  con- 
cerned," namely.  Series  II,  and  because  the  samples  of  this  series 
were  unannealed,  it  was  regarded  as  preliminary,  and  another 
full  series  of  alloys  was  prepared. 

The  next  series  of  measurements  (Series  III)  were  made  on 
annealed  samples,  from  which  most  of  the  general  conclusions 
were  drawn.  This  series  indicates  that  the  samples  prepared 
by  the  addition  of  small  percentages  of  copper,  nickel  and  co- 
balt (from  0.25  to  3.0  per  cent)  to  American  Ingot  Iron,  as  de- 
scribed in  the  text  of  the  paper,  are  more  resistant  to  atmospheric 
corrosion  than  the  original  American  Ingot  Iron,  which  was  used 
as  a  base  for  the  preparation  of  the  alloys,  and  which  was  used 
as  a  standard  of  comparison. 

Mr.  Cushman  remarks:  "It  is  a  comparatively  easy  and 
cheap  procedure  to  make  up  series  of  alloys  in  small  laboratory- 
crucibles,  but  the  research  department  of  the  American  Rolling 
Mill  Company  has  long  since  discovered  that  corrosion  tests 
made  on  such  samples  are  simply  unconclusive  and  misleading." 
We  have  in  mind,  as  well  as  Mr.  Cushman,  that  accelerated 
corrosion  tests,  such  as  are  frequently  made  on  small  scale 
samples,  are  often  unconclusive  and  misleading.  I  do  not  re- 
gard that  these  tests,  extending  over  9  or  10  months  under  ac- 
tual atmospheric  conditions,  may  be  classed  as  accelerated 
tests,  nor  do  I  admit  that  the  general  results  will  differ  from  those 
on  large  sized  sheets  similarly  submitted  to  corrosion  action. 
This  point  may  properly  be  the  subject  of  discussion  and  variance 
of  opinion,  but  I  particularly  take  exception  to  Mr.  Cushman's 
discussion  of  this  point,  which  seems  characteristic  of  his  atti- 
tude throughout.  I  quote  from  him:  "A  careful  inspection 
of  the  results  recorded  in  tliis  paper  furnishes  abundant  evi- 
dence, if  any  were  needed,  of  the  truth  of  this  statement.  The 
difference  in  tlic  corrosion  factor,  derived  from  dupUcate  samples 
of  the  same  heat,  show  a  wider  variation  in  many  cases  than 
is  shown  between  the  samples  of  the  various  alloys.     To  select 

a   few   instances  only;   Samples   H    207    (a),   etc.,  etc " 

Mr.  Cushman  calls  attention  to  a  pair  of  measurements  for 
Sample  11  207  (a)  of  magnitude  910  and  510,  respectively,  namely, 
with  an  average  deviation  of  individual  measurements  from  their 
mean  of  about  28  per  cent.  For  the  other  sample,  to  which  he 
calls  attention,  he  has  quoted  the  figures  1190  and  292,  these 
being  the  extreme  corrosion  losses  for  the  sample,  and  indeed 
for  any  sample.  These  figures  show  an  average  deviation  from 
their  mean  of  approximately  60  per  cent.  Mr.  Cushman  pref- 
aces his  remarks  with  respect  to  these  figures  by  the  phrase 
"to  select  a  few  instances  only." 

Witli  respect  to  the  above,  in  Series  I,  there  are  pairs  or  triplets 
of  measurements  on  19  alloys.  Disregarding  the  two  samples 
to  which  Mr.  Cushman  has  called  attention,  and  one  other,  the 
average  deviation  of  individual  measurements  from  their  mean 
for  the  entire  series  is  approximately  4V1  per  cent.  In  other 
words,  Mr.  Cushman  has  deliberately  selected  two  samples,  the 
observations  of  which  disagree  among  themselves  by  nearly 
ten  times  as  great  an  amount  as  the  average  disagreement  of 
measurements  for  the  rest  of  the  series,  and  from  this  selection 
he  attempts  to  draw  conclusions  as  to  the  concordance  of  all  the 


measurements  among  themselves.  Nor  is  this  all — both  of  the 
samples  to  which  he  makes  reference  are  taken  from  Series  I, 
which  is  admittedly  preliminary.  If,  in  a  similar  marmer,  we 
take  the  average  of  the  observations  for  each  of  the  samples  in 
Series  II,  and  note  the  average  deviation  of  a  single  observation 
from  their  means,  the  resultant  average  deviation  for  the  entire 
Series  II  is  sUghtly  above  3  per  cent.  This  series  represents 
measurements  on  19  alloys  from  which  none  are  omitted  in  the 
above  computation.  Again  making  similar  computation  for 
Series  III,  which  is  by  far  the  longest  series,  and  which  reports 
about  125  corrosion  measurements,  the  average  deviation  of  a 
single  observation  from  their  means  is  about  4  per  cent.  Thus 
Mr.  Cushman  has  selected  two  measurements  with  an  average 
deviation  from  the  mean  respectively  ten  and  twenty  times  as 
great  as  the  average;  in  fact,  so  great  that,  according  to  the  laws 
for  discarding  observations,  they  should  probably  be  considered 
as  containing  some  gross  error.  We  properly  included  them  in 
our  report  for  completeness,  but  it  is  obvious  that  no  one  intend- 
ing to  be  fair  should  conclude  as  to  the  concordance  of  results 
among  themselves,  from  the  particular  measurements  which  he 
has  selected. 

Opinions  may  vary  as  to  %vhether  or  not  the  alloys  described 
in  our  paper  represent  what  would  be  produced  from  American 
Ingot  Iron  by  the  addition  of  small  percentages  of  nickel,  co- 
balt and  copper  following  the  regular  manufacturing  procedure. 
We  have  drawn  no  conclusions  in  this  regard,  preferring  to  wait 
until  we  are  in  a  position  to  publish  our  work  on  the  sheets  sup- 
plied by  the  American  Rolling  Mill  Company,  which  are  more 
representative  of  such  a  condition.  On  the  other  hand,  there  can 
be  no  doubt  but  that  the  corrosion  measurements  on  the  discs, 
described  in  this  paper,  on  the  average  show  a  remarkable  con- 
cordance among  themselves  for  any  given  sample.  For  ex- 
ample, the  very  alloy.  No.  34204,  for  which  Mr.  Cushman 
quotes  fom  Series  I  the  values  1080  and  292  as  the  corrosion 
factors,  in  four  independent  measurements  in  Series  III  shows 
the  values  of  the  corrosion  factors  as  follows:  638,  643,  638, 
638.  The  average  of  these  four  measurements  is  639,  with  an 
average  deviation  of  a  single  observation  from  the  mean  of  less 
than  0.2  per  cent.  It  would  be  just  as  fallacious  for  us  to  charac- 
terize the  concordance  of  all  our  observations  by  this  particularly 
concordant  set  of  measurements  on  Alloy  No.  34204,  as  it  was 
for  Mr.  Cushman  to  characterize  them  all  by  far  the  least  con- 
cordant pair  of  measurements  in  the  entire  set  of  over  200  de- 
terminations. 

In  conclusion,  let  me  say  that  we  have  no  elaborate  ideas  as 
to  the  conclusiveness  of  our  results,  or  of  any  other  single  set  of 
measurements  on  so  evasive  a  subject  as  atmospheric  corrosion. 
We  noted  particularly  that  the  primary  purpose  of  our  investi- 
gation was  "measurement  and  the  setting  forth  of  data."  These, 
we  consider  of  the  first  importance,  much  more  so  than  any  con- 
clusions we  may  have  drawn  from  these  data,  and  we  admit 
that  others  may  properly  conclude  at  variance  with  ourselves. 
We  do  not,  however,  admit  the  particular  points  of  exception 
which  Mr.  Cushman  has  raised,  and  we  very  much  regret  that  he 
thought  it  necessary  to  hasten  into  a  discussion  savoring  so  much 
of  the  personal  aspect  and  apparently  based  upon  very  little 
.consideration  of  the  technical  data. 

JACKSONVILLB.    FLORIDA  HERBERT    T.     KALMUS 

February  16.  1917 


TWO  LETTERS  ON  RELATION  OF  FAT  IN  MILK  TO  THE 
SOLIDS-NOT-FAT 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

May   I   suggest   that  Messrs.   Brown  and   Ekroth,   in   their 

article  on  milk  published  in  This  Journal,  9  (1917),  297.  have 

misinterpreted    some    of    the    standards    referred    to.     Several 

standards  specify  minimum  values  for  the  fat  and  total  solids 
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but  many  of  these  neither  specify  nor  imply  that  the  solids- 
not-fat  must  exceed  that  difference  between  these  values.  The 
case  of  12  per  cent  of  total  solids  and  2.5  per  cent  of  fat  referred 
to  on  page  297  is  evidently  that  of  Rhode  Island  and  there  is 
probably  no  difficulty  experienced  in  complying  with  these 
values.  The  solids-not-fat  are  not  specified  and  there  is  no 
warrant  for  assuming  that  the  minimum  value  is  9.5  (12.0  —  2.5). 
The  other  case  referred  to,  evidently  that  of  Minnesota,  presents 
reasonable  ground  for  criticism  and  the  g.75  per  cent  of  solids- 
not-fat  is  included  in  the  standard.  Probably  this  was  inserted 
under  the  erroneous  impression  that  a  13.0  per  cent  total  solids 
and  3.25  per  cent  of  fat  standard  also  implied  that  the  solids- 
not-fat  should  exceed  9.75  per  cent.  This,  of  course,  is  an 
absurd  value  and  is  impossible  to  meet.  A  similar  error  ap- 
pears to  have  crept  into  quite  a  number  of  the  state  standards. 
My  opinion  is  that  standards  are  to  be  regarded  as  the  minimum 
percentages  of  certain  constituents  that  are  to  be  contained 
in  the  article  sold  as  milk  and  it  is  not  essential  for  this  purpose 
that  they  should  bear  any  relation  to  their  relative  proportions 
in  milk.  The  standards  are  definite  specifications  of  what  the 
consumer  must  receive  and  in  this  respect  are  very  different 
from  the  English  milk  standards  which  are  merely  presumptive 
and  admit  rebutting  evidence  by  the  vendor. 

As  previously  stated,  the  limiting  values  for  the  fat  and  total 
solids,  or  fat  and  solids-not-fat  are  to  be  considered  separately; 
it  often  happens,  however,  that  one  standard  is  much  more 
stringent  than  the  other  and  that  one  is  consequently  redundant. 
In  Ottawa  the  standard  is  12  per  cent  of  total  solids  of  which  at 
least  3.0  per  cent  shall  be  butter-fat.  On  looking  over  my 
records  for  the  past  year  I  find  that  in  one  group,  farmers'  raw 
milks,  there  are  2,154  samples  and  of  these  10.80  per  cent 
violated  one  or  both  standards,  10.75  per  cent  were  deficient 
in  total  solids  and  2.0  per  cent  deficient  in  fat.  Only  one  sample 
(2.9  per  cent  fat)  was  deficient  in  fat  and  yet  satisfied  the  standard 
for  solids.  The  average  fat  content  of  the  samples  below  the 
standard  was  3.15  per  cent.  It  is  very  evident  that,  in  Ottawa, 
the  standard  could  be  simplified  to  one  specifying  only  the  total 
solids  without  altering  its  effect. 

If  the  same  samples  were  examined  under  the  Dominion 
standard  of  8.5  per  cent  solids-not-fat  and  3.25  per  cent  fat, 
the  samples  deficient  in  fat  would  be  increased  to  2.8  per  cent 
and  those  rejected  on  account  of  deficiency  of  solids-not-fat 
would  have  been  14  per  cent.  In  other  words  the  Dominion 
standard  of  8.5  per  cent  of  solids-not-fat  is  more  stringent  tlian 
the  Provincial  one  of  12  per  cent  total  solids.  Less  than  0.5 
per  cent  of  the  samples  passed  the  solids-not-fat  test  and 
were  rejected  by  the  fat  clause. 

The  standard  of  8.5  i)cr  cent  solids-not-fat  in  New  York  is 
probably  equal  to  one  specifying  11.7  per  cent  of  total  solids 
and  3.15  per  cent  of  fat  and  istherefore  tantamount  to  raising 
the  State  standard. 

CiTv  Laboratory  JosGPH  RaCB, 

Ottawa.  Canada  City  Bacteriologist  and  Chemist 

March  10.  1917 


Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

Wc  beg  to  suggest  the  following  as  comment  on  Mr.  Race's 
criticism  of  our  handling  of  the  standards  in  our  pnpcr  in  the 
March  issue  of  Tins  Joitrnai..  Wc  believe  the  trouble  with  Mr. 
Race's  whole  nrgunu-iit  is  to  lie  found  in  his  statement:  "My 
opinion  is  that  standards  are  to  l>c  regarded  us  the  inininuiiii 
percentages  of  certain  constituents  thiit  are  to  be  contiiiucd  in  the 
nrtlclr  sold  us  milk."  It  is  quite  true  that  the  principle  here 
cmuu'iiited  is  the  principle  on  wliirli  many  f(io<J  standards  urc 
Imscd.  It  is,  however,  obvious  that  all  foo<l  standards  of 
niituriil  products  should  lie  based  on  the  nnturni  coin|K>sition 
of  the  prmlurt.     Innsnuich  as  milk  was  one  of  the  first  niutcrials 


legislated  upon  and  as  the  legislation  was  largely  done  by  persons 
unfamihar  with  the  principles  which  should  govern  the  establish- 
ment of  standards,  we  think  it  logical  to  suppose  that  these 
standards  represented  the  ideas  of  legislators  as  to  the  natural 
composition  of  milk,  based  either  on  experience  or  on  what  was 
supposed  to  be  reliable  information.  This  is  borne  out  by  the 
fact  that  many  of  the  states  require  that  milk  shall  be  sold  as 
produced. 

It  follows  that  standards  so  made  should  conform  in  their  re- 
quirements to  the  natural  article.  The  other  alternative,  namely, 
the  allowing  of  the  manipulation  of  milk  (such  as  the  extraction 
of  the  fat)  would  appear  to  be  foreshadowed  by  the  present 
trend  of  ideas  regarding  milk  standards.  Such  milk  would 
necessarily  have  to  be  sold  either  with  a  statement  on  the  label 
of  the  percentage  of  fat  and  total  solids  (or  solids-not-fat)  or 
would  have  to  be  sold  as  of  a  specified  standard  of  composition, 
such  as  "sub-standard,"  "above  standard,"  etc.  In  this  case 
Mr.  Race's  contention  that  the  fat  and  solids-not-fat  need  bear 
no  definite  relationship  to  one  another  is  correct,  but  this,  of 
course,  would  mean  that  the  legal  provision  requiring  milk  to  be 
sold  as  produced  would  have  to  be  abrogated,  and  any  milk 
would  be  adulterated  only  if  it  departed  from  this  declared 
composition. 

Having  regard,  however,,  to  the  present  standards,  most  of 
them  fail  to  prevent  adulteration  because  their  makers  (Uke  Mr. 
Race)  appear  to  think,  regarding  the  figm-es  set  for  fat  and  soUds- 
not-fat  (or  total  solids),  that  "it  is  not  essential  for  this  purpose 
that  they  should  bear  any  relation  to  their  relative  proportions  in 
milk."  The  point  can  be  illustrated  from  Mr.  Race's  letter.  He 
says  "Only  one  sample  (2.9  per  cent  fat)  was  deficient  in  fat  and 
yet  satisfied  the  standard  for  solids,"  which,  as  he  tells  us,  is  12 
per  cent  in  Ottawa.  A  sample  of  milk  analyzed  by  us  in  New 
York  City  had  the  composition:  fat  4.8,  solids-not-fat  9.17. 
total  solids  13.97.  The  dairyman  supplying  Mr.  Race's  sample 
evidently  started  with  a  milk  of  somewhat  this  composition, 
for  we  could  reduce  this  milk  to  a  fat  percentage  of  2.9  by  tlie 
abstraction  of  about  40  per  cent  of  its  fat  as  cream,  and  still  have 
milk  within  the  legal  limit  of  total  solids  (2.9  4-  9.17  =  12.07), 
and  this  is  probably  what  happened  to  the  sample  in  question. 
It  is,  moreover,  a  legal  sample  under  the  Rhode  Island  law. 

It  is  because  the  present  unbalanced  standards  not  only  allow 
of  but  are,  especially  where  certain  strains  of  cattle  funiish  the 
milk  supply,  an  invitation  to  such  manipulation,  that  wc  object 
to  them. 

BuRBAO  OK  Foods  and  Drugs  Lucil'S  P.   BrOWN 

New  Yor«  City,  March  16.  1917        Cl-ARBNCB   V.   EkroTII 


THE  FIXATION  OF  NITROGEN     CORRECTION 

In  my  article  under  the  above  title.  This  Joukn.m.,  9  1,19171, 
233.  the  following  corrections  should  be  inailc: 

P.  236,  Equation  8.  2NaCN  should  read:  Nu.CC 

P.  245,   6th  paragraph  should  read:     "This  shows  how  i-.isuv 
one  can  get,  etc." 

P.  246,  foot-note  I   should  read:     J.  Cheni.  5<v.,  etc. 

P.  248,   2nd  equation,   iNaiCOa  should  read:  NajCt^i. 

P.     250,    2nd     column,     5th     line    from    liottoni    of    page. 
(CO(NH,)s  UNO,  shouUl  read:  CO(NH,),.HNO,. 

P.   251,   equation   near   top    of    first    column,    should    rrad: 
(CN),  +  2H,0  -   (CONH,),. 

John  K.  Hvchkh 

THE  GERMAN  ALARM  CLOCK  CORRECTION 

In  the  article  under  the  ;iliovr  tillr  prniird  111  Tills  JoiirsaU. 
I  ('917).  S'J.  the  following  c«irrcction  should  l>c  made: 

Page  62,  Column   1,  I.iiic   19,  the  figurr  f  10.000.000  *hould 
rrud  $10,1x10. 

II    H.  HowB 
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PERSONAL  NOTL5 


President  Stieglitz  has  appointed  W.  D.  Bigelow  chairman  of 
the  Membership  Committee  to  succeed  Frank  K.  Cameron, 
resigned,  and  F.  G.  Cottrell  a  member  of  the  Committee  to 
fill  the  vacancy  caused  by  Dr.  Bigelow's  appointment  to  the 
chairmanship.  The  other  member  of  the  Committee  is  Charles 
L.  Parsons. 

Dr.  H.  E.  Barnard  has  been  elected,  by  the  Council  letter- 
ballot,  a  Director  of  the  American  Chemical  Society  to  fill  the 
unexpired  term  of  Dr.  E.  G.  Love.  The  Council  also  approved 
the  election  by  the  Directors  of  Dr.  E.  G.  Love  as  Treasurer  of 
the  Society. 

Prof.  Wilder  D.  Bancroft  addressed  the  Indiana  Section  of  the 
A.  C.  S.  on  "Contact  Catalysis,"  on  March  9th. 

Edward  Dyer  Peters,  Professor  of  Metallurgy  at  Harvard 
University  and  the  Massachusetts  Institute  of  Technology, 
died  at  his  home  in  Dorchester,  Mass.,  on  February  17th,  in  his 
sixty-eighth  year.  Prof.  Peters  became  a  lecturer  at  Harvard 
in  1903  and  had  been  a  professor  of  metallurgy  there  since  1904. 

The  lecture  by  Dr.  John  Uri  Lloyd,  vphich  was  to  be  given 
on  April  13th  at  the  College  of  the  City  of  New  York,  has 
been  indefinitely  postponed. 

Mr.  Alex.  L.  Feild  has  decided  to  remain  with  the  Bureau  of 
Mines  at  Pittsburgh.  He  was  noted  in  our  March  issue  as 
having  accepted  a  position  with  the  Gulf  Pipe  Line  Company, 
Houston,  Texas. 

Prof.  Henry  M.  Howe  has  been  awarded  the  John  Fritz 
Medal  for  19 17  for  his  investigations  in  metallurgy. 

Mr.  Stanley  B.  Pennock  has  been  killed  by  an  explosion  in 
the  works  of  the  Aromatic  Chemical  Company,  of  which  he  was 
a  partner.  He  was  working  at  the  time  of  his  death  on  a  new 
process  for  chlorination. 

Prof.  C.  C  Todd,  of  the  State  College  of  Washington,  amiounces 
that  early  in  the  week  of  February  25th  there  was  stolen  from 
their  laboratory  a  platinum  dish  weighing  about  48.5  g.  and 
marked  with  four  ciphers,  0000. 

Dr.  Jeffery  Stewart,  of  the  Philadelphia  Section  of  the  A.  C.  S., 
has  resigned  as  secretary  and  superintendent  of  the  India  Re- 
fining Company,  of  Philadelphia,  and  is  now  connected  with  the 
oil  firm  of  K.  F.  Drew  &  Company,  of  that  city. 

Dr.  Lloyd  Balderston  lectured  on  "Tanning"  at  the  regular 
meeting  of  the  Philadelphia  Section  of  the  A.  C.  S.  on  March 
15th.  The  Second  Annual  Smoker  of  the  Philadelphia  .Section 
will  take  place  on  April  12th. 

Mr.  Walter  Laib  has  been  appointed  superintendent  of  The 
Ohio  Salt  Company  at  Rittman,  Ohio.  This  plant  has  a  daily 
salt  capacity  of  5000  barrels,  in  addition  to  its  production  of 
clilorate  of  potash,  manufactured  under  Mr.  Laib's  patent. 

Mr.  Oscar  W.  Palmcnberg  announces  the  removal  of  his  busi- 
ness from  the  Chemists'  Building  to  the  Hudson  Terminal 
Building,  50  Church  Street,  New  York  City,  where  he  has  taken 
over  the  chemical  and  physical  laboratories  of  Dr.  Chas.  F. 
McKeima,  who  intends  to  confine  his  attention  to  his  consulting 
practice. 

Mr.  A.  E.  Marshall  has  severed  his  connection  with  The  Ther- 
mal Syndicate  and  has  taken  up  the  works  management  of  the 
Davison  Chemical  Company's  plant  at  Curtis  Bay,  Md. 

The  Burdctt  Oxygen  Company  completed  the  erection  of  its 
Salt  Lake  City  plant  on  March  1st,  and  is  in  a  position  to  furnish 
pure  oxygen  to  users  in  that  territory.  The  capacity  of  their 
Los  Angeles  plant  has  recently  been  increased  50  per  cent. 


Dr.  Gustav  Drobegg  has  been  superintendent  of  Plant  D,  of 
the  Butterworth-Judson  Corporation,  at  Newark,  N.  J.,  since 
the  beginning  of  this  year.  He  was  formerly  superintendent 
for  Charles  Pfizer  &  Company  until  19 1 2 ;  then  manager  of  manu- 
facturing department  for  the  Synfleur  Scientific  Laboratory, 
Monticello;  and  for  the  past  two  years  with  the  Beckers  Aniline 
Chemical  Works,  in  charge  of  research  and  part  of  plant. 

The  McGraw  Publishing  Company  and  the  Hill  Publishing 
Company  have  been  consolidated  as  the  McGraw-Hill  Publishing 
Company  Inc.,  with  James  H.  McGraw  as  president.  Engineer- 
ing News  (formerly  Hill  property)  and  Engineering  Record  (for- 
merly McGraw  property)  will  be  consolidated  under  the  name 
Engineering  News-Record,  with  Charles  UTiiting  Baker,  now 
editor  of  Engineering  News,  as  editor-in-chief. 

The  United  States  Civil  Service  Commission  announces  the 
following  open  competitive  examinations:  Assistant  chemist 
(male),  salary  $1,000  a  year,  on  April  18,  1917;  assistant  chemist 
in  forest  products  (male),  salary  $900-$  1,500  a  year,  on  April 
18-19,  1917. 

Mr.  M.  O.  Lamar,  of  the  General  Electric  Company,  has  taken 
charge  of  the  analytical  laboratory  of  the  Norton  Company, 
at  Niagara  Falls. 

The  Twenty-fifth  Anniversary  of  the  New  York  Section  of  the 
American  Chemical  Society  was  celebrated  with  a  dinner  and 
smoker  at  the  Chemists'  Club,  on  March  9,  1917.  The  opening 
remarks  of  Chairman  Matthews  were  followed  by  addresses 
by  Provost  Edgar  F.  Smith,  of  the  University  of  Pennsylvania, 
on  "Robert  Hare;"  Dr.  Wm.  H.  Nichols  on  "The  Early  History  of 
the  Society;"  and  Dr.  E.  G.  Love  on  "The  First  Years  of  the  New 
York  Section."  Dr.  Charles  F.  Chandler,  who  was  scheduled 
to  speak,  was  unable  to  attend.  In  honor  of  the  occasion.  Dr. 
Charles  A.  Doremus  presented  to  the  Section  a  large  steel 
engraving  of  Prof.  J.  W.  Draper,  first  president  of  the  American 
Chemical  Society.  The  oflScers  elected  for  the  coming  year  are: 
Chairman,  Dr.  Chas.  H.  Herty;  secretary-treasurer,  Mr.  Chas.  F. 
Roth. 

The  Pacific  Coast  Borax  Company  announce  that  their  potash 
plant  at  Searles  Marsh  started  up  on  the  ist  of  April.  They 
expect  to  turn  out  quite  an  amount  of  potash  during  the  month 
of  April  and  state  that  from  that  time  forth  the  present  unit 
should  produce  1000  tons  per  month,  running  80  per  cent  or 
better. 

Harrison  W.  Craver,  chief  librarian  of  the  Carnegie  Library 
of  Pittsburgh  since  1908,  has  tendered  his  resignation  to  the 
Librar>-  Committee  of  Uie  Board  of  Trustees  of  Carnegie  Institute, 
to  take  effect  April  ist.  Mr.  Craver  has  accepted  a  position 
as  director  of  the  library  of  tlie  United  Engineering  Societies 
of  New  York,  and  left  Pittsburgh  the  latter  part  of  March 
to  assume  his  new  charge.  His  new  position  will  put  him  in 
direction  of  what  is  believed  to  be  the  largest  engineering  library 
in  the  world,  with  approximately  150,000  volumes  on  tech- 
nological subjects  on  its  shelves. 

Mr.  Howard  F.  Weiss  has  resigned  the  directorship  of  tlie 
U.  S.  Forest  Products  Laboratory  at  Madison,  Wis.,  and  from 
April  ist  will  be  connected  with  the  C.  F.  Burgess  Laboratories, 
Madison,  Wis. 

At  a  special  meeting  of  the  Cincinnati  Section  of  the  A.  C.  S. 
on  March  7,  Dr.  Wilder  D  Bancroft,  of  Cornell  University, 
spoke  on  "Contact  Catalysis"  A  regular  meeting  of  the  Cin- 
cinnati Section  was  held  on  March  28,  with  the  following  pro- 
gram: "The  Composition  of  Menhaden  Oil  Fatty  Acids," 
by  Dr.  Ernst  Twitchell,  and  "The  Progress  of  Chemical  In- 
dustry," by  Mr.  H.  B.  Schmidt. 
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Mr.  A.  Brooking  Davis,  who  is  now  with  the  Ault  &  Wiborg 
Company,  Cincinnati,  is  chemical  director  of  that  concern. 

Eimer  &  Amend  give  notice  that  the  man  under  the  name  of 
F.  H.  (or  H.  F.)  Frank,  or  Fisher,  soliciting  orders  and  obtaining 
money  by  using  the  name  of  their  firm,  is  an  impostor  and  acting 
entirely  without  their  authority.  He  has  been  operating  in 
Chicago,  Cleveland  and  Grand  Rapids,  and  perhaps  else- 
where. 

The  University  of  North  Dakota  has  been  granted  an  appro- 
priation from  the  State  Legislature  of  $90,000  for  the  first  unit 
of  a  new  chemistry  building,  construction  of  which  will  begin 
immediately.  The  department  of  chemistry  has  more  than 
doubled  in  the  last  five  years  and  was  sorely  pressed  for 
room. 

We  are  informed  by  Mr.  Anton  Richard  Rose,  of  New  York 
City,  that  the  "Norsk  hydroelektrisk  Kvaelstof  aktieselskab" 
has  set  aside  1 00,000  kr.  to  be  transferred  to  the 
Nansen  Fund  trustees,  Kristiania,  Norway,  for  the  promotion 
of  chemical  and  physical  research.  Inasmuch  as  the  founder 
of  this  company,  Sam.  Eyde,  celebrates  his  50th  birthday  on 
October  29th,  the  company  desires  that  this  fund  be  known  as 
"The  Sam.  Eyde  Fund  for  the  promotion  of  chemical  research." 
Only  the  interest  from  the  fund  is  to  be  expended,  and  in  such 
manner  as  the  trustees  may  deem  desirable  for  scientific  in- 
vestigations within  the  designated  field.  [See  Tid.  Kenti, 
Farm.   Terapi,  13  (1916),  301. J 


The  New  York  Section  of  the  Society  of  Chemical  Industry 
held  its  March  23rd  meeting  in  conjunction  with  the  Home 
Economics  Association.  Prof.  Lafayette  Mendel,  of  Yale 
University,  spoke  on  "Food  Fads"  and  Dr.  Graham  Lusk,  of 
Cornell  University,  on  "Food  Values." 

The  Williams  Patent  Crusher  &  Pulverizer  Company,  St. 
Louis,  Mo.,  have  taken  larger  quarters  for  their  Pacific  Coast 
sales  office,  at  67  Second  St.,  San  Francisco.  Mr.  O.  J.  Williams 
is  in  charge  of  the  San  Francisco  office. 

The  Second  Annual  Drainage  Conference  of  the  University 
of  Illinois  was  held  March  13-15,  1917.  The  organization 
and  financing  of  drainage  districts,  the  surveying  of  drainage 
areas,  the  design  of  systems,  and  improved  methods  of  con- 
struction were  among  the  subjects  considered  by  engineers 
and  public  officials  of  prominence.  The  meeting  was  in 
charge  of  the  department  of  Civil  Engineering,  College  of 
Engineering,  Urbana,  Illinois. 

A  Public  Inspection  Day  for  the  new  chemical  building  of  the 
University  of  Cincinnati  has  been  set  for  April  7.  The  program 
includes  an  address  by  Dr.  Chas.  H.  Herty,  and  a  subscription 
dinner  at  the  Hotel  Gibson  Ball  Room. 

Dr.  Charles  A.  Mann,  of  the  University  of  Wisconsin,  has 
been  appointed  associate  professor  of  chemical  engineering  at 
Iowa  State  College,  to  succeed  Prof.  George  A.  Gabriel,  who 
goes  into  practical  work. 


GOVLRNMLNT  PUBLICATIONS 


By  R.  S.  McBride.  Bureau  of  Slandiirds,  Washington 


NOTICE — Publications  for  which  price  is  indicated  can  be 
purchased  from  the  Superintendent  of  Documents,  Government 
Printing  Office,  Washington,  D.  C.  Other  publications  can 
usually  be  supplied  from  the  Bureau  or  Department  from  which 
they  originate.  Commerce  Reports  are  received  by  all  large 
libraries  and  may  be  ciinsulted  there,  or  single  numbers  can  be 
secured  by  application  to  the  Bureau  of  Foreign  and  Domestic 
Commerce,  Department  of  Commerce,  Washington.  The  regu- 
lar subscription  rate  for  these  Commerce  Reports  mailed  daily  is 
$2.50  per  year,  payable  in  advance,  to  the  Superintendent  of 
Documents. 

BUREAU  or  STANDARDS 

A  Study  of  Electromagnet  Moving  Coil  Galvanometers  for 
Use  in  Alternating  Current  Measurements.  Ernest  Weibel. 
Scientific  Paper  297.  This  paper  gives  the  results  of  a  study  of 
the  electromagnet  moving  coil  galvanometer  that  has  led  to  the 
construction  of  instruments  with  sensitivities  much  greater 
than  those  previously  obtained  and  equal  to  those  of  the  best 
direct  current  moving  coil  galvanometers.  The  theory  of  the 
instrument  is  developed. 

The  Recovery  of  Paraffin  and  Paper  Stock  from  Waste  Paraffin 
Paper.  \V.  H,  Smith.  Teilinologic  I'ajjer  No.  87.  4  pp. 
"This  paper  describes  a  process  for  the  recovery  of  the  i)aruffin 
and  ]iapcr  stock  from  w.istc  paraffin  paper.  The  waste  is 
pul|)e<l  with  exhaust  steam  in  a  vertical  boiler.  The  wax  rises 
to  the  surface,  and  is  drawn  off  witli  the  hot  water  through  a 
screen,  the  stock  settling  to  the  bottom  of  tlic  boiler.  The 
slock  is  transferred  to  11  heating  engine  and  further  treated  for 
the  reniovid  of  the  risi<Iual  paraflin.  Paper  prepared  from  the 
recovered  stock  was  free  from  wax  and  Siitisfactory  in  every 
respect.  Practically  all  of  the  paper  stock  is  recovered,  but 
about  10  per  cent  of  the  paralTin  in  the  waste  is  lost  during  the 
process." 

This  )iii|>er  Ih  no  longer  iivnilable  for  free  distriliution:  it  can 
l>c  procured  only  from  the  Siiperintrndent  of  DiH-tiinriits 
Paper,  J  cents. 


Fees  for  Electric,  Magnetic,  and  Photometric  Testing.  Cir- 
cular No.  6,  7th  Edition,  30  pp.  "Information  regarding  tests, 
range  of  testing,  instructions  to  applicants,  and  schedules  of 
fees,  for  electric  resistances  and  instruments,  apparatus  for 
radio  communication,  magnetic  testing,  testing  magnetic  parts 
of  materials,  radioactivity,  and  photometry." 

National  Electrical  Safety  Code.  Circular  No.  54,  2nd  Edition, 
323  pp.  Paper,  20  cents,  or  Cloth,  30  cents.  This  publica- 
tion is  for  examination,  trial,  and  constructive  criticism;  it 
gives  definitions  of  terms  and  rules  for  installation,  operation 
and  maintenance  of  central  station  and  substation  equipment, 
overhead  and  underground  lines,  grounding  of  apparatus  and 
supports,  and  for  the  installation  of  wiring  for  electrical  utiliza- 
tion .apparatus. 

Some  Technical  Methods  of  Testing  Miscellaneous  Supplies. 
P.  H.  Walkbr.  Unnumbered  publication,  reprinted  from 
Bureau  of  Chemistry  Bulletin  109,  with  notes  and  corrections. 
68  'pp.  Paper,  15  cents.  This  rc|X)rt  includes  methods  for 
paint  and  paint  materials,  ink,  lubricating  oils,  soaps,  etc 

Resistance  of  an  Oil  to  Emulsification.  Winslow  K.  Hsr- 
sciiEi..  Technologic  Paper  No  ,S6.  37  pp.  In  this  pu|>cr  is 
described  a  new  test  for  the  cmtilsilication  of  oils.  Certain 
results  obtained  by  such  measurements  are  also  discussed.  The 
test  may  tie  briefly  descriln-d  us  follows:  20  cc.  of  the  oil  to  Ik 
tested  and  twice  thai  volume  of  distilled  water  arc  heated  to 
55°  C.  in  a  100  cc.  cylinder,  26  mm.  inside  diameter,  nnd  stirred 
for  .s  minutes  at  a  ,s]H'cd  of  1500  revolutions  |>cr  minute.  The 
cylinder  and  contents  arc  allowed  to  stand  at  the  same  tempera- 
ture and  readings  arc  taken  at  more  or  1cm  frequent  intervals 
(accortling  to  the  tyiic  of  oil)  of  the  volume  of  oil  settled  out  from 
Uie  water  From  these  n-uding*.  a  maximum  rule  uf  Kttlms, 
called  "dcmulsibility,"  is  easily  taken  from  a  tabic.  The 
paddle  is  simply  a  plate  of  metal  8.Q  by  10  by  i.j  mm.  Smoe 
the  test  is  not  sensitive  to  itlight  changes  of  paitdle  dimeniioni. 
they  need  not  l>e  exoct.  and  no  calibration  i»  rrqiiiretl 
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Studies  on  Paper  Pulps.  W.  H.  Smith.  Technologic  Paper 
No.  88.  13  pp.  Paper,  5  cents.  "Samples  of  paper  pulps, 
each  representing  a  different  method  of  preparation,  with  one 
exception  of  American  manufacture,  have  been  examined  to 
determine  their  chemical  properties.  The  loss  in  weight  produced 
by  reagents  causing  hydrolysis  and  oxidation  and  the  gain  in 
weight  when  nitrated  have  been  determined  with  the  same  pulps. 
The  effect  of  sunlight,  temperature,  and  ozonized  air  on  the  chem- 
ical constants  of  ground  wood  has  been  ascertained." 

A  Specific  Gravity  Balance  for  Gases.  Junius  David  Ed- 
wards. Technologic  Paper  89.  17  pp.  Paper,  5  cents.  "The 
apparatus  described  provides  a  quick  and  accurate  means  of 
determining  gas  density.  A  form  of  balance-beam  support  has 
been  devised  which  gives  high  sensibility.  The  needles  which 
replace  the  knife-edge  are  easily  adjustable  and,  in  contrast 
with  the  metal  or  quartz  knife-edge  usually  used,  can  be  obtained 
almost  anywhere,  arc  inexpensive,  and  can  be  replaced  as  often 
as  necessary.  The  success  obtained  in  the  use  of  this  apparatus 
is  mainly  due  to  the  high  sensibility  afforded  by  this  means  of 
support.  It  is  necessary  to  remove  the  beam  from  the  case  only 
when  it  is  desired  to  transport  it.  No  leveling  bottle  is  necessary 
in  adjusting  the  gas  pressure  within  the  balance,  this  being  ac- 
complished by  means  of  a  needle  valve  which  affords  precise 
control.  The  portable  outfit  combines  lightness  of  weight,  con- 
venience in  use,  and  durability  without  any  great  sacrifice  of 
accuracy.  No  preliminary  calibration  of  the  apparatus  is  neces- 
sary." 

United  States  Government  Specification  for  Portland  Cement. 
Anonymous.  Circular  No.  33,  3rd  Edition.  43  pp.  Paper, 
10  cents.  This  specification  is  the  result  of  several  years' 
work  of  the  joint  conference  representing  the  United  States 
Government,  the  American  Society  of  Civil  Engineers,  and 
the  American  Society  for  Testing  Materials.  It  was  adopted 
by  the  United  States  Government  and  by  the  American  Society 
for  Testing  Materials,  to  become  effective  January  i,  191 7. 
BTTREAU  OF  THE  CENSUS 

Census  of  Manufactures:  General  Totals  for  United  States 
by  Geographic  Divisions,  States,  and  Industries,  1914,  1909, 
1904  and  1899.  26  pp.  "General  statistics  for  manufactures 
censuses  for  1914,  1909,  1904  and  1899  are  shown  in  two  tables. 
Table  i  presents  a  comparative  summary  for  the  United  States 
by  geographic  divisions  and  States,  by  number  of  establish- 
ments, average  number  of  wage  earners,  primary  horsepower, 
capital,  wages,  materials,  and  value  of  product.  Table  2  gives 
comparative  summary,  under  same  headings  as  in  Table  i, 
for  333  of  principal  industries  for  which  statistics  were  gathered 
in  1914." 

Cotton  Production  and  Distribution,  Season  of  1915-16. 
Bulletin  134,  99  pp.  Paper,  20  cents.  This  report  includes 
statistics  regarding  the  manufacture  of  cottonseed  products 
which  are  of  chemical  interest. 

FEDERAL  TRADE  COMMISSION 

Fertilizer  Industry.  Senate  Document  551,  64th  Congress, 
ist  Session.  269  pp.  Paper,  50  cents.  This  is  a  report  of  the 
Federal  Trade  Commission  in  response  to  a  Congressional  resolu- 
tion calling  for  a  report  on  an  investigation  of  the  fertilizer  in- 
dustry which  was  begun  by  the  Bureau  of  Corporations. 
NATIONAL  MUSEUM 

Newly  Found  Meteoric  Stone  from  Lake  Okechobee,  Florida. 
George  P.  Merrill.  From  Proceedings,  Vol.  51  (December  21, 
1916),  5:?5-520.       Reprint  No.  2163. 

Notes  on  Whitfield  County,  Georgia,  Meteoric  Irons,  with 
New  Analyses.  George  P.  Merrill.  From  Proceedings, 
Volume  51   (December  16,   1916),  447-449.     Reprint  No.  2157. 

Recently  Found  Iron  Meteorite  from  Cookeville,  Putnam 
County,  Tennessee.  George  P.  Merrill.  From  Proceedings, 
Volume  51  (November  24,  1916),  325-326.     Reprint  No.  2153. 


DEPARTMENT  OF  AQRICULTURE 

The  following  seven  articles  from  Volume  8  of  the  Journal  of 
Agricultural  Research  are  of  chemical  interest: 

(i)  AvailabiUty  of  the  Potash  in  Certain  Orthoclase-Bearing 
Soils  as  Affected  by  Lime  or  Gypsum.  L\'man  J.  Briggs 
.\ND  J.  F.  BrEazeale.     (Januan.'  2,  pp.  ji-28.) 

(2)  Ewes'  Milk:  Its  Fat  Content  and  Relation  to  the  Growth 
of  Lambs.     H.  G.  Ritzman.     (Januar>-  8,  pp.  29-35.) 

(3)  Calcium  Compounds  in  Soils.  Edmund  C.  Shorev, 
William  H.  Fry  and  Willlam  Hazen.  (January  15,  pp. 
57-77-) 

(4)  Effect  of  Fertilizers  on  the  Composition  and  Quality 
of  Oranges.     H.  D.  Young.     (Januar>-  22,  pp.  127-138.) 

(5)  Measurement  of  the  Inactive,  or  Unfree,  Moisture  in 
the  Soil  by  Means  of  the  Dilatometer  Method.  George 
BOUYOUCOS.     (February  5,  pp.  195-217. 1 

(6)  Arsenical  Injury  Through  the  Bark  of  Fruit  Trees. 
Deane  B.  Swingle  and  H.  E.  Morris.  (February  19,  pp. 
283-317.) 

(7)  Effect  of  Irrigation  Water  and  Manure  on  the  Nitrates 
and  Total  Soluble  Salts  of  the  Soil.  F.  S.  Harris  and  N.  I. 
Butt.     (Februan,-  26,  pp.  3.13-358.) 

Possibility  of  the  Commercial  Production  of  Lemon-Grass 
Oil  in  the  United  States.  S.  C.  Hood.  Department  Bulletin 
442,  from  the  Bureau  of  Plant  Industry.  12  pp.  Paper,  5 
cents.  Published  January  25.  This  is  a  report  of  experiments 
conducted  to  determine  the  commercial  possibilities  of  the  culti- 
vation of  lemon-grass  for  the  production  of  the  oil  which  is  used 
in  the  manufactiue  of  perfumes  and  soaps 

Composition  of  Hawaiian  Soil  Particles.  William  T.  Mc- 
George.  Bulletin  42,  Hawaii  Agricultural  Experiment  Station. 
12  pp.     Paper,  5  cents.     Published  January  17. 

Improved  Apparatus  for  Use  in  Making  Acidity  Determina- 
tions of  Corn.  H.  J.  Besley  and  G.  H.  Baston.  Circular 
No.  68.     4  pp.     Paper,  5  cents. 

PUBLIC  HEALTH  SERVICE 

Commission  on  Milk  Standards.  Third  Annual  Report 
of  the  Commission  on  Milk  Standards  appointed  by  the  New 
York  Milk  Committee.  Public  Health  Reports,  32,  271-96 
(February  16). 

OEOLOQICAL  SURVEY 

Tungsten  Deposits  of  Northwestern  Inyo  County,  California. 
Adolph  Knopf.  Bulletin  640-L.  from  Contributions  to  Economic 
Geology,  1916,  Part  II,  pp.  311-333.  Published  February  8. 
"At  present  interest  in  the  mining  of  the  eastern  black  shales 
as  a  source  of  oil  must  confine  itself  to  localities  where  one  of 
three  conditions  is  met.  The  shale  can  be  utilized,  first,  where 
it  outcrops  in  a  position  to  permit  mining  on  a  large  scale  by 
steam  shovel  at  a  minimum  cost ;  second,  where  coal  that  is  over- 
lain by  bituminous  shale  is  being  stripped;  and  third,  where  a 
coal  bed  tliat  is  being  mined  has  a  black  shale  roof  that  comes 
down  and  must  be  removed  from  the  mine  in  large  amounts. 
Of  these  the  second  condition  seems  to  offer  the  best  opportunity 
for  a  trial  plant,  as  the  overlying  black  shale  must  be  removed 
in  mining  the  coal.  At  such  pits  it  would  require  only  that  an- 
other shovel  be  installed  to  lift  the  shale,  or  the  small  shovel 
now  used  to  lift  the  coal  could  be  used  to  lift  the  black  shale 
first.  This  black  shale  over  the  coal  appears  to  have  the  ad- 
vantage of  a  higher  oil  yield.  Where  the  roof  shale  is  as  rich  as 
at  Cannelton,  Pennsylvania,  it  may  pay  to  mine  the  shale  with 
the  coal." 

The  Cleveland  Gas  Field,  Cuyahoga  County,  Ohio.  With 
a  Study  of  Rock  Pressure.  G.  Sherburne  Rogers.  Bulletin 
661- A,  from  Contributions  to  Economic  Geology,  1917,  Part 
II,  pp.  1-68.     Published  March  2. 

Useful  Minerals  of  the  United  States.  Compiled  by  Frank 
C.  SciiRADER,  Ralph  W.  Stone  and  Samuel  Sanford.  Bulle- 
tin 624.     This  bulletin  may  be  regarded  as  a  thoroughly  revised 
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edition  of  Bulletin  585,  greatly  enlarged  and  brought  up  to  date. 
The  present  bulletin,  like  the  earlier  work,  gives  concisely  the 
location,  by  states  and  counties,  of  the  principal  deposits  of 
useful  minerals,  and  includes  a  glossary  showing  the  composition 
and  character  of  each  mineral  and  the  location  of  its  principal 
deposits.  It  gives  also  the  principal  uses  of  each  mineral,  a 
feature  not  appearing  in  the  earlier  bulletin.  As  a  mineral 
directory  it  will  be  useful  to  scientific  bureaus  and  educational 
institutions  that  deal  with  the  numerous  inquiries  of  the  general 
public  concerning  what  may  be  called  commercial  mineralogy, 
as  well  as  to  the  prospector,  miner,  manufacturer,  business  man, 
and  student  of  economic  conditions. 

Gold  and  Silver  in  1915.  (General  Report.)  H.  D.  Mc- 
Caskey  and  J.  P.  DuNLOP.  From  Mineral  Resources  of  the 
United  States,  1915,  Part  I,  pp.  767-803.     Published  March  2. 

The  Inorganic  Constituents  of  Marine  Invertebrates.    Frank 

WiGGLESWORTH     ClARKE     AND     WALTER     CaLHOUN     WhEELER. 

Professional  Paper  102.     52  pp.     Paper,  10  cents. 

Baked  Shale  and  Slag  Formed  by  the  Burning  of  Coal  Beds. 
G.  Sherburne  Rogers.  Professional  Paper  io8-.i4,  from 
Shorter  Contributions  to  General  Geology,  1917,  pp.  i-io. 
Published  March  3. 

BUEEAU  OF  MINES 

Abstracts  of  Current  Decisions  on  Mines  and  Mining.  Re- 
ported from  May  to  August,  1916.  J.  W.  Thompson.  Bulletin 
143.     68  pp.      Paper,  10  cents. 

Refining  and  Utilization  of  Georgia  Kaolins.  Ira  E.  Sproat. 
Bulletin  128.  49  pp.  Paper,  15  cents.  "Up  to  the  present 
time  mechanical  principles  only  have  been  applied  in  the  refining 
of  kaolins,  but  in  order  to  keep  pace  with  the  increasing  require- 
ments for  better  quality  and  uniformity  of  product,  the  applica- 
tion of  the  principles  of  colloidal  chemistry  is  necessary. 

"The  investigation  described  in  this  report  was  carried  on  to 
determine  the  practicability  of  applying  technical  control  of 
clay  disperse  systems  to  the  refining  of  kaolins  and  the  utiliza- 
tion of  the  prepared  clay  in  the  manufacture  of  vitreous  china 
and  wall  tile. 

"It  is  hoped  that  this  report  will  prove  a  stimulus  to  the  clay- 
washing  industry;  will  point  out  a  method  of  refining  certain 
American  clays,  and  will  lead  to  the  substitution  of  domestic 
kaolins  for  imported  china  clays  by  manufacturers  of  high-grade 
ceramic  wares." 

HYQIENIC  LABOSATOBY 

Experimental  Studies  with  Muscicides  and  Other  Fly-De- 
stroying Agencies.  Earle  B.  Phelps  and  Albert  F.  Steven- 
son. Bulletin  No.  108.  37  pp.  Paper,  10  cents.  "A  some- 
wliat  comprehensive  survey  has  been  made  of  otlicr  chemical 
substances  having  possible  muscicidal  properties  with  a  view  to 
substituting  Iheni  for  the  arsenic  preparations  now  commonly 
employed. 

"Of  the  substances  frequently  recommended,  potassium  di- 
chromatc  and  quassia  sirup  have  been  found  to  be  of  little  value. 
Formaldehyde,  on  the  other  hand,  when  properly  employed 
has  been  found  to  be  much  more  cITicicnt  than  the  standard  ar 
senile  solution.  The  studies  have  indicated  the  most  ellicii-nt 
strength  of  llic  formaldetiydc  solution  to  be  from  0.5  lo  1  per 
cent,  wliitli  is  equivalent  to  1.25  to  2.5  per  cent  of  the  40  per  cent 
solution  sold  as  formalin. 

"A  miiscicidc  of  almost  equal  cnicieiicy  and  of  distinctly  su- 
perior (|unlities  in  many  ways  has  Ih-cii  found  in  the  substance 
sodium  salicylate,  a  1  per  cent  aqueous  solution  of  which  is  recom- 
nicndi'il. 

"At  midsuinmrr  Icnipcraliircs  the  eflicicncy  of  cither  of  these 
prcpurationH  is  slightly  greuler  than  that  of  solutions  prepared 
for  roinmrrcial  poison  pa|)ers.  Directions  for  preparing  these 
solutions  in  the  hoiiselinld  and  rrcommriidations  for  their  coin 
incrcjul  preparuliiin  an<l  sale  arc  nindc." 


COMMERCE  REFOBTS— FEBBUABY.  1917 

The  yield  of  indigo  in  British  India  for  1916-17  will  be  about 
75  per  cent  greater  than  in  1915-16.     (P.  449) 

The  production  of  Chinese  wood-oil  in  China  is  described  in 
detail.  The  methods  of  extraction  are  crude  but  fairly  effective. 
In  China  the  oil  is  largely  used  directly  for  painting  boats,  for 
the  manufacture  of  water-proof  varnish  on  cloth,  in  lacquer 
and  other  varnishes,  soap,  and  leather  dressing.  In  other  coun- 
tries, chiefly  the  United  States,  it  is  used  in  the  manufacture  of 
varnish  from  cheap  gums.  The  possibilities  of  its  cultivation  in 
the  Southern  States  of  this  country  are  promising.     (Pp  457-60) 

The  sugar  beet  crop  of  Russia  shows  a  marked  decrease. 
(P.  469) 

Efforts  are  being  made  to  develop  electric  smelting  of  iron  ore 
at  Mysore,  India.     (P.  482) 

The  discovery  of  large  deposits  of  molybdenum  ore  in  Peru 
is  reported.     (P.  495) 

Practically  no  wood  pulp  is  now  being  made  in  Brazil,  though 
steps  are  under  way  to  develop  the  industrj'.     (P.  508) 

Direct  shipment  of  cochineal  from  the  Canary  Islands  to  the 
United  States  is  increasing.     (P.  519) 

The  production  and  export  of  nitrate  from  Chili  is  now  greater 
than  at  any  previous  time,  even  before  the  war.     (P.  555) 

Eflorts  are  being  made  in  Spain  to  prohibit  the  export  of  "green 
sulfur  oil"  (crude  olive  oil)  to  offset  the  shortage  in  Spain  of 
other  soap  fats  and  oils.     (P.  596) 

Efforts  are  being  made  by  the  Bureau  of  Fisheries  to  develop 
the  manufacture  of  leather  from  shark  skins.     (P.  635) 

The  amount  of  rubber  shipped  from  Brazil  and  Peru  to  the 
United  States  is  now  over  two  and  one-half  times  that  shipped 
to  Europe.     (P.  642) 

Efforts  are  being  made  to  develop  the  cultivation  of  sugar  beet 
seed  in  this  country.     (P.  669) 

The  mineral  output  of  the  Kingston  district  in  Canada,  in- 
cludes mica,  iron  ore,  feldspar,  talc,  pyrites,  fluorspar,  molyb- 
denimi  and  zinc  ores,  and  graphite;  most  of  which  are  controlled 
by  American  capital.     (P.  692) 

Efforts  are  being  made  in  England  to  promote  the  spinning  of 
yam  from  kapok  fiber,  now  used  extensively  in  upholstery  and 
life  preservers.     (P.  710) 

The  total  production  of  potash  in  the  United  States  in  1916 
represented  about  10,000  tons  of  KjO.     (P.  728) 

Commercial  methods  used  for  the  measurement  of  leather 
are  being  investigated  by  the  Bureau  of  Standards.      (P    738) 

Japan  is  exporting  annually  about  75.000  tons  of  sulfur, 
one-half  to  the  United  States.     (P.  788) 

Statistics  or  Exports  to  run  Unitsd  Status 
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BOOK  RLVILW5 


A  German-English  Dictionary  for  Chemists.      By  Austin  M. 

Patterson,    Ph.D.,    formerly   editor   of    Chemical  Abstracts. 

xvi  +  316  pp.     John  Wiley  and  Sons,  Inc.,  New  York,  1917. 

Price,  $2. DO  net. 

Dr.  Patterson  has  performed  a  public  service  in  the  compila- 
tion of  his  German-English  Dictionary  for  Chemists.  His  ex- 
tended experience  as  Editor  of  Chemical  A  bstracls  has  given  him 
exceptional  qualifications  for  such  an  undertaking  and  the  work 
shows  the  same  ])ainstaking  care  which  characterized  his  suc- 
cessful work  as  Editor. 

All  chemists  will  understand  the  particular  value  of  such  a 
dictionary  if  they  will  recall  their  early  efforts  to  read  the  Ger- 
man chemical  journals,  following  a  general  two  years'  collegiate 
course  in  German  and  with  the  aid  of  the  usually  available 
German-English  dictionaries.  What  a  host  of  words  and  abbre- 
viations presented  themselves  for  the  significance  of  which 
dictionaries  gave  no  assistance.  These  old  friends  for  whom 
we  so  long  and  fruitlessly  sought  are  present  in  this  new  volume 
ready  at  hand  and  easy  of  access.  So  too  for  older  chemists, 
already  familiar  with  the  German  language,  the  book  will  prove 
of  great  value  wherever  accurate  translation  of  any  passage  is 
required. 

The  printing  is  good,  the  covers  are  flexible,  and  the  size  is 
suited  to  the  coat  pocket.  It  meets  a  real  need  and  it  is  safe  to 
predict  its  general  use. 

Chas.  H.  Hertv 

How  to  Build  up  Furnace  Efficiency.  By  Joseph  W.  Hays, 
Combustion  Engineer.  Tenth  Edition.  154  pp.,  26  illustra- 
tions. Joseph  W.  Hays,  Rogers  Park,  Chicago,  Illinois. 
Price,  $1.00. 

In  the  preface  of  this  book  the  author  explains  that  he  has 
been  led  to  write  this  rather  technical  subject  of  combustion 
in  a  really  popular  way,  such  as  the  public  would  want.  The 
present  tenth  edition  contains  many  new  features.  There 
are  new  charts,  diagrams  and  illustrations  to  make  clear  some 
of  the  things  that  are  hard  to  explain  in  the  printed  page.  The 
author  endeavors  to  show  the  manager,  superintendent,  en- 
gineer and  fireman  of  the  power  plant  how  they  may  proceed 
actually  to  work  a  real  reduction  in  the  coal  bills. 

The  object  of  the  book  is  to  make  clear  to  engineers  and 
firemen  the  proper  way  of  operating  a  boiler  furnace  most 
economically,  and  the  means  suggested  are  not  new,  but  the 
mode  of  expression  is  interesting  and  simple  and  as  the  author 
confesses  "rather  unvarnished,"  and  he  knows  that  the  man- 
ager and  engineer  will  accept  his  criticisms  with  the  same  good 
nature  in  which  they  are  offered. 

The  subject  discussed  deals  principally  with  the  relation 
of  the  percentage  of  carbon  dioxide  in  the  flue  gas,  the  draft 
in  the  furnace,  stack  temperature,  leaks  due  to  faulty  boiler 
setting  and  how  these  affect  the  conditions  for  proper  com- 
bustion. 

The  subject  of  fuel  waste  is  enumerated  and  each  loss  is  ex- 
plained; it  is  further  shown  what  the  possible  economies  may 
be,  how  the  wastes  occur  and  how  to  overcome  them. 

In  the  appendix  a  number  of  charts  are  presented  showing 
in  a  graphic  way  the  relation  between  the  constituents  of  the 
air  and  the  products  of  combustion  when  burning  different 
fuels  such  as  oil,  gas,  wood,  refuse  and  otiier  material. 

The  book  is  written  in  "Five  Reels:"  (i)  Why  Your  Fuel 
Is  Wasted;  (2)  How  Your  Fuel  Is  Wasted;  (3)  How  to  "Spot" 
Your  Fuel  Waste ;  (4)  How  to  Stop  Your  Fuel  Waste;  (5)  How 
to  Keep  tlie  Waste  Stopped.  The  book  is  of  convenient  size 
to  have  at  hand  and  use  as  a  guide. 

Oscar  W.  Paumenberg 


The  Chemistry  and  Technology  of  Paints.  By  Maximilian 
TocH.  Second  Revised  Edition.  D.  Van  Nostrand 
Company,  New  York,  1916.  xi  -\-  366  pp.,  83  illustrations. 
Price,  $4.00. 

The  first  edition  of  this  book  was  published  in  1907  and 
entitled  "The  Chemistry  and  Technology  of  Mixed  Paints." 
It  contained  166  pages  as  against  366  of  the  second  edition, 
so  that  the  enlargement  is  very  material.  Since  the  publica- 
tion of  the  first  edition  there  has  been  a  large  amount  of  atten- 
tion devoted  to  the  study  of  paint,  and  there  are  in  consequence 
28  chapters  in  this  second  edition  as  against  16  in  the  first, 
and  such  a  subject  as  "Chinese  Wood  Oil"  has  1 1 1  pages  de- 
voted to  it  whereas  formerly  it  had  6,  while  considerable  atten- 
tion is  given  to  the  newer  work  on  fish  oil  and  soya  bean  oil. 
That  portion  of  the  work  devoted  to  the  analysis  of  paint  ma- 
terials has  undergone  most  marked  changes,  for  in  the  analytical 
methods  applicable  to  paint  materials,  and  especially  to  oils, 
the  work  done  in  recent  years  has  been  very  extensive  and 
the  results  are  incorporated  in  this  second  edition. 

One  of  the  noticeable  features  of  the  book  is  the  treatment 
in  Chapter  10  of  the  inert  fillers  and  extenders.  Until  compara- 
tively recent  years,  these  materials  were  regarded  as  adulter- 
ants of  paint  and  are  by  many  so  regarded  now.  The  author 
treats  these  as  though,  within  their  stated  limitations,  they 
were  entitled  to  the  same  kind  of  consideration  as  the  older 
pigments  such  as  lead  and  zinc,  and  discusses  their  merits  and 
demerits  quite  as  fully  and  in  a  manner  equally  scientific  and 
exact.  It  may  be  said  of  the  work  generally  that  it  is  up-to- 
date,  that  it  covers  the  fields  suggested  by  its  title  thor- 
oughly, and  that  it  is  full  of  suggestions  for  further  research 
and  improvement. 

P.  C.  McIlhiney 

Engineering  Chemistry.  By  Thomas  B.  Stillman.  Fifth 
Edition.  743  pp.,  8vo.,  with  150  illustrations.  The  Chem- 
ical Publishing  Company,  Easton,  Pa.,   1916.      Price,  S5.00. 

The  appearance  of  five  editions  of  this  book  since  the  first 
issue  shows  that  it  has  been  extensively  used.  On  account  of  the 
death  of  the  author  in  August  1915,  when  this  edition  was 
approaching  completion,  its  final  publication  has  been  carried 
out  by  Messrs.  Albert  L.  and  Thomas  B.  Stillman.  The  book 
has  been  considerably  enlarged  and  modified,  but  the  main  fea- 
tures of  the  previous  editions  have  been  retained. 

The  sub-title  of  the  work  describes  it  as  "a  manual  of  quan- 
titative chemical  analysis  for  the  use  of  students,  chemists 
and  engineers,"  but  it  is  to  be  observed  that  descriptions  of 
many  physical  tests,  copies  of  specifications,  and  other  topics 
not  dealing  strictly  witli  chemical  analysis  are  included.  On 
tlie  otlier  hand  the  book  deals  with  only  a  restricted  field  of 
analytical  chemistry,  confining  itself  practically  to  the  testing 
of  such  materials  as  are  used  in  civil  or  municipal  engi- 
neering. 

It  does  not  deal  with  mineral  analysis  or  organic  analysis 
in  general,  nor  does  it  deal  with  the  analysis  of  the  important 
products  of  chemical  industry,  such  as  acids,  alkalies,  salts, 
bleacliing  materials,  dyes,  medicinal  products,  etc.  How- 
ever, the  book  presents  much  that  is  useful  in  its .  particular 
field. 

Among  the  subjects  most  extensively  treated  are  the  prox- 
imate analysis  of  fuels,  tlieir  coloriinetry  and  their  physical 
examination,  tlie  analysis  of  iron,  steel  and  a  number  of  non- 
ferrous  alloys,  the  analysis  and  physical  tests  of  cement,  con- 
crete, clay,  sand  and  building  stones,  the  examination  of  asphalt 
and  other  bituminous  road  materials,  of  coal  tar,  lubricating. 
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oils,  illuminating  oils  and  fuel  oils,  soap,  paint  and  varnish 
analyses,  the  chemical  and  physical  examination  of  paper, 
the  analysis  and  treatment  of  potable  waters  and  boiler 
waters,  the  analysis  of  flue  gases,  illuminating  gases,  etc.,  the 
manufacture  of  producer  gas,  water  gas  and  acetylene,  photom- 
etry and  pyrometry.  Many  official  methods  are  quoted  and 
many  interesting  details  of  manufacture  are  given.  The  book 
is  to  be  highly  recommended  to  those  interested  in  these  lines 
of  examination. 

The  book  contains  several  condensed  tabular  schemes  of 
analysis,  which,  while  useful  to  experienced  analysts  as  aids 
to  memory,  give  hardly  sufficient  details  for  the  use  of  beginners. 
One  of  them,  dealing  with  the  analysis  of  potassium  cyanide, 
has  a  misprint  of  "K  T"  for  "K  I"  and  it  is  certain  that  the 
inexperienced  analyst  would  fail  to  determine  cyanogen  if  he 
should  use  potassium  tartrate  in  place  of  the  iodide. 

H.  L.  Wells 

Vinegar:  Its  Manufacture  and  Examination.  By  C.  A. 
Mitchell.  201  pp.  and  54  illustrations.  Published  by 
C.  Griffin  &  Co.,  London,  and  by  J.  B.  Lippincott  Co.,  Phila- 
delphia.    Price,  $2.75. 

The  first  third  of  this  volume  is  devoted  to  the  history  of 
vinegar  making,  the  second  to  the  manufacture  of  vinegar,  and 
the  last  to  the  methods  of  examination  and  characteristics 
of  the  various  kinds  of  vinegar.  So  far  as  the  book  is  concerned 
with  modem  practice,  it  deals  almost  exclusively  with  the 
English  practice  which  is  based  on  an  acetic  fermentation 
taking  place  at  105  to  110°  F.,  while  the  rest  of  Europe,  and 
America,  ordinarily  use  bacteria  which  have  their  maximum 
activity  at  about  90°  F. 

The  reviewer  wishes  to  take  issue  witli  the  opinion  (p.  117) 
that  the  more  rapid  the  vinegar  formation  the  greater  will  be 
the  clogging  of  the  quick  vinegar  generator  by  "motlicr  of 
vinegar." 

The  relation  of  tlic  amount  of  oxygen  available  in  the  quick 
vinegar  generator  to  the  growth  of  the  vinegar  eel  does  not 
seem  to  be  appreciated  (p.  1 20)  and  the  common  method  of  get- 
ting rid  of  this  pest  by  completely  shutting  off  the  air  supply 
for  a  few  days  is  apparently  unknown  in  the  English  vinegar 
factories. 

The  rapid  destruction  of  the  acetic  bacteria  by  tlie  larvae 
of  the  vinegar  fly  seems  to  have  been  overlooked  by  the  author, 
for  it  is  stated  (p.  128)  that  this  fly  "docs  not  in  any  way  affect 
the  manufacture"  of  vinegar. 

Taken  as  a  whole  the  volume  is  one  written  by  an  Englishman 
for  the  English  public  and  deals  mostly  with  strictly  English 
procedure.  The  book  is  of  little  value  to  American  readers 
and  is  not  to  lie  compared  with  the  standard  works  on  vinegar 
which  are  availal)le  in  German  and  in  Ivnglish. 

KalI'II  II.  McKeB 

Modem  Chemistry  and  Its  Wonders.  By  Geoi'pkey  Martin, 
rii.D.,  D.Sc.,  London,  xvl  -|-  351  pp.  D.  Van  Nostrand  Co., 
New  York      I'ricc,  fz.oo. 

In  Uic  preface  of  Dr.  Martin's  latest  l)ook  lie  states:  "My 
recently  published  book,  'Triumphs  and  Wonders  of  Modern 
Chemistry,"  met  witli  such  an  enlhiisiaslic  welcome  by  the 
chemical    reading    pul)lic.  tliut    when    my    pul>lishcrs 

appriiached  me  with  tlic  request  to  write  n  companinn  vohimc 
to  tliat  work,  treating  of  mutters  omitted  for  want  of  space  in 
the  first  l)Ook,  I  gladly  acceded  to  their  proposal.  'Hie  present 
book  is  the  result.  The  trealincnt  is  popular,  tcchnicnlitic!* 
being  avoided  us  iiiueli  as  possible.  However,  in  it  I  suppose 
the  reader  to  lie  ramiliar  with  the  (irdinary  coiicrptions  of  chem- 
istry, such  us  have  already  been  explained  in  a  popular  iiianner 
in  the  first  book.  The  bonk  i.i  not  intended  for  stiidcnt.i  wip- 
ing to  study  for  one  or  other  of  the  innumerable  cxuniinations 


of  our  somewhat  chaotic  examination  system.  Rather  it  is  in- 
tended to  interest  the  cultured,  general  reader  in  some  of  the 
really  wonderful  achievements  of  scientific  chemistry." 

The  author  has  accomplished  the  above  in  this,  his  latest 
work.  To  the  reviewer,  a  teacher  of  General  Inorganic  Chem- 
istrj',  the  reading  of  the  book  was  such  a  pleasure  and  an  inspira- 
tion that  it  was  read  from  cover  to  cover.  Such  a  variety  of  inter- 
esting facts  of  every-day  chemistrj-  was  presented  in  a  manner 
and  language  that  made  one  realize  that  the  language  of  the 
chemist  should  not  be  foreign  to  the  cultured  layman.  To  a 
teacher  the  book  is  invaluable  with  its  suggestions  for  present- 
ing in  clear  concise  manner  the  fundamental  facts  and  principles 
of  every-day  chemistry.  This  is  especially  true  for  beginners' 
classes  and  popular  lectures. 

The  average,  dyed-in-the-wool  chemist,  or  chemistry  teacher 
is  apt  to  undervalue  books  of  this  type  (and  we  have  too  few  of 
them) ;  these  are  the  very  books  we  need,  both  for  the  teachers, 
our  students  and  more  especially  for  the  cultured  public. 

Text-books  are  for  the  most  part  incomprehensible  to  an 
intelligent  reader  without  the  teacher,  the  classroom,  and  the 
laboratory.  Should  a  layman  of  average  education  have  the  mis- 
fortune to  pick  up  the  average  chemistrj'  text-book,  even  a  book 
intended  for  beginners,  he  proceeds  only  a  few  pages  and  closes 
it  in  disgust,  concluding  that  chemistry  is  fit  only  for  highbrows. 
The  text-books  have  their  place  and  we  have  a  deluge  of  them, 
but  we  have  too  few  of  the  pojjular  type  books. 

The  reviewer  felt  that  the  main  worth  of  the  book  rested 
with  its  value  to  students  of  chemistry,  and  more  especially 
the  layman  of  average  education.  A  class  of  sixteen  freshmen, 
who  had  just  finished  their  first  half-year  of  college  chemistry, 
and  had  elected  a  sequence  in  honors  chemistry,  were  assigned 
summer  reading  consisting  of  a  history  of  chemistry,  Robert 
Kennedy  Duncan's  books,  "The  New  Knowledge,"  and  tlie 
"Chemistry  of  Commerce,"  and  Geoffrey  Martin's  books.  At  tlie 
opening  of  the  fall  term,  the  class  was  unanimous  in  that  "Modem 
Chemistry  and  Its  Wonders"  was  the  most  instructive  and  inspir- 
ing of  the  list.  With  tlie  layman  in  view,  the  book  was  placed 
in  the  hands  of  a  friend  who  had  never  studied  chemistr\-.  The 
results  were  that  the  book  was  not  only  read,  but  was  read  on 
until  the  small  hours  of  the  morning.  In  a  few  days  when  he 
was  asked  how  he  liked  tlic  book,  the  reply  came — "That  is  the 
first  chemistry  book  I  could  understand  and  really  enjoy." 

The  topics  are  varied,  and  each  chapter  is  in  itself  a  short  story 
not  dependent  on  preceding  chapters.  The  Romance  of  Coal 
Tar,  the  Romance  of  Salt,  Artificial  Precious  Stones.  The  Ro- 
mance of  Alcohol,  of  Explosives,  of  Hydrocarbons,  are  some 
of  the  live  topics  of  every-day  chemistry  treated  in  a  lucid  manner. 
The  author  has  even  been  bold  enough  to  devote  a  chapter  to 
Radium,  and  one  to  the  Mystery  of  the  Periodical  System. 

What  the  science  of  chemistry  needs  to-day  is  expansion  in 
research.  Research  is  expensive,  and  who  carries  Uic  financial 
burden  of  research?  The  poorly  endowed  college  or  university? 
The  chemist?  The  chemistry  teacher?  The  I'liivcrsity  docs 
her  share,  the  chemist  and  teacher  are  usually  tini  poor.  It  is 
the  well-to-do  reading  public,  and  you  cannot  make  the  public 
interested  in  research  in  chemistry  unless  you  have  some  means 
of  letting  thi-in  know  what  chemistry  is.  what  it  has  .icoiimplishcd 
for  mankind,  and  an  insight  into  it.i  (Hissibilitics,  if  foitrrrd  by 
well  endowed  scientific  colleges  and  schools  or  cndow«l  prix-ate 
enterprises.  Let  us  have  more  iKxiks  of  this  type  and  may  their 
circulation  be  cnonnous.  with  the  end  th.it  thrv  iiiav  rrplncc  to 
a  considerable  cTtrnt  the  tra^llv  licht  «tulT  (oiunl  lixi  ftri|iirntly 
in  our  public  libraries  and  the  libraries  o(  the  tradiiiK  public. 

The  IxMik  has  a  neut  ap|>rarancr.  the  cuts  and  ilhistmtioiis 
arc  well  choncn  and  of  uixxl  workiimnMiip,  and  the  volume  if 
free  from  errors  in  chrniiciil  c<|uation<  and  chemical  facts 

AoTiirR  C.  NlilSll 
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LITERATURE  OF  THE  NITROGEN  INDUSTRIES,  1912-1916 


By  Helen  R.  Hosmer,  Research  Laboratory,  General  Electric  Company 


INTRODUCTION 

In  the  following  general  review  of  the  literature  of  the  Nitrogen 
Industries  it  is  attempted  to  give  in  convenient  form  the  essential 
statements  of  papers  published  during  the  last  five  years.  The 
earlier  literature  is  very  general  and  often  vague  in  nature,  and 
is  sufTiciently  v^ell  covered  by  a  number  of  books.  Moreover, 
it  is  the  recent  material  with  its  more  specific  treatment  of 
technical  and  cost  details  which  is  now  of  particular  interest 
in  connection  with  the  attempts  being  made  to  establish  an 
adequate  domestic  supply  of  nitrogen  compounds  for  tlie  United 
States. 

The  purpose  has  been  to  present  an  outline  giving  the  salient 
features  of  the  subject,  as  stated  by  various  authorities,  together 
with  a  bibliography  of  such  a  kind  that  the  original  articles 
need  not  be  consulted  in  order  to  find  which  contain  the  par- 
ticular information  desired.  The  aim  has  not  been  e.xhaustive- 
ness  but  rather  the  listing  of  references  generally  available  in 
this  country.  It  is  believed,  however,  that  the  field  is  fairly 
well  covered  by  these  and  that  extension  of  the  list  would  but 
lead  to  duplication,  or  to  the  inclusion  of  trivial  articles. 

The  arrangement  is  inversely  chronological  except  where 
entire  consistency  might  have  separated  related  items.  The 
appendix  contains  material  not  properly  a  part  of  the  subject 
but  of  possible  use  to  those  interested  in  the  present-day  prob- 
lem. In  this  latter  no  effort  is  made  to  cover  tlie  fields  at  all 
completely. 

It  should  be  kept  in  mind  that  in  all  cases  the  statements 
made  are  those  of  the  authors  quoted.  This  accounts  for  some 
repetition  and  for  contradictory  data  on  some  points.  In  cases 
where  the  material  of  different  writers  was  obviously  taken  from 
the  same  authority  this  fact  is  noted  and  only  one  is  quoted  in 
detail. 

In  regard  to  the  fact  that  the  testimony  given  favors  certain 
processes  very  markedly  it  must  be  remembered  that  certain 
industrial  interests  now  prominent  in  this  country  have  con- 
tributed disproportionately  to  the  literature.  It  may  well 
be  that  some  of  the  processes  not  praised  at  all  highly  here, 
may  yet  prove  to  be  cheaper  and  more  efficient. 

Very  recently  information  of  a  fragmentary  nature  seems, 
for  instance,  to  indicate  that  the  Germans  have  been  placing 
their  reliance  upon  the  Haber  process,  which  may  well  have  been 
much  improved  and  developed  during  the  last  two  years.  In 
all  cases,  the  data  given  here  should  be  taken  for  what  they  are 
worth  and  not  as  authoritative. 

I— DESCRIPTION  AND  CHEMISTRY  OF  PROCESSES 
GENEBAL* 

Washburn"  (1916)  discusses  in  some  detail  the  factors  having 
bearing  upon  the  problem  before  the  United  States  of  estab- 
lishing a  domestic  supply  of  nitrates  adequate  to  war  demands. 
He  analyzes  the  various  proposals  made.  Gilbert'*  gives  similar 
data  in  a  condensed  form. 

Norton"  (1916)  discusses  the  various  water  powers  in  the 
United  States  which  are  available  and  adaptable  to  the  nitro- 
gen fixation  industry.  He  favors  the  establishment  of  three 
plants  to  supijly  the  needs  of  the  sections  of  the  country  having 
the  largest  demands.  He  also  mentions  the  possibility  of  getting 
7,400,000  horse  power  during  14  hours  of  the  day  from  complete 
harnessing  of  Niagara  Falls.  The  details  of  this  plan  are  given 
by  Dunn*"  (1915):  see  also  References  15  and  127. 

Merrill"  (1916)  gives  simitar  data  for  Western  water  powers. 

Skerrett"  (1916)  gives  a  very  general  and  brief  treatment  of 
the  nitrogen  situation,  mentioning  the  importance  of  its  con- 
sideration in  connection  with  preparedness,  and  outlining  very 
*  Numbers  refer  to  References  in  Bibliography,  pages  437  and  438. 


briefly  the  arc  and  cyanamide  processes.  He  quotes  from 
Norton,  and  most  of  his  other  data  are  to  be  found  in  Wash- 
biuTi's  articles  and  statements. 

Cushman"  (1916),  in  an  article  entitled  "R61e  of  Chemistry 
in  War,"  has  discussed,  among  other  things,  the  status  of  our 
nitrogen  supply  and  the  methods  available  for  remedying  this 
situation.  His  data  on  this  point  are  taken  from  Summers" 
(1915),  and  Baekeland"  (1914). 

Cresap"  (1915)  gives  in  very  general  terms  the  compositions 
and  characteristics  of  some  15  of  the  more  common  military 
explosives.  It  is  to  be  noted  that  nitric  acid  is  required  for  the 
preparation  of  all. 

Baekeland"  (1914)  gives  a  brief  history  of  the  nitrogen  indus- 
tries and  their  present  status,  explaining  the  cause  of  failure 
of  the  Bradley  and  Lovejoy  process.  He  mentions  that  a  French 
Company  has  taken  up  the  application  of  the  Serpek  process. 
Merrill"  (1915)  gives  full  statistics  of  the  water  power  re- 
sources and  electric  power  development  and  control  in  the  United 
States.  The  conclusions  of  his  report  are,  however,  severely 
criticized  in  Reference  31  (1916). 

Martin  and  Barbour'  (1916)  in  their  book  on  "Industrial 
Nitrogen  Compounds  and  Explosives"  present  a  general  review 
of  the  whole  subject  witli  references.  They  describe  the  most 
important  processes  and  give  diagrams  and  photographs  of  the 
apparatus.  They  also  discuss  the  more  general  aspects  of  the 
subject  and  include  statistics  and  many  patents. 

Roeber'*'  (1910)  gives  a  good  general  review  of  the  nature  of  the 
various  processes  for  nitrogen  fixation,  and  their  present  status. 

Summers'^  (1915)  discusses  in  detail  tlie  physical  chemistrj" 
and  thermodynamics  of  the  endothermic  reaction  between 
nitrogen  and  oxygen,  giving  the  results  obtained  by  Nemst 
from  investigation  of  the  equilibrium  at  temperatures  between 
1500  and  3500°  C,  by  Nemst  and  Jellinek  on  rate  of  dissociation 
of  NO  at  various  temperatures  and  by  Haber  and  Koenig  working 
at  reduced  pressures.  He  computes  that  owing  to  the  extreme 
dilution  of  the  product  there  is  a  loss  of  some  95  jjer  cent  of  the 
energy  employed.  He  also  mentions  briefly  the  physico-chemical 
factors  involved  in  the  Cyanamide  and  Serpek  processes. 

The  only  arc  processes  in  actual  operation  according  to 
Landis"  (1915)  are  the  Birkeland-Eyde,  the  Schonherr,  and 
the  Pauling,  all  of  which  give  as  a  product  a  gaseous  mixture 
containing  from  i  per  cent  to  2  per  cent  by  volume  of  nitric 
oxide,  from  which  the  present  well  standardized  condensation 
plants  recover  nearly  95  per  cent  in  the  form  of  30  to  35  per  cent 
nitric  acid.  This  can  be  concentrated  to  50  per  cent  by  utilizing 
the  waste  heat  of  the  process,  but  must  then  be  further  concen- 
trated by  special  processes,  or  else  converted  into  calcium  or 
ammonium  nitrate,  before  it  is  available  for  commercial  pur- 
poses. The  ammonia  for  such  conversion  is  obtained  in  most 
cases  from  cyanamide. 

These  arc  processes  require  enormous  quantities  of  cheap 
electrical  energy**  (191 5). 

For  a  detailed  discussion  of  the  reactions  involved  and  the 
thermodynamics  of  the  case,  Knox«'  (1914)  should  be  consulted. 
He  gives  a  full  and  critical  review  of  the  literature  down  to 
19 13,  devoting  over  86  pages  to  the  chemistrj'  of  the  processes, 
witli  references  to  the  original  articles. 

Knox  also  describes  the  commercial  processes  and  furnaces, 
taking  up  the  Birkeland-Eyde,  Pauling,  Schonherr,  Haber, 
Serpek,  Cyanamide,  and  some  other  less  important  ones.  The 
book  is  an  extremely  good  r6sum6  of  the  subject  but  lacks 
entirely  yields,  cost  data,  and  technical  details. 

Haber"  (1914)  mentions  the  thermodynamical  conditions 
limiting  the  yields  of  tlie  arc  and  synthetic  ammonia  processes 
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for  fixing  nitrogen.     He  believes  that  each  process  has  its  own 
field  in  which  it  may  be  successfully  operated. 

In  his  book,  Perlick"  investigates  the  general  economic  bear- 
ing of  the  nitrogen  fixation  industry  and  its  relation  to  other 
industries  and  to  agriculture,  especially  from  the  point  of  view 
of  Germany's  producing  the  nitrogen  compounds  necessary  for 
her  own  consumption.  The  contributions  to  be  expected  from 
each  of  the  processes  available  are  discussed.  From  a  considera- 
tion of  costs  he  concludes  that  the  demands  of  the  chemical 
industries  can  be  satisfied  either  by  the  arc  process  or  by  the 
Ostwald  process  of  ammonia  oxidation.  The  problem  of  sup- 
plying the  needs  of  agriculture  without  increasing  the  cost  is 
still  unsolved.  The  Haber  and  Serpek  processes  seem  to  offer 
the  most  promise  for  this  purpose.  Statistics  of  consumption 
and  production  of  various  nitrogen  sources  are  given. 

The  chemistry  and  reactions  involved  in  the  oxidation  of 
nitrogen  and  the  absorption  of  the  acid  formed  are  discussed 
by  Scott'*'  (1912)  who  gives  the  equations.  He  also  discusses 
the  theories  for  the  process  of  oxidation,  mentioning  particularly 
the  probability  that  ozone  is  an  intermediate  product  and  very 
essential  to  the  course  of  the  reaction. 

Norton's'-'  (1912)  book  like  Knox's  is  a  resume  of  the  nitrogen 
situation,  including  material  collected  from  the  literature,  patents 
and  personal  observation.  It  is  extremely  full  and  comprehensive, 
and  supplements  Knox's  book  just  where  the  latter  is  lacking, 
i.  e.,  on  the  technical  and  commercial  side.  The  development 
of  the  industry  and  the  various  plants  are  given  special  attention. 
Methods  of  producing  the  materials  required  by  the  various 
processes  are  considered  in  their  bearing  upon  an  American 
industry.  The  properties  and  applications  of  the  products 
are  taken  up.  The  organization  of  the  European  industry  is 
described. 

The  chemistry  of  the  processes  and  the  possibilities  for  im- 
provement arc  mentioned.  He  discusses  the  probable  future 
of  the  industry  particularly  with  regard  to  the  effect  of  the  cost 
of  power  and  price  of  Chilean  nitrate. 

Norton  also  takes  up  the  thermodynamics  of  the  various 
processes.  He  describes  also  tlie  less  well-known  patented  pro- 
cesses and  furnaces  such  as  those  of  Guye,  Von  Kowalski  and 
Moscicki,  Thorsen  and  Tharaldsen,  and  Albihn.  In  fact  he 
pays  especial  attention  to  patents.  He  includes  non-electrical 
processes  such  as  that  of  Hausser. 

The  uses  of  the  various  products,  the  syntheses  of  related 
products  such  as  cyanides,  statistics  of  the  world's  supply  and 
con.sumption  of  nitrogen  compounds,  recovery  of  waste  nitrogen 
products  are  all  reviewed. 

Norton's  book  is,  in  fact,  the  most  complete  treatise  on   the 
subject  that  has  been  published.     Relatively  few  references  to 
the  literature  are  given,  tho\igh  many  i>alcnts  are  reviewed. 
OXIDATION  PROCESSES 
ARC    PROCESSKS 

Summers"  (lyi.s)  describes  with  diagrams  the  comparative 
operation  of  the  three  commercial  types  of  furnace  for  direct 
combination  of  the  oxygen  and  nitrogen  of  the  air:  the  Hiiusser, 
and  the  Dirkcland-Kydc,  Sehdnlierr,  and  I'auling.  The  three 
last,  which  are  arc  processes,  take  alternating-current  at  voltages 
of  from  4<j<K)  lo  .S.i™'  between  the  electrodes. 

The  Hirkehind  Hyde  furnace,  which  has  had  the  most  ex- 
tensive applieiition,  employs  a  series  of  semicircular  ores  rapidly 
expanded  by  means  of  a  powerful  direct-current  magnet  against 
the  incoMiing  air.  The  products  arc  withdrawn  at  a  trmpcm- 
tiire  of  about  iJ5<i"  C.  and  contain  about  3  per  cent  of  NO. 
The  recent  fumaccH  hove  u  3000  kw.  capacity  nnd  give  n  yield 
of  sHo  to  f)<H)  kg.  "f  nitric  acid  per  kw.  yr.  or  63  to  70  g.  per 
kw.  hr. 

Scott"  (191,^)  states  that  Home  furnaces  take  over  4000  horse 
power.  At  Notodclen  there  arc  .^3  fiinmccs  using  from  600 
to  Kxx)  kw.  each  and  at  Saahrini  8  of  jjoo  kw.  each. 


The  Schonherr  furnace  uses  a  quietly  burning  arc  some  23 
feet  long,  around  which  the  air  circvilates  with  a  vortex  motion. 
The  gases  pass  over  a  water-cooler,  and  are  withdrawn  at  about 
850°  C.  after  having  given  up  a  further  part  of  their  heat  to  the 
incoming  air.  The  NO  concentration  is  about  2.25  per  cent. 
The  largest  furnaces  have  800  kw.  capacity,  and  yield  550  to 
575  kg.  of  nitric  acid  per  kw.  yr.  or  65  g.  per  kw.  hr. 

Scott"  (1 91 5)  states  that  the  Christianssand  works  have 
twelve  450  kw.  furnaces  of  this  type,  and  the  Saaheim  ninety-six 
1000  kw.  furnaces. 

The  Pauling  furnace  makes  use  of  a  series  of  rapidly  succeeding 
arcs,  driven  upward  by  the  blast  of  incoming  air,  and  broken 
by  the  diverging  horns  of  the  electrodes.  The  effect  is  an  arc 
flame  30  in.  high  in  intimate  contact  with  rapidly  mo\'ing  air. 
The  yield  of  NO  is  from  1.25  to  1.5  per  cent  in  the  400  kw.  fur- 
nace, with  yields  of  from  525  to  540  kg.  per  kw.  yr.  or  60  g.  per 
kw.  hr. 

Scott"  (1915)  says  that  this  furnace  is  employed  in  factories 
at  Gelsenkirchen,  Innsbruck,  Milan,  Roche-de-Rame,  and  in 
South  Carolina.  The  last  plant  is  stated  to  be  merely  experi- 
mental. 

Scott"  (1915)  describes  the  Birkeland-Eyde,  Schonherr- 
Hessberger,  and  Pauling  furnaces  and  operation  in  considerably 
greater  detail  than  Summers,  and  gives  a  comparison  of  their 
disadvantages. 

Scott'-'  (1912)  gives  the  temperatures  of  the  flames  and  es- 
caping gases  respectively  as  3500  and  800-1000°  C.  for  the 
Birkeland-Eyde  furnace,  3000    and    1200°  for  the  Schonherr, 

and  and    1000°  for  the  Pauling.     The  current  supplies 

required  for  each  furnace  are  as  follows: 

Birkeland-Eyde — Direct-current  for  magoetJc  6cld  of  4500  lines  of  force 
per  sq.  cm. 
— Alternating-current    5000    volts,     SO    periods.    600- 
MOO  kw. 
SchSnhrrr  — Alternating-current     4200     volts,     50     periods.     600 

H.P.-lOW)  kw. 
Pauling  — Single-phase  alternating-current  4000-6000  volts.  50 

periods.  400  kw.-lOOO  H.P. 

Eyde"'  (1912)  gives  similar  values  for  his  furnace  which  he 
states  is  the  only  type  used  at  Notodden.  Both  Birkeland-Eyde 
and  Schonherr  systems  are  used  at  Rjukan.  He  also  gives  cuts, 
diagrams,  and  photographs  of  plants  and  discusses  power  de- 
velopments. Scott's  (1912)  article  and  this  are  ver>'  similar  in 
context. 

Scott"'  (19 1 2)  gives  the  most  detail  concerning  the  construc- 
tion of  tlie  furnaces,  conditions  of  operation,  layout  of  plants, 
yields,  etc.,  for  the  arc  and  cyanamide  process  with  photo- 
graphs from  the  plants.  He  also  describes  the  absorption 
methods.  He  states  that  tlie  power-factor -for  nitrogen  fixation 
processes  is  about  0.6. 

He  also  discusses  the  relative  advantages  of  the  three  arc 
processes,  and  describes  the  electrical  equipment  witli  its  guaran- 
tees, used  by  the  Hirkeland-Eyde  plant  at  Rjukanfos.  This 
last  is  described  in  considerable  detail. 

Scott  also"  (1915)  describes  the  Kilbuni-Scolt  arc  funiocc 
and  process  for  oxidizing  nitrogen.  The  oppanitus  cinplo>*s 
a  three-phosc  current  giving,  under  the  blast  of  uir,  an  inx-crtcd 
cone  of  flame.  Air  enriched  with  oxygen  is  to  be  usotl  cyclically, 
whereby  it  is  exjKcted  to  increase  the  yield  of  NO  20  per  cent, 
llircct  obsorption  in  water  is  claimed  to  give  a  jri  per  cent  nitric 
arid. 

The  prtxrc.ss  docs  not  ap|>car  to  have  l>ccii  applied  coninicrcially 
as  yet.  Operating  factors  nnd  their  cITect  upon  yields  arc  men- 
tioned but  no  data  given. 

The  design  of  a  cominereial  funuice.  siiniliir  to  Oie  cxiKri- 
inentul  one.  is  given  for  which  the  advantages  of  simplicity, 
conservation  of  heat,  low  first  and  maintcnancr  c«wts.  etc., 
lire  claimed. 

I'atrnts  of  methods  for  the  fixation  of  atniosphrrir  nilroKrn 
by  arc  processca  lusuetl  in  rrcriil  years  arr  rcvicwrti  in  Refer 
cncc  54  (iQis)- 
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Lamy'"  (191 1)  gives  a  general  review  of  the  cyanamide 
and  arc  processes  for  nitrogen  fixation.  His  description  of  the 
Birkeland-Eyde,  Schonherr,  and  Pauling  processes,  illustrated 
with  diagrams,  is  very  good. 

Auzies'"  (1912)  discusses  the  theory  of  nitrogen  oxidation 
and  gives  tables  showing  the  relation  between  temperature  and 
yield.  The  catalysis  of  the  reaction  by  oxides  of  cobalt,  mag- 
nesium, chromium,  nickel,  platinum,  palladium,  barium,  lead, 
cerium,  and  thorium  has  been  effected.  Cerium  works  best. 
Work  has  also  been  done  on  the  catalysis  of  the  reaction  be- 
tween nitrogen  and  hydrogen. 

Tausent'"  (1912)  shows  the  advantage  of  vertical  arcs  over 
horizontal,  both  in  stability  and  yield  of  nitric  acid. 

Ehrlich  and  Russ"'  (i9n)  conclude  from  experiments  on 
mixtures  of  nitrogen  and  oxygen  that  ozone  is  an  important 
factor  in  the  oxidation  of  nitrogen.  They  give  the  variation 
of  per  cent  of  nitric  oxide  formed,  with  the  oxygen  in  the  original 
mixture. 

Vanderpol'"  (191 1)  gives  a  detailed  description  with  diagrams 
for  the  Pauling  process  and  absorption  towers  at  La-Roche-de 
Rame,  Hautes-Alpes,  France. 

Haber,  Koenig,  Platou  and  Holwech"'  (1910)  have  studied 
the  effect  of  high  voltage,  high  frequency  alternating-current, 
cooled  direct-current  arcs,  and  pressure  upon  the  oxidation 
of  nitrogen  and  give  their  experimental  data  in  considerable 
detail. 

Holwech'**  (1910)  has  studied  the  formation  of  nitric  oxide 
in  the  short  direct-current  arc  at  various  temperatures  with  a 
cooled  anode.  He  obtained  the  best  results  with  the  shortest 
arc  and  the  highest  field  strengths  compatible  with  the  proper 
temperature,  getting  yields  as  high  as  80  g.  of  nitric  acid  per 
kw.  hr.  at  a  maximum  concentration  of  9  i)er  cent  of  NO. 

Wolokitin'"  (1910)  has  studied  tlie  formation  of  nitrogen 
oxides  in  the  flame  of  hydrogen  and  discusses  tlie  thermody- 
namics of  the  reaction. 

Zenneck"-  (1910)  gives  a  general  discussion  of  the  various 
methods  for  oxidizing  nitrogen  in  the  arc. 

Koenig"  (191 5)  discusses  rather  fully  the  subject  of  active 
nitrogen  and  its  relation  to  nitrogen  fixation.  He  reviews  the 
literature  and  gives  the  results  of  work  of  his  own  upon  the 
activation  of  nitrogen,  oxygen,  and  hydrogen. 

Hene"  (1914)  got  a  higher  yield  from  sparking  oxygen  before 
mixing  it  with  nitrogen  than  from  sparking  the  nitrogen.  He 
concludes  that  ozone  is  formed. 

The  reaction  of  active  hydrogen  and  oxygen  has  been  studied 
by  Koenig  and  Rlod"'  (1914)  and  the  conclusion  reached  that 
the  electric  discharge  must  also  produce  an  active  form  of  oxygen. 
Lowry'"  (1914)  finds  spectroscopically  that  when  active 
nitrogen  and  ozonized  air  are  mixed,  nitric  oxide  is  produced, 
and  suggests  that  the  fact  may  throw  light  upon  the  molecular 
condition  necessary  for  the  oxidation  of  nitrogen. 

Koenig"  (1913)  criticizes  the  conclusion  of  I'ischer  and  Hene"' 
(1912)  that  the  electrical  discharge  activates  the  oxygen  and 
not  the  nitrogen.  ' 

Fischer  and  Hene'"  (1913)  conclude  from  a  study  of  the  effect 
of  subjecting  nitrogen  and  air  separately  to  the  action  of  elec- 
tric discharges,  that  the  oxidation  of  nitrogen  in  the  arc  flame  is 
dependent  upon  the  dissociation  or  activation  of  tlie  oxygen 
and  not  of  the  nitrogen.  In  Reference  87  (1913)  they  reply  to 
Koenig"  (1913)  and  give  their  experimental  data  in  detail. 

Lowry'"  (191 2)  got  increased  yields  of  nitrogen  peroxide 
from  mixing  air  which  had  been  subjected  to  the  action  of  a 
series  of  spark  gaps,  with  ozone. 

Russ'-'  (1912)  discusses  the  evidence  of  various  investigators 
that  the  reaction  is  not  purely  thermic  but  may  involve  elec- 
tronic factors  and  points  out  that  the  formation  of  active  nitrogen 
might  be  harmful. 

Strutt""  (1912)  states  that  active  nitrogen  is  not  oxidized  by 


oxygen  but  that  the  latter  probably  acts  as  a  catalyzer  to  de- 
stroy the  active  modification. 

Strutt'"  (191 1 )  has  studied  the  flame  arising  from  the  nitrogen- 
burning  arc  and  concluded  that  it,  like  the  afterglow  phenomena 
in  vacuum  tubes  containing  air,  is  due  to  the  oxidation  of  oxides 
of  nitrogen  by  ozone. 

Dary^"  (1915)  states  that  Nodon  has  been  able  to  obtain 
nitric  acid  very  economically  by  electrolyzing  peat  under  :o 
volts.  Peat  contains  2  per  cent  by  weight  of  nitrogen,  which  is 
converted  into  nitric  acid  by  the  combined  action  of  nitrogen 
bacteria,  the  oxygen  of  the  air,  water,  and  heat  from  the  elec- 
tric current.  The  yield  of  nitric  acid  per  ampere  hour  is  i  g., 
or  432  kg.  in  24  hours  per  ha  con.sumes  180  kw.  hr.  The  yield 
per  year  on  150  ha  is  100,000  tons  of  nitrate. 
hAusser  process 

The  Hiiusser  process"  (1915),  of  which  a  single  commercial 
installation  has  been  made  in  Germany,  employs  coke  oven 
gases  mixed  with  air  under  pressure  in  an  explosion  bomb, 
fired  by  a  high  tension  spark.  The  products  are  cooled  at  once 
by  a  high  pressure  spray  of  water.  The  temperature  attained 
is  2100°  A.  and  the  concentration  of  NO,  0.5  per  cent.  The 
maximum  yield  is  99  g.  of  nitric  acid  per  cu.  ra.  of  gas  equal  to 
6.2  lbs.  per  1000  ft. 

Dobbelstein"'  (1912)  has  experimented  with  the  Hausser 
process  using  coke  oven  gas  in  a  bomb  of  100  liters  capacity. 
Diagrams  of  the  plant  are  given  as  well  as  curves  showing  the 
relation  of  yield  to  pressure,  temperature  of  gas,  and  per  cent 
of  oxygen.  The  advantages  and  costs  are  compared  with  other 
processes. 

Hausser"'  (1912)  gives  a  detailed  account  of  investigations 
upon  nitrogen  fixation  by  the  explosion  of  gas  mixtures  and  the 
influence  of  the  various  factors  of  pressure,  etc.  Increase  in 
size  of  bomb  gave  larger  yields. 

ABSORPTION 

The  NO  mixtiu'es'^  (1915)  produced  by  all  these  processes 
are  cooled,  passed  into  a  gas  holder,  where  time  is  allowed  for 
the  reaction 

2NO  +  Oj  =  2NO2 
and  are  then  sent  to  counter  absorption  towers,  where  they  re- 
act with  water,  according  to  the  equation 

2NO2  -f  H.O  =  HNOi  +  HNGj. 
The  nitrous  acid  is  oxidized  by  the  excess  oxygen.  An  acid  of 
30  to  50  per  cent  concentration  is  thus  obtained.  The  residual 
gases  are  circulated  through  towers  containing  weak  alkaline 
solutions  yielding  nitrite-nitrate  salts.  About  2  or  3  per  cent 
of  the  original  NO  gas  is  discharged  with  the  waste  gases. 

Scott"  (1915)  discusses  his  absorption  system  and  compares 
its  operation  and  the  concentration  and  nature  of  the  products 
with  tliose  of  the  ordinary  systems. 

Brincr  and  Durand'"  (1912)  have  studied  the  equilibria 
of  nitrous  and  nitric  acids  formed  when  oxides  of  nitrogen  are 
absorbed  in  water  and  conclude  that  increase  in  the  pressure  of  NO 
and  lowering  the  temperature  favor  the  formation  of  nitrous  acid. 

Lewis  and  Edgar'*^  (191  0  have  also  studied  the  equilibrium 

between  nitrous  and  nitric  acids  in  aqueous  solution  and  get 

as  the  value  for  the  dissociation  constant  for 

(HNO,)» 

=  K  =  0.0267  at  25    C. 

(H)  (NO,) 

BEDUCTION  PROCESSES 

HABER    PROCESS    (SYNTHETIC    AMMONIA) 

The  Haber  process  depends  upon  the  direct  combination  of 
nitrogen  and  hydrogen  at  temperatures  of  about  500°  C.  under 
the  influence  of  uranium  as  a  catalyzer,  and  is  carried  out  under 
pressures  of  200  atmospheres.  The  8  per  cent  of  ammonia 
formed  is  condensed  out  by  cooling  the  mixture.  The  power 
expenditure  is  about  1.5  kw.  hr.  per  kg.  of  nitrogen,  the  lowest 
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of  any  of  the  fixation  processes.  The  preparation  of  the  nitrogen 
and  hydrogen,  and  the  compression  required,  increase  the  costs 
very  considerably*^  (1915)- 

Haber**  (1915)  and  his  co-workers  have  made  extended 
investigations  of  the  heat  of  formation  of  ammonia  at  tempera- 
tures from  659°  C.  to  466,  and  at  ordinary  temperatures,  and 
have  determined  its  specific  heat. 

They"""  (1915)  have  also  determined  the  equilibria  at  va- 
rious temperatures,  at  ordinary  pressures,  and  at  30  atmospheres. 

Landis*'  (1915)  doubts  whether  even  the  Badische  Company, 
with  its  supply  of  waste  sulfuric  acid  and  hydrogen,  is  able  to 
supply  ammonium  sulfate  at  a  profit  in  normal  times.  The 
process,  while  not  requiring  very  much  electric  power,  does  de- 
mand a  great  deal  of  skilled  labor,  and  so  probably  has  no  future 
in  the  United  States,  in  competition  with  the  cyanamide  processs, 
which  provides  the  same  end  product,  ammonia. 

Crossley"  (1914)  gives  a  brief  outline  of  Haber's  synthetic 
ammonia  process. 

Haber"  (1914)  discusses  in  detail  the  history  of  the  develop- 
ment and  thermodynamics  of  the  process  for  the  production  of 
synthetic  ammonia. 

Reference  89  (1913)  gives  tlie  report  of  Haber  and  Le  Rossignol, 
presented  to  the  Badische  Anilin-  und  Soda-Fabrik  in  1909, 
which  led  that  company  to  take  up  the  large  scale  development 
of  the  process  for  synthetic  ammonia.  The  thermodynamics 
of  the  reversible  reaction  between  hydrogen  and  nitrogen  are 
discussed  and  the  reasons  for  working  the  process  between  500 
and  700°  C.  and  under  200  atmospheres  pressure  are  explained. 

Bernthscn'"'  (191 2)  gives  a  detailed  but  general  review  of 
the  history  of  the  development  of  the  process  for  making  synthetic 
ammonia.  He  mentions  the  various  catalyzers  tried,  their 
adaptability  and  the  effect  of  poisons  and  "promoters." 

Billiter"'  (1912)  finds  that  the  rapid  exhaustion  of  cerium 
hydride  and  nitride,  which  are  quite  active  catalysts  at  200- 
300°  C,  is  due  to  gradual  oxidation. 

Scrpek"  (1914)  discusses  the  general  problem  of  inorganic 
ammonia  synthesis  taking  up  the  chemistry  of  each  of  the  several 
processes  known.     He  quotes  his  material  mainly  from  patents. 

CYANAMIDE    PROCESS 

The  fixation  of  nitrogen  by  the  cyanamide  process  depends 
upon   reactions  that  are  generally  expressed  by   the  equation 

CaC,  +  N2  =  CaCNj  -f  C 
which  is  not  only  reversible,  but  so  complicated  that  its  equi- 
librium constants  have  not  yet  been  established.  Landis** 
('9'5)  points  out  a  few  of  the  diflicultics  and  special  problems 
to  be  met  and  solved  in  preparing  satisfactory  grades  of  carbide 
and  nitrogen,  and  then  combining  them  on  a  commercial  scale. 

Summers"  (1915)  discusses  the  thermodynamics  of  the  re- 
actions involved  in  making  calcium  cyanamide  from  the  ele- 
ments, giving  figures  to  show  that  the  yield  per  unit  of  electrical 
energy  is  4  to  5  times  that  of  the  direct  oxidation  mcUiods,  but 
this  advantage  is  partly  offset  in  practice  by  other  costs,  such  as 
Uiat  of  the  preparation  of  nitrogen. 

A  history  of  the  di-vilopnunt  of  the  cyaiianil<le  industry  in 
Anuiica,  with  discriptiiins  of  operations,  and  illustrations  of 
the  apparatus  and  buildings  of  the  American  Cyanamide  Com- 
pany is  given  in  the  Engineering  News^  (i9'5)-  The  output 
of  the  various  factories  of  the  world  is  given.  (Sec  Cyanamide 
Process,  p.  431.) 

I.aiulis"  (1915)  also  describes  the  various  subsidiary  installa- 
tions, such  as  the  calcium  carliidc,  lime,  and  coal  gas  plants, 
necessary  to  the  operation  of  a  cyanamide  plant.  riiotoKrapli.i 
arc  givrn,  nnil  capacities  stated. 

Rrferriu-c  Bo  (1914)  describes  in  great  detail  the  electrical  equip- 
ment and  water  power  dcvclopinciit  employed  in  making  cal- 
cium carbide  and  ryiiiininide  in  Norway  and  Sweden,  under  the 
control  of  the  Nitrogen  Products  an<l  Carliiilc  Co  .  I.til  .  which 
also  owns  plants   in  HrlKinm  for  inakiiiK  aiiinioMiiun  nitrate  by. 


the  Ostwald  process.  The  history  of  the  development  of  the 
business  is  also  outlined. 

Reference  82  (191 4)  is  a  short  general  article  describing  with 
photographs  the  coal-gas  and  lime  plants  of  the  American 
Cyanamide  Company's  works  at  Niagara  Falls. 

Pranke'*  (1913)  gives  a  brief  histors-  of  the  development  of 
the  process  and  its  chemistry,  and  mentions  the  uses  of  the 
material. 

Pranke's  book"  (1913)  discusses  ver>'  fully  the  history  and 
chemistry  of  cyanamide,  its  preparation,  conversion  products 
and  uses,  and  their  reactions,  and  its  action  in  the  soil.  Reports 
of  tests  and  analyses  arc  also  given.  Over  two-thirds  of  the 
book  is  devoted  to  its  agricultural  value  and  properties.  Ex- 
tremely little  manufacturing  or  cost  data  is  given. 

Foerster  and  Jacoby'**  (1907)  have  studied  the  reaction  be- 
tween calcium  carbide  and  nitrogen  with  especial  attention  to 
the  lowering  of  the  temperatiu'e  required,  produced  by  the  ad- 
mixture of  calcium  chloride  or  fluoride. 

AMMONIA    FROM    CYANAMIDE 

Calcium  cyanamide^  (1906)  is  readily  and  almost  quanti- 
tatively (98-99  per  cent)  converted  into  ammonia  by  treatment 
with  steam,  in  accordance  with  the  reaction 

CaCN.  -I-  H2O  =  CaCO,  -f  2NH,. 
This  reaction  is  exothermic,  evohnng  from  200  to  300  lb.  cals. 
of  heat  per  pound  of  ammonia,  and  to  realize  the  advantage  of 
this  fact  the  commercial  process  (U.  S.  Patent  1,149,633,  Aug. 
10,  191 5)  is  carried  out  in  autoclaves.  Lime  nitrogen  is  fed 
slowly  and  with  constant  agitation  into  water,  or  mother  Uquor 
from  a  previous  run,  with  ventilation  to  carry  off  the  acetylene 
evolved  from  unconverted  carbide,  soda  and  lime  added,  the 
autoclave  closed,  and  steam  admitted  up  to  a  pressure  of  3  or 
4  atmospheres,  at  which  temperature  tlie  reaction  starts  at  a 
fair  rate,  generating  ammonia  and  steam  so  rapidly  as  to  necessi- 
tate relief  of  pressure  by  special  valves.  Fven  then  the  pressure 
generally  reaches  12-15  atm.  in  20  minutes,  then  falling  off 
again.  The  steaming  operation  is  repeated  once  or  twice  more 
to  expel  the  ammonia  from  the  solution,  which  is  tlicn  filtered 
from  the  mud,  the  latter  going  to  the  dump. 

The  course  of  the  reaction  is  illustrated  by  curves,,  showing 
the  variation  of  pressure,  rate  of  discharge,  and  percentage  of 
ammonia  in  the  ammonia-steam  mixture,  witli  time  for  quantities 
of  from  7000-8000  lbs.  of  lime-nitrogen.  Less  than  0.2  percent 
of  ammonia  remains  in  the  sludge. 

The  mixture  of  ammonia  and  steam  may  either  be  absorl>cd 
directly,  producing  a  high-grade  ammonium  .sulfate,  or  passed 
through  a  simple  rectifying  column,  giving  an  ammonia  gas 
which  is  stated  to  be  so  pure  that  it  can  even  be  oxidized  directly 
with  no  trouble  from  poisoning  of  the  catalyzers. 

Reference"*  (1913)  gives  a  brief  description  of  tlic  method 
for  obtaining  ammonia  by  treating  cyanamide  with  steam  and 
states  that  ammonia  of  99.8  per  cent  purity  is  tluis  obtained. 
Figures  are  given  .showing  the  completeness  of  decomposition. 

T,andis"  (i9ifi'l  considers  it  certain  that  the  process  for  the 
preparation  of  ammonia  by  treating  cyanamide  with  steam  i» 
already  in  successful  operation  in  Norway.  France.  Switrcrland, 
Italy,  and  Japan,  and  was  installed  in  Kelgium.  In-forc  the  w.ir. 
The  bulk  of  the  prmluct  is  used,  in  the  form  of  .imnioniuin 
sulfate,  l)y  the  chemical  and  fertilizer  industries.  Norway 
produces  large  quantities  for  absorption  of  nitric  acid  from  it5 
Hirkcland-lvydc  plants.  Ocnnany  is  making  cnomious  quan- 
tities for  oxidation  to  nitric  acid. 

The  American  Cyanamide  Comjwny  hii.s  hud  a  unull  plant  in 
successful  ojieration  in  the  1  iiitrd  States,  (or  six  months,  and  is 
proilucing  several  tons  |>cr  day  i>f  pure  ainiiionia  Ras. 

SKKriiK    l-HOCKS* 

The  Scri>rk  process  is  typical  of  the  inethmls  dcpcndinn  u|Hm 
till-  formation  of  a  nitriflc  from  which  ammonia  mavl>c  olttaincd 
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by  treatment  with  steam.     The  reaction  which  it  involves  is 
represented  by  the  equation 

AhO,  +  3C  +  Nj  =  2AIN  +  3CO 
and  is  carried  out  at  a  temperature  of  from  1800  to  1900°  C. 
in  a  revolving  barrel  type  of  electric  resistance  furnace  which 
affords  the  constant  agitation  necessary.  Bauxite  and  coal 
from  a  producer  type  of  furnace  are  fed  into  this  and  the  product 
is  discharged  as  aluminum  nitride  containing  from  26  to  34 
per  cent  of  nitrogen. 

Summers"  (1915)  calculates  that  under  the  most  favorable 
conditions  9  to  10  kw.  hrs.  of  eleftrical  energy  will  be  required 
per  kg.  of  nitrogen,  besides  the  heat  from  the  coal  and  producer 
gas.  The  cyanamide  process  requires  about  16.2  kw.  hr.  per 
kg.  of  nitrogen,  or  if  all  energy  be  supplied  by  the  electrical 
current,  the  two  processes  will  have  practically  the  same  power 
consumption.  The  Serpek  process  is  hampered  by  the  necessity 
for  disposing  of  the  by-product  alumina. 

Reference"  (1914)  discusses  the  nitride  reactions  and  the  chem- 
istry of  the  Serpek  process  mentioning  the  catalytic  effect  of 
hydrogen  and  iron. 

Reference"  (1914)  gives  briefly  the  histor>'  of  the  reactions 
fixing  nitrogen  by  the  formation  of  metallic  nitrides.  Of  these, 
the  only  one  to  find  commercial  application  is  that  involving 
the  production  of  by-product  alumina  which  has  been  developed 
by  Serpek. 

The  starting  point  is  impure  oxide,  or  bauxite,  which  is  mixed 
with  carbon  and  heated  in  the  presence  of  nitrogen.  Combina- 
tion occurs  at  about  1550°  C.  without  any  carbide  formation, 
and  is  hastened  by  the  presence  of  certain  catalyzing  reagents 
such  as  iron,  silica,  titanium  oxide,  nickel,  and  manganese,  of 
which  the -first  is  most  effective.  The  reaction  temperature  is 
further  lowered  by  the  presence  of  hydrogen,  and  aluminum 
nitride  may  thus  be  prepared  at  from  1250  to  1300°  C.  provided 
a  large  excess  of  nitrogen  be  used.  At  higher  temperatures  this 
is  unnecessary,  and  tlie  rate  of  the  reaction  is  much  increased. 
At  1900°  the  alumina  is  completely  converted  into  nitride  in 
5  minutes,  and  recently  Serpek  has  reduced  the  time  to  a  frac- 
tion of  a  second  by  suitable  control  of  the  reaction  mixture  and 
of  the  nitrogen  supply. 

The  nitride  is  easily  decomposed  into  aluminum  hydrate 
and  ammonia  by  heating  under  several  atmospheres  pressure 
for  3  or  4  hours.  Pure  alumina  may  be  produced  as  a  by-prod- 
uct. The  yield  is  2  tons  of  alumina  and  500  kg.  of  fixed  nitro- 
gen per  kw.  yr. 

The  process  is  in  operation  only  in  an  experimental  installation 
at  Saint  Jean  de  Manrieme  in  Savoy,  though  other  plants  are  under 
construction  at  Arendal,  in  Norway,  and  in  the  United  States. 

Fraenkel''  (1913)  has  investigated  the  progress  of  the  reac- 
tion for  the  formation  of  aluminum  nitride  from  alumina,  car- 
bon, and  nitrogen,  which  he  finds  begins  under  suitable  con- 
ditions at  1400°  C.  He  has  determined  the  effect  of  various 
factors  upon  the  velocity. 

Richards'""  (1913)  gives  the  history  of  the  reactions  involved 
in  the  Serpek  process,  and  outlines  the  process  as  patented. 

Ross'"'  (1913)  has  carried  out  some  preliminary  experiments 
upon  the  fixation  of  nitrogen  by  the  alumina  in  feldspar,  as  a 
by-product  in  the  preparation  of  potash.  Larger  percentages  of 
nitrogen  were  fixed  than  corresponded  to  the  aluminum  present. 

Russ'"'  (191 3)  has  been  able  to  demonstrate  the  exothermic 
formation  of  aluminum  nitride  from  the  elements. 

Tucker'"'  (1913)  has  studied  the  chemistry  of  this  process 
and  concludes  that  it  is  of  commercial  interest  only  where  the 
by-product  of  pure  alumina  may  find  use  in  the  aluminum  in- 
dustry. He  compares  the  advantages  and  disadvantages  of 
this  and  the  cyanamide  process  for  ammonia. 

Reference  107  (1913)  gives  an  abstract  of  the  patent  (U.  S. 
1,040,439)  discussing  the  chemistry  of  the  Scn)ek  method  for 
decomposing  aluminum  nitride  by  means  of  alkaline  aluminates. 


Tucker  and  Read'"  (1912)  have  studied  the  reaction  between 
nitrogen,  alumina,  and  carbon,  and  state  the  necessary  conditions 
for  a  good  yield. 

Stabler  and  Elbert'"'  (1913)  have  studied  the  reaction  for  the 
formation  of  boron  nitride  by  heating  boron  oxide  or  boro- 
calcite  with  carbon  in  the  presence  of  nitrogen  at  various  pres- 
sures. From  the  mixture  containing  oxide  a  yield  of  more  than 
85  per  cent  of  BN  was  obtained  under  increased  pressure  at 
temperatures  between  1500  and  1700°  C.  Using  instead  of 
oxide,  borocalcite  (CaB^O?),  a  nearly  theoretical  yield  was  ob- 
tained between  1400  and  1800°  C.  without  effect  from  pressure. 
OXIDATION  or  AMMONIA  (OSTWALD  PBOCESSES) 

Zeisberg*  (1916J  reviews  tlie  history  of  the  process  and  de- 
velopment of  the  industry  for  the  catalytic  oxidation  of  am- 
monia to  nitric  acid  with  estimates  of  costs  for  American  con- 
ditions. (See  p.  433.)  He  reviews  recent  patents  and  other 
literature.  He  states  that  a  successful  plant  in  Westphalia 
built  in  1909  had  an  annual  production  of  2400  tons  of  53  per 
cent  nitric  acid.  From  Jan.  191 1  to  Aug.  19 12,  the  efficiency 
was  89.6  per  cent  on  a  monthly  production  of  130  tons  of  am- 
monium nitrate.  The  efficiency  of  conversion  was  83  per  cent 
and  of  absorption  97  per  cent.  This  plant  operates  on  coal- 
tar  ammonia.  It  is  stated  that  this  product  has  never  appeared 
in  the  market.  In  191 2  and  19 13,  8  per  cent  dividends  were 
paid  to  stockholders.  In  1910  the  process  was  purchased  by  a 
London  company  capitalized  at  £2,000,000  and  a  new  plant  was 
erected  in  Belgium. 

It  is  stated  that  the  diagrams  of  the  converter  given  by 
Schiiphaus-'  (19 16)  are  the  only  ones  ever  published.  It  is 
not  possible  to  ascertain  actual  dimensions  used.  A  few  other 
details  of  the  probable  methods  of  operation  of  the  process  are 
mentioned. 

According  to  Schiiphaus"  (1916)  the  nitric  acid  needed  for 
the  manufacture  of  sulfuric  acid  by  the  chamber  process  was 
supplied  in  Germany,  after  cutting  off  of  other  sources  at  the 
beginning  of  the  war,  by  oxidation  of  ammonia  from  ammonia 
water.  He  describes  the  process  and  the  apparatus  which  is 
manufactured  and  sold  by  the  Berlin-Anhaltischen  Maschinen- 
bau-Aktiengesellschaft  in  Berlin. 

The  ammonia  gas  is  liberated  by  treating  a  spray  of  its  3 
per  cent  solution,  mixed  with  milk  of  lime,  with  steam.  The  gas 
is  passed  through  coolers  to  condense  the  water-vapor  and  then 
through  caustic  soda  scrubbers  to  a  gas  holder. 

The  ammonia  gas  is  thoroughly  mixed  with  air  and  passed 
over  ver\'  fine  meshed  platinum  gauze  heated  by  electric  current 
(24  to  26  v.,  120-125  amp.)  to  about  700°,  where  almost  quanti- 
tative reaction  forming  nitrogen  oxides  and  water  occurs.  The 
oxides  then  go  to  tlie  lead  chambers. 

The  apparatus  is  illustrated  by  cuts  and  a  photograph,  showing 
the  arrangement  of  the  parts  of  the  system.  Details  of  con- 
struction are  given,  but  no  exact  dimensions  nor  capacities. 

Reference  106  (1916)  mentions  that  this  process  has  been  in 
successful  commercial  operation  for  some  time  in  Belgium  and 
probably  has  a  great  future. 

The  process  for  the  oxidation  of  ammonia  gas  to  nitric  acid 
(generally  known  as  the  Ostwald  process)  is  described  in  detail 
inReference  109  (1913)  with  thehistory  of  itsdevelopment.  Cuts 
show  the  arrangement  of  a  plant  capable  of  converting  25  tons 
of  ammonia  per  month  into  about  150  tons  of  36°  B6.  commercial 
nitric  acid.     The  reaction 

NH,  -1-40  =  HNOi  -f  H,0 
is  brought  about  by  passing  the  mixture  of  gases  over  spongy 
platinum,  platinum,  or  platinum  black  as  a  catalyzer  at  a 
temperature  of  about  300°  C.  at  a  velocity  of  i  to  5  meters  per 
second.  The  time  of  contact  betweeii  gas  and  catalyzer  should 
not  exceed  '/loo  of  a  second,  or  decomposition  of  the  product  into 
nitrogen  and  water  will  cut  down  the  yield  very  seriously.     Under 
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properly  adjusted  conditions  the  yield  is  verj'  nearly  the  theo- 
retical. 

The  condensation  plant  is  also  described  in  detail,  and  costs 
are  estimated.     See  Reference  109  (1913). 

The  successful  development""  (1913)  of  the  process  using 
platinum  for  a  catalyst  is  mentioned  with  outline  of  its  develop- 
ment at  Odda  and  other  places  in  Norway,  Iceland  and  England. 

Meneghini'^  (1913)  has  investigated  the  oxidation  of  am- 
monia by  various  oxides  as  catalysts.  His  eflSciency  was  highest 
with  increased  rate  of  gas  flow  and  with  those  oxides  that  were 
eflective  only  at  the  higher  temperatures,  exceeding  95  per 
cent  for  burnt  pyrites,  chromic  oxide,  and  oxides  of  rare  earths. 
Values  are  given  for  various  temperatures. 

Kochman'^"  (1912)  mentions  the  oxidation  of  ammonia  by 
metallic  contact  agents  at  relatively  low  temperatures  as  a  prac- 
tical problem  and  gives  a  description  and  drawing  of  a  furnace. 

Meneghini'^^  (1912)  had  previously  studied  the  catalytic  ac- 
tion of  electrically  heated  platinum  and  found  that  no  reaction 
occurred  below  350°  C.  Rapid  action  occurs  between  400  and 
450°  C.     The  principal  product  was  nitrous  acid. 

Reinders  and  Cats"*  (1912)  also  studied  the  conditions  for 
this  catalysis  using  platinum,  ferric  oxide,  platinized  copper, 
thoria.  Witli  the  first  two  80-90  per  cent  of  the  ammonia  was 
oxidized  to  nitric  acid  and  nitrogen  trioxide.  The  velocity  of 
the  gas  current  is  very  important,  there  being  an  optimum  for 
each  catalyzer.  The  best  temperature  foimd  for  platinum  was 
500°  C.  and  for  ferric  oxide  650-700°  C. 

U— PRODUCTION 
QENERAL 

Kubicrschky"  (1914)  gives  the  average  yearly  increase  in 
production  of  fertilizer  materials  during  the  past  few  years. 
The  figures  for  several  items  are  as  follows: 

Av.  Annual 
Years         Increase  Per  Cent 

Cyanamide 1907-12  212.0 

Norway  saltpeter 1903-11  170.0 

Ammonium  sulfate 1901-11  10. S 

Chile  saltpeter 1901-11  6.8 

The  world's  production  in  1913  is  given  by  Reference  83  (1914) 
as  follows: 

Metric  Tons 

Ammonium  sulfate 1,365.000 

Chile  saltpeter 2,740.000 

I.ime  nitrogen 80.000 

NorwcKian  nitrate.  Cb(NOi)i 30.000 

CHILE   SALTPETER 

Summers"  (1915)  gives  the  present  annual  output  of  Chile 
nitrate  as  2.500.000  tons,  of  which  the  United  States  takes  from 
600,000  to  700,000  tons.  The  government  tax  has  netted  Chile 
about  $500,000,000  in  the  last  30  years. 

Reference  96  (1913)  gives  the  yearly  pro'duction  from  1902  to 
1912. 

Bcrnthsen'"  (1912)  gives  figures  for  the  exports,  price,  and 
value  of  Chile  nitrate  for  each  year  from  1900  to  191 2,  and  for 
the  world  production,  etc.,  of  ninmoniuin  sulfate  for  certain 
years,  during  the  same  period. 

Scott"'  (1913)  gives  the  annual  cxportations  of  nitrate  from 
Chile  at  intervals  (hiring  the  years  1830  to  191 1.  in  which  time 
it  has  increased  from  935  tons  (long?)  to  2,420,400  tons. 

AMMONIUM    SULPATK 

Tiiiicntiiie*  (1916)  advocates  reliance  by  the  l'nitc<l  States 
iipim  llic  coke  Dvni  by  pro<liict  for  both  the  war  time  and  ngri- 
ciiltiiral  consiiMiptInn  of  nitrogen  priKliicts,  and  gives  statistics 
of  the  present  and  probiiblr  future  production.  He  states  tliat 
the  68  per  cent  wasted  in  i<M4  ctiuals  350,000  tons  of  ammonia 
from  wliifli  3(K>.r>(Ki  tons  of  ic>o  per  cent  nitric  iicid  niiKhl  be  niiule. 
He  also  cstiiniitrs  tliiil  from  the  surplus  coal  gas  now  w;istrd 
H(K).(Mi<)  riintiiiiKiiis  hnrsr  power  could  be  griirriitrcl  with  which 
i,,|rKi.(i(i(>  tuns  of  niiuniiniiiiii  siilfiitr  could  br  prmliicrd  by  iiitro- 
gen  (ixation  processes  in  time  of  cmcrKcncy.     He  mentions  special 


measures  that  should  be  taken  which  would  further  increase 
this  production. 

In  a  later  Reference  (5)  he  discusses  the  matter  in  much  greater 
detail,  giving  statistics  of  the  past  development  of  the  coke- 
oven  by-product  industry  and  estimates  of  its  future.  He  gives 
the  production  of  ammonimn  sulfate  in  the  United  States  for 
each  year  from  1900-17  and  both  the  probable  and  possible 
increase  by  1920.  He  states  that  at  the  present  (1916)  rate  of 
increase  the  total  production  from  coke-ovens  alone  will  be 
800,000  tons  of  ammoniiun  sidfate.  In  time  of  emergency  he 
would  withdraw  all  of  the  supply  going  into  fertilizers.  From 
the  output  at  the  rate  normal  on  April  i,  19 16,  nitric  acid  could 
be  made  by  the  Ostwald  process  equivalent  to  271,000  tons  of 
sodium  nitrate  (the  importation  of  sodium  nitrate  diuing  19 15 
was  577,000  tons)  which  would  more  than  supply  the  needs  for 
explosives,  in  times  of  peace.  His  conclusion  is  that  such  a 
supply  of  nitrogen  compounds  is  adequate  for  the  United  States 
for  both  times  of  peace  and  of  war. 

Lymn  also-'  gives  cur\-es  showing  the  consumption  and  pro- 
duction of  ammonium  sulfate  in  the  United  States  between  1900 
and  19 13,  together  with  imports  and  word  production. 

Reference  11  (1916),  a  pamphlet  issued  by  the  by-products 
interests,  gives  data  on  the  rate  of  production,  and  arguments 
intended  to  show  that  the  ammonium  sulfate  produced  is  suffi- 
cient to  insure  a  supply  of  nitric  acid  in  time  of  war.  The  objec- 
tions to  depending  upon  such  a  supply  are  not  mentioned,  far 
less  answered.  The  pamphlet  objects  to  government  manu- 
facture of  nitrates  on  the  ground  that  it  will  lower  the  price  of 
sulfate  and  discourage  the  by-product  industry. 

Porter-  gives  almost  the  same  data  and  conclusions  as  Turren- 
tine'  and  continues  with  arguments  against  recent  legislation 
for  the  government's  establishing  a  plant  for  nitrogen  fixation. 
He  gives  a  list  of  the  by-product  coke  plants  in  the  United  States 
in  September,  1916.  In  connection  with  Porter's  statement  that 
at  the  outbreak  of  the  war,  Germany  had  almost  reached  the 
limit  in  the  production  of  by-product  ammonia,  it  is  of  interest 
to  note  that  Reference  7  says  that  at  that  time  only  ',» of  her  coal 
was  coked.  The  coking  industry'  has  been  much  extended  since 
but  yet  it  has  been  found  necessary  to  make  ammonia  by  the 
Haber  process  in  quantities  placed  at  300,000  tons  pvr  year. 
In  other  words,  the  proposal  made  by  Turrentine*  that  the  United 
States  Govenmient  should  meet  an  emergency  by  going  into  the 
coke  business  does  not  seem  to  have  been  economical  Uiere. 

Washburn"  (1916)  discusses  the  availability  of  by-product 
coke  oven  ammonia  as  a  source  of  nitric  acid  in  time  of  war, 
and  points  out  tliat  its  extreme  variability,  diepcnding  ui>on  the 
fluctuations  of  the  iron  industry,  and  the  fact  that  the  supplies 
must  be  gathered  from  scattered  localities,  arc  imiwrtant  draw- 
backs. The  present  maximum  output,  from  Ji  widely  scattered 
points,  is  equivalent  to  only  about  120.000  tons  of  concentrated 
nitric  acid,  which  is  perhaps  two-Uiirds  of  a  minimum  siife  re- 
liance for  war:  37  per  cent  of  this  total  production  is  used  for 
refrigeration  ond  so  could  not  l>c  diverted,  particularly  in  time 
of  war:  lo  per  cent  is  already  used  in  explosives  and  chemicals, 
and  tlie  remaining  supply  is  usi'd  in  agriculture,  when;  it  could  be 
ill  spared  at  a  time  when  imported  fertiliser  materials  were  cut  off. 

Germany,  with  the  greatest  metallurgical  induslni-  in  Hiirope, 
iuid  making  wt  per  cent  of  her  coke  supply  in  by-pro<Iuct  o\Tns, 
has  to  turn  to  atmospheric  nitrogen  for  war  supplies. 

Child.s"  (1916)  gives  the  probable  increase  in  production  of 
ammonium  sulfate  in  the  I'nited  States  during  1916  as  30,000 
to  40,000  tons.  He  gives  the  statistics  of  production,  imports 
ami  con.sumption,  in  the  I'nited  States  from  igoj  to  1913, 
an<l  states  that  the  present  prixluction  from  coking  is  only  29 
|HT  cent  (if  thiit  iMissible  if  by  pKHliict  ovens  were  universally 
used.  He  discusses  the  future  of  coke  by  i>i(>duel».  mentioning 
the  probiiblr  roni|K-titi(>n  ofter  the  wur  of  Genuan  pnxlucLs 
from  their  highly  develu|>ed  fixation  processes.     He  states  Uiat  the 
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semi-direct  metliod  is  the  one  used  mostly  in  the  United  States. 
He  also  discusses  the  uses  and  demand  for  various  by-products. 
Landis"  (1915)  points  out  that  the  supply  of  ammonia  from 
coke  ovens  has  the  disadvantages  inherent  in  by-product  sources. 
A  ton  of  coal  yields  only  5  to  6  lbs.  of  ammonia.  Any  industrial 
depression,  and  particularly  such  as  results  from  war  [see  Mineral 
Industry,  23  (1914),  412-13,  417-22],  cuts  down  the  supply  at 
once.  In  Germany,  regulations  prohibiting  the  use  of  coal 
were  passed,  in  order  to  force  the  production  of  coke  and  its 
by-products. 

Clarke'  (1915)  gives  an  up-to-date  list  of  by-product  coke 
ovens  built  or  under  construction  in  the  United  States.  He 
states  that  tar  and  ammonia  yields  are  much  lower  here  than  in 
Europe. 

The  annual  production  of  ammonium  sulfate  is  now  about 
1,250,000  tons,  practically  all  coming  from  by-product  coke 
ovens  or  from  gas-house  retorts.  The  production  in  the  United 
States  per  year  is  equivalent  to  about  70,000  tons,  and  is  increas- 
ing annually  at  the  rate  of  some  15  per  cent"  (1915). 

In  discussing  Peacock's*'  (1915)  paper,  Johnson  states  that 
the  production  of  ammonia  possible  in  the  United  States,  if  all 
coking  were  done  in  by-product  ovens,  is  about  225,000  tons 
annually.  Only  30  per  cent  of  this  amount  is  saved  at  present. 
American  coals"  (1915)  contain  from  0.9  to  1.4  per  cent  or 
18  to  28  lbs.  of  nitrogen  per  ton,  of  which  20  per  cent,  or  from 
4Vj  to  7  lbs.  of  ammonia  per  ton  of  coal  distilled  is  recovered. 
This  yields  18  to  28  lbs.  of  ammonium  sulfate  per  ton  of  coal. 
Lymn-'  (1916)  gives  a  table  of  the  nitrogen  content  of  coals 
from  difTcrent  parts  of  the  United  States. 

The  Mond  producer  gas  system  recovers  75  per  cent  or  from 
15  to  20  lbs.  of  nitrogen,  or  60  to  80  lbs.  of  ammonium  sulfate 
per  ton  of  coal  consumed.  This  plant,  although  installed  abroad, 
is  not  very  extensively  used  in  America,  as  the  expense  of  installa- 
tion is  relatively  high. 

Wagner"  (1916)  gives  the  yields  per  ton  of  various  American 
coals  in  tar,  ammonia,  sulfur  and  naphthalene.  The  ammonia 
yield  varies  from  4.33  per  cent  for  Alabama  coal  to  9.60  for  Oak 
Creek,  on  the  basis  of  ash  and  moisture-free  coal.  He  discusses 
the  subject  of  coke  and  coal  and  furnaces  for  coal  distillation, 
etc.,  very  fully  but  says  little  about  by-products. 

The  world  production  for  1914  is  estimated  by  the  American 
Coal  Products  Company"  (1915)  to  have  been  1,300,000  to 
1,350,000  metric  tons  against  1,409,000  in  1913.  England 
produced  426,413  tons,  or  about  6200  tons  less  than  in  1913. 
Figures  could  not  be  obtained  for  Germany.  (See  Consumption, 
Ammonium  Sulfate,  p.  432.) 

In  the  United  States,  183,000  tons,  or  12,000  tons  less  than 
in  1913  were  produced.  This  decrease  was  mostly  during  the 
last  six  months,  and  was  due  to  the  depression  in  the  iron  and 
steel  trade  caused  by  the  war.  The  recovery  possible  from  the 
coal  now  coked  is  700,000  tons"'  (191 5). 

The  principal  source,  and  the  one  promising  the  greatest  ex- 
tension in  the  near  future,  is  the  by-product  coke  oven.  The 
Coal  Gas  Works  have  the  next  largest  total  output,  though  tlie 
unit  production  is  much  smaller  and  widely  scattered.  Other 
sources  are  the  by-product  recovery  gas  producer,  shale  oil  dis- 
tillation, and  tlie  linglish  blast  furnaces  using  splint  coal" 
(1915).  Statistics  of  production  for  the  years  from  1900-14 
for  the  different  countries  are  given,  witli  sources  in  each.'" 

Tutwiller'*  (1914)  gives  a  table  showing  the  rate  of  production 
and  value  of  coke,  tar,  ammonium  sulfate,  etc.,  from  1903-1908. 
Reference  83  (1914)  gives  the  world's  production  of  ammonium 
sulfate  in  1913  as  1,365,000  tons,  compared  with  1,214,000  tons 
(metric)  in  191 2.  The  production  of  the  various  countries  in 
tons  was  as  follows : 

191,-(  1912 

Germany 549.000  492,000 

England 420,000  379,000 

United  States 177,000  151.000 

France 75,400  69,000 

Belgium 48,600  50,000 


In  1913"  (1914)  the  production  of  ammonia  in  terms  of 
ammonium  sulfate  in  the  United  Kingdom  was  about  420,000 
tons  (long).     The  exports  were  325,000  tons. 

Canada  produced  in  :9i3"«  (19 14)  10,608  tons  of  ammonium 
sulfate  from  coke  ovens. 

The  production  in  1910  and  1911  in  the  United  Kingdom"* 
(191 2)  calculated  as  sulfate  was  367,500  and  378,500  tons  (long). 

The  production  of  Great  Britain  in  191 1  and  1912,  calculated 
as  sulfate,  was,  according  to  Bradbury  and  Hirsch*'  (19 13),  as 
follows,  in  long  tons: 

1911  1912 

Gasworks 169,000      166.000 

Iron  iTorks 20,000       20,000 

.Shale  works 61 ,000       61 .000 

Coke,  carbonizing  works  and  producer  gas  plants 135,000      132,000 


385.000  379,000 

The  figures  given  in  Reference  108  (1913)  are: 

1912            1911  1910 

Gasworks 172,094     168,783  167,820 

Ironworks 17,026       20,121  20,139 

Shale  works 62,207       60,765  59,113 

Coke  oven  works 104,932     105,343  92.665 

Producer  gas  and  carbonizing  works 32,049        29,964  27,850 


388,308     384,976     367,587 

Scott'-'   (1912)  gives  similar  data  for  1906,   1909  and  1910. 

A  comparison  of  the  export  trade  of  England  and  Germany 

during  191 2  and  19:3  gives  the  following  totals  in  metric  tons: 

1912  1913 

Germany 56,897  74,318 

Great  BriUin 285.134  270,697 

The  amounts  exported  to  each  countr>'  are  given  in  Reference 

78  (1914)- 

Tufts'"  (191 1 )  reviews  briefly  the  various  commercial  sources 
of  ammonia.  He  believes  that  the  by-product  coke  oven  can- 
not long  be  a  leading  factor  in  the  situation  as  the  world's  de- 
mand for  ammonia  is  increasing  at  a  rate  that  in  seven  years 
will  take  almost  all  the  production  possible  if  all  the  world's 
coke  were  made  in  by-product  ovens.  A  corresponding  rate  of 
increase  in  coke  consumption  cannot  be  expected. 

OXIDATION    PBOCESSES 

Washburn"  (1916)  states  that  the  world's  yearly  fixation  of 
nitrogen  by  the  arc  process  is  some  32,000  net  tons  compared 
to  200,000  tons  by  the  cyanamide  process.  The  former  process 
is  practically  confined  to  Norway,  while  the  latter  has  been 
applied  in  Norway,  Sweden,  Germany,  Austria,  France,  Japan, 
and  Canada. 

He  (1916)  also  states"  that  there  are  employed  in  the  World's 

Nitrogen  Fixation  industry   1,000,000  continuous  horse  power, 

and  gives  the  distribution  as  follows: 

Canada 30,000 

Germany 350, 000 

Norway 450.000 

Dalmatia.  Italy,  Switzerland.  Japan,  France 150.000 


From  tlie  condition  of  operating  no  arc  processes,  Germany 
has  developed  in  18  months  an  industry  producing  nearly  10,000 
tons  of  nitric  acid  per  year-'  (1916). 

James  B.  Duke''  {1915)  is  accredited  with  the  statement 
that  the  Southern  Electrochemical  Company  will  shortly  be 
producing  at  Great  Falls,  S.  C,  by  the  Pauling  process,  nitric 
acid  at  the  rate  of  4  tons  per  day.  The  product  will  be  placed 
on  the  market  at  a  price  lower  than  that  of  acid  made  from  sodium 
nitrate.-'  The  plant  uses  3000  kw.  and  is  the  only  nitrogen 
fixation  plant  in  the  United  States. 

Reference  133  mentions  tliat  operation  of  a  plant  using  the 
Pauling  process  with  an  estimated  capacity  of  8  tons  of  calcium 
nitrate  has  been  begun  by  the  Southern  Electrochemical  Com- 
pany at  Nitrolee,  S.  C. 

Earlier  press  notices  "*  (191 2)  stated  that  this  plant,  which 
was  designed  to  use  tlie  siu-plus  power  of  the  Soutliem  Power 
Company,  would  turn  out  5  tons  of  nitric  acid  or  8  tons  of  cal- 
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ciuni  nitrate  per  day  with  a  possible  later  development  to  a 
capacity  of  50  tons. 

Baur''  (1916)  in  a  table  of  the  power  cousumption  of  the 
electrochemical  industries  of  the  world  gives  the  following  figures 
for  nitrogen  fixation; 

Power  Yearly  Production 

Process  Kw.  Metric  Tons  Yield  per  Kw.  Hr. 

Nitric  acid  from 

air 295,000      180,000  I  leg.  N   =   65  kw.  hr. 

=  40,000  N  or    1000    kg.    N    as 

=  310,000  Ca(NO])!  nitrate  =  7.5  kw.  yr. 

=  270,000  NaNOj 

Lime  nitrogen .  .        55,000      150.000  1  kg.  N  =  17.5  kw.  hr. 

=  30,000  N  or  1000  kg.  N  as  lime 

nitrogen  =  2  kw.  yr. 

(1  kw.  yr.  =  8760  kw.  hr.) 

Installations  of  the  arc  process  at  Rjukanfos  have  already 
reached  185,000  kw.  and  with  the  completion  of  the  works  at 
Tyin  and  Matre  nearly  300,000  kw.  will  be  applied  to  the  pro- 
duction of  calcium  nitrate.  Plants  for  the  production  of  nitric 
acid  by  the  Moscicki  process  using  74,000  kw.  are  being  installed 
in  Switzerland.  The  arc  process,  because  of  the  relatively 
small  power  consumption  of  each  unit,  and  the  ease  of  starting 
and  stopping,  is  especially  applicable  to  intermittent  water 
powers. 

Calcium  nitrate  will  probably  soon  disappear  from  the  market 
as  it  cannot  compete  with  Chile  nitrate,  nor  with  ammoniiun 
sulfate,  even  when  the  latter  is  made  from  cyanamide"  (1915). 

Scott"  (1915)  states  that  in  Norway  alone  nearly  a  quarter 
of  a  million  horse  power  is  employed  for  making  nitric  acid 
from  the  air:  one  factory  uses  140,000. 

Washburn"  (1915)  gives  the  annual  productive  capacity  of 
the  oxidation  processes  as  over  30,000  tons  of  fixed  nitrogen, 
worth  at  the  normal  average  value  about  $250  per  ton.  This  is 
about  half  of  the  amount  of  nitrogen  fixed  by  the  cyanamide 
process.  The  single  factory  at  Niagara  Falls  has  a  capacity 
equal  to  one-half  of  the  total  world's  installed  capacity  by  arc 
processes. 

Haekeland"  (1914)  states  that  the  Norway  factories  alone 
are  using,  for  the  production  of  nitrates,  over  200,000  electrical 
horse  power  with  a  capital  investment  of  $27,000,000  and  are 
contemplating  an  expansion  to  500,000  horse  power. 

Scott'"  (191 2)  estimates  the  horse  power  consumption  of  tlie 
successive  installations  of  the  Birkeland-Eyde  process  year  by 
year  as  follows: 

Year  H.  P.                     iNSTALLAnoN 

1903 25  Experimental  plant,  Progticrkilcns 

1903 160  Experimental  plant.  AnkcrlOkken 

1904 660  Arcndal 

1905 45000  First  Notoddcn  (Svaelgfos) 

1910 1500O  Second  Notoddcn  (I.icnfos) 

1912 140000  First  Rjukcn  Installation 

1913 120000  Second  Kjukcn  Installation 

1914 70000  Vamma 

1915 80000  Metre 

1916 70000  Tyin 

Scott'"  (1912)  states  that  (in  1912)  Great  Britain  was  not 
fixing  an  "ounce"  of  nitniKcii. 

REDUCTION  PROCESSES 
IIAIIKK    I'KOCIiSS 

It  is  cluinu'd  that  the  Badischc  factory  is  at  present  producing 
amnionium  .sulfate  at  the  rale  of  3110,000  to  350,000  tons  a  year, 
an  increase  of  200,ckx)  Ions  over  tlic  usual  rate." 

Kiferi-ncis  8 and  23  (1916)  confirm  this  fiKure  and  estimate  Umt 
thr  total  pnidiictloM  by  the  llabir  process  in  1917  will  be  500,000 
Inns,  ciinipaied  with  3o,(kh)  tons  in  1913. 

It  is  also  stated  that  at  the  lieginninK  of  the  war  the  Geruinn 
Covcrnnient  subsiili/i-d  the  Miidisclie  factory  to  the  iiinount  of 
lo<j,o«)0,<KX)  M.  to  avoid  a  sliortu((c'"  (1916). 

It  wnii  estimated  in  Kcferciicc  78  (1914)  that  the  niiniiniiMi 
production  (or   1914  would  be  3c>,cxxi  metric  tons. 

It  was  stated"  in  1914  that  the  Iliulischc  Aniliii-  und 
S<Mla'l''abrik  was  imreiisiiiR  its  nipital  by  £i><><i,txx5  to  cover  tlic 
coKt  of  erecting  a  plant  to  be  capable  of  produciuK  I3o,(mx)  torn 
of  ammonium  !itilfatr  annually  by  the  llnhcr  process. 


CYANAIHIDE   PROCESS 

The  Canadian  factory  of  the  American  Cyanamide  Com- 
pany has  a  capacity  for  fixing  nitrogen  equivalent  to  90,000 
lbs.  of  ammonia  per  day,  and  is  increasing  its  capacity  up  to 
1 10,000  lbs.  in  24  hours^  (19161. 

Two  plants  in  Germany,  one  in  Bavaria,  and  another  near 
Cologne,  are  producing  45,000  tons  between  them-'  (1916). 
Another  plant  is  being  erected  in  Westphalia,  which  will 
use  10,000  h.  p.  and  is  expected  to  produce  200,000  tons  of  con- 
centrated nitric  acid  per  year-'  (1916) 

Landis='  (19 16)  states  that  at  the  beginning  of  tlie  war,  Ger- 
many had  three  factories,  with  a  total  capacity  of  about  50,000 
tons  of  cyanamide  per  year,  but  within  18  months  was  producing 
almost  500,000  tons.  (See  also  Baur,  above,  under  Oxidation 
Processes.) 

During  1914  the  world  production  of  cyanamide  in  14  fac- 
tories was  some  300,000  tons,  averaging  over  20  per  cent  nitro- 
gen*' (1915). 

An  article  in  the  Engineering  Aws"  of  January  1915 
gives  a  list  of  the  factories  of  tlie  world  and  the  output  of  each. 
The  total  product  is  given  as  333,500  short  tons. 

The  cyanamide  industry'*  (191 4)  represents  an  investment 
of  $30,000,000  in  14  factories,  three  in  Germany,  two  each  in 
Norway,  Sweden,  and  Italy,  and  one  each  in  France,  Switzer- 
land, Austria,  Japan  and  Canada.  The  horse  power  employed 
is  200,000,  and  the  annual  amount  was  valued  at  Si5,<xx),c)oo. 
An  English  Company  was  contemplating  installations  of  600,000 
H.  P.  in  Nor\vay,  and  400,000  in  Iceland. 

Kubierschky"  (1914)  in  a  lecture  on  artificial  fertilizer  ma- 
terials gives  the  cyanamide  production  for  each  year  from  the 
beginning  of  the  industry  in  1906  at  500  tons  to  208,000  tons  in 
1914.  The  average  yearly  increase  between  1907  and  191 2 
was  212  per  cent. 

Haber'  (1914)  gives  the  amount  of  nitrogen  fixed  by  this 
method  as  36,000*  tons. 

Pranke"  (1913)  .states  that  the  world's  production  in  1913 
was  estimated  at  120,000  tons  per  year  in  16  factories,  four  each 
in  Germany  and  Italy,  two  in  France,  and  one  each  in  Austria, 
Norway,  Sweden,  Switzerland,  Japan  and  Canada. 

Scott'"'"'  (1912)  gives  a  list  of  the  factories  and  outputs 
therefrom  of  calcium  cyanamide  in  191 2. 

AMMONIA    AND    NITRIC   ACID   FROM    CVANAMtDE 

Washburn"  (1915)  states  that  no  ammonia  is  being  m.idc 
from  cyanamide  in  America  outside  of  tlie  American  Cyanamide 
Company's  laboratory.  European  plants  sire  producing  it 
at  the  rate  of  15  tons  per  day,  and  tlicre  is  ready  for  operation 
in  Norway  a  plant  designed  to  transform  60  tons  of  cyanamide 
per  day  into  ammonia  to  be  combined  with  the  nitric  acid  from 
tlie  Birkeland-Eyde  factories. 

Kaiser"  (1916)  states  that  the  B.  and  A.  Masch.  A  -G  built 
during  1915  over  30  plants  for  the  oxidation  of  ammonia  from 
tlie  Frank-Caro  process,  capable  of  handling  over  i.-.ixki.lkxj 
kg.  of  ammonia,  and  have  under  construction  nppar.itus  for 
17,000.000  kg. 

The  foundation  in  I'ingland  uf  a  com|Miny  witli  a  cupitiU  of 
$io,cKx>,ooo  to  manufacture  nitric  acid  from  ammonia,  the 
latter  being  derived  from  calcium  cyanamide.  by  the  Ostwald 
process,  is  mentione<l  in  Reference  iixj  (1913). 

It  is  stated""  (i<)i3l  that  the  plant  at  CHlda  is  Cii|>a(>lr  of 
consiiiniiiK  80.01M1  tuns  (lniiK>  per  year  of  calcium  cy.iimmiUr 
rianls  are  projected  with  the  followmi;  ctpucitirs 

Aura.  Norway ,'00.000  lun>  I'nCNi 

(Coniroli  |>owvr  for  J.OOO.ono  «oiii> 


DaRrnhain,  KngUnd . 
TraniHd  I'lik. . 
Manchrilrr.  SrolUnd 
IrrUmI    . 


1;  nrxi  1INl>. 
I."  iKHi  MKO. 
"tMV  HN«1| 
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m— CONSUMPTION 

OENERAL 
In   the   year   before   the   war''    (19 16)    Germany   consumed 
217,000  metric  tons  of  inorganic  nitrogen  as  follows: 

Chile  saltpeter  (imported) 100.000 

Calcium  nitrate  (imported) 5 ,000 

Ammonium  sulfate  (domestic  production) 95 ,000 

Calcium  cyanamide  (V*  imported) 17, 000 

During  the  first  year  of  the  war  only  12 '/a  per  cent  of  this 
quantity  was  obtained  or  produced.  By  the  aid  of  a  government 
grant  of  £7,500,000  large  quantities  of  cyanamide  arid  ammonium 
salts  were  made  for  military  purposes"  (1916). 

England's  consumption  of  ammonium  sulfate  in  1914  was 
106,000  tons  and  exports  313,877  tons.  German  sales  of  the 
Deutsche  Ammoniak-Verkaufs-Vereinigung  for  home  consump- 
tion was  321,404  tons.  Her  exports  for  the  year  were  75,868 
metric  tons,  and  imports  34,628  metric  tons"  (1915). 

In  1913"  (1914)  the  United  Kingdom  consumed  ammonia 
calculated  as  ammonium  sulfate  to  the  amount  of  97,000  tons 
(long).  The  estimated  home  consumption  in  Great  Britain  was 
90,000  tons""  (19 13).  The  consumption"*  (19 12)  of  ammonia  in 
the  United  Kingdom  in  191 1,  calculated  as  sulfate,  was  85,500 
tons. 

The  consumption  in  the  United  States  was  272,000  tons,  com- 
pared with  262,000  in  1913"  (1915). 

The  world  consumption  in  1913  is  given*'  (1914)  as  follows: 

Metric  Tons 

Germany 460.000 

United  States 235  ,000 

Japan 115,000 

England 97 ,000 

France 90,000 

The  world  consumption  of  sodium  nitrate'*  (1913)  for  1910-12 
is  given  as  follows  in  long  tons : 

1910  1911  1912 

Shipments  from  South  .\merica 2,300,000  2,412,000  2,478,000 

Consumption  in  U.  K 120,000  132,000  1,10,000 

Consumption  on  Continent 1,531,000  1,564,000  1,778,000 

Consumption  in  U.  S 501.000  556.000  481.000 

Consumption  in  other  countries 89.000  103.000  115.000 

Consumption  in  world 2.241.000  2.355.000  2.504.000 

Reference  96  (1913)  gives  the  yearly  consumption  from  1902 
to  1912. 

Bemthsen"'  (1912)  discusses  the  increasing  demand  for  nitro- 
gen compounds,  giving  the  world  production,  increase,  and 
price  for  sodium  nitrate,  and  ammonium  sulfate  during  the  ten 
years  from  1900. 

Lamy"'  (191 1)  gives  the  growth  in  exports  of  nitrates  from 
South  America  as  follows: 


1830. 
1835. 
1850. 
1860. 
1870. 


800  tons  1880 300,000  tons 

7,000  tons  1890 800,000  tons 

20,000  tons  1900 1 ,300,000  tons 

70,000  tons  1905 1 ,500.000  tons 

150.000tons  1909 2 .000.000  tons 


The  approximate  consumptions  (tons)  in  19 10  were: 

France       Great  Britain       Germany  Belgium       United  States 

250,000  100.000  500.000  200.000  400.000 

USES 

Washburn"  (1916)  states  that  even  tlie  Allies  arc  employing 
500,000  continuous  horse-power  in  the  fixation  of  nitrogen  for 
explosive  materials. 

Washburn"'"  (1916)  estimates  that  a  war  supply  of  nitric 
acid  for  the  United  States  should  amount  to  at  least  180,000 
tons  per  year,  which  is"  (1916)  two-thirds  of  the  estimated 
consumption  of  tlie  German  army. 

He  also  points  out  what  Germany  has  accomplished  by  tlic 
liberal  use  of  fertilizer,  that  is,  in  quantities  seven  times  as  large 
per  average  acre  cultivated  as  is  the  practice  in  the  United  States. 
From  an  area  less  tlian  80  per  cent  that  of  the  State  of  Texas, 
she  now  raises  95  per  cent  of  the  food  for  a  population  nearly 
70  per  cent  as  large  as  that  of  the  United  States.  In  ten  years 
our  exportation  of  wheat  and  flour  has  fallen  from  31  to  13  per- 
cent of  the  production,  and  general  crop  production  has  in- 
creased only  10  per  cent,  while  tlie  population  increased  21  per 
cent.  From  less  than  one-half  the  area  Germany  har%-cstcd  in 
1907  over  double  the  quantity  of  grain  and  potatoes.     WTiile 


cost  of  food  rose  80  per  cent  in  the  United  States  it  increased  only 
one-half  as  much  there. 

Reference  7  (1916)  gives  the  German  consumption  of  nitrogen 
for  1 9 13  as  follows: 

Tons  of 
Tons         Nitrogen 

Ammonium  sulfate 460,000  92,000 

Nitrate  of  lime  (Norwegian) 35,000  4,500 

Nitrate  of  lime 30,000  6,000 

Ammonia,  Haber  process 20.000  4,000 

Nitrate  of  soda 750,000  116.000 

The  consumption  of  Chile  nitrate  increased  from  155,000 
tons  in  1885  to  747,000  tons  in  1913;  of  ammonium  sulfate,  from 
125,000  tons  in  1900  to  460,000  tons  in  1913.  The  yield  of 
wheat  per  hectare  had  doubled  in  Germany  while  increasing 
only  Vio  in  France  in  which  latter  country  only  '/«  as  much 
potash  and  '/t  as  much  nitrate  of  soda  is  used  per  hectare  as  in 
Germany. 

Figures  giving  the  yields  per  acre  of  five  principal  crops  in 
different  countries  are  given  by  Harris*  together  with  data  showing 
Germany's  large  consumption  of  nitrogen  fertilizers.  The  material 
seems  to  come  from  the  same  original  source  as  Reference  7. 

Landis-'  (1916)  gives  the  present  annual  nitric  acid  consump- 
tion of  Germany  as  250,000  to  300,000  tons  for  munitions,  be- 
sides the  equivalent  of  850,000  tons  of  sodium  nitrate,  40,000 
tons  of  nitrate  of  lime,  and  about  20,000  tons  of  Norwegian  cy- 
anamide, for  agricultural  and  manufacturing  purposes.  The 
last  items  are  estimated  from  the  normal  importation,  which 
is  now  wholly  cut  off,  and  replaced  by  domestic  production. 
The  investment  involved  is  over  $100,000,000.  It  is  quite 
possible,  however,  that  the  agricultural  consumption  is  curtailed. 

During  191 2  Germany  consumed  750,000  tons  of  Chile  salt- 
peter, 425,000  tons  of  ammonium  sulfate,  50,000  tons  of  lime 
nitrogen,  and  50,000  tons  of  Norwegian  saltpeter'"  (1916). 

The  imports  of  nitrates  into  Germany  and  Austria  amount  to 
about  750,000  tons  annually.  The  consumption  during  the 
war  is  estimated  at  750,000  tons  of  nitric  acid  for  each  side. 
This  is  based  on  an  average  consumption  of  5  tons  (3  to  10) 
of  nitric  acid  per  ton  of  explosives  made,  and  150,000  tons  of 
explosives  used  per  year'"  (1916). 

Christopher**  (1913)  mentions  that  in  Germany  practically 
the  whole  production  of  ammonium  sulfate  is  used  on  the  soil, 
while  in  England,  out  of  a  production  of  369,000  tons  a  year, 
only  70,000  tons  are  so  used. 

Sodium  nitrate  and  ammonium  sulfate  constitute  80  to  85 
per  cent  of  the  value  of  tlie  raw  nitrogen  compounds  produced 
in  the  world  amounting  in  1913  to  nearly  $200,000,000.  Of 
this  it  is  estimated  that  80  per  cent  went  for  agricultural  purposes. 
The  farmers'  purchases  of  nitrogen  used  east  of  tlie  Mississippi 
during  1914  came  to  about  $75,000,000,  of  which  more  than  90 
per  cent  was  in  the  form  of  ammonia.  The  normal  annual  con- 
sumption of  nitric  acid  in  the  same  region  is  about  $7,000,000. 
The  price  per  unit  of  nitrogen  and  the  present  rate  of  increase 
of  consumption  (10  per  cent)  is  about  the  same  for  the  two 
forms"  (1915). 

The  fertilizer  question  is  one  of  great  importance  to  the  United 
States"  (1915).  In  the  ten  years  from  1900  to  1910  population 
has  increased  21  per  cent,  and  the  crop  production  only  10  per 
cent.  Beef  production  fell  32  per  cent,  and  the  importation  of 
foodstuffs  more  than  doubled,  with  a  marked  decrease  in  the  ex- 
ports. Foodstuffs  advanced  in  cost  by  80  per  cent  between  1896 
and  1912,  and  the  increase  in  the  cost  of  living  was  59  percent. 

These  figures  indicate  the  necessity  for  increasing  yields, 
as  has  been  done  in  Europe,  where  the  yield  per  acre  is  from  50 
to  100  per  cent  greater  than  the  United  States,  chiefly  because  of 
the  use  of  fertilizers,  which  in  Germany  is.  for  instance,  per  acre, 
15  times,  in  value  in  the  I'nited  States,  the  average  used  on  culti- 
vated lands  east  of  the  Mississippi.  Experiments  in  Indiana 
and  Illinois  have  shown  an  increase  in  yield  of  wheat  valued  at 
from  2  to  3  times  the  cost  of  the  fertilizer. 

The  present  artificial   fertilizers,  however,  contain  from  85 
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)  90  per  cent  of  material  having  no  fertilizer  value.  To  meet 
lIiu  conditions  of  long  distance  transportation  and  haulage  over 
roads  nearly  impassable  in  the  spring,  it  is  essential  that  for  the 
present  mixtures  should  be  substituted  a  concentrated  substance 
of  the  proper  composition  and  with  the  required  physical  and 
chemical  properties. 

Peacock*'  (1915)  emphasizes  the  necessity  of  lowering  the 
present  prohibitive  price  of  nitrogen  products  to  check  this  in- 
crease in  price  of  farm  products. 

Washburn"  (1915)  points  out  that  arc  methods  of  fixation 
cannot  supply  ammonia,  and  so  must  be  limited  to  supplying 
the  relatively  small  demand  for  nitric  acid.  The  ammonia 
processes,  on  the  other  hand,  supply  a  product  for  the  conver- 
sion of  which  into  nitric  acid  processes  have  already  been  suffi- 
ciently developed  to  leave  little  doubt  of  their  ultimate  success, 
even  though  as  yet  no  thoroughly  workable  commercial  plant 
is  perfected,  or  in  entirely  satisfactory  operation  (in  the  U.  S.). 

Furthermore,  the  product  of  the  arc  processes,  nitric  acid,  is 
not  suited  to  the  long-distance  transportation  from  the  remote 
localities  where  power  is  cheap  enough  to  permit  of  its  manu- 
facture.    Calcium  nitrate  is  too  hygroscopic  for  fertilizer  purposes. 

Washburn  tends  to  the  conclusion  that  the  most  promising 
solution  of  the  fertilizer  problem  lies  in  the  production  of  an 
ammonium  phosphate  compound  deriving  its  ammonia  from 
the  cyanamide  process. 

Peacock"  (191 5)  gives  the  annual  nitrogen  consumption  of 
the  fertilizer  industry  in  the  United  States  as  equivalent  to  more 
than  100,000  tons  of  ammonia,  increasing  by  about  8  per  cent 
each  year. 

About  50  per  cent  of  the  Chile  nitrate  imported  into  the  United 
States  is  used  in  the  manufacture  of  explosives,  and  another 
25  per  cent  in  the  arts  requiring  nitric  acid"  (19 15). 

IV-COSTS 
PEICE  or  NITROQEN 

The  price  of  combined  nitrogen'-"*'  (1915)  is  fixed  by  the 
price  of  Chile  saltpeter,  of  which  the  95  per  cent  pure  contains 
about  15. s  per  cent  of  nitrogen.  UTien  the  latter  sells  for  2 
cents  per  lb.  for  the  15  per  cent  grade,  the  price  of  nitrogen  is 
13.2  cents  per  lb.  and  the  price  of  ammonium  sulfate  containing 
21  per  cent  of  nitrogen  should  be  2.7  cents  per  lb.  The  cost  of 
converting  nitrate  into  nitric  acid  increases  its  value  50  per 
cent.  Hence,  there  is  this  added  margin  for  the  direct  produc- 
tion of  acid  by  other  i)rocesses. 

The  price  of  Chile  saltpeter  has  averaged  since  1909,  S35  to 
$40  per  ton  f.  o.  b.  Chile,  or  $45  f.  o.  b.  Liverpool.  The  present 
cost  of  i)roduction  is  from  $10  to  J20  per  ton,  leaving  a  profit 
on  the  mining  of  $5  to  Sio  after  paying  a  tax  to  the  Chilean 
government  of  $12.25  per  ton. 

The  Liverpool  price  of  aniinonium  sulfate  approximates  that 
of  sodium  nitrate,  varying  from  $45  to  $60  per  ton.  The  nitro- 
gen content  is  about  21  per  cent. 

The  cost  of  converting  ammonia  into  ammonium  sulfate  is 
al)MUt  ?I5  per  Ion  of  the  salt,  and  the  cost  to  llic  by-product  coke 
oven  of  prochicing  the  ammonia  re(|uirccl  for  a  ton  is  about  $10. 

Peacock"  (lyi.s)  considers  that  it  will  be  necessary  to  get  the 
I)roduction  cost  at  the  factory  down  to  4  cents  per  lb.  of  ammonia, 
in  order  to  have  any  process  of  nitrogen  fixation  compete  suc- 
cessfully with  by-product  ammonium  sulfate.  This  seems  to 
necessitate  a  process  giviMg  other  by-products  of  value.  A 
low-prix'rd  ammoniii  iinre  ()l>tiiin>'(l,  oxidation  processes  will 
follow  easily.  A  eoiicetitrated  cn<l-pro<lurt  such  as  potassium 
or  aMUMoniuni  nitrate,  or  anmuiniuni  phospliiilc,  with  u  factory 
cost  not  rxccedinK  .s  cents  per  lb.  of  combined  nitrogen  in  tlir 
form  of  ammonia  will  probably  be  nccciuary  in  order  to  meet 
the  rompelitive  rrsourtes  of  by  ))ro<luct  ammonia. 

SniniiurH"  (lois*  iiK"  brlicvrs  that  the  solution  of  the  proli- 
Irm  nui.l  be  soiiflii  ilir..Mi.:li  improvement  of  pn...  smh 


Carlson"  (1914)  gives  the  value  of  a  kUogram  of  nitrogen  in 
the  various  forms  showing  the  increase  from  the  value  as  ele- 
ment up  to  a  complex  drug  like  veronal. 

FIXATION  COSTS 

Washburn"  (1916)  claims  that  the  arc  process  is  at  a  great 
disadvantage  compared  with  the  cyanamide.  For  the  fixation 
of  a  unit  of  nitrogen  the  former  requires  from  five  to  six  times  as 
much  power  as  the  latter.  The  production  of  180,000  net  tons 
of  concentrated  nitric  acid  per  annum  requires  540,000  continuous 
horse  power  by  the  former  and  100,000  continuous  horse  power 
by  the  latter  method.  At  the  moderate  American  cost  of  installa- 
tion of  $100  per  continuous  horse  power,  the  total  installation 
cost  of  the  arc  process  for  the  above  rate  of  production  would  be 
S8o,ooo,ooo — and  for  the  cyanamide  process,  $30,000,000. 
Even  at  an  installation  cost  of  S60  per  continuous  horse  power 
on  the  s\vitchboard,  concentrated  nitric  acid  costs  a  third  more 
by  the  arc  process.  Even  with  power  at  the  abnormally  low 
figure  of  Sio  operative  cost  per  continuous  horse  power  on  the 
switchboard,  the  pound  of  nitrogen  by  the  arc  process  costs  for 
power  alone  as  much  as  the  total  cost  of  the  poimd  of  nitrogen 
by  the  cyanamide  process,  including  power,  materials,  labor, 
interest,  amortization,  and  depreciation. 

He  also  states  that  tlie  cost  of  production  of  nitric  acid  by  the 
cyanamide  process  as  it  is  being  established  by  an  English  Com- 
pany throughout  the  allied  countries  is  substantially  70  per  cent 
of  the  cost  of  production  from  Chilean  nitrate. 

Gilbert'*  gives  a  comparative  cost  analysis  of  the  arc  and 
cyanamide  processes.  He  does  not  state  his  authorities  but  his 
conclusions  coincide  with  those  of  Washburn  and  others. 

The  German  nitrogen  monopoly  agrees  to  sell  nitrogen  after 
the  war  at  a  maximum  price  of  less  than  half  what  farmers  nor- 
mally pay"  (1916)  in  the  United  States. 

Germany  has  expended  on  her  nitrogen  fixation  industry  since 
the  beginning  of  the  war,  $100,000,000"  (1916). 

Washburn"  gives  the  cost  of  Chilean  nitrate  as  $2.40  to  $2.60 
per  unit  of  ammonia  (20  lbs.)  ( =  $50  a  ton),  and  of  cyanamide 
as  80-90  cents  per  unit  of  ammonia. 

Norton"  (1916)  believes  from  observation  of  European  prac- 
tice that  tlie  minimum-sized  plant  for  economical  fixation  of 
nitrogen  is  about  30,000  horse  power. 

He  also  states  that  in  order  to  compete  with  the  cyanamide 
process  using  power  at  $20  per  horse  power,  the  arc  processes 
must  get  power  at  $3  or  $4  a  horse  power,  but  if  the  final  product 
desired  be  nitric  acid,  the  arc  process  can  compete  at  $7,  $8  or 
$10  per  horse  power. 

Summers"  (1915)  considers  in  detail  the  relative  costs  of  the 
various  processes  for  fixing  nitrogen.  From  certain  initial 
estimates  of  costs  of  labor,  etc  ,  he  concludes  that  under  the 
best  conditions  tlic  manufacturer  cannot  meet  expenses  and 
pay  more  than  $15  per  kilowatt  year.  Hence  tl\e  acid  cannot 
find  application  in  fertilizers,  and  Uie  process  can  be  utilitcd 
only  if  it  may  be  coupled  with  some  other  product. 

He  computes  that  the  electrical  power  requirements  of  the 
various  priH-e,s,ses  are  us  follows: 

Direct  oxtdutinn  proccAAC^i  rvqiiirc  per  kg.  of  nilrogrn 65.0  kw.  kir 

Cyanami>lc  procon.  iwiilc  from  prrparation  of  nitrn(<n  ga*. 

rcfjuircs  per  kg.  of  nitroiicii 16. 6  kw.  ^* 

Scrpck  proc«]«.  l>c»idcs  cncrgv  from  coal,  rc^juim  per  kf .  of 

nilroiien ■■        IJ.Okw.  ht. 

llnlirr    nvnlhrlic    nmninniri    prnce«9.    I>e>l<le<    nrrparxion   o( 

iitiroKcii  und  liyilrnncn,  coiiiprrs^lon  and  refrigerating,  n- 

quire*  per  kg.  of  nitrogen ■  .  1^  k*.  «. 

BauH*  (1915)  gives  Uic  yields  and  costs  of  tlie  various  arc 
jirtx'cs.scs  as  follows: 

Yield,  g   of  VT\n  In  Co«t  la 

IINOt  pel  C>ntli»e>  llennlf* 

kw.  Itr.  p*f  kw.  lu  p*f  k(.  N 

MiMM-i.kl.  0..W  15 

r>iihne                                                  «0  0.60  .Ml 

llllkelaii.l                                                      70  I.M  60 
.VIiAdherr    .                                              ?» 

Ilcncc  ot  a  market  price  of   i.2.t  M.  jv-r  kg    of  nitroKrn  M 

riilriiiin   iiilr.itr,   lliii  mib'.laiicr  call  iiiilv   l>c  nmdr   ;it   .1   profit. 
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where  power  can  be  obtained  in  sufficient  quantities  at  a  price 
less  than  0.5  centime  per  kilowatt  hour. 

The  lime-nitrogen  process  requires  about  2  kw.  yr.  per  ton  of 
nitrogen  fixed,  and  the  Haber  or  synthetic  ammonia  process, 
3  kw.  yr.  per  1000  kg.  of  nitrogen. 

Washburn"  (1915),  while  giving  no  specific  cost  data,  draws 
comparisons  which  he  states  are  derived  from  actual  working 
records,  between  the  costs  of  the  various  processes. 

Under  the  most  favorable  conditions  the  factory  cost,  ex- 
clusive of  all  power  costs,  of  nitrogen  in  the  form  of  commercial 
nitric  acid,  made  by  the  arc  process,  is  greater  than  the  total 
cost  of  nitrogen  as  cyanamide,  including  power  used  at  Sio 
per  continuous  horse-power  year.  Hence  the  cyanamide  process 
can  fix  nitrogen,  with  power  at  Sio  per  horse-power  year,  cheaper 
than  the  cheapest  of  the  arc  processes  with  power  free,  or  with 
all  labor,  raw  materials  and  supplies  free,  and  a  charge  of  from 
$8  to  $10  per  horse-power  year.  The  total  cost  of  nitrogen  in 
nitric  acid  from  the  arc  process  cannot  by  any  chance  be  less 
than  double  that  of  nitrogen  in  cyanamide,  thus  giving  the  latter 
form  a  wide  margin  for  its  conversion  into  nitric  acid,  if  desired. 
The  indications  are  that  weak  nitric  acid  can  be  made  by  the 
cyanamide  process  for  about  '/i  of  the  cost  by  the  arc  process, 
but  as  power  is  brought  below  Sio  per  continuous  horse-power 
year,  the  production  cost  of  the  latter  process  will  diminish 
until  it  becomes  about  the  same  as  for  the  former  at  S4  per  horse- 
power year. 

The  cost  of  producing  ammonia  gas  by  the  Haber  process 
under  the  most  favorable  conditions,  is  nearly  double  that  by 
the  cyanamide  process. 

The  investment  necessitated  by  tlie  arc  process  per  unit  of 
nitrogen  as  weak  nitric  acid,  assuming  the  investment  for  power 
to  be  between  S50  and  S75  per  horse  power  upon  the  switchboard, 
is  about  three  times  that  per  unit  of  nitrogen  as  ammonia,  or 
twice  that  per  unit  of  nitrogen  as  nitric  acid  derived  from  cyan- 
amide. The  fixed  investment  for  ammonia  production  for  the 
cyanamide  process  may  be  as  low  as  one  and  one-half  times  the 
market  value  of  the  annual  product  compared  with  three  times 
for  the  Haber  process.  For  nitric  acid  by  the  cyanamide  process 
the  investment  may  be  only  one  and  one-fomlh  times  the  annual 
product,  while  for  the  arc  process,  with  a  power  investment  of 
S75  per  continuous  horse  power,  the  fixed  investment  would  be 
from  three  to  four  times. 

In  tlie  United  States  the  majority  of  manufacturing  con- 
cerns vary  in  fixed  investment  from  one  to  one  and  a  half  times 
the  market  value  of  the  annual  product,  exceeding  this  propor- 
tion only  in  very  special  cases.  The  most  reliable  class  of  in- 
vestments, such  as  public  utility  corporations  do  not  exceed 
$4  to  S6  investment  per  dollar  of  gross  revenue. 

Washburn"  (1915)  points  out  tliat  tliough  the  Haber  process 
demands  relatively  little  power,  yet  the  cost  in  the  vicinity  of 
New  York  of  the  electrical  energy  demanded  is  as  much  as  the 
total  power  cost  for  cyanamide  at  other  available  sites.  Its 
successful  employment  by  the  Badische  Company  is  due  to 
their  pressing  need  for  a  way  of  disposing  of  large  quantities  of 
by-product  sulfuric  acid. 

Peacock"  (1915)  believes  that  synthetic  ammonia  processes 
such  as  tliat  of  Haber  may  have  local  application,  but  will  never 
become  commercially  important. 

The  plant  investment  required  for  the  production  of  cyanamide 
ammonia  is  about  half  that  for  Haber,  or  synthetic  ammonia. 
The  cyanamide  plant  costs  per  unit  of  nitrogen  fi.xed,  about 
one-quarter  as  much  as  tlie  arc  process  plant,  and  even  tlie  cy- 
anamide-ammonia-nitric-acid  ])lant  costs  only  from  one-third 
to  one-half  as  much  to  install  as  the  arc.  The  electric  power 
required  per  unit  of  nitrogen  fi.\cd  is  one-fifth  and  the  labor  about 
the  same  as  that  of  the  arc  process.  The  furtlier  conversion  of 
the  ammonia  into  nitric  acid  requires  only  a  small  fraction  of 
additional    power    and    labor.     Moreover,    tlie    cyanamide    is 
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readily  transported,  and  can  be  easily  and  economically  con- 
verted into  ammonia  and  nitric  acid  by  small  units  at  the  point 
where  used"  (1915). 

Haber**  (1914)  states  that  the  Frank  and  Caro  or  cyanamide 
process  fixes  50  g.  of  nitrogen  per  kw.  hr.  including  all  power. 
The  energy  consumption  in  the  fixation  of  one  ton  of  nitrogen 
as  calcium  cyanamide  is  given  by  Pranke"  (1913)  as  about  three 
horse-power  years  including  manufacture  of  carbide  and  all 
subsequent  factory  operations. 

Kroczek"  (1913)  gives  the  horse-power  consumption  of 
the  various  processes  as  follows: 

H.  P.  hr.  per  kg. 
„  (2-2  lb.) 

Kawajsky-PauliDg 97 

Birkeland-Eyde 84 

SchSnherr 80 

Calcium  cyanamide 33 

Aluminum  nitride 16 

Scott^^'  (19 1 2)  gives  the  nitrogen  content  and  comparative 
prices  of  various  artificial  fertilizers  as  follows: 

Per  cent      Price  per 
Nitrogen  Ton  (Long) 

.-\mmonium  sulfate  from  gas  works 19.75  £13 

Chile  nitrate 15.50         £9  15s 

Norwegian  calcium  nitrate 12.  75  £  8  10s 

Calcium  cyanamide 18.00         £10 

Roeber'*'  (1910)  gives  the  yields  of  the  various  processes  as: 

Schonherr  (Badische  Co.) 75  g.  HNOi  per  kw.  hr. 

Birkeland-Eyde 70  g    HNO>  per  kw.  hr. 

Pauling 60-75  g.  HNOj  per  kw.  hr. 

Cyanamide 76  g.  HNOi  per  kw.  hr. 

Scott'^"  (1912)  gives  the  yield  of  the  Birkeland-Eyde  process 
as  500-550  kg.  of  nitric  acid  or  853-938  kg.  of  calcium  nitrate 
per  kw.  yr.  The  best  yield  at  Notodden  has  been  900  kg.  of 
too  per  cent  nitric  acid  per  kw.  yr. 

The  Pauling  process  guarantees  60  g.  of  100  per  cent  nitric 
acid  per  kw.  hr.  and  a  cost  of  120  francs  per  kilowatt  as  cost  of 
the  electrochemical  plant  itself. 

Dobbelstein"^  ( 1 9 1 2)  gives  the  costs  of  installation  and  operation 
for  a  plant  employing  the  Hausser  method  with  coke  oven  gases. 

Reference  84  (1914)  gives  the  yields  of  the  Serpek  process  as 
2  tons  of  alumina  and  500  kg.  of  fixed  nitrogen  (as  ammonia) 
per  kw.  yr. 

Beckman'^  (191 1)  describes  the  general  financial  status  of  the 
nitrogen  fixation  industry  as  being  "well  paying"  and  gives  in- 
come figures.  He  makes  a  mistake,  however,  in  stating  that  the 
Birkeland-Eyde  process  has  been  abandoned.  [See  Reference 
130  Cigii)-] 

Franklin'*"  (191 1)  gives  a  very  general  review  of  the  status  of 
nitrogen  fixation  processes,  considering  only  the  Birkeland-Eyde, 
Schonherr,  and  cyanamide  processes,  and  their  relative  costs, 
with  data  taken  from  otlier  authors. 

Roeber'"  (1910)  gives  a  good  general  review  of  the  various 
processes  for  nitrogen  fixation,  with  costs,  and  present  status 
of  industry. 

Voorhees""  (1910)  discusses  tlie  relative  costs  and  actual  value 
to  tlie  farmer  of  the  various  constituents  of  artificial  fertilizers, 
and  shows  where  economy  should  be  effected. 

AMMONIA  FROM  CALCIUM  CTANAMIDE 
Landis"  (1916)  gives  estimates  on  the  plant  and  operating 
costs  for  the  production  of  30,000  lbs.  of  ammonia  per  day,  based 
on  designs  made  by  the  American  Cyanamide  Company,  in  the 
light  of  European  practice,  and  after  six  months'  experience  in 
America  with  a  small  plant,  imported  from  Germany.  These 
involve  the  use  of  an  autoclave  unit  of  nine  shells  requiring  a 
continuous  motor  load  of  about  200  h.  p. 

The  plant,  without  power  or  pumping  plants,  equipped  to 
put  out  as  final  product  an  ammonia  gas  saturated  with  moisture 
at  the  temperature  of  the  condenser  water  available  may  be 
erected  for  Si  20,000.  This  does  not  include  cost  of  land,  founda- 
tions, or  sludge  disposal.  The  cost  of  operation,  including  the 
items  of  power,  steam,  water,  labor,  chemicals,  repairs,  interest, 
depreciation,  etc.,  comes  to  S45I.43  per  day,  or  $0.01505  per 
pound  of  ammonia.     The  detailed  items  are  given  in  the  original. 
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Laboratory  experiments  by  Manuelli"'  (1914)  have  shown  the 
yield  to  be  from  90-99  per  cent  of  the  theoretical.  The  cost 
should  be  about  20  centimes  per  kilo  of  nitrogen. 

OXIDATION    OF   AMMONIA 

Zeisberg*  (191 6)  gives  costs  deduced  for  American  conditions 
from  the  costs  given  in  Reference  109  and  compares  them  with 
estimates  from  other  soiu'ces  for  small  and  large  plants. 

He  gives  the  cost  of  making  nitric  acid  from  sodium  nitrate 
as  at  least  1.75  cents  per  lb.  for  labor,  repairs,  and  sulfuric  acid 
and  with  sodium  nitrate  at  2.64  cents  per  lb.  the  cost  of  the 
nitrogen  used  per  lb.  of  nitric  acid  would  be  3.750  cents  compared 
with  4.280  cents  for  the  Ostwald  process.  But  the  Ostwald 
process  will  become  increasingly  more  profitable  as  the  price  of 
Chile  nitrate  and  consequently  of  ammonia  becomes  less.  These 
estimates  are  based  on  an  85  per  cent  efiiciency  for  the  Ostwald 
process  and  a  97  per  cent  efficiency  for  the  retort  method  of  mak- 
ing nitric  acid.  Zeisberg  concludes  that  ammonia  itself  is  so 
valuable  that  there  is  little  hope  that  the  Ostwald  process  can 
ever  compete  successfully  with  the  arc  processes  for  the  produc- 
tion of  nitric  acid. 

Kaiser"  (19 16)  claims  to  be  able  to  oxidize  ammonia  to  nitric 
acid  with  a  90-95  per  cent  yield  at  a  cost  of  1.25  kg.  of  coke  per 
kg.  of  ammonia,  besides  the  power  for  driving  fans. 

Dieflenbach'-  (1914J  computes  that  at  the  selling  price  ex- 
isting, oxidation  of  ammonia  to  nitric  acid  is  less  profitable 
than  conversion  to  sulfate.  But  in  factories  producing  dilute 
nitric  acid,  absorption  by  nitric  acid  should  be  yet  more 
economical. 

In  Reference  109  (igijjthc  cost  of  manufacture  of.  nitric  acid 
from  ammonia  from  gas  liquor  is  given  for  a  plant  capable  of 
producing  monthly  148.4  tons  of  53  per  cent  nitric  acid  from 
25  tons  of  nitrogen  in  the  form  of  ammonia.  The  cost  of  plant 
is  estimated  at  555,000,  and  the  items  are  given.  Operating 
costs  per  month  should  be  as  follows : 

Power,  14,400  h.  p.  hrs.  at  .1  cents S  4.^7.. 50 

Steam.  20.000  kg 3,^7.70 

Total  operation  including  above  and  interest,  labor,  etc.     2 , 1 87 .  SO 
Costs  per  ton  of  100  per  cent  HNOj .?9.94 

These  figures  include  the  plant  and  cost  of  production  of  am- 
monia gas  from  gas  liquors.  Detailed  items  are  given  with  esti- 
mates of  profits.     The  estimates  arc  based  on  luiglish  conditions. 

V~APPENDIX 
BECOVERT  or  NITROGEN  COMPOUNDS 

BY-PRODUCT   COKE   OVENS 

Christopher"  (1913)  gives  a  history  of  the  development  of 
ammonia  recovery  from  coke  ovens  with  the  yields  at  various 
periods,  descriptions  of  the  types  of  ovens,  with  comparative 
working  costs  and  values  of  the  jiroducts.  A  bibliography 
is  included. 

The  yields  obtained  in  1S70  are  given  as  10  gallons  of  tar  and 
16  lbs.  of  ammonium  sulfate  per  ton  of  coal  in  gas  works,  and 
5  to  1 1  gallons  of  tar  and  4  to  6  lbs.  of  ammonhnn  sulfate  from 
coke  ovens.  This  had  been  increased  in  1S81  by  the  Simon- 
Carves  plant  to  6.12  gallons  of  tar  and  28  lbs.  of  animoniinn 
sulfate. 

PRDDUCKR    GAS    PLANTS 

A  further  resource  for  the  recovery  of  nitrogen  compound 
is  the  ammonia-recovery  prodiiecr-gas  plant.  The  I.ymn  ap- 
paratus is  a  recent  system  based  upon  the  general  principles  of 
the  Mond  process,  liul  with  the  high  and  bulky  towers  repl.iceil 
by  vertical  washers.  The  form  and  operation  is  fully  described 
and  illustrated.  Operating  costs  are  given  for  a  plant  producing 
from  .'.Si 2  to  2830  kw.  hr.  per  hour,  with  a  consumption  of 
from  f)4/)  to  70.2  tons  of  coiil  yielding  from  1.76  to  1.04  tons  of 
animonitun  sulfate  in  24  hours.  The  nitrogen  content  of  the 
coal  used  was  0.8  i>cr  cent,  and  the  cost  f.t.txi  to  53.J.5  per 
ton.  Including  n  to  per  cent  ileprccintion  charge,  the  ovtt  of 
gas  is  0.14  per  kw.  hr.  Reference  56  (igi.s^  give*  further 
.li-tiiiU 


COAl.   GAS   MANTFACTITJE 

Wagner"^  1.1914)  describes  and  gives  the  costs,  etc.,  for  re- 
covery of  ammonia  and  other  products  in  coal  gas  distillation 
by  the  Feld  system.  The  raw  liquor  usually  contains  from  i  to 
2  per  cent  of  ammonia  from  which  all  but  about  0.005  per  cent 
is  recovered. 

The  operating  costs,  without  depreciation  and  interest,  for 

the  ammonia  recovery  from  a  plant  carbonizing  300  tons  of  coal 

per  day  should  be  for  a  250-day  year: 

$32,530  if  aqua  ammonia,  and 

S12  811  if  ammonium  sulfate  be  the  6nal  product. 

With  ammonia  at  8  cents  per  lb.,  aqua  ammonia  of  26°  at  $102 
a  ton,  and  ammonium  sulfate  at  S60  a  ton,  the  annual  profits 
for  the  two  processes  shoidd  be  847,030  and  $30,809,  respec- 
tively. 

If  the  Bueb  process  for  the  extraction  of  cyanogen  be  com- 
bined with  the  above  Feld  process,  the  operating  expenses  vi-ill 
be  $11,546  and  the  profit  $48,039. 

Tutwiller'-'  ('1914)  describes  in  detail  tlie  methods  of  coal  gas 
manufacture  and  by-product  recovery,  giving  cuts  and  diagrams 
of  apparatus.  He  gives  analyses,  proximate  and  ultimate,  of 
a  tj-pical  coal.  He  also  describes  in  detail  the  concentration  of 
ammouiacal  solutions,  illustrating  with  cuts  ami  diagrams. 
His  article  is  very  full. 

Rittman  and  WTiitaker^"  (1915)  give  a  bibliography  of  the 
chemistry  of  gas  manufacture  of  274  references  covering  the 
headings: 

Carbonization  and  distillation  of  coal. 

Gas  producers,  water-gas. 

Petroleum  oil  distillation. 

Oil  gas. 

Reactions  of  hydrocarbons. 

High  temperature  and  high  pressure  reactions. 

Low  temperature  carbonization. 

Chemical  equilibrium  and  catalysis. 

General  literature. 

Hooks. 

PEAT    PRODUCER-GAS   PLANTS 

Lymu-'  1 1 916)  gives  an  historical  resume  of  the  development 
of  producer-gas  by-product  recovery  in  Europe  and  outlines  the 
latest  features  of  his  own  system.  He  mentions  the  systems  and 
improvements  of  Young  and  Beilby.  Mond,  DutT,  Grossley  and 
others,  describing  each  and  discussing  the  advantages  of  each. 
The  article  is  very  fully  illustrated  with  diagrams,  etc.  He 
gives  detailed  costs  of  operation  and  estimates  on  three  different 
types  of  installation.  He  gives  the  yield  of  a  I.ymn  plant  as 
61  lbs.  of  ammonium  sulfate  per  ton  of  coal,  which  is  a  "nitrogen 
efiiciency  of  70  per  cent."  He  also  tiiscussesi  the  adaptability 
of  various  fuels  and  states  that  peat  containing  60  per  cent  of 
water  can  be  used.  Plants  buniing  i>eat  have  been  in  oiH-ra- 
tion  in  liuropc  for  several  years 

Nature"  (1916)  in  tlie  course  of  an  article  discussing  the 
distillation  of  peat  in  producer-gas  plants  gives  figures  on  the 
recovery  of  by-products  Peat  contains  from  0,5  to  2.5  (ler 
cent  of  nitrogen,  almost  all  of  which  may  be  liberated  as  am- 
monia by  passing  steam  over  the  material  heated  to  350-550*. 
The  following  yields  have  been  obtained  from  large-scalr  ex- 
periments: 

("■rroiany      Italy  KntUn«) 

NilroKcn  content  in  per  cent 1.0  I   58        2.S        ?  2 

Moi.tureconlenll yW-^Mi         ll5)        'S«)  h'l 

Animoniuni  tulfate  recovered  per  100 

of  thenrelicullv  dry  prat 70  Ibf .     llSlb».         ;i.<ll» 

I6B 

l*r<Mlucer-gas  plants  treating  )>eat  are  in  siicc«v*ful  o|icriition 
at  Portndown.  Ireland  1400  Imikc  horse  |HiwcrV  near  t^MJubruck, 
C.ernmny  (3000  H.  P.)  und  at  Orciitano.  Italy  I7<vi  metric  H,  P.). 
The  lust  two  rrctiver  ainmonnun  Milfnte.  The  tlrniiun  plant 
ci>nstnnes  210  tons  of  jiout  if>o  jier  i"ent  moi^lurrl  in  ^4  hour*. 
The  Irish  plant  using  |H-at  at  5*  u  ton  itlUainx  power  at  '/i» 
ixnny  )>rr  H  P.  hr  l(  is  *la«o<l  that  the  anxnmt  of  i>inilmt- 
lible  niiitlrr  in  the  world'^  iwat  deposits  rxcrrds  thiit  in  nil  the 
known  (■•••it  I'll  lilv 
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MISCELLANEOUS 

Ammonia  Recovery  frmn  Waste  Liquors — KnoedleH"  (1915) 
has  been  able  to  recover  28  per  cent  ammonia  from  waste  liquors 
of  the  Welsbach  Company  containing  about  i  per  cent,  by  a 
distillation  plant  which  he  describes  in  detail,  at  a  cost  of  opera- 
tion of  $2.24  per  1000  lbs.  The  output  of  his  plant  was  3000 
lbs.  of  26  per  cent  ammonia  per  day. 

Ammonium  Chloride  from  Recovery  Plants — A  process  has 
been  patented  and  is  being  applied  by  the  Berlin-Anhaltische 
Maschinenbau  Aktien-Gesellschaft  or  the  manufacture  of  am- 
monium chloride  instead  of  ammonium  sulfate  from  by-product 
ammonia,  with  the  idea  of  supplying  the  market  for  the  pure 
salt,  and  also  avoiding  a  future  overproduction  of  sulfate" 
(1914). 

Wagner"  (19 14),  in  the  course  of  an  illustrated  article  on  coal 
gas  residuals  and  the  Feld  system,  describes  processes  and  ap- 
paratus for  the  recovery  of  ammonia  gas  by  continuous  stills 
and  its  conversion  into  ammonium  sulfate. 

The  results  obtained  by  slow  distillation  of  coal  in  vacuum  at 
various  temperatures  are  discussed  by  Cobb,  Burgess  and 
Wheeler"  (1914). 

A  tar  scrubber  for  the  direct  process'"*  (1913)  for  ammonia 
recovery  from  gases,  avoiding  the  customarj'  absorption  and 
redistillation,  is  described,  with  cuts,  by  Strommenger.  A  good 
sulfate  containing  25  per  cent  of  NHj  is  obtained. 

Heck""  (1913)  describes  in  some  detail  the  operation  of  the 
Brunck  direct,  and  the  Koppers  serai-direct,  processes,  with  esti- 
mates of  the  relative  saving  effected  by  each. 

Ohnesorge"  (1913)  outlines  the  history  and  recent  develop- 
ment of  the  direct  process  for  recovery  of  ammonium  sulfate. 

The  direct  process  using  a  Pelouze  extractor  is  briefly  described 
by  Pfudel'^  (1912). 

Brown'"  (191 1)  gives  working  directions  for  the  operation  of  a 
waste  ammonia  recovery-  plant  and  for  concentration  and  testing 
of  the  product. 

Cooper"'  (191 1)  has  carried  out  some  experiments  upon  the 
direct  recovery  of  ammonia,  and  gives  the  diagram  of  his  tar 
extractor. 

PBODUCTS  MADE  FBOM  CTANAMIDE 

Cyanamide  is  capable  of  a  number  of  conversions  to  products, 
such  as  urea,  dicyanamide,  creatinin. 

U'ashbum  states  that  the  United  States  imports  annually 
for  the  celluloid  industry  $50,000  worth  of  high-grade  urea  which 
can  now  be  supplied  from  this  source.  Urea  is  also  applicable 
in  the  manufacture  of  explosives,  when  not  prohibitively  ex- 
pensive" (1915).  Its  nitrogen  can  be  converted  almost  quan- 
titatively into  cyanides  by  fusion  with  salt,  giving  a  yield  equal 
to  nearly  25  per  cent  of  the  weight  of  the  cyanide  equivalent. 

Clennell"  (1915)  discusses  the  chemistry  of  this  reaction,  and 
of  others  for  making  cyanides,  as  given  by  the  literature  and 
patents. 

Cyanamide  itself  is  an  excellent  agent  for  case-hardening, 
and  hundreds  of  tons  are  being  used  abroad  in  the  manufacture 
of  war  materials,  and  will  probably  find  extensive  use  here  when 
the  peculiarities  of  the  trade  have  been  overcome*'  (1915). 

Sulzer""  (1912)  makes  ammonia  and  formic  acid  from  cal- 
cium cyanamide  by  fusing  with  charcoal  and  sodium  carbonate, 
and  then  heating  with  water  in  an  autoclave. 

Carlson"  (1914)  discusses  in  a  general  way  the  use  of  cyan- 
amide as  a  raw  material  for  the  manufacture  of  other  products 
such  as  cyanides,  urea,  veronal  and  other  drugs.  He  gives  the 
value  of  a  kilogram  in  the  various  forms  from  element  to  com- 
plex drug. 


NOMENCLATURE  OF  CYANAMID  INDUSTRY 

The  following  definitions  of  terms  used  in  the  Cyanamid 
industry  are  given  by  Pranke"  (1913): 

Lime- Nitrogen — Crude  calcium  cyanamide,  ground  to  a  fine 
powder  after  removal  from  the  ovens  in  which  it  is  formed.  It 
contains  about  55  per  cent  calcium  cyanamide,  CN.NCa, 
about  2  per  cent  calcium  carbide,  and  about  20  per  cent  free 
calcium  oxide. 

Cyanamid — This  is  a  trade  name  for  the  completely  hydrated 
material  prepared  for  use  as  a  fertilizer  in  the  United  States. 
It  contains  about  45  per  cent  calcium  cyanamide,  27  per  cent 
calcium  hydroxide  and  no  carbide.  The  name  is  always  capi- 
talized and  has  no  final  "e." 

Cyanamide — The  compound  represented  by  the  formula 
CN.NH;.  It  is  sometimes  referred  to  as  acid  cyanamide,  or 
free  cyanamide. 

Calcium  Cyanamide — The  chemical  compound  of  the  formula 
CN.NCa,  or  CaCNj,  as  it  is  frequently  written. 

Calcium  Cyanamid — The  name  used  by  the  United  States 
Department  of  Agriculture  and  by  some  State  Departments  of 
Agriculture  to  designate  the  commercial  Cyanamid.  It  is 
sometimes  used  to  indicate  the  substance  represented  by  the 
formula  CN.NCa,  but  for  the  sake  of  clearness  the  compound 
CN.NCa  will  be  called  calcium  cyanamide  in  the  present  paper. 

Nitrolim — The  trade  name  for  the  material  sold  in  England 
for  agricultural  purposes.  It  is  a  lime-nitrogen  to  which  has 
been  added  just  enough  water  to  destroy  the  carbide.  Prac- 
tically all  the  free  lime  is  present  as  calcium  oxide. 

Kalkstickstoff — -The  commercial  material  manufactured  in 
Germany  for  use  as  a  fertilizer.     It  is  similar  to  nitrolim. 

Stickstoffkalk — A  crude  calcium  cyanamide  made  by  nitri- 
fying a  calcium  carbide  which  contains  about  10  per  cent  of 
calcium  chloride.  Its  manufacture  in  Westergeln,  Germany, 
under  the  Polzeniusz  patents  was  discontinued  in  19 10. 

Calciocianamide — The  Italian  commercial  product,  com- 
pletely hydrated. 

Cyanamide  de  Calcium — The  French  commercial  product, 
completely  hydrated. 

EQUIVALENTS 
I  M.  (Mark)  =  $0,238  1  (centime)   =   1/100  franc 


1  (pfennig)  =  1/100  M. 
I  £  (pound)  =  $4.8665 
1  s.  (shilling)  =  1/20  £ 
1  fr.  (franc)   =  $0,193 


kg.  (1000  g.)   =  2.205  lbs.  (.\v.) 
1  kw.  hr.  =   1  359  H.  P. 
1  long  ton  =  2240  lbs. 
1  metric  ton  =  2204.62  lbs. 


POWER  COSTS 

The  average  coal  consumption  per  kw.  hr.^  (1916)  was  foimd 
to  be  2.77  lbs.  (bituminous)  at  a  modern  18,590  kw.  steam  tur- 
bine plant  at  Worcester,  Mass.  The  unit  cost  of  production 
per  kw.  hr.  was  5.3  mills  for  fuel  ($4.28  per  ton)  and  1.12  mills 
for  operating  labor  cost.     The  cost  analysis  is  given. 

Dunn'»  (1916)  discusses  the  relative  construction  and  opera- 
tion costs  of  hydro-electric  and  steam  plants  for  the  generation 
of  electricity.  He  gives  comparative  unit  analyses  of  cost  of 
operation. 

Stillwell'-  (19 16)  gives  similar  data  and  also  shows  tlie  varia- 
tion in  total  cost  of  power  for  various  costs  of  coal. 

Sclieuer--  (1916)  gives  the  cost  of  power  from  hard  and  soft 
coal  at  different  prices  in  Germany,  with  and  without  by- 
product recovery.  He  also  gives  statistics  of  coal  production 
and  by-product  yields  of  various  kinds. 

Baekeland"  (1916)  states  that  at  Si. 25  a  ton  for  good  steam 
coal  power  can  be  obtained  cheaper  than  the  price  now  paid  at 
Niagara. 

In  Reference  24  (1916)  Washburn  discusses  the  relation  of  the 
water  power  problem  to  nitrogen  fixation,  describing  the  differ- 
ence between  Norwegian  and  United  States  water  powers. 
He  gives  estimated  costs  of  installing  plants,  etc. 

There  is  considerable  interest  in  the  possibility  that  certain 
of  these  processes  might  be  adapted  to  utilized  off-peak  and 
ofT-season  loads'-  (19 15). 
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In  figuring  the  cost«  (1914)  of  water  power,  it  is  the  tendency 
abroad  to  include  only  operating  costs,  and  not  the  investment 
on  the  plant,  contrary  to  the  practice  in  the  United  States. 
This  should  be  taken  into  consideration  in  making  compansons. 
There  are  many  plants  in  operation  in  the  chemical  mdustries 
abroad,  whose  real  costs  of  power  production  are  no  lower  than 
many  of  the  more  favored  locations  in  this  country. 

Scott'"  (1912)  discusses  the  power  question  as  it  afiects  Great 
Britain,  and  goes  into  comparison  and  details  in  regard  to  the 
cost  of  instaUation  of  hydro-electric,  and  steam  plants,  and  the 
relative  advantages  of  coal  and  gas-fuel,  and  of  surface  combus- 
tion. He  gives  the  capital  and  running  costs  for  a  producer- 
gas  engine  power  station  for  3000  brake  horse  power. 

In  Norway'"  (1912)  the  electric  horse-power  year  costs  U 
to  $6  compared  with  $10  to  $15  i"  the  U.S. 

Lyon  and  Keeney"  (1913)  give  the  cost  of  power  used  for 
various  electrochemical  processes  in  25  different  localities  from 
hydro-electric  and  steam  plants. 
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115 — Durand.  Brincr,  Compt.  rend..  166  (1912),  1495-7. 
116 — Dobbchtein,  Slahl  u.  Eisen,  32  (1912),  1571-7;  Abstract.  /.  Soc. 
Chem.  Ind..  31  (1912),  982. 

117 — Hyde.  Trans.  Intern.  Cong.  Appl.  Chem..  28  (1912).  169-81;  Ab- 
stracts. Chemical  Engineer,  IS  (1912),  188-91;  This  Journal,  4  (1912). 
771-4. 

118 — Fischer.  Hene.  Ber.,  4S  (1912).  3652-8. 
119 — Hausser.  Z.  Ver.  deut.  Ing..  66  (1912),  1157-64. 
120 — Kochmann,  .Arbeit.  Pharm.  Inslilut.  Berlin.  8,  81 ;  .\bstracU,  Chem. 
Zentr.  (1)  1912,  169;  Chemical  Abstracts,  6  (1912),  2295. 
121 — Lowry,  J.  Chem.  Soc,  101  (1912),  1152-8. 

122 — Meneghini.  Co5=.  (Aim.  i/a;.  [  1  ]  42  (1912),  126-34;  Abstract.  .C 
Soc.  Chem.  Ind..  31  (1912).  383. 

123 — Norton,  "Utilization  of  Atmospheric  Nitrogen,"  Dept.  of  Com- 
merce and  Labor,  Bur.  of  Manufacturers.  Special  Agents  Series,  52. 
1912. 

124 — Pfudel.  J.  Casbel..  54  (1911),  1272-3;  Abstract,  J.  Soc.  Chem. 
Ind..  81  (1912),  64-5. 

125— Reinders,  Cats,  Chem.  Weekblad.  9  (1912),  47-58;  Abstracts. 
Chem.  Zentr..  [1]  83  (1912),  708;  ./.  Soc.  Chem.  Ind.,  31  (1912),  280. 

126 — V.USS.  Z.  angew.  Chem..  25  (1912),  586;  J.  Soc.  Chem.  Ind..  31 
(1912),  383. 

127 — Scott,  "Manufacture  of  Nitrates  from  the  Atmosphere."  Smith- 
sonian Report  for  1913,  pp.  359-84  (1914).  (Publication  2291.)  Re- 
printed from  J.  Roy.  Soc.  .Arts  (.London).  60  (1912),  No.  3104. 

128 — .Scott,  A'o/iirf,  89  (1912),  463;  Abstract,  This  Journal.  4  (1912), 
619. 

129 — Strutt,  Proc.  Roy.  5oc.  (/I),  86  (1911 1.  56-63;  Abstract.  J.  Soc. 
Chem.  Ind..  31  (1912),  70-1. 

l.!0 — Sulzcr,  Z.  angeir  C7;em..  25  (1912),  1268-73;  Abstract,  J.  Sof. 
Chem    Ind..  SI  (1912),  682. 

131 — Tausent.  Z.  Eleklrochem.,  18  (1912),  314-9. 
132 — Tucker.  Read.  Trans.  Am.  Eleclrochem.  Soc.  22  (1912),  57-66. 
\^^ — Metallurgical  and  Chemical  Engineering    10  (1912),  126. 
134 — Newspaper  clippings.  7  imfs.  Raleigh,  N.  C.  June  14,  1912,  Kail 
Strcf.  Journal.  July  25,  1912. 

135 — Beckman.  Metallurgical  and  Chemical  Engineering,  9  (1911),  340. 
136 — Birkelaud,    Garfield,  Metallurgical  and  Chemical  Engineering.  9 
(1911),  436.  485. 

1.57 — Brown,  Chemical  Engineer.  14  (1911).  456-61. 
138 — Cooper.  Chemical  Engineer.  13  (1911),  111. 
139 — Khrlich.    Russ.   Monalsh.  Chem..  32   (191 1),  917-6;    Abstract,.' 
Sot.  Chem.  Ind.,  SO  (1911),  1393-4. 

140 — Franklin.  General  Electric  Ret^iev.  14  (1911).  472-5;  Chemical 
Engineer.  14  (1911),  453-6. 

141— 'Lamy.  Metallurgical  and  Chemical  Engineering.  9  (1911).  99-104 
142 — Edgar,  J.  Am.  Chem.  Soc.  3S  (1911).  292-9. 
14,3 — Strutt.  Proc.  Roy.  5oir..  85  (1911).  533-6. 
144 — Tufts.  This  Journal,  3  (1911),  295-9. 

145 — Vanderpol,  Metallurgical  and  Chemical  Engineering,  9  ( 19 1 1 ) ,  196  S 
146 — Foerstcr.  Jacoby,  Z.  Eleklrochem.,  13  (1907),  101-7. 
147 — Ilaber,  Kocnig,  Platou;  Haber,  Platou:  Holwech.  Koenig;  Hahcr, 
Holwcch.  Z.  Eleklrochem..  16  (1910).  789-813. 

148 — Holwech.  Z.  Eleklrochem..  16  (1910).  369-90. 
149 — Roeber.  .Mineral  Industry.  19  (1910),  58  67. 
150 — Voorhces.  This  Journal.  2  (1910).  153  5. 
151 — Wolokitiii.  Z.  Eleklrochem.,  16  (1910),  814-26. 
152 — Zcnneck.    Physik.  Z..  11  (19l0i.  1228-33:  Abstract    MelallurKtcal 
and  Chemical  Engineering.  9  (19|l).  73-5. 

ADDITIONAL  MATERIAL  AND  COMMENT 
The  galley  proof  of  the  above  article  was  sent  to  thirty  tlilTereiit 
libraries,  firms  and  individuals  for  criticisms  and  suggestions  of 
further  material.     The  following  items  were  obtained  in  this  way ; 


F.  C.  Zeisberg  and  F.  G.  Liegcnroth,  of  the  H.  I.  du  Pont  de 
Nemours  and  Company  state  that  the  gases  from  the  Birkeland- 
Eyde  furnace  are  withdrawn  at  iioo°  C.  and  contain  about 
1.25  per  cent  of  NO.  The  concentration  of  NO  in  the  product 
of  the  Schonherr  furnace  is  only  about  1.75  per  cent  and  the 
yield  is  the  same  as  for  the  Birkeland-Eyde.  The  temperature 
of  the  escaping  gases  is  1 200°  C.  for  the  latter  and  800  to  1000°  C. 
for  the  former.  Both  of  these  furnaces,  as  well  as  the  Pauling, 
take  single-phase  current.  The  Schonherr  uses  5000  volts  and 
the  Birkeland-Eyde  is  now  built  to  take  as  high  as  4000  kw. 
The  power  factor  of  the  last  has  been  raised  to  0.8  in  recent 
developments. 

The  enrichment  of  air  with  oxygen  as  done  in  the  Kilburn- 
Scott  process  is  an  old  idea. 

At  Notodden  the  strength  rarely  rises  above  30  per  cent 
HNO3  by  weight  in  the  acid  delivered. 

The  total  power  in  Norway  (Rjukanfos  and  Notodden)  used 
for  fixation  processes  is  350,000  H.  P.  (250,000  kw.).  The  Tyn, 
Matre  and  \'amraa  developments  will  not  be  so  employed  for 
sometime,  at  least. 

H.  G.  H.  Tarr  of  R.  D.  Wood  and  Co.  writes:  "I  feel  quite 
certain  that  the  combination  of  a  by-product  gas  and  steam 
plant  will  produce  cheaper  power  than  can  be  attained  in  any 
other  way.  I  am  preparing  an  article  which  will  be  published 
in  one  of  the  periodicals  in  the  next  two  or  three  months,  in 
which  I  shall  go  more  into  detail."  This  article  will  appear  in 
tlie  Melalliirgical  and  Chemical  Engineering.  Mr.  Tarr  has  al- 
ready published  in  Power  for  November,  1908,  comparative 
analyses  of  the  costs  of  operating  water-power  and  gas-power 
plants. 

C.  W.  Andrews  of  the  John  Crcrar  Library  supplied  the  fol- 
lowing references  to  books : 

Georg  Brion,  "J^uftsalpeter.  seine  Gewinnunp  durch  den  elektrischeo 
Flammenbogen."     Berlin  &  Leipzig  (G.  J.  Goscheu,  1912,  153  pp.). 

Theodor  Pfeiffer.  "Stickstoffsammeinde  Bakterien,  Bracbe  und  Raub- 
ban."     (Ed.  2.  Berlin.  P.  Parey.  1912.  100  pp.) 

Wilhelm  Schneidewind,  "Weitere  Versuche  uber  die  Wirkuag  ver- 
schiedener  Stickstofformen  aus  den  Jahren  1908-1911."  (Berlin,  Deutsch 
Landivirtschafts-Gesellschaft,   1912,  171   pp.) 

The  following  books,  some  of  which  also  were  suggested  by 
C.  W.  Andrews,  belong  to  an  earlier  period  than  that  covered 
by  this  paper,  but  may  be  of  interest  to  those  3vho  wish  to  study 
the  earlier  phases  of  the  subject: 

Robert  Huber.  "Zur  Stickstofl-Frage. "  (Bern.  StampQi  &  Cle.. 
1908,  116  pp.) 

Konrad  Wilhelm  Jurisch,  "Salpeter  und  sein  lirsatz.  '  (Leipzig, 
Hirzel,  1908,  356  pp.) 

Adolf  Koenig,  "Uber  die  Oxydation  des  Slickstoffes  ira  gektihlten 
hochspannungsbogen  bei  Minderdruck  "     (Halle,  Knapp,  1908.  76  pp.) 

This  book  consists  of  a  brief  review  of  the  chemistry  of  nitrogen 
oxidation  and  a  detailed  report  of  the  author's  experiments. 

Wilhelm  Schneidewind.  "Die  Stickstoffquellcn  und  die  Stickstofi- 
dungung.'     (Berlin.  P.  Parey.  1908,  139  pp.) 

P.  Vageler,  "Die  Bindung  des  atmospharischcn  StickstofTs  in  Nattir 
und  Tcchnik."     (Braunschweig.  Vicweg,  1908,  132  pp  1 

The  greater  part  of  this  book  is  devoted  to  the  fixation  of 
nitrogen  by  bacteria,  only  19  pages  being  given  to  technical 
methods.  A  diagram  of  the  arc  cll.^^nber  of  the  Bradley  and 
Lovcjoy  i>rocess  is  shown. 

Eduard  Donath.  "Die  technisdic  .\usnutzuiig  dis  atniosph&rischeo 
StickslolTes  "      (Leipzig  &  Wicn.  F.  Dcuticke.  1907.  250  pp.) 

This  book  is  a  good  detailed  treatment  particuUirly  of  the 
chemical  aspects  of  the  subject,  with  descriptions  of  apparatus 
and  many  references  to  the  literature.  The  Bradley-Lovejoy 
process  is  describetl  quite  fully. 

Johannes  Erode.  "Uebcr  die  Oxydation  des  Stickstoltes  iu  diT  hoch- 
spaunungs  flamme."      (Halle.  Knapp.  1905.  63  pp.) 

F.  Lepel.  "Die  Bindung  des  atinosphSriscUen  Stickstoffes.  insbe- 
sonderc  durch  clefctrische  l^ntladunge."  (J.  Abel  Greifswald.  1903, 
42  pp.) 
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Analysis:     A  System   of    Qualitative   Chemical  Analysis.     J.    A.    Gibson. 
12mo      44    pp.     Price,    ?0.45.      Herald   Statesman    Publishing    Co.,    Co- 


-Mo 


Applied   Chemistry.     F.    B.   Emery  akd   Others.     4to.     212   pp.     Price 

Sl.-'O      L.von.s   &  Carnahan,  Chicago. 
Applied  Science:     Les  Sciences  physiques  et  naturelles  avec  leurs  appli- 
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Bauxite:     L'industrie    de   la    bauxite    dans   le    departement    du   Var.     A. 

DE  KiiPPE.v.      8vu.      22  pp.      Chaix.  Paris. 
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Chemical  Directory:     The  First  Annual  Chemical  Directory  of  the  United 
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Coal    Mining    Kinks.     Compiled  from  Coai,  Acb.     Svo,      104  pp.     Price 

SI. 50.      ilill   I'liblisbiiiK  Co.   New  York. 
Compressed   Air   Practice   in    Mining.     David   Penman.        Svo.     253   pp. 
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RillilnKlon  Co  ,   Haltimore. 

Engines:     The    Fitting   and    Erecting    of   Engines.     C,    L.    Brown,     Svo. 

173  [ip       Price,  3s.  6d       ICmmott    it  Co  .  London. 
English  and  Engineering.     F,  .\vdelotti!.      l6mo.     390  pp.     Price.  $1.50. 

Mil.rawHill   Book  Co.  Nl»v  York. 
Gasoline  and   How  to  Use  It.     G,   A,   Burrei.l,     281   pp.     Price,  $1.50. 
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MARKET  REPORT— MARCH,  1917 

WHOLBSALB   PRICES   PREVAItING    IM   THS   NEW   YORK   MARKET   ON    MARCH  1$ 


INOBOANIC  CHEMICALS 

AceUtc  of  Lime, 100  Lbs. 

Alum,  lump  ammonia 100  Lbs. 

Aluminum  Sulfate,  high-grade Ton 

Ammonium  Carbonate,  domestic Lb. 

Ammonium  Chloride,  white Lb. 

Aqua  Ammonia,  26*,  drums Lb 

Arsenic,  white Lb. 

Barium  Chloride Ton 

Barium  Nitrate Lb. 

Barytes,  prime  white,  foreign Ton 

Bleaching  Powder,  35  per  cent 100  Lbs. 

Blue  Vitriol Lb. 

Borax,  crystals,  in  bags Lb. 

Boric  Acid,  powdered  crystals Lb. 

Brimstone,  crude,  domestic Long  Ton 

Bromine,  technical,  bulk Lb. 

Calcium  Chloride,  lump,  70  to  75%  fused Ton 

Caustic  Soda,  76  per  cent Lb. 

Chalk,  light  precipiuted Lb. 

China  Clay,  imported Ton 

Feldspar Ton 

Puller's  Earth,  foreign,  powdered Ton 

Glauber's  Salt,  in  bbis 100  Lbs. 

Green  Vitriol,  bulk 100  Lbs. 

Hydrochloric  Acid,  commercial.  18° Lb. 

Hydrochloric  Acid,  C.  P..  cone,  22° Lb. 

Iodine,  resublimed Lb. 

Lead  Acetate,  white  crystals Lb. 

Lead  Nitrate Lb. 

Litharge,  American Lb. 

Lithium  Carbonate Lb. 

Magnesium  Carbonate,  U.  S.  P Lb. 

Magnesite,  "Calcined" Ton 

Nitric  Acid,  36» Lb. 

Nitric  Add  42° Lb. 

Phosphoric  Acid,  sp.  gr.  1.750 Lb. 

Phosphorus  yellow Lb. 

Plaster  of  Paris BM. 

Potassium  Bichromate,  casks Lb. 

Potassium  Bromide  (granular) 100  Lbs. 

Potassium  Carbonate,  calcined,  88  &  92% Lb. 

Potassium  Chlorate,  crystals,  spot Lb. 

Potassium  Cyanide,  bulk,  98-99  per  cent. . .  .Mixture 

Potassium  Hydroxide,  88  ®  92% Lb. 

Potassium  Iodide,  bulk Lb. 

Potassium  Nitrate Lb. 

Potassium  Permanganate,  bulk Lb. 

Quicksilver,    flask 75  lbs 

Red  Lead.  American,  dry Lb. 

Salt  Cake,  glass  makers' Ton 

Silver  Nitrate Ox. 

Soapstone  in  bags Ton 

Soda  Ash,  58% 100  Lbs. 

Sodium  Acetate Lb. 

Sodium  Bicarbonate,  domestic 100  Lbs. 

Sodium  Bichromate Lb. 

Sodium  Chlorate Lb. 

Sodium  Fluoride,  commercial Lb. 

Sodium  Hyposulfite 100  Lbs. 

Sodium  Nitrate,  95  per  cent,  spot 100  Lbs. 

Sodium  Silicate,  liquid.     40'  Bi 100  Lbs. 

Sodium  Sulfide ,  30%.  crysuls.  in  bbls Lb. 

Sodium  Bisniate,  liquid,  32  s.  g Lb. 

Strontium  Nitrate Lb. 

Sulfur,  flowers,  sublimed 100  Lbs. 

Sulfur,  roll 100  Lbs. 

Sulfuric  Acid,  chamber,  66°  Bi Ton 

Sulfuric  Acid,  oleum  (fuming) Ton 

Talc.  American  while Ton 

Terra  Alba.  American,  No.  1 100  Lbs. 

Tin  Bichloride.  50° 100  Lbs. 

Tin  Oxide Lb. 

White  Lead,  American,  dry Lb. 

Zinc  Carbonate Lb. 

Zinc  Chloride,  commercial Lb 

Zinc  Oxide,  American  process  XX Lb. 

Zinc  Sulfate Lb. 


OBOANIC  CHKMICALS 

AceUnllid,  C.  P.,  in  bbls Lb. 

Acetic  Acid,  56  per  cent.  In  bbls Lb. 

Acetic  Acid,  glacial.  99'/i%.  in  carboys Lb 

Acetone,  drums Lb. 
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Alcohol,  denatured,  1 80  proof Gal. 

Alcohol,  grain.  188  proof Gal. 

Alcohol,  wood,  95  per  cent,  refined Gal. 

Amyl  AceUte Gal. 

Aniline  Oil Lb. 

Benioic  Add,  ex-toluol Lb. 

Benzol,  90  per  cent Gal. 

Camphor,  refined  in  bulk,  bbls Lb. 

Carbolic  Add,  U.  S.  P.,  crystals,  drums Lb. 

Carbon  Bisulfide Lb. 

Carbon  Tetrachloride,  drums,  100  gals Lb. 

Chloroform Lb. 

Citric  Acid,  domestic,  crystals Lb. 

Creosote,  beechwood Lb. 

Cresol,  U.  S.  P Gal. 

Dextrine,  com  (carloads,  bags) 100  Lbs. 

Dextrine,  imported  potato Lb. 

Ether,  U.  S.  P.,  1900 Lb. 

Formaldehyde,  40  per  cent Lb. 

Glycerine,  dynamite,  drums  induded Lb. 

Oxalic  Acid,  in  casks Lb. 

Pyrogallic  Acid,  resublimed  bulk Lb. 

Salicylic  Add Lb. 

Starch,  cassava Lb. 

Starch,  corn  (carloads,  bags)  pearl 100  Lbs- 
Starch,  potato Lb. 

SUrch.  rice Lb. 

Flour,  sago Lb. 

Starch,  wheat Lb. 

Tannic  Acid,  commerdal Lb. 

Tartaric  Acid,  crystals Lb. 


OILS,  WAXES,  ETC. 

Beeswax,  pure,  white Lb. 

Black  Mineral  Oil,  29  gravity Gal. 

Castor  Oil,  No.  3 Lb. 

Ceresin,  yellow Lb. 

Com  Oil,  crude 100  Lbs. 

Cottonseed  Oil,  crude,  f.  o.  b.  mill Gal, 

Cottonseed  Oil,  p.  8.  y Lb. 

Menhaden  Oil,  crude  (southern) Gal. 

Neat's-foot  Oil,  20° Gal. 

Paraffine,  crude,  118  to  120  m.  p Lb. 

Paraffine  Oil.  high  viscosity Gal. 

Rosin.  "F"  Grade,  280  lbs Bbl. 

Rosin  Oil,  first  ran Gal. 

SheUac,  T.  N Lb. 

Spermaceti,  cake Lb. 

Sperm  Oil,  bleached  winter,  38° Gal. 

Spindle  OU,  No.  200 Gal. 

Stearic  Acid,  double-pressed Lb. 

Tallow,  addless Gal. 

Tar  Oil.  distilled Gal. 

Turpentine,  spirits  of Gal. 

METALS 

Aluminum.  No.  I.  ingots Lb. 

Antimony,  ordinary Lb. 

Bismuth,  N.  Y Lb. 

Copper,  electrolytic Lb. 

Copper,  lake Lb. 

Lead,  N.  Y 100  Lbs. 

Nickd,  electrolytic Lb. 

Platinum,  refined,  soft Ox. 

Silver Ox. 

Tin Lb. 

Tungsten  (WO«) Per  Unit 

Zinc,  N.  Y 100  Lbs 

FERTILIZES  MATERIALS 

Ammonium  Sulfate 100  Lbs. 

Blood,  dried  f.  o.  b.  Chicago Unit 

Bone,    4  and    50,    ground,  raw Ton 

Calcium  Cyanamid Unit  of  Ammonia 

Caldum  Nitrate,  Norwegian 100  Lbs. 

Castor  Meal Unit 

Fish  Scrap,  domestic,  dried,  f.  o.  b.  works Unit 

Phosphate,  acid.    16  per  cent Ton 

Phosphate  rock;  f.  o.  b.  mine: 

Florida  land  pebble,  68  per  cent Too 

Tennessee.  78-80  per  cent Ton 

Potassium  "muriate."  basis  80  per  cent Ton 

Pyrites,  furnace  siie.  Imported Unit 

Tankage,  high-grade,  f.  o.  b.  Chicago Unit 
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EDITORIALS 


SPRING  MEETING  AMERICAN  CHEMICAL  SOdETY 

In  a  spirit  of  deep  gravity  and  earnestness  of  purpose, 
clearly  reflective  of  the  new  era  into  which  this  nation 
has  been  ushered  by  the  declaration  of  a  state  of  war 
with  the  German  Empire,  the  Fifty-fourth  Meeting 
of  the  American  Chemical  Society  was  held  at  Kansas 
City,  Missouri,  from  April  loth  to  14th,  191 7,  with 
an  attendance  of  ,582  registered  members  and  guests. 

On  the  evening  of  April  loth  a  complimentary  dinner 
was  tendered  the  members  of  the  Council  by  the 
Kansas  City  Section  in  the  rooms  of  the  Kansas  City 
University  Club.  During  the  meeting  of  the  Council, 
held  at  the  Hotel  Muehlebach  immediately  following 
the  dinner,  President  Stieglitz  summarized  the  reports 
of  the  various  committees,  following  which  many 
points  of  importance  in  connection  with  the  policies 
of  the  Society  were  discussed,  a  number  of  these  being 
embodied  in  definite  legislation. 

The  Committee  on  Foreign  Commerce  in  Chemicals 
was  discontinued  and  the  President  authorized  to  ap- 
point a  committee  to  cooperate  with  the  Bureau  of 
Foreign  and  Domestic  Commerce  in  compiling  de- 
tailed statistics  of  chemical  imports  other  than  dye- 
stuffs  provided  adequate  funds  are  obtained  from  the 
chemical  industries  by  the  committee  previously  ap- 
pointed for  that  purpose. 

The  Council  voted  that  the  Society  should  become 
a  member  of  the  American  Metric  Association,  and 
recommended  to  the  directors  an  appropriation  of 
funds  for  membership  dues. 

The  Committee  on  Government  Specifications  of 
Food  and  Toilet  Articles  reported  that  no  scheme  of 
certification  or  guaranteeing  of  food  products  is  prac- 
ticable, but  recommended  that  the  Society  use  its  in- 
fluence in  urging  more  effective  legislation  in  order 
to  bring  about  better  organization  for  enforcement 
of  existing  national  and  state  legislation. 

As  a  result  of  the  recommendations  embraced  in 
the  report  of  the  special  committee  on  Analyzed  Rea- 
gents, the  following  resolutions  were  passed: 

Resolved,  That  in  pursuance  of  a  recommendation  of  the 
Committee  on  "Analyzed  Reagents,"  the  President  of  the  Society 
be  instructed  to  appoint  a  committee  of  three  to  act  in  an  ad- 
visory capacity  with  the  Bureau  of  Standards  and  the  manu- 
facturers of  analyzed  reagents,  in  accordance  with  the  duties 
a.=signed  to  the  proposed  advisor>'  committee  in  the  report  of  tlie 
Committee  on   'Analyzed  Reagents." 

Resolved  further,  That  the  first  duty  of  this  Committee 
shall  be  to  address  tlie  Secretary  of  Commerce  on  behalf  of  the 
American  Chemical  Society  in  a  letter  signed  by  the  President, 
urging  upon  him  tlie  very  great  desirability  of  obtaining  at  the 
earliest  possible  moment  a  fund  to  enable  the  Bureau  of  Stand- 
ards to  test  reagents  in  conformity  with  tlie  plans  recommended 
by  the  Committee  on  "Analyzed  Reagents." 

New  local  sections  were  authorized  as  follows: 
Southeastern  Texas  Section,  Central  Texas  Section, 
Toledo  Section  and  Michigan  Agricultural  College 
Section. 

Invitations  for  the  1918  Fall  Meeting  were  received 
from  the  Cleveland  Section  and  from  the  Philadelphia 


Section.  These  invitations  were  placed  on  file  until 
the  Boston  Meeting  in  September. 

The  proposed  formation  of  a  Division  of  Metallurgy 
was  not  deemed  wise  at  this  time,  but  the  Division  of 
Industrial  Chemists  and  Chemical  Engineers  was  re- 
quested to  arrange  for  special  symposiums  in  metal- 
lurgy, from  the  results  of  which  it  can  be  determined 
whether  the  demand  for  a  separate  division  on  this 
subject  is  sufficient  to  authorize  its  organization. 

The  President  and  Secretary  were  authorized  to  take 
up  with  the  authorities  in  Washington  the  question 
of  the  advisability  of  the  adoption  of  some  military 
unit  by  the  Society. 

The  matter  of  amendment  of  the  constitution  to 
create  a  Board  of  Control  of  the  National  Policies  of 
the  American  Chemical  Society,  along  the  lines  sug- 
gested by  Dr.  B.  C.  Hesse  in  his  article,  "The  Ameri- 
can Chemical  Society  and  the  Nation,"  in  the  April 
issue  of  This  Journal,  was  referred  to  a  committee 
for  consideration  and  for  recommendation  to  the 
members  of  the  Society.  Pending  the  completion 
of  this  legislation  a  committee  consisting  of  the  Presi- 
dent, the  Secretary,  the  two  most  recent  Past  Presi- 
dents, and  two  Councilors-at-Large  (to  be  elected  by 
the  Council)  was  authorized  to  act  with  the  full  power 
of  the  Council  on  all  matters  of  national  import  until 
the  September  Meeting  of  the  Society.  On  ballot  of 
the  Council,  Drs.  B.  C.  Hesse  and  W.  D.  Bigelow  were 
elected  the  councilors-at-large  to  serve  on  this  com- 
mittee. The  committee  therefore  consists  of:  Julius 
Stieglitz,  Charles  L.  Parsons,  T.  W.  Richards,  Chas.  H. 
Herty,  B.  C.  Hesse,  W.  D.  Bigelow.  In  connection 
with  this  matter  the  following  resolution  was  unani- 
mouslj'  passed: 

Be  it  Resolved,  That  it  is  the  sense  of  the  Council  of  the  Amer- 
ical  Chemical  Society  that  local  sections  and  divisions  have  no 
authority  to  publish  or  issue  any  resolution  or  official  action  on 
matters  of  national  import.  That  this  resolution  shall  not  be 
interpreted  to  discourage  the  discussion  of  such  matters  but  that 
any  action  taken  as  the  result  of  such  discussion  shall  be  re- 
ported to  the  President  and  Secretarj-  for  submission  to  the 
Council  or  Advisory  Committee. 

On  Wednesday  morning  the  General  Meeting  of  the 
Society  was  held.  The  general  session  was  opened 
by  a  brief  address  of  welcome  by  Prof.  W.  A.  Whitaker 
of  the  University  of  Kansas,  chairman  of  the  local  ex- 
ecutive committee.  In  the  absence  of  Mayor  Edwards, 
the  address  of  welcome,  in  behalf  of  Kansas  City, 
was  given  by  Mr.  George  H.  Edwards,  Jr.  This  was 
followed  by  a  stirring  address  by  President  Frank  Strong 
of  the  University  of  Kansas.  President  Strong  ex- 
pressed the  opinion  that  the  war  would  last  at  least  two 
and  possibly  four  years  longer,  and  that  a  period  of 
from  ten  to  twelve  years  must  then  elapse  before 
universities  would  again  return  to  normal  conditions. 
He  also  expressed  the  conviction  that  just  as  at  present 
federal  control  of  armies,  food,  etc..  is  necessary, 
so,  after  the  war,  there  will  probably  be  great  changes 
in  our  public  policies,  including  the  practical  elimina- 
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tion  of  party  politics  and  the  accentuation  of  federal 
administrative  powers.  In  the  hands  of  democracy, 
he  predicted  that  this  would  lead  to  the  most  efficient 
of  all  governments  in  history. 

In  response  to  these  addresses  of  welcome,  Presi- 
dent Stieglitz  expressed  the  thanks  and  appreciation  of 
the  Society  anfl  spoke  as  follows: 

ADDRESS  AT  OPENINO  SESSION 
KANSAS  CITY  MEETING,   AMERICAN  CHEMICAL  SOCIETY 

Hy   I'KKsiDENT  Julius  Stiboliti 
MR.    EDWARDS     CHANCELLOR    STRONG,    DR.    WHITAKER: 

On  behalf  of  thr  American  Chemical  Society,  I  gratefully 
accept  your  courtums  and  hospitable  welcome  to  this  thriving 
city,  ami  to  your  famous  State  University.  We  shall  carry  away 
with  us  grateful  memories  of  our  stay  and  experiences  here, 
instructive  impressions  of  a  wonderfully  active  and  growing 
sectifin  (if  our  country,  happy  recollections  of  the  entertainments 
your  local  conunittcc  have  been  at  great  cITorts  to  provide  for  us. 
We  appreciate  this  hearty  welconi"?  none  the  less  because  we  have 
come  more  serious  in  thought  and  more  conscious  of  momentous 
duties  than  we  anticipated  when  the  plans  were  made  to  hold  our 
Spring  Meeting  here.  We  thought  of  coming  simply  to  have  our 
minds  broadened  by  listening  to  lectures,  reports  and  the  convcr- 
Siillon  of  our  fellow-chemists,  to  enjoy  the  hospitality  of  u  part 
of  llie  country  famous  for  its  welcome  to  its  guests,  to  learn  from, 
and  wonder  at,  the  thriving  iiulustrics  of  Kansas  City,  to  in- 
spect one  of  our  State  Universities  which  is  developing  the 
cult  of  the  sciences,  aiul  especially  of  chemistry,  with  ama/.ing 
speed.  Wc  expected  to  come  tohave  a  gtKxl  time,  intellectually 
and  socially.  None  of  us  dreamed  that  we  should  meet,  carrying 
the  burden  of  a  Iremendmis  responsibility,  shared  with  our 
millions  of  fellow  cili/ens  and  overshadowing  cvcrytliing  else 
in  our  every  thought. 

It  is  fitting,  fellow-chemists,  that  we,  meeting  in  Convention, 
iihoiild  lake  eounwl  in  regard  to  our  share  in  this  mighlv  prob- 
Irni       rppermost    in   your  minds,  as  in   iiiv  own.   iiiusi    be   tliis 


question:  What  can  we  do  collectively  and  individually  to 
help  our  country  in  this  her  hour  of  need  of  the  help  of  her 
every  son? 

Collectively,  we  can  express  once  more  our  supreme  devotion 
to  her  cause,  we  can  express  our  satisfaction  that  we  have  set 
ourselves  sternly  to  the  task  of  safeguarding,  we  hope  for  ;ill 
time,  the  ideals  of  our  country,  the  insuring  of  life,  liberty  and 
the  pursuit  of  happiness  to  one  and  all.  But  as  chemists,  as 
scientists,  I  believe  the  greatest  service  we  can  at  this  moment 
render  in  our  collective  capacity  is  to  emphasize  with  all  the 
weight  of  our  influence  that  our  preparation  for  war,  for  de- 
fense, as  well  as  for  attack,  be  a  ihoroughly  scientific  preparation — 
scientific  in  such  military  branches  as  ordnance,  munitions, 
aviation,  range-finding;  scientific  in  the  preparation  of  the  bodies 
and  minds  of  our  brave  soldiers  for  the  great  task  before  them; 
scientific  from  the  outset  in  our  provisions  to  protect  them  against 
disease,  which  in  the  Spanish  War  took  a  far  greater  toll  than  all 
our  fighting  did  I  We  must  be  prepared  to  cure  them  of  their 
inevitable  wounds,  to  reach  the  standar<l  set  abrixul  of  restoring 
ninety  per  cent  of  the  wounded  to  health!  Where  s<i  many  are 
preparing  for  the  material  side  of  war,  let  us  throw  the  weight 
of  our  influence  in  insisting  that  scientific  preparation  l)C  not 
neglected  in  a  single  respect.  Let  us  warn  the  ciiuntr\'  too— 
the  outhorities  in  Washington  already  realize  this  -that  ther« 
shall  be  no  needless  waste  of  our  scientifically  trained  young  men. 
trained  in  chemistry,  in  physics  ami  in  medicine  Here  is 
where  the  teiiipl.ition  to  err  at  the  outset  is  gtratcst  ICngliind 
learned  the  lesson  at  a  heavy  cost  and  fortiinutcly  our  niithorilies 
have  lieen  warned.  These  young  men.  chemists  in  the  industrial 
laboratories,  scientific  students  in  our  universities  and  Cv>IlcKrs. 
have  trained  brains  and  hands  which  air  nccdttl  to  iniilliply  the 
output  of  our  factories,  needed  to  multiply  the  wotkiiig  ixtwcr  of 
our  mature<l  scientists,  to  develop  into  original  investigators  them- 
selves Nations  arc  iH-ing  calletl  uimmi  to  wive  in  one  >Tar  the 
problems  of  ten  or  twenty  years  In  no  other  way  could  Unglond 
and  I'ranc*  have  gained  their  present  sujwrioritv  in  guru,  in 
aviation,  in  all  the  iiiiiiiiliotu  of  warfare,  in  the  wonderfiillv 
short  tiiiir  of  two  years  against  a  oiMintiv  which  hiid  Ixvn  pre- 
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paring  for  war  intensely  for  many  years.  This  increased  speed 
in  output  of  scientific  results,  can  only  be  attained  by  multipli- 
cation of  the  minds  devoted  to  the  scientific  problems  involved. 
Let  me  add,  too,  that  the  scientists'  role  is  not  without  its  hazard. 
The  British  medical  corps  has  lost  proportionately  more  men 
than  any  other  branch  of  the  service  excepting  the  infantry  alone ! 
That  is  the  price  paid  in  the  succor  of  the  wounded.  Chemistry 
is  not  quite  as  hazardous  as  medicine,  but  the  frequent  reports 
of  loss  of  life  by  explosions,  the  articles  in  medical  journals 
recording  the  loss  of  life  and  health  through  the  injurious  action 
of  the  chemicals  used  in  munition  plants,  reports  of  the  disease- 
breeding  conditions  in  the  localities  where  munition  plants  have 
sprung  up  like  mushrooms,  show  that  our  science  also  has  its 
risks.  And,  furthermore,  chemistry  is  at  all  times  a  hazardous 
occupation,  as  is  proved  by  the  fact  that  we  must  pay  increased 
premiums  on  accident  policies.  But  above  all,  in  urging  that  the 
scientific  men  be  assigned  to  scientific  sers'ice  and  that  the  young 
chemists,  physicists  and  medical  students  be  reserved  for  scien- 
tific work  we  have  in  mind  above  all  else  the  fact  that  we  are 
in  this  war  to  win,  to  establish  once  and  for  all  the  principle  of 
democracy,  to  live  and  let  live,  against  the  most  powerful  mili- 
tary nation  in  the  world.  To  succeed  we  must  put  every  man 
where  he  is  most  useful  and  where  he  gives  his  best  service. 

Many  thoughtful  observers  believe  the  war  may  last  two  to 
four  years  longer!  There  is  now  a  shortage  of  chemists,  as  a 
result  of  the  great  industrial  expansion  of  the  last  two  years. 
We  must  keep  the  sources  of  supply  carefully  guarded  and  active 
if  we  wish  to  prepare  for  any  eventuality — our  "crops"  of  .science 
men  arc  almost  as  valuable  as  our  food  crops. 

And  now  pertaining  to  the  question,  what  we  can  do  as  in- 
dividuals, each  anxious  to  assist  our  government,  let  me  say  that 
it  seems  to  me  that  our  first  duty  is  to  carry  out  our  present 
duties  with  all  the  power  and  strength  we  have.  We  must 
accelerate  in  the  steel  plants  the  production  of  steel  and  iron 
of  every  kind,  we  must  accelerate  in  the  food  plants  the  produc- 
tion of  food  to  the  highest  point  of  speed  possible,  we  must 
assist  as  chemists  to  make  the  soil  as  productive  as  possible, 
we  must  multiply  the  units  for  the  production  of  explosives, 
we  must  keep  up  the  sources  of  supplies  of  young  trained  chem- 
ists, phy.sicists  and  medical  men.  Our  further  duty,  as  I  see 
it,  is  to  put  our  individual  affairs  into  such  shape  that  if  a  special 
call  for  service  comes,  we  can  respond  with  the  least  possible 
delay.  And  then,  like  the  units  of  a  great  army,  we  must  wait 
for  orders! 

When  the  first  alarm  sounded  early  in  Fel)ruary,  your 
executive  officers,  as  the  result  of  a  suggestion  of  Dr.  Baekc- 
land,  took  immediate  steps  to  obtain  the  cooperation  of 
the  Government  in  preparing  an  exhaustive  census  of  American 
chemists.  The  Society  owes  to  its  Secretary,  Dr.  Parsons, 
a  special  vote  of  thanks  for  the  great  skill  and  speed  with  which 
this  project  has  been  put  into  effect.  I  would  also  suggest  here 
that  in  each  local  section,  chemists  notify  the  secretary  of  the 
section  or  the  government  chemists  in  the  section,  whether  they 
can  spare  any  men  for  days  of  emergency  work.  The  Gov- 
ernment laboratories  occasionally  are  overwhelmed  for  short 
periods  of  time.  Here  again  the  students  in  chemistry  can  be  of 
greatest  service. 

And  finally,  let  me  assure  you  that  in  the  completion  of  this 
census,  the  central  organization  for  the  working  out  of  problems, 
for  the  calling  of  special  men  for  special  .service  is  in  splendid 
shape.  We  have  Doctors  Baekeland  and  Whitney  representing 
the  Society  on  the  Naval  Defense  Board,  we  have  Dr.  A.  A. 
Noyes,  Dr.  T.  W.  Richards,  Dr.  Bogert  and  others  on  the  Na- 
tional Research  Council,  which  is  working  in  closest  coojieration 
with  the  National  Defense  Council  in  Washington.  Dr.  Bogert 
is  Chairman  of  the  Committee  on  Chemistry  in  the  National 
Research  Council  and  this  Committee  is  fully  organized  so  as 
to  take  up  any  problem  without  loss  of  time.     Prof.  Millikan, 


one  of  my  colleagues  at  the  University  of  Chicago,  is  in  Wash- 
ington, as  Director  of  Research  to  organize  investigations 
on  some  of  the  most  important  problems  before  the  Government. 
The  Bureau  of  Mines  is  becoming  a  great  research  laboratory 
of  the  Government  on  war  problems  and  Dr.  Parsons,  your 
Secretary,  is  organizing  the  work.  The  National  Defense  Coun- 
cil is  in  heartiest  sympathy  with  the  men  in  control  of  the  lines 
of  scientific  effort,  which  have  just  been  described. 

Your  President  is  in  frequent  communication  with  most  of 
these  leaders  in  Washington  and  New  York. 

Let  me  summarize  my  remarks  by  urging  you  to  recognize 
that  the  routine  work  of  the  chemists  is  in  itself  essential  for  the 
country,  that  the  research  work  on  special  problems  has  been  or- 
ganized and  is  being  organized  as  effectively  as  possible,  and 
that  we,  the  rank  and  file  of  the  Society,  must  await  marching 
orders  as  patiently  as  we  can. 

In  conclusion,  I  wish  to  present  now  resolutions  drawn  up  by 
your  Council,  bearing  on  the  questions  touched  upon. 

"Resolved,  That  we  reaffirm  the  tender  to  the  President  of  the 
United  States  of  the  services  of  the  members  of  our  Society  in 
all  fields  in  which  we  are  qualified  to  act." 

'Resolved,  That  the  security  and  welfare  of  the  countr>' 
demand  the  organization  of  all  men  and  facilities  of  the  United 
States  so  as  to  insure  the  greatest  possible  service  and  value 
from  each.  The  progress  of  the  war  thus  far  principally  teaches 
us  that  modem  warfare  makes  extraordinary  demands  upon 
science,  food  supply  and  finance.  For  the  protection  and  success 
of  our  men  under  arms,  we  recommend  the  use,  in  their  re- 
spective fields,  of  all  trained  chemists,  physicists  and  medical 
men,  including  advanced  students  of  these  subjects.  To  this 
end,  in  collaboration  with  the  United  States  Bureau  of  Mines, 
we  are  preparing  a  census  of  chemists.  With  no  desire  to  avoid 
field  service  for  men  of  training  in  the  professions  named,  we 
urge  that  those  of  ability  be  held  to  the  work  they  can  best 
perform.  Thus  we  may  avoid  unnecessary  loss  from  lack  of 
control  of  the  tools  and  requirements  of  war." 

In  explanation  of  the  next  resolution,  I  need  hardly  remind 
you  as  chemists  of  the  supreme  value  of  platinum  for  chemical 
and  industrial  purposes.  It  has  seemed  best  to  protect  the  sup- 
plies of  this  precious  metal  for  scientific  purposes,  by  sending  out 
the  following  appeal  to  our  citizens. 

"Resolved,  That  the  attention  of  the  National  Council  of 
Defense  be  called  to  the  scarcity  of  platinum  under  existing  con- 
ditions and  to  the  great  need  of  the  metal,  more  particularly 
in  the  prosecution  of  the  war.  We  hold  that  its  use  at  this  time 
in  the  production  of  articles  of  ornament  is  contrary  to  public 
welfare.  Therefore  we  recommend  that  an  appeal  be  made  to 
the  women  of  the  United  States  to  discourage  the  use  of  plati- 
num in  jewelry  and  that  all  citizens  be  urged  to  avoid  its  use  for 
jewelry,  for  photographic  paper  and  for  any  other  purpose 
whatever,  save  in  scientific  research  and  in  the  making  of 
articles  for  industrial  needs." 

At  the  conclusion  of  the  President's  address,  the 
above  resolutions  were,  on  motion,  unanimously  passed. 

Following  the  business  session,  Mr.  Arthur  J.  Boyn- 
lon  presented  a  paper  on  the  economic  resources  of  the 
Kansas  City  zone.  He  depicted  the  rapid  growth  of 
Kansas  City  in  population  and  wealth,  pointing  out 
the  fact  that  it  is  the  natural  gateway  of  the  great 
Southw^est.  lie  emphasized  the  great  resources  in  agri- 
culture and  live  stock  of  the  territory  tributary  to 
Kansas  City,  calling  especial  attention  to  the  fact  that 
the  extensive  farming  previously  so  characteristic 
of  this  section  is  being  replaced  by  the  intensive  system 
and    consequently    calls    for  increased  use  of  artificial 
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fertilizers.  Kansas  City  is  in  the  heart  of  the  corn 
belt  and  of  the  grass  section.  Natural  gas  and  crude 
oil  constitute  a  great  source  of  wealth,  the  oil  being 
rich  in  kerosene  and  gasoline.  He  further  called  atten- 
tion to  the  large  zinc  industry,  especially  as  typified 
in  the  Joplin,  Missouri,  region,  the  abundance  of  coal, 
extensive  Portland  cement  manufacture,  glass  factories, 
deposits  of  gypsum,  salt,  etc.  Kansas  City  has  re- 
markable railroad  facilities  and  its  freight  tariffs  are 
based  on  Missouri  River  rates. 

On  Wednesday  afternoon  there  was  held  an  inter- 
esting and  largely  attended  symposium  on  the  subject 
of  "Petroleum  and  Natural  Gas,"  under  the  chairman- 
ship of  Dr.  H.  P.  Cady.  In  the  evening  a  complimen- 
tary smoker  was  tendered,  at  which  the  members  were 
entertained  by  an  interesting  program  presented  by 
local  talent  and  by  the  students  of  the  University  of 
Kansas  and  the  University  of  Missouri. 

On  Thursday  divisional  meetings  were  held.  In  the 
Division  of  Industrial  Chemists  and  Chemical  En- 
gineers interest  centered  in  the  symposium  on  the 
"Chemistry  and  Metallurgy  of  Zinc,"  presided  over 
by  Dr.  John  Johnston.  The  divisional  meetings  were 
continued  in  the  afternoon  until  4.30,  at  which  time 
an  automobile  trip  was  taken  over  the  famous  boulevard 
system  of  Kansas  City.  This  remarkable  civic  develop- 
ment of  a  young  western  city,  embracing  a  system  of 
more  than  seventy  miles  of  city  boulevards,  proved 
an  eye-opener  to  all  and  was  especially  instructive  in 
the  methods  of  its  financing  and  in  its  effect  on  the 
upbuilding  of  the  city. 

In  the  evening  the  annual  subscription  banquet  was 
given  in  the  Hotel  Muehlebach.  Many  novel  and 
delightful  features  characterized  the  menu  and  its  ser- 
vice, while  the  after-dinner  speeches  varied  markedly 
from  the  usual  type  and  served  to  stir  the  patriotism  of 
all  present  by  their  high  appeal.  This  was  especially 
true  of  the  stirring  address  of  Mr.  J.  H.  Atwood  of 
Kansas  City,  who  received  an  ovation  at  its  conclusion. 
Dr.  Chas.  H.  Herty  acted  as  toastmaster.  The  speakers 
and  their  subjects  were  as  follows: 

President  Julius  Stieglitz:  "The  Chemist  in  the  Role  of  Na- 
tional Defense." 

V'iee  Chaneellor  \V.  I,.  Hurdick,  cif  the  University  of  Kansas: 
"Patriotism." 

Dr.  K.  W.  Washburn,  of  the  University  of  Illinois:  "Wliat 
England's  Chemists  Have  Done  in  the  Service  of  Their  Country 
during  the  ICuropean  War." 

Mr.  J.  II.  .Mwood:  "America's  Role  in  the  Present  Crisis. 

Mr.  Ivllwood  Ilendrick  "The  Press  and  Publicity  Work  of  the 
Scwiety." 

Col.  Kealy,  of  the  ,ii(l  M"  Rigimenl  (now  mobili/.edl:  "The 
Army." 

On  Friday  inorninj;  the  divisional  programs  were 
comi)lc'tcd,  and  in  the  afternoon  the  members  divided 
into  groups  for  excursions.  One  group  visited  the 
plant  of  the  National  Zinc  Company,  at  which  the 
roasting  of  zinc  blende  and  the  manufacture  of  sulfuric, 
nitric  and  hydrochloric  aciils  were  inspected.  Another 
excursion  was  to  the  Soaj)  and  (ilyccrine  Works  of  the 
Peel  Uros.  Maiiuf.'icturing  Company.  The  plant  of  the 
Southwest  Milling  Company  was  of  interest  to  those 
concerned    with    the    manufacture    of    Hour        I"'"-    -'^ 


cursion  to  the  Armour  Packing  Company  attracted 
many  who  were  unfamiliar  with  this  great  industry, 
while  the  Standard  Oil  Company's  refinery  at  Sugar 
Creek,  in  addition  to  the  usual  methods  of  petroleum 
refining,  gave  opportunity  for  seeing  in  operation 
the  Burton  process  for  cracking  petroleum. 

Saturday  was  set  apart  by  the  University  of  Kansas 
at  Lawrence,  Kansas,  for  the  inspection  of  its  grounds 
and  buildings. 

A  somewhat  novel  feature  of  the  meeting  was  the 
attendance  of  a  number  of  members  of  the  Society  at  a 
luncheon  given  by  the  Engineers'  Club  at  which  a 
number  of  addresses  were  made  emphasizing  the  neces- 
sity of  close  cooperation  by  engineers  and  chemists.  At 
a  luncheon  with  the  City  Club,  an  organization  com- 
posed of  the  business  men  of  Kansas  City,  stress 
was  laid  upon  the  r61e  of  the  chemist  in  commercial 
development. 

The  visiting  ladies  were  entertained  by  a  committee 
of  ladies  of  Kansas  City  and  of  the  University  of  Kan- 
sas at  an  afternoon  tea  and  a  theatre  party  on  Wednes- 
day. They  also  participated  in  the  automobile  drive 
on  Thursday. 

A  fine  spirit  was  developed  at  the  meeting,  partly 
as  a  result  of  the  wise  provision  of  the  local  com- 
mittees in  arranging  for  all  meetings  to  be  held  at  the 
Hotel  Muehlebach,  which  was  headquarters  for  the 
meeting. 

The  thanks  of  the  Society  were  expressed  both  for- 
mally by  the  Council  and  informally  by  the  individual 
members  for  the  generous  and  delightful  hospitality 
shown  throughout  the  meeting  by  the  Local  Section, 
the  industrial  plants  and  the  University  of  Kansas. — 
[Editor.] 

AN    APPEAL    TO  THE  WIVES  AND  DAUGHTERS  OF 
CHEMISTS 

"Can  I  not  help  you  in  some  direct  way  in  your 
work?"  This  question,  asked  by  a  feminine  voice 
in  all  earnestness,  is  doubtless  familiar  in  all  families 
where  chemistry  constitutes  the  means  of  livelihood. 
The  affirmative  answer  is  now  at  hand—  the  woman 
and  the  opportunity  are  met. 

Among  the  many  substances  made  use  of  by  the  chem- 
ist, one  of  the  most  important  is  the  element  platinum. 
In  the  laboratory  it  is  indispensable  for  many  opera- 
tions, particularly  in  the  advancement  of  the  sci- 
ence through  the  medium  of  chemical  research;  in  the 
plant  it  is  of  fundamental  importance  in  many  processes, 
especially  in  the  manufacture  of  sulfuric  acid  by  the 
contact  process.  On  the  continued  growth  of  the 
output  of  sulfuric  acid  the  welfare  of  many  other 
chemical  industries  directly  depends.  So  too,  in  the 
modern  method  of  making  nitric  acid  by  oxidation 
of  ammonia,  platinum  is  the  all-important  (actor. 
These  two  acids,  sulfuric  and  nitric,  arc  the  main 
reagents  in  the  production  of  guncotton  and  coal-tar 
high  exjilosives  which  are  essential  in  nwdcrn  warfare. 

Unfortunately  the  properties  of  platinum,  together 
with  its  normally  high  price,  have  led  to  its  lrtr({c  use 
in  jewelry  manufacture  with  conseiiucnl  diminution 
■  •f     the     amount     availuble    for    duMuical     <iso       This 
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is  not  necessary  as  cheap  alloys  are  now  known  which 
will  answer  every  requirement  of  jewelry  as  to  luster, 
hardness  and  durability. 

Moreover,  the  chief  sources  of  supply  of  this  metal, 
Russia  and  Brazil,  have  severely  restricted  its  output 
owing  to  the  exigencies  of  the  war  in  which  both  of 
these  countries  are  now  engaged. 

The  resolution  contained  in  President  Stieglitz's 
address,  in  this  issue,  points  out  clearly  the  necessity 
of  conserving  our  present  limited  supply  of  platinum 
and  of  avoiding  its  use  in  jewelry. 

The  National  Academy  of  Sciences  has  passed  a  reso- 
lution similar  to  that  of  the  American  Chemical  Society, 
while  the  delegates  to  the  convention  of  the  Daughters 
of  the  American  Revolution,  held  this  week  in  Wash- 
ington, D.  C,  pledged  themselves  by  formal  vote 
"to  refuse  to  purchase  or  accept  as  gifts  for  the  dura- 
tion of  the  war,  jewelry  and  other  articles  made  in 
whole  or  part  of  platinum,  so  that  all  the  available 
supplies  of  this  precious  metal  shall  be  available  for 
employment  where  they  can  do  the  greatest  good  in 
the  service  of  our  country." 

Lend  a  strong  hand  to  this  important  movement, 
wives  and  daughters  of  our  chemists,  in  conversations 
with  your  friends,  through  club  addresses,  through 
your  publications,  and  by  public  appeals  wherever 
gatherings  are  held.  You  will  thus  aid  directly  those 
who  are  now  charged  with  the  additional  responsibility 
of  supplying  the  products  essential  for  the  defense  of 
our  country  and  the  triumph  of  the  noble  ideals  which 
led  us  into  the  World  War! 


LEGISLATION  FOR  ELECTROCHEMICAL  INDUSTRIES 
AT  NIAGARA 
During  the  closing  week  of  the  last  Congress,  Senator 
Wadsworth  of  New  York  on  three  consecutive  days, 
February  27,  28  and  March  i,  asked  unanimous  con- 
sent for  consideration  of  his  Joint  Resolution  (S.  J. 
Res.  218)  giving  relief  to  the  industries  dependent  on 
power  derived  from  the  Niagara  River  by  extending 
the  time  of  the  extra  withdrawal  of  4400  cu.  ft.  of  water 
per  second  (discussed  in  our  February  issue)  from  July 
I,  1917,  to  July  I,  1918.  On  each  occasion  Senator 
Husting  of  Wisconsin  objected.  Further  considera- 
tion of  the  matter  was  thus  prevented. 

On  March  9th  Senator  Wadsworth  wrote  This 
Journal:  "As  soon  as  the  Congress  convenes  in  extra 
session,  I  skall  renew  my  efforts  to  have  the  permit  for 
the  diversion  of  the  forty-four  hundred  cubic  feet  of 
water  extended."  The  Senator  has  promptly  carried 
out  his  determination  in  this  matter,  for,  on  April  4, 
1917,  among  the  very  earliest  joint  resolutions  intro- 
duced in  the  Senate  during  the  present  session  was  his 
Joint   Resolution,   S.   J.    Res.    13,    as  follows: 

Resolved,  etc.,  That  public  resolution  No.  45  of  the  Sixty- 
fourth  Congress,  approved  January  19,  1917,  entitled  a  "Joint 
resolution  authorizing  the  Secretary  of  War  to  issue  temporary 
permits  for  additional  diversions  of  water  from  the  Niagara 
River"  is  continued  in  full  force  and  effect,  and  under  the  same 
conditions,  restrictions  and  limitations,  until  July  1,   1918. 

This  Joint  Resolution  was  immediately  referred 
to    the    Committee    on    Foreign    Relations    and    was 


favorably  and  without  amendment  reported  back  to 
the  Senate  by  Senator  Hitchcock  on  April  18,  1917, 
and  immediately  passed  by  the  Senate.  On  the  follow- 
ing day  it  was  taken  from  the  table  of  the  Speaker  of 
the  House  and  referred  to  the  Committee  on  Foreign 
Affairs.  It  is  sincerely  and  confidently  hoped  that  this 
Committee  and  the  House  of  Representatives  will  act 
with  the  promptness  and  unanimity  which  characterized 
the  Senate  action  on  this  important  emergency 
legislation. 

Whatever  divergent  views  may  exist  as  to  the  details 
of  regulation  or  control  of  power  development  from  the 
waters  of  the  Niagara  River,  it  should  be  remembered 
that  the  electrochemical  industries  are  not  concerned 
with  power  development  except  as  purchasers  of 
power  from  the  power  companies.  On  the  other  hand, 
these  industries  play  a  role  of  the  very  highest  im- 
portance in  the  war  program  which  is  now  being 
formulated  by  the  President  and  the  Congress.  They 
do  not  constitute  any  experimental  phase  of  the  de- 
velopment of  chemical  industries,  for  already  at 
Niagara  Falls,  through  the  brilliant  achievements  of 
its  chemists  and  engineers,  there  exists  the  greatest 
electrochemical  industry  in  the  world.  How  closely 
the  efficiency  of  our  Army  and  Navy  is  dependent 
upon  the  maximum  output  of  this  industry  cannot 
be  more  clearly  stated  than  by  an  extract  from  a  letter 
we  have  recently  received. 

Niagara  power  has  a  very  close  relation  to  "preparedness" 
and  the  best  example  perhaps  is  the  dependency  of  the  steel 
industry  on  ferro  alloys.  The  steel  industry  would  be  quickly 
paralyzed  if  there  should  be  any  failure  in  the  supply  of  ferro 
silicon,  the  major  portion  of  which  is  produced  at  Niagara. 
The  present  situation  on  ferro  silicon  is  very  acute  and  steel 
works  not  having  contracts  are  practically  unable  to  obtain  this 
alloy  at  any  price.  Three-fourths  of  all  the  open  hearth  steel 
requires  ferro  silicon  in  its  manufacture  and  when  we  further 
consider  that  specifications  for  shell  steel  for  shrapnel  and  high 
projectiles  call  for  high  percentages  of  silicon  we  see  what  a 
shortage  of  this  alloy  would  mean  in  the  program  of  "prepared- 
ness." 

Ferro  chromium  is  another  alloy  which  has  its  seat  at  Niagara. 
It  is  absolutely  essential  in  the  manufacture  of  armour  plate, 
armour  piercing  projectiles,  not  to  mention  its  indirect  bearing 
on  "preparedness"  because  of  its  use  in  high  speed  steel  and 
special  castings. 

Silicon  metal  is  necessary  in  making  electrical  steel  for 
alternating  current  apparatus.  The  latest  type  of  dreadnaught 
is  the  electrically  propelled  battleship.  Each  .ship  has  an 
electric  power  plant  of  180,000  horse  power  and  silicon  steel  is 
required  in  all  this  apparatus.  Silicon  metal  is  an  important 
preparedness  product  in  the  generation  of  hydrogen  for  dirigible 
balloons  The  Allies  are  using  large  quantities  of  this  product 
and  it  is  of  such  importance  that  the  British  Government  is 
now  erecting  a  plant  to  insure  a  regular  supply. 

Niagara  Falls  has  become  the  seat  of  the  electrode  industry 
of  the  United  States  and  three  of  the  largest  works  are  located 
here.  Electrodes  either  of  the  graphitized  or  amorphous  type 
are  basic  elements  in  the  manufacture  of  products  in  the  elec- 
trolytic cell  as  well  as  in  electric  furnace  products  such  a.s  ferro 
alloys,  calcium  carbide  and  abrasives.  Artificial  abrasives  are 
an  essential  element  in  the  metal  working  operations  of  arsenals, 
navy  yards  and  all  munition  manufacturing.  Shells,  rifles  and 
bayonets  call  for  enormous  quantities  of  grinding  wheels. 

Aluminum  is  a  structural  material  of  great  importance  in 
engines  for  aeroplanes  and  automobiles  as  well  as  many  articles 
of  military  equipment.  Of  course  aside  from  the  direct  uses  of 
products  of  Niagara  Falls  bearing  on  munition  work  they  all 
have  more  or  less  of  an  indirect  bearing  on  many  of  the  basic 
industries  of  the  country. 

The  total  output  of  these  Niagara  plants  was  re- 
quired for  normal  needs  previous  to  1916.  Since  that 
time  there  have  been  withdrawn  or  will  soon  have  been 
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withdrawn,  for  use  by  the  Canadian  industries,  125,000 
horse  power  previously  available  for  the  industries 
on  the  American  side.  Meanwhile  our  entry  into  the 
war  will  necessitate  still  greater  use  of  the  prod- 
ucts of  these  plants  in  the  rapid  expansion  of  our 
navy  and  army;  nevertheless  all  are  agreed  that  there 
must  be  no  diminution  in  the  supply  of  munitions 
to  the  entente  allies,  now  our  allies. 

May  we  not  therefore  respectfully  suggest  to  the 
International  Conference,  now  deliberating  in  Wash- 
ington, that  an  important  subjet  for  their  most  serious 
consideration  would  be  the  question  of  definite  arrange- 
ments for  largely  increased  output  of  the  American 
electrochemical  industries.  If  power  is  provided,  the 
American  electrochemists  will  promptly  respond  to 
the  increased  demand  upon  them. 

THE  BOOTSTRAP  METHOD  REVIVED 

Like  a  bolt  from  the  blue  sky  came  the  suggestion 
from  the  Secretary  of  the  Treasury,  as  announced  in 
the  daily  press  recently  that  a  tax  of  25  cents  a  gallon 
on  denatured  alcohol,  at  present  tax-free,  be  levied 
as  a  partial  means  for  raising  revenue  to  meet  war 
appropriations. 

Certainly  mature  consideration  will  lead  our  national 
legislators  to  disregard  this  suggestion,  for  it  is  evident 
that  confusion  has  arisen  as  to  the  purpose  of  Congress 
in  1906  in  relieving  denatured  alcohol  of  any  tax. 
Ten  years  of  careful  study  of  this  industry,  especially 
in  Germany,  convinced  our  people  that  the  lack  of 
such  a  provision  in  our  laws  was  chiefly  responsible 
for  the  non-existence  of  many  needed  chemical 
industries  here.  Since  1906  the  denatured  alcohol 
industry  has  grown  and  with  its  growth  the  lacking 
industries  have  been  gradually  supplied. 

Of  particular  import  at  this  time  is  the  fact  that  de- 
natured alcohol  enters  so  largely  into  the  manu- 
facture of  many  products  whose  purchase  it  is  sought 
to  provide  for,  either  for  our  own  military  forces  or 
for  those  of  our  allies,  by  the  $7,000,000,000  appropria- 
tion. Denatured  alcohol  is  used  in  the  manufacture  of 
many  lines  of  explosives  such  as  smokeless  power  and 
detonators;  of  hospital  supplies  such  as  ether,  chloro- 
form, iodoform,  alkaloids,  tincture  of  iodine;  and  of 
general  supplies  needed  by  our  military  forces  such  as 
artificial  leather,  aeroplane  wing  coatings,  disin- 
fectants, photographic  material,  etc. 

Arc  we  to  tax  ourselves  in  other  lines  by  the  amount 
necessary  to  enable  the  purchase  by  the  Government 
of  such  materials  at  prices  increased  by  just  the  amount 
of  the  suggested  tax?  This  is  the  old  vain  endeavor  to 
raise  c>ne's  self  by  one's  bootstraps.  Furthermore, 
it  is  proposed  to  aid  our  allies  by  financial  loans  needed 
partly  for  the  purchase  of  just  such  supplies  as  have 
boon  mcnlionivl  above.  Shall  wc  then  nviuirc  them 
to  help  finance  the  loan  by  meeting  the  increased 
cost  of  material  due  to  the  levying  of  such  a  tax? 
Wc  do  not  believe  that  Congress  has  any  such  in- 
tention. 

Aside  from  such  cf)nsi(lcralions,  however,  it  is  an 
admitted  fact  that  the  chemical  industries  piny  n  great 


r61e  in  modern  warfare.  The  function  of  tax-free 
denatured  alcohol  has  been  an  extremely  important  one 
in  the  rapid  development  of  our  chemical  industries 
during  the  past  decade.  This  is  especially  true  of  the 
rapidly  developing  but  still  youthful  American  dye- 
stufif  industry.  It  has  had  much  subtle  opposition  to 
contend  with  during  its  brief  two  years  of  existence, 
which  opposition  could  be  plainly  traceable  to  that 
country  with  which  we  are  now  at  war.  Shall  we  now 
play  directly  into  the  hands  of  our  enemies  who  wish 
to  preserve  for  the  future  their  previous  monopoly 
in  this  line?  It  is  not  difficult  to  imagine  their  grim 
satisfaction  that  such  a  disastrous  blow  should  be  dealt 
the  chemical  industries  of  this  country,  without  effort 
on  their  part  and  with  so  little  real  return  to  our- 
selves. 

Sometimes  we  fret  over  delay  in  legislation,  but 
deliberation  has  its  advantages.  Full  consideration 
of  the  disastrous  effects  of  this  suggested  levy  will 
doubtless  lead  to  its  rejection,  leaving  the  chemical 
industries  free  to  continue  that  rapid  expansion  and 
development  along  new  lines  which  are  immediately 
necessary  if  this  country  is  to  attain  its  maximum 
strength  for  the  prosecution  of  the  war  in  which  we 
are  now  engaged. 

THE  UBIQUITOUS  EXCEPTION 

In  some  way  or  other  German  interests  have  in  the 
past  been  pretty  successful  either  in  shaping  our  revenue 
legislation  to  suit  their  ends  or  in  very  keen  ability  to 
find  loopholes  through  which  to  escape  damage  to 
their  products  and  therefore  to  their  pockets.  To 
provide  funds  for  the  conduct  of  the  Spanish-American 
War,  our  government  enacted  a  War  Revenue  Bill  on 
June  13,  1898.  Among  the  articles  selected  for  special 
taxation,  collected  by  the  affixing  of  tax  stamps,  were 
proprietary  medicinals  protected  by  patent  or  trade- 
mark (Section  20).  This  tax  was  paid  by  American 
manufacturers  of  such  products;  but.  in  the  Federal 
Reporter  (Volume  91,  page  608)  record  is  made  of  a 
case.  United  States  vs.  Stubbs,  District  Court  S.  D. 
N.  Y.  Nov.  22,  1898,  concerning  the  alleged  forfeiture 
of  a  quantity  of  Aristol,  Phenacetin  and  ten  other 
articles,  products  of  the  German  coal-tar  synthetic 
medicinals  industry.  The  Federal  Reporter  states, 
"It  was  admitted  that  all  the  articles  in  question  are 
covered  by  patents  and  a  trade-mark  and  that  all  are 
proprietary  medicinal  articles."  However,  there  was 
an  exception  in  Section  20,  namely,  "unconipounded 
medicinal  drugs  or  chemicals"  were  not  subject  to  the 
tax.  After  full  argument  the  court  ruled  that  this 
meant  mixing  or  compounding  iti  a  pharniiioeutical 
sense  an<l  that  therefore  the  above  products,  ad- 
mittedly covered  by  patents  and  a  trade-mark  and  ad- 
mittedly proprietary  medicinal  articles,  need  not  be 
stamped  I 

Prof.  John  Uri  Lloyd,  of  Cincinnati,  conimcnted 
strongly  upon  this  situation  in  the  March,  1890,  number 
of  the  Bulletin  of  Pharmaiy.      He  wrote: 

If  tlir  Inwiiialcem  |>ni|K»c(l  to  tax  medicine*  tbul  aix;  |>ro- 
trctnl  liv  pntcnt  anil  trudc-innrk,  they  (ailed  to  to  do,  for  the 
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most  notoriously  protected  and  monopolistic  remedies,  both 
patented  and  trade-marked,  escape  the  tax.  I  refer  to  the 
European  patented  remedies  that  have  no  competition  in  the 
United  States  because  our  Government's  protective  laws  forbid 
their  manufacture  here;  and  yet  these  remedies  pass  free  accord- 
ing to  the  courts'  decision.  I  am  not  criticizing  our  European 
friends  who  adroitly  found  a  flaw  in  our  law,  big  enough  to  let 
them  sell  their  patent  medicines  free  of  tax  while  most  American 
Ijatents  must  be  stamped.  I  simply  say,  a  law  that  was  in- 
tended to  tax  all  alike,  foreigner  and  American,  whoever  makes 
a  patent  medicine,  and  every  style  of  patent  or  trade-marked 
medicine,  and  yet  is  so  defective  as  to  let  either  class  escape, 
docs  the  other  class  a  wrong.  No  proprietarj'  or  patent  medicine, 
simple  or  compound,  foreign  or  home-made,  should  escape. 
Justice  to  those  concerned  demands  that  if  the  intent  of  the 
law  cannot  now  be  carried  out  by  the  Commissioner  of  Internal 
Revenue,  the  defective  law  should  be  promptly  amended  so  as 
to  correct  its  defects.     As  it  stands  now  it  is  faulty. 

There  is  a  sequel  to  this  story  which  would  prove 
extremely  interesting  to  the  members  of  the  Division 
of  Pharmaceutical  Chemistry,  and  perhaps  some  day 
Prof.  Lloyd  will  consent  to  our  publishing  it,  or,  better 
still,  perhaps  we  can  persuade  the  author  of  "String- 
town  on  the  Pike"  to  write  it  himself  in  his  own 
inimitable  style. 

Meanwhile,  we  w'ould  again  urge  our  congressmen 
to  consider  from  all  angles  any  legislation  adversely 
affecting  the  developing  American  coal-tar  chemical 
industries,  which  are  now  rapidly  supplying  our  country 
with  those  products  for  w'hich  we  have  so  long  been 
dependent  upon  Germany.  In  doing  this  they  are 
"doing  their  bit"  in  the  program  of  national  self- 
containedness. 


ANOTHER  PHASE  OF  COOPERATION 

Many  of  our  tmiversities  and  colleges  have  already 
adopted  the  policy  of  granting  immediate  graduation, 
without  further  examination,  to  those  of  their  gradu- 
ating classes  who  have  enlisted  in  the  government  ser- 
vice and  whose  enlistments  have  been  accepted. 

There  is  another  class  of  service,  however,  connected 
indirectly  with  the  government,  namely  in  those  in- 
dustries which  are  furnishing  war  supplies  and  whose 
present  forces  are  now  utterly  inadequate  for  the  de- 
mands made  upon  them. 

The  call  from  the  industries  for  the  immediate 
service  of  the  graduating  class  of  engineers  of  Lehigh 
University  has  been  so  insistent  that,  upon  recommenda- 
tion of  its  Faculty,  approved  by  this  Board  of  Trustees, 
all  senior  students  so  desiring  will  have  their  examina- 
tions advanced  one  month  so  that  they  may  be  enabled 
promptly  to  give  relief  in  those  overtaxed  industries 
for  which  they  have  been  especially  trained. 


THE  GREATEST  CHEMICAL  LIBRARY  IN  THE  WORLD 

Why  should  we  not  have  such?  The  basis  of  true 
progress  in  the  chemical  industries  is  a  complete 
chemical  literature  on  which  active  brains  can 
with  courage,  confidence,  wise  forethought  and  ade- 
quate financial  support   continue   to   enlarge  the  great 


structure  of  the  applications  of  the  science  of  chemistry. 
The  skill  and  genius  of  American  chemists  and  chemical 
engineers  have  proved  themselves  to  our  people.  The 
financial  returns  from  such  efforts  have  been  abundant. 
It  must  not  be  forgotten,  however,  that  such  returns 
have  been  obtained  under  conditions  practically  free 
from  foreign  competition.  In  the  coming  struggle  to 
maintain  and  improve  present  advances,  wise  pre- 
paredness will  not  neglect  this  important  foundation 
of  the  industrial  structure. 

What  have  we  of  this  nature  now?  Many  partial 
libraries,  housed  in  many  institutions,  educational  and 
industrial,  and  more  or  less  accessible  to  chemists  in 
the  various  sections  of  the  country,  but  nowhere  under 
one  roof  have  we  a  complete  literature,  readily  avail- 
able, to  which  a  chemist  could  go  in  the  certainty  that 
there  he  would  find  everything  published  bearing  on 
the  problem  whose  correct  solution  is  his  responsi- 
bility. 

We  thought,  at  one  time,  that  America  possessed 
in  the  Chemists'  Club  library  a  literature  at  least 
approaching  that  ideal,  but  we  were  mistaken  in  that 
conception  as  examination  has  proved.  The  laudable 
ambition  of  the  club  to  supply  such  a  need  failed, 
even  though  its  volumes  were  increased  by  the  addition 
of  those  belonging  to  the  American  Chemical  Society, 
an  addition  authorized  by  the  unanimous  vote  of  the 
Council  of  the  Society.  The  reason  for  the  failure  was  not 
far  to  seek:  the  financial  tax  upon  the  resources  of  the 
Club  was  too  great;  consequently  the  bibliographic 
service  had  to  be  discontinued;  the  hope  of  a  duplicate 
library  which  could  be  used  as  a  circulating  library  for 
the  benefit  of  chemists  at  a  distance  had  to  be 
abandoned,  though  partially  attained;  and  funds  "for 
subscriptions  to  current  literature  were  so  inadequate 
that  it  was  necessary  to  resort  to  receipt  of  many,  many 
journals  through  the  American  Chemical  Society, 
through  various  publishing  houses  and  through  the 
courtesy  of  individuals.  A  list  of  the  current  periodi- 
cals, compiled  by  the  kindness  of  the  librarian,  showed 
16  journals  received  from  our  office  and  96  journals 
received  from  Chemical  Abstracts.  If  a  chemist  there- 
fore is  depending  upon  this  library  to  keep  completely 
up-to-date  in  the  developments  in  any  field  covered  by 
these  112  periodicals,  not  to  mention  many  others,  he 
must  wait  until  this  office  has  finished  the  perusal  of 
its  16  periodicals  (a  number  of  which,  by  the  way,  we 
have  never  yet  seen  in  the  office),  or  in  the  case  of 
those  received  through  Chemical  Abstracts,  he  must 
wait  until  these  have  been  allotted  by  the  editor  to 
the  various  abstractors,  have  been  by  them  abstracted, 
and  have  been  returned  to  the  editor  after  being  re- 
tained for  purposes  of  correction  and  reference  until 
publication  of  the  abstract — if  even  then. 

No  criticism  is  intended  or  implied  in  this  out- 
line of  conditions  in  the  library  of  the  Chemists' 
Club.  Our  purpose  is  to  point  out  that  such  short- 
comings can  be  overcome  by  one  method  and  by  one 
method  only;  and  that  is  by  a  generous  endowment 
of  that  library.  If  some  individual  wishes  to  confer 
a  lasting  blessing  upon  chemistry  in  America,  or  if  all 
those  who  have  profited  by  the  financial  gains  of  this 
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remarkable  period  in  the  history  of  American  chemical 
industry  would  unite,  there  might  be  forthcoming  an 
endowment  of  a  half  million  dollars.  The  interest 
on  this  amount  wisely  invested  by  an  expert  and 
representative  committee  would  enable  the  collection 
of  a  complete  library  in  duplicate  which  would  include 
complete  sets  of  all  journals,  complete  files  of  all 
current  issues,  trade  journals,  all  editions  of  books 
published  (so  important  as  shown  by  a  recent  experi- 
ence of  our  own),  consular  reports,  government  re- 
ports, all  patent  files,  especially  those  of  Germany  and 
Belgium,  dissertations,  etc.;  it  would  provide  ample 
accommodation  for  the  convenient  housing  of  this 
material;  it  would  furnish  sufficient  clerical  force  to 
administer    the    circulating   library   feature;    it    would 


assure  the  revival  of  the  bibliographic  service  which 
was  at  one  time  so  valuable  a  feature  in  the  operation 
of  the  library. 

The  very  presence  in  our  midst  of  such  a  library  would 
prove  a  stimulating  influence  wherever  problems  in 
chemistry  await  intelligent  solution. 

These  are  days  of  great  things:  days  when  the 
imagination  is  often  astounded  by  actual  accomplish- 
ment. The  genius  of  our  people  is  to  do  things  in  a 
big  way;  the  endowments  for  educational  institutions, 
for  public  libraries,  for  special  lines  of  research — -all 
attest  this  national  trait.  May  we  not  hope,  therefore, 
that  generous  impulse  and  broad-minded  vision  will 
lay  such  a  foundation-stone  for  our  chemical  structure 
as  is  worthy  of  the  highest  American  ideals? 


JAPAN  5TART5  IT5  DYL5TUFF  INDUSTRY 


By  .\i. 


Lilting  Chemical  Engineer  to  the  Japan  Dyestuff  Manufacturing  Company.  Ltd. 


When  the  world's  production  of  dyestuffs  and  in- 
termediates was  cut  off  from  Germany  by  the  World 
War,  countries  other  than  the  United  States  suffered 
tremendously  from  the  dyestuff  famine.  Among 
these  countries  was  Japan,  whose  consumption  of 
dyestufls  is  less  than  one-sixth  of  that  of  the  United 
States,  but  whose  textile,  paper,  leather  and  other 
allied  industries  were  dependent  upon  German  dye- 
stuffs  and  intermediates.  The  Japanese  Government 
decided  that  it  wished  to  be  in  an  independent  position 
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regarding  the  manufacture  of  dyestuffs,  and  that  it 
would  do  all  in  its  power  to  encourage,  foster  and  assisl 
in  the  devflopinenl  of  this  new  industry. 

DHdANIZATION    OF    COMPANY 

Accordingly,  on  the  J4th  of  December,  1015.  Iho 
Japanese  Govurninenl  uulhorizetl  the  formation  of  llu- 
Nippon  Scnrio  Seizo  Kaisha,  or  the  Japan  DyesUiff 
Mnnurncturing  Company,  Ltd.,  capitalized  jii  8,000,000 
yen  ($4,000,000),  and  subsidized  by  the  Govern- 
ment.    The    President    of  the    Company     is    Mr.    H. 


Xakaya,  formerly  Vice  Minister  of  the  Department  of 
Communications.  The  Board  of  Directors  consists 
of  Messrs.  Nakaya,  Uyemura,  Fujiyama,  Ohashi, 
Inahata,  Watanabe,  Hori,  Ito,  and  Kubo.  The 
Honorary  Councillors  are:  Baron  Shibusawa,  Baron 
Okura,  Dr.  Jokichi  Takamine,  and  Messrs.  Kataoka 
and  Nakano.  The  Works  Director  is  Dr.  Kotaro 
Shimomura. 

LOCATION   AND   BVILDING    OF  PLANT 

In  June  1916,  the  Company  purchased  30,000 
tsubo  of  land  (1,080,000  sq.  ft.),  and  leased  an  addi- 
tional quantity.  This  land  is  situated  at  Kawaki- 
shicho,  Nishiku,  Osaka,  where  the  main  plant  is 
located.  The  plant  is  situated  adjacent  to  the  Ajikawa 
River,  which  gives  it  water  connection  through  Kobe 
Bay  to  the  Pacific  Ocean,  and  also  water  connection 
to  the  Inland  Sea.  Most  of  the  raw  materials  are 
transported  by  water  directly  to  the  plant. 

This  land,  as  late  as  last  June,  consisted  of  high-grade 
rice  land,  which  means  that  it  was  sub^nerged.  Filling 
in  began  last  June,  and  the  land  had  to  be  lirained, 
and  also  had  to  be  filled  in  with  dirt  to  a  height  of  six 
feet.  When  it  is  understood  that  all  of  this  filling  in 
had  to  be  done  by  hand,  and  that  piles  had  to  be  driven 
by  manual  labor  for  the  foundation  of  each  of  the 
buildings,  some  idea  of  the  stupendous  task  can  be 
obtained.  At  the  present  writing,  twenty  large  build- 
ings are  completed,  and  a  number  of  additional  ones 
are  in  course  of  construction. 

WORKS     niHKCTOR     KDl'CATED     IN     THK     I'NITF.D     STATES 

Great  credit  is  due  to  Dr.  Kotaro  Shimomura, 
Works  Director  of  the  Company.  Dr.  Shimomura 
was  educated  at  the  Worcester  Polytechnic  Instittnc 
in  this  country,  and  was  for  many  yours  Professtir 
in  the  School  of  Science  in  Kyoto.  Sonic  twenty 
years  ago,  he  introiluccd  the  first  coke  ovens  in  Japan, 
and  for  the  last  twenty-five  years  has  been  intimately 
connected  with  the  ind<istrial  chemical  development 
of  that  country.  Heing  a  man  of  br«>ail  view-point 
and  keen  vision,  he  at  that  lime  dreamed   of    working 
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up  the  coal  tar  into  the  refined  benzol,  toluol,  xylol, 
naphthalene,  anthracene,  etc.;  thence  into  the  inter- 
mediates, and  finally  into  the  different  colors.  This 
dream  is  being  realized  to-day. 

Dr.  Shimomura  brings  to  his  work  the  enthusiasm 
and  energy  of  a  scientist  and  deep  thinker  combined 
in  rare  degree  with  the  judgment  and  practicality  of  an 
experienced  technician  and  operating  manufacturer. 
He  has  surrounded  himself  with  a  large,  varied  and  very 
competent  staff  of  highly  trained  men,  of  whom  Mr. 
Gompei  Kuwadais  Chief  Engineer. 

RESEARCH    FACILITIES    AND    STAFF 

The  Company  maintains  a  large  research  laboratory, 
which  is  equipped  in  the  most  modern  manner,  and 
also  a  technical  laboratory,  where  the  processes  may  be 
tried  on  a  semi-commercial  scale.  There  is  also  main- 
tained an  experimental  plant  which  serves  the  pur- 
pose of  providing  a  place  where  the  small  scale  manu- 
facture can  be  carried  out,  and  where  the  new  processes 
can  be  installed  on  a  commercial  basis.  It  also  serves 
as  a  school  for  training  the  men.  The  Company  has  a 
system  of  apprenticeships  where  it  trains  new  em- 
ployees in  actual  plant  experience. 

COMMERCIAL    PRODUCTION 

The  Company  has  been  producing  commercially 
for  some  time  aniline  oil,  aniline  salt,  phenol,  Orange 
No.  2,  Fast  Red  A,  Benzo  Purpurine  4B  and  Congo 
Red.  By  July  it  will  be  turning  out  daily  large  quan- 
tities of  the  standard  shades  of  basic  colors-^blues, 
violets  and  greens;  sulfur  colors — blues  and  dark  blues 
(Koti);  and  direct  colors — blacks,  blues  and  reds. 
In  addition,  the  experimental  work  on  synthetic  indigo 
has  been  completed,  and  this  important  dyestuff  will 
be  produced  on  a  large  scale. 

PLANT       MANAGEMENT       AND       WELFARE       METHODS 

The  plants  are  run  on  a  three-shift,  8-hour  basis, 
which  proves  to  be  most  efficient,  and  gives  the  best 
results  from  the  standpoint  of  employer  and  employee. 
It  is  believed  that  this  is  the  first  time  this  has  been 
adopted  in  Japan.  This  method  supersedes  the  old 
method   of   having   a   large   number   of    men    working 


together  with  frequent  stops  for  tea  drinking  and 
smoking,  and  a  general  attitude  of  taking  it  easy  be- 
cause they  knew  they  had  to  work  from  twelve  to  four- 
teen to  sixteen  hours.  By  the  new  method,  the  highest 
scale  of  wage  is  paid,  the  best  type  of  workmen  at- 
tracted to  the  industry,  and  the  ratio  of  production  to 
labor  is  greater  than  it  was  in  the  fomer  case. 

There  is  also  a  bonus  system,  and  a  profit-sharing 
system  in  force,  whereby  methods  for  saving  and  elimi- 
nation of  waste  products  are  encouraged  and  re- 
warded. The  Company  is  providing  up-to-date  wash 
rooms,  lockers  and  showers  for  its  employees,  and  is 
adopting  ventilation  systems  and  safety-first  methods 
for  the  protection  of  its  men,  as  well  as  educating  the 
men  to  protect  themselves.  A  system  of  special 
rewards  for  new  processes  and  improvements  is  being 
adopted,  so  as  to  encourage  the  men  and  inspire  them 
to  exert  their  best  energies  in  their  work. 

PROSPECTS    OF    THE    COMPANY 

The  Japan  Dyestuff  Manufacturing  Company,  Ltd., 
is  in  an  excellent  position  to  enter  this  field  on  a  scien- 
tific basis,  and  on  an  equal  footing  with  the  rest  of  the 
world.  This  is  due  to  the  utilization  of  waste  products, 
and  the  coordination  of  its  different  manufacturing 
plants,  as  well  as  favorable  conditions  of  labor,  so  that 
this  Company  should  be  able  to  produce  in  normal 
times  as  efficiently  as  any  company  in  the  world. 
When  it  is  remembered  that  one  of  the  large  English 
dyestuff  firms  paid  a  dividend  of  10  per  cent  for  the 
five  years  previous  to  the  war  in  the  face  of  severe 
German  competition,  it  is  seen  that  the  future  of  the 
Japan  Dyestuff  Manufacturing  Company,  favored 
as  it  is  with  the  cooperation  of  the  Government,  is 
exceedingly  bright. 

The  Japanese  appreciate  highly  the  efforts  of  Amer- 
ican chemists  to  help  them,  and  the  friendly  feeling  of 
the  American  chemists  is  expressed  by  the  action  of 
Dr.  Charles  F.  Chandler,  the  Dean  of  American  Chem- 
ists, who  was  kind  enough  to  donate  his  collection  of 
fifty  years  of  books,  pamphlets,  and  patents  on  dye- 
stuffs  to  the  Company  as  a  nucleus  for  their  chemical 
library. 

50  East  41st  Street.  New  Yore  City 
AprU  12,  1917 
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THE  INCOMPLETE  HYDROGENATION  OF  COTTONSEED 
OIL 

By  Hugh  K.  Moors.  G.  A.  Richtss  and  W.  B.  Van  Arsdei. 
Received  April  12,  1917 

The  hardening  of  liquid  oils  by  means  of  the  addition 
of  hydrogen  is  a  process  of  vital  importance.  Hardened 
fats  are  employed  in  the  manufacture  of  lard  substitutes, 
artificial  waxes,  confectionery,  butters,  lubricants,  candle 
material  and  soap.  The  present  outlook  for  still  wider 
fields  of  application  lends  great  significance  to  any  new 
data  or  results  achieved  by  investigation. 

The  purpose  of  this  article  is  to  publish  certain 
interesting  experimental  results  obtained  during  an 
investigation  on  the  hydrogenation  of  vegetable  oils. 
This  investigation  is  still  under  way  at  the  Research 
Laboratory  of  the  Berlin  Mills  Company  and  more 
complete  and  detailed  results  will  be  presented  in  book 
form  in  the  near  future. 

Most  of  the  references  on  catalytic  hydrogenation 
which  are  obtainable  at  present,  deal  either  with  the 
purely  theoretical  phase  of  the  reaction  or  with  a  rather 
superficial  description  of  patent  literature.  Sabatier 
and  his  co-workers  carried  out  a  splendid  research, 
demonstrating  the  theoretical  possibilities  in  the  field 
of  hydrogenating  organic  compounds.  Their  work, 
however,  was  confined  primarily  to  reactions  involving 
single  organic  compounds.  The  modern  problem  of 
hardening  oils  is  concerned  with  materials  which  consist 
of  a  number  of  unsaturated  compounds,  each  one  of 
which  must  be  considered  in  the  catalysis.  The  greater 
the  number  of  unsaturated  components  present,  the 
more  difficult  becomes  the  problem  of  studying  the 
course  of  the  reaction.  Previous  investigators  have 
avoided  this  complication  by  combining  the  unsatu- 
rated components  as  one  whole  and  measuring  the 
course  of  hydrogenation  by  iodine  number  determina- 
tion or  hydrogen  absorption.  Such  a  method  does 
not  give  much  information  regarding  the  changes 
actually  occurring  in  the  oil. 

Normann,  Ipatiew,  Bomer,  Fokin'  and  others  neglect 
entirely  the  possibility  that,  depending  on  the  condi- 
tions of  the  operation,  the  glyceride  components  of  a 
partially  hydrogenated  oil  may  differ  materially  from 
those  of  a  second  partially  hydrogenated  product 
which  is  obtained  from  the  same  original  oil  and 
reduced  to  the  same  iodine  number.  Other  investiga- 
tors have  likewise  measured  the  hydrogenation  by 
considering  tiie  unsaturated  components  as  a  whole 
rather  than  as  individual  units. 

The  object  of  our  investigation  was  to  study  the 
physical  and  chemical  changes  wiiidi  lake  place  in  an 
oil  during  the  process  of  hydrogenation  and  the  work 
was  limited  chiefly  to  partially  hydrogenated  products, 
'i'he  only  oil  used  in  obtaining  data  for  this  article  was 
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cottonseed  oil.  During  the  experimentation  other  oils 
have  yielded  very  similar  results  although  no  complete 
series  of  results  is  as  yet  ready  for  publication. 

SCOPE    or    WORK 

Our  work  has  led  in  several  different  directions  in  the 
general  field  of  oil  hydrogenation,  so  that  the  results 
to  be  reported  may  be  conveniently  grouped  in  five 
sections,  which  may  be  briefly  described  as  follows: 

I — Changes  in  the  amount  and  character  of  the 
various  fatty  glycerides  of  oils  during  the  course  of 
hydrogenation,  especially  as  affected  by  experimentally 
variable  factors  such  as  temperature,  pressure,  etc. 

II — Changes  in  the  chemical  characteristics  of  the 
oil  (especially  its  iodine  number)  during  hydrogena- 
tion. 

Ill — Changes  in  the  physical  characteristics  of  the 
oil  (e.  g.,  titer  and  melting  pointl  during  hydrogena- 
tion. 

IV^Other  changes  in  properties  due  to  hydrogena- 
tion, such  as  response  to  Halphen  test. 

V — The  preparation  of  catalyzers,  and  their  re- 
sistence  to  poisons. 

METHODS    OF    STUDY 

The  methods  of  study  were  in  part  the  analytical 
procedures  in  common  use  for  the  investigation  of  oils 
and  fats,  but  other  useful  lines  of  approach  were 
developed  in  this  laboratory  with  a  special  view  to  the 
nature  of  the  work  in  hand.  Such,  for  instance,  is  the 
graphical  method  of  following  compositions  described 
in  a  later  paragraph. 

I  —  PHYSICAL    CONSTANTS 

The  physical  constants  occurring  in  -our  work,  viz., 
melting  point  and  titer,  were  determined  by  methods 
in  common  use.  Titer,  especially,  is  a  well-defined  and 
standard  determination  much  used  in  the  soap,  candle 
and  lard-compound  industries;  briefly,  it  is  the  solidi- 
fication point  of  the  fatty  acids  liberated  from  an  oil 
by  saponification,  or  the  temperature  at  which  the 
heat  of  crystallization  of  these  acids  balances  radiation 
loss  during  solidification.  The  Oflicial  Method'  was 
followed,  using  the  modern  glycerol  saponification. 
Melting  point,  as  is  well  known,'  is  a  very  indefinite 
"constant,"  whose  value  is  greatly  affected  by  slight 
changes  in  manipulation,  and  for  which  there  docs  not 
exist,  as  yet,  a  well-defined,  standard  method.  Wo 
have  adopted  for  the  greater  p.irt  of  our  work  the 
"open  capillary"  method  mentioned  briefly  in  Lewko- 
witsch'  and  used  as  a  practical  test  by  a  large  pro- 
portion of  the  industries  handling  solid  fats.  Accord- 
ing   to    this    method,    which    must    be    quite    rigidly 

I  J.  AitM.  OHiitl  Act   ClumiiU.  No  .V  I  (1916).  .»04 

•  "(.•hrmlciU  Trchooloty  o(  OiU,  P»U  uid  WuM."  5th  K.I  .  L««ka- 
oitKh.  i.  |>    M.^. 

•  IMi.  1,  p   y\t. 
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standardized  for  results  of  any  value/  the  melting  point 
is  the  temperature  at  which  a  column  of  fat,  chilled  in 
a  capillary  tube  and  immersed  in  water  which  is  slowly 
heated,  softens  sufficiently  to  be  started  upward  in  the 
tube  due  to  the  hydrostatic  pressure  of  the  water. 

2- — CHEMICAL    CONSTANTS 

Some  of  the  chemical  constants  are  as  standard  as 
the  titer;  for  instance  saponification  value  and  acid 
value^  which  indicate  the  amount  of  alkali  which  will 
combine  with  a  fat  or  fatty  acid,  and  hence  give 
indirectly  the  molecular  weight  of  the  fat  or  acid. 
Others,  however,  are  not  so  fully  standardized — for 
instance  the  iodine  number  of  the  fat  and  of  the  liquid 
fatty  acids — so  that  there  is  not  only  some  leeway  in 
choice  of  method,  but  there  is  even  opportunity  for 
improvement  through  certain  modifications.  For  de- 
termining the  iodine  number,  which  is  intended  to 
represent  the  degree  of  unsaturation  of  the  oil  or  acid 
as  a  whole  in  terms  of  the  percentage  of  iodine  which 
it  will  absorb  under  specified  conditions,  three  iodine 
solutions  are  in  fairly  common  use,  and  the  details  of 
manipulation  are  different  for  each  one;  more  than 
that,  the  results  are  not  identical  within  several  per 
cent.  For  convenience  of  manipulation  and  general 
reliability  we  have  chosen  the  Hanus  method'  which 
we  have  found  to  compare  as  follows  with  the  Hiibl 
method  in  the  case  of  several  different  fats  and  fatty 
acids: 

Hanus  HCbl 

SUBSTAHCB  lODINB  NO.  lODINB  No. 

Fat  No.  1 65 . 1  67  S 

Fat  No.  2 86.2  87.8 

Oil  No.  3 106.2  107.7 

Fatty  Acid  No.  1 102.5  104.5 

Fatty  Acid  No.  2 121.6  123.6 

According  to  Meigen  and  Winogradoff^  the  iodine 
number  cannot  be  used  for  the  purpose  of  calculating 
the  degree  of  unsaturation  directly  because  either  an 
appreciable  amount  of  substitution  takes  place  in  the 
saturated  part  of  the  molecule,  or  if  this  is  guarded 
against  the  addition  of  halogen  to  the  unsaturated 
part  is  incomplete;  Mcllhiney'  proposes  to  determine 
the  sum  of  addition  and  substitution  separately, 
arriving  at  the  true  addition  by  difference.  In- 
vestigation showed  the  addition  value  so  obtained  to 
be  always  somewhat  higher  than  the  result  of  the 
Hanus  method,  especially  in  the  case  of  fatty  acids, 
but  the   difference   was   not   sufficiently   significant   to 

'  The  procedure  followed  in  this  laboratory  is  as  follows:  thin-walled 
glass  tubes  of  inside  diameter  between  0.09  and  0.11  in.  are  cut  to  about 
8-in.  lengths.  With  the  finger  over  one  end  of  the  tube,  the  other  end  is 
inserted  in  the  melted  fat  (about  60°  C.)  and  a  plug  of  the  liquid  from 
1.25  to  1.50  in.  long  is  withdrawn  in  the  tube.  A  small  drop  is  allowed 
to  collect  on  the  lower  end.  and  the  fat  is  then  chilled  in  the  tube  in  an 
ice-water  bath  for  thirty  minutes.  The  outside  and  lower  end  are  then 
wiped  free  of  excess  fat.  The  melting-point  apparatus  is  a  500  cc.  beaker, 
with  a  stirring  device  and  separate  support  for  the  glass  tubes  and  thermoni- 
eter.  Air-free  water  (about  400  cc.)  is  put  in  the  beaker,  the  tubes  are 
placed  vertically  in  it  with  the  upper  surface  of  the  plug  of  fat  just  one 
inch  below  the  water  level,  and  heat  is  applied  to  raise  the  temperature 
,1  to  4°  F.  per  minute.  The  melting  point  is  taken  as  that  temperature 
at  which  the  plug  of  fat  just  starts  to  slip  up^  the  tube.  This  procedure 
gives  results  which  are  from  1  to  10°  C.  lower  than  those  of  the  "closed 
capillary"  method  and  2  to  4°  C.  lower  than  those  of  the  Wiley  method, 
both  given  in  J.  A.  O.  A.  C.  »  (1916),  No.  3,  301-302, 

•  J.  A.  0.  A.  C.  2  (1916),  No.  3.  306. 

•  Ibid..  304. 

•  Z.  angew.  Chtm.,  1914,  Aufsatzteil.  241. 

•  "Chemical  Technology  of  Oils,  Fats  and  Waxes,"  Lewkowitsch,  1, 
p.  .394. 


warrant  the  extra  labor  and  complication;  for  present 
purposes  comparative  results,  given  by  the  simpler 
methods,  are  quite  as  interesting  as  absolute  results. 

For  a  more  thoroughgoing  study  of  the  nature  of 
or  changes  in  oils,  it  is  necessary  to  u.se  other  methods 
than  those  outlined  above;  for  instance,  some  of  the 
many  components  may  be  separated  from  the  mixture 
and  then  studied  separately  by  the  known  methods. 
Many  such  methods  of  separation  have  been  proposed, 
but  the  only  one  that  has  proved  to  be  of  any  great 
value  is  that  known  as  the  Gusserow-Varrentrapp  lead- 
salt-ether  method,  which  has  been  variously  modified 
by  Muter,  Lane,  Tortelli  and  Ruggieri,  and  many 
others,  and  which  is  in  principle  a  separation  of  two 
groups  of  lead  salts  of  fatty  acids  based  on  the  differ- 
ence in  solubility  of  the  two  groups  in  ethyl  ether. 
For  convenience  the  acids  of  the  soluble  group  are 
called  liquid  fatty  acids,  the  insoluble  ones  solid  fatty 
acids.  The  detailed  procedure  of  the  separation  is 
not  by  any  means  agreed  upon,  five  different  sets  of 
directions  being  given  by  as  many  different  texts  on 
oil  analysis;  the  variation  arises  partly  from  the  fact 
that  not  all  investigators  have  made  this  separation 
with  the  same  purpose  in  view.  An  attempt  may 
either  be  made  to  separate  the  groups  completely  and 
quantitatively  from  one  another,  or  else  a  "sample" 
of  the  liquid  acids  may  be  isolated,  in  relatively  small 
amount,  but  quite  free  of  contamination  with  acids  of 
the  other  group.  The  latter  course,  which  we  have 
thought  preferable,  has  been  fairly  well  mapped  out  by 
Tortelli  and  Ruggieri'  and  others.  The  sample  of 
litjuid  acids  which  results  from  the  separation  is 
examined  by  the  usual  methods,  iodine  number  and 
acid  value  being  especially  important. 

The  detailed  procedure  for  separating  a  sample  of 
liquid  fatty  acids  is  as  follows: 

METHOD — Weigh  out  20  g.  of  the  fat  into  a  300  cc.  Erlen- 
meyer  flask.  Add  180  cc.  of  alcoholic  potash  (40  g.  KOH  per 
liter  of  ethyl  alcohol  which  has  been  digested  with  NaOH  and 
redistilled)  and  boil  until  completely  saponified,  then  until 
three-fourths  of  the  alcohol  is  gone.  .\dd  too  cc.  water,  and 
neutralize  with  glacial  acetic  acid,  using  phenolphthalein  as  an 
indicator;  come  back  to  end-point  with  .V  2  NaOH  solution. 

Measure  out  into  a  500  or  6c)0-cc.  Erlenraeyer  flask  1 20  cc. 
of  20  per  cent  lead  acetate  solution  and  100  cc.  of  distilled 
water,  and  bring  to  boiling.  If  the  neutralized  soap  solution 
has  by  this  time  crystallized  out,  warm  the  flask  until  contents 
are  liquid,  then  add  carefully  to  the  boiling  lead  acetate  solu- 
tion; after  boiling  cautiously  for  about  two  minutes,  remove  the 
flask  from  source  of  heat  and  when  cooled  to  a  safe  temperature 
cool  in  running  water. 

Prepare  a  4-in.  funnel  with  25  cm.  paper  and  pour  the  liquid 
contents  of  the  flask  into  the  filter  paper;  when  tlie  liquid  has 
run  out  of  the  filter  paper,  wash  the  flask  twice  with  50  cc. 
each  time  of  distilled  water,  filtering  the  washings,  tlicn  twice 
with  25  cc.  each  time  of  95  per  cent  alcohol,  filtering  the  wash- 
ings and  taking  care  to  wash  the  sides  of  the  paper  with  alcohol. 

When  the  alcohol  has  entirely  drained  from  the  funnel,  dry  the 
filter  paper  free  from  alcohol  and  return  the  loosely  adhering 
precipitate  to  the  flask,  which  has  been  allowed  to  drain  free 
from  alcohol  for  10  minutes.  Add  220  cc.  of  ether  (prepared 
by  washing  U.  S.  P.  ether  five  times  with  10  per  cent  portions 
of  distilled  water,  drying  with  calcium  chloride,  and  distilling). 
1  Lewkowitsch.  1,  p.  549. 
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Boil  the  ether  and  lead  soaps  under  a  reflux  condenser  for  one 
hour.  After  coohng,  cork  well  and  allow  to  stand  from  16  to 
18  hours  at  a  temperature  of  7  to  10°  C. 

At  the  end  of  this  time,  filter  off  the  insoluble  soaps  in  a 
4-in.  water-jacketed  funnel  kept  covered  with  a  watch-glass. 
Wash  the  flask  and  soaps  once  with  25  cc.  of  cold  ether,  and  add 
washings  to  filtrate.  Pour  this  ether  solution  of  soluble  soap 
into  150  cc.  of  a  hydrochloric  acid  solution  (made  by  adding 
one  part  of  concentrated  hydrochloric  acid,  sp.  gr.  1.2,  to  4 
parts  of  water)  in  a  500-cc.  separatory  funnel.  Cork  the  separa- 
tory  funnel  and  shake  until  the  ether  layer  becomes  practically 
clear  and  colorless.  If  the  first  treatment  does  not  accomplish 
this  result,  repeat  the  washing  with  acid.  Draw  off  the  acid 
solution  containing  the  lead  chloride,  and  wash  the  ether  first 
with  loo-cc.  portions  of  sodium  chloride  solution  (125  g.  per 
liter),  then  with  loo-cc.  portions  of  distilled  water,  until  3  drops 
of  A'/i  alkali  will  neutralize  the  last  washing  using  phenol- 
phthalein.  Separate  the  water  layer  as  completely  as  possible, 
and  pour  the  ether  solution  of  liquid  fatty  acids  into  a  clean  flask. 

Place  the  flask  in  a  water  bath  and  connect  it  with  a  hydrogen 
generator  and  a  condenser.  Pass  a  gentle  stream  of  dry  hy- 
drogen, free  from  oxygen,  below  the  surface  of  the  solution,  and 
distil  off  the  ether.  Finally,  boil  the  water  bath  until  no  odor 
of  ether  can  be  detected  in  the  liquid  fatty  acids.  Cool  the 
acids,  filter  through  a  5'  'i;  cm.  paper  in  an  atmosphere  of  dry 
hydrogen,  free  from  oxygen,  and  dry  by  exposing  the  liquid 
fatty  acids  in  a  Petri  dish  over  concentrated  sulfuric  acid  in  an 
atmosphere  of  hydrogen  for  24  hours.  Determine  the  iodine 
number  of  the  acids  with  as  little  delay  as  possible. 

REMARKS — Rarly  in  our  study  persistent  failure  to  obtain 
consistent  results  on  duplicate  separations  impressed  us  with 
the  importance  of  some  apparently  small  details,  and  as  a  final 
conclusion  we  adopted  the  following  precautions,  which  arc 
embodied  in  the  above  method: 

(i)  The  alcohol  used  in  saponification  should  be  purified  by 
treatment  with  caustic  alkali  and  by  redistillation. 

(2)  The  washed  cake  of  lead  salts  should  be  freed  as  com- 
pletely as  possible  from  adhering  water  or  alcohol,  so  that  the 
purity  of  the  ether  u.sed  for  the  separation  will  not  be  lowered. 

(3)  Commercial  "anesthesia"  ether  should  be  jiurificd  of  all 
but  traces  of  alcohol  and  water  by  washing  with  water  and  drying 
with  calcium  chloride,  since  its  solvent  action  is  considerably 
modified  by  the  presence  of  either  impurity.  Treatment  with 
metallic  sodium  is,  however,  unnecessary. 

(4)  In  order  to  secure  nniforiu  treatment  of  the  cake  of  lead 
salts,  it  should  be  boiled  for  one  hour  with  the  ether,  although 
in  many  cases  it  will  be  comiiletely  disintegrated  in  less  time. 

(5)  The  lead  salt-ether  mixture  should  be  held  at  a  definite 
temperature  for  a  definite  length  of  time  so  that  crystallization 
of  the  solid  salts  will  take  place  under  uniform  conditions  and 
to  a  uniform  extent.  The  temperature  should  be  quite  low 
and  the  duration  fairly  long,  so  that  the  solids  will  separate 
as  completely  .is  possible.  A  tolerance  of  3"  C.  in  temperature 
(7  to  10")  and  twi>  liotirs  in  lime  (16-18)  has  been  found 
reasonable. 

(6)  The  contents  of  the  funnel  should  be  kept  e<Mil  diiruig 
filtration  of  the  insoluble  lead  salts  from  the  ether  solution, 
since  an  appreciable  amoiuit  of  the  solids  will  reilissolvr  if  the 
temperature  is  allowe<I  to  rise  more  than  a  few  degrees 

(7)  The  solid  salts  should  not  be  IhoroiiKlily  wa.shed  with 
ether,  since  such  washing  would  increa.se  the  relative  ntnouiit  of 
.solids  carried  into  the  ether  soluble  (Hirtioii.  One  small  )Mirtiiin 
of  ether  is  used,  however,  the  object  being  to  displace  some  of 
the  solution  left  ndlieieiit  to  the  solid,  and  thus  increase  the 
yield  of  liquirl  acids,  rather  than  to  wash  the  solid  |>ortloil  free 
frnni  li(|iiid  salts.  As  u  matter  of  fact,  the  acids  liberated  fnuii 
the  solid  portion  washed  in  this  niaiiner  are  found  to  have  iiii 
iodine  iiiiiiiber  raiiKiiig  from  jii  to  311,  instrail  of  7ero 


(8)  The  operations  subsequent  to  liberation  of  the  acids  in 
ether  solution  should  be  carried  out  in  an  indifferent  atmos- 
phere, preferably  hydrogen,  since  the  usual  products  contain 
notable  quantities  of  linolic  acid,  easily  oxidized  by  the  air  at 
room  temperature. 

(9)  The  isolated  liquid  acids  should  be  filtered,  to  separate 
droplets  of  water,  and  then  dried  in  a  sulfuric  acid  desiccator, 
since  small  amounts  of  moisture  affect  the  iodine  number  de- 
termination greatly. 

(10)  The  liquid  acids  should  be  examined  without  undue 
delay,  to  minimize  the  effects  of  oxidation. 

The  liquid  fatty  acid  separation  has  been  used  with  a 
considerable  degree  of  success  and  certainty ;  it  is  usually 
possible  to  check  duplicate  determinations  within 
I  or  2  per  cent,  and  different  laboratories  have  agreed 
almost  as  closely.  The  chief  limitation  is  imposed  by 
the  decrease  in  amount  of  liquid  acids  present  as  an 
oil  approaches  saturation;  the  relative  amount  of 
contamination  of  the  isolated  liquid  acids  with  solid 
acids  becomes  finally  quite  large,  so  that  the  practical 
limit  to  the  method  is  found  to  have  been  reached  by 
the  time  the  iodine  number  has  dropped  to  50  or  40; 
its  field  of  greatest  usefulness,  therefore,  is  in  the 
examination  of  oils  and  semi-solid  fats — the  materials 
with  which  this  paper  is  especially  concerned. 

If  a  fat  which  is  too  hard  to  be  analyzed  directly 
(below  iodine  number  40-50)  is  mixed  with  an  ap- 
propriate amount  of  an  oil  whose  liquid  fatty  acids 
have  already  been  examined,  the  mixture  may  be 
analyzed  and  from  the  result  the  composition  of  the 
hard  fat  may  be  calculated.  The  iodine  number  of 
liquid  fatty  acids  thus  calculated  is  always  somewhat 
higher  than  that  found  by  direct  analysis  of  the  fat 
itself,  as  would  be  expected.  This  procedure  we  have 
followed  in  several  cases,  with  promising  results,  and 
further  work  is  under  way.  The  chief  drawback  of  the 
method  is  the  very  considerable  loss  in  accuracy  which 
it  entails. 

J-  -THE    GLYCERIDES    OF    COTTONSEED    Oil. 

Investigation  of  cottonseed-oil  acids  has  shown  in 
the  hands  of  several  investigators'  that  the  unsaturated 
acids  present  are  oleic  and  linolic  ftcids,  practically 
to  the  exclusion  of  all  others  and  ftirthcr,  that  these 
two  are  the  components  of  the  "liquid  fatty  acids." 
Our  own  work,  which  is  not  reported  in  this  article, 
confirms  this  conclusion.  Oleic  acid.  CitHuC'OOH, 
contains  one  ciotiblc  bond,  linolic  acid,  CitHjiC()C>H, 
two  double  bonds;  since  each  one  of  these  Substances 
has  a  definite  known  (calculated,  not  cxpcrimcntan 
iodine  number,  the  iodine  number  of  the  liiiuid  fotty 
acid  mixture  affords  a  means  of  determinint;  the  per- 
centages of  each  in  the  mixture,  according  to  the 
well-known  formula:' 

go.07  X  +  1S1.4J  (100        *)   »    100  B         (i) 
where  x  is  the  percentage  oleic  acid.  B  the  iodine  num- 
ber of  the  mixture,  and  qo.o;  and   181.4^  the  iodine 
number  of  oleics  and  linolic  acids,'  respectively. 

'  "Chrmlr.l   TwhnottHlv   ..»   UtU,    H.I.  amt   W.tr..'     l.««k*«M«rll.   t. 
|ip     IKN    lUO.  I<>;    l<m.   Tirllrllrll.  Till*  |<»'«N4t..  •  |I«I4I    .^4 

'  Ihtd  .  I,  p    >M 

'  lltid  .  I,  p  «>c>  I  •IriiUllxn  «(  tUrt  «aliir«  Imm  llw  ■»•>•< 
alnmir  wHillU  (ivr  Ihr  li>lliit>inc  datura  hnarvn  TrtnlHn  - 
lllrtr  ariil  -  *OII<i,  Tt4llni4ln  •-  I  M  :t>,  l.lnolh  arhl  -  l»l  OU  V 
c«nlaKr  ilttlrrrnr*  fn»m  thr  ftgutr*  (Ivrn  In  1.r«W««iri1w-|l  !■  mil  .Aciiifu  «til. 
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It  has  been  known  for  some  time  that  oleic,  linolic, 
palmitic  and  the  other  "fatty"  acids  do  not  occur  in 
natural  oils  and  fats  wholly  combined  in  the  form  of 
simple  triglycerides — esters  in  which  all  three  of  the 
glyceryl  bonds  hold  the  same  kind  of  acid  radical,  as 
in  tripalmitin,  trilinolin,  triolein,  etc. — but  are  to  a 
large  extent  combined  in  the  "mixed"  glycerides, 
such  as  palmilo-diolein.  At  present  there  is  no  satis- 
factory method  available  for  the  study  or  estimation 
of  the  mixed  glycerides,  of  which  a  very  large  number 
may  exist;  valuable  information  may  be  obtained, 
however,  if  the  problem  is  simplified  by  assuming  the 
oil  to  be  a  mixture  of  simple  glycerides.  Under  that 
assumption,  for  instance,  three  mols  of  palmito- 
diolein  might  be  considered  a  mixture  of  one  mol  of 
tripalmitin  with  two  mols  of  triolein;  or  the  combina- 
tion of  one-third  of  a  glyceryl  radical  with  one  acid 
radical  might  be  taken  as  a  unit,  such  units  being 
called  simply  "palmitin,"  "olein,"  etc.  This  method 
of  study  finds  many  precedents  in  other  fields  of 
chemistry. 

Cottonseed  oil,  then,  may  be  said  to  contain 
"linolin"  and  "olein"  as  its  unsaturated  constituents, 
and  because  of  molecular  weight  relations  they  are 
present  in  the  same  relative  proportions  (within  a  few 
hundredths  of  i  per  cent)  as  are  the  linolic  and  oleic 
acids  in  the  liquid  acids.  Linolin  and  olein  have 
definite  iodine  numbers--i73.6,  and  86.2,  respec- 
tively'— so  that  it  is  possible  to  calculate  what  iodine 
number  the  "liquid  glycerides"  of  the  oil  would  have 
if  they  were  unmixed  with  other  substances;  this  iodine 
number  is  always  higher  than  the  actual  iodine  number 
of  the  oil,  which  is  reduced  in  proportion  to  the  amount 
of  saturated  material  present,  irrespective  of  the 
molecular  weight  of  the  latter  material.  The  data 
are  all  available,  therefore,  for  calculating  the  actual 
percentages  of  olein,  linolin,  and  saturated  material, 
given  only  the  iodine  numbers  of  the  oil  and  of  the 
liquid  fatty  acids  obtained  from  it.  A  simple  algebraic 
process  reduces  this  work  to  the  following  three  equa- 
tions : 

Per  cent  Saturated  Glycerides   =    100-104.5  A/B (2) 

Percent  Olein  =  207.6  A/B—  1.144  A (3) 

Per  cent  Linolin  =   100  —  (%  Sat.  Glyc.  +  %  Olein) (4) 

in  which  A  is  the  iodine  number  of  the  fat  and  B  the 
iodine  number  of  the  liquid  fatty  acids. 

It  will  be  noted  in  the  above  paragraph  that  all  sub- 
stances having  zero  iodine  number  have  been  grouped 
together  as  "saturated  glycerides."  In  the  case  of 
cottonseed  oil  this  material  is  nearly  all  palmitin.  and 
in  hydrogenated  cottonseed  oil  it  is  a  mixture  of  pal- 
mitin and  stearin  (the  latter  derived  from  the  olein 
and  linolin  by  hydrogenation) ;  the  relative  proportions 
are  not  especially  important  in  the  present  work.* 
In  other  oils  and  fats  different  saturated  glycerides  may 
be  found,  but  they  do  not  affect  the  calculation;  the 

'  "Chemical  Technology  of  Oils.  Fats  and  Waxes,"  Lewkowitsch.  I,  p. 
406. 

•  Dr.  W.  D.  Richardson,  of  Swift  &  Co..  Chicago,  has  suggested  to  us 
that  the  proportions  of  palmitin  and  stearin  in  the  saturated  glycerides  may 
be  calculated  from  the  neutralization  volue  of  the  solid  fatty  acids  liberated 
from  the  insoluble  lead  soaps,  making  correction  for  the  unsaturated  acids 
remaining  in  the  mixture.  By  this  method  he  has  found  a  sample  of  cotton- 
seed oil  to  contain  2.0  per  cent  stearin  and  22.9  per  cent  palmitin. 


necessary  condition  is  that  the  unsaturated  glycerides 
should  be  olein  and  linolin.  Other  unsaturated  bodies, 
if  present,  would  introduce  a  certain  error,  since  the 
iodine  numbers  would  differ  from  those  used  in  the 
calculation. 

4 GRAPHICAL    REPRESENTATION 

An  oil  or  fat  of  the  nature  of  hydrogenated  cotton- 
seed oil  may  therefore  be  studied  as  a  three-com- 
ponent system,  counting  the  saturated  glycerides  to- 
gether as  one  component;  and  the  convenience  of 
graphical  methods  is  available  through  the  use  of 
Roozeboom's  triangular  diagram.  This  diagram,  well 
known  in  work  with  alloys,  slags,  ceramics,  etc.,*  is  so 
constructed  that  one,  and  only 
one,  point  on  the  equilateral 
triangle  represents  any  possible 
mixture  of  the  three  components. 
The  diagram  is  drawn  as  in  Fig. 
I,  where 

P    is     any    point    within     the 
triangle,  ABC, 

PD  is  parallel  to   AC,    PF  to 
BC  and  PE  to  AB. 

It  follows  in  a  simple  manner  that 

BE  +  CF  +  AD  =  BC,a.  constant. 
When  each  side  is  divided  into  loo  parts  it  is  obvious 
that  BE  represents  the  percentage  of  one  component 
in  the  mixture  represented  by  P,  CF  is  the  percentage 
of  a  second  component,  and  AD  \s  the  third,  and  the 
sum  of  these  three  percentages  is  loo.  It  has  been 
our  custom  to  measure  saturated  glycerides  as  BE, 
linolin  as  CF  and  olein  as  AD,  so  that  point  C  represents 
pure  saturated  glyceride,   A   pure  linolin  and   B  pure 
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olein.  The  following  typical  examples  may  be  given 
to  illustrate  the  method,  the  figures  being  first  sum- 
marized in  the  table,  and  then  plotted  on  the  diagram 
as  shown  in  Fig.  2.' 

Evidently  the  tendency  is  for  liquid  oils  to  appear 
near  the  left-hand  side  of  the  triangle,  solid  and  semi- 

»  Triangular-ruled  paper  may  be  purchased  from  dealers  in  drafts- 
men's supplies. 

'  For  obvious  reasons  we  have  refrained  from  including  io  this  Uat 
any  of  the  trade-marked  futs  now  on  the  market. 
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solid  fats  being  shifted  toward  the  opposite  vertex. 
Any  oil  when  completely  hydrogenated  would  ob- 
viously end  up  at  that  vertex   (saturated  glycerides) 


but  as  to  the  compositions  it  would  pass  through  dur- 
ing the  progress  of  saturation,  represented  graphically 
by  a  curve  connecting  the  starting-point  with  the  right- 
hand  vertex,  there  is  no  published  information;  with 
that  problem  our  experimental  work  is  largely  con- 
cerned. 

Certain  properties  of  the  triangular  diagram  are  of 
great  assistance  in  connection  with  the  problem.  In 
the  first  place,  all  possible  mixtures  of  two  substances 
P  and  Q  lie  on  the  straight  line  PQ,  which  is  divided  in 
inverse  proportion  to  the  amounts  of  P  and  Q  mixed. 
In  consequence,  all  points  of  equal  iodine  number  lie 
on  a  straight  line,  and  likewise  all  points  of  equal 
iodine  number  of  liquid  fatty  acids  lie  on  a  straight 
line.  Lines  of  equal  iodine  number  are  found  to  be 
parallel,  all  making  an  angle  of  90°  14'  (on  the  lower 

Tablk  I 

lODINS  NUMIIUR 

l^iquid     Calculated  Percentages 
Original  Fatty  Saturated 

No.                Matbrial               Material     Acid  Glycerides  Olein  Linolia 

1  Cottonseed  oil 110.7       149.5       22.6         26.9  50.5 

2  Cottonseed  stcarine 86.0       149.8       40.0         20.5  39.5 

3  Peanut  oil 98.0       121.7       15.85       54.9  29.25 

4  Corn  oil 110.6       133.0       13.0         46.0  41.0 

5  Oliveoil 82.0         97.8        12.4         80.1  7.5 

6  Leaf  lard. 63.5       105.3       37.0         52.4  10.6 

7  Compound  lard 97.0        143.3        29.3          29.1  41.6 

8  A   semi-solid    hydrogen- 

ated cottonseed  oil .. .        63.0        101.0       34.75       57.2  8.05 

side)  with  the  right-hand  side  of  the  triangle;  this 
diflers  so  little  from  90°  that  it  can  easily  be  estimated 
with  the  aid  of  a  draftsman's  triangle.  By  graduating 
the  right-hand  edge  uniformly  from  zero  to  173.6  the 
line  representing  any  given  iodine  number  may  be 
drawn  on  the  triangle.  Lines  of  ecjual  iodine  number 
of  liquid  fatty  acids  all  pass  through  tiie  right-hand 
vertex,  hence  if  the  opposite  side  of  the  triangle  is 
graduated  uniformly  from  90.07  to  181. 4,  any  given 
iodine  number  of  liquid  fatty  acids  (provided  the 
liquid  acids  contain  oleic  und  linolic  only)  may  be 
represented.  Then  by  drawing  these  two  lines  the 
position  of  a  point  on  the  triangle  may  be  found 
graphically,  given  only  the  iodine  number  of  the  oil 
and  o{  the  liquid  fatty  acids,  without  making  any 
numerical  calculation.      For  instance  in  Fig.  3  cotton- 


oil,  of  iodine  number  110.9  and  of  iodine  number  of 
liquid  fatty  acids  149.5  is  found  graphically  to  have 
the  same  proportion  of  components  as  was  calculated 
in  Table  I. 

EXPERIMENTAL    PART 

GENERAL — For  the  experimental  work  two  types  of 
hydrogenation  apparatus  have  been  used:  (i)  a  simple 
glass  flask  heated  by  an  oil-bath  and  containing  the 
oil-catalyzer  mixture,  through  which  hydrogen  is 
bubbled  vigorously,  and  (2)  an  iron  container,  elec- 
trically heated,  in  which  the  oil-catalyzer  mixture  is 
mechanically  agitated  with  hydrogen.  That  is,  all 
of  the  work  herein  reported  refers  particularly  to  the 
"batch"  processes,  in  which  a  given  quantity  of  oil  is 
gradually  hardened,  but  we  believe  our  conclusions 
also  apply  in  principle  to  the  more  complicated  con- 
tinuous processes.  In  the  first  apparatus  the  pro- 
cedure was  to  weigh  in  the  desired  amounts  of  oil  and 
catalyzer,  heat  to  the  desired  temperature,  and  then 
start  bubbling  the  hydrogen  vigorously.  The  hy- 
drogen was  taken  from  I.  O.  C.  cylinders  and  was  not 
purified.  Its  volume  was  regulated  by  means  of  a 
small  constant-speed  blower  and  a  gasometer.  In  the 
other  apparatus  the  oil  was  brought  up  to  temperature 
in  an  atmosphere  of  hydrogen,  the  catalyzer  was 
added,  air  again  driven  out  with  hydrogen,  and  finally 
agitation  started.  In  either  case  samples  were  taken 
at  intervals,  the  catalyzer  was  filtered  out,  and  the 
desired  tests  made.  Times  were  counted  beginning 
at  the  moment  of  starting  agitation  with  hydrogen. 

I — HYDROGENATION    CURVES 

For  the  study  of  the  glyceride  changes  during 
hydrogenation,  the  tests  made  on  samples  included 
iodine  number  and  iodine  number  of  liquid  fatty  acids, 
calculation  giving  the  "component  glycerides"  (olein, 
linolin  and  saturated  glycerides)  of  each  sample;  The 
smooth  curves  drawn  through  the  points  plotted  on  the 
triangular  diagram  always,  in  the  cases  studied,  had 
the  same  general  shape-suggestive  of  the  hyperbola, 
concave  toward  the  right-hand  side  of  the  triangle. 
The  linolin  is  always  found  to  decrease  from  that 
present  in  the  original  oil  and  the  saturated  glycerides 
always  increase,  while  the  olein  rises  to  a  maximum 
and  then  falls  continuously.  These  changes  are  what 
would  be  expected,  since  hydrogenation  must  cause 
linolin  to  disappear,  forming  olein,  while  olein,  hy- 
drogenating  more  slowly,  would  at  first  increase  and 
then  eventually  disappear  forming  stearin,  a  saturated 
glyceride.  The  shape  of  the  curve  depends  upon  the 
relative  velocity  of  these  two  actions,  and  it  appears 
from  our  work  that  this  relative  velocity  must  be 
subject  to  important  variation,  according  to  the 
experimental  conditions.  The  actual  experimental 
graph  invariably  crosses  the  base-line  of  the  triangle 
before  reaching  the  right-hand  vertex,  owing  to  the 
limitations  of  the  Icad-salt-ethcr  method  below  iodine 
number  50  or  40;  on  this  account  wc  have  not  at- 
tempted to  secure  results  in  the  region  of  very  hard 
fats  ond  have  made  comparisons  only  in  the  region 
where  the  method  gives  trustworthy  figures.  The 
conditions  which  wc  have  voried  experimentally  are, 
(i)  tcnipcr.nture.  (j)  pressure,  (3)  amount  of  catalyier, 
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Table  II — Tests  for  Hydrogenation  Curve 


-KXPERIMENTAL  CONDITIONS    DURING    RuNS- 


I  Temp. 


Cata- 
lyzer 
5%  No.  1 
5%  No.  1 


.\gitation 
Bubbling 


107. S   14.1.9       21.7     32. .1 


I        155">     40  lbs.        2%  No.  1 

J        155°     40  lbs.        2%  No.  1 

1  I  in  container  25  in.  long  and  12  it 

1  J  in  container  40  in.  long  and  16  ii 


135  R.  P.  M.       10  lbs 
135  R.  P.  M.      20  lbs 
in  diameter) 
in  diameter) 


79.6 
75.0 
71.7 
68.8 
61.6 
52.2 
108.4 
97.4 
78.9 
66.8 
51.0 


124.6 
110.2 
103.4 
87.7 
143.9 
108.7 
92.3 
88.0 
143.9 
112.0 
92.4 
86.4 


149.1 
125.1 
118.5 
113.3 
108.8 
104.7 
97.1 
90.5 
142.8 
1.30.6 
112.6 


29.0  44.2 

33.1  52.2 
37.5  53.1 
46.9  53.1 
21.7  32.3 
23.4  60.7 
32.4  65.9 


27.9 
34.8 
50.3 


Sam- 
ple 


3         68.5      101.1 
DO       107.7      143.9 


Percentages 
SG  Ol  Lin 
21.7  32.3  46.0 
24.4  43.9  31.7 
27.0  50.8  22.2 
29.2 


70.2 
52.8 
42.2 


107.6  31.7 

91.0  39.4 

87.1  51.0 
143.9  21.7 

120.4  24.3 

108.5  31.1 


22.4 

26.2 

29.8 

30.8 

31.0 

31.3 

33.8  . 

39.7 

20.6 

22.1 

26.8 

31.2 

41.8 


27.2 
45.3 
48.2 
51.4 
54.9 
5J.7 
60.9 
60.0 
33.5 
43.4 
55.1 
60.3 
57.3 


22.0 
17.8 
14.1 
II. 0 
5.3 
0.3 
45.9 
34.5 
18.1 
8.5 
0.9 


52.1 
47.1 
110.9 

74.9 


91.3 
90.2 
149.  1 
126.9 
124.9 
66.8      119.3 

63.5  117.1 

60.6  114.2 
57.2      112.6 

108.4     142.8 
77.1      110.5 

63.7  100.4 


35.7 
40.3 
54.6 
22.4 
38.4 
40.1 
41.6 
43.4 


20.6 
27.0 
33.6 

51.1 


32.3 
55.0 
59.9 
49.0 
32.3 
50.4 
54.9 
59.3 
59.0 
45.3 
27.2 
36.6 
37.0 
39.5 
39.8 
40.6 
40.0 

33.5 
56.6 
58.9 
48.9 


8.6 

46.0 
13.3 
0.7 

46!6 
25.3 
14.0 
5.0 
0.7 
0.1 
50.4 
25. 0 
22.9 
18.9 
16.8 
14.8 
13.1 

45.9 
16.4 

7.5 


(4)  agitation,  and  (5)  size  of  apparatus;  these  varia- 
tions are  noted  in  Table  II,  along  with  the  analytical 
results,  and  in  Figs.  4  to  10. 

TEMPERATURE — The  case  with  which  these  points, 
located  in  Fig.  4,  fit  smooth  curves,  such  as  those 
drawn,  is  one  indication  of  the  trustworthiness  of  the 
lead  salt-ether  method  when  used  with  care,  and  the 
fact  that  the  two  curves  differ  by  much  more  than  the 
deviation  of  any  of  the  single  points  from  its  own  curve 
is  assurance  that  the  difference  is  not  due  to  freaks  of 
analysis-  the  more  so  as  all  of  the  seven  samples 
reported  were  analyzed  at  once,  and  not  in  two  groups. 

The  result  may  be  interpreted  as  follows:  while  both 
linolin  and  olein  were  hydrogenated  faster  at  the  high 
temperature  than  at  the  low  temperature,  relatively 
linolin  was  hydrogenated  much  faster  at  the  high 
temperature,  so  that  the  olein  had  a  greater  tendency 
to  accumulate  under  the  latter  conditions.  In  other 
words,  both  unsaturated  radicals  are  acted  upon  in 
both  cases,  but  at  the  higher  temperature  the  more 
highly  unsaturated  one  comes  nearer  to  being  singled 
out  for  hydrogenation  than  at  the  lower  temperature — 
the  action  is  more  "selective."  This  would  be  the  case 
if,  for  instance,  the  temperature  coefficient  of  the 
reaction  linolin-olein  is  greater  than  that  of  the  reaction 
olein-stearin,  but  in  view  of  the  complicated  nature 
of  the  glycerides  which  are  actually  present  that 
explanation  is  doul)tlcss  too  superficial  to  be  the  entire 
truth. 

PRESSURE — The  influence  of  the  hydrogen  pressure 
upon  the  course  of  the  hydrogenation  may  be  illus- 
trated by  Runs  C  and  D  (Fig.  5)  which  were  both 
carried  out  in  the  apparatus  with  mechanical  agitation. 

Increasing  the  pressure  is  here  seen  to  have  the 
opposite  effect  to  increasing  the  temperature,  so  that 
at  a  high  pressure  the  action  is  less  "selective"  than  at  a 
low  pressure.  An  obvious  corollary  of  this  conclusion 
is  that  it  would  appear  to  be  possible  to  duplicate  at 
high  pressure  and  high  temperature  a  curve  obtained 
at  low  pressure  and  low  temperature,  while  the  reaction 
as  a  whole  might  be  made  to  proceed  many  times  as 
fast  in  the  former  experiment  as  in  the  latter. 


In  this  case  again  a  tentative  "mechanism"  may  be 
put  forward.  It  should  first  be  noted  that  the 
occasional  hydrogenation  of  a  linolin  chain  clear  to 
stearin  instead  of  only  to  olein  would  have  the  same 
apparent  effect  as  would  an  increase  in  the  relative 
velocity  of  the  olein-stearin  reaction.  Now  if  an  in- 
crease in  hydrogen  concentration  at  the  catalyzing 
surface  (such  as  would  be  produced  by  increased 
pressure)  caused  an  increase  in  the  number  of  linolin 
chains  to  which  four  atoms  of  hydrogen  were  added 
at  once,  the  observed  effect  would  follow. 

INFLUENCE  OF  PERCENTAGE  OF  CATALYZER The  in- 
fluence of  percentage  of  catalyzer  was  illustrated  in 
Experiments  C  and  E  (Fig.  6).  In  this  case  the 
observed  result,  which  shows  a  divergence  in  the 
same  direction  for  increased  percentage  of  catalyzer 
as  for  increased  pressure,  seems  to  be  at  variance 
with  what  is  commonly  understood  to  be  a  law  of 
catalytic  reactions,  namely  that  if  the  amount 
(or  surface)  of  the  cataly.zer  be  increased,  all  of  the 
reactions  involved  will  be  speeded  up  by  exactly 
proportional  amounts.  In  this  case,  one  reaction 
(olein-stearin)  appears  to  be  accelerated  more  than 
the  other.  The  scheme  advanced  in  the  preceding 
section  may  be  made  to  give  a  satisfactory  explanation; 
in  that  section  the  concentration  of  hydrogen  at  the 
catalyzing  surface  was  taken  to  be  the  controlling 
factor.  Now  increasing  the  percentage  of  catalyzer 
must  increase  this  concentration,  for  the  average 
distance  between  a  catalyzer  particle  and  the  hydrogen 
bubble-surfaces  is  made  smaller,  thereby  decreasing 
the  lag  between  the  "demand"  for  hydrogen  at  the 
catalyzer  surface,  and  the  "supply,"  which  must  be 
kept  up  by  the  processes  of  solution  and  diffusion. 
Thus  an  increase  in  percentage  of  catalyzer  would 
cause  an  increase  in  the  formation  of  stearin  relative 
to  the  change  in  linolin,  as  in  the  two  curves  repro- 
duced above. 

AGITATION — The  influence  of  degree  of  agitation 
on  the  path  of  hydrogenation  was  determined  first 
by  comparing  Experiments  C  and  F  (Fig.  7),  it]  which 
the    iron    apparatus,    mechanical    agitator,    was    used. 
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Fics.  4  TO  y — Chances  in  Glycerides  of  Cottonseed  Oil  during  Hydrogenatio.n 

"Degree   of   Agitation"   is   a   magnitude   which   is   not  of  course,  not  certain  that  135  R.  P.   M.  produces  the 

easily  expressed  in  quantitative  form,  but  the  R.  P.  M.  same  "degree  of  agitation"  in  both  cases;  if  the  agita- 

of  an  agitating  device  may  serve  as  an  index  of  the  tion  is  really  better  at  this  speed  in  the  large  machine, 

agitation,  as  least  for  moderate  speeds.  the  efifect  of  the  increase  in  size  on  the  path  of  hy- 

Another  pair  of  experiments  carried  out  in  the  glass  drogenation  is  in  the  opposite  direction  to  the  effect 

flask,  bubbling  hydrogen,  conditions  were  identical  in  of  increased  agitation, 
both  experiments  except  that  in  Run  H,  the  hydrogen 

,      ,  ,  ,      ,      ,               ,        ,        o       ,                                •                             .  INFLUENCE    OF     MATERI.AL    OF    CATALYZER 

was  bubbled  through  the  flask  at  approximately  twice 

the  rate  used  in  Run  G  (Fig.  8).  '^^''^e"  ^o^^^  °ther  catalyst  than  nickel  is  used,  as  in 

,.,         .         J.                     .^,       -n                r   ■  Experiment    K,    in    which    i    per   cent    palladium    (in 

In    both   pairs    of   experiments   the   influence   of   in-  ^,„,             ,,,,,.                .> 

,       .^^.       •      ,           ^     .      ^,                      ^^    ^     e  PdCU,    method    of    Paal    patent')    acteg    as    catalyzer 

creased  agitation  is  shown  to  be  the  same  as  that  of  ,„  ,,     .,.,      ,      ,      ,               •                  ■    t        a        ■^ 

,                                         i        X   ,                  ,    •      .,  (Table  III),  the  hvdrogenation  curve  is  found  to  have 
increased   pressure  or  per  cent  catalyzer,   and   in  the 

case  of  Runs  G  and  H  the  variation  in  the  curves  is  Tadlk  iii    kxpkkimknt  with  PALtADirM  as  Cataly«»  (Fio.  loi 

.      .                                                                  r        1          .    ,•                                                                r  lOUINK  Nl'IIBKR       PKRCKNTAOBS  CaLCIT-ATKO 

striking.      1  he   clTcct   of   doubling   the   volume   of   gas  Run                                         Linuid       Sutuniicd 

1  ■      ,          ,            ^ ,        ,      1  1  ,  •                    1           1  Sample                                      Fat     Falty  .\cid     Olyccridcii  Olcin     Ltnolin 

supplied,  when  the  bubbling  is  already  vigorous,  may  j^^                         ,Qg  ^        ,^,  g           ,^  ^       ,,  ,       .,,  ^ 

well  be  to  increase  the  true  "agitation"  many  times.  ' *2  '        j^^-"  --^  -^       **  "       j*  * 

On  the  other  hand,  doubling  the  R.  P.  M.  of  a  mechani-  3'.'.'.'.\'.'.\\'.'.'.'.'.      M.s        >))' \          '\o.t>       bS.s        s  t, 

,  "  ,         ,,  ,  * S30  '">   i  .'8  6  51    .»  0    1 

cal  agitator  possibly  does  not  even  double  the  agita- 
tion, since  at  high  speeds  there  is  a  strong  tendency  ^^"^    ""'"<'    general    characteristics    as    those    described 
for  the  whole  body  of  oil  to  rotate  without  much  dis-  'before    (Fig.    lo).      Bubbling    apparatus    was    used,    a 
turbance.  temperature    of    155°    C.    and    atmospheric    pressure. 

It    may    rea.lily    be    seen    that    the    "mechanism"  -"^'o  experiment   using   nickel   catalyzer  is  available  to 

suggested    in    the    preceding    section    applies    to    the  compare  directly  with  it. 

present  case  ju.st  as  well,  since  the  effect  of  increasing  slim.\iary  ok   hvdrogknation  ci'rvks 

the  agitation  is  to  increase  the  number  and  surface  of  -pj,  summarize  the  conclusions  from  the  preceding 

hydrogen   bubbles  and  also  to  decrea.se  their  average  experiments,   it    apt)ears   that    the   chcniic.il    character 

distance  from  catalyzer  particles.  o(  ^  partially   hydrogennted  oil  is  determined  by  the 

SIZE   OF   APPARATUS     The  sizc  of  the  apparatus  in  conditions   of   the   hydrogcnation.      Thus   to   obtain   a 

which    the    hydrogenalion    is    carried    out    apparently  product    of   the   same   iodine   number   as  another,   but 

does  not  affect  the  path  of  the  hydrogenation,  as  ap-  .  c.rii-«i.  1    s  p.um  No  i.o;,<.r5.v  April  i6.  i«i.'     An«,utv.i.B« 

pears  from  the  dat;i  of   Runs   I   ;inil    I    (Fig.  <)).      It   is.  anmiiiii  <•(  mliil  NatCiii  l«  uml  *•  *  nsuiriillilnt  •(rni. 
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Table  IV — Changes  in  Cheuical  Constants 


-Experimental  Conditions  during  Runs- 


Appa- 
RAT08 

RtIN 

Temp. 

Pres- 

Cata- 
lyzer 

AOITATION 

Sam 
pie 

' — Run  la — » 
Time    I  No. 

—Run   Ifr-s 
Time    I  No. 

Iron 

la 
lb 

155° 
155° 

20  lbs. 
40  lbs. 

2%  No. 
2%  No. 

I     135  R.  p.  M. 
1       

0 

I 
2 
3 

4 
5 

0:00  107.7 
0:05     79.7 
0:15     59.8 
0:25     50.3 
0  35     41.4 
0:45     37.0 

0:00  107.7 
0:05     70.2 
0:10     52.8 
0:15     42.2 
0:20     34.9 

^-RuN  Ic— ~ 
Time    I  No. 

-—Run   Iii— 
Time    I  No. 

--Run 
Time 

I  No. 

--Run  I/— 
Time  I  No. 

--Run  Ij— 
Time  I  No. 

— Rui 
Time 

I  No. 

Glass 

U 

d 

f 
t 

h 

35° 
87° 
125° 
160° 
200° 
240° 

Atmos 
Atmos 
Atmos. 
Atmos. 
Atmos 
Atmos 

5%  No. 
5%  No. 
5%  No. 
5%  No. 
5%  No. 
5%  No. 

1     Bubbling 
1     Bubbling 
I     Bubbling 
1     Bubbling 
1     Bubbling 
1     Bubbling 

0 

2 
3 

4 
5 
6 

0:00   III.O 
13:40   101. 1 
27:00     96.7 

-—Run  Ii^ 
Time  I  No. 

0:00    111.0 
2:35     93.2 
5:50     83.0 
10:30     68.0 
12:25     62.4 
18:55     53.7 
25:55     40.5 
--Run  U^ 
Time  I  No. 

0:00 
1:40 
2:55 
4:10 
6:10 

III.O 
90.3 
79.5 
72.6 
58.9 

0:00   III.O 
0   15    103.6 
0:45     93.1 
1:30      80.3 
2:15     67.6 
3:15     52.1 

0:00 
0:15 
0:25 
0:36 
0:56 
1:26 
1    56 

III.O 
96.3 
88.6 
82.6 
75.3 
65.0 
60.3 

0:00 
0:15 
0:25 
0:36 
0:56 
1:26 
1:56 

III. 9 
92.0 
83.1 
78.5 
72.3 
62.8 
57.9 

Glass 

li 

> 

150-160° 
150-160° 

Atmos 
Atmos. 

54%  No 

54%  No 

2  Bubbling              0 
2  Rate>  doubled    1 

2 
3 
4 
5 
6 
7 
8 

0:00   110.9 
1:35     88.4 
2:22      79.6 
3:10     75.0 
3:58     71.7 
5:00     68.8 
6:35     66.5 
12:00     61.6 
28:20     52.2 

0:00   110.0 
0:25      74.9 
0:35      71.5 
0:50     66.8 
105     63.5 
1:20     60.6 
1:35     60.6 
1:50     58.5 
2:20     57.2 

Iron 

-—Run   I*— ^ 
Time  I  No. 

^RUN    11-^ 
Time  I  No. 

^-Run  Im— 
Time    I  No. 

—Run  Ib— . 
Time    I  No. 

24  in.  X  12  in 
24  in.  X  12  in 
24  in.  X  12  in 
40  in.  X  18  in 

diam.  Ik 
diam.     / 
diam.  m 
diam.  n 

155° 
155° 
155° 
155° 

20  lbs. 
20  lbs. 
20  lbs. 
20  lbs. 

2%  No. 
2%  No. 
2%  No. 
2%  No. 

1       67  R.  P.  M. 

1     135  R.  P.  M. 
1   270  R.  P.  M. 
1    270  R.  P.  M. 

0 
1 
2 
3 
4 
5 
6 
7 

0:00   110.9 
0:45     82.7 
1:00     74.4 
1:30     62.9 
1:45     59.8 
2:15     54.3 

0:00   110.9 
0:10     95.3 
0:20     81.5 
0:30     70.3 
0:35     64.9 
0:40     60.5 
0:45     5.46 

0:00 
0:04 
0:07 
0:12 
0:27 
0:37 
1:17 
1:57 

108.7 
101.3 
96.8 
91.3 
78.3 
73.3 
56.0 
50.0 

0:00   108.4 
0:05     98.0 
0:18     79.9 
0:33     64.0 
0:48     56.4 
1:10     50.2 
1:35     44.1 
1:55     40.0 

^Rdn  lo— 
Time  I  No. 

--Run   l;^- 
Time  I  No. 

Iron 

lo 
P 

155° 
155° 

20  lbs. 
20  lbs. 

2%  No. 
4%  No. 

I     135  R.  P.  M. 
1     135  R.  P.  M. 

0 
1 
2 
3 
4 
5 

0:00  107.7 
0:05     79.7 
0:15     59.8 
0:25     50.3 
0:35     41.4 
0:45     37.0 

0:00    107.7 
0:04      77.2 
0:08     57.6 
0:12     42.9 

relatively  higher  in  saturated  glycerides  and  linolin, 
the  operating  conditions  should  compare  as  follows  with 
those  in  the  other  case:  temperature  lower,  pressure 
higher,  agitation  more  violent  and  percentage  catalyzer 
greater.  It  is  interesting  to  note  that  it  is  possible  to 
hydrogenate  the  linolin  to  olein  with  only  the  slightest 
increase  in  saturated  glycerides  by  operating  at  a  high 

F/G.  /o 


Fig.  10 — Hydroghnation  Curvk:  Palladium  Catalyzer 

temperature,    low    pressure    and    low    agitation,    and 
using  only  a  small  amount  of  catalyzer. 

II CHANGES    IN    CHEMICAL    CONSTANTS    OF    OIL    DURING 

HYDROGENATION 

Of  all  the  "chemical  constants"  of  cottonseed  oil, 
the  iodine  number  (with  its  variations,  the  "hydrogen 
number,"  Maumc^nd  number  and  heat  of  bromination), 
is  the  only  one  which  is  changed  markedly  by  hydro- 
genation.     Saponification  value,  acetyl  value,  Reichert- 


Meissl  number  and  percentage  of  free  fatty  acids  change 
either  not  at  all.,  or  only  slightly. 

It  is  evident  that  the  saponification  value  could 
could  not  be  expected  to  change  greatly,  for  the  mo- 
lecular weight  of  the  mixture  of  stearin  and  palmitin 
corresponding  to  completely  hydrogenated  cotton- 
seed oil  is  873,  while  that  of  the  original  oil  is  about  865, 
a  difference  of  less  than  i  per  cent.  It  is  worth  noting 
here  that  this  i  per  cent  represents  all  the  hydrogen 
that  is  necessary  to  saturate  the  oil  completely,  a  fact 
which  partly  accounts  for  the  commercial  attractive- 
ness of  the  process. 

The  drop  in  iodine  number,  however,  is  one  of  the 
most  striking  effects  of  hydrogenation,  and  it  has  been 
commonly  used  in  the  past  to  indicate  the  progress 
of  the  reaction.'-^  Fokin  concludes,  from  a  study  of 
the  hydrogen  absorption,  that  "the  reduction  procedure 
is  included  in  the  category  of  monomolecular  reac- 
tions," but  notices  that  the  curves  "often  show  a 
straightening  out  toward  the  abscissa  axis."  He 
comes  to  the  conclusion  that  the  conditions  which 
determine  the  shape  of  the  curve  are:  (o)  the  velocity 
of  diffusion  of  the  gas  (presumably  through  the  oil); 
(b)  the  condition  of  the  catalyzing  surface;  and  (c) 
the  presence  of  catalyzer  poisons.  Very  similar  con- 
clusions were  published  recently  by  Boeseken,'  but 
most  of  his  work  was  on  organic  compounds  of  lower 

1  Paal-Roth,  Ber..  41,  pp.  2282-2291;  Fokin.  Z.  angeiv.  Chem..  11, 
1451-9.  1492-1502:  Bfimer,  Z.  Nahr.  Cenussm..  24,  104-113. 

'  Paal  and  his  co-workers,  and  Fokin  recorded  the  volume  of  hydrogen 
absorbed  at  various  stages  of  the  process,  thereby  determining  directly  the 
amount  of  saturation  which  had  taken  place,  instead  of  indirectly  by  means 
of  the  iodine  number. 

>  Rcc.  Irav.  chim..  SB  (1916),  260-287. 
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Fios.  11  TO  16 — Crancbs  in  Iodinb  Numbers  ok  Cottonsebd  Oil  during  Hydrogsnation 


molecular  weight  than  the  oils.  So  far  as  we  know, 
the  effect  produced  in  the  iodine  number  time  curve  by 
varying  experimental  conditions  has  not  heretofore 
been  investigated.  The  factors  we  have  considered 
have  been  (i)  pressure;  (2)  temperature;  (3)  agitation, 
as  affected  either  by  changing  the  rate  of  bubbling 
hydrogen,  changing  the  R.  P.  M.  of  a  mechanical 
agitator,  or  changing  the  size  of  a  machine  at  given 
R.  P.  M.;  and  (4)  amount  of  catalyzer.  The  experi- 
mental conditions  and  results  appear  in  Table  IV  and 
in  Figs,  n  to  16. 

PRESSURE — Early  investigators  appreciated  the  fact 
that  the  hydrogenation  reaction  is  accelerated  by  pres- 
sure, and  so  far  as  is  known,  all  of  the  commercial  oil- 
hardening  processes  are  carried  out  at  gas  pressures 
ranging  from  20  to  150  lbs.  or  even  higher.  This 
influence  may  be  illustrated  by  Experiments  la  and  h. 
Samples  were  withdrawn  from  time  to  time  and  iodine 
numbers  were  determined  after  filtering  out  the 
catalyzer.  In  Fig.  11  the  results  are  presented,  the 
two  curves  of  iodine-number  vi.  time  being  drawn  on 
the  same  coordinates. 

Comparison  of  the  two  curves  of  Fig.  11  shows 
that  the  time  rc<iuircd  to  reduce  the  iodine  number  of 
I  he  oil  to  any  specified  figure  is  roughly  cut  in  half  by 
doubling  the  pressure  -»'.  «.,  in  these  exiicrimcnls  the 
rate  of  hydrogenation  was  approximately  proportional 
to  the  hydrogen  prcssiiro. 

TEMPERATiiHK      It   i.i   likcwisc    wcll  known    that    the 


hydrogenation  reactions  in  oil  have  a  positive  tempera- 
ture coefficient — ».  e.,  the  rate  is  greater  the  higher  the 
temperature,  although  the  thermal  decomposition  of 
the  oil  sets  an  upper  limit  to  the  available  range  at 
about  250°  C.  The  following  Runs  Ic,  i,  f, /,  g,  and  A 
made  under  conditions  identical  except  as  to  tempera- 
ture (Fig.  12). 

The  hydrogenation  reactions  in  oil  have  a  positive 
temperature  coefficient  in  the  range  between  35°  and 
somewhat  above  200°  C- — possibly  up  to  240°  C, 
but  as  may  be  seen  from  a  study  of  the  curves  of  Fig. 
12,  this  coefficient  drops  consistently  as  the  tempera- 
ture rises.  Thus  for  the  range  of  temperatures  35- 
125°  the  time  required  to  reach  a  certain  iodine  num- 
ber is  on  the  average  decreased  about  35  per  cent  for 
each  10°  rise  in  temperature,  while  for  the  range 
160-200°  this  coefficient  is  less  than  20  per  cent 
Since  the  commercial  processes  nearly  all  operate  at 
temperatures  of  iOo-i8o°,  it  is  evident  that  no  ma- 
terial gain  in  time  could  be  made  by  the  use  of  higher 
temperatures,  and  the  point  of  maximum  economy 
is  probably  being  realized. 

AniTATioN--  The  increase  in  velocity  of  reaction  due 
to  increased  agitation  of  oil  and  catalyter  with  hydrogen 
may  be  illustrated  for  the  bubbling  apparatus  by 
Runs  Ii  and  y,  which  were  made  at  150-160°  C.  with 
cotton  oil  ond  54  per  cent  of  its  weight  of  nickel  re- 
ducctl  from  the  green  oxide,  and  not  on  a  carrier. 
Id  the  .second  case  the  hydrogen  was  passed  through  the 
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flask  at  a  little  more  than  twice  the  rate  obtaining  in 
the  first  case  (Fig.  13). 

In  this  case  an  increase  of  about  100  per  cent  in  the 
volume  of  hydrogen  supplied  increased  the  velocity 
of  the  reaction  800-1000  per  cent.  In  apparatus  of 
this  type  handling  charges  of  commercial  size  it  is  not 
usual  to  cause  such  violent  agitation  as  is  easily  brought 
about  in  a  2-liter  flask,  and  it  is  doubtful  whether  doub- 
ling the  hydrogen  supply  would  on  a  large  scale  more 
than  double  the  reaction-rate.  The  importance  of 
efficient  agitation,  or  of  intimate  commixture  of  the 
oil,  catalyzer  and  hydrogen,  has  apparently  been  real- 
ized by  nearly  all  of  the  workers  in  this  field,  as  witness 
the  patent  files,  but  there  is  no  observation  recording 
such  a  great  increase  in  agitation  as  the  above,  brought 
about  by  such  simple  means. 

For  the  mechanical  agitation  Runs  Ik.  I.  m  and  11  may 
serve  to  show  the  eff'ect  of  either  changing  the  R.  P.  M. 
of  the  agitator  (Fig.  14)  or  of  changing  the  size  of  the 
apparatus  without  either  altering  the  type  of  agita- 
tion or  the  R.  P.  M.  of  the  agitator  (Fig.  15). 

Increasing  the  R.  P.  M.  of  a  mechanical  agitator 
is  shown  in  Fig.  14  to  produce  a  considerable  increase 
in  velocity.  In  this  case  the  speed  of  rotation  is 
changed  from  what  might  be  called  a  "low"  figure.  67, 
to  a  "moderate"  figure,  135;  doubling  the  speed  again 
has  been  found  in  other  experiments  to  give  only  a 
slight  increase  in  agitation. 

If  the  machine  is  increased  in  size,  but  not  in  type  of 
agitation,  Fig.  15  indicates  that  the  agitation  is  more 
thorough  at  the  same  R.  P.  M.  resulting  in  this  case 
in  the  small  machine  requiring  about  50  per  cent 
longer  time  to  reach  a  given  iodine  number. 

CATALYZER — As  in  practically  all  catalytic  reactions, 
the  speed  of  hydrogenation  is  increased  as  the  per- 
centage catalyzer  is  raised.  The  quantitative  relation 
will  appear  from  Runs  lo  and  p  (Fig.  16). 

The  time  required  to  reach  a  given  iodine  number  in 
Curve  Ip  is  seen  to  be  approximately  half  of  that  re- 
quired in  lo,  so  that  the  reaction  velocity  is  roughly 
proportional  to  the  percentage  of  catalyzer.  Con- 
siderations of  outlay  required  for  catalyzer  preparation 
and  recovery  limit  the  amount  used  in  commercial 
batch  processes,  however,  to  I,  or  at  most,  2  per  cent. 
When  a  very  good  grade  of  refined  oil  is  used,  as  little 
as  o.i  per  cent  nickel  is  common  practice,  high  pressure 
and  agitation  being  relied  upon  to  reduce  the  time  con- 
sumed. 

SV.MMARY    OF    lODIXK    XUMBER-TIME    CVRVES 

To  summarize,  increasing  the  pressure,  temperature, 
agitation  or  amount  of  catalyzer  will  increase  the  rate 
at  which  cottonseed  oil  is  hydrogenated.  This  in- 
crease in  rate  is  roughly  proportional  to  the  increase 
in  pressure  or  amount  of  catalyzer,  while  raising  the 
temperature  10°  in  the  region  of  common  practice, 
160  to  180°,  increases  the  rate  only  about  20  per  cent. 
Increase  in  agitation  (difficult  to  measure  quanti- 
tatively) produces  a  marked  increase  in  the  reaction- 
rate. 

It  will  be  noted  that  all  of  these  curves  show  a  gen- 
eral similarity  to  the  logarithmic  curve  which  repre- 
sents a  monomolecular  reaction,  as  Fokin  pointed  out. 


As  a  matter  of  fact,  however,  in  every  case  the  curve 
flattens  out  sooner  than  would  be  expected,  as  though 
the  catalyzer  was  losing  its  activity  as  the  experiment 
progressed.  It  should  be  remembered,  moreover, 
that  even  if  all  of  the  different  reactions  involved  took 
place  monomolecularly,  it  would  by  no  means  follow 
that  the  resultant  iodine  number-time  curve  would 
have  the  same  characteristic.  The  relative  rates  of 
the  reactions  would  determine  the  shape  of  the  curve. 
It  should  be  possible,  then,  by  studying  the  iodine 
number  time-curves  mathematically,  to  draw  some 
conclusions  as  to  the  relative  velocities  of  the  reactions 
involved;  this  would  give  indirectly  a  check  on  the 
results  of  the  component  glyceride  analysis,  as  ex- 
plained under  "Hydrogenation  Curves."  We  hope 
to  report  the  results  of  such  a  study  in  a  future  com- 
munication. 

Ill CHANGES    IX    PHYSICAL    CONSTANTS    OF    OIL    DURING 

HYDROGENATION 

The  most  striking  effect  of  the  hydrogenation  of  an 
oil  is,  of  course,  the  gradual  increase  in  solidity,  with 
the  accompanying  change  in  such  physical  constants 
as  melting-point  and  titer.  We  are  not  aware  that  any 
quantitative  investigation  of  these  physical  changes 
has  yet  been  published. 

MELTING-POINT — The  change  of  melting-point  was 
studied  in  an  experiment  in  which  the  oil  was  hydro- 
genated with  mechanical  agitation  of  108  R.  P.  M., 
temp.  160°  C,  pressure  20  lbs.,  catalyzer  5  per  cent, 
nickel  on  a  carrier.  The  melting-point  and  iodine 
number  were  among  the  constants  determined  on  each 
sample,  and  these  constants  compared  as  follows  (Fig. 
17)  (the  last  sample  was  in  reality  made  in  another 
experiment,  but  the  product  is  identically  the  same  as 
would  be  made  under  the  above  conditions) : 
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There  can  be  no  doubt  that  while  the  two  ends  of 
this  curve  remain  fixed,  the  intermediate  points  are 
capable  of  considerable  variation  from  the  curve, 
depending  on  the  conditions  of  hydrogenation.  We 
have,  for  instance,  the  points  .-1  and  B  on  Fig.  17. 
Sample  A  was  made  by  one  of  the  "continuous" 
processes  from  the  same  kind  of  cotton-oil,  while 
Sample  B  was  made  at  a  very  high  temperature. 

TITER — The  titer  of  an  oil  or  fat,  being  the  solidifi- 
cation-point of  its  fatty  acids,  might  be  expected  to 
share  the  characteristic  of  the  melting-point  of  the 
fat,  namely,  a  gradual  increase  on  hydrogenation. 
It  is  found,  however,  to  show  the  peculiarity  of  first 
decreasing,  passing  through  a  minimum,  and  then 
increasing  steadily,  as  appears  from  the  data  from 
Runs'  Ta  to  b. 

Cotton-oil  was  hydrogenated  in  the  bubbling  ap- 
paratus with  5  per  cent  of  nickel,  on  a  carrier,  in  one 
case  at  125°  C,  and  in  the  other  at  200°  C.  Titer  and 
iodine  number  were  among  the  determinations  made 
on  each  sample.  Time  (from  the  beginning  of  the 
experiment),   iodine    number   and    titer   are   tabulated 
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below;  in    Fig.   18  titer  is  plotted  against  time  and  in 
Fig.  19  against  iodine  number. 
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The  apparently  anomalous  fact  that  the  addition  of 
more  saturated,  higher  melting  acids  at  first  lowers, 
instead  of  raising  the  solidification  point  is  evidently 
due  to  the  existence  of  a  eutectic,  or  low-melting 
mixture  of  the  components.  According  as  the  path  of 
hydrogenation  carries  the  composition  close  to  or 
far  from  this  point  the  minimum  attained  will  be 
lower  or  higher.  From  Fig.  19  it  is  evident  that  the 
low-temperature  run  passed  closer  to  the  eutectic 
point  than  did  the  high-temperature  run.  Below 
iodine  number  50  the  two  runs  were  practically  iden- 
tical, as  would  be  expected  from  the  fact  that  since 
Hnolin  has  largely  disappeared  the  two  hydrogenation 
curves  of  component  glycerides  cannot  differ  very 
greatly.  Variation  of  other  experimental  conditions 
than  temperature  would  probably  bring  about  cor- 
responding variations  in  the  iodine  number-titer  curve. 

From  the  curves  of  Fig.  18  it  may  be  seen  that  to 
reach  a  given  titer  at  125°  requires  about  four  times  as 
long  as  at  200°,  an  average  coefficient  of  about  20  per 
cent  for  every  10°  C. 

IV RESPONSE    TO    HALPHEN    TEST 

Hydrogcnated  cottonseed  oil  was  first  stated  by  I'aal 
and  Roth'  to  give  no  coloration  when  subjected  to  the 
characteristic  Halphen  test'  and  the  same  statement 
has  been  made  by  later  investigators.  The  amount 
of  hydrogenation  which  is  required  to  render  the  oil 
just  incapable  of  responding  to  the  test  has  not  to  our 
knowledge,  been  investigated.  To  determine  that 
point  a  quantity  of  oil  was  hydrogenated  in  the  bubbling 
apparatus,  temperature  150  160°  C,  2  per  cent 
nickel  on  a  carrier  acting  as  catalyzer.  Samples 
were  taken  (a)  of  the  original  oil,  (h)  of  the  mixed  oil 
and  catalyzer  before  healing,  (c)  of  the  mixed  oil  and 
catalyzer  when  healed  to  150°  C,  5  minutes  being 
required  to  reach  this  tcmpcraUire,  (d)  after  ,?-min. 
hydrogenation,  (e)  after  p-min.  hydrogenation,  and  (/) 

'  Va»\  mill  Koth.  71>r.,  U  (IVOV>,  1541    l.^.f.1. 
•  J.  A.  O.  A.  r..  No.  ^,  t  (1916).  .ll.V 


after  15-min.  hydrogenation.  A  similar  sample  of  oil 
was  heated  to  150-160°  for  20  minutes  in  the  absence 
of  any  hydrogen  or  catalyzer,  and  was  then  found 
to  give  the  same  intensity  of  Halphen  test  as  Sample  a. 
The  other  samples  gave  tests  as  follows: 

Iodine 

Sample  Number                 Result 

b 104.9  Not  noticeably  diminished 

c 103 . 7  Distinctly  weaker  test 

d 103 .  7  Faint  test  in  3  minutes 

e 101.3  Faint  test  after  heating  1  >  '3  hours 

/ 97 . 6  Negative  even  after  heating  1  >.  i  hours 


A  drop  of  four  units  in  iodine  number  may  be  said 
to  have  destroyed  the  chromogenetic  substance. 

V — CATALYZERS 

Our  observations  in  the  field  of  catalyzers  are  prin- 
cipally of  interest  as  showing  the  eflfect  of  various 
poisons  on  the  activity  of  the  material.  The  powerful 
poisoning  effect  of  certain  gases  has  been  known  ever 
since  the  researches  of  Sabatier  and  Senderens,  but  the 
influence  exerted  by  solid  and  liquid  impurities  does  not 
seem  to  have  been  determined. 

The  mode  of  preparation  of  the  catalyzers  used  in 
experiments  described   in   this  article   was   as  follows: 

I — Green  nickel  oxide  was  ground  to  pass  a  150-mesh 
sieve,  and  was  reduced  in  a  current  of.  hydrogen  for 
about  4  hours,  temperature  320  to  340"  C,  pressure 
30  to  60  lbs.  It  was  mixed  with  a  certain  amount  of 
cottonseed  oil  before  exposing  to  the  air. 

2 — Basic  nickel  carbonate  precipitated  from  the 
sulfate  in  the  presence  of  finely  divided  infusorial  earth 
was  calcined  to  nickel  oxide  and  then  reduced  in  hy- 
drogen at  400  to  500°  C.  atmospheric  pressure,  for 
periods  ranging  from  4  to  14  hours.  This  product  was 
also  mixed  with  oil  before  exposing  to  the  air. 

The  experiments  on  poisons  were  carried  out  in  the 
bubbling  apparatus,  a  mixture  of  oil  with  1  per  cent 
nickel  on  a  carrier  being  hyilrogenateil  first  for  one 
hour  to  ascertain  the  original  activity  of  the  citalyecr. 
At  the  end  of  the  hour.  2  per  cent  of  the  finely  powdered 
solid  substance  in  question  was  added,  and  the  hydro- 
genation continuetl.  Samples  were  then  taken  at 
intervals  to  determine  the  further  fnll  of  the  iodine 
number,  and  the  poisoning  effect  was  judged  by  the 
shape  of  the  iodine  number-time  curve,  compared  to 
one  in  which  no  poison  was  present.  The  results  niny 
be  summarized  as  follows: 
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Substance                                                      Effect  on  Activitv  ^^^  ^^  suppose  that  there  would  possibly  be  a  decided 

Sulfur Destroyed  immediately  '^f                                       .    .               f       , 

Na.s.9HjO Gradually  destroyed  difference  in  the    Composition    of    the    wood  tars  ob- 

NaCI Noeffect  <.    •        j    •        j      ..         *•          j-..n    ^• 

NajSO< No  effect  tamed  in  destructive  distillation. 

^icUAKio.'.'.'.'.V/^.V/.V.V///.V/........    Noeffect  A  Commercial  sample  of   maplewood  creosote"  was 

Reduced  iron Noeffect  obtained  by   the   Forest   Products   Laboratory.     This 

The  three   gases   H2S,  SOj  and  Clj  were   also  tried,  creosote  was  heated  in  an  iron  retort,  and  15  liters  were 

In  each  case  the  activity  was  destroyed  immediately.  distilled  in  three  separate  runs,  the  fractions  reported 

A  small  amount  of  water  vapor  in  the  hydrogen  was  in  Table  I  being  collected  and  their  volumes  and  weights 

found  gradually  to  destroy  the  activity  of  the  catalyzer,  determined. 

„^.,„«..     -.,•  .  Table  I — Fractions  of  Maplewood  Creosote 

GENERAL    SUMMARY  p^^^^i„„                     y^,„^^                     ^^.^^^       Per  cent  by  volume 

I— The   lead-salt-ether   method    for   separating   the  °^^^^                 ^^                ^^^^^     of  entire^distuiate 

liquid  fatty   acids  of  oils  and  fats  has  been  studied,  115-195                  840                  844^20                i'ao 

^,                 .       .                                                .                                   ,  195-210                        815                         811.84                       7.10 

and  certain  important  precautions  are  noted.  210-215                 445                 443.22                3.89 

II — The  triangular  diagram  has  been  applied  to  the  220-225                  590                  605^34                5!40 

study  of  oil  hydrogenation.  1^^-230                ^sos               ^821.50                7.20 

III— It  has  been  shown  that  the  conditions  of  hy-  235-240                 1000                1,029.50                9.04 

drogenation,  namely,  pressure,  temperature,  per  cent  jtoljss                 sts                 53251                467 

catalyzer  and  degree  of  agitation,  affect  the  proper-  255-265                1375               1.442.38              12.66 

r   ,.                  .     ,       .             •,        ..    ,,    ,    •       I.           J    «,•       f-     >.  265-280                         950                         979.93                       8.60 

tions  of     saturated  glycendes,        olein,     and     linolin  

..,,,,  ^    J         ^^  J       -1  Total 11,155  11,385.62  100.00 

in  partially  hydrogenated  cottonseed  oil.  Loss  ...              95 

IV— By    studying    iodine    number-time    curves    the  ''•"'' "w.^c'r'eosou"'"'''"  "^  "  ""^ ''""  "' 

effects  within  certain  limits  of  pressure,  temperature,  i.iio  cc.^^=^Pitch   =   25  per  cent  of  Wood 

per  cent  catalyzer  and  degree  of  agitation  upon  the  15.000  cc.  =  Total  wood  Creosote 

velocity  of  hydrogenation  have  been  determined.  The  percentages  of  total  distillate  contained  in  the 

V^The   changes   undergone    by    melting-point    and  three   fractions    93-195°    C,    195-230°    C,    and    230- 

titer   during  hydrogenation   are  studied   by   means   of  280°    C.   are   shown  in   Table   II.     The   first   fraction 

curves  against  iodine  number  and  time  as  the  other  consists   principally   of   water   and   some   pyroligneous 

variables.     The  titer  is  shown  to  pass  through  a  mini-  acid;    the    second    principally    of    the    mono-    and    di- 

mum  before  beginning  its  increase.  hydroxy  phenols,  especially  guaiacol  and  creosol;  and 

VI — The  degree  of  hydrogenation  necessary  to  de-  the  third  mainly  of  the  tri-hydroxy  phenols,  especially 

stroy  the  response  of  cottonseed  oil  to  the   Halphen  pyrogallol-dimethyl-ether    and    its   homologues.     The 

test  has  been  shown  to  be  a  drop  of  about  four  units  in  pitch  residue  is  being  thoroughly  investigated. 

iodine  number.  Table  II — Fractions  of  Maplewood  Creosote 

VII — A    number    of    solid    inorganic    materials    are  Fraction                  Volume                Per  cent  of 

....  °  C.                                 Cc.                    Total  Distillate 

shown  to  have  no  effect  on  the  activity  of  a  catalyzer;  93-195                      I600                     13.63 

sulfur  and  sodium  sulfide,  on  the  other  hand,  are  found  230^280                     6O6O                     5s!i6 
to  destroy  the  activity. 

We    wish   to    acknowledge    with    thanks   the    many  J^^^   ^s   in  the   case   of  other   wood   creosotes,   the 

valuable  suggestions  made  by  Messrs.  R.  S.  Pease,  E.  relation  shown  in  Table  II  is  not  absolutely  constant, 

B   Sebben  and  H.  C.  Fuller  of  this  laboratory,  who  have  ^^^  dep.ends  upon  a  number  of  factors,  such  as  the 

in  addition  carried  out  most  of  the  experimental  work  method  of  distilling  the  raw  material,  etc. 

described  in  this  article.  ^  ^^^^^  °f  *^^  ""^^  ^°°'^  creosote  was  then  distilled 

j^  from   the   iron   retort,    and   the   distillate   fractionated 

Berlin  Mills  Company  from  a  glass  vessel  connected  with  a  Hempel  column. 

Berlin.  New  Hampshire  The  fraction  above   195°  C,  which  we  will  term  the 

creosote    oil,    was    a    light    yellow    oil    with    a   specific 

THE  CHEMICAL  COMPOSITION  OF  THE  HIGHER  j^      ^f    ^         ^t    20°    C.      When   well   shaken   in   a 

FRACTIONS  OF  MAPLEWOOD  CREOSOTE'  separatory  funnel  with  an  equal  volume  of  15  per  cent 

By  Ernest  J.  pieper.^s.  f.  acree  and  c.  J.  Humphrey  ^^q^  Solution  to  dissolve  and  Separate  the  acid  oil 

arc     ,  from  the  neutral  oil,  the  latter  floated  to  the  top  of  the 

Investigators^  both  in  Europe  and  this  country  have  ^j^^^^^  ^^^  ^^^  removed  and  shaken  with  more  alkali 

studied  the  constituents  of  the  creosote  oil  obtained  ^^   ^j^^^j^^   ^^^   remaining   acid   oil.     One   treatment 

from  beechwood  tar,  and  in  some  cases  from  oakwood  ^^  ^^^  ^^g^^^  creosote   with  an  equal   volume  of   15 

tar,  but  no  one,  as  far  as  is  known  to  the  writers,  has  ^^^  ^^^^  ^^^^  ^^,^^j^^  j^  ^^^^Uy  sufficient  to  dissolve 

ever  before  attempted  the  study  of  maplewood  creo-  practically  all  the  acid  oil.     The  neutral  oil  obtained 

sote.     The   fact   that   different   species   of   hardwoods  ^^^   ^^^^^^   ^.^^^   ^^^^^   ^^^j^   ^^^^   ^^^^   ^jl.^lj_   ^^^ 

show  a  considerable  difference  in  analysis  might  lead  distilled  from  a  glass  vessel  connected  with  a  Hempel 

*  The  present  paper  is  one  of  four  prepared  by  the  junior  author  in  1     mn 

partial  fulfilment  of  requirements  for  the  degree  of  Doctor  of  Philosophy  '                                                                                           . 

io  the  University  of  Wisconsin.  The    alkali    cxtract    was    then    treated    with    dilute 

•  Hoimann,  Ber..  8.  67;  11,  329;  12,  1371;  Liebermann.  Ann.,  169,  sulfuric  acid  until  sHghtly  acid.     The  acid  oil  which 

23;  Tiemann  and  Koppe,  Ber.,  14,   2005;  Behal  and  Choay,  Compl.  rend., 

116,   197;  119,    166,  Kebler,  Am.  Jour.   Pharm..  1889,  409;  J.  So,.  Chem.  '  After  standing   several   months   the   sample   showed   a   gradual  and 

Ind..  1894,  1087,  1 187;  1897,  367,  Abstracts.  partial  change  into  pitch. 
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separated  was  washed  with  water  until  free  of  sulfuric 
acid  and  was  then  distilled  in  the  same  manner  as  the 
neutral  oil. 

The  entire  creosote  oil  (above  195°  C.)  gave  24 
per  cent  neutral  oil,  and  68  per  cent  acid  oil.  Evi- 
dently 8  per  cent  was  lost  in  the  process  of  separation. 

Table  III  shows  the  percentage  of  acid  and  neutral 
oils  found  in  the  fractions  above  230°  C. 

Table  III — Acid  Oil  and  Neutral  Oil  in  Maplewood  Creosote 

Fraction  Per  cent  Per  cent  Per  cent 

"  C.  Acid  Oil  Neutral  Oil  Loss 

230-240  70  23  7 

240-250  86  8  6 

250-255  79  13  8 

255-265  84  8  8 

265-280  85  6  9 

In  the  separation  of  the  neutral  oil  from  the  acid 
oil  in  the  fractions  boiling  above  230°  C.  a  crystalline 
sodium  salt  was  precipitated  in  the  presence  of  an 
excess  of  a  15  per  cent  NaOH  solution.  Hofmann,' 
Liebermann,  and  other  investigators  also  obtained  a 
sodium  salt  in  the  same  manner  in  their  investigation 
of  the  oils  of  beechwood  creosote.  The  identification 
of  this  sodium  salt  from  maplewood  creosote  was, 
therefore,  undertaken  and  the  results  compared  with 
those  obtained  from  beechwood  creosote. 

FRACTION   230-240°  c. 

This  fraction  was  redistilled  and  1700  cc.  (1785 
grams)  were  treated  with  an  equal  volume  of  1 5  per  cent 
NaOH  whereupon  the  neutral  oil  immediately  sepa- 
rated. A  white  crystalline  sodium  salt  precipitated 
frofti  the  alkaline  solution  and  was  filtered  by  suction 
and  washed  with  a  mixture  of  alcohol  and  ether: 
20  g.  of  an  apparently  pure  white  substance  were  ob- 
tained in  this  way.  The  material  is  easily  soluble  in 
water,  less  soluble  in  ethyl  alcohol  and  methyl  alcohol, 
and  insoluble  in  ether,  benzene,  acetone  or  chloro- 
form. On  standing  in  the  air,  or  more  quickly  on 
heating,  the  sodium  salt  turned  blue.  This  color 
change  was  due  to  an  oxidation  and  will  be  explained 
later  in  detail. 

The  salt  was  treated  with  dilute  sulfuric  acid  until 
the  solution  was  slightly  acid:  15  g.  of  a  heavy  oil 
were  precipitated  out  and  were  washed  with  water  in  a 
separatory  funnel  until  free  of  sulfuric  acid.  It  was 
taken  up  in  ether,  separated  from  the  aqueous  solu- 
tion, and  after  evaporation  of  the  ether  was  distilled 
under  reduced  pressure.  In  this  manner  a  very  pale 
yellow,  almost  colorless  oil  was  obtained  which  boiled 
between  253-275°  C.  The  oil  had  a  spicy  pepper- 
mint odor  and  gave  a  brownish-red  coloration  with 
ferric  chloride. 

Treating  2  g.  of  the  oil  with  benzoyl  chloride  in  a 
strongly  alkaline  solution  gave  2.9  g.  of  the  benzoyl 
derivative  after  the  first  crystallization  from  alcohol. 
It  was  very  difficult  to  obtain  a  substance  which  melted 
siiariily.  It  was  found  that  part  of  the  benzoyl 
derivative  was  soluble  in  petroleum  ether  at  room 
temperature.  The  solution  was  filtered  by  suction 
from  the  insoluble  portion,  and  from  the  filtrate  a 
fraction  was  obtained  which  on  six  crystallizations 
from  alcohol  had  the  melting  point  go-Qi°  C,  The 
portion  insoluble  in  cold  petroleum  ether  was  trcnled 

'  llrr  .  t,  (.7,  M,  yn.  11.  \\7\;  Ann..  Itt,  231. 


with  fresh  petroleum  ether  and  heated  on  a  steam  bath 
for  a  few  minutes  and  quickly  filtered.  This  opera- 
tion was  repeated  several  times  and  from  the  filtrates 
a  benzoyl  derivative  was  obtained  which  on  lo  crystal- 
lizations from  alcohol  had  the  melting  point  iio- 
111°  C.  The  residue  insoluble  in  warm  petroleum 
ether  was  recrystallized  from  alcohol  and  after  6 
crystallizations  showed  a  melting  point  of  117-118°  C. 
It  is  evident,  therefore,  that  the  oil  consists  of  a  mixture 
of  substances  which  gave  three  definite  benzoyl  deriva- 
tives. 

On  oxidation  with  potassium  bichromate  and  dilute 
acetic  acid  the  oil  gave  a  mixture  of  coerulignone  and 
dimethoxyquinone,  whose  constitutions  are  discussed 
below.  On  heating  the  mixture  with  warm  glacial 
acetic  acid  the  dimethoxyquinone  was  dissolved  while 
the  coerulignone  was  unaffected.  On  recrystallizing 
the  dimethoxyquinone  from  glacial  acetic  acid  a  sharp 
melting  point  of  249°  C.  was  obtained. 

Hofmann'  obtained  dimethoxyquinone  by  oxidizing 
propyl-pyrogallol-dimethyl-ether.  Later,  Will'  ob- 
tained dimethoxyquinone,  together  with  mononitro- 
pyrogallol-trimethyl-ether  by  oxidizing  the  trimethyl- 
ether  of  pyrogallol  with  concentrated  nitric  acid. 
At  the  same  time  he  obtained  dimethoxyquinone  by 
oxidizing  the  trimethyl-ether  of  propyl-pyrogallol 
which  he  obtained  by  treating  the  propyl-pyrogallol- 
dimethyl-ether  with  methyl  iodide  and  potassium 
hydroxide. 

Will  considered  that  there  are  two  possible  struc- 
tures (I  and  II)  for  this  dimethoxyquinone.  Ciamician 
and  Silber'  obtained  the  same   dimethoxyquinone  by 


HC/ 

]C— OCHi 

CHiO— C||[C— OCH.     CH.O— CJi^C— OCHi 

HC^ 

JC— OCH, 

HC^   Icn                           HCvjlcH 

oxidizing  the  trimethyl-ether  of  phloroglucin  and  con- 
sidered the  structure  to  be  as  shown  in  III. 

The  coerulignone  obtained  is  insoluble  in  the  ordinary 
solvents.  It  can  be  obtained  very  pure  by  dissolving 
it  in  phenol  at  30°  C.  and  treating  the  solution  with 
alcohol  or  ether.  In  this  way  deep  violet-blue  needles 
are  formed.  Hofmann*  obtained  coerulignone  by  the 
oxidation  of  the  dimethyl-ether  of  pyrogallol  obtained 
from  beechwood  tar.  Alkalies  and  acids  decompose 
coerulignone,  giving  a  violet-blue  color  with  acids. 
Coerulignone  is  easily  reduced  to  hydrococrulignone. 
Liebermann  and  Flatau*  showed  that  coerulignone 
condenses  with  primary  amines  to  give  blue  dyes  con- 
taining only  two  mclhoxy  groups. 

Hofmann  believed  coerulignone  to  have  the  con- 
stitution I  (shown  above)  while  Liebermann  and 
Flatau  showed  that  there  were  in  addition  the  possi- 
bilities II  and  III. 

>  Itrr  .  II.  (IR78).  3W. 

'  mj..  11  (igMi.  fto7. 

•  Ibid,  tt  (1893).  7*6. 
'  IbU  .  II  (III7II).  379. 

•  Ibid  ,  10  (1897),  Mi. 
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It  should  also  be  noted  that  there  is  a  possibility  of 
having  the  methoxy  groups  in  the  following  positions 
with  respect  to  the  C=0  group:  (i)  ortho-ortho-ortho- 
ortho;  (2)  orllto-ortlto-mela-meta;  and  (3)  meta-meta- 
mela-meta. 

FRACTION   240-250°  c. 

From  1 189  g.  of  this  fraction  106  g.  of  a  sodium  salt 
were  obtained  as  in  the  previous  fraction.  The  oil 
obtained,  52.7  g.,  boiled  between  255-269°  C.  On 
benzoylation  two  derivatives  were  obtained  with  the 
melting  points  110-112°  C.  and  116-117°  C.  On 
oxidation  the  oil  gave  a  mixture  of  coerulignone  and 
dimethoxyquinone.  On  treating  a  chloroform  solution 
of  the  oil  with  bromine  a  crystalline  derivative  was 
obtained  after  the  solution  had  stood  for  a  week. 
After  3  crystallizations  from  alcohol  the  derivative 
showed  a  melting  point  of  125-126°  C. 

On  treating  the  oil  with  methyl  alcohol  saturated 
with  HCl  gas  and  heating  in  a  sealed  tube  at  125— 
130°  C.  for  5  hours,  a  charred  residue  was  obtained 
which  was  dissolved  in  absolute  alcohol.  A  few 
crystals  which  had  the  melting  point  127—128°  C. 
separated  on  standing.  The  amount  was  too  small  for 
purification. 

FRACTION    250-255°  C. 

The  sodium  salt,  34  g.,  obtained  from  501  g.  of  this 
fraction  was  treated  as  in  the  previous  fractions,  and 
17  g.  of  an  oil  were  obtained  which  distilled  between 
249-258°  C.  On  oxidation  the  oil  gave  only  coerulig- 
none. On  benzoylation  a  derivative  was  obtained 
which  gave  a  melting  point  of  111-112°  C.  after  8 
crystallizations.  No  crystalline  derivative  was  ob- 
tained on  treating  the  oil  with  a  saturated  alcoholic 
solution  of  hydrochloric  acid. 

FRACTION    255-265°  C. 

The  sodium  salt,  221  g.,  secured  from  11 23  g.  of  this 
fraction  was  treated  as  in  the  previous  fractions  and 
92.5  g.  of  an  oil'  distilling  between  251-269°  C.  was 
obtained.  On  benzoylation  a  derivative  was  obtained 
which  had  the  melting  point  110—111°  C.  On  oxida- 
tion coerulignone  was  obtained.  When  treated  with 
alcohol  saturated  with  HCl  gas,  as  in  the  previous 
fractions,  a  pronounced  odor  of  methyl  chloride  was 
observed,  but  no  crystalline  compound  was  obtained. 

Five  grams  of  oil  were  then  treated  in  a  methyl 
alcoholic  solution  with  an  excess  of  25  per  cent  NaOH 

'  It  is  advisable  to  centrifuge  the  oil  in  the  higher  fractions  when  sus- 
pended in  water.      This  will  separate  any  paraflin'that  is  present. 


solution  and  dimethyl  sulfate  was  added  drop  by  drop 
until  an  excess  was  present.  The  solution  was  then 
heated  on  the  steam  bath  until  the  excess  of  dimethyl 
sulfate  was  decomposed.  The  sodium  sulfate  was  re- 
moved by  treating  the  solution  with  alcohol,  and  the 
filtrate  was  shaken  with  ether.  On  evaporation  an 
oily  residue  was  obtained  which  from  alcohol  gave  a  few 
crystals  with  the  melting  point  43-46°  C  The 
mother  liquor  obtained  from  the  crystals  above  gave 
dimethoxyquinone  on  oxidation  with  cold  concentrated 
nitric  acid,  and  therefore  contained  pyrogallol-tri- 
methyl-ether  but  no  appreciable  amount  of  pyrogallol- 
dimethyl-ether. 

The  remaining  methylated  oil  was  boiled  with  a  con- 
centrated solution  of  potassium  permanganate  until 
all  the  oil  had  been  decomposed.  The  excess  of 
permanganate  was  decomposed  with  warm  alcohol, 
the  solution  filtered  and  the  filtrate  acidified  with  dilute 
sulfuric  acid.  The  solution  was  treated  with  ether  and 
an  oily  residue  was  obtained  from  the  extract.  When 
this  oil  was  kept  in  a  refrigerator  for  several  days  a  few 
crystals  were  formed  which,  without  crystallization, 
melted  at  92-96°  C. 

WilP  obtained  a  trimethyl-ether  of  pyrogallol 
carboxylic  acid  which  melted  at  99°  C.  By  the  use  of 
potassium  permanganate  he  first  oxidized  the  methyl 
pyrogallol  to  the  pyrogallol  carboxylic  acid  and  then 
methylated  the  methyl  ester  with  potassium  hydroxide 
and  methyl  iodide.  The  ester  was  afterwards  con- 
verted into  the  free  acid  melting  at  99°  C. 

FRACTION    265-280°  C. 

The  sodium  salt,  135  g.,  from  642  g.  of  this  fraction 
gave  78  g.  of  oil  which  distilled  between  256—271°  C. 
On  benzoylation  a  derivative  was  obtained  which  had 
the  melting  point  111-112°  C.  On  oxidation,  coerulig- 
none, together  with  a  possible  trace  of  dimethoxy- 
quinone, were  obtained. 

On  methylation  with  dimethyl-sulfate  an  oily 
residue  was  secured  which  gave  dimethoxyquinone  on 
oxidation  with  concentrated  nitric  acid.  The  oilj' 
residue  was  oxidized  with  potassium  permanganate 
but  no  crystalline  product  was  obtained.  Equal  parts 
of  the  oil  from  this  fraction  and  phenyl  mustard  oil, 
together  with  a  trace  of  solid  sodium  hydroxide,  were 
heated  in  a  sealed  tube  immersed  in  a  steam  bath  for 
three  days.  The  crystals  that  separated  on  cooling 
were  filtered  by  suction  and  recrystallized  several  times 
from  alcohol.  Crystalline  leaflets  were  obtained  with  a 
melting  point  156-157°  C.  In  a  similar  manner  a 
compound  with  the  same  melting  point  was  obtained 
from  the  oil  of  the  sodium  salt  of  fraction  255-265°  C. 
The  sulfur  was  determined  according  to  the  Carius 
method: 

0 ,  1493  g.  gave  0 .  1 283  g.  BaSOi,  or  S.    11.61   per  cent. 
Calculated  for  C.H.{OCHj)«OSCNC.Hs:  S.  10.99  percent. 

This  reaction  with  phenyl  mustard  oil  will  be  further 
investigated  to  see  if  it  offers  a  method  of  isolating 
crystalline  derivatives  of  the  different  phenolic  com- 
pounds present  in  the  wood  creosotes. 

'  Will  obtained  a  trimethyl-ether  of  pyrogallol.  which  melted  at  47°  C. 
by  treating  pyrogallol  with  methyl  iodide  and  potassium  hydroxide  io 
methyl  alcohol. 

«  Bfr..  ai  0888).  607. 


May,  1 91 7 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


46; 


The  percentage  of  methoxyl  groups  in  the  oil  of 
this  fraction  was  deterinined  according  to  the  Zeisel^ 
method.  In  the  apparatus  (Fig.  i)  all  connections  were 
made  by  means  of  ground-glass  joints,  and  specially 
modified  washing  bottles  containing  the  red  phos- 
phorus and  silver  nitrate,  respectively,  were  used: 

0.  1063  g.  oil  gave  0.2839  g.   Agl  or  CH>0,  35.25  per  cent. 
Calculated  for  CgH3(OCH3)2(OH)  :  CH3O,  40.26  per  cent. 

The  difference  arises  because  the  oil  is  probably  a 
mixture.      This  will  be  further  studied. 

In  the  same  manner  methoxyl  determinations  were 
madeYon    the    benzoyl    derivatives    melting    at    iio- 


CD-^E joints  must  be  ground    J/v  /"    /on, 
ond  about  ■%  In-  diameter  at  narroir/  t 

H  in- diameter  at   ir/idest  poirit- 
A^S  Joints  must  be  ground    -^v  in-  long 

and  about  '/lin-  diameter  at  narrow 

^/b  irt-  diameter  at  widest  point- 


Table  W — Produc 


Obtained  from  the  Oil  Produced 
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See  Eimer-^ Amend   Cat- 
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Fig.  I — Zeisel  Ai-paratus  for   Determining  CH3O  Groii 


111°  C,  and  1 16-1 17  °  C,  respectively,  but  not  enough 
of  the  derivative  melting  at  90-91°  C.  was  obtained  to 
determine  the  percentage  of  methoxyl  group. 

Benzoyl  Derivative  M.  I".   110-111°  C 

0.1347    g.    gave  0.2377    g.    Agl,   0.03137    g.    CHjO    =■    23.29   per   cent. 

Calculated  for  C«Hj(OCH>)jOCOC«Ht:  24.02  per  cent. 

Benzoyl  Derivative  M.  P.   116-117°  C. 
00918   g.   gave   0.1531    g.    Agl,    0.02021    g.    CHiO    -    22.01    per   cent. 
Calculated  (or  CHaC.HjfOCHjjjOCOC.Hj:   22.79  per  cent. 

The  following  methoxyl  (ktcrniinations  were  also 
made: 

Crude  tar,  6.81  per  cent  ClIiO;  .icid  oil  (195-255"  O,  11.06  per  cent; 
ncutr.tl  oil  (195-260°  C).  5.14  per  cent,  pitch,  5.10  per  cent. 

The  results  secured  from  the  study  of  the  sodium 
salt  obtained  from  the  higher  boiling  fractions  of 
maplewood  creosote  are  summarized  in  Tabic  IV, 
In  the  first  and  second  columns  arc  given  the  names 
of  the  compound  or  compounds  identified  and  the 
corresponding  characteristic  oxidation  jiroduct  which 
was  obtained.  In  the  third  column  is  given  the  melting 
point  of  the  characteristic  benzoyl  derivative. 

From  these  results  it  is  evident  that  the  oil  obtained 
from  the  sodium  salts  of  the  fractions  above  a.io"  C. 
consists  primarily  of  a  mixture  of  pyrogalloi-dimethyl- 
cther  and  methyl-i)yrogallo!-iliinelliyl-etlicr,  together 
with  a  trace  of  propyl-pyrognllol-dimctliylether. 

It   was  previously   mentioned   that    the  sodium  salt 

I  Monni^h  .  •  (IHH5),  'tffl ,  T  (I8H6),  4()f. 


230-240 


240-250 

(a) 
250-255 
255-265 

(c) 
265-280 


110-111= 


90-9 l"  C. 
110-112°  C. 
117-118°  C. 
111-112°C. 
110-111°  C. 

111-112°  C. 


i  Oxidation 
identified  Product 
I.   Pyrogallol    -    dimethyl- 
ether Coerulignone 

II.   Methyl  -  pyrogallol-di- 

methyl-ether Dimethoxyquinone      1 17-1 18° 

III.    Propyl  -  pyrogallol-di- 

methyl- ether Dimethoxyquinone 

I.  Coerulignone 

II.  Dimethoxyquinone 

I.  Coerulignone 

I.(fc)  Coerulignone 

II.  Dimethoxyquinone 

I. (ft)  Coerulignone 

II.  or  III.  Dimethoxyquinone 

Urace) 
(a)  This  oil  gave  a  brom  derivative  m.  p.  125-6°.     A  compound  melting 
at  127-8°  was  obtained  by  treatment  with  alcoholic  hydrochloric  acid. 

(6)  We  also  obtained  a  phenyl  mustard  oil  addition  product  melting  at 
156-157°  C. 

(c)  The  pyrogallol-dimethyl-ether  in  this  fraction  was  converted  into 
the  43-6°  m.  p.  trimethyl-ether  and  the  92-96°  m.  p.  trimethyl-ether 
carboxylic  acid  was  obtained  from  the  methyl-pyrogallol-dimethyl-ether. 

turned  blue  in  the  air  or  more  quickly  on  heating. 
Hofmann'  also  found  that  the  sodium  salt  obtained 
from  the  higher  fractions  of  beechwood  creosote 
turned  blue,  and  showed  that  the  color  was  due  to  the 
formation  of  eupithonic  acid  or  hexamethoxyaurine 
(Ci9H803(OCH3)6],  from  the  oxidation  of  two  mole- 
cules of  pyrogallol-dimethyl-ether  and  one  molecule 
of  methyl-pyrogallol-dimethyl-ether  in  the  presence 
of  an  alkali.  We  have  isolated  this  dye  and  find  that 
the  aqueous  solutions  of  its  alkali  salts  are  deep  indigo- 
blue.     Acids  change  it  to  a  carmine-red  solution. 

The  sodium  salt  obtained  from  the  higher  fractions 
of  maplewood  creosote  was  in  general  about  the  same  as 
was  found  by  Hofmann  in  beechwood  creosote.  One 
decided  difference  is  apparent  in  the  amounts  of  these 
constituents  present.  The  higher  boiling  fractions  of 
beechwood  creosote  contained  a  considerable  quantity 
of  propyl-pyrogallol-dimethyl-ether,  while  in  maple- 
wood creosote  there  was  only  a  small  quantity  of  this 
substance  present,  the  principal  constituents  being 
pyrogallol-dimethyl-ether  and  methyl-pyrogallol-di- 
mcthyl-ether. 

SUMMARY 

I — A  commercial  sample  of  maplewood  creosote  gave 
75  per  cent  of  wood  creosote  and  35  per  cent  pitch. 
About  14  per  cent  of  the  creosote  boiled  at  93-105°, 
31  per  cent  at  195-230°,  and  55  per  cent  at  230-280°. 

II- — When  the  different  fractions  of  creosote  were 
extracted  with  alkalies,  from  70  to  85  per  cent  was 
found  to  be  phenolic  compounds. 

Ill — The  sodium  salts  of  some  of  the  phenols  were 
isolated  and  found  to  consist  chiefly  of  pyrogallol- 
dimethyl-ether,  mcthyl-pyrogallol-di  methyl -ether,  and 
proi)yl-pyrogallol -dimethyl-ether.  Those  substances 
were  identified  by  their  oxidation  products  and  benzoyl 
derivatives.  These  sodium  salts  arc  therefore  identical 
with  those  fount!  by  others  in  beechwood  creosote, 
but  differ  in  the  amount  present.  These  and  the  other 
substances  present  in  a  inimber  of  commercial  haril- 
wood  tars  arc  lieing  further  investigatetl  in  this  labora- 
tory. 


VKIITmATIONII 
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PREPARATION  OF  BLACK  OXIDE  OF  URAIHUM  (UO2)' 

By  Charles  L.  Parsons 

Received  April  6.  1917 

In  the  extraction  of  uranium  from  its  ores,  the 
uranium  is  almost  invariably  obtained  in  the  form  of 
sodium  uranate,  Na2U207.  This  material  is  sold  to 
the  trade  as  "yellow  oxide  of  uranium"  and  is  used 
chiefly  to  give  to  glass  the  rich,  yellow  tint  character- 
istic of  uranium  and  its  salts. 

Sodium  uranate  of  course  does  not  lend  itself  readily 
to  the  production  of  alloys  of  uranium  and  for  this 
purpose  it  is  desirable  to  obtain  the  material  in  the 
form  of  oxide.  Indeed,  there  can  be  little  doubt 
that  the  more  concentrated  form  which  the  pure  oxide 
offers  would  render  this  material  more  desirable 
even  for  use  in  glass  works. 

There  have  been  rumors  of  some  two  years'  standing 
that  uranium  steel  is  being  used  in  Germany  in  some 
of  the  larger  cannon.  These  rumors  have  recently 
been  corroborated  and  there  appears  to  be  no  ques- 
tion that  in  Germany  uranium  steel  has  been  developed 
which  softens  at  a  temperature  higher  than  any 
steel  heretofore  used  in  cannon.  Some  of  the  larger 
guns  have  a  rigidity  under  repeated  iire  and  high 
temperature  which  allows  them  to  be  used  through 
a  longer  period  of  intense  firing  without  impairing 
their  accuracy  than  was  formerly  possible. 

Uranium  has  also  been  proposed  and,  indeed,  used 
to  replace  tungsten  in  tool  steel — the  claim  being 
that  I  per  cent  uranium  can  successfully  replace 
from  6  to  12  per  cent  tungsten.  It  has  accordingly 
become  important  to  be  able  to  procure  uranium  oxide 
cheaply,  in  order  that  ferro-uranium  might  be  readily 
produced.  A  report  on  the  production  of  ferro- 
uranium  has  already  appeared^  in  This  Journal. 

Uranium  oxide  has  now  been  prepared  to  the  amount 
of  several  tons  in  the  Denver  plant  of  the  National 
Radium  Institute.  The  details  of  its  early  production 
have  already  been  explained.'  The  method  first  used 
to  make  it  was  by  precipitating  as  ammonium  uranate. 
This  required  too  many  precipitations  to  separate  the 
sodium  entirely,  and,  accordingly,  on  ignition  of  the 
ammonium  uranate  a  considerable  amount  of  sodium 
uranate  remained  with  the  uranium  oxide.  As  the 
method  was  also  very  costly,  it  was  abandoned.  In 
like  manner  the  attempt  to  volatilize  sodium  oxide 
from  the  uranium  oxide  at  the  high  temperature 
of  the  electric  arc  was  not  successful  commercially 
owing  to  the  dangerous  explosions  that  took  place. 
The  cause  of  these  explosions  was  never  satisfactorily 
explained  but  they  were  probably  due  to  the  production 
of  metallic  sodium.  Fortunately,  some  simple  experi- 
ments which  I  carried  out  in  the  laboratory  led  to  an 
immediate  and  easy  solution  of  the  problem.  These 
experiments  were  suggested  by  a  reaction  first  men- 
tioned by  Wohler*  and  made  use  of  analytically  by 

*  Published  by  permission  of  the  Director  of  the  Bureau  of  Mines. 

'  H.  W.  Gillett  and  E.  L.  Mack.  "Feno-Uranium."  Tins  Johrnai,.  9 
(1917).  342. 

*  Parsons.  Moore.  Lind  and  Schaefer,  "Extraction  and  Recovery  of 
Radium,  Uranium  and  Vanadium  from  Camotite."  Bull,  Bur.  Mines,  104. 

«  Gmelin  Kraut,  6  Ed.,  Vol.  2,  Part  2.  p.  372. 


Hillebrand,'  when,  in  a  study  of  uranium  compounds, 
he  fused  uranyl  chloride  with  a  mixture  of  ammonium 
and  sodium  chlorides,  obtaining  thereby  a  reduction 
of  the  uranium  chloride  to  uranyl  oxide. 

It  is  of  course  evident  at  once  that  sodium  uranate, 
if  treated  with  hydrochloric  acid,  would  give  a  mix- 
ture of  salt  and  uranyl  chloride  and  if  this  were  fused 
with  more  salt  and  ammonium  chloride,  uranium 
oxide  would  probably  result.  This  was  found  to  be 
true,  but  the  process  worked  successfully  only  in  small 
quantities  with  a  large  excess  of  ammonium  chloride 
and  could  not  be  applied  commercially.  Based,  how- 
ever, on  the  principle  that  a  reducing  agent  acting  on 
uranyl  chloride  should  give,  in  a  fused  salt  bath, 
uranium  oxide,  a  series  of  experiments  led  to  the 
final  simple  result  that  it  was  necessary  only  to  fuse 
sodium  uranate  itself  in  a  salt  bath  in  the  presence 
of  carbon  to  yield  the  desired  product.  As  soon  as 
this  was  determined  the  method  was  applied  on  a 
plant  scale.  For  some  months  now,  the  production 
of  uranium  oxide  has  been  going  on  almost  daily  in 
the  plant  of  the  National  Radium  Institute  and  a  purer 
uranium  oxide  than  has  ever  been  made  in  quantity 
heretofore  has  been  turned  out  in  lots  of  several  tons. 
The   method  first  adopted  and  still  used  is  as  follows: 

A  cast  steel  pot,  made  of  pure  low-carbon  steel, 
19  in.  deep  by  i6  in.  wide  with  walls  '/4  in.  thick, 
is  filled  with  a  mixture  containing  35  parts  salt,  20 
parts  sodium  uranate  and  i  part  ground  charcoal. 
The  whole  is  heated  by  an  oil  burner  in  a  crucible  fur- 
nace. In  first  starting  the  run  the  pot  is  filled  with 
a  carefully  mixed  charge.  Under  the  infiuence  of  the 
heat,  reaction  begins  on  the  bottom  and  sides  and  the 
carbon  monoxide  bubbles  up  through  the  thick,  pasty 
melt.  The  material  should  not  be  stirred  during  the 
operation  but  the  reaction  should  be  allowed  to  con- 
tinue to  completion,  more  charge  being  added  from 
the  pot  from  time  to  time  as  it  settles  down  under 
the  reaction.  In  this  manner  about  one-third  more 
material  than  the  pot  would  ordinarily  hold  can  be 
added  and  the  melt  when  finished  leaves  the  pot  ap- 
proximately four-fifths  full. 

Reaction  takes  place  at  a  red  heat  and  is  allowed  to 
continue  until  no  more  gas  escapes  from  the  mass. 
The  oxide  should  then  be  dipped  (not  poured)  from 
the  bottom  of  the  pot  with  a  long-handled  iron  ladle 
and  ladeled  together  with  the  salt  melt  into  an  iron 
pot  or  trough  where  the  mixture  can  cool.  Approx- 
imately 4  runs  per  day  per  furnace  can  be  made. 
The  following  figures  represent  the  quantities  used 
during  a  month's  run  with  two  furnaces: 

No.  OF  Cbargbs     Sodium  Uranats     Sodium  Chloridb        Carbon 
174  9680  lbs.  17.776  lbs.  485  lbs. 

The  Steel  pot  is  but  little  attacked  on  the  inside  but 
scales  off  on  the  outside  from  the  action  of  the  flame 
and  accordingly  lasts  for  only  35  to  40  charges. 

The  reaction  is  practically  quantitative  and  no 
uranium  oxide  is  lost  in  the  flux.     Owing  to  the  light 

'  W.  D.  Hillebrand,  Z.  anorg.  Chem.,  3  (1893),  243. 
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character  of  the  charge  a  small  amount  of  sodium 
uranate  is  apparently  lost  in  the  flues.  After  cooling, 
the  salt  mass  containing  the  uranium  oxide  is  readily 
liroken  with  a  hammer  and  easily  dissolves  in  water. 
In  practice  the  material  for  the  day's  run  is  put,  at 
the  end  of  the  day,  in  a  large  box  with  an  iron  sieve 
bottom  and  placed  in  the  top  of  a  tank  containing 
water.  During  the  night  the  salt  dissolves  and  the 
fine  powdered  uranium  oxide  passes  through  the  sieve 
and  settles  in  the  bottom  of  the  tank.  By  bringing 
the  water  to  the  boiling  temperature  with  steam 
and  stirring  the  contents  of  the  tank,  the  uranium 
oxide  is  quickly  and  thoroughly  washed  and,  as  it  is 
very  heavy,  it  can  be  almost  immediately  separated 
by  decantation.  The  oxide  so  obtained  generally 
contains  some  iron  and  some  aluminum.  These  can, 
for  the  main  part,  be  separated  by  washing  the  uranyl 
oxide  with  a  5  per  cent  solution  of  hydrochloric  acid, 
in  which  it  is  not  soluble.  The  acid  dissolves  the  main 
part  of  the  iron  and  aluminum  compounds.  In  this 
way  it  is  a  simple  matter  to  obtain  uranyl  oxide  al- 
most pure.  In  commercial  practice  a  purity  equiva- 
lent to  97  per  cent  UsOs  is  obtained,  no  attempt  being 
made  to  separate  all  of  the  iron  as  its  presence  is  not 
deleterious  in  the  production  of  ferro-uranium. 

One  of  the  advantages  of  the  process  is  that  vana- 
dium, if  present,  is  easily  separated  and  recovered  at 
the  same  time  Sodium  uranate  made  from  carnotite 
always  contains  vanadium  in  some  quantity.  In 
the  procedure  described  above  the  vanadium  stays  in 
the  salt  as  sodium  vanadate,  dissolves  with  the  salt,  and 
can  be  readily  precipitated  therefrom,  in  a  high  degree 
of  purity,  by  iron  sulfate.  Indeed,  the  recovery  of  the 
vanadium  will  about  half  pay  for  the  whole  operation. 

The  cost  of  producing  "black  oxide"  of  uranium 
from  sodium  uranate  by  this  method  varies  with  condi- 
tions. The  average  cost  of  conversion  during  the 
last  4  months  of  operation  has  been  slightly  less  than 
1 1  cents  per  lb.  This  might  be  made  considerably 
lower  by  running  the  furnace  continuously,  or  it  might 
be  increased  if  the  furnace  were  run  more  intermittently. 
It  will,  of  course,  also  vary  with  the  cost  of  fuel  oil. 

In  the  operations  of  the  National  Radium  Institute 
the  cost  of  conversion  has  varied  from  around  g  to 
13  cents  per  lb.,  depending  upon  conditions. 

BURRAU  OP  Minks.  Washington 


THE  EXTRACTION  OF  POTASH  FROM  SILICATE 
ROCKS— n 

By  William  H.  Ross 
Received  March  5,   1917 

In  a  previous  publication'  an  account  has  been  given 
of  a  preliminary  investigation  on  the  possibilities  of 
recovering  potash  from  insoluble  silicates.  It  was 
shown  that  when  i  part  of  feldspar  and  3  parts  of  cal- 
cium carbonate  were  ignited  for  about  an  hour  at  a 
temperature  of  1300-1400°,  the  potash  in  the  feld- 
spar was  completely  volatilized  and  the  clinker  which 
remained  had  a  composition  which  fell  between  the 
limits  retiuircd  for   Portland   cement. 

>  Eiihlh  Inltrn.  C(>N|r<ii  of  ApptUi  Cktmlslry.  IS  (1912),  217. 


It  was  also  observed  that  when  part  of  the  lime 
was  replaced  with  a  quantity  of  calcium  chloride 
equivalent  to  the  alkalies  in  the  feldspar,  volatiliza- 
tion took  place  in  about  half  the  time  required  when 
the  ignition  was  made  with  lime  alone.  As  a  result 
of  these  experiments  it  was  concluded  that  potash 
could  be  set  free  from  feldspar  by  substituting  the 
latter  for  clay  in  the  manufacture  of  cement;  that  the 
potash  would  be  volatilized  to  a  greater  or  less  extent, 
and  could  be  recovered  in  the  flue  dust;  and  that  it 
should  be  possible  to  obtain  raw  materials  which  on 
ignition  would  form  a  residue  of  the  composition  re- 
quired  for   Portland   cement   clinker. 

Since  potash  silicates  occur  in  the  raw  materials 
used  in  the  manufacture  of  cement  and  as  the  tempera- 
ture of  clinkering  is  equal  to  that  used  in  the  feldspar 
experiments,  it  might  be  expected  that  complete 
volatilization  of  the  potash  would  also  take  place  in 
the  burning  of  cement.  The  heating  zone  of  a  rotary 
kiln  constitutes,  however,  only  a  comparatively 
short  proportion  of  its  length  and  while  the  charge 
occupies  more  than  an  hour  in  passing  through  the  kiln, 
the  time  that  it  is  subjected  to  a  clinkering  tempera- 
ture is  less  than  that  required  to  bring  about  complete 
volatilization  of  the  potash.  The  length  of  the  kilns 
has  also  a  retarding  effect  on  the  evolution  of  the  pot- 
ash. While  complete  volatilization  for  these  reasons 
does  not  take  place  in  any  case,  it  is  now  known  that 
the  escape  of  potash  from  cement  plants  is  considerable 
and  from  analyses  which  have  recently  been  made  in 
this  laboratory  it  has  been  found  that  the  percentage 
of  the  total  potash  in  the  raw  mix  which  is  volatilized 
in  different  cement  plants  in  this  country  varies  from 
about  25  to  95  per  cent.  In  several  cement  plants 
this  potash  is  now  being  collected  with  the  flue  dust 
by  electrical  precipitation  and  is  used  directly  in  the 
manufacture  of  fertilizers,  or  the  potash  is  leached 
from  the  dust  and  disposed  of  separately.  Recent 
developments  have  thus  confirmed  the  conclusions 
previously  reached  that  one  of  the  most  promising 
methods  of  recovering  potash  from  potash  silicates  was 
by  the  use  of  the  latter  in  the  manufacture  of  cement. 

Since  the  publication  of  the  preliminary  report  referred 
to,  a  great  deal  of  attention  has  been  given  in  this  labora- 
tory to  the  further  investigation  of  this  subject,  par- 
ticularly along  the  lines  suggested  in  the  numerous 
patents  which  have  been  granted  on  processes  for  the  ex- 
traction of  potash  from  insoluble  silicates.  It  was  soon 
concluded  that  owing  to  the  limited  percentage  of 
potash  occurring  in  any  insoluble  potash  silicate,  no 
process  for  recovering  potash  from  these  silicates 
can  prove  economical  unless  there  is  recovered  at  the 
same  time  some  other  product  of  value  in  addition  to 
the  potash. 

The  patented  processes  which  relate  to  this  subject 
now  exceed  loo  in  number.  Almost  one-third  of  the 
total  number  make  no  claims  to  recover  any  product 
other  than  the  pota.sh.*     In  the  remaining  processes, 

'  U.  S.  Palrnia  5..^84.  49.94.V  JI.^.OOI.  M1.40«.  772.206.  7«9.074. 
8S1.922.  910.662.  9.^2.278.  9.W.84I.  <»87.4.I6.  99.V46A,  1.011.172.  I,029.i7«. 
1,076,508.  I.08.V5.1.1.  I.OVl.O.M.  1.0<<l.2iO.  1.U8.RW  l.l.^O.RI.V  1.1.50,464. 
1.I76,6H.  I.l<>4.464,  1.197.5,^6.  1.201..^'W..  1,20M.;0I.  1.217..<»a.  1.217. .'90; 
llrilUh  PAlrnH  1  211   (1854).  4.750  (1908).  Frrnch  r«l»ol  409.SH  (1910). 
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specifications  are  given  for  recovering  various  other 
products,  as  aluminum  compounds,'  compounds  of 
aluminum  and  silicon,'  cement,'  raw  materials  for 
the  manufacture  of  glass  or  of  pottery, <  various  mis- 
cellaneous materials,*  and  by  using  a  reagent  in  the 
treatment  of  the  feldspar,  which  in  itself  contains  a 
fertilizing  element,  there  is  claimed  a  product  contain- 
ing two  or  more  fertilizing  elements  in  soluble 
form.* 

The  by-product  cited  in  the  largest  number  of  patents 
is  alumina  or  a  compound  of  aluminum.  It  happens, 
however,  that  in  many  of  the  processes  the  potash 
and  alumina  require  in  a  large  measure  a  separate 
treatment  for  their  preparation  and  purification,  and 
consequently  the  recovery  of  one  does  not  contribute 
very  greatly  toward  meeting  the  expense  of  recover- 
ing the  other.  With  regard  to  the  utilization  of  the  by- 
products obtained  in  these  various  processes,  it  may 
be  pointed  out  that  the  percentage  of  silica  in  feldspar 
is  usually  about  double  the  combined  percentages 
of  the  potash  and  alumina  presejit.  When  con- 
sideration is  taken  of  the  other  reagents  added  in 
any  treatment  of  the  feldspar,  it  follows  that  the 
insoluble  residue  remaining  at  the  end  of  the  process 
will  amount  to  several  times  the  quantity  of  potash, 
or  potash  and  alumina  present;  consequently,  in  order 
that  the  residual  material  may  find  a  market  when 
any  considerable  amount  of  potash  is  produced,  it 
must  be  of  such  a  nature  that  it  can  be  used  on  a  very 
large  scale.  Such  may  be  said  to  be  the  case  of  the 
raw  materials  used  in  the  manufacture  of  glass,  of 
which  upwards  of  one  and  a  half  million  tons  are  pro- 
duced annually,  but  the  process  which  produces 
cement  as  a  product  in  the  extraction  of  potash  from 
feldspar  has  the  advantage  in  that  the  quantity  of  cement 
used  in  this  country  is  more  than  10  times  as  great. 

In  addition  to  the  work  described  in  the  patent  liter- 
ature investigations  on  the  possibilities  of  recovering 
potash  from  feldspar  have  also  been  made  by  Rhodin,' 
Cushman  and  Hubbard,'  Foote  and  Scholes,'  Hart,'" 
and  Cushman  and  Coggeshall." 

It  is  possible  that  a  number  of  the  processes  which 
have  been  proposed  for  the  extraction  of  potash  and 

1  U.  S.  Patents  772,612.  772,657,  847,856.  862,676,  869,011,  1,035,812. 
1,036,897,  1,054,518.  1,083,691,  1,111,881.  1,151,498,  1,151,533,  1,165,154, 
1,202,215.  1,214,003;  British  Patents  9,486  (1842),  17,985  (1904).  2.463 
(1905);  French  Patent  344,296  (1904);  German  Patent  1,289,909  (1914); 
Norwegian  Patent  27,039  (1916). 

»  U.  S.  Patents  1.030.122,  1,034,281,  1,062,278.  1,095,306,  1,106,984, 
1.125,007.  1,148,156,  1.174.795,  1.196,734,  1,215,517,  1,215.518;  British 
Patents  5,559  (1902),  28.970  (1912),  French  Patents  466,952,  468,527(1914). 

»  U.  S.  Patents  46,979.  912,266,  1.041.327.  1.058.686,  1,078.495, 
1.078,496,  1,089,716,  1,123,841,  1,124.238,  1.160.171,  1,160,172,  1.186.522. 
1.194.344.  1,200,887,  1,202,327.  1,209,135,  1,209,219,  1,209,220;  British 
Patent  3,185  (1857). 

<  U.  S.  Patents  1,072.686.  1.087.132. 

1  U.  S.  Patents  995.105.  997.671.  1.011.173,  1,083,287,  1,146.532, 
1,157,437.  1,182.668;  British  Patents  2,050  (1862).  4.403  (1913). 

•  U.  S.  Patents  16.111.  49.891,  947,795,  999,494,  1,018,186.  1,099,151, 
1.103,910,  1,111,490,  1,126,408,  1,129,224,  1,129,505,  1.129,506,  1,129,721, 
1,134,413,  1.144.405,  1,156.108.  1.172.420.  1.214.346.  1.217,389. 

'  J.  Soc.  Chem.  hid..  20  (1901).  439. 
»  J    Am.  Chem   Soc.  30  (1908)  779. 

In  the  case  of  patents  issued  in  foreign  countries  as  well  as  in  the  United 
States,  the  numbers  to  the  latter  patents  alone  are  ftivcn. 

•  This  Journal,  4  (1912).  377. 

>»  Ibid..  «  (1912),  827;  7  (1915).'670. 
>'  Ibid..  4  (1912),  821 ;  7  (1915),  145. 


Other  products  from  potash  silicates  may  yet  prove 
to  be  of  economic  application,  but  our  experiments  so 
far  only  give  support  to  this  contention  in  the  case  of 
those  processes  in  which  these  silicates  are  used  in 
industries,  as  the  cement  industry,  where  the  potash 
is  recovered  not  as  the  principal  product,  but  more 
or  less  incidentally  as  a  by-product. 

The  present  paper  is  descriptive  of  one  phase  of  the 
work  that  has  been  undertaken,  as  already  stated,  on 
the  possibility  of  recovering  potash  from  feldspar 
and  other  silicates.  It  has  been  found  that  when  feld- 
spar and  lime  in  the  proper 
proportions  to  make  cement 
are  digested  with  water  under 
a  pressure  of  10-15  atmos- 
pheres, about  90  per  cent  of 
the  potash  passes  into  solution 
in  the  form  of  the  hydroxide 
and  the  residue  on  ignition 
gives  a  clinker  of  the  same 
composition  as  that  obtained 
when  the  same  feldspar  and 
lime  are  ignited  directly. 

TREATMENT  OF  FELDSPAR  WITH 
STEAM  AT  HIGH  PRESSURE 

This  work  developed  from 
an  investigation  undertaken 
by  Dr.  Patten,  formerly  of 
this  Bureau,  on  the  action  of 
steam  at  high  pressure  on 
insoluble  potash  silicates.  The 
pressure  under  which  the  ex- 
periments were  made  was 
obtained  by  heating  the 
material  to  be  treated  in  a 
steel  bomb  with  a  known 
volume  of  water. 

The  bomb  in  these  experi- 
ments was  devised  by  H. 
Bryan,  of  this  laboratory, 
and  constructed  of  nickel  steel 
in  the  Washington  Navy- 
Yard.  The  shape  and  dimen- 
sions of  the  bomb  are  given 
in  Fig.  I.  Its  capacity  was 
150  cubic  centimeters. 

The  internal  pressure  which 
a   bomb   of   these   dimensions 
is     able     to     withstand     with 
safety  may  be  calculated'  from  the  equation: 
Ri'  —  R'- 
R,2  +  R=' 

where  P  is  the  pressure  in  lbs.  per  sq.  in.  on  the 
internal  surface  of  the  bomb,  R:  the  outside  radius, 
R  the  inside  radius,  and  H  the  maximum  hoop 
tension  at  the  interior  of  the  bomb.  In  order 
that  the  bomb  may  be  used  with  safety  it 
should  not  be  subjected  to  repeated  stresses  beyond 
the  elastic  limit  of  the  material  used  in  its  construc- 
tion.    In  the  case  of  nickel  steel  the  elastic  limit  is 

^  Lanza,  "Applied  Mechanics."  p.  897. 
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usually  placed  at  about  40,000  lbs.  per  sq.  in.,  which, 
therefore,  is  the  value  to  be  given  to  H  in  the  equation. 
Ri  and  R  were  respectively  1^/4  and  '/2  in. 

The  value  of  P,  the  maximum  pressure  per  sq.  in. 
which  could  safely  be  generated  in  the  bomb  without 
going  beyond  its  elastic  limit,  is  thus  calculated  to 
be  29,000  lbs.,  or  about  1,970  atmospheres. 

This  limit,  however,  holds  true  only  below  500°. 
As  this  temperature  is  exceeded,  the  elastic  limit  of 
steel  decreases  very  rapidly.  For  this  reason  no  ex- 
periments were  made  at  a  temperature  greater  than  500°. 

The  pressure  generated  by  heating  water  in  a  closed 
space  to  even  500°  is  very  great  and  approaches 
the  limit  of  safety  calculated  for  the  bomb.  At  its 
critical  temperature  the  density  of  water  is  only 
0.43.  A  volume  of  60  cc.  of  water,  therefore,  expands 
at  its  critical  temperature  and  pressure  to  138  cc. 
In  order  to  avoid  any  hydrostatic  pressure  in  the  bomb 
it  was  not  considered  advisable  when  working  at  this 
temperature  to  use  a  larger  volume  of  water  than 
60  cc. 

The  pressure  P,  which  this  volume  of  water  will 
generate  in  a  space  of  150  cc.  at  a  temperature  of  500°, 
may  be  calculated  by  means  of  the  well-known  van 
der  Waals  equation: 

(p+-f)(v-:)=RT 


or  P 


RT 
V--</)/3 


periment    is 


0.045  liter.       Sulistituting 


If  P  is  expressed  in  atmospheres  and  V  in  liters, 
then  the  gas  constant  R  will  have  the  value  0.08207. 
The  value  of  tt,  the  critical  pressure  of  water  in  atmos- 
pheres, and  of  <j),  its  critical  volume,  are  200  and  o.  0038, 
respectively  (Landolt-Bornstein  Tables).  Since  60 
grams  is  the  weight  of  water  taken,  then  the  value 
of  V,  the  volume  in  liters  occupied  by  i  gram-mole- 
cule of  water  vapor,  under  the  conditions  of  the  ex- 
18  X  150 
60  X   1000 

these  values  in  the  equation  given  above  it  is  seen  that 
the  pressure  generated  in  the  bomb  by  60  cc.  of  water 
at  500°  is  equal  to  1,448  atmospheres,  or  21,285 
lbs.  per  sq.  in.  The  actual  pressure  generated  in  the 
bomb  under  the  conditions  of  the  experiment  would 
be  slightly  greater  than  this,  since  there  was  neces- 
sarily inclosed  in  the  bomb  a  volume  of  air  equal  to 
the  difference  between  the  internal  capacity  of  the 
bomb  and  the  volume  of  water  added.  On  raising 
this  to  a  temperature  of  5°°°.  a"  additional  pressure 
of  about  2  atmospheres  would  result  giving  a  total 
pressure  of  about   1,450  atmospheres. 

Considerable  difliculty  was  at  first  exijcrienced  in 
making  a  joint  which  would  prevent  the  escape  of 
steam  at  such  high  pressure.  This  was  finally  accom- 
plished ijy  the  use  of  a  washer  of  annealed  copper 
Vai  in.  thick  (Fig.  I).  As  the  cap  was  screwed  down 
the  washer  was  pressed  down  to  fit  the  dovctaileil 
corrugations  on  tiie  Ijonih  and  washer  cap  and  thus 
made  a  joint  whicii  held  perfectly  for  pressures  up  to 
100  atmospheres.  At  higher  pressures  a  loss  of  steam 
occurred,  but  so  slowly  that  the  boml>  could  be  heated 


at  475°  for  15  bours  or  more  before  all  the  water  added 
had  escaped. 

The  desired  temperature  was  obtained  by  placing 
the  bomb  in  a  simply  constructed  home-made  elec- 
tric furnace  built  especially  for  this  purpose. 

The  feldspar  used  in  these  experiments  was  ground 
to  pass  a  loo-mesh  sieve  and  contained  13.72  per  cent 
of  potash  (KoO)  and  2.18  per  cent  of  soda  (NajO). 
For  the  treatment  under  pressure  5  grams  were  placed 
in  the  bomb  together  with  60  cc.  of  water.  To  enable 
it  to  be  opened  more  readily  the  thread  of  the  bomb 
was  lubricated  with  oil  and  graphite  before  adjusting 
the  cap,  which  was  screwed  down  firmly  by  means 
of  a  large  wrench.  The  bomb  was  then  placed  in  the 
furnace  and  maintained  at  a  temperature  of  500°  for 
10  hours.  On  removing  the  material  from  the  bomb 
it  was  found  to  have  gone  over  partly  into  a  colloidal 
state,  and  a  clear  solution  was  obtained  only  after 
prolonged  centrifuging.  The  solution  was  then  boiled 
to  expel  carbon  dioxide  and  titrated  with  dilute  sul- 
furic acid,   using  phenolphthalein  as  indicator. 

The  amount  of  alkali  which  was  thus  found  to  pass 
into  solution  by  this  treatment  proved  to  be  very 
slight  and  did  not  exceed  what  could  be  obtained  in 
an  equal  time  by  digesting  with  the  same  quantity 
of  water  on  the  water  bath.  This  result  is  in  agree- 
ment with  that  obtained  by  Dr.  Patten,'  who  studied 
the  action  of  steam  on  such  minerals  as  feldspar, 
muscovite,  etc.,  under  pressures  given  by  tempera- 
tures ranging  up  to  800°. 

DECOMPOSITION    OF   FELDSP.4R    BY    DIGESTING    WITH    LIME 
UNDER    PRESSURE 

When  the  feldspar  was  mixed  with  one  part  or  less  of 
lime  an  entirely  different  result  was  obtained.  Com- 
plete decomposition  of  the  feldspar  was  then  found 
to  have  taken  place,  yielding  a  mixture  which  could 
be  readily  filtered  and  washed.  The  alkalies  of  the 
feldspar  were  converted  into  the  caustic  form,  and 
the  residue  of  calcium-aluminum  silicate  was  found 
to  be  readily  soluble  in  hydrochloric  acid. 

It  wassoon  ascertained  that  a  much  lower  pressure  than 
that  given  at  a  temperature  of  500°  was 'sufficient  to 
bring  about  the  decomposition  of  the  feldspar.  Con- 
sequently all  subsequent  experiments  were  carried 
out  at  a  temperature  of  300°  and  less. 

Since  300°  is  below  the  critical  temperature  (365°) 
of  water,  the  pressure  generated  will  be  the  vapor 
tension  of  water  at  this  temperature  plus  the  tension 
of  the  air  contained  within  the  bomb,  and.  apart 
from  the  small  effect  due  to  the  solubility  of  the  air 
in  water,  will  be  independent  of  the  volume  of  the 
water,  providing  the  amount  taken  exceeds  a  certain 
minimum  volume  and  is  not  great  enough  to  give  a 
hydrostatic  pressure  through  expansion. 

In  Table  1,  which  gives  the  vapor  pressure  <if  water 
at  the  temperatures  use<l  in  these  experiments,  the 
vapor  pressure  at  300°  is  shown  to  bo  about  00  atmos- 

I  In  view  III  llir  trmwirr  ol  l>t  II  l\  rmlrn  Irnm  the  HuiT«u  ot  So4li 
lo  the  Hiircmi  ..I  I'lirini.ltv.  V.  S  l>ri.l  ol  Agt  .  Nov.  I'MI.  Ihr  irock 
t-uiiimrm-ril  l>y  him  mx  i-oiilhiiiril  liv  lllr  niilhor  anil  ■•  Ihr  rT«tilt>  in  all 
cair*  wrrr  nrnnlivr.  |>nlili< ulinn  >  imiM  cnnnUI  onlv  o(  ilr»rri|>linn  M  Ihf 
inrllliMl  mill  a|<|iiiriilu<  ii>r<l.  ami  •■(  llir  •lalrinrni  that  reaull*  wrir  nrgalivt 
Cunwqncnily  anrh  «(alcmrnl  i<  hrrr  mail*. 
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pheres.      The  minimum  volume  of  water  which  must  residue  is  therefore  of  suitable  composition  to  make 

be  taken  to  give  the  maximum  pressure  at  300°  may  Portland  cement,  and   would   simply   require   ignition 

readily  be  calculated  by  substituting  the  proper  values  for  its  manufacture. 

for  P,    R  and  T    in  the  van  der  Waals  equation  already  Table  IV — Potash  Recovered  when  Feldspar  and  Lime  in  the  Proper 

given,  using  the  same  constants  as  before.     The  volume  proportions  to  make  cement  were  Digested  with  steam  at 

°  '  **  .  Different  Pressures 

V    which    would    be    occupied    by    one    gram-molecule  Potash  Obtained 

,      .  1.1  1  •    •  .ill  Temp.  Pressure  Expressed  in  Percentages  of 

of   steam    under   these    conditions    would    be    about    one-  ■•  C.  Atmos.  Feldspar    Total  K,0  in  Feldspar 

half  a  liter,  and  the  minimum  weight  of  water  required  \y\  jq-j  n^^  sl'o 

for  a  space  of  150  cc.  is  therefore  about  5  grams.  ^00  16.9  12. so  93.3 

Table  I — Vapor  Pressure  of  Water  at  Different  Temperatures  270  Q?n  '^'^o  'f " 

Temperature 150  175  200         240         270         300°  C.  ^°°  ''"  '''■'*'  '^'^ 

"T;)tItir°^tV/rJJ.(2M3\i892l-63.  '''      "^     "' "  Table  IV  shows  that  at  a  pressure  of  10  atmospheres, 

the  potash  extracted  amounts  to  85  per  cent  of  the 

In  all  experiments  carried  out  at  300°  or  less  the  total  present  and  that  about  95   per  cent  extraction 

volume  of  water  taken  amounted  to  75  cc.     Since  the  jg  ^q  ^e  expected  when  the  pressure  is  twice  as  great. 

capacity  of  the  bomb  was  150  cc,  the  volume  of  air  ^  jg  thus  seen  that  increasing  the  lime  with  which  the 

inclosed  in  each  experiment  was  likewise  75  cc.     The  feldspar  is  digested,   between  certain  limits,   is  much 

total    pressures    generated    in    the    bomb    at    different  more  effective  in  bringing  about  decomposition  of  the 

temperatures    by    the    water    vapor    and    inclosed    air  feldspar   than    a    corresponding   increase    in    pressure, 

are  given  in  Table  II.  and  when  a  proportion  of  lime  is  taken  equal  to  that 

Table  II— Total    Pressure   Generated  in  the  Bomb  at  Different  ^ggd   in   the    manufacture   of   Cement,   the   greater   part 

PREssuRE'^rTuB^T'T"'""     Total         Total  Pressure  °^  the  potash  in  feldspar  may  be  set  free  at  pressures 

Temp.  Water  vapor    Inclosed  air        Pressure  i.bs.  per  obtainable  with  Safety  in  any  Steam  boilcr. 

•  C.  Atmos.  Atmos.  Atmos.  sq.  in.  -'  ■' 

ISO  4.7  1.4  6.1  90  In  the  patent  issued  to  Pohl'  in  1910  on  a  process 

200  i5;3  \.(,  \6.9  248  for  preparing  mineral  fertilizer,  specifications  are  given 

^^2  "q  }■*  5g9  gg^  for  decomposing  feldspar  and  other  silicates  by  adding 

300  890  20  91.0  1338  lo  to  45  per  Cent  of  lime  and  digesting  undcr  a  pressure 

In  Table  III  is  given  the  amount  of  potash  obtained  of  6  to   lo  atmospheres.     From  the  results    given    in 

in  percentage  of  the  feldspar  when  the  latter  was  di-  Tables  III  and  IV  it  is  apparent,  however,  that  only  a 

gested  with  water  at  300°,  under  pressure  of  91  atmos-  small   percentage   of   the   total    potash   would   be   ren- 

pheres,  with  varying  proportions  of  lime.       The  total  dered    soluble    under    these    conditions.      Much    more 

potash   in  the  feldspar   amounted  to  13.72  per  cent,  favorable  results  were  obtained  when  treating  feldspar 

Table  III— Potash  Obtained  WHEN  5  Grams  OF  Feldspar  WERE  Digested  according    to    the    proCeSS     Outlined    by    Gibbs,*    which 

AT  300°  UNDER  Pressure  of  91  Atmospheres  with  Vabving  consists  in  adding  to  a  potash  silicate  a  quantity  of 

Proportions  of  Limb  i-  .       .,  ,-  r  ,  i         .        r  i  i 

Calcium  Potash  Obtained  Expressed  in  Percentages  of  ''^e  m  the  proportion  of  tWO  molecules  for  each  mole- 

Oxide  . — —-- -— — ; ■  cule  of  silica  and  one   molecule  for  each   molecule   of 

Grams  Feldspar  Total  KjO  in  Feldspar  ... 

1  2.13  15.5  alumina   in   the   silicate,   and   then   digesting   under   a 

I  eljQ  49;'  steam  pressure  of  125-150  lbs.  per  sq.  in.     No  refer- 

*  ,*-^^  *8;|  ence  is  made  in  either  of  these  patents  to  the  recovery 

8.4  13.49  98.3  of  any  other  product  in  addition  to  the  potash. 

„.  IX        1.  4.U    4.        1,  ...  fG„: + *.    ^f  DECOMPOSITION    OF    FELDSPAR    BY  DIGESTING  WITH  LIME 

The  results  show  that  when  a  sufficient  amount  of 

,.  ■       .     ,  ,  ..  1    t       J         „■+;„„    „f    <-i,„  AND  A  SALT  OF  CALCIUM  UNDER  PRESSURE 

lime  IS  taken,  almost  complete  decomposition  of  the 

feldspar  takes  place  under  the  conditions  of  the  ex-  As   shown    in    Table    III,    feldspar    may   be    almost 

periment.     The   potash   passes   into   solution   by   this  completely    decomposed    when    digested    at  90  atmos- 

.         .  i    •       it.      f      r   ti,      t,,.j „:j«        Ao   i;™^   ;,.  Table    V — Potash  Recovered  when  a  Salt  op  Calcium,  or   Sodidh, 

treatment  in  the  form  of  the  hydroxide.     As  lime  is  „  „  ,,  c  ^  .d„.„„.„ 

^,L^.a.^,^li^iL^     ii.      >-..^     i. v^     t.       v-  j  WAS  DIGESTED  WITH  A  UNIFORM  MIXTURE  OF  5   GraMS  OF  FELDSPAR 

the  only  other  constituent  which  likewise  goes  into  solu-  and  3  grams  of  lime  under  pressure  of  91  atmospheres 

tion  in  appreciable  quantity,  the  caustic  potash  can  ^^^^  ^^^^^^  ^^^^^  Exprk^sseS'in  percentages  of 

thus   be   recovered   in   tolerably   pure   condition   by   sim-  added  Grams  Feldspar       Total  KiO  m  Feldspar 

pie  concentration  of  the  solution,  providing  the  feld-  "^'^°' ];"  \\\%  59:0 

spar   contains   no   appreciable    quantity   of   soda   and  ^^^,^  ^;0  7. so  56.9 

contact  with  carbon  dioxide  is  avoided.  Ca(N6i)« i.s  9.00     .  6S.6 

No  aluminum  passes  into  solution  by  this  treatment,  Ca.(PO0« 2!o  6.01  43.8 

for  any  solvent  action  which  the  liberated  caustic  potash  2.'o  7^94  57.8 

would  tend  to  have  is  prevented  by  the  excess  of  lime  None ;.  elso  49^6 

present.     The    insoluble    residue    remaining  after   the  pheres  with    2  to  3  parts  of  lime,    but  only  partial  de- 
digestion  is  readily  soluble  in  hydrochloric  acid.  composition  takes  place  when  the  proportion  of  lime 

When   8.4  parts  of  lime  are  digested   with   5  parts  js  decreased  much  below  this  limit.      It  was  found,  how- 

of  feldspar  at  the  pressure  specified  the  potash  recov-  ^.^^^^  that  by  adding  to  the  mixture  when  a  limited 

ered  amounts  to  98  per   cent   of  the  total.      The  per-  proportion   of   lime   is   taken   a   quantity   of   chloride, 

centage  of  silica  in  the  residue  amounted  to  3.2   times  sulfate,  or  nitrate  of  calcium  equivalent  to.,  or  greater 
that  of  the  alumina  while  the  sum  of  both  was  equal  to  ,  ^  g  ^p^^^^^  ^^^  952.278. 

exactly  one-half  the  percentage  of  lime  present.      This  >  u.  s.  Patent  No.  910.662  (1909). 
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than,  the  alkalies  in  the  feldspar,  the  amount  of  potash  potash  recovered,   and  when  the  mixture  approached 

recovered  is  considerably  increased.  the  composition  required  of  Portland  cement  the  per- 

The    results    under    this    procedure    are     given      in  centage   of   potash   extracted,    which   varies   but   little 

Table    V,    from     which    it    would    appear    that    the  with  the  pressure  under  which  the  digestion  is  made 

chloride,    sulfate    and     nitrate    of    calcium    have    all  between  limits  of  17  and  91  atmospheres,  amounts  to 

approximately   the   same   effect  in  increasing  the   de-  about  95  per  cent  of  the  total  present.      The  addition 

composition  of  the  feldspar  when  digested  with  a  small  of  a  salt  of  calcium  to  this   mixture  of  feldspar  and 

amount  of  lime.     When  any  one  of  these  salts  is  mixed  lime  does  not  seem  to  result  in  any  increase  in  the 

with  the  feldspar  the  potash  is  no  longer  recovered  potash  extracted.     This  is  shown  by  the  results  given 

as  the  hydroxide  but  in  the  form  of  a  salt,  depending  in  Table  VI. 

on  the  salt  of  calcium  taken.     Thus  when  calcium  sul-  t.=.„vi    i>„o™  ,„„d          t> 

Table  VI— Percentage  op  Potash  Recovered  when  5  Grams  op  Feld- 

fate  is  taken  the  potash  is  recovered  as  the  sulfate  in  spar'are  digested  under  pressures  op  17  and  35  atmospheres 

tolerably  pure  condition  by  concentration  of  the  solu-  """  Dipperent  proportions  of  Ume.  with  and  without  a 

tion  with  which  the  mixture   was   digested   under  pres-  potash  recovered 

sure.     The  best  result  was  obtained  when  an  amount  ^ake"       Lime    Pressure    ^""^^^^  •''  ^^'"'^Tot*^  kk)' 

of  sulfate  was  taken  approximately  equivalent  to  the  '^''"         ^""^       <^""°^    '^"°°'-           Feldspar           in  Feldspar 

,,,..,.,,  ^  .  ,  ,,  ,  None 8.4  17  12.80  93. .1 

alkalies  in  the  feldspar.      Increasing  the  sulfate  above      None 8.4  35  13.56  qs.s 

...     ■■       ..  1^     •  J  •      4.1,  4.-^        c        *      L        CaSO. 1.25  8.4  17  11.39  83.0 

this  limit  results  in  a  decrease  in  the  quantity  of  potash  i  25          8  4          35                 i3  21                 96  3 

rendered  soluble.  ^^.■.V.:::  V.::          'A         \l                 iH               f.X 

A  different  result  was  obtained  with  calcium  phos-      CaSO. 1.25  3.0  ^7  6.72  49.0 

phate,   which  seems  to   have  a  neutral  efifect  on  the      CaCh i.o  8.4  17  12.55  91. s 

amount  of  feldspar  decomposed.      No  increase  in  pot-  Ca(No.Oi....  5.0            3.0          35                  8.55                62.3 

ash  obtained  followed  its  use,  and  so  long  as  an  excess  „            ,             ,         ...                ,          ,      .      ,   .       , 

....                            ,         ,    .                  •  °         ,    ..  rrom  the  results  which  were  thus  obtained  in  the 

of  lime  IS  present  no  phosphate  passes  into  solution.  ,                .  .          ,   ,  ,  ,              •  ,     ,•              , 

„,               ,       ,.          ,,     .,        .^,    ,.        •     .^i_-    ^       .,  decomposition   of   feldspar    with   lime    under   pressure 

1  he  use  of  sodium  chloride  with  lime  in  this  treat-  .                ,         ,        ,                   ,,.,,,.,. 

.  .  ,  ,           .                               ,     .              rr     ^-  it   was   thought  that   a   method    might   be   devised  in 

ment  of  feldspar  does  not  appear  to  be  so  effective  as  ^,  .                 ,       ,        ,        ,,    ,.      .       .?.     ,          ... 

,  ^,          ,    ,  ,         ,   .             ,^         A    r     ^1        J-  this  way  whereby  the  alkalies  in  silicate  rocks  might 

any  one  of  the  soluble  calcium  salts.     A  further  dis-  ,              ■'        ,        -^      .      .     ,         t^-,-            /-r.j 

,        ^           ^^      J-        •,             ,■       ■     ^■u     r     J.  ^1.  J.   ■  be   separated    quantitatively.     Digestions   of   feldspar 

advantage  attending  its   use  lies  in  the  fact  that  in  ,.     ?           ,          ,       ,._                                 .  , 

.^,        ,  .           ,  ,     -J                                  ij   u  were  accordingly  made  under  different  pressures  with 

coitimon   with   calcium   chloride   any  excess   would   be  .                            ,  ,.                ,.,,., 

,.~,     ,^  ^                 ^                         i.     r  -.L        1    1  •f.L       r  varying  amounts  of  lime,  and  with  lime  and  various 

■difficult  to  separate,  on  account  of  its  solubility,  from  ,,          ,,           ,,-              j                 •              j 

^,      ...        ,    ,       ,       •            ,^  salts,   as  the  sulfate  of  calcium  and  ammonium  and 

the  liberated  potassium  salts.  ,,,.,,         ,  .                        .               j    ,      • 

T       ,,  ,,                           .    ^,      J-       i.-           J  the    chloride    of     calcium,    ammonium    and    barium. 

In  all  these  experiments  the  digestion  under  pressure      ^,  

,,         ,  ^                       -.^r               -jr/ru  The  results  obtained,  however,  were  in  every  case  a 

was  allowed  to  run  over  night  for  a  period  of  16  hours.  ,.    ,            ,           ™,      ,  .  ,                    ,.         ,,,,,• 

„,      ,        ,                ,               ,        1    ■      ft.      r                  .-1  little  too  low.     The  highest  extraction  of  the  alkalies 

The   bomb    was   always   placed   in   the   furnace    while  .              ,              "                       ,    ,     ,   .   , 

,,         11...         ,_                             -jr      ...I      uu  amounting  to  about  09.5  per  cent  of  the  total  present 

cold,  and  about  10  hours  were  required  for  the  bomb  ,      .      ,      ,         ,      /,  ,                   ..       ,    ,     j    . 

,    ,,      ^              ,          ,     ■     J  r      ^r.                       ..  was  obtained  when  the  feldspar  was  digested  at  about 

to  reach  the  temperature  desired  for  the  experiment.  ,              .  ,                      r  ,■           r^,         jj-  ■ 

„.     ..       ^,    ^  ^,      J.       ^-                     ,.•        J    ...  ^i.  90  atmospheres  with  3   parts  of  lime.     The  addition 

The  time  that  the  digestion  was  continued  at  the  max-  ^,                        ,       ,  .            ,, 

^,        ,             ,        ui.<:i.  of  0.2s  part  of  calcium  sulfate  gave  the  same  result. 

imum    pressure    was    therefore    only    about    6    hours.      ^,         -^  \        ,  ,.  ,  ,      • 

.,               ,          ,    J-       ,■          ..  xv             •            ^  The  results  obtained  with  the  use  of  lime  and  barium 

More  prolonged  digestion  at  the  maximum  tempera-  ,,                         ,,_,...                           .  , 

^  ,      ^,                        ^  jj       ^         J                u  •  sulfate  were  much  too  low.     This  is  in  agreement  with 

ture  set  for  the  experiment  did  not  produce  much  in-       ,      ,  ,      .  , ,     .  ,     .        . 

^,           .^     .       ui   •     J       Tu          t.                  4.  the  low  results  obtained  when  barium  chloride  is  sub- 
crease   in   the   potash   obtained.      1  hus    when    5   parts  .          ,    ,                     .            ,,.,.,       t     t 

,-,,           o            ^      c  ^■            A                  4      c       \  •  stituted   for   ammonium  chloride  in  the  J.    Lawrence 

of  feldspar,  8.4  parts  of  lime  and  1.25  parts  of  calcium  c     ■  u         t,  ^ 

sulfate  were  digested  for  16  hours,  during  which  time 

,            ^              ,                                ■    X    •       J  DISCUSSION    OF    RESULTS 

a  maximum  pressure  of  17  atmospheres  was  maintained 

for  6  hours,  the  potash  recovered  amounted  to  78.6  The  treatment  necessary  to  bring  into  soluble  form 

per   cent   of   the    total    present.      When    the   digestion  upwards  of  90  per  cent  of  the  potash   in  feldspar  is 

at  the  maximum  pressure  of  17  atmospheres  was  con-  seen  from  these  experiments  to  be  a  feasible  and  coin- 

tinued  three  times  as  long,  the  potash  rendered  soluble  paratively    simple   operation.     The    pressure    required 

amounted  to  83.0  per  cent  of  the  total  does  not  exceed  that  which  a  boiler  is  capable  of  with- 

When  lime  is  excluded  little  or  no  decomposition  of  standing  with  safety,  and  that  the  process  would  be 

feldspar    takes    place    when    digested  under  pressures  at  least  as  efficient  when  carried  out  on  a  large  scale 

up    to    100    atmospheres    with    solutions    of    sodium  appears  to  be  likely  from  the  fact  that  when  the  quan- 

chloride,  calcium  chloride,  and  calcium  sulfate,  cither  tity  of  material  treated  had  been  increased   50  fold  n 

separately  or  in  comliination.  little  larger  extraction  of  the  potash   was  always  ob- 

The  action  of  a  salt  of  calcium  in  increasing  the  pot-  tained. 

ash  rendered  soluble   when   added  to   the   mixture  of  When   the  feldspar   was   digested   under  a   pressure 

5  parts  of  feldspar  and   3  parts  of  lime  and  digested  of  10  atmospheres  with  lime  alone  the  potash  rendered 

under    pressure    of    91    atmospheres    was    likewise    oh-  soluble  amounted  to  85  per  cent  of  the  tola!  present, 

served   when  the  digestions  were   made  at    17   and   35  and  to  approximately  05  pcr  cent  when  the  prc.isurc 

atmospheres.      As   shown  in  Table   III,  increasing  the  was   twice   ns   great.      If   the   average   potash   lontent 

proportio'n   of  lime   without  the  addition  of  a  salt  of  of  commercial  feldspar  be  taken  as   10  per  cent  and  • 

calcium  produces  a  still   more  marked  increase  in  the  possible  recovery  by  this  proirss  of,  siiv.  00  per  cent 
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is  assumed,  then  i  ton  of  feldspar  would  yield  214 
lbs.  of  caustic  potash.  Assuming  commercial  caustic 
potash  to  have  the  normal  market  value  of  5  cents 
per  lb.,  the  potash  recovered  in  this  way  from  a  ton 
of  feldspar  would  therefore  be  worth  $10.70. 

In  the  process  suggested  for  the  recovery  of  potash 
from  feldspar  by  its  substitution  for  clay  in  the  manu- 
facture of  cement,  the  potash  recovered  by  volatiliza- 
tion in  the  cement  dust  would  be  combined,  when  the 
latter  had  become  air-slaked,  as  the  carbonate 
and  sulfate,  and  would  have  a  normal  value  when 
used  directly  as  a  fertilizer  of  about  75  cents  per 
unit.  Assuming  as  before,  a  90  per  cent  recovery  of 
the  potash  by  this  method,  i  ton  of  feldspar  contain- 
ing 10  per  cent  of  potash  would  yield  potash  salts 
worth  S6.  75. 

If  the  caustic  potash  recovered  from  feldspar  by 
digesting  with  lime  under  pressure  would  be  of  such  a 
grade  as  to  command  a  price  of  5  cents  per  lb.,  then 
the  value  of  the  potash  recovered  by  this  method 
may  be  assumed  to  be  greater  than  the  value  of  the 
potash  salts  which  can  be  recovered  from  the  same 
quantity  of  feldspar  by  the  process  which  brings 
about  extraction  of  the  potash  by  volatilization. 

It  may  be  assumed,  however,  that  the  operating 
expenses  incident  to  the  former  process  would  be  con- 
siderably greater  than  that  required  for  the  process 
just  referred  to.  No  decomposition  takes  place  when 
feldspar  is  digested  with  calcium  carbonate.  The  neces- 
sity of  having  to  use  the  oxide  of  calcium  requires 
that  limestone  must  be  previously  burned  as  a  separate 
operation  which  would  add  considerably  to  the  cost 
of  producing  potash  by  this  method.  Assuming  the 
average  cost  of  burning  i  ton  of  lime  to  be  in  the  neigh- 
borhood of  $1.00,  the  expenses  involved  in  this  opera- 
tion alone  when  feldspar  and  lime  are  taken  in  the 
proper  proportion  to  make  cement  would  amount 
to  $1.70  per  ton  of  feldspar.  This  operation  alone 
would  thus  reduce  the  difference  in  value  of  the  potash 
recovered  by  the  two  methods  to  $2.25. 

It  happens,  moreover,  that  the  potash  in  feldspar 
is  always  accompanied  by  more  or  less  soda  and  conse- 
quently the  caustic  potash  recovered  by  the  method 
of  digesting  under  pressure  would  always  be  contami- 
nated with  caustic  soda.  It  is  possible  that  the  quantity 
of  soda  present  may  be  sufficient  in  many  cases  to  re- 
duce the  price  of  the  caustic  potash  recovered  below 
the  market  value  for  a  commercial  grade  of  this  ma- 
terial. The  presence  of  the  soda,  however,  would  not 
depreciate  the  value  of  the  potash  for  use  as  a  fertilizer 
and  potash  in  the  form  of  the  hydroxide  would  be 
especially  suited  for  the  manufacture  of  concentrated 
fertilizers.  If  made  available  for  this  purpose  a  slightly 
higher  value  might  therefore  be  given  to  the  potash  of 
caustic  potash  even  when  used  for  fertilizermanuf  acture. 

The  potash  in  the  freshly  recovered  flue  dust  ob- 
tained in  cement  plants  where  coal  is  used  for  burning 
is  partly  soluble  in  the  form  of  sulfate  and  hydroxide, 
partly  slowly  soluble  and  partly  insoluble.  The 
slowly  soluble  combination  is  explained  on  the  ground 
that  during  the  burning  of  the  cement  part  of  the 
volatilized    potash    undergoes    a    recombination    with 


the  silicates  in  the  dust.  It  has  been  observed  further 
that  the  potash  in  cement  dust  is  less  readily  volatil- 
ized on  ignition  with  lime  than  in  the  form  in  which  it 
occurs  in  the  original  silicates.  It  thus  happens  that 
when  the  dust  is  reburned  with  a  view  to  its  use  in 
the  manufacture  of  cement,  only  a  comparatively 
low  percentage  of  the  potash  is  recovered.'  It  is  possi- 
ble, therefore,  that  some  process  for  separating  and 
concentrating  the  potash  in  the  dust  before  the  latter 
is  used  for  reburning  into  cement  may  prove  advan- 
tageous and  for  the  treatment  of  such  material  the  pro- 
cedure of  digesting  under  pressure  should  be  especially 
applicable.  Since  the  dust  always  contains  free  lime, 
no  further  addition  of  lime  would  be  necessary;  most 
of  the  insoluble  as  well  as  the  soluble  potash  would 
be  recovered,  and  the  residue  would  be  available  for 
cement  manufacture.  Experiments  along  this  line 
are  now  in  progress. 

SUMMARY 

I — When  I  part  of  feldspar  and  i .  7  parts  of  lime 
are  digested  with  water  at  a  steam  pressure  of  10-15 
atmospheres,  about  90  per  cent  of  the  potash  in  the 
feldspar  passes  into  solution  in  the  form  of  the  hj''- 
droxide,  and  the  residue  has  the  composition  required 
for  Portland  cement  clinker.  When  the  pressure  is 
increased  to  go  atmospheres  almost  complete  decom- 
position of  the  feldspar  then  takes  place,  but  if  the 
proportion  of  lime  taken  is  reduced  much  below  the 
limit  stated,  only  partial  decomposition  of  the  feldspar 
results  even  at  the  latter  pressure.  By  adding  to  the 
mixture  when  a  limited  proportion  of  lime  is  used  a 
quantity  of  a  soluble  calcium  salt  equivalent  to  the 
alkalies  in  the  feldspar,  the  amount  of  potash  recov- 
ered may  then  be  considerably  increased. 

2 — Since  the  dust  which  escapes  from  the  kilns  of 
cement  plants  already  contains  free  lime  it  is  suggested 
that  the  process  of  digesting  with  water  alone  under 
pressure  may  be  applicable  to  the  separation  and  con- 
centration of  the  soluble  and  insoluble  potash  salts 
occurring  in  this  material,  leaving  the  residue  avail- 
able for  cement  manufacture. 

3 — With  lime  absent  no  decomposition  of  feldspar 
takes  place  when  digested  with  water  even  at  pressures 
up  to   1,450  atmospheres. 

4 — A  list  of  patents  is  given  on  processes  for  the  ex- 
traction of  potash  from  silicate  rocks. 

Bureau  of  Soils 
U.  S.  Department  of  Agriculture 
Washington.   D.  C. 


POTASH  FROM  INCINERATOR  ASH  OF  THE  NORTHWEST 

By  Curtis  W.  Thing 
Received  March  5,  1917 

In  the  lumber  industry  of  the  Northwest,  the  larger 
part  of  the  waste  is  burned  in  incinerators.  The  ash 
is  disposed  of  in  any  possible  way,  generally  being 
washed  or  dumped  into  the  river  or  lake  near  the 
sawmill.  The  present  potash  shortage,  due  to  the  Euro- 
pean war,  drew  some  little  attention  to  the  incinerator 
ashes  as  a  source  of  potash.  The  purpose  of  the  fol- 
lowing investigation  was  to  determine  the  possibilities 
of  such  an  industry. 

1  Anderson  and  Ki'stcll.  This  Journal.  9  (1917).  253. 
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HISTORY    OF    THE    POTASH    INDUSTRY    IN    THE    UNITED  the  timber  lost,  in  the  form  of  sawdust,  slabs,  butts, 

STATES  etc.      The   forestry    department   of   the    University    of 

Sixty  years  ago  the  production  of  potash  from  wood  Washington  states  that  25  per  cent  by  volume  and  50 

ashes     was    an    important    industry.     The    principal  Per  cent  by  weight  of   the  timber  coming  to  the  mills 

woods  used  for  this  purpose  were  elm,  birch,  larch,  and  is  wasted.      The  weight  of  finished  green  fir  lumber  is 

maple.      Dating    from    the    opening    of    the    Stassfurt  about  3  lbs.  per  board  foot.      Consequently,  for  every 

beds,  the  industry  has  diminished  in  importance  until  board    foot    of    fir    lumber    there    is    a    corresponding 

at  the  present  time  it  is  practically  dead.     The  amount  wastage  of  3  lbs.     As  cedar  weighs  Vs  less  than  fir, 

of  potash  now  made  in    the    United    States    is    insig-  the  estimated  loss  would  be  2.4  lbs.  per  board  foot  for 

nificant,    being    about    o.i    of  the  amount  imported.  cedar. 

The  following  table,  taken  from  the  13th  Census,  Vol.  The  timber  production^  of  the  State  of  Washington 

X,   page    S4I,   shows    well   the   decline   of   the   potash  for  the  year  1915  appears  in  Table  III  with  an  estimate 

industry    of    the    United    States,    due    to    competition  of   the   total   amount   of   ash   and   potash    (as    KoCOj) 

with  the  German  supply:  in  the  fir  and  cedar  waste. 

Table  I — Ths  U.  S.  Potash  Inddstry 

Year     Establishments     Product  (Lbs.)         Value         Av.  Price  per  Lb.  Table  III — Estimated  Potash  Value  of  Fik  and  Cedar  Waste 

1849                  569                      51,401,533                ....  Production                 Estimate  of  Total  Waste 

1859                   212                       538,550                Wood                  Board  Feet                       Lbs.  Ash             Lbs.  KiCOi 

1869  '95  .  .V,i;,  IVAll  iAn         .  Fir 2.920,000.000  20,148,000  2,275,000 

1879  68  i'^VAli  m^^ii  ^S?"""  Cedar 624.000,000  9,884,000  798,000 

1889                     75                  5,106,939                  197.507                3.86  Hemlock                       306  000  000 

1899                     67                  3,864,766                 178,180                4.82  Sp^c^and  otliers      loS.TOO.OOO                        ! .'    ! ." 

1909  31  1.866.570  88,940  4.76  opnn.e     nu  otuera  .^<j,yj^  .^^^^^^  _:!:_ 

3,950.000,000  30.032,000  3.073.000 

The  1 2th  Census,  Vol.  X,  Part  IV,  pages  543-546, 

comments  on  the  status  of  the  industry  in  the  follow-  „,  .         ^     u     ^  4.1.         ■                  ■^•       ■                      u 

,,^,.     ,       ,             ,  ,.  ,                ...  This  potash  at  the  prices  prevailing  in   1909  would 

mg  words:  "Of  the  67  establishments  m    the    figures  ,                   1         r  «.      ^                1     ..               ^       •            ,       ^ 

'^                       ,     ,                             r   ,           ,          «.  have  a  value  of  $146,175  and  at  present  prices    about 

for    1899,    12   had    an   output   of   less   than    $500   per  .                 ^      r,         i              *     t>  1 1     t   -^ 

^^'  .,  ,         ,      ,          ^             .        .           ,    •       „  ten  times  this  amount.     By  reference  to  Table   I   it 

annum.     Although  the  average  price  of  potash  in  1899  ,              4^1    4.  4^u-                *.  •            1     *    •      tu    *  »  1 

.  .        ,        f              ,     .    ,  may  be  seen  that  this  amount  is  nearly  twice  the  total 

was  higher  than  in  1889  the  industry  was  not  remunera-  ,     ^.         ,                 ^^  ^i.   ^              ^-      v.      ^        ^   , 

^,                       ,       ,             ,     ■^       .           ,       ,         ,  production  of  1909.     At  that,  no  notice  has  been  taken 

tive,  and  consequently  the  total  quantity  and  value  of  ,          j      ^v      ..t.           j           j  c 

'          ,          ^  ,  ,,   ■                     n            J  Qf  woods  other  than  cedar  and  fir. 
product  decreased. 

Roughly  speaking,  all  the  waste  wood  is  burned  at  the 

ASHES  OF  EASTERN  AND  WESTERN  WOODS  mills.     A   little   is   sold   by   the   wagon  load   for  fuel. 
Complete  information  as  to  the  composition  of  the  About   one-half   is   burned   under  the   boilers   for   de- 
ash  of  eastern  woods  used  in  this  industry,  is  lacking,  velopment  of  power.     The  remaining  half  is  burned 
but    the    following    incomplete    table    is    taken    from  i"  large  incinerators.     No  attempt  is  made  to  recover 
Bradley'  ^^^  potash  or  in  any  way  to  utilize  this  ash.     When 
Wood                      Per  cent  Ash      Per  cent  K,o     Per  cent  P.O.  '^  is  further  recognized  that  the  mills  are  not  scattered 

Elm 2.55                15.3                  over  the  whole  state  but  are  grouped  around  a  few 

Maple.'.'.'.'.'!!!!!!]!!!!!.'!  9^49                i2!6i  "             4!44  cities,    it   seems    as   though    an    airangement    for    the 

(o)  Contains  both  K  and  Na.  treatment    of    this    ash    in    central    plants    would    be 

The  following  analyses  of  the  ashes  of   Douglas  fir  Po^si    e. 

and  cedar  are  submitted  by  the  author.     The  samples  estimated   availability    of   incinerator    ash    as   a 

were  obtained  in  the  form  of  a  wedge-shaped  cut  of  the  source  of  potash  or  as  a  fertilizer 
wood,  extending  from  the  bark  to  the  center.     The 

aim  was  to  obtain  representative  samples.  At  the  present  time  waste   wood  is  burned  in  the 

incinerator  which,  instead  of  guarding  against  draughts 

Table  II— Analyses  op  Ashes  op  Douglas  Fir  and  Cedar  j     i  •  ^l        i  »  i_  „ ^„.,:i,i. 

No.  of     . AvERAOB  PBRC8NTACKS and    keeping    the    temperature    as    low    as    possible, 

Wood                         Detns.     Ash     KiO    PiO.     c«       Na     siOt  provides   cxpressly    for   strong    draughts   and    the    re- 

Douglas  Fir 6              0.23     7.7       8.7        19.8      135      19.2  ,.        ^,.    ,\                    „                  „,  .      .        ,             .i      .    ..             ,« 

Cedi- 2          0.66    5.5     3.6     16.4    0.00     4.8  sultant  high  temperature.     This  is  done  that  the  rate 

of  consumption  of  waste  will  equal  the  rate  of  pro- 
Other   important   western    woods   are    hemlock    and  diction,  since  storage  of  the  waste  at  the  plant  would 

spruce  but  no  analyses  of  them  were  to  be  had  and  none  ^^  ^^^^  expensive.     Although  a  large  amount  of  wood  is 

were  made.  burned    the    draught    and  temperature  are  such  that 

From  these  figures  it  can  readily  be  seen  that  the  ash  ^^^^  ^^  ^,^p  pj,^gj.,^  ^^^  1;^,,,^^  components  are  carried 

used  in  the  East  has  a  higher  potash  content  than  the  ^^^^       -j^,^g  following  analyses  of  incinerator  ash   were 

western    woods.      The    average    eastern    ash    contains  nndf 

more  than  10  per  cent,  while  fir,  the  most  important  v.      .       .     n         .          v    „.         a.,  iw  ^«i 

*^                    '                                                               *  No.  of          Av.  Per  cent               Nii  of            Av    l"er  rem 

northwest    wood,  contains    7.7    per    cent    and    cedar    5.5  Wood           Dclrrmln«llon»         Kt<>           Dncrmlnalion.         I'lO. 

.  Fir     8  I.I  -  '    '^ 

percent.  c«i«......:.!..  in                   i..<                   b                14 

POTASH    in     waste     wood    OF     WASHINGTON  /->,-.«•          »       ,               .1         I       .    f    .  .,  I    ;„    .  I,.,    n..»c    ^n.l 

Qualitative  tests  on  the  dust  found  in  tlio  lines  ana 

In  the   manufacture  of  lumber,  shingles,  and  other  chimneys   of   the    power    plant   of   the    Seattle    Cedar 

wood  products,  there  is  always  a  certain   amount  of  Luniber    Company    showed     the    presence    of    every 

*  Mtl.&Cktm.  r.nt.lUltM).  Mi.  i  ril^.^»fml»^.  IT,  No.  7.  JO. 
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component  of  the  ash.      The  following  analyses  of  the 
same  dust  were  made: 

Iajcation;  Flue  Chamber         Base  of  Chimney 

Per  cent  KiO 7.79  6  40 

This  shows  the  dust  to  have  a  higher  potash  content 
than  the  ash  (cedar)  itself,  due  to  the  fact  that  the 
potash  is  lighter  and  more  volatile  than  the  silica, 
ferric  oxide,  etc.,  which  largely  compose  the  residue 
left  in  the  ash  pits. 

Interviews  with  the  foremen  or  managers  of  the 
McDonnell  and  Phoenix  mills  at  Ballard  indicated 
that  for  mills  of  that  size  (60,000  to  70,000  log  feet 
per  day)  the  amount  of  ash  remaining  in  the  incinera- 
tor was  under  V2  ton  per  week.  The  general  super- 
intendent of  the  Seattle  Cedar  Lumber  Company  of 
Ballard  (190,000  log  feet  per  day)  stated  that  a  large 
new  incinerator  had  been  in  service  for  over  a  year 
and  had  not  been  cleaned  out  yet.  From  these  state- 
ments it  may  be  seen  that  an  amount  of  ash  sufficient 
for  large  potash  production  cannot  be  secured. 

As  has  been  shown,  the  eastern  wood  ashes  which 
are  used  in  the  manufacture  of  potash,  average  over 
10  per  cent  potassium  oxide.  From  the  above  analyses 
of  incinerator  ash  it  has  been  shown  that  the  average 
potassium  oxide  content  is  around  1.2  per  cent.  This 
means  that  a  company  attempting  the  manufacture 
of  potash  from  incinerator  ashes  would  be  obliged  to 
handle  nearly  ten  times  the  amount  of  ash,  to  produce 
the  same  amount  of  potash.  Its  cost  of  production 
would  be  increased  in  nearly  the  same  ratio.  The 
war  has  increased  the  price  of  potash  to  about  ten  times 
its  former  value.  Hence  under  present  conditions  it 
is  possible  that  incinerator  ashes  might  be  used  as  a 
source  of  potash,  for  the  increased  cost  of  production 
would  be  counterbalanced  by  the  increased  value  of 
product.  However,  if  the  end  of  the  war  should,  as 
we  quite  reasonably  expect,  result  in  a  rapid  decrease 
in  the  price  of  potash,  the  production  of  potash  from 
incinerator  ash  would  not  be  a  paying  proposition. 
Further,  in  any  case,  the  quantity  of  incinerator  ash 
is  not  sufficient  for  commercial  production. 

CONCLUSIONS 

I — Potash  production  from  incinerator  ash  cannot 
be  put  on  a  paying  commercial  basis  (barring  war 
prices,  which  are  of  course  inflated)  because  of 

I — Low  potash  content; 

2 — Higher  cost  of  production; 

3 — Insufficient  supply  of  raw  material. 
II — Unless     a    new     method    for    the    disposal    of 
waste  is  suggested,  the  prevailing  method  of  disposal 
of  incinerator  ash  is  as  economical  as  can  be  found. 
Analyses  show  it  to  be  of  little  value  for  fertilizer. 

Ill — If  any  plan  were  to  be  suggested  for  the  success- 
ful production  of  potash  from  wood  ashes,  it  must 
fulfil  the  following  conditions: 

I — Dispose  of  the  waste  as  fast  as  it  is  produced. 

2 — Operate  at  low  temperatures  and   with  slight 
draughts. 

3 — Successfully   meet  foreign   and   domestic  com- 
petition. 

CiiKMicAi.   Laboratory 
Univkrsity  of  Washington,  Seattle 


AROMATIC  HYDROCARBONS  FROM  THE  THERMAL 

DECOMPOSITION  OF  NATURAL  GAS 

CONDENSATE 

By  J.  K.  Zanetti  and  G.  Eglofp 

Received  March  23,  1917 

In  previous  papers  one  of  us'  has  shown  that  by  the 
thermal  decomposition  of  natural  gas  condensate 
aromatic  hydrocarbons  were  produced  together  with 
hydrogen,  methane  and  "unsaturated,"  which  con- 
sisted chiefly  of  ethylene,  when  the  condensate  in  the 
gaseous  form  was  heated  to  a  temperature  above  750°. 
The  amount  of  aromatic  hydrocarbons  obtained  as 
"tar"  was  too  small  to  permit  any  extended  investiga- 
tion and  only  three  were  positively  identified,  viz., 
benzene,  toluene  and  naphthalene.    . 

By  using  the  same  method  and  apparatus,  we  were 
able  to  prepare  about  250  cc.  of  "tar"  from  the  fraction 
of  natural  gas  condensate  consisting  chiefly  of  propane 
and  butane.  Even  with  this  much  larger  amount,  the 
composition  of  which  is  given  in  Table  I,  the  frac- 
tionations did  not  allow  us  a  sufficient  amount  of 
material    to    enter    into    a    detailed    investigation    and 

Table   I — Distillation  Analysis  op  Recovered  Oil 
Specific  Gravity  1.101  at  15.5°  C. 

Per  cent 
Tem,>erature  Volume      Sp.  Gr. 

TolTO'C 14.1         0.885 

170to230''C 13.6 

230to270°C 12.7 

270  to  365°  C 16.3 

Pitch 43.3 

To  95°  C.  (.Benzene  Fraction) 4.8         0.885 

95  to  120"  C.  (Tolufne  Fraction) 2.0         0.870 

120  to  150°  C.  (Xvlene  Fraction) 3.9         0.871 

150  to  no"  C.  {Trimethyl  Benzenf  Fraction) 0.7  0.876 

isolation  of  the  numerous  hydrocarbons,  which  could 
be  present,  and  although  we  had  no  difficulty  in  isola- 
ting anthracene,  a  much  higher  molecular  weight 
hydrocarbon  than  we  had  hitherto  obtained,  there 
still  remained  a  great  number  of  possible  ones  whose 
presence  we  were  unable  to  show  definitely,  owing  to 
the  scarcity  of  the  material. 

The  yields  of  "tar"  were  essentially  the  same  as 
obtained  in  the  previous  investigation,  from  8.5  to  10 
cc.  per  cu.  ft.  of  the  original  gas,  the  procedure  being 
in  all  respects  identical,  except  as  to  the  rate,  which  was 
slightly  greater,  viz.,  about  0.6  cu.  ft.  per  hr. 

At  the  same  time  we  prepared,  by  absorbing  the  un- 
saturated gaseous  products  in  bromine  water  after  the 
"tar"  had  been  deposited,  about  i  kg.  of  the  bromides 

Table  II — Compounds  Isolated:  with  Physical  and  Cbshical 
Properties  for  Identification 
Hydrocarbon  Boiling    Point     Sp.  Gr.  Identification  as 

Benzene 79  to    82°  C.      0.885         Nitrobenzene 

Toluene 108  to  112°  C.      0.870         Trinitrotoluene.     M.     P. 

82°  C. 

Xylenes 135  to  145°  C.      0.871 

Naphthalene 216  to  221°  C.         ...  Naphthalene.        M.        P. 

79.3°  C. 
C  Slight     yellow     crystals, 
M.  P.  211°  C. 
.Anthracene i  Anthraquinone.      M.      P. 

which  were  fractionated  and  analyzed  as  shown  in 
Table  III.  The  object  here  was  to  show  more 
definitely  than  before  that  the  unsaturated  consisted 
chiefly  of  ethylene,  a  small  amount  of  propylene  and  a 
considerable  proportion  of  butane,  as  shown  by  the 
high  percentage  of  tetrabrom  butane,  which  was  ob- 

'  Zanetti.  This  Journal.  8  (1916),  674;  Zanetti  and  Leslie,  Ibid.,  8 

(1916),  777. 
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tained  quite  pure,  showed  a  constant  melting  point  and 
gave  the  required  percentage  of  bromine  on  analysis. 
In  the  "residue"  there  were  doubtless  bromides  of 
higher  hydrocarbons  and  possibly  higher  bromides  of 


Table  III — Distillation 

AND 

Analysis  op  Brom  Derivatives  op  U 

SATURATED    HyDROCARB 

DNS    I 

N   Gas 

Resulting  from 

Thermal  De- 

COMPOSITION    0 

F  Propane  and   Butane 

Spec 

fic  G 

avity 

>.015  at  15°  C. 

Temperature 

Per  cent 
by  Volume 

Specific 
Gravity 

To  100°  C 

6.9 
2.7 

1.112 

5.8 

2.020 

38.0 

2. 118 

132°  to  135° 

10.4 

2.100 

36.2 

Tetrabrombutane.  . 

..      M.  P.  116° 

Analysis  op   Bromides  Isolated  from   .\bove   Fractions 
Calculated 
Formula  Per  cent  Br 

CjH.Brj 85.1 

CaHsBrt 79.2 

C<H.Br4 85.5 


Found 
85.1 
79.9 
85.4 


the  lower  ones,  but  it  was  found  impossible  to  separate 
them,    as,    above    140°,    decomposition    would    set    in. 


and  even  on  distillation  in  vacuo  hydrobromic  acid 
and  bromine  vapors  would  he.  given  off  so  copiously 
that  further  investigation  of  this  point  was  abandoned. 
No  acetylene  tetrabromide  could  be  obtained  but  a 
small  amount  of  tlibrom  benzol  was  obtained  from  the 
bromides  showing  that  some  benzene  would  remain 
in  the  gases  after  the  deposition  of  the  tar.  This,  of 
course,  is  to  be  expected  since  the  gases  were  cooled 
only  to  0°,  at  which  temperature  the  vapor  pressure 
of  benzene  is  still  quite  appreciable.  Had  any  ap- 
preciable amount  of  acetylene  letrabromiilc  (B.  P. 
1,57°)  been  present,  it  would  have  appeared  with 
the  ])ropylenc  bromide  fraction  (i.<2  i.is")  from 
which  prr)i)ylene  bromide  was  isolatAl,  ant!  raisctl 
considerably  the  specific  gravity  of  this  fraction 
(propylene    dibromidc     i.<)4()     (17°),  acetylene    tetra- 


bromide 2.97  (17.5°)]  whereas  this  fraction  showed 
only  a  specific  gravity  of  2.100  corresponding  to  a 
mixture  of  ethylene  and  propylene  bromides.  Further, 
it  would  have  been  practically  impossible  to  separate 
it  from  propylene  bromide,  their  boiling  points  being 
so  close  together  (137°  and  141°)  and  the  analysis 
would  have  shown  a  very  high  per  cent  of  bromide  for 
the  propylene  fraction,  whereas  it  corresponded 
exactly  with  the  calculated  [acetylene  tetrabromide, 
92.7  per  cent  bromine;  propylene  bromide,  79.2  per 
cent:  found  79.9  per  cent]. 

The  method  of  procedure  followed  in  the  above 
thermal  decomposition  was  quite  satisfactory  except 
as  to  speed.  In  order  to  obtain  larger  amounts  of 
"tar"  without  undue  waste  of  time,  a  larger  apparatus 
was  necessary,  especially  since  the  supply  of  the 
propane-butane  fraction  became  exhausted,  and  it 
was  found  almost  impossible  to  replenish  owing  to 
financial  difficulties  of  the  company  which  originally 
supplied  it.  The  only  available  supply  of  natural  gas 
condensate  available  in  quantity  gave  a  much  smaller 
yield  owing  to  the  presence  of  large  amounts  of  ethane. 
For  the  apparatus  two  things  were  essential,  a  heating 
device,  and  an  electrical  tar  precipitator.  We  were 
fortunate  in  finding  already  set  up  the  electrically 
heated  furnace  previously  used  by  Whitaker  and 
Alexander,'  and  Whitaker  and  Leslie;-  this  was  loaned 
to  us  by  the  Department  of  Industrial  Chemistry  of 
this  University.  A  Cottrell  tar  precipitator  was  set 
up  for  us  by  the  Research  Corporation  of  this  city. 

MATERIAL — The  material  used  was  natural  gas 
condensate  from  West  Virginia  in  containers  under 
800  to  1 200  lbs.  pressure.  The  material  being  com- 
mercially used  for  lighting  purposes  came  in  cylinders 
built  on  the  principle  of  a  soda  syphon,  with  a  de- 
livery tube  reaching  nearly  to  the  bottom  so  as  to 
insure  a  gas  of  constant  composition.  The  higher 
boiling  hydrocarbons  would  thus  be  expelled  along 
wiih  the  lower  boiling  ones,  whereas  they  would  re- 
main as  liquids  if  only  evaporation  werp  resorted  to. 
These  higher  boiling  hydrocarbons  consisted  mostly  of 
pentanes,  and  as  we  were  not  interested  in  their  de- 
composition, the  cylinders  were  turned  upside  down 
so  as  to  secure  only  the  fractions  containing  the  butanes, 
propane,  and  ethane.  When  nearly  empty,  the  cool- 
ing produced  by  the  rapid  evaporation  would  bring 
the  pressure  in  these  cylinders  to  almost  o,  and  the 
flow  of  gas  would  stop,  but  if  allowed  to  stand  till 
warmed  to  room  temperature,  the  pressure  would  rise 
again  to  jo-40  lbs.  showing  that  even  in  the  residue, 
a  considerable  proportion  of  butane  was  left.  The 
high  initial  pressure  in  the  cylinders  would  indicate 
the  presence  of  methane  in  the  first  fractions  that 
came  over.  This,  however,  was  of  no  importance  as 
at  the  temperatures  used  methane  would  be  so  stable 
as  to  make  the  effect  of  its  presence  negligible. 

APPARATi'S  AND  PROCKDi'KK  Tlic  apparatus  is 
shown  in  photograph  (Fig.  I)  ami  in  diagram  (Fig. 
II).  For  reasons  explained  above,  the  cylinder  of  gas 
was   turned    upside   ilown   antl    the   gas   after   passing 

>  Ttii!<  Journal.  T  (I9IS).  4M. 
•/kirf.  ■  (191  A).  .19.1. 
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through  a  reducing  valve,  where  the  pressure  was 
dropped  to  10-15  lbs.,  was  sent  through  a  dry  meter 
provided  with  a  scale  reading  to  Vs  cu.  ft.  The  gas 
was  led  from  there  through  the  furnace  by  means  of  a 
V4  in.  iron  pipe. 

The  detailed  description  of  the  furnace  has  already 
been  published'  and  will  not  be  given  here.  It  is 
essentially  the  same  furnace  as  used  by  Whitaker  and 
Alexander,  the  only  alterations  being  the  removal  of 
the  prevaporizer  which  those  authors  used,  and  the 
fitting  of  a  larger  condensing  apparatus.  Essentially 
it  consisted  of  a  carbon  tube,  1  in.  inside  diameter, 
46  in.  long,  which  was  used  as  a  resistor  in  circuit 
with  a  2S-volt,  so-kw.  alternator.  By  varying  the 
current  sent  through  the  resistor  by  means  of  a  rheostat 
a  wide  range  of  temperature  could  be  obtained.  The 
resistor  was  surrounded  by  an  air  jacket  and  further 
insulated  by  a  thick  layer  of  petroleum  coke  so  as  to 


running  through  the   middle   and   carefully  insulated 
from  direct  contact  with  it.' 

The  body  of  the  separator  consisted  of  a  4-ft.  section 
of  heavy  6-in.  pipe  set  vertically,  flanged  at  both  ends 
and  provided  with  a  piece  of  2-in.  iron  pipe  welded 
to  the  body  of  the  pipe  two  inches  above  the  lower 
flange.  The  inside  of  the  welding  was  thoroughly 
smoothed  so  as  to  prevent  any  sharp  edge  of  point. 
This  is  an  important  consideration  in  electrical  pre- 
cipitation since  the  object  is  to  maintain  as  uniform  a 
field  as  possible  between  the  two  poles  and  prevent 
any  sparking,  which  of  course  would  be  facilitated  by 
any  sharp  edge  or  rough  surface.  At  either  end  of  the 
pipe  section  was  bolted  a  Standard  6-in.  T,  asbestos 
gaskets  being  used  to  make  the  connection  gas-tight. 
In  order  to  avoid  the  sharp  edges  of  the  pipe,  a  smooth 
bronze  ring,  4  in.  internal  diameter,  was  placed  between 
the  flanges  so  that  it  projected  over  the  edge  of  the 


220 volts.  DC  Circuit 


W^  Ground 

OF  Apparatus  Used  for  Thermal  Decomposition  of  Natural  Gas  Condensates 


diminish  heat  radiation.  The  outside  jacket  was  a 
section  of  lo-in.  wrought  iron  pipe  cooled  by  a  stream 
of  water,  the  electrode  holders  being  likewise  cooled 
as  shown  in  the  diagram.  The  cooling  apparatus  con- 
sisted of  two  sections  of  I'/a-in.  pipe,  each  4  feet  in 
length,  water  jacketed  and  communicating  through  a 
piece  of  3-in.  heavy  cast  iron  pipe  which  acted  as  a 
tar  collector  for  that  fraction  of  the  tar  which  would 
deposit  on  mere  cooling.  The  finely  divided  "fog" 
was  then  deposited  in  the  Cottrell  separator. 

The  principle  of  the  separator  is  very  simple.  It 
consists  in  passing  the  gases  containing  the  finely 
divided  "fog"  between  two  poles  maintained  at  a 
great  difference  of  potential.  In  this  case  one  of  the 
poles  was  the  body  of  the  separator,  the  other  a  wire 

'  This  Journal.  7  (1915).  486. 


pipe.  Through  the  top  of  the  flange  closing  the  upper 
T  section  passed  a  double- walled  quartz  tube  I'/s  >». 
outside,  '/t  in.  inside  diameter,  projecting  about  8  in. 
into  the  T  and  held  in  place  by  means  of  asbestos 
packing.  The  quartz  tube  was  closed  at  both  ends  by 
sections  of  rubber  stoppers  held  in  place  by  washers, 
the  whole  being  tightly  screwed  to  a  metal  rod  running 
the  length  of  the  quartz  tube.  The  upper  end  of  this 
rod  was  attached  to  a  high  voltage  insulator  and  from 
the  lower  end  hung  an  8-lb.  lead  weight  held  by  a  No. 
1 6  bare  copper  wire.  The  length  of  the  wire  was  such 
as  to  bring  the  lead  weight  well  below  the  lower  end 
of  the  pipe  section.  The  purpose  of  this  was  to  prevent 
the  current  of  gases  which  entered  the  separator  from 

'  For  details  of  this  process  see  Cottrell.  This  Journal.  8  (1911).  542; 
also  Rowley  and  Wirth.  Am.  Gas  Light  J.,  101  (1914).  177. 
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impinging  on  the  weight  and  starting  it  to  swing,  thus 
causing  a  short  circuit.  The  pipe  section  w-as  grounded 
and  the  wire  and  lead  weight  connected  to  the  negative 
side  of  a  high  voltage  apparatus  to  be  described 
shortly.  The  speed  at  which  the  gases  were  sent 
through  the  separator  was  approximately  3  cu.  ft.  per 
minute. 

The  gases  passed  out  from  this  separator  perfectly 
free  from  tar  "fog"  and  either  were  led  out  as  waste 
or  passed  through  a  scrubbing  system  consisting  of 
five  wide  mouth  gallon  bottles  containing  each  about 
V2  gal.  lubricating  oil.  The  purpose  of  the  scrubbing 
system  was  to  remove  benzol,  toluol,  etc.,  which  were 
carried  along  by  the  gas  since  the  vapor  pressure  of 
these  substances  at  ordinary  temperatures  is  fairly 
great  and  the  tar  deposited  in  the  separator  was  already 
saturated  with  those  compounds. 

■  The  electrical  apparatus  consisted  of  a  2-h.  p.  motor 
generator  operated  on  the  220-volt  d.  c.  circuit  of  the 
building.  The  a.  c.  was  stepped  up  by  a  s-kw.  oil 
insulated  transformer,  as  high  as  50,000  volts  accord- 
ing to  the  coils  used.  For  our  purposes  we  found 
35,000  volts  quite  sufficient.  The  current  was  then 
rectified  by  means  of  a  mechanical  rectifier  run  by  the 
motor  and  therefore  in  cycle  with  the  alternating 
current  produced.  The  negative  side  was  connected 
with  the  inside  wire  of  the  separator,  the  positive  side 
grounded  outside  the  building,  to  prevent  interference 
with  other  electrical  apparatus  in  the  neighborhood. 
The  high  voltage  side  of  the  apparatus,  including  the 
transformer  and  rectifier,  were  completely  enclosed 
in  a  wire  cage  to  guard  any  one  from  accidentally 
coming  in  contact  with  the  highly  charged  wires. 
In  the  photograph  (Fig.  I)  the  front  of  the  cage  has 
been  removed  to  show  the  arrangement  inside.  The 
cage  was  also  connected  to  the  ground  in  order  to 
prevent  any  accumulation  of  static  electricity  in  the 
neighborhood  of  the  rectifier. 

The  regulation  of  temperature  was  at  first  carried 
out  by  inserting  a  pyrometer  through  one  of  the  peep- 
holes till  it  touched  the  inner  tube.  After  a  while, 
however,  we  could  easily  determine  it  in  terms  of  the 
energy  consumed,  with  a  given  rate  of  gas,  and  also 
by  the  amount  of  "fog"  in  the  gas  as  they  issued 
from  the  heated  tube.  The  temperature  used  was  in 
the  neighborhood  of  900°  C.  The  greater  the  rate  the 
greater  the  amount  of  energy  required  as  shown  by  the 
amperes  consumed.  A  rate  of  i  cu.  ft.  per  min.  and 
350  amperes  gave  us  the  best  result.  The  rate  of  gas 
was  regulated  by  timing  the  gas  going  through  the 
meter  with  a  stop-watch. 

COMPOSITION    OF    THE    TAR 

Hy  the  procedure  above  described  we  prepared  about 
I'/a  kilos  of  tar  wliich  was  distilled  in  separate  portions 
and  fractions  collected  as  shown  in  Table  IV.  The 
fractions  obtained  as  indicated  in  Table  IV  were  re- 
distilled and  fractions  collected  every  ten  degrees  if 
the  amount  warranted.  The  low  percentage  of  light 
oil  led  us  to  believe  that  mucii  of  it  passed  through 
uncondcnscd.  The  condensers  were  at  best  able  to 
cool  the  gases  to  35°  at  which  temperature  the  vapor 


pressure  of  these  light  oils  was  considerable.  By 
scrubbing  the  gases  after  they  issued  from  the  tar 
separator  and  distilling  the  scrubber  oil  with  steam 
we  were  able  to  obtain  from  i  to  r^/j  cc.  of  light  oil  per 

Table  IV — Composition  of  Recovsrbd  On,  from  ihb  Thbkual 

Decomposition  of  Natoral  Gas  Condensate 

Specific  Gravity  1.109 

Percent 
Temp.  C.  by  wt. 

To  170° 9.7 

230O 18.7 

270» 11.4 

330° 15.1 

Over  360° 

Residue 30. 1 

cubic  foot  of  gas  used.  Distillation  of  this  light  oil, 
after  washing  with  concentrated  sulfuric  acid  and  sodium 
hydroxide,  showed  it  to  be  composed  of  benzene,  toluene 
and  a  little  xylene.  The  specific  gravity  of  the  benzene 
thus  recovered,  after  removal  of  the  unsaturated,  was 
low,  however,  indicating  the  presence  of  some  saturated 
straight  chain  hydrocarbons. 

Part  of  the  tar  deposited  in  the  cooling  pipes  and 
was  drawn  off  from  the  tar  collector.  Most  of  it, 
however,  settled  in  the  separator  and  dripped  down 
into  the  lower  T  section  from  which  it  was  drawn 
through  a  valve  at  the  bottom. 

Table    V — .\romatic    Compounds    from    Thermal    Decomposition    or 
Natural  Gas  Condensate 
M.  P. 
M.  P.     B.  P.  Picrate         Identification 

Benzene 4°     80-  82°  Nitrobenzene 

Toluene 107-110°  Trinitrotoluol  M.  P.  82° 

Xylene 120-130° 

Naphthalene 80  °        1 49  °  Picrate  yellow  needles 

Acenaphthene 98°        ....        160°  Picrate  orange  needles 

Anthracene 212°        ....         138°   Picrate  red  needles 

Phenanthrene 99-100°        145°  Picrate  yellow  needles 

Pyrene(?) 145°        222°  Picrate  red  needles 

Chrysene 249°       ....  Small  white  plates 

By  allowing  the  various  tar  fractions  to  solidify, 
pressing  out  the  oily  matter  and  crystallizing  from 
alcohol,  the  following  hydrocarbons  reported  in  Table 
V  were  obtained. 

BENZENE — The  benzene  obtained  after  several  dis- 
tillations was  water-white,  boiled  constantly  at  80-82°, 
melted  at  4°  and  showed  a  specific  gravity  of  0.S79 
at  15.5°.  By  treatment  with  HNOi_and  HjS04  it 
gave  nitrobenzene.  Some  benzene  obtained  from  the 
scrubbing  of  the  gas  showed  all  these  properties  but 
had  a  much  lower  specific  gravity,  0.873  it  15.5°. 

TOLUENE — By  fractional  distillation  toluene  was 
obtained,  boiling  at  105-110°,  water-white  in  color, 
specific  gravity  0.864  at  15.5°.  By  treatment  with 
HNOj  and  HjSO*  we  obtained  trinitrotoluene,  M.  P. 
8j°,  crystallizing  from  alcohol  in  long,  slightly  yellow 
colored  needles. 

XYLENES — The  xylene  fraction  being  very  small, 
individual  xylenes  could  not  be  separated  and  it  was  no 
further  identified  than  by  its  boiling  point.  It  probably 
contained  higher  benzol  homologues. 

NAPHTHALENE — The  naphthalene  fraction,  ^00-250°, 
was  considerable.  The  naphthalene  itself  was  readily 
obtained  pure  by  several  crystallizations.  It  gave  a 
constant  M.  P.  of  80°  and  the  characteristic  yellow 
picrate  melting  at  149°.  Attempts  to  isolate  diphcnyi 
(B.  P.  250°)  aniJ  the  methyl  naphthalenes,  which 
probably  occur  also  in  this  fraction,  have  thus  far 
proved  fruitless. 

ACENArimiENE-    From  the  fractions  up  to  jSo*  no 
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definite  hydrocarbon  was  isolated  in  sufficiently  pure 
condition  to  warrant  its  presence  being  reported. 
From  the  280-300°  fraction  acenaphthene  was  readily 
obtained,  crystallizing  from  alcohol  in  flat  needles, 
sometimes  V4  in.  long,  which  after  two  crystallizations 
gave  the  constant  melting  point  of  95°.  The  picrate 
of  this  hydrocarbon  crystallizes  in  orange  needles 
melting  at  160°. 

ANTHRACENE — The  305-325°  fraction  consisted 
mainly  of  anthracene  with  phenanthrene  and  un- 
crystallizable  oil.  This  latter  was  pressed  out  on  a 
porous  plate  and  to  separate  anthracene  from  phenan- 
threne advantage  was  taken  of  the  much  greater 
solubility  of  phenanthrene  in  alcohol.  By  several 
fractional  crystallizations  the  two  were  obtained  pure. 
The  anthracene  crystallized  in  transparent  flakes  with  a 
greenish  blue  fluorescence,  melting  at  212°.  The 
picrate  was  prepared  by  bringing  together  appro.xi- 
mately  equal  amounts  of  anthracene  and  solid  picric 
acid  into  a  solution  of  picric  and  in  alcohol  saturated 
at  room  temperature  and  heating  till  the  two  had  dis- 
solved. On  cooling  red  needles  separated  which 
melted  at  138°. 

PHENANTHRENE — The  phenanthrene  was  obtained 
as  described  above,  by  crystallizing  from  alcohol,  in 
small  white  flakes  melting  at  99°.  The  picrate  was 
obtained   in    the    form    of    yellow    needles    melting    at 

PYRENE — The  fractions  from  320-350°  contained 
such  a  complex  mixture  of  hydrocarbons  that  no 
individual  one  could  be  isolated  owing  to  scarcity  of 
material.  From  the  355-390°  fraction  by  extracting 
with  benzene,  evaporating  and  crystallizing  twice 
from  alcohol,  a  mixture  of  crystals  was  obtained 
melting  about  138°.  These  were  dissolved  in  alcohol 
treated  with  picric  acid  and  the  resulting  picrate  after 
two  crystallizations  from  alcohol  decomposed  by 
ammonium  hydroxide.  The  free  hydrocarbon  thus 
obtained  was  crystallized  four  times  when  a  melting 
point  of  145°  was  finally  obtained.  By  this  time  the 
material  had  dwindled  to  a  very  small  amount  and  no 
further  crystallizations  were  attempted.  Under  the 
microscope  the  crystals  appeared  as  slightly  yellow 
rhombic  plates  apparently  free  from  any  other  cry.stals. 
The  picrate  of  this  compound  is  red  in  color  and  melts 
at  222°.  This  corresponds  very  closely  to  the  proper- 
ties of  the  pyrene  picrate  which  is  given  in  the  litera- 
ture as  very  characteristic.  The  pure  hydrocarbon, 
however,  melts  at  149°,  whereas  ours  melts  at  145°. 
From  the  yellow  color  it  would  appear  as  if  some 
phenyl  anthracene,  which  crystallizes  in  the  same 
system,  melts  at  152-153°  and  has  the  same  solubility 
as  pyrene,  was  present  in  sufficient  amount  to  depress 
the  melting  point. 

CHRVSENE — From  the  small  fraction  distilling  over 
400°,  by  treatment  with  carbon  bisulfite,  a  yellow 
powdery  residue  was  left.  This  residue  was  crystal- 
lized from  toluol,  then  treated  with  alcohol  and  nitric 
acid  to  remove  the  color  and  crystallized  twice  from 
toluol  when  it  was  obtained  in  the  form  of  white 
scales  melting  sharply  at  249°. 


No  analyses  were  undertaken  of  the  above  hydro- 
carbons as  little  is  to  be  gained  from  an  analysis  in  the 
way  of  identification.  Their  melting  points,  the  boiling 
points  of  the  fractions  where  they  occur,  as  well  as  the 
properties  of  the  picrates  were  thought  sufficient  to 
identify  them. 

CONCLUSIONS 

The  isolation  of  the  above  highly  complex  aromatic 
hydrocarbons  from  the  tar  obtained  by  the  thermal 
decomposition  of  simple,  saturated  hydrocarbons  such 
as  employed  here  leads  to  the  conclusion  that  aromatic 
formation  can  take  place  by  building  up  of  the  ring 
compounds  from  low  molecular  weight  hydrocarbons 
which  need  not  be  higher  than  two  or  three  or  four- 
member  chains.  Indeed  Meyer  and  his  co-workers' 
have  isolated  from  the  tar  obtained  by  the  thermal 
decomposition  of  acetylene,  a  large  number  of  aromatic 
hydrocarbons.  Whether  the  mechanism  of  the  reaction 
is  such  as  to  go  through  acetylenes  or  by  first  building 
up  naphthenes  then  splitting  hydrogen,  will  not  be 
considered  at  present.  In  a  recent  paper  by  D.  T. 
Jones^  the  writer  favors  the  theory  of  the  splitting  of 
hydrogen  from  naphthenes  or  from  side  chains.  The 
objections  of  the  acetylene  theory  are  that  either  it  is 
impossible  to  isolate  it  or  only  minimal  amounts  are 
obtained.  This  seems  to  be  borne  out  b)'  our  failure 
to  obtain  any  acetylene  tetrabromide  from  our  gaseous 
products.' 

The  similarity  between  the  tar  we  obtained  and  that 
obtained  from  coal  is  apparent.  In  this  tar  the  only 
products  which  are  not  present  are  the  phenols  and 
nitrogen  compounds  which  of  course  would  not  appear, 
since  the  original  material  contains  neither  nitrogen  nor 
oxygen, 

SUMMARY 

I — The  thermal  decomposition  of  natural  gas  con- 
densate is  shown  to  give  from  simple  to  highly  complex 
aromatic  hydrocarbons.  Among  these  the  following 
have  been  isolated:  benzene,  toluene,  naphthalene, 
acenaphthene,  anthracene,  phenanthrene,  pyrene  and 
chrysene. 

II — An  apparatus  is  described  for  readily  obtaining 
these  aromatic  hydrocarbons  from  natural  gas  con- 
densate and  the  precipitation  of  the  tar  "fog"  by  the 
Cottrell  process. 

The  thanks  of  the  writers  are  due  to  the  Department 
of  Industrial  Chemistry  of  this  University,  and  in 
particular  to  Prof.  Samuel  A.  Tucker,  for  the  loan 
of  their  electrical  equipment  and  kind  suggestions, 
and  to  the  Research  Corporation  of  this  city  for  the 
setting  up  of  the  Cottrell  precipitator. 

Further  work  upon  these  topics  is  now  in  progress  in 
this  laboratory. 

Columbia  I^nivkrsitv 

Department  of  Chemistry 
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THE  DETECTION  AND  DETERMINATION  OF  SULFUR 
IN  PETROLEUM' 

By  C.   K.  Francis  and  C.   W.   Crawford 
Received  October  23.  1916 

The  quantity  of  sulfur  in  different  crude  oils  ap- 
pears to  vary  within  rather  wide  limits.  Redwood' 
mentions  the  amount  found  by  a  number  of  chemists 
in  petroleum  from  many  fields.  Specimens  from 
Mexico,  Texas  and  Algeria  contained  2  per  cent,  a 
Canadian  oil  0.98  per  cent,  some  Ohio  oils  0.5  per 
cent,  California  oils  are  reported  to  contain  from  0.5 
to  1.5  per  cent  and  one  authority  is  quoted  as  having 
examined  a  petroleum  which  contained  no  sulfur. 

While  working  on  oils  from  the  Mid-Continent 
Field,  especially  samples  from  the  Bartlesville  sand 
in  the  Cushing  pool,  some  difficulty  was  experienced 
in  obtaining  good  tests  for  sulfur  and  many  of  the  quan- 
titative methods  gave  results  which  were  thought  to 
be  too  low.  This  work  was  started  with  the  hope 
that  a  reliable  test  would  be  developed  and  that  a 
satisfactory  method  would  be  found  for  accurate  de- 
terminations which  would  not  involve  complicated 
and  expensive  apparatus. 

Sulfur  has  been  found  in  petroleum  in  various  forms. 
Mabery  and  Smith'  have  isolated  several  alkyl  sul- 
fides from  Ohio  oils.  Richardson  and  Wallace''  re- 
port free  sulfur  in  oil  from  Beaumont,  Texas.  Cer- 
tain samples  found  near  Newkirk,  Oklahoma,  contain 
hydrogen  sulfide.  The  literature  examined  gives  no 
record  of  mercaptans,  sulfoxides  or  sulfones  in  the 
crude  oil,  but  it  is  well  known  that  petroleum  products 
often  contain  sulfonates  and  sulfates,  formed  no  doubt 
by  the  action  of  the  sulfuric  acid  used  in  the  refining 
process.  In  some  instances  free  sulfur  has  been  found 
in  petroleum  products  obtained  from  an  oil  which 
did  not  appear  to  contain  free  sulfur.  This  fact  may 
be  explained  as  being  due  to  the  practice  of  using 
powdered  sulfur  in  the  agitator.  Also,  that  some 
sulfur  compounds  are  decomposed  in  the  still  causing 
the  deposition  of  sulfur  in  the  cool  condenser  tubes, 
and  on  the  sight-boxes  in  the  still-house;  this  sulfur 
is  dissolved  in  the  distillate. 

QUALITATIVE    TKSTS 

SILVER  COIN  TEST-  A  piece  of  bright  sodium,  about 
.}  mm.  square,  is  placed  in  a  hard  glass  test  tube  and 
covered  with  the  oil  to  be  examined.  With  gasolines 
or  light  burning  oils  a  piece  of  glass  tubing  about  iS 
in.  long  should  be  fitted  into  the  test  tube  to  serve  as 
a  reflux  condenser.  The  oil  is  heated  over  a  free 
(lame  until  it  has  been  completely  vaporized  or  charred. 
After  cooling,  water  is  added  to  the  tube  a  drop  at  a 
time  until  the  violent  action  has  ceased,  then  5  cc. 
more  are  added.  The  solution  is  filtered  and  a  droj) 
of  the  filtrate  lourhefl  to  n  iiright  silver  coin;  a  brown 
slain  indicates  the  presence  of  sulfur  in  the  oil.  This 
lest  gives  good  results  with  crude  oil  but  is  not  delicate 

>  from  llir  Ihrala  |irr»Milrcl  lo  Ihr  Drpurtnirnl  of  l>lriilriini  Trrh- 
noloxy,  OkUliomu  A.  uml  M  Collrnr  by  C.  W.  Cra»(oril  in  pariiul  riilAII- 
Itirnl  u(  thr  miiilrrnirnli  li>l  Ihr  tlrgrrr  nl  Mantrr  <•(  .Scirm-r 

•  "A  Trrati^r  iin   I'rilnlrum.-  I.   ;  «'< 
'  )V...     Amrr      l,i../.  M  (IH')I).  ;HH 
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enough  to  detect  the  small  amount,  0.035  pcr  cent, 
sometimes  present  in  the  lighter  petroleum  products. 

SODIUM  xiTROPRussiDE  TEST — This  test  may  be 
made  on  a  part  of  the  solution  prepared  under  the 
silver  coin  test.  The  filtered  solution  obtained  after 
heating  the  oil  with  sodium  is  treated  with  a  few  drops 
of  a  very  dilute  solution  of  sodium  nitroprusside. 
The  depth  of  the  violet  coloration  produced  is  an  in- 
dex of  the  approximate  amount  of  sulfur  present. 

METHYLENE  BLUE  TEST — It  was  thought  that  the 
methylene  blue  test,  described  by  E.  Fischer,'  for  small 
amounts  of  hydrogen  sulfide  might  be  used  for  the 
detection  of  sulfur  in  petroleum.  The  method  de- 
pends on  the  conversion  of  the  sulfur  in  the  oil  to 
sodium  sulfide  by  treatment  with  sodium  as  described 
under  the  silver  coin  test.  The  filtered  solution  is 
neutralized  with  a  few  drops  of  hydrochloric  acid 
in  the  presence  of  a  drop  or  two  of  phenolphthalein, 
then  five  or  six  drops  of  acid  are  added  in  excess.  A 
small  crystal  of  ^-amidodimethylaniline  sulfate  is 
dissolved  in  the  liquid  and  several  drops  of  dilute 
ferric  chloride  are  added.  If  the  oil  contains  sulfur 
a  blue  color  should  be  developed  which  becomes  more 
intense  on  standing.  The  blue  color  is  not  formed 
in  the  presence  of  too  little  or  too  much  acid.  The 
amount  of  acid  added  after  neutralizing  should  be 
about  one-tenth  of  the  volume.  In  the  presence  of 
cyanides,  which  may  be  formed  if  the  oil  contains 
compounds  of  nitrogen,  the  blue  color  may  change  to 
a  violet  on  standing  but  it  may  be  restored  by  adding 
more  ferric  chloride.  This  test  showed  a  good  reac- 
tion on  a  light  distillate  which  gave  negative  results 
with  the  sodium  nitroprusside  test. 

TESTS    FOR    SULFUR    COMPOUNDS 

Samples  of  oil  from  the  same  well,  producing  from 
the  Bartlesville  sand,  were  used  for  all  tests.  The 
crude  oil  was  compared  in  the  tests  with  portions  of 
the  fractions  obtained  when  the  oil  was  distilled.  The 
temperatures  at  which  the  fractions  were  obtained 
arc  given  in  the  table. 

Fractional  Distillation  TRHruRATt'KUs 
Friiclion  No.  1  2  S  ^  '■ 

Temperature  ("  C.)    UptoWS      US- 150      150-.;j.S        nS-iOO       .\00-.tJO 

The  methylene  blue  test  indicated  the  presence  of 
sulfur  in  each  fraction  and  in  the  residtie.  The  quan- 
tity of  sulfur  as  indicated  by  the  depth  of  color  in  each 
fraction,  increased  in  the  following  order:  No.  i. 
No.  I,  No.  3,  No.  5,  residue  and  No.  4.  The  color 
produced  when  the  test  was  made  on  the  crude  oil 
was  about  the  same  as  that  obtained  with  Fraction  5. 

IIYUKIH'.EN     SULFIDE — Aboul     5O    CO.    of    thc    oil    WCfC 

shaken  up  with  lo  cc.  of  water  in  a  scparntory  funnel, 
then  thc  water  was  drawn  off  and  thc  methylene  blue 
test  made  for  hydrogen  sulfide.  Negative  results 
were  obtained  with  Fractions  i,  j,  .?,  and  with  the 
residue,  but  Fractions  4  and  5  produced  a  light  blue 
color.  Negative  results  were  obtained  when  thc 
test  was  applied  to  thc  crude  oil.  Thc  hydrogen 
sulfide  founil  in  I-'mctions  4  nnd  s  must  have  Ik-ch 
formed  by  the  breiiking  down  of  thc  more  complex 
compound  at  thc  temperature  JiS°  and  above. 

I  lUr..  u,  ;.'.<4. 
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CARBON  DISULFIDE — The  five  fractions  were  tested 
for  carbon  disulfide'  by  adding  3  drops  of  phenyl- 
hydrazine  to  10  CO.  of  each.  No  precipitate  was  ob- 
tained, indicating  the  absence  of  carbon  disulfide. 

THioPHENES — A  Crystal  of  isatin  was  dissolved  in 
concentrated  sulfuric  acid  and  shaken  with  10  cc.  of 
the  oil,  then  warmed  (Indophenin  reaction).  Each 
fraction  was  tested  and  with  each  the  acid  was  so 
darkened  that  no  color  could  be  detected.  In  Fractions 
3,  4  and  s  a  violet  color  developed  in  the  oil:  this 
is  being  investigated. 

ALKYL  SULFIDES — About  50  CC.  of  each  fraction  were 
shaken  with  lo  cc.  of  an  alcoholic  solution  of  mercuric 
chloride.  The  alcoholic  layer  was  drawn  ofif  and 
diluted  with  water.  On  standing,  a  small  amount  of 
a  white  amorphous  precipitate  settled  out  in  Fractions 
2,  3  and  4,  indicating  the  presence  of  alkyl  sulfides.^ 

SUMMARY     OF     RESULTS     BY     QUALITATIVE     TESTS It 

appears  that  alkyl  sulfides  and  thiophenes  are  present 
/y-a/TT  COi  Generator r 


a  low  flame  for  one  hour,  then  the  flame  is  increased 
and  the  heating  continued  over  the  full  flame  for  at 
least  three  hours.  After  cooling,  the  fusion  is  dis- 
solved in  hot  water,  acidified  with  hydrochloric  acid 
and  heated  to  boiling.  It  is  then  filtered  and  the 
sulfur  precipitated  and  weighed  as  barium  sulfate. 
Thirteen  determinations  by  this  method  gave  a  maxi- 
mum of  0.19  per  cent,  a  minimum  of  0.13  and  an  average 
of  0.157  per  cent  total  sulfur. 

FUSION  WITH  SODIUM  PEROXIDE — A  mixture  of  12  g. 
sodium  peroxide  and  0.5  g.  potassium  chlorate  is 
placed  in  a  Parr  bomb  and  about  0.4  g.  of  the  oil 
weighed  into  it,  then  all  well  mixed  by  stirring  with 
a  platinum  rod.  The  bomb  is  closed  and  the  charge 
ignited.  After  cooling,  the  bomb  is  opened  and  the 
fusion  dissolved  in  hot  water,  acidified  with  hydro- 
chloric acid  and  the  sulfur  precipitated  as  barium 
sulfate.  Twelve  determinations  by  this  method  gave 
a    maximum    of    0.373    per    cent    and    a    minimum    of 


^-*S  Aspirplbr 


Apparatus  Used  i 
A — Wash  bottle  of  NaHCOi  solution 
B— Wash  bottle  of  alkaline  KMn04  solution 
C,C— CaClj  tubes 

D — Combustion  tube  80  cm.  long,  16  mm.  internal  diameter,  drawn  out  and  turned  down  at  one  end 
E — Hard  glass  tube  40  cm.  long,  11  mm.  internal  and  14  mm.  external  diameter,  drawn  out  at  one  end  to  pass  tbroui 
stopper 

F — Glass  tube  connecting  combustion  tube  with  absorption  tube  G 

G — 100  cc.  burette  filled  with  glass  beads  used  as  absorption  tube 

1,2,3 — Screw  pinch  clamps 

h — Porcelain  boat 

Ft — Spirals  of  platinum  wire 

CO»  is  generated  in  Kipp  apparatus;  oxygen  comes  from  ordinary  gas  holder;  eight  liter  bottl 


in  petroleum  obtained  from  the  Bartlesville  sand  in 
the  Gushing  pool.  Other  compounds  of  sulfur  may 
be  present  in  this  oil,  because  the  fraction  distilling 
below  125°  gave  a  positive  reaction  with  the  methylene 
blue  test,  but  no  reaction  for  alkyl  sulfides,  thiophenes, 
hydrogen  sulfide  or  carbon  disulfide.  Moreover,  the 
fraction  distilling  between  300  and  350°  C.  showed 
but  a  trace  of  hydrogen  sulfide  while  the  tests  for 
total  sulfur  (methylene  blue  test)  indicated  a  compara- 
tively large  amount. 

QUANTITATIVE    METHODS 

MODIFIED  ESCHKA  METH0i> — One-half  of  a  mixture 
of  10  g.  anhydrous  sodium  carbonate  and  i  g.  po- 
tassium chlorate  is  placed  in  a  25-cc.  porcelain  crucible. 
A  weighed  quantity,  approximately  i  g.  of  the  oil, 
is  added  and  thoroughly  incorporated  with  the  aid  of 
a  platinum  or  glass  rod.  The  remainder  of  the  mixture 
is  used  to  cover  the  mass  and  the  crucible  heated  over 

'  Liebcrman  Seyewetz,  Bcr.,  S4,  788. 

•  Bcilstein,  "Hondbuch  der  Organischcn  Chemic,"  1,  357. 


used  as  aspirator 

with   an   average 


0.328   per   cent 


0.295    psr    cent, 
total  sulfur. 

MODIFIED   D.'VMMER   COMBUSTION   METHOD' The   partS 

of  the  apparatus  and  their  arrangement  are  shown 
on  the  drawing.  The  first  step  in  the  determination 
is  to  start  the  combustion  furnace  and  heat  the  part 
of  the  tube  containing  the  platinum  wire  to  the  highest 
temperature  the  glass  will  stand.  While  this  is  being 
done  3  5  to  40  cc.  of  strong  hydrogen  peroxide  are  meas- 
ured into  the  absorption  tube  G  which  is  then  con- 
nected to  the  combustion  tube.  About  0.75  g.  of  the 
oil  is  weighed  into  a  porcelain  boat  filled  with  ignited 
asbestos  and  when  the  larger  tube  has  become  very 
hot,  it  is  placed  about  5  cm.  from  the  larger  end  of 
the  inner  tube  E.  The  aspirator  is  started  and 
oxygen  admitted  into  the  annular  space  between 
tubes  D  and  E.  A  very  slow  stream  of  carbon  dioxide  is 
then  admitted  through  tube  E.     A  low  flame  is  started 

'  Dammcr,  Z.  angew.  Chem.,  SS,  440,  used  platinized  asbestos  as  a 
catalyzer  and  absorbed .  oxides  of  sulfur  in  potassium  hydroxide  or  lead 
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under  the  boat  and  vapors  from  the  oil  soon  ignite 
at  the  mouth  of  tube  E.  The  heat  is  carefully  in- 
creased under  the  boat  until  no  more  volatile  matter 
can  be  driven  off.  Great  care  must  be  exercised  to 
regulate  the  heat  and  the  flow  of  carbon  dioxide  so  that 
the  oxides  will  not  pass  over  too  rapidly  for  complete 
absorption.  The  flow  of  water  from  the  aspirator 
should  be  regulated  so  that  neither  undue  pressure 
nor  suction  is  developed  in  the  hot  tube.  After  all 
volatile  matter  has  been  driven  over,  the  carbon  dioxide 
is  shut  off  at  the  generator  and  clamp  i  is  opened 
so  that  oxygen  will  pass  over  the  residue  in  the  boat. 
Clamp  3  is  shut  down  until  a  very  small  quantity  of 
oxygen  passes  through.  When  the  residue  in  the  boat 
has  been  completely  oxidized  the  absorption  tube  is 
disconnected  and  the  flow  of  oxygen  stopped.  The 
liquid  and  beads  are  transferred  from  the  absorption 
tube  to  a  beaker  and  boiled  with  finely  divided  silica 
to  decompose  any  excess  hydrogen  peroxide.  After 
cooling,  the  sulfuric  acid  is  titrated  with  standard 
sodium  hydroxide  after  adding  a  drop  or  two  of  phenol- 
phthalein  indicator.  It  is  convenient  to  use  alkali 
so  standardized  that  i  cc.  is  equivalent  to  i  mg. 
sulfur.  Blank  analyses  should  be  made  in  order  to 
correct  for  any  sulfur  which  may  be  present  in  the 
reagents.  The  entire  process  may  be  completed  in 
less  than  two  hours,  but  the  length  of  time  required 
seems  to  depend  upon  the  amount  of  oil  weighed  out. 
Four  determinations  by  this  method  gave:  Total 
sulfur  0.344,  0.379,  0-343  and  0.351  per  cent,  an 
average  of  0.354. 

Results  agreeing  very  closely  with  each  other  were  ob- 
tained by  each  method  but  those  by  the  Eschka  method 
were  so  much  lower  than  the  other  results  that  it  is 
evident  this  method  permitted  some  loss  of  sulfur. 
The  method  of  fusion  with  sodium  peroxide  in  a  Parr 
bomb  and  the  modified  combustion  method  appeared 
to  give  reliable  results.  The  greater  simplicity  of  the 
bomb  method  makes  it  more  desirable  than  the  com- 
bustion method,  which  requires  the  greatest  care  and 
vigilance  on  the  part  of  the  analyst. 

An  attempt  was  made  to  estimate  sulfur  in  petro- 
leum by  burning  in  an  ordinary  combustion  furnace 
and  passing  the  evolved  gas  through  standard  iodine 
solution  but  concordant  results  were  not  obtained. 
Additional  investigations  were  made  of  methods  in- 
volving the  treatment  of  the  boiling  oil  under  a  reflux 
condenser  with  fuming  nitric  acid  and  the  addition  of 
potassium  dichromatc,  potassium  chlorate  and  bromine 
but    low    results    were    obtained    in    each    experiment. 

SUMMARY 

I — The  methylene  blue  test  provides  an  extremely 
delicate  test  for  the  detection  of  any  form  of  sulfur 
in  petroleum.  It  may  also  be  used  for  determining 
the  presence  of  hydrogen  sulfide. 

2 — The  Eschka  method  for  sulfur  does  not  appear 
to  be  applicable  to  petroleum. 

3 — Fusion  with  sodium  peroxide  in  a  bomb  and  the 
modified  Dammcr  combustion  method  seem  to  be 
accurate  for  determining  sulfur  in  cnulc  oil. 

4      No  sulfur  as  hydrogen  sulfide  or  carbon  disulfide 


was  found  in  the  Gushing  oil  (Bartlesville  sand). 
Hydrogen  sulfidelis  formed  from  the  oil  when  it  is 
heated  above  225°. 

5 — Most  of  the  sulfur  in  the  Gushing  oil  is  probably 
in  the  form  of  alkyl  sulfides. 

Petroleum  Technology  Laboratory 
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THE  THEORY  OF  ORE  FLOTATION 

By  H.  P.  Corliss  and  C.  L.  Perkins 
Received  February  5,  1917 

The  physics  and  chemistry  of  ore  flotation  constitute 
the  subject  of  extensive  literature,  but  no  one  contri- 
bution presents  an  explanation  of  all  the  physico- 
chemical  factors  involved.  These  articles'  include 
collectively  considerable  information  of  importance,  but 
have  failed  to  elucidate  this  very  obscure  problem. 

In  the  present  paper  there  will  be  presented  an  ex- 
planation of  the  actual  factors  involved  in  ideal  flota- 
tion and  also  of  other  practical  observations  incident 
to  the  art.  The  theory  presented  herein  has  been 
worked  out  and  substantiated  by  actual  experiment. 
However,  for  the  sake  of  brevity,  only  a  brief  r^sum6 
of  the  experimental  results  is  included. 

The  greatest  success  in  the  art  has  been  obtained 
in  processes  in  which  a  gas,  usually  air,  is  introduced 
into  the  pulp,  either  by  chemical  means  from  car- 
bonate and  acid  (Potter- Delprat  process),  by  vacuum 
(Elmore  process),  by  agitation  (Minerals  Separation 
process),  or  by  blowing  it  in  through  a  porous  blanket 
(Callow  process)  and  with  or  without  the  use  of  oil. 
The  explanation  offered  in  this  paper  is  for  this  type 
of  process  especially,  though  the  simple  flotation 
principles  involved  in  such  processes  as  the  Maquisten 
and  Wood  and  the  bulk  oil  process  are  included. 

In  all  these  processes  the  material  floated  must  not 
be  wholly  wet  by  the  water  or  solution  in  the  presence 
of  this  gas  or  the  material  surrounding  this  gas,  for 
example,  an  oil  film  on  the  bubble  surface.  If  the  ma- 
terial is  completely  wet  by  the  water,  it  will  not  float, 
which  is  the  case  of  the  ideal  gangue,  while  the  material 
floated  must  go  to  the  interface  water-air  bubble  or 
entirely  into  the  phase  other  than  water,  e.  g.,  the  oil 
on  the  air  bubble. 

The  relations  of  the  forces  acting  to  produce  this 
result  were  first  stated  by  Freundlich'  and  enlarged 
upon  by  Hoffman'  and  Reinders.*  They  were  first 
stated  for  the  behavior  of  a  sol,  which  will  be  called 
disperse  phase  3  in  liquid  i,  when  shaken  with  an  im- 
miscible liquid  2.     Let 

Ti.i  -  InterUcial  tension  hrlwccn  phuc  O  untt  liquitl  1 
Til  —  Inlcrlacial  Icnaion  bctncrn  phair  .<  and  liquid  2 
Ti.i  -   InterUcial  tension  between  tlie  two  llqui»U 

If  Ti,i>  Ti.i  +  Ti.i  the  sol  will  remain  uiiclianged; 

I(  Ti.i>  Ti.i  +  Ti.i  the  disperse  plia.se  .\  will  no  entirely  into  liquid  2; 

U  Ti  i>  Ti  I  +  Ti  I  the  disperse  phase  will  collect  at  the  liquldlluuld  lalM- 
face   ailcl    will,    if   piiasilife.    separate   the    two  liquids  from  each  other. 

I  See  especially  the  lollnwini:  W.  P.  llancrott.  J.  I')iy$  l'»««i  .  I( 
(IVI.S).  .'7.^,  Ualsluu.  Mlitnt  am4  S.l  »>Mi.  l>ct.  .:.'.  l»l».  fallow.  Am 
tnll.  Mint.  /•:"«.  '•»"  .  l>ec  ,  1»I5,  :\:\.  A.ldrrsou.  Ilod  .  Juljr.  l»««.  111*, 
and  Taggert  and  Ueach.  IhtJ  .  Aub  .  Itii,  I.<:a  I'ot  a  ver-y  o>inplet* 
bibllographv.  see  Schwl  ol  Mines  ft  Metallurgy.  Univ.  of  Missouri.  «•«. 
I,  No.  I.  \1lb.  also  .1-.    Im,l.  Utn.  Kag.  Bmll.,  1«1«,  II.M. 

•  "Kapill.rchemir.  '  IM«.  \i7.  174. 

>  Z.  pliriCI>fm.U{\9i)).Hi. 

'  KMoU  t..  II  (IVI.M.  }.t). 
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If,  however,  no  one  interfacial  tension  is  greater 
than  the  sum  of  the  other  two,  then  the  disperse  phase 
will  collect  at  the  liquid-liquid  interface,  but  the  three 
phases  will  meet  at  a  certain  contact  angle. 

The  application  of  these  principles  to  flotation  may 
now  be  stated,  for  while  the  greater  part  of  the  ma- 
terial floated  is  much  less  disperse  than  that  which 
is  considered  colloidal,  the  interfacial  tendencies 
are  the  same,  it  simply  being  a  question  if  the  forces 
holding  the  mineral  to  the  interface  are  sufficient  to 
overcome  gravity,  if  the  particle  is  to  float. 

WITHOUT  THE  USE  OF  OIL — This  is  known  as  the 
Potter- Delprat  process,  in  which  CO2  is  generated 
in  the  acid  pulp,  but  may  be  carried  out  successfully 
on  some  ores  in  a  Callow  cell,  using  air.  Here,  if  flota- 
tion is  to  result,  the  mineral  must  go  to  the  interface 
water-gas  and  be  carried  at  this  interface  to  the  top  of 
the  pulp.  The  word  water  will  be  used  mostly  to 
denote  the  aqueous  phase,  whether  it  is  pure  water 
or  a  solution,  and  the  flotable  matertel  will  be  called 
sulfide,  since  this  is  the  common  case.  On  the  basis  of 
interfacial  tensions,   where  if 

Tj  Q    —  Interfacial  tension  sulfide-air  (or  COj), 
Tj  y,   =  Interfacial  tension  sulfide-water, 
"^w.a  "  Surface  tension  water  air  (or  COj), 

either  (i)  Ts.w>'^s.a  +  '^w.a  or  (2)  no  one  inter- 
facial tension  is  greater  than  the  sum  of  the  other 
two,  must  be  true.  It  is  obviously  impossible  to 
have  Ta,,a>  Ts.a  +  Tj  n.  as  the  latter  two  are  very 
large  in  comparison  with  the  first,  according  to 
theoretical  reasoning  and  measurements.'  Case  2  is 
the  actual  one,  as  can  be  seen  if  a  drop  of  water 
is  placed  on  a  flat  sulfide  surface.  Here  the  water 
does  not  spread  over  the  entire  surface,  but  comes  to 
equilibrium  with  the  three  phases,  sulfide,  air  and  water 
in  contact  at  a  certain  angle.  Case  i  would  require 
that  the  water  should  not  wet  the  sulfide  at  all  in 
presence  of  air.  In  flotation  then  the  sulfide  comes  to 
the  air-water  interface  and  sticks  through  the  bubble 
surface  to  a  certain  extent,  or  is  held  in  such  a  way 
that  the  three  phases  are  in  contact.  The  gangue 
material  is  completely  wet  by  water  and  does  not 
float;  i.  c,  T^.o  >  Tg.^  +  T'w.a- 

Some  measurements  were  made  to  get  an  idea  of 
these  interfacial  tendencies,  by  a  method  explained 
by  the  use  of  Fig.  I.  Here  a  flat  ground  mineral  sur- 
face was  placed  vertically  in  water  or  other  solution 
as  shown.  By  raising  and  lowering  the  mineral,  a 
quite  constant  result  was  obtained  for  the  rise  of  the 
meniscus  against  the  mineral  above  the  general  level. 
Here  the  meniscus  was  always  upward,  showing  a 
greater  preference  of  the  mineral  for  water  than  for 
air.  In  the  case  of  the  sulfides,  when  they  were  raised, 
the  meniscus  would  soon  draw  back  to  a  definite 
height,  leaving  the  sulfide  surface  above  quite  dry. 
For  gangue  the  water  does  not  draw  back  quickly, 
but  remains,  wetting  it  for  some  time.  The  sulfides  are 
proven  interfacial  in  this  way  and  the  measurements 
of  the  height  of  the  point  of  contact  above  the  general 
level  are  interesting.  The  measurements  were  made 
with  a  cathetometer. 

'  Hulett,  Z.  phys.Chrm..  37  (lOOl),  385.  Also  the  surface  tensions  of 
molten  metals  and  fused  salts  are  high. 
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0.1  Per  0.1   Per 

Material  Water  cent  H-SO.  cent  NaOH 

Chalcocite 1    55  mm.  2.10  mm.  .1.07  mm 

Chalcopyrite 2.60  2.50  2.90 

Gangue  (silicate) 3.20  3.25  3.30 

The  figures  for  the  gangue  are  not  at  the  point  of 
contact,  for  there  is  none,  since  it  is  thoroughly  wet  by 
water,  but  are  at  the  point  where  the  meniscus  becomes 
parallel  to  the  face  of  the  mineral  surface.  The  min- 
eral giving  the  smallest  rise  should  be  the  most  inter- 
facial and  the  best  floating.  This  was  found  to  be 
true,  for,  without  oil,  chalcocite  is  a  better  floating 
mineral  than  chalcopyrite.  at  least  for  the  ores  that 
were  tested.  The  figures  above  also  show  that  in  alka- 
line solution  a  very  poor  float  should  be  made,  as  the 
rise  is  almost  as  much  as  for  the  gangue.  This  was  also 
found  to  be  true.  Differences  even  among  sulfides 
are  clearly  shown,  hence  it  is  not  surprising  to  find  all 
gradations  in  floating  properties  among  ores.  These 
measurements,  made  on  large  pieces  of  mineral 
with  ground  and  partially  polished  surfaces,  may  not 
correspond  exactly  to  those  for  an  ore  surface,  though 
in  the  cases  mentioned  above  they  were  found  to  give 
results  agreeing  with  practice. 

Another  point  noticed  in  these  measurements, 
which  is  an  important  one,  is  how  quickly  the  water  is 
displaced  from  a  mineral  surface  when  brought  in 
contact  with  air.  If  an  air  bubble  comes  in  contact 
with  a  sulfide  particle  immersed  in  water,  it  must  par- 
tially displace  the  water  from  the  sulfide  rather  quickly, 
if  it  is  to  be  floated  in  a  pneumatic  cell.  This  was 
tested  for  the  same  minerals,  by  noting  the  time 
taken  for  the  solution  to  come  back  to  the  final  point 
of  contact,  when  the  mineral  was  raised,  with  the  fol- 
lowing   general    results: 

(i)  Water  and  acid  solutions  are  removed  more 
quickly  in  air  from  chalcocite  than  from  chalcopyrite. 

(2)  Little  difference  is  noted  between  acid  and  neu- 
tral solutions. 

(3)  Alkaline  solutions  are  removed  very  slowly 
from  all  surfaces. 

(4)  All  solutions  adhere  strongly  to  gangue. 
These    facts    also    agree    with    the    practical    results 

mentioned  above.  The  success  of  the  Potter-Delprat 
process  may  well  be  due  to  these  facts,  since  the  CO2 
is  generated  in  contact  with  the  sulfide  and  time  is 
given  for  the  solution  to  be  partially  displaced  by  the 
gas,  or,  in  other  words,  for  the  sulfide  to  attain  the  in- 
terfacial condition  and  be  floated. 

When  a  soluble  frothing  agent  is  used,  without  oil, 
the  same  principles  apply,  the  frothing  agent  simply 
modifying  the  water  to  a  certain  extent. 

WITH  OIL — The  use  of  oil  introduces  several  new 
factors  which  make  the  problem  more  complex,  but 
the  same  principles  apply.  The  sulfides  can  now  be 
interfacial  between  water  and  air  as  discussed  above, 
but  in  addition  may  be  interfacial  between  water  and 
oil  or  even  go  into  the  oil  layer.  This  oil  layer  is  on 
the  bubble  surface  and  the  forces  holding  the  sulfides 
to  this  surface,  if  it  has  an  oil  film,  are  much  greater  than 
when  no  oil  is  used.  This  point  will  be  proven  a  little 
further  on.  The  oil  layer  on  the  bubble  surface 
need  be  only  of  minimum  thickness  to  act,  in  contact 
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with  water,  the  same  as  a  layer  of  oil  on  water,  as  far 
as   interfacial   tendencies   are   concerned.      Let 

Tj  ai  =  Interfacial  tension  sulfidewater. 
T5  o    =  Interfacial  tension  sulfideoil. 
Tow  =  Interfacial  tension  oil-water. 

Then  if  (i)  Tj.„>Tj.o  +  T^,^  ,  the  sulfide  will  go 
into  the  oil  layer  completely. 

(2)  No  one  interfacial  tension  is  greater  than  the 
sum  of  the  other  two,  the  sulfide  will  go  to  the  oil- 
water  interface  and  the  three  phases  will  be  in  contact 
at  a  certain  contact  angle.  The  gangue  is  thoroughly 
wetted  by  water,   i.   e.,   T^.o^Tg.ai  +  "^o.w 

These  inequalities  have  been  stated  and  applied  to 
the  flotation  process  by  Ralston.'  The  second  condi- 
tion given  above,  where  the  sulfides  are  interfacial 
seems  to  be  by  far  the  most  general,  though  the  first 
condition  may  be,  and  probably  is,  realized,  especially 
when  tarry  oils  are  used  which  in  grinding  with  the 
ore  coat  the  sulfides  more  or  less  with  this  tarry  ma- 
terial. It  is  doubtful  if  the  lighter  oils  or  the  lighter 
constituents  of  a  tarry  oil  mixture  film  the  sulfide  at 
all  in  grinding,  but  rather  it  is  probable  that  this  oil 
is  emulsified  in  the  operation.  The  condition  where  the 
mineral  is  completely  filmed  by  oil  would  be  the  best 
floating  condition,  and  this  could  be  realized  in  the 
flotation  cell,  where  this  film  would  be  continuous 
with  the  oil  film  on  the  bubble  surface.  All  gradations 
of  the  interfacial  conditions  are  possible,  from  those 
that  show  only  a  slight  tendency  to  be  wet  by  water 


/lir 

?A 

Inciter 

in  the  presence  of  oil,  to  those  that  are  thoroughly  wet, 
which  is  the  case  of  the  gangue  material. 

Experimental  determinations  of  the  interfacial  ten- 
dencies of  various  minerals  were  carried  out  in  the 
same  way  as  described  above,  except  that  in  this  case 
the  interface  was  oil-water,  or  aqueous  solution.  In 
Fig.  II  is  represented  the  case  of  a  sulfide  surface  at 
this  interface.  The  fiotahle  materials  were  all  inter- 
facial and  the  sulfides  showed  a  decided  preference 
for  the  oil.  This  is  a  very  important  point  in  showing 
that  the  same  sulfides  are  much  more  strongly  held  to 
an  oil-covered  air  bubble  than  to  one  not  so  covered. 
In  Fig.  I  the  sulfide,  while  interfacial,  shows  a  prefer- 
ence for  water  over  air  and  would  easily  be  displaced 
in  actual  flotation  from  the  interface  and  go  back  into 
the  water.  In  Fig-  II  the  meniscus  is  now  pushed 
downward  into  the  water,  instead  of  upward  and  hence 
the  sulfide  is  held  much  more  strongly  to  oil  than  to 
air. 

1  .tfininii  .!»./  s,irnli/l.   /Vfvi.  ().-.  .M.  Itli. 
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The  following  measurements  were  made  after  the 
meniscus  had  come  to  the  true  point  of  contact  of  the 
three  phases,  and  this  point  was  closely  the  same 
whether  the  mineral  was  wet  with  the  oil  or  solution 
first.  The  averages  of  these  two  figures  are  given. 
Kerosene  and  a  kerosene  pine  oil  mixture  were  used 
mostly,  as  the  interfaces  are  better  defined,  especially 
in  acid  and  alkaline  solution,  than  with  many  actual 
flotation  oils.  These  other  oils  act  in  the  same  way, 
however. 

Depression  op  Meniscus;     Kerosene  .\nd  Chalcopyrits 
Water  0.10  Per  cent  H;SO»   1  Per  cent  HrSO.   10  Per  cent  H.SO« 

2.9V  mm.  2.02  mm.  1.32  mm.  0.75  mm. 

Calcite  in  contact  with  neutral,  acid,  and  alkaline 
solutions  and  kerosene  showed  interfacial  tendencies 
in  alkaline  solution  only. 

Malachite  exhibited  a  small  interfacial  tendency,  ex- 
cept in  alkaline  solution  in  which  it  was  thoroughly 
wet  by  the  solution. 

Kerosene  and  Pine  Oil  and  Aqueous  Solution 
This  was  a  flotation  mixture  of  90  per  cent  kerosene  and  10  per  cent  pine  oil 
Depression  op  Meniscus 
Solution  Chalcopyrite  Chalcocite 

Water .VlOmm.  Ml  ""°- 

0.10  per  cent  NaOH 1.98  2.54 

0.10  per  cent  HtS04 1.45  -  ''.s 

Gangue  material  in  all  cases  is  thoroughly  wet  by 
the  solution,  especially  if  it  is  wet  by  the  solution  be- 
fore coming  in  contact  with  the  oil,  as  is  the  case  in 
actual  flotation.  The  case  of  chalcocite  in  water  given 
above  is  almost   a  condition  of   complete  wetting  by 

oil. 

These  experimental  results  in  every  way  justify 
the  theoretical  discussion  above  and  also  show  that 
alkali  and  acid  lower  the  interfacial  tension  sulfide- 
water  as  the  preference  for  oil  is  not  as  great  in  these 
solutions  as  in  water,  although  the  sulfide  is  still  de- 
cidedly interfacial  and  hence  can  be  easily  floated  from 
acid  or  alkaline  pulps.  These  results  were  obtained 
by  the  use  of  a  clean  sulfide  surface,  but  in  actual 
flotation  this  may  not  be  true  for  all  the  particles, 
and  since  the  interfacial  properties  are  a  function 
of  the  surface  only,  we  may  expect  many  differ- 
ences from  these  ideal  measurements.  In  alkaline 
solution,  for  example,  there  may  be  some  of  the  min- 
eral which,  like  calcite,  is  more  interfacial  in  this  solu- 
tion than  in  water,  and  hence  would  float  although  it 
would  not  do  so  in  a  neutral  pulp.  In  tests  it  has  been 
found  with  some  ores  and  oil  mixtures  that  in  an  alka- 
line pulp  a  better  recovery  was  made  in  the  usual 
length  of  time  than  by  prolonged  floating  in  neutral 
pulp.  This  might  also  be  true  in  an  acid  pulp  for 
some  minerals. 

NAT!  KK    OF   T1IK   SOI  ID  SIRKAIK  AND  HYSTKRKSIS  OF  THE 
CONTACT    ANC.l.K 

It  has  been  noticed  that  some  surfaces  have  a  strong 
tcn.lency  to  hold  fast  to  the  liquid  first  wetting  them 
and  not  to  allow  it  to  be  easily  displaced  by  another 
liquid.  In  the  work  upon  interfacial  tensions,  de- 
scribed above,  such  a  surface  would  show  a  great 
.lilTerencc  in  preferential  action  or  angle  of  contact, 
dependent  upon  whether  it  was  wet  with  oil  or  water 
first.     It  has  also  been  observed  that  it  is  principally 
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those  substances  having  smooth  or  shiny  surfaces 
which  float,  while  those  having  dull  or  rough  surfaces 
do  not  float. 

These  observations  and  others  point  to  the  following 
explanation  of  the  mechanism  of  this  action:  there  is 
first  the  inherent  property  of  each  substance  to  adhere 
to  oil  or  to  water  to  a  certain  degree.  When  the  sub- 
stance is  brought  to  the  interface  between  water  and 
oil,  these  forces  tend  to  come  to  equilibrium  with  the 
third  force,  the  interfacial  tension  between  oil  and  water 
at  some  definite  contact  angle.  Here  is  where  the 
physical  nature  of  the  solid  surface  comes  into  play. 
If  the  surface  is  smooth  and  shiny,  such  as  that  of  a 
polished  metal  or  a  freshly  fractured  sulfide  crystal, 
then  the  liquid  first  touching  it  is  easily  pushed  back 
to  the  equilibrium  position  when  brought  to  the  inter- 
face with  another  liquid.  If,  however,  the  substance 
has  a  dull,  i.  e.,  a  capillary  surface,  so  that  the  liquid 
first  wetting  it  is  strongly  held  in  its  pores,  then, 
when  it  is  brought  to  the  interface  it  may  exhibit 
no  interfacial  properties  at  all  although,  if  it  were 
smooth,  it  might  even  show  a  preference  for  the  other 
liquid.  This  shows  the  reason  for  the  difference, 
"or  hysteresis,"  of  the  contact  angle  noted  for  some 
surfaces.  It  also  explains  why  a  particle  having  such 
a  surface,  if  first  wet  with  water,  as  is  the  case  in  flota- 
tion, will  be  very  difficult  to  float,  since  it  will  not 
easily  be  brought  into  contact  with  oil. 

FUNCTION  OF  THE  BUBBLE — The  function  of  the  bub- 
ble is  to  give  a  large  surface  to  which  the  sulfide  may 
go  and  be  floated.  As  already  stated,  the  air  bubble 
in  oil  flotation  is  covered  wholly  or  in  part  by  an 
oil  film.  For  the  action  of  oil  on  water,  see  Devaux' 
and  Langmuir.^  It  is  not  necessary  that  the  oil  com- 
pletely cover  the  bubble,  and  it  probably  does  not  in 
the  greater  proportion  of  the  bubbles.  The  supply 
of  oil  for  the  bubbles  will  be  discussed  under  the  action 
of  emulsions.  If  an  oil  droplet  is  placed  on  water  or 
aqueous  solution,  it  will  spread  out  over  the  surface 
provided  the  surface  tension  of  the  water  is  greater 
than  the  sum  of  the  surface  tension  of  the  oil  plus 
the  interfacial  tension  oil-water,  i.  e.,  this  inequality 
must  be  true: 

T.^..»>To,„  +  To.w 
For  oil  flotation  this  must  be  true  for  all  solutions  used, 
as  the  air  in  the  bubble,  surrounded  by  the  pulp, 
presents  this  same'  condition.  If  to  water  is  added 
some  material  which  lowers  its  surface  tension  (T^.o), 
without  lowering  Ta,.a  +  To.o  to  an  equal  amount, 
the  inequality  is  reduced  and  finally  a  point  is  reached 
where  the  oil  will  not  spread  on  the  solution.  This 
is  easily  realized  in  case  of  soap  solutions,  and  with 
many  other  substances  which  lower  the  surface  ten- 
sion greatly.  In  this  condition  a  poor  float  would  re- 
sult. In  flotation,  in  order  to  produce  a  froth,  material 
such  as  the  soluble  portion  of  pine  oil  is  added  which 
lowers  the  surface  tension  of  water.  Unless  this 
helps  in  other  ways  than  producing  a  froth,  it  should 
be  used  in  as  small  a  quantity  as  possible,  and  this 
agrees  with  many  practical  observations.     The  froth- 

'  Ann.  Report  Smithsonian  Insl..  1918,  261. 
>  Met.  £-  Chem.  Eng..  16  (1916).  469. 


ing  agent  added  also  lowers  the  interfacial  tension 
oil-water,  but  here  it  must  be  remembered  that  even 
if  the  interfacial  tension  is  lowered  in  the  same  pro- 
portion as  the  surface  tension,  the  inequality  is  less 
than  before,  since  the  interfacial  tension  is  much  smaller 
than  the  surface  tension  of  water.  The  other  factor, 
the  surface  tension  of  oil  (To,a),  is  not  changed  much, 
for  inorganic  salts,  etc.,  do  not  dissolve  in  it.  If, 
however,  some  substance  is  added  which  will  not 
lower  the  surface  tension  of  water  but  will  lower  the 
interfacial  tension  oil-water,  then  this  should  produce 
better  oiling  of  the  bubble.  This  can  be  done  with 
alkalies  and  in  the  case  of  some  oils  by  acids. 

An  important  point  in  connection  with  the  use  of 
the  pneumatic  cell  is  the  time  during  which  the  bub- 
ble is  in  contact  with  the  pulp  as  it  passes  through, 
as  here  it  must  be  attached  to  the  sulfide  particles. 
Any  reagent  that  will  give  a  quicker  filming  of  the 
bubble  surface  by  oil,  after  it  comes  through  the  blanket, 
will  be  of  benefit  in  the  rapidity  with  which  the  min- 
eral is  attached  and  raised.  Alkalies,  as  explained, 
produce  a  greater  inequality  between  Tu,.o  and  T„,o  + 
To.o  and  hence  the  oil  will  be  spread  out  thicker 
over  the  surface  than  without  their  use. 

A  large  number  of  surface  and  interfacial  tension 
measurements  were  made,  a  few  of  which  are  as  fol- 
lows ; 

SoRFACE  Tensions 

Dynes  per  cm. 

Water  25°  C 71.8 

Kerosene 25 . 2 

Coke-oven  Oil 28.0 

Pine  Oil 30.0 

0.01  per  cent  solution  Terpiueol 68.6 

0. 10  per  cent  solution  Terpineol 49 . 2 

Interfacial  Tensions 

Kerosene-Water 32.8 

Kerosene  and  Pine  Oil- Water U .  6 

Kerosene  and  Pine  Oil-0.05  per  cent  solution  NaOH 7.3 

Kerosene  and  Pine  Oil-0.20  per  cent  solution  NaOH... .  4.5 

Kerosene  and  Pine  Oil-0.20  per  cent  solution  HiSO« 13.2 

Coke-oven  Oil-  Water 14.1 

Coke-oven  Oil-0.05  per  cent  solution  NaOH 5.8 

Coke-oven  Oil-0.20  per  cent  solution  NaOH 2.6 

Coke-oven  Oil-0. 10  per  cent  solution  NasCOi 6.6 

Coke-oven  Oil-0.20  per  cent  solution  NaiCOi 4.4 

Coke-oven  Oil-0.20  per  cent  solution  NaiBtOi.lOAq 8.0 

Coke-oven  Oil-0. 10  per  cent  solution  Na4P«O7.10Aq 9.6 

Coke-oven  Oil-0.20  per  cent  solution  Ns.PiOt.IO  Aq 7.4 

Coke-oven  Oil-0.40  per  cent  solution  HiSOt 14.4 

Coke-oven  OU-0. 01  per  cent  solution  Saponin 9.3 

Coke-oven  Oil-0. 01  per  cent  solution  Tannic  acid 12.7 

Coke-oven  OilO.Ol  per  cent  solution  Hemoglobin 8.9 

Considerable  data  of  this  kind  are  given  by  Lewis' 
and  Shorter  and  Ellingsworth-  on  the  action  of  dyes, 
salts  and  soap.  The  drop  number  apparatus  used 
was  the  same  as  described  by  Shorter  and  Ellings- 
worth. Their  work  also  shows  that  soap  and  alkali 
together  are  very  active  in  lowering  the  interfacial 
tension  oil-water.  This  would  be  the  condition  in 
an  alkaline  pulp,  as  there  would  then  be  free  alkali 
and  some  saponified  material  with  many  of  the  oils 
used. 

The  results  when  colloidal  material  is  present  are 
subject  to  great  variation,  due  to  different  speed  of 
formation  of  drops.  The  figures  given  above  for 
these  materials  approach  the  dynamic  value,  as  the 
rate  of  dropping  was  fairly  rapid.  The  static  values 
are  very  much  smaller  and  are  interesting  in  connec- 
tion with  the  emulsifying  power  of  these  substances. 
As  an  example  of  this  the  following  result  on  coke- 

1  Z.  phys.  Chem..  74  (1910).  619. 
>  Proc.  Roy.  Soc,  9S  (1916),  231. 
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oven  oil  against  0.005  pcr  cent  hemoglobin  solution 
is  given.  The  time  is  for  the  total  number  of  drops 
formed. 


Drop  No. 
22.5 


Interfaciai,  Tension 
13.2  dynes  per  cm. 
3.5  dynes  per  cm. 


It  is  seen  from  the  table  above,  that  besides  NaOH 
itself,  any  salt  that  hydrolyzes  to  give  an  alkaline 
solution  lowers  the  interfaciai  tension,  and  all  these 
salts  are  beneficial  to  flotation. 

EMULSIONS — The  behavior  of  the  oil  at  the  bubble 
and  sulfide  surfaces  has  been  given.  In  the  pneumatic 
cell  this  oil  is  supplied  by  an  emulsion  or  a  coarser 
suspension  of  oil  in  water.  In  the  agitator  type  ma- 
chine, the  oil  may  be  beaten  in  at  the  cell,  though  it  is 
also  customary  to  grind  the  oil  with  the  ore.  In  either 
case  the  problem  of  emulsions  comes  in.  In  the  pneu- 
matic process  this  emulsion  is  formed  in  the  grinding 
and  must  be  good  enough  to  last  throughout  the  float, 
yet  not  so  good  as  to  fail  to  break  down  with  sufficient 
rapidity  to  give  free  oil  for  the  bubble  surface.  The 
subdivision  of  the  oil  is  such  that  no  doubt  almost  all 
degrees  of  dispersion  exist;  the  larger  droplets  may  be 
of  sufficient  size  for  one  to  coat  a  fair  area  of  a  bubble 
surface,  but  the  better  emulsified  portion  is  of  such 
size  that  many  particles  have  to  unite  to  give  oil 
enough  for  the  minimum  thickness  of  an  oil  film,  to 
spread  over  even  a  square  centimeter.  This  can  be 
calculated  from  the  minimum  thickness  of  an  oil 
film'  and  the  size  of  the  particles  in  an  ordinary  oil 
emulsion.^ 

Experimental  evidence  on  these  points  is  very  con- 
clusive. If  a  coarse  suspension  of  oil  is  made  simply 
by  shaking  the  ore,  oil  and  water  together  in  a  bottle 
by  hand,  and  then  put  in  a  small  Callow  cell,  only  a 
partial  float  results  and  the  operation  must  be  re- 
peated several  times,  adding  more  oil  each  time,  in 
order  to  get  a  good  recovery.  If,  however,  too  good 
an  emulsion  is  had,  a  poor  recovery  also  results.  For 
this  purpose  a  kerosene  pine  oil  mixture  was  emulsi- 
fied with  water  in  a  De  Laval  emulser  and  allowed  to 
stand  over  night  and  a  middle  portion  of  this  emul- 
sion was  removed  for  the  tests.  This  emulsion  added 
at  the  cell  gave  a  small  float  at  first  and  then  stopped. 
On  adding  a  little  acid  no  further  float  resulted,  but 
by  allowing  the  pulp  to  stand  for  a  few  minutes  an 
additional  amount  of  sulfide  was  raised  and  finally 
a  good  recovery  was  made,  though  considerable 
time  had  to  be  given  for  the  emulsion  to  give  up  its 
oil.  This  was  also  found  to  be  true  for  another  oil 
which  gave  an  excellent  emulsion  on  simply  adding 
it  to  water. 

It  is  interesting  to  note  that  in  these  eases  it  was 
proven  that  it  was  not  necessary  to  grind  the  oil  with 
the  ore,  but  by  adding  it  as  an  emulsion  prepared  by 
itself  as  good  a  recovery  results.  This  probably  is 
not  true  for  oils  containing  tarry  matter  ns  explained 
above.  It  was  also  noticed  in  using  the  second  emul- 
sion, named  above,  that  flocculation  of  the  slimes  took 
place  in  neutral  solution  and  that  these  then  floated 

■  DcvBiii,  Loc.  cil. 
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to  a  large  extent,  giving  a  non-preferential  float; 
when,  on  the  other  hand,  the  emulsion  was  broken 
by  acid  and  alum,  a  good  preferential  float  resulted. 
It  was  found  that  these  slimes  in  neutral  pulp  had 
flocculated  with  the  oil  emulsion  so  that  on  standing 
all  the  oil  was  carried  down,  though  the  emulsion 
was  not  appreciably  broken. 

The  value  of  acid  and  salts  having  a  polj-valent 
cation  has  been  demonstrated  in  some  cases,  usually 
in  connection  with  the  M.  S.  type  process.  In  this 
process  there  is  greater  danger  of  getting  too  good 
an  emulsion  than  in  the  Callow  process,  and  the  value 
of  acids  and  salts  of  this  type  consists  in  their  power 
of  breaking  down  an  emulsion,  or  preventing  too 
good  a  one  being  formed.  These  salts  should  be 
used  in  acid  solution,  or  otherwise,  due  to  hydrolysis, 
the  insoluble  hydroxides  formed,  e.  g.,  Fe(0H)3,  and 
A1(0H)3  have  the  opposite  effect,  i.  e.,  of  preventing 
the  breaking  down  of  the  emulsion  or  promoting  its 
formation.'  Oil  emulsions  in  FeCU  solution  on  stand- 
ing give  a  yellow  flocculent  precipitate,  but  the  emul- 
sion is  not  broken.  The  mechanism  of  this  is  dis- 
cussed by  Ellis.*  In  a  neutral,  pneumatic.  Callow 
float,  such  salts  have  been  found  to  be  harmful.  If 
salts  of  iron  or  aluminum  are  present  in  the  feed  water 
then  acid  may  be  necessary  to  prevent  this  action 
between  them  and  the  oil  emulsions. 

The  value  of  alkalies  has  been  discussed  as  giving  a 
better  oiling  of  the  bubble  surface.  In  connection 
with  emulsions,  however,  a  greater  efi'ect  can  be 
ascribed  to  the  action  of  alkalies  or  salts  which  hydro- 
lyze  to  give  an  alkaline  reaction  and  to  those  which 
have  a  polyvalent  anion.  If  a  neutral  ore  pulp  is 
shaken  with  a  small  quantity  of  an  oil  emulsion  it  is 
found  that  the  slimes  are  coagulated  with  the  emul- 
sion and  settle  out,  often  leaving  the  liquid  quite  free 
from  oil  emulsion.  The  emulsion  is  not  broken,  "but 
simply  carried  down  with  the  flocculated  slimes.  If 
alkalies  are  used,  or  salts  such  as  last  mentioned, 
then  the  slimes  are  deflocculated  in  the  great  ma- 
jority of  cases.  Thej'  then  settle  more  slowly,  and 
when  they  have  settled  the  emulsion  fB  left  free  and 
still  standing.  This  is  very  important,  for  now  the 
emulsion  is  free  to  function  as  it  should,  i.  e.,  to  give 
oil  to  the  bubble  surface.  The  ore  particles,  both 
sulfide  and  gangue,  are  also  free  to  show  their  own 
behavior  toward  the  water  and  the  oil.  This  defloc- 
culation  should,  and  does,  result  in  a  higher  grade  con- 
centrate and  a  greater  and  quicker  recovery,  since 
now  no  sulfide  particles  are  coagulated  with,  or  sur- 
rounded by,  gangue  particles  that  prevent  their 
flotation. 

The  use  of  lime  has  not  been  found  to  be  as  beneficial 
as  that  of  NaOH.  This  is  explained  by  the  fact  that 
this  substance,  due  to  the  predominating  effect  of  the 
calcium  ion,  coagulates  instead  of  dcfloeculaling  the 
slimes,  and  hence  part  of  the  emulsion  is  removed  and 
the  individual  particles  are  not  free  to  float  as  they 
should.  This  coagulating  action  may  be  more  notice- 
able in  a  Callow  cell   than  in  a  cell  of  the   Minerals 

<  llrl((«  unil  .Schiiilill.  .'    Pkyi   Chim  .  1*  (|9|.<).  4;*. 
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separation  type,  as  in  the  latter  the  coagulated  slimes 
may  be  broken  up  considerably,  but  the  tendency 
is  the  same  in  either  case. 

QUANTITY  OF  OIL — The  principles  involved  when 
varying  quantities  of  oil  are  used,  is  a  question  on  which 
there  is  a  great  difference  of  opinion.  From  the  theory 
there  should  be  no  difference  whether  a  large  or  small 
amount  of  oil  is  used,  provided  this  oil  is  properly 
emulsified.  If  a  large  amount,  2  per  cent  or  3  per 
cent,  is  used  and  is  not  emulsified  sufficiently,  the  ex- 
cess may  float  and  be  of  disadvantage  in  several  ways. 
To  test  this  point  a  float  was  made  with  an  amount 
of  oil  equivalent  to  2  per  cent  of  the  weight  of  the  ore, 
emulsified  in  a  De  Laval  emulser,  and  added  at  the 
cell  (Callow)  and  a  float  made.  It  behaved  in  every 
way  the  same  as  when  o.  2  per  cent  or  less  of  oil  was 
used  and  the  recovery  was  better,  with  as  high  a  grade 
of  concentrate.  Of  course,  economy  would  settle 
the  minimum  amount  of  oil  to  use.  This  was  repeated 
with  other  oils  and  ores.  The  extra  amount  of  oil 
used  gave  a  greater  oiling  of  the  bubble  surface,  and  in 
fact  these  floats  were  better  than  when  alkali  was 
used  to  make  the  smaller  amount  of  oil  more  efficient. 

COLLOIDS  AND  "poisoNs" — In  the  light  of  the  above 
work  the  question  of  flotation  "poisons"  was  taken  up 
with  the  idea  that  any  substance  which  will  prevent 
the  breaking  down  of  an  emulsion  or  coalescence  of 
oil  droplets,  or  which  gives  adsorption  of  colloidal 
particles  at  the  oil-water  interface  is  harmful  to  flota- 
tion. In  the  first  two  cases  the  proper  amount  of  oil 
will  not  be  freed,  and  in  the  other  case  the  oil  surface, 
if  formed,  would  be  covered  by  an  adsorbed  layer, 
so  that  no  oil  surface  would  be  presented  for  attach- 
ment of  the  mineral. 

Experimental  work,  by  actual  flotation,  had  shown 
what  substances,  including  many  dyes,  were  harmful. 
Solutions  of  these  substances  of  o.oi  per  cent  strength 
were  shaken  in  test  tubes,  with  about  2  cc.  of  oil,  for 
a  few  minutes  to  the  same  extent  and  at  the  same  time. 
The  tubes  were  then  placed  upright  and  the  amount 
of  emulsification  and  rapidity  of  coalescence  of  the 
oil  droplets  rising  to  the  top  noted,  with  the  following 
results: 

(1)  SLIGHT       OR       NO       EM  LLSIFICATION       AND       RAPID 

COALESCENCE  OF  DROPLETS — -Methylene  blue,  saffranine 
and  Bismarck-brown.  These  dyes  really  act  like  salts 
and  are  not  colloidal,  nor  are  they  harmful  to  flota- 
tion. In  fact,  these  dyes  assist  slightly  in  breaking 
an  emulsion. 

(2)  EXTREMELY    SLOW    COALESCENCE    OF    DROPLETS 

The  finely  divided  oil  layer  lasting  for  several  hours 
to  days:  Congo-red,  bengoazurin.  azo-blue,  saponin, 
tannic  acid,  waste  sulfite  liquor,  hemoglobin  and  eosin. 
These  substances  are  all  very  injurious  to  flotation. 
Most  of  these  are  negative  colloids.  Hemoglobin  is 
highly  colloidal  and  positive  and  its  adsorption  is  proba- 
bly enhanced  because  it  is  oppositely  charged  to  the 
oil  emulsion.  Several  of  this  last  class  of  substances, 
especially  saponin,  gave  marked  emulsification,  even 
with  the  small  amount  of  shaking  received.  Some  of 
these  substances  also  form  quite  stable  and  viscous 
skins  at  oil  surfaces. 


Another  experiment  consisted  in  dividing  an  oil 
emulsion  in  two  parts  to  one  of  which  tannic  acid 
was  added,  and  then  frothing  over  equal  volumes  of 
each  in  a  small  cell.  The  one  to  which  tannic  acid 
had  been  added  contained  3.5  times  as  much  oil  in 
the  residue  or  tail  water  as  the  other.  This  shows  that 
the  oil  emulsion  had  been  kept  from  breaking  down, 
and  the  oil  from  being  frothed  over. 

Besides  the  substances  given  above,  the  injurious 
effect  of  insoluble  hydroxides  of  the  heavy  metals 
has  been  explained  under  emulsions.  Other  inorganic 
colloids  have  been  found  to  be  injurious,  e.  g.,  when 
floating  with  K4Fe(CN)s,  the  Cu2Fe(CN)6  formed  from 
the  oxidized  and  soluble  copper  hurts  the  float  very 
noticeably. 

The  experimental  evidence  proves  that  the  action 
of  these  colloids  is,  without  doubt,  as  stated,  though 
they  may  also  adsorb  at  the  solid  surfaces  and  in  that 
way  cause  a  poorer  result  to  be  obtained.  It  is  easily 
seen  how  the  water  used  in  flotation  and  the  slimes 
coming  from  certain  ores  have  a  great  effect  in  flota- 
tion. This  has  caused  some  to  say  that  it  is  the 
gangue  that  determines  the  success  of  the  process,  and 
if  the  water  supply  be  included  in  this,  they  are  to  a 
certain  extent  correct. 

FROTHS — The  froths  produced  in  flotation  are  useful 
as  a  mechanical  means  of  removing  the  mineral  brought 
up  by  the  bubble.  The  formation  of  a  froth  and  its 
stability  are  due  principally  to  dissolved  materials  in 
the  water  which  give  to  the  solution  a  variable  surface 
tension.  The  static  surface  of  a  solution  has  a  lower 
tension  than  a  fresh  surface,  whether  the  substance 
added  lowers  or  raises  the  surface  tension  of  the 
solvent.  Since  a  large  lowering  may  be  caused  by  a 
small  amount  of  solute  and  only  a  small  rise  may  be 
obtained,  the  best  frothing  agents  are  those  that  lower 
the  surface  tension.  Pine  oil  is  used  to  a  large  extent 
for  this  purpose  in  practice,  the  soluble  portion 
causing  a  considerable  lowering  of  the  surface  tension 
of  water.  In  many  articles  that  have  appeared  on 
the  theory  of  flotation,  it  has  been  stated  that  oils 
lower  the  surface  tension  of  water.  This  is  not  very 
clearly  stated,  since,  as  ordinarily  understood,  oil  is 
insoluble  in  water  and  only  soluble  material  can  af- 
fect the  surface  tension  of  water.  Besides  the  solu- 
ble portion  of  pine  oil,  a  part  of  many  other  flotation 
oil  mixtures  is  soluble  and  gives  a  froth.  Terpineol, 
menthol  and  many  such  substances  are  very  powerful 
frothing  agents.  The  lasting  qualities  of  a  froth,  as 
stated  above,  are  due  to  its  variable  surface  tension, 
for  if  a  bubble  starts  to  thin  out  or  break  at  a  certain 
point  this  fresh  surface  has  a  greater  surface  tension 
than  before  and  hence  is  automatically  strengthened 
at  this  point  and  resists  rupture.  In  using  alkalies 
it  is  observed  that  a  more  quickly  breaking  froth  re- 
sults in  a  pneumatic  cell.  This  can  be  explained  by 
the  fact,  as  stated  before,  that  a  greater  extent  of 
bubble  surface  is  covered  with  oil  and  hence  there  is 
less  surface  which  contains  only  the  adsorbed  frothing 
agent,  and  since  oils  themselves  do  not  produce  good 
froths,  the  froth  breaks  more  quickly  than  when  alka- 
lies are  not  used.     Or,  this  observation  may  be  used 
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to  support  the  view  that  the  bubbles  are  better  oiled 
in  an  alkaline  pulp.  A  froth  is  also  stabilized  by 
the  slimes  present  in  a  pulp  or  by  other  colloidal  mat- 
ter. Colloidal  material  dissolved  in  the  oils  will  make 
an  oil  froth  more  lasting.  A  mixture  of  oils,  the  same 
as  an  aqueous  solution,  gives  a  better  froth  than  a 
pure  oil. 

ELECTRICAL  EFFECTS — Considerable  weight  has  been 
placed  by  many  upon  the  electrostatic  forces  that  might 
be  present  in  the  flotation  process.  Some  have  even 
considered  the  attraction  that  holds  the  sulfide  to 
the  bubble  surface  to  be  of  this  origin.  Air  bubbled 
through  water  has  been  found  to  carry  ions,'  and 
from  this  and  the  fact  that  most  substances  have  a  con- 
tact difference  of  potential  when  in  contact  with  water 
or  solutions,  an  electrical  theory  has  been  built  up, 
though  in  many  cases  serious  errors  have  been  made 
regarding  the  action  of  these  forces. 

Measurements  were  made  to  determine  these  forces. 
The  small  metal  Callow  cell  used  was  grounded,  as 
this  condition  prevails  in  actual  practice.  The  charge 
carried  by  the  air  issuing  from  the  flotation  pulp  was 
discharged  on  a  metal  screen  placed  above  the  cell,  and 
the  effect  measured  by  means  of  a  Dolezalek  electrom- 
eter. The  readings  in  this  case  are  measured  in 
volts  per  minute.  The  charge  upon  the  air  from 
several  pulps  was  measured  and  in  no  case  did  it  ex- 
ceed o.oii  volt  per  minute,  and  was  usually  only 
about  half  the  value.  The  air  was  negative  in  neu- 
tral pulps,  but  slightly  positive  in  one  of  the  alkaline 
pulps. 

The  charge  on  the  froth  was  also  measured  and  this 
varied  from  zero  to  o.oii  volt  as  the  maximum. 
This  was  sometimes  positive  and  under  other  condi- 
tions negative.  In  two  good  floating  pulps  the  froth 
was  at  almost  zero  potential,  though  0.002  volt  could 
easily  be  determined.  It  seems,  then,  that  these  elec- 
trostatic effects  are  far  too  small  to  have  any  important 
part  in  flotation,  and  cannot  possibly  be  the  force 
that  holds  the  sulfide  to  the  bubble.  This,  too,  would 
require  a  dielectric  film,  e.  g.,  oil,  between  the  two 
oppositely  charged  bodies,  the  sulfide  and  the  gaseous 
ions  in  the  bubble;  but  since  flotation  results  without 
the  use  of  oil  in  many  cases,  and  without  doubt  the 
bubble  surfaces  are  often  not  completely  covered  by 
oil  even  when  oil  is  used,  it  seems  that  this  theory 
cannot  hold. 

The  contact  difference  of  potential  of  various  min- 
erals has  been  used  in  some  theories.  These  were  also 
measured  by  an  clcctro-cndosmosc  method  as  de- 
scribed by  Pcrrin.'  To  this  apparatu.s  a  small  cali- 
brated tube  was  sealed  at  the  top  of  the  diaphragm 
side,  so  that  when  dilute  electrolytes  are  used  the  gas 
generated  can  be  forced  over  into  this  tube,  after  the 
experiment  is  over,  and  this  correction  applied  to  the 
amount  of  litjuid  apparently  transferred  through  the 
powdered  muterial.  The  distance  between  the  elec- 
trodes was   12  cm.  and  the  potential   110  volts. 

The  re.sults  obtained  give  the  sign  of  the  charge  on 
the  solid   in   contact   with   the   water  or  solution,   but 
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quantitative  results  as  to  the  actual  potential  differ- 
ences are  very  difficult  to  obtain  in  this  way.  How- 
ever, some  idea  can  be  had  by  comparing  the  amount 
of  liquid  transferred  for  the  minerals,  to  that  trans- 
ferred in  the  case  of  silica,  whose  potential  difference 
against  water  has  been  found  by  cataphoresis  measure- 
ments. This  is  found  to  be  approximately  — 0.042 
volt.  For  quartz  and  ferric  hydroxide,  see  Whitney 
and  Blake.'     The  results  obtained  are  as  follows: 


Mineral  Liquid 

Silica  Water 

Alumina  -V/  100  HCl 

Chalcopyrite  Water 

Galena  Water 

Sphalerite  Water 

Molybdenite  Water 

Malachite  Water 

Malachite  .V,  500  HCl 

Galena  F.  W./  500  FeClj 


Sign  of  Liquid  Traosferred 

Solid  Cu.  mm.  per  mio. 

Negative  30. 7 

Positive  40.0 

?  .^pprox.  0 

Negative  3.6 

Negative  6.1 

Negative  3.7 

Positive  4.0 

Positive  17.8 

Positive  44.3 
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Here  the  sulfides  tested  are  seen  to  be  slightly  nega- 
tive against  water  or  practically  zero  in  case  of  chalco- 
pyrite. This  agrees  with  our  ideas  concerning  the  con- 
tact difference  of  potential  of  these  substances  and 
with  cataphoresis  experiments  on  colloidal  sulfides, 
etc.  Malachite  is  positive,  as  would  be  expected 
from  its  basic  character.  The  last  result  given  in 
the  table  is  probably  due  to  the  formation,  by  hy- 
drolysis, of  ferric  hydroxide,  and  its  adsorption  on 
the  surface  of  the  mineral,  so  that  the  action  is  exactly 
the  same  as  for  ferric  hydroxide  itself. 

In  this  case  again,  we  see  that  no  attraction  can  ex- 
ist on  the  basis  of  electrical  charges  between  sulfides 
and  oil  in  emulsions,  since  they  are  of  the  same  sign. 
The  charges  on  oil  in  emulsions  in  dilute  salt  solutions, 
etc.,  are  given  by  Ellis-  and  Powis'  and  others.  This, 
however,  would  not  determine  the  charges  on  a  min- 
eral and  oil,  if  the  two  were  in  actual  contact,  as  is 
necessary  for  flotation. 

The  charges  carried  by  the  oil  in  emulsions  are  im- 
portant probably  in  connection  with  positively  charged 
colloids  which  act  as  poisons,  and,  of  course,  the  coagula- 
tion of  slimes  and  the  breaking  of  an  emulsion  by  elec- 
trolytes is  a  function  of  the  charge  carried  by  them; 
but  it  is  not  possible  to  use  these  charges. as  an  explana- 
tion of  the  primary  principles  involved  in  flotation. 

CONCLUSIONS 

The  following  is  a  summary  of  the  conclusions  ar- 
rived at  as  a  result  of  the  work  reported  in  this  com- 
munication: 

I — For  an  ore  particle  to  float,  it  must  be  intcrfacial 
between  oil  and  water  or  it  must  go  completely  into 
the  oil  phase.  H  no  oil  is  used,  the  particle  must  be 
interfacial  between  water  and  air.  The  force  hold- 
ing the  particle  to  the  bubble  is  nnuh  grontcr  when 
oil  is  used. 

II-  In  addition  to  its  value  as  a  lifting  agent,  the 
bubble  serves  to  produce  a  largo  air  surface,  in  con- 
tact with  the  pulp.  This  surface  is  covered  to  a  grcnler 
or  less  extent  by  an  oil  film,  to  which  the  mineral 
may  go.  so  that  a  small  amotint  of  oil  is  very  oflicicnt. 

UN  The  oil  should  not  be  .so  well  emulsified  that 
it  will  not  be  given  up  to  the  l)ul>M<-  vnria.r.  and  yet 

>  .;.  Am.  Cktm.  So<..  M  (l»<M>.  H.W. 
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should  be  sufficiently  emulsified,  in  a  pneumatic 
process,  to  last  during  the  time  of  floating. 

IV — Colloids  in  general  are  harmful,  owing  either 
to  their  causing  too  stable  an  emulsion,  or  to  their 
adsorption  on  the  oil  film  at  the  bubble  surface  pre- 
venting mineral  attachment.  This  is  the  action  of 
the  so-called  "flotation  poisons." 

V — The  froth  formed  is  attributable  either  to  the 
soluble  portion  of  the  flotation  mixture,  which  pro- 
duces a  variable  surface  tension,  or  to  finely  divided 
or  colloidal  materials. 

VI — Acids,  alkalies  and  salts  affect  all  these  fac- 
tors, as  discussed  under  the  several  headings  in  the 
paper. 

VII — The  electrical  effects,  other  than  the  colloidal 
charges,  are  not  important  in  flotation. 

VIII — The  nature  of  the  solid  surface  in  relation  to 
its  wetting  properties  has  been  discussed  and  an  ex- 
planation of  the  "hysteresis"  of  tl^e  contact  angle 
advanced. 

In  the  light  of  present  knowledge,  it  is  impossible  to 
measure  many  of  the  forces  operative  in  flotation, 
such  as,  for  example,  the  interfacial  tensions  between 
solids  and  liquids,  or  to  explain  the  mechanism  of  ad- 
hesion. Such  problems  are,  however,  nearer  solution, 
due  to  the  material  advances  made  recently  by  Laue' 
and  by  Bragg  and  Bragg,-  by  which  the  actual  ar- 
rangement of  the  atoms  in  a  crystal  may  be  determined, 
and  also  by  Langmuir,'  whose  work  on  the  constitu- 
tion of  solids  and  liquids,  the  structure  of  solid  sur- 
faces, and  the  mechanism  of  adsorption  leads  toward 
the  solution  of  this  problem. 

While  the  flotation  of  each  ore  still  remains  more  or 
less  of  a  problem  in  itself,  yet  a  clear  understanding 
and  the  proper  application  of  the  principles  involved 
will  lead  to  an    earlier  solution  of  the  problem. 

In  conclusion,  the  authors  wish  to  express  their 
thanks  to  Dr.  R.  F.  Bacon  and  to  Mr.  E.  R.  Weidlein, 
under  whose  direction  this  research  has  been  carried 
out. 
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NOTES  ON  THE  ANALYSIS  OF  CAST  NICHROME 

By  E.  W.  Rbid 

Received  March  6,   1917 

It  is  no  new  experience  for  chemists  to  find  that 
each  alloy  has  its  own  personal  equation  in  yielding 
itself  to  sharp  analytical  results,  and  the  remarkable 
group  of  mixtures  which  are  coming  into  such  general 
use  under  the  popular  name  "Nichrome"  form  no 
exception. 

The  following  notes  are  submitted,  not  with  the 
supposition  that  they  are  the  best  ideally  possible, 
but  with  the  hope  that  they  may  help  to  call  the  at- 
tention of  those  specially  interested  in  related  lines 
of  research  to  the  need  of  reliable  methods  for  the 
analysis  of  this  group  of  alloys. 

'  SUt.  Akad.  Wiss..  Wien.  June.  19U. 

'  Proc.  Camb.  Phil.  Soc,  17  (1912),  43;  aud  treatise  on  "X-Rays  and 
Crystal  Structure." 

•  J.  Am.  Chem.  Sac.  38  (1916).  2221. 


Some  difficulty  will  usually  be  experienced  in  get- 
ting the  alloy  into  solution,  and  after  several  solubility 
determinations,  the  following  method  was  adopted. 
There  is  always  a  slight  residue  left  in  the  bottom 
of  the  casserole  after  treatment  with  hydrochloric 
and  nitric  acids,  which  appears  to  be  small  particles 
of  metal  enclosed  by  gelatinous  silica;  hence  the 
usual  necessity  of  first  removing  the  silica,  and  then 
dissolving  the  residue  in  acid,  with  subsequent  fusion 
of  any  undissolved  chromium  with  sodium  peroxide. 
Cast  nichrome  contains  approximately  58  to  62  per 
cent  of  nickel,  23  to  26  per  cent  of  iron,  8  to  14  per 
cent  of  chromium,  0.5  to  2.0  per  cent  of  manganese, 
zinc  and  silica,  o.  2  to  i .  o  per  cent  of  carbon  and  some- 
times a  bare  trace  of  copper.  The  ingredients  were  de- 
termined in  the  order  given. 

SOLUTIONS 

AMMONIUM  CHLORIDE — Saturated  solution. 

HYDROCHLORIC  ACID  (sp.  GR.  1. 1 2) — 8  cc.  water  to 
12  cc.  hydrochloric  acid  (sp.  gr.   1.20). 

SULFURIC  ACID  (sp.  GR.  1 .  40) — 43  CC.  water  to  40  cc. 
sulfuric  acid  (sp.  gr.   1.83). 

N/10      POTASSIUM      PERMANGANATE 3.161      g.     purC 

salt  dissolved  in  water,  diluted  to  i  liter. 

FERROUS     AMMONIUM     SULFATE 39.2     g.     pure     Salt 

dissolved  in  500  cc.  water  and  50  cc.  concentrated 
sulfuric  acid  added;  diluted  to  i  liter. 

POTASSIUM  IODIDE — 2  per  cent  solution. 

POTASSIUM  CYANIDE — 13.5  g.  pure  Salt  and  15  g.  of 
potassium  hydroxide  dissolved  in  water,  diluted  to  i 
liter. 

N/xo  SILVER  NITRATE — 8.495  g-  0^  the  Salt  dissolved 
in  water,  diluted  to  i  liter. 

TARTARIC  OR  CITRIC  ACID — 25  per  Cent  solution. 

BROMINE   WATER — Saturated  solution. 

POTASSIUM  FERROCYANiDE — 21.55  g-  pu^e  Crystal- 
lized salt  dissolved  in  water;  diluted  to  i  liter. 

DiMETHYLGLYOXiME — I    per    Cent    Solution. 

URANIUM  ACETATE  OR  NITRATE — 1 5  per  Cent  Solu- 
tion. 

"stock"  SOLUTION — (Described  under  Silicon). 

SILICON 

Dissolve  2.5  g.  of  nichrome  turnings  in  a  250  cc. 
casserole,  with  20-30  cc.  concentrated  hydrochloric 
acid  and  3—5  cc.  concentrated  nitric  acid.  Evaporate 
the  solution  to  dryness,  take  up  with  the  above  amounts 
of  acids,  again  evaporate'  to  dryness,  and  ignite  to 
redness  for  a  few  minutes.  Take  up  with  hydrochloric 
acid  (sp.  gr.  1.12)  and  a  few  drops  of  nitric  acid; 
bring  to  boiling;  dilute  with  cold  water  and  filter. 

Wash  the  residue  on  the  filter  paper  thoroughly 
with  dilute  hydrochloric  acid  (i  :  3),  and  finally  with 
hot  water.  Carefully  ignite  the  filter  paper  with  its 
contents  by  means  of  a  platinum  wire  over  a  platinum 
crucible,  and  after  the  ash  and  residue  are  allowed  to 
fall  into  the  crucible,  ignite  to  a  high  temperature 
for  15  to  20  minutes,  or  until  all  the  carbon  of  the 
paper  is  burned:  cool  in  a  desiccator  and  weigh.  Then 
moisten  the  residue  with  a  few  drops  of  sulfuric  acid 

>  The  evaporations  may  be  accomplished  in  a  short  time  by  manipula- 
tion of  the  casserole  over  a  free  flame,  observing  the  usual  precautions. 
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and  5  cc.  of  hydrofluoric  acid,  dry,  ignite,  and  weigh; 
again  moisten  with  sulfuric  and  5  cc.  hydrofluoric 
acids,  dry,  ignite,  and  weigh,  repeating,  if  necessary, 
to  constant  weight.  The  loss  in  weight  is  silica. 
This  weight  multiplied  by  0.4693,  divided  by  2.  5  times 
100  gives  the  per  cent  of  silicon. 

Dissolve  the  residue,  left  after  the  volatilization  of 
the  silica,  in  the  platinum  crucible  with  about  10  cc. 
of  concentrated  hydrochloric  acid  and  a  few  drops  of 
nitric  acid,  and  heat.  If  any  of  the  residue  remains 
undissolved,  dilute  the  acids  carefully,  decant  through 
a  filter,  dry  the  residue  thoroughly,  mix  with  about 
15—20  times  its  bulk  of  sodium  peroxide,  and  fuse  until 
the  contents  of  the  crucible  are  liquid,  then  cool,  dis- 
solve in  dilute  hydrochloric  acid  (1:3)  and  combine 
the  solution  with  the  former  filtrates.  Transfer  the 
combined  filtrates  to  a  500  cc.  volumetric  flask  and 
make  up  to  mark.     This  is  the  "stock"  solution. 

nickel' 
The  cyanide  method  permits  the  determination  of 
nickel  with  speed  and  accuracy  even  in  the  presence 
of  iron,  manganese,  chromium,  zinc,  vanadium  and 
tungsten;  it  was  adopted  in  preference  to  the  dimethyl- 
glyoxime  method,  after  repeated  comparisons  with 
the  two  methods. 

STANDARDIZATION      OF      POTASSIUM      CYANIDE Dilute 

about  30  cc.  of  the  potassium  cyanide  solution  to  200 
cc,  add  5  cc.  potassium  iodide  solution,  and  titrate 
with  N/10  silver  nitrate  until  a  faint  opalescence  is 
obtained,  which  may  be  cleared  up  with  a  small  drop 
of  potassium  cyanide.  The  equivalent  of  silver  ni- 
trate, per  cc.  of  potassium  cyanide,  is  calculated. 

THE  DETERMINATION — Dilute  2  5  CC.  of  the  "stock" 
solution  to  200  cc;  add  about  20  cc  of  the  tartaric  or 
citric  acid  solution,  5  to  10  cc  ammonium  chloride, 
and  ammonium  hydroxide  until  slightly  alkaline  ; 
then  add  5  cc.  of  potassium  iodide  and  0.5  cc.  of  iV/10 
silver  nitrate,  the  latter  being  accurately  measured 
from  a  burette.  While  stirring  constantly  with  a  glass 
rod,  add  the  standard  potassium  cyanide  solution  un- 
til the  precipitate  of  silver  iodide  dissolves  completely. 
Then  add  the  silver  nitrate  solution  until  a  faint 
opalescence  is  obtained,  which  may  be  cleared  up  with 
a  small  drop  of  the  potassium  cyanide. 

Assuming  that  the  silver  nitrate  solution  was  ex- 
actly A'/io,  that  1  cc.  of  potassium  cyanide  =  N  cc. 
of  the  silver  nitrate  solution,  that  T  cc.  of  the  potas- 
sium cyanide  and  /  cc.  of  the  silver  nitrate  were  used 
in  titrating  A  g.  of  the  substance,  and  that  0.002634 
is  the  silver  nitrate  equivalent  for  nickel,  then  the 
per  cent  of  nickel  is  found  by  the  following  equation: 
Per  cent  Nickel   =  (TN  —  I)  o.  3<)i4/A 

IRON    AND    CUKOMIl'M 

Transfer  50  cc.  of  the  slock  soluliun  to  a  350-400  cc. 
beaker,  dilute  to  150-200  cc,  add  20-25  cc  of  the 
saturated  solution  of  ammonium  chloride,  make  the 
solution    barely    alkaline    with    ammonium    hydroxide 

>  Campbell  und  Aiulrcwn,  J. 'Am.  Chtm.  Soc..  IT  (189.1).  1.26:  Moore, 
Chrm.  Nrw!,  Tl  (IRU.1),  9.^:  GniKul.  /  antra'  Chim  .  ITT  (1898):  llnarlFr 
and  Jiirvl«,  (him.  Nrw<.  TB(IH98).  177;  Juliiiiioii,  J.  Am.  Chim.  So<.  It 
(1907).  1201:  Citnipbcll  and  Artliur,  Ihiil.,  10  (|9()H1,  1116,  C.roMnian. 
Clum.  7.11..  11  (1908).    I2}i. 


and  heat  to  boiling.  Allow  the  precipitates  of  the 
iron  and  chromium  hydroxides  to  settle,  decant  the 
supernatant  liquid  through  a  filter  paper,  wash  the 
precipitates  several  times  by  decantation  with  ammo- 
nium chloride  and  water,  allowing  the  precipitates 
to  settle  each  time  and  decanting  off  the  liquid  through 
the  filter,  and  finally  transfer  the  precipitates  to  the 
filter  paper  and  wash  them  thoroughly  with  hot  water. 
Use  the  filtrate  for  the  determination  of  zinc. 

IRON— Dissolve  the  precipitates  on  the  filter  paper 
with  hydrochloric  acid  (sp.gr.  i .  1 2)  allowing  the  solution 
to  run  into  the  beaker  in  which  the  former  precipita- 
tion was  made,  and  wash  the  paper  free  from  acid. 
Treat  the  solution  of  the  chlorides  with  sodium  or 
potassium  hydroxide  until  strongly  alkaline,  add  bro- 
mine water  until  the  solution  has  a  distinct  yellow 
tinge  and  the  ferric  hydroxide  has  assumed  its  charac- 
teristic reddish  brown.  Boil  the  solution  for  a  few 
minutes,  dilute  with  water  and  filter.  Wash  the  pre- 
cipitate twice;  dissolve  on  the  filter  paper  as  before; 
treat  in  the  same  manner,  and  filter  onto  the  same  paper, 
allowing  the  filtrate  to  run  into  the  beaker  containing 
the  filtrate  from  the  former  precipitation;  then  wash 
the  precipitate  thoroughly  with  hot  water,  dissolve 
on  the  filter  with  hydrochloric  acid  (sp.  gr.  1.12), 
wash  the  filter  thoroughly  with  hot  water,  precipitate 
the  iron  with  ammonium  hydroxide  and  redissolve 
in  sulfuric  acid;  finally  reduce  the  iron  with  5  g.  of 
zinc  (20  mesh)  or  pass  through  a  Jones  reducer,  and 
titrate  with  potassium  permanganate.  As  the  zinc 
contains  a  small  amount  of  iron,  a  blank  determina- 
tion should  be  made  with  the  same  amount  of  zinc 
as  that  used  to  reduce  the  iron,  and  the  correction 
made. 

chromium" — Acidify  the  filtrate  from  the  iron  with 
sulfuric  acid  (sp.  gr.  1.40)  and  add  a  small  excess- of 
the  acid.  Add  a  solution  of  manganous  sulfate 
(equivalent  to  3  to  4  g.  of  the  solid);  or,  if  preferred, 
dissolve  3  or  4  g.  of  the  solid  in  the  solution),  and  cool 
the  solution.  Add  from  a  burette  sufficient  standard 
ferrous  ammonium  sulfate  solution  oompletely  to 
reduce^the  chromium  present  (indicated  by  the  change 
in  color).  Titrate  the  excess  of  ferrous  ammonium 
sulfate  with  potassium  permanganate  to  a  decided 
pink.  If  preferred,  the  Mohr  salt  may  be  added  in 
the  solid  form;  this  is  best  accomplished  by  placing  a 
sufficient  quantity  of  the  pure  salt  in  a  small  weighing 
bottle,  carefully  weighing  the  whole,  adding  the  de- 
sired amount  of  the  salt  to  the  chromium  solution, 
and  rcweighing  the  bottle  to  determine  the  anjount 
used.  It  is  usually  belter  to  standardize  the  ferrous 
ammonium  sulfate  directly  against  the  permanganate, 
and  also  to  titrate  a  blank  of  the  acid.  The  chromium 
solution  should  be  cooled  to  20°  C,  the  permanganate 
added  drop  by  drop,  stirring  the  solution  constantly, 
or  an  error  may  bo  introduced,  due  to  the  liberation 
of  chlorine. 

167.7  parts  of  ferrous  iron  arc  required  to  reduce 
52.1  parts  of  Cr  in  chromic  acid  to  CriO»;  or  i  part 
Fe  -  0.3107  part  Cr.  The  ferrous  ammonium  sul- 
fate contains  14.25  per  cent  of  ferrous  iron;    therefore 

'  Atlaplrd  from  Spnll«r  and  llraniiH.  Ck»m.-rtt..  tl  (IW?).  S-4. 
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I  part  of  the  salt  equals  0.04427  part  Cr.  If  X 
equal  the  amount  of  ferrous  ammonium  sulfate  used, 
I  cc.  of  the  permanganate  equal  T  g.  of  ferrous  am- 
monium sulfate  used,  and  assume  y  cc.  of  perman- 
ganate were  used  in  titrating  A  grams  of  the  sample, 
then  the  per  cent  of  chromium  is  found  by  the  fol- 
lowing equation: 

Per  cent   Chromium  =  (A* —  Ty)  4.  421 /A 

MANGANESE 

Evaporate  100  cc.  of  the  "stock"  solution  almost  to 
dryness,  take  up  with  concentrated  nitric  acid,  and 
evaporate  to  about  half  the  bulk.  Precipitate  the 
manganese  with  5  g.  potassium  chlorate,  and  evaporate 
to  small  volume,  adding  potassium  chlorate  a  second 
time.  Dilute  the  solution  with  water,  filter  through 
a  thin  layer  of  asbestos  on  a  Gooch  filter,  and  wash 
thoroughly  with  water.  Transfer  the  precipitate  and 
asbestos  to  a  beaker,  add  ferrous  ammonium  sulfate 
from  the  burette  until  the  precipitate  is  dissolved, 
dissolve  with  ferrous  ammonium  sulfate,  the  precipi- 
tate clinging  to  the  sides  of  the  crucible,  and  wash  the 
crucible  thoroughly  with  hot  water.  Titrate  the  ex- 
cess of  ferrous  ammonium  sulfate  with  permanganate. 
Metallic  iron  times  0.3918  =  Mn.  The  per  cent  of 
manganese  may  be  found  by  the  following  equation, 
where  A'  is  the  number  of  grams  of  ferrous  ammonium 
sulfate  used,  y  the  iron  equivalent  per  cc.  of  the 
permanganate  solution,  T  the  cc.  of  permanganate 
used,  14.  25  the  per  cent  of  iron  in  ferrous  ammonium 
sulfate,  and  A  the  grams  of  the  substance  used. 

Per  cent  Manganese  =   (o.  1425X  —  Ty)  49.  i8/.4 

zinc' 

standardization  of  the  potassium  ferrocyanide 
■ — Weigh  about  o.  2  g.  of  pure  zinc  into  a  flask  and  dis- 
solve in  hydrochloric  acid.  When  the  zinc  is  dissolved, 
dilute  with  about  50  cc.  of  water,  neutralize  with  am- 
monium hydroxide  and  after  making  slightly  alkaline 
acidify  with  hydrochloric  acid,  adding  a  slight  excess. 
Dilute  to  about  250  cc,  heat  to  70-80°  C,  and  titrate 
with  potassium  ferrocyanide  solution  as  follows: 
place  about  one-third  of  the  zinc  solution  in  a  400-500 
cc.  beaker  and  titrate  with  potassium  ferrocyanide 
until  a  drop,  when  removed  and  tested  on  a  porcelain 
color  plate  with  the  uranium  solution,  shows  a  brown 
tinge;  add  another  third  of  the  zinc  solution  and  con- 
tinue the  titration  until  the  end-point  is  passed;  then 
add  the  last  portion  and  finish  the  titration  very  care- 
fully. The  reaction  is  sharper  if  several  drops  are 
taken  for  the  end-point.  A  correction  should  be 
made  for  the  amount  of  ferrocyanide  required  to  pro- 
duce the  color  when  no  zinc  is  present.  The  equiva- 
lent per  cc.  of  the  ferrocyanide  is  thus  obtained. 

THE  DETERMINATION — Evaporate  the  filtrate  from 
the  iron-chromium  precipitation  almost  to  dryness, 
take  up  with  concentrated  nitric  acid,  evaporate  to 
about  half  bulk,  add  2-3  g.  of  potassium  chlorate,  boil 
for  a  few  minutes,  dilute  and  filter  through  a  Gooch 
filter.     Neutralize    the    filtrate    containing    zinc    and 

'  Adapted    from    Fahlberg's    method,    E.   Prost,  Z.  anal.  Chem.,  460 
1896);  Chem.  Ntws.  76,  6. 


nickel  with  ammonium  hydroxide,  heat  to  boiling, 
and  add  20  to  30  cc.  of  a  i  per  cent  solution  of  di- 
methylglyoxime.  Allow  the  precipitate  to  settle  and 
filter  through  a  Gooch.  Neutralize  the  filtrate  with 
hydrochloric  acid,  add  a  slight  excess,  and  heat  the 
solution  to  70-80°  C.  Conduct  the  titration  as  de- 
scribed under  the  standardization  of  potassium  ferro- 
cyanide. 

CARBON 

The  carbon  may  be  determined  by  direct  combus- 
tion in  a  current  of  oxygen,  and  by  the  apparatus 
described  by  Blair,  "The  Chemical  Analysis  of  Iron 
and  Steel,"  7th  Ed.,  1912,  p.  134. 

The  writer  is  indebted  to  Dr.  C.  S.  Palmer  for  his 
kindly  advice  and  helpful  suggestions  during  the 
progress  of  this   work. 

Mellon  Institute  of  Industrial  Research 
University  op  Pittsburgh 


A  SIMPLIFIED  INVERSION  PROCESS  FOR  THE 

DETERMINATION  OF  SUCROSE  BY 

DOUBLE  POLARIZATION' 

By  Herbert  S.  Walker 
Received  November  4,  1916 

Probably  the  greatest  drawback  to  the  use  of  "true 
sucrose"  determinations  in  sugar  factory  control 
work  has  been  the  necessity  for  such  extreme  care  in 
the  regulation  of  time  and  temperature  required  by 
the  Herzfeld-Clerget  inversion  process.  So  sensitive 
to  faulty  manipulation  is  the  method  ordinarily  used 
that  an  inexperienced  chemist  may  get  even  less 
accurate  results  by  double  polarization  than  by  simply 
assuming  the  direct  polarization  to  represent  "true 
sucrose." 

To  avoid  any  decomposition  of  fructose  during  in- 
version, Tolman^  suggested  inverting  at  ordinary 
laboratory  temperatures.  This  method  has  never 
been  largely  adopted  in  cane  sugar  factories,  owing 
to  the  fact  that  at  least  lo  hrs.  are  required  for  the 
complete  inversion  of  the  half-normal  weight  of  pure 
sucrose  in  50  cc,  and  probably  a  considerably  longer 
time  would  be  needed  where  organic  impurities  are 
present,  as  in  the  case  of  waste  molasses. 

Steuerwald'  has  also  proposed  inverting  in  the  cold, 
and  shortens  the  time  required  to  2  or  3  hrs.  by  using 
three  times  the  usual  quantity  of  acid  (30  cc.  of  a  mix- 
ture of  equal  parts  concentrated  HCl  and  water). 
The  convenience  of  using  a  diluted  acid  will  be  ap- 
preciated by  anyone  who  has  had  to  measure  many 
successive  portions  of  concentrated  HCl  with  the  same 
pipette.  Steuerwald's  method,  however,  as  pointed 
out  by  Pellet*  when  dealing  with  impure  cane  or  beet 
products,  accentuates  the  error  inherent  in  the  Herz- 
feld-Clerget process  in  that  optically  active  substances 
other  than  sucrose  may,  in  a  strongly  acid  medium, 
have  quite  different  rotation  from  that  indicated  in 
a  neutral  or  slightly  acid  solution  used  for  direct 
polarization. 


>  Presented  at  the  .Annual  Meeting  of  the  Ha 
tion,  October  12.  1916. 

'  V.  S.  Bur.  Chem..  Bull.  73,  69. 
'  Archie/.  1913,  8.11. 
<  I.  S.  J..  1916.  83. 
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The  writer  has  for  some  time  held  the  idea  that  for 
rapid  work  in  a  sugar  factory  a  compromise  between 
these  methods  might  be  advantageously  employed, 
heating  the  sugar  solution  before  adding  acid  to  some 
definite  temperature  and  letting  it  cool  down  slowly 
in  air  during  a  time  sufficient  for  the  inversion  to  be- 
come completed.  The  only  attention  required  would 
be  to  control  the  temperature  of  solution  at  the  moment 
of  adding  the  acid.  Since  the  preliminary  heating 
would  be  in  neutral  solution  the  time  required  to  raise 
to  a  definite  temperature  would  be  immaterial.  Aside 
from  its  convenience  of  manipulation,  such  a  method 
should,  theoretically,  possess  the  advantage  over  the 
Herzfeld  procedure  of  being  less  subject  to  error  due 
to  destruction  of  fructose,  since  the  ma.ximum  tempera- 
ture of  the  solution  would  coincide  with  the  minimum 
amount  of  invert  sugar  present  and  at  the  time  of 
nearly  complete  inversion  the  temperature  should 
have  dropped  to  such  a  point  that  there  would  no 
longer  be  any  danger  from  this  source. 

In  working  out  this  method,  15  min.  was  chosen 
as  a  convenient  time  for  the  duration  of  inversion. 
To  avoid  if  possible  any  great  change  in  the  inversion 
constant,  the  same  concentrations  of  sugar  and  acid 
were  used  as  in  the  Herzfeld  method. 

EXPERIMENT  I — Approximately  130  g.  "Crystal 
Domino"  sugar  were  dissolved  in  500  cc.  solution, 
giving  a  direct  polarization  of  99.66.  Fifty  cc.  por- 
tions of  this  solution  were  pipetted  into  loo-cc.  flasks, 
25  cc.  water  added,  the  flasks  heated  in  a  water  bath 
to  certain  different  temperatures,  10  cc.  of  a  mixture 
of  equal  volumes  concentrated  HCl  and  water  added, 
the  whole  allowed  to  stand  15  min.  in  air,  then  cooled 
down  to  room  temperature  in  water,  made  up  to  100 
cc.  and  polarized.  A  parallel  test  was  made  at  the 
same  time,  using  the  Herzfeld  procedure.  The  re- 
sults appear  in  Table  I.  The  percentages  of  sucrose 
were  calculated,  using  the  same  direct  polarization 
and  the  constant,  144.66  —  0.5/,  for  all.  All  tests 
by  the  new  method  yielded  lower  results  than  by  the 
Herzfeld. 

EXPERIMENT  2 — To  determine  whether  this  was  due 
to  incomplete  inversion  in  15  min.  or  to  too  high  or 
too  low  initial  temperatures,  a  similar  experiment 
was  carried  out  at  lower  temperatures,  letting  the  solu- 
tions stand  in  air  for  30  min.  after  adding  acid.  With 
initial  temperatures  between  72  and  64°  the  results 
obtained  are  fairly  constant  among  themselves  and 
agree  well  with  those  obtained  by  the  Herzfeld  method. 

EXPERIMENT  3-  With  a  lower  initial  temperature 
than  56°  inversion  is  not  complete  in  30  min. 

EXPERIMENT  4  Here  the  time  of  inversion  was 
cut  to  1 5  mill. 

The  surprising  fact  brought  out  by  these  tests  is 
the  comparatively  great  latitude  of  the  method.  While 
the  Herzfeld  j)roccdurc  requires  a  rigid  adherence  to 
69°  and  a  definite  time  of  healing,  this  method,  with 
initial  temperatures  anywhere  between  59  and  70°, 
yielils  concordant  results  which  agree  with  those  ob- 
tained by  the  Herzfeld  method  as  closely  as  the  latter 
(to  with  each  other.  It  also  appears  that  is  min. 
is  ait   ample   liini'  ff)r  inversion  ami  that  standing    15 


T.\BLE  I — Sucrose     Detbrmxmation-s    on    "Cryst.\l     Domino"     Sugar 
Results  by   Herzfeld  and  Author's   Methods  with   Differences 
from  Herzfeld  Method 
Direct   Inver- 

Expt.     Polar-     sion     Herzfeld       ^ New  Method 

No.   ization   (Min.)    Method  Acid  added  at 

1  99.66      13        77°  75°  73°        71°  C 

99.93  99.81         99.65      99.71      99.83         

Difference         — 0.12     — 0.28—0.22—0.10        

2  99.61      30     99.91      99.86        72°  70°  68°        64°  C 

Av.  99.89  99.86      99.81      99.90      99.89         

Difference  —0.03—0.08    +0.01        0.00        

3  99.50      30      99.89  99.80  64°  60°  56°  52°        48°  C. 

Av.  99.85  99.92     99.91      99.83      99.22        97.10 

Difference  -1-0.07    -|-0.06  —0.02  — 0.63     — 2.75 

4  99.62      15      99.89   99.99  70°  67°  65°  63°        59°   C. 

Av.  99.94  99.93    100.03    100.03    100.00       99.93 

Difference  — 0.01    -(-0.09    +0.09    +0.06     — 0.01 

min.  longer  has  no  efifect  on  results.  With  a  labora- 
tory temperature  of  26°  the  solutions  were  found  to 
drop  from  70  to  46°  and  from  60  to  41°  on  standing 
in  air  for  30  min.,  so  it  is  extremely  improbable  that 
any  further  destruction  of  fructose  would  take  place, 
even  if  the  inverted  solutions  were  allowed  to  stand 
several  hours  longer. 

Having  obtained  such  satisfactory  results  from  pure 
sugar,  several  experiments  were  next  made  to  see  if 
the  method  would  work  equally  well  on  molasses. 
A  large  sample  of  molasses  was  clarified  according  to 
the  method  of  the  Hawaiian  Chemists'  Association 
and  inverted  by  the  Herzfeld  and  by  the  new  method. 
Results  of  the  tests  are  given  in  Table  II. 

Table  II — Sucrose  Determinations  on  Molasses 
Results  by   Herzfeld   and   .\uthor's   Methods   with    Differences 

from  Herzfeld  Method 
Direct  Inver- 

Expt.  Polar-    sion     Herzfeld  . New  Method . 

No.   ization   (Min.1      Method  Acid  Added  at 

5  27.90      15 77°  75°  73°         71°      69°  C. 

34.69  34.17        33.28     32.82     33.05     34.16 

Difference      —0.52     —1.41   —1.87  —1.64  —0.53 

6  27.66     30       67°         65°         63°         61°         59°     57°C. 

34.51  34.33        34.29     34.10     34.09     34.04     33.16 

Difference      —0.18     —0.22  —0.41   —0.42  —0.47  —1.35 

7  27.60     ,10     5.5  cc.  5  cc.    (1  cc.  acid  added)         (No  acid  added) 

HCl     HCl  69°        67°  69°       67°  C. 

34.41   34.30       34.45     34.52  33. .30     33.10 

8  27.44     30     34.33  34.34        72°         70°         68°         66°       64°  C. 

Av.  34.34  34.32     34.39     34.34     34.39     34.37 

Difference        — 0.02    +0.05        0.00    +0.05    +0.03      • 

9  27.40     30      34.51    34  58       70°         64°         60°         58°       56°  C. 

Av.  34.54  34.59  34.59  34.61      34.41      34.01 

Difference  +0.05  +0.05  +0.07  — 0.13  — 0.53 

10     27.58      15     34.54  34.50  70°  67°  65°        63°       60°  C. 

Av.  34.52  34.61  .14.61  34.63     34.59     34.43 

Difference  +0.09  +0.09  +0.11    +0.07  —0.09 

EXPERIMENT  j — 71-50  g.  wastc  molafiscs  were  dis- 
solved in  water,  clarified  with  So  cc.  basic  lead  acetate, 
made  up  to  500  cc.  and  filtered.  For  direct  polariza- 
tion 50  cc.  filtrate  were  treated  with  1  cc.  saturated 
aluminum  sulfate  solution,  made  to  55  cc,  filtered  and 
polarized.  Reading  X  J  =  direct  polarization: 
75  cc.  of  the  first  filtrate  were  inverted,  cooled,  made 
to  100  cc.  decolorized  with  a  slight  excess  of  zinc  dust, 
filtered  and  polarized  in  a  400  mm.  tube.  Reading  X 
43    X    10,  1 1    =    Invert  polarization.      Factor    •»    i4i. 

EXPERIMENT  6  Sincc  all  these  results  were  much 
lower  than  those  obtained  by  the  Herzfeld  method. 
30  min.  standing  antl  a  lower  initial  temperature  were 
next  tried. 

While  an  improvement  over  the  preceding  test, 
these  results  were  still  rather  low  and  irregular. 

EXPERIMENT  7  It  was  thought  that  the  cxccjw  of 
basic  lead  acetate  in  solution  might  have  had  a  de- 
structive cfTcct  on  the  fructo.se  already  present  in  the 
molasses  during  the  heating  prior  to  adding  acid.  To 
determine  if  this  wore  the  case,  this  experiment  wj>s 
performed  in  pairs,  one  of  rath  pair  being  manipulated 
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as  before,  the  other  treated  with  i  cc.  of  i  :  i  HCl 
(this  being  approximately  the  amount  of  acid  neces- 
sary to  neutralize  the  alkalinity  due  to  basic  lead  ace- 
tate) before  heating. 

It  is  quite  evident  that  a  serious  loss  occurs  if  solu- 
tions of  molasses  clarified  with  excess  of  basic  lead 
acetate  are  heated  before  adding  acid,  while  if  the  al- 
kalinity be  neutralized  prior  to  heating  all  irregularities 
seem  to  disappear. 

Further  tests  were  made  to  determine  the  per- 
missible limit  of  initial  temperature.  In  all  the 
following  experiments  the  solutions  to  be  inverted 
were  first  neutralized  with  i  cc.  of  i:  i  HCl. 

EXPERIMENTS  8  AND  9  showed  initial  temperatures 
between  70  and  60°  to  yield  satisfactory  results  on 
30  min.  standing. 

EXPERIMENT  10 — A  final  test  was  made  to  cover 
the  above  range  with  an  inversion  period  of  only  15 
min.  The  safe  limit  of  initial  temperatures  for  waste 
molasses  thus  appears  to  lie  between  70  and  63°  for 
a  is-min.  inversion  period. 

MODIFIED    INVERSION    METHOD 

The  modified  inversion  method  proposed,  based 
on   the    above   experimental    evidence,    is    as   follows: 

Place  so  cc.  or  75  cc.  of  the  solution  used  for  direct 
polarization  in  a  loo-cc.  flask  (in  case  50  cc.  are  used 
add  2  5  cc.  water)  and  heat  in  a  water  bath  to  65°  C. 
Remove  from  bath,  add  10  cc.  of  a  mixture  of  equal 
volumes  HCl  (sp.  gr.  1.188)  and  water,  allow  to  cool 
down  spontaneously  in  air  for  15  min.  or  as  much 
longer  as  may  be  convenient,  then  cool  in  water  to 
room  temperature,  make  up  to  100  cc.  and  polarize 
as  usual.  In  the  case  of  low-grade  products  which  have 
been  clarified  with  a  large  excess  of  basic  lead  acetate, 
it  is  imperative  that  the  excess  alkalinity  be  neutralized 
before  heating,  this  being  best  accomplished  by  the 
addition  of  i  cc.  (or  2  cc.  in  exceptional  cases  where 
a  large  excess  of  dry  lead  acetate  has  been  used)  of 
the  dilute  acid  used  for  inversion. 

When  a  considerable  number  of  determinations  are 
to  be  made  at  the  same  time,  the  writer  uses  for  a  water 
bath  a  flat  bottomed  iron  pan  accommodating  a  dozen 
or  more  flasks  and  containing  only  enough  water  to 
be  above  the  surface  of  the  liquid  in  the  flasks.  The 
whole  is  heated  to  about  70°,  the  flame  turned  out  and 
when  a  thermometer  in  one  of  the  flasks  indicates 
67°  the  flasks  are  taken  out  one  at  a  time,  acid  added 
and  set  aside  for  inversion. 

From  a  scientific  standpoint  this  inversion  process 
may  be  criticized  on  account  of  the  fact  that,  due  to 
variations  in  laboratory  temperature  and  in  thick- 
ness of  flasks,  marked  variations  in  the  rate  of  cooling, 
and  hence  in  the  speed  of  inversion,  may  occur.  Prac- 
tically no  difference  outside  the  experimental  error 
could  be  detected,  even  when  the  temperatures  at 
which  acid  was  added  varied  as  much  as  10°.  It  may 
be  also  that  the  constant  required  for  this  method  will 
be  found  on  careful  investigation  to  vary  slightly 
from  that  now  used  in  the  Herzfeld  method,  which  is 
itself  under  suspicion.  In  the  above  work  no  attempt 
has  been  made  at  much  greater  accuracy  than  what 


might  be  expected  in  a  well  equipped  factory  labora- 
tory, and  within  these  limits  the  method  has  been  found 
fully  as  accurate  as  that  of  Herzfeld,  and  much  more 
convenient. 
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THE  CHEMICAL  CHANGES  WHICH  ARE  CAUSED  BY 

DEFECATION  OF  SORGHUM  JUICE  FOR 

SYRUP  MANUFACTURE 

By  Arthur  K.  Anderson 

Received  November  4.  1916 

The  manufacture  of  sorghum  syrup  consists  of  three 
distinct  processes:  (i)  The  extraction  of  the  juice 
from  the  cane;  (2)  the  purification  of  the  crude  juice, 
which  is  the  process  commonly  called  defecation; 
and  (3)  evaporation.  The  quality  of  syrup  produced 
depends  to  a  large  extent  on  the  purity  of  the  juice 
which  is  evaporated,  which  in  turn  is  dependent  upon 
the  efficiency  of  the  method  used  in  defecatioH.  Since 
defecation  is  the  most  important  process  in  sorghum 
syrup  manufacture,  it  was  found  desirable,  in  connec- 
tion with  the  work  on  sorghum  which  is  being  done 
at  the  Minnesota  Experiment  Station,  to  undertake 
the  study  reported  in  this  paper. 

In  the  past  there  have  been  many  different  methods 
used  in  defecation.'  Those  which  have  survived  and 
which  are  found  in  use  at  the  present  time  in  Minne- 
sota are  of  two  types.  At  the  larger  factories  what  is 
known  as  the  lime  process  is  employed,  while  at  the 
smaller  mills  heat  alone  is  used. 

The  factory  method  may  be  briefly  described  as 
follows:  The  juice  from  the  press  is  pumped  to  a 
"defecator,"  which  is  a  square  tank  of  about  500  gal- 
lons capacity.  Near  the  bottom  of  the  tank  are  steam 
coils  which  are  used  to  heat  the  juice  during  defeca- 
tion. When  the  defecator  is  full,  if  lime  is  to  be  added, 
it  is  added  as  milk  of  lime  and  stirred  in  well.  The 
heat  is  then  turned  on  and  the  juice  heated  to  the 
"cracking  point."  The  heat  is  then  turned  off  and 
the  juice  allowed  to  subside  for  about  15  min.  During 
the  defecation  the  impurities  either  rise  to  the  top, 
forming  a  scum,  or  settle  to  the  bottom  of  the  defecator. 
After  subsiding,  the  clear  juice  is  drawn  off  and  evap- 
orated. 

In  some  of  the  smaller  mills  the  processes  of  defeca- 
tion and  evaporation  are  carried  on  together.  In 
these  places  open  pan  evaporators  are  employed  and 
the  green  juice  is  run  directly  into  the  evaporator. 
The  impurities  are  skimmed  off  as  they  rise.  As  a 
rule  no  lime  is  used  at  such  mills. 

A  third  method,  known  as  the  "phosphate"  method, 
has  been  proposed,  and  while  not  yet  in  actual  use 
in  Minnesota  mills,  it  seemed  so  promising  that  it 
was  decided  to  include  it  among  those  to  be  investi- 
gated. In  this  method  the  filled  defecator  is  heated 
for  30  min.  with  calcium  acid  phosphate  and  then 
treated  with  lime.  The  tri-calcium  phosphate  which 
precipitates  out  has  a  clearing  effect  on  the  juice.  The 
purpose  of  the  preliminary  heating  with  the  calcium 

1  Harvey  W.  Wiley,  "Record  of  Experiments  with  Sorghum  io  1892," 
U.  P.  Dept.  Agr  ,  Bur.  of  Chem.,  Bull.  37  (1893).  80-95. 
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acid  phosphate  is  to  produce  an  inversion  of  sucrose, 
thus  preventing  its   crystallization  during  the  process. 

PURPOSE    or    THE    INVESTIGATION 

The  purpose  of  the  investigations  which  were  under- 
taken was  to  make  a  study  of  the  defecation  of  sorghum 
juice  for  syrup  in  order:  (i)  to  determine  the  changes 
in  chemical  composition  which  the  juice  undergoes 
during  defecation  and  evaporation;  (2)  to  study  the 
composition  of  syrups  made  by  different  methods; 
(3)  to  study  the  quality  (color,  taste,  clarity,  etc.) 
of  syrups  made  by  the  different  methods;  (4)  to  make 
a  special  study  of  the  lime  method,  as  practiced  in 
the  larger  mills  with  particular  reference  to  the  proper 
amount  of  lime  to  use,  and  a  simple  means  of  factory 
control;  and  (5)  to  investigate  the  feasibility  of  the 
proposed  phosphate  method. 

METHODS    OF    PROCEDURE 

In  studying  the  chemical  changes  which  take  place 
during  defecation  most  of  the  work  was  done  under 
actual  factory  conditions.  Lots  were  run  with  no  lime, 
with  lime  added  to  alkalinity,  with  lime  to  apparent 
neutrality,  and  with  the  calculated  theoretical  amount 
of  lime  required  to  neutralize  the  acidity  of  the  juice. 
Samples  for  analysis  were  taken  of  original  juices, 
of  the  juices  after  defecation,  and  of  syrups  made 
from  these  juices.  When  juices  had  to  be  kept  for 
any  length  of  time  before  being  analyzed  they  were 
preserved  with  a  i  per  cent  solution  of  mercuric  iodide, 
using  10  cc.  to  250  cc.  of  juice.  Where  this  was  used 
corrections  were  made  in  the  subsequent  calculations. 

In  addition  to  these  factory  experiments  a  series  of 
laboratory  defecations  was  run  in  which  juice  taken 
from  cane  produced  on  University  Farm  was  used. 
These  experiments  were  carried  on  in  Erlenmeyer 
flasks  using  500  cc.  of  juice  for  each  experiment. 

In  studying  the  lime  method,  with  special  reference 
to  the  amount  of  lime  to  use,  the  acidity  of  the  juice 
was  determined  by  titration.  The  theoretical  amount 
of  lime  to  neutralize  this  acidity  was  added.  Also 
other  amounts  were  added  to  serve  as  a  comparison. 
Where  this  was  carried  out  in  the  factory  the  opinion 
of  the  owner  was  obtained  as  to  the  desirability  of  the 
product.  A  careful  study  of  this  was  made  in  the 
laboratory  on  a  small  scale  where  the  conditions  could 
be  carefully  controlled.  The  phosphate  method  was 
studied  both  in  the  laboratory  and  under  factory  con- 
ditions. Calcium  acid  phosphate  was  added  at  the 
rale  of  5  lbs.  per  1000  gallons  and  after  boiling  for 
30  min.  the  juice  was  neutralized  with  milk  of  lime. 

The  study  of  the  syrup  was  made  on  40  samples 
collected  from  various  parts  of  the  State.  They  were 
made  under  various  conditions  and  for  study  were 
classified  according  to  the  method  of  defecation.  The 
quality  of  the  syrups  was  considered  from  the  stand- 
point of  color,  clarity  and  taste,  market  value  being 
the  criterion  upon  which  the  standards  oi  judging 
wore  selected. 

A.NAI.YTUAL     MKTIlonS 

'I'he  usual  analytical  methods  were  employed  with 
'lie  following  modifications  of  procedure  to  make  tlicm 
applicable  to  the  materials  which  were  being  studied. 


Acidity  was  determined  with  standard  iV/io  potas- 
sium hydroxide,  using  phenolphthalein  as  an  indicator. 
Some  difficulty  was  experienced  in  determining  the  end- 
point  but  with  sufficient  dilution  the  method  is  accurate 
to  within  0.5  of  a  cc.  Results  are  expressed  as  the 
number  of  cc.  of  N/10  acid  in  10  grams  of  dry 
matter. 

Dry  matter  in  the  juices  was  determined  by  drying 
in  a  hot  water  oven  for  8  hrs.,  the  bulk  of  the  water 
having  first  been  removed  on  the  steam  bath.  A 
new  method'  for  determining  dry  matter  in  the  syrups 
was  used  in  which  the  amount  of  moisture  present 
was  found  by  measuring  the  acetylene  generated  when 
a  weighed  sample  of  the  syrup  was  treated  with  cal- 
cium carbide  in  a  special  apparatus. 

Ash  was  determined  on  the  same  sample  in  which 
the  dry  matter  was  determined  in  the  case  of  juices. 
With  syrups  a  separate  sample  was  used  and  in  this 
case  the  soluble  and  insoluble  ash  were  determined, 
together  with  the  alkalinity  of  the  soluble  ash.  In 
all  cases  calcium  oxide  was  determined  on  the  ash. 
The  calcium  was  precipitated  as  calcium  oxalate 
and  determined  volumetrically  with  standard  potas- 
sium permanganate  solution.  In  a  few  cases  phos- 
phorus pentoxide  was  determined. 

The  lead  subacetate  precipitate  was  determined  as 
follows:  In  the  case  of  juices  the  Official  Method' 
was  carried  out  exactly,  but  with  syrups,  it  was  found 
that  if  5  cc.  were  used  the  volume  of  the  precipitate 
was  too  large  to  be  measured  in  the  tube  and  that  the 
recommended  amount  of  lead  subacetate  was  insuffi- 
cient for  complete  precipitation.  It  was  found  that  by 
using  1^/2  cc.  of  syrup  the  volume  of  the  precipitate 
could  be  read  and  that  there  was  sufficient  excess  of 
lead.  The  results  were  afterwards  calculated  to  the 
5  cc.  basis. 

Sugars  were  determined  as  "Sucrose"  and  "Re- 
ducing Sugars."  The  sucrose  was  determined  by  the 
polariscope,  and  the  reducing  sugars,  which  are  reported 
as  dextrose,  by  means  of  a  modification  of  Low's 
volumetric  method,'  the  modification  consisting  of 
the  determination  of  the  unprecipitated  copper  in  a 
standard  Fehling's  solution. 

CHEMICAL    CHANGES    DURING    DEFECATION 

FACTORY  EXPERIMENTS — Table  I  shows  the  analyses 
of  6  series  of  defecations  showing  the  composition  of 
the  original  juice,  of  the  juice  after  defecation  and 
of  the  syrup  resulting  from  the  juice.  In  the  case  of 
one  phosphate  defecation  an  analysis  is  given  of  the 
juice  after  adding  the  acid  phosphate  and  boiling 
for  30  min.  In  the  phosphate  method  calcitim  acid 
phosphate  was  added,  137  g.  to  80  gallons  of  juice. 
This  was  equivalent  to  that  found  in  the  advocated 
amount  of  a  commercial  phosphate  sold  for  this 
purpose,  .'\ftcr  boiling  for  30  min.,  lime  was  added 
until  the  juice  was  neutral  to  litmus. 

In  the  experiments  where  the  theoretical  .iniount  of 

I  R.  M  Wr.i,  "Thf  Dcirrminaltim  ci(  MoUliin  in  S)rnip«  liy  lh«  C»l- 
cllim  Carlililr  Mrllii»l."  Turn  JiuPNAl..  •  O'thK  •<!    '-V 

■  lUrvrv  W.  Wilrv.  •llffuml  anil  IVnvUl.inal  Mrlhixlii  ot  Annlyiiii," 
V.  S    tV|>l     AKt  .   lliir    of  Chrm  .  HmU.  lOT  IWU).  7i  S,  .Ml    141 

•  I  bill .  1(11,  :*\  lii. 
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lime  was  added,  50  cc.  of  the  juice  were  titrated  with 
N/10  potassium  hydroxide  using  phenolphthalein 
as  an  indicator.  From  the  amount  of  potassium  hy- 
droxide used  the  amount  of  calcium  oxide  necessary 
to  neutralize  the  acidity  in  the  volume  of  juice  in  the 
defecator  was  obtained   and  this  amount   was  added. 

In  the  last  cases,  lime  was  added  until  the  juice 
was  considered  by  the  factory  operator  to  be  neutral 
to  litmus.      It  was  still  slightly  acid,  however. 

In  Series  2  and  3  the  lime  had  been  calculated  as 
calcium  oxide  instead  of  calcium  hydroxide  due  to  a 
misunderstanding  of  the  analysis  which  came  with  the 
lime.  Hence,  only  75  per  cent  of  the  theoretical  amount 
was  actually  added.  This  accounts  for  the  high  acidity 
after  defecation.  In  the  other  sample  the  true  theo- 
retical amount  was  added. 

A  closer  study  of  the  acidity  as  related  to  lime  added 
will  be  made  later.  At  this  point  *it  is  of  interest  to 
note  that  the  acidity  of  the  syrup  is  in  all  cases  higher 
than  that  of  the  defecated  juice,  but  lower  than  in 
the  original  juice.  Some  of  the  possible  explanations 
for  these  phenomena  are  as  follows: 

According  to  Maxwell'  the  material  precipitated 
from  sorghum  juice  by  alcohol  is  composed  largely  of 
mucilaginous  materials.  We  may  consider  that  in 
ordinary  defecation  with  heat  and  lime  much  of  this 
material  remains  in  solution.  According  to  O'Sullivan,- 
the  gums  are  complex  compounds  which  on  hydrolysis 
give  rise  to  sugars  and  complex  acids  of  high  molecular 
weight.  This  being  the  case,  the  increase  in  acidity 
could  be  accounted  for  by  the  supposition  that  during 
the  high  temperature  of  evaporation  the  gums  are 
hydrolyzed,  liberating  the  free  acid.  This  theory 
would  also  account  for  some  of  the  increase  in  dextrose 
after  evaporation. 

Lamy'  gives  the  following  figures  for  the  amounts 
of  calcium  oxide  dissolved  by  1000  g.  of  a  10  per  cent 
sugar  solution  at  various  temperatures: 


Grams  CaO  in  solution. 


0°         15"        30°     50°      70°      100°  C. 
2.5.0     21.5      12.0     5.3     2..1      1.55 


If  this  calcium  oxide  is  not  simply  in  physical  solu- 
tion but  partly  in  chemical  combination  in  the  form  of 
saccharatcs  it  may  be  that  with  the  high  temperature 
of  evaporation  some  of  the  calcium  is  split  off  from  the 
sugar  and  deposits  on  the  bottom  of  the  evaporator. 
It  is  a  known  fact  that  at  this  stage  of  the  process 
there  is  actually  a  deposition  of  lime.  The  decrease 
in  lime  content  of  the  syrup  as  compared  with  the  juice 
also  confirms  this  theory,  since  as  long  as  the  lime  is 
present  in  solution  it  will  react  alkaline  to  the  indicator, 
and  upon  its  removal  the  acidity  of  the  syrup  will 
rise. 

The  darkening  of  the  syrup  during  evaporation  in- 
dicates an  oxidation.  The  oxidation  of  glucose  pro- 
duces acids.  This  would  also  contribute  to  the  in- 
crease in  acidity. 

■  H.  W.  Wiley  and  Walter  Maxwell.  "The  Composition  of  Bodies 
Precipitated  by  Alcohol  from  Sorghum  Syrups,"  U.  S.  Dcpt.  Agr.,  Div.  of 
Chcm..  Bull.  29  (1890).  14-23. 

«  Paul  Haas  and  T.  G.  Hill,  "The  Chemistry  of  Plant  Products," 
1912,   120,  London.  New  York. 

'  John  E.  Mackenzie,  "Sugars  and  Their  Simple  Derivatives,"  1913, 
31-42,  London. 


The  volume  of  the  lead  siibacetalc  precipitate  was 
determined  with  the  hope  that  it  would  serve  as  an 
indication  as  to  the  completeness  of  defecation.  The 
results,  however,  are  not  as  consistent  as  was  expected. 
The  high  value  in  the  case  of  syrups  is  undoubtedly 
due  in  part  to  the  high  acidity  of  the  syrup. 

The  ash  content  increases  after  lime  is  added.  This 
would  indicate  that  some  of  the  lime  added  remains 
in  solution  in  the  juice  and  syrup.  The  decrease  in 
ash  after  defecation  in  Series  I  may  be  explained  by 
the  fact  that  insoluble  phosphates  were  formed  which 
removed  some  of  the  iron  and  calcium. 

In  all  cases  the  calcium  oxide  content  increases  after 
defecation  and  decreases  again  in  the  syrup.  The 
increase  in  the  defecated  juice  would  seem  perfectly 
natural.  The  decrease  in  the  syrup  would  be  accounted 
for  by  the  lower  solubility  of  calcium  salts  in  sugar 
solution  at  a  high  temperature.'  Calcium  citrate, 
which  would  be  present,  is  more  soluble  in  cold  than 
hot  water. 

Another  possible  explanation  is  that  in  the  juice 
the  calcium  is  present  as  acid  salts  which  are  soluble 
and  which  at  the  high  temperature  of  evaporation 
and  the  higher  concentration  change  over  to  the  normal 
salts  and  are  precipitated. 

In  studying  the  sugar  content,  it  will  be  noted  that 
in  all  cases  the  percentage  of  sucrose  increases  after 
defecation.  According  to  Maxwell-  solutions  clarified 
by  lead  contain  levogyrous  nitrogenous  compounds. 
If  this  is  the  case  the  percentages  of  sucrose  on  original 
juices  are  too  low.  The  increase  in  sucrose  in  defecated 
juices  would  be  accounted  for  by  the  removal  of  these 
levogyrous  bodies  by  the  heat  and  lime  during  defeca- 
tion. Maxwell's  work  shows  the  following  results 
on  a  syrup  clarified  with  lead,  with  phosphotungstic 
acid,  and  with  alcohol.  The  following  are  the  polari- 
scope  readings: 

Solution  Clarified  by  Lead 64.99° 

.\fter  treatment  with  HnPWioOas 67.37° 

After  treatment  with  HnPWioOjs  and  alcohol 72.93° 

He  accounts  for  the  increase  in  reading  after  adding 
alcohol  as  due  to  the  reduction  of  the  levorotatory 
power  of  levulose  in  alcoholic  solution.  He  says, 
"the  body,  precipitated  by  alcohol,  is  in  appearance 
dextrinoid,  and  the  logical  supposition  would  be  that 
the  dextrogyrous  property  of  the  solution  would  be 
diminished,  which  in  fact  is  not  the  case." 

From  the  uniform  decrease  in  reducing  sugar  aftei 
defecation  it  appears  that  some  reducing  substance 
must  be  removed.  Maxwell's  alcohol  precipitate  may 
contain  some  of  the  simpler  dextrins  which  reduce 
Fehling's  solution. 

The  decrease  in  dextrose  after  defecation  may  be 
explained  as  due  to  the  removal  of  dextrin-like  bodies 
which  reduce  Fehling's  solution. 

The  increase  in  dextrose  after  evaporation  may  be 
explained  as  being  due  to  the  hydrolysis  of  sucrose  or 
of  mucilaginous  materials. 

The  increase  in  percentage  of  total  sugar  is  of  course 

'  John   E.  Mackenzie,   "Sugars  and  Their  Simple  Derivatives."  1913, 
31^2,  London. 
'  Loc.  fit. 
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due  to  removal  of  impurities  during  defecation  and 
evaporation. 

In  all  cases  the  percentage  of  nitrogen  decreases 
after  defecation.  This  is  especially  noticeable  in  the 
phosphate  method.  This  seems  natural  in  that  if  the 
nitrogen  is  present  as  albuminous  bodies  it  would  be 
coagulated  and  thus  removed  during  defecation.  The 
marked  decrease  in  the  case  of  the  phosphate  method 
is  due  to  the  clearing  effect  of  the  phosphate  precipi- 
tate. The  increased  percentage  of  nitrogen  in  the 
syrup,  as  compared  with  that  in  the  juice,  in  some  cases, 
is  probably  due  to  fermentative  changes  in  the  juice 
before  it  was  evaporated  which  changed  the  nitrog- 
enous compounds  into  non-coagulable  forms.  This 
phenomenon  has  been  observed  also  in  the  case  of 
juices  from  canes  which  have  been  stacked  for  some 
time  after  cutting  and  before  pressing  in  the  factory. 
It  is  obvious  that  only  fresh  canes  can  be  used,  if  it 
is  desired  that  the  nitrogenous  bodies  shall  be  as  com- 
pletely removed  as  possible  in  defecation. 

As  would  be  expected,  the  per  cent  of  solids-nol-sugar 


for  factory  practice.  In  this  case,  the  theoretical 
amount  of  lime  required  to  neutralize  both  the  acid 
phosphate  and  the  juice  was  added. 

In  the  heat  method,  the  juice  was  boiled  for  30  min. 
to  observe  the  results  on  the  inversion  of  sucrose. 

In  the  rest  of  the  experiments  different  amounts  of 
lime  were  added  and  at  different  times.  Lime  to  one- 
half  theory,  to  theory,  and  to  neutrality  was  added. 
In  these  experiments  the  theoretical  amount  of  lime 
was  computed  on  the  basis  of  an  analysis  made  of  the 
lime.  This  analysis  was  a  determination  of  the  al- 
kalinity of  the  lime  by  dissolving  in  standard  acid 
and  titrating  the  excess  with  standard  potassium  hy- 
droxide. In  the  case  of  adding  lime  to  neutrality, 
lime  was  added  until  the  juice  gave  a  slight  alkaline 
reaction.  The  amount  of  lime  required  to  produce 
alkalinity  was  determined  by  making  an  aqueous  sus- 
pension of  a  known  amount  of  lime,  and  then  adding 
small  amounts  of  this  to  the  juice  until  it  was  alkaline. 
The  excess  was  then  evaporated  to  dryness  and  weighed, 
the   difference  in  weight  indicating  the   amount   used 

Syrup 

Nitrogen 


Perchntage  Compositio.n  ok  thb  Dry  Matter 


No.     Treatment 


Three-fourths 
Theoretical 
Lime 

Theoretical 
Lime 


Neutral  (d) 


Table  I — Showing  Composition  op  Juice  bepore  and  apter  Defecation  and 

Lead  Dry 

Precipi-  Matter 

Lab.                                                             .4cidity          tate  (Per  Su-         Dex-       Total 

(a)               (6)  cent)  .\sh  crose       trose     Sugars 

17.4             6.9  17.42  5.38  

9.0  18.83  5.14  40.21  53.53 

10.3  18.84  4.87  41.72  52.55 
8.5  66.50  4.77  41.92  53.02 

9.4  16.03  3.91  58.95  22.12 

8.5  17.56  3.99  62.39  19.64 

14.4  72.70  4.33  65.81  24.73 
9.4  16.03  3.91  58.95 

11.8  16.17  3.97  64.23 

13.8  72.50  4.48 


3085 
3086 
3087 
3352 


3315 
3200 
3201 
3319 
3174 
3177 
3316 
3174 
3178 
3317 


17.0 

's.'i 


21.0 


17.0 


Description 

Original  juice 

After  adding  phosphate 

After  neutralizing 

Syrup 

Original  juice 

After  phosphate  def. 

Syrup 

Original  juice 

.4fter  defecation 

.Syrup 

Original  juice 

Defecated  juice 

Syrup 

Original  juice 

After  defecation 

Syrup 

Original  juice 

After  defecation 

Syrup  9.1 

(a)  Expressed  as  cc.  N/\Q  acid  per  10  g.  dry  matter  in  samp 
(6)  Expressed  as  cc.  lead  subacctate  precipitate  from  5  cc.  sa 
(c)  Neutral  to  litmus. 
id)  Lime  to  neutral  added  after  heating.     Neutral  to  litmus 


8.6 


3.0 


11.4 
6.2 

12.6 
9.4 

10.7 

13.9 
9.4 
7.2 

17.8 


18.80 
18.46 
75.60 


16.03 
15.95 
64.70 


3.24 
3.43 
3.56 
3.91 
3.91 
4.47 
3.91 
4.11 
4.90 


66.82 
57.38 
59.38 
57.57 
58.95 
63.06 
66.40 
58.95 
64.28 
68.50 


22.12 
19.35 

23 .  66 
34.57 
33 . 3 1 
34.55 
22.12 
18.63 

24 .  35 
22.12 
18.79 
24.68 


93.74 
94.27 
94.94 
81.07 
82.03 
90.54 
81.07 
83 .  58 
90.48 
91.95 
92.69 
92.12 
81.07 
81.69 
90.75 
81.07 
83.07 
93.18 


Solids 
not-Suga 


5.06 
18.93 
17.97 
9.46 
18.93 
16.42 
9.52 
8.05 
7.31 
7.88 
18.93 
18.31 
9.25 
18.93 
16.93 
6.82 


Nitro-     Solids- 
(CaO)      gen  not-Sugar 

0.364     0.18        

0.335     0.11        1.78 

0.525 

0.436 

0.449 

0.5.39 

0.281 

0.449 


0.06        1.79 
0.16       3.19 


0.327 
0.280 
0.414 
0.403 
0.440 
0.530 
0.332 
0.449 
0.672 
0.592 


0.29 
0.05 
0.20 
0.29 
0.20 
0.20 
0.28 
0.06 
0.23 
0.29 
0.20 


0.29 
0.23 
0.23 


1.65 
0.26 
2.06 
1.65 
1.2S 
2.06 
3.65 
0.79 
2.88 
1.65 
1.00 
I.  75 
1.65 
1.42 
3.36 


mple.  divided  by  the  per  cent  of  dry  matter,  to  bring  results  to  uniform  dry  matter  basis. 


was  found  to  be  much  less  in  the  syrups  than  in  the 
juices. 

In  all  cases  the  per  cent  of  nitrogen  in  the  solids- 
not-sugar  increases  in  the  syrup  over  that  in  the  defe- 
cated juices.  During  defecation,  the  nitrogen  which 
is  in  the  form  of  protein  coagulated  by  heat  will  be 
at  once  removed.  At  this  point,  there  is  not  a  very 
marked  decrease  of  solids-not-sugar.  During  evapora- 
tion, the  solids-not-sugar  which  disappear  are  mainly 
non-nitrogenous  bodies,  thus  bringing  the  per  cent  of 
nitrogen  relatively  higher  in  the  syrup.  In  all  cases 
the  per  cent  of  solids-not-sugar  and  not-ash  decreases 
after  defecation  and  after  evaporation.  This  shows 
that  a  decrease  in  organic  matter-not-sugar  lakes  ])lace 
mainly  during  evaporation. 

I.AHORATORY       KXPKKIM  K  NTS       Table       II      shoWS      thc 

results  of  a  series  of  laboratory  defecations.  Juice 
was  obtained  from  cane  which  was  cut  and  stored  for 
.1  few  weeks  before  pressing.  Several  methods  of 
defecation  were  tried  out  as  indicated  in  the  table. 
Ill  cich  experiment  500  cc.  of  juice  were  used. 

Ill  Itie  phosphate  method,  calcium  acid  phosphate 
was  addcil  in  pruporlion  to  thc  amount  reconimiMidcd 


by  the  juice.  The  following  typical  results  show  thc 
amount  of  lime  required  according  to  a  theoretical 
calculation  as  compared  with  the  amount  actually  re- 
quired to  produce  a  slight  alkalinity  to  phenolphthalein: 
Sample  1 — Calculated  theoretical  amount  of  lime  to 
neutralize  acidity,  0.73  g.;  actual  amount  required, 
1.60  g.  Sample  2 — Calculated  theoretical  amount  of 
lime  to  neutralize  acidity,  0.88  g.;  actual  amount 
required,  i.qo  g.  In  both  cases  the  actual  amount  is 
about  2.2  times  the  theoretical  amount. 

Notes  were  taken  on  thc  color  of  the  juices  after 
defecation.  Where  no  lime  was  added  thc  color  was, 
of  course,  very  light.  Where  lime  was  added  to  al- 
kalinity the  juice  was  a  very  dark  brown  color.  In 
cases  where  lime  was  added  to  one-half  theory  the 
juice  remained  light  colored.  With  lime  added  to 
theory  thc  juice  seemed  to  be  just  at  thc  point  where 
it  had  started  to  turn  dark.  Where  lime  was  added 
after  heating  to  boiling  thc  scum  usually  sank  in- 
stead of  rising.  This  shows  thc  undcsirabilily  of  adding 
lime  after  thc  separation  of  thc  scum  has  taken  place. 

A  study  of  thc  acidity  in  Tabic  II  shows  just  what 
wouhl    be    ex)jcctcd    except    that    thc    juice    should    be 
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neutral  after  adding  the  theoretical  amount  of  lime. 
The  increase  in  acidity  in  No.  3206  is  due  to  the  acid 
phosphate.     Nos.    3207    and    3212    correspond.     No. 

3209  is  higher  than  No.  3212  because  the  lime  was 
added   after  heating.     The  same  thing  is   noticed   in 

3210  as  compared  with  3211.  This  would  indicate 
a  higher  eflSciency  for  the  lime  added  before  heat  is 


The  nitrogen  content  shows  what  was  pointed  out 
in  connection  with  Table  I,  namely,  that  where  cane 
is  kept  for  some  time  a  change  in  the  character  of  the 
nitrogen  takes  place  putting  it  in  a  form  which  is  not 
removed  by  the  process  of  defecation. 

DEFECATOR  RESIDUE — In  the  factory  study,  it  was 
noticed  that  there  was  a  large  amount  of  residue  after 


Tablb  II — Showing  Results  op  Laboratory  Defecation 
Lead 


Lab. 
No. 
3205 
3206 
3207 
3208 
3209 
3210 
3211 
3212 
3213 
(o) 


Percentage  Composition  of  the  Dry  Matter 


Dry 
Acidity     Precipitate       Matter 
Treatment  (a)  (6)  Per  cent 

Originaljuice 23.0  12.9  15.56 

Phosphate.     After  boiling  30  min.  with  phosphate  26.9  14.2  20.05 

Phosphate.     After  adding  lime  to  theory 7.2  12.1  19.07 

Heat.     Boiled  for  30  min 22.6  14.0  17.50 

Lime  to  theory.     Heated  first 7.7  8.7  16.02 

Lime  to  half  theory.     Heated  6rst 15.7  10. 

Lime  to  half  theory 14.5  11. 

Lime  to  theory 7.2  10. 

Lime  to  neutral Neutral  8. 

Expressed  as  cc.  N/iO  acid  per  10  grams  dry  matter  in  sample. 

Expressed  as  cc.  lead  subacetate  precipitate  from  5  cc.  sample  divided  by  the  per  cent  of  dry  matter,  to  bring  results  to  uniform  dry  matter  basis. 


15.73 
14.81 
14.91 

15.34 


Sucrose 
31.43 
33.44 
34.40 
31.52 
32.03 
32.20 
33.02 
31.93 
32.21 


Dextrose 
51.99 
49.55 
40.49 
50.06 
48.57 
51.05 
52.81 
51.45 
48.83 


Total 
Sugars 
83.42 
83.26 
73.50 
81.78 
80.59 
80.11 
85.83 
83.37 
81.03 


Lime 
CCaO) 
0.587 
0.464 
0.616 
0.344 
0.596 
0.607 
0.585 
0.594 
1.068 


N 
0.44 
0.44 
0.42 
0.44 
0.45 
0.44 
0.44 
0.40 
0.41 


applied  to  a  defecator.  The  neutralizing  effect  of 
the  lime  added  is  almost  directly  proportional  to  the 
amount  of  lime  added  up  to  the  theoretical  amount. 
The  necessity  for  using  nearly  double  the  amount  of 

Table  III — Percentage  Composition  of  Defecator  Residues 

Laboratory  No.  54     Laboratory  No.  3204 
Theoretical  Lime  Used     Factory  Method 

Dry  Matter 28.74  25.02 

Composition  of  Dry  Matter: 


Ash 

13.84 

5.62 
20.86 

Dextrose 

4.76 
25.62 

Nitrogen 

Lime  (CaO) 

CaOin  Ash 

2.46 

2.63 

19.00 

2.03 

3.14 
0.61 
10.91 
0.81 

P20sin  Ash 

14.65 

14.33 

lime  to  neutralize  about  one-third  the  original  acidity 
is  difiScult  to  understand.  It  is  probable  that  at  this 
concentration  the  lime  is  combining  with  the  sugar  or 
some  other  substance.  A  change  of  some  kind  is 
indicated  in  the  darkening  of  the  juice  before  alkalinity 
is  reached. 

The  lead  subacetate  precipitate  shows  a  decrease  as 
the  amount  of  lime  used  increases,  the  maximum  being 
reached  where  lime  has  been  added  to  theory. 

The  ash  determinations  show  very  little  except  in 
the  case  of  3213  where  an  increase  of  ash  would  be 


the  juice  was  removed  from  the  defecator.  An  analysis 
of  this  residue  from  two  defecators  was  made  to  serve 
as  a  basis  for  considering  the  advisability  of  using  a 
filter  press  to  recover  the  juice  which  is  at  present  lost. 
Table  III  shows  the  composition  of  defecator  resi- 
dues. This  shows  that  there  is  at  present  a  consider- 
able loss  of  sugar,  a  great  part  of  which  could  be  saved 
by  the  use  of  a  filter  press.  Whether  the  increase  in 
yield  of  syrup  would  justify  the  added  expense  can 
be  determined  only  by  further  experiments  under 
factory  conditions. 

ANALYSES    OF    COMMERCIAL    SYRUPS 

Table  IV  shows  the  averages  of  analyses  of  syrups 
made  by  the  indicated  method  of  defecation.  The 
first  column  gives  the  number  of  samples  from  which 
the  averages  are  taken.  Under  the  head  of  "Lime 
Used"  are  included  all  of  the  samples  where  lime  was 
used  in  defecation  excepting  those  where  special  amounts 
of  lime  were  used.  These  are  given  under  special 
heads.  In  one  sample,  bicarbonate  of  soda  was  used 
as  a  neutralizing  agent  in  defecation.  Under  the  head 
of  "Crystallized"  are  included  all  samples  which  showed 
crystallization  regardless  of  the  method  used  in  defeca- 


Tablb  IV — Composition  of  Syrups  from  Various  Methods  of  Defecation 


Description 

No  lime 17 

Lime  used 11 

Lime  to  theory 2 

Lime  to  neutral 4 


No. 
of      Dry    Acid 

Sam-  Mat- 
pies     ter 
76.2 


Phosphate 3 

Bicarbonate  of  soda 1 

Crystallized 12 

Very  badly  crystallized 1 

(o)  Expressed  as  cc.  JV/10 

(b)  Expressed 

(c)  Expressed 


76.7 
74.0 
72.9 
74.9 
68.6 
70.0 
78.7 
82.5 


M 
18.8 
13.6 
15.4 
9.4 
9.1 
12.7 


per  10  gra 
lead  subacetate  precipi 
N/IO  acid  required  to 


Lead 
Pre- 
cipi- 
tate 
(ft) 
13.3 
12.4 
13.2 
13.7 
12.9 
13.0 
15.7 
12.7 
10.9 
ms  dry 
;tatc  frc 
neutrali 


Percentage  Composition  of  the  Dry  Matter        Nitrogen 


In 

Sol-     sol-  Solids-  Ni- 

uble    uble  Lime  Su-      Dex-    Total    not-     tro- 

Ash     Ash     Ash  (CaO)  crose    trose  Sugars  Sugar  gen 

3.90  3.02  0.881  0.202  51.01   40.69  91.70  8.30  0.161 

4.25  3.38  0.998  0.265  55.50  35.98  91.48  8.52  0.173 

4.02  3.01    1.008  0.365  62.20  29.10  91.30  8.70  0.214 

4.72  2.89   1.206  0.491  51.39  41.12  92.51    7.49  0.190 

4.65  3.10   1.549  0.643  52.43  39.98  92.41   7.59  0.181 

4.58  3.39   1.193  0.395  49.60  43.87  93.47  6.53  0.095 

2.90   1.97  0.932  0.097  50.48  44.09  94.57  5.43  0.201 

4.33  3.15  0.963  0.290  58.12  33.29  91.41   8.59  0.199 

2.24   1.79  0.453  0.104  67.26  30.28  97.54  2.46  0.147 
natter. 


Solids- 
not- 
Sugar 
1.94 
2.05 


Composition 

Ratio  of 

Alka-      Alkalinity 

linity      / — to — . 

of  Solu- 

Ash  Tot  al    ble 

(c)       Ash      Ash 

8.91  2.290  2.98 
9.65  2.190  2.84 

8.92  2.193  2.98 
9.87  2.083  3.44 
8.50  1.812  2.71 
8.87  1.932  2.61 
5.82  2.020  2.95 
9.52  2.234  3.08 
7.61   3.394  4.24 


OF  THE  Ash 


Ratio 

of  In- 

'  soluble 

to  Total 

Ash 
22.44 


22. 

24.96 

26.54 

32.98 

26.09 

32.12 

22.60 

20.21 


Ash 
5.35 
6.33 
10.70 
10.85 
13.55 
9.39 
3.35 
6.94 
4.65 


expected.     The    calcium    oxide    content    shows    results 
similar  to  those  reported  in  Table  I. 

With  regard  to  the  sugars  there  are  the  same  general 
results  as  in  Table  I.  The  results  here  would  indicate 
that  there  is  no  inversion  of  sucrose  on  boiling  with 
acid  phosphate.  Sample  3208,  where  the  juice  is 
boiled  for  thirty  minutes  alone,  shows  the  lowest 
percentage  of  sucrose  of  any  defecated  sample.  This 
indicates  some  inversion. 


tion.  The  last  sample  is  one  made  in  191 2  and  is  very 
badly  crystallized.  It  seems  abnormal  in  many  re- 
spects, probably  from  the  fact  that  much  of  the  un- 
crystallized  portion  of  the  original  syrup  has  been 
used,  leaving  the  remaining  portion  abnormal. 

There  is  nothing  exceptional  with  regard  to  the  dry 
mailer  content  of  the  different  classes  of  syrup  except 
that  the  crystallized  samples  contain  a  higher  per- 
centage than  the  others.     This  is  especially   true   of 
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the  badly  crystallized  sample.  It  is  evident  that 
crystallization  is  dependent  to  a  large  extent  on  the 
concentration. 

The  lead  subacelale  precipitate  is  smaller  in  the  samples 
where  lime  was  used  than  in  those  where  it  was  not. 
The  sample  where  sodium  bicarbonate  was  used  shows 
the  largest  precipitate.  This  is  due  to  the  presence 
of  acids  left  in  a  soluble  form  by  the  sodium  bicar- 
bonate. 

The  acidity  decreases  with  the  amount  of  lime  used. 
The  high  acidity  of  the  "lime  to  theory"  syrups  is 
due  in  part  to  the  fact  that  this  series  includes  the 
sample  mentioned  above  as  having  only  three-fourths 
of  the  theoretical  amount.  A  juice  neutral  to  litmus 
gives  an  acidity  equal  to  about  one  cc.  N/io  acid  per 
gram  of  dry  matter. 

The  ash  content  increases  as  lime  is  added.  The 
sodium  bicarbonate  sample  is  very  low  in  ash  as  is 
also  the  one  which  is  badly  crystallized.  The  increase 
in  soluble  ash  where  lime  was  used  is  due  to  the  in- 
crease in  total  ash.  The  ratio  of  the  soluble  ash  to 
total  ash  shows  a  definite  relation  to  the  amount  of 
lime  added.  The  ratio  decreases  with  the  addition 
of  lime. 

There  is  a  direct  relation  between  the  percentage  of 
insoluble  ash  and  the  amount  of  lime  added,  the  former 
increasing  as  the  latter  is  added.  The  same  relation- 
ship holds  in  the  case  of  the  insoluble  ash  calculated 
on  the  basis  of  the  total  ash  and  with  the  calcium  oxide 
calculated  on  the  total  ash  basis  and  on  the  total  dry 
matter  basis.  The  percentage  of  calcium  oxide  is 
very  low  where  sodium  bicarbonate  is  used. 

In  a  study  of  the  ash  it  was  thought  that  a  relation- 
ship would  be  found  between  it  and  the  crystalliza- 
tion. In  speaking  of  molasses,  Mackenzie  states 
that  formerly  "the  presence  of  invert  sugar  was  sup- 
posed to  prevent  the  formation  of  crystals,  but.  on 
the  contrary,  it  is  now  known  that  it  has  no  such  effect. 
Gunning  has  shown  that  while  concentrated  alcohol 
does  not  dissolve  sugar,  an  alcoholic  solution  of  or- 
ganic salts  of  potassium  does  dissolve  sugar,  forming 
a  thick  uncrystallizable  syrup,  which  is  very  easily 
soluble  in  alcohol,  methyl  alcohol  or  water,  but  from 
which  sugar  is  not  again  directly  obtainable.  This 
syrup  consists  of  compounds  of  potassium  saccharate 
with  potassium  salts  of  organic  acids  found  in  molasses." 
Applying  this  theory  to  the  crystallization  of  sorghum 
syrup  it  would  be  expected  that  the  percentage  of 
soluble  ash  would  be  small.  This,  however,  is  not 
the  case. 

In  studying  the  sugar  content  of  the  syrups  it  is  at 
once  seen  that  the  sucrose  content  is  less  where  no 
lime  is  used  and  the  dextrose  is  higher.  This,  of  course, 
is  due  to  inversion  with  the  stronger  acidity.  In 
most  of  the  samples  where  no  lime  was  used  open  pan 
evaporation  and  slow  boiling  were  practiced,  which 
would  also  favor  inversion. 

The  syrup  from  the  phosphate  nictiiod  shows  the 
lowest  amount  of  sucrose.  This  is  due  very  likely 
to  boiling  with  the  arid  phosphate.  The  high  per- 
centage of  sucrose  and  low  amount  of  dextrose  in  the 


crystallized  samples  of  course  seems  normal.  This 
explains  in  part  why  these  samples  crystallized. 

The  lesser  percentage  of  solids-not-sugar  when  no 
lime  was  added  can  be  accounted  for  by  the  fact  that 
in  most  of  these  cases  slow  open  pan  evaporation, 
with  much  skimming,  was  practiced.  The  long 
boiling  would  naturally  remove  more  impurities  than 
rapid  evaporation.  The  phosphate  method  shows 
a  higher  purity  than  the  samples  where  lime  was  used. 

The  percentage  of  nitrogen  was  less  w-here  no  lime 
was  used,  which  can  be  explained  on  the  slow  evapora- 
tion basis.  In  the  other  samples  the  nitrogen  de- 
creases with  the  amount  of  lime.  In  the  phosphate 
method  the  nitrogen  content  is  less  than  in  any  of 
the  others. 

QUALITY    OF    SYRUPS 

In  Studying  the  quality  of  the  syrups  they  were 
judged  on  the  basis  of  color,  clarity,  and  taste.  Table 
V  gives  the  number  of  each  sample  with  a  description  of 
how  it  was  defecated.  In  judging  color  the  samples 
were  arranged  in  order  of  their  color  by  reflected 
light,  the  lightest  being  placed  first.  Two  of  the 
samples  in  which  the  phosphate  was  used  are  the 
darkest.  The  lightest  samples  were  made  without 
lime.  A  study  of  the  acidity  shows  that  those  samples 
in  which  lime  was  used  and  which  appear  at  the  head 
of  the  list  are  still  highly  acid  while  those  at  the  foot 
of   the   list   are   not   as   acid.     The   darkness  of  some 

Table  V — Quauty  of  Syrups 


Description 

Phosphate 

Lime  to  theory 

Lime  to  neutral 

Lime  to  neutral 

Lime 

Lime  to  theory 

Lime 

No  lime 

No  lime 

No  lime 

No  lime 


SvRtn"S  Arranged  in  Order  of 
Clarity       Crystal- 
Color     Light     Dark  lizatioo         Taste 


37         50(0)    26  20(a) 

24         49(0)     52i(6)  44(o) 

20(0)    34         47(0)  29 

44(a)    37  52(i)  35(o) 

43(0)    36  23  19(o) 

34  18(0)    48(o)  31 

16(o)    38  53(0)  16(a) 

"  '  28  40(0) 

46(0)  33(a) 

21  43(0) 


51(0)    24 
22  54 


34 

No  lime 

35 

Lime  to  neutral 

36 

No  lime 

37 

No  lime 

38 

No  lime 

39 

No  lime 

4(1 

Lime 

41 

Lime  in  excess 

4? 

Bicarbonate  of  9 

43 

Lime 

44 

Lime 

45 

Lime 

46 

Lime 

47 

Lime  in  eicew 

4H 

Lime  in  excess 

49 

Lime 

50 

Lime  (0  neutral 

51 

Lime 

52 

Phoaphate 

52x  Pboiphatc 

29 

32 

40(0) 

.«(o) 

I4(») 

15(0) 

49(0) 

28 

36 


50(o) 
18(a) 
35o) 
46(a) 


45(0) 
47(a) 
48(0) 


41(0) 
52x(6 
52(*) 


14(6) 


52(6) 

52l(6) 

19(0) 

34 

30 

14(6) 

53(o) 

47(0) 

50(0) 

49(0) 


26 


40(0) 
l6(o) 
43(a) 
33(0) 


17(0) 
15(a) 


(a)  Lime  used  in  ileferallon. 

(h)  Phosphalr  niellio<l  in  dcfccalion. 

samples,  for  example.  No.  aj  and  No.  jo,  wlicrc  lime 
was  not  used,  is  due  to  slow  evaporation.  The  dark- 
ness  of  the   phosphate  samples  is  due  to  lime  being 
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added  to  neutrality  and  to  boiling  one-half  hour  in 
the  defecator  before  evaporation.  Sample  14,  made 
by  the  same  method,  excepting  that  lime  was  added 
to  three-fourths  the  theoretical  amount,  is  lighter  in 
color.  It  can  then  be  concluded  that  a  dark  syrup  is 
due  to  much  lime  and  to  slow,  long  continued  evapora- 
tion. 

In  determining  the  clarity  of  the  syrup  test  tubes 
were  filled  with  syrup  and  the  transparency  noted. 
There  were  two  distinct  types  of  syrups,  the  light 
and  the  dark.  These  two  were  not  comparable  so 
each  group  was  arranged  separately  according  to 
clarity.  In  the  light  syrups  those  in  which  lime  was 
used  are  the  clearest.  The  relationship  is  not  the 
same  in  the  case  of  the  dark  syrups  as  two  of  the 
phosphate  samples  are  well  toward  the  top  of  this 
list.  Sample  14,  the  other  phosphate  sample,  was 
not  made  neutral  with  lime  but  lime  was  added  to 
three-fourths  theory.  It  appears  that  clarity  varies 
directly  with  the  amount  of  lime. 

Under  the  head  of  "Crystallized"  are  given  all 
samples  which  show  crystallization.  Those  which 
show  the  least  amount  are  placed  first.  It  is  noticeable 
that  most  of  them  were  made  with  lime  defecation. 
From  this  it  appears  that  lime  defecation  removes 
"gummy  materials"  which  if  present  prevent  crys- 
tallization. The  presence  of  lime  would  also  pre- 
vent inversion  of  sucrose.  The  relatively  higher 
percentage  of  sucrose  would  favor  crystallization. 
To  prevent  crystallization  well  defecated  juices  should 
not  be  evaporated  to  too  great  a  concentration. 

In  judging  taste  two  persons  worked  independently. 
They  came  to  practically  the  same  decisions  as  to 
which  were  the  ten  best  samples. 

In  studying  the  taste,  the  syrups  were  tasted  four 
times.  Each  time  the  poorest  were  eliminated.  Those 
remaining  at  the  end  were  considered  the  best.  Among 
the  best  only  2  samples  were  made  without  lime.  All 
of  the  phosphate  samples  remained  in  this  group. 
No  lime  samples  were  found  in  the  last  group.  From 
this  it  appears  that  the  phosphate  and  lime  methods 
produce  the  best  tasting  syrups. 

THE    PHOSPH.^TE    METHOD 

From  the  high  rating  which  has  been  given  the 
samples  of  syrup  made  by  phosphate  defecation  it 
would  appear  that  this  is  the  most  desirable  method. 
If  the  quality  alone  were  to  be  considered  it  undoubtedly 
would  be.  But  one  of  the  big  factors  is  the  extra 
cost  of  production,  both  in  time  and  in  extra  materials 
and  equipment. 

Recently  a  method  in  which  a  phosphate  is  used 
has  been  recommended.  This  method  advocates  the 
addition  of  lime  to  alkalinity  and  allowing  the  juice 
to  settle.  After  settling,  the  clear  juice  is  run  off 
into  another  defecator  and  made  slightly  acid  with 
an  acid  phosphate.  The  juice  is  then  heated  and  al- 
lowed to  settle  for  a  second  time.  The  clear  juice  is 
then  drawn  off  and  evaporated.  This  method  is 
said  to  give  a  very  clear  and  bright  product.  The 
chief  objection  to  this  method  is  the  time  required  to 
complete    the    process    of    defecation.      It    would    take 


2  or  3  hrs.  while  the  method  in  use  at  present  requires 
only  30  to  45  min.  To  use  the  phosphate  method 
and  handle  the  same  volume  of  juice  as  is  now  handled 
would  necessitate  the  installation  of  four  to  six  times 
as  many  defecators.  The  added  expense  for  lime  and 
phosphate  would  be  a  minor  objection  to  this  method. 
As  was  pointed  out,  it  requires  2.2  times  the  theoretical 
amount  of  lime  to  give  the  juice  an  alkaline  reaction. 
The  phosphate  used  can  be  obtained  at  five  cents  per 
pound.  This  would  be  used  at  the  rate  of  5  lbs.  per 
1000  gals,  of  juice.  The  added  expense  for  lime  and 
phosphate  would  not  be  serious,  although  on  a  large 
scale  it  would  amount  to  considerable  in  a  season's 
run. 

LIME    METHOD FACTORY    CO.NTROL 

A  syrup  and  molasses  dealer,'  who  has  handled 
large  quantities  of  sorghum  syrup,  says  that  the  best 
quality  of  syrup  is  light  in  color  and  mild  in  flavor. 

With  this  in  mind  a  special  study  of  the  lime  method 
was  made  to  determine  the  correct  amount  of  lime  to 
add  to  produce  this  result.  Since  one  of  the  main 
objects  in  adding  lime  is  to  neutralize  acidity  it  was 
thought  that  the  theoretical  amount  was  the  proper 
amount  to  add.  To  confirm  this,  experiments  were 
conducted  at  two  factories  where  a  50-cc.  sample  of 
the  juice  from  each  defecator  was  titrated  with  N/io 
potassium  hydroxide  and  the  amount  of  lime  to  corre- 
spond to  this  titration  was  added.  Very  satisfactory 
results  were  obtained.  At  one  factory  the  system  was 
put  into  actual  operation  and  has  now  been  used  for 
two  seasons.  The  manufacturers  expect  to  use  this 
method  in  the  future. 

Table  VI  shows  the  results  of  two  samples  defecated 
with  the  theoretical  amount  of  lime.  The  uniformity 
of  acidity  of  the  defecated  juice  is  striking.  The  last 
part  of  the  table  shows  the  lack  of  uniformity  where 
the  lime  was  added  by  the  manufacturer  in  amounts 

Table  VI — Relation    of   Lead   Subacetate    Precipitate    to   Acidity 

I.ab.  Description                             Lead  subacetate 

No.  Lime  added  to  theoretical  amount          precipitate(a)  Acidity(6) 

,1200  Original  juice 11.4  17.4 

.1201  Defecated  juice 6,2  4,6 

.1202  Original  juice 11.6  17,7 

3203  Defecated  juice 6,7  4,2 

Lime  added  according  to  factory  method 

3103  Defecated  juice 6,8  10,2 

3198  Defecated  juice 12.8  5,9 

3199  Defecated  juice 10.2  12,0 

3177  Defecated  juice 10.7  8,6 

3178  Defecated  juice 7,2  3.0 

(a)  E,^pressed  as  cc,  precipitate  from  5  cc.  sample, 

(6)  Expressed  as  cc.  A',  10  acid  per  10  grams  dry  matter, 

determined  by  his  judgment  or  by  using  litmus  as 
an  indicator.  This  shows  the  need  for  factory  control. 
Table  VII  shows  the  proper  amount  of  quicklime 
to  add  to  known  quantities  of  juice  where  a  50  cc. 
sample  requires  the  indicated  number  of  cc.  of  N/10 

Table  VII — Showing  the  Amounts  op  Quicklime  ^CaO)  in  Ounces 
Required  for   Different  Volumes  of  Juice   Having  the  Given 
Acidity 
Gals,  .\cidity  in  Cc,  .V;  10  KOH  Required  to  Neutralize  .'iO  Cc,  of  Juice 
Juice  (10)    (12)     (14)     (16)    (18)    (20)     (22)    (24)     (26)       (28)      (30) 

1.00  7,,S     9,0   10.5    12,0   13.5    15,0   16.5    18.0   19,5     21,0     22.5 

2.20  15,0   18,0  20.5  24.0  27.0  30.0  33.0  36.0  39.0     42.0     45.0 

3,00  22.5  27.0  31.0  36.0  40,5  45,0  49.5  54.0  58.5     63.0     67,5 

4,00  30.0  36,0  41,0  48,0  54.0  60,0  66.0   72.0   78.0     84,0     90,0 

5.00  37,5  61.0  51.5  60,0  66,5  75.0  82.5  90.0  97,5   105,0  112,5 

potassium  hydroxide  to  neutralize  it,  using  phenol- 
phthalein  as  an  indicator.     Where  calcium  hydroxide 

'  A,  A,  Denton,  "The  Manufacture  of  Sorghum  Syrup,"  U,  S.  Dept. 
Agr..  Farmers'  Bull.  90  (1899).  31. 
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is  used  approximately  one-third  should  be  added  to 
the  indicated  quantities.  Or,  to  use  the  same  table, 
the  titration  can  be  considered  as  one-third  more  and 
the  figures  read  direct  from  the  table.  For  example, 
if  the  defecator  contained  400  gallons  of  juice  and  if 
the  titration  showed  18  cc.  of  iV/io  potassium  hydroxide 
solution  used,  instead  of  reading  the  lime  as  42  oz., 
it  would  be  very  simple  to  run  over  to  the  column 
headed  24  cc.  and  read  the  lime  required  as  72  oz. 
The  indicated  amount  of  lime  should  be  weighed  out, 
slaked  and  added  as  milk  of  lime. 

SUMMARY 

1 — The  acidity  of  the  juice  of  sorghum  cane  de- 
creases during  defecation  and  increases  during  evapora- 
tion, with  the  lime  and  phosphate  methods.  The 
acidity  varies  inversely  with  the  amount  of  lime  used. 

2 — The  volume  of  the  lead  subacetate  precipitate 
is  not  a  good  indication  of  the  efficiency  of  defecation. 
With  high  acidity  there  is  a  large  precipitate. 

3 — The  ash  content  increases  after  lime  has  been 
added.  In  the  phosphate  method  there  is  a  decrease 
in  the  amount  of  ash. 

4 — Calcium  oxide  increases  during  defecation  and 
decreases  during  evaporation. 

5 — During  defecation  there  is  an  apparent  increase 
in  sucrose  and  decrease  in  reducing  sugars. 

6 — The  nitrogen  content  decreases  during  defeca- 
tion. In  cane  which  has  stood  after  being  cut  the 
nitrogen  is  changed  to  a  non-precipitable  form  which 
is  not  removed  by  defecation. 

7 — Solids-not-sugar  decrease  during  defecation  and 
evaporation,  the  larger  decrease  being  during  the 
latter  process. 

8 — The  color  of  the  juice  is  not  darkened  materially 
until  more  than  the  theoretical  amount  of  lime  has 
been  added.  The  amount  of  lime  to  produce  alka- 
linity is  2.2  times  the  theoretical  amount. 

0 — Acidity  in  syrups  varies  inversely  with  the  amount 
of  lime  used. 

10— In  syrups  the  total  ash,  insoluble  ash  and  cal- 
cium oxide  increase  with  the  amount  of  lime  added. 

1 1 — Sucrose  increases  and  dextrose  decreases  with 
the  arnount  of  lime  used. 

12 — Crystallization   is  due  to  a  high   percentage  of 

<lry   matter,   a  relatively  high  sucrose  content  and   a 

juice    relatively    free    from    "gummy    materials.'"     It 

,  occurs    most    frec|ucntly    in    samples    where    lime    was 

used  in  defecation. 

13 — The  darkness  of  color  of  a  syrup  varies  directly 
with  the  amount  of  lime  used  in  defecation  and  with 
ihe  time  re(|uired  for  evaporation. 

14 — The  phosi)hatc  and  lime  methods  give  the 
best  tasting  syrups.  For  economic  reasons  the  lime 
method  is  considered  the  better  to  use. 

15— The  theoretical  amount  of  lime  gives  proper 
defecation  with  the  minimum  darkening  of  the  juice. 
The  titration  of  the  juice  is  an  efficient  method  of 
factory  control. 

DivimoN  or  Aamci'i.TniiAi.  IIioc-iikmibtiiv 

AOIIICVI.TUIIAL    KxrimiHINT    STATION 
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THE  CORRECTION  REQUIRED  IN  APPLYING  THE 

BABCOCK  FORMULA  TO  THE  ESTIMATION 

OF  TOTAL  SOLIDS  IN  EVAPORATED 

MILK> 

By  O.  L.  EvBNSON 
Received  March  13.  1917 

The  Babcock  formula, - 

L 

T  =  -   -f   1 .  2    X   Per  cent  Fat, 

4 

where  T  =  total  solids  and  L  =  Quevenne  Lactom- 
eter reading,'  or  looo  X  sp.  gr.'  —  looo,  might  not 
be  expected  to  yield  as  accurate  results  when  applied 
to  evaporated  milk  as  when  applied  to  whole,  fresh 
milk  because  when  milk  is  concentrated  the  specific 
gravity  and  total  solids  do  not  increase  at  the  same 
rate.  Babcock's^  complete  formula 
(ioo5 —  sf) 


Solids-not-fat  = 


-z.    (loo  — /) 


(loo —  1.07535/) 
where  s  =  specific  gravity  and  /  =  per  cent  fat,  gives 
still  less  satisfactory  results  than  the  short  formula. 

While  Richmond's*  formula, 
p 
T  =  o.  2625  —  +  1 .  2  X  Per  cent  Fat, 

where  T=  total  solids,  G  =  looo  X  sp.  gr.' —  looo 
and  D  =  specific  gravity',  will  give  more  accurate 
results  than  either,  it  is  not  as  simple  as  the  short 
formula  of  Babcock  and  is  not  directly  applicable 
without  a  small  correction.  Bigelow  and  Fitzgerald' 
showed  that  more  accurate  results  could  be  obtained 
with  the  Babcock  formula  on  the  original  evaporated 
milk  than  on  the  same  milk  diluted  with  an  equal 
weight  of  water.  No  mention,  however,  is  made  of 
the  temperature  at  which  the'  specific  gravity  was 
determined  or  at  which  the  evaporated  milk  had  been 
kept  preceding  the  determination  of  the  specific  grav- 
ity.    That  the  specific  gravity  of  freshly  drawn  milk, 

when    measured    at    a    definite    temperature,  r    „    or 

^--\  C,  gradually  increases  on  standing  was,  accord- 
155 

ing  to  Fleischmann,^  first  observed  by  Quevenne,  but 
is  generally  known  as  Recknagel's'  phenomenon.  It 
has  been  shown  by  Flcischmann'  to  be  due  to  a  solidi- 
fication or  change  in  the  physical  state  of  the  fat. 
When  milk  is  cooled  below  the  solidification  point  of 
butter-fat,  the  latter  begins  to  solidify  and  in  this  way 
increases  the  specific  gravity.  Conversely  when  milk 
which  has  been  cooled  to  its  maximum  specific  gravity, 
is  heated,  its  specific  gravity  decreases  until  the  fat  is 
again  melted,  when  no  further  change  takes  place. 
The  same  phenomenon  has  been  observed  with  an 
emulsion  of  butter-fat  and  water.  This  change  in 
the  specific  gravity  increases  with  ihc  percentage  of 
fat,  skimmed  milk  showing  little  or  no  change. 

>  Hruil  at  llir  Mrd  Mrrllnc  of  Ihr  Amrncan  Chrmtral  .Sorkly  la 
New  York  Clly.  SrplcnilKT  .'<-A0,  I<»I6.  riiWi.hwl  by  |>rrml»l»n  of  Ihc 
Secretary  of  AKricitltiire. 

•Twelfth  Ann.  Report.  Wt..  A«r.  li.i'l  St..  ItM.  1.'"  l.'ft.  Madi- 
son. Wi«. 

•  At  \y.sh 
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The  purpose  of  this  investigation  was  to  determine 
the  error  of  the  Babcock  short  formula  when  applied 
to  evaporated  milk  so  that  an  average  correction  might 
be  made  and  more  accurate  results  obtained  when  the 
formula  is  applied  to  estimate  total  solids  in  milk  at 
the  temperatures  of  5°  and  37°  to  40°. 

For  the  work  here  recorded,  i6-oz.  samples  of  com- 
mercial evaporated  milk  were  obtained  as  required, 
so  that  the  samples  were  always  in  good  condition. 

The  total  solids  were  calculated  from  the  specific 
gravity  and  percentage  of  fat  by  the  formula 

T  =        +  1 .  2  X  Per  cent  Fat, 
4 

and  the  results  obtained  compared  with  those  obtained 

gravimetrically.      The  specific  gravity  of  the  milk  was 

determined  at       '^,„  C.  bv  means   of  a   pycnometer. 
1556 

Almost  invariably  duplicate  results  did  not  differ  from 
each  other  by  more  than  o.oooi.  The  Rose-Gottlieb' 
Method  was  used  for  the  determination  of  fat  and  the 
Official  Method,^  using  sand,  was  employed  in  determin- 
ing solids. 

In  Table  I  is  shown  the  change  in  specific  gravity 

Table  I — The  Change  in  Specii'ic  Gravity  op  Several  Commercial 
Evaporated  Milks  Kept  at  Dipperent  Temperatures 

Difference 

Specific  gravity  at  15.56°/15.56°  C.  in  Sp    Gr. 

Per  Held  of  milk  held 

cent  Held  24  hours  at       I  5  hrs.  at         at  5°  C.  and 

No.  Fat  5°  C.        20-24°  C.     37-40°  C.  at  37-40°  C. 

1 8.06  1.0672  1.0666  1.0658  0.0014 

2 8.28  1.0735  1.0724  1.0719  0.0016 

3 8.24  1.0677  1.0668  1.0659  0.0018 

4 7.50  1.0711  1.0705  1.0701  0.0010 

Average 0.0014 

of  several  commercial  evaporated  milks  kept  for  cer- 
tain intervals  at  dififerent  temperatures.  In  each 
case  the  milk  was  brought  to  15.56°  C.  immediately 
after  the  holding  period  and  the  specific  gravity 
taken  without  delay.  It  will  be  observed  that  a  con- 
siderable difference  in  specific  gravity  may  be  ob- 
tained by  holding  the  milk  at  different  temperatures. 
The  average  difference  obtained  in  the  specific  gravity 
of  the  milk  when  held  at  5°  C.  and  when  held  at 
37-40°  C.  is  0.0014.  This  would  make  a  difference 
of  0.35  per  cent  in  the  calculated  solids.  This  does 
not  apply  to  skimmed  evaporated  milk  from  which 
the  fat  has  been  largely  removed. 

In  Table  II  is  shown  the  application  of  the  Babcock 
formula  to  evaporated  milk  which  has  been  kept  at 
5°  C.  for  24  hours;  also,  to  the  same  milk  diluted  with 
an  equal  weight  of  cold,  recently  boiled  distilled  water. 
It  is  evident  that  the  specific  gravity  does  not  vary 
directly  as  the  percentage  of  total  solids  when  the  milk 
is  concentrated  but  increases  at  a  more  rapid  rate. 
As  a  consequence,  the  calculated  results  are  high.  In 
normal  evaporated  milk  which  has  been  cooled  so  that 
no  further  increase  in  specific  gravity  occurs,  the 
figure  -I-0.46  given  in  Table  II  is  believed  to  repre- 
sent the  average  difference  between  the  calculated 
and  gravimetrically  determined  total  solids  when  using 
Babcock's   short   formula.     Consequently,    when    cor- 

>  U.  S.  Dept.  Agr.,  Bureau  of  Chemistry,  Cir.  66  (1911). 

•  U.  S.  Dept.  Agr.,  Bureau  of  Chemistry,  Bull.  (Revised).  107  (1908). 


-Application    op   the    Babcock   Formula   to    Evaporated 

Milk  Held  at  5°  C.  por  About  24  Hours 
. Undiluted- 


8.08 
8.28 
8.38 
8.44 
8.03 
8.04 
8.10 
8.15 
8.28 
8.23 


Per  cent 
Solids 
Specific  (Dry- 
Gravity    ing)    (Calc.)  Diff. 
1.0656  25.52  25.84  -1-0.32 
1.0658  25.67  26.04  H-0.37 
1.0652  25.74  26.02  +0.28 
1.0673  25.76  26.23  -(-0.47 
1.0675  25.97  26.36  -(-0.39 

1.0673  26.07  26.47  -f0.40 
1.0685  26.10  26.56  -t-0.46 
1.0692  26.13  26.59  -(-0.46 

1.0674  26.14  26.47  -(-0.33 
1.0708  26.17  26.66  -1-0.49 
1  .0711  26.22  26.77  -1-0.55 
1.0672  26.30  26.71  -(-0.41 
1.0677  26.31  26.81  -1-0.50 
1  .0681  26.46  26.72  -1-0.26 
1.0684  26.60  27.04  -1-0.44 
1.0688  26.70  27.26  -fO.56 
1.0692  26.95  27.43  -1-0.48 
1.0722  27.04  27.68  -1-0.64 
1.0721  27.10  27.67  -1-0.57 
1.0730  27.35  27.97  -fO.62 
1.0727  27.42  27.95  -1-0.53 
1.0735  27.65  28.31  -1-0.66 

.0768  28.60  29.08  -HO. 48 


1— 


Diff. 


. — Diluted  1 
Specific 

Orav-  Solids 
ity  (Calc.) 
1.0318  25.34  — 0.18 
1.0318  25.49  —0.18 
1.0318  25.62  —0.12 

1.0327  25.76   0.00 

1.0328  25.88  —0.09 
1.0327  26.00  — 0.07 
1  .0334  26.13  -f0.03 
1.0337  26.14  -1-0.01 

1.0327  25.97  —0.17 

1.0343  26.11  —0.06 

1.0344  26.20  —0.02 

1.0328  26.31  -1-0.01 

1.0329  26.34  -1-0.03 
1.0331  26.25  — 0.21 
1.0333  26.59  —0.01 
1.0333  26.71  -1-0.01 
1.0336  26.93  —0.02 

1.0350  27.13  -1-0.09 

1.0351  27.20  -1-0.10 
1  .0354  27.42  -1-0.07 
1.0353  27.43  H-O.Ol 
1.0358  27.84  -f0.19 
1.0373  28.53  —0.07 


Average 4-0.46 

rected  for  this  diflference  the  Babcock  formula  becomes 
L- 


T  = 


-f  1 .  2  X  Per  cent  Fat' 


if  applied  to  the  cooled  undiluted  evaporated  milk. 

In  Table  III  is  shown  the  application  of  the  Bab- 
cock formula  to  some  milks  kept  at  37-40°  C.  for  one 
and  a  half  hours,  and  also  to  the  same  milks  diluted 
with  an  equal  weight  of  water  at  about  the  same  tem- 
perature. As  mentioned  above,  the  milk  must  be 
brought  to  15.56°  C.  and  the  specific  gravity  taken 
without  delay. 

Table  III — Showing  the  Application   of  the   Babcock  Formula  to 
Evaporated  Milk  Held  at  37-40°  C.  for  1'/j  Hours 


^Diluted   1  ;   1 — . 

Specific    Solids 

Gravity  (Calc.)  Diff. 
1.0321  25.72  —0.34 
1.0328  25.83  —0.27 
1.0323  25.56  —0.56 
1.0338  25.86  —0.31 


. Undiluted — — — -^ 

Per  cent 
Per  Solids 

cent         Specific  (Dry- 
No.  Fat         Gravity  ing)    (Calc  )      Diff. 

1  8.06  1.0659  26.06  26.15    -)-0.09 

2  7.86  1.0671   26.10  26.21    -t-O.U 

3  7.84  1.0664  26.12  26.01 — 0.11 

4  7.47  1.0696  26.17  26.36   -f0.19 

5  7.50  1.0701   26.22  26.52   -1-0.30 

6  8.24  1.0659  26.31   26.36   -1-0.05 

7  8.08  1.0669  26.46  26.42—0.04 

8  8.28  1.0719  27.65  27.91    -(-0.26 

9  8.23          1.0757  28.60  28.80   -1-0.20 
Average -1-0.12  —0.37 

As  may  be  seen  from  Table  III,  the  average  differ- 
ence is  -|-o.i2  when  the  formula  is  applied  to  milk 
held  at  37-40°  C.  Therefore,  the  correction  for  milk 
at  37-40°  C.  is  o.  5  and  the  formula  to  be  used  for  this 
milk  then  becomes 

T=       ~°'^-fi.2XPer  cent  Fat. 
4 
Lower  results  were  obtained  when  the  milk  was  diluted. 

SUMMARY 

It  is  clear  that  when  e.\act  percentages  of  total  solids 
are  demanded  the  Babcock  formula  cannot  be  applied 
directly  to  the  determination  of  total  solids  in  evapora- 
ted milk  held  either  at  5°  C.  or  at  37-40°  C.  But  re- 
sults, the  accuracy  of  which  are  comparable  with  those 
obtained  with  the  Babcock  formula  on  whole  milk, 
may  be  obtained  if  the  formula 

T  =       ~^'      +  1.2  X  Per  cent  Fat 
4 
is    applied   to    the    undiluted   evaporated    milk    cooled 
to  its    maximum   specific   gravity   and   if   the   formula 

'  In  the  formula,  a  difference  of  0.46  per  cent  in  solids  is  equivalent 
to  1.84  in  the  lactometer  reading  or  0.00184  in  specific  gravity,(4_X  0.46  — 
1.84). 
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+  1 .  2  X  Per  cent  Fat 


is  applied  to  milk  kept  at  37-40°  C.  for  one  and  a  half 
hours  or  until  no  further  change  in  specific  gravity 
occurs. 
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IMPROVEMENTS  IN  THE  COPPER  METHOD  FOR 

ESTIMATING  AMINO  ACIDS 

By  Philip  Adolph  Kober 

Received  December  15,  1916 

For  sometime  we  have  been  trying  to  develop 
further,  methods  for  the  study  and  analysis  of  pro- 
teins. In  connection  with  this  work,  which  will 
involve  the  scheme  of  Van  Slyke,  we  have  first  at- 
tempted to  improve  and  standardize  some  parts  of 
the  copper  method'  for  estimating  amino  acids. 

Our  improvements  are:  (I)  A  simpler  method  for 
making  standard  copper  solutions;  (II)  a  method  for 
making  a  stock  suspension  of  cupric  hydroxide  which 
keeps  for  months,  and  (III)  a  method  for  making  and 
keeping  iodometric  reagents;  i.  e.,  saturated  potassium 
iodide  solutions,  containing  starch  and  acetic  acid. 

I THE     METHOD     FOR    MAKING      STANDARD      COPPER 

SOLUTIONS 

In  the  original  paper^  no  specific  directions  were 
given  for  making  an  iodometric  standard,  the  direc- 
tions in  any  standard  text-book  having  been  con- 
sidered sufficient.  None  of  the  methods  given  in 
these  books,  however,  are  very  convenient  nor  are  the 
solutions  stable.  Standardization  of  copper  solutions 
by  electrolysis,  which  is  of  course  most  accurate,  is 
decidedly  unsuitable  for  biological  laboratories,  nor 
is  it  a  particularly  short  method  unless  special  apparatus 
involving  rotating  cathodes  is  used. 

The  weighing-out  of  a  suitable  amount  of  a  pure 
copper  salt  was  thought  to  be  the  simplest  procedure. 
Cupric  sulfate  is  the  purest  and  cheapest  source  of 
copper  on  the  market  and  the  only  disadvantage  en- 
countered in  using  it  for  standard  solutions  is  its  un- 
certain water  content  and,  therefore,  unknown  copper 
content.  This  disadvantage  may  be  practically  over- 
come by  dehydrating  the  salt,  as  shown  below,  in  a 
very  simple  and  inexpensive  apparatus,' 

About  1  lb,  of  "parowax"  is  melted  in  a  liter  beaker 
or  other  suitable  container  and  used  in  a  hood  as  an 
oil  bath  at  245°  to  260°  C.  A  test  tube  (18  mm,  inside 
diameter,  length  155  mm,)  is  cleaned  and  dried  at  105 
to  110°  C,  and  weighed  with  a  paraffined  cork  stopper. 
Allowing  the  stopper  to  remain  in  the  desiccator, 
1.77  g.  of  monohydratc  cupric  sulfate*  are  put  into  the 
test-tube  and  connected  with  the  aerating  tubes  as 
shown  in  Fig.    i.      Upon  heating  for   2  or  3  hrs.  with 

'  Kolicr  «n<l  SilKlurii  J.  Am.  (.hem.  Soc  .  IS  (191.1),  1.M6;  applied  lo 
•olln  by  I'oltrr  and  Snyder,  Ibid  ,  »7  (I'JI.^.  lil'),  Tlll»  Journal,  T 
'  I''I6).    104'':  applied  lo  atiidy  ol  I.ecUllln.  by  MncArlhiir.    J.  Am.  them 

^ 16  (I'MS),  J^9^. 

•  J.  Am.  Chtm.  Soe..  I(  (|v|.1).  1346. 

>  I'ur  wurkinii  imt  lhi«  inclhixl  and  (»r  all  llir  analyllral  work,  I  am 
hidclited  tu  Mr.  Wulllirr  librllcln  nf  tliU  lulioralory, 

<  CiiSOt  +  JIliU  heated  lo  10}  tu  1 10°  C.  tor  leveral  lloura  li  converted 
i»  inonoliydrate  CiiSOi  4'  HiO,  having  only  •  ll|ht  blue  tint. 


shaking  every  15  min,  the  cupric  sulfate  is  practically 
dehydrated  and  is  obtained  perfectly  white;  the 
apparatus  is  then  removed  from  the  oil  bath  without 
interrupting  the  aeration  and  the  oil,  while  the  tube  is 
still  hot,  carefully  and  completely  wiped  off  with  a 
towel.  Then,  when  cool,  the  parafiBned  stopper  is 
quickly  inserted  and  the  tube  placed  in  the  desiccator 
until  it  is  ready  for  weighing.  By  using  apparatus 
with  ground  glass  joints,  which  was  not  available  to 
us  for  this  investigation,  more  accurate  results  can 
undoubtedly  be  obtained.  If  care  is  taken  the  tube 
maj-  be  heated  without  an  oil  bath,  by  putting  it  over  a 
Bunsen  burner,  so  as  to  maintain  it  just  below  visible 
red  heat  at  about  400°  C. 

The  following  results  were  obtained: 


G.  CuSO. 
Taken 

G.  Cu 

(Electrolysis) 

G.  Cu 
Expected 

Ratio  Cu  Found 
to  Theory  (%) 

1 , 1846 
1.0515 
I. 1044 
1.0695 

0.4706 
0.4173 
0.4374 
0.4247 

0.4720 
0.4190 
0.4390 
0.4250 

99.7 
99.6 
99.6 
99.7 

This   method  of  dehydrating  cupric  sulfate,  as  the 
work  of  T.  W.  Richards'  indicates,  may  not  give  suffi- 


I 


ciently  accurate  results  for  the  purpose  of  calculating 
atomic  weights,  but  the  shaking  from  time  to  time  in  an 
atmosphere  of  dry  air,  may  make  the  results  slightly 
higher  than  the  lowest  given  by  Richards  at  99.0  per 
cent.  However,  with  the  apparatus  and  equipment 
at  our  disposal,  we  were  not  able  to  test  this  out. 

DIRECTIONS — After  weighing,  the  contents  of  the  tube 
are  dissolved,  avoiding  loss  due  to  spattering  by  keep- 
ing the  tube  covered  or  in  a  horizontal  position: 
1.77  grams  of  the  monohydrate  cupric  sulfate  will  give 
sufficient  copper  when  dissolved  in  250  cc.  of  water  to 
make  a  '/jj  molar  solution,  which  if  carefully  stoppered 
can  be  used  for  standardizing  stock  solutions  almost 
indefinitely. 

To  guard  against  the  formation  of  basic  salt,  due  lo 
hydrolysis  and  any  alkalinity  of  the  glass,  it  is  well 
to  add  1  or  2  drops  of  concentrated  sulfuric  aci<i. 

II A    METHOD    FOR    MAKING    A    PERMANENT    Sl'SP^  NSION 

or  ciPRic  nvoRoxiDE 
In  the  original  directions,  cupric  hydroxide  h.id  to  be 
made   fresh   every   day.     Its    preparation,   because   il 
required    chopped    ice,    ncutrali«alion,    filtration    and 

>  /    •Nori.  Chtm..  1  (IRV.M.   i;<l 
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washing,  consumed  considerable  time  and  attention. 
Furthermore,  its  use  as  a  jelly  made  the  amount  taken 
for  an  analysis  variable  and  at  times  uncertain. 

Cupric  hydroxide,  as  ordinarily  made  by  neutraliza- 
tion of  any  cupric  salt,  is  not  stable,  but  slowly,  and 
in  most  cases  within  24  hrs.,  changes  over  into  the 
black  cupric  oxide.  This,  owing  partly  to  its  agglutina- 
tion, is  not  so  reactive  with  amino  acids,  particularly 
the  conjugated  (the  peptides).  By  avoiding  an  ex- 
cess of  alkali;  i.  c,  not  adding  enough  completely  to 
precipitate  the  copper  from  its  salt,  a  suspension  of 
cupric  hydroxide  can  be  obtained  which  keeps  for 
months,  if  not  indefinitely,  and  can  be  pipetted  easily. 
The  following  results,  with  glycine,  show  its  reactivity 
when  freshly  made  and  after  the  lapse  of  time: 


Per  cent  CuO 

Time 

Days 

Titrations 

Theoretical 

1 

99.3 

11 

100.2 

27 

99.6 

31 

99.6 

73 

20.64 
20.60 

100.0 

78 

20.61 
20.60 

100.0 

Average.     99 . 8 

directions: — 2  2  cc.  M/2  cupric  sulfate  solution 
are  diluted  with  water  and  chopped  ice  to  6  liters, 
and  at  o  to  1°  C.  precipitated  with  about  175 
cc.  N  COj-free  sodium  hydroxide,  using  i  cc.  phenol- 
phthalein  indicator  to  test  for  final  acidity.  After  filter- 
ing through  paper  containing  some  ice  and  washing 
slightly  with  a  spray,  the  precipitate  of  cupric  hy- 
droxide is  suspended  in  two  liters  of  distilled  water, 
preferably  ammonia-free,  allowed  to  settle,  and  the 
supernatant  liquid  poured  off.  This  is  repeated  three 
or  four  times  in  the  course  of  a  day  or  so.  finally  sus- 
pending the  precipitate  in  250  cc.  of  water.  Any 
ammonia  in  the  water,  and  alkali  dissolved  from  the 
glass,  may  interfere  with  its  keeping  indefinitely. 

According  to  Abegg,'  who  mentions  a  similar  prep- 
aration of  Tommasi,-  the  final  product  is  CuCOH); 
and  in  the  absence  of  salts  and  alkali  will  keep  in- 
definitely. Its  use  and  apparent  excellent  adaptability 
for  amino  acid  work,  however,  was  not  discovered, 
so  far  as  we  are  able  to  learn. 

Ill A    METHOD   FOR     KEEPING    A    SATURATED   POTASSIUM 

IODIDE      SOLUTION,      CONTAINING      STARCH 
AND    ACETIC    ACID 

In  the  original  directions  potassium  iodide  solutions 
had  to  be  made  fresh  every  day  and  titrated  from  time 
to  time,  almost  constantly,  to  keep  it  free  from  iodine. 
This  production  of  iodine  occurs  apparently  regardless 
of  the  source  of  the  iodide.  Undoubtedly  some  if 
not  most  of  the  iodine  originated  from  iodates  or  other 
impurities  present  in  the  iodide  but  the  second  and 
subsequent  yields  seem  not  to  be  due  to  iodate,  and  not 
as  the  literature  on  the  subject  states,  to  oxygen  and 
carbon  dioxide,  but  to  the  presence  of  nitrites  and 
nitrates,  which  with  any  oxygen  from  the  solution 
constituents  and  the  air  continue  to  decompose  the 
potassium  iodide,  catalytically. 

By   removing   most   if   not   all   of  these   substances, 

'  .^bcgg's  "Handbuch  der  Anorg.  Chem.."  II,  356. 
'  J.  Soc.  Chem.  Ind..  37  (1882),  197. 


and  by  decreasing  the  amount  of  available  oxygen  in 
contact  with  the  solution,  i.  e.,  keeping  it  anaerobically, 
saturated  solutions  of  potassium  iodide,  starch  and 
acetic  acid  can  be  kept  for  a  long  time,  if  not  indefinitely. 

Although  the  simplest  and  most  efficient  method  of 
accomplishing  this  result  has  not  been  definitely 
decided  upon  yet,  owing  to  the  long  time  desirable  for 
such  a  stability  test,  the  following  scheme  has  proved 
practical: 

Four  hundred  grams  of  potassium  iodide  were  dis- 
solved in  450  cc.  of  distilled  water,  and  with  40  cc. 
of  i.o  per  cent  "soluble"  starch'  solution,  and  10  cc. 
glacial  acetic  acid  were  placed  in  a  750  cc.  flask  or 
Erlenmeyer.  After  adding  2.5  cc.  of  M/2  cupric 
sulfate  solution  and  an  inch  of  paraffin  and  mineral 
oil  mixture  (1:3),  the  solution  was  allowed  to  stand 
for  30  min.,  when  the  iodine  was  titrated  with  M/2 
sodium  thiosulfate  to  just  the  neutral  point;  i.  e.,  when 
it  becomes  colorless,  when  the  flask  was  fitted  with  an 
inlet  tube  containing  strong  alkali,  as  shown  in  Fig.  2, 
and  boiled  for  30  min.     This  inlet  tube  is  for  the  pur- 


pose of  washing  the  air  that  enters  the  flask  after 
boiling. 

In  this  way  we  have  had  stock  solutions  keep  three 
months  or  more  and  in  certain  experiments  we  have 
had  a  solution  of  potassium  iodide,  starch  and  acetic 
acid  keep  in  contact  with  oxygen  without  oil  for  42 
days,  which  seems  to  us  to  indicate  that  when  certain 
catalysts  in  the  air  are  removed,  oxygen  has  no  effect 
upon  potassium  iodide  or  hydriodic  acid,  contrary  to 
the  statements  in  the  literature. 

This  phenomenon  we  are  studying  further,  with  the 
hope  of  finding  a  reagent  that  will  prevent  the  oxidation 
by  means  of  nitrites  and  nitrates,  or  better,  to  remove 
these  substances  quantitatively  from  solution.  We 
believe  that  this  reaction  may  play  a  r61e  in  many 
obscure  phenomena,  such  as  the  deterioration  of 
toxins  and  antitoxins,  and  other  biological  changes, 
and  any  practical  method  that  would  prevent  air  from 
exerting  an  oxidizing  effect,  because  of  its  nitrite  and 

'  Stock  solutions  of  1 .0  per  cent  starch  may  also  be  preserved  separately, 
by  adding  tricresol  to  the  extent  of  0,2  per  cent.  .An  experiment  with  a 
Iiirge  amount  of  cresol — 20  to  40  times  more  than  would  be  used  ordinarily 
— showed  that  it  had  no  effect  on  the  iodomctric  titration. 
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nitrate  content,  might  find  numerous  and  valuable 
applications. 

CONCISE      DESCRIPTION       OF      AMINO      ACID       ESTIMATION 
BY    MEANS    OF    THE    COPPER    METHOD 
SOLUTIONS     AND     APPARATUS     REQUIRED (l)      A      V25 

molar  sodium  thiosulfate  solution,  containing  0.993  g- 
NasSoOs  +  5  H2O  in  a  liter  of  COo-free  water,  stand- 
ardized against  a  M/i-,  cupric  sulfate  solution  (2) 
made  as  just  described  under  I.  (3)  A  suspension  of 
cupric  hydroxide  as  described  under  II.  (4)  lodimetric 
reagents  as  described  under  III.  (5)  Glacial  acetic. 
(6)  A  "bufifer"  solution  as  described  in  previous  paper 
is  made  as  follows:  Sodium  hydroxide  solution  is 
made  free  from  carbonate,  according  to  the  suggestion 
of  Sorensen,  as  follows:  250  g.  of  sodium  hydroxide 
are  dissolved  into  250  cc.  of  water  and  placed  in  a 
flask  furnished  with  a  soda-lime  tube.  After  cooling 
and  allowing  the  solution  to  settle,  the  clear,  saturated 
supernatant  solution  which  contains  no  carbonate — • 
sodium  carbonate  being  insoluble  in  saturated  sodium 
hydroxide — is  diluted  with  sufficient  boiled  distilled 
water'  to  make  a  normal  solution:  0.2  gram-mole- 
cules of  boric  acid  (12.404  g.)  are  dissolved  with  dis- 
tilled water  and  100  cc.  of  normal  sodium  hydroxide 
and  made  up  to  a  liter.  This  solution  is  designated  as 
"sodium  borate"  and,  if  kept  free- from  carbon  dioxide, 
can  be  preserved  indefinitely.  Three  volumes  of 
"sodium  borate"  mixed  with  one  volume  of  o.i  N 
hydrochloric  acid,  we  have  found  thus  far  to  be  a  suit- 
able "buffer"  solution.  (7)  50  cc.  graduated  flasks. 
(8)    Pipettes,    burettes.     (9)  Glass  funnels  (2-2.5  in.). 

(10)  Filter  paper:  1 1  cm.  No.  590,  S.  &  S.,  or  equivalent. 

(11)  150  cc.  Erlenmeyers  for  filtering. 

DIRECTIONS    FOR    MAKING    ESTIMATIONS    OF    THE    TOTAL 

AMINO  ACID  NITROGEN 
(a)   INCLUDING  THE  POLYPEPTIDE     AMINO    NITROGEN 

All  solutions  to  be  tested  for  amino  acids  should  be 
neutralized  or  made  slightly  alkaline  to  phenolphthalein. 
Insoluble  substances  may  be  dissolved  with  the  aid  of 
0.1  N  NaOH,  using  not  more  than  5-6  cc.  For  the 
factors  given  in  this  paper  the  solution  should  not 
contain  more  than  0.025  g-  of  amino  acids  in  25 
cc.  The  volume  after  neutralization  should  be 
made  to  about  25  cc.  and  placed  in  a  50  cc. 
graduated  flask,  so  that,  when  stoppered,  carbon 
dioxide  from  the  air  can,  to  some  extent,  be 
avoided.  Twenty  cc.  of  "buff'er"  solution  are  now 
added  and  2  to  3  cc.  of  cupric  hydroxide  suspension 
are  introduced  and  the  mixture  vigorously  shaken  for 
about  a  minute.  If  the  cupric  hydroxide  has  not 
completely  dissolved,  and,  therefore,  is  in  excess, 
the  solution,  after  bringing  to  room  temperature,  is 
made  up  to  the  mark'  and  shaken  from  two  to  three 
minutes  longer.  The  mixture  is  now  filtered  through 
a  good  dry  filter  paper  (S.  &  S.  No.  500,  1 1  cm.  in 
diameter  is  satisfactory).  The  filtrate  contains  all  of 
the  soluble  complexes  while  the  residue  contains  the 
insoluble  complexes  and  the  excess  of  Cu(OH)i. 

■  An  «  riilr  oriliimry   itMMIcd   wulcr  In  all  IhcM  «olii(ion>  ii  •uiul>lc 
liilt  Imilrcl  illslillril  wuirr  Ih  prrfrnalilr 

*  Tlir   atiuiiint    of   i-ii|irii-   liyilroKidc.   which  nhntihl    nut    l>r   morr   than 
0  (IM)  K  .  will  iirmliiir  nil  rrnir  in  thr  vuliimi 
n  (IS  |irr  trnt.  whiili  i«  in  lliiiit  i'u»r<  iir||ll|(il>l 


of  sohitioii  of  not  more  than 


An  aliquot  portion  (25  cc.)  of  the  filtrate  is  then 
taken  and  after  acidification  with  i  to  2  cc.  of  glacial 
acetic  acid,  5  cc.  of  potassium  iodide-starch  solution 
are  added  and  the  solution  titrated  with  0.004  ^  thio- 
sulfate solution.  Every  cc.  of  thiosulfate  solution  is 
an  equivalent  to  0.0003184  g.  of  cupric  oxide  or 
0.0001120  g.  of  amino  acid  nitrogen,  or,  i  cc.  of  o.ooi 
N  thiosulfate  solution  is  equivalent  to  0.0000280  g.  of 
amino  acid  nitrogen.  When  calculated  in  terms  of 
peptide  amino  nitrogen,  these  values  should  be 
halved. 

(b)     EXCLUDING     POLYPEPTIDE     AMINO     NITROGEN If 

the  free  amino  acids  are  to  be  determined  alone,  the 
procedure  for  making  the  copper  complexes  is  almost 
identical  with  that  described  for  the  total  amino  nitro- 
gen. The  only  change  necessary  is  to  add  to  25  cc. 
of  the  filtrate,  instead  of  directly  titrating  iodometric- 
ally,  5  cc.  of  0.360  A^  Ba(0H)2.  allow  the  mixture  to  stand 
for  15  minutes  in  a  stoppered  Erlenmeyer  flask  and 
then  filter.  This  precipitates  a  definite  fraction 
(87  per  cent)  of  the  copper  from  the  amino  acid  com- 
plexes (see  table  of  precipitabilities).'  After  washing 
the  precipitate  of  cupric  hydroxide,  it  is  transferred 
with  the  filter  paper  to  the  Erlenmeyer  flask  and  the 
hydroxide  is  dissolved  in  10  cc.  of  10  per  cent  acetic 
acid  (warming  if  necessary).  After  adding  the  potas- 
sium iodide-starch  solution,  the  copper  is  titrated  with 
0.004  ^  thiosulfate  solution,  every  cubic  centimeter 
being  equivalent  to  0.000 11 2  g.  amino  acid  nitrogen, 
divided  by  the  proper  precipitability. 

On  acidifying  with  acetic  acid  and  concentrating  to 
about  15  cc.  the  filtrate  can  then  be  titrated  iodo- 
metrically.  The  amino  acid  nitrogen  of  the  filtrate 
plus  that  of  the  precipitate  will  give,  if  the  polypeptides 
have  five  or  less  conjugated  amino  acids,  the  total 
amino  acid  nitrogen.  If  polypeptides  or  peptones,  of 
six  or  more  conjugated  amino  acids  are  present  they 
will  prevent  the  precipitation  of  the  free  amino  acid 
copper.  Therefore,  the  increase  in  the  amount  of 
copper  dissolved  after  total  hydrolysis,  alone,  will 
give  the  information  as  to  the  amount  of  polypeptide 
present.  No  particular  method  of  hydrolysis  has  been 
tried,  but  it  is  probable  that  the  method  used  by  Levene' 
and  Van  Slyke  will  serve  the  purpose. 

FOR     SUBSTANCES     WITH     QUITE     INSOLUBLE     COPPER 

SALTS — For  substances  with  slightly  soluble  copper 
complexes,  the  technic  just  described  is  suitable. 
Where  the  copper  complexes  crystallize  out,  as  is  the 
case  when  leucine,  normal-amino-caproic  acid,  phenyl 
glycine,  or  cistine  is  present  and  are  filtered  ofT  with 
the  excess  of  cupric  hydroxide,  it  is  necessary  to  sep- 
arate the  two  precipitates.  Very  satisfactory  rea- 
gents for  this  purpose  are  the  bicarbonatcs  of  sodium 
and  potassium,  whiili  will  dissolve  the  excess  of  cupric 
hydroxide  without  appreciably  disturbing  the  com- 
plexes.' 

The  filter  paper'  containing  the  insoluble  complexes 

1  J.  Am.  Cl>tm.  Soc..  U  (lOI  '>.  1.151-7. 

'J.  HiW  Chtm.    II  (I'M.'K  «04. 

'  Scr  Kolirr  anil  Sii«iiir«,  .'.  Kwl   Clitm..  If  iWI.'l.  I.<. 

*  .S  &  S  Nu  y*ii  iia|K>f  .'  i-m.  in  iliainrirr  I*  itrrfrraltlr  whrn  it  it 
nrrrxarv  t»  ilrlrrmlnr  thr  inmlnlilr  mmplrt.  aa  it  l<  ra«irr  to  handlf  than 
thr  I  I  iin    imprr 
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and  the  cupric  hydroxide  is  transferred  to  a  100  cc. 
Erlenmeyer  flask,  and  by  means  of  a  stirring  rod  the 
paper  in  the  flask  is  unfolded  so  that  the  residue  is  on 
top,  and  so  that  it  can  be  rubbed  with  a  rod.  Five  cc. 
of  0.1  N  HCl  are  then  put  into  the  graduated  flask 
in  which  the  complexes  were  originally  made,  so  that 
the  residue  clinging  to  the  sides  of  the  flask  is  dissolved. 
This  solution  is  then  added  to  the  filter  paper  in  the 
flask  and  boiled  gently.  Another  portion  (5  cc.)  of 
0.1  N  HCl  is  used  in  exactly  the  same  way.  Finally 
the  graduated  flask  is  washed  with  6  to  10  cc.  of  water 
and  this  added  to  the  complexes  in  the  Erlenmeyer  flask. 
After  the  residue  is  dissolved  the  volume  of  the  solu- 
tion in  the  flask  is  made  up  to  about  20  cc.  and  2  g. 
of  powdered  potassium  bicarbonate  are  then  added  as 
follows:  a  little  (0.2-0.3  g-)  of  the  bicarbonate  is 
first  added  with  a  spatula  and  the  solution  shaken. 
This  precipitates  the  insoluble  complexes  and  the 
excess  of  cupric  hydroxide  or  carboTiate  again.  After 
standing  one  to  two  minutes  the  remainder  of  the  bi- 
carbonate is  added.  On  shaking  two  to  three  minutes 
the  excess  of  cupric  hydroxide  or  carbonate  is  com- 
pletely dissolved  and  insoluble  complexes  are  then 
filtered  through  paper  (S.  &  S.  No.  590,  7  cm.  in 
diameter)  and  washed  with  a  little  water.  On  return- 
ing the  filter  paper  to  the  Erlenmeyer  (also  washed), 
adding  10  cc.  10  per  cent  acetic  acid*  and  heating 
until  the  copper  of  the  complexes  is  dissolved,  the 
solution  can  be  titrated  iodometrically.  As  a 
table  of  precipitabilities  in  the  original  paper  shows, 
a  correction  for  solubility  in  KHCO3  is  neces- 
sary. This  technic  gives  good  results  with  most 
of  the  insoluble  complexes,  but  with  leucine  the 
technic  described  in  a  former  paper^  is  preferable; 
this  technic  required  the  washing  of  the  first  resi- 
due with  small  amounts  of  10  per  cent  KHCO3 
until  the  filtrates  gave  no  appreciable  tests  for  copper: 
then  the  insoluble  complexes  were  dissolved  in  10 
per  cent  acetic  acid  and  titrated.  It  may  be  possible, 
by  using  an  amino  acid  like  glycine  which  gives  a  soluble 
complex,  to  replace  this  bicarbonate  solution  and  re- 
duce the  solubility  corrections  appreciably.  As  may 
be  seen  from  the  table,  i  to  2  mg.  of  leucine  and  cys- 
tine may  be  determined  as  soluble  complexes. 

SUMMARY 

The  following  improvements  in  the  copper  method 
for  estimating  amino  acids  are  described: 

I — A  simple  method  for  dehydrating  and  weighing 
cupric  sulfate  suitable  for  making  standard  copper 
solutions. 

II — A  stock  suspension  of  cupric  hydroxide,  which  is 
very  sensitive  in  its  reaction  with  amino  acids,  and 
keeps  for  months. 

Ill — A  method  for  making  and  keeping  saturated 
solutions  of  potassium  iodide,  containing  starch  and 
acetic  acid. 

Division  op  Laboratories  and  Ressarch 

New  York  State  Department  op  Health 

.\lbany 


*  The  cystine  complex  dissolves  only  slowly  in  acetic  acid.     To  expedii 
matters  a  few  cc.  of  N/IO  HCl  may  be  added. 
«  J.  Biol.  Chtm..  IS  (1912).  4. 


A  STUDY  OF  THE  DETERMINATION  OF  POTASH 

CHIEFLY  CONCERNED  WITH  THE  LINDO- 

GLADDING  METHOD 

By    P.    L.    HiBBARD 

Received  December  1.  1916 

This  study  was  undertaken  for  the  purpose  of  ob- 
taining a  more  thorough  and  exact  knowledge  of  the 
principles  involved  in  the  determination  of  potash 
according  to  the  Lindo'-Gladding'  Method  as  practiced 
by  the  Association  of  Official  Agricultural  Chem- 
ists."''"* 

Although  no  part  of  the  original  plan  for  the  study 
of  potash  determination,  some  work  was  done  on 
the  Perchlorate  Method  and  is  here  reported  for  the 
sake  of  completeness.  As  opportunity  offered,  the  work 
has  from  time  to  time  extended  over  many  months. 
The  writer  feels  that  results  obtained  are  of  sufficient 
value  to  warrant  this  presentation. 

THE    LINDO-GLADDING    METHOD    IN    BRIEF 

Ten  grams  of  the  material  are  boiled  in  a  500  cc. 
flask  with  300  cc.  water  for  30  min.  To  the  hot  solu- 
tion ammonia  and  ammonium  oxalate  are  added  in 
excess  to  remove  Fe,  Ca,  PO4,  etc.  The  solution  is 
cooled,  volume  made  to  500  cc,  filtered,  and  an  aliquot 
of  50  cc.  evaporated  in  a  platinum  dish.  During 
evaporation,  excess  of  H2S04  is  added,  then  the  residue 
is  slowly  heated,  finally  to  full  red,  so  that  the  residue 
is  white.  The  salts  are  dissolved  in  water,  a  little 
HCl  added,  and  an  excess  of  HjPtCU  solution;  the 
mixture  is  evaporated  to  paste.  The  residue  is  washed 
free  of  soluble  platinum  with  80  per  cent  alcohol, 
then  sodium  and  magnesium  salts,  etc.,  are  removed 
by  washing  with  20  per  cent  NH4CI  solution  and  this 
is  removed  by  the  80  per  cent  alcohol.  The  precipi- 
tate is  dried  and  weighed  as  KjPtCU. 

MAKING    SOLUTION    OF    MATERIAL    TO    BE    TESTED 

The  volume  of  water  used  in  making  solution  is  not 
important  with  many  substances,  provided  it  remains 
within  50  per  cent  of  the  official  requirement.  Ten 
grams  of  an  ordinary  fertilizer  boiled  with  150,  300  and 
450  cc.  gave  4.78  to  4.83  per  cent  K2O  as  an  average 
of  four  determinations  on  each  solution,  the  variation 
on  each  being  as  great  as  those  between  the  different 
solutions. 

When  the  substance  contains  much  soluble  phos- 
phoric acid  or  other  material  which  gives  a  heavy  pre- 
cipitate with  ammonia,  the  greater  the  dilution  the 
more  accurate  the  result  in  general,  because  of  the 
occlusion  of  potash  by  gelatinous  precipitates.  If 
the  volume  in  which  precipitation  takes  place  is  larger 
there  is  a  smaller  proportion  of  the  potash  in  the  pre- 
cipitate. By  making  the  dilution  i  in  1000  instead  of 
the  usual  10  in  500,  correct  results  were  obtained  as 
shown  under  "Soluble  Phosphates"  below. 

Vigor  of  boiling  causes  no  perceptible  variation  in 
result.  Portions  heated  on  a  steam  bath,  boiled  gently 
over  a  low  flame,  or  boiled  vigorously,  gave  results 
within  the  usual  limits  of  error. 

Time  of  boiling:  Five,  ten,  thirty  or  sixty  min. 
boiling  gave  nearly  identical  results. 

*  Numbers  refer  to  corresponding  numbers  in  "Bibliography,"  pp. 
496  and  7. 
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Afftmonia    used    to    make    the    solution    alkaline    after  published  by   De  Roode'  in   1895.      But  if  calcium  or 

boiling:       One,   five  and   twenty-five  cc.   gave   results  barium  is   added  in  excess  before   ammonia,   no   P.O5 

within  the    usual    limits    of   error;    sufficient  to    make  is   found   in   the   filtrate.     Sufficient    CaO   alone   com- 

alkaline  is  enough.  pletely  precipitates  P2O5  during  boiling,  without  any 

In  order  to  remove  P2O5  as  much  as  possible,  ammonia  ammonia.     Attempts     to     remove     P2O5     completely 

must  be  added  before  ammonium  oxalate.     If  the  oxalate  by   boiling   with   excess    of    CaCOa    or    BaCOj    failed, 

is  added  first  it  removes  the  calcium,  which  is  needed  Excess  of  CaClo  or  MgCl;  added  before  the  ammonia 

to  form  an  insoluble  precipitate  with  the  P2O5,  thus  completely  remove  P-O5;  CaCU  is  preferable,  as  it  is 

leaving  the  latter  in  the  filtrate  as  ammonium  phos-  easily    removed    by    ammonium    oxalate.      But    since 

phate,     which     is,     during     ignition,     converted    into  excess  of  oxalate   causes   P.O5  to  go  into  solution   as 

insoluble  metaphosphate  tending  to  cause  errors  which  ammonium     phosphate,     the     phosphate     precipitate 

may  be  large.'  must   be   removed   before   adding   ammonium   oxalate 

The  quantity  of  ammonium  oxalate  used  should  h&  the  to   precipitate   calcium.     Ten   grams   of  a   mixture   of 

least  that  will  suffice.      In  many  cases  excess  will  do  no  equal  parts  of  acid  phosphate  and  kainit  were  treated 

harm,  but  when  soluble  PzOs  is  present,  any  oxalate  as    usual    for    a    potash    determination    and    varying 

over  the  amount  necessary  to  combine  with  the  cal-  amounts    of    ammonium    oxalate    added.     In    the    fil- 

cium  tends  to  make  more  P2OS  go  into  the  solution  as  trates   P2O5   and    K2O   were   determined   with   the   fol- 

ammonium  phosphate,  lowing  results: 
CaNH4P04   +   (NH4)2(COO)2  Table  I— Effect  of  ammonium  oxalate 

—  rnfrOrt^™    4-    CMH.^„HPn.    4-    NTT.  Grams  oxalate  Added 0.0  O.S  2.0  5.0 

-  *_a(,<wUU;2    i-    U^«4;2nrU4   -1-    INJls  Grams  PiOi  Found 0.0004     0.0032     0.0117     0.0228 

A  mixture  of  acid  phosphate  and  kainit  treated  by  the  Per  cent  K20  Found 4.54       453       4.62       4.70 

Official  Method,  but  varying  the  amounts  of  ammonium  The  higher  results  for  K2O    are    partly  due  to  P-Oj 

oxalate,  gave  the  results  shown  in  Table  I.  '  This  is  not  removed  from  the  K2PtCl«,  as  will  be  shown  later; 

not  intended  to  indicate  which  result  is  nearest  cor-  hence  it  should  be  removed  before  adding  ammonium 

rect,   but   only   to  illustrate  the  effect  of  ammonium  oxalate.     But  as  the  presence  of  P2O5  in  the  filtrate 

oxalate.     In   general,   the   higher  results  seem   due  to  after  adding  ammonium  oxalate  is  due  to  insufficient 

soluble  P2O6.  calcium  to  form  Ca3P208  it  seems  unnecessary  to  add 

When  the  substance  contains  much  acid  phosphate  ammonium  oxalate  to  remove  calcium  which  has  al- 

there  is  no  calcium  remaining  in  solution  after  making  ready    been    completely    removed    by    excess    of    PjOs 

alkaline  with  ammonia,  hence  it  is  not  necessary  to  add  when  made  alkaline  with  ammonia.      Hence  in  proceed- 

ammonium    oxalate,     which     should     be     avoided     as  ing   by   the    Lindo-Gladding   Method,   if   the    material 

indicated  above.  contains  much  acid  phosphate,  omit  adding  ammonium 

VARIOUS  IMPURITIES— 5oJjtt»j  salts  have  very  little  oxalate.     Even  then  the  filtrate  will  usually  contain 

effect   in    moderate   amounts   except   during   the   final  some    P2O5,    to    prevent    which   excess    of    calcium    is 

ignition  when  they  cause  the  residue  to  be  more  readily  added    before    adding    ammonia.      This    increases    the 

fusible.  volume  of  the  precipitate. 

Magnesium  and   calcium  aid  somewhat  in   burning  Occlusion    of   potassium    by    this    heavy    gelatinous 

by   keeping  the  residue   more   porous  and   less  likely  precipitate"  is"  the  largest  source  of  error,  chemically. 

to  fuse.     The  chief  effect  of  all  these  is  seen  in  the  in   the   Lindo-Gladding   Method.     It   may  amount   to 

purification  of   K2PtCl6   (9.   v.)      Calcium  is  removed  from    i   to   10  per  cent  of  the   amount  of  potassium 

by    ammonium    oxalate    without    loss  of  potash.     In  present.     A  mixture  of  10  g.  acid  phosphate  and  i  g. 

case  there  is  considerable  organic  matter  in  the  solu-  K2S0«  gave  5.40  per  cent  KjO  by  the  r<*gular  method 

tion  some  calcium  and  iron  may  remain  after  treatment  instead  of  s-7  2  per  cent,  the  amount  actually  present, 

with   ammonia   and   ammonium   oxalate.  a  deficiency  of  nearly  6  per  cent. 

Sodium     and      magnesium     together     in     moderate  The  error  due  to  occlusion  is  partly  offset  by  the 

amounts  have  little  e'lfect,  except  in  later  processes.  opposite  error  of  diminished  volume  on  account  of  the 

Iron  is  chiefly  removed  by  ammonia.      In  the  pres-  bulky  precipitate.      These  errors  are  commonly  known, 

encc  of  soluble  carbohydrates  and  proteids  and  some  and   published,   but  no  one  seems  to  have  devised  a 

other  forms  of  organic  matter,  some  iron  is  held  in  satisfactory  plan  for  overcoming  them.     The  alternate 

sohition   in   presence  of  ammonia  and   remains  to  be  official    modification    of   the    LindoCilndding  Method, 

separated    from    the    KjPtCln.      The    precipitate    with  which  consists  in  washing  the  material  on  a  filter  to 

ammonia    occludes    some    potassium.     To    secure    ac-  extract  the  potash,   instead   of   boiling   it    with   water, 

curate  results  it  must  be  treated   like  the  phosphate  is   helpful,    but   only    partly    overcomes  the  diffu'ulty. 

l)rc(ipitate.  The  higher  results  obtained   by  this   mcthcul   may   be 

I.FFF.CT  OF  sni.uBLi;  I'll dsi'ii ATKS  attributed  to  the  smaller  volume  <>f  the  precipitate  and 

Materials  in  which  potash  is  to  be  determined  frc-  "-o  the  increa.sed  dilution. 
■  lucntly    contain      water-soluble      phosphates.     In     the  I"  or''"  to  overcome  the  loss  duo  to  occlusion,  the 
Lindo-Gladding    Method    these    are    supposed    to    be  only  feasible  methods   .seem   to  be  resolution  and  re- 
removed    by   ammonia.     Ammonium   oxalate   is   then  precipitation,  or  greatly  increased  dilution.'* 
added    to    remove    calcium.     In    such    cn.scs    P,0,    is  kk.  PHF.ririTATioK   MrnioD 
usually   present   in   the    filtrate   in    proimrtion    to   the          Hoil  10  g.  of  the  material  with  joo  .  r.  of  water,  add- 
amount   of   nmmnnium   oxalate   used.      This   fact    was  ing    i    to    1    g.    CaCl,   to   supply    cnouRh    Ca   to   form 
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CaaPzOs  with  all  the  PzOs  present.  After  boiling  a  few 
minutes,  make  alkaline  with  ammonia  and  filter  at 
once.  A  9  cm.  filter  in  a  lo-cm.  Buchner  funnel  with 
suction  is  most  convenient.  Suck  as  nearly  dry  as 
possible,  wash  a  little,  then  wash  the  precipitate  off  the 
filter,  back  into  the  beaker,  to  a  volume  of  100  to  150 
cc,  add  a  little  HCl  to  dissolve  the  gelatinous  precipi- 
tate, but  not  enough  to  act  on  the  insoluble  matter. 
Heat  to  boiling  and  again  make  alkaline  with  am- 
monia. If  enough  CaClj  was  added  in  the  first  pre- 
cipitation no  more  is  needed  here.  Filter  as  at  first. 
In  most  cases  this  is  enough,  but  to  secure  all  the  potash 
one  or  two  more  re-precipitations  will  be  necessary. 
The  filtrates  are  combined,  if  desirable,  concentrated 
to  about  400  cc,  in  a  500  cc.  flask,  and  while  hot, 
sufficient  (i  to  3  g.)  ammonium  oxalate  is  added  to 
precipitate  all  the  calcium  in  solution.  Some  excess  of 
ammonium  oxalate  here  does  no  harm.  Cool,  make 
up  to  500  cc,  filter  and  take  a  50  cc.  aliquot  for  the 
potash  determination  as  usual.  The  precipitate  of 
calcium  oxalate  seems  to  cause  very  little  error. 

L.4RGE    DILUTION    METHOD 

Place  I.I  II  g.  material  in  a  liter  flask,  add  800  to 
900  cc.  of  water  and  sufficient  CaClj  to  combine  with 
the  PjOs,  boil  30  minutes,  make  alkaline  with  am- 
monia, cool,  make  volume  to  1000  cc.  and  filter.  To 
the  filtrate  add  dry  ammonium  oxalate  to  precipitate 
all  calcium.  Shake  a  few  times  for  an  hour  or  so  to 
complete  the  precipitation  of  the  calcium.  Filter  on  a 
dry  filter.  Take  900  cc.  of  the  filtrate  ( =  i  g.  sub- 
stance)   and   proceed   with   the   potash   determination. 

This  method  is  less  time-consuming  for  the  actual 
manipulations,  but  requires  much  longer  for  the  evap- 
oration and  affords  no  opportunity  for  a  duplicate 
determination  on  the  same  solution.  In  most  in- 
stances it  is  likely  the  re-precipitation  method  will  be 
found  preferable.  In  case  the  solution  is  difficult  to 
filter,  the  dilution  method  may  be  preferable. 

RESUME  AS  TO  SOLUBLE  PHOSPHATES 

In  potash  determination,  soluble  P2O6  is  the  cause 
of  three  errors:  (i)  Occlusion  of  potash  by  the  heavy 
precipitate,  tending  to  low  results;  (2)  volume  decreased 
by  the  precipitate,  tending  to  high  results;  (3)  formation 
of  an  insoluble  substance  in  the  later  part  of  the  de- 
termination, causing  high  results.  Besides  these  the 
soluble  phosphate  has  a  bad  effect  on  the  platinum 
dishes  during  ignition.  These  errors  may  or  may  not 
balance  exactly  so  as  to  give  a  correct  result.  If 
accuracy  is  desired,  some  method,  such  as  above  out- 
lined, must  replace  the  usual  unmodified  Lindo-Glad- 
ding  method. 

Soluble  proteids  and  carbohydrates  frequently  occur 
in  materials  in  which  potassium  is  to  be  determined. 
Hence  their  effects  were  studied.  Soluble  proteids 
make  the  solution  more  difficult  to  filter  and  the  resi- 
due more  difficult  to  burn,  but  the  result  is  not  much 
afifected.  When  a  few  milligrams  of  gelatin  were  added 
to  pure  KCl,  the  result  obtained  for  potash  was  the 
same  as  for  pure  KCl. 

Many  organic  substances  tend  to  prevent  complete 
precipitation   of    iron   and   calcium   by   ammonia   and 


ammonium  oxalate.  When  such  are  present,  more  or 
less  iron  and  calcium  will  be  found  in  the  mixture  of 
salts  after  the  ignition.  An  infusion  of  alfalfa  hay 
was  mixed  with  iron  and  calcium  solutions  and  treated 
with  ammonia  and  ammonium  oxalate.  The  filtrate 
still  contained  some  iron  and  calcium.  Infusions  of 
ordinary  tankage  and  bat  guano  fertilizer  act  in  the 
same  way.  Extracts  of  bone  meal,  tankage,  garbage 
tankage  and  bat  guano  were  made  and  potash  de- 
termined in  them.  Then  to  the  same  amount  of  the 
solutions  was  added  a  known  amount  of  KCl  and 
potash  determined.  The  results  tended  to  be  low, 
but  with  proper  care  in  burning  were  very  good. 

Soluble  silica  is  often  present  in  potash  solutions. 
During  the  ignition  it  becomes  insoluble  and  later 
must  be  filtered  out  before  evaporating  the  solution 
with  platinum.  If  carefully  done  this  causes  no  loss. 
However  it  has  been  found  better  to  add  a  few  drops 
of  hydrofluoric  acid  to  the  potash  solution  during 
evaporation.  This  entirely  removes  silica  and  is  it- 
self removed  during  the  ignition  so  that  it  is  not  neces- 
sary to  filter  after  taking  up  the  salts  in  water.  Pres- 
ence of  hydrofluoric  acid  in  the  solution  in  which 
KsPtCU  is  formed  is  not  permissible,  as  it  causes  very 
erratic  results.  If  desired  to  remove  silica  by  hydro- 
fluoric acid  after  the  ignition  it  is  necessary  to  replace 
hydrofluoric  acid  by  several  evaporations  with  hydro- 
chloric acid  before  evaporating  the  solution  with 
platinum. 

Standing  before  filtration:  It  has  been  said  by 
someone  that  in  some  cases,  particularly  in  presence 
of  soluble  phosphates,  more  nearly  correct  results  were 
obtained  if  the  solution  after  boiling  and  addition  of 
ammonia  and  ammonium  oxalate  is  made  up  to  volume 
and  let  stand  several  hours  before  filtration.  The 
presumption  is  that  diffusion  of  the  potash  occluded 
in  the  heavy  precipitate  occurs,  thereby  increasing 
the  amount  of  potassium  in  solution.  Several  por- 
tions of  a  fertilizer  containing  considerable  acid  phos- 
phate were  treated  by  the  Official  Method  and  the 
solutions  allowed  to  stand  for  periods  of  one-half  hour, 
18  hours  and  7  days  before  filtering.  Variations  were 
too  small  to  be  conclusive,  but  tended  to  show  lower 
results  for  the  longer  standing  before  filtration. 

The  alternate  OflScial  Method  of  washing  the  potash 
out  of  the  material  placed  on  a  filter  instead  of  extracting 
by  boiling  has  been  found  preferable  in  many  cases, 
if  not  all.  The  advantages  of  this  method  seem  to  be 
due  chiefly  to  the  less  amount  of  foreign  matter  in- 
troduced into  the  solution.  In  the  boiling  method 
there  is  considerable  humus  matter  brought  into  solu- 
tion after  addition  of  ammonia.  This  is  avoided  in 
the  washing  method.  In  the  presence  of  acid  phos- 
phate the  advantage  of  this  method  is  probably  due, 
to  the  larger  volume  in  which  precipitation  takes 
place. 

The  referees  of  the  Association  of  Official  Agricul- 
tural Chemists  have  found  that  the  washing  method 
tends  to  give  higher  and  more  nearly  correct  results. 
In  connection  with  my  study  the  figures  given  in 
Table  II  were  obtained. 


May,  1917             THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY                         507 

TABI.E  11-C0MPAK.SON  OF  Bo,:..NG  AND  WASHING  METHODS  cvaporatioii  should  be  avoidcd  by  the  use  of  a  suitable 

Per  cent  KjO  in  •' 

Solution  made  by  cover.     It  has   been  found  expedient  to  use  a  linen 

Character  OF  Sample                           No.         Boiling         Washing  _,            r          j.-l.                 ,       ■                 ,  ■    ,       ^, 

Tankage  and  KiS04 4960          7.46          7.52  tilter    lor    thosc    solutions    which    filter    very    slowly. 

Garb^gr-Tankag;; V.V.V.V.':.'.'.'.:'.'.'.'.    5988          \'M          I'M  ^^  ^^^  filtrate  is  returned  to  the  filter  for  a  few  minutes 

Miied  Complete  Fertilizer .S36I          4.78          4.91  at  first,  till  a  film  is  formed  on  the  surface  of  the  cloth. 

Tankage  and  K2S04 5/  ;  1              5. 19              5.50  .            .                                                                                                                                 ' 

Tankage  and  K2SO4 .S666          4.83          4.78  it    Will    come    through    fairly    clean    and    much    more 

Mixture  containing  Acid  Phosphate.  .  .      5544              5.37              5.34  -ji         t_            1              1                           c 

Mixture  of  Acid  Phosphate  and  Kainit.                    4.68          4.90  rapidly  than  through  a  paper  filter. 

m.            I,-             t-u    J   •           V,                     I   u     ■         ii.  The  c/arz7y  o/<Ae///ra/e  seems  to  make  little  difference 

The  washing  method  is  perhaps  more  laborious  than  ■       ,      j.      ,          ,         ,          ... 

.,,•,•             4.U   A    ■           1  •        *t,         14--         V,   *   ti,-  '"  the  final  result  unless  the  liquid  contains  insoluble 

the  boiling   method  in   making  the  solution,  but  this  ,,....                     . 

is  offset  by  greater  ease  of  the  subsequent  operations.  .     .           ,    ,              ,           "                            -  P      " 

'rt.     rscc  ■  1    TVT  4.1.   J              -t.       4.1.  4.                  c  J.I.  ments  variations  of  the  results  due  to  cloudy  or  clear 

The  Official   Method  prescribes  that    2.5   g.  of  the  .,             ^           ,                   ,     .                    .     .    ■' 

.     •  ,     ,       J                               £14.        1.  11  u           u  J  filtrates  from  the  same  solution  were  withm  the  limits 

material  placed  on  a  12.5  cm.  filter  shall  be  washed  ,       ,.                    .            , 

.^,                  .                11          i-            r   i_    ■!•              i       .^Mi  of  ordinary  experimental  error, 

with    successive    small    portions    of   boiling    water   till  „  ,      .         ,          . 

.,     ci*     4^                ^    4.      u     4.                                     4.    4.  J  6e/ef/j?c  a(Z5or^//on  of  potash  bv  the  filter  paper  from 

the  filtrate  amounts  to  about  200  cc;  2  cc.  concentrated  ,          ,.             "^  .         ,,.•                     ^  ^ 

TT/-.1             iij       jii_         -i         •t_.lj...i.-i-  the  solution  passing  through  it   was  too  small  to  be 

HCl  are  added  and  the    mixture   is   heated  to  boiling;  ,             ..,.,? 

,                .               ,    .           4.1.         jj   J      t4.  detected  With  certainty  by  the  usual  analytical  methods, 

ammonia  and  ammonium  oxalate  are  then  added,  after  ,         ,       ,                                 .    ,.       .           ,                     . 

,.,,,               J.                 ,.                i-4.t  though    there    was    some    indication    of    such    action, 

which  the  procedure  is  as  usual,  using  an  aliquot  of  50  .       "     ,                   ,    ,       ..       ,                          ,    ,         . 

,                      •   •      1       u  4.         ^  ft  may  be  assumed  that  if  at  least  100  cc.  of  the  solu- 

cc.  (=  0.5  g.  original  substance).  .         ■'    ^,         ,  ,    , 

T                           -4.  •     J     •     ui    4.                    1-4.  tion  are  filtered  before  an  aliquot  is  taken  out,  any  loss 

In  many  cases  it  is  desirable  to  use  an  aliquot  rep-  ,                 ,           .,,-,.           ,.   ., 

,  .,         ,    ,               ic  ^-L.      -u         ■     ^  due  to  adsorption  by  the  filter  is  negligible, 

resenting  1  g.  of  the  substance.      If  the  above  instruc-  r-             j                                »   & 

tions  are  followed  this  requires  that  100  cc.  be  evap-  evaporation  of  the  solution 

orated,  which  is  not  so  convenient  as  a  50-cc.  aliquot.  The  Official  Method  directs  that  50  cc.  of  the  solu- 

If  a  more  efficient  method  of  washing  is  used  the  double  tion    be    placed    in    a    platinum    dish    and    evaporated 

dilution   may  be  avoided.     An  ordinary  carbon  filter  nearly  to  dryness,  when  i  cc.  of  i  :    i    H:S04  is  added, 

tube  of  30  mm.  diameter  fitted  with  a  plug  of  absorbent  and    evaporation    continued    to    dryness.     Ordinarily 

cotton  is  very  satisfactory.     Using  this  with  suction,  this  is  the  best  procedure.     But  sometimes  it  is  more 

10  g.  of  material  may  be  completely  extracted  by  200  convenient  to  add  the  acid  at  once,  thus  preventing 

cc.  of  boiling  water.     Repeated  tests  have  shown  that  escape    of    ammonia    which     might    be    undesirable. 

potash    remaining    after    this    amount    of    washing    is  Numerous  experiments  in  connection  with  this  study 

insignificant,  i.  e.,  less  than  1  mg.  show   that   there   is   no   perceptible   difference   in   the 

Filter  paper  on  a  filter  cone,  used  with  suction,  gave  result  due  to  time  of  adding  the  acid,  whether  first  or 

5  mg.  potash  in  the  third  100  cc.  of  washing.     Filter  last.     All   that   is   necessary   is   that   the   solution   be 

paper    without    suction    is    still    less    eflScient.     Ten  acidified  before  becoming  dry.  in  order  to  prevent  loss 

grams  of  a  material  containing  about  5  per  cent  potash  of  KCl  on  ignition. 

were  washed  with   10  cc.  portions  of  boiling  water  on  To  prevent  loss  it  is  important  that  water  be  driven 

a  II   cm.  filter.     In  each  successive  100  cc.  of  extract,  off  as  much  as  possible  before  beginning  the  ignition, 

potash    was    determined.     In    the    first    100    cc.    were  It  is  frequently  desirable,  especially  when  the  solution 

found  4.88  per  cent;  in  the  second,  0.16  per  cent;  in  contains  salts  having  water  of  crystallization  or  which 

the  third,  0.05  per  cent;  in  the  fourth,  0.04  per  cent;  are  liable  to  decrepitate,  to  heat  the  dish  with  residue 

in  the  fifth,  o.oi  per  cent.  in  an  oven  somewhat  above  the  boiling  point  of  water, 

A  folded  or  fluted  filter  is  still  less  efficient  than  the  till  quite  dry,  before  beginning  the  ignition,  thus  avoid- 

smooth  filter,  but  is  more  rapid.     Because  the  whole  jng  loss  by  spattering. 

volume  of  water  used  with  the  filter  tube  passes  through  ignition  or  the   residue 

the  substance,  instead  of  partly  through  the  sides  as  ,                       ,    l,     ^,    .   •         j-                   .■       ■■     1. 

,.            .,           ,          ,      •            ,          .  It  seems  probable  that  in  ordinary  practice  tauliy 

with  an  ordinary  filter,  the  tube  is  much  to  be  pre-  ....                    ■,  ,      ,                     ■                ..              1. 

,,,,..  Ignition    is    responsible    for    more    inaccurate    results 

ferred  for  this  extraction.  •         ^     ,     ,           •       •          ,                  .1         •     1 

in  potash  determinations  than  any  other  single  cause. 

filtration  of  the  potash  solution  Too  rapid  heating  causes  loss  of  material  by  spattering, 

After  the  solution  has  been  prepared  and  made  up  and  causes  great  difficulty  in  removing  the  last  of  the 

to  proper  volume  it  must  be  filtered  to  separate  the  carbon,  due  to  fusion  of  the  salts  on  the  surface  whereby 

insoluble  matter.     Three  variable  factors  concerned  in  the  interior  is   protected   from  oxidation  so  that  the 

this   operation    may   have  some  effect   on   the   result:  carbon   does   not   burn.     If  in   this  condition   heat  is 

(i)  evaporation,  (2)  turbidity  of   filtrate,  (3)  adsorption  further  increased  the  whole  mass  fuses  and  the  sulfates 

by  the  filter.  are   reduced   to   sulfides   by   the   hot   carbon.      This  is 

.     The  time  factor  is  most  important.      If  the  solution  injurious  to  the  platinum  dish  ns  well  a.s  to  correctness 

filters  very  slowly  there  may  be  an  appreciable  con-  of  the  determination.     A  great  deal  of  work  was  done 

centralion     unless     evaporation     is     prevented.     Two  in  the  effort  to  find  a  method  which  would  expedite  the 

ordinary    fertilizer   solutions   prepared    for   potash    de-  ignition  as  well  as  prevent  loss. 

termination    were    filtered    through    18.5    cm.    folded  (i)  The    essence   of    the    whole    matter    consists   in 

filters,  and   the  loss  by  evaporation   was  found  to  be  proper  regulation  of  the  tcmpcrnturc,  and  this  is  not 

'/>  to   I   cc.   per  hour.     This  is  unimportant  in   most  the  same  (or  all  cases.     Heating  must  be  so  gradual 

cases,  but  if  filtration  is  prolonged  for  sevcrni  hours,  that  the  HtSO,  is  slowly  volntilitrd  without  spattering. 
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After  the  mass  is  dry  it  should  never  be  healed  red  hot  till 
after  the  carbon  has  been  all  burned  off.  After  this  it 
may  be  heated  to  fusion  of  the  salts,  momentarily. 

Loss  of  potash  occurs  if  the  salts  are  kept  near  fusion 
for  any  length  of  time.  It  is  commonly  believed  that 
K2SO4  is  not  lost  in  this  way.  But  it  is  found  that  at 
about  the  fusion  temperature,  there  is  gradual  loss  of 
SO3,  so  that  KiO  is  formed  and  volatilized.  However, 
there  is  absolutely  no  need  for  such  loss  as  it  is  un- 
necessary to  heat  above  redness,  at  which  temperature 
KHSO4  is  changed  to  K2S04.  Even  if  a  little  of  the 
acid  salt  remains  it  will  do  no  harm. 

A  good  muffle  is  the  most  convenient  device  for 
making  these  ignitions  in  the  most  satisfactory  manner. 
After  removing  the  dish  and  residue  from  the  steam 
bath  it  is  placed  in  the  cold  muffle,  which  should  be 
heated  so  slowly  that  there  is  no  spattering  and  the 
temperature  raised  to  very  low  red  in  about  an  hour, 
by  which  time  the  carbon  should  be  all  burned  off 
without  fusion  of  the  salts. 

If  a  muffle  is  not  available  the  dish  may  be  heated  at 
first  on  a  hot  plate  till  the  liquid  is  evaporated,  then 
placed  on  a  triangle  8  cm.  above  the  flame  of  an  evap- 
orating burner.  The  flame  should  be  as  low  as  possible 
at  first,  and  gradually  increased  to  burn  off  the  carbon 
below  red  heat.  A  piece  of  sheet  metal,  platinum, 
aluminum  or  iron  held  as  a  cover  about  i  cm.  above  the 
dish  simulates  the  action  of  a  muffle  and  hastens  the 
burning. 

(2)  Prevention  of  spattering  when  beginning  the 
ignition  is  difficult  if  the  solution  contains  no  organic 
matter.  The  presence  of  10  mg.  of  sugar  helps  ma- 
terially to  avoid  spattering  at  this  stage.  On  heating 
with  the  sulfuric  acid  the  sugar  puffs  up  into  a  porous 
mass  in  its  well  known  manner,  and  encloses  the  salts 
so  that  they  are  less  likely  to'be  projected  from  the  dish 
if  the  heating  happens  to  be  too  rapid.  When  the  mass 
becomes  dry  the  carbon  burns  off  easily  without  causing 
loss  of  potassium.  For  this  purpose  10  mg.  of  sugar 
is  a  suitable  amount.  During  this  investigation  sugar 
has  been  much  used  in  this  manner,  greatly  assisting 
to  avoid  loss.  It  is  useful  only  when  the  solution  con- 
tains very  little  other  organic  matter.  As  free  HoSOi 
and  ammonium  salts  are  the  chief  agents  in  causing 
this  trouble,  they  should  be  kept  as  low  as  possible. 

Free  H2S04  and  ammonium  oxalate  cause  consider- 
able effervescence:  if,  instead  of  H2SOJ,  an  equivalent 
amount  of  (NH<)2S04  is  used,  the  residue  becomes  dry 
on  the  steam  bath,  so  there  is  no  effervescence  on  heat- 
ing, but  there  is  likely  to  be  decrepitation,  which  may 
be  avoided  by  first  heating  in  an  oven  at  110°  C. 
In  general  there  seems  to  be  little  gain  from  the  use  of 
(NH^oSOi  in  place  of  H2S04.  Several  other  sub- 
stances were  tried  to  prevent  spattering.  Ammonium 
salicylate  seemed  most  efficacious,  but  finally  it  was 
decided  that  the  official  treatment  with  H2SO4  was 
best,  with  addition  of  a  little  sugar  when  the  solution 
contained  but  little  organic  matter. 

Much  effort  was  made  to  find  a  means  of  hastening 
the  burning  off  of  the  residue  from  solutions  containing 
proteids  and  sodium  salts  such  as  those  prepared 
from   tankages  or   bat    guanos   which   are   very   slow 


burning.  Ammonium  nitrate  helps,  but  it  must  not 
be  added  till  after  free  H2SO4  is  gone,  as  in  the  last  part 
of  the  evaporation  there  is  loss  due  to  lively  efferves- 
cence, so  that  it  affords  little  gain  in  time.  Magnesium 
nitrate  has  a  similar  effect.  Magnesium  acetate  may 
be  added  to  the  liquid  before  it  is  evaporated.  During 
ignition  MgO  is  formed;  this  tends  to  prevent  fusion 
and  gives  a  greater  surface  so  that  combustion  is  more 
rapid.  But  if  enough  magnesium  is  used  to  help 
much  it  is  troublesome  in  subsequent  operations. 

Soluble  phosphates  cause  difficulty  in  burning. 
CaCl2,  or  MgCl2,  sufficient  to  form  the  corresponding 
phosphates  helps  some,  but  it  is  best  to  remove  the 
phosphates  during  the  preparation  of  the  solution. 
Sometimes,  when  very  difficult  to  burn  white,  it  is  better 
to  take  up  the  residue  with  water  and  dilute  hydro- 
chloric acid  and  remove  the  carbon  by  filtration. 
If  the  unburnt  matter  is  small  it  may  be  neglected, 
if  large  it  should  be  again  ignited  and  extracted,  the 
soluble  part  being  added  to  the  main  solution.  If 
the  solution  contains  soluble  silica  it  is  removed  in 
the  same  manner,  without  difficulty,  but  as  above 
mentioned,  but  it  is  more  neatly  removed  by  adding 
hydrofluoric  acid  to  the  solution  before  evaporation. 

REMOVAL    OF    AMMONIUM    SALTS    AND    ORGANIC    MATTER 
BY    EVAPORATION     WITH    AQUA    RECIA 

Removal  of  ammonium  salts  in  this  way  was  long 
ago  published  in  Crooke's  "Select  Methods,"  and  has 
been  advocated  by  Moore'  for  the  preparation  of 
potash  solutions  for  analysis.  Instead  of  placing  the 
solution  in  a  platinum  dish  to  be  evaporated,  it  is 
placed  in  a  200  cc.  Jena  Erlenmeyer  flask,  2  cc.  HNO3 
and  I  cc.  HCl  added.  The  solution  is  boiled,  finally 
to  dryness  on  a  hot  plate;  the  ammonium  salts  are 
thus  decomposed  and  volatilized.  If  the  solution 
contained  much  organic  matter  or  oxalic  acid,  more  or 
less  of  them  will  remain.  If  the  amount  of  these  sub- 
stances is  small,  they  are  completely  removed  by  two 
evaporations  with  aqua  regia,  in  this  manner.  The 
final  temperature  should  reach  160°  C.  in  order  to 
volatilize  oxalic  acid.  After  this  the  residue  may  be 
freed  of  nitric  acid,  by  again  evaporating  with  a  little 
HCl.  The  residue  is  now  quite  suitable  for  the  de- 
termination of  potash.  This  method  is  slower,  but 
takes  less  care  than  the  ignition  method,  and  in  some 
cases  may  be  preferable,  as  no  platinum  dish  is  required. 

SOLUTION    OF    RESIDUE    AFTER    IGNITION 

The  ignited  residue  is  dissolved  in  water,  with  addi- 
tion of  a  few  drops  of  HCl.  It  is  best  to  add  only 
a  few  cc.  of  water  at  first,  together  with  0.5  cc.  of  HCl, 
placing  the  dish  on  the  water  bath  and  heating  a  few 
minutes  to  see  if  there  is  any  insoluble  matter.  If 
but  little  water  is  used  the  acid  works  better  to  dissolve 
portions  of  the  residue  which  are  insoluble  in  water 
alone,  such  as  iron  oxide  and  CaS04.  After  a  few 
minutes  heating,  any  insoluble  residue  should  be  fil- 
tered out.  Several  cc.  of  HCl  may  be  used,  if  advan- 
tageous. On  evaporation  of  the  solution  the  acid  is 
removed  without  harmful  effect.  If  the  solution 
contained  silica  it  is  removed  by  filtration  without 
influence   on  the   result,   although   it   is   more   simply 
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removed  by  the   use  of  hydrofluoric  acid   during  the  portions    of    each    wash    will    generally    be    adequate. 

first    evaporation    as    already    explained.     It    is    not  The  precipitate  of   KePtCU  is   much   more  soluble  in 

permissible  to  use  hydrofluoric  acid  after  the  ignition,  80  per  cent  alcohol  than  in  the  NH4CI  wash,  hence  it 

as  it  is  not  completely  removed  by  evaporation  and  is  better  to  depend  on  removal  of  most  of  the  impurities 

causes  low  results,  probably  by  replacing  some  of  the  with  the  latter  than  to  try  to  remove  them  as  double 

CI   in    KsPtCle   by   F.      Calcium   sulfate   is   somewhat  platinum   salts   by   using   an   excess   of   platinum   and 

difficultly    soluble    but   should    cause   little   trouble    if  washing  them  out  with  80  per  cent  alcohol."     A  small 

enough  HCl  is  used,  and  later  considerable  water.  amount  of  hydrochloric  acid  '•"'  added  to  these  washes 

Some  kinds  of  organic  matter  combine  with  iron  so  sometimes    increases    their    eflFectiveness  in  removing 

that  it  is  not  removed  by  ammonia  in  preparation  of  impurities,  but  at  the  same  time  it  increases  their  sol- 

the  solution.      In  such  cases  the  iron  is  found  as  oxide  vent  action  on  KjPtCU. 

in  the  ignited  residue.     Strong  hydrochloric  acid  dis-  a  quantity  of  0.33  g.   KjPtCU  washed  with  various 

solves   it,  so   that   filtration   is   not   usually   necessary,  solutions  on  a  Gooch  crucible  lost  about  as  follows: 
but  the  iron  makes  trouble  in  the  later  operations  of 

■Durifvinp  K  PtCl  Table  III — Loss  op  KiPtCU  by  6  Consecutive  WAsraNcs  op  10  cc  Eacb 

Pee  cent  Strength  Gram  KjPtCU  Lost 

SEPARATION-    OF    K-PtClc  Alcohol  Solution  99 0.0002 

.\lcohol  Solution  95 0 .  0004 

In  order  to  obtain  pure  KjPtCU  it  is  necessary  to  ilcohoi  l^iuUoS  to IwM 

observe     certain     conditions.^     The     potash     solution  Alcohol  l^lullon  iS'cden^iuied).-.-.--:^^                     2:^20 

must  be  sufficiently  dilute  so  that  there  is  no  precipitate  nh.ci  |oiut,on  20.^ . .  .^^^^^  hcV. ::::::::::: :    l^\ 
formed  on  adding   HiPtCU.     If  the  precipitate  forms 

at   once  it  is  impure   and  the   crystals   are  too  small  To  show  how   much  washing  is  required  to  purify 

to  be  filtered  and  washed  easily.      So  long  as  the  solu-  KjPtCU,  several  portions  of  a  solution  of   KCl   were 

tion  is  acid  the  amount  of  hydrochloric  acid  present  is  evaporated  with  platinum  as  usual,   and  the  precipi- 

not   important.     Free    H2SO4   should   not   be   present,  tates   filtered   off   on    Gooches.     Each   of   the   several 

But  if  some  remains  as  KHSO4  or  NaHSOi  it  does  no  filter  crucibles  received  a  different  amount  of  washing; 

harm.  those    showing    highest    weights    had    least    washing. 

When  there  is  much  sodium  present  the  amount  of  In  each  case  there  was  taken  KCl  equal  to  0.3304 
platinum  used  should  not  be  much  more  than  enough  K^PtCU  with  0.05  g.  NaCl,  and  a  slight  excess  of  plat- 
to  combine  with  all  the  potash,  because  it  is  much  easier  inum.  The  precipitate  was  given  the  specified  num- 
to  remove  sodium  as  NaCl  or  NaoSOj  by  means  of  ber  of  washings  with  alcohol;  then  the  washing  was 
NHiCl  wash  than  to  remove  it  from  the  precipitate  as  completed  with  NH<C1  and  again  with  alcohol  as  usual. 
Na2PtCl6  by  washing  with  80  per  cent  alcohol.  When  The  weight  of  the  precipitate  when  washed  with  one 
much  NaoPtCle  is  formed  the  result  is  very  likely  to  portion  of  10  cc.  of  95  per  cent  alcohol  was  0.3383, 
be  too  high,  due  to  its  imperfect  removal  by  alcohol.  with  2  washings  0.3352,  3  washings  0.3337,  4  washings 
In  this  case  it  is  better  to  begin  the  determination  over  0.3304;  this  shows  that  all  the  soluble  platinum  had 
again  with  a  new  aliquot  of  the  original  solution.  been  removed  before  adding  NH4CI  by  four  lo-cc. 
If  this  is  not  convenient  the  impure  precipitate  may  washings  with  alcohol. 

be  purified  as  follows:     Dissolve  in  hot  water,  add  a  To  show  how  many  times  the  precipitate  must  be 

few  drops  of  formic  acid  and  evaporate  to  dryness.  washed    with   alcohol   to   remove   the    NH,C1   wash   a 

Take  up  in  water,  filter  out  the  reduced  platinum  and  similar    experiment    was    performed.      The    weight    of 

proceed  with  the  filtrate  as  at  first,  adding  less  plat-  the  precipitate  after  one  wash  with  alcohol  was  0.3330, 

inum    this    time.     In    absence    of    much    sodium    the  after  2  washings  0.3314,  3  washings  0.3306;  thus  three 

amount  of  platinum  used  is  not  important,  provided  washings  of   10  cc.  each  of  alcohol   were  sufficient   to 

there  is  enough  to  combine  with  all  the  potash.     Nitric  remove  all  the  NH4CI  wash. 

acid    or    nitrates    must    be    absent.     Organic    matter  ^^en  the  precipitate  of  K,PlCl.  is  mixed  with  va- 

reduces  platinum  hence  must  not  be  present.  ^j^^^  impurities  such  as  CaSO,,  Na,S04  and  MgSO,,  a 

The  solution  should  be  evaporated   with   PtCU  till  jj^^,^  ^^^^  ^i^^^  ^^^  ^^i^^i^^  i„  ^,^^  ^i^,,  ^^^  ,,j.^^^j  ,^ 

the  residue  is  pasty,  not  dry.     In  most  cases  this  is  ^^^^^^.^    ^,^^    ^^^^-^^    material.     Most    impurities    dis- 

not   important,   but    when   iron   is   present   it   is   quite  ^^^^,^  ;„  j^e  NH4CI  wash  in  a  few  seconds,  but  CaSO, 

essential.     When    the    solution    containing    FcCl.    is  j^  ^^^,,  ^,^^,^.^      Calcium  sulfate,  0.06  g..  is  soluble  in 

evaporated    to    dryness,    some    of    the    iron    becomes.  ,0  cc.  NH.Cl  in  a  few  minutes.     Nn,SO,  is  easily  soluble 

by  loss  of  chlorine,  insoluble  in  the  NH4CI  wash  and  ;„  ^^^^^  „„j  ^l^^i^,^,^.  removed  so  long  as  it  remains  as 

hence  remains   with   the  precipitate,  causing  high    re-  ^^^.j,       „^,^  if  .^„  ^^J^.„  ^f  platinum  has  been  used  so 

^"    '^  that  there  is  considerable  Na,PtCl«  formed,  the  results 

PIRIKICATIOX    OF     K,PtCI.  ^^^    ^^^y    ,i^^,y     ^^    ^^    j,;^,,         j^^-^    ^.^^    ;,    ^^^    g,„^.,y 

The  KjI'lCi,  is  purified  by  washing  with  80  per  cent  soluble  in  alcohol,  so  that  it  is  quite  likely  to  remain 

alcohol   and  then    with    jo  per  cent    NH4CI,   which   is  after    completion    of    the    first    washing    with    alcohol, 

removed  by  again  washing  with  80  per  cent  alcohol.  When    NH4CI    is   added,   ammonium   and   sodium   ex- 

A   correct   result   depends   very    much   on   'he   proper  change  acids  so  that  insoluble  (NH4)iPtCI«  is  formed 

conduct   of   these   purifications.     If  o   Gooch   crucible  and  causes  high  results.     A  large  amount  of   N.itSO« 

or  other  efficient  filter  is  used   5  or  6  successive  lo-cc.  mixed   with  a  little  potash  usually  cause.s  low  results 
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due  to  much  washing  necessary  to  remove  it,  or  the 
result  may  be  high  from  lack  of  washing.  Sodium 
chloride  is  much  more  easily  soluble  in  NH^Cl  than  is 
NajSOi.  A  20  per  cent  solution  of  NaCl  dissolves 
KoPtClj  easily.  Therefore  if  the  determination  con- 
tains much  NaCl,  this  dissolves  in  the  water  of  the 
NH4CI  forming  a  solution  of  NaCl  which  dissolves  the 
K2PtCl6,  leading  to  low  results.  But  if  the  sodium  is 
present  as  Na2S04,  this  action  does  not  take  place  so 
much;  hence  it  is  best  to  convert  sodium  to  sulfate 
before  attempting  to  separate  it  from  potassium. 
Potassium  chloride  (o.i  g.)  +  5  g.  NaCl  treated  with 
platinum  and  precipitate  washed  with  80  per  cent 
alcohol  and  20  per  cent  NH4CI  gave  0.3173  and  0.3152 
g.  KiPtCU  instead  of  0.3285  g.  required  by  theory. 
When  the  NaCl  was  replaced  by  5  g.  Na2S04  the  result 
was  0.3200  and  0.3130  g.,  when  evaporated  rapidly 
in  the  usual  manner.  In  this  way  the  crystals  of 
KjPtCU  are  very  small  and  hence  were  dissolved  by 
the  washing.  But  when  the  evaporation  was  so  slow 
as  to  require  24  hrs.  the  crystals  were  much  larger  and 
0.3245  and  0.3226  g.  were  obtained.  A  still  slower 
evaporation  gave  0.3300  g.  K^PtCU.  All  of  these 
contained  traces  of  SO4,  though  the  larger  crystals 
formed  by  slow  evaporation  were  purest.  More  cor- 
rect results  in  separating  a  small  amount  of  potassium 
from  much  sodium  are  obtained,  by  first  precipitating 
the  potassium  as  cobaltinitrite;  this  is  dissolved  in 
hot  dilute  HCl  (i  :  i)  and  the  potassium  separated 
from  the  solution  by  platinum  in  the  usual  way.  In 
this  way  the  sodium  remains  in  the  watery  solution 
with  the  excess  of  cobaltinitrite  reagent,  as  it  is  not 
necessary  to  evaporate  the  solution  to  separate  all  the 
potash.  The  cobalt  is  easily  removed  from  the  KjPt- 
CU,  partly  by  the  alcohol  wash,  partly  by  the  NHjCl 
wash.  Thus  o.i  g.  KCl  +  5  g.  Na:S04  separated  by 
the  cobaltinitrite  method,  as  above  outlined,  gave 
0.3304  and  0.3282  gram  K2PtCl6;  KCl  alone  gives 
0-3285  g.  It  seems  probable  that  the  same  method 
will  prove  superior  to  the  platinum  method  for  sep- 
arating potassium  from  much  magnesium  or  calcium." 
Because  of  its  solvent  action'  on  K2PtCl6,  NaCl  cannot 
replace  NH4CI  in  the  wash  solution.  Potassium 
chloride  acts  in  the  same  way  and  is  further  objection- 
able because  of  its  low  solubility  in  80  per  cent  alcohol. 
Sodium  phosphate  in  mixture  with  K2PtCl6  is  likely 
to  cause  high  results,  as  it  is  imperfectly  removed  by 
the  wash  solutions;  however,  it  ie  dissolved  by  the  acid 
alcohol  before  mentioned  so  that  a  good  result  is  ob- 
tained. Phosphate  of  course  should  be  removed  by 
the  primary  purification  with  ammonia  and  am- 
monium oxalate.  Magnesium  (o.oi  g.),  present  as 
sulfate,  caused  a  lowering  of  KaPtCU  from  0.3285  g. 
(theory)  to  0.3263  g.  (found).  The  precipitate  is 
pasty  and  difficult  to  wash  free  of  excess  platinum. 
NH4CI  removes  the  magnesium  salts  easily.  When 
present  as  CaCU,  0.14  g.  calcium  produced  hardly  any 
perceptible  effect,  but  when  the  amount  was  0.70  g., 
the  KjPtCls  found  was  0.3255  g.  instead  of  0.3285  g. 
taken. 

EFFECT    OF    SOLUBLE    PjOj 

A  small  amount  of  phosphoric  acid  seems  to  have  no 


appreciable  effect  in  the  solution  from  which  potassium 
is  precipitated  by  platinum.  But  if  the  phosphoric 
acid  amounts  to  10  mg.  or  more  it  causes  high  results 
for  potash.  This  apparently  is  due  to  formation  of 
substances  not  readily  soluble  in  80  per  cent  alcohol  or 
the  NH4CI  wash,  such  as  Ca3P208.  In  some  cases  both 
calcium  and  phosphoric  acid  may  remain  in  solution 
after  adding  ammonia  and  ammonium  oxalate.  Acid 
alcohol  removes  these  substances  from  the  KjPtCU 
and  tends  to  give  a  correct  result.  However,  it  seems 
best  to  avoid  presence  of  phosphoric  acid  in  the 
solution  from  which  potash  is  to  be  separated  by 
platinum.  If  ammonium  phosphate  is  present  in  the 
potash  solution  which  is  evaporated  with  H2SO4  and 
ignited,  the  phosphoric  acid  remains  as  an  insoluble 
metaphosphate  as  shown  in  Bull.  49,  p.  44,  Division 
of  Chemistry,  U.  S.  D.  A.'  This  may  cause  either 
positive  or  negative  errors  and  should  be  avoided  by 
excluding  phosphoric  acid. 

O.I  g.  KCI  +  0  OS  g.  NaiHPOi  gave  0  334  &  0.332  g.  KjPtCl.  (impure) 
0.1  g.  KCl  +  O.IO  g.  Na2HP04  gave  0.337  &  0.339  g.  KjPtClt  (impure) 
Washed  with  acid  alcohol  this  became  0.330  &  0.331  g.  KiPtCli  (impure) 
0.1  g.  KCl  without  Na-tHPOi  gave  0.331  g.  KiPtCl. 

FILTER    FOR    K2PtCl6 

A  variety  of  filters  for  washing  and  collecting  the 
precipitate  have  been  tried.  Of  these  the  ordinary 
Gooch  crucible  with  a  good  mat  (at  least  '/s  in.  thick) 
of  well  prepared  asbestos  is  most  reliable.  A  glass 
tube  about  16  mm.  in  diameter,  60  mm.  long,  the  top 
widened  to  23  mm.,  the  bottom  drawn  out  and  narrowed 
to  a  4  mm.  tube  50  mm.  long,  is  very  convenient. 
A  wad  of  glass  wool  is  packed  into  the  bottom  and  cov- 
ered with  an  asbestos  mat.  This  filter  is  used  with 
moderate  suction.  Such  filters  are  most  convenient 
and  time-saving  and  have  been  in  use  here  more  than 
10  years.  They  have  the  defect  that  the  glass  wool 
gradually  breaks  up  and  is  lost  into  the  filtrate  with 
consequent  loss  of  weight  of  the  filter  and  inaccuracy  of 
results.  In  general  and  for  ordinary  purposes  this 
defect  is  negligible.  A  similar  tube  fitted  with  a 
finely  perforated  platinum  disc  for  supporting  the  as- 
bestos mat  is  free  of  this  defect  and  is  even  better  than 
a  Gooch  crucible. 

Such  a  filter  is  described  by  SchoUenberger-'  except 
that  he  uses  a  linen  disc  on  top  of  the  platinum  disc 
to  hold  the  asbestos.  This  filter  is  quite  effective  and 
convenient,  but  is  not  suitable  for  weighing  the  pre- 
cipitate on  account  of  changes  in  weight  of  the  linen 
disc  due  to  action  of  chemicals  and  of  heat  of  drying. 
He  recommends  that  the  KjPtCU  be  washed  out  into  a 
platinum  dish  in  which  it  is  dried  and  weighed.  When 
the  filter  contains  no  organic  matter,  such  as  cloth,  it  is 
suitable  for  weighing  the  precipitate  without  first 
washing  into  a  dish.  A  filter  tube  fitted  with  a  cotton 
plug  supporting  a  filtering  layer  of  paper  pulp  is  very 
efficient  but  as  above  indicated  cannot  be  used  for 
direct  weighing  of  the  precipitate. 

Filter  paper  is  much  less  convenient  than  any  of  the 
above  mentioned  filters;  besides,  if  used  for  accurate 
work,  the  filter  paper  requires  a  special  preparation 
by  washing  in  order  that  soluble  matter  be  not  carried 
into  the  solution  with  hot  water  when  washing  out  the 
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purified  KoPtCU-  When  very  small  quantities  of 
potash  are  to  be  weighed,  most  of  the  above  mentioned 
filters  are  not  sufficiently  accurate.  Filter  paper 
washed  successively  with  dilute  HCl,  NaOH,  HCl, 
H2O,  and  80  per  cent  alcohol  serves  pretty  well,  but 
cannot  be  safely  used  more  than  once  as  it  gives  up 
soluble  matter  to  hot  water  after  heating  to  remove 
alcohol.  A  felt  of  well  washed  paper  pulp  in  a  Gooch 
crucible  is  more  convenient  but  otherwise  no  better. 
In  use,  after  the  precipitate  is  properly  purified,  either 
of  these  paper  filters  is  dried  to  remove  the  alcohol, 
then  the  K2PtC!6  is  washed  out  with  hot  water  into  a 
weighed  platinum  dish,  dried  and  weighed.  Working 
with  s  to  10  mg.  of  K2PtCl6,  duplicates  agree  to  within 
about  0.2  or  0.3  mg. 

A  Gooch  crucible  with  a  felt  of  specially  prepared 
asbestos,  '/4  in.  thick,  has  given  as  good  or  better  re- 
sults in  the  hands  of  G.  R.  Stewart  of  this  laboratory. 
In  this  case  the  precipitate  is  weighed  on  the  filter 
without  washing  into  a  dish.  The  alundum  crucible 
is  a  very  satisfactory  filter,  when  means  are  at  hand 
for  giving  it  thorough  washing.  But  it  soon  becomes 
blocked  up  by  precipitated  platinum  so  that  washing 
is  inefficient  and  filtration  slow. 

The  Munro  Gooch  with  platinum  felt  is  also  good  at 
first,  but  rapidly  gains  weight  due  to  addition  of  re- 
duced platinum.  This  difficulty  is  found  with  all 
forms  of  the  asbestos  filter.  After  considerable  use 
the  asbestos  becomes  coated  with  platinum  black, 
which,  by  catalytic  action,  perhaps,  precipitates  more 
and  more  platinum  each  time  it  is  used.  Eventually 
a  new  filter  must  be  prepared.  To  show  this,  V2  g. 
KjPtCle  was  placed  on  a  Gooch  with  asbestos  felt, 
washed  with  alcohol,  dried,  weighed;  the  precipitate 
was  washed  out  with  hot  water,  evaporated  dry  and 
again  filtered  on  the  same  filter.  This  was  repeated  six 
times  after  which  the  KjPtCU  recovered  had  lost 
0.0076  g.,  while  the  crucible  had  gained  in  weight 
0-005S  g-  Apparently  most  of  the  decomposition  of 
KjPtClo  occurs  during  the  drying  due  to  action  of 
alcohol.  In  general  more  reliable  results  are  obtained 
if  the  weight  of  the  precipitate  is  found  by  subtracting 
the  weight  of  the  filter  before  use  from  the  weight  of 
the  filter  and  precipitate,  instead  of  using  the  weight 
of  the  filter  after  washing  out  the  precipitate. 

DRYING    THE    KjPtClj 

After  final  washing  it  is  usually  directed  to  dry  the 
precipitate  at  100  to  105°  C.  There  is  very  little 
change  in  weight  of  the  precipitate  by  heating  below 
140°.'  One  gram  KjPtCl.  heated  in  the  oven  lost  as 
follows: 

t  hr«.  at  14.'°  1°  .  lou  O.tM  per  criil      I  lir.  ut  135°  C  ,  Ions  0.(Ki  per  cent 

The  time  rt-quircd  for  proper  drying  depends  on  the 
temperature  and  nature  of  the  filter.  A  Gooch  with 
ordinary  asbestos  fell  is  very  nearly  dry  after  Vi 
hr.  at  lie  to  ijo°  C,  and  one  hour  is  sufficient.  Hut 
if  the  felt  is  very  thick  or  the  licjuid  not  well  sucked 
out,  more  time  is  needed. 

TIMK    NKKDK.D    FOK    t'OOI.INC.    KII.1KK    nF.FORF.    WF.IiaiING 

An  ordinary  Gooch  weighing  about  15  g.  docs  not 
fpoch  constant  weight  in  niurh  less  tliiin   ',  j  hr.  after 


removal  from  the  oven.  After  standing  about  10  min.  it 
is  apparently  cool,  but  the  weight  indicated  is  about 
I  mg.  less  than  after  it  has  stood  half  an  hour.  After 
this  the  weight  is  practically  constant  if  it  is  kept  in  a 
desiccator.  Standing  in  open  air  there  is  some  varia- 
tion in  weight,  usually  a  gain  after  24  hrs. 

PERCHLORATE  METHOD  FOR  POTASH" 

In  any  case  where  the  original  solution  contains  SOi 
which  must  be  removed  in  order  to  apply  the  per- 
chlorate  method  this  method  is  to  that  extent  more 
tedious  than  the  platinum  method.  When  the  bases 
are  present  as  chlorides,  there  is  not  much  difference 
in  the  amount  of  work  required  for  each,  except  that 
one  wash  solution  less  is  used  in  the  perchlorate  method. 
The  solubility  of  KCIO4  in  alcohol  forms  the  chief 
difficulty  in  obtaining  accurate  results. 

In  order  to  use  the  perchlorate  method  the  same 
procedure  is  followed  as  for  the  platinum  method  to 
the  point  where  the  solution  is  ready  to  be  evaporated 
with  platinum  solution.  If  the  solution  contains  SO4 
it  is  removed  by  BaCln.  Then  the  chloride  solution 
is  evaporated  with  HClOi  which  expels  HCl  and  leaves 
all  bases  present  as  perchlorates;  all  of  these  are  soluble 
in  alcohol  except  KClOi,  which  is  practically  insoluble 
in  strong  alcohol  that  has  been  saturated  with  the 
same  salt.  Absolute  alcohol  is  the  best  wash  as  the 
KCIO4  is  almost  insoluble  in  it,  but  it  is  not  so  good  a 
solvent  for  the  other  perchlorates  which  are  to  be 
washed  out  of  the  KCIO4.  The  chief  difficulty  with 
the  use  of  95  per  cent  alcohol  saturated  with  KCIO4 
as  a  wash  is  due  to  variation  in  solubility  of  KCIO4 
with  variation  in  temperature.  When  the  temperature 
rises  during  use,  the  solubility  increases  and  some  of 
the  precipitate  is  dissolved,  causing  a  low  result. 
If  the  wash  is  used  at  a  temperature  much  below  that 
at  which  it  was  saturated  with  KCIO4,  the  latter  tends 
to  go  out  of  solution  and  become  a  part  of  the  pre- 
cipitate, thus  producing  a  high  result.  So  the  same 
precipitate  may  gain  or  lose  weight  by  repeated  wash- 
ing with  the  same  wash  solution  of  alcohol  saturated 
with  KCIO4  according  as  the  temperature  at  time  of 
use  is  above  or  below  that  at  which  it  was  saturated. 
Speed  of  washing  also  affects  the  result.  The  same 
wash  percolating  slowly  through  the  filter  is  quite 
likely  to  add  to  the  weight  of  the  precipitate,  while 
if  drawn  through  rapidly  by  suction  the  precipitate 
may  lose  weight. 

Various  other  washes  were  tried  besides  05  per  cent 
alcohol  saturated  with  KCIO4.  Alcohol  nearly  ab- 
solute (90  per  cent)  containing  o.j  per  cent  perchloric 
acid  is  the  most  satisfactory.  It  seems  to  have  very 
little  effect  on  KCIO4.  but  dissolves  the  other  salts 
quite  well.  Alcohol  os  per  cent  saturated  with  KC10« 
is  somewhat  improved  by  addition  of  0.3  per  cent 
HCIO4.  More  than  o.j  per  cent  HCK>4  increases  the 
KCIC)4  solubility  too  much.  Alcohol  of  07  per  cent 
strength  similarly  treated  is  somewhat  better  than 
95  per  cent,  but  has  the  same  general  effect. 

I'uta.tsiun)  aictatc  added  to  alcohol  dci-roa.ses  the 
solubility  of  KGIO4  in  it.  But  as  it  is  ncccisary  to 
use  as  much  as  one  per  cent,  this  wash   must  he  re- 
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'moved  by  one  containing  less  matter  in  solution, 
such  as  97  per  cent  alcohol  +  KCIO4;  thus  the  method 
becomes  cumbrous. 

During  this  study  nearly  lop  determinations  were 
made  on  a  solution  of  pure  KCl.  But  few  results 
were  close  to  theory;  more  were  high  than  low.  Por- 
tions of  0.1  g.  KCl  gave  0.1850  to  0.1950  g.  KCIO* 
at  various  times;  theory  requires  0.1882  g.  KC104. 
Presence  of  NaCl  or  of  BaClj,  as  when  used  to  remove 
SO4,  tends  to  give  high  results,  but  if  entirely  converted 
to  perchlorates  by  repeated  evaporation  with  excess 
of  HCIO*  and  the  precipitate  well  washed,  they  do  not 
seriously  interfere. 

Cost  of  perchloric  acid  is  a  considerable  item  in  this 
method.  It  is  expensive  and  not  easily  recoverable. 
If  the  acid  costs  $4.00  per  lb.  and  10  cc.  are  used  for 
one  determination,  the  cost  is  about  $0.10.  In  using 
the  platinum  method  there  is  soiHe  loss  of  platinum, 
but  most  of  it  is  easily  recovered  so  that  the  loss 
should  not  exceed  So. 03  per  determination.  In  gen- 
eral it  is  likely  that  any  analyst  having  equal  experi- 
ence with  both  methods  will  obtain  more  accurate 
results  with  less  time,  labor  and  expense  by  the  plat- 
inum method. 

SUMMARY 

I — In  making  the  solution  of  a  material  for  the  de- 
termination of  potash,  considerable  variation  in  the 
following  factors  has  but  little  effect  on  the  result: 
volume  of  water  used,  vigor  of  boiling,  time  boiled, 
excess  of  ammonia,  and  time  of  standing  after  boiling 
but  before  filtering. 

Ammonium  oxalate  must  not  be  added  till  after  the 
solution  has  been  made  alkaline  by  ammonia  (which 
should  not  be  added  in  excess),  and  if  there  is  more 
than  enough  P2O5  present  to  form  insoluble  compounds 
with  the  bases  present,  ammonium  oxalate  should  not 
be  used,  because  it  increases  the  amount  of  P2O5  re- 
maining in  solution.  In  order  to  obtain  a  correct 
result  when  the  solution  contains  much  soluble  P20s, 
a  special  procedure  is  necessary — either  addition  of 
excess  of  calcium  and  reprecipitation,  or  larger  dilu- 
tion, as  described  in  the  text.  This  is  because  potash 
is  occluded  by  the  gelatinous  precipitate  of  the  phos- 
phates. 

The  method  of  making  the  solution  by  extraction 
with  hot  water  on  a  filter  is  preferable  as  it  gives 
higher  results  and  less  impurities  in  the  solution. 
For  this  extraction  a  tube  filter  is  much  more  efficient 
than  the  ordinary  paper  filter  in  a  funnel. 

II — The  effects  of  time,  clarity  of  filtrate  and  absorp- 
tion of  potash  by  the  filter  are  negligible  with  most 
materials  under  ordinary  conditions. 

Ill— In  evaporation  of  the  solution  HoSOj  may  be 
added  at  any  time  before  dryness,  preferably  at  first. 

IV — Ignition  of  the  residue  is  probably  the  chief 
source  of  low  results  in  potash  determinations.  To 
secure  correct  results  the  heating  must  be  so  gradual 
that  spattering,  which  is  common,  does  not  occur. 
About  10  mg.  of  sugar  added  during  the  evaporation 
sometimes  aids  materially.  Various  other  substances 
added  to  assist  burning  or  to  hinder  spattering  were 
not  found  very  useful.     In  order  to  secure  good  burn- 


ing the  heat  must  be  kept  below  the  fusing  point  of  the 
salts  till  after  the  carbon  is  burned  off.  The  final 
temperature  need  not  be  above  a  moderate  red  heat 
for  a  few  minutes.  Long  heating  near  the  fusion  point 
of  the  salts  causes  loss  of  potash.  A  little  S0«  re- 
maining as  bisulfate  does  no  harm.  In  case  the  residue 
is  not  easily  burnt  white,  it  is  best  to  dissolve  in  water 
and  a  little  HCl  and  filter  out  insoluble  matter.  In 
many  cases  organic  matter  and  ammonium  salts  may 
be  conveniently  removed  by  evaporation  of  the  solu- 
tion with  aqua  regia. 

V — Solution  of  the  residual  salts  after  ignition  is 
best  accomplished  by  adding  a  few  cc.  of  dilute  HCl 
and  heating,  before  adding  much  water.  Iron  com- 
pounds thus  dissolve  readily  and  CaSO^  dissolves  on 
adding  more  water.  Insoluble  Si02  may  be  filtered  out 
without  loss  of  potash. 

VI- — Separation  of  KjPtCU  requires  certain  condi- 
tions for  an  accurate  result.  Concentration  of  potas- 
sium at  time  of  adding  platinum  must  be  low  enough 
so  that  no  K^PtCU  is  precipitated  at  once.  Free 
H2SO4,  HNO3,  or  organic  matter  must  not  be  present. 
The  amount  of  platinum  used  should  be  only  slightly 
in  excess  of  that  necessary  to  combine  with  all  the 
potassium.  Excess  of  HCl  is  unimportant.  Evapora- 
tion should  cease  while  some  free  HCl  still  remains; 
if  evaporation  is  carried  too  far  dilute  HCl  should  be 
added  and  the  evaporation  repeated. 

VII — Purification  of  K2PtCl6  is  usually  completed 
by  5  or  6  successive  washings,  with  10  cc.  of  the  wash 
fluids.  Effects  of  various  strengths  of  alcohol,  and  of 
other  wash  fluids,  and  of  many  impurities  in  the  pre- 
cipitate are  discussed  in  the  text.  Potassium  is  better 
separated  from  large  amounts  of  sodium  as  cobalti- 
nitrite  than  as  platinichloride. 

VIII — As  a  filter  for  collecting  and  purifying 
KoPtCU  an  ordinary  Gooch  crucible  with  asbestos  felt 
is  most  suitable  and  reliable  for  accurate  work.  A 
filter  tube  is  somewhat  more  convenient  but  less  ac- 
curate. 

IX — Drying  of  the  KiPtCU  precipitate  may  be  done 
at  any  temperature  between  100  and  140°  C,  and  is 
usually  complete  in  an  hour  at  120°  C. 

X— Weighing  the  crucible  and  precipitate  should  not 
be  done  in  less  than  half  an  hour  after  removal  from 
the  oven.  During  this  time  it  should  remain  in  a 
desiccator. 

XI — The  Perchlorate  Method  for  the  determination 
of  potash  was  found  less  desirable  than  the  plati- 
num method.  It  is  longer,  more  difficult  and  more 
expensive  as  to  reagents. 

BIBUOGR.\PHY 

(1)  Lindo  I.1S81).  "Original  Method  for  Potash  Delcrmination."  C*«m. 
iVflrs.  44,  77,  86.  97.   129. 

(2)  GladdinK  (1885).  "Improvement  on  Lindo  Method."  U.  S.  Dept. 
of  Agriculture.  Division  of  Chemistry.  Bull.  7,  ,18. 

(.1)  Association  of  Official  Agricultural  Chemists  (1886  to  19MV  Bulletins 
of  Bur.  of  Chcni  .  II.  S.  Dcpt.  .\gr  .  particularly  the  earlier  work  in  Bulls. 
la,  16.  19,  24,  28,  31,  38,  43,  47,  49,  67,  81,  90,  99.  108,  116,  ISS. 
132,  etc. 

(4)  N.  Robinson  (1894).  "Study  of  Lindo-Gladding  Method,  '  J.  Am. 
Chim.  Soc.  16,  364. 

(5)  .\.  I..  Winton  (1895).  "Proper  Conditions  for  Determination  of 
Potash,  Suitable  Concentration  at  Time  of  Adding  Platinum."  /.  Am. 
Chem.  Soc.  17,  45J. 


May,  191 7 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


513 


(6)  W.  E.  Garrigues  (1895).  "Claims  that  90  Per  cent  Alcohol  Precipitates 
NH«C1  from  Gladding  Wash."  /.  .4  m.  Chem.  Soc.  17,  50. 

(7)  R.  De  Roode  (1895),  "Recommends  Aqua  Regia  Method  for  Purify- 
ing Potash  Solution  and  Removal  of  NHi  Salts  without  Ignition  or  HiS04," 
J.  Am.  Chem.  Soc.  17,  46,  86. 

(8)  H.  W.  Wiley  (1897),  "Method  for  Determination  of  KjO  and  PiO» 
in  Fodders,  etc.,"  /.  .4m.  Chem.  Soc.,  19,  320. 

(9)  C.  C.  Moore  (1898),  "Use  of  Acid  Alcohol  for  Purifying  KiPtCl.," 
J.  Am.  Chem.  Soc,  20,  340.     Also  see  Crookes  "Select  Methods,"  p.  32. 

(10)  Winton  and  Wheeler  (1898),  "Study  of  Effect  of  NH4CI,"  J.  Am. 
Chem.  Soc,  JO,  597. 

(11)  P.  S.  Shiver  (1899),  "Determination  of  Potassium  as  Perchlorate. 
etc.,  and  Preparation  of  Perchloric  Acid,"  J.  Am.  Chem.  Soc.  21,  33. 

(12)  C.  L.  Hare  (1903),  "Use  of  Ca(OH)a  instead  of  Ammonia  and 
Oxalate."  J.  Am.  Chem.  Soc,  25,  417. 

(13)  C.  B.  Williams  (1903),  "Use  of  HF  to  Decompose  Soil  for  Determin- 
ing K,"  /.  Am.  Chem.  Soc,  26,  495. 

(14)  E.  M.  East  (1904),  "Use  of  NajSOi  to  Remove  Ba,  Thus  Avoiding 
Use  of  NH«,"  J.  Am.  Chem.  Soc,  26,  297. 

(15)  F.  P.  Veitch  (1905).  "Use  of  Acid  Alcohol,  etc.."  /.  .4m.  Chem. 
Soc,  27,  56. 

(16)  Karl  Regel  (1906),  "DiflSculties  Due  to  Sulfates.  Estimates  Pt 
after  Reduction  by  Mg."  Chem.-Ztg..  30,  684. 

(17)  Wilcox,  Buckley  and  Archibald  (1908),  "Solubility  of  KiPtCU  in 
Alcohol  of  Various  Strengths  and  in  KCl  and  NaCl,"  J.  Am.  Chem.  Soc, 
SO,  749. 

(18)  Brcckenridge  (1909),  "Study  of  Causes  of  l^w  Results  in  Potash  De- 
termination by  A.  O.  A.  C.  Method,  Especially  Effect  of  the  Heavy  Pre- 
cipitate by  Ammonia  and  Oxalate,"  This  Journal,  1  (1909),  409  and  804. 

(19)  T.  E.  Keitt  (1913),  "Study  of  Effect  of  Phosphates,  etc.,  in  Potas- 
sium Determination,"  Bull.  173,  South  Carolina  Agricultural  Experiment 
Station. 

(20)  L.  A.  Hill  (1903),  "Colorimetric  Determination  of  Potassium;  Use 
of  SnCls."  J.  Am.  Chem.  Soc,  2S,  990. 

(21)  Cameron  and  Failyer  (1903),  "Colorimetric  Determination  of  Potas- 
sium, Use  of  KI  on  KtPtCU,"  J.  Am.  Chem.  Soc,  2B,  1063. 

(22)  C.  J.  Schollenberger  (1911),  "Effective  Filter  Tube,"  This  Journal, 
4  (1912),  436. 

(23)  W.  .\.  Drushcl  (1909),  "Volumetric  Cobaltinitrite  Method,"  Z. 
anorg.  Chem.,  61,  No.  1,    137. 

(24)  O.  M.  Shcdd  (1910),  "Study  of  Cobaltinitrite  Method,"  Tm.s 
Journal.  2  (1910),  379. 

(25)  I..  T.  Bowser  (1911),  "Qualitative  Determination  of  Potassium  as 
Cobaltinitrite,"  J.  Am.  Chem.  Soc.  S3,  1566.  "Quantitative  Determina- 
tion of  Potassium  as  Cobaltinitrite  by  Titration  of  the  Precipitate  with 
KMn04."  J.  Am.  Chem.  .Soc,  33,  1752. 

(26)  A.  H.  Bennett  (1916).  "Use  of  Sodium  Cobaltinitrite  to  Separate 
Potassium  from  Much  Sodium,"  Analyst,  il,  165;  Chem.  Abs.,  10  (1916), 
2334. 

(27)  De  Vries  (1907),  "Study  of  the  Method  and  Various  Sources  of 
Error,"  Chem.  IVeekblad..  4,  231. 

(28)  W.  B.  Hicks  (1913).  "Reduces  KiPtCI.  by  Mg  and  Weight  Pt 
Formed,"  This  Journal,  6  (1913).  650. 

(29)  Oflicial  Method  of  Asiiociation  of  Official  Agricultural  Chemists. 
U.  S.  Dcpt,  Agr..  Bureau  Chemistry.  Bull.  107,  p.  11. 

(30)  Same  in  J.  f).  A.  C  1  (1916),   12. 

•        Division  of  Agricultural  Chkmistrv 
Univkrbitv  or  California 
Bbrkklry 


THE  FERTILIZER  VALUE  OF  CITY  WASTES 

II     GARBAGE  TANKAGE.     ITS  COMPOSITION;  THE 

AVAILABILITY  OF  ITS  NITROGEN,  AND  ITS 

USE  AS  A  FERTILIZER' 

By  P.  J.  Sciirokukk 

Among  the  various  materials  now  obtained  from 
city  wastes,  none  has  a  greater  importance  as  a  fertil- 
izer material  than  garbage  tankage.'  Its  importance 
is  far-reaching  and  is  of  concern  to  every  urban  resi- 
dent, for  it  is  necessary  that  some  disposition  be  made 
of  material  produced  in  such  large  quantities  in  every 
city,  and  il  is  of  undoubted  benefit  to  every  resident 
that  this  be  done  with  as  little  cost  as  possible  to  the 
city.  Rendering  for  the  recovery  of  grease  ,iml  prepara- 
tion of  a  fertilizer  material  is  the  method  f)f  disposal  which 
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possesses  to  a  greater  extent  than  any  other  the  two 
most  essential  characteristics  of  any  method  of  dis- 
posal, namely,  economy  and  sanitation.  The  facts 
on  which  this  statenient  is  based  will  be  presented 
in  a  subsequent  communication.  It  is  obviously  de- 
sirable that  the  products  obtained  in  this  disposal 
be  more  generally  understood,  better  appreciated 
and  the  fullest  possible  use  made  of  them  in  order 
that  they  may  bring  as  high  a  price  as  possible  and 
that  their  production  be  made  as  lucrative  as  possible 
so  as  to  bring  the  greatest  return  to  the  community. 

In  the  first  paper  of  this  series,  "The  Composition 
of  Garbage,"  the  results  of  the  analyses  of  200  sam- 
ples of  raw  city  garbage  were  presented.'  The  aver- 
age of  75  of  the  analyses,  made  of  samples  taken 
through  a  range  of  time  covering  a  year,  were  as  fol- 
lows: Moisture,  73.78  per  cent;  ash,  3.60  per  cent; 
oil  (ether  extract),  5.32  per  cent;  potash  (K;0),  0.27 
per  cent;  phosphoric  acid  (PjOs),  0.43  per  cent; 
nitrogen,  0.70  per  cent:  and  combustible  matter 
22  .  63  per  cent. 

METHODS    OF    REXDERIXG 

For  the  recovery  of  grease,  garbage  is  treated  in 
three  different  ways: 

I — It  is  "tanked,"  t.  e.,  cooked  under  pressure 
with  steam,  the  water  and  liberated  fats  pressed  out 
as  completely  as  possible,  and  the  oil  separated  from 
this  by  settling  and  skimming,  the  grease  remaining 
in  the  solid  residue  after  it  has  been  dried  being 
extracted  with  gasoline. 

2- — It  is  crushed  to  render  the  particles  uniform  in 
size,  dried  directly  in  rotary,  hot  air  kilns,  the  grease 
extracted  with  gasoline,  and  the  solids  ground  foi 
tankage. 

3 — It  is  heated  with  gasoline  to  the  boiling  point. of 
the  latter,  whereby  the  water  contained  is  evaporated 
with  the  gasoline  boiled  oflf,  while  the  grease  is  being 
extracted.  The  material  is  thus  degreased  and  de- 
hydrated in  one  operation  and  in  one  receptacle. 

In  some  plants  where  the  first-named-  process  is  in 
use,  the  dried  tankage  is  not  extracted  with  gasoline 
for  the  recovery  of  the  grease  still  remaining  therein, 
the  operators  contenting  themselves  with  that  re- 
covered by  cooking  and  pressing. 

CHARACTER    AND    COMPOSITIO.N 

Garbage  tankage,  then,  is  the  solid  residue  when 
the  water,  the  grease,  and,  generally,  the  water-soluble 
portions  of  garbage  have  been  removed.  From  the 
foregoing  paragraph  it  is  seen  that  by  the  first  method 
mentioned  the  water-soluble  ingredients  are  removed 
by  cooking  in  steam  and  the  subsciiuenl  prcssiog, 
while  by  the  other  two  methods  nil  the  ingredients, 
except  those  volalilizeil  by  drying  and  dissolved  out 
by  the  gasoline,  arc  conserved.  In  some  cases  the 
aqueous  solution  prassed  from  the  cooked  material 
in  the  first-named  jirocess  is  ev.iporatnl  for  the  re- 
covery of  its  ingredients.  The  resulting  concentrate 
is  a  sticky  molasses-like  substoncc  known  as  "slick" 
and  may  be  added  to  the  dcgrcnscd  tankage,  which  is 

•  W.   J    D'lltlrn  aii.l    lahn   H     l.inilfmulh.  Tutu  Jni'UMAt..  •  (I«I7). 
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then  subsequently  redried.  The  addition  of  the 
"stick"  not  only  increases  the  proportion  of  the  valua- 
ble constituents  of  the  tankage,  but  materially  im- 
proves its  physical  condition.  The  fibrous  portion 
of  the  substances  constituting  the  raw  material  after 
cooking,  pressing  and  drying  becomes  light  and  fluffy 
and  makes  the  tankage  quite  bulky.  The  application 
of  "stick"  corrects  this  and  yields  a  granular  product 
of  increased  specific  gravity  which  can  be  handled  more 
conveniently  for  fertilizer  purposes. 

In  appearance  garbage  tankage  is  a  coarse,  brown 
powder,  either  granular  or  finely  fibrous,  depending  on 
its  method  of  preparation.  In  it  generally  can  be 
detected  small  pieces  of  bone,  crockery  and  glass, 
the  proportion  of  these  depending  upon  the  thorough- 
ness with  which  the  various  sorts  of  waste  materials 
have  been  segregated  in  the  hous"eholds  from  which 
collected  and  the  care  with  which  sorting  has  been  con- 
ducted in  the  rendering  plants.  In  some  cases  glass 
and  crockery  are  eliminated,  while  in  other  plants 
considerable  quantities  find  their  way  into  the  prod- 
ucts. 

When  the  origin'  of  garbage  tankage  is  recalled,  it 
is  seen  that  it  is  made  up  of  the  dried  and  degreased 
portions  of  various  sorts  of  food  materials,  animals 
and  vegetable,  and  of  waste  products  resulting  from 
the  preparation  of  food  and  remaining  after  the  more 
edible  portions  of  food  materials  have  been  consumed. 
In  addition  it  contains  variable  but  generally  small 
quantities  of  substances  of  an  inorganic  origin. 

CHEMICAL    COMPOSITION 

Since,  as  will  be  seen  subsequently,  garbage  tankage 
is  of  interest  at  the  present  only  as  a  fertilizer  ma- 
terial (and  to  some  extent  as  a  cattle  food),  only  those 
constituents  were  studied  which  are  of  interest  from 
the  fertilizer  point  of  view.  These  are  nitrogen  (from 
which  protein  may  also  be  calculated),  bone  phosphate, 
potash,  ash,  organic  matter  (by  difference),  fat  and 
moisture.  The  methods  of  analysis  employed  were 
those  prescribed  as  official  methods  for  agricultural 
analyses.  The  values  recorded  as  fat  represent  ether 
extract. 

Efforts  have  been  made  in  recent  months  to  utilize 
tankage  as  a  hog  feed.  From  the  results  reported 
from  these  experiments  the  conclusion  may  be  drawn 
that  as  such  it  has  not  been  an  unqualified  success. 
It  is  rich  in  protein  and  carbohydrate  when  prepared 
by  modern  methods;  analyses  of  several  samples 
show  about  19  per  cent  protein  and  45  per  cent  carbo- 
hydrate. These  materials  are  digestible.  As  a  fat- 
tener,  it  is  not  all  that  may  be  desired,  but  as  a  part  of 
a  properly  balanced  ration  it  gives  promise  of  becoming 
useful. 

Tankage  prepared  for  hog  or  cattle  feed  is  carefully 
freed  from  bone  and  other  hard  materials  that  might 
be  injurious  to  the  digestive  tracts  of  the  animals  to 
be  fed.  Flotation  methods  for  effecting  this  separa- 
tion have  been  devised  which  are  highly  efficient  and 
show  promise  of  commercial  applicability. 

'  Cf.  O'Brien  and  Lindcmuth,  hoc.  cit. 


In  Table  I  are  given  the  results  of  analysis  of  20 
samples  of  tankage  from  various  reduction  plants. 
The  analyses  made,  at  the  time  of  collection  of  the 
samples,  represented  all  the  larger  garbage  reduction 
plants  in  operation  in  this  country.  In  these  plants 
the  various  methods  of  rendering  outlined  above 
were  employed;  it  is  possible,  therefore,  to  observe  in 
a  general  way  the  effect  of  method  of  rendering  on 
composition  of  the  tankage. 

Among  the  samples  analyzed,  Nos.  2,  15,  16  and 
1 7  were  dried  without  cooking  as  described  under 
(2)  and  certain  of  these,  it  will  be  observed,  were  not 
degreased  subsequently.  Samples  14,  18  and  20 
were  tankage  prepared  by  the  method  described 
under  (3);  j.  e.,  by  drying  and  degreasing  simultaneously 
with  gasoline  (the  Cob  well  process).  The  balance 
were  tankages  produced  by  the  old  tanking  process,  de- 
scribed under  (1);  No.  10  was  not  extracted  with  gaso- 
line; No.  6  contained  the  concentrated  "stick"  water 
from  the  tanks.  The  effects  of  degreasing  are  shown 
by  the  samples  referred  to,  which  indicate  an  oil  con- 
tent of  approximately  12  per  cent.  This  soil  is  one 
of  the  most  valuable  products  derived  from  garbage, 
especially  at  present  prices,  while  its  removal  from  the 
tankage  is  a  benefit  from  the  fertilizer  view-point. 
Sample  No.  6,  containing  the  "stick,"  is  of  interest 
considering  its  high  content  of  nitrogen  and  phosphoric 
acid  and  especially  the  high  percentage  of  water-sol- 
uble nitrogen  compared  with  the  other  samples  as 
shown  in  Table  IV. 

It  will  be  observed  that  the  nitrogen  content  of 
these  tankages  is  about  3  per  cent.  An  occasional 
fin&  exceeds  this  (cf.  Nos.  6  and  19),  a  fact  possibly 
explainable  on  the  ground  that  in  case  dead  animals 
and  meat  trimmings,  if  available  only  in  small  quanti- 
ties, are  rendered  with  garbage,  or  the  tankage  ob- 
tained from  them  is  added  to  the  garbage  tankage, 
thus  slightly  raising  its  nitrogen  content. 

The  high  ash  content  is  the  product  of  the  bone  pres- 
ent and  the  various  foreign  substances,  such  as  broken 
glass  and  crockery,  which  find  their  way  into  the  raw 
material. 

PRODUCTION  OF  GARBAGE  TANKAGE 

In  1914  there  were  29  companies  and  municipalities 
engaged  in  the  rendering  of  garbage  on  the  large 
scale  for  the  recovery  of  grease  and  the  production  of 
tankage.  In  the  aggregate  they  were  rendering  1,200,- 
000  tons  of  garbage  per  year  and  were  producing  over 
173,000  tons  of  tankage.  This  represents  a  yield  of 
15  per  cent  tankage.  This  tankage,  not  counting 
the  value  of  the  grease  recovered,  represents  a  value 
of  $1,157,000  on  the  basis  of  prices  paid  for  this  ma- 
terial before  the  beginning  of  the  European  War.  At 
present  prices  this  value  amounts  to  over  $2,000,000. 
Only  about  one-half  of  the  cities  of  over  30,000 
population  render  garbage  for  the  production  of  tank- 
age. Installation  of  rendering  plants  in  these  cities 
where  the  garbage  is  not  being  conserved  now  would 
raise  the  annual  production  to  over  345,000  tons  and 
the  value  to  over  $4,000,000  in  addition  to  the  value 
of  the  grease  obtained  from  it. 
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GARBAGE    TANKAGE    AS    A    FERTILIZER 

Garbage  tankage  is  applied  largely  to  the  produc- 
tion of  mixed  fertilizer,  being  used  as  a  base.  For  this 
purpose  it  is  well  suited.  It  is  in  the  form  of  a  pow- 
der and  is  non-caking,  and  since  it  has  a  drying  effect 
on  acidified  phosphate  rock,  it  imparts  these  proper- 
ties to  the  mixed  fertilizer  of  which  it  constitutes  a 
part.  While  rdaking  an  admirable  base  because  of 
these  characteristics,  it  contributes  its  quota  of  the  fer- 
tilizer elements  at  the  same  time.  It  is  a  fertilizer 
diluent,  so  to  speak,  or  base,  but  is  not  that  in  the  same 
sense  in  which  totally  inert  materials  would  be.  In 
addition  to  these  elements  it  supplies  liberal  propor- 
tions of  organic  matter  which  also  plays  an  important 
r61e  in  a  fertilizer  way  and  is  badly  needed  by  many 
soils.  When  the  farmer  buys  a  fertilizer  material 
containing  garbage  tankage  as  a  base,  he  is  not  pur- 
chasing and  paying  freight  on  the  large  proportion 
of  inert  material  that  he  would  be  in  purchasing  a 
fertilizer  of  the  same  grade  containing  inorganic 
matter  as  a  base.  He  would  even  be  justified  in 
paying  freight  for  short  hauls  on  garbage  tankage 
alone. 

A  certain  quantity  of  garbage  tankage  has  been 
■used  as  a  complete,  low-grade  fertilizer,  without  ad- 
mixture with  more  concentrated  materials.  Its  use 
in  this  manner  has  met  with  pronounced  success  in 
those  cases  investigated.  Its  cheapness  makes  pos- 
sible its  use  in  large  amounts  so  that  advantage  is 
derived  from  its  high  content  of  organic  matter,  or 
the  so-called  humus-forming  constituents.  For  this 
reason  its  use  in  this  manner  should  be  especially 
profitable  in  light,  porous  soils,  constitutionally  de- 
plete in  organic  matter,  since  the  application  of  such 
materials  improves  the  physical  condition  of  such 
soils,  increases  their  water-holding  capacity  and  ac- 
celerates bacterial  activity. 

AVAILABILITY    OF    THE    NITROGEN 

The  principal  value  of  garbage  tankage,  as  suggested 
above,  is  in  its  utilization  in  the  preparation  of  fer- 
tilizers. As  such  its  value  is  based  upon  its  analysis, 
and,  among  its  constituents  of  fertilizer  value,  nitro- 
gen is  of  chief  importance.  As  a  nitrogen  carrier  it 
gives  promise  of  becoming  one  of  the  important  sources 
of  that  element.  The  obstacle  in  the  way  of  its  ex- 
tensive utilization  in  the  past  has  been  the  question 
of  the  availability  of  the  nitrogen.  In  certain  quar- 
ters a  prejudice  seems  to  exist  against  its  use;  it  is 
listed  arbitrarily  with  carriers  of  non-snlublc  nitrogen. 
It  is  spoken  of  in  connection  with  leather  meal  and 
the  idea  seems  to  prevail  that  it  is  similar  to  this. 
The  farmer  rightly  has  been  instructed  not  to  pur- 
chase unavailable  nitrogen;  as  a  result  of  this  the 
value  of  garbage  tankage  has  been  rather  discounted. 
The  fertilizer  laws  of  certain  states  require  that  the 
source  of  nitrogen  in  mixed  fertilizer  be  stated  on  the 
label  of  the  container.  When  such  a  label  indicates 
llic  presence  of  garbage  tankage  the  farmer  is  naturally 
roslraincd  in  the  purchase  of  it  because  of  his  instruc- 
tions. This  militates  seriously  even  against  the  use 
iif  garbage  tankage  as  a  base  or  filler,  for  which  it  is 


admirably  suited,  and  tends  to  encourage  the  use  of 
totally  inert  and  useless  materials  for  that  purpose. 
State  fertilizer  laws  are  designed  primarily  for  the 
protection  of  the  farmer  against  fraud  and  should  of 
course  be  respected.  They  should,  however,  be  con- 
siderate of  all  the  facts.  In  excluding  garbage  tank- 
age from  mixed  fertilizer,  either  directly  or  indirectly, 
no  benefit  is  secured  by  any  one  and  a  positive  injury 
is  effected.  It  is  not  unavailable  nitrogen  in  the  same 
sense  that  leather  meal  is,  and  it  cannot  be  used  as  a 
substitute  for  high-grade  nitrogen  carriers,  as  can 
leather  meal,  because  it  does  not  contain  sufiBcient 
nitrogen.  There  does  not  appear  to  be  any  just 
reason  then  why  its  use  should  be  discouraged.  On 
the  contrary,  the  benefits  to  be  derived  by  its  increased 
use  justify  its  indorsement  for  the  purpose  to  which 
it  is  now  being  applied.' 

The  small  price  obtained  for  garbage  tankage  is 
due  to  the  fact  that  such  a  low  valuation  is  placed  on  its 
ammonia,  that  being  only  a  fraction  of  the  price 
assigned  ammonia  in  other  tankages.  Thus  while 
$3.10  per  unit  was  quoted  for  the  ammonia  of  high- 
grade  ground  tankage,'  S3. 44  for  fish  tankage  and 
$2.30  for  cottonseed  meal,  only  $1.60  per  unit  was 
offered  for  that  of  garbage  tankage.'  This  is  due  to 
the  fact  that  the  ammonia  of  garbage  tankage  is 
rated  as  non-available. 

Examination  of  the  literature  does  not  reveal  ex- 
periments to  determine  the  availability  of  the  nitro- 
gen of  garbage  tankage  of  sufiBcient  number  and  defi- 
niteness  to  justify  the  conclusion  that  the  ammonia  is 
non-available.  That  decision  seems  to  have  been 
made  largely  arbitrarily.  In  the  absence  of  definite 
proof  there  seems  to  be  no  reason  for  taking  such  a 
position  as  there  are  no  a  priori  considerations  sup- 
porting it.  In  fact,  these  considerations  rather  point 
to  the  conclusion  that  the  nitrogen  should  be  avail- 
able. The  animal  nitrogen  is  contributed  to  meat 
scraps  and  bones,  the  vegetable  nitrogen  by  such 
materials  as  the  rinds  of  melons,  the  skins  of  fruits, 
the  bruised  and  withered  portions  of  leafy  vegetables, 
etc.  The  treatment  of  these  materials  in  the  course 
of  manufacture  should  contribute  to  their  disintegra- 
tion and  aid  in  making  the  nitrogen  more  readily 
available. 

The  difference  between  present  and  old  methods 
of    collecting    garbage    should    also    be    recalled.*     In 

>  In  thU  connection  it  is  interesting  to  quote  ii  pftnicmph  from  the 
ttMtenicnt  of  tlte  Contniittce  on  Kertilitcr  L«gi»liition  o(  the  Amer^c«o 
Chemical  Society  at  the  New  York  Meeting.  Sept  :S  .W.  1116.  which  rruU: 
"In  previou*  reporti  we  have  refennl  to  lecidation  which  diicHminatM 
■galnit  ttuinioniates  which  are  Icnown  to  have  a  definite  value.  ev«o  though 
thi<i  !itatn»  be  denied  to  them  by  the  prevent  empirical  method*  of  tcsUng 
for  availability  of  organic  nitrogen.  I'urthernuHe.  the  mcthtMl*  of  ttaUag 
the  renullii  of  analy«ci  in  lome  »tatr*  ore  very  miileading  m»  to  the  quality 
of  the  nitrogen  which  has  been  u»e<l.  Manv  of  the  oourccft  of  orva«ic 
nitrogen,  which  were  formerly  u»ed  for  fertiliirrs.  are  now  ullllted  for  other 
purpoM-t  anil  unle»>  fertillier  manufacturrrs  can  utiltie  all  auch  aourcva 
a«  arc  known  to  l>e  valuablr.  or  can  l>e  matle  m>  by  chemical  pruciwa.  the 
prices  of  organic  ammoniales  will  go  <o  high  as  lo  prohibit  their  ua*.  Tb«r« 
is  a  large  demand  for  nitrogen  from  iirganic  smircea  and  it  is  the  dnir*  of 
manufacturers  to  meet  this  ilemand.  but  such  materials  cannot  Ik  enployvd 
at  a  coat  at  which  they  cannot  profitably  l»«  u»e<l  bv  the  consumer  "  [St« 
Tnw  )ui'«NAi..  •  (WIA).  in7<  ) 

•  Wholeaal*  pricva  January.  WM. 

'  (.'urteni  prii'v*  for  ammonia  In  garbage  tankage  range  tn«m  $2  to 
>;50per  unit. 

•  ii'llrlen  and  l.indemulh.  Lae.  tM. 
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former    times    there    was    practically    no    selection    of  carrier   is    first   thoroughly   leached   so    as   to   remove 

garbage,  and  all  sorts  of  refuse  were  thrown  into  this  all  the   water-soluble  nitrogen   and  then  the  sample, 

material.     Now,  however,  a  selection  ig  made  at  the  which  is  so  chosen  as  to  contain  50  mg.  water-insoluble 

point   of   origin,    and   at   the    city    collecting   stations  nitrogen,  is  digested  and  distilled  with  100  cc.  of  alka- 

the   garbage   is   carefully   sorted;   such   refuse    as   old  line     permanganate     solution     containing     25     grams 

shoes,  tin  cans,  bottles,  etc.,  is  removed  and  sold  as  potassium  permanganate  and   150  grams  sodium  hy- 

such    at   considerably   higher   prices   than    the    weight  droxide  per  liter.      The  nitrogen  dissolved  in  this  way, 

Table  I — Analyses  op  Garbage  Tankage  prom  Various  Plants.     Results  in  Percentages 

The  analyses  represented  in  this  table  were  made  by  John  R.  Lindemutb  formerly  of  this  Bureau 

All  results  calculated  on  moisture-free  basis  Bone  phosphate  calculated  from  PiOi  using  2.2  as  factor 

NHi  calculated  from  N  using  1.2  as  factor  Oil  eiUacted  with  Ether 

No.            Source  of  Sample                                                               N  NH3          P«Oi    Bone  Phosphate     KjO  Ash                 Oil           Moisture 

1  Penn  Reduction  Co.,  Philadelphia.  Pa 2.91  3.49         4.83                10.62              0.27  29.48              1.93              4.37 

2  Allegheny  Garbage  Co.,  Pittsburgh.  Pa 2.40  2.90         2.35                  5.17              0.95  ...                 2.80              3.95 

3  Indiana  Reduction  Co.,  St.  Louis.  Mo 2.69  3.23         3.83                  8.43              0.79  ...                 1.74              .... 

4  Illinois  Fcrtiliicr  Co.,  St.  Louis.  Mo 2.95  3.54         3.05                  6.71               1.66  27.58              3.83              3.72 

5  Union  Reduction  Co..  Cincinnati,  Ohio 2.89  3.47          4.67                 10.27              0.39  31.97              6.69              3.14 

6  Municipal  Reduction  Plant,  Columbus,  Ohio 3.45  3.77          4.20                  9.24              0.90  27.92              2.00              3.86 

7  Municipal  Reduction  Plant,  Cleveland,  Ohio 2.36  2.57          5.32                11.70              0.59  48.92              1.86              2.51 

8  New  York  Development  Co.,  Barren  Isle,  N.  y.  C 3.06  3.34         5.46                12.01              0.48  32.84              3.12              5.44 

9  New  York  Development  Co.,  Barren  Isle,  N.  Y,  C.  (Old 

tankage)                                                             2-74  3.29  5.94  13.06  0.20  36.70  1.64  3.78 

10  Genesee  Reduction  Co.,  Rochester,  N.  Y.  (Not  degreased)   2.74  3.29  4.52  9.94  0.19  29.12  11.25  2.36 

11  Schenectady  Municipal  Plant,  Schenectady,  N.  Y 2.32  2.78  2.98  6.56  0.76  ...  4.82  ... 

12  Boston  Reduction  &  Sanitation  Co.,  Boston.  Mass 2.63  3.16  3.99  8.77  0.65  36.47  2.08  2.92 

13  Springfield  Mcrg  Reduction  Co..  Springfield,  Mass 3.20  3.84  2.69  5.91  1.09  20. ,4  7.10  3.48 

14  New  Bedford  Extractor  Co.,  New  Bedford,  Mass 3,45  4.18  1.92  4.22  1.29  19.42  2.45  4.51 

15  Municipal  Reduction  Plant,  Chicago,  111.  (Not  degreased)   2.08  2.50  1.37  .^.01  0.91  28.03  12.09  3.99 

16  The  Mark  Process  Dryer  Co.,  Chicago,  lU.  (Not  degreased)    1.74  2.09  0.49  1.08  0.79  ...  13.92  6.67 

17  Municipal  Reduction  Plant.  Chicago,  111.  (from  dryer,  not  ,,    „  ,   ,. 

degreased) 2.11  2.53  1.96  4.31  1.06  ...  11.22  3.7( 

18  Bartlett  &  Snow  Co..  Exposition  Grounds,  San  Francisco.  „„„ 

Cal                                                              2.88  3.46  3.19  7.02  0.97               ...  0.88              

19  San  Francisco  Disposal  Co  ,  San  Francisco,  Cal 4.98  5.98  6.73  14.81  0.81  25.27  3.49  .    . 

20  Pacific  Reduction  Co.,  Los  Angeles,  Cal 2.96  3.41  1.85  4.07  1.2-  13.63  3.49  3.34 

Average 2.78  3.34  3.56  7.84  0.80  29.15  4.92  3.67 

value  in   garbage.      The   presence   of  this   material   in  in  addition  to  that  soluble  in  water,  is  considered  as 

the  old  type  of  garbage   tankage   went    a    long   way  available  nitrogen. 

towards    condemning   its   use,    and   the    present    care-  xhe  results  obtained   by    the  alkaline  permanganate 

fully    selected    kitchen    refuse,    consisting    mostly  of  method  with  the  principal  types  of  garbage  tankage 

vegetable  matter,  meat  offal,  and  bones,  is  an  entirely  are    given    in    Table    II.     Cottonseed    meal    is    taken 

different   product   from  the   material   formerly   known  as     a     standard.     Its     position     as     nitrogen-carrying 

as  garbage  tankage.  fertilizer  is   well  known,   and  of  the  various  nitrogen 

EXPERIMENTAL    DATA    ON    THE    AVAILABILITY    OF    THE  fertilizers    of    recognizcd    availability    it    seems    most 

NITROGEN  tomparable  to  garbage  tankage,  the  former  being  en- 

In  view  of  these  considerations  it  seemed  desirable  tirely  and  the  latter  largely  a  vegetable  ammoniate. 

that    further    work    be    done.      The    question    of    the  When  the  relative  availabilities  as  indicated  in  Table 

availability  of  the  nitrogen  of  a  fertilizer  is  by  no  means  II  are  noted  it  is  seen  that  only  one  of  the  tankages 

easy    of    definite   solution.     It    has    been    the    subject  falls  below  40,  while  the  average  is  only  13  points  be- 

of   a   great   deal   of   research    for  a  number  of  years,'  low  the  availability  of  cottonseed  meal.      By  referring 

but  has  not  resulted  in  much  definite  knowledge  on  to  the  first  column  of  the  table  it  will  be  jioticed  that 

the  subject.     The  methods  that  are  now  most  familiar  the  samples  of  garbage  tankage  necessary  to  furnish 

and  regarded  as  official  are  the  alkaline  permanganate  50  mg.  of  water-soluble  nitrogen  ranges    from    about 

Table  II — Availability  of  the  Nitrogen  in  Various  Garbage  Tankages  and  Cottonseed  Meal  Compared  by  the  Alkaline  Permanganate  Mstbod 

Sum  of 

Water-Insoluble  Water-Insoluble 

Weight  of  Sample             Nitrogen  Rendered  Soluble  by  N  rendered  Soluble 

Containing  50  Mg.                  Alkaline  KMnOi  Solution  by  alk.  KMn04 

Water-Insoluble  N               In  terms  of ■  and  Water-Soluble  N 

Fertilizer                                                                                                    'or  Alk.  KMnOi  Dcfn         Weight        lljO-Insol.  N         Total  N  (In  terms  of  Total  N) 

Grams                           Mg.                Per  cent             Per  cent  Per  cent 

Cottonseed  meal 0.9560                           26.2                  52.50                  47.82  56.82 

Garbage,  Penn.  Red.  Co.,  Philadelphia,  Pa 1,9370                           11.3                  22.60                  20.03  31.37 

Garbale,  Mun.  Red.  Plant.  Columbus,  Ohio 2,1010                           11.7                  2.1.40                    6.14  47.15 

Garbage,  Mun.  Red.  Plant,  Cleveland.  Ohio 3.2900                           13.6                  27.20                   17.53  53.02 

Garbage,  Cobwell  System,  New  Bedford,  Mass 1.8370                           16.5                  33.00                  26.02  47.17 

Garbage    Allegheny  Garbage  Co..  Pittsburgh.  Pa 2.7170                           15.5                  30.98                  23.77  47.09 

Garbale   Pacific  Coast  Reduction  Co.,  Los  Angeles,  Cal 2.1370                           12.1                   24.20                    9.14  40.07 

Garbale:  Barren  Island.  New  York  City 2.1190                           11.7                  23.40                   18.05  *0  92 

Average  FOR  Tankages 2.3056  13.2  26.39  20.09  43.82 

method  proposed  by  Jones^  and  the  neutral  perman-  2  to  3  grams,  while  that  in  the  case  of  cottonseed  meal 

ganate  method,  proposed  by  Street.'     These  are  de-  is  only  one  gram.     The  size  of  the  sample  has  an  im- 

scribed  in  Bull.  107,  Revised,  of  the  Bureau  of  Chem-  portant  effect  on  the  results  obtained  by  that  method, 

istry.   United  States   Department  of  Agriculture.     Of  Experiment    shows    that    the    larger    the    sample    the 

the  two,  the  alkaline  permanganate  method  is  perhaps  smaller    the    availability    indicated.     It    is    of    course 

the   more  satisfactory.     In  this   method  the  nitrogen  necessary  to  gauge  the  size  of  the  sample  in  some  man- 

■  "Reports  on  Nitrogen  during  Last  10  Years."  Jour,  of  the  A.  0.  A.  c.  jjgj.  ^nd  the  manner  chosen  is  perhaps  the  best  avail- 

:T:ns^'ouRrL.«':l9f2"','43"■  abk;  at   the  same  time  it  must  be  admitted  that  a 
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fertilizer  like  the  one  in  question  with  a  low  nitrogen      but  the  percent  nitrified  is  greater,  the  average  of  the 

content    and     a     high    non-nitrogenous  organic  mat-  tankages  being  60.05   compared  to   56.82   in   cotton- 
ter  content  is  at  a  disadvantage  by  this  method.  seed  meal. 

A  notable  contribution  to  our  knowledge  of  the  avail-  Especial   attention   is   called   to   the   relatively   high 

ability    of    nitrogen    in    fertilizers    has    been    made   in      percentage   of   water-soluble  nitrogen    carried   by  the 

recent  years  by  the  study  of  their  nitrifiability  under  tankages,  shown  in  Table  IV. 

actual    field    conditions    as    well    as    in    the    laboratory.  Table  IV— Water  Solubility  op  the  Nitrogen  of  Varioi-s  Garbacs 
Many   very   interesting   results   have   been   obtained   by  Tankages  Compared  to  that  of  Cottonseed  Meal 

.,.  j_ij  J  i_i'ijt_         T^         y^T-iT*  1  Note — Total  nitrogen  and  water-insoluble  aitrogen  determinations  io 

this     method     and     published     by     Dr.     C     B.     Lipman,'  this  and  following  tables  were  made  by  L.  J.  Jenkins  of  the  Bureau  of  Chem- 

of    the    University    of    California.     The    method    pro-  -'n.,  u.  s.  Department  of  Agriculture.   ^  ^  ^, 

•^  .    .        '^  Per  cent   Nitrogen     Watbr- 

posed  by  Lipman  has  not  received  the  publicity  and  Total    Water-  Water-   Solitblb 

in  Insol-        Sol-    NiTROGSN 

the  recognition  of  the  permanganate   method,  but  it  is  Source  op  Garbage  Sample       ubie         ublc    %  of  Total 

more    considerate    of    our    present    knowledge    of    soil  Cottonseed  Meal 5.73       s.22       0.51         8.90 

.  ,  ,  Pa.  Reduction  Co..  Philadelphia 2.91  2.58         0.33  11.34 

processes  and  endeavors  to  approximate  the  natural  Municipal  Red.  Co.,  Columbus,  o 3.4S       2.38       i.07       31.01 

^,      .  ,        ,,  ...        ,,  .,  ,  Municipal  Red.  Co.,  Cleveland,  0 2.36  1.52         0.84         35.59 

processes  that  are  actually  operative  in  the  soil  and  Cobweii  System.  New  Bedford,  Mass..  3.45       2  72       0  73       21  is 

that  control  the   assimilation  of  a  fertilizer.     In  this  ^'I'J^rclStTj'co^Lo^x^iL.:  1:12       2:!4       SI!       20II 

method  a  small  quantity  of  fertilizer  is  incubated  at  Barrenisiand.  New  York  City 3^       2^       0^       22J7 

constant    temperature    and    moisture    content    with    a  average  for  Garbage  Ta.skages....  2.94       2.25       0.69       23.74 
definite    quantity,    usually    100   grams,    of   fertile    soil  n  ^jn  be  recalled  that  the  water-insoluble  nitrogen 

and    the    proportion    of    the    nitrogen    converted    into  of  the  garbage  tankages  rendered  soluble  by  alkaline 

nitrates  is  taken  as  an  indication  of  availability.     The  permanganate,    as    shown    in    Table    II,    is    relatively 

results  obtained  by  this  method  vary,  of  course,  with  g^^all  in  comparison  to  that  of  cottonseed  meal.     The 

the  type  of  soil  used.      In  Table  III  are  given  the  re-  f^ct    that    the    total    availability    compares    favorably 
suits  obtained  with  the  various  tankages  when  treated      ^j^^  that   of  cottonseed   meal  is  due,   to  a  large  ex- 

with    the    two    soil    types,    sassafras     silty    loam  and  ^ent,    to    the    large    percentage    of    the    water-soluble 

Norfolk  sand.     Results  with  other  soil  types  are  com-  portion.     This  in  some  cases  is  higher  than  the  other 

parable  with  these.  portion.     The  percentage  of  water  solubility  is  brought 

Table    III— Availability    of    the    Nitrogen    in    Various    Garbage  out  in   Table   V,    where   the   availability  by  the  alkaline 
Tankages  Compared  to  That  in  Cottonseed  Meal  by  the  ,  ^i.     j      ...i.  -i.    -c      *•  ^i.     j         '^t. 

Nitrification  Method  permanganate   method,  the  nitrification   method   with 

Sassafras  siLTv  Loam         Norfolk  Sand  sassafras  silty  loam  and  Norfolk  sand,  and  the  water- 

a^ii-jZ      ^         a^^S-yZ       ^  soluble  nitrogen  are  all  compared.     For  the  purposes 

08    .S"?    --a    rs       °S    r^     -"o    i^s  of  this  table  the  results  are  calculated  to  the   basis 

£   ■■•o    S-c    «"         £      ^      of     a"  on  which  the  values  for  cottonseed  meal,  the  standard, 

uz    «£    uZ    lii;       tiZ    biiS      uis    JiJ;  are  the  same  for  all  methods. 

Fertilizer  S        S        a.        -i;  S        S  b<         <:  _  ,,     „  .  .,  „■  o« 

Cottonseed  Meal 192.3  6,1   2.41   56.82     97.3  24.0     9.45  56.82  ^ablk  \ -Comparison  of  Availability  of  Mtrocbn  by  W  ater  S^.LU. 

GarbageTankageNo.l.    164.1    1.2  0.93  21.94     69.1     5.0     3.87  23.30  bility.  Alkaline  Permanganate  and  Nitrification  Methods 

Garbage  Tankage  No.  2.    169.5  2.3   1.48  34.90     74.5   II. I     7.25  43.61  Cottonseed  Meal  Taken  as  Standard 

Garbage  Tankage  No.  3..    158.6  2.6  2.47   58,23     63,6   15.1    14.45  87.00  Note — For  purposes  of  comparison  the  percentages  iu   Ihc  lost   lhre« 

Garbage  Tankage  No.  4.,    164,1    2,7    1.77   41.75     74.5    18.9   12.35   74.37  columns  are  multiplied  by  factors  which  raise  the  per  cent  in  the  case  ol 

Garbage  Tankage  No.  5..    159.0    1.9    1.76  41.52     64.0     9.0     8.45   50.42  cottonseed   meal  to  the  figure  represcnIinK   the  avuiliil.ility   of  collunseed 

Gorboge  Tankage  No.  6..    164.6  2.4    1.83  43.20     69.6    17,0   12.96  78.02  meal  as  determined  by  the  alkaline  permanganate  method   (cf    Table  11). 
Garbage  Tankaglf  No.  7..    165.6  2.5    1.82  42.93     70.6   15.7    11.62  69.95  _  ^j         „„       ^  ^  ^^        ^^^  , 

Avbraob  FOR  Tankages  2.2   1.72  40.64  13.1    10.13  60.95  S  JJ      i  ^|       g=  8        g|*         ='"« 

(a)  The  quantities  of  nitrate  indicated  in  the  table  are  over  and  above  g  &     "jj  g  "S";?  g  s  J  S       ^j.  c        J?  S* 

that  produced  in  the  check.  B  »•-  ^  "  ^  ^  ^  "  '■t"^     J-s  "  ■' *X 

For  purposes  of  comparison  the  percentages  of  nitro-  ^gS    ''Iz  iS  "kz  ij  "x   -zl      -"zl 

gen    nitrified    arc    multiplied    by    factors    which    raise  eo..on.^e"MeT 5.7,    "8.90  ^6.82  "ie.w    56.82     L», 

the  per  cent  nitrified  in  the  case  of  cottonseed  meal  Gorbagc  Tankage  No  i      .  2  9i    11.34    31.37    21.94    j.t.30     :.v4o 

to  the  figure  representing  the  availability  of  cottonseed  ^H^'e' TllnkSjr  No  ,1    : .  r*!    ».%    tl.02    sl^    J'Si    !v?  SI 

meal    as    determined    by    the    alkaline    permanganate  {::;;!;:;«:  ^^llU^^J  ?J^  T  ;  ^:5    HI]    «;«    J!;."    .soii    law 

method  (cf.  Table  II).     This  factor  is  2.,.  6  in  the  case  ^:-|-«:  ^-l;:;*- jlj"  5  ;;;  iSS    Ifl^    *^Vi    t]fy    ^'S.^    lii  S2 

of  sassafras  silty  Ifiam  and  6.0  in  that  of  Norfolk  sand.  — — ■    —— 

^,  ,  •    ,        ,         ^      .  ..       ,  .  AvKRAoKS  FOR  Tankaom   .    2  94     23.74     43.82     34  «»2     60  95     151.16 

The  results   with   the   first  sou  show  on  the   average 

an  availability  of  about  i6.  i8  per  cent  less  than  cot-  A  scries  of  experiments  on  the  effect  of  treating  gar- 

tonsced   meal.      This  is  a   heavy  soil  and  nitrification  bagc  tankage  with  sulfuric    aiid  show  that  the  water 

should    proceed    relatively    slowly.     In    the    case    of  solubility,    and    consequently    the    availability   of   the 

Norfolk   sand    the   conditions   are    more   favorable    to  nitrogen,    can    be    consideraMy    incrensctl:     joo-gram 

nitrification  and  the    statement  in  an  eariicr  part  of  samples    of    Philadelphia    tankage    were    trealetl  with 

the   paper   in   regard    to   the   use   of   gari)aRc   tankage  the  various  quantities  of  sulfuric    acid  (sp.  gr.    t    5»^ 

in  light  sandy  soils  is  here  in  part  substantiated.      In  indicated  in  Table  VI,  and  agitated  for  two  hours  in  a 

the  case  of  Norfolk  sand  only  two  of  the  samples  show  ball  griniling   mill.     The  use  of  6o  cc.  of  acid,  which 

n  materially  lower  percentage  of  nitrate  formed  than  would  represent  about  800  lbs.  acid  per  ton.  incrcasM 

cottonseed   meal.     The   tntni   nitrogen  content  of  the  the  water-soluble  nitrogen  from  o  ,<j  per  cent  to  0.66 

tankage   is   much   less   than   that   of   cotton.ieed    mcul,  per  tent.      This  represents  an  increase  in  avoilabilily 

•Air.  Bip.su,  nerktUy,c.i..fli.H.  MO,  y./tif.RM.T.  47-82  of  about    t6  per  ccHt      Whether  such  on  acid  treat- 
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2.48 
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0.58 

23.39 

2.6320 

21.60 

16.54 

39.93                     44.99 

SO 

2.34 

1.80 

0.54 

23.07 

2.7780 

20.60 

18.74 

41.81                     43.67 
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2.30 

1.64 

0.66 

28.70 
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70 

2.20 

1.46 

0.74 

33.64 
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20.80 

13.80 

47;44                    54.44 

80 

2.30 

1.48 

0.82 

35.65 
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20.60 

13.25 

49.90                    56.25 

90 

2.30 

1.47 

0.83 

36.07 

3.4010 

20.60 

13.15 

49.32                     36.67 

100 

2.10 

1.34 

0.76 

36.18 

3.7310 

21.40 

13.70 

49.88                   57.58 

ment  would  be  economically  feasible  would  depend 
on  various  conditions.  In  the  preparation  of  mixed 
fertilizer  it  might  be  possible  to  utilize  the  excess  acid 
by  mixing  with  rock  phosphate  and  thus  reduce  the 
cost  of  the  treatment. 

CONCLUSION 

The  examination  of  the  various  garbage  tankages 
has  revealed  no  important  fact  that  shows  that  they 
are  unsuited  for  fertilizer  material.  The  position  is 
not  taken  that  it  is  possible  to  determine  the  value  of 
a  fertilizer  material  definitely  by  present  methods  of 
chemical  analysis,  but  from  the  examination  the  ex- 
pectation would  seem  entirely  justified  that  the  proper 
use  of  garbage  tankage  should  give  the  usual  results 
obtainable  from  medium  or  low-grade  fertilizers. 

Garbage  tankage  offers  a  large  supply  of  nitrogen. 
At  the  present  time  ever-increasing  amounts  of  such 
ammoniates  as  cottonseed  meal  and  high-grade  tank- 
age are  being  utilized  for  feeding  purposes  rather  than 
for  fertilizer  and  there  is  a  growing  scarcity  of  high- 
grade  nitrogen  carriers.'  In  view  of  these  facts,  the 
wider  use  of  the  low-grade  materials  becomes  increas- 
ingly desirable.  The  intelligent  use  of  garbage  tank- 
age will  make  available  the  not  inconsiderable  nitro- 
gen which  it  is  able  to  supply  to  the  fertilizer  trade 
and  at  the  same  time  will  tend  to  result  in  a  larger 
conservation  of  the  garbage  of  the  cities  with  in- 
creased benefit  to  them. 

Bureau  of  Soils 

U.  S.  Department  of  Agriculture 

Washington,   D.  C. 


THE  IDENTIFICATION  OF  EMODIN-BEARING  DRUGS 

By  W.  S.   Hubbard 
Received  January  29,  1917 

Emodin  and  emodin-like  compounds  are  found  in 
the  various  species  of  Aloe,  family  Liliaceae;  various 
species  of  Rheum,  family  Polygonaccac;  various  species 
of  Cassia,  family  Leguminosae,  to  which  belongs  senna; 
Xantlioxylum  liiigoassuiba  St.  Hil.,  family  Rytaccae; 
various  species  of  Rhamnus,  family  Rhamaccac,  to 
which  belong  cascara  and  frangula;  Rumex  eckloniaiius 
Meissn;  Polygonum^  cuspidatum  Sieb.  et  Zucc,  family 
Polygonaceae;  Xanthoxylum  lingoassuiba  St.  Hil.,  a 
native  of  Brazil,  is  not  very  well  known  and  apparently 
not  used.  Rumex  ecklonianus'  is  an  herb  indigenous 
to  South  Africa  where  it  has  been  used  in  medicine 
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to  some  extent.  It  will  be  noted  that  it  belongs  to  the 
same  family  as  rhubarb,  as  does  also  Polygonum 
cuspidatum^  Sieb.  et  Zucc,  which  is  indigenous  to 
China  and  Japan.  The  U.  S.  Pharmacopoeia,  8th 
Edition,  recognized  all  species  of  Aloe,  while  the  9th 
Edition  recognizes  only  Perryi  Baker,  vera  Lanne  and 
ferox  Miller.  The  U.  S.  Pharmacopoeia  recognizes 
the  species  frangula  and  purshiana  of  Rhamnus  under 
the  names  of  frangula  and  cascara  sagrada;  those 
species  of  Rheum  which  come  from  China  and  Thibet; 
the  species  of  aculifolia  and  angustifolia  of  Cassia 
under  the  commercial  names  of  Alexandria  and  India 
senna. 

A  great  deal  of  work  has  been  done  on  the  con- 
stituents of  the  emodin-bearing  drugs,  notably  by 
Tschirch  and  his  co-workers  in  Switzerland  and  by 
Power  and  his  co-workers  in  England.  Reference 
to  the  more  important  work  prior  to  1911  may  be 
found  in  "Die  Pflanzenstoffe"  (Wehmer).  The 
principal  constituents  of  Aloes  as  given  by  Wehmer 
are  aloin,  barbaloin,  isobarbaloin,  emodin,  and  aloe- 
tesin. 

The  constituents  of  Cascara  are  best  given  by  H.  A. 
D.  Jowett^  and  summarized  as  follows: 

"i — In  addition  to  emodin,  the  presence  of  which  in 
the  bark  was  fully  confirmed,  a  small  amount  of  a  sub- 
stance isomeric  with  emodin,  melting  at  183°  C.  was 
found.      Glucose  also  occurs  in  the  bark. 

"2 — No  evidence  whatever  could  be  obtained  of  the 
existence  of  chrysophanic  acid  or  chrysarobin  in  the 
bark,  or  of  glucosides  yielding  on  hydrolysis  emodin, 
chrysophanic  acid  or  rhamnetin. 

"3 — It  was  impossible  to  isolate  a  pure  substance 
corresponding  to  either  cascarin  or  purshianin. 

"4 — Attempts  to  obtain  the  bitter  principle  or 
derivatives  of  it  in  crystalline  form  were  unsuccessful. 

"5 — No  difference  could  be  observed  between  the 
character  of  the  fresh  (i  year  old)  and  of  the  so-called 
mature  bark  (3  years  old). 

"6 — The  examination  of  Rhamnus  purshianus  D.  C, 
and  Rhamnus  californicus  Esch.  gave  identical  results. 

"7 — A  hydrolytic  enzyme  was  isolated  which  hy- 
drolyzed  amygdalin,  but  when  administered  in  i-g. 
doses  had  no  griping  action. 

"8- — The  physiological  experiments  made  for  the 
purpose  of  locating  the  active  principle  of  the  drug 
resulted  in  the  following:  Emodin  is  not  the  active 
principle,  and  exerts  very  little,  if  any.  of  the  char- 
acteristic   aperient    action    of    cascara.     The    active 

'  Perkin,  J.  Chem.  5o<:..  67  (1895).   1084. 

'  Report  47  (1904).  of  the  Wellcome  Research  Laboratory. 
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principle  or  principles  producing  the  aperient  action 
of  the  drug  are  contained  in  the  portion  of  the  lead 
subacetate  precipitate  extracted  by  ethyl  acetate, 
which  is  soluble  in  water  and  in  alcohol." 

The  constituents  of  rhubarb  are  given  by  F.  Tutin' 
and  H.  W.  B.  Clewer.  In  their  paper  a  very  good 
review  of  the  literature  is  given  and  a  number  of  points 
are  elucidated.  The  main  constituents  isolated  were: 
Cinnamic  acid,  o.oi  per  cent;  gallic  acid,  2.2  per  cent; 
rhein,  0.12  per  cent;  emodin,  0.78  per  cent;  aloe-emodin, 
0.16  per  cent;  emodin  monomethyl  ether,  0.22  per 
cent;  chrysophanic  acid,  0.49  per  cent;  and  rheinolic 
acid  (an  anthraquinone  derivative);  in  addition  a 
mixture  of  glucosides  (2.0  per  cent)  of  rhein,  emodin, 
aloe-emodin,  emodin  monomethyl  ether,  and  chryso- 
phanic acid;  an  amorphous,  non-glucosidic  resin,  10.4 
per  cent.  Of  the  anthraquinone  derivatives  only  aloe 
emodin  and  chrysophanic  acid  have  any  purgative 
action,  the  mixture  of  glucosides  being  inert.  The 
chief  purgative  principle  is  the  non-glucosidic  resin. 

The  constituents  of  senna  leaves  are  given  by  F. 
Tutin.*  A  very  good  review  of  the  literature  is  given 
and  a  number  of  points  are  elucidated.  Tinnevelly 
leaves  were  found  to  contain  salicylic  acid,  rhein, 
kaempferol,  aloe-emodin,  kaempferin,  and  a  mixture 
of  the  glucosides  of  rhein  and  aloe-emodin.  Senna 
leaves  from  Lima  and  Peru  were  found  to  contain  all 
these  compounds  and,  in  addition,  isorhamnetin  and  a 
glucoside  of  isorhamnetin.  Alexandria  senna  yielded 
rhein,  aloe-emodin,  kaemferol,  and  isorhamnetin,  also 
the  glucosides  of  these.  The  glucosides  were  found 
to  be  more  abundant.  Attention  is  called  to  the  fact 
that  "Cathartic  acid"  of  Dragendorf!  has  been  for 
some  time  recognized  as  an  indefinite  mixture  of  sub- 
stances. Quite  contrary  to  what  has  been  the  usual 
belief,  and  contrary  to  the  statement  in  most  books 
dealing  with  the  subject,  no  chrysophanic  acid  was 
found  in  senna. 

While  a  great  deal  of  work  has  been  done  on  the 
constituents  of  aloes,  cascara,  rhubarb  and  senna, 
comparatively  little  has  been  done  on  the  identifica- 
tion of  them  when  in  medicinal  preparations  or  ad- 
mixtures. E.  M.  Bailey,'  reporting  some  results  ob- 
tained in  an  effort  to  find  some  color  reaction  which 
would  serve  to  dilTcrentiate  between  these  cathartics, 
states:  "While  experiments  have  thus  far  fallen  short 
of  success  in  this  respect,  they  have,  nevertheless, 
led  to  some  interesting  differences  among  the  oxy- 
mcthylanlhraquinones  themselves."  A  separation  is 
made  of  the  anthraquinone  compounds  by  means  of 
ammonium  carbonate,  sodium  carbonate  and  sodium 
hydroxide,  the  method  employed  by  Tschirch,  the 
Wellcome  Research  Laboratories  and  others. 

The  greater  part  of  the  work  along  these  lines  has 
been  on  the  chemical  identification  of  aloes  and 
dirtcrcntialion  of  the  species. 

A  majority  of  the  nostrums  on  the  market  contain 
one  or  more  of  the  cmodin-bcaring  drugs.     In  order  to 

<  J    Clum.  So€  ,  n   (IVII).   '>*(<  or    ff/f,»(   IM   (1911)    W»llcom»   R»- 
•cMrcti   l.utitirntory. 

<  J    (  »«m    Sitr  .  IM  (Ifll.l).  }mv,,  lit  K»f.wl  IIT  (1»H),  Wrllconir  Hr- 
■varch  l.nliiirntnrir* 
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identify  the  drugs  separately  and  in  mixtures  some 
recognized  tests  have  been  combined,  and  others  de- 
veloped as  outlined  below.  It  is  necessary  to  try  the 
tests  on  authentic  samples  in  order  to  become  familiar 
with  the  colors  produced  by  the  individual  substances 
and  by  different  combinations.  The  procedure  indi- 
cated has  been  followed  with  success  by  various  analysts 
in  the  Bureau  of  Chemistry  during  the  past  year  and  a 
half.  After  some  experience  the  analyst  should  have 
little  difSculty  in  the  identification  of  aloes,  cascara, 
rhubarb,  and  senna.  Frangula  responds  to  the  same 
tests  as  cascara. 

PREPARATION    OF    SAMPLE 

In  the  case  of  liquids  evaporate  about  lo  cc.  to  a 
pasty  consistency  in  a  porcelain  dish,  acidulate  with 
hydrochloric  or  sulfuric  acid,  and  extract  the  contents 
of  the  dish  several  times  with  ether,  stirring  with  a 
glass  rod  and  pouring  off  the  ether  into  a  test  tube. 
With  pills  or  other  solid  material  it  is  necessary  only 
to  powder,  acidulate  and  extract  with  ether  as  de- 
scribed. 

BORNTRAGER    REACTION' 

To  a  portion  of  the  ether  extract  is  added  ammonia 
water  or  dilute  alkali.  If  emodin  or  other  anthra- 
quinone compounds  are  present  a  red  color  develops 
in  the  water  layer. 

Phenolphthalein  also  gives  this  reaction,  but  if  some 
of  the  ether  solution  is  evaporated  to  dryness  and 
sodium  or  potassium  hydroxide  solution  (5-10  per  cent) 
added,  the  color  given  by  phenolphthalein  disappears 
after  a  short  time  (an  hour  or  two),  while  the  color 
of  the  anthraquinone  compounds  is  permanent.  If 
phenolphthalein  and  anthraquinone  compounds  are 
both  present  the  method  of  Warren'  should  be  used  for 
separating  them.     It  is  as  follows: 

"The  preparation  in  the  form  of  a  syrup  is  diluted 
with  water,  faintly  acidified  and  filtered  to  remove 
most  of  the  phenolphthalein.  The  filtrate  is  neutralized 
with  ammonia  water,  evaporated  to  a  very  thick  syrup 
which  is  extracted  while  warm  with-  acetone,  and 
rendered  slightly  acid  with  hydrochloric  acid.  The 
extraction  is  made  by  stirring  with  successive  portions 
of  the  solvent'  and  decanting  from  the  residue.  The 
acetone  fractions  arc  united,  evaporated  to  dryness 
on  the  water  bath,  the  residue  twice  moistened  with 
alcohol  and  the  alcohol  evaporated  in  order  to  remove 
the  last  traces  of  acetone.*  The  residue  is  taken  up 
in  diluted  sodium  hydroxide  solution,  filtered,  and  a 
slight  excess  of  iodine  test  solution  added,  followed 
after  a  few  minutes  by  the  addition  of  a  slight  oxicss 
of  hydrochloric  acid.  The  container  is  cooled  below 
15°  C.  for  on  hour  and  the  contents  filtered.  The 
phenolphthalein  is  thus  precipitated  as  tctraiodo- 
phtholcin,  o  substance  which  is  very  insoluble  in  water. 
The  solution  is  then  treated  with  a  sliRht  exccsw  of 
sodium  sulfite,  lo  remove  free  iodine,  and  shaken  with 
chloroform.  The  chloroform  is  evaporated  to  dryness 
ond  the  residue  treated  with  a  dilute  solution  of  sodium 
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hydroxide  which  develops  a  red  color  in  the  presence  of 
anthraquinone  compounds." 

Another  method,  described  by  E.  M.  Bailey,'  is  of 
about  equal  value  for  the  elimination  of  phenol- 
phtlialein  and  also  eliminates  curcumin  (the  coloring  , 
substance  of  Curcuma  longa)  and  haematoxylin.  The 
solution  is  treated  with  zinc  dust  in  the  presence  of 
25  per  cent  sodium  hydroxide  and  the  anthranol  is 
oxidized  back  to  chrysophanic  acid  by  means  of 
hydrogen  peroxide.  In  a  later  paper-  Bailey  states 
that,  "The  reaction  utilized  to  identify  chrysophanic 
acid  in  the  presence  of  phenolphthalein  serves  also  as 
a  test  for  oxymethylanthraquinones,  generally,  and  is 
much  more  specific  for  this  group  than  the  Born- 
trager  reaction." 

The  procedure  is,  however,  so  complicated  that  it 
would  rarely  be  used  in  place  of  the  Borntrager  re- 
action. Since  all  the  emodin-bearing  drugs  discussed 
in  this  paper  contain  oxymethylanthraquinones,  the 
reaction  described  does  not  help  to  distinguish  between 
the  individual  emodin-bearing  drugs. 
BORAX  test' 

After  the  presence  of  an  anthraquinone  compound 
is  shown  by  the  Borntrager  test  and  phenolphthalein 
is  shown  to  be  absent  or  is  eliminated  by  one  of  the 
methods  given,  the  borax  test  is  applied.  To  a  portion 
of  the  ether  extract  in  a  test  tube  is  added  an  equal 
amount  of  saturated  borax  solution.*  In  the  presence 
of  aloes  a  green  fluorescence  develops  in  the  aqueous 
layer.  It  sometimes  requires  half  an  hour  for  the 
fluorescence  to  become  noticeable.  With  the  borax 
solution  rhubarb  shows  an  old  rose  color,  cascara  a 
brown  and  senna  sometimes  a  light  brown  but  usually 
no  color.  With  a  little  experience  there  is  no  diffi- 
culty in  distinguishing  between  cascara  and  senna. 
From  this  borax  test  an  idea  is  obtained  of  the  particular 
drug  present,  and  confirmatory  tests  are  then  ap- 
plied. 

ALOliS 

The  borax  test  is  carried  out  as  described  in  the 
U.  S.  Pharmacopoeia,  9th  Ed.  (1916),  p.  37.  The  test  is 
best  conducted  in  a  100  cc.  graduated  cylinder  and 
allowed  to  stand  at  least  an  hour  before  deciding  that 
there  is  no  fluorescence.  One  might  be  led  to  be- 
lieve from  the  pharmacopoeia  that  this  test  is  dis- 
tinctive for  the  species  recognized,  but  as  a  matter  of 
fact  it  applies  to  all  species  of  aloes. 

Aloin'  gives  the  fluorescence  test  of  aloes  either 
directly  or  when  shaken  out  with  ether.  It  does  not 
give  the  Borntrager  reaction,  but  if  ammonia  or  other 
alkali  is  added  directly  to  the  aloin  a  red  color  de- 
velops. It  is  found  that  in  carrying  out  the  Born- 
trager reaction  by  addition  of  ammonia  directly  to  the 
ether  a  fluorescence  develops  after  standing  a  short  time. 

1  This  Johrn.m.,  6  (1914),  320. 

'  Am.  J    I'harm..  87  (1915).  15,V 

'  Pharm.  Wcfkblad,  26,  Maart.  1893.  I..  SchoiiU-lcn  The  author 
claims  the  test  to  he  sensitive  one  part  in  ten  thousand.  In  searching  for 
this  reference,  the  name  has  been  found  spelled  three  different  ways,  and  in 
no  place  has  the  correct  reference  been  given  to  the  original.  In  one  case 
[Jahrhrr.  dtr  Pharm, 21  (1892).  112),  the  reference  gives  the  correct  publica- 
tion but  (he  wrong  year. 

*  The  original  test  was  for  an  aqueous  solution  of  aloes. 
U.  S.  Pharmacopoeia.  9th  Ed  .  HIS,  .18. 


It  is  said  that  aloes  are  sometimes  found  which  do 
not  contain  emodin'  but  so  far  as  the  author  can 
ascertain  this  is  very  rare.  It  has  no  bearing  on  the 
borax  test.  If  emodin  is  absent  it  will  of  course  fail 
to  give  the  Borntrager  reaction. 

Other  tests  for  aloes  have  been  proposed:  Klunge's 
reaction'  by  the  addition  of  copper  sulfate  gives  a 
yellow  color  and  after  addition  of  salt  and  alcohol  a 
red  color  develops.     This  is  not  distinctive  for  aloes. 

Kremel's  Chrysaminic  Acid  Test'  by  the  trans- 
formation of  aloin  to  chrysaminic  acid  by  evaporation 
with  nitric  acid  and  addition  of  ammonia  or  other 
alkalies.  This  reaction  is  also  given  by  silbstances 
other  than  aloes. 

The  Hirschsohn's  test*  is  applied  after  purification 
with  basic  lead  acetate.  To  lo  cc.  of  the  filtrate  add 
a  few  drops  of  copper  sulfate  solution  and  hydrogen 
peroxide  and  warm,  but  not  to  boiling.  In  the  presence 
of  aloes  a  deep  red  color  appears,  which  increases  in 
intensity  on  standing.  This  is  not  distinctive  for 
aloes. 

Mossier'  describes  a  method  to  avoid  the  precipita- 
tion of  aloin  with  foreign  oxyanthraquinones,  etc.,  by 
lead  acetate  whereby  the  Hirschsohn^  and  borax  test 
for  aloes  are  more  distinctive.  It  is  claimed  that 
0.2  g.  of  aloes  can  be  detected  in  a  mixture  containing 
5  g.  of  rhubarb,  frangula  or  cascara.  The  method  is 
rather  tedious  and  must  be  followed  very  carefully  to 
obtain  satisfactory  results. 

RHUBARB 

An  aqueous  solution  of  chlorinated  lime  is  added 
to  a  portion  of  the  ether  extract  and  in  the  presence  of 
rhubarb  a  red  color  appears  in  the  water  solution. 
Sometimes  only  a  red  ring  forms  at  the  point  of  contact 
of  water  and  ether,  and  if  large  quantities  of  rhubarb 
are  present  a  red  precipitate  is  formed  between  the 
ether  and  water.  Chlorine  water  will  not  react.  Both 
calcium  chloride  and  calcium  oxide  give  a  pink  to  red 
color  with  aloes,  cascara  and  senna,  as  well  as  with 
rhubarb.  If  a  saturated  aqueous  solution  of  ferric  or 
ferrous  sulfate  is  used  instead  of  the  solution  of 
chlorinated  lime,  the  water  layer  assumes  a  blue  color, 
sometimes  quite  faint,  but  evident  when  viewed  with 
a  white  background.  Aloes,  cascara  and  senna  do  not 
respond  to  this  test.  At  the  present  time  the  causes 
of  these  two  reactions  are  not  known  and  the  questions 
are  being  studied.  It  is  necessary  to  have  both  of 
these  tests  positive  before  reporting  rhubarb,  for 
samples  of  senna  have  been  found  on  two  occasions 
which  gave  the  test  with  chlorinated  lime.  St.  John' 
has  found  that  Acer  spicatum  gives  the  test  with  the 
iron  salt.  There  has  been  recently  imported  into  this 
country,  previous  to  the  European  war,  a  preparation 
of  i,S-dioxyanthraquinone,  called  "Istizin,"  used  for 
the  same  general  purpose  as  aloes,  cascara,  rhu- 
barb,   and   senna.     It   gives   the    Borntrager   reaction 

1  II.  Herisscy,  J.  Pharm.  Chim..  5  (1912).  393. 

'  Through  Pharm.  Post.  46  (1913),  313 

'  Pharm.  Post.  1695,  421. 

<  Pharm.  /.enlralhalU.  1901,  64. 

»  Pharm.  Post.  46  (1913),  313. 

'  Loc.  cit. 

'  .4m.  Pharm.  Jour..  January,  1917. 
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and  the  reaction  with  a  solution  of  chlorinated  lime, 
but  does  not  give  the  test  with  the  iron  salt  or  borax 
solution. 

ALOES    AND    RHUBARB 

When  these  substances  are  present  in  about  equal 
amounts,  or  rhubarb  in  excess,  it  is  well  to  extract  the 
acidified  material  with  ether  until  practically  no  more 
yellow  color  is  removed.  The  residue  is  then  ex- 
tracted with  hot  water  and  tested  according  to  the 
directions  given  in  the  U.  S.  Pharmacopoeia.'  If 
the  aioes  is  in  excess,  rhubarb  does  not  interfere. 

CASCARA    AND    ALOES 

The  cascaia  jlution  sometimes  gives  a  fluorescence 
which  need  not  be  confounded  with  aloes  since  the 
fluorescence  of  the  former  has  a  brown  color;  neither 
need  it  be  confused  with  a  mixture  of  rhubarb  and 
aloes,  for  the  presence  of  rhubarb  produces  a  reddish 
color  and  is  easily  identified  by  the  special  tests  already 
described.  If,  however,  aloes  and  cascara  are  both 
present,  the  fluorescence  and  brown  color  will  both 
appear,  in  which  case  it  is  best  to  carry  out  the  test 
according  to  the  directions  given  in  the  U.  S.  Phar- 
macopoeia, 9th  Edition,'  and  carry  the  dilution  to 
500  cc.  in  a  cylindrical  graduate,  at  which  concentra- 
tion the  fluorescence  of  aloes  will  be  very  prominent 
and  that  of  cascara  will  have  disappeared.  Prepara- 
tions containing  "cascarin"  may  be.  identified  as 
cascara,  for  it  has  been  shown  that  "cascarin"^  is  not 
a  definite  chemical  compound  and  contains  the  anthra- 
quinone  compounds  as  well  as  the  active  constituents. 

The  colors  produced  by  an  aqueous  solution  of  the 
following  chemicals  on  the  ether  extractions  of  these 
drugs  were  found  to  be  as  follows: 

AhUONIITM    TllIOCYANATIi 

Senna — yellow  to  brownish  color  in  water  luyer. 
Rhubarb — green  to  yellowish  color  in  water  layer. 
Cascara-  -brownish  to  rose-red  color  in  water  layer. 
Aloes-  red  in  ether  and  brown  in  water  loycr. 

Ammonium  Molybdats 
Aloes  and  cascara — no  color  chanijc. 
Rhubarb — mahogany-brown  in  water  layer. 
Seooa — very  light  brown  to  yellowish  in  water  layer. 

Ammonium  sulfate,  ammonium  persulfate  and  am- 
monium oxalate  give  no  color  change. 

Uranium  Acbtatb 
Aloc4,  cascara  and  senna-    nj  color  change. 
Rhubarb — reddish  mahogany  color  in  water  layer 

SUMMARY 

Aloes  can  be  identified  by  the  fluorescence  with 
borax  solution  no  matter  what  combination  of  emodin- 
bearing  drugs  may  lie  present. 

Rhubarb  can  bo  identified  by  obtaining  a  positive 
reaction  with  both  chlorinated  lime  and  iron  sulfate 
solutions.  No  other  substance,  so  far  as  known,  will 
give  both  reactions. 

Cascara  is  identified  by  the  brown  color  imparted 
to  the  water  solution  on  the  addition  of  borax  solution 
to  the  ether  extract  provided  the  two  tests  for  rhubarb 
are  negative.  Cascara  can  be  identified  in  any  rom- 
bination  of  the  cmixlin  bearing  drugs  if  rhubarb  is 
absent. 

'  Loi   til 
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Senna  is  the  most  difficult  to  detect  and  is  identified 
by  its  failure  to  respond  to  any  except  the  Born- 
trager  reaction.  It  is  sometimes  difficult  to  get  senna 
to  respond  even  to  the  Borntrager  reaction  and  this  is 
no  doubt  due  to  the  fact  that  glucosides  of  the  anthra- 
quinone  compounds  are  present  in  greater  quantity 
than  the  compounds  themselves.  Senna  cannot  be 
identified  in  combination  with  any  of  the  other  drugs. 
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THE  DETERMINATION  OF  ALCOHOL  AND  WATER  IN 
ETHER  FOR  ANAESTHESU 

By   R.   L     Perkins 
Received  December  29,  1916 

The  Pharmacopoeia  (U.  S.  P.  IX,  p.  32)  describes 
ether  for  anaesthesia  as  containing  between  2.5  and 
4.5  per  cent  of  alcohol  and  a  little  water.  No  method 
is  given  for  determining  either  of  these  substances 
and  there  has  been  much  uncertainty  in  the  past  as 
to  the  amounts  of  them  present  in  anaesthetic  ether. 

Quite  recently  Mallinckrodt  and  Alt'  have  pub- 
lished a  method  in  which  the  water  is  determined  by 
absorbing  it  with  potassium  carbonate  and  weighing 
the  latter  and  the  alcohol  is  determined  in  the  dehy- 
drated mixture  by  specific  gravity. 

This  method  appears  to  give  satisfactory  results 
but  it  seemed  to  the  writer  simpler  to  determine  water 
by  the  specific  gravity  of  the  original  mixture. 

Regnauld  and  Adrian'  suggested  this  method  in 
1864.  They  worked  out  a  table  of  densities  of  ether- 
alcohol-water  mixtures.  By  means  of  this  table. 
alcohol  was  determined  from  the  specific  gravity  of 
the  sample  after  dehydration  with  potassium  carbonate. 
Water  was  then  determined  from  the  specific  gravity 
of  the  original  mixture.  Their  results  were  expressed 
only  to  the  third  decimal  place.  Since  it  requires 
a  change  of  about  i  per  cent  of  alcohol  or  0.2  per  cent 
of  water  to  affect  the  third  decimal  place,  the  results 
obtained  by  the  use  of  their  table  would  be  crude  at 
best. 

So  far  as  is  known  to  the  writer  no  better  data  have 
since  been  published.  The  work  described  below 
was,  therefore,  undertaken  for  the  purpose  of  supply- 
ing more  satisfactory  figures. 

SPECIFIC    GRAVITIES    OF    MIXTURES    OF    ETHER,    ALCOHOL 
AND    WATER 

Pure  ether  was  prepared  as  follows:  Anaesthetic 
ether  was  shaken  out  three  times  with  water  and  twice 
with  alkaline  iiermanganate  solution.  It  was  then 
dried  several  times  over  calcium  chloride,  and  distilled. 
The  specific  gravity  was  still  high  (about  0.7100  un- 
corrected), evidently  tlue  to  incomplete  dehydration. 
It  was,  therefore,  allowed  to  stand  over  about  10 
per  cent  of  its  weight  of  ilricd  potussiunt  carbonate 
for  several  days.  The  specific  gravity  was  now  o.7og08 
uncorrected  or,  corrected  to  vacuum  and  15*,  Js" 
on  the  hydrogen  scale.  o,7O00.v  This  compares  very 
favorably  with  the  absolute  ether  obtained  by  Mallinck- 
rodt ami  Alt  and  others. 
>  Tiiw  jot'UMAL.  •  (i<'i6).  tor 
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Mixtures  of  this  pure  ether  with  different  amounts 
of  absolute  alcohol  (99.2  per  cent  by  weight)  and 
water  were  made  by  weighing  the  water  and  alcohol 
into  a  graduated  flask  and  diluting  up  to  the  mark 
with  the  ether.'  The  flask  was  immersed  in  the  thermo- 
stat for  some  time  before  the  final  dilution  was  made. 
Amounts  of  alcohol  and  water  were  taken  which  would 
correspond  to  definite  volumes,  so  that  the  percentages 
were  all  by  volume. 

The  specific  gravity  determinations  were  made  by 
means  of  pycnometers.  These  consisted  of  flasks 
holding  a  little  less  than  50  cc.  and  having  a  narrow 
neck  (about  2  mm.  bore).  These  were  filled  with  the 
ether    solutions     and     immersed    in     the    thermostat 
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level  was  kept  constant  by  means  of  an  overflow.  The 
stirrer  was  a  bent  piece  of  glass  tubing  with  holes  at 
the  bends.     It  was  rotated  by  means  of  a  water  motor. 

The  temperature  was  indicated  by  a  Fahrenheit 
thermometer  which  was  carefully  compared,  at  25°  C, 
with  a  Centigrade  thermometer  which  had  been  stand- 
ardized by  the  Bureau  of  Standards.  The  determina- 
tions were  made  at  25°/25°  on  the  mercury  scale.  The 
temperature  of  the  bath  could  be  maintained  within 
about  0.02°  to  0.03°  C.  of  this  temperature.  This 
amount  of  variation  in  temperature  makes  a  varia- 
tion in  specific  gravity  of  about  =t  0.00002  or  ±0.00003. 

The  results  are  given  in  Table  I.  They  are  un- 
corrected   for    the    buoyancy    of    the    air.      These    re- 


Spbcii'ic 

Specific 

Specific 

Specific 

SpBcmc 

PR 

Gravity 

Per  cent 

Gravity 

Per  cent 

Gravity 

I'E 

R  CENT 

Gravity 

Per  CENT 

GRAvmr 

Ale 

Water 

Detns. 

Mean 

Ale 

Water 

Detns.      Mean 

Ale 

Water    Detns.     Mean 

Ale 

Water 

Detns.     Mean 

Ale 

Water     Detns,     Mean 

0 

0 

0.70970 
0.70968 
0.70967 

0.70968 

0.006 

0.71092 
0.71092  0.71092 

2 

0.012 

0.71205 
0.71206  0.71205 

3 

0.018 

0.71322 
0.71323  0.71322 

4 

0.25 

0.71428 
0.71428 
0.71427 
0  71430  0.71429 

0 

0.25 

0.71100 
0.71100 

0.71100 

0.25 

0.71218 
0.71220  0.71219 

2 

0.25 

0.71334 
0.71333  0.71333 

3 

0.25 

0.71447 
0.71448  0.71447 

4 

0.25 

0   71555 
0.71557  0.71556 

0 

0.50 

0.71242 
0.71239 

0.71240 

0.50 

0.71358 
0.71359  0.71358 

2 

0.50 

0.71473 
0.71475  0.71474 

3 

0.50 

0.71580 
0.71582  0.17581 

4 

0.50 

0.71690 
0.71693  0.71691 

0 

0.75 

0.71368 
0.71372 
0.71367 

0.71370 

0.75 

0.71490 
0.71490  0.71490 

2 

0.75 

0.71612 
0.71613  0.71612 

i 

0,75 

0,71720 
0.71720  0.71720 

4 

0.75 

0.71828              -H 
0.71828  0.71828 

0 

1.00 

(<») 

1.00 

0.71622 
0.71622  0.71622 

2 

1  .00 

0.71743 
0.71741    0.71742 

3 

1.00 

0.71848  ■ 
0.71853  0.71850 

4 

1    00 

0.71955 
0.71959  0.71957 

(a)  Water  is  not  soluble  it 

1  ether  to  th 

s  extent. 

until  the  meniscus  level  was  constant.  The  level 
was  then  brought  to  the  mark  on  the  neck  and  the 
flask  dried  and  weighed  to  the  nearest  half  milligram. 
A  granite  ware  dish  holding  about  10  quarts  served 
as  a  thermostat.  It  was  wrapped  in  asbestos  paper 
to  prevent  too  great  radiation.  The  heat  was  fur- 
nished by  a  small  gas  flame  controlled  by  a  regulator 
filled  with  ether.  The  gas  was  supplied  through  a 
constant  pressure  apparatus.  In  the  bottom  of  the 
bath  was  placed  a  coil  of  glass  tubing  through  which 
cold  water  circulated  from  a  reservoir  in  which  the 


>  was  made  in  weighing  alcohol  and  water  for  the  amoun 
water  in  the  alcohol  so  that  the  percentages  arc  correct  except  in  the  < 
of  the  ether-alcohol  mixtures.     This  is  corrected  as  explained  later. 


suits  are  represented  in  graphic  form  in  Figs.  I  and 
II.  Fig.  I  represents  the  water  as  being  varied  and 
the  alcohol  kept  constant  for  each  curve.  It  will 
be  noticed  that  the  points  representing  ether-alcohol 
mixtures  are  not  on  the  Y  axis  but  are  somewhat  dis- 
placed to  the  right.  This  is  due  to  the  fact  that  there 
was  a  small  amount  of  water  (0.8  per  cent  by  weight) 
in  the  absolute  alcohol.  The  intersection  of  the  ex- 
tended curves  with  the  Y  axis  are  thus  the  true  values 
for  anhydrous  mixtures. 

Fig.  II  represents  the  alcohol  as  being  varied  and 
the  water  kept  constant.  The  corrected  values  ob- 
tained from  Fig.  I  were  used  for  the  alcohol-ether 
curve  in  Fig.  II. 
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DIRECTIONS  FOR  ANALYSIS — The  Specific  gravity  of 
the  ether  is  determined  at  25°/2S°-  From  100  to 
200  CO.  are  then  placed  in  a  flask,  30-50  g.  KjCOj 
added  and  the  sample  allowed  to  stand  24  hrs., 
shaking  occasionally.  The  specific  gravity  is  then 
determined  as  before. 

This  latter  value,  referred  to  the  lowest  curve  in 
Fig.  II,  gives  the  per  cent  of  alcohol  in  the  dehydrated 
ether,  which  is  very  close  to  that  in  the  original  sample.' 

The  intersection  of  a  vertical  line  through  this  point 
with  the  horizontal  line  representing  the  specific 
gravity  of  the  original  sample  corresponds  to  the  amount 

*  A  correction  could  he  made  for  the  amount  of  water  removed,  hut 
Hince  this  correction  would  always  be  less  than  (1.05  per  cent,  il  will  proliaLlv 
not  usually  be  required. 


3  4 

of  water  in  the  ether.  If  this  point  falls  on  a  curve, 
the  per  cent  is  known  from  the  fact  that  it  is  on  that 
particular  curve.  If  it  falls  between  two  curves,  the 
per  cent  is  obtained  by  interpolation  of  the  vertical 
distance  between  them. 

The  amount  of  water  can  also  be  determined  by  use 
of  Fig.  I.  Starting  with  the  specific  gravity  of  the 
dehydrated  mixture,  on  the  Y  axis,  an  imaginary 
curve  is  drawn  parallel  to  the  nearest  curve  until  it 
intersects  the  horizontal  line  representing  the  specific 
gravity  of  the  original  sample.  These  intermediate 
curves  could,  of  course,  be  actually  drawn,  using  values 
read  from  the  curves  in  Fig.  II. 

:Sl     HaUILTON    AVSN-US.   DBTROTT,    MlCIIIc-.AS 
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THE  MEASUREMENT  OF  THE  ABSOLUTE  VISCOSITY 

OF  VERY  VISCOUS  MEDIA 

By  S.  Iv.  Smiri'ARi) 

Received  November  4,  IVI6 

The  determination  of  the  viscosity,  specific  or  ab- 
solute, of  extremely  viscous  fluids,  e.  g.,  rubber,  ce- 
ments, nitrocclltilosc  solutions,  etc.,  is  a  matter  of 
some  difTiculty.  The  usual  transpiration  (tube)  vis- 
cosimctcrs  arc  not  suitable,  and  shearing  viscosim- 
eters  of  the  Couclle  type  are  only  beginning  to  be 
developed  sufficiently  in  this  direction,  while  the  various 
commercial  or  industrial  viscosimetcrs  introduced 
in  the  oil  industry  have,  perhaps  iiappily,  not  been 
applied  to  any  considerable  extent. 

The  methods  actually  employed  arc  mostly  bnscil 
illicr  on  the  fall  of  a  suitable  heavier  body  (plummet) 
ilirough  the  liquid  or  the  rise  of  a  suitable  liglitcr 
body,  r.  /{.,  oil,  globule  or  air-bubble  (Cochius).  The 
values  obtained  have  usually  been  taken  as  arbitrary 
empirical  standards,  and  little  data  exist  on  the  tech 


nical  application  of  these  methods,  either  for  relative 
(specific)  or  absolute  measurements  of  the  viscosity 
coefficients. 

None  the  less,  the  fall  of  an  accurately  spherical 
body  of  suitable  density  and  size  depending  upon  the 
absolute  viscosity  offers,  by  way  of  Stokes'  law  for 
the  terminal  velocity  of  fall  of  such  a  spherical  body, 
a  ready  and  fairly  precise  method  for  absolute  measure- 
ment. The  ground  for  this  was  broken  in  the  invest! 
Ration  of  Stokes  on  lluitl  motion.  In  the  ca-sc  of  a 
sphere  falling  under  gravity  in  a  viscous  liquid,  Stokes 
showed  that  the  terminal  or  steady  velocity  when  the 
viscous  resistance  just  balances  the  force  of  gravity 
depends  only  on  the  buoyancy  and  radius  of  the 
sphere  and  the  inner  friction  or  viscosity  of  the  fluid. 
If  X  be  the  force  acting  on  the  sphere,  and  just  balanc- 
ing the  resistance  in  the  steady  slate 

X   -  6rKRV  (i) 

where  K   -  Coefficient  of  Viscosity, 
R   -  Radius  of  Sphere,  and  V   -  Velocity  of  F.1II 
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Now,  X,  the  force  acting  on  the  sphere, 

=  4/3'rR'(i  —  s')g  (2) 

where  s  =  Density  of  Sphere, 

s'  =  Density  of  Liquid,  and  g  =  Gravitational  Constant. 
2gR'(^— ^') 


Substituting  in  (i)  K 


9V 


(3) 


Stokes'  theoretical  work  was  done  in  1840-5,  but 
the  first  experimental  discussion  of  Formula  (3)  of  any 
value  appears  to  have  been  made  by  H.  S.  Allen' 
in  1900.  An  extensive  theoretical  and  experimental 
investigation  on  Stokes'  law  was  made  by  R.  Laden- 
burg,^  with  results  which  will  be  noted  immediately. 
H.  D.  Arnold'  has  made  a  valuable  investigation  of 
the  same  problem,  which  is  best  discussed  in  connec- 
tion with  Ladenburg's  work.  I  have  been  unable  to 
obtain  access  to  a  paper  by  Flower.^ 

Arnold  points  out  in  the  paper  cited  that  in  the 
mathematical  deduction  of  the  original  formula  certain 
assumptions  are  made,  notably: 

(i)  That  the  discontinuities  of  the  fluid  are  small 
compared  with  the  size  of  the  sphere. 

(2)  That  the  fluid  is  infinite  in  extent. 

(3)  That  the  sphere  is  smooth  and  rigid. 

(4)  That  there  is  no  slip  at  the  surface  between 
sphere  and  fluid. 

(5)  That  the  velocity  of  the  sphere  is  small. 

As  regards  the  first  assumption,  Cunningham'  has 
investigated  theoretically  and  Millikan^  experimentally 
the  effects  of  a  violation.  They  have  shown  that  in 
the  case  of  a  very  small  sphere,  falling  in  a  gas,  there 
is  a  considerable  departure  from  the  value  by  the  simple 
formula.  Arnold,  working  only  with  fairly  simple 
liquids  (oils  of  low  viscosity)  and  comparatively  large 
spheres,  considered  that  for  his  work  the  assumption 
was  sufficiently  justified.  In  the  case,  however,  of 
complex  fluid  media,  of  colloidal  nature,  such  as  those 
referred  to,  starch  sols,  gelatine  and  other  albuminoid 
solutions,  the  industrial  chemist  frequently  requires 
a  fairly  accurate  mean  value  of  the  viscosity  for  solu- 
tions which  may  readily  have  internal  discontinuities 
of  considerable  magnitude.  If  spheres  very  much 
larger  than  these  discontinuities  are  used,  he  may  yet 
not  have  such  ample  quantities  of  the  material  at  his 
disposal  as  to  be  able  to  approach,  with  these  larger 
spheres,  fulfillment  of  the  second  assumption  either 
in  the  absolute  limit  proper  to  the  simple  Stokes' 
law,  or  in  the  restricted  form  obtained  by  Ladenburg. 
The  latter  found'  that  if  the  liquid  is  contained  in  a 
cylinder  of  circular  cross-section  of  radius  R'  and  of 
length  L,  that  the  following  modified  form  held  up 
to  a  certain  limit. 


where  V 


K  =      R^  ^., 
9         V 

S(i   +  2.4R/R')(i  +  3-3R/L) 

T 

S  =  Length  of  Fall  in  Steady  State 

T  =  Time  of  Fall  of  Length  S 

1  Phil.  Mag..  1900,  323. 

»  Ann.  phys..  SI  (1907).  287:  IS   (1907),  447. 

'Phil.  Mag..  It  (1911),  755. 

«  Proc.  A.  S.  r.  M..  Part  II,  1«  (1914),  591. 

»  Proc.  Roy.  Soc.  (A)  8S  (1910),  357. 

•  Phys.  Rev.,  April,  1911. 

'  Loc.  cit. 


_    Radius  of  Sphere  _    Diameter  of  Sphere 
Radius  of  Cylinder      Diameter  of  Cylinder 
.      _  Radius  of  Sphere 

Height  of  Liquid  Column 

Using  this  corrected  form  he  obtained  for  the  vis- 
cosity of  Venice  turpentine,  with  a  series  of  steel 
spheres,  the  value  K  =  1343,  whereas  the  value  by 
Poiseuille's  law  and  the  capillary  tube  method  at  the 
same  temperature  was  K  =  1325.  This  appears  to 
have  been  the  first  direct  comparison  of  these  two 
methods,  and  the  agreement  to  within  1.3  per  cent 
shows,  Arnold  points  out,  the  validity  of  the  corrected 
formula  in  the  case  of  liquids  of  high  viscosity.  We 
shall  return  to  Ladenburg's  formula  immediately. 
With  regard  to  surface  slip,  the  position  is  as  follows. 
Following  Arnold,  we  may  modify  Stokes'  law  by  an 
expression  for  the  coefficient  of  sliding  function,  when 
we  have  for  the  terminal  velocity  V 


2gR^{s  —  s') 
9K 


I  + 


K 


j3R  +  2K 


which  for  /3  =  0°  reduces  to  the  original  form,  but 
for  j3  =  o  gives  a  value  50  per  cent  higher.  Experi- 
mentally, to  test  this  factor,  it  is  necessary  to  use  a 
sphere  of  sufficiently  small  radius  in  a  liquid  of  high 
viscosity.  The  simplification  of  the  mathematical 
analysis,  allowing  terms  of  the  order  of  the  square 
of  the  velocity  (so-called  inertia  terms)  to  be  neglected, 
is  only  permissible  when  assumption  (5)  is  obeyed. 
This  can  be  shown  to  hold  only  when  the  velocity  is 

small  compared  with    „-.     The  value  of   R    for   which 


iR" 


K 


V    =     "     is  called    the    critical    radius    and    may    be 
5R 

designated  Re-     Various  observers  have  assumed  that 

the  upper  limit  of  radius  for  which  the  simple  formula 

may   be   used   is   of  the   order 

R  R 

-  '  (Ladenburg)  to    ,  "    (Zeleny). 
10  V 10 

EXPERIMENTAL 

The  experimental  results  detailed  in  the  following 
were  not  made  with  a  view  to  precision  determination 
of  the  validity  of  Stokes'  law,  simple  or  corrected,  but 
to  find  under  what  conditions  it  could  be  used  for  ap- 
proximate determinations  of  the  absolute  viscosity 
of  the  very  viscous  media  referred  to.  It  may  be 
pointed  out  that  the  determination  of  an  absolute 
value  involves  in  itself  no  greater  precision  than  that 
of  a  specific  or  relative  value  of  a  physical  constant. 
The  essential  point  is  that  the  value  is  obtained  directly 
from  a  function  of  the  variables  and  in  terms  of  abso- 
lute units,  as  (M),  (L),  (T)  =  grams  :  centimeters; 
seconds.  The  requirements  as  to  precision  depend 
upon  the  purpose  of  the  determination,  and  may  be 
less  than,  equal  to,  or  greater  than,  those  for  a  de- 
termination of  a  specific  or  relative  value  of  a  constant 
according  to  the  requirements  in  view. 

As  readily  obtainable  rigid  spheres  of  considerable 
precision  of  figure,  steel  ball  bearings  were  used.  Their 
dimensions  were  as  follows: 
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Diameter  Diametei 

Inches  Mm. 

,.    .    '/,  6.35 

. ..    >/>  9.525 

,  ...    i/j  12.70 


Precision 

Per  cent 

=t0.04 

=t0.03 

=•=0.02 


0.13406 
0.45246 
1 .07249 


The    specific    gravity    of   hardened    steel    is   stated    to 
be  7.6-7.8. 

As  corroborating  the  truth  of  the  spherical  figure, 
the  average  deviation  in  weight  of  6  balls  of  each  size 
was  determined.  The  results  showed  that  while  the 
mean  deviation  was  nearly  constant,  the  per  cent 
deviation  was  as  follows: 


that  is,  the  deviation  increases  as  the  radius  dimin- 
ishes. Remembering  the  note  on  the  increment  of 
importance  of  rotational  movements  with  other  than 
true  spheres,  it  will  be  evident  that  diminution  in 
radius  may  be  pushed  too  far,  in  that  sphericity  is 
liable  to  become  steadily  diminished  with  decreasing 
radius,  as  well  as  less  amenable  to  direct  determination. 

METHOD    OF    EXPERIMENT 

In  all  the  experiments  the  liquid,  a  very  viscous 
solution  of  nitrocellulose,  was  contained  in  a  graduated 
cylinder  of  some  40  cm.  height,  standing  in  a  water 
jacket  at  20°  C.  +  0.2.  The  spheres  were  allowed 
to  drop  axially,  a  variety  of  releases  bfiing  employed 
as,  e.  g.,  iris  diaphragms,  etc.,  but  these  were  found 
to  be  without  influence  on  the  time  of  fall  in  the  liquid. 

Time  was  recorded  with  a  stop-watch  reading  to 
Vs  sec.  and  checked  on  a  standard  chronometer. 
Parallax  in  observing  the  transit  of  the  sphere  past 
the  selected  upper  and  lower  graduation  marks  on 
the  cylinder  was  avoided  by  having  fore-  and  hind- 
sight-lines outside  the  cylinder  aligned  in  the  same 
planes  with  the  marks  in  question. 

INFLUENCE  OF  THE  DIAMETER 

The  next  factor  investigated  was  the  influence  of 
the  cylinder  wall  or  boundary,  upon  the  time  of  fall, 
other  things  being  equal,  or  more  exactly,  the  influence 
of  the  ratio,  diameter  of  cylinder  to  diameter  of  falling 
sphere,  upon  the  experimentally  obtained  "time  of 
fall"  through  a  fixed  measured  height,  i.  c,  upon  the 
steady  velocity.  It  was  soon  apparent  that  this 
influence  is  very  considerable,  only  becoming  negligible 
when  the  ratio  in  question  becomes  very  large,  or 
approaches  infinity.  This  is  shown  in  fact  by  the 
following  figures  for  a  '/«  in.  sphere  and  19.5  cm. 
"fall"  distance. 

Ratio 1.810       2.235     J. 670     S.24J     S.672     7.875     9.340    12  51 

Time  (kc.)  270.0       162.7       81.7       62.6       58.0       51.0       50.0       48.3 

It  will  be  evident  that  as  R'/R  =■  ratio  of  cylinder 
diameter  (or  radius)  to  sphere  diameter  (or  radius) 
increases,  that  the  "time  of  fall"  or  the  "velocity 
value"  tends  to  approach  a  constant  value.  Compare 
the  curves  for  the  three  .spheres  of  different  diameters. 
As  already  stated,  Ladenburg'  has  introduced  a 
correction  term  for  the  influence  of  this  factor,  into 
the  Stokes  equation,  which  makes  this  become: 
jR»(i  — j')T 
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Ra,tio  of  Oia-meters 
Where  r  =  R'/R,  ratio  of  cylinder  to  sphere  di- 
ameters, and  the  other  symbols  have  the  significance 
already  defined.  This  expression  was  found  satis- 
factory by  both  Ladenburg  and  Arnold  within  the 
limits  of  r  which  they  employed.  In  the  present  case, 
the  expression  was  found  to  have  only  a  very  limited 
range  of  validity,  as  will  be  seen  from  the  following 
data: 


'A  In.  Diameter     '/•  In.  Diameter 

Reciprocal  K,  Reciprocal 

of  r  (Ladenburg)        of  r 

0.0798  311  0.1198 

0.  107  305  Mean  0.1198 

0.127  300     K'  0.1905 

0.1762  312  0.2645 

0.1922  328  0.286 

0.2723  378.5  0.408 

0.4465  603  0.670 


'/I  In.  Diahbtbr 
K'        Reciprocal  K' 

(Ladenburg)      of  r       (Ladenburg) 
276.7Mean  0.1597  264.1 

281.5      K'     0.2141  281.5 

282.1  0.254  301.5 

311.0  0.3535  397.0 

330.5  0.381  422.5 

419.5  0.545  705.0 

1068.0 


K  - 


9S(i   +  i-A/r) 


The  only  factor  varied  in  each  set  being  r,  the  varia- 
tion of  K',  the  viscosity  constant  must  be  attributed 
to  the  insufficiency  of  Ladenburg's  correction  for  any- 
thing but  a  limited  upper  range  of  values  of  r  ap- 
proaching 00  ;  actually  in  all  Ladenburg's  experiments 
r  was  greater  than  lo.  Further,  it  will  be  seen  that 
his  expression  will  not  satisfy  the  condition  that  T' 
(corrected  time  of  fall)  becomes  infinite  for  r  =  R'  R  — 
I,  but  instead,  as  T'  (Ladenburg)  «■  T/i  +  1.4/ r 
approaches  a  constant  fixed  value  T/3.4  which  is  en- 
tirely incorrect,  and  gives  real  values  for  r  ••  R'/R'*  », 
which  is  absurd.  While  then  his  formula  is  satis- 
factory under  the  condition  employed  both  by  him 
and  by  Arnold,  it  docs  not  appear  so  for  the  wider 
range  used  in  the  present  experiments.  A  further  cor- 
rection worked  out  by  Lnilcnburg,  for  the  influence 
of  the  total  height  of  liquid  in  the  cylinder,  will  be 
dealt  with  subsctiucntly ;  it  is  independent  of  the  factor 
and  data  first  discussed. 

The  data  obtained  with  tlio  three  spheres  and  a  con- 
siderable range  of  cylinders  of  the  same  height  but 
varying  diameter,  were  plotted  ns  jfrnphs  with  T  « 
time  of  fall  ns  ordinate,  r  -  R'  R  as  nhscissa.  Since 
the  value.s  for  each  sphere  fall  on  n  smooth  curve,  and 
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SSRIBSl DiAM.  OP  SpHBRB  =  '/<  In.  =         SERIES    II DiAH.    OF   SPBBRB  =  '/•   In.     =  SBRIES  III DiAM.  OF  SPHERE    =    'A  In. 

6  35  Mm.     Fall  length  8  =   19.5  cm.  9.525  Mm.     FaU  Length   S   =    19.5    cm.  =   9.252    Mm.     Fall  Length  S   =    19.5 

Corrected   Time  of  FaU  over   Length  Corrected  Time  of  FaU  over  Length  S  =  cm.       Corrected    Time    of     FaU   over 

S      =      Too       =     T   J^:5A^  Too   =  T  —  (/l^,.  Viscosity     Coeffi-  Length  S    =    Too     =    T  —  (,  _  i,-.. 

Viscosity  Coefficient  =  K^'(s—s').«  c!ent=  K  =  ^'(s-j').«(t— ^^-yy,)  VUcosity      Coefficient    =    K    =     — 

Time  in  AK  Time  in                                               AK  Time  in  AK 

Ratio                           SECONDS           T  Per  Seconds           T                                    Per  Seconds          T  Per 

No           r                          Found      Calc.     Sees.  K       AK    cent  Found  Calc.     Sees.       K            AK       cent  Found     Calc.   Sees.  K       AK        cent 

l'    2 175.5  (314.6)  83.0  (91  28),„,^,  «-5  (56.55) 

(88.8)  (23.26) (15.97)  

2  3           110  5   113  32  38.2  38.06  23.1   22.15 

46.55     361      +3+0.8  22.38     379        +44.0+10  10.68     325     -5       -1.5 

3  4  75  0        76  04  29.4     28.03  16.2      15.78 

49   10     380+22+6.0  19.59     332         —7.0     —2  10.18     325     -S       —1.5 

4  5  63  6       62  97  25.1      24.51  13.1      13.55 

*  ^ 45.80     355     —3—0.8  19.82     336         —3         —0.9  10.05     306—24       —7.0 

5  6  57   2       56  92  23.2     22.89  12.0      12.52 

^  * 43.75     339-19-5.5  19.32     327       -12         -3  11.69     356+26        +7.0 

6  7  53    1        53  64  22.0     22.01  11.9      11.96 

"  ' 45  20     352     —8—0.2  18.61      316       —23  —6  11.51      350+20        +6.0 

7  8  51   0       51   67  21.1      21.48  11.8      11.62 

47.00     364      +6+1.6  20.23     343  +4         —1  10.95     334      +4        +1.3 

S  q  SO    1  SO  38  20.9      21.13  11-6      11.41 

*  ^  47.00     364      +6+1.6  19.93     338         -1  -0.3  10.70     326     — »       -1.3 

9  10  49  5  49  51  20.4     20.89  11.4      1 1 .  2j 

46.55     360      +2+1.0  20.15     342  +3  +0.9  10.81      329     —1        —0.3 

10  11  48  9       48  87  20.6     20.72  113     11.15 

'"  ' 45  40     352     —6—1.2  20.00     339  0  0  10.75     327     —3       —0.5 

11  12  48  2       48  41  20.5     20.59  11-2     1107 

45.52     353     -5-1.3  20.00     339  0  0  10.61      323     —7       —2.0 

12  13  47   8       48  05 20.4     20.50 11. 1      HOI 

46.187  358     =p8=f2.0  20.03     339.1      =r9.3      =f2.7  10.685   330      ^9.9=f2.8 

Mean  value  Too      =46.19  sees.  Mean  value  of  Ta  =  20.03  sees.  Mean  value  of  T»    =    10.685  se« 

Mean  value  of  K  =  358  =p   8.  Mean  value  of  K     =  339  =p   9.  Mean  value  of  K      =  330. 1  *   9.9. 

the  curves  are  quite  similar  for  the  three  spheres,  it  influence  of  the  total  height  of  liquid 

appeared  possible  that  an  empirical  formula  for  the  The  values  compared  for  the  viscosity-coefficient  K 

function  T    =  /(R'/R)    might  be  obtained,   giving  a  using  Stokes'  formula,  with  the  time  of  fall  corrected 

satisfactory  expression  for  the  influence  of  the  cylinder  to  Too  by  the  expression  just  discussed,  i.  e., 

wall  upon  the  terminal  velocity.     It  is  evident  from  „  _      ,  R^(S  —  SQg  v  -  ^/T 

inspection  of  the  curves  and  consideration  of  limiting  —  2/9  ^  ,  —     /    , 

conditions,    that    the    function    sought    must    satisfy:  K  Abs.  viscosity  k/*„  relative  to  water 

,  Sphere  Diam.  at  20°  C.  at  20"  C. 

T  approaches  <»  for  R  /R  =  r  =   i  i/,  in.  358  =f  8.0  3.58  x  lo' 

^  1  ^       J.  c        -ol  /Tt  .^  Vlin.  339=1=9.0  3.39X10' 

T  approaches  constant  for  R  /R  =  r  =    =»  i/lis,.                       330  =f  9.9                      3.30  x  io« 

These  conditions  would  be  satisfied  by  a  function  of  j^  ^.^^  ^^  ^^^^  ^^^^  ^^^  ^^^^^^  ^^  ^  although  constant 

tne  type.  j^^  ^j^^  same  series  for  one  diameter  of  sphere  and  vary- 

f  =  T  00    H •'^S  cylinder  radius,  show  some  tendency  to  diminish  as 

'*"        ^'  the  diameter  of  the  sphere  is  increased.      Now  in  all 

where  T  «>    =  constant  value  of  T  for  r  =    00  ^^^   experiments   the   total    height    of   liquid    was   the 

r  =  R'/R  (ratio  of  diameters)  ^^^^^  ^^v^  ^^  ^^^^  ^^^  it   appears   probable  that  this 

C  and  n  are  constants  falling  off  may  be  due  to  a  similar  effect  to  that  from  the 

Taking  the  exponent  n   as   i,   2,  3,  etc.,  in  turn,  the  wall,  but  in  this  case  due  to  "reflection"  from  the  bottom 

formula  reduces  to  a  2-constant  interpolation  formula,  of   the   cylinder   and   the  surface  layer  of   the  liquid, 

easily  tested  by  trial.     Actually,  with  a  value  n   =   2,  This  effect  was  in  fact  taken  up  by  Ladenburg  in 

the  expression  T   =  Too    +  C/(r  —  i)^  was  found  to  the  second  of  his  two  papers  cited,  and  he  applies  a 

represent    the   results    very    satisfactorily,    as    will    be  second,   independent   correction   term  similar  in   form 

seen   from   the   accompanying  tables   and   the   curves  to  the  one  for  the  cylinder  wall: 

S'^'^"-  17'  ^     A         .     •*  0(1  +  3-3R/L) 

^,       ,  .  .        r       ,     X-  f  t  11  V     =  steady  velocity  =  b — 

The  three  correction  equations  for  the  time  of  fall  are:  T 

jgg  where  S  =  fall  length 

(i)     T  =  46.19  +   . '—^  for  'A  in.  sphere  T  =  time  of  fall 

(f*  —  I ) 

o  R  =  radius  of  sphere 

7228 

(2)  T  =   20.03  +  f ' — ^2  for  '/»  in-  sphere  L  =  total  height  of  liquid. 

^'^        ^'  The  multiplier  of  the  term  R/L  depends  consider- 

(3)  T  =  10.685  H ^ for  Vs  in- sphere  ably  upon  the  experimental  conditions — in  Ladenburg's 

^''        ^'  case,   the   cylinders   were    24    cm.   long   and   the   fall 

The   constant    C  of  the   correction   equation   may   be  length  was  the  middle   10  cm.     In  the  present  investi- 

conveniently  termed  the  "lag."       As  will  be  seen,  it  gation,  the  height  of  liquid  was  40  cm.,  the  fall  length 

diminishes   as   the   diameter   of   the   sphere   increases,  jg  5    cm.,   in    all    except   certain   special   experiments 

and   in   fact,   within   the   range   investigated,   appears  at  nearly    lo    cm.  from  top  and  bottom  of  the  liquid 

roughly   to   approach   inverse    proportionality    to   the  column  respectively.     The  values  of  R/L  for  the  three 

mass  of  the  sphere.  spheres  were: 

No.  Diameter  Wt.  in  grams  C  C  X  Weight  Sphere  Diam.  R/L  L/R 

1 6.35  mm.                1.0472  268.45              281                                 6.35  mm.  1/126                   126 

2 9.525  mm.             3.4754  72.28              252                                9.525  mm.  1/84                       84              L  -  40  cm. 

3 12.70imm.              8.3170  45.86             380  13.70  mm.  1/63                     63 
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In  view  of  the  order  of  magnitude  of  L/R,  as  com- 
pared with  that  of  R'/R  in  these  experiments  (see 
previous  section)  it  appeared  probable  that  a  correc- 
tion of  the  linear  form,  as  used  by  Ladenburg,  would 
be  satisfactory;  that  is,  the  values  of  K  found  are 
multiplied  by  the  terms  (i  +  b.R/L)  where  6  is  a 
constant  and  R/L  is  the  particular  value  of  the  ratio 
of  radius  of  sphere  to  height  of  liquid  column,  to  give 
the  corrected  value  K.  In  this  case  three  equations 
are  obtained,  for  two  unknowns,  b  and  K.  The  mean 
value  of  b  by  solution  of  these  was  11.65,  ^nd  the 
corresponding  values  of  K'  were: 


Sphere  Diam. 

R/L 

K 

K' 

'A  iu. 

1/126 
1/84 
1/63 

358 
339 
330 

391.2 
386.0 
392.0 

On  the  other  hand,  by  plotting  K  (uncorrected  for 
height)  as  ordinate,  R/L  as  abscissa,  and  extrapolating 
the  closest  fitting  straight  line  to  cut  the  K-ordinate, 
giving  the  value  K  for  R/L  =  o  or  L/R  =  «> ,  the 
value  K  =  386.5  was  obtained.  Hence,  the  corrected 
values  are: 


Ht.  correction  applied         K 

By  formula 389.7 

Graphically 386.5 


k  (viscosity  relative  to  water  at  20*) 
3.9     X   10« 

3.87  X   10< 


The  correction  for  the  length  of  height  of  the  tube  ap- 
pears rather  large,  and  further  work  is  planned  using 
a  wider  range  of  values  of  L/R,  to  test  the  validity 
of  the  linear  correction  more  precisely,  as  well  as  a 
comparison  of  the  method  with  the  "shearing"  type  of 
viscosimeter. 

While  the  viscosity  found  is  very  high,  it  is  less 
than  that  of  the  turpentine  solution  of  colophony  used 
by  Ladenburg  (K  1343)  and  was  shown  to  be  of 
the  right  order  by  a  comparison  with  castor  oil,  at 
the  temperature  given  20°  C,  which  made  our  medium 
to  be  3.1  times  the  viscosity  of  castor  oil  which,  at 
20°   =    10,000  Ka,.' 

Hence  by  this  the  viscosity  of  our  medium  would  be 
some  31,000  times  water.  The  viscosity  of  "castor 
oil"  varies  considerably  but  the  comparison  shows 
the  result  is  of  the  right  order. 

SUMMARY 

I — The  application  of  Stokes'  law  to  viscosimetry 
is  discussed,  particularly  for  very  viscous  media,  and 
with  special  reference  to  the  influence  of  the  wall 
or  boundary  of  the  containing  vessel. 

II — An  empirical  formula  correcting  for  the  influence 
of  the  wall  of  a  cylinder  is  obtained  which  is  valid 
over  a  wide  range. 

II I^ — Using  this  formula  and  a  linear  correction  for 
the  influence  of  the  total  height  of  the  liquid  column, 
determinations  of  the  absolute  viscosity  of  very  viscous 
media  may  be  made  with  relatively  simple  apparatus, 
by  application  of  Stokes'  law. 

The  author's  thanks  arc  due  to  Mr.  \V.  H.  Davis 
for  help  in  the  experimental  work,  and  to  Mr.  S. 
Tompkins  for  assistance  in  the  computations. 
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A  SIMPLE  DEVICE  FOR  THE  AUTOMATIC  AND 
INTERMITTENT  WASHING  OF  PRECIPITATES 

By  Elbert  C.  Lathrop 
Received  January  31,  1917 

The  accompanying  illustration  shows  a  simple  and 
efficient  form  of  apparatus  for  the  automatic,  in- 
termittent washing  of  precipitates.  The  feature  which 
distinguishes  this  apparatus  from  the  well-known 
constant  level  device  is  the  capillary  tube  (represented 
in  the  figure  by  heavy  black  lines),  the  function  of  which 
is  not  only  to  permit  air  to  enter  the  inverted  flask, 
but  also  to  produce  an  intermittent  flow  of  solvent 
from  the  flask.  The  principle  underlying  the  use  of 
the  capillary  tube  may  perhaps  be  best  explained  by  a 
description  of  the  operation  of  the  apparatus.  Sup- 
pose that  the  apparatus  is  set  up  as  shown,  with  the 
end  of  the  capillary  tube,  which  is  full  of  solvent, 
just  touching  the  surface  of  the  solvent  in  the  funnel, 
and  the  other  tube,  which  in  the  apparatus  used  has 
been  about  s  mm.  in  diameter,  just  touching  the  sur- 
face of  the  settled  precipitate.  As  the  solvent  passes 
through  the  precipitate  and  out  of  the  funnel  the  level 
of  the  liquid  above  the  precipitate  will  fall  below  the 
end  of  the  capillary  tube.  Air  will  not  pass  into  the 
inverted  flask,  however,  until  the  level  of  liquid  in  the 
funnel  has  fallen  to  a  point  such  that  the  resulting 
differences  of  hydrostatic  pressure 
in  the  two  tubes  is  sufficient  to 
overcome  the  force  of  capillarity, 
which  tends  to  keep  the  capillary 
tube  filled  with  water.  In  the 
apparatus  as  drawn,  this  point  lies 
just  above  the  end  of  the  large 
tube,  so  that  the  precipitate  is 
almost  bare  of  solvent,  thus  per- 
mitting each  addition  of  solvent  to 
drain  frorn  the  precipitate,  the 
most  efficient  method  of  freeing  a 
precipitate  from  soluble  substances. 
When  this  point  on  the  large  tube 
is  reached  the  air  rushes  into  the 
flask  through  the  capillary  tube, 
the  funnel  fills  again  with  solvent, 
which  finally  reaches  the  end  of  the 
capillary  tube  and  cuts  off  the  air  supply,  the  tube 
filling  with  liquid  due  to  diminished  pressure  within 
the  flask.     The  process  then  repeats  itself. 

Experiment  has  shown  that  the  vertical  distance 
from  the  end  of  the  capillary  tube  to  the  point  on  the 
other  tube,  at  which  the  pressure  just  ovcrb.ilances  the 
capillarity,  is  just  a  little  greater  than  the  height  of 
capillary  rise.  The  pressure  required  to  pull  air  through 
a  capillary  tube  full  of  liquid  depends  on  the  si»e 
of  the  capillary  opening  and  on  the  nature  of  the 
liquid.  In  practice,  the  author,  after  iiUowing  the 
precipitate  to  settle  on  the  filter,  measure.-;  the  vertical 
distance  from  the  lowest  point  on  the  surface  of  this 
precipitate  to  the  lop  of  the  filter  paper,  and  select* 
for  use  a  capillary  tube  having  a  capillary  rise  for  the 
given  solvent  equal  in  length  to  this  distance.  The 
total  length  of  the  capillary  tube  should  be  a  little 
greater    than    the    capillary    rise.     The    author    has 
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used  this  apparatus  for  the  past  two  and  a  half  years 
with  entire  success  in  washing  large  amounts  of 
gelatinous  precipitates,  working  with  as  much  as  three 
pounds  of  precipitate  in  one  funnel  and  washing  with 
ten  liters  of  water  at  one  filling  of  the  flask. 

BuRSAU  OP  Plant  Industry 

U.  S.  Department  op  Agriculture 

Washinotox.   D.  C. 


AN  IMPROVED  COMPENSATOR'  FOR  GAS  ANALYSIS 

ny  K    T.  Grkgg 
Rictived  February  10.   \')\: 

An  improved  compensator,  described  below,  has 
been  used  with  most  satisfactory  results  in  connec- 
tion with  the  Hempel  apparatus  for  gas  analysis  in 
the  fuels  efficiency  laboratory  of  the  Federal  Bureau 
of  Mines. 

As  shown  in  the  accompanying  drawing,  two  plat- 
inum wires  are  sealed  into  the  compensator  side  of 
the  mercury  manometer.  The  upper  wire  which  is 
sealed  about  '/g  in.  above  the  mercury  when  level, 
is  bent  downwards  at  right  angle  and  just  touches 
the  surface  of  the  mercurj'.  The  lower  platinum 
wire  enters  far  enough  to  make  electrical  contact 
with  the  mercury.  In  series  with  the  two  platinum 
wires  are  a  small  dry  cell,  switch  and  miniature  lamp. 

To  use  the  compensator  for  adjusting  the  volume 
of  a  gas  before  making  a  reading,  the  contact  between 
the  mercury  and  upper  platinum  wire  is  broken  by 
means  of  the  leveling  bulb  containing  mercury,  the 
switch  is  then  closed  and  the  compensator  adjusted 
till  the  break  in  the  circuit  at  the  mercury  platinum 
contact  is  just  closed,  whereupon  the  lamp  lights  and 
the  compensation  is  completed.  Rough  adjustment 
is  made  by  sliding  the  mercury  bulb  and  its  support 
upon  the  iron  rod  by  hand.  The  fine  adjustment  is 
made  by  taking  up  the  sag  in  the  arm  supporting  the 
bulb  by  means  of  the  thumb  screw.  The  switch  is 
then  opened  to  prevent  sparking  at  the  mercury  sur- 

*  Pettersson.   *'0.   Luftanalysc  nach  einem  iieuem   Princip,"   Z.   anal. 
Cliem..  25  (1886).  467;  also  Hempels  "Gas  Analys 
Dennis  from  3rd  German  Edition.  1902,  59. 


n   Princip,"   Z. 
translated  by 


face  when  breaking  the  contact  and  to  prevent  de- 
terioration of  the  battery.  Compensation  should 
always  be  made  with  a  rising  mercury  column  at  point 
of  contact. 

In  practice  this  compensator  checks  the  gas  volume 
consistently  and  accurately  and  does  it  in  less  time 
than   the  old  optical   method  of  adjusting  the  height 


of  the  mercury  to  a  mark.  It  removes  the  difficulty 
of  adjustment  due  to  poor  or  changing  light  and  de- 
creases the  strain  upon  the  eyes  of  the  operator. 
Where  many  analyses  are  made  it  removes  one  of  the 
chief  sources  of  fatigue. 

U.  S.   Bureau  op  Mines 
Experiment  Station.  Pittsburgh 
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ONE  BILLION  GALLONS  OF  SYNTHETIC  GASOLINE 
IN  1918' 

By  Walter  F.   Rittman 
Received  April  9.   1917 

The  market  value  of  synthetic  gasoline  produced  by  cracking 
in  the  United  States  during  191 7  will  be  sufficient  to  supply  the 
navy  with  ten  superdreadnaughts.  In  other  words,  one-fifth 
of  the  3,000,000,000  gallons  to  be  produced  will  be  made  by 
cracking. 

By  July  I  of  the  present  year  there  will  be  in  operation  in  the 
United  States  4,(xxi,ooo  automobiles.  Financial  men,  in  con- 
sidering the  investment  value  of  motor  stocks,  have  for  several 
years  been  dwelling  upon  the  saturation  point,  but  despite  this 
consideration  the  demand  for  machines  still  keeps  well  ahead 
of  the  40  per  cent  average  yearly  increase  of  past  years.  When 
the  saturation  point  will  be  reached  nobody  knows.  Responsible 
and  successful  automobile  men  maintain  that  the  present  in- 
crease in  rate  of  production  will  keep  up  for  years,  and  that 
'  Paper  read  at  the  Spring  Meeting  of  the  American  Chemical  Society, 
Kansas  City.  April  10-14.  1917. 


after  the  present  high  prices  of  materials  the  price  of  cars  can 
be  so  reduced  that  every  family  having  an  income  over  $1,000 
may  own  a  car.  On  this  basis,  the  United  States  will  have  in 
the  neighborhood  of  10,000,000  automobiles,  two  and  one-half 
times  the  present  number.  Assuming  an  annual  life  of  five 
years  per  machine,  10,000,000  cars  means  an  annual  replace- 
ment number  equal  to  2,000,000;  i.  e.,  our  present  rate  of  pro- 
ditction.  When  one  questions  the  correctness  of  the  opinion 
of  the  automobile  man  who  suggests  the  above  figures,  one  is 
answered  with  the  statement  that  every  prediction  which  the 
automobile  man  has  heretofore  made  has  been  too  conservative. 
An  important  consideration  is  the  greatly  increasing  number  of 
motor  trucks  necessary  to  replace  the  shortage  in  horses.  As 
to  the  influence  on  this  industry  of  the  Ihiited  States'  entrance 
into  the  European  war,  time  will  tell. 

Only  the  steel,  lumber,  and  clothing  industries  exceed  the 
automobile  business  in  importance  today.  Detroit,  the  center 
of  this  new  industry,  has  risen  as  a  manufacturing  center  from 
sixteenth  place  in  1900  to  sixth  place  in  1914.  In  the  United 
States  over  500  factories  are  to-day  engaged  in  making  different 
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types  of  automobiles,  and  new  companies  of  varying  stability 

are  announced  each  week.     As   a    sidelight,  it  is  interesting  to 

observe  the  approximate  annual  upkeep  involved  in  America's 

automobile  bill  which  is  as  follows: 

GasoUne 8500,000,000 

Tires $500,000,000 

Accessories $300,000,000 

Garage  hire $150,000,000 

Repairs $150,000,000 

The  number  of  automobiles  in  use  in  this  country  on  January 
ist  over  the  period  of  the  past  fifteen  years  is  as  follows: 

Year  Number  of  Cars 

1905 85,000 

1910 400,000 

1911 600,000 

1912 677,000 

1913 1.010,483 

1914 1 .  253  ,  875 

1915 1.754.570 

1916 2,225,000 

1917 3.250,000 

1918  (estimated) 4,750,000 

In  addition,  gasoline  requirements  are  not  limited  to  the  above 
automobiles,  for  tremendous  quantities  are  used  in  motor 
boats,  motor  cycles,  farm  engines,  chemical  manufacture, 
cleaning  establishments,  etc.  The  requirements  per  machine 
per  annum  vary  with  different  users,  some  using  on  an  average 
of  less  than  a  gallon  a  day,  whereas,  the  public  vehicle  often 
uses  as  high  as  10  gallons  a  day.  Statistics  would  indicate  that 
the  average  consumption  per  car  per  annum  approaches  500 
gallons. 

Of  the  various  problems  confronting  the  automobile  industry, 
the  motor  fuel  problem  of  the  future  has  loomed  up  as  the  most 
important,  but  it  would  seem  that  this  problem  will  temporarily 
at  least  be  solved.  Much  discussion  and  attention  is  paid  to  the 
use  of  gasoline  substitutes,  such  as  alcohol,  benzol,  gasoline  from 
natural  gas,  electricity,  etc.  All  of  these  materials  are  very 
valuable  sources  of  power,  and  the  extent  of  their  use  is  entirely 
a  question  of  quantity  produced,  and  price.  Alcohol  is  com- 
mercial when  gasoline  exceeds  35  cents  per  gallon.  This  price, 
liowever,  is  based  on  ante-war  prices,  as  efvery  one  realizes  that 
the  present  price  of  alcohol  makes  it  prohibitive.  Benzol,  when 
mixed  with  gasoline,  makes  a  superior  type  of  motor  fuel,  and 
here  again  it  is  entirely  a  question  of  the  supply  available.  The 
figures  of  the  best  informed  people  in  this  field  indicate  a  su])ply 
of  benzol  and  light  oils  available  equal  to  kxi.cxki.ooo  gallons, 
which  it  is  observed  will  fulfill  less  than  10  per  cent  of  our  motor 
fuel  requirements  even  though  none  of  the  benzol  and  similar 
materials  were  used  for  explosives  and  other  chemical  purposes. 

Casing-head  gasoline  (gasoline  from  natural  gas)  is  an  item 
of  considerable  importance  because  it  is  so  volatile  and  has  such 
wide  explosive  limits  that  it  can  be  blended  with  naphthas  and 
thereby  makes  available  for  motor  use  materials  which  were  not 
availal)le.  The  iiroduction  of  this  material  has  been  as  follows, 
but  this  production,  it  may  be  remarked,  will  hardly  supply  more 
than  one-tenth  of  our  fuel  reciuireinents: 

Year  CalloDS 

1911 7.425.839 

1912 12.081.179 

1913 24,060,817 

1914 42.652.632 

191S 65.364,663 

1916 1 25. 000. 000 

1917 200,000.000 

Much  is  heard  of  the  kerosene  carbureter,  and  the  patent  ollicc 
holds  thoiLsniids  of  carbureter  patents.  I'riif .  I.ucke  of  Columbia 
I'niversity  riglitly  believes  that  in  the  development  of  a  com- 
mercial kerosene  carbureter  it  will  not  be  a  new  invention,  but 
11  matter  of  a  clesiKH  iitilizinx  piirt.*  from  various  patriUs  or 
designs  alrrndy  developed  that  will  solve  the  problem.  I'rac 
lindly  no  consiiU'ratinn  has  born  paid  to  what  is  perhaps  the 
most  important  factor  militatiiiK  iiKaiiist  the  use  of  kerosene; 
I.  t  ,  the  que<ition  of  explosive  limits.  This  will  be  (lisciiMe<l 
later.  Tlie  carbureters  already  invented  surely  emboilv  all 
possible  principles,  so  It  would  seem  that  from  thi"-  time  forward 


the  problem  is  one  of  a  design  wherein  ideas  from  different 
carbureters  are  brought  together  in  a  new  form.  A  partial 
way  out  of  the  difficulty  may  be  by  reversion  to  the  steamer  type 
of  automobile  in  which  heavier  oil  is  used  to  generate  steam. 

The  crude  oil  production  and  the  gasoline  production  in  the 
United  States,  during  a  period  corresponding  to  the  automobile 
figures  previously  given,  is  shown  as  follows  in  barrels  of  42 
gallons : 

Gasoline 
Year  Production 

1904 6,920,000 

1909 12.900.000 

1914 34.915.000 

1915 41.600.000 


Year  Production 

1905 134,717.580 

1910 209,557.248 

1911 220,449.391 

1912 222,935.044 

1913 248.446.230 

1914 265.762.535 

1915 281.104.104 

1916 292.300,000 


1916 54.760.000 

1917   (estimated).     70.000.000 


From  these  figures  it  will  be  observed  that  during  the  period 
from  1910  to  1917  when  the  number  of  automobiles  increased 
eightfold,  crude  oil  production  grew  but  a  little  over  one-third, 
and  gasoline  production  increased  four  times,  an  order  of  magni- 
tude comparable  with  the  growth  in  production  of  automobiles. 
This  increased  production  of  gasoline  from  a  relatively  constant 
quantity  of  crude  oU  is  obviously  the  result  (i)  of  taking  a 
larger  portion  of  motor  fuel  from  the  crude  oil  and  calling  it 
gasoline  and  (2)  of  producing  gasoline  from  heavier  oils  by 
cracking. 

The  question  naturally  arises  as  to  how  much  further  into 
crude  oil  the  petroleum  man  can  cut  in  order  to  increase  the 
supply  of  motor  fuel.  We  have  all  observed  the  Baum^  gravity 
of  gasoUne  decrease  from  the  seventies  to  the  fifties,  which 
means  an  increase  in  the  specific  gravity  from  0.700  to  0.778. 
But  jiraclieal  motor  men  to-day  believe  that,  with  the  present 
automobile  carbureter  and  engine,  gasoline  containing  heavier 
portions  of  the  crude  oil  below  50"  B6.  does  not  work  efficiently. 

Scientific  explanation  of  the  fact  can  be  found  in  a  considera- 
tion of  the  explosive  limits  of  various  hydrocarbons.  For 
every  mixture  of  hydrocarbons  and  air,  as  produced  in  the 
carbureter,  there  is  a  proportion  below  which  the  mixture 
contains  too  small  a  percentage  of  hydrocarbons  to  explode. 
There  is  also  an  upper  limit  above  which  the  mixture  contains 
too  large  a  percentage  of  hydrocarbons  to  explode.  BetweiJi 
these  two  limits  is  tlie  desired  range  in  which  the  proper  exTilosive 
mixture  is  formed.  For  instance,  a  mixture  of  natural  gas  and 
air  containing  below  5  pci'  cent  of  gas  will  not  explode;  also  a 
mixture  conUiining  more  than  11.5  per  cent  of  gas  will  not 
explode.  Hence,  the  explosive  limits  for  mixtiircs  of  natural 
gas  and  air  arc  between  5  and  11.5  per  cent  of  gas.  Similarly, 
the  explosive  limits  for  mixtures  of  gasoline  vajwr  and  air  lie 
approximately  between  1.4  and  6  per  cent  of  gasoline  vapor. 

When  the  size  and  weight  of  petroleum  molecules  increase, 
the  boiling  point  is  raised.  In  other  words,  the  higher  the  molec- 
ular weight,  the  heavier  and  less  volatile  is  tlic  material  l-"urUicr- 
more,  as  the  volatility  of  these  hy<lrocarbons  dccrruscs.  the 
limits  for  their  explosive  mixtures  with  air.  Ih-Iow  which  nothing 
happens  and  above  which  there  is  a  burning  rather  than  an 
explosion,  conic  closer  and  closer  together. 

Consequently,  as  we  go  from  ligliter  petroleum  products, 
such  as  ga.solinc  to  heavier  ]>ctroleum  priHlucts.  such  as  kcrtiscnc 
and  up  to  materials  boiling  above  ^ix\"  V  ,  the  range  for  ex- 
plosive mixtures  of  air  an<l  heavy  hyilrm-arlK>n  \Ti|H»r»  l)cv»>nir» 
mote  and  more  narrow,  until  u  |Hiint  is  rrachcti  where  Ihcrr  is 
great  dilliculty  in  adjusting  the  mrthamcal  parts  of  the  car- 
bureter, so  that  they  ilcliver  the  pn>pcr  ev|ilosivc  mixture 
For  example,  suppose  a  mixture  <>(  .s  jht  it nt  hyilnH-arlxMi  va|>or 
and  <>.s  per  cent  of  air  is  the  «uilv  jHissiblr  explosive  inixturr 
foi  the  va|H>rs  of  a  ccrtam  »ubst»uCT.  how  dilVicult.  if  not 
impossible,  it  would  l>r  to  adjust  a  carburrtcr  to  drlixxr 
accurately  anil  continuously  that  exact  niixtiirr  The  rrsult 
thru      IS      that      «lirn      thin     heavy      luatrrinl.     with     luttnw 
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explosive  limits,  is  used  for  fuel,  there  is  slow  burning  rather 
than  explosion,  and  only  a  part  of  the  combustion  occurs  in  the 
cylinder  where  it  can  be  utilized.  Therefore,  it  is  questionable 
whether  an  efficient  carbureter  for  heavy  kerosene  can  be  de- 
vised. 

Other  suggested  solutions  of  the  motor  fuel  problem  involve 
the  use  of  oil  derived  from  coal,  shale,  peat,  and  lignite.  These 
will  be  immensely  important  sources  of  liquid  fuel  in  the  more 
remote  future.  Passing  over  the  large  supjily  of  light  oil  possible 
from  coal  now  burned  without  coking,  which  may  amount  to  as 
much  as  a  billion  gallons  of  fuel  per  annum,  there  are  immense 
shale  deposits  in  America,  containing  a  volume  of  oil  many  times 
greater  than  that  now  known.  Here  the  problem  of  obtaining 
motor  spirits  from  the  oil  will  arise  again  and  the  solution  of  it, 
as  of  our  present  problem,  will  necessitate  cracking  processes. 

Then,  as  now,  the  demand  for  motor  spirits  will  run  ahead  of 
the  supply  obtainable  by  straight  distillation;  and  the  logical 
solution  of  our  present  motor  fuel  problem  will  be  the  logical 
solution  in  future  problems.  The  fundamental  proposition  is 
that  when  the  demand  for  gasoline  doubles  or  trebles,  while  the 
amount  of  petroleum  remains  nearly  constant,  we  must  make 
more  gasoline  from  a  given  volume  of  crude  oil.  The  best 
evidence  that  this  proposition  furnishes  the  answer  to  our 
problem,  is  the  fact  that  cracking  processes  are  now  solving  the 
problem.  In  other  words,  since  20  per  cent  of  our  gasoline  is 
now  being  made  by  cracking,  the  price  of  gasoline  would  of 
necessity  be  much  higher  without  this  increased  supply. 

The  chemical  phenomena  involved  in  the  cracking  of  heavy 
oils  into  lower  boiling  oils  have  been  discussed  in  considerable 
detail  in  Bulletin  114,  United  States  Bureau  of  Mines.     Broadly 


speaking,  and  without  consideration  of  relative  merits,  cracking 
processes  may  be  classified  under  the  five  heads: 

I — Liquid  condition  processes  wherein  oil  is  cracked  as  a 
liquid; 

2 — Gaseous  condition  processes  wherein  oil  is  cracked  as  a 
gas; 

3 — Processes  wherein  cracking  is  aided  through  the  use  of 
catalyzers ; 

4 — Processes  wherein  the  oil  is  mixed  with  steam,  hydrogen, 
or  other  materials ; 

5 — Combinations  of  the  above  four  methods. 

The  object  of  the  present  paper  is  not  to  discuss  the  technical 
nor  the  research  side  of  cracking,  but  to  indicate  how  real  is  this 
industrial  operation  to-day.  During  the  present  year,  1917, 
approximately  600,000,000  gallons  of  cracked  gasoline  are  being 
produced  in  the  United  States.  It  is  estimated  by  competent 
authorities  that  the  production  of  cracked  gasoline  in  1918  will 
be  1,000,000,000  gallons,  and  that  by  1920  more  gasoline  will 
be  produced  by  cracking  than  by  all  other  methods.  Many 
people  have  been  disappointed  because  cracking  processes  have 
not  reduced  the  price  of  gasoline  materially,  but  fail  to  consider 
their  tremendous  benefit  in  keeping  the  price  of  gasoline  from 
going  10  cents  a  gallon  higher:  7,000  automobiles  a  day 
require  a  cumulative  supply  of  motor  fuels.  Our  crude  oil 
production  is  not  increasing.  Kerosene  carbureters  as  yet  are 
not  a  factor.  The  entire  load  is  falling  on  the  shoulders  of 
cracked  gasoline,  and  cracked  gasoline  promises  to  make  light 
of  its  load. 

Pittsburgh,  Pa. 
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BEET  SUGAR  INDUSTRY 

The  report  of  the  Incorporated  English  Beet  Sugar  Pioneer 
Association  on  its  second  year's  experimental  culture  in  Mont- 
gomeryshire, England,  states  that,  taking  into  account  the 
shortage  of  labor  owing  to  the  war  and  the  consequent  inability 
of  growers  to  give  proper  attention,  the  crops  generally  as  re- 
gards shape,  size  of  roots,  heads  and  estimated  weight  per  acre 
were  entirely  satisfactory  and,  in  the  opinion  of  experts,  in  many 
cases  equal  to  the  growing  crops  in  Holland  and  Germany  in 
1910.  From  the  one-acre  plots,  the  estimated  yield  was  from 
17  to  18  tons.  On  analysis,  the  following  results  were  obtained: 
17-75  per  cent  sugar  in  root,  18.68  percent  sugar  in  juice  and  89.70 
per  cent  coefficient  of  purity.  German  roots,  which  are  considered 
a  good  type,  contain  16  to  16.5  per  cent  sugar,  while  the  average 
of  the  EngHsh  roots  was  16.48  per  cent. — A.  MacMillan. 


ITALIAN  CHEMICAL   INDUSTRY 

According  to  a  report  in  a  contemporar>',  great  activity  char- 
acterizes the  chemical  industr>-  in  Italy  at  the  present  time. 
The  war  has  caused  great  changes  both  in  the  materials  used 
and  in  the  methods  of  production.  During  last  year  one  of  the 
leading  companies  produced  35,000  tons  of  sulfate  of  copper, 
200,000  tons  of  superphosphates,  270,000  tons  of  sulfuric  acid  and 
12,000  tons  of  fine  sulfur,  and  was  able  to  furnish  80.000  tons  of 
sulfuric  acid  to  France. — M. 


NEW  METHOD  OF  EXTRACTING  VAPOROUS  CONSTIT- 
UENTS FROM  COAL  GAS 

At  a  recent  meeting  of  the  Society  of  Chemical  Industry, 
London,  a  paper  was  read  by  Dr.  R.  Lessing  on  the  above  sub- 
ject. The  author  said  that,  so  far,  the  method  had  been  used 
only  for  research  purposes  but  it  was  hoped  that,  before  long, 
it  would  be  available  on  a  commercial  scale.  The  principle  of  the 
process  is  that  of  a  dry  scrubber  filled  with  solid  absorbent 
material  which  will  strip  the  benzole  from  the  gas  without  the 
employment  of  running  wash  oil  and  from  which  the  volatile 
products  can  be  recovered  by  steam  distillation  in  situ.  At 
first,  it  seemed  that  crushed  pitch  would  serve  the  purpose  of  the 
absorbent  matter,  but  it  was  found  that  its  viscosity  decreased 
to  such  an  extent  by  the  absorption  of  the  solvents  from  the  gas, 
that  it  began  to  run  after  a  while  and  was  liable  to  consolidate 
and  block  the  passages  of  the  apparatus.  Finally,  it  was  decided 
to  use  a  rigid  material  and  broken  fire-brick  was  found  to  answer 
the  purpose  very  well. — M. 


MOLYBDENUM 

Some  years  ago,  says  Engineer,  123  (1917),  109,  molybdenum 
looked  very  promising  as  an  alloy  in  tool  steel  but,  unfortunately, 
it  was  found  that,  while  the  steel  had  very  often  remarkably 
efficient  cutting  qualities,  it  frequently  ran  with  fine  hairline 
seams,  and,  very  peculiarly,  the  molybdenum  seemed  to  volatilize 
out  of  the  surface  of  the  steel  on  heat  treatment.  In  the  case  of 
magnet-steel,  also,  it  has  not  proved  as  satisfactory  as  tungsten. 
Metallurgically  considered,  molybdenum  should  have  about 
■  twice  the  efficiency  of  tungsten. — M. 


BARIUM-RADIUM  CARBONATES 

The  Golden,  Colorado,  Experiment  Station  of  the  Bureau  of 
Mines,  Department  of  the  Interior,  reports  that  it  has  been 
found  that,  by  fusing-radium  barium  sulfates  carrying  a  consider- 
able proportion  of  silica  with  a  mixture  of  caustic  soda  and 
sodium  carbonate,  the  whole  of  the  barium  and  radium  are 
converted  into  carbonates.  The  amount  of  sodium  carbonate 
required  is  comparatively  small,  10  to  15  per  cent  only  being 
required.  The  reaction  goes  at  a  low  temperature,  and  the 
difficulties  of  fusing  witli  carbonate  alone  arc  entirely  eliminated. 
The  product  is  also  much  more  easily  washed  free  from  sodium 
silicate. 
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The  equipment  and  installation  of  the  technologic  laboratory 
at  Golden  have  been  almost  completed.  The  laboratory  is 
designed  to  handle  rare  metal  ores  in  quantities  from  10  to  500 
lbs.  It  is  designed  to  make  any  kind  of  an  acid  leach;  any  kind 
of  an  alkaline  or  salt  leach;  and  any  kind  of  a  fusion.  In  addi- 
tion a  small  Wedge  type  roasting  furnace  has  been  installed 
as  well  as  a  tube  furnace  which  can  be  used  either  for  oxidation 
purposes  or  for  reduction. 

STATUS  OF  PATENTS  UNCHANGED 

Mr.  Thomas  Ewing,  U.  S.  Commissioner  of  Patents,  announced 
on  April  :7th  that  he  did  not  believe  it  would  become  necessary 
for  the  United  States  to  take  over  any  patents  held  in  this 
country  by  residents  of  foreign  countries  now  at  war  with  the 
United  States.  It  is  well  known  that  in  an  emergency  the 
government  can  take  over  and  make  use  of  any  patents  and  that 
if  the  output  of  any  manufactured  article  controlled  by  a  patent 
is  inadequate,  the  government  can  authorize  manufacture  by 
another  concern,  the  amount  of  damages  to  be  adjusted  later 
in  the  courts.  Mr.  Kwing  further  stated  that  all  the  warring 
powers  except  Russia  and  Germany  have  agreed  to  keep  in  force 
patents  already  granted  to  enemies,  and  that  he  thought  the 
status  of  patents  held  by  Americans  in  Germany  would  remain 
unchanged. 

FRANCE  DEVELOPING  WATER  POWER  TO  AID 
INDUSTRIES 

The  Journal  of  Commerce,  April  17,  1917,  reports  great  de- 
velopment of  water  power  in  France  since  the  outbreak  of  the 
war,  particularly  in  the  southwestern  part  of  the  country,  which 
will,  upon  the  conclusion  of  peace,  result  in  France's  entrance 
into  the  economic  competition  of  the  future  with  a  large  number  of 
new  factories,  equipped  with  the  most  modem  machinery  and 
appliances  and  prepared  to  manufacture  chemicals  and  other 
products  for  which  before  the  war  Germany  held  a  virtual 
monopoly,  according  to  a  communication  just  received  by  the 
Philadeljihia  Bourse  from  the  Chamber  of  Commerce  of  Paris. 

The  Paris  trade  body,  which  at  intervals  furnishes  the  Bourse 
with  information  as  to  the  economic  and  commercial  develop- 
ments of  the  war,  says  in  part; 

"One  of  the  good  results  of  the  war  will  be  to  have  aroused 
throughout  France  intense  industrial  activity,  and  consequently 
a  considerable  increase  in  electrical  power  works,  formerly 
scarce  in  this  country.  Hlectro-metallurgy  has  been  rapidly 
improving  during  the  war,  as  well  as  chemical  manufactures,  so 
that  most  of  the  plans  for  development  in  these  industries  have 
either  already  been  carried  out  or  are  now  in  course  of  execution. 

"The  manufacture  of  large  cahbrc  shells  and  armor  plate  is 
assured  by  the  help  of  water  power.  Thanks  to  the  facilities 
that  the  transporting  of  electrical  power  offers,  the  works  which 
undertake  to  produce  it  can  combine  the  advantages  of  water 
descending  from  llie  glaciers  of  the  Alps,  very  plentiful  in  sum- 
mer time,  with  the  force  to  be  obtained  from  the  waters  of  the 
rivers,  which  are  swollen  by  the  snowfalls  of  winter  and  autumn. 
Such  is  the  system  as  a  whole,  adopted  by  the  SociC-t6  dc  I'lincrgie 
Klcctrique  du  Centre,  which  supplies  electrical  power  to  the 
towns  and  factories  of  the  Loire,  the  Haute  Savoic  and  the 
Allicr.  and  exceeds  jo.rxio  horse  power. 

"Before  1914  factories  were  scarce  in  the  Southwest.  One 
of  the  most  remarkable  results  of  the  war  will  be  tlic  indus- 
trial activity  protluced  in  the  regions  of  Langiiedoc,  Goscony  and 
Guyenne,  which  inrlircctly  causes  the  development  of  electrical 
power  works  and  enterprises.  The  Soci<:t6  I'yrcnceime  d'Fnrrgie 
I'ileclritiue  ha.s  seen  its  custom  aniotig  manufacturers  vastly  on 
the  incre.isc  since  hostilities  bcKan.  Its  reserves  are  constituted 
by  more  than  jo.imki  horse  power  olitained  by  the  falls  of  water 
from  the  lakes  and  rivers  of  the  Pyrenees  mountains. 

"Tlie.st-  new  factories,  fitted  with  the  most  mmlern  appliancrs, 
mil   whose  capital,   to  a   large  rxteiit,   will   be  covered   by   war 


profits,  will  one  day — and  inmiediately  after  peace  is  signed — 
be  called  upon  to  play  a  considerable  role  in  the  economic  struggle 
of  the  futm-e.  They  wiU  enable  France  to  become  a  large 
producer  of  matter  and  materials  for  which  Germany  had 
formerly  almost  exclusively  held  the  monopoly  in  manufacture, 
such  as  chlorine,  bromine,  magnesium  and  the  products  required 
in  the  dyeing  industries.  They  also  allow  a  very  great  economy 
in  coal  and  will  become  a  fresh  source  of  inexhaustible  wealth 
and  prosperity  to  the  countrj'." 


TO  PROMOTE  CLOSER  TRADE  RELATIONS  WITH 

RUSSIA 
Manufacturers'  Record,  April  19,  1917,  states  that  an  effort 
is  to  be  made  to  interest  American  universities  in  studying  and 
investigating  the  economical  conditions  in  Russia  and  the  best 
methods  by  which  the  United  States  can  assist  in  the  economical 
transformation  which  will  come  after  the  war. 

This  is  an  important  part  of  the  work  proposed  to  be  done  by 
the  Russian  Information  Bureau,  promotion  of  which  has 
recently  been  announced.  Dr.  B.  E.  Shatzky,  of  Petrograd, 
a  personal  and  political  friend  of  Dr.  Rodzianko,  President  of  the 
Russian  Duma,  and  Paul  MiUukoff,  Minister  of  Foreign  Affairs, 
has  come  to  this  country  as  the  authorized  delegate  of  the  new 
Russian  Government  to  furnish  accurate  information  as  to 
financial,  commercial  and  industrial  conditions  in  Russia  and  to 
assist  in  promoting  and  developing  the  closest  bonds  of  friendship 
and  sympathy  as  well  as  trade  relations  between  the  two  coun- 
tries. 

This  information  bureau  will  work  in  cotmection  with  the 
American-Russian  Chamber  of  Commerce,  and  will  have  head- 
quarters in  New  York  and  a  branch  office  in  Chicago.  A.  J. 
Sack,  staff  correspondent  for  the  publications  of  the  Russian 
Ministry  of  Finance,  will  assist  in  the  development  of  this  work, 
and  E.  C.  Porter,  executive  secretary  of  the  American-Russian 
Chamber  of  Commerce,  %vill  cooperate  in  carr>'ing  out  the  work 
of  this  new  information  bureau.  Prominent  and  representative 
Americans  representing  many  different  lines  of  interest  will  be 
associated  with  the  information  bureau  in  an  advisory  capacity. 
Russia  is  looking  to  America  for  capital  and  organizing  ability 
for  the  development  of  Russian  railroads  and  industries  after  the 
war.  The  Russian  Government  has  already  outlined  a  program 
for  the  expenditure  of  $300,000,000  for  railway  construction 
during  the  next  few  years,  and  American  capital  should  play  an 
important  role  iii  the  development  of  tliese  railroad  enterj'rises. 
As  compared  with  tlie  United  States,  Russia  at  t)je  present  time 
has  approximately  46,000  miles  of  railroad  track  to  256,000  miles 
of  track  in  the  I'nited  States. 

For  a  period  after  the  war  Russia  will  require  immense  quan- 
tities of  almost  every  kind  of  merchandise.  An  opportimity 
for  .'\mcrica  to  meet  a  considerable  portion  of  these  requirements 
is  indicated  in  the  fact  that  while  American  exports  to  Ku.ssia 
ranged  between  f  23,000,000  and  $32,000,000  annually  before  tlie 
war,  the  total  for  the  year  ending  June  30,  IQ16,  fcKitcd  up 
$330,000,000. 

Co6pcration  by  the  United  States  Government  in  Uic  plan 
outlined  lierewith  has  been  as.surcd.  .\  recent  proof  of  the 
Goveriuneiit's  interest  is  afforcled  in  an  announcement  of  the 
appointment  of  William  A.  Russell,  of  New  York,  to  the  i>osi- 
tion  of  special  agent  to  investigate  Russian  investment  oppor- 
tunities in  behalf  of  tlic  Bureau  of  I-orcign  and  Domestic  Com- 
merce of  the  Department  of  Commerce. 

Mr.  Russell  is  a  native  of  I'etrograd,  received  hi.i  rtlucation 
there  and  gained  valuable  experience  as  n  coiLsulting  rUKineer 
in  Russia,  Sit>eria  and  China  before  roming  to  this  coimtry. 
In  New  York  he  has  been  eiiRiiKcd  «."•  an  ttilvisniry  cnRini-cr  anil 
has  devoted  much  of  hi.s  time  to  analy/ing  inveatn\ent  propo»«- 
tions.  Me  will  con.suIt  with  interested  American  firm*  licfort 
sailing  for  Kus<iia 
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FIFTY-FOURTH  MEETING  AMERICAN  CHEMICAL 

SOCIETY,    KANSAS    CITY,    MISSOURI 

APRIL    10  TO  14,   1917 

PROGRAM  OF  PAPERS 
OENEBAL  SESSION 
Address  of  Welcome.      Hon.  Gi-:c(Rgb  H.  Edwards,  Mayor  of  Kansas 
City,  and  Dr.  Frank  .Stronc..  Chancellor  of  the  University  of  Kansas. 

Response.  Julius  Stibguitz,  President  of  the  American  Chemical 
Society. 

The  Economic  Resources  of  the  Kansas  City  Zone.     X.  J.  Boy.nton*. 

PUBLIC   SESSION— PETBOLEUM   AND  NATURAL  OAS 

H.  P.  Cadv.  Chairman 

1 .  The  Geology  of  the  Mid-Continent  Oil  and  Gas  Fields.  Raymond 
C.  MooRB. 

2.  Variations  in  the  Composition  of  Gases  of  the  Mid-Continent 
Field.     H.  C.  Allen  and  K.  IC.  Lyder. 

3.  Helium  and  Associated  Elements  in  Kansas  Natural  Gases.  C. 
W.  Seibel. 

4.  Some  Experience  in  the  Use  of  Oxy-Acetylene  Welding  in  Long 
Distance  Natural  Gas  Transportation.     H.  P.  Fisher. 

5.  The  Cracking  of  Petroleum  in  the  Liquid  Phase.     Roy  Cross. 

6.  One  Billion  Gallons  of  Synthetic  Gasoline  in  1918.  Walter  F. 
Rittman. 

7.  The  Chemical  Work  of  the  Petroleum  Division  of  the  Bureau  of 
Mines.     Harry  H.  Hill.  ' 

AGEICULTUEAL  AND  FOOD  CHEMISTRY  DIVISIONI  ^~ 

T.  J.  Bryan,  Chairman  G.  F.  Mason,  Hecrelary 

1.  A  New,  Rapid  and  Accurate  Method  for  the  Determination  of 
Lime  and  Potash  in  Soils.     T.  IC.  Keith  and  C.  J.  King. 

2.  The  Examination  of  Malted  Milk.     Jacob  Jay. 

i.  The  Mineral  Elements  of  the  Avocado.  M.  E.  Jaffa  and  Mr. 
Albro. 

4.  A  Study  of  the  Reichert-Meissl  Number  with  a  View  to  Its  Modi- 
fication.    W.  F.  CoovKR  AND  Anson  Hayes. 

,i.  Vinegar  Investigations.  A  Study  of  the  Changes  that  Cider 
Undergoes  during  Fermentation  and  Prolonged  Storage  and  Its  Subse- 
quent Conversion  into  Vinegar  in  Rotating  Generators.     B.  G.  Hartmann 

AND  L.    M.    TOLHAN. 

6.  An  Improved  Method  for  Determining  Citral  in  Lemon  Extracts, 
R.  S.  Hiltner  and  C.  E.  Parker. 

7.  Arsenic,  Copper  and  Zinc  in  Oysters.     R.  S.   Hiltner. 

8.  A  Method  for  the  Determination  of  Starch.     W.  S.  Long. 

9.  The  Practical  Use  of  Alfalfa  Flour.     Elizabeth  C.  Sprague. 

10.  Composition  of  the  Dwarf  Chestnut  (Chinquapin).  (By  title.) 
W.  A.  Whitaker  and  W.  .\.  Goldtrap. 

1 1 .  Carbon  Dioxide  Production  as  a  Measure  of  the  Rate  of  Decomposi- 
tion of  Manures  in  Soil.     R.  S.  Potter  and  R.  S.  Snyder. 

IJ.  The  ESect  of  Prolonged  Production  of  Alfalfa  on  the  Nitrogen 
Content  of  the  Soil.     C.  O.  Swanson. 

1.1.  Variations  in  the  Ether  Extract  of  Silage.     L.  D.  Haigh. 

14.  The  Occurrence  and  Action  of  Molds  in  Soils.  P.  E.  Brown  and 
W.  V.  Halvsrson. 

15.  Sulfofication  in  Manure  and  Its  Influence  on  the  Production  of 
Available  Phosphorus  from  Floats.     P.  E.  Brown  and  H.  W.  Warner. 

BIOLOGICAL  CHEMISTRY  DIVISION 

C.  L.  .\lsberg.  Chairman  1.  K    Phelps,  Secretary 

1.  The  Toxicity  of  Galactose  and  Mannose  for  Green  Plants  and  the 
Antagonistic  Action  of  Certain  Other  Sugars  toward  These.     Lewis  Knud- 

80N. 

2.  The  ESect  of  Three  Annual  Applications  of  Boron  on  Wheat.  F. 
C.  Cook  and  J.  B.  Wilson. 

3.  The  After-Ripening  of  Fruits.     F.  W    Muncie  and  W.  P.  Jambs, 

4.  Quantitative  Determination  of  Carbohydrates  in  Plant  Tissues.  F. 
W.  Muncie  and  D.  T.  Englis 

5.  The  Proteins  of  the  Peanut,  Arachii  Hypogea.  II.  The  Distri 
bution  of  the  Basic  Nitrogen  in  the  Globulins  Arachin  and  Conarchin 
C.  O.  Johns  and  I)    B   Jones. 

6.  A  Physical  and  Chemical  Study  of  the  Kafir  Kernel.     G.  1,.  Bid 

WELL. 

7.  Oil  from  the  Avocado.  Preliminary  Report.  H.  S.  BailEV  and 
L.  B.  Burnett. 

8.  Oil  from  SUlingia  Sibe/era.     H.  S    Bailky  and  L.  B.  Burnett. 

9.  A  Noteworthy  EDect  of  Bromides  upon  the  Action  of  Malt  Amylase. 
A.  W.  Thomas. 


10.  Availability  of  the  Energy  of  Food  for  Growth.     C.  R.  Moulton. 

11.  Investigation  of  the  Kjeldabl  Method  for  Determining  Nitrogen. 
I.  Influence  of  Reagents  and  Apparatus  on  Accuracy.  I.  K.  Phelps  and 
H.  W.  Daudt. 

12.  A  Study  of  the  Estimation  of  Fat  in  Condensed  Milk  and  in  Milk 
Powder.     C.  H.  Biesterpield  and  O.  L.  E%*enson. 

13.  Schmeyer's  Method  for  the  Determination  of  lactic  Acid  in  Urine. 
Mary  E.  Mayer. 

14.  Tissue  Transplantation  as  a  Biochemical  Method.     Leo  Loeb. 

15.  On  the  Optimum  Reaction  for  Tryptic  Proteolysis.  J.  H.  Long 
AND  Mary  Hull. 

16.  On  the  Normal  Reaction  of  the  Intestinal  Tract.  J.  H.  Long 
and  F.  Fencjer. 

17.  Studies  of  the  Gastric  Residuum.  III.  The  Relation  of  Total 
Phosphorus  to  Acidity.     C.  C.  Fowler. 

18.  Studies  of  Food  Utilization.  I.  The  Utilization  of  Carbohy- 
drates on  a  Relatively  High  and  Low  Cereal  Diet.     Zelma  Zbntmirb  and 

C.  C.  Fowler. 

19.  The  Nature  of  the  Inosite  Phosphoric  Acid  of  Some  Important 
Feeding  Materials.     J.  H.  Rather 

20.  Determination  of  the  Proteolytic  Action  of  Papaya  Latex  and  the 
Detection  of  Enzyme  Adulterants.     V.  K.  Chesnut. 

21.  The  Formation  of  Ester  Hydrolyzing  Substances  by  the  Action  of 
Alkali  on  Casein.     Florence  H.  Frankel. 

22.  Factors  Influencing  the  Proteolytic  Activity  of  Papein.  E.  M. 
Frankel. 

23.  Variations  in  the  Chemical  Composition  of  Alfalfa  at  Different 
SUges  of  Growth.     H    S.  Grindley  and  H.  C.  Eckstein. 

24.  Physical  and  Chemical  Constants  of  Some  American  Tomato  Seed 
Oils.     H.  S.  Bailey  and  L.  3.  Burnett. 

25.  A  Laboratory  Method  for  the  Hydrogenation  of  Oils.  H.  S. 
Bailey  and  L.  B.  Burnett. 

26.  An  Electrically  Heated  Melting  Point  Apparatus.     H.  S.  Baii.sv. 

27.  The  Alkaloids  of  Bocconia  FruUscens.     Emerson  R.  Miller. 

28.  On  the  Presence  of  Free  Hydrocyanic  Acid  in  Cassava.  Embrson 
R.  Miller. 

29.  The  Effect  of  the  Ingestion  of  Certain  Organic  and  Mineral  Acids 
upon  Growing  Swine  on  a  Normal  Level  of  Protein  Intake.  A.  R.  Lamb 
AND  John  M.  Evvard. 

30.  Effects  of  Various  Substances  on  the  Auto-Oxidation  of  Brain 
Cephalin.     (By  title.)     Charles  G.  MacArthur. 

31.  Microchemical  Studies  on  the  Mosaic  Disease  of  Tobacco.  G.  W. 
Freiberg. 

32.  Some  Peculiarities  of  Plant  Decoctions  as  Nutrient  Media  for 
Fungi.     R.  M.  DuGGAR. 

33.  Isolation  of  Parahydroxy-benzoic  Acid  from  SoiL  E.  H.  Wal- 
ters. 

INDUSTRIAL  CHEMISTS  AND  CHEMICAL  ENGINEERS  DIVIBIOIf 

H.  E    Howe,  Chairman  S    H.  S.^lisbury,  Jr  ,  Secretary, 

I  The  Production  of  Ferro-Uranium.  H.  W.  GtULBTT  and  E.  L. 
Mack. 

2.  Chemical  Examination  of  Industrial  Brines.  O.  R.  Swebnev 
AND  James  R.  Witbrow. 

3.  Contribution  to  the  Industrial  Chemistry  of  Chicle  and  Chewing 
Gum.     Frederick  Dannerth. 

4.  Apparatus  for  Determining  the  Specific  Gravity  of  Natural  Gas. 
Charles  K.  Francis. 

5.  Comparative  Results  from  Experiments  in  the  Distillery  with  Open 
and  Closed  Fermenters.     Niels  C.  Ortved, 

6  The  Effects  of  Exposure  of  Some  Fluid  Bitumens.  Charles  S. 
Reeve  and  Richard  H.  Lewis. 

7.  The  Thermal  and  Pressure  Decomposition  of  an  Absorbent  Oil. 
GusTAV  Egloff. 

8.  The  Formation  of  Benzene  and  Toluene  by  the  Action  of  Aluminum 
Chloride  on  Solvent  Naphtha.     Gustav  Egloff. 

9  The  Determination  of  Available  Oxygen  in  Oxidized  Manganese 
Ores.     <>.  L.  Baknebey. 

10  Some  Relations  of  the  Effect  of  Overheating  to  Certain  Physical 
and  Chemical  Properties  of  Asphalts.  (Illustrated  )  A.  W.  Hixon  and 
Harold  H.   Hands. 

11.  Chemical  Industry  in  Canada.     H.  E.  Howe. 

12.  Chemical   Laboratory   of   the    Youngstown   Sheet   and   Tube   Co. 

D.  .\.  Russell 

13  The  Availability  of  Nitrogen  in  Fertilizers.  A  New  Method  Based 
on  the  Nitrogen  Rendered  Water-Soluble  by  Incubation  with  a  Fertile  Soil. 
J.  P.  Schroedbr 

14.  I.  The  Fertilizer  Value  of  City  Wastes.  U.  Garbage  Tankage, 
Its  Composition,  the  Availability  of  Its  Nitrogen  and  Its  Use  as  a  Fertilizer. 
J.  P.  Schroedbr. 
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Symposium  on  the  Chemistry  and    Metallurgy   of   Zinc 
John  Johnston.  Presiding 

1.  A  New  Method  of  Separating  Zinc  from  Cadmium  and  the  De- 
termination of  the  Latter  lodometrically.     Eric  John  Ericson. 

2.  The  Determination  of  Cadmium  in  Brass.      Edward  Schramm. 

3.  The  Electrometri(S  Determination  of  Zinc.     F.  R.  von  Bichowsky. 

4.  The  Occurrence  of  Germanium  in  Missouri  and  Wisconsin  Blendes. 
E.  H.  Buchanan. 

5.  The  Vapor  Pressure  of  Zinc  and  Related  Metals.     John  Johnston. 

6.  The  New  Zinc  Fields  of  Kansas-Oklahoma.  (Illustrated.)  "P. 
Haynes. 

7.  Results  of  Recent  Investigations  on  Smelter  Smoke  Problems. 
A.  E.  Wells. 

8.  Notes  upon  the  Hydro-Metallurgical  and  Electrolytic  Treatment 
of  Zinc  Ore.     E.  E    Watts. 

OaOANIC  CHEMISTRY  DIVISION 

J.  R.  Bailey.  Chairman  H,  L.  Fisher,  Secretary 

Joint  Meeting  with  Physical  and  Inorganic  Chemistry  Division 

1.  Some  Oxidation  Reactions.     H    D.  Gibbs. 

2.  The  Action  of  Aluminium  Chloride  upon  Aromatic  Hydrocarbons. 
G.   Eglopp  and  R.  J.    .MOORK. 

3.  A  Study  of  the  Nitrogen  Distribution  in  Different  Soil  Types.  C.  A. 
Morrow. 

4.  1.  New  Derivatives  of  Arsanilic  Acid.  2.  Tetraphenylmethane. 
O.  Kamm. 

5.  The  Rotatory  Powers  of  Some  New  Derivatives  of  Gentiobiose. 
C.  S.  Hudson  and  J.  M.  Johnson. 

6.  Sedoheptose,  a  New  Sugar  from  Sedum  Speetabite_  (Communica- 
tion 1).     F.  B.  LaForge  and  C.  S.  Hudson. 

7.  Picryl-Phenyl  Ether.     Alfred  N.  Cook. 

H.  The  Oxidation  Product  of  Lactose.     W.  Lee  Lewis. 
''.  The  Oxidation  of  Ethyl  Alcohol  by  Means   of  Alkaline  Potassium 
Permanganate.     W.  L    Evans  and  J    E    IJav 

10.  The  Oxidation  of  Acetaldehyde  by  Means  of  Alkaline  Potassium 
Permanganate.     W.   L.   Evans  and  H,   H.  .^dkins, 

11  The  Preparation  of  Quinone  from  Aniline.  C  H.  Boord  and 
E.  H.   LoBB. 

12.  The  Preparation  of  Sorae  New  Acetyl  Arylbydrazines.  C.  E. 
Bourd  and  C.  E.  Sensemann. 

13.  A  Study  of  the  Constitution  of  Hydrazino-Quinones.  Edward 
Schmidt  and  C.  E.  Boord. 

14.  The  Attractions  between  Various  Organic  Groups  and  Water. 
(By  title)      William    I)     IIarkin-, 

15.  A  Further  Study  of  Chloro  Ethers.     I'riendE  Clark  and  E.  Mack 
16    On  the   Preparation  of   Dichlorether.     G.    B.    Frankfortbr   and 

S.  J     Reiciiert 

17.   The    Oxidation    Products    of    Pincne.     (V    H.    Fkankporter    and 

M.     H      CllITTICK 

IK  Further  Reactions  between  the  Carbohydrates,  Benzene  and  Its 
Homologues  in  the  Presence  of  Aluminum  Chloride.     C>.  B.  Frankfurter 

and    V     R      KoKATNtIK 

19.     The  Criss-Cross  Addition  on  Conjugate  Systems.     J    R    Uailbv. 

N.    H.    MOURB   AND    A     T      Mci'lIERSON. 

PHARMACEUTICAL   CHEMISTRY   DIVISION 

L    !•'    Keiii.ick.  (Viuirmaii  I.    I)    Ui'.al.  Secrelary 

I  Standards  (or  the  Official  and  Popular  Aromatics.  C.  N'.  Watson 
and  L.  IC.  Savke. 

3  Invciligatioo  of  the  Practicability  of  the  U.  S.  P.  Method  (or 
Manufacturing  Magma  Magnesia  by  the  Retail  Pharmacist  and  Comments 
on  Other   Methods.      L     E.   Sayrk 

.1  Analysis  o(  Preparations  (or  the  Hair,  Containing  Arsenic,  and  Com- 
ments on  Same.     I,    IC    Savrk 

4  Analysis  o(  Tablets  of  Secret  Composition      I.    F    Kkiilkr 
3    An  Interesting  Prescription.     L    F    KKnLKK 

ti  The  Relative  Alkaloidal  Value  of  the  Rhizome  and  the  Rootlets  o( 
Hydrastis.     I.    1>    Maviiniiiii 

7  Lessons  (torn  the  New  York  Meeting  of  the  American  Chemical 
Society.     I,    1'    Kiciii.icu 

II  Analysis  ol  Ragweed  Pollen.     Frkdkrick  W    Hivl. 

'I    The  Volatile  Oil  of  Munarda  Fislulottt.     Khr«hun  R.  Millkk 
10    The  Volatile  Oil  of  .\rMa  Calaria       Emkhson  R     Millkb 

11.  The  Rennellc  Properties  o(  Pepsin.      IIiiwasi)  T    ('.rabhh 
\i.   The  Action  ol  Phenol  on  Tin  Conlslnera.      IIa>I'IIM  I''    /.ollkx 

l.t  Some  Consliluents  o(  Ihe  American  Grape(rull.  llAKrila  V 
ZoM.Ki 

PBTBICAL  AND  INOROANIC  0HIMI8TRT  DIVISION 

If     I'    TAi.h..T.  (  Auirm.in  V,    H     Mil  i  ARK.  .frirWdry 

Joint  Mealing  with  DIvlalon  o(  Organic  Chemlstfir 
I     Nagallv*  and    Positive   Specific    Heal   of   Saturated    Vapor       I'     !■ 
SmiiRL 


2.  The  Dependence  of  Ion  Conductance  upon  the  Viscosity  of  the 
Medium.     (Lantern  )     E.  W.  Washburn  and  Karl  \.  Clark. 

3.  The  Effect  of  Colloids  on  the  Velocity  of  Crystallization  of  Water. 
(Lantern  )      J.    H.    Walton   and   Albert    Brann. 

4.  The  Separation  of  Erbium  from  Yttrium.  B.  S.  Hopkins  amb 
Edward  Wichers. 

5.  A  Study  of  the  Ratio  Er-Oi  :  2ErCU  Clarence  W.  Balee  and 
Edward  Wichers. 

6.  Thermal  Studies  of  Some  Members  of  the  System  PbO-SiOs. 
L.  I.  Shaw  and  B.  H    Ball. 

7.  Preliminary  Studies  on  the  Change  of  Conductivity  with  Time  in 
the  System  Methyl  Alcohol-Iodine  Water.     L.  I    Shaw. 

8.  Use  of  "Cupferon"  1  Ammonium  Nitrosophenylhydroxylamine)  in 
the  Analysis  of  Zirconium  Minerals.     James  Brown. 

9.  The  Solubility  of  Pure  Radium  Sulfate.     S.  C.  Lind,  C.  F.  Witte- 

MORB  AND  J.    E.    LTndERWOOD. 

10.  Studies  in  Pseudo-Isotropy.     I.     S.  C.  Lind. 
U.  Silicic  Acid  Gels.     Harry  N.  Holhbs. 

12.  Rhythmic  Banding.     Harry  X.  Holmes. 

13.  Peptization  and  Gel  Formation  of  Ferric  Arsenate  and  Phosphate. 
Harry  X.  Holmes. 

14.  Differential  lodimetry.  IV.  Determination  of  Manganese  Dioxide 
in  the  Presence  of  Ferric  Iron.     O.  L.  Barnebey  and  G    .M.  Bishop 

15  Reactions  in  Non-aqueous  Solvents.  HI.  Some  New  Double  Uni- 
valent Halides.     O    L    Barnebev 

16.  Density  of  the  Transition  Layer  between  Liquid  and  Vapor.  (By 
title  )     F.  H,  MacDougall. 

17    Dieterici  Equation  of  State.     (By  title.)     E.  H.  Mac  Doucall. 

18.  Colors   of   Second    Order.     (Blackboard)     Jean    Piccard. 

19.  Precipitation,  Stability  and  Constitution  of  Hydrous  Ferric  Oxide 
Sols.     (By  title  )     Marks  Neidle. 

20.  Oxidation-Reduction  Reactions  without  the  Addition  of  Acid.  IV. 
Ferrous  Chloride-Potassium  Dichromate  and  Ferrous  Chloride-Hydrogen 
Peroxide.     (By  title)      Mares  Xeidle  and  Jacob  Barab 

21  Studies  on  Dialysis.  IH.  Mixtures  of  the  Chlorides  of  Ferric 
Iron,  Aluminium  and  Chromium.  (By  title  )  Mares  Xeidle  and  Jacob 
Barab. 

22.  Emulsification  as  Related  to  the  Orientation  of  Molecules  in  the 
Surfaces  of  Liquids.     (By  title  )     William  D    Harkins 


WATER,   SEWAOE  AND  SANITATION  DIVISION 


E.  H   S    Bailey,  CAoii 


H.  P.  CoRS 


•i  rftary 


1     Seasonal  Distribution  of  Soil  and  Fecal  Strains  of  the  Colon  Aero- 
genes  Group  in  Surface  Waters.     Myrtle  Greenfield  and  W  X  Skourup 

2.  Legal  Status  and  Character  of  the  Work  of  the  Water  and  Sewage 
Laboratory  of  the  EUnsas  State  Board  of  Health.     C    C    Young 

3.  The  Problems  of  Water  Supply  of  a  Great  Railroad  System.     Orton 
T   Rebs. 

4  Well  Waters  of  Chicago.       Edward  Bartow. 

5  The  Vertical  Distribution  of  Dissolved  Oxygen  and  the  Predpi- 
tallonbySalt  Water  in  Certain  Tital  Areas.     J  W  Sale  and  W  W  Skinkbr 


CALENDAR  OF  MEETINGS 

American  Electro-Chemical  Society:  Spring  MectitiR,  Detroit, 
Mich.,  May  2  to  ,s.  iqir.  .Xiitiimn  MoctitiR,  ritt^ttiirgh, 
October  t^  to  6.   1917. 

Interstate  Cotton  Seed  Crushers'  Association  Convention: 
Dallas,  Texas.   May  14  to  i(>.  nji; 

Technical  Textile  Conference  (Second  Annual:  Washington, 
D.  C,  May  21,  ujiy. 

Technical  Association  of  the  Pulp  and  Paper  Industry:  .^Ilnual 
SprliiK  MeetiiiK.  Ncenali,  Wisionsiit.  Mny  ^4  and  1$.  IQ17. 

American  Iron  and  Steel  Institute:  New  York.  M.iy  ii  and 
36,  HJ17. 

American  Institute  of  Chemical  Engineers:  Ninth  Scmi- 
.•\iiniial  MeeliiiK.  Hiiflato.  N    Y  ,  June  jo  to  jj,  i<ji7 

First  Industrial  Exposition  and  Export  Conference;  Sprint 
lielil.  Mass  ,  Jniie  :.\  to  _\>\  uji; 

American  Society  (or  TestinR  Materials:  .Mlantic  City. 
June  j6  to  ,V'.  KJ17 

American  Chemical  Society:  .Xiinnul  Mcetinc.  HiMton. 
ScpteinlHT  10  lo  1(1.  I VI  7 

National  Exposition  of  Chemical  Industries  (Third):  Orand 
Central  ruUee.  New  Yotk  City.  Scptcinl>cr  .-4  to  jg,  1017 
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SECOND  ANNUAL  TECHNICAL  TEXTILE  CONFERENCE 
WASHINGTON,  D.  C,  MAY  21,  1917 

The  Second  Annual  Conference  of  those  interested  in  the 
consideration  of  problems  relating  to  the  testing  and  general 
technology  of  textiles  and  the  closely  allied  materials,  cordage, 
thread  and  felt,  will  be  held  at  the  National  Bureau  of  Stand- 
ards, Washington,  D.  C,  commencing  May  21,  1917  and  con- 
tinuing for  one,  two,  or  three  days,  as  required.  All  persons 
interested  are  cordially  invited  to  attend. 

It  has  been  suggested  that  at  the  meeting  the  conferees  might 
consider  the  advisability  of  forming  a  permanent  society  for  the 
promotion  of  research.  The  functions  of  such  a  society  might 
include  some  of  the  following,  as  well  as  others: 

I — To  maintain  a  library  for  assembling  and  disseminating 
printed  information  of  all  kinds  about  the  textile  and  allied 
industries. 


2 — To  publish  a  periodical,  devoted  exclusively  to  technical 
considerations,  in  which  original  papers  would  be  printed  in  full 
and  abstracts  given  of  current  articles  and  books. 

3 — To  hold  regular  meetings  for  the  discussion  of  technical 
work  in  progress  or  completed. 

4 — To  offer  prizes  for  the  satisfactorj-  solution  of  specific 
problems. 

5 — To  give  university  scholarships  to  competent  men  desiring 
to  equip  themselves  for  textile  research. 

6 — To  maintain  laboratories  for  the  general  investigation  of 
the  physical  and  chemical  theory  of  textiles. 

Any  comments  or  suggestions  regarding  any  of  the 
above  matters  will  be  greatly  appreciated.  Those  wishing 
to  attend  the  conference  or  to  present  papers  are  requested 
to  advise  the  Bureau  of  Standards  at  the  earliest  possible 
date. 


PERSONAL  NOTL5 


A  commission  of  scientists,  appointed  by  President  Wilson  on 
the  initiative  of  the  National  Research  Council  and  upon  the 
recommendation  of  the  National  Academy  of  Sciences,  has  been 
sent  to  England  and  France  to  cooperate  with  the  scientists 
of  those  countries  in  the  study  of  war  problems.  The  members 
of  the  commission  and  their  respective  subjects  are :  (Chairman) 
Dr.  Joseph  S.  Ames,  Johns  Hopkins  University,  aeronautics; 
Dr.  Harry  F.  Rcid,  Johns  Hopkins  University,  scientific  map 
making  and  photography  from  airplanes;  Dr.  Richard  P.  Strong, 
Harvard  University,  epidemics  and  sanitation;  Dr.  Linsley  R. 
Williams,  assistant  health  commissioner  of  New  York  State, 
camp  investigations;  Dr.  George  A.  Hulett,  Princeton  University, 
chemistry  of  explosives;  and  Dr.  George  K.  Biu-gess,  Bureau  of 
Standards,  munitions,  metals  suitable  for  guns  and  rigid 
dirigibles. 

The  Biu-eau  of  Mines,  in  cooperation  with  the  American  Insti- 
tute of  Mining  Engineers  and  the  American  Chemical  Society, 
is  taking  a  preparedness  census  of  the  mining  engineers,  chemists, 
and  metallurgists  of  the  United  States,  at  the  request  of  the 
Council  of  National  Safety.  Cards  calling  for  specific  qualifications 
of  technical  men  are  being  mailed  to  all  names  available  to  the 
Bureau,  and  anyone  who  does  not  receive  a  card  may  obtain 
one  from  the  Director  of  the  Bureau  of  Mines,  Washington,  D.  C. 
The  work  is  urgent,  and  immediate  cooperation  will  yield 
information  of  the  greatest  value. 

A  joint  meeting  of  the  New  York  Sections  of  the  Society  of 
Chemical  Industry,  the  American  Chemical  Society  and  the 
American  Electrochemical  Society,  was  held  on  April  13th 
with  the  following  program:  "Recent  Advances  in  Leather 
Manufacture,"  by  Allen  Rogers,  Pratt  Institute,  Brooklyn, 
N.  Y.;  "Some  Technological  Aspects  of  Colloid  and  Emulsion 
Chemistrj',"  by  Prof.  Martin  H.  Fischer,  University  of  Cin- 
cinnati; "Ultra-Microscopic  Demonstration  of  Zsigmondy- 
Brownian  Motion,"  by  Jerome  Alexander.  In  the  election  of 
officers,  Mr.  Alexander  was  re-elected  chairman,  and  Mr.  Rogers 
and  Mr.  Hemingway  were  re-elected  secretary  and  treasurer, 
respectively.  The  new  committeemen  are:  Messrs.  W.  M. 
Grosvenor,  A.  C.  Langmuir,  Henry  Wigglcsworth,  Utley  Wedge, 
Charles  Baskerville,  S.  R.  Church,  Allen  Rogers,  H.  S.  Miner, 
J.  M.  Matthews,  T.  B.  Wagner,  P.  C.  Mcllhiney,  J.  R.  M. 
Klotz,  C.  H.  Herty  and  John  Teeple. 

An  International  Conference  of  the  executives  of  the  Tech- 
nical Section  of  the  Canadian  Pulp  and  Paper  Association  and 
the  Technical  Association  of  the  American  Pulp  and  Paper 
Industry,  was  held  at  Erie,  Pa.,  March  22  and  23,  1917,  at  which 
various  steps  were  taken  towards  increased  technical  coopera- 
tion between  the  two  associations.     It  was  decided  to  arrange 


for  annual  meetings  of  their  committees  on  standard  processes 
and  tests,  alternately  in  the  United  States  and  Canada.  The 
first  conference  of  this  kind  will  occur  at  the  Joint  Meeting  of 
the  two  Associations  to  be  held  at  Holyoke,  Mass.,  in  September, 
19 1 7,  at  the  time  of  the  Annual  Meeting  of  the  American  Chemical 
Society  in  Boston. 

Mr.  C.  F.  Carrier,  Jr.,  is  now  department  manager  and  chem- 
ical engineer  with  the  RoUin  Chemical  Company  and  will  have 
charge  of  the  chemical  engineering  connected  with  the  additions 
now  being  made  to  their  plant  at  Charleston,  W.  Va. 

David  H.  Browne,  chief  metallurgist  of  the  International 
Nickel  Company,  died  at  his  home  in  Montclair,  N.  J.,  on 
March  30,  1917,  at  the  age  of  fifty-two  years. 

Dr.  Ralph  E.  Hall,  assistant  professor  of  inorganic  chemistry 
at  the  Iowa  State  College,  has  resigned  to  accept  a  position  in 
the  Geophysical  Laboratory  of  the  Carnegie  Institution,  Wash- 
ington, D.  C. 

Dr.  E.  A.  Letts  has  resigned  from  the  chair  of  chemistry  in 
Queens  University,  Belfast. 

Prof.  W.  S.  Hendrixson,  of  Grinnell  College,  Iowa,  is  at  the 
University  of  Illinois  this  semester,  assisting  in  the  work  in 
general  chemistry.  Dr.  H.  F.  Lewis,  of  the  University  of  Illi- 
nois, has  taken  charge  of  Prof.  Hendrixson's  classes  at  Grinnell, 
during  his  absence.     The  exchange  is  only  for  this  semester. 

The  Legislature  of  the  State  of  Ohio  has  appropriated  $85,000 
to  the  Ohio  State  University  at  Columbus,  for  an  additional 
wing  to  the  chemistry  building.  This  will  be  largely  devoted 
to  chemical  engineering.  The  appropriation  made  includes 
the  building  only  and  does  not  take  into  account  the  equip- 
ment. 

The  Annual  Spring  Meeting  of  the  Technical  Association 
of  the  Pulp  and  Paper  Industry  will  be  held  at  Neenah,  Wis., 
on  May  24  and  25,  T917,  with  headquarters  at  The  Valley  Inn. 
Mr.  Ernst  Mahler,  of  the  Kimberly-Clark  Company,  Neenah. 
has  charge  of  the  arrangements  for  the  meeting.  The  second 
day  of  meeting  (25th)  will  be  spent  in  an  inspection  of  all  de- 
partments of  the  Kimberiy-Clark  Mill,  including  the  alcohol 
and  bleach  plants.  The  National  Textile  Fiber  Company, 
manufacturer  of  paper  textile  goods,  have  invited  the  mem- 
bers to  visit  their  experimental  station  in  which  paper  rugs 
are  made  on  a  commercial  scale. 

By  legislative  enactment  the  scientific  departments  of  Rutgers 
College  have  been  designated  as  the  State  University  of  New 
Jersey. 
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At  the  meeting  of  the  New  York  Section  of  the  American 
Electrochemical  Society  held  at  the  Chemists'  Club  on  April 
13th,  the  following  officers  for  the  next  session,  1917-18,  were 
■elected:  Chairman,  J.  V.  N.  Dorr;  Vice-Chairman,  E.  D. 
KJngsley;  Secretary-Treasurer,  J.  Malcolm  Muir.  Mr.  Dorr 
has  attained  a  world-wide  reputation  through  his  cyanide  ma- 
chinery. He  is  one  of  the  organizers  of  "Belgian  Kiddies,  Ltd." 
Mr.  Muir  is  manager  of  Metallurgical  and  Chemical  Engineering, 
and  Dr.  Kingsley  is  President  of  the  Electro- Bleaching  Gas 
Company  and  of  the  Niagara  Alkali  Company. 

The  department  of  chemistry  of  the  University  of  New  Mexico, 
whose  chemical  laboratories  were  lost  by  fire  a  few  years  ago, 
are  now  housed  in  their  new  chemistry  building.  This  building 
has  a  capacity  of  two  hundred  students,  and  has  been  constructed 
around  a  patio,  as  so  many  buildings  in  that  section  were  made 
years  ago.  Within  the  patio  are  concrete  laboratory  desks, 
so  that  diu"ing  the  nice  weather  (which  is  about  three-fotirths 
of  the  time  there)  students  may  work  in  an  open-air  laboratory. 
The  rest  of  the  building  is  like  the  usual  run  of  such  structures 
and  contains  the  usual  rooms  and  offices,  laboratories  and  stock- 
rooms. 

Prof.  Henry  B.  Cornwall,  emeritus  professor  of  Princeton 
University,  died  on  April  ist,  at  his  home  in  Princeton,  N.  J., 
in  his  seventy-third  year.  Prof.  Cornwall  was  a  graduate  of 
Columbia  and  was  professor  of  applied  chemistry  and  miner- 
alogy at  Princeton  University  from  1873  to  1910. 

Dr.  Wm.  M.  Barr  has  been  appointed  consulting  chemist 
to  the  Oregon  Short  Line  Railroad  Company,  in  addition  to 
his  present  work  as  consulting  chemist  of  the  Union  Pacific 
Railroad  Company.  Dr.  Barr's  headquarters  are  at  Omaha, 
Neb. 

Charles  V.  Bacon,  consulting  and  analytical  chemist,  announces 
the  removal  of  his  office  and  laboratory  to  3  Park  Row,  New 
York  City. 

Mr.  Walter  Arthur,  formerly  chief  chemist  of  the  Frankford 
Arsenal,  has  left  the  Government  service  and  is  now  connected 
with  private  interests  in  Pittsburgh. 

Dr.  E.  M.  Chamot,  of  Cornell  University,  gave  an  illustrated 
lecture  on  "Chemical  Microscopy,"  at  the  April  20th  meeting 
of  the  Chicago  Section  of  the  A.  C.  S.  The  meeting  of  the 
Section  on  May  i8th  will  he  the  occasion  of  the  Willard  Gibbs 
Medal  Award  to  Prof.  \\.  W.  Morley. 

S.  T.  Mather  has  been  promoted  from  assistant  to  the  Secre- 
tary of  the  Interior  to  the  position  of  Director  of  National  Parks 
in  the  Interior  Department. 

The  Annual  Smoker  and  Entertainment  of  the  Philadelphia 
Section  of  the  .\.  C.  S.  was  held  on  April  12th. 

Prof.  M.  A.  RosanotT,  of  the  Mellon  Institute,  and  Prof.  W.  D. 
Ilarkins,  of  the  L'nivcrsity  of  Chicago,  arc  acting  as  exchange 
professors  this  spring  for  a  period  of  six  weeks.  Dr.  RosiinofT's 
lectures  arc  on  stereo-chemistry  and  on  his  theory  of  chemical 
reactions.     Dr.  Ilarkins  is  lecturing  on  thcrmo-cheniistry. 

We  learn  from  Science  that  "Cfilmnn  Hall"  will  be  the  name  of 
the  first  unit,  now  being  liiiilt  at  a  cost  of  52jo,ooo,  of  the  future 
group  of  permanent  buildings  for  chemistry  at  the  University 
of  California.  The  name  was  chosen  in  honor  of  Daniel  Coit 
Gilmun,  ijrrsidcnt  of  the  University  from  1872  to  1875,  and 
later  president  of  Johns  Hopkins  University. 

Dr.  WillijMi  C  M<M>rf,  of  the  Research  l.alioriitory.  National 
Carlioti  Company,  Cleveland,  gave  two  lectures  on  April  stii, 
at  the  Case  Schmil  of  .Applied  Science,  on  "Research  ns  an  In- 
dustrial Tool"  and  on  "The  Arc  as  an  Illiiminant."  Thrsr 
talks  will  lie  followed  liy  three  others  on  Are  Technology. 


C.  M.  Hargrave  has  left  the  Prest-O-Lite  Company,  of  In- 
dianapolis, and  is  now  with  the  Ault  &  Wiborg  Company,  of 
Cincinnati. 

The  April  Meeting  of  the  Indiana  Section  of  the  A.  C.  S.  was 
held  on  the  20th  at  the  German  House,  Indianapolis.  Edgar 
B.  Carter,  director  of  scientific  work,  Swan-Myers  Company, 
addressed  the  Section  on  "Immuno-Chemistry,"  the  earlier 
part  of  which  was  presented  at  their  February  Meeting.  Dr. 
E.  V.  McCollum,  of  Wisconsin,  will  address  the  Section  at  the 
next  meeting  on  May  nth. 

The  United  States  Civil  Service  Commission  announces  the 
following  open  competitive  examinations;  Micro-analyst,  salary 
Si2oo-Si4oo  a  year,  on  May  16,  1917;  Junior  Chemist,  salary 
$I200-Si740  a  year,  on  May  16-17,  1917;  Chemist  (male), 
salary  Si 400  a  year. 

A  symposium  on  "The  Theory  and  Practice  of  Distillation," 
was  held  by  the  Northeastern  Section  of  the  A.  C.  S.,  in  Boston, 
on  March  30th.  The  following  papers  were  read:  "The  Ele- 
ments of  Distillation,"  by  C.  S.  Robinson;  "Free  Energy  Re- 
lations Involved  in  Distillation,"  by  W.  K.  Lewis;  "Commercial 
Practice  in  Distillation,"  by  C.  L.  Campbell. 

The  eighth  meeting  of  the  Ames  Section  of  the  A.  C.  S.  was 
held  on  March  29th  with  the  following  program:  "The  Re- 
lation of  Chemistry  to  Preparedness,"  by  Prof.  W.  F.  Coover; 
"The  Synthesis  of  a  Naphtholtetrazine,"  by  Dr.  A.  W.  Dox; 
"A  Study  and  Modification  of  the  Reichert-Meissl  Method 
for  the  Determination  of  Soluble  Acids  in  Edible  Fats,"  by 
Anson  Hayes. 

A  dinner  was  given  in  honor  of  Professors  M.  C.  Whitaker 
and  F.  J.  Metzger  by  the  Columbia  University  Chemical  Engi- 
neering Society  on  Wednesday  evening,  April  25th.  at  the 
Chemists'  Club,  New  York  City. 

Professor  C.  R.  Richards,  professor  of  mechanical  engineer- 
ing and  head  of  the  department  since  191 1.  has  been  appointed 
Dean  of  the  College  of  Engineering  and  Director  of  the  Engineer- 
ing Experiment  Station  of  the  University  of  Illinois,  to  succeed 
Dr.  W.  F.  M.  Goss,  who  has  resigned  to  become  President  of 
the  Railway  Car  Manufacturers'  Association  of  New  York. 
Since  entering  the  University  of  Illinois  Prof.  Richards  has 
served  two  years  as  acting  Dean  of  the  College  of  Engineering 
during  an  absence  of  Dean  Goss. 

Duell,  Warlicld  &  Duell.  counselors  at  law,  of  New  York  City, 
announce  the  removal  of  their  offices  from  2  Rector  Street  to 
the  Berkeley  Building,  25  West  44th  Street.  Announcement 
is  also  made  that  Royal  W.  France  has  become  a  mcml>er  of 
the  firm. 

The  Ktinsan  Chemalliirsiil  annoimecs  the  following  changes 
in  the  chemistry  staff  of  the  University  of  Kansas:  Prof.  Clarence 
Ivsles  recently  joined  the  lunpirc  Gas  and  I-'uel  Coiniviny.  of 
Hartlesville,  Okla.  Ivan  P.  Parkhurst  will  go  with  this  company 
iin  June  15th.  O.  L.  Maag  left  the  University  February  i  to 
accept  a  position  as  cheniisl  with  the  Kansas  City  Testing 
Laboratory.  J.  U.  Whclan  has  purchased  an  interest  in  the 
White  «:  Wlulan  Chemical  Company,  with  which  he  plans  to 
lie  actively  associated  next  year.  .\.  H  llniskrn  ioinetl  the 
staff  of  the  Division  of  State  Chemical  Research  on  Januory  I. 
R.  N.  Hurger  will  probably  enter  the  Yale  Graduate  School 
next  September.  Ray  Q.  Hrewstcr  is  considniiig  the  T^nivrrsity 
lit  Chicago  for  stutlving  advani-cd  chrmistrv  W  M  l^timcr 
has  under  consideration  a  (rllowship  at  the  liuvriMlv  o{  Cali- 
fornia for  the  coming  year 

Mr  C.  E.  Thies  has  severed  his  connections  with  liimrr  A 
.\incnil  and  is  now  with  the  I*«lo  Co  ,  90  Maiden  Ijinc.  New 
Vork  City 
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A  new  course  in  chemical  laborator>'  organization  and  manage- 
ment will  be  given  during  the  Summer  Session,  July  9  to  August 
17,  1917,  of  Columbia  University,  New  York  City,  by  Prof. 
Thomas  B.  Freas  of  Columbia  University,  and  Prof.  W.  L. 
Estabrooke  of  the  College  of  the  City  of  New  York.  The  pur- 
pose of  this  course  is  to  fit  men  to  equip  and  maintain  a  chemical 
laboratory  efficiently.  Inspection  trips  will  be  made  to  edu- 
cational institutions,  manufacturing  plants  and  supply  houses, 
in  or  near  New  York  City,  Boston,  Washington,  D.  C,  Rochester, 
Philadelphia,  and  points  en  route. 

George  A.  Ferguson,  formerly  professor  of  chemistry  in  the 
New  York  College  of  Pharmacy,  died  at  his  home  in  Brooklyn, 
N.  Y.,  in  his  forty-ninth  year.  Prof.  Ferguson  was  well  known 
for  his  bacteriological  researches  and  was  for  several  years 
head  of  the  Ferguson  laboratories  in  New  York  City  and  at 
Blue  Point,  L.  I. 

M.  C.  Whitaker,  head  of  the  Department  of  Chemical  Engi- 
neering, Columbia  University,  was  elected  Vice-President  of 
the  U.  S.  Industrial  Alcohol  Company  at  the  meeting  of  their 
Board,  on  April  19th.  In  this  capacity,  Mr.  Whitaker  will 
serve  as  Chairman  of  the  Manufacturing  Committee  in  charge 
of  plants  and  operations.  Chairman  of  the  Research  Committee 
in  charge  of  the  new  laboratories  at  Baltimore,  and  as  a  member 
of  the  Sales  Committee  of  the  Company. 

The  following  papers  have  been  recently  presented  before 
The  Franklin  Institute  of  Philadelphia: 

March  20— "The  Chemistry  of  Cellulose  and  Its  Important  Industrial 
Applications."  by  H.  S    Mork.  of  Arthur  D.  Little,  Inc..  Boston. 

April  5 — "Analysis  of  Commercial  Products  by  Microscopic  Means," 
by  Prof.  E.  M,  Chamot,  of  Cornell  University. 

April  J2 — "The  Electron  Theory,"  by  Prof.  W  A.  Noyes.  of  the  Uni- 
versity of  Illinois. 

April  18 — "Hydrogenation  of  Oils,"  by  Prof.  Charles  Baskerville.  of 
the  College  of  the  City  of  New  York. 

April  26 — "Whirlwinds  and  Sunspots,"  by  Dr.  Geo.  E.  Hale,  director 
of  the  Mount  Wilson  Solar  Ob.scrvatory.  Pasadena,  Cal. 

Prof.  Marston  Taylor  Bogert,  of  Columbia  University,  chair- 
man of  the  Chemistry  Committee  of  the  National  Research 
Council,  addressed  the  Pittsburgh  Section  of  the  A.  C.  S.  on 
"Research  and  Development  Work  Expected  of  Chemists  in 
War  Times,"  on  April  sth;  and  the  Chemical  Society  of  Washing- 
ton on  "Chemistry  and  the  War,"  on  April  2oth. 

Prof.  Hugh  Stott  Taylor,  of  Princeton  University,  has  left 
for  England  to  accept  an  appointment  with  the  Munitions 
Inventions  Department  of  the  British  Ministry  of  Munitions. 
He  will  probably  be  located  at  University  College,  London. 

George  Mallet  MacNider  died  at  the  Davis  and  Fisher  Sana- 
torium at  Atlanta  on  Tuesday  afternoon,  February  27,  of  pneu- 
monia, after  an  illness  of  but  ten  days. 

Dr.  MacNider  was  born  in  1884  and  graduated  from  the 
University  of  North  Carolina  with  the  Class  of  1903  He  then 
took  a  post-graduate  course  at  Cornell  University  and  became 
assistant  state  chemist  of  the  Department  of  Agriculture  at 
Raleigh,  N.  C. 

While  in  this  position  he  became  interested  in  research  work 
and  prepared  several  monographs  on  commercial  starches. 
These  were  printed  in  Tins  Journal,  4  (19 12),  417,  the  Journal 
of  the  Elisha  Mitchell  Scientific  Society  for  December,  191 2,  and 
in  Cotton,  in  August,  1912,  and  February,  1913.  These  articles 
attracted  wide-spread  attention  and  in  June,  1913,  he  was  offered 
and  accepted  a  position  as  chemist  with  the  Corn  Products 
Refining  Company  of  New  York. 

In  March,  1914,  he  was  sent  to  Greenville,  S.  C,  as  manager 
of  the  Southern  oftice  of  the  company  and  occupied  tliis  position 
until  July,  1915.  when  he  was  made  textile  chemist  for  the  com 
pany  and  looked  after  their  interests  throughout  the  whole 
textile  field,  although  still  retaining  Greenville  as  his  headquar- 
ters.    This  position  he  retained  up  to  the  time  of  his  death. 


A  further  step  toward  the  practical  correlation  of  education 
with  industry  is  to  be  seen  in  the  action  just  taken  by  a  number 
of  Akron  rubber  factories  in  establishing  at  the  Municipal  Univer- 
sity of  Akron,  thirty  scholarships  in  the  engineering  college 
under  the  following  unique  conditions:  The  candidate  will  be 
chosen  from  high  school  graduates  ranking  in  the  upper  third 
of  the  class,  preference  being  given  to  graduates  of  Akron  High 
Schools,  although  others  will  also  be  received.  The  scholarships 
will  cover  all  tuition,  incidental  and  laboratory  fees.  Upon 
entrance  the  scholarship  holders  will  be  assigned  to  a  course 
upon  the  cooperative  basis,  working  alternate  two-week  periods 
in  factory  and  college.  In  the  factor>'  they  will  become  a  part 
of  the  regular  factory  training  squadron,  proceeding  step  by  step 
through  every  department  of  the  industrial  organization.  In 
the  college  they  will  receive  training  in  basic  engineering  and 
business-training  subjects,  this  work  being  related  to  their  prac- 
tical experience  by  a  regular  system  of  coordination.  Each 
student  will  receive  from  the  company  employing  him  the  sum 
of  537.50  for  each  two-week  period  during  which  he  is  employed. 
At  the  end  of  the  four-year  course  the  graduate  will  have  the 
opportunity  of  a  permanent  position  in  the  organization  in 
which  he  has  been  trained.  Among  the  cooperating  firms  are  the 
Firestone  Tire  and  Rubber  Co.  and  the  Goodyear  Tire  and 
Rubber  Co.,  both  of  which  have  recently  established  industrial 
graduate  fellowships  in  rubber  chemistry  at  the  Municipal 
University. 

The  plan  just  outlined  is  a  decided  innovation  in  the  develop- 
ment of  the  part-time  system,  in  that  it  offers  the  opportunity 
for  a  high  school  graduate  to  procure  an  education  practically 
without  expense  to  himself — a  condition  now  scarcely  to  be 
found  outside  such  institutions  as  West  Point  and  Annapolis. 
The  cooperating  firms  are  acting  on  the  same  sound  economic 
basis  on  which  the  government  itself  proceeds,  namely,  that 
money  spent  in  training  men  for  its  own  service  is  well  invested. 

NEW    ENGINEERING    SOCIETY    ORGANIZED 

At  a  Convention  held  in  El  Paso,  Texas,  on  March  8,  9,  and 
10,  the  Southwestern  Society  of  Engineers  was  organized 
with  more  than  one  hundred  charter  members.  Membership 
is  open  to  civil,  mechanical,  mining,  electrical,  or  chemical 
engineers,  or  architects  or  other  persons  belonging  to  a  technical 
profession,  who  are  not  less  than  27  years  of  age,  and  who  have 
been  in  active  practice  of  their  profession  for  at  least  six  years. 
Provision  is  also  made  for  Associated,  Honorary,  and  Affiliated 
Members. 

The  great  distance  from  centers  of  population  makes  it  diffi- 
cult for  southwestern  engineers  to  attend  meetings  of  the  national 
engineering  organizations,  so  it  is  believed  that  the  new  Society 
will  fill  a  real  need.  It  is  planned  to  hold  at  least  two  Con- 
ventions of  the  Society  each  year  for  the  reading  and  discussion 
of  professional  papers  and  for  social  intercourse. 

A.  F.  Barnes,  Dean  of  the  School  of  Engineering,  New  Mexico 
College  of  Agriculture  and  Mechanic  Arts,  is  President  of  the 
New  Society  and  Forrest  E.  Baker,  of  El  Paso,  Texas,  is  Secre- 
tary. 

RESEARCH  committee  APPOINTMENTS  TO  COOPERATE  WITH  THE 
national  RESEARCH  COUNCIL 

BROWN  UNIVERSITY — John  E  Bucher,  of  the  chemistry  de- 
partment; J.  B.  F.  HerreshofT,  of  the  Nichols  Chemical  Company; 
John  C.  Hebden,  of  the  Federal  Dyestuffs  Corporation;  and 
others. 

COLLEGE  OP  THE  CITY  OF  NEW  YORK — -Chas.  BaskcTville, 
Chairman;  T.  A.  Storey,  F.  G.  Reynolds,  G.  G.  Scott,  J.  G. 
Coffin,  F.  E.  Brcithut  and  A.  N.  Goldsmith. 

UNIVERSITY  OF  PITTSBURGH — Gco.  H.  Clapp,  Chairman; 
Messrs.  Bacon,  Brashear,  Griffin,  Guthrie,  Holland,  Lincoln, 
Schlesinger  and  Thorpe. 
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INDUSTRIAL  NOTL5 


$20,000,000   DYESTUFF    CONSOLIDATION    TO     MEET    FOEEION 
COMPETITION  AFTER  WAR 

The  coal-tar  color  and  chemical  industries  of  this  country 
have  now  agreed  upon  a  form  of  amalgamation,  not  by  any 
means  a  trust  or  combination  in  the  accepted  sense  of  the  word, 
but  a  centralization  of  productive  effort  and  of  capital,  utilizing 
the  sources  of  supply,  the  mines,  coke-oven  by-products  plant, 
manufacture  of  intermediates  and  acids,  etc.,  with  the  sole  pur- 
pose of  meeting  the  post  bellum  competition  with  a  united 
front  and  with  the  strength  of  resource  which  can  be  found  alone 
in  such  industrial  cooperation. 

The  amalgamated  company — which  will  be  known  as  the 
National  Aniline  and  Chemical  Company,  Inc. — will  have  among 
its  executives  J.  F.  and  C.  P.  Hugo  Schoellkopf,  of  the  Schoellkopf 
Aniline  and  Chemical  Works,  I.  Frank  Stone,  president  National 
Aniline  and  Chemical  Company  and  Dr.  William  Beckers,  of  the 
W.  Beckers  Aniline  and  Chemical  Works,  and  will  control  the 
entire  works  of  the  Schoellkopf  Aniline  and  Chemical  Works, 
Inc.,  of  Buffalo,  the  W.  Beckers  Aniline  and  Chemical  Works 
of  Brooklyn,  the  Benzol  Products  Company,  of  Marcus  Hook, 
Pa.,  and  such  sections  of  the  plants  of  the  Semet-Solvay  Company 
of  Syracuse,  the  Barrett  Company  works  at  Frankfort,  Pa., 
the  General  Chemical  Company  of  New  York,  and  other  fac- 
tories, as  produce  those  coal-tar  intermediates  entering  into 
the  manufacture  of  the  finished  colors. 

The  entire  business  of  this  new  amalgamation  will  be  under 
the  control  and  known  by  the  name  of  the  National  Aniline  and 
Chemical  Company,  Inc.,  and  the  present  company  bearing  that 
name,  of  which  Mr.  Stone  has  been  president  since  its  formation 
will  be  reorganized  The  executives  will  include  those  already 
associated  with  the  companies  entering  into  the  new  productive 
alliance,  together  with  such  new  research  and  manufacturing 
chemists  and  other  experts  as  shall  be  necessary  to  the  carrying 
out  of  the  plans  for  such  a  nationalization  of  dyestuff  production 
as  is  contemplated. 

The  Schoellkopf  and  Beckers  Companies  are  manufacturers 
of  dyestulls,  the  Benzol  Company  aniline  oils,  salts  and  certain 
intermediates,  while  the  General  Chemical,  Semet-Solvay  and 
the  Barrett  Company  production  entering  into  the  plans  of  the 
new  organization  is  in  the  line  of  coal,  coke  oven  by-products  and 
intermediates. 

The  combined  output  of  the  Schoellkopf  and  Beckers  concerns 
is  about  75  per  cent  of  the  aniline  color  production  of  the  country. 
It  is  interesting  to  note,  however,  that  the  lines  are  not  competi- 
tive to  any  extent,  since  the  Beckers  colors  are  successfully 
employed  in  the  woolen  trade,  while  the  Schoellkopf  Company 
has  specialized  more  In  cotton,  silk,  leather,  paper  colors,  etc. 

The  Beckers  Company  bought  the  Standard  Aniline  Company 
recently,  the  second  producer  of  sulfur  black  in  tlie  country  in 
point  of  output.  The  Schoellkopf  company  leads  the  country 
in  sulfur  bUick  production  and  the  combined  output  of  both 
concerns  totals  about  75  per  cent  of  the  total  production  to-day. 
The  competition  from  other  makers  in  tliis  line  is  increasing 
steadily,  however 

There  is  another  interesting  factor  in  the  color  production 
of  the  Schoellkopf  and  Beckers  Compunics.  While  the  ntinibcr 
of  such  colors  produced  prior  to  the  war  was  about  i.so,  this  has 
MOW  been  consl<Icral)ly  reduced,  primarily  because  of  a  luck  of 
those  intermediates  not  vet  made  in  this  country.  The  Beckers 
Company  prixhices  about  so  colors,  and  it  will  be  noted  that  the 
total  by  the  two  companies  is  but  iis.  or  about  .so  per  cent  of 
the  jso  or  so  colors  of  conuncrcc.  which  will  re  enter  Anverican 
>'onsuin|>tion  soon  after  the  close  of  hostilities. 

The  Ilrnzol  Company  is  the  only  lirancli  of  the  new  orKanira- 
tion    MiiiinifiirtnrinK    aniline   oils   and   salts,    nf    which    it    is  the 


principal  producer  in  this  country.  With  the 'expansion  of  its 
modem  plant  on  the  Delaware  River  it  has  increased  its  output 
to  a  large  extent  and  has  now  begun  the  manufacture  of  various 
intermediates  and  is  experimenting  with  the  production  of  others. 
This  business  had  its  inception  before  the  war  and  was  the  result 
of  ante-bellum  demands.  It  is  owned  equally  by  the  General 
Chemical  Company,  the  Semet-Solvay  Company  and  the  Bar- 
rett Company,  makers  of  acids,  and  of  benzol  and  other  coal-tar 
distillates,  respectively.  There  is  marked  competition  in  these 
lines  of  production,  for  there  are  many  makers  of  acids  in  quantity 
and  there  are  other  producers  of  large  quantities  of  coal-tar 
distillates. 

As  an  indication  of  the  policy  of  the  new  organization  it  is 
stated  that  no  agreements  have  been  entered  into  with  the  three 
concerns  last  mentioned,  for  the  supplies  of  raw  materials  pro- 
duced since  the  amalgamation  will  be  free  to  buy  supphes  in 
the  open  market  just  as  the  other  companies  will  be  free  to  sell  the 
other  color  makers. 

One  of  the  best  evidences  that  the  new  association  will  not 
enjoy  a  monopoly — the  first  cry  raised  whenever  the  exigencies 
of  business  demand  a  conservation  of  supply  and  productive 
effort,  although  in  this  instance  the  conservation  is  for  the 
interests  of  the  dye  industr>-  as  a  whole  against  the  united 
effort  of  foreign  competitors  when  the  war-time  embargo  shall 
again  be  lifted — is  the  fact  that  some  35  manufacturers  of  aniline 
colors  in  this  country,  many  of  whom  are  among  the  best-known 
concerns,  are  coming  to  the  fore  with  the  demand  for  in- 
creased production  following  war-time  scarcity  of  coal-tar  colors. 

In  addition  to  its  purpose  of  placing  the  color  industn,-  of  this 
country  upon  a  more  permanent  basis,  this  proposed  $30,000,000 
consolidation  offers  the  opportunity  through  plant  production 
possibilities,  the  availability  of  acids,  bases  and  intermediates, 
the  laboratory  facilities  to  be  provided  and  the  economic  advan- 
tages due  to  centralization  of  production  and  marketing  effort 
for  the  rapid  development  of  production  until  they  shall  be 
prepared  to  market  all  the  colors  necessar>'  to  meet  the  demands, 
instead  of  about  one-half  the  varieties  as  at  present.  In  addi- 
tion the  organization  will  also  produce  pharmaceutical  and 
photographic  chemicals  and  explosives,  as  a  natural  develop- 
ment of  their  production  of  coal-tar  products. 

AETNA  EXPLOSIVES  COMPANY  BUSINESS  TO    BE    CARRIED   ON 
UNDER  COURT  ORDERS 

Judge  Mayer,  of  the  Federal  District  Court,  on  April  19, 
named  ex-Judge  (Seorgc  C.  Holt  and  ex-Governor  Benjamin 
B.  Odell  as  receivers  of  the  Aetna  Ivxplosives  Company  with 
orders  to  continue  the  busiiu'ss.  liadi  receiver  innsi  furnish  a 
$25,000  bond.  They  will  be  represented  by  the  law  linn  of 
Winthrop  &  Stimson 

The  company  is  an  $i8,hk>,ooo  concern,  and  has  large  con- 
tracts for  furnishing  the  Allies  with  munitions.  It  has  Ijccn 
in  fuiancial  dilliciiltics  for  s«iinc  time  for  lack  of  capital  to  carry 
on  its  contnicts. 

Application  for  receivers  wa.s  nindr  on  Tuc«lay  by  the 
Grassrlli  Chrniical  Company,  of  Cleveland,  (Ihio.  a  crrditor  for 

flo.A.fi.s.S- 

.\t  all  times  since  its  organi/ation.  the  i-i>mplaMit  says,  the 
(lofendant  company  has  l)cen  rnKiiKi-d  nn  a  very  liirijc  scale  in 
the  inatuifactiirr  of  explosive".,  piirluiilarlv  (or  the  use  of  the 
Allied  Kovrrnnicnts  of  liuroiK-.  and  it  is  now  cnKaKr<l  in  lutrilliiis 
f\irthrr  larRc  contracts  which  arc  of  vital  unportam-r  ni  the  pmsc- 
cut  ion  of  the  war 

1'hcsc  contract.s.  the  complnint  a\-rrs.  lUr  ainoiiK  (hr  most 
important  assets   o(    tlir  .\rlna  I^xpliwivrs  Companv,  Iiic  ,  and 
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to  interfere  with  their  performance  would  be  altogether  ruinous 
to  the  company. 

The  plants  and  other  assets,  the  complaint  states,  are  of  such 
nature  that  their  value  depends  largely  upon  the  continuance 
of  the  defendant  company  as  a  going  concern,  and  further  adds 
that  if  the  business  were  to  be  interrupted  their  value  would  be 
greatly  impaired.  Such  derangement,  the  complaint  asserts, 
would  also  be  very  detrimental  to  the  public  welfare  by  prevent- 
ing the  delivery  of  explosives  called  for  by  contract  with  the 
Allied  Powers,  and  by  removing  a  most  important  source  of 
supply  for  explosives  necessary  to  the  United  States. 

The  complaint  explains  that,  while  the  company's  property, 
at  a  fair  valuation,  aggregates  more  than  enough  to  pay  all  debts, 
by  reason  of  pending  litigation,  its  credit  is  so  impaired  that  it 
is  unable  to  obtain  sufficient  money  to  conduct  its  business  in 
an  efficient  manner. 

Upon  the  filing  of  the  suit,  Stanchfield  &  Levy,  counsel  for  the 
Aetna  Explosives  Company,  Inc.,  submitted  the  company's 
answer,  in  which  it  admitted  all  allegations  of  the  complainant. 

The  company  will  be  continued  and  later  authority  probably 
will  be  given  by  the  court  for  certificates  so  that  money  may  be 
speedily  raised.  Quick  funds  are  needed  for  the  payment  of 
employees  and  purchase  of  materials.  The  lawyers  representing 
interests  involved  are  Sullivan  &  Cromwell,  Paul  D.  Cravath, 
George  Gordon  Battle,  ex-Senator  James  A.  O'Gorman,  ex- 
Justice  George  L.  Ingraham,  and  John  B.  Stanchfield. 

DU  FONTS  ACQiriaE  NITRATE  FIELDS 

Du  Pont  de  Nemours  &  Co.  announced  to-day  they  liad 
acquired  from  the  government  of  Chile  two  large  nitrate  fields  in 
the  northern  part  of  that  country  and  would  begin  at  once  to 
develop  them.  Shipments,  it  is  expected,  will  begin  in  a 
year. 

A  railroad  runs  from  the  new  du  Pont  fields,  in  the  Tarapaca 
district,  forty  miles  to  the  port  of  Iquique,  whence  vessels  will 
come  north  through  the  Panama  Canal. 

It  was  stated  at  the  du  Pont  offices  that  the  purchase  would 
increase  the  annual  supply  of  nitrate  of  soda  for  use  in   the 


United  States  more  than  one  hundred  million  pounds.  Although 
that  is  only  one-sixtieth  of  the  Chilean  output  last  year  and  one- 
tenth  of  the  quantity  used  by  the  du  Ponts,  it  is  said  in  the  an- 
nouncement it  is  deemed  ample  to  meet  commercial  demands 
for  several  years. 

A  joint  stock  company  with  a  capital  of  $500,000  has  been 
formed  to  manufacture  soda  ash  in  Nagoya,  Japan,  and  land 
has  been  acquired  at  Nagoya  harbor  to  erect  factories.  An 
electrochemical  company  with  a  capital  of  $500,000  will  build 
factories  at  the  river  Arakawa  for  the  manufacture  of  bleaching 
powder,  etc. 

The  Braemer  Air  Conditioning  Corporation  of  Philadelphia, 
announces  the  opening  of  a  New  York  office  at  90  West  Street, 
with  G.  P.  Uppington  as  district  manager.  Mr.  Uppington  is  a 
graduate  engineer  with  eleven  years'  practical  experience  in 
heating,  ventilating,  air-conditioning  and  sales  work. 

Detailed  plans  are  now  completed  and  in  course  of  execution 
for  rebuilding  the  burned  portion  of  the  plant  of  The  Hydraulic 
Press  Manufacturing  Company,  in  Mount  Gilcad,  Ohio.  The 
plans  give  the  Company  facilities  for  doubling  their  manufac- 
turing capacity  and  cover  the  erection  of  four  new  buildings, 
planned  to  be  in  full  operation  by  July  ist. 

The  First  Industrial  Exposition  and  Export  Conference  will 
be  held  at  Springfield,  Mass.,  June  23  to  30,  1917.  F.  H.  Page, 
president  of  the  National  Equipment  Company,  has  been  made 
chairman  of  the  General  Committee  to  have  charge  of  the  Ex- 
position. John  C.  Simpson  is  general  manager:  address.  Eastern 
States  Exposition,  Springfield,  Mass. 

The  Rollin  Chemical  Company,  Inc.,  manufacturers  of  barium 
chemicals,  with  works  at  Charleston,  W.  Va.,  have  increased 
their  capital  stock  from  Si,6oo,ooo  to  $2,000,000  and  have  begxm 
a  proposed  expansion  of  their  plant.  The  National  Aniline  & 
Chemical  Company  are  their  general  sales  agents. 

The  German-American  Stoneware  Works,  Jersey  City,  N.  J., 
has  been  changed  to  the  General  Ceramics  Company  and  its 
capital  increased  from  8450,000  to  $2,000,000. 
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By  R.  S.  McBride,  Burea 

NOTICE — Publications  for  wliich  price  is  indicated  can  be 
purchased  from  the  Superintendent  of  Documents,  Government 
Printing  Office,  Washington,  D.  C.  Other  publications  can 
usually  be  supplied  from  the  Bureau  or  Department  from  which 
they  originate.  Commerce  Reports  are  received  by  all  large 
libraries  and  may  be  consulted  there,  or  single  numbers  can  be 
secured  by  application  to  the  Bureau  of  Foreign  and  Domestic 
Commerce,  Department  of  Commerce,  Washington.  The  regu- 
lar suljscription  rate  for  these  Commerce  Reports  mailed  daily  is 
$2.50  per  year,  payable  in  advance,  to  the  Superintendent  of 
Documents. 

BUREAU  OF  STANDARDS 

Manufacture  and  Properties  of  Sand-Lime  Brick.  Warren 
E.  Emlev.  Technologic  Paper  85.  39  pp.  Paper,  lo  cents. 
Processes  of  manufacture,  raw  materials,  influence  of  methods  of 
manufacture  on  properties,  properties  of  tirick  and  tests  of 
product  are  discussed. 

Standard  Substances  for  the  Calibration  of  Viscometers. 
EuoENE  C.  Bingham  and  Richard  F.  Jackson.  Scientific 
Paper  298,  28  pp.  Paper,  5  cents.  "The  existing  data  on  the 
viscosity  of  water  has  been  reviewed  in  order  to  correct  it  so  far 
as  possible  according  to  our  present  knowledge.  The  viscosity 
and  fluidity  of  water  for  every  degree  Centigrade  from  o  to  100 


I  of  standards,  Washingtoa 

has  been  calculated.  Several  liquids  suitable  for  calibration  of 
viscometers  are  recommended,  particularly  sucrose  solutions  of 
20,  40,  and  60  per  cent  by  weight  have  been  investigated. 

"The  advantages  and  disadvantages  of  expressing  viscosity 
in  absolute  or  specific  units  have  been  compared.  The  sug- 
gestion has  been  made  tliat  by  expressing  all  data  in  terms  of  the 
centipoise  (the  one-hundredth  part  of  the  cgs.  unit),  the  absolute 
viscosity  of  substances  would  be  practically  also  the  specific 
viscosity,  provided  that  we  take  water  at  20°  as  the  standard. 
We  find  the  most  probable  value  for  the  viscosity  of  water  at 
20°  C.  to  be  1. 005  cp." 

aEOLOQICAL  SURVEY 

Bismuth  in  191 5.  Frank  1..  Hess.  From  Mineral  Resources 
of  the  United  States,  1915,  Part  I,  pp.  847-848.     Published  March 

13,  1917- 

"The  only  bismuth  known  to  have  been  produced  in  the  United 
States  during  1915  was  that  isolated  as  a  by-product  by  the 
American  Smelting  &  Refining  Co.,  at  Omaha,  and  by  the  United 
States  Metals  Refining  Co.,  at  Grasselli,  Ind.  Both  companies 
refine  lead  bullion  electrolytically  and  save  the  bismuth  from 
the  anode  muds. 

"The  .'\merican  Smelting  &  Refining  Co.  obtains  a  considerable 
quantity  of  bismuth  in  flue  dusts  saved  by  tlie  Cottrell  process 
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at  its  Garfield  (Utah)  plant  and  from  lead  bullion  from  Lead- 
ville,  Colo.  It  is  said  that  at  Leadville  a  special  furnace  is  run 
at  times  upon  ores  carrying  bismuth,  in  order  that  the  bismuth 
may  be  collected  in  comparatively  concentrated  form.  Both 
flue  dusts  and  bullion  are  shipped  to  Omaha  for  treatment. 

"The  United  States  Metals  Refining  Co.'s  bismuth-bearing 
lead  comes  largely  from  Tintic,  Utah. 

"Only  one  lot  of  bismuth  ore  is  known  to  have  been  sold  as 
such  during  1915. 

"The  imports  of  bismuth  have  dwindled  almost  steadily  since 
1910,  but  the  reduction  in  J915  was  undoubtedly  much  more 
than  normal  and  was  caused  by  the  European  war. 

"As  quoted  by  the  Engineering  and  Mining  Journal  (New 
York),  the  price  of  bismuth  during  the  year  was  from  $2,75  to 
$3.00  a  pound." 

Selenium  and  Tellurium.  Frank  L.  Hess.  From  Mineral 
Resources  of  the  United  States,  1915,  Part  I,  pp.  849-850.  Pub- 
lished March  13,  1917. 

"No  new  uses  and  no  new  developments  in  the  selenium  in- 
dustry came  to  light  during  1915.  The  quantity  produced  was 
smaller  than  in  the  two  preceding  years  and  was  made  by  only 
two  companies,  so  that  the  figures  may  not  be  given.  .\s  usual, 
the  selenium  was  obtained  as  a  by-product  in  the  electrolytic 
refining  of  copper.  No  telKu'ium  is  known  to  have  been  pro- 
duced." 

Cobalt  in  1915.  Frank  L.  Hess.  From  Mineral  Resources 
of  the  United  States,  1915,  Part  I,  p.  805.  Published  March 
22,  1917. 

"No  cobalt  or  cobalt  minerals  are  known  to  have  been  produced 
in  the  United  States  in  1915,  but  a  certain  quantity  of  cobalt 
was  used  by  manufacturers  of  tool  steel  and  in  the  making  of 
stcllite,  all  of  which  is  thought  to  have  been  imported,  although 
no  imports  of  the  metal  are  recorded  separately.  The  price 
of  the  metal  during  the  year  seemed  to  range  between  $1.25  and 
?2  00  a  pound." 

Molybdenum  in  1915.  Frank  L.  Hess.  From  Mineral 
Resources  of  the  United  States,  1915,  Part  I,  pp.  807-811. 
Published  March  22,  1917. 

"The  output  of  molybdenum  ore  in  1915  was  the  largest  yet 
ncordcd  in  the  United  States,  but  it  was  still  small  compared 
with  that  of  other  metals,  and  only  one  company,  the  .'\rizona 
Rare  Metals  Co.,  seems  to  have  operated  steadily  through  the 
remainder  of  the  year  after  having  started  operations.  The 
production  is  estimated  at  3,498  tons  of  raw  ore.  The  concen- 
trates and  the  unconcentrated  portion  of  this  ore  contained 
181,769  pounds  of  molybdenum  and  were  vahied  at  ?i  14,866. 
These  figures  show  a  total  of  nearly  91  tons  of  metal  ii\  ores  and 
coneeutriites.  but  the   loss  in  smelting  is  said  to  be  c<insi(lerable. 

"The  worlds  pnidurt  idii  in   1915  may  be  rcca]>itulatcd  thus: 


CouNTBv  Orb  Minhh/ 

Cnnatia Molylulcnltc 

Nrw  So.  Wales.    .Molybdenite 

Norway Molybdenite 

Peru Molylidrnlte 

UllcrnilaDd Molyhdentli- 

Spain Wnllcnile 

United  Statei Mnlylidrnite  11 


"The  tniilylidetium  situation  is  always  very  hard  to  delino 
because  the  demand  is  small,  most  buyers  arc  very  secretive 
about  the  dis]»>sili(in  of  their  purchases  or  mamifactiired  prod- 
tirls,  and  imiuirers  for  llu-  ore  usually  surroinid  their  dealiiiK'i 
with  an  air  of  mystery 

"The  aeluiil  uses  as  now  deyrloi)e<l  fni  tin-  nutal  are  small 
In  this  <<>untrv  the  use  of  luolylidrmitn  in  I(kiI  steels,  aoiirdinK 
to  reports  reeijvcd  by  the  (•eoloKical  Survey  from  yarinus  ^^lllr^^>.. 
h.i',  decreased.     A  Miiall  t|uaiititv  is  u^<<\   in  ilntric  work,  for 
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supports  for  tungsten  filaments  in  incandescent  lamps,  in 
Roentgen  ray  apparatus,  and  in  small  resistance  furnaces;  a 
number  of  tons  of  ore  is  consumed  in  making  ammonium  molyb- 
date  for  use  in  chemical  work,  and  a  little  is  used  in  some  stellite; 
but  outside  of  these  practically  no  uses  are  known.  Efforts 
have  been  made  to  use  the  blue  oxide  in  dyes,  but  the  process 
is  not  known  to  have  been  adopted  on  a  commercial  scale, 
although  stated  in  certain  papers  as  a  prominent  use.  Statements 
that  molybdenum  is  used  in  smokeless  powder,  gun  steels,  and 
armor  plate  are  constantly  reiterated  and  as  positively  denied. 

"Abroad  molybdenum  is  apparently  used  in  steel  much  more 
than  in  this  country,  and  it  is  commonly  accepted  that  the 
decided  rise  in  prices  was  caused  by  German  buyers  taking 
available  supplies  a  few  months  before  the  beginning  of  the 
war.  French  and  English  steel  makers  are  apparently  now 
using  the  metal  to  some  extent." 

Tin  in  1915.  Frank  L.  Hess.  From  Mineral  Resources  of 
the  United  States,  1915,  Part  I,  pp.  813-818.  Published  March 
22,  1917.  "The  only  tin  mined  and  sold  in  the  United  States  in 
1915  was  that  produced  in  Alaska  and  consisted  of  102  tons  of 
metallic  tin  having  a  value,  at  the  average  price  of  tin  for  the 
year,  of  §78,846. 

"The  United  States  is  the  greatest  user  of  tin  among  the 
nations,  using  about  40  per  cent  of  the  world's  production  in 
1915,  and  as  it  is  almost  a  nonproducer,  its  imports  of  tin  are. 
of  course,  large.  Hitherto  the  imports  have  been  almost  wholly 
of  smelted  tin,  but  in  the  next  few  years  ores  may  be  cxjiected 
to  cut  a  considerable  figure  in  the  imports." 

The  average  monthly  price  of  Straits  tin  in  New  York  during 
1915  was  38.66  cents  per  pound  as  compared  with  35.70  cents 
in  1914  and  44.225  cents  in  1913. 

Titanium  in  1915.  Frank  L.  Hess.  From  Mineral  Re- 
sources of  the  United  States,  1915.  Part  I.  p.  821.  Published 
March  22,  1917. 

"In  1915  the  American  Rutile  Co.  produced  250  short  tons 
of  rutile  (titanium  dioxide)  at  its  plant  at  Roscland,  Va.  In  the 
concentration  of  the  rutile,  a  considerable  quantity  of  ilincnite 
(titanium  iron  oxide)  was  produced  as  a  by-product.  The  value 
of  both  was  about  $27,500.  For  many  years  the  company  has 
been  the  sole  producer  of  rutile  in  this  country.  .-Kltempts  have 
been  made  by  others  to  develoii  dejiosits  in  Hanover  and  Gooch- 
land counties,  \'a.,  and  near  Magnet.  .\rk..  but  no  commercial 
production  has  yet  been  made  at  these  places. 

"Rutile  and  ilnienite  arc  both  used  in  making  ferrotitanium, 
which  is  employed  in  making  steel  and  cast  iron  aiul  Kith  are 
used  in  making  electrodes  for  arc  lamps,  but  for  some  reason 
ilnienite  from  other  sources  than  the  Roscland  deiwsits  dix-s  not 
.seem  to  give  the  same  satisfaction.  Rutile  is  the  source  of 
titanium  for  making  cuprotitaniuin  for  list-  in  brass  and  other 
copper-bearing  alloys  and  for  niaking  iKitassiuin  titanium 
oxalate  and  titanium  sidfate  for  use  in  dyeing  leather  ;ind 
textiles.     /X  little  rutile  is  also  used  in  ceramics." 

Tungsten  in  1915.  Frank  L.  Hess.  From  Mineral  Re- 
sources of  the  Ignited  States,  1915.  Part  I,  pp.  823  830  Pub- 
lished March  22,  1917. 

"The  production  of  tungsten  ores  in  the  ljiitc<l  Slntcs  in  igis 
was  larger  than  in  any  previous  year  ami.  ncvtirding  to  the 
liKures  collected  by  the  United  States  GeoIoRicnl  Sur\TV.  WM 
equivalent  to  i.,\y;  tons  of  concrntrales  carryiiiK  '«'  ikt  >-rnt 
\VO»  and  valued  at  almut  f4.ic»..i«iii  This  pnxluctioii  wai 
more  than  5(Ki  tons  larxer  than  the  UirKr-tt  prrviou«  output, 
that  of  1910,  when  1.821  tons  wcjr  pnxluccil.  ami  w«*  iiearlv 
two  and  n  haU  times  a.i  much  «.■»  the  prtxluclion  of  lgi4.  which 
was  <><j<)  tons,  valued  at  ^435.000.  only  a  little  more  than  our  tenth 
the  value  of  the  output  in  iqij. 

"The  tiiiiKslru  production  of  the  Uuitrd  Sinter  by  orr  min- 
erals is  uniqur  Schrrlitr  (onuod  i.i«»i  toui  ot  \Uc  total,  (ct- 
lierite.  ij<i<>  tnui.  wolframite.  i8<.  ton*.  mm\  hOlutcritc.  178  toiu. 
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It  is  probable  that  at  least  40  tons  of  the  wolframite  should  be 
classed  as  hubnerite,  but  as  no  analyses  are  at  hand  and  as  the 
application  of  the  term  hubnerite  to  the  ore  mineral  has  been 
resented,  it  will  be  called  wolframite  until  more  definite  knowledge 
is  at  hand.  It  seems  probable,  therefore,  that  wolframite,  the 
commonest  tungsten  mineral  in  most  countries,  is  the  least 
common  of  the  commercially  valuable  tungsten  minerals  in  this 
country. 

"In  1914  the  tungsten  industry  had  been  temporarily  nearly 
paralyzed  by  the  beginning  of  the  European  war,  but  before  the 
end  of  the  year  $9  or  more  a  unit  was  paid  for  ores  carrying  60 
per  cent  WOj.  The  demand  was  not  steady,  however,  and  early 
in  1915  ores  were  sold  as  low  as  $5.80  a  unit,  so  that  many  prop- 
erties were  idle.  As  already  stated,  large  orders  from  Europe 
for  munitions  caused  a  sudden  inflation  of  prices  until  S40 
a  unit  was  a  common  price  and  more  than  $50  a  unit  was  re- 
ported. Some  producers  were  tied  up  with  contracts  at  low 
prices,  and  had  it  not  been  for  this  fact  values  would  have 
shown  a  still  greater  total. 

"The  price  of  tungsten  as  metal  or  ferrotungsten  rose  from  $1 
a  pound  in  January  to  $S  a  pound  in  December.  In  the  same 
period  tungsten  steels  increased  in  price  from  60  or  75  cents  to 
$3  a  pound." 

Radium,  Uranium  and  Vanadiiun.  Frank  L.  Hess.  From 
Mineral  Resources  of  the  United  States,  1915,  Part  I,  pp.  831- 
836.     Published  March  22,  1917. 

"Radium,  uranium  and  vanadium  are  closely  connected  in 
occurrence  in  the  principal  fields,  Colorado  and  Utah.  In  1915 
the  European  war  caused  a  great  decline  in  the  production  of 
ores  of  radium  and  uranium,  but  it  caused  a  considerable  in- 
crease in  Uic  production  of  ores  of  vanadium. 

"According  to  reports  received  by  the  United  States  Geo- 
logical Survey,  the  output  was  47,000  tons  of  ore  containing 
19.9  tons  of  uranium  and  6.1  g.  of  radium  contained  in  the  car- 
notite  ores  produced  and  627  tons  of  vanadium  contained  in 
the  carnotitc  ores  shipped  and  in  the  chemical  concentrates 
from  the  roscoclite  ores.  The  vanadium  is  arbitrarily  valued  at 
$600,000,  though  the  vanadium  in  the  camotite  ores  was  prac- 
tically without  value  in  the  ore  and  the  roscoclite  was  all  mined 
and  reduced  by  the  owner,  the  Primos  Chemical  Co.,  so  that  it 
would  probably  be  difficult  for  the  company  itself  to  assign  a 
value  to  the  ore.  The  uranium  ores  were  valued  at  $93,7.50, 
which  covered  the  value  of  the  uranium  and  radium  contained. 
In  1914  the  ores  produced  contained  87.2  tons  uranium  oxide 
(UaOg)  containing  74  tons  of  uranium,  22.3  g.  radium,  and  435 
tons  vanadium.     Nearly  all  of  the  ores  were  from  Colorado." 

Artificial  Gas  and  By-Products  in  1915.  C.  E.  Lesher. 
From  Mineral  Resources  of  the  United  States,  1915,  Part  II, 
pp.  1031-1060.  Published  March  20,  1917.  This  report  gives 
a  large  number  of  statistics  by  tables  and  diagrams,  covering 
the  production  of  various  kinds  of  gas,  fuels  used,  number  and 
kinds  of  plants  operating,  and  by-products,  including  coke, 
tar,  ammonia,  etc. 

The  Enrichment  of  Ore  Deposits.  William  Harvey  Emmons. 
Bulletin  625,  493  pp.  Paper,  45  cents.  "This  paper  is  an  ampli- 
fication of  an  earlier  Survey  bulletin  on  the  enrichment  of  sul- 
fide ores  (Bulletin  529).  It  is  a  discussion  of  representative 
deposits,  especially  of  the  paragenesis  of  their  ores  and  of  the 
principles  that  underlie  the  processes  of  enrichment." 
DEPARTMENT  OF  AQRICULTDRE 

Changes  in  Fresh  Beef  during  Cold  Storage  Above  Freezing. 
Rali-h  Hoa<;i..\nd,  Charles  N.  McHrvue  and  W'ii.mer  C. 
PowiCK.  Bulletin  433.  Contribution  from  the  Bureau  of 
Animal  Industry.  i(h>  pp.  Pa])er,  10  cents.  Published  Feb- 
ruary 15.  This  reports  an  investigation  of  commercial  practices 
in  the  cold  storage  of  beef  and  the  chemical  changes  in  the 
muscular  tissues  of  the  meat  while  in  storage  from  14    to    177 


days.     The  factors  upon  which  successful  storage  depends  are 
also  discussed. 

Separation  and  Identification  of  Food-Coloring  Substances. 
W.  E.  Mathewson.  Bulletin  448.  Contribution  from  the 
Bureau  of  Chemistry.  56  pp.  Paper,  10  cents.  Published 
February  15.  This  reports  methods  for  chemical  detection  of 
about  130  coal-tar  colors  which  are  commonly  used  in  dyeing 
food. 

Production  of  Sugar  in  the  United  States  and  Foreign  Coun- 
tries. Perry  Elliott.  Bulletin  465.  Contribution  from  the 
Bureau  of  Biological  Survey.  40  pp.  Paper,  10  cents.  Pub- 
lished February  23. 

Digestibility  of  Some  Vegetable  Fats.  C.  F.  Langworthy 
AND  A.  D.  Holmes.  Bulletin  505.  Contribution  from  the 
States  Relations  Service,  20  pp.  Paper,  5  cents.  Published 
February  13.  This  bulletin  records  studies  of  the  digestibility 
of  olive  oil,  cottonseed  oil,  peanut  oil,  coconut  oil,  sesame  oil, 
and  cocoa  butter,  and  is  primarily  of  interest  to  students  and 
investigators  of  food  problems. 

Some  American  Vegetable  Food  Oils,  Their  Sources  and 
Methods  of  Production.  H.  S.  Bailey.  Separate  691,  Year- 
book, igi6.      18  pp.      Paper,  5  cents. 

COMMERCE  REPORTS— MARCH,  1917 

The  prospects  for  petroleum  in  Bolivia  are  very  promising. 
(P.  840) 

Efforts  are  being  made  to  develop  a  paper  industry  in  Aus- 
tralia and  New  Zealand,  using  straw  as  the  raw  material.  (P. 
841) 

A  cement  plant  in  Ontario  is  now  adding  feldspar  to  the  raw 
material,  and  producing  15  tons  per  day  of  80  per  cent  potash, 
besides  considerable  dust  and  gases  containing  5  per  cent  potash, 
and  suitable  as  fertilizer.     (P.  903) 

A  great  shortage  of  ammonium  sulfate  is  reported  in  Japan. 
(P.  921) 

A  process  has  been  devised  in  Sweden  for  making  textiles 
for  wearing  apparel  from  peat  fiber.     (P.  97 1 ) 

A  large  natural  deposit  of  soda  in  East  Africa  is  estimated  to 
contain  from  50  to  200  million  tons  of  sesquicarbonate  of  soda. 
Efforts  are  being  made  to  market  this  product.     (P.  101 1) 

Efforts  are  being  made  in  Canada  to  develop  the  smelting  of 
low-grade  iron  ores.     (P.  1047) 

Large  deposits  of  clay  in  New  Brunswick  have  proven  suit- 
able for  brick,  tile  and  other  structural  clay  products.  (P. 
1062) 

Six  large  British  firms  have  combined  for  the  manufacture  of 
chemical  glass  and  porcelain  ware,  each  plant  concentrating 
on  certain  lines.     (P.  1080J 

A  plant  is  to  be  erected  in  Chile  for  smelting  Bolivian  tin 
ores.     (P.  1092; 

The  annual  output  of  tungsten  ore  from  Siam  has  increased 
to  nearly  i ,(X)<),ooo  lbs.  (P.  11 18) 

The  mineral  resources  and  metal  industries  of  the  Far  East 
arc  to  be  studied  tlioroughly  by  a  representative  of  the  Bureau 
of  Foreign  and  Domestic  Commerce.     (P.  11 28) 

The  seeds  of  "Sim-sim."  an  annual  plant  growing  in  East 
.'\frica,  contain  a  high  percentage  of  an  edible  oil,  used  as  a  sub- 
stitute for  olive  oil.     (P.  1 155) 

In  the  ceramic  industry  of  Japan,  various  substitutes  for  kaolin 

are  used,   which  are  essentially  aluminum  silicates,  containing 

some  alkali  and  iron.     (P.  1203) 

Statistics  op  Iixports  to  tub  Unitud  Statbs 

SiNCAPORB — 978  Moscow — 1114 

Gambler  ^""f'°. 

„  ,  Santonin 

Gum  copal  ^jj^. 

Gum  damar  Sugar  beet  seed 

Cbylon — 1160 
Copra 


Gutta  jclutong 
Gutta  pcrcha 
Mangrove  bark 
Rubber 
Tin 


Coconut  oil 

Graphite 

Kubber 
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B7  IKSNB  DsMattt,  Librarian,  Melloo  Institute  of  Industrial  Research,  Pittsburgh 


Analysis:     Principles   of    Quantitative  Analysis.     W.   C.   Blasdalb.     2nd 

Ed.      12mo.     402  pp.     Price,  $2.50.      D.  Van  Nostrand  Co.,  New  York. 
Analysis:     Standard  Methods  of  Chemical  Analysis.     W.  W.  Scott  and 

Others.     8vo.     864   pp.     Price,    S6.00.     D.    Van    Nostrand   Co.,    New 

York. 
Atoms:     Jean   Perrin.     Translated   by   D.   L.   Hammick.     8vo.     211    pp. 

Price,  $2.50.      D.   Van   Nostrand   Co  ,   iN'ew   York. 
Color   and   Its    Distribution   in    Printing;    How   to    Estimate   Ink.     E.    C. 

Andrews.     8vo      42  pp.      Price,  $5.00.      Inland  Printer  Co.,  Chicago. 
Engineering   Ethics.     Casnbcie   Library   op   Pittsburgh.     17   pp.     The 

Library,  Pittsburgh. 
Enginemen's    Manual.     W      I'     James.      12mo.     444    pp.     Price,    $2.50. 

W.  P.  James  Publishing  Cu  .  LouisviUe,  Ky. 
Electric  and    Magnetic   Measurements.     C.   M.   Suith.      I2mo.     368  pp. 

Price,  $2.40.      The  Macmillan  Co.,  New  York. 
Electrical    Equipment.     H.     W.     Brown.     8vo.     229    pp.     Price,    $2.00. 

McGraw-Hill  Book  Co.,  New  York. 
German:     Eiercises  in  Scientific  German.     R.  M.  Ihrig.     12mo.     31  pp. 

Price.  $0.18.      D,  C.  Heath    &:  Co.,  New  York. 
Glass:     A  Memoir  on  British  Resources  of  Sands  Suitable  for  Glassmaking. 

(American   Edition  )      P.   G.   H.    BoswEl.u.     8vo.     92  pp.      Price,  $0.50. 

Longmans,  Green    &  Co  .  New  York. 
Hydraulic  Power:     Service  des  grandes  forces  hydrauUques  dans  la  region 

des  Alpes.     Vol   7.      8vo.     481  pp.      Imprimerie  nationale,  Paris. 
Inorganic  Chemistry:     Introduction  to  Inorganic  Chemistry.     Alexander 

Smith.      3rd  Ed       8vo      925  pp       Price,  $2  60.      The  Century  Co  .  New 

York. 
Mechanical  Equipment  of  School  Buildings.     H.   L.  .\i,T.     4to.      1 1 1   pp. 

Price.  $2.50.      Bruce  Publishing  Co.,  Milwaukee. 
Mineralogy:     Elements    of    Mineralogy,    Crystallography    and    Blowpipe 

Analysis.     A.  J    Moses  and  C.  L    Parsons      5th  Ed.     8vo.     631   pp. 

Price,  $3.00.      D    Van  Nostrand  Co.,  New  York. 
Nature  of  Matter  and  Electricity.     D.  K.  Comstock  and  L.  T.  Troland. 

12nio.      201  pp       Price,  S2  00.      D    Van  Nostrand  Co.,  New  York. 
Physical  Laboratory  Experiments  for  Engineering  Students.     S.  Sheldon 

AND   IvRicii    Hausmann.      12nio       104   pp.      Price,  $1.15.      D.   Van   Nos- 
trand Co  ,  New  York 
Roads:     Modern     Road     Construction.     A.     T.     Byrne.     8vo.     200    pp. 

Price,  $1  00.      .Vnurican  Technical  Society,  Chicago 
Science:     An  Introduction  to  the  History  of  Science.     W.  Lidbv       l2mo. 

288  pp       Price,  $1  50       Houghton,  Midlin  Co  ,  Boston. 
Steam  Turbines.     \V.  S.  Lbland      8vo.      137  pp      Price,  $1.00.     Ameri- 
can Technical  Society,  Chicago. 
Steam    Turbines.     J.     A.     Mover.     8vo.     468    pp       Price,    $3.50.     John 

Wiley    &  Sons,  New  York. 
Steam  Turbines;  a  Treatise  Covering  U.  S.  Naval  Practice.     G.  J.  Mbybrs. 

246  pp.      Price.  $4  50.      V.  S    Naval  Institute,  Annapolis. 
Sulfuric  Acid  Tables.     H.  C.  Moorb.     8vo.     36  pp.     Price,  $2.00.     Com- 
mercial I'crlilizer,  Atlanta.  Ou. 
Ventilation:      Some     Modern     Methods    of    Ventilation.     R.    Gribkson. 

I2M10.      187  pp.     Price.  $3  00.     D.  Van  Nostrand  Co..  New  York. 
Water     Supply.     W.     P.     Mason.     8vo.     538     pp.     Price,     $3.75.     John 

Wiley    «i  Sons,  New  York 
Wool    Industry.     P.    T.    Cuiirinotun.     8vo      256   pp.     Price,   $2.50.     A. 

W    Shaw  Co  ,  Chicago. 

RECENT  JOURNAL  ARTICLES 

Air  Supply  for  Laboratory  Tests.      .\    U     .Aur.iiN       Enginecrim  and  Miniiit: 

Jiiurnal,  Vol    103  (1917),  Nii    1.1.  p    .S3.S 
Analysis  of  Aluminum  Du*t.     J.   K.  Ci.knnkll.      Entintnint  and  MiniHs 

Jimrnal,  Vol     103  (1917).  No     12,  pp    496-499. 
Analysis    of     Nickel    Chromium.     I{.     D.     KoKPriNn.       Utiallurcital  an,! 

Chimical  liniiintrrinK.  Vol    16  (1917).  No    6,  pp.  319-321. 
Bleaching:     Details     of      Bloacblng     and      Pinlshlnf.     Dbluak.      Texlilf 

Wnrl.l  Journal.  Vol    52  (19171.  No    18.  p.  27. 
Coefllclont  Curves  for  Slack  and  Oven  Gas.     T.  G.  iisTiii-,  Jr       Tlit  lUoU 

I'urn.itr  ,md  Slrrl  I'lanl.  Vol    S  ll9W).  No    ♦,  pp.   147-149. 
Comparative      Motals     Shearing     Reilalancai.     W.     TaiNBS.     Amtriean 

Drnf  l-iirtfr.  Vol    3  (1917).  No    3.  pp    75-76 
Draft  in  Steam  Boiler  Practice.     )     D    Moroam.      Povtr,  Vol.  4S  (1917), 

No     12.  pp     174    177 
Dyeing  Light  Weight  Wool  Dress  Gooda.     I..   J.    Mato».      Tttlilt   Wiwid 

Journal.  Vol    52  (1917).  No    18.  pp    25    .'7 
Klectric  Furnace:     The  Regulation  of  BUctilc  Futnacn.     nmNT  Wiliiv. 

Ihr  El,, In.   Journal.  Vi.l    14  (1917).  No    4.  pp    138    140. 
Bleclrlc  Fuinace  Practice.     T    S    Ui'imm.      Tk4   KJt.lric  Journal,  Vol.    14 

(I'>I7).  No    4,  pp    140-141. 
RItctilc  Furnace  SItol.     W.  H.  Cuoawm.i..      Tin  lUttlrit  Journal,  Vol    14 

'1917),  No    4.  pp    I4J-MJ. 


Electrical    Endosmose.     T.    R.  Brigcs.     Journal    of    Physical    Ckemislry, 

Vol    21  (1917),  No.  3,  pp.  198-237. 
Electrolytic    Equivalents    of    Gases.     Carl    Herinc.     ilttallureical    and 

Chemical  Enginemng,  Vol.  16  (1917),  No.  7,  pp.  383-384. 
Electrometric  Titration  of  Zinc  with  Fenocyanide.     F.  R.  v.  Bicbowset. 

Journal  0/  Ihe   Washington   Academy  of  Sciences.  Vol.  7   (1917),   No.  6. 

pp.  141-143. 
Exploration    of    Metalliferous    Deposits.     W.    H.    Ehhons.     Mining   and 

Scientific  Press,  Vol.  114  (1917),  No.  13.  pp.  436-440. 
Explosives:     The   Application  of   Nitro  Aromatics  in  Explosive  Industry. 

J.  R.  Mardick.      Metallurgical  and  Chemical  Engineering.  Vol.  16  (1917), 

No.  6,  pp.  303-305 
Fuel:     Equivalent  Cost  of  Coal  and  Oil  as  Fuel.     R.  L.  Wales.     Pover, 

Vol.  45  (1917),  No.   11,  pp.  347-348. 
Gas  Power:     Is  Not  Gas  Power  Cheaper  than  Water  Power?     H.  G.  B. 

Tarr.      Metallurgical  and  Chemical   Engineering,   Vol.   16  (1917),  No.  7. 

pp.  373-374. 
Gases:     Influence  of  Gases  in  Cast  MetaL     J.  E.  Flbtchsk.      The  Iron 

Trade  Rerieu;  Vol.  60  (1917),  No.  11.  pp.  617-621. 
Insulation    of    Boiler    Furnaces.     Joseph    Harrington.     Paver,    Vol.    45 

(1917),  No.  13.  pp.  410-413 
Iron  Ore  from  Range  to  Furnace.     £.    A.    .'Vnderson.      The  Iron    Trade 

Revieu;  Vol.  60  (1917),  No.   12,  p.  674. 
Linseed    Oil:     Commercial    Linseed    OU.     C.     D.    Hollsy.     Paint    and 

Varnish  Record.  Vol.  12  (1917).  No.  5,  pp.  24-25. 
Metal  Mining  in  Russia.     S.  H.  Ball  and  Bbla  Low.     Engineerini  and 

Mining  Journal.  Vol.  103  (1917),  No.  10,  pp.  403-417. 
Metallurgy  and  Electrochemistry  at  the  ITniversity  of  Cincinnati.     E.  B- 

Thum   and   a.    W.    Davison.      Metallurgical   and   Chemical    Enginetrini, 

Vol.  16  (1917),  No.  7.  pp.  367-373. 
Mining  Industry  of  Brazil.     F.  L.  Garrison      .\fininc  and  Scientific  Press, 

Vol    114  (1917),  No.  10,  pp.  329-333. 
Mining    Laws    of    Brazil.     Henry    Thouas.     Engineering    and    Mining 

Journal.  Vol    103  (1917).  No    12.  pp    489-490. 
Mining  Methods  Illustrated  in  Miniature.     W.   R.  Cranb.     Engineerint 

and  Mining  Journal.  Vol.  103  (1917),  No.  14,  pp.  563-566. 
Nitrate  Industry  in  Chile.     I.  B.  Hobsbawk.     Metallurgical  and  Ckemicol 

Engineering.  Vol.  16  (1917).  No.  5,  pp.  253-259. 
Paint  and  Its  Application  to  Exposed  Structures.     A.  H.  Sabin.     Electrical 

.It,'!-.  Vol    50  (1917),  No.  2,  pp.  35-36 
Pavements:     The    Design    of    Bituminous    Pavements.     C.    C.    Brown. 

Municipal  Engineering.  Vol.  52  (1917),  No.  2,  pp.  42-46. 
Pilch  in  Sulflte  Pulp.     R.  E.  Coopbr.     Paper.  Vol.  20  (1917).  No.   I.  pp. 

13-15 
Pyrites  Cinder:     Using  Pyrites  Cinder  in  Blast  Furnaces.     W.  W   Tatlor 

The  Iron  Trade  Kerieu.  Vol    60  (1917),  No    10.  pp.  581-582. 
Pyrometers:     Past,  Present  and  Future.     R.  P.  Brown.      The  Iron  Trade 

Reviru:  Vol    60  (1917),  No    12.  pp   671-673. 
Recovery  Products  of  Black  Liquor.     A   II.  Whits  and  J.  D.  Rt-K      Paper, 

Vol     19  (1917).  No    23.  pp.  56-64. 
Refractory  Linings  and  Materials  No.  I.     J.  W.  HaulmXn.      BlaH  Furnace 

and  .Steel  I'lanl.  Vol    S  (1917).  No   4.  p    159. 
Refrigerating  Troubleman's  Job.     H    W    Miller       Pover.  Vol   45  (1917). 

No    8.  pp    2-19-250 
Roentgen  Rays  from  Sources  Other  than  the  Focal  Spot  in  Tubes  of  the  Par* 

Electron  Discharge  Type.     W    H   Coulidok  and  C   N    Mikxb      c;/mt«j 

Ele.lric  Rrrtev.  Vol.  20  (1917),  No    4.  272-281 
Rubber  Works:     Electrical  Equipment  of  Rubber  Works.     W.  H.  liAaToH. 

Electrical  Age.  Vol    50  (1917).  No   .V  pp    35-.16 
Silica  Brick  and  Some  New  Uses  for  Them.     Waltkr  Grav      UnaUurgual 

and  Chrmi.al  Ensineering.  Vol.  16  (1917).  No   4.  pp    209-216. 
Soils:     Eflecl  of  Irrigation  Water  and  Manure  on  the  Nitrates  and  ToUl 

Soluble  Salts  of  the  Soil.     V    S    Harris  and  N    J.  Uim.     Jounat  of 

Atriiultur.il    Kesear.h.  Vol    8  (1917).  No    9.  pp    .13,<-.».19 
Stokera   and    Condensers   in   the    Power    PUnl.     K     L.   SmiBTiia       Tlte 

/{ntinrmiK  .\tafaiin,.  \\A   52  (I'>I7).  No   5.  pp.  ««S-6S3. 
Sulfite:     Studies  in  Ihe  Sulflle  Process.     S    H    LvNtK       Poixr    Vol    19 

ll'M7).  No    .'4,  pp    13    14 
Surface   Combustion:     Some   Results  of  Rocaol   Work  la  Sorfac*  CoB- 

bustion.     II    I.    Kkad       l'orrt.\-«»   45  (191 7).  No   7.  pp   22.^-226 
Tungar  Rectifler.     K    li    Rvoull      Ctnrrtl  KltitrU  Kewt*w,\'al  tO  {I9i7). 

No    1.  p|.    .'I)"'    .'M 
Water  in  the  Ammonia  Charge.     U    W    Mii.lrr       Power.  Vol    45  (I9W), 

Nil     H)    pp     II.-    \\.\ 
Wood:     A  PorUbU  Plant  for  the  Diatlllallan  of  Wood.     S    II    i»u.ti>a 

Journal  ,</  Ihe  S,:i,lt  tl  Cheml.Al   IndmXry.  Via    M  ||9|7).   No    }.  pp 
».8-7n 
Zinc:     Tk*  Deletmloatloa  of  Zinc.     )    II     llAanwim.     UelaUmin*I  ami 

Chemi.el  rufnrerinl.  Vo»    14(1917),  No    ».  pp    24.1-M^ 
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MARKET  REPORT— APRIL,  1917 

WHOLBSAIE    PRICES    PREVAILING    IN    THE    NEW    YORK    MARKET   ON    APRIL    20 


INOBGANIC  CHEMICALS 

Acetate  of  Lime 100  Lbs. 

Alum,  lump  ammonia 100  Lbs. 

Aluminum  Sulfate,  high-grade Ton 

Ammonium  Carbonate,  domestic Lb. 

Ammonium  Chloride,  white Lb. 

Aqua  Ammonia,  26**,  drums Lb 

Arsenic,  white Lb. 

Barium  Chloride Ton 

Barium  Nitrate Lb. 

Barytes,  prime  white,  foreign Ton 

Bleaching  Powder,  35  per  cent 100  Lbs. 

Blue  Vitriol Lb. 

Borax,  crystals,  in  bags Lb. 

Boric  Acid,  powdered  crystals Lb. 

Brimstone,  crude,  domestic Long  Ton 

Bromine,  technical,  bulk Lb. 

Calcium  Chloride,  lump.  70  to  75%  fused Too 

Caustic  Soda,  76  per  cent Lb. 

Chalk,  light  precipiuted Lb. 

China  Clay,  imported Ton 

Feldspar Ton 

Fuller's  Earth,  foreign,  powdered Ton 

Glauber's  Salt,  in  bbis 100  Lbs. 

Green  Vitriol,  bulk 100  Lbs. 

Hydrochloric  Acid,  commercial,  18* Lb. 

Hydrochloric  Acid,  C.  P.,  cone.  22° Lb. 

Iodine,  resublimed Lb. 

Lead  Acetate,  white  crystals Lb. 

Lead  Nitrate Lb. 

Litharge,  American Lb. 

Lithium  Carbonate Lb. 

Magnesium  Carbonate.  U.  S.  P Lb. 

Magnesite.  "Calcined" Ton 

Nitric  Acid.  36° Lb. 

Nitric  Acid  42° Lb. 

Phosphoric  Acid,  sp.  gi    1.710 Lb. 

Phosphorus  yellow Lb. 

Plaster  of  Paris Bbl. 

Potassium  Bichromate,  casks Lb. 

Potassium  Bromide  (granular) 100  Lbs. 

Potassium  Carbonate,  calcined,  80  @  85% Lb. 

Potassium  Chlorate,  crystals,  spot Lb. 

Potassium  Cyanide,  bulk,  98-99  per  cent Mixture 

Potassium  Hydroxide,  88  @  92% Lb. 

Potassium  Iodide,  bulk Lb. 

Potassium  Nitrate Lb. 

Potassium  Permanganate,  bulk Lb. 

Quicksilver.    Oask 75  lbs 

Red  Lead.  American,  dry Lb. 

Salt  Cake,  glass  makers' Ton 

Silver  Nitrate Oz. 

Soapstone  in  bags Ton 

Soda  Ash.  58% 100  Lbs. 

Sodium  Acetate Lb. 

Sodium  Bicarbonate,  domestic 100  Lbs. 

Sodium  Bichromate Lb. 

Sodium  Chlorate Lb. 

Sodium  Fluoride,  commercial Lb. 

Sodium  Hyposulfite 100  Lbs. 

Sodium  Nitrate,  95  per  cent,  spot 100  Lbs. 

Sodium  Silicate,  liquid.     40°  B< 100  Lbs. 

Sodium  Sulfide,  30%,  crysUla,  in  bbIs Lb. 

Sodium  Bisulfite,  liquid.  32  s.  g Lb. 

Strontium  Nitrate Lb. 

Sulfur,  flowers,  sublimed 100  Lbs. 

Sulfur,  roll 100  Lbs. 

Sulfuric  Acid,  chamber.  66°  Bi Ton 

Sulfuric  Acid,  oleum  (fuming) Ton 

Talc.  American  while Ton 

Terra  Alba,  American,  No.  1 100  Lbs. 

Tin  Bichloride,  50° 100  Lbs. 

Tin  Oxide Lb. 

White  Lead,  American,  dry Lb. 

Zinc  Carbonate Lb. 

Zinc  Chloride,  commercial Lb 

Zinc  Oxide,  American  process  XX Lb. 

Zinc  Sulfate Lb. 


OBOANIC  CHXMICALS 

Acetanllid,  C.  P.,  In  bbIs Lb. 

Acetic  Acid.  J6  per  cent,  in  bbIs Lb. 

Acetic  Add,  glacial,  99Vi%.  in  carboys Lb 

Acetone,  drums Lb. 
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THE  PLATINUM   SITUATION 

The  movement  for  the  conservation  of  platinum,  in- 
augurated at  the  recent  Kansas  City  Meeting  of  the 
American  Chemical  Society,  is  making  satisfactory 
progress.  The  phrase  "conservation  of  platinum" 
is  accurate,  for  by  conservation  is  meant  not  the  hoard- 
ing but  the  wise  use  of  resources.  In  this  case  it  signifies 
the  diversion  of  large  supplies  of  the  precious  metal,  from 
decorative  but  unnecessary  use  in  jewelry,  into  those 
chemical  industries,  such  as  the  sulfuric  acid  industry, 
where  it  is  essential.  Fortunately  the  jewelers,  in  a  spirit 
of  patriotism,  have  endeavored  to  meet  the  situation  by 
passing  resolutions,  printed  elsewhere  in  this  issue, 
pledging  themselves  to  aid  in  this  phase  of  conservation. 

If  confirmation  of  the  wisdom  and  necessity  of  such 
conservation  were  needed  it  was  furnished  during  the 
present  month  by  Judge  Sheldon  Amos,  the  Munitions 
expert  of  the  British  Commission.  At  the  luncheon 
given  in  his  honor  by  the  executive  council  of  the 
National  Civic  Federation,  Judge  Amos  said:  "  One  of 
the  first  things  we  did,  and  which  must  be  done  in  every 
country  under  such  conditions,  was  to  put  a  'stopper' 
on  certain  kinds  of  trade;  that  is,  stop  speculation  in 
munitions  and  army  supplies  and,  in  fact,  all  materials 
in  connection  with  which  there  would  be  danger  of  the 
Government  being  embarrassed  by  competition.  The 
first  on  the  list  of  such  materials  are  the  rare  metals, 
notably  platinum"  (our  italics). 

In  the  light  of  the  appeals  by  scientific  organizations, 
the  testimony  of  the  British  expert,  and  the  resolutions 
of  the  jewelers,  we  confess  that  we  are  surprised  and 
puzzled  by  a  statement  attributed  to  the  Secretary  of 
Commerce.  While  commending  the  resolutions  of  the 
jewelers,  as  "wise,  patriotic  and  unselfish  action,"  he 
is  quoted  in  the  New  York  Evening  Sun,  of  May  7, 
191 7,  as  saying:  "The  country  will  in  no  way  be 
aided  by  the  cutting  down  of  purchases  by  the  public, 
and  the  women  of  New  York  would  be  acting  under  a 
false  impression  if  they  accept  as  true  the  erroneous 
newspaper  statements  that  they  should  stop  buying 
platinum  jewelry  in  order  to  show  their  patriotism." 

Meanwhile,  so  far  as  laboratory  utensils  are  con- 
cerned, chemists  are  busily  engaged  in  trying  to  find 
suitable  substitutes  for  platinum.  The  advance  in 
recent  years  of  500  per  cent  in  the  price  of  platinum 
makes  this  search  imperative.  In  this  issue  we  print 
an  article  by  Dr.  Fahrenwald  giving  the  results  of  tests 
on  "rhotanium."  Laboratory  ware  made  of  "palau," 
a  palladium-gold  alloy,  is  now  being  marketed.  Mr. 
Haynes'  tungsten-chromium-cobalt  alloy,  "stellite," 
presents  interesting  possibilities,  and  is  being  thoroughly 
tested.  To  coordinate  work  in  this  field.  Prof.  Bogert, 
Chairman  of  the  Chemistry  Committee  of  the  National 
Research  Council,  has  appointed  Prof.  James  Lewis 
Howe,  of  Washington  and  Lee  University,  Lexington, 
Va.,  Special  Committeeman  in  charge  of  substitutes 
for  platinum.  The  Bureau  of  Standards  is  likewise 
actively  at  work  on  this  subject.  Necessity  is  still  the 
mother  of  invention. 


THE  WILLARD  GIBBS  MEDAL  AWARD 

At  the  meeting  of  the  Chicago  Section  on  May  18, 
191 7,  the  Willard  Gibbs  medal  was  awarded  to  Dr. 
Edward  Williams  Morley.  This  event  carries  pleasure 
to  the  hearts  of  all  American  chemists.  By  his  pains- 
taking, accurate  work  on  the  densities  of  oxygen  and 
hydrogen.  Dr.  Morley  has  made  permanently  valuable 
contributions  to  the  very  fundamentals  of  chemistry 
and  has  set  an  example  of  patience,  skill  and  scien- 
tific integrity. 

It  is,  however,  not  alone  as  one  of  our  most  distin- 
guished chemists  that  we  love  to  think  of  him,  but  also 
as  a  man  who  has  endeared  himself  to  all  with  whom 
he  has  ever  been  associated.  Throughout  a  long  life 
he  has  preserved  always  an  innate  simplicity  and  lov- 
ableness;  toward  his  fellow-man  his  heart  has  been  al- 
ways deeply  sympathetic,  especially  toward  the 
younger  men.  We  remember  well  an  incident  at  an 
early  meeting  of  the  American  Chemical  Society. 
Dr.  Morley  made  for  us,  in  answer  to  a  hesitating  re- 
quest, a  sketch  of  a  hand  blowpipe.  Long  after  the 
blowpipe  had  finished  its  day  of  usefulness  the  drawing 
was  preserved  as  a  valued  souvenir  of  the  generous 
response  of  a  great  man  to  the  request  of  a  very  young 
chemist. 

The  Chicago  Section  is  to  be  congratulated  upon  this 
happy  occasion  and  upon  the  wise  decision  of  its  jury 
of  award. 


IN   THE   LIGHT   OF   EXPERIENCE 

President  Wilson,  in  his  statement  given  to  the 
press  after  signing  the  selective  draft  bill,  said: 
"It  is  not  an  army  we  must  shape  and  train  for  war; 
it  is  a  nation."  In  this  work  of  preparation  we  have 
just  had  the  aid  of  the  British  and  French  High  Com- 
missions. Their  visits  were  made  for  the  avowed  pur- 
pose of  advising  us  of  the  mistakes  made  by  their 
governments  at  the  outbreak  of  the  war.  Through 
the  testimony  of  these  officials,  both  in  the  private 
conferences  held  in  Washington  and  in  their  public 
addresses,  we  have  undoubtedly  profited  greatly.  Un- 
fortunately the  membership  of  the  Commissions  in- 
cluded no  chemists  who  could  speak  to  our  people  and 
to  the  authorities  in  Washington  of  early  mistakes 
made  as  regards  the  position  of  their  chemists  in  the 
plans  for  modern  war.  Fortunately  abundant  evi- 
dence exists  concerning  such  errors  and  their  tardy  cor- 
rection. A  year  passed  before  England  realized  that 
her  chemists  had  rushed  to  "the  front"  among  the 
early  volunteers.  Then  began  the  recall  from  the 
spectacular  and  thrilling  scenes  of  battle  to  those  labora- 
tories and  plants,  where  through  their  special  training 
they  could  render  greatest  service  in  that  critical  mo- 
ment of  national  peril. 

As  a  nation  we  would  be  foolish  indeed  did  we  not 
profit  by  that  experience.  If,  however,  we  are  so  to 
profit,  it  is  high  time  for  the  chemists  of  the  country 
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to  make  their  united  voice  heard,  regardless  of  any 
possible  misunderstanding  of  motive  in  so  expressing 
themselves.  We  traveled  a  little  last  week  and  learned 
some  things  which  gave  rise  to  serious  concern  that 
already  we  may  be  well  advanced  in  that  same  path 
of  error,  the  disastrous  effects  of  which  have  been  so 
clearly  pointed  out. 

Our  military  forces  are  to  be  raised  by  two  methods: 
voluntary  enlistment  is  now  in  daily  progress;  the  se- 
lective draft  system  will  soon  be  inaugurated.  Under 
the  volunteer  system  we  found  in  our  very  limited 
journey  one  research  in  coke  oven  practice  badly 
crippled  by  the  absence  of  its  leader,  a  member  of  the 
National  Guard,  now  in  service.  At  another  place, 
a  research,  bearing  probably  on  the  solution  of  the 
submarine  menace,  had  been  discontinued- — the  student 
assistant  had  enlisted.  Such  men  should  not  be  allowed 
to  enlist.-  Under  the  prospective  draft  system  we 
found  a  commercial  laboratory  whose  staff  of  well- 
trained  assistants  may  be  completely  taken  by  the 
draft  and  yet  that  laboratory  has  been  most  successful 
in  the  construction  of  high  explosives  plants.  Finally, 
we  have  watched  closely  all  authorized  statements  as 
to  probable  exemptions  under  the  draft  system  and  we 
have  as  yet  found  no  mention  of  the  chemist. 

A  census  of  the  chemists  has  been  taken  and  we  are 
informed  that  more  than  eleven  thousand  have  replied, 
giving  the  information  requested.  Is  this  information 
to  be  used  simply  to  secure  the  extra  men  who  may 
be  needed  for  the  special  problems  which  now  confront 
our  very  much  overworked  government  chemists? 
Should  it  not  rather  constitute  in  addition  an  official 
reserve  for  the  adequate  and  uninterrupted  output 
of  the  greater  chemical  industry  which  must  imme- 
diately arise  if  this  nation  is  to  throw  all  of  its  re- 
sources into  this  war? 

President  Wilson  has  just  said:  "  The  business  now  in 
hand  is  undramatic,  practical  and  of  scientific  definite- 
ness  and  precision."  This  thought  recalls  a  visit  we 
had  not  long  ago  from  two  students  of  Lehigh  Univer- 
sity, representing  their  fellow  students  in  chemistry  in 
that  institution.  Both  were  former  Plattsburgers  and 
filled  with  eager  enthusiasm  for  active  service  in  the 
army,  but  they  were  also  students  in  chemical  engi- 
neering. Their  question  was  -how  can  we  best  serve 
our  country?  Their  final  decision  was  to  await  the 
call  to  the  colors  by  our  country,  meanwhile  to  organize 
their  fellow  students  into  groups  according  to  raining, 
so  that  in  case  of  need  they  can  promptly  offer  their 
services  to  those  industrial  chemical  plants  for  which 
they  are  best  (lualificd,  no  matter  how  menial  the 
work  may  be.  Such  a  decision  was  essentially  un- 
dramatic, thoroughly  practical,  marked  by  scientific 
dcfmilcncss  and  shf>l  through  willi  highest  patriotism. 
It  will  be  interesting  to  watch  the  subsequent  career  of 
these  two  young  men  ns  indicative  of  how  wc,  ns  a 
nation,  have  mot  the  problem  of  best  utilizing  chcnii.tts 
in  this  war  whicli  has  so  fre(iuently  been  characterized 
as  a  war  of  chemists  and  engineers. 

In  this  connection  there  is  another  problem  which 
deserves  the  most  scriouii  con.sidcrnlion  of  our  univer- 
sity executives,  and  that  is,  the  provision  of  increased 


facilities  for  instruction  in  chemical  engineering,  facili- 
ties both  as  to  men  and  to  means.  The  uncertainty 
as  to  student  attendance  next  year,  the  absence  of 
many  professors  and  the  probability  of  decreased 
funds  have  already  led  many  institutions  to  formulate 
plans  for  curtailment  of  normal  university  activities. 
However  strong  the  convictions  which  led  to 
such  contemplated  restrictions,  it  is  sincerely  to  be 
hoped  that  the  outworking  of  the  policy  will  not  make 
itself  felt  in  the  chemistry  courses,  especially  in  the 
instruction  in  chemical  engineering.  On  the  contrary, 
it  is  sincerely  to  be  hoped  that  ways  may  be  found  to 
increase  rather  than  decrease  this  particular  feature  of 
the  university  curriculum. 

Here  again  we  may  find  guidance  from  British 
thought  and  conviction.  In  the  Journal  of  the  Society 
oj  Chemical  Industry,  Vol.  30,  page  247,  it  was  recently 
pointed  out  that  "the  chemists  of  this  country  were 
and  are  in  the  position  of  an  army  without  reserves. ' ' 
That  remark  applies  also  to  America.  In  such  a  war 
as  we  are  now  entering  there  will  be  increased  work  to 
be  carried  out  at  home  by  chemists  in  the  peaceful 
arts  and  in  the  munition  and  directly  related  factories, 
while  large  numbers  of  chemists  will  be  required  in 
active  field  service.  This  country  should  at  once 
proceed  to  train  an  adequate  "reserve  army"  of 
chemists  to  meet  the  shortage  that  will  be  heavily 
felt  beginning  next  spring  and  lasting  until  the  end 
of  the  war,  indeed  until  at  least  five  years  after  peace  is 
declared. 

Whether  or  no  that  reserve  army  is  to  be 
supplied  depends  most  largely  upon  the  character  of 
university  budgets  now  in  the  making.  The  changes  in 
the  curricula  of  many  educational  institutions  which 
are  now  being  planned  to  admit  of  more  intensive 
military  training  are  fundamentally  based  upon  "the 
same  necessity  which  demands  increased  chemical 
training.  After  nearly  three  years  of  bloodiest  war, 
with  more  than  five  million  men  in  service,  and  with 
the  accompanying  enormous  tax  on  British  resources, 
Sir  Robert  Hadfield,  the  President  of  the  Faraday 
Society,  said  on  March  6,  1917,  during  a  discussion  of 
the  training  and  work  of  the  chemical  engineer:  "It  is 
most  desirable  that  increased  facilities  should  be  given 
to  training  chemists  to  meet  those  conditions  which 
will  arise  after  the  war. ' ' 


THE  CHEMIST  AS  A  RAILWAY  INDUSTRIAL  AGENT 

Congratulations  to  Mr.  \'.  \'.  Kcl.M-y,  the  recently- 
appointed  industrial  agent  of  the  Carolino,  Clinchficld 
and  Ohio  Railway!  And  congratulations  to  that 
Railway  which,  by  this  promotion  from  the  laboratory 
to  the  broader  executive  field,  has  officially  rccognitcd 
that  the  chemist  can  clo  more  in  its  service  than  analyic 
boiler  waters  and  determine  whctltcror  no  specifications 
arc  met  in  purchases  of  coal,  lubricnting  oil  and  pnint,s, 
however  important  such  functions  may  be.  Wc  hail 
this  event  us  another  distinct  step  upward  in  the  con- 
stantly increasing  roRnrd  of  AnirricA  for  its  chem- 
ists. 
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In  itself  this  promotion  is  the  natural  outcome  of  the 
broad  vision  of  a  chemist  as  to  his  possibilities  of  useful- 
ness to  the  railroad  which  employed  him  and  to  the  coun- 
try traversed  by  that  railroad.  In  turn  he  has  always 
received  the  generous  support  of  officials  in  the  ade- 
quate supply  of  laboratory  ec|uipment,  services  of 
assistants  and  freedom  in  the  working  out  of  his 
plans  for  industrial  development.  While  the  pro- 
motion is  therefore  perfectly  logical,  nevertheless  it 
carries  with  it  much  food  for  profitable  reflection, 
both  on  the  part  of  railway  officials  and  of  the  chemists 
in  their  employ. 

This  business  of  pioneering  is  not  new  to  Mr.  Kelsey. 
for  he  was  the  first  chemist  to  be  put  in  charge  of  an 
exhibit  of  natural  resources,  by  a  railway  company, 
at  the  National  Exposition  of  Chemical  Industries. 
We  beg  to  extend  best  wishes  for  his  success  in  the 
new  position  and  confidently  predict  that  through 
his  thorough  surveys,  interpreted  by  sound  chemical 
common  sense,  many  new  industries  will  arise.  From 
such  industries  the  country  will  receive  needed  finished 
products,  manufactured  from  raw  materials  which 
so  long  have  lain  dormant. 


A  REGRETTABLE  FAILURE  TO  COOPERATE 

During  the  past  two  years  we  have  continuously 
pleaded  for  cooperation  as  the  most  effective  means 
for  chemical  progress.  It  has  been  our  pleasure  to 
record  many  forward-looking  movements  based  pri- 
marily upon  this  rational  principle.  It  is,  therefore, 
with  keen  regret  that  we  now  record  a  failure  to  in- 
augurate an  important  work  in  which  cooperation 
was  the  essential  factor.  We  refer  to  the  matter  of 
cooperation  on  the  part  of  the  chemical  industries 
with  the  U.  S.  Bureau  of  Foreign  and  Domestic 
Commerce  in  the  compilation  of  a  fully  itemized  census 
of  chemicals  other  than  dyestuft"s  during  a  typical 
pre-war  fiscal  year  such  as  1913-14.  The  importance 
of  such  a  census  was  discu.ssed  in  the  editorial  section 
of  the   March   1917  issue  of  This  Jovrnal. 

A  committee  was  appointed  by  the  American  Chemi- 
cal Society  to  raise  $2000  from  the  chemical  industries. 
This  amount  was  to  be  added  to  a  similar  sum 
which  the  Bureau  of  Foreign  and  Domestic  Com- 
merce agreed  to  set  aside  out  of  its  present  appropria- 
tions. The  joint  amount,  $4000,  had  been  estimated 
by  the  Bureau  as  the  cost  of  the  preparation  of  the 
census  from  the  Treasury  records.  The  census  was 
to  be  published  by  the  Bureau  and  to  be  available  to 
all  at  the  usual  price  of  such  government  publica- 
tions— fifteen  cents. 

In  order  to  raise  the  required  $2000  from  the  chem- 
ical interests,  the  committee  asked  by  letter  more 
than  one  hundred  firms  to  contribute  fifty  dollars 
each,  believing  that  sufficient  favorable  replies  would 
be  received  to  cover  fully  the  arriount  needed.  Any 
excess  was  to  be  returned  to  the  contributors. 

The  committee's  confidence,  however,  was  not 
justified  by  the  results,  as  only  a  little  more  than 
half  the  required  amount  was  raised. 


Having  failed  through  this  method,  it  was  hoped  that 
the  balance  might  be  subscribed  by  the  National 
Association  of  Manufacturing  Chemists,  Its  officers 
replied  that  as  an  Association  it  had  no  funds  which 
could  be  used  for  such  a  purpose  and  that  they  con- 
sidered this  to  be  a  matter  for  subscription  by  in- 
dividual firms. 

Loath  to  give  up  the  effort  we  again  conferred  with 
Dr.  Pratt,  the  Chief  of  the  Bureau,  laid  the  facts 
before  him  and  urged  that  in  view  of  the  need  of  such 
government  statistics  the  work  be  undertaken  solely 
from  government  funds.  In  his  courteous  reply 
he  pointed  out  that  he  would  gladly  authorize  the 
undertaking  if  congressional  appropriation  could  be 
obtained,  but  that  present  appropriations  did  not 
justify  the  favoring  of  the  chemical  industries  with 
such  expenditure  of  funds,  while  other  industries  were 
freely  cooperating  financially  with  the  Bureau.  The 
argument  was  sound,  the  position  reasonable.  So 
ended  the  effort. 

We  take  pleasure  in  recording  here  the  list  of  those 
who  have  subscribed  to  this  fund: 


The  Barrett  Company 

The  Caico  Chemical  Company 

Corning  Glass  Works 

The  Dow  Chemical  Company 

General  Chemical  Company 

Globe  Soap  Company 

Heller  &  Merz  Company 

."Mean  Hirsch 

Hooker  Electrochemical  Company 

The  Institute  of  Industrial  Research 

Eli  Lilly  &  Company 

.A.rthur  H    Tho 


Madero  Brothers 
Mallinckrodt  Chemical  Works 
Merck  &  Company 
National  Aniline  &  Chemical  Com- 
pany 
National  Gum  &  Mica  Company 
The  New  Process  Metals  Company 
Pfaudler  Company 
Chas.  Pfizer  &  Company 
Smith.  Kline  &  French  Co. 
Solvay  Process  Company 
nas  Company 


However  deeply  we  are  convinced  of  the  fundamental 
need  of  such  a  census  of  imports  and  however  important 
this  step  might  prove  as  a  preliminary  to  more  ade- 
quate current  statistics  for  the  chemical  industries, 
we  do  not  feel  that  the  raising  of  this  $2000  is  a  matter 
of  a  house-to-house  canvass. 

If,  therefore,  no  further  interest  is  developed  in  the 
matter,  the  committee  will  on  June  15th  return  the 
subscriptions  already  made,  which  subscriptions  were 
originally  asked  on  the  condition  that  the  full  amount 
be  secured.      We  still  have  hopes! 


PROSPECTIVE  ENLARGEMENT  OF  CHEMISTS'  CLUB 
BUILDING 

The  growth  of  the  membership  of  the  Chemists' 
Club,  now  numbering  nearly  fifteen  hundred,  and  the 
large  proportion  of  non-resident  members,  give  to  the 
record  of  the  annual  meeting  of  that  organization 
on  May  2.  IQ17,  national  rather  than  mere  local 
interest. 

The  reports  of  its  officers  showed  strength  in  all  the 
departments  of  this  unique  organization.  Under  the 
wise  and  effective  leadership  of  President  M.  C. 
Whitaker,  the  finances  have  been  placed  upon  a  sound 
basis,  and  his  unanimous  re-election  for  the  ensuing  year 
assures  the  continued  growth  of  the  Club  and  the  safe 
administration  of  its  aflfairs. 
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The  most  striking  item  in  the  report  of  the  House 
Committee  was  the  over-demand  for  bedrooms  in  the 
Club  building.  This  feature  of  the  Club,  regarding  the 
wisdom  of  which  there  was  at  first  so  much  skepticism, 
has  proved  to  be  a  success  far  beyond  the  highest  ex- 
pectations. For  the  visiting  chemist,  the  isolation  of 
New  York  Hotel  e.xistence  has  been  changed  to  the 
more  congenial  atmosphere  of  club  life.  Indeed, 
so  successful  has  this  feature  proved  that  it  is  seldom 
there  is  a  vacant  room,  and  many  applications  for  rooms 
have  to  be  denied. 

To  meet  this  condition,  the  trustees  of  the  Club 
have,  upon  the  recommendation  of  the  members 
present  at  the  annual  meeting,  promptly  taken 
steps  to  secure  by  lease  or  purchase  the  four-story 
building  adjoining  on  the  west  side.  The  two  build- 
ings could  easily  be  thrown  into  one,  and,  by  slight 
rearrangement  of  the  annex,  twenty-seven  extra  bed- 
rooms could  be  provided.  It  is  believed  that  the  ne- 
gotiations now  in  progress  will  be  successfully  termi- 
nated at  an  early  date. 


AN   EMBARRASSMENT    OF   RICHES 

The  opening  sentence  of  the  last  annual  report  of 
Secretary  Parsons  was  as  follows:  "The  growth  of 
the  American  Chemical  Society  during  the  year  1916 
has  broken  all  precedents."  In  support  of  this 
statement  it  was  shown  that  the  membership  had 
increased  during  the  year  from  7417  to  8355.  All 
who  have  followed  closely  the  growth  of  the  Society 
felt  that  this  increase  probably  would  mark  the  high 
point  in  the  curve  of  numbers  of  members,  that  1916 
would  always  be  characterized  as  the  "Banner  Year" 
in   the   Society's  growth. 

On  May  iith  we  were  informed  by  the  Secre- 
tary that  the  Society's  membership  had  increased 
to  9325,  exceeding  even  at  that  early  date  the  increase 
for  the  entire  previous  year.  What  the  final  showing 
for  191 7  will  be  is  a  purely  speculative,  but  highly 
entertaining  and  .enthusing  matter.  As  indicative, 
however,  of  the  outcome  it  is  extremely  interesting 
to  learn  that  the  increase  during  the  past  month  has 
been  twice  as  great  as  during  the  corresponding  period 
in   :9i6. 

One  result  of  this  expansion  is  the  complete  upsetting 
of  all  estimates  of  the  number  of  copies  of  each  of  the 
Society's  publications  which  would  be  necessary  to 
meet  current  demands.  The  necessity  of  such  esti- 
mates will  be  readily  recognized,  especially  at  this 
time,  in  view  of  the  increased  cost  of  materials,  labor, 
etc.  Secretary  I'arsons  now  finds  that  it  is  impossible 
to  supply  new  members  with  the  early  issues  of  this 
year,  and  writes  us  as  follows: 

"The  half-year  membership  will  begin  for  members 
elected  after  June  1.  1917;  that  is,  dues  will  be  five 
dollars  and  the  journals  will  be  furnished  from  July  1, 
1917.  Of  course,  all  members  elected  on  this  basis 
will  be  expected  to  cotuiniie  ns  regular  members  and 
pay  ten  dollars  covering  i<ji8  ilues  upon  receipt  of 
statement." 

In  connection  with  the  nitestioii  of  new  meinbers  we 
wish     that     some     Local     Section     would    iiltempl     t  he 


following  simple  experiment:  get  each  member  to 
agree  to  carry  a  membership  application  blank  in  his 
pocket  for  one  month,  provided  he  has  not  prior  to  the 
expiration  of  that  month  forwarded  it  to  the  Secretary 
filled  out  with  the  requisite  data  for  action  by  the 
Membership  Committee.  We  are  confident  that  the 
psychological  effect  of  the  constant  presence  of  that 
paper  would  result  in  stimulating  initiative  in  getting 
new  members  where  in  many  cases  it  had  not  pre- 
viously existed.  Such  initiative  is  all  that  is  needed  to 
increase  the  membership  far  beyond  the  loyal  hopes 
and  expectations  of  even  the  most  optimistic. 


AN  ADVANCE  IN  ADVERTISING  RATES 

At  the  Urbana  Meeting.  April,  19 16.  the  Directors 
passed  a  resolution  urging  the  Advertising  Committee 
to  advance  the  advertising  rates  as  soon  as  practicable. 
In  view  of  impending  changes  in  the  management  of 
This  Joi'rn.^l  the  Committee  felt  that  it  would  not 
be  wise  to  make  such  advances  until  the  new  organiza- 
tion was  completed  and  familiar  with  the  details  of 
the  work. 

At  a  meeting  held  on  May  7,  1917.  the  Committee 
decided  that  an  advance  in  rates  should  at  once  become 
effective  and  fixed  the  amount  of  the  advance  at  a  forty 
per  cent  increase  over  existing  rates,  providing,  of 
course,  that  existing  contracts  should  be  filled  as  per 
contract. 

The  justification  of  this  advance  lay  in  the  marked 
increase  in  the  circulation  of  the  journals  incident  to 
the  rapid  growth  of  the  membership  of  the  Society; 
its  necessity  was  made  evident  by  the  cost  sheets  ex- 
hibited   by    the    Advertising    Manager. 

Members  of  the  Society  can  render  valuable  aid  at 
this  time  by  using  their  persuasive  powers  in  holding 
all  former  advertisers  to  their  appreciated  connection 
with  the  Society's  publications  and  by  urging  the 
establishment  of  such  connections  by  those  firms 
which  at  present  do  not  utilize  this  valuable  medium 
of  publicity. 


ANNOUNCEMENT 

Beginning  with  the  July  issue  we  shall  publish  each 
month  a  Washington  letter.  Mr.  Paul  Wooton. 
Metropolitan  Bank  Building.  Washington.  I>.  C, 
has  been  engagefl  as  our  special  correspondent.  Mr. 
Wooton  is  an  experienced  journalist  in  thorough  touch 
with  matters  legislative  and  scientific.  Even  under 
normal  conditions,  Washington  news  is  of  Rrcat  inter- 
est to  American  chemists;  and  especially  is  this  true  at 
the  present  tinu"  when  so  much  activity  is  i-entcreil 
there  and  when  so  many  matters  of  deep  concern  to 
chemists  are  in  process  of  ilevelopincnt .  Too  often  these 
topics  are  completely  overlooked  by  the  daily  prc»s 
correspondents.  It  is  hoped  through  this  monthly 
letter  to  furnish  our  readers  with  iin  accurate  account 
of  what  is  taking  place  in  the  National  Capital  of 
interest  to  chemists. 
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THE  CANADUN  CHEMICAL  JOURNAL 

As  indicative  of  the  highly  stimulated  condition  of 
the  Canadian  chemical  industries  incident  to  the  war 
period,  we  have  received  the  initial  number  of  The 
Canadian  Chemical  Journal,  published  at  Toronto, 
Canada,  under  the  same  management  which  founded 
The  Canadian  Engineer,  The  Canadian  Textile  Journal, 
The  Pulp  and  Paper  Magazine,  The  Canadian  Wood- 
worker and  other  technical  publications. 

The  new  journal,  to  be  issued  monthly,  is  "devoted 
to  the  chemical  and  metallurgical  interests  of  Canada." 
The  present  issue  contains  interesting  articles  on  Cana- 
dian water  powers,  the  nickel  industry  of  the  Sudbury 
region,  potash  from  Canadian  feldspar,  chemistry  in 
Canadian  woods,  etc.,  and  many  up-to-date  industrial 
notes.  Confidence  in  the  future  of  the  Canadian  in- 
dustry is  shown  in  the  following  excerpt  from  one  of 
the  leading  articles:  "Of  course  the  present  abnormally 
high  prices  of  almost  all  kinds  of  chemicals  make  this 
an  attractive  field  of  investment,  but  it   may  fairly  be 


assumed  that  the  natural  resources  of  Canada  are  such 
that  the  Canadian  chemical  industries  will  stand  the 
readjustment  of  peace  conditions  and  that  in  many  of 
the  more  important  branches  they  will  become  per- 
manent. This  assumption  is  based  mainly  on  three 
factors:  First,  the  enormous  water  powers  of  Canada, 
as  yet  undeveloped,  which  are  becoming  more  and 
more  the  deciding  element  in  the  cheap  production  of 
many  chemicals — such,  for  example,  as  atmospheric 
nitrogen;  second,  the  mineral  deposits  of  Canada 
whose  extent  and  variety  are  as  yet  scarcely 
comprehended  by  our  own  people;  and  third,  the 
intelligence  and  energy  of  the  younger  generation 
of  Canadian  students,  who  will  naturally  turn  their 
talents  to  the  possibilities  opened  up  under  the  new 
conditions." 

We  desire  to  extend  best  wishes  to  the  new  journa 
and  to  predict  for  it  a  career  of  marked  usefulness  in 
the  industrial  chemical  life  of  our  neighbors  across 
the  almost  imperceptible    northern  border-line. 


CHEMICAL  INDUSTRY  IN  CANADA 


Address  delivered  by  H.  E.  HowE  at  the  S4th  Meeting  of  the  American  Chemical  Society.  Ka 


City,  April  12.  191 


The  force  with  which  the  importance  of  chemical 
industry  has  been  brought  home  to  the  world  since 
August  1914  has  led  to  a  stock-taking  in  various 
countries,  and  a  review  of  the  situation  at  present, 
followed  by  prophecies  for  the  future.  The  extent  to 
which  our  complex  civilization  depends  upon  chemical 
products  and  chemical  processes  is  greater  now  than  at 
any  time  in  the  world's  history,  and  the  accomplish- 
ments of  chemical  industry  are  in  many  cases  so  like 
magic  that  the  popular  press  seizes  upon  the  spectacular 
items  and  frequently  overlooks  extensive  developments 
in  localities  which  to  the  ordinary  mind  seem  to  lie  out- 
side the  chemically  active  countries.  We  have  had 
German  chemists,  German  research  and  German 
efficiency  thrust  upon  us  until  one  can  scarcely  mention 
the  subject  of  chemistry  without  seeming  to  hear  "Die 
Wacht  am  Rhein"  or  "Deutschland  uber  Alles."  But 
Switzerland  before  the  war  was  producing  more  dye- 
stuffs  per  capita  than  was  Germany,  notwithstanding 
the  fact  that  she  had  to  import  her  raw  materials, 
including  coal  itself.  The  world  can  learn  much  about 
advertising  from  Germany. 

Since  the  war  we  have  heard  more  of  chemical 
industries  in  other  countries,  and  steps  have  been  taken 
to  organize  thoroughly  and  bring  into  a  state  of  co- 
operation the  many  successful  chemical  laboratories, 
institutions,  and  individual  chemists  so  as  to  place  the 
British  Empire  and  the  United  States  upon  a  firm 
chemical  foundation. 

The  work  confronting  chemical  industry  and  chemical 
engineers  in  the  production  of  enormous  quantities  of 
munitions  is  almost  beyond  our  imagination.  It  may 
be  measured  in  a  way  by  the  munitions  production 
record  of  England.  At  the  beginning  of  191 7  the  produc- 
tion of  high  explosives  was  sixty-two  times  what  it  was 
in  191 5.  British  munition  factories  are  now  making 
more  heavy  gun  ammunition  every  24  hours  than  they 


manufactured  during  the  entire  first  year  of  the  war. 
The  monthly  output  of  heavy  guns  is  more  than  six 
times  what  it  was  during  the  year  1915.  The  output 
of  bombs  increased  thirty-threefold  during  the  single 
year  May  191 5  to  May  1916.  Fourteen  times  the 
quantity  of  machine  guns  made  during  the  period  of 
August  1914  to  August  1915  were  made  during  the  year 
191 5  to  August  1916.  The  daily  output  of  the  twelve 
national  projectile  factories,  which  have  as  yet  not 
developed  their  total  capacity,  would  fill  a  train  one 
mile  long  requiring  eight  engines  to  pull  it.  Where 
production  is  speeded  up  to  this  extent  there  are 
sufficient  chemical  and  chemical  engineering  problems 
to  tax  the  resources  of  a  nation,  not  to  mention  the 
important  work  which  England  is  doing  on  dyes, 
optical  glass,  refractory  materials,  porcelain,  metal- 
lurgy, etc. 

In  France  the  organization  is  such  that  the  chemical 
plants  make  only  what  is  required  for  war  and  of  a 
quantity  and  quality  according  to  the  specifications 
of  the  military  departments. 

You  are  so  well  acquainted  with  the  active  steps 
taken  in  America  since  1914  that  it  is  unnecessary  for 
me  to  emphasize  the  importance  of  the  work  accom- 
plished or  under  way,  but  in  considering  the  position 
of  the  North  American  Continent,  what  attention  has 
been  paid  to  the  achievements  and  potentialities  of 
Canada,  our  neighbor  to  the  north?  Let  me  tell  you 
something  of  what  is  being  done  there  and  suggest  the 
possibilities  in  a  brief  account  of  the  natural  resources. 

CHEMICAL    PRODUCTION 

In  one  locality,  destined  to  become  an  electro- 
chemical center  of  some  magnitude,  there  will  ulti- 
mately be  available  approximately  500,000  24-hour 
horse  power.  Here  acetone  is  being  made  by  a  new- 
process  and  the  production  of  metallic  magnesium  in 
quantity  is  going  forward,  the  metal  being  supplied  in 
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bars  and  also  in  the  variety  of  powders  so  necessary  on 
the  battlefields  to-day  for  star  shells.  Aluminum, 
and  carbon  electrodes  are  also  made,  and  other  chemical 
products  are  now  under  serious  consideration  as  addi- 
tions to  the  chemical  chain  which  has  been  started. 

Explosives  are,  of  course,  being  produced  on  a  large 
scale  and  they  are  of  high  grade.  Trinitrotoluol  is 
produced  at  one  plant  by  a  process  involving  crystalliza- 
tion from  a  medium  which  results  in  crystals  of  great 
uniformity  and  unusual  purity. 

Heavy  chemicals  are  produced  in  sufficient  quantities, 
the  plants  being  located  principally  in  the  Province  of 
Ontario.  Sufficient  potassium  chlorate  to  meet  the 
requirements,  together  with  a  considerable  supply  of 
phosphorus  are  produced,  utilizing  hydroelectric  power. 
There  is  the  usual  by-product  recovery  from  coking 
plants,  including  ammonia  in  its  various  forms.  The 
electric  furnace  and  electrolytic  industries  are  estab- 
lished in  Canada,  producing  bleach,  caustic,  cyanamide, 
abrasives  and  carbides.  Ferro-molybdenum  is  manu- 
factured in  the  electric  furnace,  and  in  many  localities 
the  electric  furnace  has  been  brought  into  play  in  the 
production  of  steels. 

Steps  have  been  taken,  and  a  large  .plant  is  now  under 
construction,  for  the  electrolytic  refining  of  nickel 
matte  produced  in  Ontario,  where  we  find  nickel 
deposits  valued  at  $500,000,000,  and  supplying  over 
two-thirds  the  world's  requirements  for  nickel. 

PHARMACEUTICAL    PRODUCTS    AND    DYES 

In  pharmaceutical  chemistry  a  large  number  of  the 
finer  preparations  are  manufactured  in  Canada. 
Phenacetin  has  been  produced  since  the  war  started, 
as  has  also  acetyl  salicylic  acid,  otherwise  known  as 
aspirin.  There  is  one  plant  with  a  capacity  of  over  a 
ton  a  day  making  acetyl  salicylic  acid,  which  is  possibly 
due  to  the  fact  that  the  patent  situation  is  not  in  the 
same  condition  as  in  the  United  States.  Para-amido- 
phenol,  so  essential  in  fur  dyeing,  is  being  produced. 
Bismuth  salts,  iodine  preparations,  resublimed  iodine, 
iodides  and  iodoform,  are  being  made  in  quantities 
sufficient  for  domestic  use  as  well  as  for  export. 
Hydrogen  peroxide  by  the  barium  process  is  manu 
factured  in  quantity,  and  many  sodium  and  potassium 
salts  are  purified  and  recrystallized.  Alkaloids  arc 
prepared,  and  salvarsan  of  a  grade  equal  to  the  best 
German  product  is  now  being  prepared  commercially. 

Aniline,  phenol  and  salicylic  acid  may  be  added  to 
the  list. 

A  few  dyes  arc  now  being  made  in  Canada,  but  the 
economic  conditions  are  such  as  to  make  it  improbable 
that  any  extension  of  the  work  can  be  carried  out. 

WOOD    PRODUCTS 

Hardwood  distillation  was  carried  on  in  Canada 
previous  to  the  war,  but  since  its  beginning  new  articles 
have  been  jjrcparcd  and  refinement  of  crude  materials 
carried  to  a  greater  extent. 

The  very  important  pulp  industry  must  be  men- 
tioned in  passing.  At  the  present  rale  of  expansion 
and  development  Canada  bids  fair  to  lead  in  the 
world's  production  of  pulp  in  the  very  near  future, 
if  she  iloi'S  not  do  so  itlrcady. 


ORGANIZATIONS    FOR    RESEARCH 

So  much  for  the  material  accomplishments  which 
show  that  considerable  is  being  done.  The  future 
would  seem  to  offer  much.  An  Advisory  Coutacil  on 
Scientific  and  Industrial  Research  has  been  appointed 
by  the  Government,  and  this  Council  is  about  to  make 
a  complete  inventory  of  the  research  men  and  their 
facilities  throughout  the  Dominion,  of  the  problems 
which  have  been  solved,  of  those  upon  which  work  is 
now  being  done  and  of  those  which  merit  immediate 
attention.  Immediate  steps  are  being  taken  to  assist 
researchers  in  the  completion  of  their  education  and  to 
provide  studentships,  scholarships  and  fellowships  to 
encourage  the  prosecution  of  scientific  research  at  the 
educational  institutions.  The  Council,  modeled  after 
the  Commission  in  Great  Britain,  will  be  generally 
concerned  with  research  work  in  Canada  and  will 
consider  many  problems  of  national  importance. 

The  Forest  Products  Laboratory  is  carrying  on  work 
similar  to  that  of  the  Forest  Products  Laboratory  of 
the  United  States  and  has  under  way  work  on  other 
problems  which  are  peculiar  to  Canadian  conditions. 

The  chemists  of  industrial  laboratories  are  carefully 
studying  the  problems  pertaining  to  their  particular 
industry  and  are  endeavoring  to  plan  their  work  to 
meet  conditions  after  the  war  as  well  as  at  the  present 
time. 

Under  the  auspices  of  the  Canadian  Pacific  Railway, 
Arthur  D.  Little,  Limited,  are  not  only  conducting 
research  upon  problems,  the  solution  of  which  would 
mean  much  for  the  Dominion  at  large,  but  are  also 
conducting  a  survey  of  the  natural  resources  in  order 
that  data  regarding  them  may  be  made  quickly  avail- 
able for  practical  application  and  for  those  interested 
in  industrial  development  work.  So  far  as  I  am  aware 
the  plan  of  the  Canadian  Pacific  Railway,  as  put  into 
operation  by  Lord  Shaughnessy,  the  President  and 
Chairman,  is  without  precedent  and  indicates,  on  the 
part  of  a  public  service  corporation,  a  fundamental 
interest  in  the  country  at  large,  which  is  not  ordinarily 
ascribed  to  such  an  organization. 

PLANT    UTILIZATION     AFTKR    THE     WAR 

The  question  of  utilizing  plants,  which  have  been 
erected  primarily  for  war  purposes,  when  peace  comes, 
is  receiving  the  attention  of  managers  and  engineers. 
Some  of  them  strongly  advocate  the  production  of 
nitrates  from  the  air,  especially  in  those  locations 
where  plants  own  their  own  hydroelectric  development 
works. 

CANADIAN    RESOURCES 

Let  us  now  consider  for  a  moment  some  of  the 
resources  of  Canada,  which  may  conceivably  form  the 
basis  for  industries  in  which  chemists  and  chemical 
engineers  will  find  their  tasks  awaiting  thctn. 

AGRICULTURE— Agriculture  is  the  greatest  natural 
resource  of  Canada,  and  while  many  chemists  do  not 
think  of  aKricuUurc  as  a  natural  resource  in  which  they 
can  be  intcrcsUvl,  il  is  well  known  that  the  products 
of  agriculture  freciuently  claim  the  chemist's  attention. 
When    it   is   recitlled    that    most   of    Canada's    arable 
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lari'l  lies  at  a  great  distance  from  the  present  centers 
of  population,  it  is  evident  that  many  problems  will 
present  themselves  relative  to  preparing  the  produce 
from  mixed  farming,  in  order  that  it  may  reach  the 
markets  in  a  condition  to  command  a  good  price. 
Methods  for  drying  to  avoid  high  freight  costs  enter 
in,  as  well  as  the  establishment  of  suitable  plants  in  the 
vicinity  of  growth  to  work  upon  products  of  agri- 
culture as  raw  materials.  The  large  corporation  farms 
of  the  prairies  may  quite  conceivably  come  to  utilize 
the  services  which  a  chemist  can  render  in  many  de- 
partments, from  the  proper  treatment  of  seed  grain 
and  the  maintenance  of  soil  fertility  and  proper  rations 
for  stock,  to  the  utilization  of  the  products  themselves. 
The  products  of  agriculture  raised  in  19 13,  which  is 
taken  as  a  year  not  influenced  by  war  prices,  were 
worth  nearly  $700,000,000.  The  production  of  the 
Prairie  Provinces  has  increased  nearly  600  per  cent 
in  the  last  ten  years. 

FORESTS — The  forests  of  Canada,  while  not  as 
extensive  as  is  generally  supposed,  already  form  the 
basis  of  a  great  chemical  industry  in  the  manufacture 
of  pulp  and  paper.  For  the  year  1916,  nearly 
$22,000,000  worth  of  paper  was  exported,  of  which 
88  per  cent  came  to  the  United  States.  The  industry 
is  growing  at  an  enormous  rate,  the  daily  production 
of  sulfite  pulp  approaching  1500  tons  daily  and  that  of 
paper  exceeding  2000  tons  daily.  There  is  considerable 
activity  in  hardwood  distillation,  and  the  Forest 
Products  Laboratory  is  now  carrying  on  softwood 
distillation  experiments  hoping  to  produce  oils  suit- 
able for  use  in  the  oil  flotation  processes.  The  west 
contains  some  wonderful  primitive  forests,  the  Island 
of  Vancouver  being  a  notable  example.  Here  Douglas 
fir  8  feet  in  diameter  and  300  feet  high  are  to  be 
found,  70  trees  to  the  acre,  setting  with  shallow 
roots  on  beds  of  clay  in  which  glacial  boulders  are 
scattered.  Timber  has  been  so  plentiful  there  that 
naturally  its  values  were  not  appreciated  a  few  years 
ago,  for,  in  1876,  a  lumbering  concern  refused  to  pay 
$12,500  for  30,000  acres  of  timber  which  is  still  stand- 
ing and  which  is  now  estimated  to  cut  approximately 
$300,000,000  worth  of  timber.  There  is  one  timber 
limit  in  British  Columbia  of  72,000  acres  of  spruce 
averaging  18  inches  in  diameter  from  which  about 
4,000,000,000  board  feet  of  lumber  may  be  cut,  not 
to  mention  the  pulpwood  available. 

Reforestation  is  already  receiving  careful  attention, 
although  the  foresters  are  somewhat  divided  as  to  the 
proper  methods.  Some  believe  in  planting  trees,  while 
others  contend  that  if  nature  be  properly  assisted  and 
the  young  seedlings  protected  better  results  are  ob- 
tained. As  in  the  United  States,  active  measures  to 
prevent  and  subdue  forest  fires  are  receiving  con- 
sideration. In  the  Province  of  Quebec  a  fire  must  not 
be  started,  excepting  for  cooking  or  for  warmth, 
without  a  government  permit,  it  having  been  de- 
termined that  most  fires  start  from  bush  fires  set  by 
settlers  when  clearing  the  land.  However.  1200 
permits  were  issued  last  year,  and  none  of  the  fires 
got  beyond  control. 

MINERALS— The    minerals   of    Canada   already    yield 


an  annual  income  approaching  $200,000,000,  and  yet 
vast  areas  have  not  been  prospected.  Many  of  the 
deposits  are  inaccessible  at  present.  There  is  said 
to  be  one  deposit  of  gold-bearing  gravel  in  British 
Columbia  containing  3.000,000,000  cubic  yards  run- 
ning 10  cents  per  yard.  Dr.  O'Neill,  the  geologist  of  the 
Stefanson  expedition,  reports  an  ore  body  of  6,000,- 
000,000  tons  bearing  copper  distributed  through  the 
mass,  in  a  quantity,  however,  which  is  not  com- 
mercially attractive,  but  the  indications  are  that  more 
careful  prospecting  will  disclose  concentrations  that 
may  make  it  feasible  in  future  to  commence  mining 
operations  on  the  shores  of  the  Arctic  Ocean. 

The  wonderful  mineral  resources  of  Northern 
Ontario  are  just  being  uncovered,  while  in  the  vicinity 
of  Cobalt  another  gold  mining  camp  is  already  estab- 
lishing itself. 

The  nickel  deposits  in  the  vicinity  of  Sudbury, 
Ontario,  are  also  a  part  of  the  great  Pre-Cambrian 
Shield  which  conforms  to  Hudson  Bay  and  which  con- 
tinues into  practically  unexplored  portions  of  the 
extensive  Province  of  Quebec. 

Eighty  per  cent  of  the  world's  supply  of  asbestos 
is  mined  in  the  Province  of  Quebec. 

Canadian  apatite  cannot  be  mined  by  steam  shovel 
as  are  the  phosphate  deposits  in  Florida,  and  conse- 
quently at  present  it  is  not  a  commercial  factor  but 
may  be  looked  upon  as  a  reserve  supply  of  this  im- 
portant substance.  Some  of  the  material  runs  from 
83  to  87  per  cent  phosphate,  but  it  is  enclosed  in  a 
hard  Laurentian  rock:  that  now  used  for  phosphorus 
compounds  of  a  chemical  grade  occurs  with  the  mica 
and  may  be  considered  a  by-product  of  this  industry. 

There  are  two  varieties  of  soda  rock  which  are  in- 
teresting as  being  nearly  identical  with  the  German 
phonolith  extensively  used  in  the  manufacture  of 
Apollinaris  water  bottles.  It  is  high  in  soda,  contains 
very  little  iron,  and  approaches  a  natural  fused  glass 
in  its  composition. 

Canadian  magnesite  has  already  come  to  the  aid 
of  steel  manufacturers  in  providing  a  satisfactory 
refractory  and  is  the  source  of  much  of  the  magnesium 
now  made  in  the  United  States  as  well  as  all  of  that 
made  in  Canada.  I  need  not  emphasize  the  im- 
portance of  molybdenum  to  you,  but  may  say  that 
ferro-molybdenum  is  being  produced  from  Canadian 
molybdenum. 

A  great  variety  of  minerals  are  to  be  found  in  the 
Dominion,  and  in  the  recovery  of  some  of  them  the 
chemist  and  metallurgist,  as  well  as  the  electrometal- 
lurgist,  will  find  much  to  interest  and  perplex  them. 

MISCELLANEOUS — Other  resources  include  fisheries 
which  reach  a  very  large  annual  business  and  which 
may  soon  become  so  organized  that  the  chemist  will 
find  the  problem  of  waste  disposition  confronting  him. 
It  is  interesting  to  note  in  passing  that  thousands  of 
soldiers  at  the  front  receive  rations  of  Canadian  fish 
twice  a  week  at  the  present  time,  and  that  in  order  to 
encourage  the  fish  industry  the  Government  stands 
prepared  to  defray  a  portion  of  the  expense  for  trans- 
porting fish  to  the  interior  of  Canada  from  both  the 
Atlantic  and  Pacific  coasts. 
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The  fur-bearing  animals  yield  an  export  trade  of 
nearly  $6,000,000,  besides  furnishing  furs  to  a  large 
domestic  market. 

WATER    POWER 

As  of  especial  interest  to  you,  I  would  emphasize 
the  water  powers  of  Canada,  which  with  other  re- 
sources may  be  expected  to  form  the  basis  of  electro- 
chemical and  electrometallurgical  industries  when  the 
population  has  become  sufficiently  concentrated  and 
the  industries  utilizing  these  products  of  greater  size 
than  at  present.  The  water  powers  of  Canada  are 
more  abundant  than  in  any  other  country.  Already 
nearly  a  thousand  waterfalls  are  known  to  be  suitable 
for  the  generation  of  electric  power,  and  every  expedi- 
tion into  the  wilds  brings  back  reports  of  additional 
powers  which  may  be  developed  when  the  demand 
comes:  1,712,193  24-hour  horse  power  has  been  de- 
veloped, and  of  the  18,000,000  24-hour  horse  power 
which  is  in  sight  8,000,000  is  within  reach  of  present 
markets.  In  the  central  portion  of  Canada  2,000,000 
sq.  mi.  of  territory  lies  at  an  average  elevation  of  1500 
ft.  This  area  drains  into  rivers  emptying  into  the  St. 
Lawrence  or  the  sea  and  affords  water  power  of  dimen- 
sions difficult  to  compute.  When  the  potential  horse 
power  is  considered  with  respect  to  area  or  population, 
Canada  is  as  favorably  situated  as  other  nations,  and 
when  horse  power  per  square  mile  is  considered  it  is 
well  up  in  the  list  with  other  large  countries.  When 
it  is  remembered  that  4  lbs.  of  coal  are  required  on  an 
average  to  develop  one  horse  power  hour  under  favor- 
able conditions,  the  amount  of  coal  which  would  have 
to  be  burned  to  give  power  equivalent  to  the  Canadian 
water  powers  is  quite  beyond  our  comprehension.  The 
price  at  which  hydroelectric  power  is  sold  varies  with 
the  amount  of  power  taken  and  is  ordinarily  based  on 
power  at  the  power-house,  leaving  the  cost  of  trans- 
mission to  the  consumer.  Contracts  now  in  force 
run  from  some  old  ones,  about  to  expire,  at  $4.50  per 
horse  power  year  to  $20.00  or  more.  There  are 
water  powers  which  can  be  developed  at  a  price  per 
horse  power  which  may  make  it  possible  to  produce 
nitrates  from  the  atmosphere  in  competition  with  the 
low  prices  in  Norway  where  processes  have  found  a 
home  due  to  cheap  power.  You  may  remember  that 
in  1912  Dr.  Eyde  stated  that  when  the  cost  of  power  in 
Norway  reached  $6.00  per  horse  power  year  they  would 
be  unable  successfully  to  compete  with  other  sources  of 
nitrates. 

Transmission  would  seem  to  be  one  of  the  important 
problems  in  connection  with  hydroelectric  power  in 
order  to  make  this  energy  available  in  places  where 
economic  conditions  make  it  possible  to  establish 
electrochemical  industries.  At  present  Niagara  power 
is  being  transmitted  242  miles  to  Windsor,  Ontario. 
This  is  the  world's  record  and  such  a  radius  enables 
power  to  be  used  over  an  area  of  180,000  sq.  mi.  We 
may  confidcnliy  rely  upon  the  future  to  provide  us 
with  still  greater  improvements  in  power  transmission. 


KucI  is  always  of  paramount  importance  where  any 
sort  of  industry   is   under  considcrnlion.     At    present 


the  domestic  fuels  in  use  are  principally  the  coals  of 
eastern  and  far  western  Canada,  including  the  anthra- 
cite in  the  vicinity  of  Bank  Head,  Alta.  The  tre- 
mendous tonnage  of  lignite  which  exists  in  Alberta, 
Saskatchewan,  and  Manitoba  has  been  limited  in  its 
use,  due  to  its  slacking  during  drying,  but  work  is  now 
under  way  which  gives  promise  of  making  this  lignite 
a  satisfactory  fuel  for  power  purposes  and  the  prairie 
provinces  thereby  more  attractive  for  fields  of  in- 
dustry. Research  work  looking  toward  the  utilization 
of  cereal  straws  for  fuels  in  certain  areas  is  also  under 
way  with  considerable  promise  of  ultimate  success. 

There  is  also  a  great  quantity  of  oil  shale  in  New 
Brunswick  and  smaller  deposits  in  the  western  provinces 
which  may  be  considered  reserve  supplies  of  oil. 

NEED    FOR    COOPERATION    OF    UNITED    STATES     WITH 
CANADA 

In  closing,  I  wish  to  point  out  the  need,  the  desira- 
bility and  the  advantage  of  cooperation  between 
Canada  and  certain  forces  in  the  United  States.  Until 
Canada  can  train  men  to  take  their  places  with  those 
now  engaged  in  chemical  industries,  it  is  desirable 
that  specialists  from  the  United  States  seriously 
consider  Canada  as  a  place  for  their  endeavor,  in  con- 
nection with  American  capital,  which  will  find  a 
favorable  field  for  employment.  There  is  every 
indication  that  there  will  be  a  preferential  duty  in 
favor  of  Canada  of  at  least  25  per  cent  so  far  as  the  rest 
of  the  British  Empire  is  concerned.  Therefore,  if 
Americans  wish  to  benefit  from  this  trade  arrangement 
they  must  manufacture  in  Canada.  The  ten  years 
ending  with  1913  saw  carried  out  in  Canada  an  in- 
dustrial program,  probably  unapproached  in  other 
countries  of  the  world,  involving  an  investment  of 
more  than  $1,300,000,000  of  European  capital,  for  .we 
must  remember  that,  so  far  as  construction  is  con- 
cerned, Canada  may  be  compared  with  the  United 
States  at  the  close  of  the  Civil  War.  It  is  obvious 
that  British,  Belgian,  Dutch  and  French  capital  which 
formerly  found  investment  in  America  will  not  come 
again  for  a  period  of  years,  while  it  will  be  the  privilege 
of  the  United  States  to  finance  new  industries  the  world 
over.  And  if  America  is  called  upon  to  aid  Canada 
with  specialists  and  with  money  she  will  be  doing  no 
more  than  the  "old  lion"  has  done  for  her,  since  during 
the  last  century  nearly  $5,000,000,000  has  been  loaned 
to  industrial  America,  principally  by  Great  Britain. 
Canada  will  welcome  American  capital,  and  her 
natural  resources  awaiting  economic  development  oflfcr 
an  attractive  and  legitimate  field  for  enterprise. 

To  those  of  us  who  are  endeavoring  to  study  Canada 
it  would  .seem  that  opportunity  not  only  knocks  ot  the 
door  of  industrial  and  financial  America  but  stands 
with  her  finger  pressed  against  the  doorbell.  Will  we 
hear  the  ring  before  the  bell  batteries  run  down,  or 
will  we,  like  n  mining  engineer  who  visited  Cobalt  to 
report  on  a  property  which  proved  of  no  value,  travel 
over  a  silver  sidewalk  and  not  realixe  it? 

A.    D     LlTTI.K.    I.TP 

l.«7  Mrnii.i.  Stuiiiit 

..IliNTIiKAI..  C'ANAn* 
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FACTORS   CAUSING   VARIATION   IN   THE   YIELD    OF 
CAMPHOR   IN   THE   FLORIDA    CAMPHOR   TREE 

By  Sami  i;l   C.   Hood 
Received  April  10.  1917 

The  recent  increase  in  the  price  of  camphor  gum  has 
renewed  the  interest  in  the  commercial  cultivation  of 
the  camphor  tree  in  Florida,  and  has  stimulated  the 
laying  down  of  new  plantations  as  well  as  the  increase 
of  those  already  under  way.  Since  the  methods  of 
production  in  Florida  are  widely  different  from  those 
in  Japan  and  Formosa,  and  are  commercially  possible 
only  by  the  application  of  special  equipment  on  large 
areas,  it  is  important  that  full  information  be  available 
on  the  several  factors  which  cause  variations  in  the 
yield  of  the  gum  in  the  leaves  and  twigs  of  the  tree. 

The  present  paper  is  based  on  observations  made  on 
camphor  trees  growing  under  various  conditions  in 
Florida,  during  the  years  1907  to  191 2,  at  which  time 
the  writer  was  a  member  of  the  scientific  staff  of  the 
Bureau  of  Plant  Industry,  United  States  Department 
of  Agriculture.  Samples  were  taken  from  nearly  2000 
trees  over  a  range  of  latitude  of  about  250  miles.  This 
paper  presents  only  the  more  important  results  having 
a  direct  bearing  in  the  methods  of  commercial  pro- 
duction. 

METHODS 

The  production  of  camphor  in  Florida  depends  upon 
the  planting  of  the  trees  in  hedges  and  utilizing  either 
the  trimmings,  consisting  of  leaves  and  small  twigs, 
or  by  severely  pruning  the  trees  each  year  and  distilling 
the  resulting  branches  and  leaves.  Such  trimming  or 
pruning  is  done  during  one  of  the  dormant  periods, 
7.  e.,  during  May  to  June  or  November  to  February. 

SAMPLES — All  tests  made  during  this  investigation, 
unless  otherwise  stated,  were  on  leaves  and  twigs 
of  the  previous  growth  taken  during  the  dormant 
season.  Percentages  of  crude  camphor  were  calculated 
on  the  green  weight  of  the  material  taken  at  the  time  of 
collection. 

DISTILLATIONS  Were  made  in  Remington  stills  of  5 
gal.  capacity  using  about  2  kilos  of  material  in  each 
sample.  It  was  found  by  repeated  tests  that  with 
leaves  and  small  twigs  of  the  last  growth,  no  cutting 
or  grinding  was  needed.  In  the  case  of  larger  wood, 
the  material  was  cut  into  small  chips  crosswise  of  the 
grain  with  a  hatchet  or  power  chipping  machine  con- 
structed for  this  purpose.  The  stills  were  equipped 
with  false  bottoms  to  prevent  burning  of  the  charge; 
about  2  qts.  of  water  were  added  with  each  charge, 
and  distillation  was  carried  on  over  a  gas  flame.  Com- 
parative tests  with  steam  and  direct  heat  distillation 
showed  that  better  results  were  secured  with  the  method 
described,  which  permitted  the  more  complete  recovery 
of  the  camphor  dissolved  in  the  water. 

CONDENSER—  The  camphor  was  condensed  in  a 
I -meter  Liebig  condenser,  and  was  removed  to  the  re- 
ceiver with  the  aid  of  a  slender  wooden  rod  and  a 
piece  of  closely  woven  cloth  moistened  with  water. 
It  was  usually  necessary  to  clean  out  the  condenser 


once  during  the  distillation,  otherwise  so  much  residue 
was  collected  as  to  make  its  final  removal  difficult. 
The  distillate  was  received  in  a  200-cc.  beaker  fitted 
with  a  double  siphon  tube,  and  the  water  was  returned 
to  the  still  from  time  to  time. 

CRUDE  CAMPHOR — After  the  distillation  was  com- 
plete, and  all  camphor  removed  to  the  receiver,  the 
pasty  mass  of  camphor  and  oil  was  moved  about  with 
a  spatula  to  gather  up  separated  oil  globules  and  made 
up  into  a  mass.  This  was  transferred  to  a  folded 
square  of  closely  woven  cotton,  moistened  with  water 
and  placed  over  the  container  of  a  small  meat-extract 
press.  The  cloth  was  folded  over  the  mass  and  the 
water,  with  part  of  the  oil,  pressed  out  into  the  small 
beaker  used  for  weighing.  By  means  of  a  capillary 
pointed  pipette  the  water  was  drawn  out  from  beneath 
the  oil  and  the  cake  of  camphor  added  to  it.  This 
mixture  of  oil  and  camphor  was  weighed  as  crude 
camphor. 

PURE  CAMPHOR  in  the  crude  was  determined  as 
follows:  the  crude  camphor  was  stored  in  well-stoppered 
bottles  for  at  least  tv/o  weeks  until  it  had  recrystallized, 
forming  large  crystals  about  the  size  of  sugar  grains. 
The  mass  was  well  mixed  with  a  spatula  and  about 
5  g.  weighed  into  the  tubes  used  for  oil  extraction. 

Spun  brass  cups  about  ^/U  in.  in  diameter  and  2V2 
in.  long  were  fitted  with  pressed  bags  of  loo-mesh 
brass  gauze  projecting  into  the  cup  about  one  inch. 
The  top  of  the  bag  was  then  trimmed  even  with  the 
top  of  the  cup  and  soldered  to  a  Vs-in-  band  of  the  same 
material  as  the  cup.  The  solder  was  drawn  into  a 
ring  forming  a  shoulder  resting  on  the  top  of  the  cup. 

The  cup  and  bag  were  each  weighed,  and  the  sample 
of  crude  camphor  weighed  into  the  bag.  The  cup 
was  then  placed  in  the  pocket  of  a  Babcock  milk 
centrifuge  and  run  at  full  speed  for  5  min.  By  this 
process  the  oil  was  thrown  out  into  the  cup,  and  from 
the  weight  of  the  cup  and  oil,  the  weight  of  the  oil 
removed  could  be  determined. 

CORRECTION — It  was  found  that  the  amount  of 
camphor  dissolved  in  the  oil  was  nearly  uniform  for 
each  kind  of  material  distilled.  This  correction  was 
determined  by  fractional  distillation  of  considerable 
samples  of  crude  oil,  and  the  camphor  removed  from  the 
fraction  coming  over  at  195  to  215°  C.  by  repeated 
freezing. 

DISTRIBUTION    OF    CAMPHOR    IN    THK    TREE 

In  order  to  gain  some  information  on  the  distribu- 
tion of  camphor  in  the  various  parts  of  the  tree,  and  to 
determine  which  portion  would  provide  the  most 
valuable  commercial  material  with  the  minimum 
handling  costs,  distillations  were  made  of  the  various 
parts  of  growing  trees  8  to  12  years  old. 

Leaves  and  twigs  of  the  two  previous  growths  were 
collected  in  May  from  tree  W5.  This  material  con- 
sisted of  leaves  and  twigs  of  the  spring  growth  just 
matured,  and  leaves  and  twigs  of  the  previous  summer 
growth.     Of   this   entire   year's    growth,    70   per   cent 
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was  leaves  of  the  spring  growth.  The  percentages  of 
crude  camphor  and  per  cent  of  pure  gum  in  the  crude 
are  given  in  Table  i. 

Table  1 — Relative  Percentage  of  Camphor  in  Leaves  and  Twigs 

Per  cent          Per  cent  Per  cent 

Material                      Crude  Camphor      Purity  Pure  Camphor 

Leaves:  Spring 1.72                 76  1.31 

Summer 1.46                    78  1.14 

Twigs:     Spring 2.14                   70  1.50 

Summer 1.22                   73  0.89 

These  results  are  typical  of  a  large  number  of  similar 
tests  made  on  many  trees  over  a  period  of  several 
years.  In  all  cases  the  camphor  content  was  found 
to  diminish  if  allowed  to  remain  on  the  trees  through 
another  growth  season.  The  percentage  of  purity 
was,  however,  higher  in  the  older  leaves.  This  was 
probably  due  to  the  evaporation  of  the  more  volatile 
terpenes  of  the  camphor  oil. 

In  March  1908,  two  13-year-old  trees  were  cut 
to  the  ground  and  the  material  sorted  into  leaves, 
twigs  and  wood  of  various  ages.  The  results  of  the 
determination  of  camphor  in  these  materials  are  pre- 
sented in  Table  2. 

Table  2 — Distribution  of  Camphor  in   13-yr.-old  Trees 
Results  in  Percentages 

Tree  Bi  Tree  Bi 

Purity  Purity  Pure  Camphor 

Crude            of  Crude  of  Tree         Tree 

Camphor     Crude  Camphor  Crude  Bi              Bj 

LSAVES 1.12           78  1.17  75  0.87         0.88 

Twigs: 

Last  growth 0.55            88  0.5')  81  0.48          0.48 

1-yr.  old 0.36            76  0.53  74  0.28          0.39 

Branches: 

>/<  to  I'/iin....      0.53            73  0.52  74  0.39          0.38 

4  in 0.83            70  0.53  70  0.58          0.37 

7  in ..  0.92  65  ..             0.60 

Wood:  8-yr.  branch 

Outer  4  rings. . .      1.26           59  1.87  71  0.74          1.33 

Inner  4  rings..  .      1.03            51  1.21  68  0.53          0.82 
Bark: 

Branches 0.56            90  ..  ..  0,50 

Trunk 0.11            67  0.07 

It  will  be  noted  that  there  is  a  gradually  diminishing 
percentage  of  camphor  from  the  youngest  mature 
leaves  to  the  wood  about  5  years  old. '  After  this  age 
there  begins  a  redeposit  of  camphor  in  the  older  wood 
and  this  increases  as  the  wood  grows  older.  The  re- 
sults from  the  8-ycar-old  wood  show  a  considerable 
increase,  more  being  present  in  the  outer  rings  than 
in  the  inner. 

It  has  been  found  by  the  writer  that  this  increase 
continues  until  in  15-ycar-old  wood  as  much  as  3  per 
cent  has  been  found.  This  increase  in  percentage  of 
camphor  in  the  wood  is  associated  with  a  greatly 
diminished  percentage  of  purity,  often  in  old  wood 
falling  to  so  per  cent,  and  the  resulting  product  of 
distillation  being  liciuid,  from  which  cnniplinr  crystals 
separate  only  on  long  standing. 

The  camphor  oil  from  the  wootl  is  an  entirely  different 
product  from  that  derived  from  the  leaves,  and  con- 
tains considerable  quantities  of  safrol,  while  leaf  oil  is 
nearly  or  (juitc  free  from  this  compound,  hut  contains 
more  of  the  lerpenc  constituents. 

KFFKCT    OF    StlADi: 

It  has  repeatedly  been  shown  in  the  case  of  many 
essential  oil  plants,  that  partial  shade  tends  to  retard 
the  formntion  of  oil  in  the  plant.  In  order  to  de- 
termine if  this  woulil  hold  for  camphor,  tests  were 
made  on  a  number  of  groups  of  trees  of  uniform  age  and 


history,  where  one  or  more  of  the  number  were  shaded 
by  buildings  or  other  large  trees.  The  results  are 
given  in  Table  3  as  averages  of  the  total  determina- 
tions made  on  each  group  of  trees. 

Table  3 — Effect  of  Shade  on  Yield  op  Camphor 
(Results  given  are  averages) 
In  Open  Parti.vl  Sh.*de 

Purity  Purity  Pure 

Trees  Crude         of         Crude  of  Camphor 

Group  Xo.   Camphor  Crude   Camphor       Crude     Open       Shade 

L.  3  1.95  74  1.39  75  1.44        1    04 

C.  H.  7  2.18  73  1.84  71  1.59  1.31 
T.  H.                    2          1.83          73            1.24                77  1.34       0.95 

D.  2  1.28  76  1.12  78  0.97  0.87 
C.  (Hedge)  3  2.04  70  1.95  70  1.43  1.37 
Nursery  (o)                     1.26          ..            0.74(6) 

(a)  Leaves  of  1-year  nursery  trees.        (6)  Grown  under  half  shade. 

Since  they  showed  to  a  marked  degree  the  eflfect  of 
onlj'  slight  shade,  it  was  thought  of  interest  to  de- 
termine if  there  existed  a  difference  between  the  North 
and  South  sides  of  the  trees,  since  this  might  have  an 
eflfect  on  the  direction  in  which  commercial  hedges 
were  laid  out.  The  results  of  a  number  of  such  tests 
are  given  in  Table  4. 

Table  4 — Camphor  Percentages  in  North  and  South  Sides  of  Trees 

South  North  Pure 

Tree  Crude        Purity  Crude       Purity         Camphor 

No.  Camphor  of  Crude  Camphor  of  Crude  South     North 

W9 1.41  77  1.41  77  1.06  1.09 

W30 1.68  7J  1.70  72  1.19  1.22 

W45 1.00  80  1.00  75  0.80         0.75 

W159 1.61  82  1.62  78  1.32  1.26 

W160 1.83  72  1.77  73  1.32  1.29 


.'Vverace. 


1.51 


1.50 


1.13 


1.12 


These  data  indicated  no  appreciable  difference  in 
camphor  content  between  the  North  and  South  sides  of 
the  trees,  and  lead  to  the  conclusion  that  commercial 
hedges  may  be  laid  out  in  either  direction  without  in- 
fluence on  the  yield  of  camphor. 

YEARLY    VARIATION    IN    CAMPHOR    YIELD 

It  was  to  be  expected  that  a  certain  variation  in 
camphor  yield  would  be  found  from  year  to  year  in 
the  same  trees,  and  in  order  to  determine  the  limits  of 
this  variation,  it  was  intended  to  run  a  series  of  tests 
over  a  number  of  years.  Press  of  other  duties,  how- 
ever, made  it  impossible  to  continue  these  after  the 
second  year,  but  the  results  of  these  two  seasons 
(Table  5)  show  that  a  considerable  variation  may  be 
expected.  The  tests  each  year  were  made  during  the 
hot,  dry  period  which  nearly  always  occurs  during 
May,  so  that  the  weather  conditions  were  the  same 
each  year. 

Table  5--Ykarlv  Variation  in  CBrnu  Camphor  Vikld  (Pkuckmtack*^ 
TrK8  No.  Mny  «.  1908  M»y  25.  1909 

H8S2 • 1.38  1.47 

H842 «.S7  1..M 

11849 J.W  I.W 

H845 1.47  1    4i 

H847 1.68  1.42 

H846 1.41  1.47 

H848 I.S7  1« 

11844 I    ♦.*  1.40 

H85I IM  1.78 

H84.1..  .  1    4K  I.W 

H850..  I   H5  1   M 


AVItKAGII I  .57 


I   48 


The  writer  has  found  that  the  sumnu-r  growth  is 
subject  to  nuiih  greater  variation  than  the  spring 
growth,  since  as  a  rule  the  trees  do  not  start  the  summer 
growth  until  the  beginning  of  the  summer  rains,  and 
these  are  often  much  delayed.  While  the  spring  growth 
is  uniform  over  the  entire  tree,  the  stimmcr  growth  is 
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inclined  to  start  first  at  the  top  and  may  develop  in  a 
very  irregular  manner  over  the  tree  so  that  new  shoots 
are  continually  coming  out  during  the  entire  summer. 
It  has  therefore  been  found  advisable  to  use  only  the 
spring  growth  for  tree-testing  purposes. 

EFFECT    OF    PRUNING    AND    TRIMMING 

It  has  often  been  recommended  that  the  harvest  of 
commercial  plantations  be  done  by  pruning  the  trees 
severely  each  year,  and  at  the  present  time  such  a 
method  is  being  used  in  one  instance.  Experiments 
conducted  by  the  writer  in  1907  show  that  this  method 
necessitates  the  handling  of  large  amounts  of  wood 
material  of  very  low  camphor  yield,  and  also  that  even 
the  percentage  of  camphor  in  the  leaves  is  reduced  in 
growth  of  this  sort.  Tree  Li,  which  was  about  10 
years  old,  was  cut  to  the  ground  in  March  1907  and 
the  following  May  the  mature  new  growth  from  the 
stump,  consisting  of  leafy  shoots  3  to  5  ft.  long,  were 
collected  and  sorted  into  several  types  of  material. 
Tree  W225  was  very  severely  headed  back  in  February 
1907  and  the  following  May  the  new  growth  of  a 
watersprout  type  was  collected  and  sorted  in  the  same 
manner  as  in  the  case  of  tree  Li.  The  percentages 
of  camphor  in  the  material  from  these  trees  are  given 
in  Table  6. 

Table  6 — Camphor  Percentagks  in  Watersprout  Growth 

Tree  LI  Tree  W225 

Purity  Purity  Pure 

Crude         of  Crude         of  Camphor 

Camphor  Crude  Camphor  Crude  LI           W225 

Leaves 1.15         75  1.89           74  0.86         1.40 

Twigs:    'A  in 0.49         85  1.15            80  0.47          0.93 

'A  to  1  in 0.06         86  0.31            86  0.05          0.27 

In  the  total  growth  harvested,  the  leaves  made  up 
about  65  per  cent  of  the  weight,  and  gave  a  much 
higher  camphor  yield  than  did  the  twigs  and  woody 
material. 

Further  data  on  this  point  were  secured  from  the 
distillation  of  material  grown  in  Texas,  and  con- 
sisting of  2-year-old  nursery  trees.  These  trees  had 
been  cut  to  the  ground  at  one  year  old  so  that  the  ma- 
terial received  consisted  of  the  growth  of  one  year  of 
two  growing  seasons.  The  material  consisted  of  10 
entire  trees  and  was  sorted  into  the  leaves  and  twigs 
of  each  growing  season:  65  per  cent  of  the  total  was 
leaves  and  53  per  cent  was  leaves  of  the  spring  grow- 
ing season.  The  tests  were  made  after  the  spring 
growth  had  become  dormant.  The  camphor  yields 
found  are  presented  in  Table  7. 

Table  7 — Camphor  Yield  (Percentages)  of  Two- Year-Old  Te.vas 
Trees 

Material                    Crude  Camphor  Purity  of  Crude  Pure  Camphor 

Leaves:   Spring 1.13                           76  0.86 

Summer 1.10                           86  0.95 

Twigs:     Spring 0.69                           81  0.56 

Summer 0   16                           81  0.13 

In  order  to  gain  still  further  data  on  the  effect  of 
severe  pruning  on  the  camphor  content  of  the  succeed- 
ing growth,  one  side  of  each  of  two  trees  was  severely 
pruned  in  January  and  the  following  May,  after  the 
spring  growth  was  fully  dormant,  leaves  and  twigs  were 
collected  from  the  watersprout  growth  on  the  pruned 
sides  and  also  from  the  normal  growth  on  the  un- 
pruned  sides  of  the  tree.  The  results  are  given  in 
Table  8. 


Table  8 — Camphor  Yield  (Percentages)  op  Watersprout  and  Normal 
Spring  Growth 
Normal  Growth        Watersprout      Pure  Camphor 
Crude        Purity         Crude        Purity     Nor-        Water- 
Tree         Material  Camphor  of  Crude  Camphor  of  Crude     mal         sprout 
W8  Leaves  2.13  76  2  03  71  1.62  1.44 

Twigs  1.60  79  1.69  80  1.26  1.35 

U'152        Leaves  1.60  73  1.40  71  1.17  0.99 

Twigs  1.40  80  1.18  72  1.12         0.85 

These  results  show  that  the  percentage  of  camphor  is 
less  in  the  growth  of  a  watersprout  nature  induced  by 
severe  pruning,  than  in  the  normal  growth  of  the  tree. 
This  is  important  in  connection  with  commercial 
operations,  since  any  harvesting  method  used  should 
supply  crude  material  of  a  maximum  percentage  of 
camphor,  and  should  reduce  to  a  minimum  the  amount 
of  low-yielding  wood  material  to  be  handled. 

It  was  found  in  the  earlier  hedge  trimming  experi- 
ments that  the  first  cuttings  tended  to  stimulate  a 
heavier  growth  during  the  succeeding  growing  season. 
In  order  to  determine  if  this  also  varied  from  the 
normal,  the  following  experiments  were  carried  on 
with  lo-year-old  trees  which  had  never  been  trimmed 
or  pruned.  One  side  of  the  trees  was  trimmed  with 
hedge  shears  to  remove  the  leaves  and  twigs  of  the 
last  growth,  while  the  other  side  was  left  untrimmed. 
This  trimming  was  done  in  January  and  the  following 
May  after  the  spring  growth  had  become  dormant, 
the  leaves  and  twigs  of  the  spring  growth  were  removed 
at  the  last  growth  scar  on  both  the  trimmed  and  un- 
trimmed sides  of  the  trees.  The  camphor  yields  of  the 
different  collections  are  presented  in  Table  9. 

Table  9 — Effect  of  Trimming  on  Camphor  Yield 

Untrimmed  Side  Trimmed  Side  Purs 

Tree                     Crude         Purity  Crude       Purity  Camphor 

No.                     Camphor  of  Crude  Camphor  of  Crude  Normal  Trimmed 

H852 1.38            72  1.90              71  0.99          1.35 

SI 1.49            80  1.83              75  1.19          1.37 

S2 1.67            81  1.81              80  1.35          1.45 

S3 1.60            76  1.63              74  1.22          1.21 

S4 1.66            81  1.94              76  1.34          1.47 

Average 1.56  78  1.82  75  1.22         1.37 

These  results  show  that  the  trimming  had  caused  an 
increase  in  the  camphor  content  of  the  succeeding 
growth  of  14  per  cent,  but  with  a  slight  decrease  in  the 
percentage  of  purity.  It  is  probable  that  this  is  due 
to  the  more  rapid  growth  caused  by  the  trimming, 
since  it  is  shown  elsewhere  in  this  paper  that  a  very 
definite  relation  exists  between  the  rate  of  growth 
and  the  percentage  of  camphor  in  the  leaves  and 
twigs. 

VARIATION    DUE    TO    RATE    OF    GROWTH 

The  camphor  tree  is  often  planted  as  a  windbreak 
along  the  edge  of  orange  groves,  and  under  such 
conditions,  the  trees  sometimes  receive  some  com- 
mercial fertilizer  by  sending  feeding  roots  into  the  area 
fertilized  for  the  orange  trees.  It  also  often  occurs 
that  a  few  missing  orange  trees  in  a  grove  are  replaced 
by  camphor. 

Under  these  conditions,  where  the  trees  receive  more 
or  less  commercial  fertilizer,  it  has  been  noted  re- 
peatedly that  such  trees  yield  a  percentage  of  camphor 
above  the  average,  and  that  the  growth  of  the  tree 
was  more  rapid.  In  order  to  find  if  a  relation  existed 
between  the  rate  of  growth  of  the  tree  and  the  camphor 
content,  localities  were  found  where  a  considerable 
number  of  trees  of  uniform  age  had  been  planted  in  a 
block,  and  tests  were  made  on  trees  of  different  heights 
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to  determine  the  camphor  content.     Results  obtained  moisture.     The    lowest    yields    were    secured    on    the 

from  Groves  S  and  H  were  similar  (Table  10).  soils    Nos.    7    and  8,  known  locally   as   "sand  scrub." 

Table  10— Variation  in  Camphor  Content  Due  to  Rate  op  Growth  No.   6,   although  located  On  a  light  Soil,  showS  a  rather 

Purity                    Purity  high  percentage  due  doubtless  to  the  fact  that  these 

^No^               "If"   ca'iiphor  Crude    Cam'^hor    Crude   Camphor  trces  have  been  well  fertilized  with  commercial  ferti- 

S3 20         1.90       74  1  lizer   and   have   made   good   growth.      Xos.    g   and    lo 

S76 20            1 .88          78  [              1 .93              75            1 .45  ,                          .                . 

S5 18        2.10       73)  seem  to   be  exceptions  since  although  located  on  an 

1^^ I         III       ^\\          1.75           70         1.23  extreme  type   of  sand  scrub,  they  show   a  high   per- 

H848 14         1.57       711  ccntage.      This    is    probably    due    to    the    very    much 

Hsts'.'. '.'.'. '.'.'.'.     13         i!47       72  I           '*''           '^         '"  dwarfed  conditions  of  the  trces.  and  that  an  abnormal 

"f^° \~,         \'^l       'l.  camphor   formation   has   resulted.     This   same   condi- 

Ho47 II  I.  DO  ^1 

H851 10         1.88       70 1          i  go          71         1  14  tion  has  been  found  frequently   on   this  class  of  soil 

H844 8            1.45          71  f                                                     ■'  .               ,  •    j          ' 

H846 8         1.41       7oJ  Where  no  fertilizer  IS  applied. 

H8i3.'.. . . . . . .     6        1.48       72)          '''^          '^        '^^  From    the    commercial    standpoint,    the    data    pre- 

These  results  seem  to  indicate  that  the  more  rapid  the  '^"*^<^  ^"  ^able  ii  is  very  important,  and  shows  that 
growth  of  the  tree,  the  greater  will  be  the  percentage  '*  '^  essential  that  a  good  grade  of  soil  be  secured  for 
of  camphor  in  the  leaves  and  twigs,  as  well  as  the  much  camphor  culture.  Taking  the  yield  of  hedge  trim- 
greater  yield  of  this  material.  This  is  important  in  "^'""^^  ^^  ^°'°°°  ^^^-  P^^  ^"^  P^'"  y^^''  ^^^  difference 
the  handling  of  commercial  plantations,  and  methods  '"  ^^^"^  °^  ""^^  camphor  between  Grove  i  and  Grove 
of  culture  should  be  used  which  will  force  the  growth  «  ''""^'^  ^^  ^4  lbs.  of  crude  gum,  or  48  lbs.  of  refined 
of  the  tree  as  much  as  possible.  camphor  per  acre.  This  sum  would  most  certainly 
VARIATION  DUE  TO  SOIL  CONDITIONS  P^^  ^  ^"""^  ^"^crest  on  the  additional  investment  in 
Throughout  the  entire  investigations  on  Florida  a  good  grade  of  land.  In  fact,  however,  the  difference 
camphor,  the  writer  has  noted  that  the  character  ^^^^"^  ^e  far  greater  than  this,  since  no  account  has 
of  the  soil  has  much  to  do  with  the  percentage  of  ^^^^  ^^^^"^  °^  ^^^  increased  growth  of  the  trees  under 
camphor  in  the  trees.  In  order  to  gain  some  definite  ^^^  ^^"^"^  conditions, 
information   on   this   point,    a   number   of   trees    were  conclusions 

tested  in  selected  groves  growing  in  widely    different  p^^^^  ^j^^  ^^^^  presented,  the  following  conclusions 

soil   conditions.     The   trees   selected   were   from   8   to  ^^„  ^e  drawn  concerning  the  factors  causing  variation 

12  years  of  age,  and  the  total  number  of  trees  in  the  -^  ^y^^   yj^,^   ^f   camphor   in    commercial    plantations 

selected   groves   varied   from    50  to   4000   trees.     The  ^^^^^  pi^j.;^^  conditions. 

soil    conditions    in    each    grove    were    as    indicated    in  r     r,^,             ■              ■  ,  ,     r            >        •                ,  r 

,,,  ,  ,  I — 1  he  maximum  yield  of  camphor  is  secured  from 

„,      ,  .   ,      .^      .  ,  ,      ,             ,                             ,          ^,  leaves  and  twigs  of  the  last  growth,  taken  during  the 

The  highest  yield  of  camphor   was  secured  on  the  ,                                 tt      ,,        7                  •             , 

,              1           -1        J  iu                 ^           1                     -ji  dormant   season.     If    allowed   to   remain   on  the  tree 

heavy  clay  soil  and  the  percentages  decrease  rapidly       ,  ,  ,  .  ,        , 

^,          .,  ,                                  ,           ,  ,           X     ^-         r  through  another  growing  season,  the  yield  is  reduced. 

as  the  sou  becomes  more  sandy  and  less  retentive  of  _,        .  ,  ,  .            "                   ,   .                       ,,         , 

The  yield  from  young  wood  is  very  small  and  not  to 

Tadi.e   II — Camphor  Variations  Dub  to  Soii.  Conditions  ,                  .  ,          ,    ■                                         •    ,      .         i       •    ^ 

Results  in  Percentages  be  considered  from  a  commercial  standpoint. 

Grove          """rled'"    Camphlr    oFcruL       Ca'^^Thor  H-Severe  pruning  to  induce  a  watersprout  growth 

1 8             2.14             75             1.61  gives  a  low  yield  in  the  leaves  and  small  twigs,  while 

i'. '.'.'.'.'.'.'. '.'.'.      6             K76             75             i!32  thc  yield  of  wood  so  produced  is  extremely  low. 

j;; ;; ;; ;; ;;;      I             \ll            H             [;[|  III — The  clipping  of  leaves  and  twigs,  as  in  hedge 

* {*             j  ^1             ^*             [-^1  trimming,  tends  to  increase  the  yield  of  camphor  in 

10 32             1.85             76             1.41  IV — Any    commercial    plan    of    harvesting    should 

grove  i-a  heavy  black  clay  prairie  ,oii  of  great  fcriiiuy.  and  con  provide    a    material    high    in    yield    with    a    minimum 

taining  a  high  pcrceotagc  of  vegetable  matter.  amount  of  low-yielding  wood,  and  with  the  Icast  ill- 

GROVU  2-  A  clay  loam  .oil  with  clay  ,ub,oir  and  high  iu  vegetable  ■            ^^   ^,,g   ^^^^^ 

matter.     The  trees  in  this  grove  have  also  received  small  amounts  of  com-  "^ 

merciuifcrtiiiier.  V—  Even   sHght  shadc   tends   to   decrease   the   per- 

GRovK  3-  A  sandy  loam  with  clay  subsoil.    A  much  more  sandy  »oii  ccntage  yield  of  camphor  in  the  leaves,  and  to  reduce 

OHOVK  4     Good  grade  of  sandy  high  pine  land  with  clay  about  4  (t  ^"'^  '^^^  '""'^^  °'   ^"^  ^''*^^- 

below  surface.    A  soil  similar  to  No.  3  but  lower  in  vegetable  mailer  and  VI-  A  Considerable  yearly  Variation  may  be  expected 

with  clay  deeper  down.  Under  Varying  climatic  conditions  and  rainfall. 

naovKl  '  A  light  sandy  soil,  lowin  vegetable  maltctand  withclay  about  ....,.,                     ....                          i          •    ■■      ^                i 

ft (,  t„i„v, ,ur(„ce  VII —  1  o  a  considerable  extent,  the  yield  of  camphor 

OMiivK  6     A  soil  very  similar  to  No.  5  but  these  trees  had  received  con-  is   proportional     tO     the     rale     of     growth,     and     forcing 

Mderable  aniounl.  of  commercial  fertiliser.  the    groWlh    of    the    trceS    wiU    givC    a    h.rgcr    tOnnagO    0( 

oiiovH  7      A  very  light  sandy  soil  with  clay  12  ft.  below  surfarr  "                                                                   i.                         n                         n 

oaovRg    Soil  formed  from  old  .and  dunes  and  with  almost  no  vegetable  inatiTJal  yielding  higher  in  percentage  of  gum. 

luallcr.     Cbiy   .'O  ft    Lelow  surface.     These  trees  had  received  very  small  VIM        Higher  percentages  WOro  Securcd  OH  tllC  bcltCr 

•mounts  of  commercial  frrllllier  .,  •    n       .i  .     ■     ■  j         ii      „_ „«. 

O.OV,  o     White  «.nd  similar  to  No    8  but  no  commercial  fertiliser  ^Olls.  especially   tllOSC  COnta.nillK  cnSldcrable  amOUnU 

hid  been  given  to  these  trees.     Trees  were  badly  dwarfed  and  were  yellow  of  clay.      Under  CXtrcmC  SlUllted  conditions  of  growth,  the 

'"  "■'"'  pcrccntngc  of  camphor  in  the  loaves  may  be  rather  high. 

o»ov«  ID— .Same  soil  as  No   •>  but  rallicr  more  estreiiie.     Trees  very 

rellow  ami  dwarfed.  Oilando.  PLoalUA 
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THE  CHEMISTRY  OF  WOOD 

I— METHODS  AND  RESULTS  OF  ANALYSIS  OF  SOME 

AMERICAN  SPECIES 

By  A.  W.  SciiORGER 
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The  chemical  composition  of  woods  is  of  consider- 
able importance  to  many  wood-using  industries.  Of 
special  interest  to  the  pulp  and  paper  industry  is  the 
actual  yield  of  cellulose  from  the  different  woods  as 
compared  with  the  yield  of  pulp  obtained  from  them. 
The  various  methods  of  manufacturing  chemical  pulp 
destroy  from  25  to  35  per  cent  of  the  cellulose  when 
based  on  the  cellulose  content  as  found  by  laboratory 
analyses.  However,  knowing  the  cellulose  content 
of  the  wood,  the  manufacturer  may  strive  so  to  regu- 
late cooking  conditions  that  the  yields  of  pulp  will 
more  nearly  approach  the  theoretical. 

Spruce  wood  contains  approximately  61.00  per  cent 
cellulose,  yet  the  yield  of  pulp  by  the  sulfite  process 
rarely  exceeds  45  per  cent.  The  remaining  55  per 
cent  of  the  wood,  consisting  largely  of  decomposition 
products  of  the  lignin,  is  practically  a  waste  product, 
and  it  is  believed  that  a  better  knowledge  of  the  chem- 
istry of  lignocellulose  will  lead  to  a  much  better  solu- 
tion of  the  problem  of  its  utilization. 

The  results  obtained  by  the  chemical  analysis  of 
a  wood  cannot  always  be  directly  correlated  with  those 
obtained  by  processes,  such  as  wood  distillation,  in 
which  there  is  a  profound  decomposition  of  the  wood. 
The  yields  of  methyl  alcohol  from  softwoods  and  hard- 
woods is  much  smaller  than  might  theoretically  be 
obtained  from  the  percentage  of  methoxy  groups 
present.  This  is  possibly  due  to  the  formation  of 
methyl  ethers  that  remain  in  the  tar.  The  yield  of 
methyl  alcohol  from  the  two  classes  of  woods  is  not 
even  proportional  to  the  amounts  of  methoxy  groups 
present,  the  hardwoods  giving  decidedly  the  largest 
amounts  of  alcohol.  Practically  the  same  condition 
obtains  for  the  acetic  acid. 

One  of  the  requirements  for  the  woods  used  as 
separators  in  lead  storage  batteries  is  that  the  amount 
of  organic  acids,  especially  acetic  acid  formed  by  the 
action  of  the  sulfuric  acid,  be  a  minimum  to  prevent 
destruction  of  the  grids.  Analysis  has  shown  that  the 
conifers  give  the  least  acid  on  hydrolysis  with  sulfuric 
acid  so  that  the  probable  value  of  the  various  woods 
may  be  predicted  on  this  basis.  In  fact,  longleaf 
pine,  giving  only  0.76  per  cent  of  acetic  acid,  has  already 
proved  to  be  very  serviceable  for  separators. 

The  data  available  in  the  literature  on  the  composi- 
tion of  American  woods  especially  are  very  meagre. 
Dean  and  Tower'  studied  the  chlorine  method  of  esti- 
mating cellulose  and  determined  the  cellulose  content 
of  several  species;  and  Dc  Chamot^  has  determined 
the  yields  of  furfural  from  a  large  number  of  woods. 
The  solution  of  the  wood  waste  problem  appears 
to  lie  mainly  along  chemical  lines  so  that  in  connection 
with  the  industries  already  utilizing  wood  by  chemical 
processes  a  systematic  survey  of  several  typical  Amer- 

'  J.  Am.  Chem.  Soc,  29  (1907).  1119. 
»  Am.  Chem.  J.,  16  (1894).  224,  611. 


ican  woods  seemed  essential.  Owing  to  the  highly 
complex,  colloidal  nature  of  wood  the  results  obtained 
by  analysis  are  not  capable  of  an  exact  interpretation. 
A  large  amount  of  work  will  be  necessary  to  secure  a 
correct  insight  into  the  true  composition  of  the  ligno- 
cellulose. 

GENERAL  COMPOSITION  OF  WOOD 

Wood  belongs  to  the  widely  distributed  class  of 
lignocelluloses  of  which  jute  probably  represents  the 
purest  form.  In  addition  to  lignocellulose  as  the  main 
constituent,  hemicelluloses  are  always  present  in  wood, 
while  resins,  gums,  tannins,  carbohydrates,  dyes, 
ethereal    oils,    etc.,    occur    as   secondary   constituents. 

Lignocellulose  is  generally  considered  to  consist 
of  cellulose  chemically  combined  with  lignin.  Cross  and 
and  Bevan'  dissolved  jute  lignocellulose  in  zinc  chlo- 
ride-hydrochloric acid  solution;  on  addition  of  water 
the  greater  portion  of  the  lignocellulose  was  reprecipi- 
tated.  Since  the  soluble  and  insoluble  portions  showed 
no  difference  in  their  reactions  the  lignin  and  cellu- 
lose w-ere  considered  as  chemically  combined.  Several 
writers  have  looked  upon  lignin  as  an  incrusting  ma- 
terial,^ the  combination  with  the  cellulose  being  purely 
physical.  In  support  of  this  view,  Konig  and  Rump' 
have  recently  published  results  showing  the  selective 
action  of  certain  chemicals.  They  consider  the 
natural  cell  membranes  to  consist  of  cutin,  cellulose 
and  lignin.  When  thin  sections  of  wood  were  oxidized 
with  hydrogen  peroxide  and  ammonia  only  the  lignin 
was  removed;  further  treatment  with  72  per  cent  sul- 
furic acid  removed  the  cellulose  leaving  a  residue  of 
cutin.  Since  the  residual  cellulose  plus  cutin,  and  the 
cutin,  still  conformed  to  the  cellular  structure  of  the 
original  membrane,  it  was  assumed  that  the  lignin, 
cellulose  and  cutin  are  not  chemically  but  physically 
combined.  Owing  to  the  powerful  reagents  employed 
this  assumption  is  scarcely  justified. 

Lignins  are  characterized  as  being  carbohydrate 
derivatives  containing  methyl,  methoxy,  formyl  and 
acetyl  groups,  and  consequently  have  a  higher  carbon 
content  than  cellulose  or  the  hemicelluloses.  Lignin 
is  partially  soluble  in  water  under  pressure,^  readily 
soluble  to  a  greater  or  lesser  extent  in  dilute  acids  and 
alkalies,  and  is  more  readily  attacked  by  oxidizing 
agents  than  cellulose.  The  early  investigators  con- 
sidered lignin  to  be  a  definite  compound.  Schulze' 
gave  the  elementary  composition  of  lignin  as  55.55 
per  cent  carbon,  5.83  per  cent  hydrogen,  and  38.62 
per  cent  oxygen.  The  experiments  of  Lange'  showed 
that  lignin  consisted  of  possibly  two  substances  having 
a  higher  carbon  content  than  that  previously  reported. 
Isolated  lignin  has  the  properties  of  an  acid  and  the 
term  lignic  acid  is  frequently  applied.  Lange  isolated 
two  lignic  acids  differing  in  their  solubility  toward 
alcohol.      The  following  analyses  were  reported: 

"  "Cellulose,"  p.  114. 

'  This  subject  is  discussed  at  length  in  Schwalbe's  "Chemie  der 
Cellulose."  pp.  451-4. 

»  "Chemie   und   Struktur  der   Paanten-Zellmcmbran,"   Berlin    (1914). 

« Tauss,  Dingltr's  polytrch.  J.,  1890,  276,  411:  K6nig  and  Sutthot, 
Landw.  Versl..  70  (1909),  402. 

•  Chem.  Zenlr..  28  (1857).  324. 

•  Z.  Physiol.  Chem.,  14  (1890).  15-30.  217-226. 
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Soluble  in  Alcohol      c \T^-  6U61  6^28  harmony   with   the   general  reactions  of  the   cellulose 

H 5.48  5.47  4.95  molccule: 

Insoluble  in  Alcohol     C 59.04  58.83  60.51  ^  r> 

H 5.37  5.15  5.22  >  U 

.^,,      ^        ,.  .J  u    •..       •     ,    •  CH(OH)  — CH— CH(OH) 

It  IS  possible  that  the  two  acids  may  be  identical  since  i  ^  p, 

it  was  found  that  by  dissolving  the  material  insoluble  nvtr\\j\        r^-vi        r^-vt 

m    alcohol    m    caustic    soda    of    specific  gravity   i.io,  ^  p. 

precipitating   with    H2SO4,   filtering   and   washing,   the 

material   was   then   in   great   part   soluble   in   alcohol.      P"^"  '  iorvaxxX^   may  be  applied  to  cotton  cellulose 

Streeb>  isolated  from  the  alkaline  liquor  of  a  soda  ^"*  "^"^^^^  to  wood  cellulose.  Cotton  cellulose  gives 
cellulose  plant  some  lignic  acids  that  contained  62.94  ^^.  ^  ^'^'^  °^  ^""^""'^^  ^'^'^"^  ^''^'"^*^  ^''^^  ''  P"""  ^^"' 
to  65.50  per  cent  C  and  s-n  to  5.39  per  cent  H.  The  hydrochloric  acid  while  from  6  to  17  per  cent  of  furfural 
methyl  content  amounted  to  5.78  to  5.98  per  cent  "^^^  ^«  obtained  from  wood  cellulose,  according  to 
corresponding  to  about  C36H«0„  or  CasH.oOn.  ^^^  'P«"«^-     ^^'^  fundamental  difference  is  explained 

Cross  and  Bevan,^  studying  the  action  of  chlorine  by  ass.gmng  to  wood  cellulose  an  oxycellulose  structure.' 
on  lignocellulose,  obtained  a  yellow  lignone  chloride,  ^°"'g  ^"^  ""^"'  =»"^  "^^">'  °^^^'  investigators  have 
C„H„CUO,,  whose  properties  led  them  to  believe  that  ^^J«^*^^  ^^'^  explanation  as  a  result  of  the  low  yields 
lignin  has  a  quinone  structure.  The  lignone  chloride  °1  ^"^^^''^^  obtained  from  prepared  oxycelluloses. 
is  readily  soluble  in  a  solution  of  sodium  sulfite,  a  ^°°^  cellulose  isolated  by  the  chlorine  method,  in 
deep  reddish  purple  solution  being  obtained.  reac^n  ^°  ^"''"^  f^^f"--^''  e^^'i^its  a  strong  niethoxy 

Lignocellulose    gives    acetic    and    formic    acids    on 
treatment  with  steam  and  weak  hydrolytic  reagents.  methods  for  the  analysis  of  wood 

Oxidation  with  chromic  acid  gives  about  6  per  cent  The  methods  employed  in  this  work  were  the  fol- 

acetic   acid.     Cross   and    ToUens'   believe  that  formyl      lowing: 

(H.CO — )  and  acetyl  (CH3.CO — )  groups  are  actually  sampling— A  cross-sectional  disc  about  2  in.  thick 

present  as  such  in  the  wood,  while  Cross  and  Bevan      is  taken  from  the  tree  about  20  ft.'  from  the  ground 
believe   also   in   the   presence   of   acetic   acid   residues 
( — CHj.CO — ).     Characteristic    of    lignin    is    the    oc-      IBIBIK  .^^^^^^^  Jll 

currence  of  methoxy  groups,  the  estimation  of  which       |^H|^K  ^^^^^^^^^^  '^Hl 

has   been   suggested   as   a    means   of   determining   the       i^^  ^^^^^^^^^H  7' 

degree  of  lignification.* 

Klason'  has  assigned  to  lignin  the  formula  C<oHi;Oii. 
The    reactions    of   lignin    and    coniferyl    alcohol    being 
analogous   in    many   respects,   it   is   assumed   that   the        I 
lignin  is  derived  from  coniferyl  alcohol  by  condensa- 
tion  and  oxidation  of  four  molecules  of  the  alcohol. 

HEMICELLULOSES 

Hemicelluloses    are    defined    by    Schulze    as    carbo-      Fio.  i— Saw  with  giidh  ark.\n<-.hi>  i.x.  it  jt-sr  thk  width  or  tiiks.*w. 

hydrates  insoluble  in   water  but  soluble  in   dilute  acids  So  That  a  Pikck  or  Wood  is  Cix  Almost  Entirblv  into  Sawdi^t 

and  alkalies.      They  arc  further  characterized  by  being  ,    ,             ,  .       ,. 

.,     ,     ,     ,       J  ,       ,.,   ,         •  1     .,        .1.     ..^  and    from    this   disc- two   diagonally   opposite   sectors 

more  easily  hydrolyzed  by  dilute  acids  than  the  true  ,.                ,        •         ,     ,                      ,           ,• 

„   ,              m.         ■     ■     1   t.       ■     II   ,                        1  are  split  out,  the  size  of  the  sectors  depending  upon 

celluloses.     The   principal   hemicelluloses  in   wood  are  ,        \.                   .     ,                    _.                  •  ,            ,         , 

,,,  ,.  ^.  \         i.i.        u            11                 .         r  the    diameter    of    the    tree.     The    material    employed 

pentosans     (CsH»Oi)„     although     small     amounts     of  ,            ,     .            ...                     .             .    , 

,                  //'HON            u                               11.  for  analysis  consists  of  two  forms — sawdust  and  shav- 

hexosans    (CiiHioOj)„,   such   as   mannan   and   galactan,  ^               ,                    .....               , 

,             .,                 .       'Tt.            ..      -J  ,      J-  .  -1    .1    1  ings   not   more  than   o.oo,   in.  in  thickness.     In  some 

are  frequently  present.      The  most  widelv  distributed  '^                  .,,.,',             ,                •  , 

,           ,,         ,           I.     I  •  1.    '    1     1     1     •  cases,  especially  with  very  soft  woods,  a  satisfactory 

pentosan  IS  xylan  or    wood  gum,     which,  on  hydrolysis,  ,     .     ,         '  ,      •      ,  ,                •         ,              ,      •  ■ 

,                 11        -.1           II               .       f        1  •  sample  is  best  obtained  by  scraping  the  wood  with  a 

gives  xylose,  usually  with  small  amounts  of  arabinose.  .            ,       .     ,           ,                         .  .             ,      , 

c-               ]•  .-ii-               1      •»!.                      .1111-  piece   of   window   glass  or    a    cabinetmakers  scraper. 

Since  on  distilling  wood  with  12  per  cent  hydrochloric  ,,                    ,            .     ,             ,  .,                    ,        ,             V 

.  ,        ,\.   M     c       1  •      1  .    •      1   •       1  i-»-      ,    I     e       1  Some   woods   work   best   while   wet   and   others   when 

acul,  mcthylfurfural  IS  obtained,  in  addition  to  furfural,  ...           ^.      ,                 ....                   .     , 

,,                   I  ,u  »        .u   1         .                     1  nearly  air-dry.     The  best  conditions  for  a  particular 

It  IS  generally  assumed  that  methyl  pentosans  arc  also  .■'            .... 

,,,,       ,  ,        ...         -         .                          ,  ,  species  arc  delcrinincd  by  experiment, 

present.      1  he  determination  of  pentosans  in  wood  by  '^^,                   ..,.,.            ,1.1                 > 

,  ,,      ,     ,       ,          ,.              f    I     I  .f  I  Shavings  obtained   with   a   plane  should   be  passed 

means  of  the  furfural  reaction  is  of  doubtful  accuracy  ,           .....              ,       ,  ,•          ,,           , 

•    .    ,       ,  ,    ,  tlirough  a  crinacr  having  a  shredding  cflcct.  the  te- 
ns IS  pointed  out  below.  ...                      .    .                                  V                • 

suiting  fragments  being  3  to  5   mm.  long  and   i  to  j 

(Ki.i.rLosE  m,^_    wide.     The    material    is    then   screened    and   all 

Among  the  various  formulas  proposed  for  cellulose  that  passes  through  a  40-mesli  sieve  is  rejected.     The 

that  of  Green*  is  widely  accepted  since  it  is  ijiost  in  residual    material    is    Ihorouglily    mixed    to    insure    a 

•  DiiHriniion.  ('.oiiiiifeii  oi>'>J).  i^  uniform  sample.     The  remaining  portions  of  the  sector* 

•  "Ceiiiiio.r."  p  I  IS  J  i  ,„  sawdust   (Fig    U  and  the  sawdust  thor- 

>  J.  Landw  ,%t  i\>)l\).  \tiS    18«. 

•  Hcnrilli'l  anil  llitinliergrr.  Mnnalih  .  11  llC'O).  .'hi  ■  I'rou  anil  llrvan.  "iVIUiIum'.     |>    »: 

■"llrllraKr  tiir   Krnnlnln  clrr  chrinUchrn  /.iiuininriKrtiiinif  ilr«  I'lrh-  '  "llrallmiiiiin(  ilrr  /rllulit^  in  lloltallcn  uml  C'.r>|iln>l(«artn."  p    M. 

Irnlinlici."  Ilrrlln  (l'<||).  ■.Sitrnilli  tnli  al   Ihr   HiMrtt    l*n><liirti   l.abmaloty  ha«-f  •tmnn  llial 

•  /.  ^^at^tn    H.   ItxIiUlitmit.  t  (l-<04).  V7,  197.  .109.  IhU  (Hirlinn  i>(  thr  Im  !•  mtiil  uiildxm 
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oughly  mixed.  A  portion  of  the  sawdust  from  conif- 
erous woods  is  kept  in  a  sealed  container  (Mason 
jars  are  very  convenient)  for  the  determination  of 
moisture  by  the  xylol  method  and  the  determination 
of  volatile  oil,  while  the  remainder,  after  air-drying, 
is  ground  in  a  mill  to  pass  through  a  40-mesh  sieve. 
All  the  material  used  for  analysis  would  be  in  the  air- 
dry  form,  the  moisture  content  being  determined  in 
a  separate  sample.  All  results  are  calculated  on  the 
oven-dry  basis. 

The  40-mesh  sawdust  is  kept  in  a  rubber-stoppered 
flask  so  that  after  the  moisture  has  once  been  de- 
termined the  samples  taken  out  for  analysis  can  be 
easily  reduced  to  the  dry  weight  by  calculation. 

MOISTURE — Three  g.  of  40-mesh  sawdust  are  weighed 
out  in  a  glass-stoppered  weighing  bottle  and  dried  for 
6  hours  in  an  air  oven  at  105°  C.  Dry  wood  is  very 
hygroscopic  and  should  always  be  weighed  in  a  closed 
vessel.  In  the  case  of  coniferous  woods  the  moisture 
figure  also  includes  most  of  the  volatile  oil. 

voLATii-E  OIL — Twenty-five  grams  of  sawdust  from 
the  sealed  container  are  quickly  weighed,  placed  in  a 
250-cc.  Erlenmeyer  flask,  and  75  cc.  of  water-saturated 
xylol  added.  On  distillation  the  xylol  and  water  distil 
over  together,  the  distillate  being  collected  in  a  gradu- 
ated funnel.  The  amount  of  water  present  can  then 
be  read  off  directly.' 

Ten  grams  of  sawdust  are  weighed  into  a  tared  wide- 
mouthed,  stoppered  Erlenmeyer  flask.  The  flask  is 
then  provided  with  a  rubber  stopper  containing  a 
tube  extending  nearly  to  the  bottom  of  the  flask  for 
the  introduction  of  steam  and  an  outlet  tube  for  con- 
nection with  a  condenser.  The  flask  is  heated  in  an 
oil  bath  maintained  at  110°  C.  and  steam  passed  in 
gently  until  oil  ceases  to  distil  over.  This  point  can 
be  readily  ascertained  by  catching  a  few  cc.  of  the  dis- 
tillate in  a  test  tube  in  which  case  even  traces  of  oil 
are  distinguishable  on  the  surface.  When  all  the  oil 
has  been  driven  over,  the  stopper  is  withdrawn  and 
any  adhering  sawdust  is  washed  down  into  the  flask. 
Heating  the  flask  in  the  oil  bath  is  continued  until 
practically  all  the  water  is  expelled.  This  operation 
is  greatly  facilitated  by  inserting  a  tube  into  the  mouth 
of  the  flask  and  applying  suction  with  a  water  pump. 
The  exterior  of  the  flask  is  then  carefully  cleaned  and 
the  drying  completed  in  the  air  oven.  The  stoppered 
flask  is  then  weighed  after  cooling. 

In  this  way  the  weight  of  wood  substance  is  obtained, 
the  water  and  volatile  oil  having  been  removed.  Since 
the  moisture  content  of  the  original  sample  has  been 
determined  by  the  xylol  method,  subtracting  the  com- 
bined weight  of  residual  wood  substance  and  moisture 
from  the  original  weight  of  the  sample  gives  the  amount 
of  volatile  oil. 

The  determination  of  volatile  oil  by  heating  a  sample 
in  the  oven  and  subtracting  the  water  found  by  the 
xylol  method  from  the  resulting  total  loss  in  weight 
usually  does  not  give  the  true  oil  content.  The 
"pine  oil"  of  longleaf  pine  can  be  quite  readily  ex- 
pelled with  steam  but  only  partially  by  heating  for  a 
brief  period  in  the  oven. 

'  For  details  of  this  method  see  Fott^t  Srrvice  Circular  134. 


The  volatile  oil  determination  may  be  neglected  in 
the  case  of  only  slightly  resinous  conifers. 

WAXES,  FATS,  RESINS — Three  or  four  grams  of  40- 
mesh  sawdust  are  extracted  with  ether  4  to  5  hrs. 
in  a  Soxhlct  extractor,  the  amount  of  material  ex- 
tracted being  determined  by  weighing  the  residue 
remaining  after  evaporation  of  the  solvent. 

ASH — Five  grams  of  sawdust  are  incinerated  in  a 
shallow  platinum  dish  in  the  electric  muffle  at  a  dull 
red  heat.  The  contents  of  the  dish  are  stirred  occasion- 
ally, if  necessary,  to  insure  complete  combustion  of 
the  carbon.  If  the  combustion  is  incomplete  the 
carbon  will  appear  as  a  black  suspended  material  on 
treatment  with  dilute  hydrochloric  acid. 

ALKAi.i-soLUBLE- — Two  grams  of  40-mesh  sawdust 
are  placed  in  a  2S0-cc.  beaker,  100  cc.  of  i  per  cent 
NaOH  added,  covered  with  a  watch  glass,  and  the 
beaker  placed  in  a  pan  of  boiling  distilled  water  for 
exactly  one  hour,  the  height  of  the  water  in  the  pan 
being  maintained  level  with  the  solution  in  the  beaker 
by  the  addition  of  boiling  distilled  water.  The  con- 
tents of  the  beaker  are  occasionally  stirred.  The  ma- 
terial is  then  collected  in  a  tared  alundum  crucible, 
washed  thoroughly  with  hot  distilled  water,  dilute 
acetic  acid,  and  water  successively,  and  dried.  The 
difference  is  the  portion  soluble  in  alkali  and  consists 
of  pentosans,  lignin,  resin  acids,  etc. 

HOT  WATER-SOLUBLE — Two  grams  of  40-mesh  saw- 
dust are  digested  with  100  cc.  of  H2O  in  a  300-cc. 
Erlenmeyer  flask  provided  with  a  reflux  condenser. 
After  the  water  has  been  boiled  gently  for  3  hours, 
the  contents  are  transferred  to  a  tared  alundum  cruci- 
ble, washed  with  hot  water,  dried  and  weighed.  Dupli- 
cate determinations  should  check  within  0.2  per  cent. 

COLD  WATER-SOLUBLE- — Two  grams  of  40-mesh  saw- 
dust are  placed  in  a  400-cc.  beaker,  300  cc.  of  water 
added,  and  allowed  to  digest  at  room  temperature 
with  frequent  stirring  for  48  hours.  The  sawdust  is 
then  transferred  to  a  tared  alundum  crucible,  washed 
with  cold  distilled  water,  dried,  and  weighed  in  a 
weighing  bottle. 

PENTOSAN     AND     METHYL    PENTOSAN TwO    gramS    of 

40-mesh  sa'Wdust  from  coniferous  woods  (i  g.  from 
hardwoods)  are  placed  in  a  250-cc.  flask'  provided 
with  a  separatory  funnel  and  attached  to  a  condenser 
(Fig.  II).  Add  100  cc.  of  12  per  cent  hydrochloric 
acid  (sp.  gr.  1.06)  and  distil  at  the  rate  of  30  cc.  in 
10  min.  The  distillate  is  passed  through  a  small 
filter  before  entering  the  receiver.  As  soon  as  30  cc. 
of  distillate  are  collected,  30  cc.  of  HCl  are  added  to 
the  distillation  flask  and  the  distillation  is  continued 
in  this  manner  until  360  cc.  of  distillate  are  collected. 
To  the  total  distillate,  add  40  cc.  of  filtered  phloro- 
glucine  solution  that  has  been  prepared  at  least  a  week 
previously  by  heating  11  grams  of  phloroglucine  in  a 
beaked  with  300  cc.  of  12  per  cent  HCl,  and  after  solu- 
tion has  taken  place  making  up  to  1300  cc.  with  12 
per  cent  HCl.  After  addition  of  the  phloroglucine, 
the  solution  soon  turns  greenish  black.     After  standing 

<  The  Bosks  are  easily  made  by  (using  an  outlet  tube  and  funnel  to  the 
ordinar>'  all  glass  wash  bottles. 
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16  hours'  the  furfural  phloroglucide  will  have  settled 
to  the  bottom  of  the  beaker.  If  a  drop  of  the  super- 
natant liquid  gives  a  pink  color  with  aniline  acetate 
paper^  the  precipitation  of  the  furfural  is  incomplete. 
A  further  amount  of  phloroglucine  solution  is  then 
added  and  the  beaker  allowed  to  stand  over  night  as 
formerly.  In  no  case  so  far  has  it  been  necessary  to 
use  more  than  40  cc.  phloroglucine  solution. 

The  furfural  phloroglucide  is  filtered,  using  a  tared 
Gooch  crucible  having  a  thick  asbestos  mat  and  washed 
with  exactly  150  cc.  of  water.  The  crucible  is  then 
dried  for  4  hours  in  a  water  oven  and  weighed  in  a 
weighing  bottle. 

The  crucible  is  placed  in  a  narrow  beaker  and  20 
cc.  of  95  per  cent    alcohol  are  added  to  the  crucible. 


Pig.    II — Apparatus    por    Dbtukmining    TiiNTusANs    and 
Mbtiivi,  Pbntosans 

The  beaker  is  then  placed  in  a  water  bath  maintained 
at  60°  for  10  minutes.  The  alcohol  is  removed  with 
a  suction  pump  and  the  process  repeated  (usually  four 
or  five  times)  until  the  alcohol  that  runs  through  is 
practically  colorless.  The  crucible  is  then  dried  for 
2  hrs.  in  the  water  oven  and  again  weighed.  The  weight 
of  the  residual  phloroglucide  subtracted  from  the 
weight  of  nii.xed  i)liloroglucides  gives  tlic  weight  of 
methyl  furfural  phloroglucide.  From  the  weights 
of  furfural  i)hioroglucide  and  methyl  furfural  phloro- 
i;luciiic  obtained,  the  amounts  of  pentosan  and  mclhyl- 

I  Ilnflilcnir  nml  Tollcni  U.  I.andw..  IS,  7i}7)  havr  toiillil  llinl  i(  the 
>li>(illalr  contuinhiK  llir  phluroglui-liic  U  llrated  to  80  tu  8.^*  anil  then  al- 
lowril  lit  >tufiil  (or  2  lioilri  the  (ircclpiliilr  at  (urftirnl  pliluroKliltiilr  i.'iiii  lie 
nilFfril  cifT  willlnilt  wuilhiii  fur  tlir  luilullon  to  •lunil  iivrr  niillll  Tllr 
inltrr  iiirllioil.  Ilowrvrr.  la  prrlcrulilr 

'  Tlir  unlliiir  urrtuir  puprr  l»  cunvciilcnlly  prrpnrril  liv  ihppiiig  ilrlp* 
.1  nilrr  paper  liilo  unllliir  u.rlolr  The  Imtcr  In  pirpiirril  l.y  ■•lilinii  ncclii- 
11  III.  ilriip  liy  ilrnp.  In  u  iiililiirF  ill  ripinl  pnrK  of  aiillliir  anil  wairr  until 
II  cirur  Miliilloii  l<  nliialnrit  It  it  prcfcralilo  to  iim  liyilrnchloric  aciil  In 
place  nf  acrllr  nrlil  aliice  Ihr  Ullrr  HimMlinra  rontalna  Impiirlllcn  that  |lvr 
a  red  riilorallon  with  aniliiii; 


pentosan  present  in  the  wood  are  calculated  from  the 
tables  of  Krober  and  ToUens.' 

CELLULOSE — Two  grams  of  shavings  in  an  alundum 
crucible  are  extracted  3  to  4  hrs.  with  a  mixture  of 
equal  parts  of  benzol  and  alcohol.  After  evaporation 
of  the  solvent  the  shavings  are  thoroughly  washed 
with  hot  water  using  the  suction  pump.  The  moist 
shavings  are  then  transferred  with  a  pointed  glass 
rod  to  a  250-cc.  beaker,  evenly  distributed  over  the 
bottom,  and  subjected  to  a  stream  (about  40  bubbles 
per  minute  for  each  sample)  of  washed  chlorine  gas 
for  half  an  hour.  The  end  of  the  tube  delivering  the 
chlorine  gas  should  be  about  '/2  in.  above  the  shavings. 
At  intervals  of  6  to  7  minutes  the  contents  of  the  beaker 
are  stirred  to  insure  uniformity  of  chlorination.  After 
the  chlorine  treatment  the  shavings  are  treated  with 
a  solution  of  SOj  until  the  chlorine  odor  disappears, 
transferred  to  the  alundum  crucible,  and  washed  with 
hot  water.  The  shavings  are  again  returned  with  the 
glass  rod  to  the  beaker,  and  100  cc.  of  a  2  per  cent 
sodium  sulfite  solution  are  added  and  the  beaker, 
covered  with  a  watch  glass,  placed  in  a  boiling  water 
bath  for  30  minutes.  The  fibers  are  then  transferred 
to  the  crucible  and  washed  with  water.  The  above 
procedure  is  seldom  sufficient  to  remove  all  the  lignin, 
so  that  the  treatment  with  chlorine  and  subsequent 
treatment  as  outlined  above  is  repeated  until  the 
fibers  are  practically  a  uniform  white.  The  second 
and  following  treatments  with  chlorine  should  not  be 
longer  than  15  to  30  min.  After  all  the  lignin  has  been 
removed  the  fibers  are  given  a  final  bleaching  by  adding 
20  cc.  of  a  0.1  per  cent  solution  of  potassium  per- 
manganate, allowed  to  stand  10  minutes  and  rendered 
colorless  with  SOj  solution.  The  fibers  are  then  thor- 
oughly washed  with  hot  water,  dilute  acetic  acid,  then 
with  alcohol  and  finally  with  ether,  and  dried  for  two 
hours  at  105°  in  the  air  oven.  When  cool,  the  crucible 
is  weighed  in  a  weighing  bottle. 

ACID  HYDROLYSIS- -Approximately  2  g.  of  40-mesh 
sawdust  are  placed  in  a  250-cc.  Erlenmeyer  flask  and 
100  cc.  of  2.5  per  cent  H-SO*  added  The  flask  is 
connected  with  a  reflu.x  condenser  and  the  contents 
are  boiled  gently  3  hours  and  then  allowed  to  cool. 
The  interior  of  the  condenser  is  washed  dOwn  with 
a  little  distilled  water  and  the  contents  of  the  flask 
are  transferred  to  a  250-cc.  graduated  flask.  Dis- 
tilled water  free  from  carbon  dioxide  is  added  to  make 
up  to  the  mark  and  the  solution  allowed  to  stand  several 
hours  with  frequent  shaking,  and  then  filtered. 

A  wide-mouthed,  round-bottomed.  750  cc.  flask  is 
provided  with  a  rubber  stopper  containing:  (i)  a  drop- 
ping funnel;  (2)  a  glass  tube  drawn  out  to  a  capillary. 
closed  with  a  rubber  tube  and  pinchcock,  and  ex- 
tending to  the  bottom  of  the  flask;  and  (3)  a  Soxhlct 
connecting  bulb-tube.  An  ordinary  condenser  is 
used,  to  the  end  of  which  is  attached  for  a  receiver  a 
500-cc.  distilling  flask  cooled  with  a  stream  of  water 
and  connected  willi  a  manometer  and  suction  ptimp. 

A  few  pieces  of  pun>ice  are  placed  in  the  boiling 
flask  to  which  is  aildfd   ;oo  re    of  the  lillralo  olit.-xined 

I  AlHlrrhalilen'i  "llamlliurh  tier  lilocheailKhen  ArlirltamellKxlMi." 
Vol    II.  pp    11:  anil  154 
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Table  I — Analysis  of  Woods — Results  in  Percentages  on  Basis  op  Oven-Dry  Sample 


Aietic 
Acid 

by     Meth- 
SoLUBn.iTY  OF  Sample^in    Hy-       oxy 


Species 
Longleaf  Pine  (Pinus  palustris) . 


0.40 
0.34 
0.35 
0.38 


1%     droly-  Groups 
Ether    NaOH     sis     (CHaO-)    san 


Ash  i 


7.57 


24.62 
21.07 
18.89 
24.87 


0.70 
0.93 
0.62 


Pen-  Cellu-  Cellu- 
tosan  lose  lose 
5.00  7.33  3.48  55.33  0.31 
4.90  7.52  3.29  57.53  0.30 
5.26  7.57  3.87  61.41  0.32 
5.03       7.43     3.67     59.67     0.36 


Ash- 
free 
CeUu- 
lose 
55.02 
57.23 
61.09 
59.31 


Methyl 
Pento-  Pento- 
san       san 


Cellu- 
lose 
8.38 


Cellu- 
lose 
1.26 


1.60 
1.12 
0.87 
1.60 


Douglas  Fir  (Pseudolsuga  laxifoUa) . 


n,  0.37  6.20  7.15  6.32 

1  0.40  3.79  6.62  0.94 

2  0.37  3.16  6.07  1.00 

3  0.3S  2.94  6.36  I. 11 
5  0.38  4.25  6.96  1.02 


22.36 
15.82 


0.76 
0.93 
1.01 
1.13 
1.07 


5.05 
4.81 


7.46 
6.03 
6.30 
6.00 
4.92       5.73 


3.60 
4.24 
4.64 
4.38 
4.38 


58.48 
61.97 
57.00 
63.08 
63.82 


0.32 
0.21 


56.90 
63.01 
63.56 


7.71 
5.56 


5.12 


Western  Larch  (Larix  occidenlalis) . 


Mean.  0.38  3.54  6.50 

..      1     0.21  10.45  12.57 

2  0.32  11.00  12.40 

3  0.22  8.16  10.08 

4  0.16  12.83  15.30 


1.02 
0.72 
0.74 
0.93 
0.83 


16.11 
22.07 
21.93 
19.44 
25.11 


1.04 
0.61 
0.91 
0.76 
0.55 


4.95       6.02 
5.08     11.15 


4.91 
5.08 
5.05 


4.41 
2.47 
2.83 


61.47 
58.25 
58.71 
60.91 
53.31 


0.16 
0.24 
0.18 
0.29 
0.45 


61.31 
58.01 
58.53 
60.62 
52.86 


5.34 
9.12 
8.41 
8.67 
9.55 


1.20 
1.40 


Meai 
White  Spruce  {Ficea  canadensis) 1 


,  0.23  10.61 

0.33  1.28 

0.29  0.92 

0.30  1.45 

0.32  0.82 


2.59 


0.81 
1.95 


22.14 
11.33 
11.58 
12.75 
10.63 


0.71 
1.58 
1.57 
1.49 
1.73 


10.80 
10.78 
10.31 
10.04 
10.42 


2.81 
3.08 


57.80 
62.61 
63.29 
60.43 
61.09 


0.29 
0.27 
0.39 
0.25 
0.30 


57.51 
62.34 
62.90 


8.94 
10.26 
9.29 


1. 19 
0.83 
0.68 


60.79       9.33     0.66 


Bassnood  (Titia  americana) . 


Mean,  0.31 
. .      1     0 .  80 


0.96 
0.94 
0.85 


1.12 
2.04 
1.63 


3.84 
2.94 
5.66 


1.50 
1.14 
3.59 
0.89 


1.59 
5.78 


23.43 
21.61 
26.93     5.46 
21.46     5.41 


5.30 
6.2.^ 


6.14     6.05 


.68     25.38     6.18 


10.39 
19.82 
19.54 
20.37 
19.14 
20.79 


3.55 
3.72 
3.85 
3.68 
4.16 
3.23 


61.85 
62.92 
62.41 
54.66 
63.13 
63.08 


0.30 
0.11 
0.14 
0.24 
0.22 
0.22 


61.55 
62.81 
62.27 
54.42 
62.91 
62.86 


9.63 
24.48 
23.54 
26.61 
21.89 
24.86 


Yellow  Birch  (.Betula  lulea) . 


Mean.  0.86 
..      1      0.58 

2  0.57 

3  0 .  54 

4  0.37 


2.12     4.07 


3.15     4.66 


1.96 
0.55 
0.67 
0.54 
0.63 


23.76 
20.02 
20.20 
19.51 
19.65 


5.79 
3.99 
4.39 


6.00 
6.12 
6.03 


5.02     5.92 


19.93 

24.26 
25.40 
23.00 
25.86 


61.24 
60.49 
61.08 
61.82 
61.85 


61.05 
60.38 
60.96 
61.68 
61.69 


24.28 
28.40 


Sugar  Maple  {Acer  saccharum) . 


Mean,  0.52 
..      1      0.46 

2  0.51 

3  0.40 

4  0.38 


2.67 
2.60 


3.97 
4.27 
4.22 
4.87 
4.15 


0.60 
0.29 
0.22 
0.30 
0.20 


19.85 
16.98 
17.20 
18.04 
18.35 


4.30 
4.26 


Mean,  0.44     2.65     4.36     0.25     17.64     4.46 


7.28 
7.25 


24.63 
21.10 
21.90 
22.21 
21.62 


2.69 
2.50 


61.31  0.13 
60.78  0.13 
0.28 
0.33 
0.39 


61.67 
60.20 
60.48 


61.18 
60.65 
61.39 
59.87 
60.09 


28.30 
21.08 
25.82 
25.83 
25.20 


1.16 
1.04 


21.71      2.39     60.78     0.28     60.50     24.48     0.96 


above  (in  the  case  of  hardwoods  use  loo  cc).  The 
flask  is  heated  in  an  oil  bath  maintained  at  85°  C,  while 
the  pressure  is  reduced  to  40  to  50  mm.  When  the 
contents  of  the  flask  are  reduced  to  about  20  cc, 
distilled  water  is  added  through  the  dropping  funnel, 
drop  by  drop,  at  the  same  rate  that  distillation  takes 
place.  When  100  cc.  of  wash  water  have  been  distilled 
over,  the  distillate  is  titrated  with  iV/ioo  NaOH  by 
using  phenolphthalein  as  indicator.  If  (a)  200  cc, 
or  (6)  100  cc,  of  solution  were  taken  for  distillation, 
the  number  of  cc.  of  NaOH  used  is  multiplied  by  (a) 
5/4,  or  (6)  5/2,  respectively,  and  calculated  as  acetic  acid. 
All  the  distilled  water  used  in  this  determination 
should  have  been  recently  boiled  to  expel  carbon  di- 
oxide. 

DETERMINATION  OF  METHOXY  GROUP  (CH3O) The 

principle  of  the  methoxy  determination  depends  upon 
heating  the  substance  to  be  examined  with  hydriodic 
acid,  whereby  methyl  iodide  is  formed.  The  methyl 
iodide  is  swept  from  the  reaction  flask  by  a  current 
of  CO2  into  vessels  containing  an  alcoholic  N/io 
silver  nitrate  solution,  the  methyl  iodide  being  de- 
composed with  the  formation  of  silver  iodide.  When 
only  a  few  determinations  are  being  made  it  is  prefer- 
able to  weigh  the  silver  iodate  directly. 

The  silver  nitrate  solution  is  prepared  by  dissolving 
17  grams  of  the  salt  in  50  cc.  of  distilled  water  and 
making  up  to  a  liter  with  absolute  alcohol.  The 
silver  nitrate  and  potassium  sulfocyanate  solutions 
are  standardized  as  follows:  a  known  weight  (0.5  g.) 
of  pure  dry  sodium  chloride  is  made  up  to  250  cc. 
with  distilled  water;  to  25  cc.  portions  of  the  salt  solu- 
tion  known   volumes   (about    15   cc.)   of  the   alcoholic 


silver  nitrate  solution  are  slowly  added  with  constant 
stirring.  The  beakers  are  placed  in  the  steam  bath 
and  heated  until  all  the  alcohol  is  expelled.  A  few 
drops  of  nitric  acid  are  added,  the  precipitated  silver 
chloride  is  filtered  off,  washed,  and  the  filtrate  titrated 
with  the  solution  of  potassium  sulfocyanate  by  using 
5  cc.  of  a  saturated  solution  of  ferric  alum  acidified 
with  nitric  acid  as  the  indicator.  From  the  weight 
of  sodium  chloride  employed  the  strength  of  the  silver 
nitrate  and  potassium  sulfocyanate  solutions  can  be 
readily  calculated. 

Twenty-five  cc.  of  the  silver  nitrate  solution  are 
placed  in  the  absorption  bulb.  To  the  heating  flask 
containing  0.30  to  0.35  g.  of  sawdust  are  added  15 
cc.  of  hydriodic  acid  (sp.  gr.  1.70).  The  flask  is  heated 
in  a  glycerin  bath  kept  at  130°.  As  soon  as  all  the 
connections  are  made,  a  current  of  washed  CO.  gas 
is  passed  through  the  apparatus  at  the  rate  of  45  to 
50  bubbles  per  minute.  The  heating  is  continued  until 
the  silver  nitrate  solution,  at  first  milky,  has  become 
perfectly  clear;  this  requires  about  2  hours.  The 
contents  of  the  absorption  bulb  are  washed  into  a 
beaker,  made  up  to  300  cc.  and  heated  on  the  steam 
bath  until  the  contents  have  evaporated  to  50  cc. 
A  little  nitric  acid  is  added,  the  AgP  filtered  off, 
washed  with  hot  water  containing  a  little  nitric  acid, 
and  the  silver  nitrate  remaining  in  the  filtrate  is  ti- 
trated with  the  potassium  sulfocyanate  solution. 
One  cc.  of  .V,  10  AgNOs  is  equal  to  0.0031  g.  of  methoxy 
(CH3O). 

1  According  to  RosanofT  and  Hill  [J.  Am.  Chem.  Soc.  39  (1907).  269]  in 
using  the  Volhard  method  no  appreciable  error  is  involved  in  titrating  di- 
rectly solutions  contHining  Agl  and  AgBr  but  AgCl  must  be  removed. 
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RESULTS 

The  results  of  the  analysis  of  seven  American  woods 
are  summarized  in  the  accompanying  table.  A  dis- 
cussion of  the  results,  as  well  as  a  discussion  of  methods 
of  analysis,  is  given  in  the  following  paper. 
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THE  CHEMISTRY  OF  WOOD 
II— DISCUSSION  OF  METHODS  AND  RESULTS 

By    A.    W.    SCHORGER 

Received  March  10,  1917 

In  order  to  obtain  a  better  understanding  of  the 
reasons  for  adopting  the  methods  given  in  the  previous 
paper,  it  is  essential  to  consider  both  methods  and 
results  in  detail. 

DRYING- — The  methods  of  drying  wood  and  other 
forms  of  cellulose  have  received  considerable  atten- 
tion. Ost  and  Westhoff'  believe  that  a  temperature 
of  120  to  125°  C.  is  necessary  to  drive  out  all  hygro- 
scopic moisture,  but  it  is  very  doubtful  if  water  re- 
tained near  this  temperature  should  be  considered  as 
merely  hygroscopic.  Winterstein^  found  that  cellu- 
lose that  had  been  heated  at  105°  for  48  hours  gave 
increased  amounts  of  glucose  when  boiled  with  dilute 
sulfuric  acid.'  Suringar  and  Tollens*  obtained  2  to 
3  per  cent  less  cellulose  from  jute  that  had  been  heated 
at  97°  for  3'/!  hrs.  than  from  air-dry  material.  Ren- 
ker,'  however,  reached  different  conclusions.  Un- 
bleached sulfite  cellulose  that  had  been  heated  at 
105  to  107°  for  48  hrs.  showed  no  difference  in  the  yield 
of  cellulose  by  the  chlorine  method  of  Cross  and 
Bevan  as  compared  with  the  air-dry  material.  Fur- 
thermore, unbleached  sulfite  cellulose  that  had  been 
heated  several  days  at  105  to  107°  gave  no  greater 
yields  of  glucose  than  the  air-dry  cellulose,  when 
hydrolyzed  with  sulfuric  acid.  The  statement  of 
Hofmann'  that  unbleached  sulfite  cellulose  lost  8.175 
per  cent  by  weight  in  a  vacuum  over  phosphorus 
pentoxide  and  9.36  per  cent  by  heating  at  100°  was 
not  confirmed. 

Methods  of  drying  should  be  considered  from  the 
standpoint  of  convenience  as  well  as  accuracy.  Ren- 
ker'  found  that  3  to  4  weeks  are  required  to  dehydrate 
cellulose  standing  over  phosphorus  pentoxide,  but  by 
employing  a  vacuum  the  lime  could  be  reduced  to 
about  20  hrs.  for  air-dry  material;  if  saturated  with 
water  a  longer  time  is  required.  He  agrees  with 
Schwall)c'  that  all  hygroscopic  moisture  can  be  re- 
moved by  heating  at  105  to  107°  C,  and  in  fact  this 
method  was  employed  as  the  standard  of  absolute 
dryness.  Konig  and  Hiihn'  also  accept  this  method  of 
drying.     Accordingly    heating    to   constant    weight    at 

'  CIttm.  Zlf.,  n  (IVOT),  197. 
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105  to  107°  may  be  accepted  as  reliable  except  in  case 
of  special  cellulose  derivatives,  or  when  it  is  desired 
to  subject  the  cellulose  to  a  critical  subsequent  ex- 
amination as  in  the  work  of  Renker. 

Some  confirmatory  experiments  were  made  in  the 
drying  of  sawdust  that  showed  that  the  moisture  con- 
tent could  be  determined  in  the  oven  with  suflScient 
accuracy.  Samples  of  sugar  maple  sawdust  were 
dried  in  an  electric  oven  at  105  to  107  °  and  in  a  vacuum 
desiccator  containing  fresh  concentrated  sulfuric  acid 
for  three  consecutive  periods  of  7,  6  and  8', '2  hrs., 
respectively.     The  results  are  given  in  Table  I. 

Table  I — Drying  St'OAR  Maple  Sawdust  by  Various  Methods 

Temp.  Heating  Sample  Loss  in  Weight 

Sample     Apparatus  °  C.       Hours  Grams  Gram  Per  cent 

A     Electric  Oven  105-107      7  4.0963  0.2811     6.86 

B\    Vacuum:  Pressure  60  mm.     55     7  3.2229  0.2128     6.60 

Bi    Vacuum:  Pressure  30  mm.       57     6  3.2229  0.2181      6.77 

Bi    Vacuum:  Pressure  30  mm.       60     8'/i  3.2229  0.2178     6.76 

The  sample  heated  in  vacuo  reached  constant 
weight  after  13  hrs.  heating;  and  after  21', ;  hrs.,  the 
total  loss  in  weight  is  still  o.io  per  cent  less  than  that 
produced  by  heating  for  only  7  hrs.  in  the  electric 
oven.  That  drying  in  the  oven  was  more  efficient  is 
shown  by  the  following  experiment:  A  sample  of 
spruce  sawdust  that  had  been  digested  with  dilute 
alkali  and  then  thoroughly  washed  with  hot  water 
was  placed  in  the  oven  for  7  hrs.  The  sample  then 
weighed  1.6635  g-  After  remaining  in  a  Hempel 
vacuum  desiccator  containing  concentrated  sulfuric 
acid  for  7  hrs.  at  55°  C.  and  60  mm.  pressure  the  saw- 
dust actually  increased  in  weight  0.0070  g.  After 
an  additional  heating  for  6  hrs.  at  57°  and  30  mm.  pres- 
sure the  sample  weighed  1.6670  g.,  showing  that  half 
of  the  absorbed  moisture  was  still  retained.  This  is 
in  harmony  with  previous  observations  that  the  various 
forms  of  cellulose  have  a  greater  affinity  for  moisture 
than  the  reagents  ordinarily  used  for  drying.' 

The  effect  of  prolonged  heating  on  the  weight  of 
wood  in  an  air  oven  at  105  to  107°  was  determined  in 
the  case  of  basswood  and  longleaf  pine  sawdust  suffi- 
ciently fine  to  pass  through  a  40-mesh  sieve.  The 
weighing  bottles  used  were  of  about  40  grams  weight. 

Table  II — Kfrbct  oi"  Prolongkd  Hkatino  on  Wkioiit  or  Wood  Chound 
TO  40-Miisii 

Sauplk  Heated:          Basswood  No.   1  LoNCLKAr  Pink  No.  20 

H  rating  Hours  Wciitht         Decrease  Weight  Decrrate 

Periods       Total  Grams         Per  cent  Grams  Per  cent 

O                  0  3.3487               2.9172  

.»                   3  3.1517              5.91  2.7731  4.94 

4                   7  3.1524              5.89  2.773.'  4  95 

4                 II  3.1517              5.91  2.7731  4.94 

10                21  3.1504              5.95  2   7699  .<  05 

8                 29  3.1476              6.03  2.76/6  .^    13 

15                  44  3.1501                5.96  2   7686  4   9» 

48                  92  3.1486               6.01)  2    7646  4    :.\ 

69               161  3    1410              tt.2\  2   7523  5  65 

98              259  3.1491               5.99  2   7531  5   56 

191               450  3.1361              6.38  2   7409  6  04 

261              711  3.1342             6.43  2  7321  6  35 

The  results  given  in  Table  II  indicate  lh«t  the  weights 
of  both  woods  remain  practically  constant  during 
iS  hrs.  heating.  The  total  loss  for  the  longleaf  pine 
during  the  last  708  hrs.  heating  is  1.41  per  cent,  while 
that  for  the  basswood  during  the  same  period  was  only 
0.52  per  cent.  Since  the  longleaf  pine  contained  g.ij 
per  cent  of  resin  the  increa.'ieil  loss  in  this  case  is  to  b« 
expecteil. 

VKi.Aiii.K    t)i I      Determination    of    the    volatile    oil 
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by  subtracting  from  the  total  loss  in  weight  by  drying 
in  the  oven  at  105  to  107°  the  amount  of  moisture 
found  by  the  xylol  method,  gives  lower  results  than  if 
the  volatile  oil  is  expelled  with  steam.  The  "pine  oil" 
in  longleaf  pine  is  difficult  to  expel  completely  by 
heating  in  the  oven.  Table  III  presents  comparison 
of  the  amount  of  volatile  oil  obtained  from  longleaf 
pine  by  the  two'methods. 

Table  III 

Longleaf  Pine  PER  cent  Volatile  Oil  by  Method  op 

Sample  No.  Heating  in  Oven  Steaming 

11  1.20  1.60 

12  0.98  1.12 

13  0.65  0.87 
20  1.47  1.60 

WAXES,  FATS,  RESINS— The  portion  of  the  wood 
soluble  in  ether,  consisting  of  waxes,  fats,  resins,  etc., 
was  determined  in  two  ways:  viz.,  loss  in  weight  of 
the  wood  extracted,  and  direct  weight  of  the  extract 
after  evaporation  of  the  solvent.  Only  the  latter 
method  was  found  to  give  reliable  results. 

ALKALI-SOLUBLE — The  action  of  alkali  on  wood  is 
not  specific.  Among  the  products  rendered  soluble 
are  lignin,  resin  acids,  pentosans,  and  other  carbo- 
hydrates. The  action  of  alkali  on  hardwoods  is  much 
more  pronounced  than  on  conifers.  This  is  in  part  due 
to  the  slight  solubility  of  the  pentosans  of  the  conifers 
in  alkali  as  compared  with  dilute  acids. 

The  action  of  alkali  is  determined  by  Cross  and 
Bevan'  by  boiling  the  solution  containing  the  material 
to  be  examined.  This  method  was  not  adhered  to 
since  the  temperature  is  difficult  to  regulate  and  the 
solution  bumps  violently.  The  material  should  be 
washed  with  dilute  acetic  acid  in  order  to  remove  the 
alkali  adsorbed. 

WATER-SOLUBLE — It  is  necessarv,  especially  in  the 
case  of  hot  water,  to  limit  the  time  of  extraction  as 
there  is  no  sharp  limit  to  the  solubility  of  wood  in 
boiling  water.  Klason-  found  that  the  wood  of  the 
Norway  spruce,  which  had  been  t"irst  extracted  with 
ether  to  remove  resins,  etc.,  lost  about  12  per  cent 
of  its  weight  by  alternate  extraction  with  alcohol  and 
water. 

The  chief  materials  extracted  by  water  are  tannins, 
bitter  principles  and  carbohydrates.  The  lignin  is 
also  partially  attacked,  methyl  alcohol  and  acetic  acid 
being  formed.  The  method  employed  would  not  be 
applicable  to  woods  containing  tannins  with  phloba- 
phenes  rendered  insoluble  by  boiling. 

The  water-soluble  portion  of  the  western  larch  was 
found  to  consist  largely  of  a  galactan,  apparently 
(C6Hio05)2o,  that  yielded  only  galactose'  on  hy- 
drolysis. Investigation  showed  that  galactans  were 
characteristic  of  the  water-soluble  portions  of  the  coni- 
fers. 

PENTOSAN  AND  METHYL  PENTOSAN — The  determina- 
tion of  pentosans  and  methyl  pentosans  as  worked  out 
by  Tollens  and  his  pupils  is  very  accurate  so  far  as 
duplicating  results  is  concerned.  A  comparison  was 
made  of  the  two  methods  of  extracting  the  methyl 
furfural  phloroglucide.      Extraction  with  alcohol  "in  a 

'  "Cellulose,"  p.  117. 

'  "Beitr&ge  zur  Kenntnis  der  cheroischen  Zusammensetzung  des 
Fichtenholzes." 

•  Schorger  and  Smith.  This  Journal,  S  (1916),  494-9. 


beaker'  at  60°,  while  more  tedious  than  extraction  in 
a  modified  Soxhlet  as  recommended  by  Ishida  and 
Tollens,^  was  found  to  give  more  accurate  results,  since 
by  the  latter  method  it  is  difficult  to  determine  when  the 
extraction  is  completed. 

The  weights  of  wood  chosen  (2  g.  for  conifers  and 
I  g.  of  hardwoods)  give  about  0.20  g.  mixed  phloro- 
glucides.  The  results  of  extraction  of  pure  furfural 
phloroglucide  (about  0.20  g.)  by  EUett  and  Tollens' 
show  that  about  0.0014  g-  are  dissolved  during  each 
extraction.  A  correction  cannot  be  easily  applied  for 
this  loss  since  when  the  table*  is  examined  giving  the 
amounts  of  arabinose  and  rhamnose  found  when 
known  amounts  of  these  sugars  were  taken,  it  is  seen 
that  the  amount  of  arabinose  found  is  3  per  cent  too 
high  and  the  rhamnose  is  1.7  per  cent  too  high.  It 
was  also  found  that  3  to  4  extractions  with  alcohol  as 
recommended  were  usually  insufficient  to  give  even  an 
approximately  colorless  extract.  In  Table  IV  are  given 
the  number  of  extractions  necessary  for  approximately 
0.20  g.  of  mixed  phloroglucides  from  the  various  woods 
and  celluloses,  using  20  cc.  of  alcohol: 

Table  IV 

Douglas       White       Yellow          Bass-         Sugar  Longleaf  Western 

Fir            Spruce          Birch          wood         Maple  Pine  Larch 

8  to  9          6  to  7         4  to  S         6  to  7         5  to  7  4  to  6  5  to  6 

It  is  evident  that  appreciable  errors  will  result  from 
a  large  number  of  extractions.  These  errors  might 
be  reduced  by  correcting  for  the  solubility  of  the 
furfural  phloroglucide  were  it  not  for  the  fact  that  the 
amounts  of  arabinose  and  rhamnose  found  by  Ellet 
and  Tollens  were  both  too  high  in  spite  of  the  3  to  4 
extractions.  In  view  of  these  facts  it  is  highly  prob- 
able that  the  figures  given  for  methyl  pentosans  es- 
pecially are  too  high. 

It  would  probably  be  better  to  give  the  results  as 
furfural  and  methyl  flirfural  since  wood  not  only  con- 
tains true  pentosans  but  apparently  "furfuroids." 
Furthermore  the  true  pentosans  are  mixtures  of  at 
least  arabans  and  xylans,  each  giving  different  amounts 
of  furfural.  The  source  of  the  methyl  furfural  is 
attributed  to  the  presence  of  methyl  pentosans,  though 
no  methyl  pentose  of  methyl  pentosan  has  so  far  been 
isolated  from  wood.  The  various  wood  celluloses 
also  give  considerable  amounts  of  furfural.  To  ac- 
count for  this  behavior  Cross  and  Bevan^  have  assigned 
to  wood  cellulose  an  oxycellulose  structure.  Konig 
and  Huhn'  are  firmly  of  the  opinion  that  wood  cellu- 
lose obtained  by  the  chlorine  method  contains  residual 
pentosans,  and  that  their  method  of  determining  cellu- 
lose (digestion  with  glycerin  and  sulfuric  acid  followed 
by  oxidation  with  hydrogen  peroxide  and  ammonia) 
is  the  only  one  giving  true  cellulose,  t.  e.,  cellulose 
free  from  lignin,  pentosans,  etc.  It  seems  essential, 
however,  to  look  upon  wood  cellulose  from  a  broader 
view-point.  Cotton  is  doubtless  the  typical  cellulose 
of  the  (C6HioOi)„  group,  but  it  is  no  more  reasonable 
to  expect  cotton  to  be  the  only  cellulose  in  nature  than 

1  EUett  and  Tollens,  J.  Landw..  tS  (1905).  20. 

»/6iJ.,  69  (1911).  61. 

'Ibid..  B3  (1905),  20. 

<  Ihid.,  53  (1905),  22.  Table  IV. 

•  "Cellulose,"  p.  82. 

•  "Bestimmung  der  Zellulose.  etc.."  p.  50. 
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glucose  to  be  the  only  sugar.  It  is  probable  that  wood 
celluloses  should  be  looked  upon  as  definite  compounds 
of  hexosans  with  varying  amounts  of  pentosans. 
The  methoxy  reaction  may  also  be  due  to  the  presence 
of  small  amounts  of  methyl  glucosides  or  similar  de- 
rivatives. In  this  paper  cellulose  will  be  defined  as 
the  residue  remaining  after  alternate  treatment  with 
chlorine  gas  and  sodium  sulfite  up  to  the  point  where  the 
chlorine-sulfite  color  reaction,  or  the  Maiile  reaction, 
ceases. 

Analysis  has  shown  that  the  hardwoods  can  be 
sharply  divided  from  the  conifers  by  means  of  the  pento- 
san content  of  the  cellulose.  In  general,  the  pentosan 
content  of  the  hardwood  cellulose  is  greater  than  that 
of  the  original  wood,  while  with  the  conifers  the  re- 
verse is  true.  The  pentosan  content  of  the  cellulose 
from  the  conifers  varied  from  5  to  10  per  cent  and  that 
from  the  hardwoods  from  24  to  28  per  cent.  The 
methyl  pentosan  content  of  the  various  celluloses  is 
fairly  uniform  but  in  the  case  of  the  woods  there  are 
considerable  variations.  Douglas  fir  contains  the  largest 
amount  of  methyl  pentosan,  the  latter  amounting  to 
42  per  cent  of  the  total  pentosans  and  methyl  pento- 
sans present.  In  general  the  conifers  contain  more 
methyl  pentosan  than  the  hardwoods. 

Tadle  V — Pentosan  Content  (Percentages)  of  the  Cei.i.i!i.osks 
Hardwoods  Conifers 

Basswood 24  i  Western  Larch 9  "J 

Sugar  Maple 25  >■  Mean  26       .    Longleaf  Pine 8  I  Mean 

Yellow  Birch 28  \  Douglas  Fir 5  (      8 

White  Spruce 10/ 

CELLi'LOSE — Owing  to  the  work  of  previous  investi- 
gators, especially  that  of  Renker,'  no  attempt  was  made 
to  determine  the  relative  merits  of  the  various  methods 
of  determining  cellulose,  since  the  chlorine  method  of 
Cross  and  Bevan  is  the  only  one  that  can  be  applied 
satisfactorily  to  woods. 

One  of  the  most  important  points  in  determining 
cellulose  consists  in  obtaining  the  sample  in  the  proper 
physical  condition.  Dean  and  Tower'  rasp  the  wood. 
This  method  with  dry  woods  gives  mainly  dust  and 
even  with  wet  wood  the  use  of  the  rasp  is  tedious  and 
unsatisfactory.  In  the  case  of  such  softwoods  as  bass- 
wood  very  satisfactory  material  may  be  obtained  from 
the  damp  wood  with  a  small  sharp  plane.  However, 
with  most  woods  the  use  of  the  plane  is  not  to  be  recom- 
mended since  the  resulting  material  is  not  of  uniform 
thickness.  For  the  purpose  of  chlorination  the  thick- 
ness of  the  material  should  not  exceed  0.005  in.  The 
best  method  of  attaining  this  result  for  the  harder 
woods  is  by  the  use  of  a  cabinetmaker's  scraper,  which 
is  a  thin  rectangular  steel  plate  with  stjuare  edges. 
Unfortunately,  considerable  skill  is  reciuircd  for  the 
proper  use  of  this  tool.  Unless  the  user  has  had  a 
large  amount  of  experience,  dust  rather  than  a  line 
excelsior  is  obtained  The  wood  to  be  scraped  should 
contain  25  to  30  per  cent  moisture.  Nearly  as  good 
results  are  obtained  with  broken  window  glass  ns 
with  the  scraper.  Certain  soft  woods  do  not  scrape 
well,  so  lliat  it  is  necessary  in  some  rases  to  choose 
n  met  hod  by  trial.  All  the  matcrinl  that  ponscs  through 
a  40- mesh  sieve  should  be  rejected. 

I  "llcvlimmungtniethcMtcn  ilcr  CctlutoM,"  Berlin  (1910). 
•  J.  Am.  Cktm.  ,Vo<  ,  M  (1907).  1125. 


The  material  placed  in  beakers  was  chlorinated  in 
a  specially  designed  apparatus  of  the  type  shown  in 
the  accompanying  figure.  This  apparatus  has  several 
advantages:  four  samples  can  be  chlorinated  at  the 
same  time;  the  material  is  maintained  at  a  low  tempera- 
ture by  means  of  a  constant  stream  of  cold  water; 
the  stream  of  chlorine  gas  can  be  regulated  by  means 
of  the  stopcocks;  and  the  excess  chlorine  is  carried 
off  by  the  water. 

At  intervals  of  6  to  7  minutes  the  contents  of  the 
beakers  were  stirred  with  a  glass  rod  and  the  position 
of  the  beakers  changed  in  order  to  insure  uniformity 
of  chlorination.  The  chlorination  was  limited  to 
half-hour  periods  or  fractions  thereof  in  the  results 
herewith.  A  first  chlorination  of  one  hour,  as  usually 
recommended,  is  too  long  in  some  cases.  The  num- 
ber of  chlorinations  or  fractions  thereof  necessary 
to  obtain  the  cellulose  practically  free  from  lignin 
were  as  given  in  Table  VI.  The  conifers  are  de- 
cidedly more  resistant  to  the  action  of  chlorine  than 
the  broad-leaved  trees. 

Table  VI — Chlorination  Necessary  to  Obtain  Licnin-Free  Cellulosb 
Douglas       White     Longleaf     Western       Yellow        Bass-  Sugar 

Fir  Spruce  Pine  Larch  Birch  wood  Maple 

4  to  5  +to5  4  5  2  to  3  2  2  to  3 

To  determine  the  freedom  of  the  cellulose  frcm  lignin 
the  yellow  color  produced  by  chlorine  and  particularly 


Mfer     ji 


ArPARATUS  FOR  CHLORINATING  WoOD 


the  jiink  to  purple-red  color  which  the  lignin  chloride 
gives  with  sodium  sulfite  were  found  very  sensitive. 
The  latter  reaction  is  considerably  more  sensitive  for 
broad-leaved  woods  than  for  the  conifers.  MAulc's' 
reaction  that  has  been  considered  a  very  sensitive 
test  for  lignin  is  the  following:  the  fibers  arc  covered 
with  a  dilute  solution  of  potassium  permanganate 
anil  allowed  to  stand  for  several  minutes;  the  per- 
manganate is  then  w.ishod  out  and  the  manganese 
dioxide  adhering  tt>  the  fibers  is  removed  by  allowing 
Ihcni  to  stand  in  contact  with  hydrochloric  acid  of 
sp.  gr.  1.06.  After  solution  of  the  manganese  dioxitle. 
the  fibers  arc  thoroughly  washed  with  water  and  then 
it  few  drops  of  ammonia  arc  added.  In  case  lignin 
is  present  a  deep  red  coloration  is  produced.  This 
reaction  was  found  to  bo  sensitive  for  the  hardwoods 
l)Ut  in  the  case  of  the  conifers  no  red  color  was  ever 
ohtiiincd.  When  the  original  wood  is  given  the  above 
treatment,  it  is  coloml  dark  brown  As  the  rhlorina- 
■  0<«r.  •.  wtmnnk.  Bc4»mtk.  4  (IWM).  IM. 
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tion  proceeds,  and  more  and  more  lignin  is  removed, 
the  Maule  reaction  changes  from  a  brown  to  a  dirty 
brownish  gray  that  is  not  at  all  characteristic.  Be- 
sides being  indefinite,  this  reaction  requires  consider- 
able time  and  manipulation.  The  reaction  of  the  wood 
fibers  with  ferric  chloride  and  potassium  ferricyanide' 
has  a  certain  qualitative  value,  but  quantitative  de- 
terminations gave  inconsistent  results. 

The  yields  of  cellulose  do  not  apply  to  material 
that  is  absolutely  free  from  lignin.  There  are  invari- 
ably present  small  fragments  of  wood  that  are  only 
partially  reduced.  However,  in  obtaining  the  cellu- 
lose absolutely  free  from  lignin  the  error  involved  by 
destruction  of  the  cellulose  is  out  of  all  proportion  to 
that  caused  by  the  presence  of  the  small  amount  of  lignin. 

In  the  original  method  of  Cross  and  Bevan^  the 
ligneous  material  was  boiled  for  half  an  hour  with  i 
per  cent  NaOH  previous  to  chlorination.  Also  the 
chlorinated  fibers  were  boiled  for  5  min.  with  a  solu- 
tion of  sodium  sulfite  containing  0.2  per  cent  NaOH. 
Renker^  states  that  in  both  cases  the  alkali  attacks 
the  cellulose  and  reduces  the  yield.  These  statements 
have  been  confirmed. 

A  number  of  experiments  were  made  to  determine 
the  effect  of  alkali  on  the  yield  of  cellulose.  In  the 
results  that  follow  only  the  mean  results  of  duplicate 
determinations  are  given.  As  an  example  of  the 
effect  of  preliminary  digestion  with  alkali  on  the  yield 
of  cellulose,  basswood  (Table  VII)  may  be  taken  as 
an  extreme  case. 

Table  VII^Viei.d  of  Cellulose  from  Basswood 

Chlori-  Yield  of 

nations  Cellulose 

Preliminary  Treatment:                                                  Hrs.  Per  cent 

Extracted  with  Alcohol-Benzol 'A.   'A  62  .92 

Digested  with  50  cc.  1  %  NaOH  in  water  bath  for  30 

min 'A.   'A  59.78 

Digested  with  100  cc.   1%  NaOH  in  water  bath  for 

60  min 'A.  'A  58.25 

Renker^  working  with  unbleached  sulfite  cellulose 
claims  that  the  chlorination  proceeds  as  smoothly 
without  the  preliminary  treatment  with  caustic  soda. 
In  the  case  of  basswood  that  had  been  digested  for 
I  hr.  with  loo  cc.  of  i  per  cent  NaOH,  go  per  cent  of 
the  fibers  showed  no  lignin  reaction  (Maule)  after  the 
first  half  hour's  chlorination  and  an  additional  chlori- 
nation of  5  min.  was  sufficient  to  remove  the  lignin 
entirely.  In  all  cases  the  preliminary  digestion  with 
alkali  was  found  to  assist  in  the  removal  of  the  lignin, 
the  time  of  chlorinating  being  perceptibly  shortened. 
This  is  especially  true  of  hardwoods.  In  the  case  of 
the  conifers  the  effect  is  less  evident.  As  a  general 
rule,  however,  the  treatment  results  in  an  appreciable 
reduction  in  the  yield  of  cellulose. 

Chlorina-  Yield  of 

Yellow  Birch  tions  Cellulose 

Preliminary  Treatment:  Hrs.  Per  cent 

Extraction  with  Alcohol-Benzol  for^5  hrs 1.  'A.  'A.  'A       61..1.? 

Digested  with  100  cc.  1%  NaOH  in  Water  Bath 

forJOmin 1.  >A.  'A  60.69 

The  effect  of  the  alkali  on  hardwoods  is  appreciable 
even  in  the  case  of  fairly  thick  shavings,  as  is  evident 
in  the  case  of  the  above  experiments  in  which  yellow 
birch  was  used. 

'  Cross  and  Bevan.  "Cellulose."  p.  124;  Sherman.  J.  Am.  Chens.  Soc, 
19  (1897),  304. 

'  "Cellulose."  p.  95. 

'  "Bcstimmungsmethodcn  dcr  Cellulose."  p.  44. 

*  Loc.  cil.,  p.  44. 


Douglas  Fir  was  digested  both  with  acids  and  alkali, 
the  result  being  that  the  yield  of  cellulose  was  lowered 
by  the  acid  hydrolysis  but  not  appreciably  affected 
by  the  alkali  in  this  case. 

Douglas  Fir  Cellulose 

Preliminary  Treatment:  Percent 

Extracted  with  Alcohol-Benzol 62.90 

Digested  with  50  cc.  1  %  NaOH  on  Steam  Bath  for  'A  hour 63  .  10 

Boiled  with  100  cc.  2,5%  HjSO,  for  3  hours 55. 12 

Boiled  with    100    cc.    2.5%    HiSO.    for    3    hours    (material    that 

would  pass  through  a  40-mesh  sieve  was  used  in  this  case) 49.00 

The  effect  of  addition  of  alkali  to  the  sodium  sul- 
fite solution  in  the  removal  of  the  lignin  from  Douglas 
Fir  is  also  illustrated  by  the  following: 

Douglas  Fir                                               Chlorinations  Cellulose 

Remarks:                                                                                  Hrs.  Per  cent 
All  samples  were  6rst  extracted  with  .\lcohol-Benzol: 

a  Sulfite  Solution  without  Alkali 1.  "A.  'A  60.53 

I    6  Sulfite  Solution  with  0.2  per  cent  NaOH l.'A.  'A  59.35 

Since  sodium  sulfite  gives  decidedly  alkaline  solu- 
tions owing  to  hydrolysis  it  appeared  probable  that 
sufficient  alkalinity  might  be  developed  to  attack  the 
cellulose.  Bleached  sulfite  pulp  that  had  been  thor- 
oughly washed  with  hot  water  and  then  dried  at  60° 
was  employed.  In  all  cases  2  g.  of  the  pulp  were 
heated  with  100  cc.  of  2  per  cent  sodium  sulfite  solu- 
tion. The  moisture  in  the  pulp  was  determined  by 
heating  a  separate  sample  in  the  air  oven  at  105° 
and  the  samples  treated  with  sodium  sulfite  were  re- 
duced to  the  dry  weight  by  calculation.  After  treat- 
ment with  the  sulfite  solutions  the  pulp  was  washed 
with  dilute  acetic  acid,  hot  water,  alcohol,  and  ether 
in  succession  and  finally  dried  at  105°  for  2  hrs. 

Period  of  Loss  in 

Bleached  Sulfite  Pulp                                       Heating  Weight 

Manner  OP  Heating:                                                                 Hrs.  Percent 

a  Boiling  Water  Bath 'A  1-99 

6  Steam  Bath 1  2.03 

<:  Steam  Bath 2  2.15 

d  Sample  b  Second  Treatment  on  Steam  Bath 2  1 .  24 

c  Sample  d  Third  Treatment  on  Steam  Bath 2  1.26 

/  One  of  samples  e  given  Fourth  Treatment  on  Steam  Bath     2  1.16 

«  Second  sample  e  treated  with  2%  NaHSOj  on  Steam  Bath    2  0.57 

The  loss  by  the  first  treatment,  approximately  2 
per  cent,  may  have  been  due  to  the  presence  of  oxy- 
cellulose,  but  the  total  loss  of  Sample  b  (5.69  per  cent) 
by  the  four  treatments  can  hardly  be  attributed  to 
this  one  cause. 

Some  experiments  were  made  in  which  the  sodium 
sulfite  solution  containing  the  chlorinated  wood  was 
boiled  for  5  min.  In  one  series  the  boiling  solution 
was  maintained  saturated  with  SO2  by  passing  in  the 
gas.  In  some  cases  this  gave  an  increased  yield  of 
cellulose  while  in  others  the  yield  was  slightly  lowered. 

A  marked  difference  in  the  rate  of  removal  of  the 
lignin  from  spruce  was  noted  when  a  2  per  cent  NaHSOa 
solution  was  used  in  place  of  a  2  per  cent  NajSOj 
solution.  After  each  chlorination  the  fibers  were 
heated  with  100  cc.  of  the  sulfite  solutions  in  a  water 
bath  for  half  an  hour. 


White  Spruce 
Treatment:  Ch 

a  With  Sodium  Sulfite 3 

b  With  Sodium  Bisulfite 6 


Cellulose 

Per  cent 

63.50 

62.80 


After  three  chlorinations  a  did  not  show  the  Maule 
reaction  but  chlorine  colored  the  fibers  a  slight  yellow. 
They  were  accordingly  given  an  additional  chlorina- 
tion of  5  min.  In  the  case  of  b,  after  the  third  chlorina- 
tion the  Maule  reaction  was  brown;  after  the  fifth 
chlorination    the    Maule    reaction    was    pale    saffron, 
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and  the  chlorine  reaction  decidedly  yellow;  after  the 
sixth  chlorination  there  was  no  Maule  reaction  but 
chlorine  gas  gave  a  pronounced  yellow  color.  The 
fibers  were  bleached  with  potassium  permanganate, 
washed  as  usual  and  dried.  The  cellulose  obtained 
with  sodium  bisulfite  was  a  dark  grayish  yellow. 
The  sodium  bisulfite  solutions  were  never  colored 
more  than  a  pale  yellow.  This  fact,  combined  with 
the  large  number  of  chlorinations  required,  shows 
that  it  is  essential  to  have  a  slightly  alkaline  reaction 
in  order  to  render  the  method  efficient. 

ACTION  OF  THE  CHLORINE — The  rate  at  which  the 
chlorine  is  passed  into  the  beaker  containing  the 
ligneous  material  does  not  appear  to  have  received 
special  attention.  Cross  and  Bevan  state  that  a 
"slow  stream"  should  be  used.  It  was  found  that  the 
amount  of  lignin  removed  was  almost  directly  pro- 
portional to  the  rate  of  the  introduction  of  the  chlorine 
as  will  be  seen  from  the  following: 

White  Spruce  Yellow  Birch 

Chlorine  Bubbles     Per  cent  Loss        Chlorine  Bubbles      Per  cent  Loss 


per  Min. 

in  Weight 

Per  Min. 

in  Weig 

52  to  5.^ 
77  to  78 
20  to  122 

12.84 
16.31 
22.58 

44  to  45 
72  to  74 
120  to  122 

15.31 
21.57 
26.11 

According  to  Cross  and  Bevan  the  action  of  the  chlorine 
is  mainly  additive  and  substitutive.  It  is  difficult  to 
conceive  of  the  reaction  being  other  than  mainly  an 
oxidation.  This  is  also  borne  out  by  the  considerable 
excess  of  chlorine  obtained  as  hydrochloric  acid  over 
the  chlorine  combined  with  lignin  as  found  by  Heuser 
and  Sieber.' 

The  presence  of  a  chlorine  carrier  such  as  iodine 
appears  to  be  without  effect.  Yellow  birch  wood  was 
saturated  with  alcohol  containing  a  few  crystals  of 
iodine  and  after  standing  a  few  minutes  washed  with 
cold  water.  After  chlorinating  at  the  rate  of  64  to 
65  bubbles  per  minute  for  30  min.  the  wood  lost  19.83 
per  cent  by  weight.  When  this  loss  is  compared  with 
the  losses  in  the  above  table  it  is  evident  that  the 
iodine  did  not  improve  the  reaction. 

There  is  an  advantage  in  using  a  rapid  stream  of 
chlorine  gas  during  the  first  half-hour  chlorination, 
but  during  succeeding  chlorinations,  except  possibly 
the  second  in  some  cases,  the  rate  should  not  exceed 
about  40  bubbles  of  chlorine  per  minute.  The  loss 
in  weight  during  chlorination  was  followed  by  using 
the  regular  method  for  determining  cellulose.  After 
healing  with  sodium  sulfite  solution  the  residue  was 
washed  with  acetic  acid,  alcohol,  and  ether.  After 
drying  and  weighing,  the  chlorination  was  repeated. 
The  results  obtained  appear  in  Table  VIII. 

Tadlk  VIII—  Action  <>»  Chlorination 


Wkstsmn  I,a 

40  Chlorine  lU 

per  Minut 

sen 

blilM 

. VULLow   Birch . 

35  to  40  Dubhics                   70  Bubhleii 
per  min.  after                 per  Minute 
first  Chlorination                IhroiiKhout 
Chlori-            Per            Chlori-             Per 
iintion            cent            niition            cent 
Pcrio<l             l,os«i            Period            l.o*^ 
l«l  '  ihr.        27.71        lit  i/i  hr.      21.57 
2nc|i,ihr,          H.08        2nd',ihr.      12.73 
3rd  •  ,  hr           2.73(0)  3rd  '/I  hr.      11.79(0) 
4th  '/ihr           1.10       4lh  Vi  hr        4.38 
Next  hr.              1.35        Slh  Vt  hr.        1,57 

Next  hr.             1.45            

(a)  Henliltinl  cclluloxe  free  from  lif  nin. 

Chlori- 

I'criod 
lit  '/i  hr. 
2nd  Vihr. 
3rd  ■/■  hr. 
4th  >/■  hr. 
ilb  'A  hr. 
Next  hr. 

Per 
cent 

l.o» 
29 .  05 
B.8.' 
2.6.1 
1.2.1 
0.57 
0.94 

MAnle 
Rene- 
lion 
Drown 
llrown 
SnlTron 
None 
None 
None 

The    greatest    difficulty    of    the    present    method    of 
estimating  cellulose  lies  in  judging  just  how  long  the 

'  Z.  amtm.  Chim..  Au/saltUII .  M  (1913).  803. 


final  chlorination  should  be  in  order  to  remove  all  the 
lignin  and  not  attack  the  cellulose.  It  is  probable 
that  the  attack  of  the  cellulose  consists  in  the  forma- 
tion of  oxycellulose,  and  possibly  hydrocellulose,  which 
are  soluble  in  the  sodium  sulfite  solution.  However, 
Heuser  and  Sieber^  by  using  methylene  blue  found 
that  practically  no  oxycellulose  was  formed  up  to  the 
point  where  all  the  lignin  was  removed. 

For  analytical  purposes  formation  of  degradation 
products  of  the  cellulose  would  be  of  little  consequence 
providing  that  they  did  not  pass  into  solution.  All 
attempts  to  accomplish  this  end  were  negative.  The 
chlorinated  fibers,  when  extracted  with  95  per  cent 
alcohol  in  a  Soxhlet  extractor  to  remove  the  lignin 
chloride,  still  lost  1.5  to  2.0  per  cent  by  weight  for 
each  half-hour  chlorination  following  the  point  where 
the  lignin  reaction  ceased. 

The  accuracy  attainable  in  determining  cellulose 
is  dependent  largely  on  following  the  same  procedure 
exactly  with  duplicate  determinations.  Two  half- 
hour  chlorinations  followed  by  treatment  with  sodium 
sulfite  are  by  no  means  equivalent  to  a  one-hour  chlori- 
nation. Unfortunately  check  analyses  do  not  neces- 
sarily indicate  that  the  correct  amount  of  cellulose  has 
been  secured.  The  results  obtained  by  different  chem- 
ists, even  if  following  the  same  directions,  may  be  con- 
sidered satisfactory  if  they  check  within  one  per  cent. 
The  results  attainable  by  experience  may  be  judged 
from  Table  IX,  the  figures  being  taken  at  random. 

Table  IX — Per  cent  Csllvlobe — Not  Asr-Fres 
Sample  No. :  I  2  3  4 

Sugar  Maple 60.75  61.64  60.10  60.58 

60.82 

Western  Larch 57  .82 

58.67 

The  conifers  invariably  arc  harder  to  reduce  than 
the  hardwoods  and  less  satisfactory  checks  may  be 
expected.  In  spite  of  the  fairly  good  agreement  it' is 
doubtful  if  the  results  may  be  considered  as  having 
an  accuracy  greater  than  one  per  cent. 

The  cellulose  content  of  the  various  species  is  quite 
uniform,  especially  when  the  cellulose  is  calculated 
on  the  weight  of  the  wood  free  from  material  sohible 
in  hot  water  and  ether.  On  this  basis  the  figures  in 
Table  X  were  obtained: 

Table  X 
Softwoods  I*cr  cent  Cellulose         Hardwoods     Per  cent  Cellulose 

Western  Larch 66.40\  Suear  Maple *-'*-'/ \i,.n 

LoUKlcaf  Pine 67  .  20  (  Mean         Yellow  Birch 64.38  irj,!? 

Douglas  I'ir 66.30  ("65.92         Basswood 6497(°'   *" 

While  Spruce 63  .  79  ' 

The  conifers  appear  to  contain  more  cellulose  than 
the  hardwoods.  Occasionally  the  cellulose  content 
of  a  tree  will  be  unusually  high  or  low.  For  example, 
the  cellulose  content  of  basswood  No.  3*  was  only 
54.42  per  cent;  microscopic  examination  showed  no 
evidence  of  fungous  attack;  the  analysis  was  rcpc.itcd 
with  the  same  result.  On  the  other  hand,  the  ccllu- 
lo.se  content  of  longleaf  pine  No.  4*  is  high  by  several 
per  cent.  It  was  thought  that  by  subtracting  the 
per  cent  solublo  in  ether  and  hot  water  from  n  lixcil 
numlicr  (70  in  the  case  of  longleaf  pine)  the  rcllulose 
content  of  the  various  species  could  be  approximated 

<  Lot.  cil. 


61.70 

60.31 

60.37 

58.66 
58.77 

61  .20 
60.82 

53.34 
53.28 
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with  fair  accuracy.  That  marked  exceptions  may 
exist  is  shown  by  the  following: 

LoNCLBAF  Pine             Sample  No.:                        II  12  13  20 

Hot  water-soluble 8.20  6.03  6.78  7.57 

Kther-soluble 6.70  6.70  2.65  9.23 

Cellulose 55.02  57.23  61.09  59.31 

Total  Percentages 69.92     69.96     70.52     76.11 

The  analysis  of  Sample  No.  20  was  checked  by  several 
determinations  but  the  cellulose  content  remained 
about  s  per  cent  higher  than  the  average  of  the  remain- 
ing three  samples,  the  calculations  being  based  on  the 
wood  free  from  materials  soluble  in  ether  and  water. 

.\ciD  HYDROLYSIS—  The  method  of  determining  the 
acids  formed  by  hydrolysis  was  adopted  after  con- 
siderable experimentation  and,  while  somewhat  tedious, 
very  accurate  results  may  be  obtained.  Duplicate 
determinations  should  agree  within  o.i  per  cent.  It 
is  absolutely  necessary  to  use  low  temperatures  and 
pressures  to  prevent  decomposition  of  the  carbohy- 
drates, etc.,  by  the  sulfuric  acid  before  all  the  volatile 
acids  are  removed.  The  distillate  obtained  in  a  blank 
determination  remained  pink  for  30  seconds,  when 
phenolphthalein  was  used  as  the  indicator  and  one 
drop  of  N /lo  NaOH  was  added,  showing  that  no  sul- 
furic acid  had  been  carried  over.  The  distillate  con- 
sists mainly  of  acetic  acid.  The  volatile  acids  formed 
from  a  sample  of  yellow  birch  amounted  to  4.0  per 
cent,  calculated  as  acetic  acid.  After  heating  on  the 
steam  bath  with  mercuric  oxide  to  destroy  formic 
acid,  3.6  per  cent  of  acid  was  recovered.  It  is  probable 
that  the  formic  acid  results  from  decomposition  of 
carbohydrates  and  not  from  formyl  groups. 

It  is  not  yet  certain  that  all  the  acetic  acid  is  formed 
by  hydrolysis  of  acetyl  (CH3CO — )  groups.  A  2-g. 
sample  of  yellow  birch  by  digestion  with  100  cc.  of 
2.5  per  cent  H2SO4  lost  31.41  per  cent  by  weight,  show- 
ing that  a  decided  decomposition  is  produced.  It  is 
accordingly  not  impossible  that  a  portion  of  the  acetic 
acid  is  formed  from  acetic  acid  residues  ( — CH;.CO — ). 
The  effect  of  the  strength  of  acid  on  the  yield  of  volatile 
acids  from  yellow  birch  was  the  following: 

Strength  of  Sulfuric  Acid  (Per  cent) 2.5  5.0  10.0 

Yield  of  Acetic  Acid  (Per  cent) 3.99  4.31  4.53 

Small  amounts  of  acetic  and  formic  acids  appear 
to  be  present  in  some  woods  in  the  free  state  or  at 
least  in  very  feeble  combination.  Guijo,  a  Philippine 
wood,  has  a  marked  corrosive  action  on  metal  fasten- 
ings. Investigation  showed  that  about  0.2  per  cent 
of  acetic  and  formic  acids  could  be  leached  from  guijo 
sawdust  with  cold  water.  The  silver  salts  in  aqueous 
solution  were  heated  on  the  steam  bath  to  decompose 
the  silver  formate.  After  filtering  off  the  metallic 
silver  the  filtrate  deposited  beautiful  crystals  of  silver 
acetate  on  cooling.  The  crystals  were  analyzed  as 
follows : 

0.2712  g.  silver  salt  gave  0.1746  g.  Ag  =  64.38  per 
cent  Ag. 

Silver  acetate,  CHa.COOAg,  requires  64.64  per  cent 

Ag. 

METHOXY  GROUPS — The  efficiency  of  the  apparatus 
and  the  quality  of  the  acid  were  tested  by  using  a 
compound,  vanillin,  the  methoxy  content  of  which  is 
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known:  Vanillin,  C7H5O2.OCHJ,  requires  20.40  percent 
CH3O- — .     Found,  20.26  per  cent  CH3C) — . 

Maple  gave  the  highest  yield  of  methoxy  groups. 
The  yields  of  methyl  alcohol  obtained  by  destructive 
distillation  are  much  lower  than  would  be  expected 
from  the  methoxy  numbers. 

Y'lELD  Birch  Maple       Western  Larch 

Methyl  Alcohol  (Per  cent) 1 .  53(<J)  1 .  94(a)  0 .  65 

Methoxy  (Per  cent) 6.07  7.25  4.95 

(a)  Palmer,  Bull.  129,  U.  S.  Dept.  Agr.,  Forest  Service. 

As  previously  mentioned,  the  low  yields  are  prob- 
ably due  to  the  formation  of  methyl  ether?. 
Forest  Service 
Forest  Products  Laboratory 
Madison.  Wisconsin 
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Considerable  interest  has  been  shown  the  past  few 
years  in  the  industrial  use  of  wood  creosotes.  At  the 
present  time  they  are  on  the  market  to  a  certain  extent 
as  wood  preservatives,  but  their  high  antiseptic 
properties  render  them  most  useful  in  general  sanita- 
tion work  and  for  special  technical  purposes  as  well. 
For  example,  they  dissolve  rosin  and  linseed  oil  soaps 
and  thus  form  disinfectants  which  with  water  give 
emulsions  having  coefficients  three  to  five  times,  or 
more,  that  of  phenol.  They  also  have  a  great  ad- 
vantage over  coal-tar  creosotes  in  that  they  do  not 
inflame  the  skin  and  are  not  toxic  or  poisonous  to 
humans  or  animals.  Indeed,  hardwood  creosote, 
U.  S.  P.,  and  guaiacol  have  long  been  administered  as 
internal  medicines,  whereas  carbolic  acid  is  a  well- 
known  poison. 

As  toxicity  to  fungi  and  bacteria  is  one  of  the  very 
important  attributes  in  the  utilization  of  the  oils  or 
their  several  constituents,  the  present  study  has  been 
undertaken  to  throw  light  upon  their  behavior  in  this 
respect.  These  creosotes  are  by-products  in  the 
destructive  distillation  of  wood  and  can  be  produced 
at  a  moderate  cost.  The  main  products  of  the  dis- 
tillation are  charcoal,  methyl  alcohol,  and  acetic  acid. 

The  toxicity  of  beechwood  creosote,  both  crude  and 
refined,^  has  been  determined  by  R.  M.  Fleming  and 
C.  J.  Humphrey,'  of  this  laboratory,  and  found  to  be 
much  greater,  2  to  4  times,  than  that  of  the  coal-tar 
creosote.  The  toxicity  of  maplewood  creosote  and  of 
its  constituents  and  derivatives  has  been  found  in  the 
present  investigation  to  be  equally  as  high. 

METHOD 

Toxicity  studies  at  the  Forest  Products  Laboratory 
have  largely  been  confined  to  the  petri-dish  method;* 

'  The  present  paper  is  one  of  four  prepared  by  the  junior  author  in 
partial  fulfilment  of  requirements  for  the  degree  of  Doctor  of  Philosophy 
in  the  University  of  Wisconsin. 

'  Data  on  refined  product  not  yet  published. 

•  This  Journal.  7  (1915).  652. 

•  Humphrey  and  Fleming.  V.  S.  Dept  Agr..  Bull  M7  (1915).  for 
general  method. 
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that  is,  the  preservative  and  nutrient  culture  medium 
are  mixed,  poured  into  a  petri-dish  and  inoculated 
with  a  wood-destroying  fungus.  The  rate  of  growth 
is  compared  with  a  check  petri-dish  containing  only 
the  agar  culture  medium.  This  method  gives  ap- 
proximate toxicity  values  in  a  short  period  of  time  and 
has  been  followed  in  the  present  study  with  minor 
variations  in  the  technique. 

An  electrical  stirring  device,'  specially  developed  for 
toxicity  investigations  and  other  lines  of  work  where 
uniform  and  very  finely  divided  emulsions  or  mixtures 
are  essential,  was  used  in  the  present  experiments 
(Figs.  I  and  II).  The  oil-agar  emulsion  thus  pre- 
pared was  made  permanent  by  quickly  cooling  it  in 
the  petri-dish  over  ice,  by  which  method  the  small  oil 
globules  were  imprisoned  in  the  solidifying  agar,  thus 


Fio.  I — Elsctrical  Stirring  Dbvicb 

Opuratbo  in  a  Stsriuzsd  Glass  Casb  to  Avoid  Contauinations 

Fig.  II — BoTTLBS  with  Shaft  of  Stirring  Dbvicb  Inssrtbo 

(A)  SnAFT  AT  Rbst  with  tub  Arms  Collapsbd 

(B)  HoRizoNTAu  Position  of  thb  Arms  wiibn  in  Motion 

preventing  the  oil  from  separating  out  as  a  layer  on 
the  surface  of  the  medium. 

The  culture  medium  consisted  of  the  following: 

RxtrncI  of  I  lb.  lean  bcc(  in  distilled  water 1000  cc. 

I.fifnuiid's  malt  extract 25  g. 

Agar-uunr 15  g. 

The  medium  was  filtered,  but  the  reaction  was  not 
adjusted;  it  was  somewhat  acid,  around  +32  Fuller's 
scale. 

Of  the  above  medium  17.5  cc.  were  measured  from  a 
graduated  pipette  into  25  cc.  glass-sloppcred  bottles; 
0.5  cc.  of  tills  was  extra  to  compensate  for  the  amount 
adhering  to  the  bottles  after  pouring,  leaving  17  cc. 
to  be  mixed  with  the  preservative. 

The  preservative  was  weighed  into  50  cc.  glass- 
stoppered  bottles  and  then  diluted  to  3  cc.  with  distilled 
water.  The  concentration  of  the  preservative  was 
based  on  the  actual  weiglit  in  grams  in  20  cc.  of  the  agar 
preservative  mixture. 

Before    sterilizing,    llie    stoppers    of    tlic    agar    and 

■  Thia  iipparaliia  will  be  ilrwrlbed  In  a  Inrlhriiiiiing  arlicif  by   Ruby 
I    Tiller  an.l  ':    V    Arrrr 


preservative  bottles  were  covered  with  stopcock 
grease  and  capped  with  muslin  fastened  around  the 
neck  of  the  bottle  by  rubber  bands.  The  bottles  were 
then  sterilized  in  the  autoclave  at  100°  C.  for  30-niin. 
intervals  on  three  successive  days.  A  bottle  each  of 
agar  and  preservative  was  then  transferred  to  a  sterile 
culture  case  and  the  agar  culture  solution  was  "poured 
into  the  preservative  bottle,  the  mouth  of  which  was 
then  covered  with  a  sterile  muslin  cap  in  place  of  the 
glass  stopper.  Two  slits  at  right  angles  were  burned 
into  the  center  of  the  cloth  through  which  the  stirring- 
rod  of  the  electric  mixer  was  inserted.  This  was  then 
set  in  motion  and  the  contents  stirred  until  the  agar 
was  about  to  solidify.  The  resulting  finely  divided 
mixture  was  poured  into  a  petri-dish  which  had  been 
previously  cooled  over  ice.  It  was  then  returned  to 
the  ice  until  the  contents  had  solidified. 

After  all  the  petri-dishes  had  been  prepared  in  this 
way  they  were  returned  to  the  culture  case  and  after 
their  temperature  had  risen  to  that  of  the  surrounding 
air  they  were  inoculated  at  the  center  with  a  transfer 
of  mycelium  6  mm.  square  cut  from  petri-dish  cultures 
of  Fames  annosus  Fr.  two  to  three  weeks  old.  For 
each  set  of  tests  a  check  culture  on  the  nutrient  agar 
was  prepared  at  the  same  time.  The  dishes  were  then 
placed  in  an  incubator  and  held  approximately  at 
25°  C.  for  6  weeks,  the  extent  of  growth  being  noted 
each  week. 

SUBSTANCES    TESTED 

The  maplewood  creosote  used  in  the  tests  was  pre- 
pared' by  distilling  crude  tar,  obtained  from  a  com- 
mercial company  in  Michigan,  from  an  iron  retort. 
After  further  distillation  from  a  glass  apparatus  a 
fraction  distilling  between  195  and  265°  C.  was  col- 
lected.' This  was  a  clear,  light  lemon-yellow  oil 
whose  specific  gravity  was  1.04  at  21°  C. 

The  toxicity  of  this  oil  and  the  various  portions 
tested  is  shown  in  Table  I,  the  duplicate  tests  being 
represented  by  (A)  and  (B),  respectively. 

In  order  to  determine  if  the  phenols,  or  so-called 
wood  tar  acids,  are  the  principal  toxic  constituents,  the 
maplewood  creosote  was  treated  two  or  three  times 
with  an  equal  volume  of  15  per  cent  sodium  hydroxide 
solution  in  a  separatory  funnel  and  the  neutral  layer 
separated  from  the  alkali-soluble  portion.  Tlio  neutral 
oil  obtained  was  washed  with  water  to  free  it  from 
alkali.  It  represented  24  per  cent  of  the  total  creosote. 
The  neutral  oil  was  redistilled  and  the  fraction  be- 
tween lo.S  and  260°  C.  collected.  This  was  almost 
colorless;  its  specific  gravity  was  0.07  at  20°  C. 

The  sodium  hydroxide  solution  of  the  maplewood 
creosote  was  then  treated  with  dilute  sulfuric  acid  until 
no  more  oil  separated  on  shaking.  This  oil  was 
separated  and  washed  with  water  until  free  of  sulfuric 
acid.  It  represented  68  per  cent  of  the  total  creosote, 
8  per  cent  of  the  creosote  being  lost  in  washing.  The 
oil   was  redistilled  and  the  fraction  between    105  and 

'  I'or  full  ■Irarfiptinn  ti(  Ihr  rlirmlral  wixk  on  lhl>  malrcial  art  atltclr 
by  tbr  wriirta  |>iibllahr<l  In  Tiiia  JotaHAi..  •  livirt.  it,: 

■  SlinlUr  work  on  a  numl>vr  ol  rrmatilea  prrt^airil  fiom  other  cnoi- 
MlrrcUl  ntaltlrwfKMl  lara  ahtiMa  all  of  thrm  1o  have  the  aame  grneral  com 
|Hi«itlitn.  and  (lie  rraiilla  ae«'urrd  in  Ibia  papei  »af»  thrfefmr.  lie  tonaidrr^ 
«.   f.iiiK    rrntrarnlalivr   of    the    Amrtl.al)    ma|>lrai>«l   ,  irox'tr. 
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Tabi-b  I — Toxicity  ok  Maple  Creosote  and  Its  Fractions:     Resot-ts  Given  in  Terms  op  Radial  Growth  of  Fungus  in  Millimeters 

Killing  Point 


Concentration 
Preservative  Used     (Per  cent) 

First  Week 
A           B 

Maplewood  Creosote.  .  .   0.05 
0.10 
0.20 
Check 

2-5 

0 

0 

23-30 

0 

0 

0 

25-30 

Neutral  Oil 0.05 

0.10 
0.15 
0.20 
Check 

0 
0 
0 
0 
24-25 

1-3 
0 
0 
0 
22-26 

NaOII-Solublc  Portion      0.025 
0.05 
0.75 
Check 

7-10 

0 

0 

25-28 

5-7 

0 

0 

21-28 

195-2.10°  C.  Fraction...    0.05 
0.10 
Check 

2-4 

0 

24-25 

0 
0 

25-27 

230-265°  C.  Fraction...   0.05 
0.10 
Check 

0 
0 

0 
0 

Second  Week    Third  Week     Fourth  Week      Fifth  Week      Sixth  Week 

ABAB  AB  .\BAB 

11-15      1-4       23-29   13-28     36-38  22-28     39-44  32-45  *  • 


lo.i 


12-14    14-16     24-30  30-35     32-42  38-43 


0 


0 


0 


0 


20-25    12-13     38-39  28-30  *       39-40        ...  •  

00  00  00  00  00 

10-11     9-10     17-22   15-19     22-28  20-23     25-33  24-30 


0 


0 


0 


0 


0 


0 


'  Surface  covered. 


255°  C.  collected.  A  light  yellow  oil  with  a  specific 
gravity  of  1.052  at  20°  C.  was  obtained. 

The  results  show  that  a  0.05  per  cent  emulsion  with 
the  alkali-soluble  wood  tar  acid  or  phenols  prevents 
the  growth  of  the  fungus  and  is  three  to  four  times  as 
efficient  as  the  neutral  oils  and  about  seven  times 
as  efficient  as  the  coal-tar  creosote  used  for  comparison. 
It  is  because  of  this  high  toxic  coefficient  of  the  wood 
tar  phenols  and  the  large  proportion,  70  to  85  per 
cent,  present  in  the  hardwood  creosote  that  this  oil 
has  such  an  advantage  over  coal-tar  creosote. 

In  order  to  determine  whether  there  was  any  differ- 
ence in  the  toxic  value  of  the  higher  and  lower  boiling 
fractions  of  maplewood  creosote,  the  refined  creosote 
was  redistilled  and  the  fractions  195-230°  C.  and 
230-265°  C.  separated.  The  specific  gravity  of  the 
fraction  195-230°  C.  was  1.022  at  22°  C,  while  that 
of  the  230-265°  C.  fraction  was  1.043. 

A  concentration  of  o.io  per  cent  of  either  fraction 
entirely  prevents  the  growth  of  the  fungus  and  a  0.05 
per  cent  emulsion  of  the  230-265°  C.  fraction  seems 
to  be  slightly  more  toxic  than  a  0.05  per  cent  emulsion 
of  the  195-230°  C.  fraction.  As  the  more  toxic 
phenols  occur  in  the  195—230°  C.  fraction  to  the  extent 
of  only  65  to  70  per  cent  and  in  the  230-265°  C.  fraction 
to  the  extent  of  80  to  85  per  cent,  the  higher  toxicity 
of  the  230-265°  fraction  is  to  be  expected. 

In  all  the  previous  tests  those  petri-dishes  upon 
which  no  growth  occurred  after  six  weeks  were  kept 
in  the  incubator  for  two  weeks  longer.  There  was  no 
indication  of  further  growth  in  any  case. 

Table  11  gives  a  summary  of  the  results  secured  on 
all  the  samples. 

Table  II — Toxicity  op  Maplewood  Creosote  and 
Summary 

Killing 
Point 
Per  cent 
Portion  Used  Conccntratio 

Total  Creosote 0.10 

Neutral  Portion 0. 15-0.20 

Alkali-soluble  (Phenol)  Portion 0.05 

195-230°  C.  Fraction 0.10 

230-265°  C.  Fraction O.IO 

For  comparison  with  the  preceding  data  we  give  in 
Table  III  the  results'  obtained  by  Ruth  M.  Fleming 
and  C.  J.  Humphrey  on  the  toxicity  of  samples  of 
beechwood  creosote. 

It  is  seen  from   Table   II   and   III   that  the   corre- 

'  Manuscript  covering  these  data  has  been  prepared  for  publication; 
an  article  describing  the  methods  of  preparation  of  the  samples  will  be 
published  later  by  R.  C.  Judd,  H.  K.  Smith  and  S.  F.  Acrec. 


its   Derivatives: 

Pounds 

n 

per 
cu.  ft. 

0 
0 
0 
0 
0 

0624 

0936-0. 

0312 

0624 

0624 

548 

0%    Solution.        Equii 
lent  to  0.0624  Lb.  per  < 


0.15-0.20%  Solution.  Equiv- 
^  alent  to  0.0936-0.1248  Lb. 
I       per  cu.  ft. 


0.05%  Solution.      Equivalent 
to  0.0312  Lb.  per  cu.  ft. 

I  0.10%  Solution.     Equivalent 
}      to  0.0624  Lb.  per  cu.  ft. 


I  0.10%  Solution.    Equivalent 
to  0.0624  Lb    per  cu.  ft. 


spending  fractions  of  maplewood  creosote  and  beech- 
wood  creosote  have  nearly  the  same  toxicities, 
those   of    beechwood   being    perhaps   slightly   greater. 

Table  III — -Toxicity  of  Sample  No.  3359  Beechwood  Crsosots  and  Its 
Fractions 

Killing  Point 
Per  cent 
Portion  Used  for  Tests  Concentration 

Total  Distillate  (B    P.  180  to  260°  C.) 0.05  -0.  10 

Phenol  Portion  of  .\bove 0 .  025-0 .  05 

Phenol  Portion  of  195  to  200°  C.  Fraction 0.075-0.10 

Neutral  Portion  of  195  to  200°  C.  Fraction 0.20  -0.50 

180  to  185°  C.  Fraction 0.25  -0.30 

185  to  190°  C.  Fraction 0.20  -0.25 

190  to  200°  C.  Fraction 0.15  -0.20 

200  to  215°  C.  Fraction 0.10-0.15 

215  to  225°  C.  Fraction 0.075-0.10 

225  to  255°  C.  Fraction 0.05  -0.075 

The  phenolic  portions  of  each  of  these  creosotes  are 
two  to  four  times  as  toxic  as  the  neutral  portions. 
In  Table  IV  the  toxicities  of  maplewood  and  beech- 
wood creosotes  are  compared  with  a  few  of  the  more 
important  preservatives.' 

Table    IV — Toxicity  to  Fames  Annosus  of  Maplewood  Creosote  Com- 
pared with  Commercial  Products 
Killing 


Point 

Per  cent 

Concentration 

0. 10 

0.05 


0.0749-0. 1498 
0. 0312-0. 0624 
0.0156-0.0312 

0.2184 

0.156 

0.312 


Preservative 

Maplewood  Creosote 

Phenol  Portion  of  Above 

Beechwood  Creosote  (Commercial  Product 

Containing  Pitch),  Sample  No.  3183 0.12  -0.24 

Beechwood  Creosote,   Refined 0.05  -0. 10 

Beechwood  Creosote.  Phenol  Portion 0.025-0.05 

Coal-tar  Creosote(o) 0.35 

Sodium   Fluoride 0.25 

Zinc  Chloride 0.50 

(a)  Grade  C  of  .\mer.  Ry.  Eng.  &  Maint.  Way  Specifications. 

CONCLUSIONS 

From  the  preceding  data  it  is  evident  that  the 
representative  American  maplewood  creosote  used  has 
a  high  toxic  coefficient.  Its  general  composition  and 
toxicity  are  practically  identical  with  those  of  beech- 
wood creosote.  These  two  American  hardwood 
creosotes  can,  therefore,  be  used  interchangeably  in 
the  mixtures  often  produced  commercially  from  the 
mixed  woods.  The  results  indicate  that  the  toxicity 
is  due  to  the  presence  of  carbocyclic  compounds  con- 
taining free  hydroxyl  groups  in  some  cases  and  in 
others  the  corresponding  methoxy  groups.  The  alkali- 
soluble  portion  of  the  maplewood  creosote  is  twice  as 
toxic  as  the  total  creosote  and  four  times  as  toxic  as 
the  neutral  oil.  The  introduction  of  an  alkyl  radical 
in  place  of  the  hydrogen  of  the  hydroxyl  group  evi- 
dently decreases  the  toxicity. 

The  killing  points  of  the  fractions  195-230°  C,  and 
230-265°  C,  are  practically  the  same  as  for  the  total 

I  C.  J.  Humphrey  and  R.  M.  Fleming.  U.  S.  Dept.  Agr..  Bull  221. 
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creosote.  The  toxicity  of  the  higher  boiling  fraction, 
however,  is  slightly  greater  than  that  of  the  lower 
boiling  fraction.  This  is  due  to  the  fact  that  the 
higher  boiling  fraction  contains  a  greater  percentage 
of  phenols  (80—85  P^""  cent)  than  does  the  lower  fraction 
(65-70  per  cent).  The  lower  fraction  consists 
principally  of  the  monohydroxy  and  dihydroxy  phenols 
and  their  derivatives,  the  most  important  being 
cresol,  guaiacol  and  creosol.  The  higher  fraction 
consists  principally  of  the  trihydroxy  phenols  and  their 
derivatives,  the  most  important  of  which  are  the 
dimethyl-ether  of  pyrogallol  and  its  homologues. 

Investigation  in  Forest  Patuology.  Bureau  op  Plant  Ind 
In  C06PERAT10N  WITH  THE  Forest  Products  Laboratory 
Madison.  Wisconsin 


THE  DETERMINATION  OF   PHENOL  IN  CRUDE 
CARBOLIC  ACID  AND  TAR  OILS 

By  John  Morris  Weiss  and  C.  R.   Downs 

Received  March  27,  1917 

INTRODUCTION 

The  purpose  of  this  paper  is  to  describe  a  method 
which  is  capable  of  giving  accurate  results  for  the  de- 
termination of  phenol  in  mixture  with  cresols,  higher 
phenols,  and  neutral  oils. 

Many  methods  for  the  determination  of  phenol 
have  been  proposed.  Most  of  these,  however,  are 
designed  to  serve  as  an  assay  of  pharmaceutical  phenol, 
and  are  of  no  value  for  the  purposes  which  this  paper 
is  designed  to  cover. 

Leube'  used  a  colorimetric  method  with  ferric  chlo- 
ride. Nietsch'  converted  the  phenols  into  sulfonates, 
formed  the  barium  and  lead  salts  and  made  a  de- 
termination of  the  metal  content  of  these  salts.  Carre' 
converts  the  phenol  to  picric  acid  and  makes  a  colori- 
metric determination.  None  of  these  methods  are 
applicable  for  even  an  approximate  assay  of  the  real 
content  of  phenol  in  a  crude  acid  or  tar  oil. 

Warnes*  gives  three  very  empirical  methods  for 
testing  carbolic  acid.  The  results  give  only  the  melt- 
ing point  of  a  definite  volume  percentage  fraction  of 
the  original  acid,  and  though  comparative  between 
different  samples,  does  not  give  any  real  indication 
of  the  actual  amount  of  true  phenol  present. 

Lunge'  gives  a  table  showing  the  lowering  of  the 
fusing  points  of  mixtures  of  para-cresol  and  phenol 
according  to  tests  made  by  Lunge  and  Zschokke. 
This  table  is  patently  useless  for  estimation  purposes, 
as,  in  ordinary  cases,  meta-  and  ortho-crcsols  are  also 
present  in  varying  proportions,  and  affect  the  melting 
point  to  a  very  considerable  degree. 

Later,  Lunge'  gives  a  method  of  examining  crude 
phenols  (carbolic  acid)  for  its  yield  of  crystallizabie 
phenol  of  a  melting  point  from  15.5  to  24°  C.  This 
is  known  as  the  method  of  Lowe,  and  was  in  use  among 
English  tar  distillers  for  some  time.  The  crude  acid 
is  fractionally  distilled  and  the  melling  point  taken 
on  a  definite  per  cent  by  volume  of  the  crude  acids. 

>  Ointlrr'   l>nhl"l>.  J  .  >M,   lOB. 

•  Jtthtttbrr.  ilrr.  ihtm.  Itth.,  IMT,    l(H6, 
'  Comfi.  rtml  .  l*tl,   I.1U. 

•  W»nr<.  "(.'iHil  Tar  nUlllUlloii."  Itll,  IM>  7 

•  Uuntr.  "C'onI  Tur  anil  Aiiiiiionla."  Mh  I!il  .  Itl*.  277. 

•  Ibid..  78.' 


The  test  is,  however,  more  a  specification  for  quality 
of  crude  acids,  than  a  method  of  analysis.  Lunge 
further  states  that  for  the  purpose  of  "acquiring  good 
practice  in  this  method"  mixtures  are  made  of  various 
content  of  pure  crystallized  carbolic  acid  and  of  cresols 
(preferably  tar  cresols,  i.  e.,  a  mixture  of  the  three 
isomers)  and  the  melting  points  of  these  mixtures 
are  previously  determined.  Xo  account  is  taken  of 
variation  in  melting  point  due  to  variation  in  the 
interproportion  of  the  three  cresols.  As  Lunge  him- 
self points  out,  the  relative  proportions  of  the  three 
cresols  in  coal  tar  are  not  constant.  No  attempt  was 
made  to  take  advantage  of  the  differences  in  specific 
gravity  between  phenol  and  the  cresols.  The  method 
is  very  crude  and  would  give  only  very  approximate 
results. 

Stochmeier  and  Thurnauer'  extract  tar  acids  from 
carbolic  oil,  separate  the  hydrocarbons  from  the  car- 
bolate  by  steam  distillation,  liberate  the  tar  acids  and 
fractionate  them.  They  then  use  Koppeschaar's 
bromination  method'  on  the  fractions  and  use  special 
factors  for  the  fractions  containing  the  cresols.  The 
titration  of  such  mixtures  is  clearly  not  allowable 
as  shown  by  Vaubel.' 

In  191 2  one  of  the  authors*  made,  perhaps,  the  first 
published  attempt  to  develop  a  rational  method  for 
the  estimation  of  phenol  in  crude  carbolic  acid  and 
tar  oils,  and  it  is  along  the  general  lines  of  that  method 
that  the  method  given  in  the  present  paper  was  de- 
veloped. The  method  was  fairly  accurate,  giving 
results  within  about  10  per  cent  of  the  phenol  present. 
The  range  of  the  series  of  mixtures,  however,  was  not 
close  enough  and  the  cresols  available  at  that  time 
were  not  quite  so  pure  as  to-day.  Moreover,  the 
recent  increase  in  value  of  phenol  has  made  a  more 
accurate  method  necessary,  whereas  in  the  past,  the 
close  determination  of  phenol  was  not  of  prime  im- 
portance. In  the  present  method  the  procedure  has 
been  considerably  changed  and  amplified,  and  a  much 
more  complete  series  of  mixtures  of  known  composi- 
tion has  been  prepared  and  studied. 

Very  recently,  while  this  paper  was  in  course  of 
preparation,  Reno  Masse  and  M.  H.  Leroux'  published 
a  method  which  is  in  some  respect  very  similar  to  the 
method  submitted  by  the  authors  of  this  paper.  We 
have  taken  the  liberty  of  reproducing  the  determina- 
tion curve  (see  Fig.  I)  given  by  them,  in  this  paper, 
and  plotting  on  it  points  as  found  in  the  examination 
of  our  own  series  of  mixtures.  At  some  points  the 
error  can  be  very  great.  They  use  solidification  point 
alone  for  their  determination,  and  with  variation  of 
the  proportion  of  the  cresols  among  themselves,  there 
might  be  an  error  of  a. 6  per  cent  at  the  75  per  cent 
point,  of  1.8  per  cent  at  the  70  per  cent  point  and  of 
4.4  per  cent  at  the  65  per  cent  point.  This  will  be 
seen  more  clearly  by  a  reference  to  the  curve.  Masse 
and  Leroux  used  a  mixture  of  50  per  cent  ticrcsol  and 
50  per  cent  of  a  mixture  of  60  :  40  of  mela-  and  para- 

>Cktm.Zlt..  >MI,  IW.  I.M 
•Z.  tnal.  Cktm  .  1U«.  >.\\ 

•  J.  frakl    Chtm  .  U.   74 

•  J.  Fra»kli»  ImU  .  KK.  AH*. 

•  "J    tliln»  «  0»."  abalrai-lMl  In  J   C*t  l.ttkllmt.  >U.  <*' 
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cresols,  for  the  basis  of  the  determination.  In  our 
work  we  used  a  50  :  50  meta-para-cresol  mixture 
(as  naturally  occurring  in  our  oils)  and  varied  the 
relation  of  the  ortho-cresol  to  this.  In  the  following 
table  we  have  shown  the  variation  in  percentage  be- 
tween their  curves  and  ours  on  the  mixtures  which 
correspond  most  closely  to  their  proportions: 


Table 

I 

^er  cent 

Per  cent 

Per  cent 

Per  cent 

Phenol 

o-Cresol 

mSO/pSO  Cresol 

Variation 

95 

2.5 

2.5 

1 .0 

90 

5.0 

5.0 

0.5 

8.5 

7.5 

7.5 

0.2 

80 

10.0 

10.0 

0.0 

75 

12.5 

12.5 

0.3 

70 

15.0 

15.0 

0.5 

65 

17.5 

17.5 

0.2 

This  shows  their   curve  to  be   quite   correct   if  the 
proportion    of   ortho-cresol    to    meta-    and    para-cresol 


have  been  variously  given  in  the  literature  (see  Table 
II). 

Tablb  II 
Beilstein(a)      Melting  Point  Boiling  Point     Specific  Gravity 

Phenol 42.5to43">C.  178.5  to  184. 1 "  C.    1.0906at0° 

o-Cresol 30  190.8  1.0578atO» 

m-Cresol 3  202.8  1.0498  at  0° 

<)-Cresol 36  201.8  1.0522  at  0° 

Olsen(fc) 

Phenol 42.5to43  182.6  1.0677  at35° 

o-Cresol 30  191  1.0511  at  35° 

m-Cresol 3  to  4  202  1.0390  at  35° 

<i-Cresol 36  202  1.0390  at  35° 

Landolt'BdrnsteinCc) 

Phenol 42.5  to  43  181.5  1  .0489  at  50°/4° 

o-Cresol 30  187  5tol88  I  .0427  at  23  "M" 

m-Cresol About  4  200.5  1 .035  at  13.6V4° 

<>-Cresol 36  201.1  1 .034  at  17.7"'/4"' 

(a)  Beilstein.  "Hand.  d.  org.  Chera.."  3rd  Ed..  1893. 

(6)  Olsen,  "Chem.  Annual.'  3rd  Ed..  1913. 

(c)  Landolt-Hfirnstein.  "Phys.  Chem.  Tab.,"  4th  Ed.,  1918. 

There  are  numerous  other  single  references  dealing 
with  single  properties  of  these  substances  but  it  does 
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PHENOL  IN  PEaCLHT 


be  equal  but  this  is  not  generally  true  of  tar  oils. 
Therefore,  the  use  of  the  simple  solidification  point 
curve  is  insufficient. 

In  general,  their  directions  for  the  distillation  of  the 
liberated  acids  are  fairly  complete  as  is  also  their 
description  of  the  method  for  determination  of  the 
solidifying  point  of  the  fractions.  There  are,  how- 
ever, a  number  of  points  in  the  handling  of  tar  acids 
to  remove  neutral  oils,  on  which  their  directions  are 
not  explicit,  and  here  there  is  considerable  chance 
for  the  introduction  of  serious  errors.  These  errors 
may  be  further  increased  in  the  procedure  for  the 
determination  of  the  phenol  content  of  a  tar  oil. 

The  physical  properties  of  the  cresols  and  of  phenol 


not  seem  worth  while  to  collate  them  here.  We  have 
ourselves  made  a  considerable  investigation  on  the 
true  solidifying  point  of  pure  phenol  and  find  it  to  be 
40.5°  C.  In  this  we  are  confirmed  by  Eger.'--  The 
differences  in  the  literature  are  probably  due  to  early 
tests  being  made  on  small  samples  by  the  capillary 
tube  method  which  might  give  higher  figures  than  our 
solidifying  point  tests  taken  on  a  much  larger  bulk  of 
material.  It  is  also  probable  that  some  of  the  other 
melting  points  given  are  taken  on  the  same  basis 
although  we  have  not  investigated  them  to  the  same 
degree  as  we  have  in  the  case  of  phenol.     A  comparison 

>  Pharm.-Zlg.  1903,  210. 
'  Chem.Zls.  Rep.,  1903,  86. 
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of  our   method   for   solidifying   point    (see  later)    with  Table  hi 

.,              J.                         ...             ^     u'           ii-                 •     i        Ml    •     J-       i  Solidification     Specific  Gravity        Boiling  Point 

the  ordinary  capillary  tube  melting  point  will  indicate  Point        at  25°  c./25°  c.         Range 

clearly  how  such  differences  might  arise.  ^-cTesoi 290°  c  imm'"^  i89^19T°  c 

m-/>-Cresol Below  0°  C.  1.0339  199-201=  c! 

EXPERIMENTAL  (a)  Taken  at  45V45'>  C. 

The    authors    have    attempted    to    give    the    experi-  B — mixture  of  pure  m.\terials 

mental  work  in  chronological  order  inserting  from  time  Twenty-one    so-called    series    were    made    up    using 

to  time  the  conclusions  drawn.      We  have  not  attempted  from  o  to   loo  per  cent  of  phenol,  each  series  repre- 

to  give  all  the  details   of   manipulation  in  the   single  senting  a  s  per  cent  phenol  increment.     In  the  series 

experiments,  but  have  collected  these  together  at  the  themselves    the    relative    proportions    of    the    o-cresol 

end^in  a  description  of  the  method.     We  wish  to  ex-  and  the  tn-p-cresol  were  varied  for  every  even  5  per 

press    at  this  point   our   appreciation   of  the   work   of  cent.      This   involved    making   and   testing   a  total   of 

H.  E.  Lloyd  and  C.   J.   Downey  who  performed  most  231  mixtures. 

of  the  laboratory  work  in  connection  with  the  problem.  The    mixtures    were    made    up    by    weight    and    the 

accuracy  of  the  weighings  was  such  as  to  make  a  maxi- 

A— MATERIALS  USED  FOR  STANDARD  MIXTURES  -,  ,         •    ,    ^   , 

mum  possible  error  in  the  final  percentage  of  the  ma- 

(i)   Phenol  was  prepared  in    the    plant    and    repre-  terial  in  the  mixture  of  not  over  ±0.2  per  cent.     Proper 

sented   a  close  cut  middle  fraction  from  the  final  dis-  precautions  were  taken  to  prevent  absorption  of  water 

tillation  of^  synthetic  phenol.      It  did  not  require  fur-  both  in   making  up   the   mixtures  and  in  subsequent 

ther  purification  by  the  laboratory.  handling  of  them.      The  mixtures  were  then  subjected 

(2)    Orlho-Cresol — We    selected    from    a    works    run  to  various  physical  tests  as  described  below. 
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SOLIDIFYING    Points    in 

Noth:     45  and  40%  coincide  from  0  to  4  75°  C. 

an  0-cresol  fraction  of  high  purity,  but  containing  some 
neutral  oil  and  naphthalene.  It  was  dissolved  in 
caustic  soda  solution,  the  carbolate  freed  from  neutral 
hydrocarbons  by  steam  distillation  and  the  cresol 
precipitated  again  by  dilute  sulfuric  acid.  The  liber- 
ated cresol  was  separated  and  fractioned  through  a 
3-bulb  LcHcl-Henningcr  column,  cutting  so  ns  to 
give  a  cresol  of  a  boiling  point  of  about  2°  C. 

(3)  Mi-la-Para-Crcsol  was  prepared  in  the  same 
way  as  the  or/Z/o-crcsol  from  another  fraction  obtained 
similarly.  The  final  material  was  shown  by  the 
Raschig  nitration  lest'  to  contain  40.3  per  rent  mela- 
cresol  and  50.7  per  cent  ^<»rfl- cresol. 

The  three  mnlcrials  as  finally  used  in  the  mixtures 
showed  the  constants  given  in  Tabic  III. 

>  Z.  anitw.  Chtm  ,  IMO,  7A0. 


2S 


3S 


35  ond  40^^  coincide  from  1. 75  lo  3.25"  C. 

(i)  Pull)  Dislillalion — The  first  few  mixtures  were 
submitted  to  this  test,  but  it  was  soon  found  that 
sufficiently  concordant  results  could  not  be  obtained. 
It  was  necessary  to  have  accurate  readings  of  per- 
centages distilled  every  even  degree  in  order  to  differ- 
entiate between  mixtures  made  over  such  ft  close 
range  as  these  were.  There  were  so  many  (actors, 
such  ns  barometric  pressure,  omorgcnl  stem  correc- 
tions, thermometer  lag,  rate  of  distillation,  effect  of 
air  currents,  etc.,  any  of  which  could  produce  an 
error  ns  great  or  nearly  .is  great  ns  i "  C,  that  the 
authors  decided  it  to  be  utterly  impractical  to  use 
boiling  point  ranges  as  a  method  of  differentiation. 
After  a  number  of  tests  had  indicated  the  hopeless- 
ness of  this  method  of  attack  it  was  definitely  aban- 
doned. 
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Table 

IV— Tests  or 

Phenol-Cresol   ^ 

n- 

m-p- 

Solidi- 

Ref. 

Phe- 

Cre- 

Cre- 

So.  Gr. 

fication 

[nd. 

nol 

sol 

sol  25/25"  C 

Point,  "  C.       50°  C. 

Phenol  ( 

Series  1 

Series  3 

0 

0 

100 

1.0339 

Below  —7          1 

.5281 

10 

0 

5 

95 

1.0344 

Below  —7          1 

.5281 

10 

0 

10 

90 

1 . 0349 

Below  — 7           1 

.5281 

10 

0 

15 

85 

1.0354 

Below  —7           1 

.5290 

10 

0 

20 

80 

1.0359 

Below  —7          1 

5290 

10 
10 

0 

25 

75 

1.0364 

Below  —7          1 

.5290 

0 

30 

70 

1.0369 

Below  —7          1 

5291 

0 

35 

65 

1,0374 

Below  — 7           1 

5294 

10 

0 

40 

60 

1 .0379 

—5.0      1 

5299 

10 

0 

45 

55 

1    0384 

—3.0     1 

5299 

10 

0 

50 

50 

1 .0394 

1.0     1 

5300 

10 

0 

55 

45 

1 .0399 

4.5      1 

5298 

10 

0 

60 

40 

1.0404 

7.2      1 

5303 

10 

0 

65 

35 

I .0409 

10.1      1 

5305 

10 

0 

70 

30 

1.0414 

12.8     1 

5305 

10 
10 

0 

75 

25 

1 .0419 

15.8      1 

5310 

0 

80 

20 

1 . 0424 

18.5      1 

5312 

0 

85 

15 

1.0429 

21.5      1 

5312 

10 

0 

90 

10 

1 . 0434 

23.9      1 

5319 

10 

0 

95 

5 

1.0439 

26.0      1 

5311 

10 

0 

100 

0 

1.0444 

29.0      1 

5310 

10 

Series  3 

Series  4 

5 

0 

95 

1.0347 

Below  —7 

15 

5 

5 

90 

1.0352 

Below  —7 

15 

5 

10 

85 

1.0357 

Below  —7 

15 

5 

15 

80 

1 .0363 

Below  — 7 

15 
15 
15 

5 

20 

75 

1.0370 

Below  — 7 

5 

25 

70 

1.0377 

Below  — 7 

5 

30 

65 

1.0384 

Bclow  — 7 

5 

35 

60 

1.0391 

Below  — 7 

15 

5 

40 

55 

1.0397 

— i 

15 

5 

45 

50 

1.0403 

0 

15 

5 

50 

45 

1.0410 

2.0 

15 

5 

55 

40 

1.0416 

5.3 

15 

5 

60 

35 

1.0421 

8.3 

15 

5 

6S 

30 

1.0427 

11.2 

15 

5 

70 

25 

1.0433 

14.4 

5 

75 

20 

1.0440 

17.4 

1  5 

5 

80 

15 

1.0447 

19.4 

15 

5 

85 

10 

1.0453 

22.4 

15 

5 

90 

5 

1.0458 

24.7 

15 

5 

95 

0 

1.0464 

27.0 

15 

ES: 

Phenol   Varied   prom  0  T 

0    100    Pe 

r  ce.nt 

OF    M 

XTL-RE 

m-p- 

Sp.  Gr. 

Solidification 

o- 

m-p- 

Sp.  Gr. 

SoUdifi 

cation 

Cresc 

1  25/25"  C. 

Point 

°  C. 

Phenol 
Series 

Cresol 

5 

Cresol 

25/25°  C. 

Point. 

90 

1.0374 

Below 

—7 

.    20 

0 

80 

1.0414 

Below 

7 

85 

1.0380 

Below 

— 7 

20 

5 

75 

1.0420 

Below 

7 

80 

1.0388 

Below 

—7 

20 

10 

70 

1.0426 

Below 

7 

75 

1.0394 

Below 

— 7 

20 

15 

65 

1.0433 

Below 

7 

70 

1.0.399 

Below 

— 7 

20 

20 

60 

1.0438 

Below 

7 

65 

1   0405 

Below 

—7 

20 

25 

55 

1.0443 

— 5 

60 

1.0410 

Below 

— 7 

20 

30 

50 

1.0448 

—3 

55 

1.0415 

i 

20 

35 

45 

1.0454 

—2 

50 

1.0421 

—2 

20 

40 

40 

1 .0461 

1  .2 

45 

1.0427 

1.2 

20 

45 

35 

1.0467 

4.6 

40 

1 .0433 

3.8 

35 

1.0438 

20 

50 

30 

1.0473 

7.8 

30 

1.0444 

10.0 

20 

55 

25 

1.0479 

10.4 

25 

1.0450 

12.8 

20 

60 

20 

1.0485 

13.4 

20 

1.0456 

15.8 

20 

65 

15 

1.0491 

16.2 

15 
10 

1.0462 
1.0467 

18.2 
21.0 

20 

70 

10 

1.0498 

18.8 

5 

1.0473 

23.6 

20 

75 

5 

1.0504 

20.8 

0 

1.0479 

25.8 

20 
Series 

80 
6 

0 

1.0509 

23.8 

85 

1.0393 

Below 

_7 

25 

0 

75 

1.0428 

Below 

— 7 

80 

1.0399 

Below 

—7 

25 

5 

70 

1.0435 

Below 

7 

75 

1.0405 

Below 

—7 

25 

10 

65 

1  .0442 

Below 

7 

70 
65 

1.0411 
1.0417 

Below 
Below 

—7 

25 

15 

60 

1.0449 

Below 

—7 

60 

1.0423 

Below 

25 

20 

55 

1.0455 

— 5 

55 

1.0429 

—6.5 

25 

25 

50 

1.0462 

—3 

50 

1.0435 

— 4 

25 

30 

45 

1.0469 

—2 

45 

1.0441 

0 

25 

35 

40 

1.0476 

0 

40 

1 .0447 

2.9 

35 

1.0453 

6.2 

25 

40 

35 

1.0480 

4.8 

30 

1.0459 

9.0 

25 

45 

30 

1.0483 

6.6 

25 

1.0463 

11.7 

25 

50 

25 

1.0490 

8.4 

20 

1.0469 

14.8 

25 

55 

20 

1.0498 

12.2 

15 

1.0475 

17.3 

25 

60 

15 

1.0508 

14.9 

10 

1 .0481 

19.9 

25 

65 

10 

1.0512 

17.7 

5 

1 .0487 

22.6 

25 

70 

5 

1.0517 

20.2 

0 

1.0493 

24.4 

25 

75 

0 

1.0524 

22.6 

(2)  Refractive  Indices — A  few  preliminary  tests 
on  the  components  of  the  mixtures  showed  definitely 
that  their  constants  were  too  close  to  enable  us  to 
determine  at  all  accurately  the  character  of  a  mixture 
by  this  means. 

(3)  Specific  Gravity — This  test  proved  very  useful 
and  was  adopted  for  general  use.  The  details  of  carry- 
ing out  this  test  will  be  given  later  in  connection  with 
the  described  testing  method.  It  was  found  de- 
sirable to  use  two  standard  temperatures.  The  mix- 
tures having  a  solidifying  point  less  than  25°  C. 
were  taken  at  25°  C.  compared  to  water  at  25°  C. 
Above  this  point  the  specific  gravities  were  taken  at 
45°  C.  compared  to  water  at  45°  C.  Occasionally 
a  mixture  test  will  be  found  where  the  solidifying 
point  is  25°  C.  or  a  trifle  higher  and  still  the  specific 
gravities  given  as  of  25°  C. — for  all  these  cases  the 
specific  gravity  was  never  taken  in  the  solid  state  or 
by  correction  from  a  higher  temperature,  but  repre- 
sents an  actual  determination  in  the  supercooled  liquid. 

(4)  Solidifying  Point — The  old  method  used  ordi- 
narily for  phenol,  in  which  the  thermometer  is  used 
as  the  stirring  rod  in  the  test  tube,  was  given  a  thor- 
ough trial  and  proved  to  be  too  inaccurate,  in  so  far 
as  checks  by  diflferent  operators  were  concerned,  to 
be  used  for  the  present  purposes.  Accordingly  a 
modified  method  was  devised,  the  details  of  which  are 
given  later  under  the  testing  method.  This  modifica- 
tion of  the  method  was  used  throughout  the  work 
presented  in  this  paper. 

(s)  Detailed  Tests — These  are  shown  in  Table  IV. 
The  curves  in  Figs.  II,  III  and  IV  bring  out  graphically 
important  features  of  these  tests. 

(6)   Consideration   of  Results — In    Fig.    II   there   are 


plotted  curves  of  all  mixtures,  where  the  solidifying 
point  is  above  0°  C,  using  the  solidifying  points  as 
ordinates  and  the  specific  gravities  as  abscissas  and 
plotting  a  curve  for  each  5  per  cent  of  phenol.  It 
is  evident  from  an  examination  of  the  detailed  results 
in  the  tables  that  if  a  solidifying  point  of  a  mixture  is 
indeterminate,  that  is  below  0°  C,  that  the  specific 
gravity  alone  is  not  sufficient  data  for  an  exact  de- 
termination. Therefore,  for  determination  of  phenol 
by  this  method  it  is  first  necessary  to  concentrate  the 
phenol  into  a  fraction  containing  only  phenol  and 
cresols  of  such  a  nature  that  the  solidifying  point  is 
above  0°  C. 

It  will  be  further  noted  in  Fig.  II  that,  from  o 
to  30  per  cent  of  phenol,  the  curves  are  well  separated 
and  the  constants  of  a  mixture  will  serve  for  exact 
quantitative  determination.  From  30  to  70  per  cent 
phenol,  the  curves  cross  each  other  irregularly  and 
points  in  this  area  are  indeterminate  and,  therefore, 
not  susceptible  of  exact  determination.  From  70  to 
100  per  cent  phenol  the  curves  are  well  separated  and 
this  area  can  be  considered  as  determinate.  The  two 
determinate  areas  are  shown  on  a  larger  scale  in  Figs. 
Ill  and  IV.  It  is,  therefore,  evident  that  to  de- 
termine phenol,  it  will  be  necessary  to  bring  it  into  a 
fraction  containing  only  phenol  and  cresols  of  such 
composition  that  its  physical  constants  will  plot  to 
a  point  within  one  or  the  other  of  the  determinate 
areas  shown.  The  first  portion  of  the  remaining 
problem  was,  therefore,  to  develop  a  method  of  frac- 
tional distillation  which  would  separate  all  the  phenol 
from  a  crude  acid  with  only  cresols  as  an  impurity. 
It  is  evident  that  with  such  a  fraction,  if  its  constants 
do  not  throw  it  into  the  determinate  area,  that  a  mix- 


June, 

1917 

THE  J 

OURNAL  0 

F IN DUST t 

Tab 

0- 

m-t 

Sp.  Gr. 

Solidification 

0- 

Phenol 

Cresol 

Crest 

1  25/25"  C. 

Point 

°C. 

Phenol 

Cresol 

Series 

7 

Series 

10 

30 

0 

70 

1.0448 

Below 

. — 7 

45 

0 

30 

5 

65 

1.0454 

Below 

—7 

45 

30 

10 

60 

1 .0461 

Below 

—7 

45 

10 

30 

15 

55 

1.0467 

—4 

45 

15 

30 

20 

50 

1 .0473 

—3 

45 

20 

30 

25 

45 

1.0479 

—  1 

45 

25 

30 

30 

40 

1 . 0486 

0.3 

45 

30 

30 

35 

35 

1.0493 

1.6 

45 

35 

30 

40 

30 

1.0500 

5.0 

45 

40 

30 

45 

25 

1.0506 

8.7 

45 

45 

30 

50 

20 

1.0513 

11.6 

45 

50 

30 

55 

15 

1.0520 

14.2 

45 

55 

30 

60 

10 

1.0527 

16.8 

Series 

11 

30 

65 

5 

1.0534 

19.3 

50 

0 

30 

70 

0 

1.0541 

21.7 

'50 
50 

5 
10 

Series 

8 

50 

15 

35 

0 

65 

1 .0466 

Below 

—7 

50 

20 

35 

5 

60 

1  .047.^ 

— 4 

50 

25 
30 
35 
40 
45 
50 
12 

35 

10 

55 

1.0480 

—  1 

50 
50 

35 

15 

50 

1.0486 

0.5 

35 

20 

45 

1.0493 

0.2 

50 

35 

25 

40 

1.0500 

1.4 

50 

35 

30 

35 

1 .0506 

3.0 

50 

35 

35 

30 

1.0513 

4.2 

Series 

35 

40 

25 

1.0520 

7.4 

55 

Q 

35 

45 

20 

1.0527 

10.4 

55 

5 
10 

35 

50 

15 

1.0534 

13.2 

55 

35 

55 

10 

1.0541 

15.8 

55 
55 

15 
20 

25 

35 

60 

5 

1.0548 

18.2 

35 

65 

0 

1.0555 

20.6 

55 

^BRIES 

9 

55 

30 

40 

0 

60 

1.0487 

—  1 

55 

35 

40 

5 

55 

1.0493 

0 

55 

40 

40 

10 

50 

1.0500 

0.8 

55 

45 

40 

15 

45 

1.0507 

2.4 

Series 

13 

40 

20 

40 

1.0514 

3.4 

60 

0 

40 

25 

35 

1.0521 

4.6 

60 

5 

40 

30 

30 

1.0528 

4.8 

60 

10 

40 

35 

25 

1.0535 

6.9 

60 

15 

40 

40 

20 

1.0542 

9.8 

60 

20 

40 

45 

15 

1.0549 

12.4 

60 

25 

40 

50 

10 

1.0555 

15.1 

60 

30 

40 

55 

5 

1.0561 

17.6 

60 

35 

40 

60 

0 

1.0567 

20.0 

60 

40 
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Table  IV—iConduded) 


1.0507 
1.0514 
1.0521 
1.0528 
1.0534 
1.0541 
1 .0548 
1 .0555 
1.0562 
1.0569 
1.0576 
1.0583 

1.0527 
1.0534 
1.0541 
1.0548 
1.0555 
1.0562 
1.0569 
1.0575 
1.0583 
1.0589 
1.0596 

1.0546 
1.0553 
1.0560 
1.0567 
1.0574 
1.0580 
1.0587 
1.0594 
1.0599 
1.0605 


3.4 
3.6 
4.7 
5.6 
6.2 
7.4 
8.5 
9.4 
12.2 
14.6 
17.2 
19.6 

7.1 


14.4 
17.0 
19.2 


12.9 
13.6 
14.2 
16.6 
19.2 

15.2 


Phe-  Cre- 
nol      sol 

Series  14 


n-p-  Specific  GRA\^TY  Solidifi- 
:re-  25,25''  45/45°  cation 
sol        C.(a)  C.(M     Point.  °i 


ilucs  for  the  specific  gravity  given   in  this  column  are 
values  are    plotted    on    Fig.  II  because  if  plotted  at 


(<■)  The  V 

(6)   These 

in  this  figure. 

ture  of  the  fraction  with  a  known  amount  of  pure 
phenol  can  be  made,  which  mixtures  can  be  made  to 
fall  in  one  of  the  determinate  areas.  The  percentage 
of  phenol  can  be  readily  determined  in  the  mixture  and 
from  the  knowledge  of  the  amount  of  phenol  added, 
the  percentage  of  phenol  in  the  original  fraction  can 
be  readily  deduced.  With  this  then  as  a  basis,  work 
was  commenced  on  known  mixtures  of  phenol,  cresols, 
higher  acids  and  oils  to  perfect  the  manipulative  de- 
tails necessary  to  bring  phenol,  no  matter  what  its 
form,  quantitatively  into  a  fraction  in  which  it  was 
accompanied  by  cresols  alone. 

C — WORK      ON      KNOWN      MIXTURES      TO      PERFECT      THE 
DETAILS    OF    THE    METHOD 

The  preliminary  tests  involved  a  comparison  of 
the  Hempcl  and  the  LeBel-Henninger  fractioning 
tubes.  The  Hempel  tube  was  of  the  standard  Barrett 
type  (A.  H.  T.  Cat.  No.  20496)  and  the  LcBel,  the 
3-l>ulb  variety:  6-bulb  LeBels  were  tried  but  those 
obtainable  were  not  of  sufficiently  good  workman- 
ship tn  withstand  the  required  temperature  without 
cracking.  I'or  these  preliminary  tests  it  was  necessary 
to  prepare  some  phenol-free  acids  of  a  boiling  point 
above  cresols.  This  was  done  by  taking  ordinary 
crude  acids,  removing  the  oil  and  naphthalene,  and 
fractioning,  taking  for  use  the  fraction  distilling  above 
ioo°  ('.  It  was  shown  by  careful  lest  to  be  free  of 
phenol.  In  these  preliminary  tests  the  acids  (free  of 
oil  and  naphthalene)  were  frnctioncd  and  cut  nt  190 
and  101°.  The  190- joa'  fraction  was  redistilled 
ond  cut  at  197°  C.     The  total  fraction  below  107'  C. 


40  1.0565 

35  1.0574 

30            1.0581  15.8  90 

25            1.0585  16.0  90        1 

20           1.0592  16.2  Series  20 

15             1.0598  16.4  95 

10            1.0606  17.0  95 

5            1.0615  17.4  Series  21 

0            1.0621  19.2  100 

plotted  on  Fig.  IV. 

45/45**  C.  the  curve  for  70  per  cent  phenol 


1.0590 

i:.6 

1.0595 

is.o 

1.0604 

18  6 

1.0608 

19.1 

1.0617 

19.: 

1.0622 

19.4 

1.0630 

19.6 

1.0636 

20.4 

1.0608 

1.0520 

22.0 

1.0614 

1 .0525 

22.2 

1.0623 

1.0530 

22.4 

1.0632 

1.0533 

22.5 

1.0638 

1.0540 

22.6 

1.0644 

1.0547 

22.8 

1.0650 

1.0554 

23.2 

1.0536 

25.4 

1.0542 

25.4 

1 .0547 

25.6 

1.0553 

25.8 

1.0560 

25.9 

1.0566 

26.0 

I. 0556 

28.6 

1.0563 

29.0 

1 .0570 

29.0 

1.0576 

29.0 

1.0583 

29.0 

1.0572 

31.8 

1.0579 

32.0 

1    0587 

32.2 

1.0S94 

32.2 

1    0596 

34.6 

1.0603 

34.6 

1.0607 

34.6 

1.0617 

37.2 

1.0623 

37.2 

1 . 0636         40  4 

ntcrfere  with  the  other  curves 


was  compared  with  the  curves  and  the  phenol  content 
estimated.  If  necessary  a  suitable  mixture  was  made 
with  pure  phenol  so  as  to  bring  the  mixture  into  the 
determinative  range.  Needless  to  say,  all  details 
of  the  distillation  were  gravimetrically  quantitative. 
Tests  1  to  7  may  be  tabulated  as  follows: 

Error  in 

Per  cent  Per  cent  Per  cent 

Mixture — Pbrcbntaobs      Higher  Phenol  o(  Phenol 

Test  No.    Phenol  o-Cresol  m-p-Cresol     Acids  Recovered  Present 

1 33.3          66.7  M.2  —3.3 

2(a)...    20.0          20.0          20.0              40.0  16.0  —20.0 

3 20.0         20.0         20.0             40.0  19.2  — 4.0 

4 10.0          15.0          15.0              60.0  10.4  -^4.0 

5 50.0         10.0         10.0             30.0  48.0  — ».0 

6 25.0         25.0         25.0             25.0  24.2  —3.2 

7 30.0            S.O            5.0              60.0  29.5  —1.7 

(a)  In  this  test  the  Hempel  column  wus  used,  in  all  others  the    I.eDel 
was  used. 

After  these  tests  we  decided  to  abandon  llie  Hempel 
distillation  for  this  purpose  and  until  otherwise  noted 
all  tests  were  run  using  the  LcBel  j-bulb  column. 
A  comparison  of  the  bulb  distillations  of  the  "to  197°" 
fraction  of  Tests  2  and  j  shows  why  Test  1  was  so 
much  further  off  than  Test  3. 

Bulb  Distillationii  or  Tii.tn  2  and  .^ 

1B7*       IW*         ]<>!•'         200*  DrT«« 

Teat  2 2  22  81  "M  X»*  C. 

TMt3.. 1  47  WO  911  2W*C 

The  Hempel  had  not  removed  xylenols  as  well  as 
had  the  LeBcl.  The  effect  of  xylenols  would  be  to 
lower  the  specific  gravity  without  proportionally 
lowering  the  solidifying  point,  thus  giving  a  lower 
phenol  indication  than  the  truth.  This  is  true  to  a 
lesser  ilcgrec  in  the  LcHel  tests  and  is  doubtless  the 
cause  of  the  sonicwhiit  low  results  obtained  in  a  num- 
ber of  the  tests.     In  fact,  on  Tests  i  to  7,  the  only 
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ones  where  bulb  distillations  were  made  on  the  "to 
197°"  fraction,  all  showed  some  residue  above  201  °.C. 
It  has  not  been  thought  worth  while  to  record  these 
distillations  in  detail  as  all  the  essential  information 
is  given  in  the  two  already  shown. 

At  this  point  of  the  investigation  we  decided  that 
the  fractioning  method  was  fairly  accurate,  though 
not  entirely  satisfactory.  It  was  considered  advisable 
now  to  proceed  to  oil  mixtures  to  determine  the  points 
in  this  phase  of  the  investigation  which  required  our 
attention. 

TEST  8 — For  this  test  we  prepared  a  quantity  of 
acid-free  oil  by  completely  extracting  ordinary  creo- 
sote oil  with  caustic  soda.  A  mixture  was  made  by 
using  85  per  cent  of  this  oil  and   15  per  cent  of  acids 

/■a£"f 


benzol  washings  were  agitated  with  100  cc.  of  water 
in  two  50  cc.  portions.  These  were  added  to  the  car- 
bolate,  which  was  then  boiled  gently  to  expel  any  benzol 
present.  The  sulfate  liquor,  after  acidification,  was 
not  washed  for  recovery  of  acids. 

The  general  method  of  fractioning,  which  was  ad- 
hered to  except  where  otherwise  noted,  was  to  distil 
to  170°.  separate  acids  from  water  in  the  distillate  and 
return  the  former  to  the  distilling  flask.  Fractions 
were  then  taken  to  190°  C.  The  second  fraction  was 
redistilled  collecting  to  197°  C.  and  combining  all 
acid  distillates  up  to  107°  for  test.  The  recovery  of 
phenol  showed  a  loss  of  22.1  per  cent  of  the  phenol 
present. 

TEST    10 — In  this  test  no  change  was  made  in  the 
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200       22s        ?so  2yo         J^i 

containing  20  per  cent  phenol.  The  acids  were  ex- 
tracted by  caustic  soda  solution  from  a  portion  of 
this  mixture.  The  carbolatc  was  stenni-distillcd  to 
remove  neutral  oils  and  naphthalene,  the  acids  liber- 
ated by  dilute  sulfuric  acid  and  carefully  separated 
from  the  sodium  sulfate  layer.  The  lest  was  then 
carried  on  in  tlic  usual  way,  taking  care  to  separate 
all  water  from  the  "to  107°"  fraction. 

The  phenol  recovered  showed  nn  error  amounting 
to  —  30  per  cent  of  the  phenol  present. 

TF.ST  9  Here  we  used  80  per  cent  of  oil  and  10  per 
cent  of  acids  containing  ao  per  cent  of  phenol.  The 
carbolatc  was  formed  as  in  Test  8,  and  washed  with 
600  cc.  of  benzol  in  three  joocc.  portions.      The  iinitcd 


40-0 


425 


i  ^^u  350  375 

relative  proportions  of  the  acids  and  neutral  oil. 
The  carbolatc  was  steani-distillcd.  The  NaOH  solu- 
tion was  added  in  three  iio-cc.  portions.  The  .sul- 
fate liquor  was  washed  with  150  cc.  of  benzol  in  three 
SO-cc.  portions  and  these  washings  were  added  to  the 
liberated  acids.  The  mixture  used  was  the  same  as 
in  Test  0.  The  error  amounted  to  a  loss  of  21.7  per 
cent  of  the  phenol. 

The  residual  acids  after  fractionation  were  combined 
and  tested  for  phenol,  but  none  was  found.  In  this 
test  the  benzol  was  .separated  from  the  acids  in  the 
fractionation.  The  bcniol  recovered  had  an  acid 
odor,  but  only  a  trace  of  acids  could  be  recovered  by 
solution  in  NaOH. 
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The  results  of  Tests  9  and  10  showed  that  the  tar 
oils  and  naphthalene  in  the  carbolate  may  be  removed 
with  benzol,  instead  of  steam  distillation. 

TEST  1 1 — In  this  test  the  acid-oil  mixture  was  ap- 
proximately the  same  as  in  the  previous  tests.  The 
method  of  procedure  was  the  same  as  in  the  previous 
test,  except  that  the  liberated  acids  were  washed  with 
200  cc.  of  a  saturated  NaCl  solution  for  removal  of 
sulfate  liquor.  The  solidifying  point  of  the  acid  mix- 
ture made  on  fractionation  of  the  acids  was  so  low 
that  no  further  data  were  taken. 

TEST  12 — This  test  in  conjunction  with  Test  14  was 
made  in  order  to  determine  the  loss  due  to  solution  of 
acids  in  the  sulfate  liquor.  In  the  light  of  further 
tests,  however,  it  does  not  indicate  much.  This  is 
due  to  other  greater  losses  which  had  not  been  dis- 
covered at  this  time.  No  neutral  oil  was  used  in  the 
mixture. 

The  carbolate  was  formed  using  125  per  cent  of  the 
theoretical  NaOH  necessary.  The  acids  were  liberated 
with  50  per  cent  HoSOj.  The  sulfate  liquor  was  washed 
with  I  so  cc.  benzol  in  50-cc.  portions  and  the  recovered 
acids  fractionated.  An  acid  containing  20  per 
cent  of  the  phenol  was  taken.  The  error  amounted  to 
— 8.5  per  cent  of  the  phenol  present. 

TEST  13 — In  this  test  the  new  modifications  were 
the  weakening  of  the  H2SO4  to  33V3  per  cent  and  the 
washing  of  the  extracted  oil  with  an  additional  100  cc. 
of  NaOH  solution  (making  a  total  of  140  per  cent). 
Benzol  was  used  to  wash  the  carbolate.  The  sulfate 
liquor  was  agitated  with  125  cc.  of  benzol  and  the  wash- 
ings added  to  the  main  quantity  of  acids.  The  acids 
were  fractionated  in  the  LeBel-Henninger  column. 
The  same  mixture  was  used  as  in  Test  12.  The  error 
found  was  — 13.2  per  cent  of  the  phenol  present. 

TEST  14  was  made  in  order  to  compare  the  loss  of 
phenol  with  the  loss  in  Test  12,  where  a  carbolate  was 
made  and  the  acids  liberated.  The  mixture  contained 
no  oil  and  was  simply  fractionated  in  the  LeBel  column. 
Here  the  error  was  — S  per  cent  of  the  phenol  present. 

The  results  of  this  test  would  indicate  that  the  loss 
in  recovery  from  a  carbolate  was  not  much. 

TEST  IS  was  made  in  order  to  check  the  curve  with 
a  mixture  containing  20  per  cent  of  phenol. 

(  Pure  Phenol 20.15  g. 

Mixture  No.  1    •{  Pure  o-Cresol 40.05  g. 

/  Pure  m-p-Crcsol 40.05  g. 

m;,.,„.  M„   -5    (  Pure  Phenol 75.00  g. 

Mixture  No.  2   {  fixture  No.  ! 25.00  g. 

Solidification  Point  of  Mixture  No.  2 28.8°  C. 

Specific  Gravity  (45/45°  C.)  of  Mixture  No.  2 1 .057 

Phenol  in  Mixture  No.  2 80  per  cent 

Phenol  in  Mixture  No.  1 20  per  cent 

This  shows  the  curves  to  be  correct  at  this  point. 

TEST  1 6 — In  view  of  the  results  of  tests  to  this  point 
it  was  thought  that  a  considerable  part  of  our  losses 
was  due  to  fractionation  and  that  a  change  in  the 
temperature  at  which  the  fractions  were  cut  might 
help  in  the  phenol  recovery.  Accordingly  a  mixture 
of  acids  was  made  and  fractionated  using  the  LeBel- 
Henninger  column  as  in  previous  tests.  The  first 
fraction  collected  was  to  190°  C,  the  second  between 
190  and  205°  C.  This  second  fraction  was  redis- 
tilled until  a  temperature  of  198°  C.  was  reached.  The 
first  and  redistilled  fractions  were  collected  in  the  same 


Using  the  usual  20  per  cent 
— 16.S  per  cent  of  the  phenol 


flask  as  in  previous  test, 
phenol  acid,  an  error  of 
present  was  obtained. 

TEST  17 — In  this  test  the  temperature  of  fractiona- 
tion was  again  changed.  The  first  fraction  collected 
was  that  coming  over  to  190°  C;  the  second  between 
190  and  204°  C.  This  fraction  was  redistilled  up  to 
195°  C.  With  the  same  mixture  as  in  Test  16  we 
showed  an  error  of  — lo.i  per  cent  of  the  phenol  present. 

Changing  the  temperature  of  fractionation  did  not 
increase  the  amount  of  phenol  recovered.  We  then 
concluded  that  the  column  used  in  fractionation  should 
be  changed. 

TEST  18 — We  then  decided  to  try  the  12-pear  column. 
To  determine  the  efficiency  of  this  apparatus  as  a 
fractioning  device,  we  made  a  mixture  of  pure  acids 
as  in  previous  tests,  and  fractionated  the  mixture  using 
the  original  temperature,  i.  e.,  to  190°. C.  (190-202°  C.) 
and  redistillation  to  197°  C.  The  error  here  amounted 
to  only  +1.4  per  cent  of  the  phenol  present. 

Results  of  this  test  showed  that  the  losses  due  to 
faulty  fractionation  had  been  overcome.  From  this 
point  on,  our  tests  were  made  with  a  view  to  overcom- 
ing the  losses  which  occur  on  formation  of  carbolate 
and  subsequent  liberation  of  the  acids.  This  involved 
the  proper  strength  and  amount  of  H0SO4,  the  tempera- 
ture of  acidification,  the  washing  of  carbolate  and  re- 
covery of  the   acids  dissolved  in  the  sulfate  liquors. 

TEST  19 — In  this  test  we  attempted  to  recover  all 
of  the  phenol  in  a  pure  acid  mixture  after  converting  the 
acids  to  a  carbolate.  The  acids  were  agitated  with  125 
per  cent  of  the  theoretical  amount  of  NaOH  necessary. 
The  acids  were  then  liberated  with  25  per  cent  solu- 
tion of  HjSOj,  using  a  very  slight  excess  of  acid  (about 
10  cc).  The  sulfate  liquor  was  washed  with  100  cc. 
of  ether  in  two  so-cc.  portions  and  the  washings  added 
to  the  main  quantity  of  acids.  The  acids  were  then 
fractionated  with  the  12-pear  column.  It  was  im- 
possible to  make  a  clear  separation  of  the  ether  and  acid 
distillates.  The  ether  and  water  that  came  over  were 
agitated  with  an  NaOH  solution  and  the  acids  re- 
covered. They  amounted  to  about  4  cc.  However, 
they  were  not  added  to  the  acid  distillate  and  so  were 
lost.  Better  results  were  obtained  here  by  reducing 
the  strength  of  the  sulfuric  acid  to  25  per  cent.  There 
was  a  cleaner  separation,  the  acids  were  lighter  colored 
and  there  was  no  gas  formation.  The  error  here 
was  — 2.1  per  cent  of  the  phenol  present. 

The  results  of  this  test  indicated  that  the  phenol 
in  a  mixture  of  pure  acids  could  be  recovered  substan- 
tially quantitatively  from  a  carbolate. 

TEST  20 — In  this  case  130  per  cent  of  the  theoretical 
quantity  of  NaOH  was  used  to  form  the  carbolate. 
The  sulfate  liquors  were  washed  with  benzol.  Any 
acid  was  recovered  from  the  benzol  by  washing  with 
caustic  soda  as  described  previously.  This  acid  was 
added  to  the  main  bulk  of  acids.  The  recovery  of 
phenol  showed  a  very  low  error,  only  0.2  per  cent  of 
that  present. 

TEST  21  was  made  using  a  mixture  of  20  per  cent 
of  pure  phenol  with  crude  cresols  and  higher  acids, 
instead  of  the  purified  acids,  as  in  Tests  19  and  20. 
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125  per  cent  of  the  theoretical  amount  of  NaOH  was 
used.  The  carbolate  was  washed  with  500  cc.  benzol 
in  125-CC.  portions.  The  acids  were  recovered  from 
the  sulfate  liquor  as  in  Test  20.  The  error  was  — 1.3 
per  cent  of  the  phenol  present. 

TEST  22  was  a  check  on  Test  20,  the  same  procedure 
being  used  in  each  test.  The  error  here  was  — 0.8 
per  cent  of  the  phenol  present. 

After  running  Tests  20,  21  and  22,  we  concluded 
that  the  phenol  present  in  a  mixture  of  acids  with  small 
amounts  of  oil  could  be  recovered  with  but  slight  loss. 
Our  next  attempt  was  to  recover  the  phenol  from  an 
acid-oil  mixture  which  contained  a  large  amount  of 
neutral  oil. 

TEST  23 — In  this  test  we  added  enough  neutral  oil 
to  the  acids  to  make  it  80  per  cent  of  the  total  mixture 
and  attempted  to  recover  the  phenol.  The  acids  were 
extracted  from  the  mixture  with  150  per  cent  of  the 
theoretical  amount  of  a  20  per  cent  NaOH  solution: 
800  cc.  of  the  NaOH  solution  were  used  in  three  200-cc. 
and  two  loo-cc.  portions.  The  carbolate  was  washed 
with  500  cc.  of  benzol  in  loo-cc.  portions.  The  sul- 
fate liquor  was  washed  with  ether,  and  the  dissolved 
acids  recovered  from  ethereal  solution  with  a  weak 
NaOH  solution  and  added,  after  liberating  with  H2S04, 
to  the  main  quantity;  9.2  grams  were  recovered. 
This  method  of  recovery  and  separation  from  the  solvent 
is  a  new  and  important  step  in  the  process.  The  acids 
were  fractionated  as  before. 


Acid 


/  Phcno; 

Oil  Mixture    <  „.^.c, 

V  Highcl 


■phenol 59.  8.S  grams    20%' 

i-Cresol 59.80  gran       

■  Cresol 59.80  grams 

her  .\cids. . ,.      119. .10  grams    40*" 

Neutral  Oil 1212.50  grams  80  per  cent 


20%  ■J 

40^0 ; 


0  per  cent 


In  the  above  mixture  the  acids,  with  the  exception 
of  the  phenol,  were  crude. 

The  loss  of  phenol  in  this  test  { — 16  per  cent  of  the 
phenol  present)  was  very  high  (due  to  imperfect 
technique,  as  will  be  seen  later),  and  it  was  decided 
to  make  tests  using  smaller  quantities  of  neutral  oil. 

From  this  point  on,  the  general  method  of  recovery 
of  the  acids  was  the  same,  /.  c,  formation  of  a  carbolate 
with  NaOH  (20  per  cent  strength)  washing  of  the  car- 
bolate with  pure  benzol,  washing  the  benzol  solution 
of  carbolate  with  water,  boiling  of  the  carbolate,  libera- 
tion of  the  acids  with  25  per  cent  H2SO4,  washing  the 
sulfate  liquors  with  benzol  and  recovery  of  the  dissolved 
acid  with  weak  (10  per  cent)  solution  of  NaOH.  All 
fractionations  were  made  with  the  pear  column. 

The  essential  results  of  Tests  24  to  35  inclusive  arc 
shown  in  the  following  table: 

Grama  Grams  ("•rums  Grams  Krrur  in 

Test  Grams         o-  m-p-  Higher  Grams  PhcnnI  %  Phcnul 

No.  Phenol  Crcaol  Crcanl  Acids            Oil  Kecovered  Present 

24  59.75  60.00  60. .15  119.90  101.75  55.8.1  -6.<, 

25  .59.20  59.75  59.85  119.70          10.10  58.08  —1.8 

26  60. 0<)  60.10  60.00  119,60           10.10  6,1.10  +5.1 

27  60.00  .59.61  59,70  119.10  .10.00  60.08  -^0.1.^ 

28  58.55  60.00  59.60  119.70  120.00  58.10  —0.8 

29  29.65  70.00  70  00  129  10          ...  .11.20  +5.2 
.10  29.40  70  10  69   70  129.10          .     .  29.80  +1.6 

.11  14,65  75  (M)  74   80  114   70          14,05  ■    4.1 

.12  15.05  76  (K)  74    HO  115,15           15   90  +7,0 

5.1  88,55  44,90  45    10  119,70          82,50  --7  0 

34  149,90        30,05        29,65  90.15  149.20        —OS 

35  15,05       74.83       75.50       134,80     1200.00       14.73       —2.1 

In  Test  ,53,  a  known  loss  occurred  in  mnnipulntion, 
so  that  this  resull  is  natural.  The  tests  scenied  to  us 
to  lie  .iccurnlf  fni)Uj;h   fur  all   praitiinl   puriiu.scs,  and 


checks  should  be  obtained  to  0.8  gram  of  phenol  if 
the   work  is  carried  on  carefully  and  conscientiously-. 

Up  to  this  point  we  had  succeeded  in  the  recovery 
of  the  phenol  from  its  mixtures  with  other  pure  acids, 
with  unpurified  acids  in  varying  portions,  and  with 
neutral  oil  in  varying  proportions. 

To  determine  the  reliability  of  the  test,  when  ap- 
plied to  crude  carbolic  acid,  we  first  determined  the 
percentage  of  phenol  in  a  sample  of  ordinary  crude 
acids,  and  next  in  these  acids  to  which  we  had  added 
a  known  amount  of  pure  phenol. 

TEST  36 — Determination  of  the  phenol  in  ordinary 
crude  carbolic  acid:  The  acids  contained  5.32  per  cent 
(by  weight)  of  water  and  had  a  specific  gravity  at 
15.5°  C.  of  1.072. 

We  first  tried  to  wash  a  carbolate  made  with  the 
crude  acids  as  obtained,  but  there  was  not  a  clean 
separation  of  the  benzol  and  carbolate  layers.  We 
found  it  necessary  to  distil  the  acids  first.  The  crude 
acids  were  distilled,  after  weighing,  directly  into  a 
2000  cc.  separatory  funnel. 

Weight  of  acids  distilled 301 . 5  grams    . 

Weight  of  distillate  (by  difTerence) 271 .3  grams — 90  per  cent 

Black  pitch  residue 30 . 2  grams 

The  carbolate  was  now  formed  as  in  previous  tests, 
and  washed  with  benzol.  The  recovery  of  the  acids 
and  the  fractionation  were  carried  out  as  in  the  previous 
tests.  We  found  the  phenol  content  by  weight  to  be 
i6  per  cent  on  the  dry  acids  or  15.14  per  cent  on  the 
wet  acids. 

TEST  37 — In  this  test  we  added  a  known  amount  of 
pure  phenol  to  the  crude  acids  tested  above. 

Crude  acids lOl.lSgrams 

Pure  phenol  added 1 5 .  85  grams 

On  determination  of  the  phenol  wc  found  that  of  the 
phenol  added  we  had  recovered  99.2  per  cent. 

The  better  results  in  the  later  tests  were  due  to 
constant  improvements  in  the  technique  with  ex- 
perience. In  the  following  description,  we  believe, 
we  have  given  that  technique  with  sufficient  wealth 
of  detail  to  enable  any  operator  following  directions 
carefully,  to  obtain  consistent,  accurate  results. 

D-    STANDARD   METHOD  FOR  DETERMINATION   OF  PHENOL 
IX    fRVDE    CARBOLIC    ACID    AND    TAR    OILS 

I.  PREFACE — In  this  test  extreme  care  and  faithful 
attention  to  details  are  necessary  to  secure  accurate 
results.  All  instructions  given  arc  the  epitoniiicd 
result  of  considerable  experience  and  are  not  given 
arbitrarily,  but  with  a  purpose.  The  test  has  been 
a  difficult  one  to  develop  and  requires  greater  cnrc  and 
skill  than  do  the  ordinary  tar-tcstinR  methods.  Even 
a  slight  deviation  from  the  directions  can  cause  serious 
tiiscrepancics. 

U.    PREPARATION     OF    THE     OIL       If    ihc    oil    is 

dirty,  so  that  the  subsetiuent  separation  of  the  cai ' 
will  not  be  clean,  it  must  W  distilled.  This  shaii  ic 
accomiilished  by  weighinn  a  suitable  iiuantity  of  oil 
into  a  clean  copper  tar  still  ami  taking  the  total  dis- 
tillate from  the  start  of  distillation  to  coking.  The 
amount  of  total  tlistillntc  by  weight  shall  be  noted  so 
that  results  may  be  figured  bark  to  the  oriijinnl  oil 
if  desirnble.     If  any   foaming  over  occurs  durini;  the 
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distillation,  the  run  must  be  rejected  and  a  new  one 
undertaken. 

III.    EXTRACTION    OF    THE    ACIDS    FROM    THE    OIL The 

approximate  percentage  of  tar  acids  in  the  oil  should 
be  determined  by  a  rough  test.  A  weight  of  oil  which 
contains  between  300  and  350  g.  of  acids  shall  be 
placed  in  a  separatory  funnel  and  treated  with  300  cc. 
(approximate)  of  20  per  cent  caustic  soda  solution; 
this  caustic  soda  solution  may  be  made  from  commercial 
caustic  soda.  The  oil  and  caustic  soda  shall  be  given 
a  thorough  mixing  by  shaking,  care  being  taken  to 
prevent  mechanical  loss.  The  mass  shall  now  be 
allowed  to  stand  until  the  carbolate  settles  completely 
and  a  sharp  line  of  division  appears  between  the  oil 
and  the  carbolate.  With  a  properly  distilled  oil,  from 
15  to  30  minutes  should  suffice.  If  the  oil  contains 
solids,  it  shall  be  warmed  before  extraction  to  a  tem- 
perature sufficient  to  keep  solids  in  solution,  and  while 
settling  be  suspended  in  a  bath  of  like  temperature. 

After  settling  is  complete,  the  carbolate  shall  be 
separated  and  brought  into  another  separatory  funnel. 
The  oil  shall  be  washed  successively  with  three  more 
portions  of  200  cc.  each  of  the  same  caustic  soda  solu- 
tion, observing  the  same  precautions  as  to  agitation, 
settling  and  separation.  These  separated  soda  solu- 
tions are  to  be  added  to  the  first  carbolate.  On  the 
last  separation  it  is  better  to  run  a  few  drops  of  oil 
along  with  the  carbolate,  rather  than  leave  a  few 
drops  of  carbolate  in  the  oil.  After  this  treatment 
the  oil  shall  be  tested  to  determine  if  it  is  free  from 
tar  acids  and  if  so,  it  may  be  discarded. 

NOTE — If  crude  acids,  not  oil,  are  to  be  tested,  300 
to  350  g-  of  the  crude  acid  shall  be  taken  in  a  separatory 
funnel  and  dissolved  in  800  cc.  of  20  per  cent  caustic 
soda  solution.  The  treatment  from  this  point  on  is 
the  same  as  with  carbolate  extracted  from  oil.  If 
the  crude  acids  are  tarry  it  is  advisable  to  distil  them 
quantitatively  before  dissolving  them  in  caustic  soda. 

IV.  PURIFICATION  OF  THE  CARBOLATE — The  carbolate 
in  a  separatory  funnel  shall  be  extracted  five  times 
successively  with  loo-cc.  portions  of  pure  benzol.  The 
manipulation  shall  be:  Add  the  benzol  to  the  carbolate, 
mix  thoroughly  by  shaking  and  allow  to  settle.  Draw 
the  carbolate  into  another  separatory  funnel  and  draw 
the  benzol  into  a  third  separatory  funnel.  Repeat 
the  agitation  with  fresh  benzol  four  times  more,  using 
the  two  original  separatory  funnels  for  this  purpose. 
Finally,  after  running  the  washed  carbolate  into  a 
beaker,  rinse  each  of  the  funnels  which  contained 
carbolate,  twice,  with  25  cc.  each  of  water,  and  add 
the  water  to  the  carbolate  in  the  beaker.  Take  the 
third  separatory  funnel,  which  contains  the  combined 
benzol,  and  wash  twice  with  50  cc.  of  water,  adding 
this  water  also  to  the  carbolate  in  the  beaker.  Bring 
the  carbolate  in  the  beaker  to  a  gentle  boil  until  the 
odor  of  benzol  disappears.  No  odor  of  creosote  shall 
be  evident  in  the  carbolate  at  this  point.  If  such  odor 
appears,  the  washing  has  not  been  properly  carried 
out  and  must  be  repeated.  The  carbolate  purified 
of  oil  is  ready  for  acidification  after  cooling.  The 
benzol  used  for  extraction  may  be  discarded. 

V.  ACIDIFICATION — The   purified   carbolate   shall    be 


placed  in  a  separatory  funnel  and  acidified  with  sul- 
furic acid  of  2 s  per  cent  strength  (sp .gr.1.21  at  15.5°  C). 
The  beaker  containing  the  carbolate  shall  be  rinsed 
with  water  and  the  rinsings  added  to  the  car- 
bolate in  the  funnel.  During  acidification  the  mass 
must  be  kept  below  40°  C.  by  immersion  in  a  bath  of 
cold  water.  Test  for  acidity  should  be  made  from  time 
to  time  with  litmus  paper.  More  than  a  very  slight 
excess  of  acid  (5  to  10  cc.)  must  not  be  added  after 
litmus  shows  a  red  color.  When  acidification  is  com- 
plete, the  funnel  shall  be  allowed  to  stand  until  com- 
plete separation  has  taken  place  and  the  lower  layer 
of  sodium  sulfate  solution  is  perfectly  clear  or  at  most 
shows  a  slight  opalescence.  This  settling  requires 
from  3  to  4  hours.  After  settling  is  complete  the  sul- 
fate layer  shall  be  drawn  ofif  and  kept  for  further 
treatment.  The  carefully  separated  acid  layer  shall 
be  drawn  down  into  a  weighed  500  cc.  round-bottomed 
short  ring  neck  flask  and  kept  there  until  further 
treatment. 

VI.  TREATMENT      OF      THE      SULFATE      SOLUTION This 

shall  be  returned  to  the  separatory  funnel  which  con- 
tained the  separated  tar  acids,  which  still  has  a  thin 
film  of  tar  acids  adhering  to  the  walls.  The  sulfate 
liquor  shall  be  extracted  three  times  with  successive 
portions  of  100  cc.  each  of  pure  benzol  and  the  benzol 
extracts  combined  in  a  separatory  funnel  of  about  500 
cc.  capacity.  The  benzol  extract  shall  now  be  ex- 
tracted with  two  successive  portions  of  25  cc.  each  of 
20  per  cent  caustic  soda  solution,  or  until  the  soda 
solution  separates  nearly  colorless.  The  benzol  can 
then  be  discarded.  The  caustic  soda  solution  shall 
then  be  warmed  until  all  odor  of  benzol  disappears 
and  acidified  with  enough  25  per  cent  sulfuric  acid 
to  make  slightly  acid.  This  shall  be  allowed  to  settle 
completely,  the  lower  layer  of  sulfate  drawn  oflf  and 
discarded,  and  the  upper  layer  of  acids  added  to  the 
flask  containing  the  main  amount  of  the  separated 
acid.  This  flask  shall  now  be  weighed  and  the  weight 
of  url  crude  acids  recorded. 

VII.  FRACTIONAL     DISTILLATION A.        ColuPtn This 

shall  be  the  standard  1 2-pear  still  head  (Eimer  &  Amend 
catalogue  No.  7156). 

B.  Flask — This  shall  be  a  short  neck  flask  as  de- 
scribed under  V. 

C.  Condenser — This  shall  be  the  regular  Barrett 
trough  type  with  a  24-in.  tube  (A.  H.  T.  catalogue 
No.  20432). 

D.  Thermometer^ — This  shall  conform  to  the  follow- 
ing specifications:  (i)  It  shall  be  graduated  from  170 
to  225°  C.  in  Vs"  C.  and  shall  be  accurate  at  total 
immersion  to  Ve"  C.  (2)  It  shall  be  well  annealed 
and  shall  conform  to  the  following  dimensions: 

Total  length — less  than  380  mm. 

Bulb  length — 20-25  mm. 

170°  mark  to  bottom  of  bulb — 70-80  mm. 

Scale  length  170— 22s''- — 270-280  mm. 

Stem  diameter — 5-7  mm. 

Bulb  diameter — 4-5.5  mm. 

E.  Setting  up  Apparatus — The  flask  shall  be  sup- 
ported over  a  burner  on  a  6  in.  square  of  '/<  in.  asbestos 

>  This  therinometcr  can  be  obtained  from  the  Taylor  Instrument  Co. 
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board  with  an  opening  in  the  center  3.5  in.  in  diameter. 
It  shall  be  surrounded  by  a  circular  asbestos  shield 
abovit  3V2  in-  high  and  of  such  diameter  as  to  enclose 
the  flask.  A  piece  of  asbestos  with  a  hole  cut  for  the 
neck  of  the  flask  forms  the  top  of  the  shield.  The 
pear  column  shall  be  connected  to  the  flask  by  a  tight- 
fitting  cork,  and  the  condenser  to  the  side  tube  of  the 
pear  column.  The  thermometer  shall  be  inserted  into 
the  top  of  the  pear  column  by  means  of  a  well-fitting 
cork  in  such  manner  that  the  top  of  the  th .  i  mometer  bulb 
is  opposite  the  middle  of  the  off-take  of  the  column. 
The  condenser  trough  shall  be  kept  full  of  cold  water. 

F.  Method  of  Conducting  the  Distillation — The  ap- 
paratus shall  be  set  up  as  described  and  the  distilla- 
tion started  and  continued  at  the  rate  of  one  drop  per 
second.  The  distillate  shall  be  first  caught  in  a  loo-cc. 
separatory  funnel  until  the  temperature  has  reached 
170°  C.  The  distillation  shall  then  be  interrupted  and 
sufficient  salt  added  to  the  contents  of  the  separatory 
funnel  to  cause  any  acids  coming  over  with  the  water 
to  rise  to  the  surface.  The  aqueous  layer  is  removed 
and  the  acids  returned  to  the  distillation  flask,  and  the 
flask  with  contents  weighed  Thereby  the  weight  of 
dry  acids  is  recorded.  The  distillation  shall  be  again 
started  and  the  first  few  drops  of  acid  and  water  coming 
over  collected  in  a  small,  dry  separatory  funnel.  When 
the  last  drop  of  water  is  over,  a  fraction  to  190°  C. 
is  collected  in  a  weighed  flask,  which  shall  be  closed , 
by  a  cork  as  soon  as  the  distillation  is  completed.  The 
few  drops  of  acid  and  water  which  have  been  collected 
in  the  small  funnel  shall  be  separated  and  the  acid  layer 
added  to  the  distillate  to  190°  C.  A  second  frac- 
tion from  190  to  202°  shall  be  collected  in  a  250-cc. 
round-bottom,  short  ring-neck  flask,  which  need  not 
be  weighed.  The  distillation  shall  be  discontinued 
at  202°  C.  and  the  flask  containing  the  190—202° 
fraction  shall  be  substituted  for  the  first  flask,  which 
contained  the  crude  acids.  This  fraction  is  now  re- 
distilled after  drying  the  condenser  tube,  using  the 
weighed  flask  containing  the  — 190°  fraction  from  the 
first  distillate  as  a  receiver.  The  distillation  shall  be 
carried  to  197°  C.  The  receiver  which  now  contains 
the  combined  fraction  up  to  197°  shall  be  weighed, 
the  weight  of  the  fraction  recorded,  and  the  receiver 
kept  tightly  stoppered. 

G.  Testing  the  Fraction- — The  fraction  shall  be  tested 
for  specific   gravity   and   solidifying   point   as   follows: 

(1)  Solidifying  Point:  A  test  tube  i  in.  inside  di- 
ameter (this  dimension  bears  no  deviation)  and  5  in. 
to  6  in.  long  is  held  by  a  clamp  in  a  vertical  position 
with  3  in.  of  its  lower  end  immersed  in  a  500- 600-cc. 
beaker  full  of  water.  A  standard  0-80°  moiling  point 
thermometer  (A.  H.  T.  Cat.  No.  20476),  calibrated  to 
an  accuracy  of  al  least  0.1°  C,  is  fastened  rigidly  by 
another  clamp  in  the  center  of  the  lest  tube  with  the 
bottom  of  the  bulb  0.5  in.  from  the  bottom  of  the  test 
lube.  An  agitator,  composed  of  an  iron  washer  at- 
tached to  a  wire  and  arranged  to  work  freely  up  and 
down  the  test  lube  uroutid  the  thcrniomclcr,  completes 
Ihc  outfit. 

The  fraction  to  be  tested  for  solidifying  point  shall 
be  poured   into  the  lube  lo  a  <lc])tli  of   j   in.   and   nil 


approximate  solidifying  point  taken.  The  contents 
of  the  tube  shall  be  again  liquefied  and  the  outside 
bath  adjusted  to  a  temperature  4.5  to  5.5°  C.  below 
the  approximate  solidifying  point.  The  temperature 
relation  is  very  important.  The  sample  is  now  al- 
lowed to  cool  with  constant  stirring.  The  tempera- 
ture of  the  sample  falls,  but  when  crystals  begin  to 
separate  a  rise  is  noted  which  soon  reaches  a  maximum 
where  it  remains  constant  for  a  varying  period  of  time. 
This  maximum  temperature  shall  be  taken  as  the 
solidifying  point.  Two  successive  tests  must  give 
identical  results  and  care  must  be  taken  to  keep  the 
relation  between  solidifying  point  and  bath  tempera- 
ture within  the  4.5  to  5.5°  C.  range. 

(2)  Specific  Gravity — If  the  solidifying  point  is 
25°  C.  or  less,  this  shall  be  taken  at  25/25°  C;  if 
greater  than  25°  C,  the  specific  gravity  shall  be  taken 
at  45/45°  C.  The  specific  gravities  shall  be  taken 
with  a  Westphal  balance.  Most  of  the  instruments 
supplied  in  the  United  States  are  standardized  for 
15.5°  C.  The  balance  is  set  up  and  the  plummet 
should  exactly  counterpoise  the  arm  when  swinging 
freely  in  air.  It  must  be  first  adjusted  to  this  condi- 
tion by  means  of  the  leveling  screw  on  the  base  of  the 
column  of  the  balance.  The  plummet  is  then  immersed 
in  freshly  boiled  distilled  water  at  15.5°  C.  and  if  the 
balance  and  weights  are  properly  made  a  reading  of 
1,000  should  be  obtained.  Next,  a  reading  is  taken 
in  boiled  distilled  water  at  either  25  or  45°  C,  depend- 
ing on  the  temperature  desired.  After  the  first  ad- 
justment of  the  balance,  the  reading  in  water  at  15.5°  C. 
may  be  dispensed  with,  but  care  should  be  taken  to  see 
that  the  balance  in  air  is  correct  before  readings  are 
made.  After  the  water  standard  at  25  or  45°  C. 
is  established,  a  reading  is  taken  in  the  acid  fraction 
at  the  same  temperature.  A  simple  division  gives 
the  specific  gravity.  Precautions  to  be  observed 
are:  keep  the  balance  clean  and  dry;  see  that  the 
plummet  is  properly  cleaned  and  dried  when  changing 
from  one  liquid  to  another;  keep  the  point  to  which  the 
wire  holding  the  plummet  is  immersed  constant; 
control  the  temperature  carefully;  and  see  that  the 
plummet  swings  freely  and  does  not  touch  the  sides 
of  the  vessel  containing  Ihc  liquid. 

(3)  Comparison  with  Curves—  After  the  solidifying 
point  and  specific  gravity  of  the  fraction  are  delcrmined, 
compare  Ihcm  with  the  phenol  determination  curves 
and  sec  whclhor  the  point  plotted  by  the  constants 
falls  well  within  a  determination  area.  If  it  docs  not 
or  if  it  is  very  close  lo  the  limil.  it  is  best  to  pro- 
ceed to  make  a  mixluro  of  the  fraction  wilh  p\iro 
phenol. 

(4)  Mixlurr  uilh  Phenol  Phenol  for  this  purpose 
must  possess  a  solidifying  point  of  at  least  40.4*  C, 
tested  on  the  thoroughly  dry  material.  A  little  judg- 
monl  is  required  in  making  the  mixture  so  ns  to  use 
the  least  amount  of  phenol  which  will  bring  the  tests 
of  the  mixture  well  within  <>no  or  the  other  of  the 
determinate  ranges.  Needless  to  sny,  Ihc  mixlure 
must  be  strictly  (|uiintitalivc.  ai\d  must  be  made  in 
perfectly  dry  containers.  The  mixtures  are  made  up 
until    one    susceptible    nf    determination    is    obtnined. 


;8o 
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The  specific  gravities  and  solidifying  points  are  taken 
exactly  as  described  previously. 

H.  Interpretation  of  Results— AiteT  the  tests  show 
the  point  to  be  within  the  determinative  areas  the 
method  of  interpolation  is  as  follows:  If  the  plotted 
point  occurs  in  the  lower  set  of  curves  a  line  is  drawn 
through  the  point  normal  to  the  curves  between  which 
it  lies.  The  distance  from  curve  to  curve  is  measured 
accurately  along  this  line  and  the  fractional  distance 
of  the  point  is  interpolated  into  per  cent  phenol.  If 
the  point  occurs  in  the  upper  set  of  curves,  the  line  is 
drawn  through  the  point  parallel  to  the  nearest  of 
the  dotted  converging  lines,  the  linear  distance  meas- 
ured and  the  percentage  interpolated  as  before. 

If  mixtures  are  made,  the  calculations  are  some- 
what complicated  and  the  following  formula  may  be 
used: 

Let   A   =  per  cent  phenol  found  in  mixture 
•    B  =  Grams  "to  197°"  fraction  taken 
C  =  Grams  pure  phenol  taken 
X  =  per  cent  phenol  in  "to  197°"  fraction 
A(B  -f  O—  looC 
B 

The  per  cent  phenolinthe"to  197 ""fraction multiplied 
by  the  weight  of  the  fraction  gives  the  weight  of  total 
phenol  in  the  oil  or  crude  acid  taken. 

A  specimen  test  on  acid  with  the  recorded  data  may 
be  shown  as  follows: 

Take.n:     Crude  Acid,  300  g. 
Distilled  170-190° 60.65  g. 

190-202° 178.05  g. 

190-202°  redistilled 

to  197° 78.05  g. 

Total  under  197° 138.7  g.   =  46.2  per  cent 

Sp.  gr.  at  25/25°  C 1.0602 

Solidifying  point 20 . 4  ° 

These  constants  are  indeterminate. 

,,,„, ,  (  to  197°  fraction 25  g. 

Mixture  {  p„^^  ph^„„, 25  g 

Sp.  RT.  at  45/45°  C 1.0576 

Solidifyins  point 31  .7°  C. 

Phenol  in  fraction  mixture  (from  curve) 84.75  per  cent 

Phenol  in  Original  Acids  (calculated) 32.2  per  cent 

The  method  requires  about  two  days  to  complete  a 
test  but  several  can  be  run  simultaneously.  The  key- 
note of  success  in  this  work  is  extremely  careful  and 
accurate  attention  to  the  details  of  manipulation. 
This  test  has  been  in  use  in  our  laboratories  since  the 
early  part  of  1916,  and  has  given  very  satisfactory  re- 
sults. 

Research  Department,  The  Barrett  Company 
17  Battery  Place,  New  York  City 


A  NOTE  ON  SILICON-COATED  METAL 

By  W.  E.  Vawter 

Received  February  10,  1917 

The  resistance  of  silicon  to  the  corrosive  action  of 
acids  and  alkalies  is  taken  advantage  of  in  chemical 
industry  by  using  apparatus  constructed  of  iron  which 
contains  a  large  percentage  of  silicon.  However,  the 
high  silicon  castings  have  small  tensile  or  compressive 
strength  and  breakage  is  high.  It  was  therefore 
thought  that,  if  iron  could  be  satisfactorily  coated  with 
silicon,  a  great  saving  could  be  effected.  Coating 
iron  by  dipping  into  molten  silicon  is  unsatisfactory, 
since  the  melting  points  of  the  metals  are  similar  and 
iron  is  soluble  in  fused  silicon. 


The  object  of  a  study  made  by  the  author  was  to 
investigate  a  process  for  coating  a  metal,  preferably 
iron,  with  silicon,  so  that  the  non-resisting  metal 
would  be  amply  protected  from  any  corrosive  chemical, 
and  at  the  same  time  stand  up  under  severe  handling, 
without  injury  to  the  object  or  the  protective  coating. 
Samples  of  iron  were  heated  to  temperatures  of  400  to 
600°  C.  in  an  atmosphere  of  silicon  hydride,'  in  order 
to  ascertain  whether  the  gas  would  decompose  and 
form  a  coating  of  silicon  upon  the  surface  of  the  iron. 

EXPERIMENTAL 

I — Iron  wire  was  heated  to  35°°  C.  in  a  current  of 
dry  silicon  hydride  for  one  hour.  Small  patches  of 
silicon  formed  over  the  surface  of  the  wire,  but  when 
the  sample  was  placed  in  a  normal  solution  of  sodium 
chloride,  corrosion  immediately  started  where  no 
silicon  was  present,  totally  undermining  the  silicon 
coating  after  two  weeks'  immersion. 

2 — A  repetition  of  Experiment  i.  In  this  experi- 
ment the  silicon  did  not  appear  to  be  undermined;  the 
coating  of  silicon  remained  after  two  weeks'  immer- 
sion, although  corrosion  had  taken  place  rapidly  at  all 
other  places. 

3 — This  sample  was  heated  to  500°  C.  for  two  hours. 
A  thin  film  of  silicon  was  deposited  on  the  wire  and  the 
wire  became  badly  pitted  where  there  was  no  coating 
of  silicon.  The  silicon  coat  was  intact  after  two 
weeks'  immersion. 

4 — This  sample  was  heated  for  3^/2  hrs.  at  550°  C. 
Very  little  silicon  adhered  to  the  wire,  and  that  which 
deposited  was  in  scales  and  could  easily  be  removed. 

5 — This  sample  was  first  pickled  in  acid  and  then 
heated  in  a  current  of  silicon  hydride  at  550°  C.  for 
2  hrs.  The  resulting  coating  was  smooth  and  uni- 
form in  color,  and  the  treated  iron  remained  in  salt 
solution  four  days  before  any  corrosion  was  noticed; 
this  was  at  the  end  where  the  wire  had  been  cut  and 
had  no  silicon  protection. 

6 — The  sample  was  first  heated  to  700  °  C.  and  then 
allowed  to  cool  to  550°  C.  before  exposing  to  the  gas. 
While  an  excellent  coat  was  obtained,  which  stood  up 
well  in  the  salt  solution,  no  advantage  in  preheating 
could  be  observed. 

7 — This  sample,  after  running  two  hours  at  550°  C, 
was  further  heated  for  5  minutes  at  700°  C.  Ten 
days'  immersion  in  salt  solution  completely  removed 
the  coat.  It  was  expected  that  the  silicon  would 
attach  itself  more  firmly  to  the  iron  by  the  heat  treat- 
ment, but  the  after-heating  probably  broke  the  coat 
at  some  place  and  allowed  corrosion  to  set  in. 

S — An  exact  duplicate  of  Experiment  5  with  similar 
results. 

-A  piece  of  wire,  which  had  been  pickled,  washed. 


dried  and  exposed  to  the  air  for  several  hours,  until 

'  The  silicon  hydride  used  in  these 
ing  an  alloy  of  magnesium  and  silicon  ' 


xperimcnts  was  prepared  by  treat- 
Lh  a  dilute  solution  of  hydrochloric 
acid.  The  evolved  gas  consisted  of  about  5  per  cent  of  silicon  hydride  and 
95  per  cent  of  hydrogen.  The  alloy  was  prepared  by  intimately  mixing 
one  part  of  powdered  silicon  with  two  parts  of  powdered  magnesium  and 
heating  the  mixture  for  two  hours  at  600°  C.  in  an  atmosphere  of  hydrogen. 
This  alloy  has  the  composition  approximately  represented  by  the  formula 
SiMgj. 
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a  film  of  oxide  had  formed,  was  treated  as  in  Experi- 
ment 5,  but  no  silicon  adhered  to  the  wire. 

10 — A  sample  was  heated  at  550°  C.  for  10  min.  and 
the  temperature  was  then  changed  to  700°  C.  for  the 
same  period.  This  alternation  was  prolonged  I'/o 
hrs.  Little  silicon  deposited  upon  the  wire  and  that 
which  did  had  a  tendency  to  scale  off. 

1 1 — A  sample  treated  by  the  method  used  in  Ex- 
periment 5  was  replaced  in  the  tube  and  heated  to 
700°  C,  but  the  coat  scaled. 

12 — This  sample  was  heated  5  hours  at  750°  C. 
Silicon  deposited  upon  the  wire,  but  a  slight  bending 
would  break  the  coat  and  it  could  be  peeled  off  with 
the  fingers.  The  wire  did  not  heat  uniformly  and  that 
portion  which  was  maintained  at  a  lower  temperature 
did  not  give  this  fracture  effect.  The  iron  under  the 
scale  was  unchanged,  which  would  indicate  that  the 
silicon  merely  forms  a  shell  over  the  iron. 

Other  metals,  copper,  nickel  and  aluminum,  were 
also  subjected  to  treatment,  but  no  coating  of  any  de- 
scription was  obtained. 

It  is  interesting  to  observe  that  silicon  will  coat  iron 
when  applied  by  this  method,  under  proper  condi- 
tions; but  no  practical  use  can  be  looked  for  along  this 
line.  What  was  desired  was  an  adherent,  homogeneous 
deposit  of  silicon  on  iron;  but  the  above  experiments 
showed  that  only  a  thin  and  fragile  shell  formed  over 
the  iron. 

Mellon  Institute  op  Industrial  Research 
University  of  Pittsburgh 


THE  COMPOSITION  OF  MENHADEN  OIL  FATTY  ACIDS' 

Hy    H.   TwiTcm-i.i. 

The  object  of  this  analysis  was  as  much  to  test  the 
use  of  my  melting-point  method  of  determining  fatty 
acid  mixtures  as  to  investigate  the  true  composition 
of  the  fatty  acids  found  in  menhaden  oil. 

In  a  previous  paper-  I  described  a  method  of  de- 
termining the  composition  of  mixtures  of  solid  fatty 
acids,  which  consisted  in  adding  a  certain  proportion 
of  the  mixture  to  be  analyzed  to  a  solvent  consisting 
of  a  pure  fatty  acid  of  the  kind  to  be  determined,  then 
finding  the  melting  point  and  noting  how  much  the 
original  melting  point  of  the  solvent  had  been  dc- 
Ijressed.  This  depression  was  caused  by  all  the  acids 
in  the  mixture  except  the  one  sought,  which,  being 
identical  with  the  solvent,  would  have  no  effect  on  it. 
Assuming  that  the  othei*  acids,  singly  or  in  mixture, 
produced  a  lowering  of  the  melting  point  of  the  solvent 
proijortionai  to  their  total  concentration  and  inde- 
pendent of  the  kind  of  acid,  it  was  a  simple  calculation 
to  find  the  amount  of  these  other  acids  and,  by  dif- 
ference, that  of  the  one  sought. 

The  assumption  that  liie  lowering  of  the  melting 
point  of  the  sovlenl  acid  is  proportional  to  the  per- 
centage of  foreign  acids  is  very  nearly  true  in  most 
cases  up  to  JO  per  cent,  though,  if  the  solvent  is  an 
ncid  of  unusually  low  iiielling  point  as  compared  with 
the  dissolved  acid,  as  for  instance,  behcnic  dissolved 

'  HkiI  nt  Ihr  ;l  nil  rriiiilat  mrrlllig  nl  tin  (.'Ini  Iniiiill  Srrllnn.  Amrrkan 
'   hrinlcal  Soilrly.  Murih  .'H.  I'M?. 
■  Tiiiii  JoriiNAL.  •  (lUU),  .164. 


in  myristic  acid,  the  melting-point  curve  beyond 
10  per  cent  of  the  dissolved  acid  is  no  longer  a  straight 
line  and  the  depression  caused  by  20  per  cent  of  this 
acid  is  abnormally  great.  In  such  cases  only  10  per 
cent  of  the  acid  of  higher  melting  point  was  used  in 
the  mixture. 

The  assumption  that  all  acids  produce  the  same 
lowering  of  melting  point  is  for  this  purpose  near 
enough  to  the  truth  where  the  more  common  fats  and 
oils  are  concerned,  the  fatty  acids  of  which  do  not 
differ  greatly  in  molecular  weight.  I  have  generally 
taken  4°  as  the  lowering  of  melting  point  caused  by 
adding  20  parts  of  one  fatty  acid  to  80  parts  of  another 
considered  as  the  solvent.  However,  where  the  acids 
are  to  some  extent  known  it  will  be  more  accurate  to 
take  values  determined  for  each  fatty  acid.  A  number 
of  these  values  I  shall  give  below. 

This  as  an  analytical  method  is  limited  to  fatty 
acids  solid  at  ordinary  temperatures,  but  can  be  ex- 
tended by  applying  it  to  the  solid  fatty  acids  obtained 
from  liquid  acids  either  by  the  hydrogenation  process 
or  by  fusion  with  caustic  potash.  The  hydrogena- 
tion process,  by  the  addition  of  hydrogen,  converts 
unsaturated  fatty  acids  into  saturated  ones  having 
the  same  number  of  carbon  atoms;  oleic,  linolic, 
linolenic  and  clupanodonic  acids  are  all  converted 
into  stearic  acid.  Fusion  with  caustic  potash  pro- 
duces a  decomposition  of  members  of  the  oleic  series 
by  which  the  principal  product  is  a  saturated  fatty 
acid  having  two  less  atoms  of  carbon;  oleic  acid  is 
converted  into  palmitic  acid,  erucic  into  arachidic, 
etc.  Linolic  acid,  with  two  double  linkages,  is  con- 
verted into  myristic  acid  and  it  may  be  assumed  that 
all  acids  of  the  linolic  series  on  fusion  with  caustic 
potash  yield  a  saturated  acid  with  four  less  carbon 
atoms.  As  to  the  action  of  caustic  potash  on  the 
still  more  unsaturated  acids,  so  far  as  I  know,  no 
experiments  have  been  made,  though  it  has  been 
assumed  that  acids  with  three  double  linkages  (lino- 
lenic acid)  would  yield  a  saturated  acid  of  six  less 
carbon  atoms  and  those  having  four  double  linkages 
(clupanodonic  acid)  would  yield  a  saturated  acid 
having  eight  less  carbon  atoms. 

It  is  easily  seen  what  an  aid  this  power  of  converting 
liquid  acids  into  solid  acids  according  to  definite 
laws  can  be  toward  arriving  at  the  composition  of  a 
fatty  acid  mixture;  and  in  my  previous  paper  I  made 
use  of  the  hydrogenation  process.  In  that  paper 
I  gave  results  of  my  analysis  of  monhailen  oil  fatty 
acids  as  follows: 

IVt  crnt 


Palmitic  ncitl 

Otiirr  «>ll<l.  laluralcil  >cid> 

('nsiiluriitril  nci(l>  orilh  16  orlxiti  a{" 
t'nuutiiratril  add*  Kith  18  rarlwii  aiK 
I'nABturatcd  acidit  with  ••  ca/boii  atu 
Other  unsattiratrd  acids 


IS  6 

100  0 


The  vacancies  in  this  iinalysis  were  ihic  to  my  not 
having  the  pure  standard  acids  to  corrcspoml  with  all 
of  the  fatly  acitis  in  the  mixture.  I  had  at  that  time 
only  palmitic,  stearic  and  behcnic  acids.  I  have  since 
prepared  myristic  and  arachidic  acids,  makinR  the 
scries  of  normal  saturated  fatty  acids  with  even  num- 


S82  TEE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY       Vol.  9,  No.  6 

bers  of  carbon  atoms  complete  between  myristic  and  likely  be  found  in  the  first  fraction.      To  further  con- 

behenic  acids  inclusive.  centrate  it,  a  portion  of  this  fraction  was  dissolved  in 

PREPARATION  OF  MVRisTic  ACID  alcohol,   partially  precipitated   with  lead  acetate  and 

_,,      ,  .  ,       ,  ,  filtered.     The    fatty    acids    were   separated    from   the 

The  fatty  acids  of  nutmeg  butter  were  repeatedly  filtrate  and  melted  in  the  proportion  of  20  parts  with 

crystallized,    first    from    petroleum    ether    and    then  go  parts  of  myristic  acid: 

from  76  per  cent  alcohol.     In  all  there  were  thirteen  -^  ,  ^-     ■ 

.  The  m.  p.  of  this  mixture  was 51.60° 

crystallizations,  the  last  few  of  which  scarcely  made  That  of  pure  myristic  acid  is 53.76" 

any    change   in    melting    point    or   combining    weight.  The  lowering  of  the  m.  p.  was  therefore 2.16° 

The   combining   weight   by   titration   with   alkali   was  "^  p'er  «"t  o' paimitiT  .cidl^^^^^  4  53» 

228.5    (theory   228).      The   melting  point  was   53-76°.  ''''^.^^V^^rK.^n.^ISt^%''i^J?or':^^or'i 

(4.53  — 2.16)/4.53  = 52.3      Percent. 

PREPARATION    OF    ARACHIDIC    ACID 

-.     ,^         ,,,      r        ,,  .,  .,  which  clearly  establishes  the  presence  of  myristic  acid 

iNo  lat  could  be  found  that  contained  any  consider-  •      ^.u      1.    j  ^  j      -1        ttt,_  ...1 

,,  ^-^       r.,--        •,    ,  •,  •  ■  1°    tl^e    hydrogenated    oil.       Whether   it   was    present 

able  quantity  of  this  acid;  but  rape  oil  contains  erucic  ■i.u--i-i  c  ir  1^^ 

.,,.,,.  .  ,  .  ^  in  the  original  oil  or  was  formed  from  an  unsaturated 

acid,  which  on  fusion  with  caustic  potash,  should  yield  -j    u      i.    j  4.-  -n    u      1  ..        •      j  1   ^ 

'  .  ,.         .  ,  i-  '  J  acid   by   hydrogenation   will   be   determined  later. 

„,,/'■..,  .,  r       J  r      ^  1.  -^1.  ^^^  value  4-53°  (the  depression  caused  by  palmitic 

Ihe  fatty  acids  of  rape  oil  were  fused  for  6  hrs.  with  -,  .         ■     .^u    ..  ui  \  j  •....-•        1     1   .- 

/   ,      ^         o 'Z,       .^^,  ,,,,..         ,  acid  as  given  in  the  table)  was  used  in  this  calculation 

caustic  potash  at  300    C.     At  the  end  of  this  time  the  ,  •■.  .^-     n  ...  •     .^i.   ...  ^1  ■  1      ^, 

...       ,.  ,  ,     ,  ,     ,  ,      ^,      ^  .,  because  it  was  practically  certain  that  the  acids  other 

liberation  of  hydrogen  had   ceased.     The  fatty   acids  .,  •  ^-     ■     •.^.         u  ».  ^.-  a  ,     ■^■ 

,  r  ,         ,  ,  ,    ,      ,     .  than  myristic  in  the  substance    were   chiefly  palmitic, 

were  separated  from  the  other  products  of  the  fusion,  tj  ^  .■.    .-  ,/  ^, 

,  .  ,.        . ,  ,  .     ,       ,         .,,,.,      '  For    more    accurate    quantitative    results,    another 

and,  as  arachidic  acid  seemed  to  be  the  acid  of  highest         ■.  uui,  j  j        -uj- 

,  .  ....  .  .       ,       *"  mixture  should  be  made  as  described  in  my  previous 

melting  point  in  the  mixture,  it  was  a  simple  matter  ..u  ^  ■  ■  u     c  ^.i.         u  ^  ^     i. 

^  '^     .    ,  ,  '  .,     .    ,        .       .  paper;  that  is,  using  so  much  of  the  substance  to  be 

to  separate  it  from  the  rest  and  to  purify  it  by  simple  •       1  i.u  4.  .i-u     1  •  r        i^.-  •   4.  •       i_      4. 

...       .        .  ,  ,  ,  *^  examined  that  the  lowering  of  melting  point  is  about 

crystallization  from  petroleum  ether  and  90  per  cent         o 

alcohol.      Eight  crystallizations  gave  an  acid  having  a 

combining  weight  of  312  (the  theoretical)  and  a  melting  arachidic  acid  in  hydrogenated  menhaden  oil 
point  of  74.78°.  Fractions  15  and  16  of  this  same  distillate  had  an 
The  following  table  gives  the  melting  points  of  average  combining  weight  of  308.5  and  were  the  most 
mixtures  in  pairs  of  all  the  series  of  five  acids  before  likely  to  contain  arachidic  acid.  They  were  united  and 
mentioned,  80  parts  being  taken  of  one,  considered  crystallized  twice  from  90  per  cent  alcohol  at  15°  C. 
the  solvent,  and  mixed  with  20  parts  of  each  of  the  The  mean  combining  weight  of  the  crystals  was  324. 
others.  The  method  of  determining  the  melting  In  my  previous  work  it  had  been  shown  that  behenic 
point  was  about  as  described  in  my  previous  paper,  acid  (molecular  weight  340)  was  present  in  the  hydro- 
Correction  was  always  made  for  the  stem  of  the  ther-  genated  oil.  It  would  almost  certainly  be  in  this 
mometer  which  extended  above  the  bath.  fraction.     It     remained     to     determine     whether     the 


Behenic  acid 79 .  99 

Arachidic  acid 74.78 

Stearic  acid 69 .  30 

Palmitic  acid 62.37 

Myristic  acid 53 .  76 
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75.31 

4.68 

71.17 
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71.05 

3.73 

70.79 

3.99 

70.49 

4.29 

4.02* 

65.34 

3.96 

65.08 

4.22 

64.91 

4.39 

3.68» 

3.88* 
3.62* 

58.16 

4.21 
4.42* 

49.23 

4^52 

57.77 

4.60 

'ith  90  parts  solvent  plus  10  parts  dissolved  acids. 


♦On  account  of  the  relatively  high  melting  point  of  the  dissolved  acid  the  mixture  was  made  i 

The  lowering  of  melting  point  multiplied  by  2  gives  an  imaginary  value  for  the  80  +  20  mixture. 

reduction  in   combining  weight   was  due  to  arachidic 
acid, 


20  parts  of  the  crystals  melted  with  80  parts  of 

arachidic  acid  had  a  m.  p.  of 72.95 

Arachidic  acid  has  a  m.  p.  of 74.78 


.'as  therefore 

f  arachidic  acid  by  20 


The  lowering  of  the 
The  lowering  of  the 

per  cent  of  behenic  acid  is 

The  percentage  of  arachidic  acid  in  the  crystals 

therefore  100  X  (3.61  —  l.83)/3.61   = 


3.61 
49.3    Percent. 


The  figures  given  in  this  table  are  not  quite  to  be 
considered  as  final,  as  I  am  not  yet  satisfied  with  the 
accuracy  of  my  method  of  determining  melting  points 
and  hope  to  improve  it. 

MYRISTIC  acid  IN  HYDROGENATED  MENHADEN  OIL 

In  the  course  of  my  previous  work  on  menhaden  oil 
a  fractional  distillation  had  been   made  of  the  fatty 

acids    separated    from    the    hydrogenated    oil.     There  which  establishes    the    presence    of    arachidic   acid    in 

were  twenty-one  fractions  in  all.  the  hydrogenated  oil. 

In   this   distillate   were  found   behenic,   stearic   and  As  a  matter  of  interest  a  test  was  made  for  behenic 

palmitic  acids.     The  presence  of  arachidic  and  myristic  acid  in  the  same  fraction, 
acid  seemed  probable,  but  having  neither  of  these  acids  20  parts  melted  with  80  parts  of  behenic  acid 

in  the  pure  state  I  could  not  at  that  time  establish  Th\*rercenure"oTU'enic''acii  in\L''e"s'Jbs[ance     "''° 

their  presence  in  any  of  the  fractions.  .s  therefore  100  x  (3.57  — i.96)/3. 57  = 45.1    Percent 

If   any    myristic   acid    were   present   it    would    very  The  percentage  of  arachidic  acid  in  the  total  fatty 
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acids  of  the   hydrogenated  oil 
termined  as  follows: 


not   distilled,    was   de- 


20  parts  were  melted  with  80  parts  of  arachidi< 

acid.     The  mixture  had  a  m.  p.  of 

The  m,  p.  of  arachidic  acid  is 


The  lowering  of  m.  p.  is  therefore.  .  .  . 
The  lowering  of  the  m.  p.  of  arachidic 

other  acids  in  the  mixture  is  taken  : 
The    percentage    of    arachidic    acid    i 

100  X   (4.00  — 3.01)    4.00   = 


cid  b.v  the 
therefore 


3.11 
4.00 


which  is  either  in  the  original  oil  or  has  been  produced 
by  hydrogenation. 

THE    SOLID    FATTY    ACIDS    OF    MENHADEN    OIL 

These  were  separated  from  the  liquid  acids  by  the 
method  described  in  my  previous  paper.  About  31 
per  cent  were  obtained,  having,  however,  an  iodine 
value  of  q.44,  equivalent  to  10.5  per  cent  of  oleic  acid, 
which,  for  the  purposes  of  this  calculation.  I  shall 
assume  it  to  be. 

The  menhaden  oil  which  I  used  for  this  work  was 
unfortunately  not  the  same  as  that  I  had  used  in  my 
former  work.  It  was  not  so  fresh  and  contained 
more  free  fatty  acids  than  I  could  have  wished.  This 
may  account  for  the  rather  high  iodine  value  of  the 
separated  solid  acids. 

20  parts  of  these  solid  fatty  acids  melted  with  80 

parts  of  myristic  acid,  had  u  m.  p.  of .tO.,S7 

Myristic  acid  has  a  m.  p.  of 53.76 

The  lowering  of  m    p.  is  therefore 3.19 

The  lowering  of  the  melting  point  of  myristic  acid 

by  20  per  cent  of  palmitic  acid  is 4.53 

The  percentage  of  myristic  acid  in  the  solid  fatty 

acids  is  therefore  100  X  (4.53  —  3.19)4.53  =      29.6 

As  a  confirmation  of  this  result  and  to  leave  no 
doubt  that  myristic  acid  was  really  present,  the  above 
solid  fatty  acids  were  dissolved  in  alcohol  and  enough 
lead  acetate  added  to  precipitate  about  one-half. 
The  fatty  acids  separated  from  the  filtrate,  tested  as 
above,  gave  45.9  per  cent  of  myristic  acid. 


20  parts  of  the  sa 

80  parts  of  arai 

Arachidic  acid  ha 


solid  fatty  acids  melted  with 
lie  acid  had  a  m.  p.  of 

m.  p.  of . .  .- 


The  lowering  of  m.  p.  is  therefore 

The  lowering  of  the  m.  p.  of  arachidic  acid  by  20 

per  cent  of  palmitic  acid  is 

The    percentage    of    arachidic    acid    is    therefore 

100  X  <3.99  — 4.2I),3.99  -  —5.5  per  cent  - 


4.21 
3 .  99 
None 


In  the  same  way  the  percentage  of  palmitic  acid  in 
the  solid  fatty  acids  was  found  to  be  52.9  per  cent, 
and  of  stearic  acid  5.7  per  cent,  and  as  the  oleic  acid, 
from  the  iodine  value,  was  10.5  per  cent,  the  composi- 
tion of  the  solid  acids  as  separated,  is: 


Myristic 

icid 

29.6 

Pnlmilic 

Uld 

S2.9 

Stearic  lu 

id 

5.7 

Arachidic 

acid 

None 

Oleic  ucic 

.     . 

10.5 

As  the  menhaden  nil  fatly  acids  contained  ,?  i  per 
cent  of  acids  of  the  above  composition,  the  amount 
of  myristic  acid  in  the  menhaden  oil  fatty  acids  is 
29.6  X  o.,?i  =9.2  i)er  cent  and  of  stearic  acid  5.7  X 
o.,ii    >=t   1,8  ])er  cent. 

In  my  previous  ])a])er  I  expressed  a  doubt  as  to 
whether  there  was  any  stearic  acid  in  the  mixture, 
ihoujjh  the  tests  Rave  small  positive  figures.  This 
doubt  nuKhl  still  exist,  and  t,o  decide  this  point  a 
fractional  precipitation  was  made  of  the  fatty  acids  of 
menhaden  oil  dissolved  in  alcohol,  usinj;  only  enough 


lead  acetate  to  precipitate  about  2  per  cent  of  fatty 
acids.  This  precipitate,  on  decomposing,  yielded 
fatty  acids  testing  26.5  per  cent  of  stearic  acid.  There 
can  be  no  doubt  of  the  presence  of  stearic  acid  in  the 
original  oil. 

GENERAL    RESULTS 

Having  found  myristic  acid  in  both  the  original 
and  the  hydrogenated  fatty  acids  in  equal  amounts, 
it  was  not  produced  by  hydrogenation.  On  the  other 
hand  arachidic  acid  was  found  only  in  the  hydrogenated 
and  not  in  the  original  fatty  acids.  It  was  therefore 
produced  by  the  addition  of  hydrogen  to  an  unsaturated 
acid  with  20  atoms  of  carbon. 

The  composition  of  menhaden  oil  fatty  acids  given 
in  my  paper  of  July  1914,  can  now  be  filled  out  as 
follows: 

Per  cent 

Pal mitic  acid 22.7 

Myristic  acid 9.2 


Ste 

Unsaturated  acids  with  It)  carbon  atoms None 

Unsaturated      acids      with      18      carbon      atoms 

=   26. 7  less  1 .8  per  cent  stearic  acid  = 24 . 9 

Unsaturated  acids  with  20  carbon  atoms 22.  2 

Unsaturated  acids  with  22  carbon  atoms 20.  2 

As  to  the  series  to  which  the  unsaturated  fatty  acids 
with  the  different  numbers  of  carbon  atoms  bclonj;, 
the  method  of  fusion  with  caustic  potash  above  men- 
tioned will  give  some  information.  On  fusing  the 
menhaden  oil  fatty  acids  with  caustic  potash  and 
separating  the  higher  fatty  acids  from  the  product, 
a  mixture  was  obtained  which  would  not  crystallize 
from  90  per  cent  alcohol  except  at  very  low  tempera- 
tures, and  this  already  indicated  that  it  contained 
no  arachidic  acid.  It  was  crystallized  from  76  per  cent 
alcohol. 


20  parts  of  the  crystals 

arachidic  acid  had  a  r 

The  m.  p.  of  arachidic  a 


melted  with  SO  parts  of 

.  p.  of 

id  is 


The  lowering  of  m.  p.  was  therefore 

The  lowering  of  the  ni.  p.  of  arachidic  acid  by  20 

per  cent  of  stearic  and  palmitic  acids,  is 

The    percentage    of    arachidic    acid    is    therefore 

100  X  (3.86  —  3.74)   3.86  -   


71   04 

74.78 

3.74 
3  86 
3   2 


As  this  was  in  a  small  fraction  which  should  contain 
all  of  the  arachidic  acid  present,  the  amount  in  the 
total  product  of  the  fusion  woulil  be  very  small  if, 
indeed,  it  can  be  inferred  from  the  above  low  ligurc 
that  its  presence  has  been  proved  at  all.  From  this 
it  can  be  concluded  that  the  unsaturated  acid  with 
2  2  carbon  atoms  found  in  menhaden  oil  and  which, 
like  erucic  acid,  is  converted  by  hyiirogcnalion  into 
behenic  acid,  is  nevertheless  not  ervicic  acid,  since  on 
fusion  with  caustic  potash  it  is  not  converted  into 
arachidic  acid.  It  is  probably  a  more  unsaturnlcti  acid 
which  is  converted  into  stearic  or  |ialmitic  acid  by  the 
fusion. 

The  above  fraction  was  also  tested  for  palmitic  and 
stearic  aciil  and  fouml  to  contain:  Pnlmitic  acid, 
7.?. 6  per  cent;  stearic  acid,  2.<.6  per  cent. 

The  factors  for  lowering  of  melting  point  jtivcn  in  the 
l.ible,  although  still  somewhat  tuuvrtain.  cannot  be  tar 
enough  from  the  true  ones  to  alTcct  the  results  very 
seriously.  Kven  if  the  average  value.  4°.  for  the  ilc- 
jircssion  caused  by   mixing   20  parts  of  one  ncul   with 

,So    of     ,ti..llt.'t     li  ,.l    I. .'in    iis.'il    Ml    niv    ,  .1I.  llbitliills      the 
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general  conclusions  as  to  the  composition  ©f  menhaden 
oil  would  not  have  been  changed. 

As  to  the  usefulness  of  this  method,  I  know  of  no 
other  way  of  determining  the  composition  of  a  mix- 
ture of  solid  fatty  acids  of  more  than  two  constituents, 
especially  where  only  a  small  quantity  is  available. 
Even  with  large  quantities,  though  it  might  be  possible 
by  means  of  numerous  fractional  precipitations  or 
distillations  to  separate  some  of  each  of  the  constitu- 
ents in  a  pure  state,  a  quantitative  result  can  never  be 
obtained  in  this  way. 

Wyoming.  Ohio 

NOTE  ON  THE  DETERMINATION  OF  STRONTIUM  AND 
LITHIUM  IN  WATER 

By  S.   D.  AvERlTT 
Received  December  13,  1916 

There  are  probably  no  determinations  in  water 
analysis  which  on  the  whole  require  more  time  and 
work  than  those  of  strontium  and  lithium. 

Several  years  ago  while  cooperating  with  the  Referee 
on  Water  Analysis  for  the  Association  of  Official 
Agricultural  Chemists,  the  methods  which  are  now 
official  for  strontium  and  lithium  were  tested.  The 
great  amount  of  time  and  work  required  for  these  de- 
terminations led  the  writer  somewhat  later  to  investi- 
gate the  accuracy  of  indirect  methods  which  were  sound 
in  theory  and  which,  with  careful  work,  must  prove 
accurate  provided  there  was  a  really  determinable 
amount  of  strontium  or  lithium  present;  that  is,  an 
amount  that  would  not  be  too  seriously  affected  by 
the  experimental  error  unavoidable  in  the  most  care- 
ful work.  This  investigation  led  to  the  conclusion  that 
the  indirect  methods  employed  were  as  accurate  as 
the  official  methods  and  the  time  and  labor  saved  was 
a  matter  of  considerable  importance. 

It  is  self-evident  that  pure  preciptates  and  careful 
work  are  necessary  for  indirect  methods,  the  lack  of 
which  has  undoubtedly  had  much  to  do  with  the  un- 
favorable opinion  many  chemists  entertain  relative 
to  them. 

It  is  believed  that  a  brief  statement  of  the  methods 
will  be  of  general  interest  to  water  analysts  and  others 
who  have  occasion  to  determine  strontium  and  lithium, 
as  they  differ  materially  from  other  indirect  methods 
that  have  been  proposed,  at  least  in  their  application 
to  the  separation  of  calcium  and  strontium  and  the 
extent  to  which  they  are  carried  in  the  separation  of 
the  alkalies.  In  the  brief  statement  which  follows,  no 
details  of  procedure  will  be  given  as  they  should  be 
perfectly  familiar  to  any  analyst  of  reasonable  experi- 
ence. 

The  official  method  (Stromeyer-Rose)  for  the  de- 
termination of  strontium  begins  with  the  weighed 
oxides  of  calcium  and  strontium  (CaO  and  SrO). 
These  are  dissolved  in  nitric  acid  and  brought  to  dry- 
ness, the  separation  of  strontium  depending  upon  the 
insolubility  of  strontium  nitrate  in  alcohol-ether 
mixture. 

The  writer's  method  is  as  follows:  Dissolve  the 
weighed  oxides  in  hydrochloric  acid  and  precipitate 
again  as  oxalates  as  in  the  first  case;  filter,  wash,  dis- 


solve in  sulfuric  acid  and  titrate  with  standard  KMn04, 
noting  the  exact  volume  of  KMnOi  required. 
If  w  =  weight  of  CaO  and  SrO. 

0  =  total  oxygen  in  CaO  and  SrO   (found  by 
the  titration  with  KMnOi). 

A'  =  O  in  CaO. 

r  =  0  in  SrO. 
Then     X  +  Y  =  O  (i) 

and       3.S044X  +  6.47691^  =   W  (2) 

Solving  for  F,  determine  SrO  (6.4769  F)  then  W  —  SrO 
=  CaO.       When  the  value  of  Y  is  found,  in  order  to  get 

SrO  a  constant  factor  occurs  which  is 

6.4769  —  3-5044 
or  2.179.  Consequently  it  is  not  necessary  to  solve 
these  equations  in  order  to  get  the  weight  of  SrO, 
which  is  obtained  as  follows: 

{W  —  CaO  equivalent  of  KMn04  titration)  2.179 
=   SrO.     (3) 

In  order  to  test  the  accuracy  of  the  above  method, 
pure  CaCOj  equivalent  to  0.9954  g-  CaO  and  SrCOj 
equivalent  to  o.iooo  SrO  were  dissolved  in  hydro- 
chloric acid  and  made  up  to  500  cc;  50  cc.  aliquots 
equivalent  to  0.09954  g.  CaO  and  o.oioo  g.  SrO  were 
used,  giving  the  results  shown  in  Table  I. 

Table  I — Determination  op  Strontidm  (Results  in  Grams) 

Expt.  . CaO  -I-  SrO .   CaO  Equivalent     . SrO . 

No.                   Present         Found          of  KMnO«         Present  Found 

1 0.1095          0.1095              0.1048              0.0100  0.0102 

2 0.1095          0.1096              0.1052              0.0100  0.0096 

3 0.1095          0.1096              0.1049              0.0100  0.0102 

4 0.1095          0.1096              0.1051              0.0100  0.0098 

5(a) 0.1095          0.1097              0.1052              0.0100  0.0099 

(a)  Precipitated  in  presence  of  magnesium  chloride. 

The  oxalates  were  washed  with  a  Vj  per  cent  solu- 
tion of  ammonium  oxalate  in  all  cases.  Those  which 
were  to  be  titrated  were  finally  washed  with  15  cc. 
of  cold  water  in  5-cc.  portions  dropped  from  a  pipette 
around  the  top  of  the  filter  fast  enough  to  cover  the 
precipitate,  letting  the  filter  run  dry  between  each 
washing.  This  amount  of  washing  with  water  is 
sufficient  for  aliquots  containing  approximately  0.0300 
g.  of  oxides  and  it  is  not  advisable  to  have  much  larger 
aliquots  for  titration  nor  to  use  more  water  in  washing, 
otherwise  strontium  oxalate  will  be  dissolved. 

If  the  double  oxides  weigh  more  than  0.0500  g., 
aliquots  should  be  taken  for  the  KMnOi  titration. 
The  KMn04  should  not  be  stronger  than  N/10. 

The  Official  Method  for  the  determination  of  lithium 
(Gooch)  begins  with  the  weighed  chlorides  (NaCl, 
KCl  and  LiCl)  and  depends  upon  the  insolubility  of 
sodium  and  potassium  chloride  in  absolute  amyl 
alcohol. 

The  writer's  method  is  to  make  the  solution  in  water 
of  the  weighed  chlorides  of  sodium,  potassium  and 
lithium  up  to  convenient  volume.  Take  an  aliquot 
for  the  determination  of  A'  from  which  KCl  and  the 
CI  in  the  same  becomes  known.  Another  aliquot  is 
titrated  with  standard  AgNOj  from  which  the  total 
CI  is  obtained. 

If  ir  =  weight  of  NaCl  -|-  KCl  -|-  LiCl. 

C  =  weight  of  total  chlorine  (as  found  by  titration 
with  AgNOa). 

CI  in  NaCl  -f  LiCl  =  C  —  CI  in  KCl. 

A'  =  CI  in  NaCl  and  Y  =  CI  in  LiCl. 


June,  1917 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


585 


Then,  X  +   Y  =  C—  CI  in  KCl  (i). 

and  1.6486A'  +  1.1957F  =   T^'— KCl  (2). 

Solving  for  Y  find  weight  of  LiCl  (1.1957F)  in  getting 
the  weight  of  LiCl  from  F  a  constant  factor  occurs,  viz., 

' or  2.64,  and  as  in  the  case  of  strontium 

1.6486 —  I-19S7 

it  is  not  necessary  to  solve  the  equations. 
The  weight  of  LiCl  is  obtained  as  follows: 
The  NaCl  equivalent  of  C  —  C/  in  KCI  —  (IF  — 
KCl)  multiplied  by  2.64  =  LiCl  (3). 

In  order  to  test  the  accuracy  of  the  method,  0.5000  g. 
NaCl,  o.iooo  KCl  and  o.oioo  LiCl  were  dissolved  in 
water  and  diluted  to  100  cc.  Spectroscopic  tests 
showed  a  small  quantity  of  potassium  in  the  sodium 
chloride  and  a  trace  of  sodium  in  the  potassium  chloride. 
This  was  immaterial  since  no  lithium  was  shown  in 
either  the  sodium  chloride  or  potassium  chloride  nor 
was  there  any  lithium  in  the  calcium  and  magnesium 
chlorides  used,  but  a  small  quantity  of  sodium  and  a 
trace  of  potassium  were  indicated  in  both.  The  re- 
sults appear  in  Table  H. 

Table  II — Determination  of  Lithium  (Results  in  Grams) 

Lithium 
Expt.  KCI  +  NaCI  +  LiCl  LiCl 

No.  Present         Found  Present  Found 

1 0.6100         0.6098  0.0100  0.0106 

2(0) 0.1525  0.1569  0.0025  0.0025 

(a)  Determination  in  a  solution  containing  calcium  and  magnesium 
chlorides. 

The  determination  of  lithium  by  this  method  is 
based  upon  two  other  definite  determinations,  potas- 
sium and  chlorine,  than  which,  in  the  hands  of  a  skilful 
analyst  and  under  the  conditions  of  this  method,  no 
determinations  are  more  accurate. 

The  only  other  factor  affecting  the  accuracy  of  the 
method  is  an  impurity  in  the  weighed  chlorides  and 
under  ordinary  conditions  this  can  result  only  from 
careless  work  or  inexperience. 

Kentucky  Agricultural  Experiment  Station 
Lexington,  Kentucky 


NITRATE  DETERMINATIONS  IN  THE  PRESENCE  OF 

CHLORIDES 

By  \V    F.  Gericke 

Received  February  ?.  1917 

The  presence  of  chlorides  in  solutions  on  which 
nitrate  determinations  are  to  be  made  by  the  colori- 
metric  method  has  long  been  a  source  of  trouble  to 
the  analytical  chemist.  When  nitrates  are  present  in 
large  amounts  in  solutions  containing  chlorides,  de- 
terminations can  very  easily  be  made  by  the  use  of 
some  of  the  reduction  methods.  Since,  however,  de- 
terminations for  nitrates  are  often  called  for  in  solu- 
tions in  which  the  amounts  present  are  small,  the 
quantity  of  ammonia  produced  by  the  reduction  of  the 
nitrates  is  of  such  magnitude  as  to  often  introduce 
a  considerable  error  due  to  manipulation.  It  is 
under  such  conditions  that  the  phcnoldisulfonic  acid 
method  for  nitrate  determination  is  often  employed, 
and  in  the  absence  of  chlorides  has  been  found  to 
be  sufTuicntly  accurate  and  expeditious. 

Tiic  cfTect  of  (■lilori<lcs  on  nitrate  determinations  has 
been  the  subject  of  sonic  siutly  and  has  been  duly  re- 
ported in  chemical  papers.  It  is  not  deemed  necessary 
to  review  here  the  literature  on  the  subject.     SufTicc 


it  to  mention  some  of  the  results  of  the  more  important 
investigations. 

(i)  Chlorides  cause  losses  of  nitrates  in  determina- 
tions made  by  the  phenoldisulfonic  acid  method. 

(2)  The  loss  of  nitrates  is  not  occasioned  by  the 
evaporation  of  the  aqueous  solution  to  dryness  prior 
to  the  addition  of  the  phenoldisulfonic  acid. 

(3)  The  loss  of  nitrates  occurs  when  the  phenoldi- 
sulfonic acid  is  added  to  the  residue  from  the  evap- 
orated solution. 

(4)  The  use  of  precipitants  to  remove  the  chlorides 
prior  to  the  evaporation  of  the  aqueous  extract  is 
recommended  for  accurate  determinations. 

(5)  The  use  of  calcium  oxide  and  also  calcium  car- 
bonate for  the  clarification  of  aqueous  extracts,  es- 
pecially from  soils,  is  recommended  as  a  precipitant 
that  is  both  efificient  and  non-interfering  in  the  nitrate 
determinations. 

The  result  of  investigations,  the  conclusions  of 
which  have  been  briefly  stated  above,  indicates  that  the 
presence  of  chlorides  interferes  with  the  reactions  at  a 
certain  point  in  the  process  of  the  determinations — 
namely,  when  the  acid  and  dry  salt  containing  the 
nitrates  and  chlorides  come  into  contact.  This  re- 
sults in  the  production  of  heat  with  the  liberation  of 
both  chlorine  and  nitric  acid,  and  thus  interferes  with 
the  proper  reaction  of  the  latter  with  the  phenoldi- 
sulfonic acid.  Working  on  the  principles  enunciated 
by  the  investigators  studying  the  colorimetric  method 
of  nitrate  determinations,  it  occurred  to  me  to  try 
a  method  by  which  total  evaporation  of  the  nitrate- 
bearing  solution  to  dryness  could  be  obviated  together 
with  the  necessity  of  adding  the  acid  to  the  dry  residue. 
Since  the  phenoldisulfonic  acid  reagent  is  a  mixture 
of  sulfuric  acid  and  phenoldisulfonic  acid  it  seems  that 
the  proper  condition  for  the  reaction  of  the  phenoldi- 
sulfonic acid  and  the  nitrates  is  in  a  sulfuric  acid  solu- 
tion. By  the  addition  of  sulfuric  acid  to  the  nitrate- 
containing  solution,  a  condition  is  brought  about  by 
which  the  complete  evaporation  to  dryness  of  the 
aqueous  solution  may  be  obviateil.  When  the  phenol- 
disulfonic acid  is  then  added  to  the  acid-treated  nitrate 
solutions  some  nitrophcnoldisulfonic  acid  is  formed. 
The  complete  reaction,  however,  will  take  place  when 
the  proper  concentration  of  the  solution  has  been 
attained.  To  attain  this  concentration  and  to  employ 
temperature  to  accelerate  the  reaction  of  the  nitrates 
and  the  phenoldisulfonic  acid  is  the  purpose  of  the 
partial  evaporation  to  which  the  samples  are  sub- 
jected. 

In  making  nitrate  determinations  one  must  re- 
member that  the  theoretical  reaction  that  elucidates 
the  principle  of  the  method  goes  to  completion  for 
quantitative  determination  only  when  an  excess  of 
phcnoldisulfonic  acid  is  used.  Therefore,  proper  care 
should  be  taken  in  the  preparation  of  the  sample  thot 
the  amount  of  nitrate  present  in  the  sample  be  neither 
too  large  nor  too  small  to  introduce  measurable  error 
duo  to  the  excessive  or  insufliricnt  use  of  a  i;ivcn 
mca.surc  of  the  rcciuired  acid  rcaRrnts.  Too  much 
acid  may  seriously  affect  the  acvniracy  of  the  determina- 
tions of  samples  in  which  0\r  mirMtr  content  is  smalt. 
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Ijccause  of  the  action  of  the  acid  on  the  salts,  and  the 
increase  in  temperature  involved. 

The  phenoldisulfoiiic  acid  reagent,  as  used  in  the 
laboratory,  was  prepared  according  to  the  Chamot 
method,  i.  <?.,  an  addition  of  fuming  sulfuric  acid  is 
employed  to  insure  pure  phenoldisulfonic  acid,  free 
from  all  traces  of  phenolmonosulfonic  acid. 

The  quantity  of  the  sample  used  for  analysis  must 
be  determined  by  the  amount  of  nitrates  in  the  aqueous 
solution.  If  the  nitrate  content  is  from  i  to  5  parts 
per  million,  a  sample  of  at  least  50  cc.  should  be  used. 
To  the  sample,  placed  in  a  casserole  or  beaker,  1.5  cc. 
of  concentrated  sulfuric  acid  are  added  with  constant 
stirring,  then  2  cc.  of  phenoldisulfonic  acid  reagent. 
The  casserole  is  then  placed  on  a  water  bath,  and  most 
of  the  solution  evaporated  at  the  ordinary  temperature 
of  the  steam  bath.  The  last  part  of  the  evaporation, 
however,  should  be  performed  at  a  temperature  pref- 
erably not  over  70°  C. 

The  evaporation  should  proceed  until  the  original 
solution  is  concentrated  to  a  quantity  varying  from 
6  or  7  to  12  or  14  cc.  The  point  to  which  evaporation 
must  be  continued  is  determined  by  the  amount  of 
nitrates  in  the  original  solution;  for  a  low  nitrate  con- 
tent a  greater  concentration  of  the  original  solution 
will  be  necessary.  The  proper  concentration  is  de- 
termined by  the  color  of  the  solution,  which  resembles 
that  of  phenoldisulfonic  acid,  slightly  tinged  with 
yellow.  This  condition  will  come,  and  final  evapora- 
tion be  attained  at  about  the  time  that  acid,  due  to  the 
presence  of  chlorine,  can  be  detected  in  the  evaporating 
vapors.  The  important  thing  to  observe  in  this  modi- 
fication is  to  bring  about  the  final  evaporation  at  a 
relatively  low  temperature.  In  no  case  should  the 
solution  be  materially  colored  and  turbid,  although 
it  may  be  somewhat  darkened.  A  colored  solution 
will  result  in  an  off  tint  when  the  alkali  is  added  and 
will  necessarily  interfere  with  the  accuracy  of  the  de- 
termination. When  the  evaporation  of  the  solution 
to  its  proper  concentration  has  been  accomplished, 
about  50  cc.  or  more  of  water  are  added;  the  solution 
is  then  neutralized  with  an  alkali,  care  being  taken  to 
avoid  the  formation  of  excessive  temperature  when  the 
acid  is  neutralized.  The  solution  is  then  placed  in  the 
colorimeter  and  compared  with  a  standard  previously 
jjrepared,  which  may  be  made  up  according  to  the  old 
method  of  total  evaporation  to  dryness  before  adding 
the  reagents,  or  according  to  the  modification  here 
reported,  cither  of  which  will  give  the  proper  tint. 

RESULTS    OBT.-MNED 

Table  I  indicates  the  feasibility  of  adding  the  phenol- 
disulfonic acid  reagent  before  evaporation  to  dryness. 
Table  II  indicates  the  practicability  of  the  method 
even  if  relatively  large  amounts  of  sodium  chloride 
are  present.  If  the  nitrate  content  is  very  low  and  the 
salt  very  high,  for  instance,  i  part  per  million  of  nitrate 
and  I  per  cent  NaCl,  determinations  were  subject  to 
serious  errors,  due  to  loss  of  nitrates  and  discoloration 
of  the  solution.  In  cases  of  very  low  nitrate  and  high 
salt  content,  evaporation  of  the  solution  to  its  proper 
concentration  should  be  performed  at  a  much  reduced 
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temperature  and  preferably  under  partial  vacuum,  in 
order  to  reduce  the  action  of  acids  on  the  salts. 

SUMMARY 

I — A  satisfactory  modification  of  the  phenoldi- 
sulfonic acid  method  of  nitrate  determination  in  pres- 
ence of  chloride  salts  has  been  found. 

II — Total  evaporation  of  the  solution  to  dryness  can 
be  obviated  by  the  use  of  concentrated  sulfuric  acid, 
which  is  added  to  the  aqueous  extract. 

Ill — The  addition  of  sulfuric  acid  and  phenoldi- 
sulfonic acid  to  the  aqueous  solution  prevents  the  loss 
of  nitrates,  which  in  the  old  method  was  due  to  the 
action  of  acid  added  to  the  dry  salt  after  evaporation  to 
dryness  had  been  accomplished. 

IV — The  temperature  at  which  the  final  evaporation 
and  concentration  of  the  aqueous  solution  is  performed 
should  not  exceed  70°  C. 

Soil  Chemistry  Laboratory 
Tnivkksity  of  Calip^irnma.  Berkeley 


A  NOTE  ON  THE  PHENOLSULFONIC  ACID  METHOD 

FOR  NITRATES  IN  WATERS  HIGH  IN 

MAGNESIUM  SALTS 

By  M.  Starr  Nichols 
Received  February  28.  1917 

In  the  phenolsulfonic  acid  method  for  the  determi- 
nation of  nitrates  in  water  supplies,  as  given  in  the 
"Standard  Methods  of  Water  Analysis  of  the  American 
Public  Health  Association,"  no  provision  is  made  for 
the  removal  of  the  hydroxides  of  magnesium  and  iron 
which  may  form  on  the  addition  of  the  alkali  hydroxide 
used  to  neutralize  the  excess  phenolsulfonic  acid. 
In  this  laboratory,  until  recently,  the  colored  solution 
containing  the  nitrated  sulfonic  acid  has  been  fil- 
tered to  remove  these  hydroxides  and  the  filter  paper 
subscciuently  washed. 

In  the  absence  of  the  hydroxide  of  iron,  the  filtra- 
tion may  be  dispensed  with  and  the  color  read  im- 
mediately if  a  quantity  of  an  ammonium  salt  is  added 
to   hold   the    magnesium   in   solution.      There   are  two 
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advantages    to    this    procedure.      Irf    the    process    of  sugars    present    in    such    juices.     The    object    of    this 

filtering    a    deeply    colored    solution   there    always    re-  paper  is   to   give   the   results   of  some   work   done   on 

mains  a  small  quantity  of  the  color  in  the  filter  paper;  various   varieties  of   apple  juices,   and  is  the   first  of 

and  in  the  second  place  if  a  large  number  of  samples  what   the   author   hopes   to    make   a   series   of  several 

are  being  handled  each  day,  the  time  factor  is  worthy  papers  treating  of  the  amounts  of  the  different  sugars 

of  consideration.  in  apple  juices. 

The    quantity    of    ammonium   salt    required    is    de-  t„,«„+„  ,.^,-;.»f,-«.o  ^c  ^„„i^                          j  ..i.         1.  ^t. 

^            •',          „    ,.  .           ,,        ,                  ,.       .  1  wenty  varieties  ot  apples  were  secured  through  the 

pendent  upon  what  alkah  IS  used  for  the  neutralization  courtesy     of    the     Virginia     Agricultural     Experiment 

of  the  excess  acid.      If  ammomum  hydroxide  is  used,  station,    at     Blacksburg.    Va.     The    fruit    had    been 

S  cc.  of  a  saturated  solution  of  ammonium  chloride  will  „_„„,„    ;„    ^u^    rs,-^i,o,/i<-    ^f   ti,„     *  *•                 c  w 

•'.,„.               ,,,.,.                             .  grown   in   the    orchards   ot    the   station,    carefully   se- 

be  found  sufficient  to  hold  m  solution  the  magnesium  i„„+„j  ^o  ^o,>,-oc.o^t-,<-;,.<.  ^„a  +,  „  .                       j     •  1    j 

.          .                            .                                            '^  lected  as  representative  and  true  to  name,  and  picked 

which  will  be   present   m   from    20  to    so   cc.  of    most      „„ /,    ;„„„j-  +„i„    ^u; i     „.u  1    ..    •  r^-c 

'  ■'  and  immediately  shipped  when  market-ripe.  Fif- 
waters.  If  sodium  or  potassium  hydroxide  is  used  ^een  of  the  varieties  were  native  and  were  the  corn- 
there  will  be  required  a  larger  quantity  of  the  am-  ^^^^-^^  ^^^^^^  best  adapted  to  the  section  where 
monium  salt,  owing  to  the  result  of  mass  action  be-  g^^^„  pj^.^  varieties  were  French  cider  apples,  and 
tween  the  alkali  hydroxide  and  the  ammonium  salt,  j^^^  ^^^^  gathered  from  trees  14  years  old.  The 
and  the  amount  required  will  be  in  proportion  to  the  .^j^^   ^^^   thoroughly   expressed   from  the   fruit   after 

amount  of  alkali  added  in  excess.      The  addition  of  the  „,;„j;„„  :„  „  ^^^it  ™„^»  „^;„^„,    ^  ..,,,       a:  •     ^  u      j 

grinding  in  a  small  meat  grinder,  a  very  efficient  hand 

ammonium  salt  is  made  after  the  neutralization  and  p^^^^  ^^^^^  ^3^^  ^^^  ^^^  purpose.        The  analvsis  was 

before  the  final  dilution.  undertaken  immediately  after  pressing. 
The  writer  has  found  this  slight  change  in  procedure 

quite  serviceable  in  routine  water  analysis.  The    method    followed    in    the    examination    of    the 

juices  was  substantially  that  detailed  bv  Thompson  and 

Wisconsin  St.\te  Laboratory  OF  HvGiENE  ■'                                                        ,     ,                               ,         -       _             '^ 

University  of  Wisconsin.  Madison  Whittier:       26   g.   of    juice   were   Weighed  into  a    lOO  CC. 

flask,  clarified  with  a  slight  excess  of  lead  acetate,  the 

LEVULOSE  THE  PREPONDERANT  SUGAR  OF  APPLE  lead  being  removed  with  a  slight  excess  of  potassium 
JUICES'  oxalate    after   completing   the    volume.     In   some    in- 
liy  John  r.  Eoff,  Jr.  Stances  alumina  cream  was  used  in  conjunction  with 
Kecived  February  !■).  1917  j^^^   acetate.     The   solution   was   polarized   in   a    200 
Thompson  and   Whittier=  state  that  levulose  is  the  ^^    ^^j^e  at  20  and  87°  C.  before  and  after  inversion 
predominant   sugar  of   apple  juice   and  give   the   per-  ^j^j^    invertase,    the    instrument    used    being    one    of 
centages  of  sugars  found  in  the  juice  of  one  variety  Schmidt    and    Haerisch's    make,    Ventzke   scale.     The 
of    apple    at    different    stages    of    ripeness.      Browne'  calculations  were  made  by  the  following  formulas: 
states  that  apples  contain  levulose  in  excess  of  dex- 
trose,   but    gives    no    figures.      Worcollier^    says    that  ,    _  <'        '^             D  =        -      L           <>   =  '' 

dextrose  and  levulose  compose  60  per  cent  to  95  per  0.624                        0-794                                i-.U? 

.Analyses  of  Apple  Juices 

Pbk  Cent  of  Sugars  as  Detekuiked  Psk  Cent  of  Sugars 

Sample       Acidity  Gravity                             . ■  Occurring  as 

Variety  of  Apple                 Analyzed     of  Juice  of  Juice  Temp.               SucRoss  I.EVULOSE       DK.XTROSB  Total      . ■ . 

Native                              lOlfi              (o)           Brix         °  C.         (6)  (c)           (d)          (f)          (<*)           ('•             id)       Sucrose  Levul<»c  Dextrose 

Mother 10    16            47.0          11.8          2i          2.2  2.3          5.8         6.4          1.7          2.2            9.7          22.7          .W.8          17. .S 

Grimes  (CoWen) 6.1.5          12.1          2.1          3.6  .1.9          5.8          6.4         0.5          1.2            9.9         36.4          58.6            5.0 

Arlcansa.s 69,0          11.9          23          1.5  1.5          5.8          6.2          2.6          3.0           9.9          15.2          58  6          26.2 

UmbcrtwiK 66.0          11.1          23          0.8  0.7          5.0          5.4         3.5          2.3            9.3            8.6         53.8         37.6 

York  Imperial 67.5          11.8          23          1.1  1.3          6.3          6.6          2.5          2.7            9.9          II. I          63.6          25.3 

I.ankford 10/24            59.0          12.6          24          2.4  2.6          ...          6.8          ...          2.2 

Gano 63.0          11.3          23          1.3  1.8          5.9         6.0          3.2          2.6          10.4          12.5          56.7          .10.8 

Peck 67.5          12.0          23          2.4  ...          6.3          6.2          3.3          2.3          12.0          20.0         52.5          27.5 

Northcrn.Spy 56.0          12.0         23         2.5  3.7         6.2         7.1          1.7          1.7          10.4         24.0         .59.6         16.4 

While  Pippin .50.5          11.9          23          2.4  2.7          5.9         6.8          2.2          1.8          10  5          22."         .16.2          20.9 

Plumb  Cider 10,27            73.5          10.5          23          0.6  0.6          5.9         6.7          1.4          1.6            7.9            7.6          74.7          17.7 

Rome  (/(raii(y) 44.5          11.5          22          2.2  1.9         6.1          6.8          1.4          1.9            9.7          22.7          62.9          14.4 

Yellow  Newton 53.0          13.1          22          3.5  3.1          5.9         6.8          1.8          2.4          11.2          31.2          52.7          16   1 

Stayman  Wincsap 72.0          13.5          22          3.2  3.1          6.3          6.8          2.1          2.4          11.6          27.6         54.3          IS.  I 

Ken  Davis 52.0          11.2          22          1.2  1.0         5.9          6.5          2.5          2.7            9.6          12.5          615          26.0 

I'kkncii 

Huniie  del'rieulles 11    2              29.0          16.3          22          2  6  2  9          8   5          8  9          2.7          3  0          13.8          18.8         61.6          19  6 

Am«re-de  Ilerthccourt 16  0          II    I           22          1    <l  10         (.  (i          7   3          1.5          1.8            9.1           11.0         72  5          16.5 

Godard 30.0          15.4          22          3.6  3.6          7.1          7.4          1.5          2.0          12.2          29.5          582          12.3 

DArrolcB 148.0          14.2         21          2.2  2.4         6.8         7.2         2.3         2  5          11.3          19  5         60.2         20. J 

Amirc-du-Survillc 41.5          11.7         21         0.2  0.4         7.2         7.6         2.i         2.2           9,7           2.1          .4.2         M.. 

(a)  Cc.  N/\0  alkali  per  100  cc.  of  juice,     (fc)  Clcrget.     (i)  Acid  inversion,  Cu  reduction,     (ij)  Optically,     (f)  Browne. 

cent  of  the  sugars  present  in  apple  juices  and  in  the  Where 

prO|)Ortion  of    2.8  to    10  times  as   much   of  levulose  as  of  „     _    nirr^.,  rcadinn  at  20°  C         ^     -   \n\rn  rradmi:  at  20*  c. 

dextrose.     As  far  as  the  author  is  able  to  find  out,  no  «'  -  nireci  re«din«  m  sr"  c.     ^'  -  invert  rc«<iin«  at  «:•  c 

systematic  investigation  of  any  large  number  of  apple  »  -  Per  cent  .ncrme    1,  -  Pe.  cent  levuiow     l>  -  Per  cent  iie.ir«e. 

juiccsfrom  various  varieties  of  apples  grown  in  dilTercnt  .,,,^^,    dilToronl    suKurs    were     also     ttctcrmincd    by 

localities   has   been    made   to   prove   or   disprove   that  Browne's'  mothotJ  usinR  Munsou  nnd  Walker's  tabic.' 

levulose  is  always  in  greater  quantity  than  the  other  ^^^  ^,^^.  rcducinK  suRnrs  and  the  foUowinR  formulas  for 

'  Puhllalied  by  permission  ot  the  Commissioner  of  Inlernnl  Revenue  ^),y  I'^jculations: 

■  Orlawnrr  CoUcKe  Aurliultiiral  I{i|>eriinent  Slulion.   Hull    IM,    P'lt 

'  J.  Am.  ihtm    ,V..,  .  II,  87;  '  ,'      I"    <  »'"■■  •''<•'  .  ••  H^Oftl.  4W 

'  Ann.  lull.,  I.  42,^-7,  1'    ."*    Burwiu  ol  Chemistry.  H»U    lOT,  r»v..  243  51. 
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R 


0.91  s>'  =  X 


Per  cent  levulo 


saccbarimeter. 


0.793^  +  s  —  p  _ 
2.08 

where 

X  =  Per  cent  dextrose. 
R  =  Reducing  sugars  as  dextrose. 
P  =  Polarization    of   a   sucrose    normal    weight 

20°  C. 
5  »  Sucrose 

The  data  obtained  from  the  investigation  will  be 
found  in  the  accompanying  table.  It  will  be  noticed 
that  in  every  instance  the  amount  of  levulose  exceeds 
the  combined  amounts  of  the  other  sugars  present, 
and  though  this  work  is  by  no  means  exhaustive,  it  by 
so  much  substantiates  the  statements  previously 
made  that  levulose  is  the  sugar  predominating  in 
apple  juices. 

U.  S.  Intbrnal  Revenue  Laboratory 
Washington,  D.  C. 


THE  INFLUENCE  OF  CALCITE  INCLUSIONS  ON  THE 
DETERMINATION  OF  ORGANIC  CARBON  IN  SOILS 

By  Edmund  C.  Shorey  and  Wm.   H.   Fkv 
Received  February  28,  1917 

It  has  been  pointed  out  by  McCaughey  and  Fry' 
and  by  Robinson''  that  soils  derived  from  limestones, 
especially  those  of  the  Limestone  and  Uplands  Province, 
are  peculiar  in  containing  inclusions  of  calcite  and  iron 
oxide  in  quartz.  In  a  recent  mineralogical  examina- 
tion' of  a  number  of  samples  of  Hagerstown  silt  loam, 
one  of  the  important  soil  types  of  the  Limestone 
and  Uplands  Province,  the  almost  universal  presence 
of  calcite  inclusions  in  quartz  was  again  brought  to  our 
attention  and  some  consideration  has  been  given  their 
significance. 

Quartz  is  among  the  most  resistant  soil  minerals  and 
it  is  evident  that  crystals  of  calcite  inclosed  in  quartz, 
so  long  as  such  quartz  particles  were  intact,  could 
have  no  agricultural  significance.     In  fact,  such  calcite 

'  Bureau  of  Soils,  Bull.  91,  1913. 

»  Department  of  Agriculture,  Bull.  12J,  1914. 

•  The  identiBcation  of  calcite  inclosed  in  quartz  in  the  soils  examined 
was  carried  out  in  the  manner  usual  in  work  with  the  petrographic  micro- 
scope. The  soil  was  mounted  in  an  oil  having  a  known  refractive  index, 
preferably  very  close  to  the  index  of  quartz  as  this  mineral  is  thereby 
rendered  practically  invisible  when  the  analyzing  nicol  is  removed  from  the 
microscope  tube. 

When  the  nicols  are  crossed  the  calcite  grains  are  readily  "spotted" 
by  their  high  interference  colors.  The  work  from  that  point  on  is  simply 
confirmatory.  Rarely  the  calcite  grains  show  crystallographic  outlines 
and  in  these  cases  the  index  of  the  grain  can  be  determined  by  rotating  the 
stage  until  the  grain  disappears  and  comparing  the  actual  index  thus  noted 
with  the  index  calculated  for  a  calcite  grain  having  the  same  orientation 
as  the  grain  under  consideration.  The  two  indices  thus  obtained  should  of 
course  be  identical. 

The  chief  difficulty  in  this  procedure  is  that  often  the  interference 
figures  of  the  quartz  and  calcite  mutually  dash,  but  with  patience  grains 
can  be  found  showing  the  figures  with  sufficient  clearness  to  enable  the  grain 
to  be  roughly  oriented.  When  all  the  conditions  are  favorable  as  outlined 
above,  there  is  no  doubt  as  to  the  identity  of  the  grains  under  observation. 
In  other  cases  the  extremely  high  interference  colors  practically  settle  the 
question,  the  only  probable  source  of  error  being  the  confusion  of  calcite 
with  dolomite,  but  so  far  as  any  analytical  error  introduced  by  the  inclusions 
in  quartz  arc  concerned  it  makes  no  difference  whether  they  are  calcite  or 
dolomite. 

So  far  as  is  known  at  present  there  is  no  other  method  of  determining 
roughly  the  quantity  of  a  given  mineral  on  a  slide  except  actual  count  of 
sized  material,  or  measurement  of  heterogeneous  material,  and  in  this  latter 
case,  as  in  rock  sections,  the  material  must  be  of  uniform  thickness.  In  the 
case  of  inclusions  such  as  those  under  consideration  it  is  obviously  out 
of  the  question  to  apply  either  of  the  methods  mentioned  above,  and  conse- 
quently the  quantity  of  the  inclusion  present  cannot  be  stated  in  quantita- 
tive terms. 


probably  would  be  a  less  likely  source  of  soluble  cal- 
cium in  a  soil  than  the  calcium-bearing  silicates. 

The  analytical  significance  of  such  calcite  inclusions 
cannot,  however,  be  ignored,  for  there  are  several  de- - 
terminations  commonly  made  by  agricultural  chemists    1 
where  their  presence  would  introduce  an  error. 

In  carbonate  or  carbon  dioxide  determination,  where 
the  carbon  dioxide  is  set  free  from  carbonates  by  a 
stronger  acid,  it  is  evident  that  any  carbonate  com- 
pletely protected  by  inclusion  in  quartz  would  not  be 
determined  by  any  of  the  methods  now  in  use.  Since, 
however,  such  calcite  or  carbonate  has  no  immediate 
agricultural  significance,  this  error  may  be  ignored 
where  the  determination  is  made  for  the  purpose  of 
indicating  proper  agricultural  practice. 

Among  the  methods  used  to  determine  approximately 
the  organic  matter  in  a  soil  is  one  that  depends  on 
determining  the  total  carbon  and  calculating  this  to 
organic  matter  by  the  use  of  an  empirical  factor. 
Two  methods  are  in  use  for  determination  of  total 
carbon:  combustion  in  a  current  of  oxygen  with  or 
without  copper  oxide;  or,  oxidation  of  the  organic  matter 
to  carbon  dioxide  by  some  moist  oxidizing  reagent  and 
determination  of  the  carbon  dioxide  evolved  by  one 
of  the  usual  methods.  In  both  cases  determination 
of  carbon  dioxide  evolved  from  any  carbonate  present 
is  made  on  a  separate  sample  and  the  quantity  so 
obtained  deducted  from  that  total  obtained  on  com- 
bustion, the  difference  being  stated  as  organic  carbon. 

The  first  method,  usually  designated  the  cupric 
oxide  method,  is  not  subject  to  much  modification  and 
is  considered  an  absolute  method  by  which  others  are 
to  be  judged.  On  account  of  its  tedious  character, 
however,  other  methods,  usually  designated  moist 
combustion  methods,  have  been  devised.  These 
usually  depend  on  the  oxidizing  effect  of  boiling  con- 
centrated sulfuric  acid  to  which  potassium  dichromate 
has  been  added;  and  proposed  modifications  of  this 
method  relate  chiefly  to  the  method  of  determining 
the  carbon  dioxide  and  the  design  of  the  apparatus 
used. 

In  determining  the  organic  carbon  in  a  soil  contain- 
ing inclusions  of  calcite  in  quartz  by  either  of  these 
methods,  it  would  seem  from  theoretical  considerations  ' 
that  in  the  case  of  the  moist  combustion  method  the 
carbon  dioxide  of  included  calcite  would  not  be  set 
free,  while  in  the  case  of  combustion  with  cupric  oxide 
the  high  temperature  would  decompose  the  calcite, 
rupture  the  quartz  grains  and  the  carbon  dioxide  set 
free  would  be  calculated  as  organic  carbon,  since  it  would 
not  appear  in  the  ordinary  carbonate  determination. 

Examination  of  28  samples  of  Hagerstown  silt 
loam  for  calcite  inclusions  disclosed  their  presence  in  all 
samples  but  one.  One  of  these,  a  sample  from  Chat- 
tooga County,  Georgia,  was  selected  as  suitable  for 
determining  whether  or  not  these  theoretical  considera- 
tions would  be  borne  out  in  practice. 

A  sub-sample  ground  to  pass  a  sieve  80  meshes  to  the 
inch,  well  mixed  and  dried  at  105°  C,  was  used  through- 
out, all  results  being  stated  as  per  cent  of  the  dried 
soil.  The  following  determinations  were  made:  (i) 
Combustion  with  cupric  oxide  in  a  current  of  oxygen; 


June,  1917            THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY                         589 

(2)  combustion  with  concentrated  sulfuric  acid  to  quartz  grains  proceeds  slowly,  and  if  the  combustion 
which    potassium    dichromate    had    been    added;    and  is  stopped  at  the  end  of  the  period  usually  adopted, 

(3)  combustion  of  the  residue  after  moist  combustion  calcite  inclusions  can  still  be  found  under  the  microscope 
with  cupric  oxide  in  a  current  of  oxygen.  Determina-  and  the  material  will  give  more  carbon  dioxide  on  fur- 
tion  of  the  carbonate  in  the  soil  gave  results  less  than  ther  heating. 

0.0 1   per  cent  carbon  and  this  has  been  ignored  as  a  Theoretically  if  the  soil  were  ground  so  fine  that  all 

negligible    quantity.     It    was    originally    proposed    to  calcite    inclusions    were    exposed    the    carbon    dioxide 

subject  the  residue  from  the  treatment  with  sulfuric  of  such  calcite  would  appear  in  the  preliminary  carbon 

acid    and    dichromate    after    washing    and    drying    to  dioxide  determination  and  no  error  would  be  introduced 

combustion  with  cupric  oxide,  but  it  was  found  that  in    the    subsequent    combustion    by   the    cupric   oxide 

this    material    had    absorbed    a   considerable    quantity  method,  but  it  does  seem  possible  to  accomplish  this 

of    chromium    compounds    and    gave    so    much    sulfur  in    practice.     It    is    evident    that    the    inclusions    are 

trioxide  on  heating  that  it  was  not  possible  to  obtain  exceedingly  minute,  for  the  carbon  dioxide  calculated 

concordant  results  for  carbon  when  treated  in  this  way,  to  carbon  in  the  preliminary  carbon  dioxide  determina- 

and  in  place  another  portion  of  soil  was  treated  with  tion  was  less  than  o.oi  per  cent,  while  that  obtained 

sulfuric  acid  and  potassium  sulfate  as  in  a   Kjeldahl  from  the  calcite  inclusions  by  cupric  oxide  combustion 

digestion,    heated    until    all    organic    matter    was    de-  was  0.12  per  cent,  working  with  a  soil  ground  to  pass  a 

stroyed  and  the  residue  perfectly  white,  washed,  dried  sieve  of  80  meshes  to  the  inch.     The  residue  from  a 

and  weighed.  moist    combustion    after    washing    and    drying    was 

The  following  results  were  obtained,  all  figures  being  ground  to  pass  a  sieve  130  meshes  to  the  inch  and  then 

the    mean    of    three    closely    agreeing    results.     The  leached  with  hydrochloric  acid,  and  after  this  treatment 

figures  obtained   on   combustion  of  the  residue  after  calcite  inclusions  were  still  abundant  when  examined 

treatment    with    sulfuric    acid    and   potassium   sulfate  under  the  microscope. 

were  calculated  to  original  soil.  It  is,  of  course,  apparent  that  in  any  comparison  of 

Total  Carbon  methods  all  determinations  should  be  made  on  samples 

Moist  combustion ^"jT  ground  to  the  same  degree  of  fineness. 

Cupric  oxide  combustion  of  residue  from  moist  com-  ^,    S   Department  ok  Agriculture 

bustion 0.12 

BUREAtl  OF  SOK.S,   \\  ASlIINr.TON 

In  soil 0.83 

Cupric  oxide  combustion 0.80 

It  is  seen  from  these  figures  that  there  is  a  reasonably  THE  ACTION  OF  SOLUTIONS  OF  AMMONIUM  SULFATE 

1                            .  u  *             ti      +   *   1         1           K*   •      ^  K  ON  MUSCOVITE 
close  agreement  between  the  total  carbon  obtained  by 

...                .             .  ,                 ...             r    ii              •!            J    it.    i.  By  R-  F-  Gardiner  and  ICdmund  C.  Shobky 

direct  cupnc  oxide  combustion  of  the  soil,  and  that 

,     ,              ,  ,.                         ,      •        ,              ,         .         ,                      .  Received  February  16.  1917 

obtained  by  adding  together  that  obtained  on   moist  , ,            .                  ,    ,          .          .            .         ,  , 

,      ^.             ,           -J            V     i-         c  iu          •  Muscovite,  one  of  the  micas,  is  a  mineral  frequently 

combustion  and  cupric  oxide  combustion  of  the  resi-  ,        ,.      .,,            ,.,.,           ,           ,       ,  ■ 

J  found  in  the  rocks  from  which  soils  are  formed  and  is  a 

tJ  u       u         c             ti          4.    1  tu  t         •  t       „!,     I-  commonly   occurring    mineral   in   soils.      In   some   soil 

It  has  been  frequently  noted  that  moist  combustion  .      .     .■'              ,    ,        ,               .    .                 ,       •       • 

,,     ,,            .         ,           £            14.4.1        v.-  series  it  is  one  of  the  characteristic  or  predominating 

methods  have  given  lower  figures  for  total  carbon  in  .         ,      ,      .                                  ,       ,  ^."^                       *• 

.,     .,        ,.            U4   •     J      -4  1.           •         -A          A      -4.1.  minerals,  for  instance  in  a  sample  of  Gloucester  stony 

soils  than  those  obtained  with  cupric  oxide,  and  with  '           ,       .     ,                .        ,            .              ,        j 

*i,    •  1      *i,  4  4.U    1  44.                      I,     1   4.    ~  4i,„  1    -4.  u „ „  loam  aftcr  mechanical  separation  the  sands  were  found 

the  idea  that  the  latter  was  an  absolute  method,  it  has  .                           .^             •           ,    ,       •, 

u          u  1  1    4t.  4.    4U           -4.           V,     4-        ~  4-u   J    <■  to  contain  s  per  cent  of  muscovite  and  the  silt  30  per 

been    held    that    the    moist    combustion    method    fro-  ,       .                                        ,       ,   r^           •,     . 

...         c            .           .4  1.        4.1.         4.     1      „        4  cent.     In  the  same  way  a  sample  of  Penn  silt  loam 

quently  gives  figures  lower  than  the  actual  amount.  ,                         .          ■'              ,               •      •      l           j 

,p.             ,.       i.    ■     J  •    J-     4     4.1.   4.  •<•  4.t,-     A-  was  found  to  contain  0  per  cent  of  muscovite  in  the  sand 

The  results  obtained  indicate  that  if  this  discrepancy  .             .*; 

•    ,        1  •     it.               r      -1          4.   •   •           I  -4    •     1    J  J  and  g  per  cent  in  the  silt." 

is  found  in  the  case  of  soils  containing  calcite  included  ^      .       .             ,,              •  ,       ,              ex. 

^     ..     c     ^               -4    4U          4              f        „  *„4.  1  Muscovite   IS   usually   considered   one   of  the    most 

in  quartz,  the  facts  are  quite  the  contrary  so  far  as  total  ,        ,,                ■'        ^,     ,              .    ,.», 

,                            ,  stable    of    soil    minerals.     Clark    says,'    "Muscovite, 
organic  carbon  is  concerned.  .                                        .              r    ,     .            w 
,       .,              1     ■     4U               r      -1          4.   •   ■           1  •*  under  ordinary  circumstances,  is  one  of  the  least  alter- 
In  other  words,  in  the  case  of  soils  containing  calcite  „       ,  .  .             , 
,     •          ,,           ,         )■       J       t        u       I    4         n       4  able  of  minerals.     The  feldspar  of  a  granite  may  be 

inclusions,  the  carbon  dioxide  of  such  calcite  will  not  44V       1-  ,     .  .    .      ,  , 

,,           ■•                 u       J-     •  1      1  4        •      .•  completely   kaolinized    while   the   embedded   plates  of 

appear  in   the  ordinary  carbon  dioxide  determination  ^""'f  »-  ^-.j                                                                    r 

.    .       n                  •      .,                       -i             1      4-          _i  mica  retain  their  brilliancy  unchanged, 

but   will   appear  in  the  cupnc  oxide  combustion  and  „         ■'   .  ..„„    "   .                      .  .     ^ 

,         1     I  4    1  4                         u           'nu-    •         4  tu        „  McCauehey  and  Fry  say,'     The  micas  .ire  persistent 

be  calculated  to  organic  carbon.     This  is  not  the  case  ^»"b     1  ,       ,    , 

■  .,    .,           ■  .          ,      ..            4U   J       J  -4          u  minerals  in  soils  and  show  but  little  evidence  of  altcra- 
with  the  moist  combu.stion  method  and  it  would  seem  """ci4no     •                                       .          ,    .            ,        , 
f  •    .                    41    4  •                c      ■\           4    ■    ■           1  •.  tion,  a  fraying  of  the  edges  at  times  being  quite  char- 
fair  to  assume  that  in  case  of  soils  containing  c.alcitc  .•'.,.          .         ,    ,                  ,       ,   ,          , 

,     ■         ..      r               U4   •      1  f                 •          1        u  actcristic.     If  a  teralion  of  the  micas  has  taken  place 

inclusions  the  figures  obtained  for  organic  c.irbon  by  ••v.i.ii.oi  ...     .4                 ...            .     ,                  .... 

..•         .,     ,                           1     41     4             I       4i        41  It    hcis    not    influenced    their    optical    properties.     It 

this  method  arc  more  nearly  the  true  value  tlian  those  ,'                     ,  .       *  .. 

1      .,                      .  ,          .,     ,  would  appear  that  micas  arc  the   most  stable  of  the 

by  the  cupric  oxide  method.  "         1  1  ,        .  .        ..  

i4    1      ,,  1       4   4    1  ■     ,1  •                 .■       .1    .  •     „_j„,  potash  mincras  found  in  soils  except  microlinc. 

It  should  be  stated  in  this  connection  that  in  order  '"'"''                                           ,                      •         /      •      / 

1,    •       ,,  .,           1         I-     •  I    •            14-         t,     \  lohnstoiic  reports  that  after  suspension  of  mica  lor  a 

to  obtain  all  the  carbon  dioxide  in  combustion  of  such  J"^""         >-    ^1                                ,          ,.     .  .               .... 

soils  by  the  cupric  oxide  method  the  healing  must  be  y^<''  *"  ^••''"  '''''"•«':''  ^''tly'-'rl'O"  ^""'"dc  very  Uttle 

prolongt-.l  much  beyond  the  lime  ordinarily  taken  for  ^Hcration  could  be  discerned.' 

the  oxid.ilion  of  the  organic  matter.     It  would  seem  •  r  s  i>r|.i  Aiticuiiurr.  ;i«u  im  (I-juk 

.,     .    ,,         ,                      ...            f  .,       •       ,      1     1         1    -4            J   .1.  •     The  li«t«  ..(  O«)choiiil.lrr.'  f    .V   (.«W    .Vnrwx.  tU.  1916, 

that  the  dccoinposilion  of  liic  included  calcite  and  the  ,  „,„^,„  „,  ^„,  ,,  ,.,  p,,,,   /^^    n^u.  %l  (i«i<». 

escapf   of    ilic   carbmi    dioxide   by   the   rupture   oi'   tlip  ,-,;>  /  ..,..i   •>...    ;..-.«..«.  u  (i**'*^ 
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On  the  other  hand,  Steiger  found  "that  bv  a  verv  (xh.);So. 

.c    ■    1    .        .           ^        -.i-    L     J        ,  ,      •            •  ,                    -  X.                                                ^'""                   ^'"               Per  Cent 

superficial  treatment   with   hydrochloric  acid  approxi-  Mineral                              tion  Approx.  cent        K;0  Extracted 

.^1                  »i.-    J      f  .1.            ^         ■                         .                              ,   ,..  Muscovite                        W(.           Per     Temp.   K:0  in        ^On  Basis  of-> 

mately  one-tnird  01  the  potassium  may  be  extracted.    '  No.                   used,  g.    cent    0°  c.  Mineral  Mineral  Total  K:0 

In  the  study  of  the  alteration  of  soil  minerals  in  this  2.::::: :.:::: .    V\l       1 .0       20       8  to       1  «       1998 

Bureau  one  of  the  procedures  adopted  has  been  the  ■, !?I5       '^       -"       *  •"'       '-8'       22.26 

,    .       ^.  /-,/-,  ,  ■  ,  ,  .  J "'-^  '    "  •'^  6  ■•'  -20  .14.00 

subjection  of  the  nnely  ground   mineral  to  the  action  ^ ois       1  "       40       6.47       2.20       34.00 

of  solutions  of  salts,  either  those  known  to  be  present  - 0.20       1.0       40       6.47       1.5s       2.1  96 

.,  I  jj      ,    i  M       •        f      .-.•  T  * 0.40  1.0  40  6.47  1.75  27   05 

in  soils  or  commonly  added  to  soils  in  fertilizers.      In  9 0.60       1.0       40       6.47       1.65       2550 

the  course  of  this  work  the  behavior  of  finely  ground  !?::::::::::.::    V\l       \.l       65       V.V;       Vo?       21:98 

muscovite  when  treated  with  a  solution  of  ammonium  Lv!;;;:; 020       I's       so       647       195       45  60 

sulfate    was   such    that    while    preliminary   work    only  \\ 0  jo       }s       fo       6.47       iiso       43128 

,  ,  ,  ,  '5 0.60  1.5  80  6.47  2.33  36.01 

has  as  yet  been  done  the  results  seem  worthy  of  record.  Orthociase: 

Selected  laminae  of  muscovite  from  a  large  sample  of  2'.'.'.'.'.'.'.'.'.'.'.'.'.    o'w       \'.\       65       7!7i       olu         I'es 

this  mineral  were  ground  in  an  agate  mortar  to  pass  a  ^ "•*"       '-^       *^       ""^       "•"*         '"^ 

sieve  130  meshes  to  the  inch.     This  material  in  varying  ammonium  sulfate   was  increased  while  the   quantity 

quantities  was  subjected  to  the  action  of   10  cc.  of  a  of    muscovite    and    temperature    remained    constant, 

solution   of  ammonium  sulfate   varying  in   concentra-  the  differences  in   K2O  extracted  were  slight  with   no 

tion  from  0.5  to  1.5  per  cent.      The  insoluble  material  straight    increase    with    increase    of    concentration    of 

was  removed  by  filtration  and  the  total  potassium  in  ammonium  sulfate.      In   Nos.   4,   5,   and   6,   where  the 

the   solution    was   determined   by  the   official    method  conditions    were    approximately    the    same,  there  was 

for  potash  in  mixed  fertilizers.      The  total  potassium  absolute  agreement  between  Nos.  4  and  5,  with  No.  6 

in  the   original   muscovite   was   determined   by   the   J.  very  much  higher.      In  the  case  of  Nos.  7,  8,  9  and  10, 

Lawrence  Smith  method.  with  the  quantity  of  muscovite  variable  and  other  con- 

The  results  are  shown  in  the   accompanying  table.  <^'^'°"s  constant,  the  differences  in  quantity  of  K5O  ex- 

The  length  of  time  of  contact  of  the  solution  with  the  ^racted  are  not  significant  in  view  of  the  variation  noted 

muscovite  was  in  all  cases  24  hours;  10  cc.  of  the  am-  "'^^'"'^  ^^e  quantity  of  muscovite  was  constant. 

monium  sulfate  .solution  were  used  in  each  experiment.  "^'^^^   remaining   tests,  while  suggestive  of  increased 

The    results    obtained    with    orthociase    by    the    same  extraction  at  higher  temperatures,  are  suggestive  only. 

treatment  are  also  shown.  Throughout   this   work   the   temperature   control    was 

,  ,.  .                ,                                      .           ,                 ,  approximate  only  and  it  would  appear  from  the  results 

In  additions  to  these  tests,  two  portions  of  0.5  g.  of  ,,..,,     ,                            ^.              ,        ^        or  ■     ^1 

,    .       '           ^  ,          ^            ,  that   other  factors   are   operative   and  not  sufficiently 

muscovite   were  heated  in   an   autoclave  for    1    hr.   at  ^     ,,    j       t^,          1             1     •       ^,    ^    ^      j        ^    ,       , 

.  ^     .                          .  ,                    ,            ,  .       ,          ,  controlled.      1  he  only  conclusion  that  stands  out  clearly 

160     C,  m  one  case  with  water  only,  and  in  the  other  ■    ^x,   ^    ^  ^               ,.            u^          o  r^   ,                          ,\ 

,                               ...                 .             ,  is  that  at  temperatures  aboVe  20    C.  (room  temperature) 

with  2i  cc.  of  a  4  per  cent  solution  of  ammonium  siil-  Tr  r\  ■        ^       ^   ^  1.     ^i  •    ^ 

\       ,                  .                                            ,    ,              ,  more  K-O  is  extracted  by  this  treatment, 

fate.      In  the  case  of  water  4.^2  per  cent  of  the  total  c     c                    i^     1           i.            i  ^   •      ,  ^1 

.,,  -                  ,        ,      ;   ,  ,           ,  •      ,  So  far  no  results  have  been  obtained  throwing  any 

potassium  as  K»U  was  rendered  soluble,  and  in  the  case  ,■   ,  ^         ^,_       1.       •     ,     ,               ■        1      j        ^, 

V.    ,                    ...  bght  on  the  chemical  changes  involved  or  the  process 

of  the  ammonium  sulfate  treatment  47.^  per  cent.  ,         ,  ■  ,    ^,          ^       •         •           ,       j      ,    l, 

,           ,        -f'  J  I-  by  which  the  potassium  is  rendered  soluble. 
In  the  first  three  tests,  where  the  concentration  of  the 

Division  of  Chemical  Investigations 

■  U.  S.  Geol.  Survey.  Part  I,  Buil  600,  236.  Bireai;  of  Soils,  \Vashini;ton,  D.  C. 


LABORATORY  AND  PLANT 


NEW  ALLOYS  TO  REPLACE  PLATINUM 
By  F.  A.  Fahrenwald 
Received  May  11.  1917 

The  development  of  materials  to  take  the  place  of 
platinum  in  many  of  its  applications  has  become  not 
so  much  a  matter  of  economic  desire,  as  one  of  actual 
necessity. 

The  present  phenomenal  activities  in  chemical 
research  and  manufacturing  enterprises  have  resulted 
in  a  continually  increasing  consumption  of  this  material, 
while  statistics  show  that  the  world's  production  has 
been  on  the  decline.  At  the  present  time  an  actual 
scarcity  of  metal  is  a  matter  of  greater  importance 
than  its  consequent  high  cost. 

PRODUCTION — The  following  figures  taken  from  a  re- 
port by  the  United  States  Geological  Survey,  '"Platinum 
and  Allied  Metals  in  1915,''  give  estimates  of  produc- 
tion in  troy  ounces  during  the  period  from  191 2  to 
191.=;,  for  the  principal  mining  countries  of  the  world. 


Country  \'J\2  191,1  1914  19i.i 

Borneo  and  Sumatra 200  2 ,  000 

Canada 30  50  30  100 

Colombia 12,000  15,000  17,500  18,000 

New  South  Wales  and  Tasmania...  778  1,275  1,248  303 

Russia 300,000  250,000  241,200  12,400 

United  States 721  483  570  742 


During  1914.  the  United  States  imported  platinum 
to  the  extent  of  about  75.000  troy  ounces,  and  in  191  5 
about  65.000  ounces.  An  additional  65,000  ounces 
of  new  metal  were  recovered  by  refiners  of  gold  bullion 
and  blister  copper,  while  about  40,000  ounces  of  metal 
were  derived  from  refining  of  various  forms  of  scrap, 
chiefly   from  jewelry  and  dental  work. 

MARKET — The  price  of  platinum  throughout  a  period 
of  years  has  shown  a  steady  increase,  and  there  seems 
small  likelihood  of  a  near  future  return  to  greatly 
lowered  quotations. 

The  following  figures  give  average  prices  per  troy 
ounce  for  platinum  ingots  at  various  times  since  1874. 
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1906 

$27 

00 

1913 

$  44.88 

1907 

$28 

00 

1914 

$  45.06 

1910 

$32 

70 

1915 

f  $  49.63 
1     to 

1911 

S4J 

12 

1  $  85.50 

1912 

$45 

55 

1916  1 

$  85.50 

1874  $  6.  12  1898  $17.88 
1888  $  8.  19    1900  $19.41 

1890  $  8.67  1901  $19.93 
1893  $  9.  19  1902  $20.94 
1895   $10.22    1905   $21.45 

to 

1917  J   $1 10.00 

USES — Platinum  is  employed  chiefly  in  four  general 
fields,  viz.,  Chemical,  Electrical,  Dental  and  Jewelry. 
A  relatively  large  amount  of  this  metal  is  actually 
consumed  in  chemical  applications,  as  in  electrolytic 
processes,  but  a  large  part  of  it,  as  in  the  form  of  cruci- 
bles, dishes,  and  other  apparatus,  is  not  destroyed, 
and  with  care  may  be  used  indefinitely. 

In  the  electrical  field  platinum  finds  a  variety  of 
uses,  chiefly,  however,  in  the  form  of  contact  points 
on  ignition  and  lighting  systems,  and  in  a  similar  form 
on  numerous  types  of  automatic  electric  apparatus 
from  automatic  telephones  and  signalling  devices  to 
the  ordinary  every-day  temperature-controlled  elec- 
tric iron  or  heating  pad.  Most  of  the  metal  used  in 
this  manner  is  destroyed.  Large  quantities  of  plat- 
inum are  also  used  in  the  construction  of  electric  re- 
sistance furnaces  for  high-temperature  work,  as  in  ex- 
perimental laboratories.  The  material  in  this  applica- 
tion is  not,  however,  destroyed  and  may  be  refined  and 
used  again. 

Perhaps  the  greatest  actual  consumption  of  platinum 
occurs  in  dentistry.  It  is  employed  here  as  pins  in 
artificial  teeth,  and  as  foil,  plate  and  sheet  in  other 
forms  of  dental  construction.  It  is  estimated  that 
about  one-third  of  the  entire  consumption  of  platinum 
may  be  accounted  for  in  this  manner.  As  yet  no  means 
have  been  devised  to  prevent  this  noble  metal  from 
being  lost  forever.  Perhaps  actual  necessity  may  yet 
become  sufficiently  pressing  to  overcome  false  senti- 
ment, which  no  doubt  at  this  time  would  greet  with 
horror  a  suggestion  that  all  teeth  or  other  devices  con- 
taining platinum  be  removed  from  the  remains  of  those 
for  whom  it  had  completed  its  time  of  service,  and  so 
l)e  made  available  for  further  duty. 

The  jewelry  industry  is  without  doubt  the  greatest 
offender,  and  proper  steps  should  be  taken  at  once  to 
prevent  the  use  of  platinum  in  this  field.  It  is  not 
economically  sound  to  permit  mere  foibles  of  fancy 
or  dictates  of  fashion  to  remove  from  service  a  maUTial 
which  is  absolutely  necessary  in  the  sciences  and  in- 
dustries. It  is  estimated  that  the  jewelry  industry 
consumes  nearly  one-third  of  the  entire  production  of 
platinum,  and  while  some  of  this  is  recoverable,  most 
of  it,  when  once  in  private  ownership,  is  practically 
lost. 

In  many  instances  where  formerly  il  was  thought 
that  only  ])latinum  could  be  used,  alloys  have  been 
developed  which,  for  a  given  well  defined  purpose,  are 
(|uite  as  satisfactory:  in  chemistry,  laboratory  ware  of 
fused  ciuartz,  larger  apparatus  of  the  various  high- 
silicon  iron  alloys,  nickel  chromium  alloys  and  other 
materials  have  been  adapted  to  specific  phases  of  the 
industry,  where  hitherto  only  ))latinuni  had  been 
found  satisfactory. 

In  the  electrical  field,  platinuin  for  resist;mce  heal- 
ing elements  has  been  largely  replaced  by  alloys  of 
nickel  and  chromiuni.      For  eleclrie;d  contact  material. 


as  in  many  forms  of  ignition  and  automatic  electric 
devices,  platinum  has  been,  to  a  certain  extent,  re- 
placed by  tungsten.  Most  of  the  manufacturers, 
however,  of  high-grade  magnetos  and  other  apparatus 
demanding  high-duty  service,  still  think  it  necessary 
to  use  platinum  as  the  material  of  contact  terminals, 
although  in  the  majority  of  cases  the  alloys  described 
herein  are  satisfactory.  Platinum  is  no  longer  used 
extensively  in  the  manufacture  of  incandescent  lamps, 
having  been  replaced  by  a  copper  coated,  nickel-iron 
alloy  which  has  the  same  coefficient  of  expansion  as 
platinum. 

Many  forms  of  substitution  are  practiced  in  dentistry 
to  avoid  the  use  of  platinum.  Various  forms  of  German 
silver,  gold  alloys,  and  others,  are  used  with  varying 
degrees  of  satisfaction,  but  there  are  many  applica- 
tions in  which  no  other  heretofore  available  material 
will  serve.  The  writer  has  developed  a  method  of 
coating  tungsten  or  molybdenum  with  precioxis  metals 
which  gives  a  material  of  even  greater  strength  and 
permanence. 

For  the  manufacture  of  jewelry  no  other  metal  or 
alloy  combining  the  qualifications  of  workability,  ap- 
pearance, permanence  and  intrinsic  value,  has  been 
available. 

It  is  thus  evident  that  while  other  materials  have 
been  developed  to  successfully  replace  platinum  in  a 
few  specific  instances,  researches  have  not  heretofore 
produced  a  material  which  in  all  of  its  characteristics 
and  properties  can  serve  as  a  general  purpose  substitute. 

In  considering  a  material  to  replace  platinum  it  is 
necessary  to  regard  as  criteria  those  properties  which 
make  it  valuable  in  applications  where  no  other  metal 
will  serve.  Its  value  industrially  is  chiefly  due  to  a 
high  melting  point,  and  chemical  inactivity  under  those 
conditions  which  exist  in  its  application.  It  is  also 
very  malleable  and  ductile,  and  may  readily  be  worked 
into  the  great  variety  of  intricate  forms  so  often  re- 
quired. 

It  is  apparent,  then,  that  a  proper  substitute  must 
satisfy  the  following  conditions: 

SPECIFICATION'S    FOR    A    SIBSTITITK 

1  Its  melting  point  must  be  high.  For  chemical 
purposes  a  material  that  would  fuse  at  the  tempera- 
ture of  the  ordinary  gas  flame  would  tind  limited  appli- 
cation. In  electrical  uses  high  fusing  point  is  one  of 
the  chief  requirements,  while  in  dental  manufacture, 
platinum  is  subjected  to  temperatures  which  arc 
seldom  below  1350°  C,  so  thai  about  1.500  lo  1400°  C. 
would  be  a  fair  minimum  temperature  that  a  satisfac- 
tory substitute  must  withstand. 

2  It  must  not  be  affected  by  mineral  acids,  or 
alkalies,  either  fused  or  in  solution,  ami  nuisl  not 
oxidize  at  any  temperature  up  to  and  indudinn  thai 
at  its  mellinK  point. 

V  1 1  must  be  malleable  and  duclile.  and  sufficiently 
strong  to  withstand  stresses  tendinj;  to  chanRC  its 
form  while  in  use. 

4  The  chief  ret|uircmenls  for  jewelry  ptirposes 
would  seem  to  be  rarity  and  hijjh  cost,  although  the 
abi)ve  criteria  to  a  ceriwin  extent  govern  "■■  "■-•   >'i  ilu^ 
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field  also.  It  is  doubtful  whether  color  or  appearance 
are  of  greater  importance  than  intrinsic  value  but  in 
order  to  substitute  for  platinum  in  a  strict  sense,  a 
platinum- white  color  is  desired. 

One  phase  of  researches  conducted  in  the  writer's 
laboratories  during  the  past  several  years  has  dealt 
with  the  development  of  alloys'  to  replace  platinum, 
and  aside  from  the  treatment  of  special  applications, 
attention  has  been  given  to  a  consideration  of  the 
possibilities  of  producing  a  material  which  should 
practically  duplicate  platinum  in  its  general  charac- 
teristics and  behavior  when  judged  according  to  the 
above  set  of  requirements. 

This  work  has  resulted  in  a  material  which  in  most 
of  its  general  chemical  and  physical  properties  is  almost 
indistinguishable  from  platinum  itself,  as  may  be  seen 
from  the  hereinafter  described  results. 

DISCUSSION    OF    POSSIBILITIES 

It  is  theoretically  indicated,  and  has  been  experi- 
mentally proved  to  the  satisfaction  of  the  writer,  that 
no  other  possible  combination  of  elements  can  result  in 
alloys  of  equally  enhanced  properties,  when  judged  with 
platinum  as  the  criterion. 

In  order  to  develop  this  thesis,  and  in  so  doing  elim- 
inate fruitless  fields  for  further  research,  it  will  be 
necessary  before  describing  these  resulting  alloys,  to 
consider  briefly  a  few  factors  involved  in  their  develop- 
ment. 

The  production  of  alloys  of  special  properties  is 
no  longer  a  matter  of  "discovery."  In  the  days  of  the 
alchemist  men  put  forth  every  effort  in  vain  attempts 
to  produce  gold  artificially,  and  sought  by  the  use  of 
a  philosopher's  stone  to  transmute  base  metals  into 
a  more  noble  form.  At  the  present  time,  however, 
when  molecules,  atoms,  and  electrons  are  a  matter  of 
fruitful  study,  the  hope  of  actually  changing  one  ele- 
ment into  another  is  not  so  fanciful.  But  in  the  mean- 
time, advances  can  be  made  only  by  properly  combin- 
ing the  simple  elements  to  form  alloys  having  proper- 
ties superior  to  those  of  the  component  metals. 

The  study  of  metals,  as  an  exact  science,  is  of  com- 
paratively recent  origin,  although  some  of  the  devices 
of  metallurgy  have  been  unconsciously  employed  by 
men  for  ages. 

The  first  advances  in  the  art  of  treating  metals  to 
improve  certain  of  their  properties  were  no  doubt  a 
matter  of  accidental  discovery,  as  when  some  warrior 
discovered  that  the  metal  of  his  spear  and  arrowheads 
could  be  hardened  by  hammering  between  two  stones. 
Even  though  accidental,  an  invention  of  this  nature 
advanced  his  tribe,  more,  perhaps,  than  did  the  dis- 
covery of  the  metal  itself.  The  forger  of  the  Damascus 
blade  did  not  know  the  inner  nature  of  his  secret  pro- 
cess, but  this  did  not  detract  from  the  prowess  of  its 
wielder. 

So,  to  the  present  day,  man's  advance  has  been 
suggestively  paralleled  by  his  increasing  knowledge 
of  the  properties  of  the  metals.  With  knowledge  of 
the  elements  came  the  discovery  that  certain  combina- 
tions of  metals  possessed  properties  far  more  valuable 

'  See  Bull.  A.I.  M.  E.  Jan.,  1916.  Descriptioos  of  these  alloys  are  also 
lubject-matter  of  professional  reports  made  in  1913. 


than  those  of  any  single  one,  and  the  continued  pursuit 
of  this  study  has  produced  materials  which  have  revo- 
lutionized industry  and  warfare.  It  has  produced 
tools  for  mining  and  agriculture;  it  has  made  possible 
steam  vessels  and  railroads,  and  has  permitted  the 
present  great  diffusion  of  thought  and  knowledge  by 
means  of  the  printing  press,  photographic  appliance, 
telegraph,  cable  and  telephone. 

As  the  results  of  these  early  researches  radically 
changed  many  phases  of  industry,  so  in  turn,  the  present 
changing  industrial  and  economic  conditions  demand 
further  applications  of  science  in  order  that  new  con- 
ditions may  be  properly  met  as  they  develop. 

In  alloys  of  iron  a  great  number  of  special  steels 
have  been  developed  which  meet  any  reasonable  speci- 
fications in  that  field.  In  a  like  manner  the  alloys  of 
copper,  zinc,  tin,  nickel  and  other  metals  have  pro- 
vided a  series  of  brasses  and  bronzes  of  remarkable 
perfection. 

Similar  successes  have  not  attended  efforts  to  re- 
place the  precious  metals,  and  especially  is  this  true  of 
platinum.  In  undertaking  the  solution  of  this  prob- 
lem, it  was  found,  after  the  entire  list  of  metals  had 
been  considered  with  the  above  imposed  conditions  as 
criteria,  that  no  element,  aside  from  platinum,  would 
satisfactorily  meet  the  above  outlined  specifications. 
In  view  of  the  fact  that  no  single  metal  was  available 
for  this  purpose,  it  was  evident  that  any  search  for  the 
desired  material  must  be  among  alloys,  for  experi- 
ence has  shown  that  the  properties  of  a  metal  may  be 
radically  changed  by  the  addition  to  it  of  varying 
amounts  of  another  element,  or  of  several  elements, 
as  in  the  case  of  steels,  brasses,  and  bronzes. 

A  review  of  the  literature  reveals  nothing  of  direct 
bearing  on  this  question.  The  same  underlying  princi- 
ples, however,  are  involved  in  all  investigations  of 
this  nature,  so  advantage  may  be  taken  of  the  broad 
generalizations  which  have  resulted  from  the  numerous 
researches  on  other  alloys.  Considerable  work  in 
the  line  of  thermal  analysis. has  been  reported  which 
covers  many  of  the  metals  under  consideration,  and  in 
these  resulting  diagrams  of  thermal  equilibrium  the 
proportion  and  type  of  the  different  constituents  of 
a  series  of  alloys  may  be  easily  detected. 

It  is  known  that  the  relation  between  the  constitu- 
tion of  an  alloy  and  its  various  properties  is  rather  well 
defined,  so,  to  a  certain  extent,  it  is  possible,  from  a 
study  of  a  given  equilibrium  diagram,  to  interpret  in 
terms  of  characteristic  properties,  the  terms  given  as 
constituents. 

In  view  of  the  fact,  then,  that  the  general  properties 
of  an  alloy  are  dependent  upon  the  type  of  its  con- 
stituents, and  that  these  in  turn  are  dependent  upon 
the  nature  of  their  components  (the  elements)  it  is 
desirable  that  certain  applicable  laws  be  briefly  pointed 
out,  and  that  the  inter-relationship  of  the  elements 
themselves  be  taken  into  consideration,  for  without 
this  information  it  would  not  be  possible  to  select,  from 
the  entire  list  of  the  elements,  those  which  might 
properly  be  included  in  an  investigation  of  this  nature. 

The  relationship  of  the  elements  is  best  revealed 
by  some  form  of  the  periodic  table,  as  conceived  first 
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by  Newlands  and  later  improved  and  enlarged  by 
Lothar  Meyer  and  Mendeldeff.  Werner's  rearrange- 
ment of  this  table  is,  perhaps,  the  most  satisfactory 
for  purposes  of  alloy  comparison. 

The  accompanying  table  was  constructed  in  this 
manner,  omitting,  however,  the  rare  elements  not  of 
interest  in  this  connection,  and  so  allowing  a  better 
comparison  of  the  metallic  elements  than  does  the 
complete  chemical  table. 

If  one  begins  at  the  upper  left-hand  corner  and 
reads  bookwise,  it  is  found'  that  the  atomic  weights 
show  an  almost  uniform  increase  from  Hydrogen  i 
to  Thorium  232.5.  The  horizontal  rows  represent 
groups,  each  containing  seventeen  elements  arranged 
in  two  series  of  seven,  each,  with  a  "transition"  series 
of  three  elements;  that  is,  i  to  7  constituting  one 
series,  la  to  7a  the  second  series,  and  8  the  intermediate 
or  transition  series.  In  the  ordinary  chemical  table 
the    elements    arc    arranged    according    to    valencies, 


with  markedly  acid-forming  elements;  e.  g.,  zinc,  in 
la,  and  bromine,  in  7a,  of  the  same  group.  The  ele- 
ments (8)  connecting  these  series  are  intermediate 
in  their  behavior  between  the  elements  on  either  side, 
those  of  the  first  vertical  column  (iron,  ruthenium, 
osmium)  forming  both  bases  and  acids;  the  others 
only  acids. 

In  passing,  with  consecutive  readings,  from  one 
horizontal  group  to  the  next  lower,  however,  one  notes 
a  sudden  change  in  the  chemical  properties  of  elements 
of  consecutive  atomic  weights.  Thus,  the  last  ele- 
ment of  Group  II,  fluorine,  with  an  atomic  weight  of 
19,  is  in  complete  contrast,  in  its  chemical  nature,  to 
the  next  element  sodium,  with  an  atomic  weight  of 
23.5,  and  which  belongs  in  Group  III.  Iodine,  the 
last  member  of  Group  III,  forms  powerful  acids  while 
cesium,  the  first  member  of  Group  IV,  is  one  of  the 
most  powerful  base-forming  elements  known. 

If  the  elements  in  a  vertical  column  are  considered 
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which  brings  the  elements  of  Column  i  and  id.  .;  ;mil 
2a,  etc.,  together,  with  considerable  confusion  as  to 
their  physical  and  chemical  properties.  In  the  present 
table  the  common  elements  are  shown  arranged  in 
accordance  with  their  atomic  weights,  the  group 
designations  i,  10,  2,  2a,  etc.,  being  retained  merely 
as  an  assistance  to  those  familiar  with  the  usual  chem- 
ical table. 

Within  any  one  group  there  is  no  sudden  change  in 
properties  when  passing  from  one  clement  to  the  next 
in  order.  Considering  the  two  scries  forming  one 
group,  the  first  begins  with  elements  which  are  strongly 
base-forming,  and  ends  with  strongly  ncid-forming 
elements;  e.  g.,  potassium,  of  Column  i,  and  manganese, 
of  Column  7.  The  second  scries  begins  with  elements 
which    are    only    moderately    base-forming    and    ends 

>  Tlipir  »iin|ilr  rrlalluii«lil|>i  arc,  nl  rniirir.  wril  knoon,  ll  It  (hmiihl 
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imrallrliim  In  llip  raiir  nl  allnylnK  characlcrlitlri.  which  ll  not  lo  cumnionir 
rfcngntfril 
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Common  Llements 

it  i.s  found  that  they  are,  on  the  whole,  such  as  would 
naturally  fall  together  in  a  classification  of  the  ele- 
ments according  to  their  general  chemical  and  physical 
properties.  Thus,  in  the  first  column  arc  lithium, 
sodium,  potassium,  and  cesium — the  metals  of  the  al- 
kalies; in  the  second  column  are  calcium,  barium, 
and  strontium — metals  of  the  alkali  earths,  and  soon. 
Space  is  not  available  for  a  detailed  discussion  of 
many  other  relationships  which  have  been  found  to 
exist,  but  it  is  apparent  that  the  elements  of  a  vertical 
column  are  very  similar,  and  that  there  is  no  radical 
ilifTcrencc  in  the  general  properties  of  hori«ontally 
adjacent  elements.  It  is  evident,  therefore,  that  a 
similarity  of  properties  exists  among  the  elements 
occurring  in  any  one  part  of  the  tabic,  and  that  the 
general  properties  of  an  element  can  be  foretold  from 
its  position  on  the  periodic  tabic.  The  melting  points, 
for  instance,  which  have  been  included  for  comparison 
in  this  table,  range  from  low  to  high,  or  from  high  to 
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low,  in  any  given  column,  and  in  reading  through  any 
one  group  the  successive  figures  do  not  represent  very 
great  contrasts.  This  same  relationship  governs  all 
other  properties  as,  for  instance,  malleability  and  duc- 
tility. Considering  Column  la,  as  an  example,  copper 
is  very  easily  rolled,  drawn,  or  otherwise  manipulated; 
silver,  the  next  lower,  is  more  so,  while  gold,  at  the 
bottom,  is  the  most  malleable  of  known  metals. 

If  one  metal,  therefore,  possesses  special  properties 
which  make  it  valuable  for  given  industrial  purposes, 
it  is  reasonable  to  suppose  that  those  metals  which 
occupy  adjacent  positions  on  the  periodic  table  may 
possess  these  same  properties  to  some  extent  at  least, 
and  would,  therefore,  bear  investigation — especially 
if  they  come  within  the  same  vertical  column. 

There  is  no  dijjerence  belweeii  reactions  which  take 
place  at  very  high  temperatures,  resulting  in  the  formation 
of  alloys,  and  those  which  take  place  under  ordinary 
conditions.  All  reactions  and  conditions  of  equilibrium 
arc  governed  by  the  same  rules,  and  corresponding  con- 
stituents result  in  all  cases.  It  is  evident,  then,  that  the 
general  laws  and  relationships  governing  the  alloying 
behavior  of  the  metals  are  the  same  as  those  which 
have  been  found  to  exist  in  the  case  of  ordinary  chemical 
reactions. 

When  two  or  more  metals  are  brought  together  in 
the  liquid  state,  the  conditions  existing  are  similar 
to  those  found  if  two  or  more  ordinary  liquids  are  mixed. 
When  the  temperature  is  sufficiently  lowered  the 
solidified  mass  may  contain  any  one  of  the  four  follow- 
ing constituents:  pure  components,  solid  solutions, 
compounds,  or  eutectics,  or  some  combination  of  these. 

A  comparison  of  the  properties  of  different  alloys 
containing  these  constituents  has  shown  that  they 
impart  their  characteristic  properties  to  the  alloy  of 
which  they  form  a  part;  in  fact,  the  relation  between 
the  constitution  of  an  alloy  and  its  properties  is  so  clearly 
defined  that  the  possibilities  of  industrial  application  may 
be  predicted  for  a  given  alloy,  if  its  constituents  are 
definitely  known.  Conversely,  if  a  certain  applica- 
tion is  desired,  as  in  the  problem  under  consideration,  a 
definite  limit  may  be  placed  upon  the  number  and  amount 
of  constituents  permissible. 

Fortunately,  the  number  of  constituents  is  limited 
to  four  as  given  above.  Pure  metals  impart  their  own 
characteristics;  solid  solutions  are,  in  general,  the  duc- 
tile constituents  (if  formed  from  ductile  metals,  or  of 
a  preponderance  of  one  ductile  metal);  compounds 
are  hard  and  brittle;  while  eutectics  are  usually  brittle 
and  hard,  and  even  when  present  in  very  small  amounts, 
tend  to  solidify  between  the  grains  of  the  alloy  and  de- 
stroy its  ductility. 

Thus  another  requirement  may  be  added;  a  substi- 
tute for  platinum  must  be  a  homogeneous  solid-solu- 
tion alloy. 

This  brief  discussion  has,  in  a  very  general  manner, 
outlined  the  inter-relationship  of  the  elements  when 
arranged  in  the  periodic  order  of  their  properties,  and 
has  pointed  out  the  similarity  of  properties  of  elements 
grouped  in  any  part  of  the  table.  The  general  proper- 
ties of  an  alloy  have  been  shown  to  depend  upon  its 
constituents,  and  these  constituents  in  turn  have  been 


briefly  discussed  with  reference  to  their  characteristic 
physical  properties  and  with  reference  to  the  probability 
of  the  occurrence  of  similar  constituents  in  alloys  of 
closely  related  elements. 

It  is  not  safe,  however,  to  generalize  in  too  broad 
a  manner  upon  any  assumed  relationship  between  cer- 
tain elements,  but  it  would  be  impossible  to  make  a 
logical  search  for  any  special  alloy,  in  a  field  containing 
all  of  the  elements,  without  first  having  definitely 
outlined  the  mutual  relationship  and  behavior  of  the 
component  elements. 

With  the  elements  arranged  in  this  manner  it  be- 
comes at  once  evident  that  characteristic  chemical  or 
physical  properties  are  confined  to  definite  limited 
areas  of  the  periodic  table.  The  properties  charac- 
teristic of  silver,  for  instance,  are  more  or  less  common 
also  to  those  eight  elements  contained  in  squares 
surrounding  it;  this  is  especially  true  in  the  case  of 
those  of  the  same  vertical  column.  In  this  manner 
any  element  on  this  chart  may  be  analyzed  and  all 
other  elements  contained  in  non-adjacent  spaces  will 
be  found  markedly  dissimilar  to  it  in  chemical  behavior 
and  in  general  physical  properties. 

Considering  platinum  in  this  manner,  it  is  at  once 
evident  that  its  general  properties  will  be  found  in 
no  metal  other  than  those  adjacent  to  it.  These 
surrounding  elements  are  iridium,  rhodium,  palladium, 
silver  and  gold.  All  metals  outside  of  this  block  are 
affected  by  common  reagents  and  gases,  and,  without 
exception,  are  not  stable  at  elevated  temperatures 
in  normal  atmospheres. 

Considering  each  of  these  in  turn,  however,  it  is 
found  that  not  one  is  suited  as  a  general  substitute 
for  platinum.  Iridium  and  rhodium  are  very  re- 
fractory; they  cannot  be  readily  worked,  and  are  so 
rare  and  expensive  as  not  to  be  economically  per- 
missible. Palladium,  while  meeting  most  physical 
requirements,  is  readily  oxidized  or  carbonized,  and 
is  quite  soluble  in  several  of  the  common  acids,  es- 
pecially nitric.  Silver  is  readily  attacked  by  acids, 
and  is  of  too  low  melting  point  to  serve,  except  in 
special  cases.  Gold  resembles  platinum  in  more 
respects  than  does  any  other  metal.  It  is,  however, 
not  sufficiently  refractory  and  is  too  soft  to  find  wide 
application  industrially.  A  metal  falling  below  plat- 
inum in  the  same  vertical  column  would  be  possessed 
of  properties  still  more  enhanced,  for  the  "nobility" 
of  the  elements  of  this  column  becomes  greater  with 
increasing  atomic  weight. 

The  above  consideration  is  not  merely  theoretical, 
for  experimental  work  involving  most  of  the  promising 
metals  outside  of  the  above  list  has  supported  this 
view. 

Having  limited  the  possibilities  to  the  rather  con- 
fined area  indicated,  it  was  necessary  to  combine  these 
included  metals  in  such  manner  as  to  eliminate  or 
neutralize  undesirable  features,  and  to  develop  those 
properties  which  were  necessary. 

The  material  of  chemical  ware  must  not  contain 
silver  because  of  its  affinity  for  many  of  the  reagents 
commonly  employed.  The  use  of  rhodium  and  iridium 
in  large  proportions  is  obviously  not  practical,  so  that 
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TABLE  I— TESTS  ON  SAMPLES  OF  RHOTAXIUM   (Submitted  by  F.  A.  Fahrenwald) 
Each  test  piece  was  about  O.I    mm.   thick  and   presented    10  square  centimeters  of  surface.     The  palladium  was  electrolytic 
Company.     The  gold  was  U.  S.  mint  gold.  0.999  fine.     The  platinum  was  the  pure  foil  of  commerce. 
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iD    SODIUM    HYDROXIDE 

the  fused  hydroxide  in  a  nickel  crucible 
!  red  heat.     They  showed  the  following 
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conclusion:  .\Uoys  high  in  gold  are  more  re- 
sistant, but  all  are  somewhat  attacked.  It  is  well 
known  that  platinum  is  badly  attacked. 
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HYDROFLUORIC    ACID 
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conclusion:     Hydrofluoric  acid  is  entirely  without  actit 
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.ACTION    OF    CONCENTR.ATED    NITRIC    ACID 

ere  boiled  with  the  concentrated  acid  for  3  hours  and  showed 

iesin  weight: 

conclusion:  Hot,  concentrated  nitric  acid 
attacks  all  the  alloys  very  appreciably, 
especially  those  very  high  in  gold. 


FfSED    SODIUM    CARBONATE 

The  pieces  were  immersed  in  the  fused  carbonate  in  a  nickel  crucible 
and  kept  for  2  hours  at  a  bright  red  heat.  They  all  showed  slight  gains, 
when  there  was  any  change.  They  were  bright  and  showed  no  e\-idence  of 
corrosion.  It  is  difficult  to  explain  the  gain  in  weight,  except  in  the  case  of 
Pd,  which  was  undoubtedly  somewhat  oxidized. 
5  Too  soft,  tended  to  stick  to  crucible 
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preciably  attacked  by  fused  NaiCOi  and 
'  equal  to  platinum  in  this  respect. 


Much  attacked 


ACTION    OF    DILUTE    NITRIC    ACID 

The  pieces  were  boiled  with  the  dilute  acid,  one  part  of  nitric  to  two  of 
water,  for  S'/a  hours;  the  solution  concentrating  to  a  ratio  of  one  acid  to  one 
water.     The  following  losses  in   weight  occurred: 
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ACTIO.N    OF    SODIl'M    SULFIDE    SOLUTION 
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de.  and  saturated  at  room  temperature. 
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[)N    OP    CONCIiNTRATKD    SULFURIC    ACID 

th  the  concentrated  acid  for  5'/']  hours  and 
in  weight: 

inclusion:  Hot,  concentrated  sulfuric 
acid  attacks  the  alloys  high  in  gold  very 
slightly,  the  rate  of  solution  increasing  with 
the  proportion  of  palladium.  All  the 
alloys  are  superior  to  platinum  in  this  test. 
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he  pieces  were  all  immersed  together  in  potassium  hisulfate  kept  at  a 
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pi\.  but  the  Pd  taken  up  more  Ihun  compensated  fitr  the  In^i.  Alloys 
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finally   only   gold   and   palladium  remain  as   the   per-  than  that  of  platinum.     This  is  especially  true  in  the 

missible  chief  components   of   an   alloy   which   should  case  of  concentrated  boiling  sulfuric  acid, 
more    nearly     duplicate     the     general    properties    of  volatility  at  high  temperatures 

platinum  than  could  any  other  metal   or   combination  j^  determining  losses  by  volatilization  at  high  tem- 

01  metals.  peratures,  test  specimens  taken  from  the  same  ingot 

A     detailed      investigation      of     alloys     of     these  ^^^  duplicating  those  described  above  were  employed. 

metals   has    resulted  in    materials'    which    for    many  ^1^^^^  ^^^^  ^^^^^^  -^^  ^  ^^3  ^^^^  inrns^ce  using  natural 

practical     purposes     cannot     be      distinguished     from  g^^    ^^^    compressed    air.     These    experiments    were 

platinum.  ^^^  -^^  triplicate  in  two  series:  first  in  the  mufiBe  with 

experimental  free  access  to  air,  but  with  the  products  of  combustion 

The  following  results  of  final  tests  made  to  determine  e'^cluded;  and  second,  heated  directly  in  the  gases  of 
the  behavior  of  these  alloys  under  practical  conditions  combustion  with  free  air  excluded.  No  difference 
of  operation  were  carried  out  on  specimens  o.io  mm.  '^  ^^^^^^s  was  observed  under  these  two  sets  of  con- 
thick  and  of  such  size  as  to  present  exactly  10  sq.  cm.  ^'^lons.  The  comparative  test  pieces  of  palladium 
of  surface.     Earlier  work  revealed  the  fact  that  in  order  ^^'^    ^f    vacuum-fused   electrolytic    metal,    while    the 

.  1         4.1,     J     •     ^  It      •(-   ,„„„   „^^o<.o^^,,  t^      test-specimens  of  platinum  were  cut  from  a  new  Baker 

to  produce  the   desired   results,   it   was   necessary  to  .  *^  *^ 

make  use  of  small  percentages  of  rhodium;  this  is  not  cruci    e. 

necessary  in  the  case  of  material  for  chemical  ware;  In  these  experiments  the  muffle  was  brought  to  the 
for  certain  electrical  and  other  uses,  however,  it  is  desired  temperature  and  the  test  samples  allowed  to 
quite  essential.  It  is  also  permissible  to  use  limited  remain  therein  for  one  hour  before  cooling  and  weigh- 
percentages  of  silver  in  some  of  these  non-chemical  ing  preliminary  to  the  test  run.  An  assay  balance, 
aoolications.  reading  directly  to  the  fifth  place,  was  used  in  de- 
It  is  necessary  to  observe  every  precaution  in  the  termining  the  weight  of  each  specimen  before  and 
preparation  of  these  alloys,  because  of  the  affinity  after  treating. 
of  palladium  for  many  gases  and  solids  ordinarily  en-  Each  experiment  consisted  in  a  continuous  10-hour 

Tablb  II — Loss  JN  Milligrams  per  Hour  pbr  100  Square  Centimeters  (Summary  of  Table  I) 

Boiling     Boiling           Boiling                Boiling              Boiling             Fused  Boiling  Fused  Fused  Boiling  Boiliog 

Cone.        Cone.              Cone.             Dil.  1  to  2             Cone.          (Red  heat)  40%  Sol.  (Red  heat)  1000°  C.  Sat.  Sol.  Cone. 

Alloy  No.                             HCl           HF                HNOj                HNO.                H.SO.            KHSO.  NaOH  NaOH  NaiCO.  Na^  +  S  NH.OH 

5         0.166         0.0                  9.5                       0.2                     O.I                     0.0  0.0  22.2  0.0  0.0  0.0 

A     0.166         0.0                   7.5                       0.0                    0.1                     1.2  0.0  24.7  0.0  0.0  0.0 

AS 0.166          0.0                   7.0                       0.0                     0.3                     2.0  0.0  -1-2.7  0.0  0.0 

B 0.0              0.0                   7.0                       0.0                     0.4                  25.0  0.0  20.0  -fl.2  0.0  0.0 

C     0.0              0.0                   7.0                       0.0                     I.O                  84.0  0.0  -1-6.2?  0.0  0.0 

D                  0.0              0.0                  7.0                       0.0                    3.0                297.0  0.0  196?  -|-1.2  0.0  0.0 

Pure  Au 0.166         0.166            10.8                       0.0                    0.1                     0.0  0.3  39.7  -I-I.5  0.0 

Very 
Rapidly  Rapidly  Rapidly  Rapidly 

Pure  Pd 8.0              0.33            Attacked          .\ttacked          Attacked          Attacked  0.0  92.0  -fl5.2  -f2.5  0.0 

Rapidly 

Pure  Pt 0.0              0.0                  0.166                  0.0                     4.0                     1.45  0.0  Attacked  4-4.0  0.0  0.0 

countered  in  the  process  of  manufacture.     The  most  run,  with  the  temperature  maintained  within   ="=25°  C. 

careful    heat-treatment    also    is    necessary    to    insure  of  the  figures   given   below.      Losses   at  these   various 

freedom    from    segregation.     The    slightest    inhomo-  temperatures,  in  terms  of  milligrams  per  hour,  per  loo 

geneity  is  fatal  to  uniformity  of  results  in  practically  sq.  cm.  of  surface,  are  given  in  Table  III. 

every    application— especially   for    chemical    purposes.  Table  iii-Losses  in  Muffle  Furnace 

Losses  in   acid   solution,   for  instance,   for   different  Sample                1050°  c.      1200°  c.         1300°  c.       1400°  c. 

test-specimens  made  from  the  same  alloy  ingot,  have  Rhotanium  No.  5^      2.0           Melted         Mdted 

been  found  to  vary  by  over  1000  per  cent.     Properly  as    0.6             2.0             ^%^^ 

prepared  material,  however,  gives  absolute  uniformity  c      0.4             1.3              4.0                7.1 

D         0.2  0.6  2.82  5.8 

of  results.  Au     .. .  ...  . .  ... 

Pd      3.4  (gain)    14.0  (gain)      37.0  (gain)      120.0  (gain) 
CHEMICAL    PROPERTIES  Pt       1.3  2.40(o)  3.1  4.5 

(a)  Burgess  gives  0.71  to  2.79    mg.    (Bureau    of  Standards,   Scientific 

On   page    595   is  shown   a  test-certificate   from  the      Paper  No.  254). 

University  of   Michigan  Chemical  Laboratories  v/hich  . ,         ,        .        , 

,,        ,  ^   .      ,    -  .  c    r>u   *      •    ™  After   heating   for    10   hours   at   these   temperatures 

gives    results    obtained    from    a   series    of    Rhotanium        ,  ,  ,  •=     ,  .  ,      ,      ,         ,     1,         ■     % 

,,  ^       ^.  -ti-    c  r  ij        11   J-    ~     1      the  surface  of  each  specimen  (melted  and  otherwise) 

alloys,  together  with    figures  for  gold,  palladium  and  ,    •   ,/      a^  o    ^    ..v  ^  n- 

,    '.  t  ■  was    perfectly    bright.     At    1400      C.  the  crystalline 

platinum  for  comparison.  ^  ,       ,        ,  ,        ^  ,     ^-  1 

trrt.       .  u   1  t   J   •     t  CI        •     „-ir „  ^^^     structure   was   clearly   shown,   due   to   selective   vola- 

When  tabulated  in  terms  of  loss  in  milhgrams  per        ....  -^      ,  '  ,    .  ,, 

,  iu  14.  •     T„ui„  TT       tilization  or  grain  growth,  but  no  bnttleness  was  pro- 

hour  per  100  sq.  cm.,  the  results  appear  as  m  1  able  11.       ,        ,      ^,    *■     .      .  '      ,  ,,    ..         .J 

.^    .  ,  ^,  c  4.1,  4.   f  A-  „„      duced.     The  gain  in  case  of  pure  palladium  is  due, 

It   is   seen   from   these   figures   that   for   ordinary   use  ^       .  ,     .  •,,,,,-,■  1 

.^,  f  4  1.      u  A  4.„    „ t„„ ^       no    doubt,    to    oxidation,     although     palladium     also 

with  any  of  the  above  named  reagents,  excepting  con-  .      '  '  t.        i- 

X     .    J      •.  •         -J  II  u       u  „f   „      carbonizes  very  easily, 

centrated   nitric  acid,   an   alloy   may   be   chosen   01   a  •'  •' 

ti-    4.         11       •  It  u    tt„-  PHYSICAL    PROPERTIES 

composition  that  will  give  service  equal  to  or  better 

■The  name  "Rhotanium"   has   been   applied   to  this  series  of  alloys.  The    alloyS    As,    B,    C    and    D    are    practically     whitC. 

Alloys  of  diflerent  composition  for  distinct  purposes  are  distinguished  by         C    and     D    especially    Can    Only    with    difficulty    be    dis- 

subieiters  as  shbwn  in  the  various  tables  of  properUes.    This  name  has      tinguished    in    appearance    from   platinum,    and    then 

been  registered,  and  all  alloys,  both  as  to  composition  and  use,  are  covered  •       , ,        r  e      t        ^         ttt-  _4.-    i  c 

by  patent  applications.  onlv  when  in  the  form  of  sheet.     Wires  or  articles  of 
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intricate  design  present  a  true  platinum  appearance. 
All  are  very  malleable  and  ductile,  and  can  be  rolled, 
spun,  or  otherwise  worked  into  any  desired  form. 

Figures  for  some  physical   properties   are   given   in 
Table  IV. 


E    IV- 

-Physicai.  Properties  of  B 

HOTANIUM 

Alloys 

Sclero 

Tensile 

Electrical 

Melting  point 

scope 

Strength 

Conduc- 

op. 

Hard- 

Kg. per 

tivity 

Temperati 

"C. 

(Calc.) 

ness 

sq.  mm. 

X  10-' 

Coefficien 

1150 

2100 

7 

26 

1220 

2228 

9 

35 

13'.5 

0.60697 

1280 

2335 

10 

40 

9.8 

0.00065 

1350 

2462 

13 

45 

7.85 

0.00060 

1410 

2570 

16 

50 

5.5 

0.00050 

1450 

2642 

17 

51 

3.8 

0.00032 

1063 

1945 

5 

21 

45.5 

0.00326 

1550 

2822 

11 

30 

9.45 

0.00328 

1775 

3191 

9 

24 

9.94 

0.00348 

As  may  be  judged  from  the  above  described  proper- 
ties these  alloys  are  well  suited  to  replace  platinum 
in  many  of  its  applications  in  all  fields,  and  have  been 
so  used  for  a  long  period  with  entire  satisfaction.  By 
taking  advantage  of  the  ease  with  which  chemical  and 
physical  properties  may  be  modified  through  adjust- 
ment in  composition,  various  alloys  of  this  series  have 
operated  fully  as  satisfactorily  as  platinum  in  chemistry, 
dentistry,  jewelry,  and  in  many  electrical  appliances. 

Various  grades  of  this  material  have  undergone  ex- 
tended field  trials,  the  results  of  which  may  be  sum- 
marized as  follows  for  the  various  fields  of  application. 

CHEMICAL 

Rhotanium  cannot  substitute  platinum  when  ex- 
posed to  the  action  of  hot  concentrated  nitric  acid, 
or  when  used  as  anodes  in  electrolytic  work,  but  for 
all  other  purposes  it  is  entirely  satisfactory  if  the 
proper  composition  is  chosen,  and  if  properly  manu- 
factured. It  is  equal  to  platinum  in  the  case  of  hot 
concentrated  hydrochloric  or  hydrofluoric;  hot  dilute 
nitric;  fused  potassium  bisulfate;  hot  concentrated 
sodium  hydroxide  solution;  fused  sodium  carbonate; 
hot  concentrated  sodium  sulfide  solution;  and  in  its 
resistance  to  oxidation  at  high  temperatures.  It  is 
superior  to  platinum  in  its  resistance  to  the  action  of 
hot  concentrated  sulfuric  acid  or  fused  sodium  hy- 
droxide. It  is  satisfactory  as  material  for  cathodes 
in  the  electrolytic  determination  of  metals.  Losses 
by  volatilization  at  temperatures  below  1300°  C.  are 
less  than  for  commercial  platinum. 

Rhotanium  may  be  rolled  into  sheets  of  any  size, 
and  may  be  formed  either  cold  or  white  hot  into  any 
desired  shape.  It  welds  as  readily  as  wrought  iron 
at  a  white  heat  without  the  use  of  flux  or  other  re- 
agent. Due  to  greater  strength  and  lower  specific 
gravity,  articles  of  rhotanium  weigh  only  half,  or  less 
than  half  as  much  as  similar  articles  of  platinum.  The 
specific  gravity  of  alloys  in  this  series  varies  from 
18.5  to  about  16.0,  depending  upon  the  composition: 
Ihat  of  platinum  is  21.5. 

KI.KCTKICAL 

Rhotanium  is  satisfactory  within  its  temperature 
limitations  as  the  material  of  resistor  elements  in 
electric  hciiling  units.  It  is  not  oxidized  and  is  less 
volnlilc  below  i.^oo"  ('.  than  platinum.  Its  high  re- 
sistance and  low  lenipcraluro  coefTu-icnt  arc  vuluablc 
in  this  connection. 


It  is  satisfactory  as  material  for  contact  terminals 
in  many  forms  of  automatic-electric  devices  and  may 
be  used  in  this  capacity  on  certain  types  of  telephones, 
switchboards,  signal  devices,  lighting  and  ignition 
systems,  and  in  most  other  cases  except  where  it  has 
been  found  necessary  to  use  a  high  percentage  of 
iridium  alloyed  with  the  platinum.  Its  behavior  when 
tested  on  certain  magnetos  was  satisfactory,  but  other 
experiments  performed  on  a  high-duty  aeroplane 
engine  magneto  gave  negative  results. 

DENTAL 

Certain  of  these  alloys  have  been  in  the  hands  of 
operating  dentists  for  some  time  and  have  proved  to 
be  equally  as  good  as  platinum  for  many  purposes. 
They  have  been  used  for  pins  and  baked  into  porcelain 
teeth  and  as  thin  foil  and  heavy  sheet  for  other  types 
of  construction,  all  with  the  most  satisfactory  results. 

JEWELRV 

Rhotanium  is  superior  to  pure  platinum  for  use  in 
jewelry.  It  is  harder  and  stronger,  and  takes  a 
better  finish.  It  is  absolutely  not  tarnishable  or 
corrodible,  and  its  color  is  practically  platinum-white. 
It  can  be  as  readily  worked  as  platinum,  and  scrap 
may  be  remelted  for  further  use.  It  may  be  forged 
either  cold  or  white-hot  and  may  be  "sweated"  or 
otherwise  treated  as  platinum  without  oxidizing  or 
darkening  in  color.  Finished  articles  of  rhotanium 
jewelry  of  the  more  intricate  designs  can  by  no  ordi- 
nary means  be  distinguished  from  platinum.  This 
material  passes  the  common  jeweler's  and  platinum 
buyers'  tests  and  there  will  no  doubt  be  some  con- 
fusion resulting  from  the  passing  of  this  material  for 
platinum. 

Exhaustive  tests  have  shown  that  most  of  the  uses 
for  which  platinum  has  heretofore  been  considered  in- 
dispensable can  be  filled  by  one  of  these  alloys,  thus 
freeing  platinum  for  those  remaining  applications 
where  no  other  material  can  be  employed. 

The  extent  to  which  platinum  may  be  replaced  in 
this  manner  is  limited  by  the  amount  of  palladium 
available,  and  when  it  is  considered  that  these  alloys 
contain  from  90  to  60  per  cent  of  gold  it  is  evident 
that  the  effective  supply  of  platinum  may  thus  be 
increased  by  many  thousand  ounces. 
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A  PRACTICAL  METHOD  FOR  DETERMINING  THE 

VISCOSITY  OF  STARCH  FOR  MILL  PURPOSES 

By  C.   M.  MacNiokh 

Received  March  16.  1917 

Several  years  ago  the  author  described  in  This 
Journal'  a  method  for  determining  the  viscosity  of 
starch  solutions  for  determining  the  value  of  differ- 
ent starches  for  cotton  mill  purposes.  Since  the  pub- 
lication of  this  article  the  author  has  had  the  oppor- 
tunity of  applying  this  method  to  practical  mill  work 
and  has  worked  out  a  modification  of  the  method 
which  is  described  in  this  paper. 

The  original  method  is  briefly  as  follows:      i;  grnms 

>  Till*  JxuHNAL  «  (Wi;).  417 


598 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY       Vol.  9,  No.  6 


of  the  .starch  are  weighed  into  a  600  cc.  beaker,  300  cc. 
distilled  water  added  (thus  making  a  4  per  cent  solu- 
tion), heated  over  a  Bunsen  burner  with  constant 
stirring  to  the  boiling  point,  and  boiled  10  min.;  200 
cc.  of  this  solution  are  then  poured  into  the  cup  of  a 
Scott  viscosimeter,  the  temperature  being  allowed  to 
become  constant,  and  50  cc.  run  out  into  a  graduate, 
the  time  being  accurately  measured  with  a  stop-watch. 
The  number  of  seconds  required  to  deliver  50  cc. 
of  the  solution  divided  by  the  number  of  seconds  re- 
quired to  deliver  50  cc.  of  boiling  water  gives  the  vis- 
cosity. 

APPAR.\TUS 

The  method  makes  a  very-  satisfactory  laboratory 
method  for  determining  the  comparative  value  of 
different  starches,  but  in  mill  work  it  is  frequently 
of  importance  to  know  the  viscosity  of  the  starch  solu- 
tion after  it  has  been  boiled  with  steam  for  an  hour 
or  more  as  is  done  in  the  use  of  the  starch  in  preparing 


it  for  warp  sizing,  etc.,  in  the  mill.  To  accomplish 
this,  a  miniature  size  kettle  was  constructed,  similar  in 
every  respect  to  the  large  kettles  used  in  cooking 
starch  in  the  mill.  This  kettle'  (see  Fig.  I)  has  a 
capacity  of  about  I'Vi  gallons  and  is  equipped  with 
double  agitators  of  the  propeller  type,  revolving  in 
opposite  directions.  The  steam  for  cooking  enters 
through  a  perforated  coil  on  the  bottom  of  the  kettle. 
In  order  to  overcome  variations  in  the  amount  of  steam 
condensed  the  steam  is  passed  through  a  trap  just 
before  entering  the  kettle.  The  time  of  boiling  is 
one  hour,  the  time  being  taken  at  the  time  the  starch  be- 
gins to  boil.  The  amount  of  starch  taken  for  a  de- 
termination varies  with  the  grade  of  starch.  For 
thick  boiling  corn  starch,   potato  starch,   and  similar 

'  This  kettle  was  constructed  by  Mr.  J.  S.  Drake  of  the  ICxposition 
Cotton  Mills,  Atlanta.  Oh.,  and  the  author  is  indebted  to  Mr.  Drake  for 
valuable  assistance  and  suggestions  in  working  out  the  metlKid. 


thick  boiling  starches  0.5  lb.  of  starch  per  gal.  of 
water  is  used;  for  medium  thin  boiling  corn  starch, 
I  lb.  per  gal.  of  water;  for  very  thin  corn  starch  and 
other  chemically  treated  starches  the  amount  is  in- 
creased to  2  or  2.  5  lbs.  per  gal.  of  water. 

PROCEDURE 

One  gallon  of  water  is  measured  into  the  kettle, 
the  agitators  started  and  the  starch,  accurately  weighed, 
put  into  the  kettle.  The  agitators  are  now  run  10  to 
15  minutes  before  turning  on  the  steam  in  order  to 
produce  a  perfectly  smooth  cream  to  avoid  the  forma- 
tion of  lumps.  The  steam  is  then  turned  on  and  the 
solution  boiled  for  one  hour  after  it  comes  to  a  boil. 
When  the  boiling  is  completed,  some  of  the  solution 
is  drawn  out  into  a  beaker,  quickly  poured  into  the 
cup  of  a  Scott  viscosimeter  and  the  viscosity  deter- 
mined as  described  in  the  original  method. 

The  figures  in  Table  I  illustrate  the  application  of 
this  method  in  comparing  several  grades  of  thick  boil- 
ing corn  starches,  using  0.5  lb.  starch  per  gal.  of  water 
and   boiling  for  one  hour. 

Table  I — Viscositv    Measurements    op    Various    Grades    op    Starch 

No.  Starch                                                 Viscositv 

1  Regular  Pearl  Corn  Starch 3.10 

2  Powdered  Starch 4..'i0 

3  Purified  Starch 4.30 

4  Chemically  Treated  Starch 2.89 

5  Highly  Purified  Starch 4.58 

Some  of  the  gluten  and  impurities  of  No.  2  were  re- 
moved by  the  powdering  process  so  that  this  starch 
shows  a  higher  viscosity  than  No.  i.  No.  3  was  another 
form  of  starch  which  had  been  subjected  to  the  same 
amount  of  purification  as  No.  2.  While  the  viscosity 
of  starch  No.  4  was  lower  than  that  of  starch  No.  i, 
due  to  the  chemical  treatment,  the  actual  value  of 
starch  No.  4  was  greater.  The  actual  mill  practice 
substantiated  these  figures;  i.  c,  if  under  certain  con- 
ditions a  size  mixing  of  starch  No.  i  made  on  the 
basis  of  0.5  lb.  starch  per  gal.  of  water  gave  the  de- 
sired results,  if  No.  2  or  No.  3  were  substituted,  un- 
der the  same  conditions,  it  would  be  necessary  to  use 
less  starch  in  order  to  obtain  the  same  thickness  of 
solution  and  consequently  the  same  results;  whereas, 
if  No.  4  were  substituted  it  would  be  necessary  to  use 
more  starch. 

Table  II — Viscosity  Measurements  op  Several  Grades  op  Mudipied 
OR  Thin-Boiling  Starches 
No.  I.as.  Starch  per  Gal.  Water  Viscosity 

1 I  Lb.  2.45 

1  Lb. 

1  Lb. 

2  Lbs. 
4  Lbs. 


!  grade 


5  (same  grade  as  4^ 

6  (same  grade  as  5, 


1.94 

1.27 

3.54 

4  Lbs.  (2  oz.  KOH  added  to  kettle)  2 .  63 


Nos.  I  and  2  were  the  same  grade  of  boiling  starch; 
in  using  No.  2  in  the  mill  it  was  found  necessary  to 
use  slightly  more  than  was  used  of  No.  i;  the  figures 
show  the  difference.  No.  2  was  a  higher  fluidity  or 
thinner  starch  than  No.  i.  Nos.  4  and  5  were  the 
same  grade  of  a  very  thin  starch,  the  figures  showing 
the  difference  in  viscosity  when  the  amount  of  starch 
used  per  gallon  is  doubled.  No.  6  was  the  same  as 
No.  s,  but  with  the  addition  of  0.2  oz.  KOH  to  the 
kettle.  The  viscosity  figure  shows  the  very  marked 
thinning  effect   of   this   amount   of   caustic   potash   on 
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the  starch  solution.  It  frequently  becomes  neces- 
sary to  add  to  a  starch  mixing  some  reagent  such  as 
caustic  alkali,  chlorides  of  calcium,  magnesium  zmc 
etc  and  it  is  very  important  to  know  just  what  effect 
the  reagent  w.ll  have  on  the  thickness  of  the  starch 

'°The"advantages  of  this  method  over  the  laboratory 
method  for  mill  work  are  as  follows:  the  viscosity  is 
determined  when  the  starch  has  been  boiled  for  the 
same  length  of  time  as  it  is  boiled  in  preparing  it  for 
use  in  the  mill  and  under  the  same  conditions.  Ihe 
amount  of  starch  used  can  be  in  the  same  proportion 
to  the  amount  of  water  as  in  a  regular  size  mixing; 
this  makes  the  figures  obtained  by  practical  value  as 
they  show  the  viscosity  of  a  size  mixing.  Also  m 
comparing  two  or  more  starches  on  such  a  basis,  this 
fact  that  the  viscosity  figures  represent  the  actual 
thickness  of  a  size  mixing  makes  it  possible  m  case 
of  a  variation  in  viscosity  to  determine  in  the  small 
kettle  the  amount  necessary  to  use,  thus  saving  the 
time  and  expense  of  experimenting  on  a  large  scale. 


tion  process.  As  to  the  other  points,  a  valuation  of 
fuller's  earth  concerning  its  bleaching  power  and  its 
absorption  of  oil  can  be  accomplished  in  the  laboratory. 
Owing  to  the  varying  behaviors  of  the  refined  oils, 
as  well  as  to  working  conditions  in  the  plants,  it  is 
impossible  to  determine  and  fix  absolute  values  for 
these  properties.  The  only  alternative  is  to  compare 
the  results  obtained  from  working  a  new  unknown 
earth  with  the  results  of  one  already  tested.  The 
principal  condition  is  that  for  all  tests  and  all  earths 
the  same  oil  and  methods  be  used. 

To  determine  the  bleaching  powers  of  different  earths 
a  number  of  bleaching  tests'  were  made  with  a  well 
refined  cottonseed  oil.  using  from  i  to  8  per  cent  of 
the  earths  (a  greater  per  cent  than  8  was  not  tested, 
since  a  higher  amount  is  commercially  prohibitory). 
In  Table  I,  the  earth  B  is  a  domestic.  C  an  imported 
English,  D  an  imported  German  earth;  the  origin 
of  .4  could  not  be  ascertained. 

T.«,F    I--C01.ORS    (LoviBOND    Tintometer)    of    Oils    Bleached    with 
Table    I     '-°^°^^^^^^^  Percentages  of  Filler  s  Earth 

Bleached 


GrEENV 


LE.  South  Caroli 
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FULLER'S  EARTH  AND  ITS  VALUATION  FOR  THE  OIL 
INDUSTRY 

By  Theodore  G.  Kichekt 
Received  December  11,  1916 

An  important  part  of  a  modern  oil  refinery  is  the 
filtering  department,  where  by  means  of  fuller  s  earth 
the  refined  oils  are  bleached  to  the  desired  lightness 
in  color  As  many  varieties  of  such  bleaching  agents 
are  offered,  it  might  be  of  interest  to  describe  a  cheap 
and  quick  method  of  determining,  in  the  laboratory, 
the  efficiency  and  economy  of  fuller's  earth. 

The  earths  for  bleaching  edible  oils  are  days  which 
are  used  in  the  natural  state  as  they  occur  or  which 
sometimes  are  especially  prepared  in  order  to  .ncrease 
their  bleaching  power.  They  include  hydrous  silicates 
of  aluminum,  magnesium  and  calcium,  containing 
small  amounts  of  other  substances,  such  as  iron,  sodium, 

potassium,  etc.  ,  ,   ,       , 

Fuller's  earth,  owing  to  its  colloidal  character, 
when  brought  in  contact  with  refined  oil,  forms,  with 
the  colloids  soap  and  coloring  matter,  colloidal  ag- 
gregates and  settles  out  as  such;  after  separating 
the  oil  and  the  fuller's  earth,  the  oil  has  an  earthy 
taste  and  a  part  of  it  remains  with  the  fuller's  earth. 

Essential  points  in  the  use  of  fuller's  earth  in  the 
oil  industry  are: 

I— Precipitating  of  minutely  suspended  parlules 
of  soap  left   in   the   oil   from  the  refining. 

^--Removing  of  coloring  mailer,  which,  owing  to 
the   refining,    is   contained    in    the   oil    in    an    unstable 

\  The  earthy  laslo  imparled  to  the  oil  should  be 
removable  by  means  of  di-odorizalion. 

4      The   loss  of   oil   due   to   absorption   should    t'e   as 

low  as  possiliie,  ,     .     i. 

For  trials  like  ours,  Points  i  and  j  may  be  negleclcd. 
ail  fuller's  earths  have  the  ability  of  sellling  out  the 
soap  in  sum.icnl  degree  and  the  earthy  taste  can  always 
be  rcmove.l  by  means  of  a  well  conducted  .leodorua- 
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The  results  indicate  the  exhaustion  and  efficiency 
of  the  earth.  The  maximum  effect  is  reached  for 
Brands  .4.  B,  C  and  D  with  8.  4.  S  and  3  per  cent  of 
earth,  respectively. 

To  show  even  more  distinctly  the  differences  of  the 
several  tests,  the  results  are  plotted  below  with 
the  amount  of  fuller's  earth  used  and  the  red  color 
obtained  as  ordinates.  The  dotted  line  indicates  the 
color  for  -'While  Oil"-     20  yellow,  2.5  red. 


PER  C£NT  OF  FULLER'S  EARTH  US£M 
5 ? 2         7         S         '         ^ 


The  faster  a  curve  arrives  at  the  lowest  point  of    t 

cotrse.   and    the    nearer   it   approaches   "">---;' 

axis    the  greater  is  the  bleaching  power  of  its  earth, 

n  our  case.  Hrand   D  is  the  most  effective    as  sho.-n 

;  t    .  curve,  small  amounts  of   H  are    "S'^'V  - -". 

Lous,  therefore,  this  earth  seems  to  W  well  tit  ca 

r"se  in   combination   with  other  earths.      Brand 

.  See  ..mcU.  M..H.-.  o.  .h.  "Soc...,   o.  O.. IV -Vn-r.... 
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is  a  reliable  agent;  its  run  in  the  factory  has  confirmed 
its  good  qualities.  A  is  a  slow-acting  earth;  to  obtain 
any  tangible  results  large  amounts  are  needed,  a  fact 
which  prohibits  its  extended  application. 

Another  feature  of  the  curves  is  to  show  approximately 
how  much  of  the  different  earths  would  be  necessary 
to  obtain  the  same  results.  For  instance  to  bleach 
the  oil  of  our  experiment  to  a  "White  Oil,"  there  must 
be  used  of  Brands  A,  B,  C  or  D,  5.8,  3.0,  2.4  or  1.0 
per  cent  of  earth,  respectively. 

To  determine  the  loss  of  oil  due  to  absorption.  300  g. 
of  oil  were  agitated  with  10  g.  of  each  of  the  fuller's 
earth  samples  for  a  given  time  at  a  given  temperature. 
Then  the  oil  was  filtered  by  means  of  a  Buchner 
funnel.'  When  the  earth  seemed  to  be  dry,  vacuum 
was  kept  up  for  15  min.;  the  earth  was  then  removed 
from  the  funnel  and  weighed. 

Now  when  there  is  known  the  loss  due  to  absorp- 
tion when  working  with  one  of  the  earths,  it  is  possible 
to  figure  out  the  loss  to  be  expected  using  another 
earth,  provided  the  working  conditions  remain  the 
same.  For  instance,  the  earth  C  was  known  to  cause 
a  loss  of  8  per  cent;  the  presumptive  losses  of  the 
other  earths  based  on  this  figure  are  shown  in  the 
following  table: 

TABtE  II — Absorption  of  Oil  by  Fuller's  Earth 

Earth  plus  Oil  Oil  Absorbed  Presumptive  Loss 

Brand                               Grams  Per  cent  Per  cent 

A 11.77  17.7  8.3 

B 18.7.1  87.3  40.8 

C 11.71  17.1  8.0 

D 14.05  40.5  19.0 

THE    VALUATION 

The  value  of  fuller's  earth  and  consequently  the 
economy  of  its  use  is  dependent  on  price,  bleaching 
power,  absorption  value  and  the  utilization  of  the 
residue.  The  latter,  being  for  all  earths  practically 
constant,  may  be  omitted. 

On  account  of  the  impossibility  of  determining 
absolute  figures  for  bleaching  power  and  absorption 
value,  the  earth's  worth  can  be  so  ascertained  that  it 
is  assumed  to  bleach  an  oil  to  a  certain  lightness. 
The   raw   bleaching  cost   for   100  lbs.   of  oil  is  then: 

100  -j-  xA/100 

when  X  is  the  percentage  of  earth  needed,  A  the  pre- 
sumptive loss,  P  and  O  the  price  in  dollars  for  100 
lbs.  of  earth  and  oil,  respectively;  or,  xA/100  in  the 
denominator  being  negligible  as  compared  with  100, 
the  raw  costs  are  simply: 

^.        x{ioo  P  +  AO) 

V  = cents. 

100 

Table  III 

Raw 

Price(o)              Presumptive  Bleaching  Cost 

Per  cent  of            of  Earth                    Loss  for  100  lbs. 

Brand          Earth               for  100  lbs.              Percent  Cents 

A 5.8                     $0.70                       8.3  9.36 

B 3.0                       fO.68                       40.8  15.50 

C 2.4                       fO.79                         8.0  4.01 

D 1.0                       J3.15                       19.0  5.24 

(a)  All  prices  ore  figured  f.  o.  b.  Portsmouth,  Va. 

For  the  assumed  case  that  a  "White  Oil"  has  to  be 
made  from  our  oil,  the  figures  are  collated  in  Table 
III,  the  price  of  oil  being  taken  as  Sii.oo  per  loo  lbs. 

'  See  "Fuller's  Earth,"  by  Charles  L.  Parsons.  Washington,  D.  C, 
Bull.  71,  Bureau  of  Mines. 


CONCLUSION 

In  spite  of  the  highly  developed  bleaching  power  of 
Earth  D  its  application  is  not  to  be  recommended  on 
account  of  its  excessive  price.  An  extended  use  would 
be  desirable  only  with  the  dropping  of  its  price  to  about 
Si. 90  per  loo  lbs.  or  with  an  oil  price  of  around  $4.50; 
in  both  cases  the  bleaching  cost  would  then  be  about 
4  cents.  Brand  C  is  the  most  economical  of  all;  the 
higher  amount  of  earth  used  is  compensated  by  the 
low  absorption.  Brand  B  is  not  well  recommended 
because  of  its  high  absorption  value.  Finally,  Brand  A 
is  not  suitable  for  practical  work  on  account  of  the 
large  amount  needed,  which  calls  for  large  sized  filter 
presses. 

In  conclusion,  it  should  be  noted  that  the  work  in 
the  actual  run  is  usually  less  costly  than  the  preceding 
figures  show;  the  intense  contact  of  earth  and  oil  under 
pressure  increases  the  eff'ect.  To  state  that  the  actual 
raw  bleaching  costs  fluctuates  between  50  and  75  per 
cent  of  the  above  figures  would  be  a  fair  estimate. 

p.  O.  Box  27,  Portsmocth.  Virginia 


AN  APPARATUS  FOR  THE  PURIFICATION  OF  MERCURY 

By  Harrison  E.  Patten  and  Gerald  H.  Mains 
Received  February  2,  1917 

In  this  laboratory  we  have  need  of  mercury  in  a  very 
pure  state  not  only  for  standard  cells,  and  calomel  half- 
cells,  but  also  in  rather  large  quantities  for  the  filling 
of  thermoregulators  used  in  controlling  constant  tem- 
perature baths.  The  presence  of  even  a  slight  trace 
of  foreign  metal,  such  as  lead  or  zinc,  after  the  mercury 
stands  a  short  time  in  contact  with  air,  gives  rise  to  the 
formation  of  an  oxide  film  on  the  surface  which  dirties 
the  capillary  tubes  and  interferes  greatly  with  the 
delicacy  of  the  thermoregulator. 

We  have  tried  out  the  various  methods  which  have 
been  proposed  for  the  purification  of  mercury,  and  have 
used  a  number  of  the  types  of  apparatus  described  in  the 
literature.  The  well-known  method  of  Lothar  Meyer," 
in  which  mercury  is  passed  in  a  fine  stream  through  a 
long  column  of  dilute  nitric  acid,  is  slow,  tedious,  and 
cumbersome.  The  speed  of  operation  is  greatly  in- 
creased by  the  modification  of  J.  H.  Hildebrand,* 
where  the  mercury  is  broken  up  into  numerous  ex- 
tremely fine  streams  by  passing  it  through  muslin  into 
the  acid  column.  L.  J.  Desha  devised  a  modification* 
by  which  the  mercury,  after  running  through  the 
nitric  acid  column,  was  automatically  raised  to  the 
top  and  thus  kept  in  continuous  circulation.  Loomis 
and  Acree*  incorporated  with  the  Desha  apparatus 
the  means  of  electrolytic  purification,  i.  e.,  making  the 
mercury  the  anode  in  a  nitric  acid  solution.' 

Even  after  the  above  modifications,  the  purification 
demanded  considerable  watching  and  personal  atten- 
tion. Also  there  was  no  means  provided  for  renewing 
the  nitric  acid  without  cleaning  and  refilling  the  entire 
apparatus.     We     have    endeavored     to     construct     a 

'  Z.  anal.  Chtm..  2  (186,1).  241. 

»  J.  Am.  Chem.  Soc.  31  (1909).  933. 

•  Am.  Chtm.  J..  «1  (1909).  152. 

'  N.  E.  Loomis  and  S.  F.  Acree.  Am.  Chtm.  J..  46  (1911),  594. 

•  Wolff  and  Waters.  Bureau  of  Standards,  Bull.  3,  623;  4  (1907),  I. 
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purifier  which  would  combine  the  spraying  of  the 
mercury  through  a  column  of  dilute  nitric  acid,  the 
automatic  return  and  circulation  of  the  mercury, 
the  electrolytic  purification,  and  the  automatic  re- 
newal of  the  nitric  acid  in  order  to  wash  away  the 
products  of  electrolysis  and  prevent  re-solution  of 
impurities.  By  means  of  the  injector  principle  (used 
with  some  modifications  of  the  Sprengel  pump),  the 
mercury  is  raised  through  a  small-bore  tube  to  the  top 
of  the  apparatus  in  small  globules  in  a  current  of  air. 
During  this  process  some  oxidation  of  the  impurities 
takes  place,'  which  we  have  greatly  increased  by  sur- 
rounding the  return  tube  with  a  heating  coil. 

The  purifier  etnbodying  these  points  has  been  in 
satisfactory  operation  for  over  eight  months,  during 
which  time  between  50  and  60  kg.  of  mercury  have  been 
run  through  the  apparatus. 

DESCRIPTION    OF    MERCURY    PURIFIER 

Plans  of  the  apparatus  with  all  necessary  dimensions 
and  enlarged  details  of  the  more  important  parts  are 
presented  below.  The  complete  apparatus  is  shown 
in  Fig.  I.  It  consists  of  the  following  principal  parts: 
Mercury  reservoirs,  nitric  acid  fall  tube,  nitric  acid 
reservoir,  spray  chamber,  electrodes,  waste  tube, 
injector  for  returning  mercury,  and  outlet  for  purified 
mercury.  Figi  2  is  a  detail  of  the  main  mercury  reser- 
voir and  of  the  spray  chamber,  and  shows  the  placing 
of  the  electrodes.  Fig.  3  is  a  detail  of  the  injector, 
injector  cup,  and  connections.  The  glass  work  can  be 
readily  assembled  by  any  glass-blower.  A  convenient 
stand  for  the  apparatus  may  be  built  from  wood,  or 
metal  rods  and  clamps  may  be  used. 

OPERATION— -Impure  mercury  is  placed  in  the 
main  mercury  reservoir  M,  and  from  this  flows  into 
spray  chamber  5,  through  a  stopcock  which  regulates 
the  speed  of  operation  of  the  apparatus.  Over  the 
lower  end  of  5  is  stretched  a  piece  of  bolting  silk 
which  breaks  the  mercury  into  a  fine  spray  upon 
entering  the  nitric  acid.  The  silk  is  fastened  firmly 
to  the  end  of  5  by  silk  thread,  and  a  little  flare 
at  the  end  of  the  glass  tube  prevents  any  slipping. 
We  have  found  No.  7  bolting  silk  very  satisfactory, 
giving  a  fine  spray  and  yet  not  readily  clogging 
up.  A  No.  20  B.  &  S.  gauge  platinum  wire  is  fused 
through  the  side  of  5  into  a  mercury  contact  cup. 
This  wire  extends  down  into  the  mercury  held  on  the 
silk.  By  connecting  the  wire  to  the  positive  pole  of  a 
source  of  current,  the  mercury,  as  it  sprays  through  the 
silk,  becomes  the  anode  for  electrolysis. 

The  spray  chamber  is  seated  into  a  ground  glass  neck 
on  the  fall  tube  /•'.  This  ground  glass  neck  has  a  slot 
provided  at  one  side  (Section  U,  Fig.  2),  through  which 
the  cathode  wire  is  brought  into  the  fall  tube.  The 
cathode  is  also  No.  20  platinum  wire,  and  is  made  into 
a  loop  encircling  the  end  of  .V  at  the  same  level  as  the 
anode.  An  elcctrolyzing  current  of  i  ampere  has 
proved  satisfactory  with  the  dimensions  of  the  spray 
chamber  used. 

The  overflow  or  waste  tube  W  leads  from  the  fall  tube 
just  above  the  electrode  level,  so  thai  the  products  of 

>  S«t  Cr*ru.  null.  Soc.  Cktm    rarii.  M,  856. 


electrolysis  are  carried  away  by  the  stream  of  dilute 
nitric  acid.  The  nitric  acid  used  is  a  2  per  cent  solu- 
tion. This  is  fed  from  the  reservoir  N,  into  the  fall 
tube  at  a  slow  rate,  yet  fast  enough  to  prevent  clog- 
ging about  the  cathode  by  separation  of  solid  products 
of  electrolysis,  principally  mercurous  nitrate.  In  the 
particular  apparatus  used,  it  was  found  that  an  average 
rate  of  flow  of  1000  cc.  of  nitric  acid  for  a  7-hour  period 
sufficed  to  maintain  smooth  operation.  Some  of  the 
metallic  impurities  are  deposited  on  the  cathode. 
If  the  amount  is  excessive  a  silk  bag  placed  around 
the  cathode  wire  will  prevent  falling  off  of  the  deposit 
into  the  mercury  below.' 

The  height  of  the  mercury  column  in  the  lower  por- 
tion of  fall  tube  F  depends  upon  the  mercury  level 
in  the  injector  cup  C  (Fig.  3),  the  difference  in  level 
being  proportional  to  the  weight  of  the  nitric  acid 
column  in  F.  The  mercury  rises  inside  of  the  injector 
bulb  /  until  it  just  reaches  the  top  of  the  inner  tube. 
This  inner  tube  is  brought  around  up  to  the  top  of  the 
apparatus  and  is  connected  to  the  laboratory  vacuum 
system.  As  soon  as  the  mercury  rises  above  the  level, 
ml,  in  the  injector  bulb,  a  drop  falls  into  the  inner  tube 
and  is  carried  in  a  finely  divided  condition  by  the  dif- 
ference in  pressure  up  to  the  auxiliary  mercury  reser- 
voir A.  The  inner  tube  must  be  of  Vi«  in-  inside  diam- 
eter or  less  in  order  to  elevate  the  mercury  the  required 
height. 

A  heating  coil,  H,  surrounds  the  tube  through  which 
the  mercury  is  elevated.  This  coil  consists  of  a  copper 
tube  4  ft.  long,  just  large  enough  to  slip  over  the  glass 
tube,  covered  with  a  layer  of  asbestos,  and  then  wound 
with  No.  30  nichrome  wire  in  two  sections  of  19  ft., 
each  paralleled  off  of  a  iio-volt  circuit.  Since  the 
resistance  of  this  wire  is  6  ohms  per  ft.,  the  current 
in  each  section  is  then  approximately  i  ampere.  A 
layer  of  alundum  cement  holds  the  wire  in  place  and 
prevents  short  circuits.  Outside  of  this  is  placed  a 
second  layer  of  asbestos  for  heat  insulation. 

The  finely  divided  mercury  passing  upward  through 
the  central  glass  tube  in  the  coil  becomes  covered  with 
a  film,  consisting  of  oxides  of  the  foreign  metals  present 
and  of  mercurous  oxide. 

The  mercury  from  auxiliary  reservoir  A  flows  down 
through  a  tube  back  to  the  main  reservoir  Af.  A 
stopcock  in  this  tube  serves  to  keep  sufficient  mercury 
in  the  auxiliary  reservoir  to  prevent  air  being  sucked 
in  from  the  main  reservoir.  Also  mercury  may  thus 
be  held  in  the  auxiliary  reservoir  while  cleaning  the 
main  reservoir  and  spray  chamber,  or  when  inserting 
new  bolting  silk.  The  stoppers  in  the  various  tubes 
and  reservoirs  are  of  cork,  except  those  in  the  auxiliary 
reservoir,  which  arc  of  rubber  in  order  to  maintain  the 
partial  vacuum 

The  optimum  charge  of  mercury  for  the  purifier 
is  about  1 20  cc.  or  t.6  kg.  The  mercury  flow  from  the 
main  reservoir,  when  regulated  so  as  to  spray  evenly 
and  freely  through  the  bolting  silk,  is  approximately 
30  cc.  per  niin.  Thus  all  of  the  mercury  circulates 
through  the  entire  apparatus  about  one  hundred  times 
in  a  7-hoHr  period.      The  mercury  is  allowed  to  circulate 
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three  hundred  times  and  is  then  drawn  off  through  the 
outlet  0.  At  each  withdrawal  the  mercury  level  in  the 
fall  tube  F  is  allowed  to  fall  only  to  a  point  just  above 
the  tube  leading  to  the  injector  cup.  In  this  way  a 
constant  volume  of  purified  mercury  is  maintained 
in  the  lower  portion  of  the  purifier,  and  is  not  removed 
except  for  cleaning  the  apparatus  or  shutting  it  down 
for  a  long  period. 

We  have  collected  the  waste  nitric  acid  containing 
mercurous  nitrate  and  impurities,  and  have  precipitated 
the  mercury  with  hydrochloric  acid  in  the  form  of 
calomel.  At  the  present  high  price  of  mercury  it  is 
probably  worth  while  to  reclaim  the  waste. 

Data  from  the  operation  of  the  purifier  show  that 
there  is  an  average  loss  of  7  per  cent  of  the  mercury 
due  to  solution  in  the  nitric  acid.     From  two-thirds  to 


three-fourths  of  this  mercury  lost  by  solution  may  be 
recovered  as  calomel. 

The  apparatus  needs  very  little  attention.  The 
nitric  acid  reservoir  is  filled  once  a  day,  the  mercury 
flow  is  adjusted  when  starting  up  the  apparatus  in  the 
morning,  and  looked  after  once  in  a  while  during  the 
day,  and  the  purified  mercury  is  withdrawn  when 
necessary.  One  piece  of  bolting  silk  usually  lasts  15 
to  20  days. 

The  purified  mercury  withdrawn  from  the  apparatus 
may  have  a  slight  amount  of  nitric  acid  entrained. 
We  have  eliminated  this  by  distilling  once  with  air 
bubbling  through  according  to  Hulett's  method,'  and 
then  redistilling  in  vacuo,  using  a  modification  of  the 
Weinhold  automatic  still. - 

>  G.  A.  Hulett  and  H.  D.  Minchin,  Phys.  Rf,:.  21  (1905).  .188. 
•■  Weinhold,  Carls.  Report.  9,  68. 
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We  have  used  the  mercury  purified  in  this  manner  in 
our  thermoregulators  and  found  it  to  give  satisfactory 
results.  Calomel  half-cells  made  up  with  this  mercury 
have  checked  closely  with  each  other  and  with  cells 
made  from  pure  mercury  obtained  from  the  Bureau 
of  Standards.  An  attempt  was  made  by  using  Hulett's 
method'  for  determining  small  traces  of  impurities,  to 
distinguish  between  various  stages  of  purification, 
but  no  clear-cut  differences  were  obtained. 

Bureau  of  Chemistry,  Washington,  D.  C. 


HANDLING  LABORATORY  SOLUTIONS  BY  SUCTION 

By   C.   L.   Beaus 
Received  February  10.  1917 

To  avoid  lifting  heavy  bottles  of  solutions  constantly 
employed  in  the  laboratory,  an  ordinary  filter  pump 
provided  with  a  few  simple  rubber  and  glass  connec- 
tions may  be  used  to  advantage. 

The  accompanying  illustration  shows  an  adaptation 
of  the  idea  which  has  been  successfully  applied  at  our 
laboratory  for  dilute  acid  and  alkaline  solutions  used  in 
fiber  determinations.  The  cumbersome  supply  bottles 
are  placed  out  of  the  way  under  the  bench.  Each  is 
fitted  with  a  2-hole  stopper  (one  hole  acting  as  an  air 
vent)  through  which  a  glass  tube  extends  nearly  to  the 
bottom  of  the  bottle.  These  tubes  are  connected  by 
means  of  ',  s-in.  light  pressure  tubing  to  short  glass 
nipples  likewise  extending  through  2-hole  stoppers  of  a 
size  suitable  for  the  flask  in  use.  Nipples  passing 
through  the  other  holes  of  the  stoppers  are  similarly 
connected  by  rubber  tubing  and  a  glass  Y  to  the  filter 


TOTILTERPUMP        ^ 


pump.  For  convenience,  the  tubes  leading  from  the 
rubber  stoppers  arc  bound  together  for  a  short  dis- 
tance with  adhesive  tape.  To  handle  solutions,  one 
has  now  only  to  place  the  stopper  connected  with  the 
desired  solution  tightly  into  the  service  flask  and  start 
the  filler  pump.  A  vacuum  lends  to  form  in  the  sys- 
tem, which  is  made  coni|)lete  liy  closing  one  brunch  of 
the  Y  i)y  pressure  of  the  finders  at  a  (or  «'  as  the  case 
may  be).  When  sufTicienl  solution  has  flowed  into 
Ihe  service  Husk  it  is  instantly  slopped  by  releasing  the 

I  ('.    A    lliilrll  iiihI  II     l>    Mlnililii.  VHtt    Hrr  ,  II  (\')0y).  <■)!. 


pressure,  thus  venting  the  system.  The  solution  re- 
maining in  the  tubing  immediately  drains  back  into 
the  supply  bottle.  The  apparatus  works  admirably 
and  does  away  with  pouring  from  heavy  bottles  or 
bothersome  syphoning. 

.■Agricultural  Experiment  Station 
.Amherst.   Massachusetts 

AN  IMPROVED  BUNSEN  DIFFUSION  APPARATUS 

By  Jerome  S.  Marcus 

Received  February  27.  1917 

In  a  laboratory,  where  gas  density  is  determined 
often  and  with  only  moderate  accuracy,  the  Bunsen 
diffusion  method  has  been  found  the  quickest.  There 
is  no  weighing,  room  temperature  is  used,  and  there 
are  no  liabilities  of  error  from  external  conditions. 
The  two  chief  factors  of  error  are  due  to  the  difficulty 
of  collecting  over  mercury  and  transferring  to  the 
apparatus  the  gas  under  investigation,  and  the  ir- 
regularity of  the  action  of  the  float. 

The  apparatus  shown  in  the  sketch  was  designed 
to  eliminate  both  the  float  and  the  transference  of 
mercury  and  gas,  at  the  same  time  securing  a  more 
uniform  pressure  on  all  determinations  than  by  the 
immersion  method.  Not  only 
is  the  manipidation  reduced  to 
a  minimum,  but  also  the  degree 
of  accuracy  increased. 

The  glass  tube  A  is  fitted  at 
the  top  with  a  3-way  cock,  open- 
ing to  the  orifice  D  and  the  tube 

E.  At  the  bottom  it  is  connected 
by  the  3-way  cock  i,  to  the 
mercury  reservoir  B  and  the  tube 

F.  The  removable  reservoir  C 
may  be  any  small  vessel.  For 
greater  convenience  the  whole 
may   be    mounted   on   a  board. 

To  standardize  against  air. 
cock  2  is  opened  to  communi- 
cate w  ith  E,  while  the  mercury 
is  run  out  of  .-i  through  F  by 
cock  I.  With  2  still  open,  1  is 
turned  to  allow  mercury  to  flow  from  B  to  A  till  the 
meniscus  reaches  the  mark  :.  Both  cocks  are  then 
closed,  and  B  is  filled  from  C  to  the  mark  s.  At  the 
same  time  both  cocks  are  turned,  so  that  A  opens 
to  D  at  the  top  and  B  at  the  bottom.  By  means  of 
a  stop-watch,  the  time  for  the  meniscus  to  move  from 
the  )'  to  the  x  is  determined. 

To  determine  the  rate  of  diffusion  of  the  Ras  for  the 
comparison  to  that  of  air.  1  is  opened  to  E,  anil  A 
filled  with  mercury  from  B  through  1.  Cock  i  is 
then  closed.  The  reservoir  C'  is  moved  up  to  close 
the  bottom  of  F,  which  is  then  connected  to  A  by  i. 
This  makes  .-1  the  mercury-filled  vessel  in  which  the 
gas  is  collected.  E  is  connected  to  the  source  of  dry 
gas,  and  then  connccteil  to  .1  by  i.  The  gas  entering 
.1  drives  o\il  the  mercury  into  C.  against  the  differ- 
ence in  pressure  between  that  of  the  nttnosphcrc  and 
of  the  mercury  column  in  .-I.  The  mercury  levels 
arc  brought  to  the  murks  s  nnd  s  n»  before  and  the 
rate  of  difftmion  measured. 

rNIVmitlTV    or    CoLOHAOU,    IIkVLIIIIII 
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FORMAL  OPLNING  OF  THF_  NLW  CHLMICAL  LABORATORY 
UNIVLR5ITY  OF  CINCINNATI 


The  formal  opening  of  the  new  chemical  laboratory  of  the 
University  of  Cincinnati  took  place  on  Saturday,  April  7,  1917. 
The  exercises,  presided  over  by  Judge  Rufus  B.  Smith,  were  held 
in  McMicken  Hall,  Burnet  Woods.  The  addresses  were  as 
follows: 

"Presentation  of  the  Building,"  Robert  Hochstetter. 
"Reply  on  Behalf  of  the  Department  of  Chemistry."  Lauder  W.  Jones. 
"Reply  on  Behalf  of  the  American  Chemical  Society."  John  Uri  Lloyd. 
Address — "The  Swing  of  the  Pendulum  in  Chemistry,"  Charles   H. 
Hcrty. 

The  chemical  laboratory  was  open  for  inspection  from  9  a.m. 
to  6  P.M.  A  brief  description  of  the  laboratory  is  found  follow- 
ing the  addresses. 

A  dinner  in  honor  of  the  occasion  was  arranged  by  the 
Cincinnati  Section  of  the  American  Chemical  Society,  and  was 
served  at  the  Hotel  Gibson.  Dr.  Alfred  Springer  acted  as  toast- 
master.     Addresses  were  made  as  follows: 

"Chemistry  in  a  University,"  Charles  W.  Dabney. 

"The    Relation    of    Chemical    Industry    to    the    University."    Robert 


Hochstetter. 


I  of  the  Chemist,"  Lauder  W.  Jo 


PRESENTATION  OF  THE  BUILDING 

By  Robert  Hochsthtter 

In  the  absence  of  Mr.  PoUak,  the  Chairman  of  the  Building 
Committee,  the  Board  has  requested  me  to  act  in  his  behalf. 

In  1912,  by  act  of  Council,  the  City  was  authorized  to  issue 
$250,000  worth  of  Bonds,  to  be  used  in  the  construction  of  a 
Chemical  Laboratory. 

This  building  (which  we  are  dedicating  to-day)  stands  as  a 
monument  to  the  untiring  efforts  of  Dr.  Jones  and  his  associates 
and  their  devotion  and  loyalty  to  Science,  Education  and  this 
University. 

We  are  proud  of  the  fact  that  our  University  has  been  so 
fortunate  as  to  have  such  an  able  teacher  and  chemist  to  guide 
the  students  who  have  the  privilege  to  come  under  his  influence. 

May  this  building  continue  to  serve  the  cause  of  Science  and 
Industry,  and  may  the  students  repay  our  city  in  service  and 
loyalty  for  the  generosity  of  our  citizens  which  made  it  possible 
to  house  a  chemical  department  which  is  now  second  to  none! 

Our  thanks,  therefore,  go  out  to  Dr.  Jones  with  the  hope  that 
he  will  continue  to  serve  our  University  for  many  years  to  come 
in  as  efficient  a  capacity  as  he  has  in  the  past. 

It  is,  therefore,  with  much  pleasure  that  I,  in  behalf  of  the 
University  Trustees,  turn  over  the  keys  of  the  new  laboratory 
to  you.  Dr.  Jones,  and  may  the  good  work  you  have  so  nobly 
begun  be  carried  on  indefinitely! 


REPLY    ON   BEHALF   OF   THE   DEPARTMENT    OF 
CHEMISTRY 

By  Laudkr   \V.  Jones 

In  reply  to  your  very  generous  words,  it  is  my  privilege  to 
speak  not  only  for  myself,  but  for  the  members  of  my  staff, 
each  and  every  one  of  whom  has  assisted  in  formulating  and  carry- 
ing into  effect  the  plans  of  this  new  building.  Permit  me,  there- 
fore, to  express  to  you  our  individual  and  composite  appreciation 
of  tlie  trust  which  it  is  our  honor  to  receive  from  you  as  repre- 
sentative of  the  Board  of  Directors  of  this  University. 

In  accepting  this  laboratory  for  the  services  of  chemistry  and 
metallurgy,  we  are  aware  of  the  opportunities  which  you  have 
granted  us,  and  at  the  same  time,  of  the  responsibilities  which  you 
have  imposed  upon  us.  I  assure  you  that  it  shall  be  our  endeavor 
to  use  our  opportunities  wisely,  and  to  assume  our  responsi- 
bilities willingly,  and  that,  at  all  times,  we  shall  strive  to  make 
this  building,  the  home  of  the  Department  of  Chemistry,  a  place 


where  the  things  accomplished  shall  be  worthy  of  the  University, 
and  of  the  community  which  it  is  designed  to  serve. 

Although  every  chemist  has  built  laboratory-castles  in  the  air, 
and  has  dreamed  out  plans  for  these  ideal  buildings,  not  many 
ever  find  themselves  fortunate  enough  to  see  these  dream  tex- 
tures fix  themselves  and  become  reality.  Here,  in  Cincinnati, 
it  has  fallen  to  my  lot  to  observe  and  guide  a  genuine  transmuta- 
tion of  this  very  kind — to  see  a  building  develop  from  the  idea 
of  a  building,  through  preliminary  sketches,  blue-prints,  speci- 
fications, to  the  material  stage  as  it  stands  now  in  brick,  stone 
and  mortar  upon  our  campus.  Not  my  laboratory-castle, 
perhaps,  but  better  suited  for  the  rough  uses  of  daily  life. 

So,  even  though  I  must  count  my  share  in  the  bringing  of 
these  things  to  pass,  a  task,  nevertheless  it  was  a  pleasant  task, 
and  one  which  I  was  not  loath  to  undertake,  since  it  had  in- 


DK.    L.\UD1-;R    \V.    JON'HS 
Professor  of  Chemistry.  University  of  Cincinnati 

separably  bound  up  with  it  something  of  the  joy  which  an  artist 
must  experience  in  the  creation  of  his  work. 

On  this  occasion,  it  may  be  interesting  to  relate  briefly  the 
important  points  in  the  historical  development  of  the  Depart- 
ment of  Chemistry  in  this  University.  In  1873,  the  University 
Board  decided  to  establish  an  Academic  Department.  By 
courtesy  of  the  Board  of  High  Schools,  provisional  arrangements 
were  made  under  the  management  of  Mr.  G.  W.  Harper,  Principal 
of  Woodward  High  School,  to  offer  courses  of  instruction  in  the 
High  School.  In  October  1873,  under  the  direction  of  teachers 
of  Woodward  High  School,  courses  in  ancient  language,  Ger- 
man, Mathematics,  Chemistry  and  Physics  were  offered.     Mr. 
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C.   R.   Stuntz    was  the  first  teacher  of  chemistry.     His  class 
numbered  13. 

In  1874  regular  courses  of  study  were  commenced  with  five 
recently  appointed  professors  who  offered  the  following  subjects: 
Mathematics,  Ancient  Language,  English,  German,  Physics 
and  Chemistry.  Dr.  Frank  Wigglesworth  Clarke  was  chosen 
Professor  of  Physics  and  Chemistry.  The  Board  of  Education 
granted  the  University  permission  to  use  the  4th  story  of  the 
Intermediate  School  located  on  Franklin  St. 

In  October  1875,  the  first  University  building,  on  the 
McMicken  grounds,  near  the  Elm  Street  Incline,  was  completed. 
The  Departments  of  Chemistry  and  Physics  had  quarters  in 
the  basement  of  this  building.  During  this  year  there  were  in 
all  62  students  enrolled  in  the  academic  department  of  the  Uni- 
versity. 

In  1883,  Dr.  Clarke  left  the  University  to  become  associated 
with  the  U.  S.  Geological  Survey  in  Washington,  and  Dr.  Thomas 
H.  Norton  was  appointed  in  his  place. 

McMicken  Hall  in  Burnet  Woods  was  completed  and  opened 
in  September  1895,  but  the  Departments  of  Chemistry  and 
Physics  could  not  be  accommodated  in  the  new  building.  The 
old  University  building  on  McMicken  Ave.  was  rented  by  the 
University  to  the  Board  of  Education  for  the  use  of  the  6th 
District  School,  with  the  agreement  that  the  Departments  of 
Physics  and  Chemistry  should  occupy  a  portion  of  the  building. 
However,  in  June  1895,  a  communication  from  Mr.  Henry 
Hanna  announced  his  intention  of  presenting  to  the  University 
$45,000  to  be  used  for  the  erection  of  the  "North  wing  of  the  New 
University  Building."  Work  upon  this  building  was  commenced 
shortly  afterwards,  and  in  December  1896,  the  Departments  of 
Chemistry  and  Physics  were  moved  into  Hanna  Hall  which  they 
shared  with  the  Department  of  Civil  Engineering. 

I  have  been  told  that  many  citizens  wondered  how  the  vast 
space  in  this  building  could  ever  be  filled  with  students  of  chem- 
istry. Professor  Norton  found  himself  supplied  with  room  more 
than  ample,  but  with  equipment  which  was  practically  nil. 
An  interesting  item  in  the  University  budget  for  the  year  1896 
indicates  how  serious  this  need  must  have  been.  It  reads: 
"For  moving  to  Hanna  Hall,  S9.30." 

Hanna  Hall  was  formally  dedicated  on  May  13,  1897,  just 
20  years  ago,  lacking  one  month. 

In  1900,  Dr.  Norton  left  the  University  to  become  United 
States  Consul  to  Harput,  Turkey.  He  was  succeeded  by  Dr. 
Thomas  Evans,  who  had  been  assistant  Professor  of  Technical 
Chemistry  in  the  department.  During  his  term  of  office,  the 
Ivnginccring  College,  through  the  cooperative  plan  proposed  by 
Dean  Herman  Schneider,  started  upon  its  successful  career. 
Dr.  Evans  at  the  time  of  his  death,  in  1907,  was  Dean  of  the 
Engineering  College. 

In  the  fall  of  1907,  the  Department  of  Chemistry  was  placed 
in  my  charge.  At  this  time  there  were  about  80  students  en- 
rolled in  chemistry.  But  the  rapid  growth  of  the  Ivnginccring 
College,  the  afTiliation  with  the  Medical  School  anil  the  organiza- 
tion of  tlie  lire  medical  course,  the  introduction  of  courses  in 
Domestic  Arts,  brought  ever  increasing  numbers  of  students  into 
the  department,  so  that  llnnna  Hall,  in  spite  of  the  fact  that  many 
rooms  occupied  by  the  Ivnginccring  Department  were  released 
and  fitted  up  as  laboratories,  was  no  longer  ade<|Mate  to  ncconi- 
niodate  the  students  who  prcseiitcci  tlicmsrlvcs,  and  the  erection 
of  u  more  ample  Imlldiiig   fur  ihemisiry   became  a   ncrcs.sity. 

In  1897,  wlirn  llainiu  Hall  was  orcupicd  by  the  Department 
of  Chemistry,  tliere  were  32^1  students  in  nil  acndrmic  depiirt- 
inents  of  the  University.  In  1917,  twenty  years  Inter,  when  the 
new  building  was  iKciipicd,  .^20  sludent-s  enrolled  for  courses  in 
chemistry  iind  nietallurKy,  that  i<i  n\ore  than  one  and  one  linlf 
times  the  total  number  of  ncademic  sttidrnis  jo  years  ago. 

"Chemistry  concerns  itself  with  the  (|uantltatlvc  !<t(idv  of  the 
chnuKes  in  composition  nnd  constitution  which  nintrrini  nili- 


stances  undergo,  and  with  the  transformations  of  energy  which 
accompany  them." 

The  science  of  chemistry,  therefore,  is  an  organized  body  of 
knowledge  which  comprehends  within  it  all  of  the  facts,  laws, 
theories,  and  hypotheses  relating  to  these  changes  and  trans- 
formations, arranged  and  classified  in  accordance  with  the  method 
which  custom  and  convenience  have  found  best  suited  to  meet 
the  needs  of  those  engaged  in  the  study  and  practice  of  the  sci- 
ence. 

Chemistry  is  called  an  abstract-concrete  science.  Since  it 
has  for  its  realm  all  material  substances  and  the  changes  in  en- 
ergy which  accompany  their  transformations,  there  is  nothing 
of  a  material  nature  which  may  not  constitute  a  legitimate  prob- 
lem for  investigation  by  a  chemist.  If  investigations  of  this 
kind  are  conducted  without  the  expectation  of  making  a  direct 
or  immediate  application  of  the  results  to  some  phase  of  our  daily 
life,  or  of  industry,  the  problem  is  often  spoken  of  as  belonging  to 
"pure  science."  If,  however,  there  happens  to  be  in  the  mind 
of  the  investigator  the  idea  of  discovering  something  of  com- 
mercial value  or  of  utility  to  industry,  the  problem  is  said  to  be 
one  in  "applied  science."  Unfortunately,  in  America  in  par- 
ticular, the  opinion  has  been  quite  prevalent  that  between 
these  two  ways  of  choosing  and  pursuing  research  there  exists 
a  chasm  which  is  spanned  by  no  bridges. 

A  little  reflection,  however,  will  convince  any  reasonable  in- 
divrdual  that  no  such  antagonism  can  exist.  Michael  Faraday, 
one  of  the  world's  greatest  men  of  science,  once  made  the  state- 
ment that  "There  is  nothing  so  prolific  of  utilities  as  abstrac- 
tions." If  we  believe  in  the  uniformity  of  nature  and  that  the 
science  of  chemistr>'  is  unified  knowledge,  it  is  impossible  to  con- 
ceive of  two  sets  of  unrelated  facts  and  laws,  one  in  the  possession 
of  the  "pure  chemist"  and  the  other  the  peculiar  property  of  the 
"applied  chemist."  Even  tlie  so-called  secrets  of  applied  chemistry 
must  be  explainable  by  the  laws  of  the  "pure  chemist."  As 
a  matter  of  fact,  in  the  historical  development  of  tlie  science, 
applied  chemistry  came  first.  The  workers  in  bronze  during  the 
bronze  age  were  familiar  with  metallurgical  processes  and  knew 
some  of  the  properties  of  the  alloy  bronze.  In  the  iron  age 
which  followed,  the  users  of  iron  were  perfectly  familiar  with  the 
property  of  iron  to  corrode  or  rust.  Ancient  peoples  who  pre- 
pared sugars,  gums,  starches  and  dyes,  knew  intimately  the 
properties  and  practical  uses  of  tliese  materials.  These  very 
substances  to-day  form  the  b;»sis  of  many  important  industries 
presided  over  by  applied  chemistry 

The  relations  which  exist  to-day  in  nnture  arc  the  some  in 
essence  as  they  were  during  the  time  of  tlic  aborigines.  AH 
of  our  laws,  theories  and  hyi>otheses  wore  latent  in  the  nature  of 
tilings,  waiting  for  the  mind  of  man  to  formulate  them.  We 
can  imagine  that  very  early  in  the  history  of  the  huninu  nice 
tlicre  came  to  be  individuals  who,  in  a  crude  way,  observed  that 
certain  facts,  well  known  to  all  their  clansmen  as  of  practical 
value,  but  looked  upon  by  them  as  unrelated,  in  fact,  passed 
analogies,  and  were  co-related  or  correlated.  This  stage  repre- 
sents the  beginning  of  the  science  of  chemistry. 

Thus,  we  sec  that  the  two  pha.scs  of  the  subiwl.  the  purr  und 
the  applied,  were  inutunlly  intcrrclatoil  and  dci>cndcut  upon 
one  another  at  u  very  early  time,  and.  in  fad,  IhrouKh  all  nijcs. 
they  have  been  in.separubly  intcrtwmcd.  In  i!>4.s.  when  Hof- 
tnann  distovrrcd  bcn/rne  in  the  loathsome  by  product.  co»l 
tar,  the  fact  was  of  interest,  nt  first,  to  pure  M-icnce  alone.  In 
i8f)j,  Kekiil^  pro|>osed  the  heYiiK«ii  (orniiilu  for  this  sulwlanee. 
benzene;  this,  too,  was  nppatrntlv  the  outgrowth  of  pure  »i>cc<iln- 
tion  and  was  n(  imiMntaiicr  to  those  ruKUKetl  ill  purr  science, 
(tut  of  these  bcKinniiiRi.  cotitrilxitiotis  of  the  "pure  ohrmist." 
the  vast  iiuliivtrirs  grouped  under  the  name  of  roni  tar  indun* 
tries  have  dcvclo|>ed. 

After  the  death  of  Kekul^,  in  i8»8.  Ji  jf«»r»  after  he  had  pru- 
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posed  the  benzene  formula,  Japp  delivered  a  memorial  lecture 
in  England  in  which  he  says; 

"Kekule's  work  stands  preeminently  as  an  example  of  the 
power  of  ideas.  A  formula,  consisting  of  a  few  symbols  jotted 
down  on  paper  and  joined  together  by  lines,  has  supplied  work 
and  inspiration  for  scientific  organic  chemists  during  an  entire 
generation,  and  has  afforded  guidance  to  the  most  complex  in- 
dustry that  the  world  has  ever  seen." 

If  you  will  agree  with  me  that  my  arguments  are  sound,  then 
it  must  follow  logically  that  the  new  laboratory,  which  has  been 
entrusted  to  me  and  to  my  staff,  to-day,  can  render  greater 
service  to  the  community  and  at  the  same  time  advance  the 
science  of  chemistry  best,  if  it  is  so  organized  as  to  deny,  ab- 
solutely, that  there  exists  between  theory  and  practice  even  so 
much  as  a  discernible  cleavage  plane.  For  the  well-being  of 
both  they  must  be  wedded — they  must  take  one  another  for 
better  or  for  worse. 

The  consequences  of  this  i)oint  of  view  are  almost  self-evi- 
dent. It  will  bi;  our  duty  to  sec  to  it  that  elementary  students 
who  take  courses  in  chemistry  shall  receive  a  most  thorough 
training  in  the  fundamental  facts  and  laws  of  modern  chem- 
istry. As  the  students  advance,  their  individual  preferences 
will  require  different  outlets  for  their  activities,  but,  in  any 
event,  the  department  must  see  to  it  that  each  one  shall  develop 
along  the  lines  which  are  best  suited  to  make  him  an  independent 
thinker  and  producer  in  the  fields  of  chemistry. 

So,  for  the  advanced  students,  we  should  encourage  in  some  the 
pursuit  of  research  which  may  be  as  abstract  as  he  pleases 
to  make  it,  while  in  other  cases  it  may  be  intimately  associated 
with  the  noise  and  clangor  of  industry,  believing,  at  all  times, 
that  both  pathways  lead  ultimately  to  the  same  goal,  the  ad- 
vancement of  the  noliie  science  of  chemistry,  as  well  as  the  happi- 
ness, i)rosperity  and  well-being  of  mankind. 


REPLY  ON  BEHALF  OF  THE  AMERICAN  CHEMICAL 
SOCIETY 

By  John   Vtti   I.uovD 

One  of  my  friends  said  to  me,  "Now,  Lloyd,  Professor  Herty 
is  going  to  tell  us  about  'The  Swing  of  the  Pendulum,'  which 
subject  takes  in  all  there  is  in  chemistry,  so  you  won't  have 
anything  to  say  about  chemistry.  Then  Professor  Jones  is  going 
to  give  us  the  history  of  the  Chemical  Society  in  Cincinnati, 
and  it  will  be  well  for  you  not  to  take  up  much  time  talking  about 
that."  "What  am  I  to  talk  about?"  "Well,"  said  he,  "it  is 
to  be  expected  that  an  old  man  will  talk  about  the  early  days, 
and  give  incidents  that  the  younger  people  haven't  had  an  op- 
portunity to  hear  about,  connecting  times  gone  by  with  the 
present."  So  I  shall  take  my  text  from  the  following  thought, 
"Remember  now  thy  Creator  in  the  days  of  thy  youth,"  and 
aim  to  put  what  I  have  to  say  within  the  fifteen  minutes  given 
me. 

I  speak  as  one  who  Ipoks  back,  before  there  was  any  I'ni- 
versity  of  Cincinnati,  before  there  was  even  a  systematic  "Art" 
of  Chemistry  in  Cincinnati.  I  remember  when  the  study  of 
chemistry  was  started  here,  and  believe  I  know  the  "Creator" 
of  it  all.  As  I  cast  my  mind  back  into  those  days,  1863-4, 
come  to  mind  those  known  then  as  the  chemists  of  Cincinnati. 
They  were  Kdward  S.  Wayne,  Chemist  of  the  Ohio  College  of 
Medicine,  Daniel  Vaughan  of  the  Eclectic  Medical  College, 
and  Professor  Adolph  Kennell,  father  of  Professor  C.  T.  P. 
Fennell.  This  was  before  the  Cincinnati  College  of  Pharmacy 
was  established.  Dr.  J.  F.  Judge,  Dr.  W.  B.  Chapman,  and 
others  were  co-laborers  on  the  staff  that  followed.  There  were 
also  the  chemists  of  the  public  schools,  one  of  whom  you  will 
remember  as  Professor  Stuntz.  In  those  days,  the  chemist  was 
expected  to  be  a  druggist  or  a  teacher  in  a  sclimil      Xothing  was 


there  such  as  we  now  have  in  professional  chemistry.  And 
yet  the  principles  that  dominated  pharmacy  and  chemistry 
fifty  years  ago  gave  birth  to  the  broader  vision  of  the  chemist 
of  the  present. 

Dr.  W.  B.  Chapman,  who  established  himself  as  apothecary 
at  6th  and  \'inc,  where  the  Weatherhead  drug  store  now  stands, 
was  one  of  the  educated  pharmacists  in  Cincinnati.  There  were 
but  a  few  of  these,  the  pharmacists  of  those  days  having,  as  a 
rule,  undergone  a  very  heroic  apprenticeship.  I  can  in  my 
mind's  eye  see  Dr.  Chapman  now.  Well  did  he  serve  the  people 
of  Cincinnati.  And  with  such  an  ideal  before  me,  I  think  next 
of  Professor  Adolph  Fennell,  father  of  our  present  Professor 
Fennell,  of  the  College  of  Pharmacy  to-day.  Many  here  cannot 
but  remember  him,  kindly  as  a  child,  a  talented,  educated, 
German  pharmacist-chemist,  a  good  citizen,  a  man  who  did 
much  in  the  beginning  as  a  creator  of  that  which  followed. 
Comes  now  to  view  Daniel  Vaughan,  that  man  of  extensive 
learning,  who  came  down  the  Pike  from  Lexington,  Kentucky, 
walking  to  Cincinnati,  as  also  did  Rafinesque,  the  botanist- 
scientist.  Vaughan  did  what  he  could  in  behalf  of  chemistry, 
and,  at  the  last  he  quietly  starved  and  died  in  a  little  upstairs 
corner  room  at  Sixth  and  John  Streets,  thus  paralleling,  in 
death  as  in  life,  the  life  of  Rafinesque,  for  Professor  C.  S.  R. 
Rafinesque  died  a  pauper  in  the  rich  city  of  Philadelphia,  his 
body  being  dissected  as  that  of  a  homeless  vagrant.  The 
room  where  Vaughan  died  stands  yet  at  Sixth  and  John  Streets. 
\'aughan,  recognized  the  world  over  as  a  great  scientist  and 
mathematician,  it  is  true,  starved  to  death  in  Cincinnati,  but 
this  was  his  own  fault,  because  he  was  too  proud  to  beg,  too 
rich  in  intellectuality  to  consider  physical  pain.  These  men, 
and  such  as  they,  gave  to  us  the  chance  that  comes  to  us  of 
Cincinnati  to-day.  Had  it  not  been  for  them,  there  could  have 
been  no  University  at  the  date  it  was  founded,  such  as  stands 
on  this  beautiful  hillside  to-day.  Their  inspiration  gave  us 
Hanna  Hall,  and  the  inspiration  of  which  they  were  a  part, 
gave  us  that  which  followed  Hanna  Hall.  Where  we  stand 
to-day  was  then  country,  only.  Burnet  W'oods  had  not  even 
been  made  a  part  of  the  city.  Indeed,  as  I  recall  events,  it 
was  long  a  question  whether  Cincinnati  would  receive  it  as  a 
gift.     Fortunately,  it  was  accepted. 

Whatever  is,  had  a  beginning,  but  few  realize  how  slight 
is  that  beginning.  Like  the  seed  from  which  grew  the  great 
redwood  tree  of  the  West,  was  the  beginning  of  this  great  build- 
ing here.  Its  beginning  is  the  very  commencement  of  cosmo- 
politan art,  of  alchemistic  chemistry,  and  of  connected  sciences, 
which  are  one  and  all  lost  in  the  shadows  of  antiquity. 

After  the  days  of  Chapman  and  Fennell  and  Wayne  and 
Judge  and  Vaughan.  those  pioneers  of  the  olden  time,  came 
the  founding  of  the  society  that  I  am  honored  in  representing  to- 
day. The  old  building  in  which  this  start  was  formulated  stands 
to-day  down  the  hillside,  pathetically  pleading  its  own  cause. 
I  remember  the  problems  with  which  McMicken  University 
on  the  hillside  then  had  to  contend.  She  had  no  professor  of 
chemistry.  The  public  schools  of  Cincinnati  gave  to  her  the 
first  teacher  of  chemistry.  Give  credit  to  Professor  Stuntz, 
of  Hughes  High  School,  whose  lectures  were  given,  not  in  a 
grand  edifice  like  this,  but  in  the  very  basement  of  that  old 
building  to  a  class  numbering  a  possible  dozen. 

The  first  authorized  Professor  of  Chemistry  in  the  Cincinnati 
I'niversity,  was  F.  W.  Clarke.  But  partly  understot)d  by 
the  men  among  whom  he  moved,  a  jnire  scientist,  his  ideals 
were  in  investigating  lines,  not  then  conceived  to  be  connected 
with  commercial  activity.  For  this  reason  he  did  not  appeal 
to  most  people,  but  some,  like  myself,  felt  like  taking  off  our 
hats  when  we  met  him.  Professor  !•'.  W.  Clarke  was  working 
on  what  he  knew  to  be  the  very  foundation  of  chemistry,  but 
yet  this  was  seemingly  outside  the  lines  of  bread  and  butter, 
as  chemistry  was  then  looked  upon. 


June,  1Q17 


THE  JOURNAL  OF  IXDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


607 


Came  then  Professor  Thomas  H.  Norton,  and  came  soon  an 
improvement  in  location  in  the  building.  He  was  given  a  much 
better  place  than  down  in  the  basement.  Chemistry  was  no 
longer  considered  a  spectacular  study,  for  exhibition  purposes 
as  a  lecture  room  show,  a  something  with  which  to  entertain 
children.  Chemistry  had  now  come  to  be  viewed  as  a  science 
destined  to  become  a  feature  of  the  future,  and  to  dominate 
every-day  life.  Professor  Norton  was  a  man  well  qualified 
to  utilize  chemistry  for  practical  purposes.  With  him,  by  good 
fortune,  came  Mr.  Hanna's  gift,  Hanna  Hall.  At  that  time  I 
was  very  close  to  Norton.  I  knew  what  he  was  struggling  to 
accomplish,  and  time  and  again  spent  afternoons  and  Sundays 
in  his  home  when  the  new  chemical  department  was  being  planned. 
I  comprehend  what  he  and  Mrs.  Norton  did  to  found  that  de- 
partment. Together  they  made  charts  for  atomic  and  molecular 
weights.  Together  they  worked  on  models  to  exhibit  problems 
in  stereo-chemistry.  In  other  ways  Mrs.  Norton  helped,  pre- 
paring demonstration  maps  for  chemical  lectures  explanatory 
of  experiments.  Professor  Norton  and  his  assistants  had 
little  in  the  way  of  apparatus,  but  with  that  little  and  what 
they    added,    they    did    well    their   work.      Then    came    the   call 


room,  look  at  that  old  laboratory'  in  Hanna  Hall,  then  consider 
this.  \'iew  the  apparatus  in  the  great  building  constructed 
for  chemistry,  only.  Dr.  Jones  sits  beside  us.  His  mind  work 
stands  before  us  as  his  monument.  Ever>-  sphere  of  American 
scientific  activity  has  been  touched  by  him.  and  he  has  pre- 
pared these  wonderful  laboratories  to  give  back  from  their 
outcome  to  those  who  have  served  him.  The  engineers  in  sci- 
ence, the  whole  world  over,  have  contributed  to  what  you  find 
here.  It  is  a  monument  to  scientific  Cincinnati,  an  honor  to 
our  people. 

Now  just  a  word  concerning  the  American  Chemical  Society. 
An  old  man  in  the  art,  some  call  me.  because  I  go  back  in  study 
and  research  before  there  was  any  American  Chemical  Society. 
But  in  the  way  of  reminiscences.  I  am  not  the  only  old  man 
here.  We  have  with  us  Dr.  Alfred  Springer,  who  can  tel!  you 
better  than  can  I,  the  story  of  the  first  meeting  of  the  Cincinnati 
Chemical  Society,  which  long  antedated  the  birth  of  the  Amer- 
ican Chemical  Society.  The  first  meeting  of  the  Cincinnati 
Society  was  called  by  him,  at  his  home.  The  second  meeting, 
at  which  the  name  "The  Cincinnati  Chemical  Society"  was 
adopted,  was  held  at  the  home  of  Mr.  Rheum,  over  his    drug 
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to  go  to  Syria,  and  Dr  Norton  gave  up  his  place  to  his  first 
a.ssislant.  Dr.  Thomas  Kvaiis.  He.  too.  did  well  his  work, 
but.  unfortunately,  was  taken  away  from  us,  in  the  very  strength 
of  his  life.  Hut  such  work  as  his  could  no  more  die  than  docs 
the  redwood  tree  when  it  falls  to  earth,  leaving  its  life  seed  to 
become  a  new  tree 

Came  tlien  our  nood  friiiid.  Professor  Jones,  and  I  nnisl 
tell  you  somethiiiK  about  the  commencement  of  the  chemical 
department  of  the  luiildiuK  into  which  he  went  When  it  was 
first  built,  there  were  so  few  students  in  that  ilepartment  that 
one  (lay,  as  we  stood  in  its  uncompleted  rooms,  Norton  siiid, 
"I.loyd,  I  wonder  if  it  will  ever  lie  filled  with  a  class.  Haven't 
we  bitten  olT  more  than  we  lan  chew'  In  other  woriN,  shall 
I  not  be  rritii  i/ed  for  spendliiK  so  nnich  money  on  a  laboratory'" 
Me  (lid  not  foresee  tlu'  stupendous  growth  that  would  so  soon 
lie  iieeoinplishfd. 

Came  finally  Dr  Daluiey,  a  I'residenl  so  roin|>etent  to  study 
men,  and  to  put  the  right  man  in  the  right  |)liiee.  The  Chemical 
Depurtnient  that  Norton  (clt  miKlit  never  be  filled,  grew  until 
the   students  eoidd   not   get    nito  it       When   yon   Ko  from   this 


store,  rifth  and  Hroadway.  Subsequent  meetings  were  held 
in  the  Ohio  Mechanics  Institute  When  the  time  came  at  last 
for  the  organization  of  an  .American  Chemical  Stvicty.  wc 
naturally  became  the  first  section  of  that  Mvicly  in  this  i»arl 
of  the  West.  To  attend  our  ineetinKS.  came  chemists  from 
Columbus.  Indiana|H)lis,  Lexington,  and  other  cities  ntumi 
about. 

I  have  presented  but  a  superficial  i<lea  of  that  which  comes 
to  us  from  this  great  building.  "Kemembor  now  thy  Crralor 
in  the  days  of  thy  youth  "  Wc  are  today  in  our  youth.  «.« 
concerns  chemistry.  We  are  but  pioneers.  slruRRlinR.  i»  I 
believe,  over  a  by-path  that  leads  to  iinserii  avenues,  thir 
l)nth  till  now  has  been  stony  Who  can  forcsrt-  whtit  will  de- 
velop to  tnorrnw* 

I  hold  in  mv  hands  a  slip  of  p«|icr  on  which  is  written,  in 
substance  Thrr*-  vrurs  ago.  Cinciiinnti  rntrrtitined  the  .\nirt- 
icun  Chemical  Society  In  order  Ihut  pn>i>rf  attnition  niinht 
Ik-  given  to  visitors  at  this  met-lniK.  a  collrvtion  was  taken,  and 
a  eoniinittee  up|M>nittil.  who  wcfc  uivcn  aiithoritv  to  sih-iuI  all 
thrv   nerdeil       Wr  took  carr  of  onr  visitors,   to  then    nppiirrnt 
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satisfaction.  After  all  the  bills  were  paid,  a  fund  of  $1500 
was  left.  To  whom  did  tliis  belong?  It  had  been  con- 
tributed for  a  special  purpose,  which  had  been  accomplished. 
It  was  decided,  after  much  consultation,  that  this  fund  should 
form  a  nucleus  to  help  needy  young  people  who  wished  to  at- 
tend the  Chemical  Department,  and  who  would  "make  good" 
in  life  if  given  an  opportunity.  It  was  decided  that  this  money 
be  loaned  them,  the  principal  and  interest  to  be  returned  to  the 
University  when  in  later  years  they  were  enabled  to  do  so, 
tlirough  the  equipment  they  had  received.  Can  a  more  im- 
portant fund  be  established  than  this?  Is  the  equipping  of 
these  young  people  to  be  good  citizens  and  so  situated  as  to 
care  for  the  interests  of  their  country,  not  an  opportunity? 
I  will  take  the  liberty  of  reading  the  names  of  four  of  those 
who  by  their  contributions  have  increased  this  fund  to  the  sura 
of  $2,000.  These  are  Dr.  Ernst  Twitchell,  Dr.  F.  W.  Weiss- 
mann,  Mr.  Robert  Hochstetter,  and  the  firm  of  Ault  and  Wiborg. 
May  I  not  be  permitted  to  predict  that  those  who  can  help 
this  fund  in  the  city  of  Cincinnati  will  be  surprised,  fifty  years 
from  now,  to  know  what  this  nest  egg  has  accomplished? 

As  a  closing  thought,  may  I  not  be  personal?  Much  do  I 
appreciate  the  opportunity  of  speaking  here  to-day.  To  ap- 
pear on  the  same  platform  with  the  learned  men  of  this  great 
University,  including  its  President,  to  know  that  I  am  listened 
to  by  Dr.  Herty,  past  president  of  the  American  Chemical 
Society,  to  be  introduced  by  Judge  Rufus  B.  Smith,  of  die  Board 
of  Trustees,  and  to  speak  to  an  audience  made  up  of  intellectual 
Cincinnati,  is  indeed  an  honor  that  anyone  might  well  hold 
precious. 

THE  SWraO  OF  THE  PENDULUM  IN  CHEMISTRY 

By    ClIAKUHS    11.     IlF.RTV 

It  is  a  peculiar  pleasure  to  be  present  on  this  occasion  which 
marks  the  formal  opening  of  the  new  Chemical  Laboratory  of 
the  University  of  Cincinnati.  Too  often  of  late  have  we  read 
of  loss  by  fire  of. historic  laboratories;  too  often  have  we  heard 
the  lament  of  laboratories  overcrowded  with  students.  Here 
brick  and  mortar  have  been  promptly  joined  and  a  fine  housing 
given  to  the  splendid  corps  of  instructors  whose  work  and  whose 
policies  have  given  to  this  institution  as  high  rank  in  chemistry 
as  developed  in  America.  Here,  too,  has  been  happily  worked 
out  a  combination  of  devotion  to  the  advancement  of  chemistry 
as  a  science  and  to  the  application  of  chemistry  in  the  service 
of  mankind. 

The  erection  of  this  building  gives  heart  to  the  hope  that  the 
pendulum  which  has  swung  so  strongly  during  the  past  two 


and  a  half  years  towards  the  development  of  the  chemical 
industries,  is  now  about  to  begin  an  equally  strong  swing  towards 
the  betterment  of  conditions  in  our  Universities — a  betterment 
which  should  manifest  itself  in  greater  laboratory  space  and 
better  equipment,  in  higher  salaries  for  the  teaching  staff  and 
in  such  increased  number  of  instructors  as  will  make  possible 
more  time  for  research.  If  the  pendulum  does  not  begin  soon 
to  swing  strongly  in  this  direction  there  is  danger  ahead. 

CONDITIONS  trp  TO    19 1 4 

Up  to  the  outbreak  of  the  present  great  war  the  chemists  of 
America  had  been  working  quietly  but  with  zeal  and  effective- 
ness in  university  laboratories  until  we  had  reached  the  point 
where  no  longer  was  it  considered  necessary  to  go  abroad  to 
receive  thorough  and  inspiring  training  in  chemical  research. 
This  fact  had  not  been  widely  advertised  but  it  was  evidenced 
by  the  constant  increase  in  the  proportion  of  young  men  re- 
ceiving their  higher  training  in  the  universities  of  this  country, 
and  by  the  constantly  increasing  prestige  of  the  chemical  journals 
of  America. 

So,  too,  in  the  industries  of  America,  chemists  had  been  busily 
and  successfully  engaged  in  solving  the  many  problems  of  those 
industries  which,  because  of  our  resources  and  environment, 
were  of  primary  importance.  Corn,  the  great  staple  of  the 
Middle  West,  had  been  converted  into  a  host  of  useful  sub- 
stances, through  the  transforming  agency  of  our  chemists. 
Cottonseed,  so  long  neglected  in  the  southern  states,  had  become 
the  raw  material  of  a  great  industry  whose  output  now  ap- 
proaches in  value  that  of  the  lint  column  which  for  many  years 
had  alone  given  value  to  the  cotton  crop.  The  advances  in 
metallurgy  furnished  brilliant  examples  of  skill,  ingenuity  and 
sound  chemical  development.  Petroleum  refining  had  made 
possible  the  tremendous  development  of  tlie  automobile  and 
allied  industries.  The  tanning  of  leather  had  been  placed 
upon  surer  foundations.  The  great  industries  of  the  heavy 
chemicals,  acids,  alkalies,  etc.,  received  a  development  of  such 
con.summate  skill  and  magnitude  of  output  as  to  assure  success 
in  other  lines.  At  Niagara  Falls  an  electrochemical  industr>- 
was  founded  which  stands  to-day  the  greatest  of  its  kind  in  the 
world,  the  products  of  this  group  now  constituting  essential 
equipment  of  many  industries  throughout  the  nation,  and  assur- 
ing us  a  degree  of  national  preparedness,  whose  importance 
no  one  can  overestimate  in  the  great  war  into  which  we  are 
entering.  These  are  only  a  few  illustrations  of  the  many-sided 
and  successful  efTorts  of  the  industrial  chemists  previous  to  the 
outbreak  of  the  present  war. 
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Second  Floor  Plan,  University  of  Cincinnati 
The  work,  had  been  done  quietly,  earnestly  and  without  ad- 
vertisement and  the  nation  accepted  the  results  with  but  scant 
credit  to  those  who  primarily  were  responsible  for  the  splendid 
achievements.  It  was,  therefore,  perhaps  natural  that  with  the 
shortage  in  coal-tar  chemicals  made  manifest  through  the  blockade 
of  German  ports,  the  nation  should  suddenly  have  awakened 
to  the  importance  of  its  chemists  and  in  that  condition  which  is 
so  often  characteristic  of  rousing  from  sound  slumber  petulantly 
exclaimed:  "Why  have  not  our  chemists  provided  us  with  a 
dyestuff  industry  commensurate  with  our  needs?"  Some  rough 
jolts  were  necessary  to  make  clear  the  situation  that  chemists 
alone  cannot  always  develop  industries,  that  combination  of 
capital  with  chemical  skill  is  essential  and  that  capital  is  not 
inclined  to  invest  in  industries  whose  fostering,  through  adequate 
tariff  legislation,  has  not  only  been  neglected  but  strongly 
opposed  by  our  own  consumers.  The  full  wakening,  however, 
was  not  long  delayed  and  with  fine  spirit  consumers,  capitalists, 
and  chemists  joined  hands,  effecting  the  development  of  a 
domestic  dyestuff  industry  which  has  amazed  the  world,  and 
which  on  the  morrow,  in  the  annual  liaster  parades,  will  give 
abundant  evidence  of  its  life  and  vigor. 

EXPANSION    OF    CHEMICAL    INDUSTRIES     SINCE     I914 

Along  with  developments  in  connection  with  industries  using 
coal-tar  products  as  raw  materials,  there  has  also  been  a  great 
expansion  in  all  other  lines  of  chemical  industries,  which  during 
the  years  1915,  1916  and  the  first  three  months  of  1917  has 
called  for  a  direct  investment  in  these  industries  of  $184,139,000. 
Not  even  tlie  greatest  optimist  could  have  foreseen  such  an 
enormous  expansion  of  the  strictly  chemical  industries  in  so 
brief  a  time.  The  successful  use  of  this  vast  sum  has  aroused 
the  admiration  of  our  people  and  today  the  chemist  occupies 
a  new  plane  in  American  pulilic  esteem,  a  position  rendered  nil 
the  more  secure  by  the  universal  recognition  of  the  important 
r6le  Uic  chemist  i)lays  in  modern  warfare. 

To  meet  the  universal  demand  for  thoroughly  trained  men  tJic 
industries  have  drawn  heavily  on  imivcrsity  ranks.  Men  long 
habituated  to  the  Irctnre  room  and  university  laboratory  have 
taken  new  (losilidiis  in  the  ranks  of  the  industries  and  with 
characteristic  American  adaptability  have  fully  nicl  the  new 
responsibilities.  If  this  drain  on  University  staffs  goes  much 
further  there  is  distinct  danger  atirnd  to  both  tlic  universities 
and  the  industries.  In  the  universities  should  always  be  found 
men  of  the  highest  possible  type,  whose  researches  will  carry 
forward  the  sciencr  of  cliemislry  which  usually  preccclcs  dis- 
coveries fundnmcfitul  to  the  fullest  drvelopnirnt  of  the  chemical 
hidustrics.  Such  nu-n  attract  and  hold  within  universities  for 
graduate  work  tlic  best  cla.ss  of  the  underKradiiatc  body  U|)on 
which  the  future  of  chemistry  in  America  will  lurKely  depend. 
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INCREASE    IN    CHEMISTRY  STUDENTS 

Furthermore,  the  wide  advertisement  which  chemical  prowess 
and  prestige  have  recently  received  has  resulted  in  largely  in- 
creased numbers  in  chemistry  classes  working  in  laboratories 
taxed  to  utmost  capacity.  In  order  to  secure  facts  in  this 
connection  a  questionnaire,  that  most  dreaded  of  all  documents 
which  pass  through  our  mails,  was  sent  to  the  registrars  of  all 
American  colleges  and  universities  listed  in  the  report  of  the 
United  States  Commissioner  of  Hducation  for  the  year  ending 
June  30,  1916.  In  the  hope  of  receiving  reasonable  returns  the 
amount  of  statistics  requested  was  very  limited.  Information 
was  asked  for  the  institutional  years  1914-15,  1915-16,  and 
1916-17  as  to  the  total  number  of  students  in  chemistry,  in 
chemical  engineering,  and  in  graduate  courses  in  chemistry, 
and  as  to  the  amounts  appropriated  to  chemistry  departments 
(not  including  salaries)  from  funds  otlier  than  fees  paid  by 
students. 

Returns  from  this  questionnaire  have  been  slow  in  coming  in 
and  the  information  is  far  from  complete.  Nevertheless 
statistics  have  been  received  from  one-tliird  of  our  colleges  and 
universities  and  fortunately  these  figures  cover  typical  institu- 
tions, both  tlie  larger  universities  and  smaller  colleges  being 
represented  in  approximately  the  same  ratio  as  in  the  complete 
list  of  the  Commissioner  of  Education. 

The  figures  as  to  total  students  in  chemistry  arc  not  suitable 
for  use  as  misunderstandings  arose  as  to  whether  the  total  nuuilicr 
of  individuals  or  the  total  enrollment  of  the  classes  had  been 
requested.  Nor  are  tlie  figures  as  to  appropriations  to  chemical 
departments  suitable  for  spccitic  use,  as  very  few  institutions 
answered  tliis  question.  From  those  which  did  answer,  however, 
it  would  seem  that  for  tlic  most  part  the  chemistry  departments 
of  our  colleges  and  universities  subsist  almost  entirely,  outside 
of  the  professors'  salaries,  on  fees  paid  by  the  students  .\p- 
propriations  from  general  university  funds  are  in  most  ca.scs 
negligible.  It  is  to  be  regretted  that  a  dclinilc  showing  cannot  be 
made  in  regard  to  tliis  matter.  To  all  wlio  appreciate  Uie 
tiniisual  cost  of  material  and  c<)uipment  for  research  it  must 
be  plain  that  unless  s|ic«:ial  appropriations  arc  made  from  funds 
other  than  those  received  from  students,  the  untrammclcd 
prosecution  of  research  must  necessarily  be  hani|>c[ed. 

I'roin  this  qiicstionnairr,  however,  two  reliable  sets  of  figure* 
have  been  rwcivcd  and  these  arc  exceedingly  grntifvinK  in 
view  of  the  increa.scd  demand  for  traine<1  chemists,  Intth  in  Uie 
Cfintrol  work  and  in  rrsearcli  in  the  chemical  industries  whose 
conlintinl  drvelopineiit  and  e\piiiisiiiii  are  so  ini|H>ftant  .it  this 
particular  time.  1'xr  the  session  ivi.\  \U  the  rrgistiation  of 
students  in  chemical  ciiKiiiccrinK  was  .«;  {trr  cent  grfatcr  than 
during  the  session  of   1014   i.s,  while  the  increase  of   1916-17 


6io 


THE  JOURNAL  OF  INDUSTRIAL   AND  ENGINEERING  CHEMISTRY       Vol.  9,  \o.  6 

r" 


TiiiKD  Floor  Plan,  University  of  C 


over  191 5-16  was  21  per  cent.  The  increase  of  the  current 
session  over  19 14-15,  which  marked  the  outbreak  of  the  war, 
is  65.7  per  cent.  When  we  consider  the  great  need  of  chemical 
engineers  this  marked  response  on  the  part  of  students  gives  us 
a  feeling  of  confidence  for  the  future.  Too  often  during  the 
past  two  years  has  there  been  evidenced  l)y  those  in  charge 
of  the  erection  of  industrial  plants  an  unfortunate  lack  of  knowl- 
edge of  chemistry  from  the  engineering  standpoint.  Large 
sums  of  money  have  been  lost  through  errors  in  plant  design, 
resulting  in  some  cases  in  the  necessity  of  rebuilding.  In  many 
others  the  result  has  been  inefficient  operations  which  would 
have  brought  failure  save  for  favorable  contracts  and  the  ex- 
traordinary prices  resulting  from  almost  famine  in  certain  lines 
Such  plants  cannot  hope  to  exist  when  days  of  normal  competition 
are  again  restored.  It  is  greatly  to  be  hoped  that  in  those  in- 
stitutions training  chemical  engineers,  more  and  more  thought 
may  be  given  to  the  important  problem  of  acquainting  students 
with  the  details  of  efficient  plant  design  and  construction,  and 
esjjccially  that  continued  thought  be  given  to  the  matter  of 
cooperation  between  the  universities  and  industries  which  will 
result  in  giving  at  least  some  plant  experience  to  students  during 
the  days  of  their  collegiate  and  university  training.  Interesting 
experiments  are  being  made  along  several  lines  at  a  number  of 
American  institutions  of  learning.  More  such  are  needed, 
for  in  this  way  only,  just  as  in  the  laboratory  and  plant,  can  the 
wisest  solution  of  the  problems  be  reached.  It  is  unnecessary 
for  me  to  urge  this  spirit  here  in  this  institiitioii  where  already 
a  definite  policy  has  been  marked  out  and  where  for  years 
cooperative  students  have  acquired  valuable  training  which  is 
to-day  itself  felt  in  many  lines  of  chemical  industry. 

Another  showing  made  by  the  questionnaire  is  one  which  has 
given  a  strong  feeling  of  relief.  During  the  past  2''-..  years 
there  has  been  a  tremendous  demand  for  young  men  trained  to 
the  extent  of  an  undergraduate  course.  For  the  services  of  such 
yoiuig  men  good  salaries  have  been  offered,  as  well  as  op- 
portunities for  advancement,  and  the  privilege  of  taking  part 
in  the  development  of  new  organizations,  which  in  itself  is 
always  a  strong  attraction  for  any  yoinig  man  of  courage  and 
spirit.  It  was  feared,  therefore,  that  this  strong  and  attractive 
demand  would  be  at  the  expense  of  the  number  of  students  in 
graduate  work.  If  the  results  from  the  questionnaire  are  at  all 
reliable  we  may  comfort  ourselves  in  the  knowledge  that  from 
the  figures  received  there  was  in  1915-16  an  increase  of  graduate 
students  of  37  per  cent  over  1914-15,  while  during  the  current 
session  the  number  has  at  least  not  decreased  and  will  i)r<)bably 
show  a  small  increase  over  the  preceding  session.  The  im- 
portance of  this  situation  cannot  be  overestimated.  If  we  arc  to 
measure  up  to  our  responsibilities  in  the  development  of  chem- 


istry the  number  of  our  graduate  students  must  not  diminish; 
nay,  it  should  constantly  increase  no  matter  what  personal 
sacrifices  are  involved  in  prolonged  university  residence,  for 
through  the  work  of  this  class  of  students  the  leaders  of  research 
will  be  enabled  to  carry  on  most  successfully  the  advance  in  pure 
chemistry,  while  from  the  training  thus  received  there  will  be 
developed  minds  capable  of  grappling  with  the  problems  of 
industries  and  of  blazing  out  new  paths  of  advance  so  charac- 
teristic of  this  nation.  More  than  this,  many  lines  of  industry 
in  this  country  are  just  beginning  to  awake  to  the  value  of 
chemical  research  in  their  organizations,  so  that  we  must  supply 
the  need  not  only  for  new  industries  but  also  for  a  great  number 
of  our  older  and  more  established  industries  in  which  the  trained 
chemist,  through  systematic  research,  will  work  wonders  hitherto 
undreamed  of. 

INCREASES   IN    SAL.^RIES,    NUMBER    OF   TEACHERS    AND 
LABORATORY    EQUIPMENT    ESSENTIAL 

In  view  of  this  increase  in  graduate  students  in  chemistry, 
chemical  engineering  and  the  general  courses  in  chemistrj',  and 
in  further  view  of  the  draft  made  upon  our  university  faculties 
by  the  chemical  industries,  it  is  high  time  influences  should 
make  themselves  felt  which  will  swing  the  pendulum,  now  so 
far  swung  to  our  chemical  industries,  back  to  the  university 
side.  This  is  important  not  only  from  the  standpoint  of  the 
university  but  from  the  standpoint  of  the  industries  themselves, 
for  it  is  from  the  universities  that  the  industries  draw  their 
trained  men,  and  only  with  the  highest  university  development 
will  we  have  more  than  a  spasmodic  expansion  of  the  chemical 
industries.  To  what  influence  shall  we  look  for  this  counter- 
swing  of  the  pendulum?  The  immediate  answer  is,  to  our 
university  and  college  executives.  Their  influence  has  the 
greatest  weight  in  the  making  up  of  the  university  budgets. 

Along  what  lines  can  we  justly  ask  their  special  consideration 
of  the  claims  of  chemistry?  In  the  first  place  I  would  urge 
higher  salaries  for  professors  and  their  associates.  While 
universities  cannot  hope  to  equal  in  their  salary  lists  the  offers 
made  liy  industrial  concerns,  and  while  such  an  increase  is 
lumecessary  to  persuade  the  man  who  loves  to  teach  to  remain 
in  the  university  ranks,  nevertheless  it  is  but  trite  to  remind 
of  the  constantly  increasing  cost  of  living  which  has  characterized 
this  war  period.  This  means  that  where  salaries  have  not  been 
increased,  they  have  been  at  least  relatively  decreased.  Small 
wonder,  therefore,  is  it,  that  men  with  responsibilities  to  others 
must  take  into  account  this  decreased  earning  capacity?  In 
the  second  place  the  increased  number  of  students  in  chemistry 
signifies  clearly  that  unless  teaching  staffs  are  increased  in 
numbers  the  character  of  the  instruction  given  must  sufTer. 
There  is  a  distinct  limit  to  the  number  of  men  that  can  be  success- 
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fully  taught  by  a  capable  instructor.  The  actual  increase  in 
students,  therefore,  is  in  itself  sufficient  argument  for  more 
instructors. 

In  the  third  place  adequate  laboratory  space  and  equipment 
should  be  provided  to  meet  fully  all  needs.  This  loo  has  been 
well  met  here  in  this  commodious  building,  but  in  many  others 
such  is  not  the  ca.se.  Finally,  all  these  cramping  and  restricting 
influences  niusi  make  themselves  felt  in  handicapping  the  efforts 
of  the  teaching  force  to  ])rosecute  research  to  the  fullest  extent. 
Kor  such  work  freedom  from  financial  cares  is  necessary;  time 
for  concentrated  thought  and  continuous  experimentation 
cannot  be  dispensed  with  and  space  and  necessary  equipment 
cannot  be  ignored  if  that  work  is  to  be  carried  out  under  the 
most  favorable  conditions. 

When  I  think  of  the  exodus  of  men  from  the  universities  to 
the  industries  the  cure  seems  to  be  the  same  as  is  now  beginning 
to  prove  so  effective  in  the  problem  of  urban  and  country  life. 
It  took  many  years  before  we  fully  grasped  the  thought  that  the 
solution  of  the  problem  of  country  life  lay  in  the  making  of 
country  life  more  attractive.  So  in  our  educational  circles, 
if  the  universities  are  to  hold  their  men,  conditions  which  have 
now  fjecome  in  many  cases  so  hard  must  be  imi)roved. 

I  recognize  fully  the  tendency  for  each  of  us  to  think  that  our 
own  work  is  of  greatest  importance  and  should  be  therefore 
particularly  cared  for,  anil  under  normal  conditions  I  should 
hesitate  to  make  this  j/x-rm/  ])lea  for  increased  funds  for 
c  liemistry  in  our  iniiversitie,s.  But  with  the  signing  by 
President  Wilson  of  that  memorable  resolution  of  Congress  which 
enters  this  nation  as  an  active  participant  in  the  great  war,  this 
ciiuiitry  enters  upon  a  new  era,  in  which  every  energy  of  the 
nation  must  be  devoted  to  complete  consummation  of  the 
purposes  for  which  we  entered  this  war  and  at  the  earliest 
possible  moment.  In  this  task  it  is  recognized  by  all  that  the 
cheniist  |)lays  an  extremely  imjKirtant  role.  I  pon  his  in 
vrntivenc-ss  the  issue  may  be  largely  determined. 

HI;aI.    TUST    ok    UHHItllCNCV    OF    AMKKK'AN    IIIHMIST 
NOW    HI«;iNNIN(i 

A  brilliant  representative  of  the  I'.  S.  Niivy.  Admiral  l'"iske, 
I  think,  pointed  out  how  often  success  in  lialtle  depends  U|M>n 
the  imexpei'ted  use  of  simu'  new  discovery.  Such  a  possibility 
will  necessarily,  through  patiiolie  motives,  lead  our  minds 
uilo  uiiiny  new  channels,  and  the  reid  test  of  the  eniciency  of  the 
\nicriean  chemist  is  now  begtnninK.  This  test  involves  not 
Mily   those   men   who   are   directly   concerned   with    the   manu- 


facture of  munitions,  with  the  development  of  new  explosives, 
with  the  perfecting  of  alloys  to  meet  new  demands,  with  the 
conservation  of  food,  with  the  testing  of  army  and  na\-y  supplies 
and  with  the  guarding  of  the  health  of  the  field  forces,  but  it 
also  involves,  fundamentally,  the  work  of  instruction  in  our 
colleges  and  universities  which  should  be  maintained  at  its  very 
highest  possible  standard  in  order  that  this  country,  which  we 
all  desire  to  serve  even  at  the  cost  of  our  own  lives,  may  be 
served  most  efficiently. 

With  such  thoughts  in  mind  I  share  with  you  that  feeling  of 
deep  gratification  which  must  fill  your  hearts  as  a  result  of  the 
recognition  of  the  needs  of  chemistry  as  expressed  in  the  ap- 
propriation from  the  funds  of  the  University  of  Cincinnati 
which  has  enabled  the  erection  and  equipment  of  this  building. 


DESCRIPTION  OF  THE  NEW  CHEMICAL  LABORATORY 
UNIVERSITY  OF  CINCINNATI 

Tiikcii  from  Circulur  issued  t>y  llic  I  nivcrsUy  o(  (.'iiK'innuli 
The  new  chemical  laboratory  of  tlie  University  of  Cincinnati 
has  a  total  frontage  of  J07  ft.  and  is,  practically,  four  stories 
high,  since  the  ba.sement  is  mostly  alxive  ground,  and  is  utilised 
for  laboratory  puri)oses.  The  west  wing  is  gi  ft.  long  by  4.S 
ft.  9  in.  wide.  The  east  wing,  which  is  to  be  completed  later, 
is  57  ft.  long  by  48  ft.  Q  in.  wide.  The  cross  bar  connecting  these 
two  wings  is  iio  ft.  long  by  .sJ  ft.  wide.  The  total  cost  of  the 
building  was  approximately  Si.so.ixx),  including  fj.s.ixx)  for 
special  scientific  equipment.  It  houses  the  Oeparlmcnls  of 
Chemistry  anil  Metallurgy.  At  the  time  of  its  occupation,  in 
.September  i<)i6.  s.'<>  students  were  enrolle<l  in  the  various  cx>ur-<-s 
in  chemistry  and  metallurgy. 

FIRST  KI.OOK 
The  nuiin  auditorimn  for  Uvture  purposes,  which  has  a  seating 
capacity  of  about  i<>i>,  is  liK-ated  on  thi'-  lloor  opixoite  the  en- 
trance. Adjacent  to  it  is  the  lii-ture  preparation  room  for  M-tting 
up  lecture  apparatus.  In  the  west  wing  are  two  lalM>^utoric^  for 
work  in  physical  chemistry,  and  a  lalMiralory  tot  ndvancnl 
metullurgy.  together  with  a  rest-areh  lalMiraloiy  for  tlir  Pe- 
partnient  of  Metallurgy  In  comuvtioii  with  these  laUiratorio 
there  is  a  dark  riM)m  tor  metullographic  woik  mid  a  conMaiU- 
temperature  nxnn  foi  work  in  physical  chmiistrv  The  other 
riMHiis  on  this  llont  are  devoted  t"  vaiioii*  purix>vc»  at  (i4low« 
the  Inisinevs  ofliee  in  which  the  re\-iii<ls  of  the  drpnrlinrnt  nrr 
kept  on  file  and  IhroiiKh  which  supplier  iitr  ordrml,  thrrr  in 
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structors'  offices  and  laboratories;  two  balance  rooms,  toilet  and 
wash  rooms.  The  east  wing  is  devoted  entirely  to  quantitative 
analysis. 

SECOND   FLOOR 

The  library  of  the  department  is  located  in  the  west  wing. 
It  has  approximately  3,000  volumes.  It  contains  sets  of  the 
important  journals  of  chemistry  and  metallurgy,  together  with 
the  current  files  of  these  journals  and  many  reference  books. 
In  the  west  wing  there  is,  also  a  lecture  room  seating  about  80 
students,  together  with  its  preparation  room.  This  lecture  room 
is  equipped  for  demonstrating  experiments,  or  processes,  in  elec- 
trochemistr>-  and  electrometallurgy;  tlie  switchboard  control 
and  recording  instruments  are  visible  to  tlie  class.  The  east 
wing  is  occupied  by  the  laboratory  of  organic  chemistry  which 
is  adjacent  to  a  balance  room,  a  combustion  room  and  a  room  for 
sealed  tube  experiments  and  experiments  with  gases.  The  other 
rooms  include  two  instructors'  offices  and  laboratories,  a  special 
laboratory  and  office  for  the  head  of  the  department,  a  class- 
room, and  a  special  methods  room. 

THIRD   FLOOR 

The  elementary  course  in  general  chemistry  is  given  in  the 
laboratory  located  in  the  west  wing.  The  table  tops  are  provided 
at  each  working  place  with  a  hood  in  which  a  suction  is  produced 
by  fan  systems.  The  east  wing  contains  a  laboratory  now  used 
for  qualitative  analysis,  and  is  equipped  with  the  same  kind  of 
equipment  as  that  of  the  laboratory  of  general  chemistry.  The 
stock-room  from  which  supplies  and  apparatus  are  issued  is  on 
this  floor;  from  this  stock-room  the  materials  used  in  all  of  the 
laboratories  are  distributed.  A  passenger  elevator  which  serves 
to  carr>-  students  from  other  floors,  enabling  them  to  reach  the 


stock-room  without  unnecessary  delay,  is  adjacent  to  it.  The 
stock-room  is  two  stories  high,  the  upper  story  being  formed  by 
a  penthouse  above  the  roof.  In  this  second  or  balcony  floor 
of  the  stock-room  are  located  the  controls  for  the  distilled  water 
system  and  the  hydrogen  sulfide  generators,  each  in  separate 
rooms  in  the  attic.  The  fans  connected  with  the  various  rooms 
in  the  building  where  suction  is  needed  in  addition  to  the  general 
ventilation  are  controlled  from  the  stock-room. 


The  west  wing  is  used  entirely  by  the  Department  of  Metal- 
lurgy. Here  the  rough  and  more  elementary  types  of  work  are 
carried  out,  such  as  moulding  and  casting,  the  making  of  samples 
for  testing  in  metallography,  cutting  of  samples,  heat  treating, 
annealing,  etc.,  and  the  use  of  gas  furnaces,  electric  furnaces, 
pot  furnaces,  cupola,  electric  welders,  etc.  In  a  separate  room 
in  the  rear  of  the  building  is  located  the  electrical  equipment  for 
experimental  work,  consisting  of  motor  generator  sets,  rotary 
convertor  with  transformers  and  necessary  switchboards.  The 
laboratory  for  applied  electrochemistry,  situated  in  the  cross 
bar,  is  also  adjacent  to  the  motor  room.  The  east  wing  is  planned 
for  experimental  work  in  industrial  chemistry.  It  will  contain 
typical  units  of  machinery  used  in  industrial  work,  such  as  stills, 
autoclaves,  filler  presses,  nitrating  kettles,  pumps,  fusion  pots, 
vacuum  dryers,  centrifuges,  grinders,  etc.  A  shop,  to  be  put 
in  charge  of  a  mechanician,  is  located  near  this  room.  In  addi- 
tion to  these  laboratories  the  basement  contains  a  storage  room 
for  supplies,  a  cleaning  room,  a  fire- proof  storage  room  for  combus- 
tible materials,  a  stock-room,  a  grinding  room,  instructors' 
office  and  laboratory,  a  storage  batter>'  room  and  the  general 
ventilating  system  for  the  entire  building. 
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THE  CHEAP  PRODUCTION  OF  ALCOHOL 

By  A.   M.   Breckler 
Received  March  19,  1917 

The  possible  uses  for  denatiu-ed  alcohol  are  two:  as  raw  ma- 
terial in^manufactiu'e  and  as  fuel. 

After^^eight  years  of  existence,  the  net  result  of  the  denatured 
alcohol^ act  was  the  production  of  17,000,000  proof  gallons  of 
denatured  alcohol  in  191a,  most  of  which  was  used  in  the  indus- 
tries. Here  it  displaced  the  potable  article,  but  with  so  little 
benefit  to  the  ultimate  consumer,  according  to  the  Commissioner 
of  Internal  Revenue,  that  in  his  report  he  advised  a  small  tax 
to  cover  the  cost  of  inspection  by  government  officers  during  the 
manufacture. 

In  19:5,  the  manufacture  of  munitions  had  stimulated  the 
production  somewhat,  but  the  benefits  to  the  American  people 
as  a  whole  are  doubtful  and  had  the  alcohol  used  in  this  industry 
(about  5,000,000  gallons)  paid  tax,  a  good  portion  of  our  present 
deficit  might  not  have  existed. 

It  is,  of  course,  as  a  fuel  for  explosion  engines  that  we  look  for 
the  greatest  demand  for  alcohol  and  it  is  the  production  of 
alcohol  for  this  purpose  which  will  eventually  determine  the 
price. 

The  total  alcohol  produced  in  19 14  in  the  United  States  from 
all  raw  materials  was  182,000,000  proof  gallons,  equivalent  to 
about  5  per  cent  of  our  present  gasoline  consiunption.  By  far 
the  largest  source  of  this  alcohol  was  grain,  from  which  142,000,000 
gallons  were  produced.  To  produce  enough  alcohol  to  cover 
our  gasoline  demands  as  a  motor  fuel  would  take  i5  per  cent  of 
our  total  cereal  production  or  about  26  per  cent  of  our  total 
corn  production. 

The  average  cost  of  alcohol  from  grain  (corn)  has  been  17.5 
cents  per  proof  gallon  for  the  past  five  years.     This  probably 


is  a  minimum  figure  as  it  is  based  on  the  cost  in  large  distilleries 
and  allows  for  the  sale  of  the  feed  recovered  at  the  average  market 
price.  The  cost  this  season  will  not  be  far  from  25  cents  per 
proof  gallon  or  about  45  cents  per  gallon  of  90  per  cent  alcohol. 
If  the  alcohol  is  furnished  in  barrels,  2  cents  must  be  added  to 
this  per  proof  gallon.  This  cost  could  not  be  cheapened  materi- 
ally. The  overhead  here  figured  is  about  3  cents.  So  far  as 
increasing  the  yield  of  alcohol  per  bushel,  the  possibility  permits 
of  an  increase  of  only  5  per  cent  at  most.  It  must  be  remembered 
that  these  figures  carry  no  allowance  for  profit,  selling  expense 
and  freight. 

SOURCES  OF  CHEAP  ALCOHOL 

The  possibility  of  making  alcohol  cheaper  on  the  farm  has 
been  given  prominence.  The  idea  is  to  make  alcohol  and  feed 
the  slop  to  cattle.  There  are  several  reasons  which  would  make 
this  impractical  in  all  except  rare  cases.  The  cattle  fed  on  slop 
do  not  funiish  meat  which  packs  well.  It  is  very  tender  and 
juicy  and  perfectly  healthful,  but  becomes  flabby  on  keeping. 
Therefore,  it  must  be  sold  on  a  market  which  can  absorb  a  large 
amount  of  it  at  a  time.  The  experience  of  distillers  who  have 
fed  large  numbers  of  cattle  (as  many  as  12,000  head  at  one  dis- 
tillery) is  that  such  feeding  is  more  or  less  of  a  speculation 
depending  on  the  markets  and  the  location  of  the  plant,  accessi- 
bility being  necessary  in  order  to  enable  them  to  take  advantage 
of  favorable  prices.  Aside  from  tliis  there  are  fuel  and  water 
requirements  which  will  be  taken  up  later. 

In  1912,  the  Minnesota  Agricultural  Experiment  Station  oper- 
ated a  200-bushel  distillery  on  grain.  They  employed  an 
experienced  distiller,  had  ntOSt  careful  chemical  supervision  of 
the  plant  and  credited  the  feed  at  a  ver>-  good  price.  Their 
yield  was  about  4  per  cent  under  the  average  prevailing  that 
season.     The  price  charged  for  the  corn  was  the  average  farm 
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price  as  against  the  market  price.  The  net  result  was  that  they 
were  unable  to  produce  alcohol  for  what  they  could  buy  it.  If 
under  these  favorable  conditions,  the  alcohol  cannot  be  produced 
at  a  profit,  what  can  the  farmer  expect? 

The  other  large  source  of  alcohol  is  black  strap  molasses  which 
five  years  ago  was  a  drug  on  the  market  and  sold  as  low  as  2 
cents  per  gallon  at  the  sugar  house.  Coincident  with  the  sudden 
increase  in  the  demand  for  alcohol,  the  demand  for  black  strap 
increased  until  to-day  it  is  selling  for  12  to  14  cents  per  gallon. 
The  high  price  of  sugar  has  stimulated  the  sugar  houses  to  carry 
their  extraction  of  sugar  as  far  as  possible  and  hence  the  yield 
of  alcohol  possible  has  decreased  very  much. 

From  black  strap  of  good  quality  at  5  cents  delivered,  the  cost 
of  production  would  be  around  10  cents  per  proof  gallon,  it  is 
true,  but  if  we  assume  that  all  the  sugar  produced  in  the  United 
States  and  Cuba  represents  80  per  cent  of  that  in  the  juice  and 
all  the  remaining  20  per  cent  would  be  available  for  fermenta- 
tion, we  woiJd  have  raw  material  available  for  about  162,000,000 
gallons  of  alcohol  or  enough  to  supply  about  5  per  cent  of  our 
present  demand  for  motor  fuel.  It  is  probable  that  not  more 
than  25  per  cent  of  this  amount  is  actually  available,  owing  to 
the  increasing  yields  possible  from  better  sugar  extraction  pro- 
cesses. 

A  third  source  of  alcohol  is  wood  waste.  Enough  money  has 
been  spent  on  sawdust  plants  to  evolve  several  processes  for 
cracking  oils.  The  fact  is  that  after  seventy  years  of  experi- 
menting there  are  two  plants  running  in  this  country  and  were 
it  not  for  the  high  price  of  alcohol  at  the  present  time,  it  is  doubtful 
whether  they  would  run.  The  bulk  of  the  material  handled, 
the  use  of  strong  acids,  the  complex  machinery  for  leaching 
and  the  rapid  stripping  of  the  timber  tracts  under  cutting  all 
operate  against  the  process  even  were  other  conditions  satis- 
factory. As  both  the  plants  now  operating  are  financed  by  large 
corporations,  it  is  evident  that  lack  of  money  has  not  held  the 
process  back  and  it  is  very  probable  that  if  the  process  were 
really  profitable,  more  plants  would  be  in  existence. 

The  sulfite  liquors  from  pulp  mills  offer  a  cheap  source  of  carbo- 
hydrates. None  of  the  existing  processes  arc  exactly  satis- 
factory. Just  how  much  of  this  is  available  is  a  little  uncertain. 
One  thing  is  certain,  that  the  amount  of  fermentable  carbohy- 
drates in  this  liciuor  is  very  variable.  At  present  there  are  about 
three  plants  operating  in  America  on  tliis  liquor. 

Any  process  for  making  alcohol  must  give  careful  considera- 
tion to  the  question  of  yeast  nutriment.  As  the  amount  of  yeast 
formed  is  dependent  on  the  voliune  of  liquid  rather  than  the 
concentration  of  the  fermentable  mailer,  the  most  ccoiiomioal 
process  in  this  respect  will  evidently  be  that  in  which  the  concen- 
tration of  the  fermentable  is  the  greatest  practical.  About  8 
lbs.  of  dry  yeast  are  formed  from  every  io<k>  lbs.  of  fermented 
liquor  of  which  (>  per  cent  or  '/»  I'j.  is  nitrogen.  If  a  liquid  con- 
tains 10  per  ci-Ml  of  fermentable,  the  amount  of  nitrogen  recjuired 
is  onc-tliirlictli  lb.  per  gallon  160  proof.  The  potash  require- 
ments arc  about  onc-fiflh  of  the  nitrogen.  Just  as  nuich  atten- 
tion to  yeast  poisons  is  desirable.  This  is  one  of  the  drawbacks 
to  the  use  of  sulfite  liquor  for  the  production  of  alcohol.  Even 
such  a  common  substance  as  caramel  acts  as  a  ycnst  poison. 

I'UKL    AND    WATIiR    SUPPLY    IMPORTANT    TACTOKS 

The  factors  which  most  often  determine  Ihc  fcaslbilitv  of 
making  alcohol  from  low-grade  material  are  fuel  an<l  water  sup- 
ply. The  writer  has  prepared  a  curve  (I'lg.  I)  showing  the 
tlirorelital  lu-al  consumption  ut  vurious  concrntrutiun.s  for  ilis- 
tllhilion  of  I  II)  of  160  priKif  (80  per  cent  by  volume)  alcohol. 
'Hiis  riiiu'i  iilradon  was  selected  as  being  the  lowest  wliicli  would 
Muet  all  (ml  icciniremeuts  and  the  highest  which  rould  br  pre- 
pared with  coniparativrly  simple  apparatus.  'IMic  vhIum  for 
93  per  cent  alcohol  arc  about  i  .s  limc.i  as  grcnt,  owing  to  the  liciit 
ncccswiry  for  the  rectification  and  lower  yicM  in  gallons.     The 


factor  3.5  gives  the  minimum  heat  consmnption  while  five  times 
the  theoretical  would  give  about  the  average  heat  consumption. 

For  example,  let  us  consider  the  distillation  of  160  proof 
alcohol  from  sulfite  liquor.  As  concentrated  for  fermentation, 
this  liquor  ordinarily  contains  4  per  cent  fermentable.  As  this 
is  hexose  sugar,  the  resultant  solution  will  contain  theoretically 
2.61  per  cent  alcohol.  With  a  yield  of  85  per  cent  (an  average 
usually  obtained),  the  resultant  solution  will  contain  about  2.2 
per  cent  alcohol  by  volume.  The  theoretical  heat  of  distillation 
per  lb.  160  proof  alcohol  from  such  a  concentration  is  4,000 
B.  t.  u.  As  the  weight  of  one  gallon  of  i6o  proof  alcohol  is 
7.2  lbs.,  the  heat  required  under  best  conditions  would  be  126,000 
B.  t.  u.  while  probably  it  would  approach  180,000.  Using  a 
good  coal  rurming  13,000  B.  t.  u.  per  lb.,  the  coal  required  under 
favorable  conditions  would  be  10  to  14  lbs.  Assuming  such 
coal  to  cost  $3.00  per  ton  laid  down  at  the  paper  mill,  the  costs 
under  good  conditions  for  distillation  of  160  proof  alcohol  would 
run  1.5  to  2.1  cents  per  gallon. 

Similarly  it  may  be  figured  that  160  proof  alcohol  from  sorghum 
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juice  containing  15  per  cent  as  hexose  will  cost  0.4  to  0.6  cent 
per  gallon  for  distillation  with  coal  at  fj.oo  |ht  ton.  Tins  prob- 
ably represents  as  concentrated  a  liquor  as  it  would  be  invisible 
to  ferment,  since  the  resultant  alcohol  from  stronger  liquor  would 
probably  affect  the  yeast  before  the  attenuation  was  complete. 
In  Germany,  where  thicker  mashc.^  arc  used,  the  practice  is  to 
thin  out  with  cold  water  during  fermentation. 

In  the  ca.sc  of  nearly  any  material  oontaining  sliirch.  and  most 
oUier  materials,  a  jirrliminary  ciKiking  is  nccrwau^*  and  here 
again  the  cost  is  greater  the  lower  the  concentration  I'ig  II 
shows  the  H.  t.  u.  per  lb.  hexose  sugar  and  likcwi«e  |>cr  lb.  80 
per  cent  ulcuhol  ut  various  omcentnitious  of  Migar  Starch 
multiplied  by  i.ii  of  course  gives  the  hcxttse  o\>ni-ciilniUoo. 
The  factor  of  is  probably  gives  the  closest  tiKiue  to  actual 
licat  put  under  the  boilers  l-'ig  II  i<  ba.sed  on  cioikini:  to  jij*  F. 
only.  In  a  great  many  ci«,<es,  the  materiiil  i-i  c\>oletl  to  ,«io*  F. 
in  which  case  the  figures  given  hIiouUI  Ik-  nuilliplie<l  by  1  '>9  »1»0. 

ConsideriiiR  the  case  of  giirbuge  masli,  a  sample  rreenlly  (ub- 
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mitted  to  the  writer  contained  5  per  cent  fermentable  hexose. 
This  gave  a  figure  of  4,100  B.  t.  u.  per  lb.  of  80  per  cent  alcohol 
theoretically,  but  as  the  average  yield  is  85  per  cent  of  the  theo- 
retical, this  would  become  4,800  B.  t.  u.  Multiplying  by  7.2 
and  2.5,  we  would  have  a  theoretical  consumption  of  86,500 
B.  t.  u.  or  6.65  lbs.  coal  which,  at  S3. 00  per  ton,  represents  i  cent 
per  gallon  for  cooking.  If  the  mash  should  have  to  be  cooked 
under  pressure,  the  cost  would  be  1.8  to  1.7  cents  per  gallon  80 
per  cent  alcohol,  making  a  cost  of  2.2  to  2.27  cents  for  cooking 
under  atmospheric  pressure  and  distilling,  and  of  2.9  to  3.4  cents 
at  high  pressure  and  distilling.  In  addition  to  this,  power  must 
be  fiiriiishi-d  for  comminution,  pumping,  etc.,  all  of  which  re- 
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quires  fuel.  In  ;i  grain  distilkry.  the  fuel  rc(|uire(l  for  this  pur- 
pose is  about  half  of  that  for  all  other  purposes.  It  is,  of  course, 
difficult  to  state  this  cost  for  all  materials,  but  this  relation 
would  probably  not  give  excessive  figures  for  any  other  material. 
Coal,  we  can  nearly  always  get,  but  unfortunately,  the  problem 
of  cooling  is  just  as  pressing.  Artificial  refrigeration  has  never 
been  used  in  distilleries  in  the  I'nited  States  because  of  its  cost, 
most  reliance  being  placed  on  water  cooling.  For  plants  which 
can  obtain  artesian  water  or  lake  water,  or  plants  on  the  ocean, 
such  a  problem  is  not  difficult,  but  for  any  proposed  inland  dis- 
tillery too  much  consideration  cannot  be  given  to  the  matter. 


The  water  required  for  condensing  a  gallon  of  80  or  95  per  cent 
alcohol  and  cooling  to  80°  F.  is  theoretically,  as  in  Table  I, 
assuming  perfect  efficiency.  In  practice,  the  amount  found  thus 
should  be  raised  to  the  3/2  power;  this  relation  is  based  on  ex- 
periments made  by  the  writer  in  distilleries. 
Table  I — Gallons  Water  Required  to  Condense  One  Gallon  Alcohol 

AND  Cool  to  85°  F. 
Temperature  of  Cooling  Water:  55       60       65        "0       75     80°  F. 

Gallons  Water  for  Alcohol: 

80  Per  cent  by  Volume 4.1     4.5     4.7     4.9     5.1      5.4 

95  Per  cent  by  Volume .1.4     .1.6     .1.7     .1.9     4.2     4..1 

It  can  be  seen  that  a  plant  producing  lOO  gallons  8o  per  cent 
alcohol  per  day  will  require  from  9<x>  gallons  water  at  55  °  to 
1,250  gallons  at  80°,  though  probably  the  last  figure  is  too  low. 

If  the  nia.sh  is  heated  considerably,  more  water  will  be  re- 
quired as  is  evident  by  Table  II.  It  is  not  possible  to  correlate 
these  figures  with  practice,  unfortunately,  as  owing  to  the  ex- 
treme viscosity  of  highly  concentrated  mashes,  the  factor  is 
much  greater  here  than  that  calculated  as  above,  and  owing  to 
the  more  efficient  apparatus  used,  the  factor  for  thin  mashes 
much  less.  .-M  any  rate,  the  figures  given  are  minimal,  though 
a  safe  margin  would  be  five  tiines  the  figures  given. 

MAXIMUM    RAW    MATERIAL   COSTS 

Assuming  a  concentration  of  10  per  cent  fermentable  in  the 
liquid  as  finally  prepared  for  fermentation.  Table  III  represents 
about  the  maximum  allowable  cost  per  lb.  fermentable  for  pro- 
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ducing  alcohol  of  any  given  cost  per  proof  gallon,  assuming  an 
85  per  cent  yield.     Any  feeding  value  of  the  residue  should  be 
added  allowable  to  raw  material  cost.     As  this  table  is  based 
on  an  overhead  of  2  cents  per  proof  gallon,  which  is  the  mini- 
mum i)ossible  under  the  most  favorable  conditions,  the  figures 
for  raw  material  cost  give  the  maximum  allowable  value. 
Table  III — Maximum  Allowable  Costs  Fermentable 
Cost  Fermentable     Minimum  Cost  Alcohol 
per  lb.  Hcxose  Delivered  per  Proof  Gallon 

I .0  cent  9.6  cents 


2.0 
2.2 
2.4 
2.6 
2.8 
3.0 
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Let  US  suppose  that  we  wishc<l  to  comjiete  with  gasoline  at 
30  cents.  Assuming  that  absolute  alcohol  and  gasoline  deliver 
the  same  amount  of  power  per  gallon,  we  must  take  the  cost  of 
alcohol  at  15  cents  ])er  proof  gallon.  The  raw  material  must, 
therefore,  cost  not  over  1.7  cents  per  lb.  fernuntable.  Alcohol 
potatoes  contain  20  per  cent  starch.  This  is  the  equivalent  of 
22.2  per  cent  dextro.sc.  We  have  the  relation  0.222  X  1.7  X 
0.38  cent  as  the  maximum  allowable  cost  per  lb.  of  potatoes  de- 
livered, provided  the  feed  is  not  ulihzed.  The  feeding  value 
of  the  residue  of  1  lb.  of  lytatoes  is  generally  taken  at  about 
0.1  cent.  This  would  make  the  maximum  allowable  cost  0.48 
cent  or  28.8  cents  per  bushel  delivered. 

At  present  gasoline  is  selling  about  20  cents  per  gallon.  If 
the  Utopian  ideas  of  certain  automobile  manufacturers  were 
realized,  potatoes  would  have  to  be  laid  down  at  the  distiller>' 
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for  not  to  exceed  20  cents  per  bushel  in  order  that  alcohol  might 
replace  this  gasoline.  The  average  farm  value  for  potatoes  from 
1907  to  1915  inclusive  was  61.4  cents  per  bu.  It  is  hard  to  see 
how  the  farmer  could  be  stimulated  to  produce  more  potatoes 
if  a  lower  price  were  offered  as  must  be  if  potatoes  are  to  figure 
as  alcohol  producers.  The  popular  mind  has  become  so  obsessed 
with  the  idea  of  cheap  alcohol  from  potatoes  that  it  is  forgotten 
that  the  German  idea  of  cheap  alcohol  is  alcohol  at  about  40 
cents  per  gallon  180  proof. 

CONCLUSIONS 

Water,  fuel  and  cost  of  raw  material  represent  about  all  the 
factors  susceptible  of  approximate  calculation.  In  addition 
labor,  insurance  and  depreciation  must  be  taken  into  account. 
If  starchy  substances  are  used,  malt  or  acids  must  be  used 
for  conversion  which  is  an  additional  cost.  It  cannot  be 
too  strongly  impressed  on  the  prospective  manufacturer  that 
sporadic  sources  of  material  such  as  fruit,  cornstalks,  canning 
wastes,  must  always  be  used  under  the  disadvantage  of  long 
periods  of  idleness  resulting  in  increased  depreciation,  and  dis- 
organization of  the  working  force. 


It  must  not  be  understood  that  the  writer  Intends  to  depreciate 
the  possibility  of  producing  alcohol  at  a  cost  to  enable  it  to 
be  used  as  a  motor  fuel.  Quite  the  contrary.  But  it  has  seemed 
to  him  that  unless  more  care  is  used  in  experiments  on  the  pro- 
duction of  alcohol  that  capital  will  abandon  the  field  as  un- 
promising. The  newspapers  are  full  of  stories  about  the  possi- 
bilities of  production  of  cheap  alcohol  and  even  our  own  JotrRNAL 
has  not  been  entirely  free  from  them.  As  a  matter  of  fact,  the 
production  of  cheap  alcohol  presents  as  many  difficulties  as  the 
manufacture  of  cheap  gasoline.  The  alcohol  industry  is  one  that 
requires  experience  as  much  as  any  other  chemical  industr>-  and 
in  spite  of  opinions  to  the  contrary,  uses  at  present  about  as 
scientific  methods  as  any 

author's  note  (Received  May  16,  1917I:  Owing  to  recent  in- 
creases in  grain  costs,  it  is  probable  that  grain  alcohol  costs  will 
be  over  fifty  cents  per  proof  gallon  for  the  year  1917. 
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The  Willard  Gibbs  Medal  for  the  year  1917  was  conferred 
upon  Dr.  Edward  Williams  Morley,  former  Professor  Emeritus 
in  Chemistry,  Western  Reserve  University,  Cleveland,  Ohio, 
at  the  meeting  of  the  Chicago  Section  of  the  American  Chemical 
Society,  held  May  18,  1917,  in  the  Louis  XVI  Room  of  the 
Hotel  Sherman.  One  hundred  and  forty-six  members  and 
friends  of  the  Chicago  Section  were  present. 

Mr.  A.  V.  H.  Mory,  Chairman  of  the  Chicago  Section,  opened 
the  meeting  and  introduced  Dr.  W.  A.  Noyes,  Professor  of 
Chemistry,  University  of  Illinois,  and  Editor  of  the  Journal 
of  the  American  Chemical  Society,  who  made  the  presentation 
address.  The  medal  address,  entitled  "Early  Researches  in 
Hydrogen  and  Oxygen,"  will  api)car  in  full  in  the  Journal  of  the 
American  Chemical  Society,  and  we  are  i^rinting  below  an  abstract 
prepared  by  Dr.  Morley  at  our  request. 

Dr.  Morley  spoke  in  his  usual  happy  vein.  He  showed 
the  distinguishing  quality  of  his  mind — that  keen  sense  of 
proportion  that  made  possible  his  great  work,  by  fully  appre- 
ciating the  sort  of  treatment  of  his  subject  that  would  be  most 
acceptable  to  a  mixed  audience,  including  many  who  had  no 
knowledge  of  chemistry.  There  was  a  personal  touch  to  Dr. 
Morley's  talk  that  was  much  enjoyed  and  he  skilfully 
employed  an  occasional  narrative  to  drive  the  points  home. 

Letters  of  regret  were  received  from  a  number  of  invited 
guests,  including  the  presidents  of  the  Middle  West  universities, 
and  a  number  of  the  ]>roininent  chemists  of  the  country,  among 
them  Seiretary  Charles  L.  Parsons. 

At  the  speakers'  table,  besides  the  chairman.  Professor  Mor- 
ley, and  Professor  Noyes,  were  President  Sticglitz;  Harry  Pratt 
Judson,  President  of  the  University  of  Chicago;  V.  I.  Moulton, 
President  of  the  City  Club  of  Chicago;  John  H  Long,  Profcs.sor 
in  Chriiiistry  at  (he  Northwestern  University  Medical  College; 
William  H.  Hurlon,  Vice  President  of  flic  Standard  Oil  Company 
of  Indiana;  ami  I'Mward  Partow.  Director  iif  the  Illinois  Water 
Survey,  each  of  hIihiii  spoke  briefly  and  entirtainingly.  Pres- 
ident Stieglitz  was  able  to  give  siiine  interesting  information 
concerning  the  work  of  our  society  in  llie.se  stirring  times. 

The  occasion  was  u  iiieinorahlc  one  sinil  cHtablished  even  more 
completely,  if  it  were  possible,  the  high  cliiirncter  of  the  Williiril 
f  •ibbs  Award. 

Edward  Williutn.M  Morley  wiiii  born  in  Newark,  N.  J.,  in  i8,)8. 
Ill-  received  the  drgrecH  of  AH.  (iHfm)  uliil  A.M.  (i8f>.l)  from 
WilliiiMi!)  College,  iiiul  an  bonnrary  Pli  D.  from  UnivrtNity  of 
Wooster    (187H).       lie   Ini.i   also   rrcciveil    the   honoriiry    I, LP 


degree  from  Adelbert  College  (1891),  Williams  College  (1901), 
Lafayette  College  (1907),  University  of  Pittsburgh  (1915).  and  the 
Sc.D.  degree  from  Yale  (1909).  Dr.  Morley  was  professor  of  chem- 
istry from  1869  to  1906  at  Western  Reserve  College,  formerly  at 
Hudson,  Ohio,  and  afterwards  removed  to  Cleveland.  He  also 
held  the  chair  of  professor  of  chemistry  in  the  Cleveland  Medical 
College  from  1873  to  1888.  Dr.  Morley  is  an  honoran,-  member 
of  tlie  Royal  Institute  of  London;  corresponding  member  of  the 
British  Association  for  the  Advancement  of  Science;  associate 
fellow  of  the  American  Academy  of  Arts  and  Sciences;  fellow  of 
the  American  Association  for  the  Advancement  of  Science. 
of  which  he  was  president,  1895-1896;  a  member  of  the  National 
.\cademy  of  Sciences.  American  Philosophical  Society.  Astronom- 
ical and  Astrophysical  Society  of  America,  tlie  Chemical  Society 
of  London,  and  the  American  Chemical  Society,  of  which  he 
was  president,  1899-1900. 

Dr.  Morley  was  honorary  president  of  the  Eighth  Inteniational 
Congress  of  Applied  Chemistry  which  met  in  New  York  City 
in  September.  191  j.  The  photograph  of  which  a  copy  is  shown 
here  was  made  at  about  that  time. 

The  Chicago  Chemical  Bulletin  furnished  us  witli  tlic  following 
brief  account  of  Dr.  Morley's  most  inip<irtant  work: 

"The  attention  of  chemists  was  first  attracted  by  his  work  on  a 
very  accurate  scries  of  analy.ses  of  air  which  demonstrated  that 
the  per  cent  of  oxygen  in  the  air  varies  between  narrow  limits 
and  is  probably  smaller  in  the  higher  strata  of  the  atmosphere. 

"In  184J  Dumas  had  made  a  series  of  determinations  of  the 
composition  of  water,  on  the  basis  of  which  the  value  15.96  wii.< 
accepted  as  the  atomic  weight  of  oxygen  for  nearly  fifty  yciirs. 
Toward  the  end  of  this  period  a  iuMnl>cr  of  ililTcrcnt  chemists 
worked  upon  the  problem  and  it  gradually  iMx-ame  clear  that  the 
value  found  by  Dumas  was  in  serious  error,  but  it  was  not  until 
Dr.  Morley's  paper  ap|>eared  in  1895  that  the  chemists  of  the 
world  accepted  a  quite  different  value  iis  fullv  dcmon.itratcd 
In  an  elaborate  series  of  investigations,  to  which  he  gave  more 
than  ten  of  the  best  years  of  his  life,  the  densities  of  hydrogen 
and  of  oxygen  gn.ses  were  iletcrniineil  with  un  ni-cun>cv  that  has 
not  been  excelled  or  even  reached  l>v  any  other  obscrvci  Dr 
Morley  also  effected  for  the  lirst  time  a  ctmiplrte  quuiltitativr 
svnlliesis  of  water.  weighinK  l>otli  the  owgcn  and  hydnigcn  and 
also  the  water  formed  bv  their  iiniim  The  result.^  of  all  of  Ui» 
studies  gave  the  value  15  H70  as  the  atomic  Wright  of  oxyRtn. 
or  I  ci<i76j  us  the  atomic  weight  of  hydnigrn.  and  it  »rrin»  quite 
certain  tltat  thew  vulurn  will  ncvrr  lie  dTiUinlly  chongMl. 
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"In  the  domain  of  physics  the  Michelson-Morley  experiments, 
upon  the  transmission  of  Hght  in  the  direction  of  the  motion  of 
the  earth  in  space  and  at  right  angles  to  that  motion,  have  been 
the  basis  of  the  modern  theory  of  relativity  and  have  gone  far 
to  undermine  the  confidence  of  physicists  in  the  existence  of  the 
ether. 

"Dr.  Morley  is  not  only  one  of  the  greatest  of  American  chem- 
ists, but  he  is  a  man  whose  rare  personal  qualities  have  won  for 
him  a  wide  circle  of  friends." 


INTRODUCTORY  ADDRESS 

By  A.  V.  H.  MoRY 

When  William  A.  Converse,  on  retiring  from  the  chairmanship 
and  active  work  in  the  local  section  of  the  American  Chemical 
Society,  donated  a  sum  to  be  used  in  founding  a  medal  in  the 
name  of  the  Chicago  Section  for  the  encouragement  of  local 
talent,  he  builded  better  than  he  knew.  Certain  it  is,  his  native 
modesty  would  have  deterred  him  from  presuming  to  found  a 
medal  of  such  dignity  and  impor- 
tance as  the  Willard  Gibbs  Medal 
has  come  to  be. 

The  committee  appointed  to  draw 
up  rules  governing  the  award  saw 
so  many  difficulties  in  the  way  of  a 
local  award  by  a  local  jury  that  it 
broadened  the  scope  of  the  award. 
When  the  now  honored  president  of 
our  national  society,  Dr.  Stieglitz, 
then  chairman  of  tlie  Medal  Com- 
mittee, proposed  that  the  award 
bear  the  name  of  that  most  illustrious 
of  American  chemists,  J.  Willard 
Gibbs,  the  modest  proposal  of  Mr 
Converse  then  and  there  took  on 
national  importance. 

A  number  of  the  most  prominent 
chemists  of  the  country  were  later 
invited  to  sit  on  the  jury  of  award 
and  the  distinguished  Swedish  chem- 
ist, Arrhenius,  was  the  first  of  those 
recognised  in  the  bestowal  of  the 
Willard  Gibbs  Medal. 

That  there  has  been  no  lowering 
of  the  high  standard  thus  set  up  is 
attested  by  the  list  of  illustrious 
medalists  that  have  followed — Theo- 
dore William  Richards,  Leo  H. 
Baekeland,  Ira  Remsen,  Artliur 
Amos  Noyes,  Willis  Rodney  Whitney, 

and  last   of   all,   our   honored   guest    of    the   evening — Edward 
Williams  Morley. 

It  goes  without  saying  that  the  Chicago  Section  stands  com- 
mitted to  a  policy  that  insiu-es  the  continued  high  character 
and  dignity  of  the  Willard  Gibbs  Medal.  And  it  may  be  added 
that  we,  of  the  Chicago  Section,  including  the  founder  of  the 
medal,  .shall  ever  remain  content  to  render  such  humble  service 
as  may  be  our  privilege  in  simply  providing,  as  it  were,  the  ma- 
chinery for  bestowing  the  honors  that  the  eminent  jury  shall  elect 
to  award. 

PRESENTATION  ADDRESS 
By  William  A.  Novss 

.There  are  a  considerable  number  of  fundamental  physical 
constants  which  lie  at  the  very  foundation  of  all  accurate  scien- 
tific work.  Among  these  the  density  of  the  common  gases  and 
the  relative  weights  of  the  atoms  of  the  elcineiits  have  occupied 
a  very  prominent  place  in  the  attention  of  chemists.  The 
earlier  determinations  of  these  constants  were  made  by  crude 
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and  inaccurate  methods  and  the  values  obtained  were  displaced 
by  other,  better  values  within  a  few  years.  LiteralFy  thousands 
of  such  determinations  have  been  made,  but  the  large  majority, 
although  they  usually  represent  the  work  of  many  months,  have 
been  displaced  by  others  within  a  few  years  or,  at  most,  within 
a  generation.  Regnault  in  Paris  in  1845  determined  the  densities 
of  hydrogen  and  oxygen  with  such  care  that  his  work  stood 
for  a  generation  without  serious  question.  About  the  same  time 
Dumas,  also  working  in  Paris,  determined  the  ratio  of  the  atomic 
weights  of  hydrogen  and  oxygen  and  his  result  also  stood  for 
a  generation,  although  we  now  know  that  it  did  not  deserve  the 
confidence  which  it  received.  Dumas  himself  considered  that 
the  value  he  obtained  was  in  error,  possibly  as  far  as  one  part 
in  200.  The  fact  that  Regnault  did  not  think  of  the  compressing 
effect  of  the  pressure  of  a  ton  or  more  on  the  outside  of 
his  empty  globe,  introduced  an  error  in  his  value  for  the  density 
of  hydrogen  which  was  almost  identical  with  the  error  of  Duraas's 
determination  of  the  oxygen-hydrogen  ratio.  This  accidental 
agreement  of  two  results,  each  of 
which  was  affected  by  a  serious  but 
different  source  of  error  gave  chemists 
a  very  undue  confidence  and  they 
allowed  them  to  stand  without  serious 
question  for  forty  years.  After  that 
a  number  of  chemists  and  physicists 
gave  to  the  world  much  better  values 
for  both  constants.  But  Professor 
Morley  was  not  content  to  give  to 
the  world  values  of  the  ordinary  sort 
which  might  stand  for  a  few  years 
and  then  be  displaced  by  others.  He 
was  willing  to  study,  one  after  the 
other,  and  with  almost  an  infinite 
patience,  the  sources  of  error  in  the 
determinations,  and  then  he  carried 
out  his  work  with  such  an  ingenuity 
in  the  execution  of  details,  and  with 
such  accuracy,  that  at  present  there 
is  no  indication  that  the  work  will 
need  to  be  repeated  for  a  century. 

I  am  glad  to  express  in  this  way 
the  estimate  which  the  world  places 
on  the  work  of  Professor  Morley,  but 
there  is  also  a  keen  personal  pleasure 
in  being  permitted  to  make  this 
presentation.  I  have  known  Pro- 
fessor Morley  for  twenty-five  years, 
and  with  the  years  there  has  grown 
an  intimate  personal  friendship 
which  has  become  one  of  the  most  inspiring  influences  in  my  life. 
Professor  Morley  is  a  merciless  critic — of  himself.  He  has  very 
little  to  say  about  the  shortcomings  of  others,  though  few  see 
more  clearly  what  some  of  those  shortcomings  are.  And  so  I 
take  the  greatest  pleasure  in  presenting  this  medal  to  a  persona] 
friend,  to  a  man  who  has  done  work  of  the  very  highest  quality 
and  to  one  who  has  given  to  the  world  values  for  two  of  our  most 
fundamental  constants  which  will  always  stand  as  very  close 
indeed  to  the  truth. 


EARLY  RESEARCHES  IN  HYDROGEN  AND  OXYGEN 
MEDAL  ADDRESS' 
By  Edward  Williaus  Morlby 
The  chemical  principles  involved  in  the  synthesis  of  weighed 
quantities  of  water  from  weighed  quantities  of  hydrogen  and 
oxygen  require  no  description;  it  is  only  the  details  of  the  manipu- 
lation by  which  errors  were  minimized  which  are  interesting. 
Pure  hydrogen  cannot  easily  be  prepared  by  solution  of  a  metal 
>  Author's  abstraa 
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in  acid.  Carbon  and  carbon  compounds  derived  from  metal- 
lurgical operations  introduce  impurities  which  cannot  be  removed. 
If  we  remove  carbon  and  carbon  compounds,  as  by  distillation 
of  zinc  in  a  vacuum,  it  is  difficult  to  utilize  the  hydrogen  pro- 
duced in  a  given  generating  vessel  to  sweep  out  the  nitrogen 
previously  included  and  still  have  sufficient  gas  for  the  destined 
use.  Electrolysis  is  accordingly  a  more  convenient  source. 
Electrolysis  of  caustic  alkali  would  be  convenient  except  that 
the  presence  of  carbonate  introduces  impurity  which  cannot  be 
removed.  Dilute  sulfuric  acid  is  therefore  to  be  preferred; 
it  gives  a  gas  which,  of  course,  contains  nitrogen;  it  contains 
vapor  of  water,  and  sulfur  trioxide ;  it  contains  oxygen,  ozone 
and  vapor  of  hydrogen  dioxide,  diffused  through  the  liquid  from 
the  other  pole;  it  also  contains  sulfur  dioxide  and  hydrogen  sul- 
fide. Prolonged  evolution  finally  sweeps  out  nitrogen.  Red-hot 
copper  removes  oxygen,  ozone  and  hydrogen  dioxide  and  converts 
all  sulfur  compounds  into  copper  sulfide  or  hydrogen  sulfide, 
which  is  easily  removed  by  absorption  in  caustic  alkali.  Lastly, 
water  is  removed  by  phosphorus  pentoxide. 

Absence  of  nitrogen  was  proved  by  the  absorption  of  a 
liter  of  the  gas  by  means  of  hot  copper,  with  eudiometric 
analysis  of  the  one  per  cent  of  residue.  It  was  proved  that 
at  last  less  than  one  part  of  nitrogen  remained  in  two  hundred 
thousand  parts  of  hydrogen.  But  in  the  syntheses,  the  gas 
was  next  absorbed  in  palladium,  the  palladium  tube  was  freed 
from  accompanying  nitrogen  by  a  prolonged  current  after  absorp- 
tion had  ceased,  and  this  doubly  purified  hydrogen  was 
utilized. 


The  amount  of  moisture  remaining  in  a  gas  after  dr>'ing  with 
phosphorus  pentoxide  was  measured;  it  was  given  by  the  loss  of 
weight  of  a  special  absorption  tube,  and  was  about  one  milligram  in 
40,000  liters.  The  amount  of  pentoxide  taken  up  by  the  gas  was 
also  determined  and  found  also  to  be  some  such  quantity  as  a 
milligram  in  40,000  liters.  It  is  probable  that  the  milligram  lost  by 
the  absorption  tube  and  at  first  regarded  as  moisture  was  actually 
pento.xide,  and  that  the  amount  of  moisture  remaining  after  drj'ing 
with  pentoxide  is  far  less  than  a  milligram  in  40,000  liters. 

The  hydrogen  used  in  syntheses  was  free  from  carbon  com- 
pounds and  compounds  of  sulfur.  This  was  proved  by  burning 
a  slow  current  of  the  hydrogen  in  an  atmosphere  of  the  oxygen 
produced  in  the  same  electrolysis.  The  combustion  took  place 
in  a  closed  vessel,  so  that  solution  and  absorption  of  possible 
products  of  combustion  must  have  been  complete.  When  some 
600  cc.  of  water  had  accumulated,  the  liquid  was  examined;  it 
contained  no  carbon  dioxide  and  no  oxide  of  sulfur;  it  contained 
0.02  milligram  of  phosphorus  pentoxide. 

It  was  interesting  to  notice  that  in  this  experiment,  when  the 
platinum  jet  had  been  heated  to  incandescence  in  an  atmosphere 
of  pure  oxygen  for  some  ten  days,  the  inside  of  the  flask  was  cov- 
ered with  a  rust-colored  oxide  of  platinum.  When  the  combus- 
tion was  stopped,  the  current  of  hydrogen  was  maintained,  and 
the  oxide  was  immediately  converted  into  a  deep  black  coating 
of  metallic  platinum. 

author's  note — Many  other  details  of  manipulation  are 
described  in  the  complete  address,  but  they  are  mostly  already 
on  record  and  need  not  be  here  repeated. 


CURRENT  INDUSTRIAL  NLW5 


J 


EXTRACTIONS  OF  LOW-GRADE  LEAD  ORES 

At  the  Salt  Lake  City,  Utah,  Experiment  Station  of  the  Bureau 
of  Mines,  Department  of  the  Interior,  Mr.  A.  E.  Wells,  metal- 
lurgist in  charge,  reported  as  follows  to  the  Washington  office 
of  the  bureau : 

The  most  successful  results  of  the  metallurgical  research  branch 
during  the  month  were  with  low-grade  lead  ores  which  have  failed 
to  yield  to  flotation  or  leaching  processes  described  in  previous 
reports.  By  mixing  these  ores  with  sodium  chloride  and  heat- 
ing to  temperatures  of  about  800°  C.  high  extractions  can  be 
obtained  with  the  lead  irrespective  of  the  type  of  gangue  in  the 
ore.  The  lead  volatilizes  as  a  chloride  and  any  silver  or  gold 
present  is  likewise  volatilized.  These  chlorides  are  precipitateil 
from  the  fume  by  the  use  of  the  Cottrell  precipitator.  The 
precipitated  lead  chloride  after  a  mixture  with  lime  and  a  small 
amount  of  reducing  agent  is  heated  to  a  red  heat  when  a  slag  of 
calcium  chloride  and  metallic  lead  is  formed.  The  calcium 
chloride  is  an  advantageous  substitute  for  sodium  chloride  in  the 
first  operation,  and  from  .50  to  75  per  cent  of  the  chlorine  is  re- 
covered in  this  manner.  This  process  will  have  the  advantage 
of  producing  bullion  from  either  oxides  or  sulfite  ores  in  localities 
which  do  not  contain  sufficient  water  for  milling  purposes. 
Cost  calculations  indicate  a  considerable  possibility  of  this 
process  lieing  cheaper  than  water  concentration  followed  by 
smelling. 


portant.  the  first  named  being  the  richest  of  all.  Both  Inner 
Mongolia  and  Manchuria  are  fairly  well  supplied  witli  coal. 
The  northwestern  and  southeastern  regions  are,  however, 
much  poorer,  the  geological  formation  being  unfavorable.  Both 
bituminous  and  anthracite  coal  occur  in  China,  the  latter  being 
more  extensive,  as  the  coal  in  Shansi  and  Honan  is  largely  an- 
thracite. In  fact,  the  latter  variety  has  been  more  used  in 
China,  as  it  can  be  burned  in  open  stoves  without  chimneys. 
The  bituminous  coal  industry  has  acquired  increasing  importance 
in  recent  years  as  the  coal  now  worked  on  a  large  scale  is  mostly 
of  this  variety  and,  out  of  twenty  mines  worked  by  machinery, 
only  three  are  producing  anthracite.  The  production  of  coal 
of  all  kinds  in  China  in  1913  was  about  is.ixxi.ooo  metric  tons 
(i  metric  ton  =  2,204.6  lbs.). — A.  McMillan. 


COAL  IN  CHINA 

The  Hoard  nj  I'niitr  Jntinuil  of  I  leccmber  ii.  states  that  a 
Hong-Kong  contcniporury  had  alxnit  ihiit  lime  published  ex- 
tracts from  a  report  respecting  the  coul  reserves  of  China,  which 
had  been  drawn  up  recently  by  the  Director  of  the  Chinese 
Geological  Survey.  According  to  the  report,  coal  .sceins  to  be 
very  widely  distribiitrd  in  China.  There  is  not  n  single  |>rovincc 
in  which  coal  is  tiiil  fminil.  The  northeastern  provinces,  Shansi 
Cliihli.  Shiintung  mid   Hnimii  iirc.  undoubtedly,  the  inoit  ini- 


FRENCH  RESINOUS  PRODUCTS 
According  to  a  report  in  the  Oil  and  Color  Trade  Journal,  51 
(i9'7).  975.  tl'C  output  in  the  resin  market  for  Uic  coming  year 
is  very  satisfactory.  The  Landes  depots  and  warehouses 
report  stocks  of  spirit  of  turpentine  amounting  to  j,i.x».ooo 
kgs.,  to  which  there  must  be  added  1,041.391  kgs.  in  Bordeaux 
warehouses,  making  a  grand  total  of  4,000  tons.  Half  of  this 
total  has  already  been  sold  so  that  only  2.000  tons  arc  .ivailable 
to  keep  things  going  until  the  new  season  has  opened.  Hence 
prices  are  very  tirni  at  prccnt  and  it  is  probable  that  a  rise  in 
price  will  take  place  .ind  the  present  month  may  clasc  with  rates 
at  f45  to  ?5<>  per  iixi  kilos  I'or  dried  sorts,  there  is  a  prcssim 
demand  but  very  scant  stocks.  Lots  on  hand  do  not,  prob- 
ably, excce<l  20,oix)  barrels  of  pitch  and  c»>lopliiiniuni.  l*riccs 
are  cx|>ected  to  advance  from  f  15  to  f  i(>  dcltvorrd  l.andes  sta- 
tions. The  market  is  Krciillv  favored  bv  the  f.ict  th.it  sharp 
advances  will  probablv  iKxur  in  America  due  to  higher  freights 
and  insurance  rates  and  to  shipping  dangers  .\rrivaU  are  also 
getting  scarcer  in  Hnglund.  and  London  will  probably  l>e  vrilling 
to  replace  American  with  Krench  re.sins     -M. 
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KAPOK  FIBER 

According  to  an  article  by  Messrs.  C.  F.  Cross  and  F.  J. 
Sevan  in  the  Journal  of  the  Society  of  Dyes,  32,  274,  true  kapok 
is  the  seed-hair  of  Eriodendron  anfraclnosum,  though  other 
vegetable  downs  pass  commercially  as  kapok.  The  chief 
use  of  the  material  is  for  stuffing  lifebelts,  etc.,  and  the  fiber 
keeps  out  of  the  water,  not  because  it  contains  much  water- 
repelling  oils  or  resins  (these  are  found  up  to  1.8  percent),  but 
because  the  fibers  form  thin-walled  tubes  filled  with  air.  The 
fibers  are  remarkably  uniform  as  regards  diameter  (0.021  to 
0.028  mm.).  The  air  is  not  expelled  by  immersion  of  the  fiber 
in  hydrocarbons.  Sinking  tests  of  kapok  in  water  take  very 
long  times  but,  in  aqueous  alcohol  of  density  0.928,  tests  as  to 
grade  can  be  carried  out  expeditiously.  In  life-saving  appliances 
I  g.  of  kapok  occupies  about  15  cc,  and  a  jacket  containing 
700  g.  of  this  stuffing  would  have  a  floating  power  of  10.5  kg. 
After  having  been  suspended  in  water  for  72  hrs.  with  a  weight 
of  9  kg.  attached,  the  jacket  still  required  1.3  kg.  more  to  sub- 
merge it  and  after  192  hrs.,  0.9  kg.  were  required  to  sink  the 
jacket.  The  references  here  mentioned  are  to  tests  carried  out 
on  kapok  in  the  National  Physical  Laboraton,',  London,  before 
the  war. — M. 

BRITISH  MINERAL  OUTPUT  FOR  1915 

The  following  table,  taken  from  the  annual  report  on  mines 
and  quarries  for  the  year  191 5,  gives  the  production  of  the  various 
minerals: 

Quantity  Value  Quantity  Value 

MiNBRAi.  (Tons)  £  (Tons)  £ 

Alum  Shale 6,078  607  7,911  791 

Antimony  Ore ....  ....  2'/s  59 

Arsenical  Pyrites ....  ....  421  233 

Arsenic 1,988  19,052  2.496  32,779 

Barium  Compounds 48,930  43,506  62,477  79,829 

Bauxite 8.286  2.159  11,723  3,163 

Bog  Ore 2.342  585  1 ,986  496 

Chalk 4,291.170  197.154  3,233,897  155,560 

Chert,  Flint 76,213  13,304  102,698  15,536 

Chromite 100  50            

Clay  and  Slate 13.124.361  1,731,779  8.871,821  1,172.877 

Coal 265,664,393  132,596,853  253,206.081    157,830,670 

Copper  Ore 2.373  16,985  579  3,084 

Copper  Precipitate 185  5,529  243  9.938 

Fluorspar 33.816  11,005  33,123  11,484 

Cold  Ore 47  318  5.086  3.389 

Gravel  and  Sand 2,498,872  215,351  2.350.267  213.373 

Gypsum 265,365  83,268  247,229  78,747 

Igneous  Rocks 7,135,243  1,369,242  6,085,415  1,200.212 

Iron  Ore 14,867,582  3,921,683  14,235,012  4,587,651 

Iron  Pyrites 11,654  4,759  10,535  4.873 

Lead  Ore 26,013  309.813  20,744  295,071 

Lignite 300  150  1,783  536 

Limestone 12,158,441  1,295,512  11,115.909  1,306.268 

Manganese  Ore 3.437  2,931  4.640  4.640 

Natural  Gas 87,000  c.  ft.  Not  stated  87,00  c.  ft.    Not  stated 

Ochre,  Umber 11,069  10,635  8,989  9,641 

Oil  Shale 3,268,666  837.249  2,998,652  836,393 

Salt 2,069,989  560.893  2,005.605  607.25 1 

Sandstone 3.464,528  1,057.096  2,520,856  758,325 

Slate 318,912  806.196  226,037  452.819 

Soapstonc 180  90  850  575 

Sulfate  of  Strontium 13.157  10.439  640  688 

Tin  Ore 8,085  661,865  8,144  668,609 

Tungsten  Ore 205  19,722  331  44,803 

Uranium  Ore 344  ....  82  .... 

Zinc  Ore 15,419  56,652  12.057  70,383 

Totals £145.863,332  £170,460.949 

— M. 

FOOD  VALUE  OF  THE  SOYA  BEAN 
In  an  article  in  Compl.  rend.,  164  (1917),  300,  the  use  of  the 
soya  bean  as  an  article  of  food  is  strongly  recommended.  The 
author  says  tliat  its  food  value  has  long  been  known  in  the  Far 
East.  It  forms  an  important  article  of  diet  in  the  French 
Indo-Chinese  colonies,  in  Cochin-China,  China  and  Japan. 
The  oil-content  of  soya  beans  is  no  less  than  20  per  cent  and  the 
protein  content  40  per  cent,  whereas  French  haricot  beans  con- 
tain only  20  per  cent  of  protein  and  2  per  cent  of  fat.  The 
author  further  suggests  that  the  soya  bean  should  be  cultivated 
in  France.  The  nutritive  value  of  the  soya  bean  meal  has  led 
to  its  being  used,  in  some  degree,  in  military  rations  in  the  French 
army  and  its  use  for  civilian  purposes  deser\'es  wider  aiiplica- 
tion. — M. 


SULFUR  SUPPLY  IN  GERMANY 
Before  the  war,  says  the  Iron  and  Coal  Trade  Review,  the 
Germans  obtained  annually  about  900,000  tons  of  iron  pyrites 
from  Spain  for  the  manufacture  of  sulfuric  acid  and  they,  them- 
selves, produced  about  300,000  tons  every  year  at  Megen  in 
Silesia.  In  1912  and  1913,  however,  they  increased  their  pur- 
chases from  Spain  to  1,200,000  tons  per  annum.  Owing  to  the 
stoppage  of  the  Spanish  supplies  by  the  war,  they  had  to  look 
about  for  other  sources  and  have,  no  doubt,  found  some  in 
Poland  and  also  in  Greece  and  Turkey.  Besides  this,  Ger- 
many has  received  about  400,000  tons  of  pyrites  annually  from 
Norway.  The  eminent  French  chemist,  M.  Cazeneuve,  states 
that  the  Germans  have  succeeded  in  producing  anhydride  from 
plaster  of  Paris  with  the  help  of  the  electric  furnace.  It  is  also 
reported  that  a  process  is  being  carried  on  in  Germany  which 
consists  in  treating  plaster  of  Paris  with  sand  and  producing 
silicate  of  lime  and  cement  at  the  same  time  as  sulfurous  acid. 
The  Norwegian  supply  of  pyrites  is  not  now  available  to  Ger- 
many.— M. 

ASBESTOS  PACKING 

.■\ccording  to  A.  Dubose  in  the  Journal  de  Caoutchouc  et 
Guttapercha,  attempts  have  been  made  with  partial  success 
to  imitate  klingerite,  the  asbestos  preparation  of  German  manu- 
factiu-e,  which  found  favor  prior  to  the  war  as  an  excellent 
packing  for  steam  pipe  joints.  A  sample  of  the  product,  3.75 
mm.  in  thickness,  was  found  to  consist  of  15  layers  of  a  thin 
asbestos  felting,  built  up  of  the  best  long  fibers  mixed  with  2 
per  cent  of  flax  threads.  Such  layer  was  coated  on  both  sides 
with  some  agglutinant  which  contained  sulfur;  this  sulfur  was 
to  be  slowly  vulcanized,  apparently  while  the  material  was  being 
used,  in  order  that  it  might  become  more  resistant  and  impei^'ious. 
An  analysis  of  the  sample  gave:  80.5  per  cent  of  asbestos,  2.2 
per  cent  of  cellulose  (flax),  and  17  per  cent  agglutinant  (con- 
sisting of  rubber  and  balata  with  a  small  percentage  of  sulfur, 
less  than  0.5).  The  incorporation  of  the  flax  would  render  the 
packing  stronger,  more  pliable,  and  increase  the  cohesion 
of  the  fine  layers. — M. 

CEDARWOOD  OIL 

We  have  received,  says  Nature,  from  Messrs.  Flatters  and 
Gamett,  Ltd.,  Manchester,  England,  a  specimen  of  their  cedar- 
wood  oil  for  use  with  oil-immersion  microscopic  objectives. 
As  the  result  of  tests,  the  oil  was  found  to  be  of  good  consistence 
and  color,  does  not  become  cloudy  in  cold  weather  and  has  a 
high  refractive  index.  The  refractive  index  of  cedarwood  oil 
is  stated  to  be  1.5 10,  but  that  of  the  specimen  examined  was 
well  above  this,  viz.,  1.518.  Hitherto,  Great  Britain  has  been 
supplied  with  immersion  oil  from  the  Continent,  but  this  is  a 
British-made  oil  which  seems  to  fulfil  every  requirement.  It  is 
supplied  in  bottles  at  from  So.  18  to  $1  .00  each,  or  in  bulk. — M. 


EXPORTATION  OF  JAPANESE  CHEMICALS 

^  According  to  a  report  in  the  Chemical  Trade  Journal,  60 
(1917).  257,  an  order  has  been  issued  by  the  Japanese  Minister 
for  the  Interior  granting  permission  to  export  the  following 
goods  from  Japan: 


.\cctatc  of  lead 
.\mmonta  water 
Ammonium  carbonate 
Aspirin 

Hicarbonatc  of  potash 
Bicarbonate  of  soda 
Boracic  acid 
Bromine'and  salts 
Cafleii 


Castor  oil 
Cinchona  bark 
Citric  acid 
Citrate  of  iron  and 


Camphor  monobroniiitum  Milk  sugar  Qactosc) 


Oil  of  turpentine 
Potassium  sulfate 
Saccharine 
Sulfur 

Gum"ar"a'bic"'  l""'''''.  «<=id 

Hydrogen  peroxide  ami      Tartaric  acid 

preparations  therefrom  Urotropin 
Lactic  acid  Vaseline 

Ly.sol  White  wax 


Yellow 
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BRITISH  BOARD  OF  TRADE 
During  the  months  February  15  to  April  15,  the  British  Board 
of  Trade  received  inquiries  from  firms  in  the  United  Kingdom 
and  abroad  regarding  sources  of  supply  for  the  following  articles. 
Firms  which  may  be  able  to  supply  information  regarding  these 
things  are  requested  to  communicate  with  the  Director  of  the 
Commercial  Intelligence  Branch,  Board  of  Trade,  73  Basinghall 
St.,  London,  E.  C. 


Animal  traps  for  bears  and  pumas 

Astrachan 

Beech  boards  for  brushes 

Bellows    suitable    for    use    in    damp 

places 
Bleached    white    mercerized    sewing 

yarn 
Canvas 
Chemicals:     Alphanaphthylamine 

Aluminum  sulfate 

Arsenic  acid  (sp.  gr.   1.8) 

Formaldehyde  (40  per  cent) 

Dimethyl  sulfate 

Florida  earth  for  bleaching  oils 

Carbonate  of  copper  (commercial) 

Carbonate  of  zinc 

Selenium  powder 

Sodium  perborate 

Tin  oxide 

Ultramarine  blue 
Combs,  white  celluloid 
Crepe  paper 
Dyes,     blue    and     mauve    for    ink 

making 
Enameled  tea  kettles 
Eyelet  rivets 

Fishing  nets  for  sardine  fishing 
Fishing  twine 
Glass,  hard,  heat-resisting 
Gramophone  needles 
Hand  cleanser,  suitable  for  motor- 
ists, mechanics 
Handkerchiefs,       colored       cotton, 

for  African  native  trade 
Horseshoe  nails 
Iron  or  steel  moulds  for  casting  lead 

name-plates,  numbers,  etc. 
Knitted  fabric,  for  gas  mantles 
Leather  boot  laces 
Leather  tabs  for  metal  key  chains 


Machinery  and  Plant  for: 
Cane  plating 
Converting     mica    into     micamte 

and  mica  cloth 
Cutting  cartons  for  cardboard  box 

making 
Decorticating  ground  nuts 
Dry-cleaning  garments 
Embossing,   printing  and   cutting 

out  parcel  seals 
Hand-stapling,  similar  to   Hotch- 

kiss  machines 
Making  India-rubber  stamps 
Making  macaroni 
Making  paper  spills 
Making   photographic  and   other 

lenses 
Making  rice-starch   (for  delivery 

after  the  war) 
flaking  sheet-nets 
Paper  baling  machines 
Printing  tickets  from  the  reel 
Printing,    in    one    or    two    colors, 
and    punching   labels   at    same 
time,    with      or      without      em- 
bossing attachment 
Stitching    the    corners    of    boxes, 
similar    to     Brehmer     machine 
Stuffing  dolls'  bodies 
Micrometers 
Mirrors,  celluloid 
Note-books,  cheap 
Stearine  (240  tons) 
Strawboard,    millboard   and   substi- 
tutes therefor 
Vacuum  chambers  for  vacuum  flasks 
Wax-tapers 
Wood-moulds  for  buttons,  large  oval 

— M. 


DEARTH  OF  RAW  MATERIAL  IN  SCANDINAVIA 
According  to  Engineering,  103  (1917),  175,  the  scarcity  of 
raw  materials  is  becoming  more  and  more  embarrassing  in 
neutral  countries,  not  only  arc  the  prices  in  many  cases  rapidly 
approaching  an  absolutely  prohibitive  limit,  but  many  industries 
are  on  the  verge  of  stopping  or  have  done  so.  In  this  connection 
iron  and  coal  play  an  important  part.  Some  Danish  cement 
works  have  had  to  stop,  municipal  jxiwer  stations  and  gasworks 
are  short  of  material  and  some  large  Swedish  enameled-ware 
works  have  had  to  close  down.  In  Denmark,  Sweden  and  Nor- 
way, the  telephone  centrals  are  at  their  wits'  end,  being  entirely 
unable  to  satisfy  their  new  subscribers  who  have  to  wait  for 
months  before  tliey  can  have  their  telephones  installed.  The 
makers  are  simply  unable  to  get  supplies  of  raw  material.  In 
Denmark  the  benzene  supply  is  quite  exhausted.— M. 


JAVA  CITRONELLA  OIL 

The  exports  of  eitronella  oil  from  Java,  says  the  Oil  tind 
Color  Trade  Journal,  51  (1917),  589,  are  now  stated  to  have 
increased  materially  in  1915  over  those  in  1914  and  a  further 
incrca.se  was  expected  for  1916.  The  returns,  so  far  available, 
show  that  the  amount  exported  during  the  first  six  months  of 
191(1  wa.s  22i),f),\(>  kilos,  which,  on  an  average  of  over  ,\  florins 
(fi.jo)  per  kilo,  will  probably  cause  the  year's  export  to  ex- 
ceed fs(K),rKX).  The  exports  have  gone  to  Priincc,  Great  Hritain, 
lapun  and  the  United  States.  Owing  to  the  demand,  the  area 
'il  the  grass  plantations  has  risen  to  .s,.'i<><>  bouws,  and,  in  view 
of  this  increusc  in  cultivation,  it  it  possible  there  may  be  a  fall 
in  price  of  the  oil.  It  is  probable  that  Jajian  may  take  more, 
but  tliis  extra  denuind  will  not  compensate  for  the  fulling  "fT  in 
other  directions.  Attcmpt.s  to  increase  the  Australian  trade 
have  not  been  very  successful,  as  that  country  ap|>ears  to  be 
i|iiilr  satisfird  with  Ceylon  oil. — M. 


DYE  FROM  RICE  LEAVES 
The  discovery  of  a  process  of  obtaining  dye  from  the  leaves 
of  the  rice  plant  is  attributed  to  Mr.  Shigeo  Kumagiri.  of  the 
Japanese  Department  of  Agriculture  and  Commerce.  He 
claims  to  be  able  to  produce  a  dark  purple  dye  by  a  chemical 
treatment  of  the  grass  of  this  plant.  When  treated  with  acids, 
the  new  dye  turns  red.  Experiments  have  shown  that  it  can 
be  used  with  success  for  various  purposes  in  laboratories  and  also 
for  coloring  materials.  In  the  opinion  of  a  Japanese  paper, 
the  new  discovery  is  not  likely  to  prove  of  very  great  use  as  the 
leaves  of  the  rice  plant  have  to  be  gathered  before  harvesting. 
The  production  of  the  dye  from  such  a  source  is,  however, 
interesting. — M . 

NORWEGIAN  WHALE  OIL  PRODUCTION 

'  Norway's  production  of  whale  oil  during  1916,  says  the 
Anglo-Norwegian  Trade  Journal,  was  less  than  it  has  been  for 
many  years  owing  to  several  of  the  whalers  being  engaged  in 
ordinary  trade  and  to  the  difficulties  connected  with  the  fishing. 
The  total  production  during  the  year  amounted  to  367,400 
bbls.  as  against  475,000  bbls.  in  1915,  575,000  in  1914,  and  600,000 
in  19 1 3.  It  is  necessary  to  go  back  to  1 910  to  find  such  a  small 
production  of  oil.  The  catch  at  the  South  Shetlands  aggre- 
gated last  year  195,000  bbls.,  and  at  South  Georgia  136,700 
bbls.,  while  the  fisheries  at  Australia,  Africa,  the  Faroe  Islands 
and  Alaska,  only  yielded  34,800  bbls.  The  world's  production 
of  whale  oil  in  1916  amounted  to  634.500  bbls.,  of  which  216,000 
bbls.  falls  to  the  South  Shetlands,  319,400  bbls.  to  South 
Georgia,  40,000  bbls.  to  Africa,  13,000  bbls.  to  Australia  and 
18,000  to  Alaska.  During  1915  the  world's  production  was 
630,000  bbls.,  during  1914  735,000  bbls.  and  during  1913 
775,000  bbls.  Compared  with  the  world's  production,  the  Nor- 
wegian production  during  1916  was  58  per  cent,  during  1915 
about  75  per  cent,  and  during  1914  and  1913  about  78  and  77 
per  cent,  respectively  — M. 

FRENCH  TUNGSTEN 
The  tungsten  requirements  of  the  French  industries  for  1917, 
says  Engineer,  arc  considerable,  and  the  question  of  wolfram 
production  in  France  has  been  taken  up  by  the  Government. 
An  official  has  been  specially  appointed  to  keep  in  touch  with 
producing  companies,  and  formal  assurance  regarding  the  sup- 
ply of  labor  has  been  given.  An  arrangement  has  been  arrived 
at  between  the  Vaubry  et  Cicux  Co.  and  tlie  Socii-tc  du  GilTrc, 
an  important  tungsten  producer  for  the  more  energetic  exploita- 
tion of  the  concession.  The  tleposits  in  the  \'alley  of  Cieux 
are  said  to  contain  tin  and  gold  as  well  as  wolfram.  Consider- 
able reserves  of  ore  have  been  disclosed  and.  at  the  present  time, 
the  production  is  about  10  tons  wolfram  per  month.  It  is  hoped 
that  by  the  installation  of  new  plants  the  pro<luclion  will  l)c  in- 
creased to  30  tons  pt'r  month.  Other  wolfram  dc|H>sits  have 
been  worked  in  the  dcpartincnl  of  llle  ct-Vilainc  and  in  the 
Haute -Vienne.  The  I'uy-les-Vignes  Mine  in  the  latter  district 
was  the  only  l-'rench  priHluciiig  mine  in  i<)i.v      M. 

DETECTION  OF  COCONUT  OIL 
At  the  annual  meeting  of  Public  .Xnalysts  held  recently  in 
London,  Mr.  G.  I).  Hdsdon  read  a  ptipcr  on  the  aUivr  subject. 
The  author  had  studieil  the  mctliiHl  of  Slircwsburg  and  Knnpp 
(Analyil,  35  (19K1),  385)  for  the  detciiniiirtlion  of  rttconut  oil 
in  mixtures,  and  also  the  nuxlificaliiin  suKKcsted  bv  Rcvis  and 
Holton  (,lH.i/yi/,  36  (191 1\  33|K  but  it  li.id  not  Ix-rii  found  |>o!wi 
ble  to  obtain  concordant  residls  by  either  mctluxl  In  the 
present  I>ai>cr,  the  siiKgcslions  of  Kevin  and  liolton  arc  further 
nuHlilieil  bv  the  use  o(  alcohol  of  sp.  gr  n  yjiwi  and  by  thoroughly 
drying  the  cake  of  fatty  ucid.s  In-fore  the  wtliition  in  alcohol, 
lixiirrinienlal  evidence  in  given  in  sup|x»rt  of  thcM'  cliunRcs  and 
the  niodirird  prixrcsH  seems  to  give  cxccllmt  rrsiilU      M 
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ITALIAN  OLIVE  OIL  PRODUCTION 

According  to  the  figures  issued  by  the  International  Institute 
of  Agriculture  at  Rome,  the  area  of  olive  trees  under  cultiva- 
tion in  Italy  in  1916  was  5,703,169  acres.  This  is  only  slightly 
less  than  the  acreage  of  1915  which  was  5,704,158.  The  five 
years'  average,  1909-1913,  was  5,744,912  acres.  The  oHve 
oil  yield  is  estimated  at  374,786,000  pounds  in  1916  as  against 
300,401,802  in  1915  and  359,771,837  for  the  1909-1913  average. 
The  heavy  rain  and  wind  storms  have  injured  the  olive  trees 
in  some  localities  where  the  fruit  has  prematurely  fallen. — M. 


FRENCH  BAUXITE 

According  to  a  report  by  the  vSecretary  of  the  British  Chamber 
of  Commerce  for  the  French  Riviera,  there  exist  rich  deposits 
of  bauxite  in  the  territory  behind  the  Riviera.  Before  the  out- 
break of  war,  these  deposits  were  for  the  most  part  exploited 
by  Germans  and  the  yearly  outi)Ut  is  said  to  have  amounted  to 
250,000  tons.  A  part  of  this  was  shipped  direct  to  Germany, 
but  most  of  it  was  transported  by  rail  to  Switzerland,  where, 
it  is  understood,  a  German-owned  plant  had  been  erected  for  the 
extraction  of  aluminum  by  electrolysis.  On  the  outbreak  of 
war,  the  enemy  mines  were  sequestrated.  In  the  neighborhood 
of  the  mines,  sites  are  available  for  the  erection  of  an  electrolytic 
plant  for  refining  the  ore,  and  there  exists  an  abundant  water 
supply  capable  of  providing  the  necessary  power  for  such  plant. 
In  ordinary  times,  labor  is  plentiful  and  there  is  thus  every  facility 
for  treating  the  ore  on  the  spot.  The  ore  could  be  delivered  at 
Monaco,  at  which  port  wagons  can  be  brought  alongside  the 
steamers  at  the  quays. — M. 


JAPANESE  EXPORT  TRADE 

According  to  a  report  in  the  Chemical  Trade  Journal,  60  (1917), 
158,  the  Japanese  Government  is  evidently  sincere  in  its  efforts 
to  develop  and  maintain  the  export  trade  of  the  country.  It 
has  been  announced  that  the  Department  of  Agriculture  and 
Commerce  is  considering  a  measure  for  the  improvement  of  the 
quality  of  the  export  goods  with  a  view  to  retaining,  at  the  close 
of  hostilities,  the  oversea  markets  acquired  by  Japan  during  the 
war.  Complaints,  it  is  said,  are  too  often  heard  of  the  poor 
quality  of  the  goods  Japan,  at  present,  exports;  so  much  so  that 
it  is  generally  feared  that  the  trade,  acquired  during  the  war, 
may  be  eventually  lost.  The  poor  quality  of  certain  Japanese 
goods  is  attributed  to  the  backwardness  of  Japan's  manufac- 
turing and  trading  systems.  It  has  been  decided  by  the  govern- 
ment to  enforce  thorough  conditioning  of  all  export  goods  and 
the  particulars  of  a  measure  to  be  adopted  arc  being  considered. 
According  to  the  official  plan,  the  Association  of  Manufacturers, 
or  their  federations  established  in  accordance  with  the  law,  will 
be  empowered  to  condition  all  export  goods  on  a  compulsory 
system,  and  the  government  will  exercise  general  supervision 
over  the  organization  of  conditioning  houses  and  the  actual 
management  of  business,  at  the  same  time  giving  bounties  to 
tlicse  associations. — M. 

ACETYLENE  GENERATOR 
An  automatic  acetylene  generator,  of  which  particulars  are 
published  by  Messrs.  Perkin  and  Co.,  Whitehall  Road,  Leeds, 
England,  is  provided  with  two  generating  chambers.  Only 
one  of  these  is  in  operation  at  any  given  time,  but,  when  it  is 
exhausted,  the  other  is  automatically  brought  into  action. 
The  first  can  then  be  recharged  and  set  to  come  into  operation 
without  further  attention  when  the  carbide  in  the  second  has 
been  used  up,  and  the  supply  of  gas  is  thus  continuous.  All 
the  working  parts  are  on  the  outside  and,  as  the  acetylene  is 
automatically  washed,  scrubbed  and  cooled  by  the  generator, 
purifiers  are  unnecessary.  Carbide  of  any  size,  and  not  merely 
small  pieces  can  be  used  for  charging. — M. 


NEW  ELECTRIC  FURNACE 
Considerable  numbers  of  a  new  electric  furnace  made  by 
Messrs.  T.  H.  Watson  and  Co.,  of  SheflSeld,  are  now  at  work  in 
Great  Britain,  says  the  Times  Engineering  Supplement  No. 
509,  70.  In  it  three-phase  ctu-rent  is  employed,  and  three  single- 
phase  transformers  are  connected  with  meshed  primaries.  The 
secondary  windings  are  connected  to  an  unequal  star,  from  which 
two  connections  go  to  the  top  vertical  electrodes  of  carbon, 
while  the  third  is  taken  to  the  furnace  hearth,  which  is  made  of 
a  conducting  mixture  of  dolomite  and  magnesia,  and  forms  the 
third  electrode.  The  proportions  of  the  unequal  star  are  so 
calculated  as  to  give  a  balance  on  the  primary  supply  phases 
when  the  upper  electrodes  are  in  equal  adjustment.  Thus,  if 
one  arc  is  broken,  the  others  are  not  affected,  and  any  current 
overload  passing  through  any  arc  must  traverse  two  trans- 
formers in  series  and  in  different  phase  thus  giving  a  considerable 
buffer  effect  and  tending  towards  the  reduction  of  shock  and  the 
maintenance  of  a  steady  load.  The  electro-magnetic  effects 
arising  from  the  arrangement  of  the  electrodes  keep  the  bath  of 
molten  metal  in  continual  circulation,  the  steel  being  thus  uni- 
formly heated  and  the  intense  heat  of  the  arcs  constantly  ab- 
sorbed. The  hearth  is  always  at  least  20  in.  thick  and  is  not 
penetrated  by  water-cooled  studs.  These  furnaces  were  originally 
designed  to  meet  the  requirements  of  the  Sheffield  steel  in- 
dustry, especially  in  connection  with  high-speed  and  high-grade 
alloy  steels;  one  of  them  has  already  made  over  950  heats  of 
high-speed  steel,  and,  though  it  was  only  designed  to  melt 
charges  in  three  hours,  it  regularly  turns  out  five  charges  in  12 
hours.  Its  lining  did  not  require  renewal  until  after  it  had  made 
480  heats.  Several  standard  sizes  are  made,  rated  at  10  cwt., 
30  cwt.,  3  tons  and  upwards.  The  electrical  equipment  for  the 
10  cwt.  size  has  a  capacity  of  260  k.  v.  a.,  for  the  30  cwt.  of 
520  k.  v.  a.,  and  for  the  3-ton  of  800  k.  v.  a.  For  a  6-ton  furnace 
1,560  k.  V.  a.  is  provided,  and  it  is  furnished  with  four  top  elec- 
trodes, instead  of  two,  as  in  the  case  of  the  smaller  sizes. — M. 


PETROLEUM  PRODUCTION  IN  JAPAN 
According  to  the  annual  report,  the  production  of  crude  oil 
in  Japan  was  3,015,327  barrels  in  1915,  an  increase  of  272,807 
barrels  over  the  preceding  year.     The  following  figures  show  the 
production  by  districts  in  1915  and  19 14; 

1915  1914 

Echigo 1.975.44.?  barrels  2.009.603  barrels 

Akita 1.008.863  barrels  706,588  barrels 

Enshu 2,098  barrels  2,455  barrels 

Yamagata 47 1  barrels  425  barrels 

Nagano '    195  barrels  148  barrels 

Hokkaido 9,287  barrels  5,987  barrels 

Taiwan  (Formosa) 18,970  barrels  17.314  barrels 

Total 3.015,327  barrels  2.747,520  barrels 

— M. 


RENDERING  COAL  SOLUBLE  BY  OZONE 

An  interesting  discovery,  says  Engineering,  103  (1917).  296, 
has  been  made  by  Dr.  Franz  Fischer,  who  has  found  that  if 
ozone  is  brought  in  contact  with  coal  in  a  glass  tube  at  ordinary- 
temperature,  the  surface  of  the  coal  undergoes  a  change  in  so  far 
as  it  presents  a  fine  brownish  bloom  which  is  soluble  in  water 
yielding  a  brownish  liquid  which  is  slightly  acid.  This  dis- 
covery led  to  a  test  in  which  9.6  g.  of  coal  were  exposed  to  the 
influence  of  ozone  for  133  hrs.,  when  only  0.7  g.  of  the  original 
coal  was  left;  hence  92  per  cent  was  dissolved.  The  discoverer 
draws  tlie  conclusion  from  this  that  the  principal  component 
part  of  the  coal  is  a  transformed  product  of  a  former  cellulose 
substance  which  can  be  rendered  soluble  by  contact  with  ozone. 
To  judge  from  the  attributes  of  this  new  substance,  it  is  assumed 
that  the  greater  bulk  is  an  acid  which  has  been  formed  by  the 
primary  formation  of  ozonites  which  were  subsequently  dccom- 
l)Osed  by  water.  This  test  was  made  with  Westphalian  coal. 
— M. 
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TRADE  BETWEEN   JAPAN  AND  SOUTH  AFRICA 

An  extension  of  trade  between  Japan  and  South  Africa  ap- 
pears, according  to  the  Times  Trade  Supplement,  likely  to  take 
place.  Japan's  purchasing  power  has  increased  during  the  war 
and  several  lines  which  can  be  supplied  by  South  Africa  with 
ease  are  in  good  demand  in  Japan.  Some  of  these  are  asbestos, 
hides,  aloes,  wines,  wattle  bark  and  extract,  and  tobacco.  The 
Japanese  Consul  in  South  Africa  considers  that  there  is  a  great 
future  for  export  trade  between  the  Union  and  Japan.  An 
important  new  market  will  naturally  supply  a  strong  stimulus 
to  production  which  it  cannot  be  doubted  will  be  capable  of 
considerable  extension  after  the  war.  Japan  has  already  had 
dealings  in  some  of  the  products  of  South  Africa  and  the  possi- 
bilities only  need  exploiting  by  properly  organized  methods. 
Japanese  steamships  have  been  attracted  to  South  African  ports 
in  increasing  numbers  and  there  is  every  likelihood  of  Japanese 
shipowners  interesting  themselves  in  fostering  trade  between 
the  two  countries. — M. 

TARPAULINS  IN  AUSTRALIA 
A  serious  shortage  of  tarpaulins  is  reported  in  tlie  Common- 
wealth of  Australia — ^particularly  Victoria — for  covering  grain 
when  in  transit  on  the  railways.  Not  merely  has  it  been  found 
impossible  to  furnish  coverings  for  the  goods-trucks  which  have 
been  added,  but  no  renewals  have  been  made  to  the  stocks  of 
tarpaulins  which  existed  at  the  commencement  of  the  war. 
The  practice  of  the  Railway  Department  has  been  to  obtain 
the  necessary  canvas  and  itself  complete  the  manufacture  of 
the  tarpaulins.  Lately,  however,  supplies  of  any  material  at 
all  suitable  have  been  most  difficult  to  obtain.  Of  a  total  quan- 
tity of  507,000  yds.  of  canvas  which  have  been  ordered  by  the 
Railway  Department  from  different  contractors  since  the  out- 
break of  the  war,  only  about  60,000  yds.  had  been  delivered  by 
the  end  of  1916.  There  seems  little  Hkelihood  of  any  supplies 
of  flax  canvas  becoming  available  yet  for  the  purpose,  but  an  in- 
ferior quality  would  be  acceptable  or,  it  is  believed,  any  service- 
able substitute  which  could  be  used  to  protect  consignments  of 
grain,  bran  and  pollard. — M. 


PETROLEUM  PRODUCTION  IN  ARGENTINA 
The  production  of  petroleum  in  Argentina,  which  is  monopolized 
by  the  Government,  is  now  increasing  very  rapidly  as  will  be  seen 
from  the  returns  of  the  last  five  years:  191 1,  920  tons;  1912, 
6,850  tons;  1913,  19,050  tons;  1914,  40,530  tons;  1915,  75,200 
tons.  The  output  for  1916  is  provisionally  estimated  at  180,000 
tons,  which  shows  a  large  advance  on  last  year.  The  director 
of   the   monopoly   estimates   that   with   an   expenditure  of  three 


milUon  dollars  in  increasing  the  number  of  wells,  a  production 
of  480,000  tons  could  be  secured  in  19:8  and  of  900,000  tons  in 
1920.  The  government  has  directed  that  the  number  of  wells 
should  be  augmented  upon  the  lines  of  this  advice.  The 
transport  of  petrol  is  effected  by  means  of  two  tank  steamers 
(capacity  4,000  tons)  belonging  to  the  government.  Two  other 
steamers  are  in  course  of  construction. — M. 


HIGH  TENSILE  vs.  MILD  STEEL  FOR  REINFORCED 
CONCRETE 

In  a  paper  read  recently  before  the  Society  of  Engineers  in 
London,  Mr.  A.  W.  C.  Shelf  endeavored  to  show  that,  whereas 
it  has  been  customary,  at  least  in  England,  to  use  plain  round 
mild  steel  bars  for  reinforced  concrete,  these  are  not  the  best 
for  the  purpose,  but  that  greater  efficiency  and  economy  are  ob- 
tained by  physically  developing  mild  steel  bars  in  order  to  take 
out  the  first  yield  in  the  steel  which  is  useless  and  has  a  detri- 
mental effect  on  the  concrete.  When  this  first  yield  or  stretch 
is  taken  out,  a  higher  yield-point  is  obtained  without  any  in- 
jury to  the  steel,  so  that  it  is  safer  to  employ  a  stress  of  20,000 
lbs.  per  sq.  in.  (which  results  in  a  saving  of  20  per  cent  in  the 
weight  of  steel  required)  than  it  was  to  employ  a  stress  of  16,000 
lbs.  per  sq.  in.  before  the  steel  was  physically  developed  and, 
for  this  reason,  the  author  of  the  papei  is  of  the  opinion  that  the 
existing  regulation  of  the  London  County  Council  relating  to 
the  stress  on  steel  should  be  altered  to  avoid  the  cramping  of 
industrial  progress. — M. 

WATER-POWER  IN  NORWAY 
According  to  a  report  in  a  contemporary,  a  special  com- 
mittee of  the  Norwegian  Storthing  has  recommended  that  con- 
cessions for  the  acquisition  of  waterfalls  shall  not  be  granted  to 
foreigners  or  foreign  companies  except  in  very  special  cases  as 
when,  for  instance,  a  going  concern  is  desirous  of  obtaining 
possession  of  or  regulating  a  waterfall.  For  Norwegian  citizens, 
a  concession  is  to  be  necessary  in  cases  of  waterfalls  capable  of 
yielding  more  than  5,000  natural  h.  p.  The  capital  of  companies 
or  syndicates  wishing  to  secure  such  concessions  must  be  ex- 
clusively Norwegian  and  they  must  be  domiciled  in  Norway 
and  have  an  entirely  Norwegian  board  of  directors.  The 
duration  of  the  concessions  is  to  be  limited  to  60  years.  The 
state  is  to  be  entitled  to  secure  the  waterfall  at  latest  in  the 
40th  year  after  granting  the  concession;  its  option  of  purchase 
applies  to  waterfalls  above  5,000  h.  p.,  while,  for  smaller  ones, 
the  option  rests  with  the  corporation  or  nuniicipality.  The 
amount  of  power  to  be  ceded  to  tlie  state  and  municipalities  by 
the  pos.scs-sor  of  a  concession  is  to  be  5  per  cent.   -M. 


5CIE.NTIFIC  50CILTIL5 


CALENDAR  OF   MEETINGS 
American   Leather   Chemists'  Association:     Fourtcenlh  Annual 
Meeting,  .Ml.iiilic  Cily,  N.  J.,  June  7  109,  1917. 

North    Carolina    Cottonseed    Crushers'    Association:     Aiuuial 
Convention,  Norfolk,  Va.,  Jinie  19  to  20,  I9i7. 

American     Institute    of    Chemical    Engineers:     Ninth     Seini- 
Annnal  Meeting,  Knffalo,  N.  Y.,  June  20  to  J2,  i<>n- 

First   Industrial    Exposition    and    Export    Conference.     Spring- 
field, Mass.,  June  23  tii  30,  1917 

American  Society  for  Testing  Materials:     Atliiniic  City,  N.  J., 
Jmu-  26  to  30,  191 7. 

American  Chemical  Society:     Annmil  Meeting.   Ilostun,    Mass  , 
Sc-pteinbcr  10  to  16,  1917. 

National  Exposition  of  Chemical  Industries  (Third):      (•nuiil 
Centriil  riiliice,  New  York  Cily,  St'ptembcr  24  to  29,  1917. 


ANALYSIS  OF  SPELTER' 

Supplementary  Note  from  the 

Committee  on  Analysis   of  Non-Ferrous  Alloys 

Division  of  Industrial  Chemists  and  Chemical  Engineers 

.•\s  11  result  of  recent  investigation  it  seems  advisiiblc  to  amend 

the   report   on    "Speller   Analysis"   I  Tins  Joirn.\l,   7   (1915). 

.S47I  by  inserting  the  following  as  a  footnote  after  55,  second 

line,  under  tlic  method  for  rndmiuni  on  p.  54iS. 

"It  is  recommended  that  the  acid  be  nditcd  slowly,  4  ur  5 
dro|>s  nt  a  time;  if  added  rapidly  or  all  al  onrc,  standing  over 
night  may  be  an  insuflicicnl  lime  for  the  acid  tu  dissolve  the 
|)ropcr  nmount  of  zinc,  nnd  small  amounts  of  cadmium  may 
remain  in  .solution." 

Wm.  M.  ruicii. 

Chairman.  Coinmiltrr  on 
Analysis  of  Non-I'crrous  Allo)'!i 


'  Approvxl  hr  lb«  ,'»ut>rrvl»ofy  Ct 
AnnlraU.  Anirtic«n  ClicmlcKl  Soclrlr 


nlim   on  Slanilnnl  Mrlhmli  nl 


622 


THE  JOURNAL  OF  IXDVSTRIAL   AND  ENGINEERING   CHEMISTRY        Vol.  9,  Xo.  6 


DIVISION  OF  INDUSTRIAL  CHEMISTS  AND  CHEMICAL 
ENGINEERS     MINUTES  OF  BUSINESS  SESSION 
54TH  MEETING  AMERICAN  CHEMICAL  SOCIETY 

The  meeting  was  called  to  order  with  Chairman  Dr.  H.  E. 
Howe  presiding. 

The  minutes  of  the  meeting  at  New  York  City  were  read  by  the 
Secretar>'  and  approved  by  the  Division. 

The  Secretary  reported  on  the  financial  condition  of  the 
Division  as  follows: 

Cash  on  haucl,  September  25.  1916 $   19.47 

Receipts  in  response  to  a  request  for  funds 188.00 

$207.47 
Kxpendttures 30. 00 

Cash  on  hand.  April  1.  1917 $177.47 

The  Secretary  also  reported  that  the  entire  roll  of  members 
had  been  carefully  gone  over,  all  addresses  being  brought  up 
to  date  and  the  names  of  members  who  have  ceased  to  be  mem- 
bers of  the  General  Society  dropped  out.  It  was  moved  and 
seconded  that  the  report  be  accepted. 

The  Committee  on  Soap  and  Soaj)  Products  presented  a  report 
of^their  work.  This  was  turned  over  to  the  Supervisory  Com- 
mittee on  Standard  Methods  of  Analysis,  Dr.  Hillebrand, 
Chairman,  and  went  to  the  Council  direct. 

After  some  discussion  of  the  Committee  situation  it  was 
unanimously  decided  to  abolish  the  Divisional  Committee  on 
Standard  Specifications  and  Methods  of  Analysis.  Upon  the 
suggestion  of  Dr.  Hillebrand,  Chairman  of  the  Committee  on 
Platinum,  that  this  Committee  be  not  reappointed  because 
there  seems  to  be  no  occasion  for  renewed  work  on  the  quality 
of  platinum  at  the  present  time,  it  was  moved  and  seconded 
that  the  Committee  be  not  reappointed.     Motion  carried. 

There  being  no  further  business  to  come  before  the  Division 
the  reading  of  the  papers  was  proceeded  with. 

Samuel  H.  Salisbury,  Jr., 
Atlas  Portland  Ckmgnt  Compa.ny  Secretary 

Northampton.  Pa. 


AMERICAN  INSTITUTE  OF  CHEMICAL  ENGINEERS 
NINTH  SEMI-ANNUAL  MEETING 

The  Ninth  Semi-Annual  Meeting  of  the  American  Institute  of 
Chemical  Engineers  will  he  held  at  Buffalo,  New  York,  June  20 
to  22,  1917. 

PROGRAM   OF  PAPERS 

Address    of    Welcome.     David    C.    Howard.    1st    Vice-President    BuCTalo 

Chamber  of  Commerce 
Some  Machinery  Employed  in  the  Manufacture  of  Glue.     A.  Lowbnstein. 
Treatment  of  Sewage  by  Aeration  in  the  Presence  of  Activated  Sludge,     m. 

Edward  Hartow. 
The  Manufacture  of  Linseed  Oil.     Glenn  H.  Pickard 
Trade  Wastes  Disposal.     II    P.  Ivddy. 

Chemical  Engineering  Aspect  of  Renovating  a  Sulfide  MiU.     H.  K.  Moore. 
Waste  Heat  Utilization.      II.  D.  Baylor. 

Symposium  on  Potash 

The    Possibilities   of   Developing   an   American   Potash   Industry.     K.    K. 

Mi-ADi: 
A  New  Method  of  Potash  Recovery  from  Feldspar.       J.  C.  W.  Frazbr  and 

K.  Miulkr. 
Potash  from  Waste  Liquor  of  Beet  Sugar  Factories.     H.  E.  Zitkowski. 

Joint  subscription  dinner  of  the  HufTalo  Engineering  Society 
and  the  American  Institute  of  Chemical  Engineers.  Addresses 
by  F,  A.  I.idbury,  President  of  the  BufTalo  Engineering  Society, 
and  President  G.  W.  Thompson. 

EXCURSIONS 

Automobile  trip  around  the  city  and  inspection  of  the  Buffalo 
Foundry  and  Machine  Company  Plant.  A  day  at  the  Buffalo 
Canoe  Club.  Automobile  ride  to  Niagara  Falls.  Car-ride 
around  the  great  scenic  gorge  route. 


AMERICAN   LEATHER   CHEMISTS'   ASSOCIATION 

FOURTEENTH   ANNUAL   MEETING 

The  Fourteenth  Annual  Meeting  of  the  American  Leather 

Chemists'  Association  will   be  held  at  Atlantic   City,  Jime  7,  8 

and  9,    191 7,  with  headquarters  at  the  Marlborough-BIenheim 

Hotel. 

PROGRAM   OF  PAPERS 

Anthrax  and  Disinfection  of  Hides.     V.  A.  Wallin. 

The  Future  of  Hide  Supply  (by  Title).     A.  Sbyhodr-Jonss. 

Discussion.      Dr.  Hickman  of  the  Bureau  of  Animal  Industry. 

Comparative  Analysis.     R.  H.  Wisdom. 

The  Testing  of  Dyes  for  Leather.     G.  T.  Crbese. 

Solubility  of  Hide    in    Salt    (NaCl)    Solution    and    Effect    of    Alkali    on 

Soaking  Dry  Hides.     L.  Balderston. 
Nigrosines.     J.  Mkrritt  Mathews. 
Analysis  of  Sulfonated  Oils.     W.  K.  Alsop. 
Effect  of  Hard  Water  on  Tannins.     T.  A.  Faust. 
Sulfuric  Acid  in  Leather.     C    R.  Oberfell. 

Specifications  for  Kaolin  Used  in  Tannin  Analysis.     R.  W.  Frby. 
Analysis  of  Tannery  Effluent.     W.  A    Fox. 

Studies  Conducted  by  the  Public  Health  Service  in  Regard  to  the 
Sanitary  Disposal  of  Tannery  Wastes.     H.  B.  Hommon. 

(The  Public  Health  Service  built  an  experiment.il  disposal  plant  at  an 
important  tannery  where  these  studies  were  conducted.) 
Chemistry  of  the  Manufacture  of  Tanning    Extracts  from  Waste  Sulflte- 

Cellulose  Liquors.     11    H.  Hurt. 
Drum  Tannage.     Oskar  Ruithop. 

Borax  and  Boric  Acid  in  the  Tannery  and  Currying  Shop.  H.  L. 
Harris. 

Symposium  on  Anthrax 
Anthrax.     A.  S.  Ross. 
Practice   and   Theory  on   Treatment  and   Diagnosis   of  Anthrax.     H .   Z. 

Frisbie. 
The  Nature  of  Anthrax  and  Anti-Anthrax  Serum.     J-  Rbichel. 

Discussions 

Tanners  and  Chemists  "Round  Table"  Discussion. 

Discussion  of  Recently  Advanced  Ideas  on  Theory  of  Leather  Formation. 
John  Arthur  Wilson,  Lloyo  Balderston,  William  Klabbk, 
H.  C.  Reed,  F.  H.  Small.  Allen  Rogers,  Jobn  H.  YoctTM, 
Robert  W.  Griffith. 


PLATINUM  IN  JEWELRY 

The  members  of  the  American  Chemical  Society  will  be  very 
glad  to  learn  that  the  Platinum  Committee  of  the  Jewelers 
Vigilance  Committee  has  passed  resolutions,  which  were  pre- 
sented to  the  Secretary  of  Commerce,  in  which  they  have  shown 
a  very  proper  attitude  in  recommending  to  the  jewelry  trade 
that  the  use  of  platinum  in  bulky  and  heavy  pieces  of  jewelry 
be  discouraged,  and  that  jewelers  also  discourage  the  use  of 
platinum  in  all  non-essential  parts  of  jewelry,  such  as  scarfpin 
stems,  pin  tongues,  joints,  catches,  swivels,  spring  rings,  ear 
backs,  etc.,  where  gold  would  satisfactorily  serve.  Considering 
the  fact  that  platinum  is  essential  for  the  production  of  many 
of  the  munitions  of  war  and  that  it  is  absolutely  necessary 
for  the  development  of  our  chemical  industry  and  for  the  de- 
velopment of  chemical  knowledge,  this  action  of  the  jewelers 
is  to  be  highly  commended  and  will  be  a  great  help  toward  dis- 
couraging the  unnecessary  use  of  platinum  and  result  in  a  drop 
in  its  price  and  an  increase  in  the  stock  supply  available  for  the 
use  of  the  government  and  our  commercial  laboratories.  The 
jewelers  should  be  credited  with  helpful  motives,  for  they  will 
undoubtedly  yield  up  important  profits  by  declining  to  en- 
courage the  desire  for  personal  adornment  and  ostentatious 
display  of  wealth,  which  is  the  chief  reason  for  the  use  of 
platinum  in  such  articles  as  watch-cases,  solid  platinum  rings, 
bracelets,  mesh-bags,  etc. 

It  is  expected  that  these  resolutions,  added  to  those  passed 
by  the  Daughters  of  the  American  Revolution,  by  the  National 
Academy  of  Sciences,  and  by  the  American  Chemical  Society 
will  help  to  overcome  the  abuse  of  platinum. 

The  needs  of  the  government  itself  for  platinum  will  un- 
doubtedly be  met  during  the  present  war  without  great  sacrifice. 
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While  the  government  itself  uses  comparatively  little  platinum, 
our  sulfuric  acid  industry,  especially  for  the  strong  acid  used 
in  the  production  of  high  explosives,  is  dependent  upon  it,  and 
its  high  price  makes  it  almost  prohibitive  for  scientific  research. 
No  American  man  or  woman  will  wish  to  feel  that  by  wearing 
platinum  they  are  interfering  with  the  development  of  the 
country's  industries  and  scientific  standing,  but  such  is  in- 
evitably the  case. 

Chas.  L.  Parsons,  Secretary 
The  resolutions  passed  by  the  Platinum  Committee  of  the 
Jewelers  Vigilance  Committee  are  as  printed  below : 

RESOLUTIONS 

Whereas,  the  Secretary  of  Commerce  has  requested  the 
Platinum  Committee  of  the  Jewelers  Vigilance  Committee  to 
bring  to  the  attention  of  the  jewelry  trade  of  the  United  States 
the  advisability  of  conserving  platinum  in  order  that  our  govern- 
ment may  have  larger  supplies  to  draw  upon  for  war  purposes, 
and 

Whereas,  the  jewelry  trade  has  already  clearly  expressed 
its  desire  and  determination  to  assist  our  government  to  the 


extent  of  its  ability  in  bringing  the  war  to  a  successful  termina- 
tion. 

Be  It  Resolved  that  we  pledge  ourselves  to  discontinue  and 
strongly  recommend  to  all  manufacturing  and  retail  jewelers 
of  the  United  States  that  they  in  a  truly  patriotic  spirit  dis- 
courage the  manufacture,  sale  and  use  of  platinum  in  all  bulky 
and  heavy  pieces  of  jewelry. 

Be  It  Further  Resolved  that  during  the  period  of  the  war  or 
until  the  present  supplies  of  platinum  shall  be  materially  aug- 
mented, we  pledge  ourselves  to  discontinue  and  recommend 
that  the  jewelrj-  trade  discourage  the  use  of  all  non-essential 
platinum  findings  or  parts  of  jewelry,  such  as  scarfpin  steins, 
pin  tongues,  joints,  catches,  swivels,  spring  rings,  ear  backs, 
etc.,  where  gold  would  satisfactorily  serve. 

Be  It  Further  Resolved  that  the  jewelry  trade  encourage  by  all 
means  in  their  power,  the  use  of  gold  in  combination  with 
platinum,  wherever  proper  artistic  results  may  be  obtained. 

Be  It  Further  Resolved  that  copies  of  these  resolutions  be 
handed  to  the  Secretary  of  Commerce,  to  the  trade  press,  and 
be  sent  to  all  our  trade  organizations,  and  to  the  daily  press,  in 
order  that  they  may  have  the  widest  possible  dissemination. 


NOTL5  AND  CORRL5PONDLNCL 


SPONTANEOUS  COMBUSTION  OF  OLEIC  ACID 
CONTAINING  IRON 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

A  recent  case  engaging  the  attention  of  this  laboratory  was 
concerned  with  spontaneous  combustion  of  oleic  acid  when 
applied  to  wool.  The  circumstances  of  the  occurrence  have 
enough  of  general  interest  to  warrant  publication. 

The  wool  or  other  hair  fibers  were  first  oiled  with  10  per  cent 
of  their  weight  of  oleic  acid,  after  which  the  oiled  fiber  was 
conveyed  to  bins  through  a  tinned  iron  pipe  by  a  current  of  air. 
The  conveying  pipes  were  very  near  a  bank  of  heating  pipes, 
the  latter  being  employed  to  heat  the  mill. 

This,  of  course,  was  bad  practice,  but  the  investigation  was 
continued  by  an  analysis  of  the  oil  employed.  The  iodine  value 
was  normal  for  commercial  oleic  acid,  and  the  other  constants 
showed  nothing  of  a  suspicious  nature. 

Samples  of  the  various  fibers  employed — wool,  mohair  and 
the  like — were  then  oiled  with  the  oleic  acid,  and  tested  in 
Mackey's  Cloth  Oil  Tester,  as  described  in  Vol.  II,  Allen's 
"Commercial  Organic  Analysis."  The  rise  in  temperature 
against  time  was  normal,  but  the  fact  was  disclosed  that  the 
finer  fil)ers  gave  the  greater  rise.  This  fact  we  ascribed  to  more 
surface  for  oxidation  Ijeing  exposed  for  equal  wciglits  of  fiber 
with  similar  weights  of  oil. 

If  the  invcsligation  had  ended  here,  we  should  not  have 
discovered  the  true  inwardness  of  the  case,  but  we  were  suffi- 
ciently intercslcd  to  follow  up  the  clue  of  more  rapid  oxidation 
the  finer  the  fiber  to  which  the  oil  was  applied.  To  test  this 
point,  we  next  used  cutlon,  and  found  a  rapid  and  dangerous 
rise.  This  should  not  have  been  the  case,  if  the  nil  were  suitable. 
Wc  clu'cked  the  apparatus,  using  technically  pure  oleic  acid  of 
pliariiiaccutical  Krn<U-,  and  got  no  dungcrous  rise.  Thus,  it  wus 
obvious  that  soinclhing  about  the  oleic  acid  was  wrouK.  uot- 
withstaiidiiiK  the  correct  constants,  nriclly,  wc  found  it  to 
contain  iron  c(|uivulcnt  to  o.  10  per  cent  ferric  oxide. 

VVr  next  nindc  an  olrate  of  iron,  and  dissolved  it  in  the  purr 
oleic  acid,  so  that  it  coiitiiiticd  the  same  ainoiint  of  iron  as  the 
coninirrcial  sample.  When  this  oil  was  applied  to  cotton,  wc 
found  that  it  niivc  the  same  dangerous  ri.sc  in  the  Mackcy  Tester 
as  thr  coMuucrcial  siiniplc.  Merc,  then,  was  an  adcqunle  ex- 
planation of  thr  matter.  The  small  amount  of  iron  had  funr- 
tioticd  as  a  cataly/cr  to  promote  oxidation. 

Since  this  work  was  dotu-.  wr  have  tested  samples  of  oleic  acid 


from  other  sources,  and  have  found  in  them  amounts  of  iron  of 
the  same  order  of  magnitude.  Experiments  have  shown  that 
the  dangerous  rise  applies  to  these  also. 

We  tried  to  remove  the  iron  by  shaking  the  oils  with  diluted 
hydrochloric  acid,  but  without  success.  To  do  this  successfully 
would  probably  necessitate  getting  the  oil  and  acid  in  very  fine 
emulsion. 

Charles  E.  Swett  and  Walter  S.  Hughes 

Laboratory  op  Artiu'r  D.  Littlb,  Inc. 
April  28,  lOK,  Boston.  Mass. 


THE  INCOMPLETE  HYDROGENATION  OF  COTTON- 
SEED OIL— CORRECTION 

Referring  to  the  article  under  the  above  title  iTnis  Journal, 
9  (191 7),  451)  the  following  corrections  should  be  made: 

P.  451,  Foot  note  i :  second  reference  in  third  line  should  be 
dated  1006  instead  of  1916. 

P.  456,  Table  II:  amount  catalyzer  in  Run  F  was  2  per  cent 
instead  of  4  per  cent. 

P.  458,  Table  IV:  iodine  number  of  Sample  2,  Run  \h,  should 
read  83.6  instead  of  83.1.  Iodine  number  of  Sample  6,  Run  I/, 
should  read  54.(1  instead  of  5.46. 

Catalyzer  referred  to  in  Tables  II  and  IV  as  "No.  i"  should 
be  understood  to  represent  tlie  type  of  catalyicr  referred  to  in 
paragraph  "  1"  of  tlie  section  on  "Catalyzers,"  rallicr  than  as 
one  batch  of  material:  several  batches,  of  differing  degrees  of 
activity,  arc  represented  by  it.  The  catalyzer  referred  to  in  the 
tables  us  "No.  1"  is  described  in  paragraph  "i"  of  the  section  ou 
"Catalyzers." 

11.  K.  MooRU,  O.  A.  RiciiTHR  ANii  W.  \\.  Van  Arsobl 


THE  MANUFACTURE  OF  LINOLEUM  AND  ITS 
VALUATION     CORRECTION 
In  the  article  under  aUive  title  pMiitrcl  in  Tins  Joiknal,  9. 
(i')i7\  '».  the  following  corrections  should  be  nimlr 

Page  13,  cohnnti  i  (tubular  mutter,  mider  "Linoxyn")  the 
sentence  "By  1  |>er  cent  aqueous  NuOH  in  Ihc  acid"  should 
read  "By  i  i)er  cent  u()ueous  NaOH  in  the  cold" 

Page  17,  coluuui  >,  ixtragmph  4.  line  y>,  "  |mi«on  thr 

solution"  should  read  "         ...  poimn  the  sol  " 

AllMAND  PR  \VaKI.> 
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THE  CHEMISTRY  OF  WOOD— CORRECTION 

In  the  articles  appearing  under  the  above  title  in  this  issue, 

PP-  556  to  566,  the  following  corrections  should  be  made: 

The  formula  on  p.  557  should  be: 

>0 
CH(OH)  —  CH  —  CH(OH) 
I  >o 

CH(OH)  —  CH  —  CHs 
>0 

On  p.  560,  ist  column,  line  8  of  text,  N/ioo  should  read 
N/io;  same  column,  line  25,  iodate  should  read  iodide. 
Same  page,  Table  I,  "Hot  Water"  column,  4.87  should  read  4.78. 

On  p.  561,  Table  II.  last  column,  4.23  should  read  5.23. 

The  following  foot-notes  are  to  be  inserted: 

After  2nd  paragraph,  2nd  column,  p,  562: 
The  L-xcellcnt  resulU  obtained  by    Dox   and    Plaisancc    U    Am.  Chtm. 


After  24  to  28  per  cent,  line  18,  ist  column,  p.  563: 

In  Technologic  Paper  No.  88.  of  the  Bureau  of  Standards,  "Studies  oo 
Paper  Pulps."  p.  9.  the  conclusion  is  drawn  that  alkaline  processes 
of  cookinK  pulp  do  not  remove  the  furfural  yielding  complex  to  the  same 
degree  as  the  acid-sulfite  process.  Since  as  a  rule  only  hardwoods  are 
cooked  by  the  soda  process  the  resulting  pulps  would  be  expected  to  yield 
more  furfural  from  the  data  given  above 

On  p.  565,  last  paragraph,  the  asterisks  should  be  removed. 

A.    W.    SCHOROER 
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FULLER'S  EARTH,  ETC.— CORRECTION 

In  my  article  in  this  issue,  p.  599,  the  dotted  Une  for  "White 
Oil"  (20  Yellow,  2.5  Red)  has  been  omitted  in  re-making  the 
drawing,  so  that  the  sentence  referring  to  same  should  be 
omitted.  T.  G.  Riciiert 
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The  Council  of  National  Defense  announces  the  appointment 
of  a  sub-committee  on  chemicals,  to  serve  under  the  committee 
on  raw  materials  of  tlie  advisory  commission,  of  which  Bernard 
M.  Baruch  is  chairman.  Dr.  William  H.  Nichols,  of  the  General 
Chemical  Co.,  of  New  York,  is  chairman  of  the  new  sub-division. 
Besides  Dr.  Nichols,  the  sub-committee  is  composed  as  follows: 

Acids — E.  R.  Grasselli,  of  the  Gra.sselli  Chemical  Co.,  Cleve- 
land; Henry  Howard,  Merrimac  Chemical  Co.,  Boston. 

Fertilizers — Horace  Bowker,  New  York;  Chas.  E.  Mac- 
Dowell,  President  Armour  Fertilizer  Co.,  Chicago. 

Alkalis — J.  D.  Pennock,  Solvay  Process  Co.,  Syracuse. 

Miscellaneous  Chemicals — E.  Mallinckrodt,  Jr.,  St.  Louis. 
•  Professor  Marston  T.   Bogert,   Chairman  of  the  Chemistry 
Committee  of  the  National  Research  Council,   has  moved  his 
office  to  Room  332,  Munsey  Building,  Washington,  D.  C. 

The  Franklin  Institute,  acting  through  its  Committee  on 
Science  and  the  Arts,  has  recently  made  the  following  medal 
awards,  for  especially  meritorious  papers  published  in  its  Journal 
for  the  year  1916:  The  Howard  N.  Potts  Medal  to  Professor 
Ulric  Dahlgren,  professor  of  biology,  Princeton  University; 
Edward  Longstreth  Medals  of  Merit  to  Mr.  George  A.  Rankin, 
late  of  tlie  Geophysical  Laboratory,  Carnegie  Institution  of  Wash- 
ington; Prof.  A.  E.  Kennelly,  Messrs.  F.  H.  Achard  and  A.  S. 
Dana,  Massachusetts  Institute  of  Technology;  Mr.  John  D. 
Ball,  late  of  the  General  Electric  Company,  Schenectady,  N.  Y.; 
and  Dayton  C.  Miller,  Professor  of  Physics,  Case  School  of 
Applied  Science. 

A  number  of  platinum  crucibles  were  taken  from  the  labora- 
tories of  the  Agricultural  Experiment  Station  of  the  Rhode 
Island  State  College,  Kingston,  R.  I.,  just  prior  to  May  7th. 

The  following  resolution  was  adopted  by  the  Georgia  Section 
of  the  A.  C.  S.  through  mail  ballot:  "Resolved:  That  the 
Georgia  Section  of  the  American  Chemical  Society,  composed 
of  experienced  industrial,  agricultural  and  research  chemists, 
feeling  that  their  services  and  laboratories  can  assist  in  pre- 
venting waste  and  promoting  industrial  efficiency,  offer  their 
services  to  the  Government,  individually  and  collectively." 

Prof.  J.  H.  Buchanan,  of  the  food  and  sanitary  chemistry 
department  of  the  Iowa  State  College,  and  his  assistant,  J.  W. 
Hawkes,  were  appointed  to  the  Officers'  Reserve  Corps  Camp 
at  Fort  Snelling  and  are  at  present  in  attendance. 

Mr.  W.  P.  Putnam,  of  The  Detroit  Testing  Laboratory, 
Detroit,  Michigan,  has  been  elected  President  of  the  Detroit 
Engineering  Society  for  1917-18.  The  Detroit  Engineering 
Society  includes  engineers  of  all  branches  of  engineering,  and 
numbers  over  750  members  of  the  leading  men  of  tlie  com- 
munity in  engineering  work. 


Prof.  A.  W.  Smith,  professor  of  industrial  chemistry  and 
head  of  the  department  of  chemistry,  at  Case  School  of  Applied 
Science,  Cleveland,  Ohio,  was  chosen  by  the  Ohio  .State  Uni- 
versity as  Exchange  Lecturer  during  the  week  of  April  16th  to 
2  ist.  Dr.  Smith  lectured  each  day  on  chemical  engineering 
topics.  The  College  of  Engineering  at  the  Ohio  State  L^ni- 
versity  made  similar  arrangements  with  other  institutions, 
notably  Purdue  University  and  the  University  of  Michigan,  the 
lectures  from  those  institutions  being  electrical  and  civil  engi- 
neering.    The  arrangement  is  reciprocal. 

Dr.  H.  P.  Talbot  {Chairman),  Prof.  M.  T.  Bogert  and  Dr. 
W.  D.  Richardson  have  been  appointed  by  President  Stieglitz 
as  a  Committee  to  consider  the  proposal  of  Dr.  Bernhard  C. 
Hesse  for  a  Board  of  Control  of  National  Policies.  Dr.  Hesse 
presents  his  plans  in  full  in  the  April,  191 7,  issue  of  This  Journal, 
page  337- 

Professors  A.  B.  Lamb  and  G.  B.  Frankforter  have  been  added 
to  the  Code  of  Professional  Ethics  Committee  of  the  American 
Chemical  Society. 

During  the  past  winter,  the  Wagner  Free  Institute  of  Science 
of  Philadelphia  has  been  giving,  under  the  Richard  B.  West- 
brook  Foundation,  which  the  Institute  administers,  special 
lectures  by  tlie  members  of  its  faculty.  The  Chemistry  lectures 
were:  "Food  from  the  Air,"  by  Henry  Leffmann;  "Chemistry  of 
Bread-Making,"  by  Chas.  H.  La  Wall;  "Catalysis  in  the  In- 
organic Field,"  by  David  W.  Horn.  The  lectures  will  be  pub- 
lished. 

The  Publicity  Committee  of  the  Philadelphia  Section  has 
elected  Dr.  Henry  Leffmaim  as  Chairman  and  has  begun  work. 
It  includes  representatives  of  all  the  important  phases  of  applied 
chemistry. 

On^^May  4th,  McGill  University  conferred  the  degree  of 
LL.D.  on  Dr.  W.  H.  EUis  of  Uie  University  of  Toronto.  Dr. 
Ellis  is  a  past-chairman  of  the  Division  of  Industrial  Chemistry 
and  Chemical  Engineers. 

President  Stieglitz  has  appointed  Dr.  W.  F.  Hillebrand  (Chair- 
man), Dr.  W.  D.  Bigelow  and  Dr.  Charles  Baskerville  as  an 
Advisory  Committee  to  the  Bureau  of  Standards  on  Analyzed 
Reagents  in  pursuance  of  a  resolution  passed  by  tlic  Council 
at  the  Kansas  City  meeting. 

Dr.  Isaac  F.  Harris,  formerly  director  of  tlie  Lederle  Antitoxin 
Laboratories  of  New  York  and  later  director  of  the  Arlington 
Research  Laboratories  of  Yonkers,  New  York,  has  moved  from 
Bronxville,  N.  Y.,  to  New  Brunswick,  N.  J.,  where  he  is  head 
of  the  department  of  biochemistry  in  the  research  and  biological 
laboratories  of  E.  R.  Squibb  &  Sons. 
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Mr.  R.  T.  Will  has  resigned  his  position  as  general  super- 
intendent and  chemical  engineer  of  the  General  Coal  Products 
Company  of  Pittsburgh,  Pa.,  to  establish  offices  and  labora- 
tories at  Rochester,  N.  Y.,  for  general  testing  and  consultation 
in  industrial  and  chemical  engineering,  under  the  name  of  "The 
Will  Corporation."  The  new  laboratories  are  located  at  262  East 
Avenue. 

The  John  Fritz  Medal  for  1917  was  awarded  to  Dr.  Henry 
Marion  Howe  for  his  investigation  in  the  metallurgy  of  iron  and 
steel.  The  presentation  ceremonies  took  place  on  the  evening 
of  May  loth  in  the  Auditorium  of  the  United  Engineering 
Building,  29  West  Thirty-ninth  Street,  New  York.  Addresses 
were  delivered  by  Dr.  Rossiter  W.  Raymond,  Dr.  Ira  N.  Hollis, 
Judge  Elbert  H.  Gary  and  Prof.  Albert  Sauveur. 

The  United  States  Civil  Service  Commission  announces  the 
following  open  competitive  examinations:  Laboratory  aid  and 
junior  chemist,  for  men  only.  Naval  Proving  Ground,  Indian 
Head,  Md.,  salaries  at  $3.28,  $3.84,  $4.48  and  3504  per  diem. 
Assistant  chemist,  for  men  only,  Picatinny  Arsenal,  Dover,  N.  J., 
salary  $1350  to  S1500  a  year.  Applications  for  the  above 
positions  should  be  filed  at  the  earliest  possible  date.  They  will 
be  rated  immediately  upon  their  receipt  and  appointments 
made  immediately.  Junior  chemist  {qualified  in  fuels),  for  men 
only.  Bureau  of  Mines,  on  June  6,  1917,  salary  $1020  a  year. 
Assistant  analytical  chemist  and  mineralogist, menonly, salary  $1800 
to  $2400  a  year,  on  June  19,  1917;  Associate  analytical  chemist, 
men  only,  salary  S2500  a  year,  on  June  19;  Assistant  chemical 
engineer  (petroleum),  men  only,  salary  $1800  to  $2100  a  year 
on  June  12;  Junior  chemist,  men  and  women,  salary  $1200  to 
$1440  a  year.  I'ntil  further  notice,  apv)lications  for  the  last- 
named  position  will  be  received  at  any  time.  Papers  will  be 
rated  immediately  upon  their  receipt  by  the  Commission  in 
order  that  appointments  may  be  made  promptly. 

Dr.  Charles  H.  Herty  addressed  the  National  Association  of 
Printing  Ink  Manufacturers  during  their  recent  Annual  Con- 
vention at  Dclnionico's  on  the  evening  of  May  7th.  The  subject 
of  his  address  was  "How  tlie  Spirit  of  Cooperation  Can  Help  the 
American  Color  Industry." 

f)n  March  9,  191 7,  Dr.  William  Louis  Jeffries  died  at  Wil- 
mington, Vermont,  as  a  result  of  poisoning  by  hydrogen  sulfide, 
while  demonstrating  the  use  of  niter  cake  in  sulfate  pulp  manu- 
facture. Dr.  Jeffries  was  educated  first  at  Carson-Newman 
College,  then  at  the  University  of  North  Carolina.  From  the 
latter  institution  he  received  the  degrees  A.B.  and  Ph.D.,  serving 
two  years  as  instructor  in  chemistry.  Since  November  191.';. 
he  had  been  connected  with  the  by-products  division  of  the  du 
I'ont  de  Nemours  Co.,  Wilmington,  Delaware,  in  which  capacity 
he  had  been  very  successful  in  finding  new  uses  for  niter  cake. 
Dr.  JclTrics  wiis  an  enthusiastic  member  of  the  Alpha  Chi  Sigma 
fraternity  and  was  actively  engaged  just  previous  to  his  death 
in  bringing  that  organization  of  young  chemists  to  offer  the  ser- 
vices of  its  members  to  the  government  in  whatever  capacity 
lliey  might  be  used. 

Dr.  Wm.  H.  Taylor,  who  for  4f>  years  was  professor  of  chem- 
istry in  the  Medical  College  of  Virginia,  and  coroner  of  the  City 
of  Richmond,  died  on  April  14th,  at  his  home  in  Richmond. 
Dr.  J.  M.  Whitlicid,  for  several  years  city  chemist  of  Rich- 
mriml,  lias  hccti  made  city  coroner  to  succeed  Dr.  Taylor. 

The  University  of  Illinois  Engineering  I{xpcriinciit  Station 
has  just  complitrd  a  preliminary  systematic  study  of  the  alloys 
of  chromiuni.  cupper  and  nickel,  and  their  properties.  The 
work  ha.H  been  under  the  direction  of  Dr.  D.  I'.  Mcl'arland, 
Assistant  Profcs.s<)r  of  Applied  Chemistry,  nnd  Dr.  ().  IC.  Harder, 
l'°ellow  in  Clicuiislry.  Copies  iif  nullctin  No.  9.1,  containing  the 
results  of  these  tests  niuy  he  obtained  without  charge  by  writing 
C.  \i.  Richards,  Director  of  the  EnginccrinK  Ex|)crinicnl  Station, 
Urbana,  Illinois 


Dr.  L.  F.  Nickell  of  the  department  of  chemistry,  Wash- 
ington University,  St.  Louis,  has  resigned  to  accept  a  position 
with  the  Monsanto  Chemical  Company  of  St.  Louis  in  their 
research  department. 

Dr.  E.  C.  L.  Miller,  who  has  been  in  Cahfornia  for  the  past 
year,  is  returning  to  the  Medical  College  of  Virginia  where  he 
resiunes  his  duties  as  professor  of  physiological  chemistr>'. 

The  Municipal  Civil  Service  Commission  of  the  City  of  New 
York  announces  the  following  opening  competitive  examination: 
Assistant  Inspector  of  Combustibles,  Grade  2  (Inspector  of 
Combustibles),  salary  Si 200  to  S1500  a  year.  Applications 
will  be  received  up  to  June  4th. 

Mr.  G.  A.  Burrell,  consulting  chemical  engineer  of  Pittsburgh, 
and  for  eight  years  in  charge  of  gas  investigations  of  the  Bureau 
of  Mines,  has  been  selected  by  Mr.  Van.  H.  Manning,  Director 
of  the  Bureau  of  Mines,  to  take  charge  of  research  work  on 
matters  pertaining  to  gas  warfare. 

Dr.  H.  N.  McCoy,  who  has  been  connected  with  the  depart- 
ment of  chemistry  of  the  University  of  Chicago  since  1901  and 
professor  since  191 1,  has  tendered  his  resignation  in  order  to  be 
free  to  devote  more  time  to  his  important  technical  interests. 
His  process  of  extracting  radium  from  carnotite  is  being  used 
by  the  Carnotite  Production  Company  of  Chicago  in  which  he 
is  a  director. 

At  the  Chemists'  Club  on  Wednesday  evening,  April  25th, 
the  Chemical  Engineering  Society  of  Columbia  University  held 
a  dinner,  at  which  former  Professors  M.  C.  Whitaker  and  F.  J. 
Metzger  were  the  guests  of  honor.  The  Society  presented  to 
each  of  them  a  silver  desk  clock,  as  a  token  of  appreciation  and 
gratitude  for  their  work  in  building  up  the  School  of  Chemical 
Engineering  at  Columbia,  of  which  Prof.  'WTiitaker  was  the  head, 
before  he  recently  resigned. 

Mr.  M.  Landau,  president  of  the  Society,  introduced  Dr. 
C.  F.  Chandler,  de;in  of  tlie  chemical  profession,  who  acted  as 
toastmastcr.  Dr.  Whitaker,  discussing  the  "Industrial  Situa- 
tion," told  about  the  problems  which  manufacturers  must  meet, 
due  to  the  activity  of  enemy  agents.  Dr.  Metzger  gave  a  short 
talk  on  "Chemical  Engineering."  Mr.  A.  F.  Smithers,  one. of 
the  graduating  students,  talked  about  "what  Columbia  has  done 
for  us."  Mr.  A.  A.  Haldenstein,  also  a  Senior,  spoke  on  "Our 
Responsibilities  to  Our  Alma  Mater." 

Prof.  D.  D.  Jackson,  acting  head  of  tlie  School  of  Chemical 
Engineering,  discussed  "Preparedness  for  tlie  Chemical  Engi- 
neer." Dr.  J.  Teeple,  gave  the  diners  some  excellent  advice, 
when  he  responded  to  the  toast,  "Things  to  Remember."  Prof. 
M.  T.  Bogert.  Chairman  National  Research  Council,  siK)ke  on 
"The  Chemist  in  the  Present  Crisis."  Professors  Tucker  and 
Neish  both  said  a  few  words  in  appreciation  of  tlic  work  of 
Doctors  Whitaker  and  Metzger. 

Much  credit  is  due  the  dinner  committee,  of  which  Mr.  E.  C. 
Brucckmami  was  chairman,  for  making  the  affair  such  a  signal 
success. 

Science  reports  thiit  six  professors  of  the  I'nivcrsity  of  Minnc- 
.sota  have  been  asked  by  the  war  department  to  act  as  a  scien- 
tific research  board  for  iJic  district  of  tlic  State  of  Minnesota. 
The  duties  asked  of  Ihciu  will  rc<iuire  o  considerable  |xirtion  of 
their  time  from  now  on.  These  men  arc  Professor  John  J. 
Flather.  head  of  the  department  of  mechanical  cnKinccrins; 
Dean  George  H.  Frankfortcr  of  the  schixil  of  chcnii»tr>*;  Dr. 
I..  G.  Rowntrcc,  head  of  the  department  of  medicine;  Pnifcssor 
R.  W.  Thatcher,  head  of  the  department  of  aKiuiiltiiral  chrin- 
istry;  L.  W.  McKcrhan  of  the  department  of  physics,  und  I".  R. 
McMillan,  of  the  drpartinciit  of  structural  cnKinrrriuK  Don 
I'rankfortcr  and  I'rofr.ssur  I'lathcr  acted  uiKin  n  special  navy 
board  which  made  an  inventory  of  Minnr.sntu  rcsoiircrs  \asl 
summer  and  the  fiKUrcs  which  they  Ratlicrr<l  at  that  time  will 
be  of  inestimable  value  in  the  present  crisi< 
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Dr.  T.  Brailsford  Robertson,  professor  of  biochemistry  and 
pharmacology  in  the  University  of  California,  has  donated  to 
the  Regents  of  the  University  of  California  his  patents  for  the 
growth-controlling  substance  "Tethelin,"  which  he  has  suc- 
ceeded in  isolating  from  the  anterior  lobe  of  the  pituitary  body 
and  which  has  been  employed  to  accelerate  repair  in  slowly- 
healing  wounds.  The  proceeds  which  may  accrue  from  the 
sale  or  lease  of  these  patents  are  to  constitute  a  fund  which  will 
be  entitled  "The  University  of  California  Foundation  for  In- 
ternational Medical  Research"  and  which  will  be  expended  in  the 
furtherance  of  medical  research,  preferably  research  in  the  physi- 
ology, chemistry,  and  pathology  of  growth. 

Dr.  Wm.  C.  Carnell  has  resigned  the  position  of  Chemical 
Director  of  Harrison  Brothers  &  Co.,  Inc.,  Philadelphia,  to  ac- 
cept a  similar  position  with  the  firm  of  Charles  Lennig,  Inc., 
Philadelphia,  manufacturers  of  heavy  chemicals. 

Dr.  E.  P.  Wightman,  who  has  been  acting  professor  of  chem- 
istry at  Richmond  College,  session  1916-17,  has  accepted  a 
position  witli  the  research  department  of  Parke,  Davis  &  Co., 
and  will  assume  the  duties  of  his  new  position  June  ist. 


At  the  request  of  the  National  Research  Council,  the  faculty 
of  Wesleyan  University  have  appointed  the  following  local  com- 
mittee, consisting  of  one  representative  of  each  of  the  scientific 
departments  of  the  institution  with  the  president,  William 
Arnold  Shanklin,  ex-officio:  Professors  Walter  G.  Cady,  physics. 
Chairman:  WiUiam  North  Rice,  geology;  Raymond  Dodge, 
psychology;  Frederick  Slocum,  astronomy;  Leroy  A.  Howland, 
mathematics;  Moses  L.  Crossley,  chemistry. 

John  Fa.xan  Passamore  died  on  March  9th  at  Wilmington, 
Delaware,  after  an  illness  of  six  weeks.  He  obtained  his  degree 
in  Mechanical  Hngineering  at  Cornell  University  in  June  1914. 
He  was  Assistant  General  Superintendent  of  Joseph  Bancroft 
and  Sons  Co.,  Wilmington,  Delaware,  at  the  time  of  his  death. 
Although  only  25  years  old,  he  was  honored  with  the  Presidency 
of  the  Departmental  Association  of  the  company,  filling  the 
position  with  marked  ability  for  one  of  his  years. 

The  New  York  University  is  planning  the  erection  of  a  new 
chemistry  building. 

Mr.  George  D.  Rosengarten  has  returned  to  Philadelphia 
very  much  improved  in  health. 
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Work  has  been  begun  on  tlie  erection  of  a  large  still-house 
on  the  property  of  the  Benzol  Products  Company  at  Marcus 
Hook.  It  is  expected  that  the  building  will  be  completed  within 
six  months.  The  Benzol  Products  Company,  which  manu- 
factures coal-tar  intermediates,  is  owned  jointly  by  Semet- 
Solvay,  Barrett  and  General  Chemical  interests,  and  is  a  con- 
stituent in  the  new  National  Aniline  and  Chemical  Company,  Inc. 

The  National  Aniline  and  Chemical  Company  will  remove  its 
ofiiccs  some  time  in  June  from  100  William  Street,  to  a  new 
building  now  being  completed  at  244  Madison  Avenue. 

In  the  West,  the  waters  of  various  lakes  besides  Searles  Lake 
arc  receiving  considerable  attention,  and  special  mention  should 
be  made  of  Owens  Lake,  where  three  companies  are  now  in  the 
field.  The  last  one  entering  is  the  California  Alkali  Company, 
now  building  its  plant.  The  lake  waters  contain  soda  ash, 
sodium  chloride,  some  borax,  and  some  potash.  The  Cali- 
fornia Alkali  Company  is  closely  associated  with  the  Great 
Western  IClectrochemical  Company,  and  the  salt  obtained  in 
the  production  of  the  various  products  will  be  shipped  direct 
to  the  Pittsburg,  Cal.,  plant  of  the  Great  Western  Electro- 
chemical Company  and  used  there  for  tlic  manufacture  of  caustic 
soda  and  chlorine  products. 

A  fire  which  caused  $20,000  damage  is  reported  to  have  oc- 
curred recently  at  the  plant  of  the  Albany  Chemical  Company, 
on  Van  Rensselaer  Island. 

The  United  Chemical  and  Organic  Products  Company  has 
been  chartered  to  manufacture  glues,  gelatine,  etc.,  under  the 
laws  of  Delaware,  with  capital  of  $2,002,700. 

The  Manufacturers'  Association  of  St.  Louis  has  voted  to 
protest  against  the  proposed  tax  of  25  cents  a  gallon  on  de- 
natured alcohol. 

According  to  a  report  from  Syracuse  the  Solvay  Process  Com- 
pany is  about  ready  to  begin  the  production  of  potash  at  its  new 
plant  in  Solduro,  Utah,  which  is  practically  ready  for  operation. 

Eimcr  &  Amend  are  planning  alterations  and  additions, 
costing  Si 00,000,  to  their  buildings  at  Third  Avenue  and  East 
1 8th  Street,  New  York  City. 

The  Kalbfleisch  Corporation,  recently  organized,  has  taken 
over  all  the  interests  of  the  Franklin  H.  Kalbfleisch  Company, 


Erie  Chemical  Works,  the  Kalbfleisch  Corporation,  and  the 
Kaloid  Company.  The  new  corporation  will  thus  own  five 
plants,  one  each  at  Brooklyn,  N.  Y. ,  Waterbury ,  Conn. ,  Elizabeth- 
port,  N.  J.,  Erie,  Pa.,  and  Chattanooga,  Tenn.  The  Brooklyn, 
Waterbury  and  Elizabethport  plants  turn  out  a  line  of  acids 
and  heavy  chemicals.  The  Erie  and  Chattanooga  works  (the 
latter  having  been  recently  completed)  manufacture  the  differ- 
ent grades  of  sulfate  of  alumina  and  alum. 

The  officers  of  the  corporation  are;  Franklin  H.  Kalbfleisch, 
Chairman  of  the  Board  of  Directors;  Robert  S.  Perry,  Presi- 
dent; Alfred  B.  Savage,  Vice-President-Treasurer;  Richard 
Sheldrick,  Secretary.  The  directors  are  the  same  with  the  addi- 
tion of  Harry  L.  Derby.  Mr.  Perry  was  formerly  president  of 
Harrison  Bros.  &  Co.,  Inc.,  Philadelphia. 

The  Gold  Leaf  Natural  Dye  Company,  of  Manhattan,  dyes, 
chemicals,  etc.,  has  been  incorporated  under  the  laws  of  New 
York  with  a  capital  stock  of  $500,000.  Incorporators:  G.  H. 
Bruce,  R.  L.  L.  W'arner,  H.  Campbell,  No.  150  Nassau  Street. 

The  Brunswick  Manufacturing  Company,  dyes  and  chemicals, 
has  been  incorporated  under  the  laws  of  New  Jersey  with  a 
capital  stock  of  $30,000.  Incorporators;  George  R.  Morrison, 
J.  H.  Helm,  Horace  E.  Barwis,  New  Brunswick. 

The  Active  Chemical  Company,  of  Camden,  has  been  in- 
corporated under  the  laws  of  New  Jersey,  with  a  capital  stock 
of  $150,000.  Incorporators:  E.  C.  L.  Kressel,  R.  P.  S.  Miller, 
T.  Harry  Rowland,  Camden. 

The  Bristol-Myers  Company,  of  Brooklyn,  has  completed 
plans  for  additions  to  its  chemical  factory  at  Hillside,  N.  J., 
costing  $25,000. 

The  amount  of  capital  stock  in  new  dye  companies,  according 
to  years  dixring  the  war,  including  only  companies  of  more  than 
$50,000  capital  stock,  has  been  as  follows: 

Year  1<)15 f  6S.56S.000 

Year  1916 99,274.000 

Four  months  1917 24.39S.000 

Total $189,234,000 

The  Braenier  .\ir  Conditioning  Corporation  announce  the 
opening  of  a  branch  office,  with  Mr.  G.  P.  Upington  in  charge 
as  District  Manager,  at  90  West  Street,  New  York  City. 
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GOVLRNMLNT  PUBLICATIONS 


By  R.  S.  McBrxdb.  Bureau  of  Standards.  Washingto 


NOTICE — Publications  for  which  price  is  indicated  can  be 
purchased  from  the  Superintendent  of  Documents,  Government 
Printing  Office,  Washington,  D.  C.  Other  pubHcations  can 
usually  be  suppHed  from  the  Bureau  or  Department  from  which 
they  originate.  Commerce  Reports  are  received  by  all  large 
libraries  and  may  be  consulted  there,  or  single  numbers  can  be 
secured  by  application  to  the  Bureau  of  Foreign  and  Domestic 
Commerce,  Department  of  Commerce,  Washington.  The  regu- 
lar subscription  rate  for  these  Commerce  Reports  mailed  daily  is 
$2.50  per  year,  jjayable  in  advance,  to  the  Superintendent  of 
Documents. 

HYOIENIC  LABOBATOB7 

Changes  in  the  Pharmacopoeia  and  the  National  Fonnulary. 
Martin  I.  Wilbert.  Bulletin  107,  288  pp.  Paper,  30  cents. 
This  is  a  digest  of  the  changes  and  requirements  included  in  The 
Pharmacopoeia  of  the  United  States  (ninth  decennial  revision) 
and  in  The  National  Formulary  (fotu^  edition)  with  refer- 
ences to  the  titles  not  continued  from  the  preceding  edi- 
tions. 

"Because  of  the  fact  that  The  Pharmacopoeia  and  The  National 
Formulary  are  in  reality  separate  and  distinct  publications, 
it  was  thought  that  a  comprehensive  index  of  the  articles  de- 
scribed in  recent  editions  of  these  two  books  would  be  of  value 
to  public  health  ofTicials  and  to  all  who  are  in  any  way  interested 
in  the  official  standards  and  requirements  for  drugs  and  medi- 
cines. To  provide  a  readily  available  means  for  determining 
the  present  status  of  any  official  or  recently  official  article  an 
alphabetical  list  of  the  titles  included  in  the  U.  S.  P.  VIII.  the 
li.  S.  P.  IX,  the  N.  F.  Ill,  and  the  N.  I".  IV,  has  been  compiled 
with  an  outline  of  the  changes  and  requirements  that  have 
been  embodied  in  the  revised  editions  of  the  U.  S.  P.  and  the 
N.  F. 

"In  the  compilation,  the  changes  in  strength  and  composition 
are  indicated  as  concisely  as  practicable,  and  special  attention 
is  directed  to  changes  in  nomenclature  of  official  articles  as  well 
as  additions  to  and  deletions  from  the  list  of  articles  included  in 
the  several  books. 

"The  object  in  mind  was  to  make  this  publication  a  practical 
companion  and  convenient  reference  book  on  the  present  status 
of  any  of  the  many  articles  included  in  either  of  the  four  books 
referred  to. 

"As  noted  above,  this  bulletin  is  designed  to  serve  as  an  index 
to  the  several  recent  editions  of  the  official  standards  and  can 
in  no  sense  be  considered  to  take  the  place  of  either  of  these  books. 
For  detailed  information  regarding  the  composition,  strength, 
tests,  and  other  requirements  in  connection  with  the  several 
official  articles,  readers  are  referred  to  The  riiarniacopocia  and 
The  National  Fr)rnuilary." 

Pituitary  Standardization.  The  Relative  Value  of  Infundibular 
Extracts  Made  from  Different  Species  of  Mnnmials  and  a  Com- 
parison of  Their  Physiological  Activity  with  That  of  Certain  Com- 
mercial   Preparations.     (>rorgi{    n.    Roth.     Bulletin    109,    I, 

Pharmacological  Studies  with  Cocaine  and  Novocaine.  A 
Comparative  Investigation  of  These  Substances  in  Infoct  Animals 
ond  on  Isolated  Organs.     ('.i:(ik>.i{  It    Kinii.     Hiillciin  iimj.  II. 

BUREAU   or  TBK  CENSUS 

Report  on  Cottonseed  nnd  Cotlnnsecd  Products.  I'ost  card 
nnnoutircnu-iit  iliitrd  himki  a.m.,  April  ;.|,  K'vri  tin-  (ollowinK 
flgurcK : 


Shipped  out  On  Hand 

Aug.  1  to  Mar.  31        March  31 

Crude  oU  (pounds) 1.084.946.283      144,122.399(0) 

Refined  oil  (pounds) 320.930,168(6) 

Cake  and  meal  (tons) 1.820,172  246,442 

Hulls  (tons) 769,021  133.774 

Linters  (500-pound  bales) 999,400  136,907(rt 

Hull  fiber  (500-pound  bales) 325.976  11, 357(c) 

Motes,    grabbots,    and   sweepings    (500- 

pound  bales 18,196  11.485(c) 

(a)  Includes  4.438.521  and  7.423.786  pounds  held  by  refining  and 
manufacturing  establishments  on  March  31.  and  32.666.372  lbs.  in  transit  to 
refiners  and  consumers. 

(6)  Includes  10.567.250  pounds  held  by  refiners,  brokers,  agents,  and 
warehousemen_at_places  other  than  refineries  and  manufacturing  establish- 
ments and  8.477,746  lbs.  in  transit  to  manufacturer^  of  lard  substitute, 
oleomargarine,  soap,  etc..  March  31. 

(c)  Includes  1 1 .995  bales  of  linters.  7 1 4  bales  of  hull  fiber,  and  1 10  bales 
of  motes,  grabbots,  and  sweepings  stored  elsewhere  than  at  the  mills. 

Imports  and  Exports  of  Cottonseed  Prodccts  frou 
Adgust  1  TO  March  31 

Imports:     Oil  (pounds) 6,112,022 

Exports: 

Oil  (pounds) 96,480,617 

Cake  and  meal  (tons) 462 .463 

Linters — Unbleached  (running  bales) 144,001 

Bleached  (running  bales) 96.041 

Manufactured  Ice.  Report  from  Census  of  Manufactures, 
1914,  issued  April  1917.  The  total  cost  of  ammonia  used  in  the 
ice  and  allied  industries  for  the  production  of  ice  or  refrigeration 
where  ice  is  a  subsidiary  product,  amounted  to  $1,887,359.00. 
For  this  work  6,780,000  lbs.  of  anhydrous  ammonia  were  used, 
about  five-sixths  of  this  in  the  ice  industr>-  and  about  nine-tenths 
of  it  in  compressor  systems.  Aqua  ammonia  used  amounted  to 
nearly  2,000,000  lbs.,  practically  all  being  employed  in  the  ice 
industn,'.  This  material  was  used  in  approximately  5.000 
machines  which  had  a  capacity  of  130,000  tons  of  ice  per  day  of 
twenty-four  hours. 

DEPARTMENT   OF  AGRICULTURE 

Sugar-Cane  Culture  for  Sirup  Production  in  the  United 
States.  P.  A.  Voder.  Bulletin  486,  contribution  from  the 
Bureau  of  Plant  Industry,  issued  March  19th,  46  pp.  Paper, 
10  cents.  A  description  of  the  practices  in  vogue  at  the  present 
time  in  the  growing  and  handling  of  sugar  cane  where  simp  is 
the  main  product. 

A  Study  of  American  Beers  and  Ales.  L.  M.  Touman  and 
J.  Garfield  Rilev.  Bulletin  493,  contribution  from  the 
Bureau  of  Chemistry,  issued  March  21st,  23  pp.  Paper,  5  cents. 
A  technical  study  of  this  subject  and  of  interest  to  brewers 
generally. 

Studies  on  the  Digestibility  of  Some  Animal  Fats.  C.  F. 
I.ANGWORTIIV  AND  .\.  D.  HoL.MES.  Bulletin  507,  contribution 
from  the  Slates  Relations  Service,  issued  March  24th,  20  pp. 
Paper,  5  cents.  This  bulletin  records  studies  of  the  digrstihility 
of  chicken  fat,  goose  fat.  brisket  fat,  cream  fat  in  egg  yolk,  and 
fat  or  oil  in  lish.  It  is  priiiKirily  of  interest  to  students  and 
investigators  of  foiwl  problems. 

Yields  from  the  Destructive  Distillation  of  Certain  Hard- 
woods. R.  C.  Palmrr.  Bulletin  5<>8,  contribution  from  the 
Forest  Service,  issued  March  filh,  8  pp.  Pajxr.  .s  cents.  TliU 
is  the  second  progress  reixjrt.  Gives  the  rrsults  of  exiKTinirnts 
in  destructive  distilliition  of  hnrdwixnls  nnd  i«  of  interest  to 
ninnufacturrrs  ol  bv-tiri>ducts 

The  Theory  o(  Drying  and  Its  Application  to  the  New  Humidity- 
Regulated  and  Recirculating  Dry  Kiln.  IIanmv  D  Tikmann. 
Ilulletiii  51H).  contribution  troiu  the  Forest  Scrxicr,  imunl 
March  I7tli,  jS  pp  PajM-r.  >  cents  A  let-hnicnl  iliM-u«sion 
of  a  new  nu-thod  o(  kiln  iltyiiiR  hardwotnl  liunbrr  and  «f  uilerT>l 
to  nuiniidicturrrH  of  hitnt>rr  priKluclji. 


628 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY       Vol.  9,  No.  6 


Relation  of  the  Water-Retaining  Capacity  of  a  Soil  to  Its 
Hygroscopic  Coefficient.  Frederick  J.  Alway  and  Guy  R. 
McDOLE.  Journal  of  Agricultural  Research,  9,  27-69  (April 
9). 

Fixation  of  Ammonia  in  Soils.     I.  G.  McBeth.     Journal  of 
Agricultural  Research,  9,  141-151   (April  30;. 
PUBLIC  HEALTH  SEBVICE 

The  Activity  of  Wild  American  Digitalis.  George  B.  Roth. 
Public  Health  Reports,  32,  377-80  (March  9).  "From  the 
above  investigation  we  may  conclude  that  the  wild  digitalis 
which  is  found  in  the  Northwestern  States  may  be  utilized  as  a 
source  of  supply  for  making  the  various  official  preparations  of 
digitalis,  and  that  by  using  ordinary  methods  in  handling  and 
preparing  the  leaves  we  may  secure  a  highly  active  product, 
which  compares  favorably  with  the  activity  of  cultivated  leaves 
grown  under  more  favorable  conditions." 

Court  Decisions  Pertaining  to  Public  Health.  A  Digest  of 
the  Judicial  Opinions  Published  in  the  Public  Health  Reports 
During  the  Calendar  Year  1916.  Jason  Waterman.  Public 
Health  Reports,  32,  453-75  (March  30). 

Biological  Products:  Notice  to  Those  Concerned.  Public 
Health  Reports,  32,  565  (April  20). 

In  view  of  the  fact  that  some  establishments  licensed  for  the 
manufacture  and  sale  of  biological  products  located  in  Germany 
have  not  been  inspected  within  the  time  required  by  regulation 
and  on  account  of  present  conditions  will  be  inaccessible  to  in- 
spection for  an  indefinite  period  of  time,  the  department  has 
revoked  the  licenses  of  these  establishments,  and  notification 
of  this  fact  is  hereby  given  to  all  concerned. 

The  establishments  in  question  with  their  license  numbers 
and  products  are  the  following: 


Name 
hemische  Fabrik  auf  Ac- 
tieo,  Berlio,  Germany 


Farbwerke.vormals  Meister, 
Lucius  und  Brtining, 
Hoechst  on  Main,  Ger- 
many 

The  Behringwerk,  Mar- 
burg, Germany 

E-  Merck,  Darmstadt.  Ger-     Anti 


Products 

Antigonococcus  vaccine,  antistrepto- 
coccic serum,  diphtheria  antitoxin,  and 
tuberculin 

Antidysenteric  serum,  antimeningococcic 
serum,  antipneumonic  serum,  anti- 
streptococcic serum,  antitetanic  serum, 
diphtheria  antitoxin,  tuberculins 

Antitetanic  serum  and  tuberculin 


imgococcic  serum,  antipneumonic 
serum,  antitreptococcic  serum,  diph- 
theria antitoxin,  jequiritol  serum,  leu- 
cofermantin  (antitryptic  sheep  serum), 
normal  horse  serum  (liquid  and  dried), 
tuberculins,  and  bacterial  vaccines 
prepared  from  colon  bacillus,  dysentery 
bacillus,  gonococcus  pneun 
staphylococci,  streptococci,  and 
pboid  bacillus. 
Tuberculin  (Rosenbach) 

Antidysenteric  serum 


Kalle  &  Co.,  Biebrich.  Ger- 
many 

Pharmaceutisches  Institut 
Ludwig  Wilhclm  Ganz, 
Oberursel  bei  Frankfurt 
a.  M.,  Germany 

Chemische  Fabrik  Giis- 
trow.  GGstrow  i.  M.. 
Germany 


Detection  of  Hydrocyanic  Acid  Gas:  Use  of  Small  Animals 
for  this  Purpose.  S.  B.  Gri.'bbs.  Public  Health  Reports,  32, 
565-70  (April  20). 

BUREAU  OF  MINES 

Analyses  of  Coals  Purchased  by  the  Government  During  the 
Fiscal  Years  1908-1915.  George  S.  Pope.  Bulletin  119. 
99  pp.     Paper,  15  cents. 

Combustion  in  the  Fuel  Bed  of  Hand-Fired  Furnaces.     Henry 

Kreisinger,  F.  K.  Ovitz  and  C.  R.  Augustine.  Technical 
Paper  137.  6i  pp.  Paper,  15  cents  "The  main  object  of  the 
investigation  described  in  this  report  was  to  determine  the  con- 
ditions governing  tlie  process  of  combustion  in  the  fuel  bed  of  a 
hand-fired  furnace.  The  results  of  this  investigation  furnish 
data  for  correct  design  of  coal-burnitjg  grates  and  furnaces  and 
their  efficient  operation.  They  also  cast  light  on  the  important 
problem  of  clinker  trouble  as  related  to  fusibility  of  ash.     They 


further  indicate  the  possibility  of  a  high  rate  of  gasification  of 
coal  in  gas  producers,  as  suggested  in  Bulletin  7." 

Asphyxiation  from  Blast-Fumace  Gas.  Frederick  H. 
WiLLCOX.  Technical  Paper  106,  57  pp.  Paper,  15  cents. 
"This  report  is  issued  by  the  Bureau  of  Mines  in  pursuance 
of  its  endeavors  to  increase  safety  and  efficiency  in  metallurgical 
industries.  It  discusses  the  natiu'e  and  causes  of  poisoning 
from  blast-furnace  gas,  itemizes  the  places  where  gas  may  be 
expected  to  be  encountered,  suggests  safeguards  and  points 
out  the  precautions  to  be  taken  in  working  about  gaseous 
places." 

Oxygen  Mine  Rescue  Apparatus  and  Physiological  Effects 
on  Users.  Yandell  Henderson  and  James  W.  Paul.  Techni- 
cal Paper  82,  83  pp.     Paper,  15  cents. 

OEOLOOICAL  SUEVEY 

Timgsten  Deposits  of  Northwestern  Inyo  County,  California. 
Adolph  Knopf.  Bulletin  640-L,  from  Contributions  to  Eco- 
nomic Geology,  1916,  Part  I,  pp.  229-49.  Published  January 
26,  191 7.  "Tungsten  deposits  were  found  in  northwestern 
Inyo  County,  California,  in  1913,  but  remained  practically 
unknown  until  the  spring  of  1916,  when  they  began  to  be  en- 
ergetically developed.  By  midsummer  two  mills,  having  a  total 
daily  capacity  of  400  tons,  had  been  completed  and  were  in  active 
operation. 

"The  ore  bodies  that  are  being  mined  are  from  20  to  60  feet 
wide  and  from  150  to  200  feet  long.  They  carry  from  1.5  to  2 
per  cent  of  tungsten  trio.xide  (WOs).  The  area  in  which  scheelite- 
bearing  deposits  have  been  found  roughly  forms  a  belt  20  miles 
long,  but  it  is  likely  that  the  prospecting  now  going  on  will  ex- 
tend the  dimensions  of  the  field. 

"The  mining  conditions  are  favorable;  the  climate  is  good, 
water  is  easily  obtained,  transportation  facilities  are  adequate, 
and  an  electric  transmission  line  transverses  the  belt,  so  that 
power  is  readily  available.  Timber,  however,  is  lacking.  The 
timgsten  area  adjoins  a  rich  agricultiu-al  district." 

Antimony  in  1915.  Frank  L.  Hess.  From  Mineral  Re- 
sources of  the  United  States,  1915,  Part  I,  pp.  837-843.  Pub- 
lished March  13,  1917. 

"Antimony  prices  in  1915  were  probably  the  highest  known 
since  the  metal  became  a  regular  article  of  commerce.  The  high 
prices  led  to  the  largest  production  the  United  States  has  made 
and  probably  to  the  largest  world's  production. 

"According  to  figures  collected  by  the  United  States  Geological 
Survey  the  production  of  antimony  ores  in  the  United  States  in 
1915  is  estimated  at  5,000  tons,  containing  2,100  tons  of  anti- 
mony, valued  at  about  $425,000  The  largest  previous  domestic 
production  was  in  1892,  when  150  tons  of  metal  were  produced 
in  San  Francisco  from  Nevada  ores  and  380  tons  of  ore  carrying 
55  per  cent  of  antimony  were  exported.  Practically  all  operations 
of  1915  were  new;  most  of  them  were  small;  and  they  were  so 
widely  scattered  that  it  has  been  difficult  to  obtain  acctu-ate 
figures. 

"For  years  large  quantities  of  antimonial  lead  were  imported 
into  the  United  States  as  type  metal,  for  which  it  is  largely  used. 
During  1912,  1913,  1914  and  1915  these  imports  have  been 
much  smaller,  but  the  imports  for  1915  were  nearly  double  those 
of  1914." 

Arsenic  in  1915.  Frank  L.  Hbss.  From  Mineral  Resources 
of  tlie  United  States,  1915,  Part  I,  pp.  845-846.  Published 
March  13,  1917. 

"The  output  of  arsenic  in  the  United  States  in  1915,  was  much 
the  largest  yet  made  in  this  country  and  amounted  to  5,498 
short  tons,  valued  at  $302,116,  an  increase  of  nearly  18  i>er  cent 
over  the  production  of  4,670  tons,  valued  at  $313,147,  in  1914. 
and  an  increase  of  about  75  per  cent  over  the  largest  previous 
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production,  that  of  1912,  when  3,141  tons,  valued  at  $190,757, 
were  produced. 

"As  usual,  the  arsenic  was  all  saved  as  a  by-product  in  the 
smelting  of  copper  and  gold  and  silver  ores. 

"White  arsenic  was  not  produced  in  the  United  States  until 
1901,  when  the  Puget  Sound  Reduction  Co.,  at  Everett,  Wash., 
made  an  output  of  300  short  tons,  saved  as  a  by-product  in 
smelting  gold  and  silver  ores. 

"Prices  of  white  arsenic  averaged  from  2.45  to  2.83  cents  a 
pound  at  the  works.  The  prices  in  New  York,  according  to 
the  Oil,  Paint,  and  Drug  Reporter,  were  very  steady,  starting 
at  4  to  4.5  cents  a  pound  in  January,  declining  to  3.5  to  4  cents 
in  August,  and  closing  in  December  at  3.875  to  4.5  cents  a  pound. 
Lead  arsenate  was  quoted  at  5.5  to  6  cents  a  pound  until  No 
vember,  when  it  rose  to  6.5  to  7  cents  a  poimd.  Red  arsenic 
(AsS)  was  quoted  at  8  cents  a  pound  at  the  beginning  of  the  year, 
rising  to  8.25  to  9  cents  in  November.  No  quotations  were  given 
in  December." 

Chemical  Relations  of  the  Oil-Field  Waters  in  San  Joaquin 
Valley,  California.  Preliminary  Report.  G.  Sherburne 
Rogers.  Bulletin  653,  112  pp.  Paper,  10  cents.  "The  writer 
studied  the  physical  and  chemical  relations  of  the  water  and 
oil  in  these  fields  during  the  summers  of  1914  and  1915.  The 
chief  conclusions  concerning  the  chemistry  of  the  waters,  deduced 
by  him  from  a  study  of  several  hundred  analyses  of  water  from 
different  depths,  are  as  follows: 

I — Oil-field  water  is  not  necessarily  salty,  as  is  generally 
believed,  and  may  not  be  even  slightly  salty  to  the  taste.  The 
degree  of  concentration  of  chloride  in  such  water  is  governed 
primarily  by  local  conditions  and  is  not  affected  by  the  position 
of  the  water  in  relation  to  oil. 

2 — Sulfate,  which  predominates  in  most  of  the  shallow  ground 
waters  on  the  west  side  of  San  Joaquin  Valley,  diminishes  in 
amount  as  the  oil  zone  is  approached,  and  finally  disappears. 

3 — The  concentration  of  carbonate  increases  as  the  oil  zone 
is  approached  but  depends  largely  on  the  concentration  of 
chloride. 

4 — The  horizon,  with  respect  to  the  oil  zone,  at  which  these 
alterations  take  place,  is  difTerent  in  each  field. 

On  the  basis  of  these  conclusions,  which  appear  to  be  well 
grounded,  at  least  for  the  area  studied,  the  following  practical 
suggestions  may  be  made: 

In  drilling  a  well  in  untested  territory  it  may  be  possible  to 
obtain  an  indication  of  the  presence  or  absence  of  oil  and  gas 
below  by  ascertaining  by  analysis  whether  the  sulfate  is 
diiitinishlng  and  the  carbonate  increasing  in  the  waters  succes- 
sively encountered.  In  some  areas  a  significant  change  may  be 
detected  as  much  as  1,000  ft.  above  the  oil;  in  others  Uie 
tipper  limit  of  alteration  may  be  within  a  few  hundred  feet  of 
the  oil. 

The  source  of  the  water  in  a  well  that  produces  a  mixture  of 
water  and  oil  may  be  determined,  at  least  in  a  general  way.  by 
studying  its  thi-niical  composition.  In  the  Wcstside  Coalinga 
field,  for  example,  the  source  of  the  water  may  thus  be  de- 
termined rather  definitely;  in  the  Midway-Sunset  field,  where 
the  distiiii'tiuiis  arc  less  sharj).  the  success  of  this  method  will 
depend  liirgcly  '"•  I'le  number  <if  authentic  analyses  that  arc 
available  fur  com)iarison. 

In  this  report  the  writer  aims  first  to  present  the  evidence  on 
which  the  fiirrgoinK  conclusions  arc  bu.scd  and  to  discuss  (he 
interpretation  of  water  analyses  and  their  value  from  the 
operator's  stiiinlpoiiil,  and  second,  to  discuss  the  ihcmical 
relations  of  wiitrr  and  oil  In  so  far  as  present  iiiforinatKin  per- 
mits. It  is  Imped  (hat  this  prelirtiiiiary  |>rrseiitatlon  will  indi- 
rate  the  lm|iortaiiec  of  experimental  Keo<-heinicol  work  on  the 
iiitcracdun  of  the  oiKiinic  cunttitiicnts  of  oils  and  (he  inorKanlc 


substances  found  in  the  oil-field  waters.  Enough  is  known 
already  to  warrant  the  belief  that  systematic  experimental  work 
in  petroleum  hydrology  will  yield  results  of  practical  as  well  as 
scientific  value. 

Cleveland  Gas  Field,  Cuyahoga  Cotmty,  Ohio,  with  Study 
of  Rock  Pressure.  G.  Sherburxe  Rogers.  Application  of 
Theory  of  Probability  in  Estimating  Capacity  of  New  Well. 
C.  E.  Van  Orstrand.     Bulletin  661 -A,  68  pp.     Issued  March  2. 

Oil  Resources  of  Black  Shales  of  the  Eastern  United  States 

G.  H.  Ashley.     Bulletin  641-L,  33  pp. 

Chromite.  J.  S.  Diller.  Bulletin  666-A.  The  chromic 
iron  imported  into  the  United  States  in  1916  amounted  to 
114,655  long  tons.  During  the  same  period  the  chromic  iron 
produced  and  sold  in  the  United  States  amounted  to  approxi- 
mately 40,000  tons.  The  greatly  increased  trade,  especially 
in  steel,  and  the  consequently  larger  demand  for  chromite  have 
stimulated  the  search  for  it  in  the  United  States,  as  shown  by 
the  tenfold  increase  in  production. 

The  ores  west  of  Riddle  are  the  richest  yet  mined  in  the 
States;  in  some  places  they  run  as  high  as  55  per  cent  chromic 
oxide,  and  much  of  the  ore  contains  about  50  per  cent.  Most  of 
the  Oregon  ore,  however,  like  that  of  California,  averages  about 
40  per  cent  of  chromic  oxide,  and  ore  of  that  grade  is  commonly 
the  basis  of  sale.  The  ore  generally  contains  38  to  45  per  cent 
chromic  oxide,  6  to  8  per  cent  silica,  and  17  to  25  per  cent 
alumina.  It  is  claimed  that  the  ore  can  be  concentrated  to  a 
content  of  55  per  cent  chromic  oxide.  If  this  can  be  done 
successfully,  it  will  mean  much  for  the  chrome  industry  of  the 
Pacific  coast  and  will  enlarge  its  possibilities  to  meet  war  de- 
mands. The  difficulty  with  much  of  the  chrome  ore  of  the 
Pacific  coast  has  been  its  low  grade  and  its  great  distance  from 
the  principal  markets.  The  low-grade  ore,  running  38  to  45 
per  cent  chromic  oxide,  may  be  used  to  advantage  chiefly  for 
mctallurgic  purposes,  such  as  grow  out  of  war  demands — for 
fimiace  lining  and  in  the  manufacture  of  chrome  brick  and 
chrome  steel,  for  example — and  by  far  the  greater  part  of  the 
California  output  is  being  so  used.  For  chemical  purposes, 
however,  ore  of  higher  grades  is  desirable,  if  not  essential. 

The  prices  of  chromite  in  California  on  the  basis  of  40  per  cent 
chromic  oxide  ranged  in  1916  from  S14  a  ton  f.  o.  b.  early  in  the 
season  to  $20  toward  the  end  of  the  year.  To  this  must  be 
added  for  the  eastern  buyer  a  freight  rate  for  carload  lots  rang- 
ing from  $10  a  ton  to  Chicago,  to  $14.86  a  ton  to  tlie  eastern 
seaboard,  thus  making  the  California  40  per  cent  ore  cost  on  the 
eastern  seaboard  from  S28.86  to  $34.96  a  ton. 

With  the  known  supplies  of  chromite  and  others  whose  dis- 
covery within  tlie  limit  of  practicable  transportation  throughout 
the  United  States  is  confidently  expected,  there  is  goo«l  mison 
to  believe  that  the  domestic  output  of  chromite  could  be  so 
increased  as  to  go  far  toward  supplying  the  demand  if  in  the 
event  of  war  our  imports,  except  tliosc  from  Canada,  were  cut  off. 

The  metallurgy  of  chromite  has  apparently  l>ccn  so  dcvcloi>c<l 
in  the  hydroelectric  process  as  to  utilize  to  advantage  rtlotivcly 
low-grade  ores  such  as  are  most  abundant  in  the  United  States, 
and  the  further  development  of  that  procciw  on  the  Pacific 
coast,  where  water  power  abounds,  would  greatly  diminish  the 
handicap  of  lung  transportation. 

Sulfur.  Piiiur  S.  Smith.  Bulletin  666-B,  4  pp,  K\xn 
under  (he  conditions  thot  now  prevail  this  country  exports 
much  more  sulfur  than  it  imports.  The  excess  in  i<ji6  ntnounted. 
in  round  figures,  to  io7,o>xi  long  tons,  valued  at  $.1,100,000;  in 
iiji.S  to  I  i,iMio  (ons.  valued  at  $Jji\<'<»i,  in  1914  (o  7J,ooo  tons, 
valued  at  $i.3oo,(xxi;  and  in  i<ji.t  to  Wi.oix)  tons,  valued  at 
$i.i()o,ooi>.  The  grrat  falling  off  of  exjwrts  in  191J  may  ha\-e 
been  due  in  part  to  the  increased  use  of  sulfur  in  industries  in 
this  country.     In   part,   however,  prolvjbly   in   large    part,  the 
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decrease  was  due  to  the  difficulties  and  dangers  of  transportation 
to  foreign  ports. 

The  United  States  in  1913  produced  about  350,000  long  tons 
of  pyrite  and  imported  about  850,000  tons.  If  these  figures 
represent  the  normal  condition  of  the  industry,  it  is  evident 
that  ordinarily  the  United  States  uses  each  year  about  500,000 
tons  more  pyrite  than  it  produces.  The  imported  pyritic  ore 
has  an  average  sulfur  content  of  approximately  45  per  cent, 
so  that  225,000  tons  of  native  sulfur  would  be  required  to  make 
up  this  deficiency  if  the  importation  of  pyrite  were  cut  off. 
In  19 1 6  we  exported  107,000  tons  of  sulfur  more  than  we  im- 
ported. If  the  exportation  of  sulfur  were  prohibited,  as  it 
doubtless  would  be  if  imports  of  sulfides  were  cut  off,  this  excess 
amount  would  therefore  be  available,  and  at  the  19 16  rate 
would  make  up  nearly  half  of  the  deficiency  that  would  be  created 
by  the  shutting  out  of  imported  pyrite.  The  deficiency  could 
be  reduced  still  more  by  drawing  on  the  reserves  of  sulfur  al- 
ready mentioned,  but  doubtless  it  would  be  far  better  not  to  use 
the  high-grade  native  sulfur  for  many  of  the  purposes  for  which 
pyrite  may  be  used,  but  rather  to  save  more  of  the  sulfur  from 
the  sulfide  ores  and  to  hunt  for  and  develop  additional  deposits 
of  sulfides. 

According  to  preliminary  estimates  the  United  States  in  1916 
produced  about  4,500,000  tons  of  sulfuric  acid  of  a  strength  of 
50°  Be.  and  nearly  1,000,000  tons  of  acid  of  strength  higher  than 
66°  B6.  This  amount  exceeds  the  amount  of  similar  acids 
produced  in  1913  by  more  than  950,000  tons  of  50°  B6.  acid  and 
by  more  than  900,000  tons  of  acid  of  strengths  higher  than 
66°  Be. 

Almost  no  sulfuric  acid  is  imported  into  the  United  States, 
and  but  a  relatively  small  amount  is  exported,  even  under  the 
conditions  now  prevailing.  The  reports  of  the  Bureau  of 
Foreign  and  Domestic  Commerce  show  that  in  1916  a  little 
over  600  tons  of  acid  were  imported  and  about  30,000  tons  were 
exported. 

Manganese.  D.  F.  Hewett.  Bulletin  666-C,  12  pp.  The 
largest  domestic  production  of  manganese  ore  for  a  single  year 
was  but  34,524  tons  in  1887,  and  since  that  year,  except  for 
several  brief  periods,  the  domestic  production  has  declined  rather 
steadily. 

In  contrast  with  the  domestic  production,  the  imports  of 
manganese  ore,  largely  from  India,  Brazil,  and  Russia,  have 
rather  steadily  risen  in  proportion  to  the  production  of  steel. 
The  extensive  deposits  of  these  countries  are  rich  enough  to 
permit  the  shipment  of  large  quantities  of  ore  without  concentra- 
tion. 

Mangansse  Rkcoverablb  from  Okb  Produced  in  the  United  States 
IN   1915,  IN  Long  Tons 

Source  Ore  Manganese 

Manganese  ore 9  ,  709  4 ,  660 

Manganiferous  iron  ores  (a) 48,193  9,040 

Manganiferous  silver  ores 1  .^7  .  04.'>  1 7  .  504 

Manganiferous  zinc  residuum 159, .118  23,05.1 

54,257 

Mangane.se  recoverable  as  alloys ....  36.792 

Percentage  of  total  manganese  needed ....  21.0 

(a)  Exclusive  of  Marquette  County,  Mich.,  and   Iron  County,  Mich. 

The  ferromanganese  needed  for  the  American  steel  industry 
has  been  supplied  in  part  by  imports  of  the  alloy  itself  and  in 
part  by  domestic  manufacture  from  imported  ore.  It  is  evi- 
dent that  the  domestic  manganese  ore  is  the  source  of  little 
ferromanganese.  The  available  data  for  spicgeleiscn,  however, 
show  that  prior  to  19 14  about  half  of  the  domestic  product  was 
made  from  domestic  ore.  During  recent  years  the  imports  of 
spicgeleiscn  have  been  negligible.  The  available  supply  of 
these  manganese  alloys  for  1915  and  the  approximate  content 
in  manganese  is  shown  in  the  table.  From  these  results,  it  has 
been  calculated  that  for  a  four-year  period  an  average  of  14  lbs. 


of  manganese  has  been  consumed  for  each  ton  of  steel  pro- 
duced. 

Available  Supply  of  Manganese  Alloys  in  the  United  States,  1915. 
IN  Long  Tons 

Manganese 
Quantity  Content 

Imports- 

Ferromanganese 55,263  42.210(a) 

Spicgeleiscn 200  36(o) 

Domestic  production: 

Ferromanganese 144,260  110, 134(a) 

Spiegeleisen 114,556  22,808(6) 

175.189 

(a)  Percentage  of  manganese  estimated. 

(6)  Percentages  of  manganese  submitted  by  makers. 

The  prevailing  price  of  manganese  ore  has  steadily  risen  since 
19 14,  but  the  increases  have  lagged  behind  those  in  ferro- 
manganese.    For  15  years  prior  to  1914  the  price  per  unit  of 

49  per  cent  ore  in  the  United  States  ranged  from  23  to  30  cents, 
but  during  19 16  it  rose  first  to  45  cents  and  later  to  65  cents. 
The  price  of  65  cents  was  maintained  through  the  early  months 
of  1917. 

Soon  after  the  war  broke  out  the  price  of  ferromanganese 
rose  suddenly  from  $40  to  $120  a  ton  for  a  brief  period,  then 
ranged  from  $70  to  $115  for  more  than  a  year.  During  1916 
prices  ranged  from  $115  to  $175  a  ton,  except  for  a  short  time  in 
April,  when  S400  a  ton  was  recorded.  This  great  rise  was 
probably  caused  by  Germany's  declaration  of  a  blockade  of 
England.     In  February  19 17,  the  price  reached  $250  a  ton. 

The  price  offered  for  standard  18  to  22  per  cent  spiegeleisen 
has  also  increased  from  about  $25  a  ton  in  1914  to  $50  in  19 16 
and  $65  in  191 7. 

Platinum.  James  M.  Hill.  Bulletin  666-D,  4  pp.  It  will 
be  noted  that  the  normal  annual  addition  of  crude  platinum 
to  the  world's  supply  has  varied  between  26o,ofK)  and  313,000 
ounces.  This  supply  is  augmented  by  the  platinum  produced 
by  refiners  of  copper  matte  and  gold  bullion.  United  States 
refiners  of  gold  and  copper  produce  annually  about  i  ,500  ounces 
of  refined  platinum  as  by-products,  chiefly  from  copper  ore,  of 
both  foreign  and  domestic  origin. 

That  the  supply  of  new  platinum  has  not  been  sufficient  to 
meet  the  requirements  is  indicated  by  the  very  extensive  trade 
in  scrap  or  used  metal.  Figiu^es  are  not  available  for  such  trade 
in  foreign  countries,  but  in  the  United  States  the  yearly  sales  of 
secondary  platinum  normally  amount  to  about  40,000  ounces; 
in  1 916  they  increased  to  49,400  ounces. 

The  United  States  at  present  is  not  supplying  10  per  cent  of 
its  platinum  requirements,  and  while  there  is  some  assurance  that 
by  systematic  geologic  investigation,  already  planned,  new 
placer  deposits  that  will  yield  platinum  may  be  found  and  that 
by  a  study  of  the  methods  of  saving  platinum  a  greater  yield 
from  all  deposits  may  be  had,  yet  the  issue  must  be  squarely 
faced  that  in  all  probability  the  domestic  supply  cannot  be 
made  adequate  to  meet  tlie  requirements  of  normal  times. 

Salt,  Bromine  and  Calcium  Chloride.  R.  W.  Stone. 
Bulletin  666-F',  4  pp.  The  United  States  furnishes  practically 
all  the  salt  consumed  by  its  people.  In  1916  more  than  99 
per  cent  of  all  the  salt  used  in  this  country  was  made  here,  and 
the  value  of  the  salt  exported  was  more  than  twice  as  great  as 
that  of  the  salt  imported. 

The  production  in  1916  is  estimated  at  43,000,000  bbls.  of 
280  lbs.,  or  nearly  half  a  barrel  for  each  individual  in  the  country, 
compared  with  38,000,000  bbls.  in  1915. 

Prices  of  salt  are  increasing  and  may  continue  to  increase  so 
long  as  the  present  unsettled  conditions  continue.  Some  grades 
of  salt  have  doubled  in  value  since  1915;    others  have  increased 

50  per  cent.  This  increase  is  chargeable  not  only  to  increased 
demands  of  labor  and  cost  of  supplies  but  also  to  the  larger 
margin  of  profit  to  which  producers  feel  entitled  under  present 
circumstances.     Heavy  charges  against  the  cost  of  production 
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are  wages  and  fuel.  Labor  is  demanding  and  receiving  higher 
pay,  and  coal  at  some  salt  works  has  been  hard  to  get  and  ex- 
pensive. One  producer  reports  coal  increased  in  cost  from  80 
cents  to  $5.50  a  ton. 

In  1915  there  was  a  significant  increase  over  the  production 
of  the  previous  year,  the  total  output  in  the  United  States  being 
855,857  lbs.,  valued  at  £856,307,  or  about  $1  a  pound.  The 
comparatively  low  price  indicated  by  the  total  figures  is  due 
to  the  fact  that  considerable  bromine  was  sold  at  prices  specified 
in  contracts  made  before  the  demand  increased,  and  to  the 
further  fact  that  the  figures  indicate  prices  at  point  of  pro- 
duction and  hence  do  not  include  the  cost  of  freight.  The  price 
of  bromine  during  the  first  half  of  1916  ranged  from  $4.75  to 
$6.50  a  pound  in  New  York,  as  a  result,  at  least  in  part,  of  the 
unprecedented  demand  from  abroad.  In  March,  1917,  it  had 
fallen  to  $1.30  a  pound. 

The  quantity  of  calcium  chloride  produced  from  natural 
brines  and  sold  in  the  United  States  has  recently  been  about 
20,000  short  tons  a  year,  valued  at  $6  to  $6.50  a  ton.  This  does 
not  include  the  output  obtained  in  the  manufacture  of  soda, 
as  calcium  chloride  so  obtained  is  not  an  original  constituent  of 
brine.  Large  quantities  made  in  the  manufacture  of  soda  have 
been  wasted,  and  it  is  hoped  that  new  uses  rilay  be  found  for  this 
by-product. 

Since  the  first  half  of  191 6  there  has  been  a  demand  for  this 
material  which  has  raised  the  price.  In  March,  1917,  70  to 
75  per  cent  fused  calcium  chloride  was  quoted  in  the  New  York 
market  at  $26  to  S30  a  ton,  and  granulated  calcium  chloride 
has  recently  been  quoted  as  high  as  S40  a  ton.  Fused  lump 
calcium  chloride  that  used  to  retail  for  15  cents  a  pound  was 
quoted  in  April,  191 7,  at  90  cents.  It  is  believed  that  the  supply 
can  easily  be  kept  ahead  of  the  demand. 

Sand  and  Gravel.  R.  W.  Stone.  Bulletin  666-G,  3  pp. 
The  sand  industry  in  all  its  branches  grows  normally  with  in- 
crease of  population.  Severe  business  depression  decreases  the 
production  of  building  sand  more  than  that  of  sand  for  some 
other  uses,  such  as  engine  sand,  which  is  used  wherever  trains 
and  trolley  cars  run.  Business  acceleration  increases  the  output 
and  use  of  all  kitids  of  sand.  The  value  of  all  the  sand  and 
gravel  produced  in  1915  of  which  the  United  States  Geological 
Survey  has  a  record  was  over  $23,000,000.  The  statistics  for 
1916  are  not  yet  available  (April,  1917). 

"The  glass-making  industry  is  in  no  way  dependent  on  foreign 
supplies  for  its  sand,  salt  cake,  soda  ash,  and  limestone.  Our 
resources  in  these  materials  are  ample.  Most  of  the  output  of 
glass  sand  comes  from  a  belt  of  states  extending  from  New  Jersey 
to  Missouri. 

"The  output  in  1916  approximated  2,000,000  tons  and  was 
thus  larger  than  it  has  ever  been.  On  account  of  the  higher 
wages  and  the  increased  cost  of  machinery  and  of  all  suj)plies, 
particularly  coal,  the  price  of  glass  sand,  which  has  been  de- 
creasing in  the  last  few  years,  sliowcd  an  upward  tendency  in 
1916." 

The  new  requirements  of  armament  and  munitions  have 
caused  foundries  and  machine  shops  to  increase  their  uutiiut, 
and  this  activity  is  in  ttun  reflected  in  the  molding  sand  in- 
dustry. The  total  production  in  1915  was  3,500,<xx)  tons, 
more  than  two  thirds  of  which  came  from  New  Jersey,  New 
York,  IViuisylvania,  and  Ohio.  This  was  750,000  tons  more 
than  the  i>u(])Ut  of  1914.  The  statistics  for  1916  are  not  yet 
avuilable  (Ai)ril,  1917).  'x'l  't  is  confidenlly  expected  that  they 
will  show  4,5oo,C)(K)  tons  prcxhiced  in  that  year. 

Sand  suitable  for  griiuling  and  polishing,  rangitiK  from  snuill 
gravel  for  use  in  sand  blast  work  on  heavy  caslinus  to  tlu-  fine 
material  used  for  giving  a  i>olisli,  is  abnndant,  ami  tlu'  country 
produces  alxiut  i,cxk),<kk)  tons  annually.  IVnusylvaniii  is  the 
leading  iiriHluecr  aiul  in  !u>inc  years  rurnishes  nnclialf  of  the 
output.     The  present  activity  In  the  ])r»duction  of  armament 


will  call  for  an  increased  production  of  this  material,  for  it  is  the 
practice  in  large  foundries  to  clean  castings  by  sand-blast. 

Asbestos.  J.  S.  Diuler.  Bulletin  666-H,  4  pp.  The 
United  States  is  one  of  the  largest  manufacturers  of  objects  made 
from  asbestos,  but  it  is  not  a  large  producer  of  crude  asbestos. 
The  supply  of  asbestos  of  all  grades  in  Quebec.  Canada,  is  so 
large  and  so  conveniently  obtained  and  the  quality  of  the 
Canadian  asbestos  is  so  excellent  as  to  delay  the  development 
of  asbestos  deposits  in  the  United  States.  The  demand  for 
high-grade  asbestos  has  always  been  active,  but  recently,  imder 
the  stimulus  of  war  conditions  abroad,  it  has  become  still  greater, 
and  the  available  supply,  although  larger  than  before,  is  fre- 
quently not  equal  to  the  demand.  In  1916  the  total  output 
of  asbestos  in  the  United  States  was  1.479  short  tons.  The 
imports  during  the  same  time,  almost  wholly  from  Canada, 
amounted  to  116,162  short  tons,  making  a  total  supply  available 
for  manufacture  in  the  United  States  of  117,641  tons. 

"The  prices  for  asbestos  produced  in  the  United  States  during 
1916  are  said  to  have  ranged,  according  to  grade,  from  S15  to 
$1,000  a  ton.  In  1915  normal  prices  ranged  from  Sio  to  $400 
a  ton. 

With  a  view  to  increasing  the  available  supply  of  asbestos, 
especially  the  spinning  grades,  which  are  so  much  in  demand, 
all  areas  of  peridotite  and  pyroxenite  rocks  more  or  less  altered 
to  serpentine  should  be  prospected  for  cross-fiber  veins  of 
asbestos  in  which  the  fibers  are  three-fourths  of  an  inch  or  more 
in  length.  The  content  of  such  fiber  necessary  to  yield  a  profit 
may  be  less  than  i  per  cent  of  the  whole  rock  quarried,  and  in 
obtaining  it  a  much  larger  percentage  of  nvill  fiber  will  most 
probably  be  taken  out. 

Although  the  Arizona  chr>'sotile  fiber  is  excellent  for  certain 
purposes  and  finds  a  ready  sale  to  those  who  need  it  for  electric 
insulation,  its  mode  of  occurrence  necessitates  expeuiiive  opera- 
tion and  small  production,  and  it  should  be  mined  with  especial 
reference  to  avoiding  waste  and  obtaining  all  within  reach. 

Talc  and  Soapstone.  J.  S.  Diller.  Bulletin  666-1.  2  pp. 
The  total  domestic  production  is  nearly  twelve  times  the  total 
imports,  over  one-third  of  which  came  from  Canada.  The  talc 
of  New  York  is  an  especially  good  paper  filler  and  is  largely 
used  for  that  purpose,  although  much  goes  into  paints.  The 
output  of  \'ermont  is  used  for  the  same  purpose  and  also  for 
foundry  facing,  rubber  goods,  and  coaling  walls.  \  small 
amount  is  used  for  crayons.  Talc  for  pencils,  crayons,  bunuTS, 
and  insulators  comes  almost  wholly  from  North  Carolina  and 
Georgia  and  is  cut  in  Chattanooga.  The  demand  for  talc  of  the 
highest  grade  is  greater  than  the  supply.  Much  of  the  material 
for  toilet  powders  is  inii>orted.  With  the  exception  of  c-om- 
pact  nuiterial  for  pencils,  buniers,  aiul  iiisulators  and  the  best 
grade  for  toilet  powders  the  Unite<l  States  has  a  large  reserve 
in  nearly  all  the  producing  States.  It  is  believed  that  by  more 
searching  field  investigations  the  domestic  output  even  of  |K-ncil 
and  gas-burner  talc  as  well  as  the  Ix-sl  toilet -jKiwder  grades  may 
be  greatly  increased.  The  "foot-case"  grade  of  ground  talc, 
now  so  extensively  used  in  the  .-Xmiy.  may  Ik-  fully  supplied 
in  this  country.  .Mthough  the  war  lias  gn-atly  stimulated 
production  it  has  not  greatly  increased  the  prii-e  except  in 
emergencies. 

In  1916  there  wa.s  a  small  priMluction  of  soupstonc  in  Culi- 
fornia,  but  almost  the  entire  output  of  the  United  States  came 
from  Virginia,  where  there  were  four  priwlucing  quarries.  The 
total  yield,  including  that  of  Califoniiu,  was  ig.«>.S2  short  tons 
The  United  States  has  large  reserves  of  «>iii>slonc  niul  can.  if 
necessary,  greatly  increase  its  output. 

Phosphate  Rock.  R.  W.  Stonk.  Bulletin  Wrfi-J  IVior 
to  1914  the  Uluted  State*  was  producing  annually  clo*e  to 
j,(i<vi,o«i<i  Ions  of  phiisphnle  rock,  of  which  over  tti  |>cr  crnl 
cninc  from   I'lorida.   Tcimciwcc.  mid  South  Carolina.     Florida 
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produced  more  than  75  per  cent  of  the  total  output,  including 
the  great  bulk  of  the  material  exported,  which  was  over  40 
per  cent  of  the  total.  With  the  beginning  of  the  war  the  facilities 
for  shipping  phosphate  rock  to  Europe  were  greatly  decreased. 
Many  Florida  plants  were  shut  down,  and  they  have  not  resumed 
operations. 

The  proportion  of  exports  to  total  production  dropped  from 
about  42  per  cent  in  1912  and  1913  to  35  per  cent  in  1914  and 
less  than  :4  per  cent  in  191 5.  In  19 15  the  total  production  was 
only  60  per  cent  of  that  in  1913.  In  1916  tlic  industry  was  in 
some  areas  practically  demoralized,  but  there  was  nevertheless 
a  gain  over  1915.  The  total  output  in  1916  was  1,980,000  tons, 
valued  at  $5,897,000. 

Any  statement  as  to  probable  developments  in  the  phosphate 
industry  when  peace  is  declared  is  largely  conjecture.  So  long 
as  the  war  continues  phosphate  rock  cannot  be  sent  to  the  large 
consumer,  Germany,  and  high  ocean  freight  rates  greatly  restrict 
and  practically  stop  shipments  to  other  European  countries. 
Furthermore,  the  demand  for  sulfuric  acid  for  use  in  making 
munitions  has  raised  the  prices  of  acid  so  high  that  manu- 
facturers of  acid  phosphate  have  been  obliged  to  curtail  pro- 
duction. This  has  reduced  the  quantity  of  rock  phosphate  used 
by  manufacturers  of  fertilizers  and  increased  the  quantity  of 
rock  ground  for  direct  application  to  the  soil.  It  seems  reason- 
able to  believe  that  at  the  end  of  the  war  European  nations  will 
want  increased  quantities  of  phosphate,  for  their  stores  of  food- 
stuffs will  be  low  and  intensive  cultivation  of  the  soil  will  be 
necessary.  The  demand  will  again  fall  largely  on  the  Florida 
and  South  Carolina  deposits,  which  are  close  to  the  seacoast, 
and  the  phosphate  industr>'  in  those  States  may  then  look  for 
■larked  improvement. 

Coal.  C.  E.  Lesher.  Bulletin  666-M,  7  pp.  This  separate 
is  devoted  to  a  discussion  of  commercial  conditions,  the  character 
of  coal  application,  and  the  causes  of  coal  shortage.  It  is 
essentially  an  appeal  to  the  consumers  of  coal  to  operate  in 
reducing  the  likelihood  of  a  coal  shortage  during  the  coming 
winter  by  proper  purchase  and  storage  of  their  fuel  supplies  at 
suitable  times. 

Mineral  Production  of  the  United  States  in  1915.  Introduc- 
tion by  H.  D.  McCaskev.  Summary  by  Martha  B.  Clark. 
From  Mineral  Resources  of  the  United  States,  1915,  Part  I, 
pp.  iia-950.  Published  April  16,  1917.  This  is  the  summary 
section  of  the  two  volumes  on  Mineral  Resources  indicating  by 
materials,  years,  and  states,  the  statistics  for  production,  im- 
port, export,  and  other  features  of  interest.  The  total  mineral 
production  summarized  amounted  to  $2,460,000,000  for  1915. 

Cadmium  in  1915.  Production  and  Resources.  C.  E. 
Siebenthal.  From  Mineral  Resources  of  the  United  States, 
1915,  Part  I,  pp.  979-981.  Published  April  30.  In  1915  the 
metallic  cadmium  produced  in  the  United  States  amounted  to 
91,400  lbs.  valued  at  $108,000,  an  average  of  $1.19  During  the 
same  period  10,600  lbs.  of  cadmium  sulfide  valued  at  $10,000 
were  produced.  The  last  reports  from  Germany  (for  1913) 
indicate  the  metallic  cadmium  produced  in  that  country,  which 
is  the  only  other  producer  of  this  metal  in  quantity,  as  82,000 
lbs.  which  that  year  was  valued  on  an  average  of  78  cents 
per  lb. 

COMMEBCE  REPORTS— APRIL,  igi7 

Large  coal  deposits  have   been   discovered   in   Iceland.     (P. 

14) 

Coincident  with  a  short  lemon  crop  in  Sicily,  it  has  been 
found  that  the  lemon  essence  had  an  abnormally  high  optical 
rotation.     (P.  19) 

A  plant  is  to  be  established  at  Curacao,  Dutch  West  Indies, 
for  the  extraction  of  tannin  from  divi-divi;  and  of  dyes  from 
dycwoods.     (P.  45) 

A  plant  is  to  be  erected  in  Norway  for  the  production  of  fuel 


from  peat  and  wood  waste  by  the  "Rosendable"  method.  (P. 
175) 

Two  varieties  of  the  lumbang  nut  are  found  in  the  Philippines, 
the  "triloba,"  a  hard  nut,  and  the  "trisperma"  a  soft  nut.  The 
oil  of  the  soft  nut  dries  more  rapidly  than  that  of  the  hard  nut, 
and  resembles  tung  oil.  Some  planting  has  been  done,  but  in 
general  the  nuts  are  gathered  from  native  trees,  the  industry 
being  very  poorly  organized.     (P.  216) 

Efforts  are  being  made  to  develop  in  Siberia  such  industries 
as  paper,  leather,  brick,  iron,  etc.  In  several  districts  coal  and 
iron  deposits  are  in  close  proximity.     (P.  232) 

Efforts  are  being  made  in  Australia  to  develop  the  manu- 
facture of  paper  from  "lalang  grass,"  which  grows  over  large 
areas,  and  resembles  esparto.     (P.  247) 

Barytes  deposits  of  Manchuria  are  now  being  developed. 
(P.  274) 

The  recent  development  of  the  Russian  chemical  industry  is 
chiefly  in  the  production  of  heavy  chemicals  and  raw  materials, 
especially  for  explosives  and  dyestuffs.     (P.  281) 

In  a  review  of  the  platinum  deposits  of  the  world,  by  James  M. 
Hill,  the  sources  in  Russia,  Colombia,  Brazil,  Australia  and  the 
United  States  are  described.     (P.  298) 

The  Mersey  Chemical  Works,  near  Liverpool,  built  by  the 
Badische  Anilin  und  Soda  Fabrik,  has  been  purchased  by  an 
English  firm  to  be  used  now  for  explosives  and  later  for  dyes  and 
intermediates.     (P.  321) 

Bauxite  is  now  being  shipped  from  British  Guiana  to  the 
United  States.     (P.  331) 

An  extensive  deposit  of  scheelite  has  been  discovered  in  New 
Zealand.     (P.  361) 

A  marked  shortage  in  the  production  of  kauri  gum  in  New 
Zealand  is  reported.     (P.  365) 

Brazil  has  become  the  principal  source  of  manganese  ore, 
of  which  it  now  exports  annually  500,000  tons,  compared  with 
122,000  tons  in  1913.     (P.  379) 

In  order  to  increase  the  available  supply  of  tin  cans  for  packing 
perishable  foods,  steps  have  been  taken  by  the  Department  of 
Commerce  and  the  manufacturers  to  increase  the  use  of  sub- 
stitutes for  tin,  e.  g.,  paper,  as  containers  for  non-perishable 
goods.     (P.  389) 

Special  Reports  Issued  in  April 
Spain — 15a  British  India — 50o 

Canada — 23o  China  — 52a 

Honduras — 3lo  New  Zealand — 5Io 

Bolivia — 39o  British  East  Aprica — 65a 

Statistics  ot  Exports  to  the  United  States  (Pp.) 

Italy — 184  Spain — Sup.  15a  China — Sup.  52« 

Tartaric  acid  Copper  ore  Antimony 

Beeswax  Almond  oil  Albumen 

Hides  Olive  oil  Aniline  dyes 

Sienna  Iron  oxide  Camphor 

Umber  Garnet  Cantharides 

Pumice  Lavender  oil  Gall  nuts 

Mercury  Thyme  oil  Indigo  paste 

sCap  stock  S*'',*°*7^S''-  ^''"'  M"°»=''' 

Talcum  C?al  and  coke  Rhubarb 

Sodium  beozoate 
Turmeric 
Sulfur  Aiummum  Coij 

"""  Hides 

Colombia— 278  Gold"  S'*  "°^ 

C.oUl  T  J  c.     1  Peanuts 

utL  l^P.15,"''  ^'"'  Soya  bean  oil 


Ipe 

Platinum 

Rubber 

Sugar 

Mangrove  extract 

British  India — Sup. 

50a 
Cashew  nut 
stor  seeds 


Co 


Copra 

Indigo 

Lemon  gross  oil 

Nux  vomica 

Rubber 

Senna 

Hides 

Turmeric 


Canada — Sup.  23a 

Coal  and  coke 

Hides 

Leather 

Aluminum 

Asbestos 

Copper 

Gold 

Iron  and  Steel 

Nickel 

Silver 

Honduras — Sup.  3 la 

Copra 

Hides 

Fustic 

Rubber 

Sarsaparilla 

Bolivia — Sup.  39a 

Tin 

Tungsten 

Copper 

Antimony 

Lead 

Bismuth 

Silver 


Castor  oil 
Cottonseed  oil 
Peanut  oil 
Rapeseed  oil 
China  wood  oil 
Silver 

Vegetable  tallow 
Zinc  ore 
Aniseed  oil 
Cassia  oil 
Paper 
Sugar 
Tin 

New  Zbalani>— Sup. 

61a 
Copra 
Hides 
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Agricultural  Economics.     E.   G.   Nourse.     8vo.     Price,    12s.     Cambridge 

University  Press, 
Agriculture  in  Oxfordshire.     J.   Orr.     8vo.     239  pp.     Price.  $2.90.     Ox- 
ford University  Press,  New  York. 
Bituminous    Materials:     Laboratory    Manual    of    Bituminous    Materials, 

Prevost  Hubbard.     8vo.      Price,  6s.   6d.     Chapman    &  Hall,   London. 
Chemistry  of  Materials  of  the  Machine  and  Building  Industries,     R.  B. 

Leighou.     8vo.     449  pp.      Price,  $3.00.     McGraw-Hill  Book  Co.,  New 

York. 
Drugs:     Popular     Drugs:     Their     Use     and     Abuse.     Sydney     Hellier. 

8vo.      Price,  Is.     T.  Werner  Laurie,  Ltd.,  London. 
Dynamics:     Elementary  Course  in  Lagrange's  Equations  and  Their  Ap- 
plications  to    Solutions   of   Problems   of   Dynamics.     N.    W.    Akihopp. 

8vo.      195  pp.      Price,  $2.00.      Philadelphia  Book  Co.,  Philadelphia. 
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Ed.     8vo.      197  pp.      Price,  4s.      Higginbotham    &  Co.,  Madras. 
Explosives.     Arthur  Marshall.     2  Vol.     2nd  Ed.     8vo.     424  pp.     Price, 

$16.00.     P.  Blakiston's  Son    &  Co.,  Philadelphia. 
High  Speed  Internal  Combustion  Engines.     A.  W.  Junes.     8vo.     350  pp. 

Price,  $5.50.      The  Macmillao  Co.,  New  York. 
History  of  the   American   Society  of   Mechanical   Engineers  from    1880- 

1915.     F.  R.  Mutton.     8vo.      355  pp.      Price,  $5.00.     American  Society 

of  Mechanical  Ivngiiicers,  New  York. 
Hydraulics:     Treatise  on  Hydraulics.     Manspield  Msrriman.     lOth  Ed. 

8vo.      Price,   17s.  6d.     Chapman    &  Hall,  London. 
Inorganic  Chemistry:     Industrial  and  Manufacturing  Chemistry.     Part  II. 

Geopprey     Martin.     3rd     Ed.     8vo.      527     pp.      Price,     25s.     Crosby 

Lockwood    &  Son.  London. 
Laws   of   Physical    Science.     E.    F.    Northrup.      12mo.     210  pp.     Price, 

$2.00.     J.  B.  Lippincott  Co.,  Philadelphia. 
Machines:     The    Theory   of    Machines.     R.    W.    Angus.     8vo.     340   pp. 

Price,  $3.00.      McGraw  Hill   Book  Co.,  New  York. 
Meat     Hygiene:     Textbook     of     Meat     Hygiene.     Richard    Edslmann. 

Rev.   ICd.     8vo.      Price,  21s.     J.  and  A.  Churchill,  London. 
Mechanical  Appliances.     G.  D.  Hiscox.     4th  F.d.     8vo.     396  pp.     Price, 

$3.00.      Norman  W    Henley  Publishing  Co.,  New  York. 
Milling:     Modern  Milling.     Ernest  Puui..     8vo.     207  pp.     Price,  $3.00. 

The  Macniillan  Co  ,  .New  York. 
Mine  Supplies:     The  Efficient  Purchase  and  Utilization  of  Mine  Supplies. 

II     N.   Sthoick   ani>   J.    R.    Billvard.     12mo.     97   pp.     Price,   $1.25. 

J<.hn  Wiley    81  Sons,  New  York. 
Municipal    Engineering    Practice.     A.     P.     Foi.wsi.1..     8vo.     Price,     ISs. 

Chapman    &  Hall,  London. 
Organic   Chemistry:     Industrial   and    Manufacturing   Chemistry.     Part   I. 

Geopfrbv     Martin.     3rd     Kd.     8vo.      776     pp.      Price,     25s.      Crosby 

Lockwood    8c  Son,  London, 
Pavements:     A  Textbook  of  Brick  Pavements.     C.  R.  Mandigo.     l2mo. 

126   pp.      Price,  $1.50.      Western   Paving   Brick   Manufacturers' Associa- 
tion, Kansas  City. 
Physical  Chemistry  of  Vital  Phenomena.     J.  P.  McClendon.     8vo.     240 

pp.      Price,  $2.00.      Princeton  University  Press,  Princeton,  N.  J. 
Physical     Measurements.     R.     S.     Minor.     4     Vol.     8vo.     Price,     $2.60. 

The  Author,  Ilerkricy,  Ciilifnrniii. 
Plants  Poisonous  to  Live  Stock.     II,  C.  Long.     8vo.     119  pp.     Price.  6s. 

Cnnibriclifc  University  Prciw. 
Refrigeration:     The    Elements    of    Refrigeration.     A.    N.    Grusn.     8vo. 

Price,  I7>.      Chaptniin    Sr  Hall,  London. 
Science:     A  Llit  of  Books  on  the  History  of  Science.     A.  G.  S.  JosRriisoN. 

4lo.      139  pp.     Price,  $0  25.     John  Crcrar  Library,  Chicago. 
Soil  Biolofy:     A  Laboratory   ManuaL     A     L.   WiiiTiNO.     l2roo.     152  pp. 

Price,  $1.25       John  Wiley    *  Sons,  New  York. 
Spectroscopy:     Collected    Papers  on   Spectroscopy,     C.    D.    Livbino   and 

James    Dkwaii.     4Io.     566   pp      Price,    $9  00.     G.    P.    Putnam's  Sons, 

.New  York. 
Sleam  Boiler*:     Their  Conitrucllon,  Care  and  Operalion.     C.  P.  SwiNOi.'il. 

I6inn      .103  pp.     Price,  $1 .50,     Frederick  J,  Drake    &  Co.,  Chicago. 
Steam   Turbines.     W.    J.    CuuDiR.     8vo.     519   pp.     Price,   ft.OO.     Long 

nmn»,  C.rren    A  Co,  New  York. 
Slresiei   In   Structural   Steel  Anflts,     I.     A.    WATtaaunv.     8vo.     77  pp. 

I'rl.T.  $1  2V      J..I111  Wllrv    ft  Sons,  New  York. 
Tanning:     Practical     Tanning.     L.     A      Fi.KuiNn.     615     pp.     Price,    .1(K 

l'ri>'<l.v  l.<K'kw.K,d    n,  .s,„i.  London 
Technical    Chemisia'    liandhook;    Tahlri    and    Methods    of    Analytli    tor 

Manufacturers  of  tnorgaolc  Chemical  Product!.     CNoana  Lunui      2nil 

lid.      I.'nui.      264  pp       rrl.r.  $1  Ml       I>    Van  Nndrnnd  Co  ,  Nrw   York, 
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MARKET  REPORT— MAY,  1917 

WHOLBSALB   PRICES    PREVAILING    IN    THE    NEW    YORK    MARKET    ON    MAY    20 


INOBOAKIC  CBXMICALS 

AceUtc  of  Lime 100  Lbs. 

Alum,  lump  ammonia 100  Lbs. 

Aluminum  Sulfate,  high-grade Ton 

Ammonium  Carbonate,  domestic Lb. 

Ammonium  Chloride,  white Lb. 

Aqua  Ammonia,  26^,  drums Lb 

Arsenic,  white Lb. 

Barium  Chloride Ton 

Barium  Nitrate Lb. 

Barytes.  prime  white,  foreign Ton 

Bleaching  Powder,  35  per  cent 100  Lbs. 

Blue  Vitriol Lb. 

Borax,  crystals,  in  bags Lb. 

Boric  Acid,  powdered  crystals Lb. 

Brimstone,  crude,  domestic Long  Too 

Bromine,  technical,  bulk Lb. 

Calcium  Chloride,  lump,  70  to  75%  (used Ton 

Caustic  Soda.  76  per  cent Lb. 

Chalk,  light  precipiuted Lb. 

China  Clay,  imported Ton 

Feldspar Ton 

Puller's  Earth,  foreign,  oowdered Ton 

Glauber's  Salt,  io  bbis 100  Lbs. 

Greet.  Vitriol   bulk 100  Lbs. 

Hydrochloric  Acid   commercial.  18* Lb. 

Hydrochloric  Acid    C    P  .  cone.  22° Lb. 

Iodine,  resublimed Lb. 

Lead  Acetate,  white  crystals  Lb. 

Lead  Nitrate L>i 

Litharge,  American Lb 

Lithium  Carbonate Lb. 

Magnesium  Carbonate,  U.  S.  P Lb 

Magnesite,  "Calcined" Too 

Nitric  Acid.  36° Lb. 

Nitric  Acid  42° Lb. 

Phosphoric  Acid,  sp   gi    1710 Lb 

Phosphorus  yellow Lb. 

Plaster  of  Paris Bbl. 

Potassium 
Potassium 
Potassium 
Potassium 
Potassium 
Potassium 
Potassium 
Potassium 
Potassium 
Quicksilve 
Red  Lead 
Salt  Cake 
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Uichromate,  casks Lb. 

Bromide  (granular) 100  Lbs 

Carbonate,  calcined,  80  @85% Lb. 

Chlorate,  crystals,  spot Lb. 

Cyanide,  bulk.  98-99  per  cent..    .Mixture 

Hydroxide,  88  @  92% Lb. 

Iodide,  bulk Lb 

Nitrate Lb 

Permanganate,  bulk Lb 

r.    Bask 75  lbs 

American,  dry Lb. 

glass  makers' Ton 

Silver  Nitrate Ox. 

Soapstone  in  bags Too 

Soda  Ash.  58%,  in  bajs 100  Lbs. 

Sodium  Acetate Lb. 

Sodium  Bicarbonate,  domestic 100  Lbs. 

Sodium  Bichromate Lb. 

Sodium  Chlorate Lb. 

Sodium  Fluoride,  commercial Lb. 

Sodium  Hyposuiate 100  Lbs. 

Sodium  Nitrate.  95  per  cent,  spot 100  Lbs. 

Sodium  Silicate,  liquid.     40°  B^ 100  Lbs. 

Sodium  Sulfide,  30%,  crystals,  in  bbls Lb. 

Sodium  Bisulfite,  powdered Lb. 

Strontium  Nitrate Lb. 

Sulfur,  flowers,  sublimed 100  Lbs. 

Sulfur,  roll 100  Lbs. 

Sulfuric  Acid,  chamber.  66°  B< Ton 

Sulfuric  Acid,  oleum  (fuming) Ton 

Talc.  American  white Ton 

Terra  Alba.  American.  No.  1 100  Lbs. 

Tin  Bichloride.  50° 100  Lbs. 

Tin  Oxide Lb. 

White  Lead.  American,  dry Lb. 

Zinc  Carbonate Lb. 

Zinc  Chloride,  commercial Lb 

Zinc  Oxide,  American  process  XX Lb, 

OBOANIC  CHEMICALS 

Acetanilid,  C.  P.,  in  bbls Lb. 

Acetic  Acid.  56  pet  cent,  in  bbls Lb. 

Acetic  Acid,  glacial.  99i/i%.  in  carboys Lb. 

Acetone,  drums Lb. 

Alcohol,  denatured.  180  proof Gal. 
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13.00 

Alcohol,  grain,  1 88  proof GaJ. 

Alcohol,  wood.  95  per  cent,  refined Gal. 

Amyl  Acetate Gal. 

Aniline  Oil Lb. 

Benzoic  Acid,  ex-toluol Lb. 

Benzol.  90  per  cent Gal. 

Camphor,  refined  in  bulk,  bbls Lb. 

Carbolic  Acid,  U.  S.  P..  crystals*  dniou Lb. 

Carbon  Bisulfide Lb. 

Carbon  Tetrachloride,  drums,  100  gab Lb. 

Chloroform Lb. 

Citric  Acid,  domestic,  crystals Lb. 

Creosote,  beecbwood Lb. 

Cresol,  U.  S.  P Gal. 

Dextrine,  corn  (carloads,  bags) 100  Lba. 

Dextrine,  imported  potato Lb. 

Ether.  U.  S.  P..  1900 Lb. 

Formaldehyde,  40  per  cent Lb. 

Glycerine,  dynamite,  drums  included Lb. 

Oxalic  Acid,  in  casks Lb. 

Pyrogallic  Acid,  resublimed  bulk Lb. 

Salicylic  Acid Lb. 

Starch,  cassava Lb. 

Starch,  corn  (carloads,  bags)  peaii 100  Lba. 

Starch,  potato Lb. 

Starch,  rice Lb. 

Flour,  sago Lb. 

Starch,  wheat Lb. 

Tannic  Add.  commercial Lb. 

Tartaric  Acid,  crystals Lb. 

OILS,  WAXES,  KTC. 

Beeswax,  pure,  white Lb. 

Black  Mineral  Oil,  29  gravity Gal. 

Castor  Oil,  No.  3 Lb. 

Ceresin,  yellow Lb. 

Com  Oil.  crude 100  Lbs. 

Cottonseed  Oil,  crude,  f.  o.  b.  mill Gal. 

Cottonseed  Oil.  p.  s.  y Lb. 

Menhaden  Oil,  crude  (southern) Gal. 

Neat's  foot  Oil,  20" Gal. 

Paraffine,  crude  llSto  120  m.  p Lb. 

Paraffine  Oil,  high  viscosity Gal. 

Rosin,  "F"  Grade.  280  lbs Bbl. 

Rosin  Oil,  first  run Gal. 

Shellac,  T.  N Lb. 

Spermaceti,  cake Lb. 

Sperm  Oil.  bleached  winter.  38' Gal. 

Spindle  Oil.  No   200 Gal. 

Stearic  Acid,  double- pressed Lb. 

Tallow,  acidless Gal. 

Tar  Oil   distilled Gal. 

Turpentine,  spirits  of Gal. 

METALS 

Aluminum.  Ne.  1.  ingots Lb. 

Antimony,  ordinary Lb. 

Bismuth.  N.  Y Lb. 

Copper,  electrolytic Lb. 

Copper,  lake Lb. 

Lead.  NY...    100  Lbs. 

Nickel,  electrolytic Lb. 

Platinum,  refined,  soft Ox. 

Silver Ot. 

Tin,  Straits Lb. 

Tungsten  (WOi) Per  Unit 

Zinc.  N.  Y 100  Lbs. 

FERTILIZER  MATEBIALS 

Ammonium  Sulfate 100  Lbs. 

Blood,  dried  f.  o.  b.  Chicago Unit 

Bone.    4  and    SO,    ground   raw Ton 

Calcium  Cyanamid Unit  of  Ammonia 

Calcium  Nitrate.  Norwegian 100  Lbs. 

Castor  Meal Unit 

Fish  Scrap,  domestic,  dried,  f.  o.  b    works Unit 

Phosphate,  acid.    16  per  cent Ton 

Phosphate  rock:  f-  o.  b.  mine: 

Florida  land  pebble.  68  per  cent Ton 

Tennessee.  78-80  per  cent Too 

Potassium  "muriate."  basis  80  per  cent Ton 

Pyrites,  furnace  size,  imported Unit 

Tankage,  high-grade,  f .  o.  b.  Chicago Unit 
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EDITORIALS 


FIRST  PLACE  TO  GOVERNMENT  NEEDS 

It  is  the  desire  of  Tuis  Journal  to  be  of  any  service 
possible  to  the  chemists  of  our  government  who  are 
charged  with  the  investigation  of  special  problems 
connected  with  the  war;  likewise  to  serve  those  chem- 
ists who  in  university  and  private  laboratories  are 
patriotically  cooperating  with  the  government  in  the 
solution  of  such  problems.  In  this  spirit  we  there- 
fore gladly  depart  from  normal  editorial  policy  and 
beg  to  tender  to  all  such  chemists  throughout  the  con- 
tinuance of  the  war  this  first  portion  of  the  editorial 
section  for  announcing  any  needs  which  may  arise 
in  the  prosecution  of  their  important  work. 

Dr.  W.  F.  Hillebrand,  Acting  Director  of  the  Bureau 
of  Standards,  under  date  of  June  14,  191 7,  asks  that 
publicity  be  given  to  the  following: 

CAS   INTERFEROMETER    NEEDED 

The  National  Bureau  of  Standards  requires  for  immediate 
use  in  an  important  military  investigation  several  gas  inter- 
ferometers and  desires  information  as  to  where  such  apparatus 
can  be  purchased  or  borrowed.  The  apparatus  needed  is  the 
Rayleigh  gas  interferometer  with  gas  tubes  100  cm.  long  of  the 
form  built  by  tlie  Zeiss  Company,  or  an  apparatus  equivalent 
to  this.  Any  information  relating  to  such  apparatus  should  be 
forwarded  to  the  Director,  Bureau  of  Standards,  Washington, 
D.  C,  Attention  of  Gas  Laboratory-. 


,       GREETINGS  TO  PROFESSOR  GRIGNARD 

Among  the  distinguished  members  of  the  scientific 
commissions  from  France  and  England  now  visiting 
this  country,  chemists  will  be  especially  interested 
in  the  presence  of  Professor  V.  Grignard  of  France. 
He  has  come  to  us  at  the  request  of  the  National  Re- 
search Council  to  confer  with  the  Chemistry  Com- 
mittee of  the  Council  and  with  our  War  and  Navy 
Departments,  and  to  give  us  the  benefit  of  the  ex- 
perience which  two  years  of  war  have  brought  to  the 
chemical  profession  in  his  country.  Appreciation  of 
Professor  Grignard's  brilliant  achievements  in  chemical 
research  and  respect  for  his  sound  judgment,  make 
doubly  warm  the  hearty  greetings  which  all  American 
chemists  extend  to  him. 


CHEMICAL   STATISTICS   ASSURED 

It  is  a  great  pleasure  to  be  able  to  announce  the 
completion  of  the  two  thousand-dollar  fund  for  the 
cooperation  of  the  American  Chemical  Society  with 
the  Bureau  of  Foreign  and  Domestic  Commerce  in 
the  compilation  of  a  census  of  imports  of  chemicals 
other  than  dyestuffs  in  a  typical  pre-war  fiscal  year. 
The  hope  expressed  at  the  conclusion  of  the  rather 
despondent  editorial  on  this  subject  in  the  June  issue 
has  been  justified;  the  full  amount  has  been  pledged, 
and  the  work  can  now  promptly  begin. 

The  detailed  itemization  of  these  imports,  together 
with  the  amounts  of  each,  will  constitute  a  valuable 
and  safe  guide  to  those  who  patriotically  desire  for  our 
country  national  self-containedness  in  its  chemical 
industries. 


There  is  a  deeper  significance  in  this  movement, 
however,  than  the  compilation  of  such  a  census.  The 
fund  subscribed  by  representatives  of  the  chemical 
industries  is  proof  of  a  desire  not  only  for  information 
from  government  records  on  the  basis  of  which  new 
lines  of  needed  manufacture  may  be  inaugurated, 
but  also  for  prompt  and  regular  issuance  of  statistics 
on  current  imports,  which  will  give  invaluable  aid  to 
the  continued,  healthy  growth  of  all  of  our  chemical 
industries.  If  those  in  charge  of  and  responsible  for 
such  matters  will  but  compare  the  character  of  the 
information  on  imports  now  furnished  our  chemical 
manufacturers  with  that  which  the  German  govern- 
ment has  for  years  furnished  its  manufacturers,  they 
will  readily  see  to  how  great  an  extent  we  have  been 
handicapped  by  lack  of  such  basic  facts.  The  many 
problems  now  to  be  solved  concerning  the  character 
of  the  classifications  and  itemizations  of  this  census 
will  determine  the  form  of  the  statistics  on  current  im- 
ports. Again  we  express  a  hope,  namely,  that  com- 
plete statistics  on  current  chemical  imports  will  soon 
become  an  asset  of  the  American  chemical  manufac- 
turer. 

THE  TARIFF  COMMISSION  AND  SCHEDULE  A 

Soon  after  its  organization  the  Tariff  Commission 
announced  that  it  would  begin  at  an  early  date  a  thor- 
ough investigation  of  Schedule  A  (chemicals).  To 
aid  the  Commission  in  this  complex  field  an  expert 
adviser  was  to  be  appointed.  In  this  connection  the 
following  letter  was  received,  under  date  of  May  31, 
191 7,  from  Dr.  F.  W.  Taussig,  Chairman  of  the  United 
States  Tariff  Commission: 
My  dear  Dr.  Herly: 

It  will  interest  you,  I  believe,  to  know  that  the  Tariff  Com- 
mission has  appointed  Professor  Grinnell  Jones  to  act  as  Special 
Expert  in  connection  with  its  inquiries  upon  the  chemical  in- 
dustries of  the  country  and  Schedule  A  of  the  existing  tariff  act. 

As  you  know,  the  Tariff  Commission  conferred  with  Professor 
Stieglitz  and  the  Advisory  Council  of  the  Chemical  Society 
and  secured  from  the  Council  lists  and  recommendations  of 
chemists  whose  services  would  be  helpful  to  the  Commission. 
Some  of  the  gentlemen  suggested  proved  not  to  be  able  to  give 
continuous  service,  such  as  is  necessary  for  the  work  of  the  Com- 
mission, and  we  finally  selected  Professor  Jones.  We  are  glad 
to  have  been  able  to  act  in  cooperation  with  the  Chemical  So- 
ciety and  are  indebted  to  you  lor  the  suggestion  which  led  to 
this  cooperation.  There  is  no  reason  now  why  public  mention 
of  the  action  taken  by  the  Commission  should  not  be  made. 


This  action  of  the  Tariff  Commission  gives  rise  to 
several  very  pleasant  reflections. 

Heartiest  congratulations  to  Professor  Grinnel! 
Jones  upon  the  unsolicited  opportunity  thus  afforded 
for  public  service  of  nation-wide  import!  Likewise 
congratulations  to  the  Tariff  Commission  upon  having 
secured  for  its  expert  adviser  in  matters  pertaining  to 
the  chemical  industries  one  of  the  brilliant  young 
chemists  of  America  whose  attainments  and  character 
assure  thoroughness,  accuracy  of  detail,  breadth  of 
vision,  uncompromising  rectitude  and  patriotic  loyalty! 


July,  1917 
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The  fine  suggestion  by  Dr.  B.  C.  Hesse  for  a  Board 
of  Control  for  the  Society  in  national  matters,  as  pre- 
sented at  the  Kansas  City  Meeting  of  the  Council, 
has  already  borne  fruit.  Pending  the  determination 
of  certain  constitutional  questions  the  Council  ap- 
pointed a  committee  along  the  lines  suggested  by  Dr. 
Hesse  to  advise  the  President  of  the  Society  on  all 
matters  of  national  bearing.  When,  therefore,  Presi- 
dent Stieglitz  received  from  Chairman  Taussig  a  re- 
quest for  immediate  nominations  for  this  office  the 
machinery  was  already  provided  to  give  prompt  recom- 
mendations. 

We  are  confident  that  all  will  appreciate  the  action 
of  the  Tariff  Commission  in  thus  seeking  the  counsel 
of  the  organized  body  of  American  chemists.  Too 
often  appointment  to  public  office  is  accompanied  by 
an  unseemly  scramble  of  office  seekers  for  recom- 
mendations and  for  political  influence,  not  to  mention 
persistent  personal  pleas.  All  such  have  here  been 
avoided. 

Another  reflection,  to  which  we  are  always  glad  to 
give  expression,  is  the  value  of  organization.  Some- 
times in  the  past  we  have  heard  men  say,  "Why  should 
I  spend  my  money  on  dues  to  the  American  Chemical 
Society?  I  get  the  benefit  of  the  journals  in  the  li- 
brary of  the  Company  (or  University)."  We  believe 
that  the  present  phenomenal  growth  of  the  member- 
ship of  the  Society  is  due  to  a  constantly  increasing 
appreciation  of  the  fact  that  the  Society  is  more  than 
a  mere  publisher  of  journals;  more  and  more  its  func- 
tion as  a  great  national  force  is  being  recognized, 
and  as  it  expands  to  a  more  complete  inclusion  of  all 
American  chemists  that  force  correspondingly  in- 
creases. In  such  days  as  these  no  man  can  afford  to 
live  to  himself  or  for  himself  alone. 

THE  SEPTEMBER  MEETING 
On  Saturday,  May  26,  191 7,  the  Directors  of  the 
Society,  at  a  special  meeting,  considered  in  all  of  its 
bearings  the  holding  of  an  Annual  Meeting  this  fall. 
As  a  result  of  their  deliberations  it  was  decided  that 
the  meeting  should  be  held  at  Boston  in  September 
as  previously  voted  by  the  Council. 

The  Council  will  meet  on  the  afternoon  and  evening 
of  Monday,  September  10,  1917.  The  meetings  of  the 
Society  will  take  place  on  September  11,  13  and  13. 
The  Northeastern  Section  has  been  requested  by  the 
Directors  to  omit  the  usual  annual  banquet  and  ex- 
cursions, and  to  arrange  a  program  characterized  by 
simplicity  and  seriousness,  and  bearing  as  fully  as 
possible  on  questions  concerning  the  activities  of  chem- 
ists both  in  the  government  service  and  in  the  indus- 
tries rluring  the  present  war. 

The  General  Meeting  will  be  hold  on  Tuesday  morn- 
ing. This  will  be  followe<l  in  the  afternoon  by  a  gcnernl 
conference  to  be  opened  by  Dr.  W.  H.  Nichols,  Chair- 
man of  the  Committee  on  ('hcmicals  of  the  National 
Defense  Council,  and  by  Dr.  M.  T.  Bogcrt,  Chairman 
of  the  Chemistry  Committee  of  the  Nnlionai  Research 
Council,  the  conference  then  to  tic  continued  from  the 
floor.  It  is  expected  that  on  informal,  Rcl-logclhcr 
meeting  of  n  social  character  will  be  held  on  Tuesday 


evening,  at  which  time  opportunity  will  be  given  for 
informal  discussion  of  problems  of  the  day. 

Wednesday  morning  will  be  devoted  to  divisional 
conferences,  and  the  afternoon  to  divisional  meetings, 
with  papers,  or  a  continuation  of  the  conferences,  as 
the  divisions  may  decide.  The  presidential  address 
will  be  delivered  on  Wednesday  evening. 

Thursday,  both  morning  and  afternoon,  will  be 
given  to  divisional  meetings. 

We  feel  confident  that  the  decision  of  the  Directors 
to  hold  the  Annual  Meeting,  and  along  the  lines  above 
mentioned,  will  receive  the  hearty  endorsement  of  all 
members  of  the  Society.  The  gravity  of  the  times 
makes  fitting  the  elimination  of  the  usual  social  func- 
tions; at  the  same  time  it  is  the  compelling  reason  for 
a  thoughtful  assembly  of  chemists.  In  the  confer- 
ences planned  opportunity  will  be  given  for  sounding 
the  keynote  of  the  present  situation  and  for  adjusting 
viewpoints  to  the  new  conditions  under  which  we  are 
now  working.  The  country  needs  the  judgment  of 
its  chemists  on  many  phases  of  war  conditions.  This 
judgment  can  best  be  reached  through  the  inspiration 
of  the  spoken  word  in  the  conferences,  where  oppor- 
tunity will  be  afforded  for  interchange  of  views  by 
men  from  all  sections  of  the  country.  This  meeting 
will  be  no  holiday  occasion — it  should  prove  a  well- 
spring  of  strength  for  our  country. 

CONCERNING  THE   EXPOSITION  OF  CHEMICAL 
INDUSTRIES 

In  the  midst  of  the  present  general  upheaval  of 
normal  conditions  there  has  been  evident  from  time  to 
time  somewhat  hysterical  agitation  of  certain  ideas 
which,  while  of  undoubted  value,  by  no  means  admit 
of  general  application.  For  example,  it  has  been  sug- 
gested in  some  quarters  that  under  present  conditions 
the  Third  National  Exposition  of  Chemical  Industries 
should  be  abandoned.  Against  this  suggestion,  for- 
tunately confined  to  a  very  limited  number  of  pro- 
ponents, we  wish  to  enter  most  earnest  and  emphatic 
protest.  This  unhesitating  protest  is  based  upon  the 
record  of  what  the  two  previous  Expositions  have  proved 
themselves  to  be  and  upon  the  thought  and  purpose 
which  underlie  the  great  expansion  already  assured 
this  third  occasion. 

There  can  be  no  difference  of  opinion  os  to  the 
impropriety  of  holding  this  year  expositions  of  the  usual 
popular  type.  While  nominally  based  upon  some  historic 
event  of  our  national  life,  and  while  marking  through  va- 
rious exhibits  certain  definite  stci>s  forward  in  industrial 
life,  nevertheless,  such  expositions  really  serve  as  oc- 
casions for  holiday  trips,  for  rest  from  daily  routine 
or  simply  for  amusement.  As  a  people  we  arc  in  no 
mood  for  such  events. 

The  National  Exposition  of  Chemical  Industries, 
on  the  other  hand,  has  an  entirely  different  function. 
From  the  outset  those  chorgcd  with  the  rcsponsibiliiy 
of  formulating  its  policies  have  never  sought  to  make 
of  its  exhibits  a  "show,"  but  have  consistently  held 
to  the  belief  that  the  American  people  would  be  thought- 
fully interested  in  attractively  arranged  exhibits 
illn-ilrativc  of  the  rapid  progress  o(  an  industry  which 
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holds  within  itself  so  much  of  fascinating  interest  and 
which,  at  the  same  time,  has  such  deep  significance  for 
our  national  welfare.  Results  have  proved  that  this 
conviction  was  fully  justified. 

It  was  further  believed  that  through  this  popular 
insight  into  the  work  of  the  chemist  there  would  be 
brought  about  a  truer  conception  of  the  function  of 
the  chemist  in  all  phases  of  industrial  life.  In  this  way 
the  exposition  has  already  stimulated  the  establish- 
ment of  laboratories  for  control  and  for  research  in 
many  industrial  organizations  which  hitherto  had 
never  had  the  benefit  of  this  means  of  efficiency  and 
rational  advance. 

The  spirit  of  the  Exposition  has  never  been  one  of 
self-glorification  of  an  industry  which  seeks  to  flatter 
itself  by  boasting  of  past  accomplishments,  but  rather 
has  been  that  of  a  fearless  exhibition  of  shortcomings, 
in  order  that  the  way  might  be  clearly  indicated  for 
future  effort.  The  Exposition  has  portrayed  the 
splendid  achievements  of  the  past  only  for  the  purpose 
of  gaining  courage  and  confidence  for  the  greater  work 
of  the  future. 

Up  to  the  present  the  development  of  the  ideals  of 
the  Exposition  has  been  chiefly  along  the  lines  of  prod- 
ucts manufactured  and  the  machinery  utilized  in 
their  production.  If,  however,  the  full  service  of  the 
Exposition  is  to  be  rendered  it  must  act  as  a  coordi- 
nating influence  in  the  cooperation  of  all  those  factors 
which  go  to  make  up  a  truly  great  chemical  industry. 
To  the  expert  knowledge  of  the  chemist  and  the  skill 
of  the  machine  builder  must  be  added  the  confidence 
of  capital  and  an  intimate  knowledge  of  the  sources 
of  raw  materials.  It  is  hoped  that  this  third  Exposi- 
tion will  result  in  marked  progress  in  these  two  lines. 
Of  all  periods  in  our  history  this  is  the  most  urgent 
for  such  progress  to  be  made.  The  real  sinews  of  war 
must  be  furnished  by  the  chemical  industries;  what- 
ever contributes  to  their  welfare  brings  the  day  of  a 
righteous  peace'  nearer. 

For  these  reasons  we  feel  that  the  Third  National 
Exposition  of  Chemical  Industries  should  be  held  next 
September  as  planned,  confident  that  its  continued 
growth  and  evolution  will  be  attended  by  results  of 
deepest  significance  to  the  welfare  of  our  country. 


ANOTHER    POSSIBLE    FORM    OF    COOPERATION 

BETWEEN    UNIVERSITIES    AND   THE 

CHEMICAL   INDUSTRIES 

We  have  recently  received  a  letter  from  a  member 
of  the  chemistry  staff  of  a  well-known  university 
from  which  the  following  paragraph  is  quoted: 

I  wish  to  come  into  closer  touch  with  industrial  plants  as  an 
actual  worker  during  the  summer  months'  vacation.  This 
would  give  me  a  more  intimate  knowledge  of  present  works 
conditions  and  thus  enable  me  better  to  prepare  and  advise 
my  students  to  meet  the  present  industrial  demands.  It  would 
temporarily  help  to  relieve  the  apparent  present  stress  in  some 
industry  until  the  younger  and  less  experienced  men  were 
broken  in,  would  increase  my  efTectivencss  in  the  preparation 
of  chemical  engineers,  and  I  could  assuredly  give  full  value  for 
any  compensation  advanced  me. 

It  is  fully  realized  that  this  is  not  the  first  time 
such  a  desire  has  been  expressed,  and  that  in  the  past 


the  temporary  character  of  the  proposal  has  proved  a 
bar  to  its  acceptance.  However,  the  changes  in  the 
personnel  of  plant  forces  due  to  enlistment  and  to  the 
draft  may  give  rise  this  summer  to  abnormal  condi- 
tions which  might  be  relieved  temporarily  by 
additions  from  university  forces.  Certainly  such 
plant  experience  would  be  reflected  in  better  teaching 
during  the  next  collegiate  year,  and  in  this  matter 
the  industries  have  a  very  direct  interest. 

The  correspondent  above  quoted,  asks  this  question — 
"Can  you  suggest  any  man  or  men  to  whom  such  a 
proposition  might  appeal  to  the  extent  of  their  offering 
such  employment?" 

Unfortunately,  we  had  at  the  time  no  information 
which  was  of  any  value.  This  very  shortcoming  sug- 
gests a  possible  service  and  we  therefore  gladly  offer 
to  act  as  a  clearing  house  of  information  on  this  sub- 
ject for  those  professors  and  instructors  who  may  care 
to  file  their  names  with  us  and  for  those  in  the  chem- 
ical industries  who  may  desire  to  have  a  list  of  such 
available   men. 

FRIENDLY  CONFIRMATION  OF  A  POLICY 

In  the  June  issue  we  urged  the  members  of  the 
Society  to  exert  their  personal  influence  in  maintain- 
ing, and,  indeed,  in  increasing  the  list  of  our  adver- 
tisers under  the  new  rates  recommended  by  the  So- 
ciety's representatives.  It  is  too  early  as  yet  to  ascer- 
tain the  extent  of  the  response  to  this  appeal.  It  is, 
nevertheless,  a  satisfaction  to  have  received  such  an 
endorsement  of  the  spirit  of  the  appeal  as  was  con- 
tained in  the  "lead-off"  editorial  of  the  Manufac- 
turers Record  in  its  issue  of  June  16,  1917.  This  is 
reproduced   here   with   a  few   eliminations: 

TO    USE    "THEIR    PERSUASIVE    POWERS" 

The  Journal  of  Industrial  and  Engineering  Chemistry,  pub- 
lished by  the  American  Chemical  Society,  announces  that,  in 
view  of  increased  cost  of  operation,  the  Publication  Committee 
has  recently  decided  to  advance  its  rates  40  per  cent,  to  take 
effect  immediately;  and  in  publishing  this  statement  the  Journal 
appeals  to  members  of  the  Society  to  render  valuable  aid  by 
"using  their  persuasive  powers"  in  holding  all  former  adver- 
tisers, and  by  urging  those  not  now  advertising  to  become  ad- 
vertisers in  the  Journal. 

The  Manufacturers  Record  has  not  as  yet  advanced  its 
rates  to  meet  these  new  conditions,  notwithstanding  the  great 
increase  in  the  cost  of  publication  of  this  as  of  all  other  papers, 
but  whenever  it  is  compelled  to  do  so,  it  trusts  that  it  can  ap- 
peal to  its  readers,  as  the  Journal  of  Industrial  and  Engineering 
Chemistry  has  appealed  to  the  members  of  the  American  Chem- 
ical Society,  to  use  their  "persuasive  powers"  to  induce  all  ad- 
vertisers to  continue  to  advertise,  and  to  induce  those  who  are 
not  now  advertising  to  use  the  advertising  pages  of  the  Manu- 
facturers Record. 

If  we  can  have  the  hearty  cooperation  of  all  of  our  readers 
in  furtherance  of  efforts  to  increase  advertising  and  tc  make 
advertisers  know  the  value  to  the  readers  of  the  Manufac- 
turers Record  of  these  advertisements,  we  shall  be  glad  to 
have  learned  the  lesson  from  the  Journal  of  Industrial  and  Engi- 
neering Chemistry. 

A  good  example  is  being  set  to  other  publishers  in  facing  the 
issue  of  higher  cost  of  publication  and  the  necessity  for  higher 
advertising  rates,  and  in  appealing  to  the  readers  of  the  publica- 
tion to  cooperate  in  holding  and  securing  advertising  in  the 
publication.     Success  to  this  excellent  campaign! 
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THL  PRL5E,NT  5TATU5  OF  AMERICAN  CHLM15T5  AND  WAR  5LRVICL 


For  the  information  of  all  chemists  there  is  given 
below  the  "Report  on  the  War  Service  for  Chemists" 
and  the  "Plan  for  the  Impressment  of  Chemists  for 
War  Service  as  Chemists  and  for  the  Preservation  of 
the  Supply  of  Chemists",  as  recommended  to  the 
Council  of  National  Defense  by  a  committee  consist- 
ing of  William  H.  Nichols,  M.  T.  Bogert,  A.  A.  Noyes, 
Julius  Stieglitz  and  C.  L.  Parsons.  The  documents 
were  drafted  after  careful  consideration  of  the  ex- 
perience of  our  Allies.  Dr.  William  H.  Nichols, 
chairman  of  the  Cooperative  Committee  on  Chem- 
icals of  the  Advisory   Commission  of    the    Council  of 


National  Defense,  has  embodied  this  material  in  his 
report  with  the  recommendation  that  it  be  adopted  by 
the  Council  of  National  Defense.  That  body  has  not  yet 
acted  upon  the  report,  nor  has  any  action  been  taken 
in  regard  to  the  status  of  chemists  as  a  class;  it  is  possi- 
ble that  the  cases  of  chemists,  drafted  will  have  to  be 
considered  individually.  Whatever  action  is  taken,  it 
must  receive  the  approval  of  the  President  before  be- 
coming a  fixed  policy.  The  wording  of  this  report, 
and  the  lack  of  final  action  thereon,  would  seem  to 
make  clear  the  patriotic  duty  of  chemists  at  this 
time  — WAIT!  [Editor] 


KEPOET  ON  THE  WAR  SERVICE  FOR  CHEMISTS 

Chemists  and  chemical  engineers  are  normally  needed 
in  almost  all  branches  of  industry  (including  the  stand- 
ardization and  control  of  food  products)  for  the  suc- 
cessful operation  of  processes,  the  detection  and  speedy 
correction  of  difficulties  and  the  improvement  of  prod- 
ucts. England,  France,  and  Italy  found  it  necessary 
to  recall  all  chemists  from  the  ranks;  Canada  does  not 
allow  chemists  to  enlist;  chemists  have  saved  Ger- 
many up  to  the  present  time. 

There  was  a  decided  shortage  in  the  supply  of  chem- 
ists in  the  United  States  even  before  April  1914. 
The  war  has  made  the  shortage  acute,  and  it  is  cer- 
tain that  our  own  war  needs  and  industries  necessary  to 
war  will  absorb  chemists  as  rapidly  asthey  canbe  trained. 

It  lakes  from  four  to  seven  years  to  train  a  chemist. 
The  shorter  time  is  for  college  graduates  and  chemical 
engineers  who  become  wholly  useful  only  after  a  further 
year  of  experience  in  a  manufacturing  plant  or  labora- 
tory (corresponding  to  the  hospital  year  required  of 
medical  students).  The  longer  time  is  for  the  train- 
ing of  research  men  taking  the  doctorate  degree  in 
chemistry,  on  whose  shoulders  ultimately  the  vast 
need  of  the  government  and  the  industries  fall  for 
meeting  and  solving  new  difficulties  and  problems  of 
organized   research. 

When  chemists  of  mature  years  arc  called  in  for 
service  in  government  laboratories,  their  places  must 
be  filled  by  younger  men  to  keep  the  machinery 
working.  It  is,  therefore,  of  the  greatest  importance 
that  steps  be  taken: 

1st — To  keep  and  impress  into  service  in  chemical 
lines  chemists  drawn  by  the  draft  for  service  in  the 
United  States  Army  or   Navy. 

2nd — To  provide  means  for  keeping  open  sources  of 
supply  of  chemists  from  universities,  colleges,  and  schools 
of  technology,  and  to  procure  volunteers  in  chemistry. 

A  tentalivc  plan  for  accomplishing  these  results 
is  hereby  appended  and  recommemlcd. 

Wn.i.iAM  II.  Nichols,  Chairman  of  the  Chemistry  Committee, 
National  Pefense  Council.  I'list  I'rcsidi-nt  S<x?icty  of 
Cliriiiii'iil  Iiuhislry.  President  Htli  Interniitioiiul  Cohrtc** 
of  Applied  Clieiiiislry. 

Mahston  T.  HodKRT,  Chairman  of  the  Chemistry  Committee, 
National  Research  Council.  I'nst  I'rc-iidciit  Amcricuii 
Clieiniciil  S<K-iely. 

A.  A.  Ndvhs,  I'ast  I'resident  American  Chemical  Society. 

Jtil.irs  Stii«ii.iT7,  {'resilient  .{merican  Chemical  Society. 

CliAKMis  I.    rAMHtiNN,  Secretary  American  t'hemical  Society 


PLAN  FOR  THE  IMPRESSMENT  OF  CHEMISTS  FOR  WAR 
SERVICE  AS  CHEMISTS  AND  FOR  THE  PRESERVA- 
TION OF  THE  SUPPLY  OF  CHEMISTS 

I — There  shall  be  organized  a  Committee  of  three  to 
advise  the  President  of  the  United  States  through  the 
War  Department  on  requests  for  exemption  of  chem- 
ists. This  committee  might  well  include  besides  a 
Government  representative  two  chemists,  one  a  chem- 
ical engineer  or  technical  chemist,  the  second  a  uni- 
versity man.  These  men  should  be  nominated  to 
the  President  by  the  Council  of  National  Defense. 

II — Requests  for  exemption  of  individual  chemists 
shall  be  made  to  this  committee  by: 

(i)  Government,  State  or  Municipal  Laboratories 
and  Bureaus. 

(2)  Heads  of  manufacturing  plants  on  the  basis  of 
the  imperative  need  of  these  men  for  their  suc- 
cessful operation. 

(3)  Presidents  of  Universities,  Colleges,  and 
Schools  of  Engineering  or  Mining  on  the  basis  of 
proficiency,  promise  and  ability  of  candidates 
for  college  or  university  degrees,  specializing  in 
chemistry.  Men  recommended  under  this  head 
who  are  candidates  for  the  doctorate  degree 
shall  not  be  over  26  years  of  age  when  they 
receive  the  degree,  and  men  who  are  candidates 
for  a  four-year  college  degree  shall  not  be  over  23 
years  of  age  when  they  are  to  receive  the  degree. 

Ill — (i)  Chemists  under  21  and  over  .?o  years  of 
age  and  chemists  between  21  and  jo  who  have  not 
been  drafted  may  enroll  with  the  above  committee 
as  volunteers  in  chemistry  subject  to  the  same  condi- 
tions as  the  enlisted  and  exempted  men. 

(2)  Students  in  chemistry  under  21  years  of  age  may 
enroll  with  the  above  committee  for  a  "chemists 
reserve"  under  the  conditions  specified  in   II   (3). 

IV-  Men  thus  enrolled  and  accepted  under  the 
provisions  of  the  above  paragraphs  for  war  service 
as  chemists  shall  be  subject  to  the  orders  of  the  gov- 
eminent  as  to  location  and  nature  of  service  and  shall 
be  entitled  to  wear  a  badge  or  other  insignia  indicating 
their  oflicial  status  (practice  of  France  and  possibly 
of  other  European  countries),  Students  enrolled  in  a 
"chemists  reserve"  shall  be  subject  to  the  same  con- 
ditions as  obtain  for  other  reserves  of  the  Rovrrnment 
and  shall  also  be  entitled  to  wear  some  insignia  or 
badge  indicating  their  enrollment. 
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ORIGINAL  PAPLRS 


RESULTS  OF  RECENT  INVESTIGATIONS  OF  THE 
SMELTER  SMOKE  PROBLEM' 

By  A.  E.  Wei.ls 
Received  June  1,  1917 

At  many  of  the  smelting  plants  throughout  the 
United  States,  the  smoke  problem  continues  to  be  one 
of  considerable  importance.  In  fact,  due  to  the  in- 
creased tonnages  of  ores  being  handled  during  the  last 
two  years  at  many  plants,  some  damage  has  been 
done  by  smoke  where  formerly  no  serious  smoke 
troubles  were  encountered,  and  the  problem  in  those 
places  has  assumed  serious  proportions.  Elsewhere 
the  problem  has  become  important  mainly  because  a 
greater  number  of  those  people  engaged  in  agricul- 
tural pursuits  in  the  vicinity  of  smelters  have  heard 
through  various  sources  that  the  smelter  smoke  might 
be  injurious  to  crops  and  to  live  stock;  thus,  whenever 
any  adverse  condition  arises  in  districts  contiguous 
to  smelters,  it  has  become  the  custom  to  blame  the 
smelter  smoke  first,  before  trying  to  determine  the 
true  causes.  Careful  investigations  in  many  cases 
have  proved  that  the  causes  were  wholly  foreign  to 
the  smelter  smoke.  Whether  actual  damage  has  been 
on  the  increase,  due  to  increased  smoke  output,  or 
whether  there  has  been  a  greater  tendency  on  the 
part  of  the  farmers  and  stock  raisers  to  lay  their 
natural  crop  and  stock  troubles  at  the  door  of  the 
smelter  smoke,  the  result  has  been  that  at  many  plants 
it  has  become  necessary  for  the  companies  to  enter 
upon  careful  investigations  to  determine  the  facts. 

Believing  that  an  outline  of  these  investigations 
as  carried  out  by  the  lead  and  copper  smelting  com- 
panies would  be  of  interest  to  those  who  are  directly 
concerned  with  the  metallurgy  of  zinc,  an  attempt 
has  been  made  in  these  pages  to  present  this  outline 
in  as  brief  a  form  as  possible. 

As  metallurgist  on  the  smoke  problem  for  the  United 
States  Bureau  of  Mines,  the  writer  has  been  associated 
directly  or  indirectly  with  nearly  all  these  investiga- 
tions, and  in  many  cases  has  assisted  in  the  work.  Co- 
operation with  the  smelting  companies  is  possible  in 
nearly  every  instance,  because  it  is  evident  that  the 
companies  wish  to  have  the  true  facts  determined 
concerning  the  conditions  in  the  zones  around  their 
plants.  They  are  ready  to  face  squarely  any  facts  so 
determined  which  might  be  considered  even  detri- 
mental to  their  interests,  and  are  showing  a  willingness 
to  go  as  far  as  practicable  toward  the  ultimate  solu- 
tion of  the  problem  by  the  elimination  of  the  substances 
that  are  found  to  be  the  causes  for  damage.  In  general 
it  might  be  stated  that  the  companies  are  ready  to 
meet  the  situation  fairly,  and  that  wherever  there  is  a 
possibility  of  injury  resulting  from  their  present 
methods  of  operation,  they  are  ready  to  make  decided 
improvements.  These  improvements  often  involve 
expenditures  of  money  beyond  those  yielding  any 
financial  return. 

•  Presented  at  the  Symfosium  on  the  Chemistry  and  Melallurey  of  Zinc, 
S4th  Meeting  American  Chemical  Society,  Kansas  City,  April  12,  1917. 

Published  with  the  permission  of  the  Director  of  the  Bureau  of  Mines. 


As  this  can  be  but  a  brief  presentation  of  some  of  the 
most  important  features  of  the  smoke  problem,  it 
will  be  necessary  to  dismiss  with  a  few  words  any  con- 
sideration of  the  dust  and  metallic  fume  element  of 
the  smoke,   as  this  element  is  of   minor  importance. 

DUST     AND     METALLIC     FUME     ELEMENT     OF     MINOR 
IMPORTANCE 

The  investigations  that  have  been  conducted  during 
the  last  few  years,  including  those  of  the  Selby  Smelter 
Commission,'  American  Smelting  and  Refining  Co.,  etc., 
have  proven  conclusively  that  as  far  as  damage  to 
vegetation  is  concerned,  dust  and  fume  particles  or  acid 
mist  are  practically  negligible  quantities.  The  efTect 
of  dust  and  fume  particles  upon  animal  life  is  another 
matter.  No  doubt  some  injury  has  been  done  and 
may  now  be  done  in  certain  places  to  animal  life  by 
the  toxic  salts  in  the  smelter  emanations  where  there 
have  been  large  accumulations  of  these  toxic  salts  on 
vegetation.  Generally  speaking,  however,  wherever 
the  amount  of  dust  and  fume  being  emitted  is  so  large 
as  to  constitute  a  menace  to  live  stock  in  the  com- 
munity, it  is  found  that  the  value  of  the  solids  being 
lost  would  pay  a  reasonable  return  on  the  investment 
necessary  for  installations  to  recover  them,  without 
any  damage  consideration  being  involved.  In  most 
cases  it  is  a  comparatively  easy  matter  to  recover  the 
greater  portion  of  the  solids,  and  at  the  present  time 
there  is  no  excuse  for  a  smelter  turning  large  amounts 
of  the  solid  constituents  of  the  smoke  into  the  atmos- 
phere, especially  if  those  solids  are  known  to  be  causing 
injury  to  live  stock. 

SULFUR     DIOXIDE     PROBLEM     MOST    IMPORTANT 

The  most  important  problem,  therefore,  is  the  sulfur 
dioxide  problem.  At  many  plants  where  large  quan- 
tities of  sulfide  ores  are  being  handled  serious  efforts 
are  being  made  to  utilize  the  waste  sulfur  dioxide 
through  the  manufacture  of  sulfuric  acid,  liquid 
sulfur  dioxide  and  even  elementary  sulfur.  Technical 
methods  have  been  worked  out  for  accomplishing  the 
last  two  schemes,  and  small  scale  commercial  plants 
erected.  Two  of  the  largest  copper  smelters  of  the 
west,  namely.  Anaconda  and  Garfield,  have  recently 
made  heavy  investments  in  acid  plants.  However, 
many  plants  are  situated  at  such  great  distances  from 
the  markets  for  these  products  that  only  a  compara- 
tively small  amount  of  the  available  sulfur  dioxide 
can  be  utilized.  It  is  recognized  that  although  the 
amount  of  the  waste  sulfur  gases  that  will  be  utilized 
in  commercial  products  will  be  steadily  increasing, 
yet  for  many  years  to  come  the  smelters  will  be  obliged 
to  waste  large  quantities  of  sulfur  dioxide  into  the 
atmosphere.  Thus,  investigations  are  in  progress 
to  determine  how,  under  different  climatic  and  topo- 
graphic conditions,  these  volumes  of  sulfur  dioxide, 
whether  large  or  small,  can  be  discharged  into  the 
atmosphere  without  causing  injury  to  vegetation  in  the 
surrounding  country. 

'  Sec  This  Joornai..  T  (1915).  41,  for  abstract  of  Selby  Smelter  Com- 
missioD  report. 
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EFFECTS    OF    BLEACHING    ON    YIELD 

In  this  connection  it  is  necessary  to  determine  first 
of  all  what  are  the  effects,  both  in  regard  to  superficial 
bleaching  and  in  regard  to  the  economic  results  on 
yield,  of  applying  various  concentrations  of  sulfur 
dioxide  to  various  forms  of  plant  life  and  under  dif- 
ferent atmospheric  conditions.  If  the  time  were 
available,  it  would  be  interesting  to  discuss  the  earlier 
methods  that  were  used  in  this  country  and  in  Ger- 
many for  determining  the  effect  of  sulfur  dioxide  on 
vegetation,  and  to  show  wherein  the  vast  amount 
of  data  that  were  determined  by  these  investigations 
are  of  no  value  as  furnishing  data  upon  which  to  base 
definite  conclusions.  It  is  necessary  to  dismiss  any 
consideration  of  these  investigations  with  the  brief 
statement  that  in  none,  whether  the  tests  were  made 
in  cabinets,  glass  jars  or  in  smoke  houses,  were  normal 
field  conditions  even  approximated,  nor  was  there  any 
knowledge  of  the  actual  concentration  of  the  sulfur 
dioxide  in  contact  with  the  plants,  nor  of  the  atmos- 
pheric conditions.  A  knowledge  of  the  attendant 
atmospheric  conditions  is  of  the  greatest  importance. 

The  first  research  work  along  the  line  of  making 
determinations  under  actual  field  conditions  was  that 
done  by  the  Selby  Smelter  Commission.  In  these 
determinations,  known  volumes  of  air  containing 
known  definite  concentrations  of  sulfur  dioxide  were 
blown  for  definite  periods  of  time  under  known  atmos- 
pheric conditions  over  plants  growing  normally  in 
the  field.  A  cabinet  framed  with  wood  and  with 
celluloid  sheets  for  the  sides  was  placed  over  the  plants 
during  the  period  of  investigation,  which  varied  be- 
tween two  minutes  and  eight  hours.  Check  plots  were 
fumigated  simultaneously  under  the  same  conditions 
with  air  containing  no  sulfur  dioxide.  All  the  de- 
terminations of  the  Selby  Commission  were  made  on 
barley,  as  this  was  supposed  to  be  the  most  sensitive 
of  all  the  crops. 

The  department  of  smoke  investigations  for  the 
American  Smelting  and  Refining  Company  in  Utah, 
under  the  direction  of  Mr.  P.  J.  O'Gara  and  Mr.  E. 
P.  Fleming,  has  continued  the  work  that  was  started 
by  the  Selby  Commission,  and,  through  many  elaborate 
series  of  careful  and  detailed  investigations,  has  ob- 
tained a  vast  amount  of  reliable  and  definite  data  on 
the  smoke  problem,  especially  that  phase  of  the  prob- 
lem concerned  with  sulfur  dioxide.  As  far  as  the  data 
obtained  by  the  Selby  Commission  went,  they  were 
checked  quite  closely  by  those  obtained  by  later  tests. 
However,  the  work  of  the  A.  S.  &  R.  Co.  was  carried 
out  on  a  much  larger  scale,  and  the  ex])crimcnts  covered 
so  much  greater  range  in  the  number  of  crops  treated, 
and  in  regard  to  variety  of  atmospheric  conditions, 
that  comparison  cannot  be  carried  very  far. 

In  conducting  these  investigations,  the  smoke  de- 
partment of  the  A.  S.  &  R.  Co.  has  endeavored  to 
determine  if  damage  was  being  done  in  the  vicinity 
of  the  smelters  by  the  smoke,  if  so,  how  it  was  done 
and  to  what  extent  the  damage  was  of  economic  im- 
portance. These  investigations  were  carried  further 
to  determine  what  steps  were  necessary  to  prevent  such 
damage.     As  soon  as  it  was  evident  that  such  inves- 


tigations were  producing  reliable  and  tangible  data, 
and  were  answering  in  a  definite  manner  many  ques- 
tions concerning  the  smoke  problem,  other  companies 
followed  their  example,  and  at  the  present  time  com- 
panies in  different  parts  of  the  country  are  carrying 
on  similar  studies,  though  on  a  much  more  modest 
scale.  Wherever  it  is  evident  that  there  is  no  effort 
or  desire  to  conceal  data  or  twist  them  to  suit  convenient 
theories,  it  is  the  aim  of  the  Bureau  of  Mines  to  co- 
operate and  help  in  investigations  as  far  as  practicable. 

The  method  used  by  the  A.  S.  &  R.  Co.  for  de- 
termining the  effect  of  sulfur  dioxide  on  plant  life 
was  practically  the  same  as  that  devised  by  the  Selby 
Smelter  Commission,  improvement  having  been  made 
in  the  method  of  introducing  the  air  into  the  cabinet. 
In  the  experiments  of  the  A.  S.  &  R.  Co.,  the  experi- 
mental plots  were  6  ft.  by  6  ft.  in  area  and  cabinets 
were  4  ft.  high.  The  fan  delivered  approximately  10 
cubic  meters  of  air  per  minute  into  the  cabinet,  this 
volume  being  sufficient  to  keep  the  temperature  and 
relative  humidity  of  the  air  in  the  cabinet  similar  to 
those  of  the  outside  air.  In  every  experiment  two 
plots  were  fumigated  simultaneously,  one  with  the 
sulfur  dioxide  mixture,  the  other  with  air  free  from 
sulfur  dioxide,  the  latter  being  the  check  plot.  The 
determinations  were  made  on  a  great  number  of  crops, 
including  potatoes,  tomatoes,  sugar  beets,  cereals, 
alfalfa,  red  clover  and  garden  truck.  In  191 5  and 
1916  there  were,  in  all,  nearly  3000  experimental  plots. 

Besides  the  work  in  the  field,  experiments  were  made 
in  which  the  gases  were  drawn  from  the  top  of  the 
stack,  these  gases  diluted  to  concentrations  desired, 
and  the  mixture  blown  over  plants  that  were  grown 
in  boxes  under  conditions  similar  to  those  in  the  field. 

In  order  to  determine  to  what  extent  visible  bleach- 
ing affected  the  yield  or  whether  an  economic  loss 
could  be  sustained  by  the  crops  without  visible 
injury,  it  was  necessary  to  harvest  the  experimental 
plots  very  carefully.  Records  were  kept  of  the  total 
yield  of  vegetable  matter,  and  in  the  case  of  grains, 
the  weight  of  grain,  weight  of  kernels,  number  of 
kernels  per  head  and  percentage  of  germination. 
The  A.  S.  &  R.  Co.  have  made  complete  analyses  for 
protein,  carbohydrates,  fat,  sulfur  and  crude  fiber. 

To  summarize  briefly,  the  fumigation  tests  have 
demonstrated  these  facts: 

(1)  Under  certain  atmospheric  conditions,  bleaching 
of  crops,  especially  grain  crops,  can  be  produced  by 
very  small  concentrations  of  sulfur  dioxide,  even  as 
low  as  one  part  sulfur  dioxide  per  million  parts  air, 
if  the  time  of  application  is  sufficiently  long.  The 
A.  S.  &  R.  Co.  tests  have  demonstrated  that  other 
crops  are  much  more  resistant  to  sulfur  dioxide  than 
arc  the  cereals,  but  that  in  all  cases  the  concentrations  re- 
quired are  low  if  the  other  factors  are  favorable  for  injury. 

(j)  A  visible  bleaching  on  grain  and  many  other 
crops,  if  endured  during  the  early  stages  of  growth, 
does  not  necessarily  affect  the  ultimate  yield. 

(3)  A  considerable  amount  of  bleaching  can  l>c  8U«- 
tained  at  all  stages  by  the  plants  without  cutting  down 
the  yield  greatly.  In  fact,  in  the  Selby  work,  it  wm 
found  that  in  order  to  decrease  the  yield  j|o   per   cent 
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it    was    necessary    to    keep    the    plants    very    severely 
bleached  during  the  entire  growing  season. 

(4)  There  was  no  "invisible  injury,"  that  is  to  say, 
there  was  no  economic  loss  in  yield  without  there  being 
a  certain  amount  of  visible  bleaching.  In  fact  it 
was  found  that  in  many  of  the  fumigated  plots  that 
were  treated  daily  with  concentrations  below  the  point 
of  actual  foliar  markings,  there  was  an  actual  increase 
in  yield.  Fumigated  plots,  even  those  considerably 
marked,  as  well  as  those  treated  daily  without  pro- 
ducing bleaching,  showed  an  increase  of  protein  above 
the  check  plots. 

DETERMINATIONS    OF    BLEACHING    CONDITIONS 

The  determination  as  to  whether  visible  markings 
on  crops  produce  economic  loss  has  not  been  considered 
the  most  important  phase  of  these  investigations, 
although  it  has  been  necessary.  The  most  important 
phase  has  been  to  determine  the  maximum  amount  of 
sulfur  dioxide  that  can  be  present  in  the  air  without 
producing  any  bleaching  under  the  atmospheric  con- 
ditions most  favorable  for  producing  a  bleach.  Having 
determined  that,  it  then  becomes  necessary  so  to 
regulate  the  height  of  discharge,  concentration  and 
temperature  of  the  gases  at  the  stack  that  the  sulfur 
dioxide  concentration  in  the  air  is  less  than  that  amount, 
and  no  injury  will  result. 

It  was  established  that  sulfur  dioxide  in  any  such 
concentration  as  may  be  found  in  the  vicinity  of  smel- 
ters can  act  on  the  plant  only  by  being  absorbed  through 
the  growing  and  functioning  leaves.  No  action,  unless 
it  is  a  beneficial  one,  was  found  to  take  place  through 
the  soil.  The  beneficial  effect  of  sulfur  or  sulfuric 
acid  on  soils  will  be  discussed  later  in  this  paper.  The 
epidermis  of  the  plants  is  practically  impervious  to 
gases.  It  is  only  through  the  very  minute  breathing 
pores,  or  stomata,  that  all  gases,  including  sulfur  dioxide. 


can  pass  into  or  out  of  the  palisade  cells  and  sponge- 
like tissue  of  the  leaf  where,  under  the  action  of  light, 
plant  food  is  manufactured.  The  opening  and  closing 
of  these  breathing  pores  or  stomata  are  controlled  by 
;juard  cells.  As  the  walls  of  the  guard  cells,  like  the 
rpidermis  of  the  plant  cells,  are  very  impervious  to 
jiases,  sulfur  dioxide  not  excepted,  whenever  the 
breathing  pores  are  closed  by  the  guard  cells,  no  gases 
can  be  absorbed  by  the  plant,  excepting  under  ex- 
tremely high  concentrations,  far  above  those  encoun- 
tered under  any  imaginable  conditions.  Even  carbon 
dioxide,  which  is  an  essential  plant  food  and  which  is 
found  normally  at  300  p.  p.  m.  in  the  air,  is  not  ab- 
sorbed by  the  plants  when  the  stomata  are  closed. 
Thus,  whenever  the  guard  cells  are  closed,  this  generally 
taking  place  at  night,  the  plants  are  much  more  re- 
sistant to  sulfur  dioxide  than  when  the  cells  are  open. 

Furthermore,  carbon  assimilation  does  not  take 
place  at  night,  but  only  during  hours  of  daylight,  all 
other  factors  being  favorable.  It  is  believed  that  the 
nascent  oxygen  given  off  when  carbon  is  assimilated  is 
effective  in  oxidizing  any  sulfur  dioxide  in  the  cells  to 
sulfuric  acid,  and  this  produces  the  injury  to  the  plants. 
Thus  at  night,  when  no  nascent  oxygen  is  present  in 
the  cells,  there  would  be  less  chance  for  injury  by 
sulfur  dioxide  even  if  the  cells  were  only  partially  closed. 

LIGHT  AND  HUMIDITY  Conditions  have  a  very  marked 
effect  upon  the  opening  and  closing  of  the  breathing 
pores.  For  the  most  part  the  tendency  is  for  plants 
to  close  their  stomata  during  the  night  and  open  them 
during  the  day.  It  was  found  that  in  Salt  Lake  Valley, 
in  the  case  of  alfalfa  and  various  other  plants,  nearly 
complete  closure  of  the  stomata  is  the  normal  condi- 
tion at  night,  opening  beginning  an  hour  or  more  after 
sunrise  and  closure  again  taking  place,  on  a  normal  day, 
during  the  evening.  Closure  may  take  place- as  early 
as  II  A.M.  if  the  humidity  is  especially  low.  Low 
humidity  is  very  effective  in  producing  a  collapse  of 
the  guard  cells  and  thus  closure  of  the  stomata. 

A  great  deal  of  study  has  been  given  to  the  examina- 
tion of  the  effect  of  different  intensities  of  light  and 
degrees  of  humidity  on  the  susceptibility  of  crops  to 
sulfur  dioxide.  It  was  found,  in  the  investigations  of 
the  A.  S.  &  R.  Co.,  that  plants  in  complete  darkness 
were  from  5  to  6  times  as  resistant  to  sulfur  dioxide  as 
were  plants  in  the  light.  Plants  began  to  show  re- 
sistance whenever  the  light  value  was  as  low  as  2  per 
cent,  but  there  was  no  difference  between  8  per  cent 
and  60  per  cent  values.  It  was  determined,  both  in 
the  work  of  the  Selby  Commission  and  in  the  work  of 
the  A.  S.  &  R.  Co.,  that  humidity  is  of  very  great  im- 
portance as  affecting  the  susceptibility  of  crops  to 
sulfur  dioxide.  In  the  Salt  Lake  Valley  it  was  found 
that  70  per  cent  was  about  the  critical  humidity; 
above  that  point  plants  were  much  more  susceptible 
to  sulfur  dioxide  than  below. 

It  may  be  stated  that  in  any  locality  with  a  definite 
concentration  of  sulfur  dioxide  in  the  air,  four  factors 
must  be  in  coincidence  before  injury  will  take  place, 
namely  temperature,  light,  relative  humidity  and  wind 
prevalency,  the  latter  determining  the  time  of  applica- 
tion of  the  sulfur  dioxide.     For  example,  in  order  that 
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a  concentration  of  one  part  sulfur  dioxide  in  a  million 
parts  of  air  should  produce  bleaching  on  the  most 
susceptible  plants,  e.  g.,  barley,  oats,  alfalfa,  etc., 
it  is  necessary  that  this  concentration  exist  around  the 
plant  for  three  hours  and  that  the  humidity  shall  be 
70  per  cent  or  more,  the  temperature  above  40°, 
and  that  the  fumigation  should  be  made  in  the  day- 
light. Under  the  same  external  conditions,  greater 
concentrations  would  require  shorter  time  of  applica- 
tion. Under  lower  humidity  conditions,  higher  con- 
centrations or  longer  times  of  application  were  neces- 
sary to  produce  the  same  bleaching. 

INFLUENCE    OF    WEATHER    CONDITIONS 

Thus,  in  order  to  know  the  possibilities  of  injury 
to  vegetation  in  the  region  of  smelters,  one  must  de- 
termine not  only  the  average  and  maximum  values  for 
the  sulfur  dioxide  in  the  smoke  stream,  but  also  the 
weather  conditions,  that  is,  wind  prcvalency,  relative 
humidity,  temperature  and  light  conditions.  A 
knowledge  is  necessary  of  the  number  and  duration  of 
the  critical  periods,  that  is  to  say,  the  periods  when  all 
factors  favorable  for  the  bleaching  of  crops  with  small 
concentrations  of  sulfur  dioxide  arc  coincident.  If 
these  periods  occur  frcc|ucntly  or  arc  of  long  duration, 
then  the  amount  of  sulfur  dioxide  that  can  be  discharged 
into  the  air  without  doing  injury  must  necessarily  be 
lower  than  under  more  favoral)le  conditions. 

For  the  determination  of  the  weather  conditions, 
a  complete  installation  of  standard  weather  instruments 
is  essenti.'il.  This  etiuipment  must  consist  of  wind  vane, 
anenionu'ter.  tliermograph,  hygrograph,  maximum  and 
minimum  thermometer,  rol.'iting  psychrometer,  sun- 
shine bulb  :iii(l  rain  gauge.  Tl)e  wind  <lirection  and 
velocity,  sunshine  and  precipitation  and  relative 
humidity  shimld  be  automatically  recorded. 

The  American  Smelling  and  Refining  Co.  during  the 
lant  three  years  have  kept  n  very  accurate  antl  riose 
record   of   the   weather   conditions   ,'iround    their   plant 
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and  Temperature.  July  1916 

in  Murray,  Utah,  and  with  their  consent  I  will  describe 
briefly  their  method  of  plotting  the  weather  data  so 
that  the  critical  periods  during  the  months  can  be  seen 
readily.  This  method  will  surely  be  of  value  to  those 
who  are  called  upon  to  do  similar  work  in  other  places. 

It  was  found  that  in  the  Murray  smoke  zone,  the 
sulfur  dioxide  concentrations  in  the  air  under  the  con- 
ditions existing  in  1Q15-1916  were  such  that  the  critical 
weather  conditions  were:  (i)  temperature  above 
40°?.;  (2)  relative  humidity  above  70  per  cent;  (3) 
wind  prevalency  3  hours  or  more;  (4)  daylight. 

In  Fig.  I,  the  weather  data  for  June  191 5  are  plotted 
to  bring  out  the  time  of  coincident  factors.  The  shaded 
portion  of  the  figure  shows  approximately  the  hours  of 
darkness  per  day  during  which  the  stomata  of  the 
plants  were  normally  closed  and  during  which  time 
very  little  gas  was  taken  through  the  breathing  pores 
of  foliage.  During  hours  included  in  the  light  por- 
tion, it  may  be  assumed  that  the  breathing  pores  were 
open.  The  lowest  line  shown  in  the  space  representing 
each  day  indicates  the  time  during  which  the  tempera- 
ture was  above  40°  F.  The  line  next  above  shows  the 
hours  during  which  the  humidity  was  above  70  per  cent, 
and  the  highest  line,  wherever  it  is  present,  shows  that 
for  at  least  3  hrs.  there  was  a  prevalent  wind.  It  is 
to  be  noted  that  on  June  4  between  8  o'clock  in  the 
morning  and  i  2  o'clock  noon  there  was  a  period  of  4 
hours  when  there  was  a  steady  south-.southwcst  wind 
and  humidity  was  above  70°  and  temperature  above 
40°  F.  The  average  sulfur  <linxide  concentration  in 
the  air  in  n  northeast  direction  around  the  Murray 
plant  during  this  time  was  above  the  toxic  limit  for 
these  conditions,  and  there  was  produced  a  well- 
tlefineil  /.one  of  bleaching  on  vegetation  over  an  area 
having  the  form  of  an  elongated  ellip.sc  running  in  a 
northeasterly  direction  from  the  plant.  On  Fig,  II  arc 
shown  the  same  data  for  May  ioi6.  tin  May  lo.  ioi6, 
another  period  of  roincitlcncc  wn.H  fo»ind,  but  on  that 
day  the  adverse  climatic  conditions  were  forccusl  by  the 
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weather  observer  at  the  Murray  Smelter  and  the  sulfur 
dioxide  output  was  curtailed  during  that  period,  which 
lowered  the  concentration  in  the  air.  As  a  result  no 
injury  occurred. 

At  night,  coincidences  of  three  factors,  i.  e.,  tem- 
perature,  humidity   and   wind   prevalency,   frequently 


by  all  the  smelting  companies  for  the  determination 
of  the  sulfur  dioxide  condition  of  the  atmosphere, 
is  one  that  was  devised  originally  by  Mr.  J.  R.  Marston, 
Chief  Chemist  at  the  Selby  Smelter,  and  which  was 
developed  to  its  present  high  degree  of  accuracy,  speed 
and  ease  of  manipulation  by  the  chemists  of  the  Selby 
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occur  and  for  long  periods  of  time.  In  July  1916, 
many  long  periods  of  these  three  coincident  factors 
were  found  (Fig.  III).  However,  no  bleaching  has  been 
done  at  night,  even  though  the  sulfur  dioxide  output 
from  the  smelter  remained  high.  This  fact  checks  the 
observations  which  were  made  in  experimental  work 
on  the  fumigated  plots,  showing  that  at  night,  when 
the  breathing  pores  of  the  plants  are  closed  and  carbon 
assimilation  is  at  a  standstill,  the  plants  are  very  re- 
sistant to  sulfur  dioxide. 

Having  determined  the  concentration  of  sulfur 
dioxide  necessary  to  produce  markings  upon  vegetation 
under  the  various  field  atmospheric  conditions,  and 
also  having  obtained  complete  data  concerning  the 
atmospheric  conditions  that  may  exist,  it  is  then 
necessary  to  know  whether  or  not  sulfur  dioxide  is 
present  in  sufficient  strength  in  the  field  to  do  damage 
iniili  r  tlie  existing  operating  conditions  of  the  plant. 


Smelter  Commission.  By  this  method  a  sample  of  the 
atmosphere  can  be  taken  in  a  few  seconds  time  and 
analysis  made  in  less  than  5  minutes.  In  fact  the  field 
men  are  supposed  to  make  from  10  to  13  determinations 
per  hour. 

Concentrations  as  low  as  o.i  part  sulfur  dioxide 
per  million  parts  of  air  are  determinable.  Labora- 
tories supplied  with  aspirators  and  vacuum  pumps, 
titration  bottles  and  reagents,  are  equipped  on  auto- 
mobiles, in  which  the  investigators  can  follow  up  the 
smoke  stream  or  change  from  one  part  of  the  stream 
to  the  other.  In  most  cases  these  "smoke  cars"  are 
also  supplied  with  wind  vanes  and  anemometers.  By 
the  use  of  several  machines,  it  is  possible  to  obtain 
many  thousand  determinations  in  a  season,  these  being 
taken  at  all  parts  of  the  smoke  stream  and  under  all 
conditions  of  temperature,  humidity,  wind  velocity 
and  prevalency. 


I'ic.  V— Murray  Gas  Stream:  Diluter  Fan  Operating 
Segregation  of  S0»  Dbtbrmination  According  to  Differences  in  Temperature  between  Stack  and  Atmosphere 

d  2-mi.  Zones.    (3)  Outside  of  2-mi.  Zone  and  Mainly  Inside  of  4-r 


Observations  Made:  (1)  Inside  of  V<-n>i.  Zone,  (2)  Between  1 

If  such  is  found  to  be  the  case,  it  is  then  necessary  to 
determine  how  the  sulfur  dioxide  concentration  in  the 
smoke  zone  can  be  lowered  without  actually  reducing 
the  sulfur  dioxide  output  from  the  smelter. 

DETERMINATION    OF    SULFUR    DIOXIDE    IN    AIR 

The  method  that  is  now  being  used  quite  generally 


Zone 

AND 


DATA      FURNISHED     BV     AMERICAN      SMELTING 
REFINING    COMPANY 

With  the  consent  of  the  A.  S.  &  R.  Co.,  the  air  data 
that  have  been  obtained  in  the  Murray  Gas  stream 
during  the  last  three  years  under  three  conditions  of 
operation     of     the    plant    are   shown    in    the     curves 
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of  Fig.  IV.  These  curves  represent  the  average 
sulfur  dioxide  concentrations  that  were  found  in  the 
air  with  different  heights  of  discharge  and  tempera- 
tures of  the  gas  at  the  stack.  Such  curves  give  a  very- 
clear  idea  of  the  sulfur  dioxide  content  of  the  smoke 
stream  under  the  three  conditions,  and  aid  toward 
making  estimates  as  to  the  best  method  for  improving 
the  conditions.  From  these  curves  it  is  apparent  that 
by  increasing  the  height  of  discharge  of  the  smoke, 
the  dilution  of  the  sulfur  dioxide  into  the  atmosphere 
is  very  greatly  benefited.  (Compare  1  and  2,  Fig.  IV.) 
The  point  at  which  the  maximum  average  concentra- 
tion of  sulfur  dioxide  was  found  with  a  200-foot  stack 
was  about  one-half  mile  from  the  stack.  With  a  stack 
300  feet  high,  the  point  of  maximum  average  concen- 
tration had  moved  out  to  the  three-quarter  mile  zone. 
However,  the  concentration  found  in  the  three-quarter 
mile  zone  with  the  higher  stack  was  much  less  than  the 
concentration  from  the  half-mile  zone  with  the  shorter 
stack.     The  high  concentrations  in  Curve  2,  at  a  dis- 


mile  zone,  but  outside  of  that  three-quarter  mile  zone 
the  concentrations  were  less. 

The  effect  of  increasing  the  difference  in  temperature 
between  the  stack  gases  and  the  outside  air  is  shown 
even  more  clearly  in  the  curves  given  in  Fig.  V.  It 
is  to  be  noted  that,  as  the  difference  in  temperature 
of  the  stack  gases  and  air  was  increased,  the  point 
at  which  the  gas  currents  met  the  ground  extended 
further  out  from  the  stack.  However,  the  further  out 
the  point  of  maximum  concentration,  the  less  was  the 
actual  concentration  found. 

The  maintenance  of  a  considerable  difference  in 
temperature  between  stack  gases  and  atmosphere  is  of 
the  greatest  importance.  It  has  been  found  in  one 
instance  that  putting  the  furnace  gas  through  a  bag 
house,  which  procedure  of  course  necessitated  reducing 
the  temperature  of  the  gases  to  that  at  which  a  bag 
house  could  be  operated,  resulted  in  the  sulfur  dioxide 
gas  doing  considerable  bleaching  to  the  surrounding 
vegetation,   whereas  in  former  years,  when  the  gases 
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tance  of  about  '/'«  mile  from  the  plant,  were  not  due 
to  stack  gases  but  to  low  gases  leaking  from  the 
furnaces,  etc.  The  curve  for  the  stack  gases  begins 
at  the  '/>-mile  zone. 

The  dilution  of  the  sulfur  dioxide  in  the  stack  itself 
by  the  introduction  of  cold  air  may  be  carried  to  too 
great  an  extent,  for  the  cooler  gases  will  settle  closer 
to  the  stack,  and  even  though  the  concentration  in  the 
stack  is  lower,  yet  the  actual  concentration  of  the 
sulfur  dioxide  coming  in  contact  with  vcKclalion  in  the 
near  vicinity  of  the  stack  may  be  higher.  This  fact  is 
shown  by  Curve  ,}  in  Fig.  IV.  It  is  to  be  noted  that 
when  the  gases  wcrt-  diluted  from  0.75  to  0.25  PC  cent 
SOj,  and  at  the  same  time  cooled  to  nearly  the  atmos- 
pheric leinperaluro  by  the  introduction  of  outside 
cold  air  by  a  dilulcr  fan,  the  point  of  niaxinuiin  average 
concentration  was  about  '/•  of  a  mile  from  the  plant, 
and  that  the  concentration  at  that  point  was  higher 
than  under  either  of  the  two  previous  conditions. 
The  effect  of  diluting  gases  in  the  stuck  was  to  in- 
crease   the    concentration     within    the    three- quarter 


went  into  the  atmosphere  unfiltcrcd.  but  at  a  higher 
temperature,  there  was  practically  no  sulfur  dioxide 
injury.  It  has  been  concluded  by  those  who  are 
investigating  these  problems,  that  in  cases  where  the 
smelter  must  discharge  large  quantities  of  sulfur  dioxide 
into  the  atmosphere,  especially  one  located  immediately 
adjacent  to  agricultural  districts,  it  is  much  better  to 
remove  the  solids  at  as  high  a  temperature  as  is  prac- 
ticable. A  bag  house,  although  it  gives  the  most 
perfect  clearance  of  solids,  is  not  always  desirable  for 
those  conditions,  as  the  use  of  a  bag  hou.se  may  neces- 
sitate reducing  the  temperature  to  too  low  a  point. 
An  electrical  precipitation  apiuifalus  may  not  give 
perfect  clearance  of  the  soliils,  but  in  such  cases  is  much 
preferable.  The  higher  the  temperature  of  the  gases 
in  the  stack,  of  course,  the  greater  the  amount  of 
arsenic  and  sulfuric  acid  mist  that  will  escape,  ami  in 
coses  where  large  quantities  of  these  arc  present, 
there  is  a  maximum  limit  of  temperature  nt  which  pre- 
cipitation should  be  cfTcclcil. 

The  amount  of  sulfuric  acid  mist  that,  at  most  plants. 
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would  escape  under  the  conditions  of  high  temperature 
electrical  precipitation  treatment,  would  do  no  harm 
to  the  surrounding  vegetation;  at  the  worst  would 
produce  only  a  slight  spotting  of  the  vegetation.  It 
can  be  stated  that  at  many  lead,  copper  and  zinc 
smelting  plants  where  a  recovery  of  the  dust  and  fume 
is  desirable,  it  would  be  much  better  for  the  smoke 
conditions  in  the  immediate  vicinity  of  the  plant  if  only 
partial  clearness  of  dust  and  metallic  fumes  were 
obtained,  that  is  to  say,  85  or  95  per  cent,  at  a  tem- 
perature which  would  still  leave  the  gases  much  higher 
in  temperature  than  the  atmosphere,  rather  than  to 
obtain  perfect  clearness,  if,  in  order  to  obtain  complete 
recovery  of  the  dust  and  fume,  it  would  be  necessary 
to  put  the  gases  through  a  bag  house  and  consequently 
allow  them  to  escape  into  the  atmosphere  at  a  low 
temperature. 

In  Fig.  VI  are  shown  again  the  curves  which  represent 
the  average  concentration  of  sulfur  dioxide  in  the  air 
around  the  Murray  plant  with  a  200-  and  300-ft. 
stack.  There  is  plotted  also  the  calculated  probable 
average  sulfur  dioxide  concentration  under  the  con- 
dition of  a  450-foot  stack  and  a  gas  concentration  of 
0.45  per  cent,  the  temperature  remaining  about  150°  F. 

If  this  last  condition  were  attained,  the  possibility 
of  injury  to  vegetation  in  the  vicinity  of  the  Murray 
plant  would  be  so  remote  as  to  be  negligible,  and  this 
is  the  aim  of  the  A.  S.  &  R.  Co. 

CONDITIONS    IN    ZINC    PLANTS 

At  the  zinc  plants  in  the  natural  gas  belt,  in  south- 
eastern Kansas  and  Oklahoma,  it  is  found  that  the 
roaster  stack  temperatures  are  very  high,  around  350 
to  400°  C.  Where  the  temperatures  are  lower,  that 
is,  around  150  to  200°  C,  the  gas  concentrations  are 
also  very  low,  that  is,  less  than  0.3  per  cent  sulfur 
dioxide.  Thus,  even  though  the  stacks  are  low,  vary- 
ing in  height  between  100  and  130  ft.,  the  conditions 
are  favorable  for  a  rapid  diffusion  of  the  sulfur  di- 
oxide into  the  atmosphere.  This  fact  probably  ac- 
counts for  the  fact  that  very  little,  if  any,  sulfur 
dioxide  injury  has  been  noted  in  the  vicinity  of  the 
plants  in  that  district.  In  cases  where  the  sulfur 
dioxide  may  be  doing  damage,  it  will  be  necessary  to 
determine  the  critical  atmospheric  conditions  for  that 
district,  and  how  often  or  for  how  long  these  critical 
conditions  may  occur.  If  they  occur  only  occasionally  it 
may  be  the  most  economical  procedure  to  curtail  the 
sulfur  dioxide  output  during  those  critical  times, 
rather  than  build  higher  stacks,  especially  at  those 
plants  which  are  of  only  a  temporary  nature. 

At  the  zinc  plants,  as  at  the  lead  or  copper  smelters, 
wherever  it  is  possible  to  dispose  commercially  of  the 
acid  or  any  sulfur  product,  it  is  highly  desirable  that 
such  products  be  manufactured.  If  acid  or  other 
products  cannot  be  disposed  of  commercially,  then 
the  best  method  for  wasting  the  sulfur  dioxide  is  to 
discharge  the  gases  through  a  high  stack  and  at  as  high 
temperature  as  is  practicable. 

BENEFICIAL    EFFECTS    OF    SULFUR    AND    SULFURIC    ACID 
ON    SOIL 

In  regard  to  market  for  the  sulfur  or  tlie  acid,  it  is 
important  to  note  that  in  the  last  several  years  there 


has  been  developed  a  new  outlet  which  promises  to  be 
of  great  importance,  especially  to  those  smelters  in  the 
west.  This  outlet  is  made  through  the  use  of  sulfur 
and  sulfuric  acid  for  agricultural  purposes  as  a  fer- 
tilizer and  as  an  agent  for  reclaiming  vast  areas  of 
now  useless  lands.  Within  recent  years  a  number  of 
the  U.  S.  Department  of  Agriculture  Experiment 
Stations,  especially  those  in  Wisconsin,  Oregon  and 
California,  have  made  some  very  remarkable  discoveries 
concerning  the  beneficial  effect  of  sulfuric  acid  on  soils. 

Among  the  most  important  and  recent  of  the  in- 
vestigations along  this  line  were  those  of  Dr.  C.  B. 
Lipman  and  L.  T.  Sharp  at  the  University  of  Cal- 
ifornia,' and  those  made  by  the  smoke  department 
of  the  American  Smelter  and  Refining  Co.  in  Utah. 
Dr.  Lipman's  earlier  experiments  were  made  in  pots, 
but  later  were  made  in  field  plots,  using  sulfuric  acid. 
The  ,A.  S.  &  R.  Co.  experiments  were  made  in  field 
plots,  using  solid  elemental  sulfur,  gaseous  sulfur 
dioxide  and  liquid  sulfuric  acid.  The  beneficial  re- 
sults obtained  have  been  astonishing.  On  the  fifteen 
kinds  of  crops  experimented  with  in  1916,  all  plots 
that  were  treated  with  sulfur  or  acid  gave  a  big  increase 
in  yield  over  the  checked  untreated  plots — in  many 
cases  over  100  per  cent,  and  in  some,  over  150  per 
cent  increase. 

These  results  have  been  checked  by  other  experi- 
menters. In  fact  even  more  astonishing  results  have 
been  obtained  on  certain  crops  at  agricultural  experi- 
ment stations.  The  value  of  sulfur  or  sulfuric  acid 
as  a  very  important  fertilizer  is  no  longer  doubted. 

Quoting  Dr.  C.  B.  Lipman, ^  "If  the  smelters  will 
only  produce  the  acid  cheaply  enough,  as  they  now 
seem  inclined  to  do,  we  should  be  able  to  banish  much 
costly  litigation,  let  the  smelter  industry  develop 
untrammeled,  give  the  smelter  companies  compensa- 
tion for  oxidizing  the  SO2  and  last,  but  not  least,  put 
a  large  acreage  of  barren  land  into  good  crop-producing 
condition." 

U.  S.  Bureau  of  Mines 
Washington,  D.  C. 


THE  NATURE  OF  CEMENT  MILL  POTASH 

By  R.  J.  Kestell  and  E.  .Anderson 
Received  May  31.  1917 

Of  the  many  sources  of  potash  which  have  been  sug- 
gested, exploited  or  developed  since  the  supply  of 
German  material  was  shut  off  by  the  war,  one  that 
holds  many  interesting  features  and  potential  possi- 
bilities is  the  escaping  dust  and  fume  from  cement 
mills. 

Up  to  a  comparatively  short  time  ago,  this  ma- 
terial, belched  forth  from  the  stacks  of  cement  plants 
to  the  amount,  in  some  cases,  of  lo  tons  or  more  per 
kiln  per  day,  constituted  only  a  very  serious  problem 
as  a  nuisance  to  be  abated  in  populous  districts,  or 
an  unavoidable  but  negligible  feature  of  plant  opera- 
tion in  localities  where  a  question  of  nuisance  needed 
no  consideration. 

Where  it  has  been  necessary  to  provide  some  means 
of  catching  this  escaping  dust,  several  different  meth- 

'  Univ.  Cal.  Pubt.  .Agri.  Sci.,  1,  275. 
'Ibid..  No.  l.V  1,  -1.'i7. 
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ods  of  collection  have  been  employed,  among  which 
may  be  mentioned  simple  settling  chambers  of  large 
capacity,  bag  houses,  water  sprays,  and  electrical 
precipitation.  The  latter  is,  however,  the  only  one 
that  has  received  any  extended  application. 

Originally  installed  for  the  purpose  of  preventing 
the  escape  of  objectionable  quantities  of  dust,  and 
thus  to  remove  the  cause  of  complaint  and  litigation 
on  the  part  of  adjacent  residents  or  land  owners,  the 
electrical  precipitators  or  "treaters"  began  the  collec- 
tion of  large  quantities  of  mineral  dust  and  fume. 

With  the  increasing  value  of  crude  potash  salts, 
due  to  decreased  or  entirely  eliminated  imports  of  the 
foreign  material,  the  possibility  and  practicability  of 
utilizing  this  cement  dust  as  a  source  of  potash  were 
soon  recognized. 

This  dust,  collected  from  cement  kiln  gases,  con- 
sists of  partly  calcined  raw  material  and  ash  from  the 
fuel  which  have  been  mechanically  carried  over  by 
the  draught,  and  also  of  volatilized  alkali  compounds. 

These  latter  are  principally  in  the  form  of  sulfates. 
Presumably  these  alkalies  are  volatilized  as  oxides 
which  then  combine  with  products  of  combustion  and 
calcination  to  form  salts.  Since  practically  all  fuel 
used  for  cement  burning  contains  sulfur,  there  are 
present  in  the  kiln  gases,  besides  carbon  dioxide  and 
water,  also  sulfur  compounds,  the  latter  probably 
largely  in  the  form  of  sulfur  dioxide.  Consequently 
there  exists  the  possibility  of  the  alkalies  combining 
either  as  carbonates,  hydroxides  or  sulfites,  and,  due 
to  the  possible  oxidation  or  reduction  of  the  latter, 
as  sulfates  or  sulfides. 

ANALYSES    OF    VARIOUS    DUSTS 

An  analysis  taken  at  random  from  the  many  which 
have  been  made  of  treater  dust  from  a  plant  where 
oil  is  used  as  fuel,  shows  the  following  percentage  com- 
position: 

SiOi 8.41%  KjO  (Total) 8.91%  .SOj 14.98% 

(FcAl)iOi....     7.02  K.O  (Water-soluble).   7.65  COj 13.80 

CaO 39.23  NaiO 3.65  HiO  and  un- 

MgO 0.60  determined   3.40 

This  sample  is  slightly  below  the  average  in  KjO 
content,  which  usually  runs  about  lo  or  ii  per  cent. 
Of  this,  approximately  86  per  cent  is  water-soluble, 
and,  as  fertilizing  material  is  sold  by  law  upon  its 
water-soluble  content,  it  would  show  this  dust,  with  a 
present  average  value  of  $3.50  per  unit  K;(),  to  be 
worth  about  $27.00  per  ton. 

The  soluble  KjO  is  present  entirely  as  K?SO,.  while 
the  insoluble  portion  is  largely  made  up  of  unchanged 
silicate  from  the  raw  mix. 

This  analysis  represents  the  composition  of  the  col- 
lected material,  when  no  attempt  is  made  to  separate 
the  heavy  mechanically-carried-ovcr  calcined  part  from 
the  true  volatilized  compounds.  In  some  of  the  Cot- 
trcl!  installations,  however,  the  construction  is  such 
I  hat  the  collected  dust  may  he  segregated,  thus  ob- 
taining n  separnlion  of  these  two  mcntionetl  fractions. 
An  analysis  of  the  lighter  portion,  which  is  precipitated 
Inst  in  such  an  installation,  and  whidi  carries  the 
greater  part  of  the  volntilixed  constituents,  is  ns  fol- 
lows: 


KiSO. 

NajSOi 

....  ^|.^y/o 

CaS04 

C:aCOj 

6  27 

CaO 

3  31 

&0  as  silicates 

...      0.56 

SiOc 1.61% 

(FeA])jO. 0.63 

CaO 7.78 

MgO 0.74 

K.Q  (Total) 28.96 

KjO  (Water-soluble) 28.40 

NaiO 12.54 

SOs 41.64 

COi 2.76 

H:0  and  undetermined....     3.34 

This  sample  is  typical  of  the  material  obtained 
where  oil  is  used  as  fuel,  and  all  the  sulfur  compounds 
have  been  oxidized  to  sulfates. 

From  this  analysis  it  is  evident  that  the  volatilized 
alkalies  have  combined  with  the  sulfur  compounds 
rather  than  with  the  carbon  dioxide,  in  spite  of  the 
great  preponderance  of  the  latter  in  the  kiln  gases. 
With  fuel  carrying  about  i  per  cent  sulfur,  this  ratio 
of  sulfur  dioxide  to  carbon  dioxide,  in  ordinary  kiln 
practice,  is  about  i  :  300. 

While  the  analyses  just  cited  are  representative 
of  material  collected  from  oil-fired  kilns,  it  has  been 
found  that  where  coal  is  used  as  fuel  a  product  of  some- 
what different  character  is  obtained. 

The  following  is  an  analysis  of  dust  collected  from  a 
plant  where  powdered  coal  carrying  about  i .  5  per 
cent  sulfur  is  the  fuel: 

SiOj 17.68%  SO> 9.94%  KiO  (Total) 1.33% 

(FeAl)jOj 11.56  Sulfur  in  sul&dcs  KiO   (Water-sol.)  6.74 

CaO 32.28  and  sulfites. . .      1.63        NaiO 1.48 

MgO 1.52  COj 10.64       HjO 0.96 

The  composition  of  a  sample  of  dust  from  which 
the  greater  part  of  the  heavier  portions  have  been  re- 
moved by  previous  precipitation,  is  shown  by  the 
following  analysis: 

SiOj 11.90% 

(FeAl)iOi 10.94 

CaO 21.85 

MgO 1.19 

TotalSasSOj 17.47 

KiO  (Total) 20.60 

KiO  (Water-soluble) 1 6 .  04 

NaiO 1.14 

COs 10.90 

C 1.03 

H3O  and  undetermined 2.98 

The  most  important  differences  in  the  potash 
material  from  coal-fired  and  oil-fired  kilns,  as  shown 
by  the  analyses  given,  lie  in  the  relative  amounts  of 
soluble  and  insoluble  K3O,  and  in  the  wide  variation  in 
potash  concentration  in  the  lighter  fractions  of  dust 
obtained  from  kilns  using  these  two  difTcrent  forms 
of  fuel. 

Thus  when  oil  is  used  as  fuel,  the  soluble  potash  in 
the  heavy  dust  was  86  per  cent  of  the  total,  and  in 
the  lighter  material,  gS  per  cent,  while  the  correspond- 
ing figures  for  dust  from  the  coal-fired  kiln  were  59  and 
70  per  cent,  respectively.  Similarly,  in  the  case  of 
oil-fired  kilns,  the  ratio  of  the  total  potash  content  of 
the  heavier  to  the  lighter  fraction  was  t  :  .5.75,  while 
the  corresponding  ratio  in  the  dtist  where  coal  was 
used  as  fuel  was  i  :  1.70. 

Since,  as  has  been  stated,  the  lighter  fraction  con- 
tains a  greater  percentage  of  vnlatiliicd  compounds, 
the  analyses  of  these  fractions  wo\ild  throw  the  most 
light  upon  the  reasons  for  the  differences  in  potash 
solubility  and  concentration  above   mentioned. 

Thus  in  the  ilusl  from  coal-fired  kilns,  where  the  total 
potash  content  was  relatively  low,  and  with  a  high 
percentage  of  insoluble,  the  sum  of  the  silica,  alumina 
an«l    iron   oxide   was    .';   S4   jirr   cent,   while   where  oil 


KjSOi. 

29.65% 

NaiSOi 

CaSC. 

4  06 

CaCOj. 

24 . 7  S 

CaO... 

6.33 

KiOas 

silicate 

....     4.5(5 
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was  used,  and  the  total  potash  content  was  high  and 
practically  all  soluble,  the  sum  of  the  silica,  alumina 
and  iron  oxides  was  only  2.24  per  cent. 

An  appreciable  difference  is  also  noted  in  the  sulfur 
content  in  the  two  cases,  since  with  oil  fuel  the  amount 
of  sulfur  in  the  dust  is  higher  than  where  coal  is  used. 
In  the  latter  case  the  sulfur  is  also  frequently  present 
in  large  part  as  sulfide  and  sulfite. 

Experiments  on  coal-fired  kilns  have  proved  that  in- 
creasing the  sulfur  content  of  the  fuel,  and  maintain- 
ing a  less  reducing  atmosphere  in  the  kiln,  both  tend 
to  produce  a  potash  product  of  a  higher  degree  of  solu- 
bility. But  even  with  a  large  excess  of  sulfur  over 
that  required  to  combine  with  all  the  volatilized 
alkalies,  the  per  cent  of  insoluble  potash  in  the  collected 
material  was  still  considerable. 

In  the  two  cases  cited,  all  the  soluble  K2O  has  been 
in  the  form  of  sulfate,  but  the  following  analysis  of 
dust  collected  from  an  oil-fired  kiln  using  the  wet 
process,  shows  that  soluble  potash  compounds,  other 
than  the  sulfate,  may  exist  in  such  dust.  The  fuel 
used  in  this  plant  does  not  contain  sufficient  sulfur  to 
combine  with  all  the  volatilized  potash,  so  that  some 
of  the  potash  must  appear  as  carbonate,  due  to  the 
large  excess  of  CO2  in  the  kiln  gases: 


Limb    and    Alkalies    Probably 
Combined  as 

KjS04 29.70% 

K1CO3 2.91 

Na:CO) 1.66 

CaO 29.96 

CaCOi 13.82 

K«0  in  silicates 1.49 


Analysis  of  Dust 

CaO 37.70% 

KiO  (Total) 19.57 

KiO  (Water-soluble) 1 8 ,  08 

NajO 0.97 

SOi 13.60 

CO. 7.70 

Since  an  excess  of  sulfur  does  not  always  prevent 
the  formation  of  insoluble  potash  compounds,  and  a 
deficiency  of  sulfur  does  not  necessarily  result  in  the 
formation  thereof,  it  follows  that  a  reason  for  the 
existence  of  such  compounds  must  be  sought  for 
elsewhere. 

In  the  dust  from  the  oil-fired  and  coal-fired  kilns 
previously  referred  to,  where  in  the  first  case  the  per 
cent  of  insoluble  K2O  was  0.56  per  cent,  and  in  the 
second  case  was  4.55  per  cent,  it  seems  safe  to  assume 
that  the  amount  of  mechanically  carried  over  raw 
material  was  practically  the  same.  Consequently  the 
difference  noted  in  the  amount  of  silicious  material 
shown  cannot  be  due  to  a  greater  proportion  of  cal- 
cined raw  mix  in  one  case.  The  only  other  source  of 
silicious  material  is  the  ash  from  the  coal  used  as  fuel. 
Ordinarily  this  coal  carries  8  to  12  per  cent  ash,  of 
which  35  to  40  per  cent,  is  SiOa  and  40  to  50  per  cent 
R2O3;  and  since  this  ash,  coming  as  it  does  from  finely 
powdered  coal,  must  be  in  a  state  of  extremely  fine 
subdivision,  approaching  that  of  a  true  fume,  it  is 
reasonable  to  suppose  that  part  of  this  ash  would  be 
collected  among  the  lighter  portions  of  the  dust. 

Since  approximately  9  lbs.  of  coal  ash  are  introduced 
into  the  kiln  per  barrel  of  clinker  burned,  if  only  one- 
half  this  amount  is  carried  out  with  the  gases,  it  would 
still  be  sufficient  to  affect  appreciably  the  composi- 
tion of  the  collected  dust,  as  the  amount  of  dust 
caught  per  barrel  of  clinker  produced  is  only  about 
20  lbs.  Consequently  it  is  probable  that  the  consid- 
erable amount  of  insoluble  potash  shown  to  be  present 


in  the  dust  from  coal-fired  kilns  is  in  reality  due  to 
a  combination  of  the  volatilized  potash  with  the  finely 
divided,  incandescent  particles  of  silicious  coal  ash. 

On  account  of  the  practical  impossibility  of  separa- 
ting the  insoluble  potash  compound  from  the  other 
constituents  of  the  dust,  its  exact  identification  has 
not  been  effected. 

The  so-called  "insoluble"  potash  is  completely  solu- 
ble in  dilute  HCl,  and,  as  will  be  shown  later,  also  in 
boiling  water  on  suflSciently  long  continued  treatment. 
This  latter  property  was  taken  advantage  of  in  an 
attempt  to  throw  some  light  upon  the  nature  of  the 
compound  in  question. 

A  sample  of  the  dust  was  first  treated  with  boiling 
water  according  to  the  official  method  for  water-solu- 
ble potash.  The  residue  was  then  boiled  with  water 
under  a  reflux  condenser  for  several  hours,  and  the  re- 
sulting solutions,  numbered  i  and  2,  in  each  case 
analyzed.  These  analyses,  with  hypothetical  com- 
bination, are  given  below: 


Analyses  of  Dust 
Solution  1  2 

SiOj 0.05%  0.08% 

RiOj 0.71 

CaO 8.49  0.91 

MgO 0.13  

KiO 6.10  !.66 

NajO 0.87  0.25 

SOi 7.46  0.61 

S  in  sulfides  and 

sulfites 0.70  0.00 

AlkaUnity  as  OH    3.78  1.22 


Hypothetical  Combination 

Solution  1  2 

K-SO. 11.28%  0.00% 

K.0 0.0(a)  1.66(0) 

NaiSOi 1.99  0.0 

NasO 0.0  0.25 

CaSO. 1.97  1.04 

CaS  (including 

CaSOi) 1.57  0.0 

CaO 6.46  0.48 

MgO 0.13  0.0 

AljOi 0.0  0.71 

SiOi 0.05  0.08 


(a)  As  silicates. 

The  slowly  soluble  potash,  which,  in  the  above 
hypothetical  combination,  is  given  as  silicate,  ap- 
peared, of  course,  in  solution  as  hydroxide,  due  to 
hydrolysis,  which  decomposition  may  be  influenced 
to  a  certain  extent  by  the  presence  of  lime  in  the 
solution. 

Other  investigators'  have  shown  that  when  a  feld- 
spar is  boiled  in  presence  of  lime,  the  potash  is  brought 
into  solution  in  the  same  form.  Hence  it  is  reasonable 
to  suppose  that  the  original  potash  compounds  in  the 
two  cases  were  similar  in  nature,  and  that,  therefore, 
this  slowly  soluble  material  is  a  type  of  recombined 
silicate  which,  as  previously  pointed  out,  was  formed 
through  the  union  of  the  silicious  ash  particles  and  the 
potash  vapor. 

If,  also,  as  seems  reasonable,  such  a  compound  is 
of  greater  specific  gravity  than  that  formed  from  the 
potash  vapor  and  the  sulfur  gases,  this  would  explain 
the  difference  in  potash  concentration  already  noted. 

The  possibility  of  such  a  silicious  combination  has 
long  been  recognized,  and  a  method  for  overcoming 
the  effects  thereof  on  the  solubility  of  collected  potash, 
has  been  patented  by  Haff  and  Cheeseman. 

WATER-SOLUBLE  POTASH  CONTENT  OF  DUSTS 

The  chief  use  of  this  treater  dust  being  as  a  fertilizer, 
and  as  its  value  for  such  purpose  is  based  upon  its 
content  of  water-soluble  potash,  the  question  of  solu- 
bility is  of  prime  importance. 

In  order  to  determine  not  only  the  ready  solubility 
of  the  potash  in  water,  but  also  to  gain  some  knowl- 
edge of  the  degree  of  solubility  which  it  might  show 
when  subjected  to  conditions  similar  to  those  existing 

'  W.  H.  Ross.  This  Journal.  9  (1917),  467. 
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in  its  practical  application  as  a  fertilizing  material, 
a  series  of  tests  was  made  to  determine  these  facts. 
A  description  and  the  results  thereof  follow. 

Wherever  figures  for  "water-soluble"  potash  are 
given  herein,  they  have  been  obtained  by  the  Official 
Method  of  the  A.  0.  A.  C,  which  consists  of  washing 
2.5  g.  of  the  material,  contained  in  a  12.5  cm.  filter, 
with  200  cc.  boiling  water,  and  determining  the  K5O 
in  the  resulting  solution.  The  older  method  for  this 
determination,  and  which  is  still  used  by  some  fer- 
tilizer chemists,  is  to  boil  the  material  with  water 
under  a  reflux  condenser  for  one-half  hour. 

One  of  the  reasons  for  the  adoption  of  the  new 
method  by  the  A.  O.  A.  C,  was  that  it  was  found,  in 
in  certain  cases,  that  the  older  method  gave  results 
somewhat  below  the  true  value,  and  tests  we  have  made 
in  connection  with  this  work  show  this  to  be  so. 

Analysis  of  the  dust  used  for  these  solubility  experi- 
ments showed  the  following  K2O  content: 

Total  KjO 10.91  per  cent     Per  cent  of  Total 

Water-soluble 5.84  53.5 

Soluble  in  5%  HCl 10.03  91.9 

In  order  to  show  the  effect  of  continued  treatment 
with  hot  water,  lo  g.  of  dust  with  loo  cc.  water  were 
boiled  under  a  reflux  condenser  for  varying  periods 
of  time,  and  the  amount  of  KjO  then  in  solution  de- 
termined, with  the  results  shown  in  Table  I: 


Table  I 

Time 

Per  cent 

KiO 

Per  cent 

OF  Total  KiO 

Hours 

Dissolved 

Dissolved 

v. 

5.49 

50.3 

2 

6.65 

60.9 

4 

7.68 

70.4 

6 

8.51 

78.0 

8 

9.13 

83.7 

10 

9.95 

91.2 

12 

10.12 

92.8 

14 

10.35 

94.9 

16 

10.45 

95.8 

20 

10.55 

96.7 

24 

10.56 

96.8 

This  table  shows  very  strikingly  the  ultimate  solu- 
bility of  practically  all  the  potash  under  the  condi- 
tions of  the  treatment,  given.  It  also  emphasizes 
the  importance  of  accurately  stating  conditions  of 
treatment  when  reporting  "soluble  potash"  and  indi- 
cates that  the  criticism  of  the  old  method  for  obtain- 
ing soluble  potash  was  justified.  Thus,  according  to 
the  new  method,  there  was  5.84  per  cent  soluble  K3O, 
while  with  one-half  hour  boiling,  only  5.49  per  cent 
was  found. 

The  reason  for  this  difference  is  probably  due  to  a 
primary  combination  between  the  potash  and  the  silica 
to  form  a  slowly  soluble  silicate  which  is,  however 
again  broken  down  by  continued  treatment  with  the 
hot  alkaline  solution.  Further  evidence  bearing  on 
this  point  will  be  found  in  some  of  the  following  ex- 
periments. 

To  illustrate  the  effect  of  continued  cold  water 
treatment,  10  grams  of  dust  with  100  cc.  water  were 
placed  in  i6-oz.  bottles,  tightly  stoppered,  and  sub- 
jected lo  continuous  agitation  in  a  revolving  container. 
The  percentage  of  extraction  obt.nincd  i.s  shown  in 
Table  11.  A  parallel  run  was  made  with  similar  con- 
ditions except  lluit  the  extraction  water  wn.t  separated 
from  the  dust  earli  day,  and  fresh  solvent  added. 
Tho  results  obtained  in  this  series  appear  in  Tabic  III. 


Table  II 
Time  Per  cent  KiO 
Hrs.  Dissolved 

1 5.59 

24 5.92 

72 6.06 

168 6.24 

336 6.38 

672 8.00 

840 8.25 


Per  cent 
of  Total 
51.2 
54.3 
55.5 
57.2 
58.5 
73.3 
75.6 


Time 
Hrs. 

168. 

336. 

504. 

672. 

840. 
1008. 


Table  III 
Per  cent  KiO 

Dissolved 
...  6.62 
...  6.86 
...  7.20 
...  7.34 
...  7.40 
...    7.46 


60.6 
62.8 
66.0 
67.3 
67.8 
68.3 


In  order  to  simulate,  to  a  certain  extent,  condi- 
tions of  leaching  which  obtain  when  fertilizing  ma- 
terial is  applied  to  the  land,  an  apparatus  was  arranged 
for  carrying  on  continuous  percolation  of  the  treater 
dust  with  measured  amounts  of  cold  water.  This 
apparatus  was  designed  by  H.  V.  Welch,  and  is  shown 
in  Fig.  I.  The  dust  to  be  leached  was  placed  in  16- 
oz.  bottles  from  which  the  bottoms  had  been  removed 
and  replaced  by  a  couple  of  layers  of  filter  paper  held 
in  position  with  a  disc  of  wire  screen.     These  bottles 


are  supported  in  a  wooden  frame  over  a  drain  pan, 
and  the  water  supplied  to  the  tops  of  the  bottles  by 
means  of  the  rubber  tubes  which  terminate  in  open- 
ings arranged  around  the  periphery  of  a  circular  pan 
below  the  distributer.  The  latter  is  a  large  wooden 
pulley  through  which  passes  a  tube  connected  with 
the  water  supply.  This  pulley  is  revolved  by  means 
of  belting  from  a  small  electric  motor.  By  this  means 
each  bottle  receives  the  same  amount  of  water,  which 
may  be  controlled  by  regulating  the  size  of  the  open- 
ing in  the  water  supply  tube,  and  measured  by  col- 
lecting the  water  delivered  by  any  one  of  the  tubes. 

Fifty  grams  of  the  dust  were  used,  and  the  amount 
of  water  passing  through  was  J400  cc.  per  day.  At 
the  end  of  the  specified  times,  the  residues  wore  dried 
and  analyzed  for  KjO,  ollowance  being  made  in  the 
calculation  for  the  lo.ss  in  weight  of  the  dust,  duo  lo 
the  removal  of  salts  other  than  potash.  The  results 
arc  shown  in  Table  IV. 


Ta.1.11   IV 
Time  IVr  r*al  KK)  l>l*n>lvr.t 

.<Aft  hour« •7? 

67,*  hfiur« A.SI 

loas  boun 7,M 


rrni  of  ToUl 
M   5 


6so 
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Considering  Tables  III  and  IV,  which  show  the 
amounts  of  potash  dissolved  when  the  soluble  salts 
are  removed  from  the  sphere  of  action,  it  is  seen  that 
the  potash  compounds  are  brought  into  solution  by 
the  action  of  cold  water  at  a  well  defined,  though  slow 
rate.  Comparing  Tables  III  and  IV  with  Table  II 
shows  that  ultimately  more  potash  is  dissolved  when 
the  soluble  constituents  of  the  material  are  allowed  to 
remain  in  the  solvent.  In  all  probability  this  is  due 
to  the  action  of  the  lime  present,  since,  as  previously 
stated,  this  has  a  marked  solvent  action  on  such 
silicious  material.  This  action  is  shown  more  clearly 
where  the  solvent  was  used  at  boiling  temperature, 
for,  in  this  case,  where  the  dissolved  products,  a 
large  proportion  of  which  is  lime,  were  allowed  to  re- 
main with  the  solvent,  the  rate  of  solution  was  22 
per  cent  greater  than  in  a  similar  test  where  fresh 
solvent  was  used  from  time  to  time. 

While  the  rate  of  solution  in  cold  water  is  very  much 
slower  than  in  hot,  it  is,  nevertheless,  considerable,  and 
it  is  safe  to  assume  that  the  greater  part  of  such  slowly 
soluble  potash  material  from  cement  kiln  gases, 
would  be  rendered  available  in  the  course  of  a  season. 

As  is  known,  ground  feldspar  is  often  used  as  a 
potash  fertilizer.  Compared  with  the  recombined 
silicious  potash  of  cement  kiln  dust,  this  potash  ma- 
terial is  much  more  slowly  soluble,  which  is  evident 
from  the  fact  that  a  feldspar-lime  mixture,  containing 
practically  the  same  percentage  of  lime  as  the  treater 
dust,  yielded,  on  boiling  with  water  for  16  hours,  only 
1 .  7  per  cent  of  the  total  K2O,  while  the  treater  dust, 
from  which  all  of  the  readily  soluble  potash  had  been 
removed,  under  parallel  conditions  gave  35  per  cent 
of  its  remaining,  slowly  soluble  K»0. 

EFFECT    OF    SOIL    ADMIXTURE 

Some  tests  were  made  to  determine  the  effect  of  an 
admixture  of  soil  upon  these  potash  compounds.  It  is, 
of  course,  known  that  soluble  potash  salts,  when  mixed 
with  some  soils,  tend  to  become,  in  part,  soluble. 
Our  tests  show  that  with  treater  dust  this  action  is 
also  quite  rapid,  so  that  in  a  comparatively  short  time 
a  large  part  of  the  originally  soluble  potash  becomes 
so  attached  to  the  soil  that  it  cannot  be  extracted  when 
treated  according  to  the  Official  Method  for  water- 
soluble  potash.  At  the  same  time,  however,  the 
originally  slowly  soluble  potash  compounds  are  being 
rendered  soluble.  The  ultimate  result  of  such  action 
of  soil  on  a  mixture  of  the  two  types  of  compounds 
existing  in  this  treater  dust,  as  shown  by  the  following 
tests,  is  to  yield  a  larger  relative  percentage  of  readily 
soluble  potash  than  is  the  case  where  the  original 
material  consisted  entirely  of  perfectly  soluble  salts. 

In  the  first  set  of  these  tests,  a  hot  water  extraction 
of  the  original  dust  was  made,  and  aliquot  parts  of 
the  resulting  solution  poured  upon  samples  of  soil 
contained  in  beakers.  These  were  then  allowed  to 
stand  for  varying  periods  of  time,  when  the  residual 
water-soluble  potash  content  was  determined.  At 
the  end  of  two  weeks,  this  water-soluble  potash  had 
decreased  13.6  per  cent,  and  at  the  end  of  four  weeks, 
38.  7  per  cent. 

The   dust   remaining,   after   the   water-soluble    part 


was  removed  by  washing,  was  also  mixed  with  soil 
and  allowed  to  stand.  At  the  end  of  two  weeks,  12 
per  cent  of  the  slowly  soluble  potash  had  become  solu- 
ble, and  at  the  end  of  four  weeks,  this  solubility  had 
increased  to   17  per  cent. 

From  these  results  it  is  evident  that  the  effect  of 
the  soil  upon  the  readily  soluble  potash  is  more  pro- 
nounced than  that  upon  the  slowly  soluble,  so  that 
the  net  result  would  be  to  decrease  the  total  amount 
of  readily  soluble  potash  in  such  a  mixture. 

The  following  test  confirms  the  above  assumption: 
The  original  dust  was  mixed  with  soil,  moistened  with 
water,  and  allowed  to  stand  as  in  the  previous  cases. 
At  the  end  of  three  weeks,  the  soluble  potash  had  de- 
creased 2.45  per  cent  of  its  original  value.  At  the 
end  of  six  weeks,  the  decrease  was  4.9  per  cent,  and 
at  the  end  of  ten  weeks,  was  9.95  per  cent. 

As  was  shown  above,  with  the  soluble  part  of  this 
dust  similar  to  the  soluble  potash  salts  of  the  ordinary 
fertilizer,  this  decrease,  in  only  four  weeks,  was  38.7 
per  cent.  It  is  possible  that  this  recombination  be- 
tween the  soluble  potash  and  the  soil  is  analogous  to 
the  one  pointed  out  in  connection  with  the  solubility 
of  the  dust  in  boiling  water.  As  was  stated  then,  a 
half-hour  boiling  showed  a  soluble  potash  content  of 
5.49  per  cent,  while  the  Official  Method  gave  5.84 
or  a  decrease,  caused  by  boiling,  of  6  per  cent  of  the 
total  soluble  potash  present.  When  the  silicious  ma- 
terial in  the  mixture  is  largely  increased  by  the  addi- 
tion of  soil  to  the  dust,  it  is  to  be  expected  that  the 
recombination,  under  similar  treatment,  would  be 
more  marked.  Tests  made  by  boiling  such  mixtures 
confirm  this  view.  Thus  a  mixture  of  10  per  cent 
dust  and  90  per  cent  soil,  which  showed  by  the  Official 
Method  0.66  per  cent  soluble  potash,  on  boiling  one- 
half  hour,  gave  only  0.47  per  cent,  a  decrease  of  29 
per  cent. 

It  appears  evident,  from  the  data  presented,  that 
the  Official  Method  for  determining  soluble  potash 
in  fertilizer  does  not  necessarily  give  a  true  indication 
of  the  potash  value  of  all  such  material.  As  to  the 
ultimate  availability  for  plant  use  of  the  potash  in 
a  fertilizer,  it  would  seem  that  such  slowly  soluble 
potash  compounds  as  have  been  shown  to  be  present 
in  dust  from  cement  kilns,  more  nearly  approach 
the  ideal  form  of  a  plant  food  than  do  the  more  read- 
ily soluble  potash  salts,  since  these  slowly  soluble 
compounds  undoubtedly  can  be  assimilated  by  the 
plants  in  the  course  of  a  season,  and  are  not  to  such  a 
large  extent  apt  to  be  leached  out  by  rains  and  irriga- 
tion. 

The  United  States  Bureau  of  Soils  has  under  way  a 
series  of  experiments  on  leaching  this  dust  with  water 
under  conditions  of  high  pressure  and  temperature, 
a  complete  report  of  which  will  undoubtedly  be  pub- 
lished in  the  near  future.  The  results  of  some  of  their 
early  experiments  would  indicate  that  the  rate  of  solu- 
tion of  the  slowly  soluble  potash  compounds  is  enor- 
mously increased  by  this  treatment. 

SUMMARY 

I — Dust  from  cement  kiln  gases  may  be  composed 
of  mechanically  carried  over  raw   material  and  solid 
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residues  from  fuel  combustion,  together  with  volatil- 
ized alkalies. 

II — Such  dust  contains  considerable  amounts  of 
potash  present  both  in  readily  and  slowly  soluble 
form. 

Ill — The  readily  soluble  potash  usually  occurs  as 
sulfate,  due  to  a  combination  of  this  base  with  the 
sulfur  of  the  fuel  and  where  there  is  a  deficiency  of 
sulfur,  partly  as  carbonate. 

IV — The  slowly  soluble  potash  is  probably  of  a 
silicious  nature,  largely  formed  by  the  union  of  potash 
vapor  with  incandescent  ash  particles. 

V — This  silicious  potash  becomes  soluble  on  boiling 
with  water  for  a  few  hours,  and  on  treatment  with 
cold  water  for  longer  periods. 

VI — The  presence  of  lime  accelerates  the  solution. 

VII — Slowly  soluble  potash  compounds  are  also 
formed  by  the  interaction  of  potash  salts  in  solution 
with  silicious  material,  this  recombination  being  greatly 
accelerated  by  heat. 

VIII — The  action  of  moist  soil  promotes  the  availa- 
bility of  the  slowly  soluble  potash. 

IX — In  view  of  the  gradual  and  continued  solution 
of  the  potash  in  cement  kiln  dust,  it  should  be  of  par- 
ticular value  as  fertilizer  material. 
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I.ABORATOKieS    OP    THE    WESTERN    PrECIPIT.\TION    CoMP.VNY 
Los    AnGEUES,    CAt.IPORNI.\ 


SOME  RELATIONS  OF  THE  EFFECT  OF  OVERHEATING 

TO  CERTAIN  PHYSICAL  AND  CHEMICAL 

PROPERTIES  OF  ASPHALTS' 

By  A.   \V.   IIi.xsu.v   A.NO   Hakulu   U.   Hands 

The  use  of  carbon  tetrachloride  as  a  solvent  in  differ- 
entiating bitumens  was  first  suggested  by  Richardson 
and  Forrest^  in  1906.  They  found  that  true  asphaltic 
hydrocarbons  were  soluble  to  the  same  extent  in  it 
as  in  carbon  bisulfide.  In  residual  pitches  which  were 
carelessly  refined,  they  found  that  the  bitumen  sol- 
uble in  carbon  tetrachloride  was  less  than  in  carbon 
bisulfide.  To  the  hydrocarbons  soluble  in  carbon  bi- 
sulfide but  insoluble  in  carbon  tetrachloride,  Richard- 
son later  applied  the  term  "Carbenes."'  It  was  sug- 
gested that  these  were  the  result  of  weathering  in  true 
asphalts.  In  the  case  of  residual  pitches  it  was  thought 
to  be  the  result  of  overheating  during  the  industrial 
processes  used  in  production. 

Kirschbraun*  took  up  Richardson's  suggestion  and 
performed  a  series  of  experiments  on  the  eflfect  of 
overheating  on  refined  Hermudez  asphalt  and  on 
(luxeil  Bcrniudez  asphalt.  He  found  that  carbenes 
were  formed  at  high  temperatures  (650-700°  F.)  and 
suggested  that  they  were  the  result  of  cither  cracking 
at  high  temperature  or  concentration — probably 
Ijotli. 

'  frrarnldl    iil    llir    ^4lll    Mrrlliiii   i>(   tll<    .\nicr<i-an   I.  Iirmlcal   Suvlety, 
Kaniaa  I'liy.  Apill  In  |<>  14,  IVi;. 

•  Klclii<r<l«>ii  ami  I'orrral.  J.  ."tot.  Chfrn.  l»d  .  t4.  .Ill 

•  "Thr  MiHlrtn  Aiplmll  Pnvrmtol,"  lal  Kd  .  pp.  118.  IM 

•  MuHiiipal  I'.ntlnttr,  II  i  I-IOHI.  Wi. 


In  1910  Mackenzie^  took  up  the  subject  in  the  en- 
deavor to  determine  the  cause  of  certain  discrepancies 
in  the  results  of  carbene  determinations  in  the  same 
samples  made  in  the  Xew  York  Testing  Laboratory 
and  another  laboratory  on  the  Pacific  Coast.  He 
found  that  in  the  same  sample  of  bitumen  there  was 
an  increase  of  carbenes  when  the  carbon  tetrachloride 
solution  was  allowed  to  stand  in  the  light.  He  there- 
fore called  those  carbenes  which  were  precipitated 
completely  from  a  tetrachloride  solution  on  standing 
in  the  dark  for  12  hrs.,  "true  carbenes."  To  those 
which  were  then  precipitated  on  allowing  the  filtrate 
from  this  determination  to  stand  in  the  light  he  ap- 
plied the  name  "pseudo-carbenes."  He  concluded: 
"That  light  acting  upon  a  solution  of  bitumen  in  tetra- 
chloride causes  the  bitumen  to  decompose,  the  tetra- 
chloride giving  hydrochloric  acid,  which  in  turn  com- 
bines with  unsaturated  hydrocarbons  and  precipi- 
tates them.  But  only  certain  bitumens  (namely, 
those  which  have  been  more  or  less  overheated)  can 
bring  about  this  phenomeno.n."  Similar  results  and 
conclusions  were  the  result  of  practically  a  simul- 
taneous work  by  Alexander. - 

As  far  as  can  be  ascertained,  no  systematic  work  has 
been  published  which  has  to  do  with  the  effect  of  over- 
heating, and  the  presence  of  carbenes  caused  by  this 
overheating,  upon  the  physical  and  chemical  proper- 
ties of  asphalts.  This  investigation  was  therefore 
undertaken  with  the  object  of  determining  to  what 
extent  an  asphalt  could  be  heated  and  still  retain 
those  properties  desirable  for  a  durable  pavement.  If 
carbenes  are  a  result  of  overheating,  then  what  is 
their  effect  upon  an  asphalt;  is  the  effect  due  simply 
to  the  heating  or  do  they  alter  markedly  the  proper- 
ties of  asphalt  by  their  presence?  It  was  hoped  to 
arrive  at  a  conclusion  as  to  the  value  of  the  carbene 
specification  for  asphaltic  materials  to  be  used  in  road 
construction. 

It  was  noticed  that,  using  the  same  asphalt,  Mac- 
kenzie was  unable  to  check  the  results  obtained  by 
Kirschbraun  either  concerning  the  carbene  content, 
or  certain  other  properties,  e.  g.,  bitumen  soluble  in 
carbon  bisulfide.  This  is  not  to  be  wondered  at  since 
neither  investigator  gave  details  of  the  methods 
of  analysis  used.  It  is  a  well-known  fact  that  in  asphalt 
analysis  two  investigators  have  difficulty  in  checking 
each  other  even  when  the  same  methods  are  used. 
The  errors  due  to  technique  are  too  well  known  to  be 
recounted  here.  Needless  to  say,  it  is  therefore  im- 
])ossible  for  any  later  investigators  to  check  their  re- 
sults (juantitatively.  In  this  work  no  effort  was  made 
to  check  the  results  of  either  Mackeniic  or  Kirsch 
braun. 

Pl'KIFICATION    OK    REAC.KSTS 

In  order  to  be  absolutely  sure  of  the  results  it  wa.s 
thought  necessary  carefully  lo  purify  the  carbon  bi- 
sulficio  and  the  carbuit  tetrachloride  to  be  used. 

The  bisulfide  was  first  shaken  witli  lime-water  un- 
til no  color  was  imparted  to  it.  This  removed  any 
inorganic  sulfides  which  might  be  present  as  impun- 

'  TniK  JoiUKAt.  t  ,1'JIO),  I.M 
>  IhU  .  t  iiwini,  ;«• 
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ties.  To  insure  the  complete  removal  of  any  hydro- 
gen sulfide  the  bisulfide  was  placed  in  a  distilling 
flask,  covered  with  one  inch  of  a  water  solution  of 
lead  acetate  and  distilled  over  a  water  bath.  The 
distillate  was  then  fractionated  using  a  Glinsky  4-bulb 
distilling  head.  That  fraction  with  a  boiling  point 
of  46.3°  was  saved.  This  was  water-white  with  a 
pleasant  ethereal  odor  and  gave  no  residue  when 
20  CO.  of  it  were  allowed  to  evaporate  spontaneously 
on  a  watch  glass.  It  was  then  dried  over  lime,  placed 
in  glass-stoppered,  brown  bottles,  and  kept  in  a  cool, 
dark  place. 

The  carbon  tetrachloride  was  freed  from  carbon 
bisulfide  by  adding  a  quantity  of  alcoholic  potassium 
hydroxide  solution.  It  was  then  heated  to  60°  C. 
for  one-half  hour  and  the  potassium  .\anthate  formed 
was  precipitated  by  adding  water.  The  liquid  was  re- 
peatedly washed  with  water  until  free  from  alcohol 
and  potassium  hydroxide.  It  was  then  fractionated, 
using  a  Glinsky  4-bulb  distilling  head.  Fractions 
with  a  boiling  point  of  76.6  to  76.8°  C.  were  kept 
dried  over  calcium  chloride  and  stored  in  the  same 
manner  as  the  bisulfide. 

In  using  both  solvents,  the  wash  bottles  were  com- 
pletely covered  with  black  paper  to  prevent  any  de- 
composition by  light. 

METHODS    OF    ANALYSIS 
DETERMINATION      OF      BITUMEN    SOLUBLE     IN    CARBON 

BISULFIDE  (total  bitumen) — The  method  proposed 
by  the  Committee  on  standard  tests  for  road  materials 
of  the  American  Society  for  Testing  Materials  was 
tried.  In  the  case  of  Trinidad  asphalt,  where  the 
mineral  matter  is  high,  the  results  were  very  unsatis- 
factory. Filtration  proceeded  very  slowly  and  much 
of  the  fine  mineral  matter  went  through  the  filter. 
It  was  also  found  difficult  to  prepare  two  asbestos 
pads  for  the  Gooch  crucible  which  would  retain  the 
same  amount  of  mineral  matter.  For  this  reason 
great  difficulty  was  experienced  in  obtaining  concordant 
results.  When  very  dense  pads  were  used  it  was  still 
found  difficult  to  check  the  results.  Moreover,  when 
carbon  tetrachloride  was  used  as  a  solvent,  it  re- 
quired several  days  for  filtration,  and  in  one  case  over 
a  week.  Obviously,  this  would  not  do,  for,  as  Alex- 
ander and  Mackenzie  found,  the  longer  the  time  taken 
to  filter  a  tetrachloride  solution  of  bitumen,  the  greater 
the  amount  of  bitumen  insoluble,  due  probably  to 
the  action  of  light.  So  the  following  method  was 
used: 

One  gram  of  the  asphalt  (if  the  mineral  content  be 
low,  more  can  be  taken)  was  weighed  into  a  tared  200- 
cc.  Erlenmeyer  flask  and  treated  with  100  cc.  of  car- 
bon bisulfide.  The  flask  was  then  loosely  stoppered  and 
was  shaken  from  time  to  timeuntil  solution  was  complete. 
This  usually  required  about  30  minutes.  The  solu- 
tion was  then  centrifuged  at  high  speed  for  30  minutes. 
Two  C.  Schleicher  and  Schull  No.  589  Blue  Ribbon 
filter  papers,  which  had  been  previously  extracted 
with  carbon  bisulfide,  were  then  weighed  and  onto 
these  the  supernatant  liquid  was  carefully  decanted. 
A  double  filter  was  used  to  insure  the  collection  of 
even  the  finest   mineral   matter.     The  residue  in  the 


bottom  of  the  centrifuge  flasks  w^  then  washed  with 
bisulfide  and  utimately  all  was  brought  upon  the 
filters.  The  residue  was  washed  with  bisulfide  until 
the  washings  were  colorless.  Suction  was  applied 
when  necessary.  All  flasks  and  the  filters  were  then 
dried  at  100°  C.  and  weighed.  The  filter  papers  con- 
taining the  residue  were  then  ignited  to  determine 
the  amount  of  "organic  matter  insoluble"  and  ash. 
In  this  manner  the  ratio  of  "organic  matter  insoluble" 
to  ash  was  found.  If  any  insoluble  matter  remained 
in  the  flasks  this  ratio  was  applied  to  it  and  the  ash 
and  "organic  matter  insoluble"  thus  found  were  added 
to  that  found  on  ignition  of  the  filter  papers.  The 
reason  for  this  is  obvious  when  one  considers  that  the 
insoluble  mineral  matter  in  the  flasks  will  have  ab- 
sorbed or  adsorbed  a  certain  amount  of  bituminous 
material.  It  was  found  that  the  ash  determined 
in  the  fixed  carbon  test  was  slightly  greater  (about 
1.35  per  cent  in  the  case  of  Trinidad  asphalt)  than 
that  obtained  by  filtration.  The  reason  for  this  is 
unknown.  Richardson'  is  authority  for  the  state- 
ment that  the  solution  containing  this  shows,  under 
the  ultra-microscope,  the  characteristic  Brownian 
movement  of  colloids  and  that  it  is  due  to  colloidal 
clay  and  other  mineral  matter.  But  might  not  this 
difference  be  caused  by  a  solution  of  slight  amounts 
of  mineral  salts  in  the  solvent?  These  salts  might 
be  salts  of  mineral  acids  or  mineral  salts  of  organic 
acids  of  high  complexity.  This  might  be  expected, 
especially  if  the  solvents  were  not  completely  water- 
free— a  condition  hard  to  secure. 

If  the  mineral  is  colloidal  then  it  will  probably  have 
bitumen  adsorbed  on  its  surface.  In  this  work  it  was 
assumed  to  be  colloidal  and  therefore  a  correction  was 
applied  to  the  mineral  matter  found  on  filtration.  In 
making  this  correction  the  same  ratio  between  ash  and 
"organic  matter  insoluble"  was  used  as  that  found 
on  ignition  of  the  filter  residue.  In  order  to  determine 
if  the  long  standing,  as  specified  in  the  method  of  the 
American  Society  for  Testing  Materials,  was  of  value 
before  centrifuging,  experiments  were  carried  out  in 
which  the  asphalt  stood  in  contact  with  the  solvent 
for  different  lengths  of  time.  In  each  case  one  gram 
of  refined  Trinidad  asphalt  was  shaken  with  100  cc. 
of  carbon  bisulfide.  The  results,  given  in  Table  I, 
showed  that  long  standing  was  not  necessary  when 
the  centrifuge  was  used. 

Table  I 

Time  or  Standing                 30  mins.  24  hrs.  48  hrs.  70  hrs.  48  hrs(«) 

Bitumen  soluble  in  CSj 58.02  58.00  58.65  59.77        57.41 

Mineral  matter  insoluble 30.00  33.31  32.66  30.04       33.48 

"Organic  matter  insoluble" 7.98          8.69  8.69  7.19         9.11 

(a)  Stood   24   hours,   was  decanted  and    100  cc.   fresh    solvent  added; 
then  stood  24  hours  longer. 

The  following  points  then  led  to  the  adoption  of 
the  above  method  of  separation: 

I — The  time  element  was  cut  to  a  minimum,  it  be- 
ing possible  to  complete  filtration,  even*from  a  tetra- 
chloride solution  which  formerly  took  several  days, 
in  a  few  hours.  This  is  very  important  in  making 
the  carbene  determination. 

2- — Results  could  be  made  to  check  closely. 

3 — By  the  use  of  filter  paper,  instead  of  an  asbestos 

'  J.  Phys.  Chem..  19,  245. 
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padded  Gooch  crucible,  it  was  possible  to  control 
more  evenly  the  size  of  the  openings  and  therefore 
the  amount  of  mineral  matter  retained. 

BITUMEN    SOLUBLE   IN    CARBON    TETRACHLORIDE The 

same  method  was  used  as  in  determining  the  bitumen 
soluble  in  carbon  bisulfide,  using  instead  100  cc. 
of  carbon  tetrachloride. 

CARBENES — No  attempt  was  made  to  determine 
the  pseudo-carbenes  described  by  Mackenzie.  The 
bitumen  soluble  in  carbon  bisulfide  but  insoluble  in 
carbon  tetrachloride,  when  the  determinations  were 
made  as  described  above,  was  taken  as  the  carbene 
value. 

FLOW  TEST — This  test  was  performed  according  to 
the  directions  given  by  Richardson.'  The  test  was 
made  at  the  melting  points  of  the  asphalts  and  the 
flow  in  millimeters  during  5  minutes  was  taken.  An 
electric  oven  was  used. 

All  other  tests  were  performed  according  to  the 
directions  given  in  The  Office  of  Public  Roads, 
Bulletin  38,  on  "Methods  for  the  Examination  of 
Bituminous  Road  Materials." 

In  making  the  melting-point  test,  the  oil  bath  was 
heated  at  the  rate  of  5°  per  minute.     All  penetration 

TablB  II- 

. Cruos  Trinidad  Asphalt .    ' 

163"     200"       235"       265°     300° 


black  homogeneous  substance  which  was  quite  soft 
and  sticky.  The  oil  asphalt  was  a  dull  black  homo- 
geneous substance  which  was  also  quite  soft  and 
sticky.      However,  it  could  easily  be  cut  with  a  knife. 


lO   40   60    BO    100  IZO  HO  ISO  lao  lOO  220  140  2SO  iSO  300  i!0  }«tQ.  O 

Temperature  of  heating 
PROPERTIES    AFTER    HEATING 

In  the  case  of  each  asphalt  there  was  an  increase 
in  the  melting  point  after  heating  to  200°  C,  more 
marked  possibly  in  the  case  of  the  brick  filler  (Fig.  I). 


Tbsts  Madb  at  Differsnt  Tempbraturbs 
-. Brick  Fiui-BR •      • — 


-On,  Aspbaltic  Cbmbnt- 


Tcmperature  ) 
of  Heating   J  •  •  •  • 

Bitumen  Soluble; 

in  CSi 54.90 

in  ecu 52.78 

Carbcnes 2.12 

Matter  Insoluble: 

Organic 9.45 

Mineral     ..    35.65 

Fixed  Carbon: 

Determined     8.71 
Corrected...     8.71 

Loss  on  Heat- 
ing  


53.77  51.62 
53.63  52.27 
0.14  —0.65 


50.39  30.70 
53.13  27.64 
-2.74     3.06 


99.26 
99.26 
None 


98.48 
98.48 
None 


98.70 

97.51 

1.19 


97,80 
85.50 
12.30 


97.93 
0.24 


0.17        0.78 
1.13        1.42 


1.0 
129.5 


4.95 
133.0 


5.21   30.11      ... 
130.5  Doesn't    78 


0.23      1.0 


M.  P.  (°C.).    113 

flow 
Penetration..    40.5     4.0       4.0         4.0         4.0        1.0       65.7     53.0     21.5 

Flow  at  M.  P.  10.5      ...    123.5  120  90       0  32.5        ...      50.5 

tests  were  made  under  a  load  of  zoo  g.  for  s  seconds 
at  a  temperature  of  38°  C,  except  in  the  case  of  the 
oil  cement,  where  the  load  was  50  g.  The  New  York 
Testing   Laboratory  Penetrometer  was  used. 

MATERIALS    USED 

I — Crude  Trinidad  asphalt  which  had  been  finely 
powdered  and  air-dried  before  testing. 

2 — A  brick  filler  which  consisted  of  a  natural  asphalt 
fluxed  with  70  per  cent  of  aspbaltic  oil  residuum. 

3 — An  oil  aspbaltic  cement  of  unknown  origin. 

METHOD  OF  HEATING — About  loo  g.  of  the  asphalt 
were  placed  in  a  large  crucible-shaped  porcelain  dish 
and  liealed  to  the  desired  temperature  in  an  air  oven 
over  a  period  of  five  hours.  At  the  end  of  this  time 
it  was  poured  out,  allowed  to  cool,  and  if  hard  enough 
was  ground  In  powder  and  sampled.  Tests  were  made 
at  the  (iifFcrenl  temperatures  as  given  in  Table  II. 

The  nature  of  the  change  on  heating  may  periiaps 
be  followed  better  by  considering  the  change  at  each 
tempcralurc. 

OKIOINAL    l-KorilKTIES 

The  crude  Trinidad  asphalt  when  ijulvcrizcd  had 
a  dry  earthy  appearance.     The  brick  filler  wa.s  a  jct- 

■  "The  Mo<lrrn  Aapliall  Pnvriiirnl."  Ill  I!d.,  p.  337. 


16.85     34.51 
128.3          136 

16.3         8.4 

Over 

185         47.5 

There   was 


47.88 
159 


6.4 
3.0 


97.27 
97.52 
—0.25 


97.36 

96.14 

1.22 


16.4 

27.5 


10.00 
167.5 


96.88  81.32 

96.58  73.38 

0.30     7.94 


25.00  84.48  77.12 
164.5     91.3 


24.5       25.0     81.6 


decrease  in  the  penetration  (Fig.  II); 
greatest  in  the  case  of  the  brick  filler  and  crude  Trini- 
dad asphalt.  The  fluidity  of  these  two  asphalts 
also  increased,  that  of  the  Trinidad  being  greatest 
at  this  temperature.  The  oil  cement  showed  a  marked 
decrease    in     fluidity.     The    fixed    carbon     (Fig.     V) 
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showed  a  slight  iiuro.i.sc,  us  was  to  be  expected.  Of 
special  interest  is  the  decrease  of  carbene  content 
(Fig.  IV)  in  the  Trinidad  asphalt.  A  corresponding 
dccrea.sc  was  found  in  the  oil  cement;  in  fact,  the 
bitumen  was  even  more  soluble  in  carbon  tetrachloride 
than  ill  carbon  bi.sulfidc! 
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Changes  in  the  nature  of  the  asphalts  were  quite 
noticeable  after  heating  to  235°  C.  The  melting 
points  continued  to  rise  in  all  cases.  The  asphalts 
became  harder.  The  Trinidad  became  so  hard  that 
it  was  easily  crushed  and  ground  in  a  coffee  mill. 
The  brick  filler  broke  with  a  conchoidal  fracture 
when  hit  a  quick,  hard  blow.  The  oil  cement  con- 
tinued to  be  fairly  soft.  The  flow  tests  showed  that 
the  Trinidad  asphalt  and  oil  cement  became  slightly 
more  viscous,   while  the  brick  filler  showed  its   max- 
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Temperature  of  heafirt^ 
imum  fluidity  at  this  point,  it  being  so  fluid  that  it 
flowed  off  the  end  of  the  plate.  While  the  oil  cement 
and  brick  filler  both  showed  an  increase  in  carbenes 
at  this  temperature,  the  decrease  was  still  greater  in 
the  case  of  the  Trinidad  asphalt,  which  now  became 
more  soluble  in  carbon  tetrachloride  than  in  carbon 
bisulfide;  there  also  appeared  a  decrease  in  the  fixed 
carbon  content!  After  heating  to  265°. a  break  was 
noticed  in  all  the  curves  depicting  the  various  proper- 
ties. In  the  case  of  the  Trinidad  asphalt  and  oil 
cement,  there  was  a  lowering  of  the  melting  point, 
the  fluidity,  and  the  fixed  carbon,  while  in  all  three 
there  was  a  decrease  in  the  carbenes.  The  Trinidad 
became  more  markedly  soluble  in  carbon  tetrachloride 
than  in  carbon  bisulfide! 

Upon  heating  to  300°  a  very  decided  change  took 
place.  The  Trinidad  asphalt  became  so  hard  that  it 
was  easily  ground  to   100  mesh.     After  being  ground 


it  would  not  fuse  together  again,  so  it  was  impossible 
in  this  manner  to  make  a  cube  for  the  melting-point 
determination.  Fortunately,  a  large  lump  was  at 
hand,  which  was  then  molded  into  shape  and  the 
test  performed.  However,  the  asphalt  would  not  flow 
even  after  heating  to  300°  C.  The  brick  filler  was 
ground  in  the  mill  and  the  oil  cement  became  very 
soft,  mealy  and  lost  its  stickiness.  While  the  pene- 
tration of  the  other  samples  became  suddenly  less, 
the   penetration   of  the  oil   cement  became   decidedly 


greater.  Its  melting  point  became  lower  and  it  re- 
fused to  flow  on  the  flow  plate.  In  each  case  a  de- 
cided increase  in  fixed  carbon  and  carbenes  was  noticed. 
Each  asphalt  seemed  to  lose  its  fluidity. 

In  centrifuging  the  carbon  bisulfide  and  carbon 
tetrachloride  solutions  of  these  samples  an  interesting 
observation  was  made.  In  the  case  of  the  former, 
all  the  insoluble  matter  went  to  the  bottom  of  the 
flasks.  However,  in  the  carbon  tetrachloride  solution 
there  was  a  separation — there  being  a  layer  of  shiny 
bituminous  substance  at  the  top.  If  this  top  layer 
consisted  of  the  carbenes  it  indicates  that  their  density 
lies  between  that  of  the  bisulfide  (1.270)  and  tetra- 
chloride (1.604).  This  may  afford  an  effective  means 
for  their  separation. 

In  reviewing  the  changes  in  properties,  the  question 
naturally  arose  as  to  the  cause  of  the  Trinidad  asphalt 
becoming  more  soluble  in  tetrachloride  after  heating 
to  235°  and  265°,  and  why  the  carbene  content  of 
the  other  two  became  less  at  265°  than  at  235°.  There 
seemed  to  be  a  corresponding  change  in  other  proper- 
ties during  this  range  of  temperature.  Evidently 
there  was  a  decided  change  in  the  nature  of  the  hydro- 
carbons themselves.     Just  what  this  change  is  can  at 
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Temperafurs  0/  heating 

present  only  be  surmised.  The  fixed  carbon  content 
may  be  of  assistance  in  explaining  this.  If  this  is 
calculated  back  to  the  basis  of  the  weight  before  heat- 
ing, it  may  offer  a  suggestion.  If  there  is  no  change 
in  the  nature  of  the  hydrocarbons,  and  the  process 
is  simply  one  of  distillation,  we  should  get  a  straight 
line  curve  when  the  values  are  plotted.  Accordingly 
this  was  done  using  the  formula 

100 —  Loss  on  Heating 
100 

and  the  values  so  obtained  were  plotted  in  Fig.  VI. 
It  is  noticed  that  in  all  cases  there  is  a  drop  at  235 
to  265°.  The  brick  filler  and  Trinidad  curves  then 
turn  upward  at  300°.  However,  the  oil-cement  curve 
continued  to  fall  at  this  temperature.  Evidently 
then,  there  was  some  change  in  the  nature  of  the 
hydrocarbons  themselves  and  this  may  give  a  clue 
as  to  the  nature  of  the  carbenes. 

Richardson"  has  found  that  paraffin  hydrocarbons 
of  the  series  C„H2«-2  yield  no  fixed  carbon  on  ignition 
and   that   the   amount   left   increased   as   the   propor- 

1  "The  Modern  Asphalt  Pavement."  Ist  Ed.,  p.  118. 
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tions  of  carbon  to  hydrogen  increased.  In  Grahamite, 
when  the  ratio  is  8  to  i,  there  is  as  high  as  50  per  cent 
of  fixed  carbon.  If  this  is  true  for  asphaltic  hydro- 
carbons, the  general  nature  of  the  change  may  be 
followed. 

By  consulting  Fig.  VI  it  is  seen  that  up  to  200° 
the  process  was  probably  one  of  distillation  of  lighter 
hydrocarbons.  This  was  confirmed  by  an  increase 
in  melting  points  and  decrease  in  the  penetration.  In 
the  case  of  the  natural  asphalts  the  hydrocarbons  left 
were  more  mobile  when  melted.  In  the  case  of  oil 
cement,  when  the  hydrocarbons  are  chiefly  of  the 
paraffin  series,'  they  are  less  mobile  when  heated, 
due  to  higher  hydrocarbons.  Upon  heating  to  235°- 
265°  the  curve  would  indicate  that  the  proportion 
of  carbon  to  hydrogen  is  less.  This  may  be  due  sim- 
ply to  a  distillation  of  low  boiling  point  hydrocarbons 
rich  in  carbon.  Those  hydrocarbons  left  in  case  of 
natural  asphalt,  though  very  hard,  show  the  maximum 
fluidity  when  heated  to  their  melting  point.  They  are 
also  more  soluble  in  carbon  tetrachloride  than  in  car- 
bon bisulfide.  Just  what  hydrocarbons  are  formed 
offers  an  interesting  field  for  research. 

Upon  heating  to  300°  the  natural  asphalts  show  an 
upward  turn  in  the  curve,  indicating  that  the  pro- 
portion of  carbon  to  hydrogen  has  again  increased. 
This  may  be  due  to  a  cracking  process  in  which  either 
unsaturated  hydrocarbons  or  those  of  the  naphthene 
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Temperature  of  heating 

type  are  formed-  -either  of  which  are  stable  at  high 
temperatures.  Carbenes  now  put  in  a  marked  ap- 
pearance. Mackenzie  suggests  that  the  carbenes 
are  unsaturated  hydrocarbons,  but  might  they  not  be 
both?  To  determine  whether  a  large  amount  of  un- 
saturated compounds  appeared,  the  iodine  numbers 
were  run  upon  the  brick  filler  and  Trinidad.  The 
method  used  was  that  of  Hiibl-Waller  described  by 
Holdc.'  The  values  are  given  in  Table  III.  In 
neither  case  was  there  a  marked  increase  due  to  the 
presence  of  carbenes. 

TaDLU    nt — lODINK    N'UUIIIIRS 

Oriflnal  Healed  to  .^00* 

C'niilc  Trinidad 20.14  J2.16 

llritk  I'illcr 13.11  IV  36 

In  the  case  of  the  oil  cement  a  still  further  decrease 
in  the  fixed  carbon  was  observed  at  even  joo".  Since 
oil  rcsiduums  consist  mainly  of  saturated  paraffin 
hydrocarl)()ns,  it  would  seem  that  distillation  of  the 
lighter  hydrocarbons  proceeds  even  at  this  tempera- 
ture. If  such  is  the  case,  further  heat  should  crack 
Ihcm  into  unsaturated  hydrocarbons  and  naphlhom-s, 

<  "Thr  Mmlrril  Aii|>huU  PavMnrlK."   I»l   I'.d  ,  p    lO.V 

•  "Kialiiliinllon  of  llydrmorlinii  llil< ."  Ilol.lr.  Miirllrr.  p    (M) 


Accordingly,  a  sample  was  heated  to  350°  C.  for  5 
hours.  The  fixed  carbon  was  found  to  increase  as 
was  expected.  Evidently,  then,  the  so-called  car- 
benes may  consist  of  either  unsaturated  hydrocarbons 
or  saturated  naphthenes,  or  both.  Much  further 
work  is  necessary,  however,  before  their  nature  can 
be  definitely  established. 

CONCLUSIOXS 

I — The  results  of  this  work  seem  to  show  that  car- 
benes are  probably  the  result  of  the  cracking  of  paraffin 
and  asphaltic  hydrocarbons  into  both  naphthenes 
and  unsaturated  hydrocarbons. 

II — Moderate  heating  may  so  change  the  nature 
of  the  hydrocarbons  as  to  render  them  more  soluble 
in  carbon  tetrachloride  than  in  carbon  bisulfide. 

Ill — Overheating  causes  marked  changes  in  both 
natural  and  oil  asphalts  which  render  them  unfit  for 
paving  purposes.  Whether  natural  asphalt  which 
has  been  heated  over  235°  C.  is  still  suitable  for  dura- 
ble pavements  can  be  determined  only  by  actual 
experience,  but  certainly  a  temperature  limit  is  im- 
portant. 

IV — It  is  believed  that  the  fixed  carbon  curve  when 
corrected  to  the  original  weight  of  material  before 
heating  offers  a  means  of  tracing  the  changes  in  the 
molecular  structure  of  the  hydrocarbons  when  they 
are  subjected  to  the  influence  of  heat. 

V — There  is  a  close  relation  between  the  carbene 
value  and  the  physical  properties  of  asphaltic  ma- 
terials. Although  the  physical  specifications  may  be 
so  made  that  a  high  carbene  content  will  be  excluded, 
it  would  seem  wise  to  keep  the  carbene  specification 
as  a  safeguard  until  further  information  on  the  sub- 
ject can  be  obtained. 

Industrial  Ciiuhistry  Laboratory 
Statk  I'sivERSiTv  OP  Iowa.  Iowa  City 


OBSERVATIONS   ON  THE  ACTION  OF  SULFUR  MONO- 
CHLORIDE  ON  BITUMINOUS  AND  TARRY  SUB- 
STANCES AND  HYDROCARBON  OILS 
By  JosBPii  V.   Mkios 
Received  March  22.  1917 

It  was  the  writer's  original  intention  to  work  out 
an  analytical  method  for  examining  bituminous  sub- 
stances on  the  basis  of  the  amount  of  hydrogen  sul- 
fide evolved  per  unit  weight  of  bitumen  on  heating 
the  latter  with  sulfur.  This  idea  was  soon  abandoned, 
however,  on  account  of  the  inconvenience  and  undc- 
sirability,  for  analytical  purposes,  of  maintaining  a 
uniform  elevated  temperature  lapprox.  135°  C). 
To  see  whether  sulfur  and  bitumen  would  react  in 
solution,  varying  amounts  of  both  were  dissolved  to- 
gether in  carbon  disulfide,  and  allowed  to  stand, 
but  no  sensible  reaction  was  observed. 

On  evaporating  the  carbon  disulfide,  black  sulfur 
crystals  were  obtained,  which,  examined  under  the 
microscope  in  polarised  light,  haci  in  some  cases  the 
appearance  of  a  solid  solution  of  bitumen  in  sulfur. 

The  advantages  of  sulfur  monochloride.  as  a  form  of 
sulfur  more  active,  in  the  cold,  than  the  clctncnl. 
then  presented  themselves.  The  efTect  of  this  reagent 
l"Schwefolihlorur,"  made  by   Kahlbauin)  on  bitumen 
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was  found  to  be  a  very  distinct  one,  not  only  as  a  re- 
agent but  also  as  a  solvent. 

A  residual  oil  asphalt,  which  we  will  designate  as 
"asphalt  B,"  with  a  penetration  of  12°  (100  g.,  5  sec, 
25°  C),  containing  99.6  per  cent  pure  bitumen,  was 
found,  qualitatively,  to  be  soluble  in  sulfur  mono- 
chloride  at  room  temperature  to  the  extent  of  leaving 
no  sticky  residue  on  filtration  of  the  solution.  Several 
liquid  bitumens  were  found  to  be  similarly  soluble. 

Moreover,  on  treating  a  solution  of  "asphalt  B"  in 
carbon  disulfide  with  a  solution  of  sulfur  monochloride 
in  carbon  disulfide,  the  writer  found,  by  testing  with 
filter  paper  moistened  with  ammonia,  and  comparison 
with  a  blank  test  on  a  solution  containing  no  bitumen, 
that  hydrochloric  acid  gas  was  evolved,  slowly,  but  in 
considerable  amount.  This  was  the  only  external 
evidence  of  a  chemical  reaction. 

More  pronounced,  however,  were  the  effects,  when 
a  tar  product  used  for  paving  purposes,  which  we  will 
designate  as  "tar  binder  B,"  was  so  treated.  In  ad- 
dition to  a  much  larger  evolution  of  hydrochloric  acid 
gas  than  in  the  case  of  the  asphalt,  a  marked  change 
took  place,  in  the  course  of  15  minutes,  in  the  charac- 
ter of  the  solution;  i.  e.,  much  of  the  material  in  solu- 
tion was  removed,  as  evidenced  by  the  precipitation 
of  a  black,  friable  powder,  insoluble  in  carbon  disulfide, 
and  by  a  color  change,  from  black  and  opaque,  to 
deep  red  and  transparent.  It  is  interesting  to  note 
that  when  sulfur  monochloride  was  added,  full  strength, 
to  "tar  binder  B,"  in  the  proportion  by  volume  of  one  to 
two,  a  violent  reaction  ensued.  Vigorous  ebullition 
and  frothing  took  place,  and  a  degree  of  heat  was 
developed,  much  the  same  as  when  strong  sulfuric  acid 
and  water  were  mixed  in  the  same  proportion  (one  to 
two).  This  effect  is  to  be  contrasted  with  the  exter- 
nally quiet,  solvent  action  of  strong  sulfur  monochloride 
(undiluted  with  carbon  disulfide)  on  "asphalt  B." 
Indeed,  one  of  the  most  noticeable  effects  of  the 
strong  sulfur  monochloride  on  "tar  binder  B"  was  to  in- 
crease its  viscosity  to  such  an  extent  that,  in  the  course 
of  10  minutes,  the  originally  liquid  material  became 
changed  to  a  hard,  brittle  mass.  "Tar  binder  B" 
yielded  the  following  fractions  on  distillation: 

Percentacbs:  By  Volume       By  Weight 

Water 1.1  0.6 

First  oils  to  110°  C 13  0.9 

Second  oils  to  170°  C 2.4  1.9 

Heavy  oils  to  270°  C 28.8  25.4 

Heavy  oils  to  315°  C 14.1  12.9 

Pitch 52.3  58.2 

In  order  to  prove  that  the  evolution  of  hydrochloric 
acid  gas  in  the  cases  cited  was  not  due  to  the  presence 
of  water  in  the  substances  themselves,  or  in  the  re- 
agents, as  well  as  to  study  the  action  of  the  sulfur 
monochloride,  an  apparatus  was  devised  to  measure 
accurately  the  ratio  of  the  amount  of  hydrochloric 
acid  gas  evolved  to  the  amount  of  bituminous  sub- 
stance acted  upon  by  the  sulfur  monochloride. 

The  method  employed  in  conjunction  with  the  ap- 
paratus, which  is  seen  in  diagrammatic  form  in  Fig.  I, 
consisted  in  dissolving  the  bitumen  in  carbon  di- 
sulfide, then  adding  the  sulfur  chloride  reagent  in  a 
closed  tube,  aerating  this  solution  with  dry  air,  and 


sucking  the  dry  air,  mixed  with  hydrochloric  acid  gas 
and  a  certain  quantity  of  sulfur  monochloride  vapor, 
Jirst,  through  a  Pennsylvania  Railroad  tube  (R'),  con- 
taining carbon  bisulfide,  in  order  to  dissolve  and  remove 
the  vapor  of  sulfur  monochloride,  second  through  water,' 


/^/G.  I  ('/4  Size) 


to  absorb  the  hydrochloric  acid  gas.  This  was  then 
determined  by  titrating  an  aliquot  portion  of  the 
water  with  N 1 20  sodium  hj'droxide,  using  methyl 
orange  as  indicator.  Before  entering  the  reacting 
solution,  the  air  was  saturated  with  carbon  bisulfide 
vapor  in  a  second  Pennsylvania  Railroad  tube  (.R, 
Fig.  I)  to  prevent  evaporation  of  carbon  bisulfide 
from  the  reacting  solution. 

The  air  used  for  aerating  the  reacting  solution  (by 
means  of  aspiration)  was  dried  and  freed  from  carbon 
dioxide  by  passing  through  two  drying  towers,  15 
inches  high,  filled  with  fused  calcium  chloride,  then 
through  a  soda  lime  tube,  four  gas-washing  bottles 
containing  strong  sulfuric  acid  (sp.  gr.  i .  84),  and  finally, 
through  a  drying  tower  12  inches  high  containing 
alternately  placed  layers  of  glass  wool  and  phosphoric 
anhydride. 

The  Pennsylvania  Railroad  tubes  (/?  and  R' ,  Fig. 
I)  and  the  reaction  tube  A  were  heated  to  130°  C.  and 
cooled  in  a  vacuum  desiccator  over  strong  sulfuric 
acid  (sp.  gr.  i .  84)  before  use.  The  sulfur  monochloride 
reagent  finally  adopted  was  made  by  dissolving  50  g.  of 
Kahlbauni's  "Schwefelchlorur"  in  470  g.  of  carbon 
disulfide,  which  had  been  previously  dried  by  shaking 
with  and  standing  over  anhydrous  sodium  sulfate  and 
phosphoric  anhydride,  respectively.  This  solution 
was  kept  in  a  glass-stoppered  bottle  in  a  desiccator 
over  concentrated  sulfuric  acid  in  which  20  per 
cent  by  weight  of  phosphoric  anhydride  was  dissolved. 
All  the  carbon  disulfide  used  was  dehydrated  and  pre- 

1  It  is  not  possible  to  use  NaOH  solution  as  absorbent,  since  carbon 
bisulfide  is  carried  over  into  the  absorbing  solution,  and  would  react  with  the 
latter,  as  the  writer  found. 
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served  in  the  same  manner.  The  asphalt,  in  order 
to  remove  traces  of  water,  was  kept  for  ten  minutes 
with  stirring,  at  130°  C,  cooled  and  preserved  in  a 
desiccator  containing  the  drying  agent  mentioned 
(HjSO,  +  P2O5).  The  "tar  binder  B"  used  was  de- 
hydrated by  keeping  at  110°  C,  with  stirring,  for  5 
minutes,  then  cooled  and  preserved  as  in  the  case  of 
the  asphalt. 

It  is  to  be  emphasized  that  the  action  of  the  sulfur 
monochloride  on  the  substances  examined  was  found 
to  be  distinctly  a  time  reaction.  Indeed,  in  the  case 
of  the  hydrocarbon  oils  to  be  mentioned,  bubbles  of 
hydrochloric  acid  gas  were  seen  coming  off  and  shown 
to  be  such,  even  after  the  lapse  of  16  hours.  The  action 
in  the  case  of  the  asphalts  and  tar  examined  was  much 
more  rapid,  but  nevertheless,  time-consuming,  especially 
as  regards  the  asphalt. 

Blank  determinations  on  the  apparatus,  using  a  solu- 
tion of  sulfur  monochloride  without  any  bitumen, 
checked  closely,  and  in  the  standard  length  of  time 
employed  for  reaction  and  aeration  (4  hours),  and 
with  the  standard  rate  of  passage  of  gas  (one  bubble 
per  second  through  the  Pennsylvania  Railroad  tubes), 
there  was  imparted  to  the  water  used  as  absorbent 
of  the  hydrochloric  acid  gas,  an  average  acidity  equiv- 
alent to  only  0.043  ^S-  of  hydrogen  C  0.84  cc.  of 
0.0504  N  sodium  hydroxide.  The  pipette  P  (Fig.  I), 
used  for  adding  the  sulfur  monochloride  reagent, 
passed  into  the  reaction  tube  A  through  a  cork  stopper, 
made  gas-tight  by  soaking  in  parafBn.  This  pipette 
was  heated  to  drive  off  adsorbed  moisture,  immediately 
before  use. 

The  results  are  expressed  in  what  the  writer  pro- 
poses to  call  a  "hydrogen  number,"  namely  100  X 
milligrams  of  hydrogen  removed  from  organic  combina- 
tion and  evolved  as  hydrochloric  acidgasby  the  oxidizing 
action  of  sulfur  monochloride,  on  one  gram  of  the  sub- 
stance examined.  Expressed  in  terms  of  sodium  hy- 
droxide solution,  we  have  the  following  formula  for 
the  "hydrogen  number,"  viz.: 


cc.  NaOH  Solution  X  N 
weight  of  sample 


X  100, 


where  N  =  normality  of  the  sodium  hydroxide,  pref- 
erably N/20  or  N/^o.  The  writer  used  from  0.2 
to  0.5  g.  of  bituminous  or  tarry  matter  and  10  cc. 
of  the  sulfur  monochloride  reagent  described  above. 
The  sample  was  first  dissolved  in  15  cc.  of  carbon  bi- 
sulfide and  the  sulfur  monochloride  then  added. 

The  method  gave  results  concordant  to   i   per  cent. 
The  following  hydrogen  numbers  were  determined. 


"Oil  «M'h»lt  U" 

nrrfiiiiilrx  luphalt  (r«Rned). 
'•Ti«r  lliii.lcr  U" 


76. S.  75      (pcnctriilioa  -   12°) 
126.    127   (ptnelrxion  ••   14*) 


184.   185 

The  mechanism  of  the  reaction  between  sulfur 
monochloride  and  the  sui)Stanccs  examined  remains 
to  bo  chicidaled  by  further  work,  which  the  writer 
hopes  to  carry  on  At  this  time,  however,  it  appears 
not  unlikely  thai  the  reaction  takes  place  between 
unKaluralcd  liydnicarbons  and  the  sulfur  chloride,  per- 
haps in  one  of  liic  following  ways: 


I 1 

-  H        CI  — S 

I I      1 


C—  H       CI  — S 


=    111+  2HC1  +  2S 


Whereas  the  first  reaction  produces  further  unsatura- 
tion  in  the  already  unsaturated  hydrocarbon,  the  sec- 
ond reaction  gives  rise  to  ring  formation. 

The  third  reaction  expresses  a  combined  ring  forma- 
tion and  polymerization  phenomenon,  and  is  of  the 
general  type  ascribed  by  various  writers,  notably  Lange,* 
to  express  the  reaction  between  sulfur  chloride  and 
phenols,  as  well  as  aromatic  amines. 

In  the  case  of  /i-chlorophenol,  Richter  has  shown* 
that  sulfur  monochloride  acts  as  follows: 


^O 


xi> + cy-'-^-'Ki) 


— s 

OH  HO 

This  reaction  and  Equation  (3),  above,  are  of  the 
same  general  type,  so  far  as  condensation  is  concerned. 

It  is  known'  that  the  natural  asphalts  from  the 
Trinidad  and  Bermudez  deposits  contain  a  larger 
percentage  of  unsaturated  hydrocarbons  than  the 
residuals  prepared  from  Mexican,  California  and 
Texas  oils.  //  the  sulfur  chloride  reaction,  as  de- 
scribed by  the  writer,  be  due  to  unsaturated  hydrocar- 
bons, then  the  large  difference  between  the  "hydrogen 
numbers"  of  "oil  asphalt  B"  and  refined  Bermudei 
asphalt,  noted  above,  is  accounted  for. 

It  should  be  stated  that  the  acid  gas  evolved  as  de- 
scribed was  shown  to  be  hydrochloric  acid  by  the 
test  with  ammonia,  as  well  as  by  precipitating  silver 
chloride  from  the  solution  of  the  gas  in  water.  No 
hydrogen  sulfide  or  other  sulfur-containing  gases  were 
detected  in  any  of  the  reactions. 

Whether  the  sulfur  monochloride  also  adds  itself, 
as  such,  to  unsaturated  hydrocarbons,  contained  in 
bitumens,  remains  to  be  determined,  possibly  by 
means  of  an  analytical  method,  which  the  writer  has 
worked  out,  and  which  consists  in  pipetting  out  a 
portion  of  the  reacting  solution,  determining  the  ex- 
cess sulfur  monochloride  in  this  aliquot  portion  by 
shaking  with  water,  and  comparing  first,  with  0  blank, 
and  then  with  the  corresponding  "hydrogen  number" 
determined  in  the  manner  previously  described. 
>  i.«n«f.  •■Pii>  s>iiw.fri(«fi..i..fl»."  i.rtpiin.  (itii).  :i-}» 

•  Hlchirr,  Ittr  .  4t  ll'«|r.).  liiM   i.  r*p<«l»ii  la  C    4  .  11  (1917),  1100. 

•  Ki.h»l.l«."    r.n.  |,.i  .NAt.  t  il«16l.  '!■< 
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ACTION     OF     SULFUR     MONOCHLORIDE     ON     GAS     ENGINE 
OILS 

In  testing  several  gas  engine  oils  with  sulfur  mono- 
chloride,  the  procedure  was  adopted  of  adding  1  cc. 
of  sulfur  monochloride  to  5  cc.  of  the  oil  in  a  test- 
tube,  mixing  thoroughly,  allowing  to  stand  in  the  cold 
for  15  minutes,  and  then  comparing  the  results  with 
those  obtained  on  an  oil  of  known  refinement. 

Several  gas  engine  oils  found  on  the  market  were  tested 
and  it  was  found  that  the  specially  refined  oils  showed 
but  a  slight  wine-colored  tinge,  whereas  those  not  so 
carefully  selected  and  refined  changed  to  a  deep 
wine  color  in  some  cases,  and  almost  black  in  others. 
In  the  latter  cases,  the  evolution  of  small  bubbles  of 
hydrochloric  acid  gas  was  clearly  visible  after  half 
an  hour,  and  these  were  shown  to  be  such  by  testing 
with  ammonia  and  comparing  with  a  blank  test. 
That  is  to  say,  the  reaction  in  the  case  of  the  oils 
was  found  to  be  evidently  identical,  as  to  the  evolu- 
tion of  hydrochloric  acid  gas,  with  the  reaction  in  the 
case  of  the  bituminous  and  tarry  matter.  It  was 
also  found  that  the  more  rapid  the  development  of 
color  in  the  case  of  the  oils,  the  more  vigorous  the 
evolution  of  hydrochloric  acid  gas.  Finally,  if  the 
gas  engine  oils  were  arranged  in  order,  beginning  with 
those  that  showed  least  color  change  in  the  same 
time  interval,  and  proceeding  to  those  that  developed 
the  darkest  color,  it  was  found  that  this  order  was  the 
same  as  that  in  which  the  oils  were  placed  by  Gill's 
gumming  test'  beginning  with  those  showing  least 
gum  formation  and  proceeding  to  those  showing  the 
most  gum,  or  tar. 

Since  hydrogen  is  removed  from  the  hydrocarbon 
molecule  by  the  action  of  the  sulfur  monochloride  and, 
since,  as  is  well  known,  the  removal  of  hydrogen  (as 
water  vapor  or  steam  by  the  agencies  of  heat  and 
atmospheric  oxygen)  constitutes  a  large  part  of  the 
process  of  carbonization  of  lubricating  oils,  it  would 
seem  that  sulfur  monochloride  might  be  used  to  measure 
the  relative  "sensitiveness"  of  the  hydrogen  in  hydro- 
carbon oils,  that  is  to  say,  as  a  measure  of  the  relative 
stabilities  of  those  oils. 

The  matter  is  being  further  studied,  in  order  to  show, 
if  possible,  whether  the  action  of  sulfur  chloride  on 
bituminous  matter,  tarry  substances  and  paraffin  oils, 
is  due,  as  appears  very  likely,  to  the  presence  of  un- 
saturated hydrocarbons. 


I — It  has  been  shown  that  sulfur  chloride  acts  on 
bituminous  matter,  tarry  substances  and  hydrocarbon 
oils,  giving  hydrochloric  acid  gas  as  one  product  of 
the  reaction. 

Il^Sulfur  monochloride,  undiluted,  is  proposed 
as  a  reagent  for  testing  the  comparative  stabilities  of 
transparent  lubricating  oils. 

Ill — Sulfur  monochloride  in  carbon  disulfide  is 
proposed  as  a  reagent  for  investigating  the  nature  of 
bitumens  and  hydrocarbon  oils. 

Massachusetts  Institute  ok  Technology,  Boston 


'  Gill,  "Handbook  of  Oil  Analysis,"  7th  Ed.,  p.  43. 


THE   PHYSICAL   TESTING   OF  PAPER  AS  AFFECTED   BY 

HUMIDITY 

By  Ross  Campbell 

Received  April  23.  1917 

As  a  result  of  reading  the  article  on  the  "Influence 
of  Humidity  on  the  Physical  Constants  of  Paper"  by 
Kress  and  Silverstein,  in  This  Journal,  9  (1917), 
277,  it  was  decided  to  contribute  the  data  on  the  same 
subject  which  was  collected  in  this  laboratory  by  E.  J. 
Goldstein  during  the  summer  of  1916. 

APPARATUS 

Unfortunately,  we  were  not  blessed  with  the  ex- 
cellent equipment  described  in 'the  above-mentioned 
article.  We  had  no  method  of  temperature  control 
and  were  forced  to  control  the  humidity  by  regulating 
a  Comins  Sectional  Humidifier  head  by  hand.  The 
humidity  was  determined  by  means  of  a  recording  wet 
and  dry  bulb  thermometer  and  a  sling  psychrometer. 
Even  with  this  very  crude  control,  it  was  found  that  the 
relative  humidity  did  not  vary  more  than  two  or  three 
points,  at  most,  nor  the  temperature  more  than  1°. 

The  tensile  strengths  of  the  specimens  were  de- 
termined by  means  of  a  hand-operated  Schopper 
tensile-strength  test  machine.  The  test  strips  were 
180  mm.  long. 

Resistances  to  folding  were  determined  by  means 
of   a   motor-driven   Schopper   folding    machine. 

Times  of  penetration  were  determined  by  floating 
the  samples  on  an  ink  bath. 

PROCEDURE 

About  8.00  A.M.  the  test  room  was  closed  and  the 
humidifier  started.  The  sheets  of  paper  to  be  tested 
had  been  hung  in  the  test  room  the  night  previous. 
It  was  found  that  the  humidity  could  be  brought  to 
the  desired  point  by  i.oo  p.m.  and  that,  owing  to  the 
gradual  increase  of  the  humidity,  the  weight  of  the 
sheets  to  be  tested  was  constant  at  about  the  same 
time.  The  testing  was  then  begun.  All  the  tests  of  a 
given  kind,  on  a  given  sample  were,  of  course,  run  on 
the  same  day. 

OBJECT    OF    TESTS 

The  object  of  the  tests  which  form  the  subject  of  this 
article  was  to  determine  how  closely  it  would  be  neces- 
sary to  control  the  humidity  in  order  to  have  physical 
tests  comparable  from  day  to  day.  In  addition  it 
was  desired  to  see  whether  the  different  grades,  as 
fines,  bonds,  etc.,  varied  in  the  same  way. 

PAPERS    TESTED 

The  papers  tested  were  the  company's  regular  com- 
mercial output.  They  varied,  as  is  shown  in  the 
table,  from  high-grade,  loft-dried  bond  and  ledger, 
to  a  relatively  low-grade,  machine-dried,  fine. 

Folio  Wt. 

Sam-  Furnish  (Percentages)  Thickness  in  Lbs.  per 

pic  Kind  Rag  Soda  Sulfite               In.  500  sbeets 

A  Bond                 25  Few  75  0.00384  20 

H  Ledger              85  15  0.00385  20 

C  Bond                 90  10  0.00360  20 

D  Bond                 50  50  0.00320  20 

E  Fine                   Trace  25  75  0.00362  24 

F  Bond                 15  5  80  0.00338  20 

G  Envelope         Few  25  75  0.00410  28 

H  Bond                 15  10  75  0.00405  20 

J  Blueprint         50  .  .  50  0.00406  16 

K  Bond                 90  .  .  10  0.00492  19 

L  Blueprint         50  50  0.00509  24 
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Results  of  Physical  Testing  of  Paper  with  Varying  HuMiDin- 

Humfdity       A  BCDEFGHJ         EL 

Penetration  (New  Standard)  :  Secs. 

61  '862     686   '387    '722   1320    "»\0   '902    '.'.'.'.    '438      "99    'iie 

6s  '544  'iis  '25i  '447  '726  's66  '496  '343    206    "is    179 

70     882  544  379  556  1326  846  996 403   89  367 

75  733  402  269  446  1079  555  820  554  307   79  288 

81  615  398  278  423  974  569  760  558  292   74  258 

86     830  664  387  556  1362  826  1062  401   91  326 

90    

92  462  432  215  412  729  549  613  356  227   63   171 

98    

Mdllen:  Lbs. 
54    26.1  43.5  35.8  23.5  19.1  20.6  10.2  28.6  22.9  25.8  

64  27".2  43!9  37!2  23!i  18.9  ioii  '9!9  isis  2216  22.S   33!6 

70  26!i  43!5  36^3  22^4  Vi.\    isie  i6!i  29!i  22!8  23.8  35.6 

75  26.6  41.6  36.2  21.9  18.0  19.5  10.5  26.6  22.3  24.3  32.8 

81  26.3  41.4  38.2  21.2  19.1  18.9  9.5  26.9  30.8  24.0  31.3 

86  23.3  38.0  33.4  19.8  15.8  16.2  8.8  24.8  21.3  21.7  27.6 

90    20.6  34.3  28.4  18.6  12.5  14.3  7.7  21.9  20.3  20.3  

92  18.6 25.6 

98  is!!  27!8  22.7  14.9  9.1  12.6  6.2  16.8  20.9  14.6  

Folding.  Cross,  Double  Folds 
54      89  402  555   44   11   25    7   111   95  262  

64  iii  '460  '620  "42   "is   "23   "6   "84  "iX      i93  342 

70  "82  372  "887  "".^7  '   8   "22  """s  "  i34   "60  "iii  "249 

75  64  557  407   37   10   23    6   67   56  189  217 

81  104  355  737   34   21   25    6   76   57   168  296 

86  62  361   533   27    6   21    6   68   60  172  188 

90  64  358  583   29    6   15    5   49   53   167  .... 

99  51  ....   185 

98     "54  "222  "377   17    4   11    3   55  239   62  

Folding  Machine,  Double  Folds 
54     38  811  554   61   13   28    4   76  139  360 

64  "58  i266  '754  "77  "is   "24   "5   "75  '195  '388  '292 

65    

70  55  2090  899   72    9   31    5   161   161  485  426 

75  109  2124  1028   71    13   33    5   147   148  586  676 

81  92  2457  1318   94   27   39    6  211   207  483  329 

86  88  3580  1430   78   11   29    6   163   171   534  451 

90  76  414(1  1980   64   12   32    5   155  292  542   ... 

92  156 411 

98  47  3328  2110       46         9       35         4      142     379     279   


Results  of  Physical  Testi-ng  of  Paper  vmn  V.ikyixg  HuMiDiry 

.\v.  Rel. 

Humidity  A        BCDEFGHJ         K          L 
Tensile  Strength.  Cross  Kg. 

54  4.21   4.62  4.46  3.28  3.25  3.06  2.89  4.21  3.42  3.53   

61  

64  4.02  4.23  4.66  2.96  3.14  2.99  2.69  4.00  3.26  3.57  4.73 

65  

70  3.83  4.09  4.03  2.85  2.86  2.63  2.57  3.59  2.89  3.05  4.69 

75  3.80  4.03  4.32  2.90  2.76  2.55  2.35  3.62  2.96  3.20  4.34 

81  3.71   3.83  3.69  2.61  2.58  2.45  2.45  3.31   2  78  2.97  4.21 

86  3.22  3.67  3.83  2.43  2.33  2.39  2.25  3.29  2.61  2.93  3.89 

90         2.65  2.46  2.59   1.74  1.84  1.78  1.58  2.37   1.93  2.02   

92  2.12 3.34 

98  1.86  2.19  2.67   1.93   1.78  1.54  1.66  1.72  2.60  1.99    

Tensile  Strength,  Machins,  Kg. 

54         6.70  8.69  7.78  5.78  6.27  6.09  4.03  7.35  6.14  6.54 

61  

64  6.91  8.65  7.94  5.88  6.12  5.62  3.81  7.39  5.97  6.28  7.78 

65         

70  6.06  7.80  7.25  5.37  5.89  5.34  3.49  6.38  5.38  5.99  7.32 

75  6.40  7.86  7.25  5.14  5.64  5.17  3.31   6.52  5.59  5.58  6.74 

81  5.76  7.70  6.76  5.13  4.66  4.69  3.17   6.38  6.72  5.40  6. 55 

86  5.58  7.28  6.53  4.61   5.10  4.63  3.04  5.98  5.07  5.22  6.28 

90         4.13  5.34  4.81  3.32  3.67  3.41   2.19  4.82  4.05  3.88   

92         3.87   5.03 

98         3.77  4.33  4.67  3.34  3.80  2.88  2.28  3.61   4.29  3.69   

Stretch.  Cross.  Per  cent 

54  4.4     6.6     7.9     4.8     2.6     4.0     2.4     4.5     4.8     5.6 

61  

64  4.2     6.5     8.0     5.1     3.1     4.3     2.5     5.0     4.9     6.7     6.7 

65         

70  5.8     8.0     9.1     6.5     2.9     4.8     3.2     5.4     6.1     6.3     7.8 

75  5.1      7.9     9.7     5.2     3.7     5.1     3.1     6.0     5.9     7.5     8.0 

81  6.2     9.0     9.7     5.6     4.8     5.6     3.8     6.6    6.3     8.1     8.4 

86  6.3     9.2  10.2     7.6     3.1     6.4     3.6     6.8     6.7     8.5     8.4 

90  6.8     9.1    11.6     7.0     3.5     5.8     3.3     6.1     6.8     8.0 

92         7.0   9.3 

98  7.5     9.9   10.4     8.5     3.7     6.5     4.0     7.0     9.2     8.1    

Stretch.  Machine.  Per  cent 

54  2.2     3.6     3.1      2.0     1.2      1.7     0.9     2.1      2.0     2.1    

61  

64  2.3     4.0     3.5     2.3      1.5      1.7      1.0     2.1     2.0     2.3     2.7 

65  

70  2.6     4.3     4.0     2.5     1.4     1.9     1.0     2.3     2.5     2.8     2.8 

75  2.7     4.7     3.9     2.5      1.7      1.9      1.1     2.6     2.5     2.7     3.0 

81  2.5     4.5     4.2     3.0     2.0     1.8     1.1      2.5     2.6     2.6     3.0 

86  2.7     5.1      4.8     3.1      1.6     1.9     1.2     2.7     2.7     3.0     3.5 

90  2.8     4.6     4.2     2.9     1.5     2.1      l.I      2.6     2.9     3.3    

92  3.0 3.6 

98  3.1     4.6     4.4     3.4     1.6     2.1      1.3     2.9     3.9     3.2   


t —9 3 y  10 

Grains  Moisfure  per   Co.  /T". 


Sd -S6 W -So 50" 

P'er  cent  P»/afir»  Humlditfr 
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RESULTS 

The  results  obtained  are  given  in  the  accompanying 
set  of  tables  and  plots.  Before  making  the  plots,  two 
preliminary  sets  were  made,  one  using  relative  and  the 
other  absolute  humidities.  It  was  found  that  the  re- 
sults could  be  plotted  against  the  relative  humidity 
only,  except  in  the  case  of  the  penetration  tests, 
where  the  results  yielded  a  curve  only  when  plotted 
against  the  absolute  humidity. 

It  will  be  noted  that  the  results  here  given  agree 
with  those  obtained  by  Kress  and  Silverstein  in  the 
case  of  the  Mullen  test  plot  only.  These  variations 
may  have  been  due  to  the  higher  grades  of  paper  used 
in  our  tests,  but  this  seems  rather  doubtful,  as  no 
such  variations  were  observed  over  the  range  of 
qualities  tested  here. 

It  was  found  impossible  to  draw  a  curve  for  "penetra- 
tion" for  sample  "H"  owing  to  the  wide  variations 
noted  between  different  tests  at  the  same  humidity. 
In  the  "folding-cross"  tests  no  curve  could  be  drawn 
for  "C,"  the  points  being  as  shown  on  the  drawing. 
The  "folding-machine"  tests  for  B  and  C  were  so  far 
beyond  the  range  of  the  other  samples  that  their 
curves  are  presented  on  a  different  scale. 

SUMMARY 

The  magnitude  of  most  of  the  tests  decreased  40  to 
SO  per  cent  as  the  relative  humidity  increased  from 
50  to  98  per  cent.  The  stretch  -in  the  machine  direc- 
tion increased  about  30  per  cent  and  in  the  cross 
direction  about  40  to  50  per  cent  under  the  same 
circumstances. 

The  results  of  the  folding  tests  in  the  machine 
direction  tended  to  reach  a  maximum  at  about  80 
per  cent  relative  humidity  in  all  except  two  cases. 
In  the  cases  of  samples  "B"  and  "C,"  the  curve -plotted 
from  the  results  of  this  test  increased  very  rapidly 
with  the  increase  of  relative  humidity  and  tended  to 
become  asymptotic  to  about  the  95  per  cent  humidity 
line. 

The  time  of  ink  penetration  decreased  40  to  50 
per  cent  as  the  absolute  humidity  increased  from  6 
grains  per  cubic  foot  of  air  (55  per  cent  relative 
humidity  at  80°  F.)  to  11  grains  per  cubic  foot  (100 
per  cent  relative  humidity  at  80°  F.). 

Special  attention  is  called  to  curves  "B"  and  "K." 
These  samples  were  the  same  in  every  way  except  that 
"B"  was  tub  sized  and  "K"  was  not.  The  advantages 
of  a  good  tub  size  are  very  clearly  shown. 

RUHiiAKCM  Lauohatukv,  Amkrican   Wkitinu   I'ai'iir   Company 

IIULYOKIC,    MaSSACIIURRTTH 

THE  OCCURRENCE  OF  GERMANIUM  IN  MISSOURI  AND 
WISCONSIN  BLENDES' 

Ily    <;.     II.     KircllANAN 

Of  the  fifty  or  more  elements  which  wc  usually  dis- 
tinguish .IS  rare,  few  arc  more  worthy  of  the  distinc- 
tion than  the  clement  Rcrmnnium.  Discovered  in 
1886  liy  Winkler  in  a  new  silver  mineral,  arRyroditc, 
and  idcnlifird  by  him  as  the  cka-silicon  of  Meiulcli'cf, 
it   has  droppe<l   back  into  oblivion  since  the   days  of 

•  Prmpiiicd  rat  the  Symfottum  on  Ikt  Cktmlilry  aiirf  HtHallMrty  «t  f.ini, 
S4(li  Metdiiit  Amrrknn  Chrnilcol  .Sorlfly,  Kantu  City.  April  10  to  U,  IUI7. 


this  classic  work,  until  to-day  it  is  one  of  our  least 
known  elements.  With  but  few  exceptions  our  en- 
tire knowledge  of  the  properties  of  the  element  is  due 
to  Winkler.  According  to  Urbain,'  the  material 
worked  over  by  Winkler  for  the  preparation  of  ger- 
manium was  a  mixture  of  argyrodite  with  other  min- 
erals, and  did  not  contain  more  than  0.36  per  cent 
of  argyrodite.  Since  the  germanium  content  of  argyro- 
dite is  6  to  7  per  cent,  the  germanium  content  of  his 
raw  material  could  only  have  been  between  0.02 
and  0.03  per  cent.  From  this  material  Winkler  ob- 
tained 80  kilos  of  mixed  metallic  sulfides  which  yielded 
156  g.  pure  germanium. 

Argyrodite,  the  richest  source  of  the  element  here- 
tofore known,  has  proved  exceedingly  rare,  and  dur- 
ing the  thirty  years  that  have  elapsed  since  the  work 
of  Winkler  only  a  very  few  additional  sources  of  the 
element  have  been  brought  to  light. 

Kruss  has  reported  the  presence  of  o.i  per  cent 
germanium  in  euxenite.  Its  occurrence  in  samarskite, 
tantalite  and  niobite  has  been  reported  and  denied, 
a  disagreement  which  is  not  surprising  in  view  of  the 
complexity  of  these  minerals.  Two  other  sources 
have  been  more  recently  discussed.  Urbain-  by  spec- 
troscopic methods  detected  germanium  in  38  out  of 
64  blendes  from  various  localities.  Taking  530  kilos 
of  one  of  these,  a  Mexican  blende,  he  obtained  from  it 
5  g.  pure  germanium.  Bardet,'  also  by  spectroscopic 
methods,  detected  traces  of  germanium  in  certain 
French  mineral  waters.  Since  the  recovery  of  ger- 
manium from  blendes  by  the  method  of  Urbain  was 
long  and  costly,  he  believed  that  the  residues  from 
these,  mineral  waters  might  yield  sufficient  germanium 
to  provide  for  the  needs  of  scientific  study.  From 
100  kilos  of  residues,  representing  250,000  liters  of 
mineral  water,  he  obtained  60  mg.  GeO;. 

A  more  recent  report  of  the  occurrence  of  germanium 
is  due  to  W.  F.  Hillebrand  and  J.  A.  Schcrrer:'  in  a 
paper  on  "The  Recovery  of  Gallium  from  Spelter  in 
the  United  States,"  mention  is  made  of  an  examina- 
tion for  germanium  of  a  number  of  blendes,  carried 
on  at  the  Bureau  of  Standards  by  Dr.  K.  Burns. 
By  the  use  of  the  spectroscope  germanium  was  iden- 
tified in  several  of  these,  notably  in  a  Missouri  sul- 
fide. A  short  paper  by  the  writer  was  published  in 
This  Journal  in  July,  iqi6,  p.  585,  relating  to  the 
identification  of  germanium  in  zinc-bearing  materials. 
At  that  time  it  was  not  possible  to  give  details  as  to 
the  origin  of  the  rich  germanium-bearing  material. 
It  is  the  purpose  of  the  present  paper  to  discuss  the 
nature  of  this  material,  which  now  appears  to  be  the 
richest  source  of  the  clement  known. 

During  the  summer  of  iqis  there  was  brought  to 
the  writer's  attention  an  oxide  of  zinc  which  liad  been 
prepared  from  spelter  residues  by  the  Anicricnn  pro- 
cess. A  chemical  examination  rovealed  the  prc,"scnco 
of  considerable  quantities  of  nil  unusual  constituent, 
which  was  identified  as  the  clement  germanium. 
The  identification  tests  consisted  in  a  distillation  of 

>  Comfl   rimj  .  IM,  I7.MI. 

•  ihiJ  .  tu,  mi; 

•  Ihi4  .  IM.  I.TK. 

•  Tmik  JkI'inal,  •  (1916).  }}i. 
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the  oxide  of  zinc  with  hydrochloric  acid,  a  slow  current 
of  chlorine  being  bubbled  through  the  solution  during 
boiling  to  prevent  distillation  of  arsenic.  The  strongly 
acid  distillate  was  diluted  and  saturated  with  hydro- 
gen sulfide.  A  voluminous  white  precipitate  was 
formed  which  was  readily  soluble  in  alkalies  and 
which  dissolved  in  water,  although  more  slowly.  The 
sulfide  was  slowly  re-precipitated  from  its  aqueous 
solution  upon  addition  of  strong  acids.  The  addition 
of  hydrofluoric  acid  to  the  aqueous  solution  of  the  sul- 
fide, followed  by  saturating  the  mixture  with  solid 
potassium  chloride,  produced  a  grayish,  gelatinous 
precipitate,  the  double  fluoride  of  potassium  and 
germanium. 

A  roughly  quantitative  determination  of  the  ratio 
Ge02  :  GeSj  gave  the  value  0.747.  The  theoretical 
ratio,  assuming  72.5  for  the  atomic  weight  of  ger- 
manium, is  o.  766.  The  sulfide  precipitate  was  weighed 
without  washing  free  from  precipitated  sulfur,  since 
the  usual  alcohol-carbon  bisulfide  washing  caused 
the  precipitate  to  run  through  the  asbestos  Gooch. 
The  presence  of  sulfur  in  the  precipitate  when  weighed 
would,  of  course,  lower  the  ratio.  Bearing  this  in 
mind,  the  agreement  between  calculated  and  observed 
values  is  fairly  close. 

By  distilling  weighed  samples  of  the  oxide  of  zinc 
with  chlorine  and  hydrochloric  acid,  and  precipitating 
and  weighing  the  sulfide,  the  value  GeOi  =  0.25 
per  cent  was  obtained. 

A  sample  of  the  oxide  of  the  element,  prepared  by 
ignition  of  the  sulfide  and  treatment  of  the  residue 
with  nitric  acid,  was  examined  at  the  Bureau  of  Stand- 
ards with  the  spectroscope  and  was  reported,  "Ger- 
manium, principal  constituent." 

As  has  been  stated,  the  oxide  of  zinc  in  which  this 
considerable  amount  of  germanium  was  detected 
was  prepared  from  spelter  residues.  The  attempt 
was  now  made  to  locate  geographically  the  source  of 
the  element. 

The  residues  in  question  were  mixed  residues  from 
Joplin  and  Wisconsin  ores.  An  examination  of  a 
number  of  oxides  of  zinc  prepared  from  ores  from  various 
localities,  including  those  made  from  Missouri  and 
Wisconsin  ores,  was  now  undertaken.  For  this  work 
a  delicate  test  for  the  presence  of  germanium  was  re- 
quired. The  following  procedure  was  applied  with 
success  to  a  large  number  of  samples;  the  details  are 
those  which  were  found  necessary  with  this  class  of 
material.  The  essential  details  of  the  method  are 
due  to  A.  A.  Noyes: 

Weigh  a  loo-g.  sample  of  the  oxide  of  zinc  into  a 
liter  distilling  flask  connected  with  a  water-cooled 
condenser,  and  add  200  cc.  concentrated  hydrochloric 
acid.  Pass  chlorine  into  the  mixture  until  the  gas  ap- 
pears in  the  receiver  of  the  condenser,  and  then  heat 
the  mixture  to  boiling  and  distil  to  about  half  volume, 
continuing  the  passage  of  a  slow  current  of  chlorine. 
Dilute  the  distillate  with  an  equal  volume  of  water 
and  pass  hydrogen  sulfide  into  it  for  at  least  30  min- 
utes. If  no  precipitate  is  formed  (other  than  the  usual 
opalescence  due  to  sulfur),  germanium  is  absent.     If 


a  precipitate  is  formed,  filter  it  off  on  a  small  paper 
and  wash  it  with  a  very  little  cold  water. 

Place  the  paper  containing  the  precipitate  in  a  flask 
with  about  150  cc.  water,  boil  for  15  minutes,  and  fil- 
ter. To  the  filtrate  add  50  cc.  concentrated  hydro- 
chloric acid,  cool  and  treat  with  hydrogen  sulfide  as 
before.  A  white  flocculent  precipitate  indicates  the 
possible  presence  of  germanium. 

Filter  on  a  small  paper  and  wash  once  with  a  little 
cold  water.  Pour  ammonia  through  the  filter,  re- 
ceiving the  solution  and  washings  in  a  platinum  dish. 
Evaporate  to  dryness.  Moisten  the  residue  with 
concentrated  nitric  acid  and  evaporate  to  dryness 
again.     When  dry,  ignite  for  a  few  minutes. 

To  the  residue  add  a  very  little  water  and  a  few 
drops  of  hydrofluoric  acid,  saturate  with  solid  potas- 
sium chloride  and  allow  to  stand  in  the  cold  for  15 
minutes.  If  germanium  is  present  a  grayish,  gelat- 
inous precipitate  is  formed,  soluble  on  heating  or 
diluting  the  solution. 

The  presence  of  germanium  is  not  reported  unless 
this  last  confirmation  test  is  obtained. 

With  this  procedure  positive  results  were  obtained 
with  both  Joplin  and  Wisconsin  Separator  ores.  Posi- 
tive results  were  also  obtained  from  Mineral  Point 
"Special  Leaded  Oxide  of  Zinc,"  from  an  oxide  made 
from  a  Mexican  ore  (La  Bufa),  and  from  one  or  two 
others.  Negative  results  were  had  from  two  other 
Mexican  ores,  from  ore  from  Austinville,  Va.,  from 
Mineral  Point  "Prime  Oxide  of  Zinc,"  and  from 
New  Jersey  ores  ("XX  Oxides").  In  all  cases  where 
positive  results  were  obtained  the  amounts  detected 
were  very  much  less  than  were  met  with  in  the  oxide 
made  from  spelter  residues,  probably  not  one-tenth  as 
much.  It  is  probable  that  the  procedure  described 
would  detect  as  little  as  o.oi  per  cent  germanium  in 
an  oxide  of  zinc. 

It  is  evident  from  these  results  that  the  germanium 
content  of  the  residuum  may  have  been  derived  from 
either  the  Wisconsin  or  the  Missouri  ore,  or  from  both 
of  them,  and  that  it  has  been  greatly  concentrated 
during  the  metallurgical  treatments  which  it  has 
undergone.  The  treatment  in  the  spelter  retorts 
and  in  the  oxide  fires  has  carried  on  this  concentration 
on  an  enormous  scale  and  we  have,  as  a  result,  an  abun- 
dance of  a  material  much  richer  in  germanium  than  the 
original  ores. 

The  properties  of  the  substance  as  given  in  the  litera- 
ture explain  the  nature  of  this  concentration.  The 
metal  is  said  to  be  readily  obtained  by  reduction  of 
the  oxide  with  carbon  at  a  red  heat,  so  that  under 
the  conditions  prevailing  in  the  spelter  retort  the 
germanium  must  be  present  in  the  elementary  state. 
It  is  not  markedly  volatile  at  1350°  C.  Accordingly, 
while  the  zinc  was  distilling  off  into  the  condenser,  the 
germanium /or  the  most  part  remained  behind,  and  was 
discharged  with  the  residues.  The  qualification  seems 
necessary,  since  Uhler  has  detected  traces  of  germanium 
in  the  leady  residues  from  the  redistillation  of  low- 
grade    metal.'     In   the   zinc   oxide   furnaces   the   ger- 

1  Browning,  "Introduction  to  the  Rarer  Elements,"  4tb  edition,  p.  84. 
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manium  burned  to  oxide  and  passed  off  with  the  zinc 
smoke  into  the  bags. 

It  is  possible  to  obtain  a  rough  approximation  of  the 
amount  of  germanium  in  the  original  ore  by  assuming 
a  zinc  oxide  content  of  10  per  cent  for  the  residues, 
and  of  50  per  cent  for  the  original  ore.  Assuming  in 
all  cases  complete  recoveries,  the  Ge02  content  of  the 
residues  would  have  been  one-tenth  that  of  the  oxide 
of  zinc,  or  0.025  P^r  cent,  and  that  of  the  original  ore 
would  have  been  approximately  o.oi  per  cent. 

The  work  reported  in  the  preceding  paragraphs  was 
carried  on  by  the  writer  in  the  Research  Laboratory 
of  The  New  Jersey  Zinc  Company,  at  Palmerton, 
Pennsylvania,  to  the  officials  of  which  company  the 
writer  is  under  obligations  for  permission  to  publish 
these  results.  Through  the  kind  offices  of  Mr. 
George  C.  Stone,  of  the  New  Jersey  Zinc  Company,  a 
supply  of  the  germaniferous  oxide  of  zinc  has  been  fur- 
nished the  Massachusetts  Institute  of  Technology 
for  study.     This  work  has  already  been  begun. 

Massachusetts  Institutb  o?  Technology 
Cambridge,  Massachusetts 


PHOSPHOR-TIN  AND  A  VOLUMETRIC  METHOD  FOR 
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By  Richard  ICdwin  Lee,  W.  H.  Fegely  and  Frank   H.  Reicrel 

Received  February  19.  1917 

The  paper  presented  here  traces  its  origin  to  a  re- 
quest forwarded  to  this  laboratory  for  a  method  for  the 
rapid  and  accurate  analysis  of  an  alloy  of  phosphorus 
and  tin,  known  commercially  as  "phosphor-tin." 
This  material  is  purchased  according  to  specifications. 
Analysis  of  each  shipment,  therefore,  is  desirable. 
Furthermore,  since  the  correct  proportions  of  the 
material  to  be  used  in  the  various  processes  can  be 
determined  only  from  a  knowledge  of  its  composi- 
tion such  an  analysis  is  practically  necessary.  It  is 
obvious,  therefore,  that  a  method  corresponding  to  the 
description  in  the  request  should  be  available.  No 
such  method,  however,  was  found  in  the  literature. 

In  this  connection  it  may  be  contended  that  inasmuch 
as  the  tin  in  the  alloy  can  be  readily  determined  by 
some  standard  method,  such  as  the  sulfide  method,  and 
the  percentage  of  phosphorus  estimated  by  the  "method 
of  difTerence,"  that  the  problem  presented  was  not  one 
difficult  of  solution.  It  should  be  noted,  however, 
that  the  presence  of  any  impurities  in  the  alloy  would 
cau.se  a  corresponding  error  in  the  calculation  of  the 
phosphorus  content.  This  of  course  would  render  the 
procedure  valueless.  Obviously  the  problem  re- 
quires for  its  solution  the  formulation  of  methods  for 
the  determination  of  both  phosphorus  and  tin. 

PKOPKRTIKS    AND    USK    OF    IMIOSIMIOR-TIN 

The  phosphorus  in  phosphor-lin  alloys  varies  as  a 
rule  from  o.i  to  5  or  6  per  cent.  According  to  Dcsch,' 
jihosphor-lin  is  j;rouped  with  the  so-called  "brittle 
alloys,"  which  are  describccl  by  liin>  as  "alloys  pro- 
duifil  comnuTcially  for  the  purpose  of  fitcilitatinK  the 
ailililion  of  small  amounts  of  elements  to  molten 
metals.  Thus  silicon  and  phosphorus  as  such  arc  now 
■seldom  added  to  metals,  rich  alloys  of  these  substances 

>  (°    II.  Dr.t'll.  "Mrlnlloiirxpliv    '  IttO. 


with  iron,  copper,  or  tin  being  usually  employed. 
These  rich  alloys  are  composed  principally  of  inter- 
metallic   compounds,    as   silicides   and   phosphides." 

Phosphor-tin  is  manufactured  on  the  large  scale 
by  melting  tin  and  phosphorus  in  large  furnaces 
which  are  frequently  provided  with  apparatus  for  the 
partial  exclusion  of  air.  The  alloy  has  a  crystalline 
structure  and  is  very  hard  and  brittle.  In  color  it 
resembles  tin. 

This  alloy  is  used  instead  of  tin  in  the  manufacture 
of  various  tin  alloys  for  the  purpose  of  either  preventing 
the  formation  of  oxide  or  enhancing  certain  mechanical 
qualities  of  the  alloy  into  which  it  enters.  For  example, 
in  the  manufacture  of  certain  bronzes,  if  phosphorus  is 
added  in  small  amounts,  it  apparently  does  not  pro- 
duce, as  was  originally  suspected,  a  new  alloy  known 
as  phosphor-bronze.  It  serves  simply  as  a  deoxidizing 
agent  in  the  molten  metal,  the  resulting  phosphoric 
oxide  passing  into  the  slag  or  scum  on  the  surface.' 
When  the  metals  entering  into  the  composition  of  the 
alloy  are  melted  in  the  absence  of  phosphorus  the  alloy 
is  more  or  less  seriously  contaminated  with  oxides. 
It  is  obvious,  therefore,  that  if  the  quantity  of  added 
phosphorus  be  carefully  adjusted,  the  resulting  product 
is  merely  a  purified  alloy.  However,  if  a  larger  quan- 
tity of  phosphorus  is  introduced  than  is  required 
when  it  is  to  function  simply  as  a  reducing  agent  the 
product  is  an  alloy  with  properties  distinctly  dififerent 
from  those  of  the  merely  purified  alloy. 

In  the  manufacture  of  bronze,  according  to  Desch, 
"if  the  quantity  of  phosphorus  introduce.d  through  the 
medium  of  phosphor-tin  exceeds  that  required  for 
complete  deoxidation  by  more  than  about  o.i  per  cent, 
it  will  cause  brittleness  owing  to  the  separation  of 
hard  particles  of  the  phosphide,  CujP.  Such  a  mix- 
ture is  sometimes  very  incorrectly  called  phosphor- 
bronze.  If  the  alloys  are  to  be  employed  in  the  man- 
ufacture of  gear  wheels,  bearings,  etc.,  the  quantities 
of  tin  and  phosphorus  present  vary  from  6  to  15  per 
cent  and  0.7  to  1.5  per  cent,  respectively.  These 
alloys  are  very  hard  and  belter  able  to  resist  friction. 
The  hardness  is  due  in  part  to  the  presence  of  the  hard 
particles  of  copper  phosphide.  The  presence  of  these 
hard  masses  in  the  comparatively  soft  matrix  of  lead 
produces  the  combination  of  great  hardness  with  a 
limited  but  distinct  plasticity  which  is  required  for 
such  purposes." 

It  is  not  desirable,  however,  to  enter  into  a  detailed 
account  in  this  paper  of  investigations  in  this  field  of 
ternary  alloys;  nor  is  this  necessary  to  make  it  per- 
fectly obvious  that  methods  for  the  rapid  and  accurate 
chemical  analysis  of  alloys  similar  to  phosphor-tin 
arc  of  immediate  need  in  control  work. 

I'klllMlNARY     KXPKRtMF.NTS     SlldWINd     TIIK     HFIIAVIOR 
OF    THE    ALLOY    IN    CURTAIN    SOLVKNIS 

.\t  ihc  very  bcKinninu  of  this  investigation  it  was 
conchulcd  that  it  would  be  necessary  at  some  staRC  of 
the  work  to  dcternnnc  whether  the  phosphorus  in  the 
alloy  is  wholly  in  the  ihcmically  ooinbinrd  or  un- 
combined  form,  althoutth  it  scorned  rother  improbable 

•  Hinrlihaln.  "Inlr.xliirllan  l«  rhv>lr>l  Mrlalliirir.'     ItU.   M.* 
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that  it  should  exist  in  the  latter  form.  Subsequent 
work  indicated  that  the  metalloid  is  present  in  the 
alloy  in  the  form  of  a  definite  compound. 

The  early  part  of  the  experimental  work  was  de- 
voted, therefore,  to  a  study  of  the  effect  of  various 
solvents  on  suitably  prepared  samples  of  the  alloy  with 
the  following  results: 

Sulfuric  acid  (5  A'^)  failed  to  dissolve  the  sample, 
but  sulfuric  acid  (sp.  gr.  1.84)  effected  its  immediate 
solution.  Hydrochloric  acid  {sp.  gr.  1.26)  readily 
dissolved  the  alloy,  but  5  N  acid  apparently  had  little 
effect  on  it.  Nitric  acid  {sp.  gr.  1.42)  decomposed  the 
sample,  leaving  a  white  residue.  When  aqua  regia 
was  added  to  the  alloy  the  authors  were  very  much 
perplexed  to  find  at  first  that  the  sample  apparently 
ignited  and  burned  with  a  blue  flame.  It  may  be 
noted  here  that  it  was  this  rather  unexpected  behavior 
which  later  suggested  the  proposed  method  for  the 
solution  of  our  problem. 

Having  ascertained  how  to  effect  the  solution  of  the 
alloy  it  was  decided  to  attempt  quantitative  determi- 
nations of  tin  and  phosphorus,  using  sulfuric  acid 
(sp.  gr.  1.84)  as  a  solvent,  with  a  view  to  determining 
whether  all  of  the  phosphorus  was  liberated  as  phos- 
phine,  or  whether  it  was  partially  oxidized  to  phos- 
phoric acid. 

One-half  gram  of  the  sample  was  dissolved  in  10  cc. 
of  sulfuric  acid  (sp.  gr.  1.84)  and  evaporated  to  7  cc. 
The  solution  was  then  diluted  with  150  cc.  of  water  and 
saturated  with  hydrogen  sulfide.  The  precipitate  of 
tin  sulfide  was  filtered  on  a  weighed  Gooch  crucible, 
dried,  and  finally  ignited  to  the  oxide  and  weighed. 
The  phosphoric  acid  in  the  filtrate  was  then  determined. 
As  the  sulfuric  acid  would  eventually  act  as  an  in- 
terfering substance,  it  was  precipitated  as  barium  sul- 
fate, using  barium  nitrate  as  the  precipitant.  The 
barium  sulfate  was  filtered  off,  washed,  and  rejected. 
To  the  filtrate,  heated  to  85°,  50  cc.  of  ammonium 
molybdate  solution  were  added.  The  precipitate  of 
ammonium-phosphomolybdate  was  filtered  on  a 
weighed  Gooch  crucible,  dried  at  110°  and  weighed. 
From  the  weight  of  this  precipitate  the  percentage  of 
phosphorus  was  calculated.  The  determinations  of  the 
tin  by  the  method  outlined  checked  within  satisfactory 
limits,  but  the  results  obtained  from  the  phosphorus 
determinations  were  not  concordant,  the  conclusion 
being  that  varying  portions  of  the  phosphorus  were 
oxidized  during  the  process  of  solution.  Concen- 
trated sulfuric  acid  was,  therefore,  abandoned  as  a 
solvent  for  the  alloy. 

Solution  of  the  sample  in  hydrochloric  acid  proved  to 
be  the  real  starting  point  of  the  method  presented  in 
this  paper.  A  0.5-gram  sample  of  the  alloy  was  treated 
with  hydrochloric  acid  (sp.  gr.  1.20).  It  dissolved 
rapidly  with  the  evolution  of  phosphine.  The  solu- 
tion was  evaporated  to  10  cc,  diluted  with  100  cc.  of 
water  and  saturated  with  hydrogen  sulfide.  The 
precipitate  of  tin  sulfide  was  filtered  out  on  a  weighed 
Gooch  crucible,  washed,  ignited,  weighed  as  the  oxide 
and  the  tin  calculated  as  before.  The  series  of  re- 
sults obtained  checked  very  closely  with  those  ob- 
tained when  sulfuric  acid  was  used  as  a  solvent.     This 


standard  procedure  for  determining  tin  was  used  in  the 
early  stages  of  the  work  to  check  the  determinations 
of  tin  by  the  proposed  method.  Further  confirmation 
of  these  results  was  secured  later  by  the  electrolytic 
method. 

The  filtrate  from  the  tin  sulfide  was  heated  to  remove 
hydrogen  sulfide,  then  neutralized  with  ammonium 
hydroxide  and  magnesia  mixture  added.  Six  separate 
tests  failed  to  show  evidence  of  the  presence  of  phos- 
phoric acid,  even  after  24  hrs. 

With  the  evidence  at  hand  indicating  that  the  phos- 
phorus is  evolved  quantitatively  in  the  form  of  phos- 
phine when  the  alloy  is  dissolved  in  hydrochloric  acid, 
the  solution  of  one  phase  of  the  problem,  namely,  the 
determination  of  the  phosphorus  content,  was  an- 
ticipated if  a  method  could  be  formulated  by  which  the 
gas  might  be  absorbed  and  oxidized  to  phosphoric  acid. 

DEVELOPMENT    OF    METHOD    FOR    DETERMINING 
PHOSPHORUS 

A  variety  of  solutions  have  been  employed  in  gaso- 
metric  methods  for  absorbing  phosphine  quantita- 
tively. Only  two  of  those  suggested,  however,  were 
found  suitable,  owing  to  the  nature  of  the  procedure 
involved.  These  two  were  bromine  water  and  a  solu- 
tion of  potassium  permanganate. 

The  apparatus  used  consisted  of  a  Florence  flask  of  500 
cc.  capacity  fitted  with  a  3-holed  rubber  stopper  through 
which  a  loo-cc.  tap-funnel  and  two  pieces  of  glass 
tubing  bent  at  right  angles  were  inserted.  For  the 
absorption  train,  three  Erlenmeyer  flasks  of  150  cc. 
capacity  were  connected  in  series  with  the  Florence 
flask. 

AQUEOUS  SOLUTION  OF  BROMINE — To  each  of  the 
Erlenmeyer  flasks  100  cc.  of  bromine  water  were  added. 
The  train  was  connected  to  the  evolution  flask  in 
which  a  0.5-g.  sample  of  the  alloy  was  placed.  Hy- 
drochloric acid  (sp.  gr.  1.20)  was  added  to  decompose 
the  alloy.  The  greater  part  of  the  bromine  in  the 
first  absorption  flask  disappeared  before  that  in  the 
second  flask  was  attacked,  owing  to  the  rapid  absorp- 
tion and  oxidation  of  the  phosphine.  The  evolution 
flask  was  finally  freed  from  phosphine  by  sweeping  out 
the  system  with  natural  gas  or  carbon  dioxide.  By 
this  latter  procedure  most  of  the  remaining  bromine 
was  displaced  from  the  water  solution  and  escaped 
into  the  laboratory.  Owing  to  the  well-known  ir- 
ritating action  of  bromine  vapors  on  the  respiratory 
passages  it  was  thought  that  the  use  of  bromine  water 
as  an  absorbent  might  not  be  regarded  as  entirely 
satisfactory  for  routine  analytical  work.  Nevertheless, 
four  analyses  were  made.  The  phosphoric  acid  in  each 
flask  was  determined  separately  to  be  sure  that  no 
phosphine  escaped  the  last  flask  in  the  train,  it  having 
been  shown  that  none  remained  in  the  hydrochloric 
acid  solution  in  the  evolution  flask. 

The  contents  of  the  three  flasks  in  which  the  re- 
spective delivery  tubes  had  been  rinsed  were  trans- 
ferred to  beakers  marked  Nos.  i,  2  and  3,  corresponding 
to  the  positions  in  which  the  flasks  were  located  in  the 
train.     The  phosphoric  acid  present  in  each  flask  was 
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determined  by  a  standard  procedure  with  the  results 
given  in  Table  I. 

Table  I — Rstention  op  Phosphike  by  AenEOus  Soldtions  of  Bromine 
Per  cent  Phosphorus  Found 
Flask  No.  12  3         Total 

Experiment  1 2.69         0.32         0.00         3.01 

Experiment  2 2.91  0.07         0.00         2.98 

Experiments 2.87  0.16         0.00         3.03 

Experiment  4 2.51  0.50         0.00         3.01 

The  absence  of  phosphorus  in  the  third  absorbing- 
flask  indicates  that  no  phosphine  escaped. 

Although  it  appears  that  bromine  water  may  be  used 
for  routine  work  with  satisfactory  results  if  operations 
are  conducted  in  a  hood,  or  if  a  trap  is  provided  to 
prevent  the  escape  of  bromine  vapor,  it  was  abandoned 
as  an  absorbent  for  one  which  proved  more  suitable. 
This  was  a  solution  of  potassium  permanganate. 

AQUEOUS   SOLUTION   OF   POTASSIUM   PERMANGANATE 

The  use  of  a  solution  of  potassium  permanganate  as  an 
absorbent  of  phosphine  with  its  ultimate  oxidation  to 
phosphoric  acid,  HaPOi,  immediately  suggested  the 
attractive  procedure  of  determining  the  phosphorus  by 
titration  of  the  e-xcess  of  a  known  quantity  of  a  stand- 
ard solution  of  the  substance.  Unforeseen  difficulties 
were  encountered,  however,  when  an  effort  was  made 
to  conduct  the  analysis  according  to  the  foregoing 
scheme. 

The  hydrochloric  acid  which  is  used  as  the  solvent 
for  the  alloy  tended  to  pass  over  into  the  absorbing 
flasks  where  it  decomposed  the  permanganate.  This 
fact  made  it  necessary  to  search  for  another  absorbent 
which  would  trap  the  hydrochloric  acid,  but  not  the 
phosphine.  Water  and  aqueous  solutions  of  sodium 
hyrlroxide,  sodium  carbonate,  and  ammonium  hy- 
droxide were  tested  separately  with  respect  to  the 
property  of  absorbing  the  two  gases.  All  of  these  sub- 
stances were  found  to  absorb  hydrochloric  acid  gas  as 
fast  as  it  was  evolved;  but  unfortunately,  they  ab- 
sorbed phosphine  also.  This  was  shown  by  adding 
bromine  to  the  solutions  to  oxidize  the  phosphine  to 
phosphoric  acid,  and  then  precipitating  the  latter. 
Sodium  hydroxide  dissolved  the  most  phosphine  and 
water  the  least.  In  all  cases,  however,  enough  was 
dissolved  to  make  the  results  valueless.  Other  solu- 
tions were  tested  in  similar  respects  but  the  results 
obtained  were  no  more  encouraging.  Finally  the 
search  for  an  absorbent  which  would  prevent  the 
passage  of  the  hydrochloric  acid  into  the  permanganate 
solution  and  at  the  same  time  be  inert  as  regards  its 
action  toward  phosphine  was  abandoned.  This  meant, 
of  course,  the  relinquishing  of  the  scheme  whereby 
the  excess  or  unused  portion  of  permanganate  was  to 
be  titrated  and  llic  substituting  of  a  procedure  pro- 
viding for  the  precipitation  of  the  phosphoric  acid  from 
the  absorbing  solution  of  potassium  permanganate. 

With  the  adoption  of  the  method  of  the  ultimate  prc- 
'  ipitation  of  the  phosphorus  as  phosphoric  acid  the 
next  problem  that  presented  itself  was  the  determina- 
tion of  that  concentration  of  the  absorbing  solution 
which  would  prove  most  eiTicient.  It  was  thought 
advisal)lc,  iiowcvcr,  to  employ  a  solution  of  such  con- 
centration that  all  of  the  phosphine  would  be  absorbed 
in  the  solutions  in  the  first  two  of  the  three  olisorbing 


flasks  as  this  would  provide  for  a  relatively  large  margin 
of  safety  when  analyzing  new  alloys. 

The  best  concentration  of  permanganate  to  be  used 
in  the  analysis  of  alloys  containing  a  given  percentage 
of  phosphorus  was  determined  by  a  series  of  experi- 
ments in  which  a  moderately  concentrated  solution  was 
used  at  first,  followed  by  the  gradual  reduction  of  the 
concentration  of  the  solution  in  each  succeeding  ex- 
periment until  phosphoric  acid  was  found  in  the  ab- 
sorbent in  the  third  flask.  In  each  of  the  determina- 
tions in  the  series  reported  in  Table  II,  using  sample 
No.  I  of  the  alloy,  90  cc.  of  potassium  permanganate 
solution  of  known  concentration  were  introduced  into 
each  of  the  three  Erlenmeyer  absorption  flasks,  after 
which  the  experiment  was  conducted  in  the  same 
manner  as  when  an  aqueous  solution  of  bromine  was 
employed  as  the  absorbing  agent. 

Table  II — Retention  op  Phosphine  by  an  Aqueous  Solution  op  KMoO« 

Grams  KMnOi 

in  270  cc.  of  ab-        Per  cent  Phosphorus  Found 
No.  sorbing  solution     Flask  No.  12  3         Total 

1 3.0000  3.01  0.02  3.03 

2 2.5000  2.90         0.09  2.99 

3 2.0000  2.76         0.25  3.01 

4 1.5000  2.73  0.28  3.01 

5 1.0000  2.74         0.29  3.03 

6 0.5000  2.61  0.39  3.00 

7 0.2500  1.87  1.01  0.16         3.04 

From  the  data  in  Table  II,  it  was  concluded  that 
a  concentration  of  0.5  g.  of  potassium  permanganate  in 
270  cc.  was  necessary  for  the  complete  absorption  of  the 
phosphine  in  the  first  two  flasks.  But  since  the  per- 
centage of  phosphorus  in  different  samples  varies 
ordinarily  from  2  to  6  per  cent  it  was  thought  ad- 
visable to  employ  a  solution  containing  i  g.  in  270  cc. 

EFFECT    OF    THE    PRESENCE    OF    NITRIC    ACID    IN    THE 

PERMANGANATE  SOLUTION — Following  the  absorption 
of  the  phosphine  by  the  potassium  permanganate 
solution  and  its  ultimate  oxidation  to  phosphoric 
acid,  about  30  cc.  of  nitric  acid  (sp.  gr.  1.42)  were 
added  to  the  270  cc.  of  solution  preparatory  to  the 
precipitation  of  the  phosphoric  acid.  It  occurred  to 
the  authors  that  if  the  nitric  acid  were  added  to  the 
absorbing  solution  before  the  phosphine  was  introduced, 
it  might  be  possible  to  use  an  absorbing  solution  with  a 
smaller  concentration  of  potassium  permanganate. 
The  series  of  experiments  reported  in  Table  III  show 
how  well  the  suspicion  was  founded. 

Table  III — Retention  op  Puospbine  bv  a  Solution  op  KMnO<  and 
HNOi 

Cms.  KMnOi  in  270  cc.  Prrcrntaou  Puosrnoiu*  Found 

of  nbsorbinK  solution  Flnsk 

No.       contuininK  30  cc.  lINOi  No.   I  2  3  Totai. 

1 0.5000  3.00  0.03          3.M 

2 0.4500  2.96  O.OJ          J. 99 

3 0.4000  2.97  0.04          3.01 

4 0.3500  2.89  O.ll          3.00 

J 0.3000  2.92  0.10          3.0J 

6 0.2300  2.64  0.33          2.99 

7 0.2000  2.02  0.87  0.12  3.01 

The  increase  in  the  absorbing  and  oxiditing  power 
of  this  solution  over  the  potassium  permanganate 
solution  is  probably  not  due  merely  to  the  oxidising 
action  of  the  nitric  acid  but  to  reactions  into  which 
it  enters  or  cfTccts.  For  example,  nascent  chlorine  is 
introduced  into  the  system  by  the  action  of  the  nitric 
acid  on  the  hydrochloric  acid  which  distils  over  from 
the  acid  in  the  evolution  flask.  Other  reactions 
probably  occur  olso.     At  least  three  strong  oxidizing 
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agents,  potassium  permanganate,  nitric  acid  and 
nascent  chlorine  are  acting  together  under  the  con- 
ditions of  the  procedure. 

PROCEDURE    USED    IN    CHECKING    PROPOSED    METHOD 
FOR    DETERMINING    PHOSPHORUS 

The  authors  have  attempted  so  far  to  show  ex- 
perimentally that  the  phosphorus  present  in  phosphor- 
tin  is  probably  in  the  form  of  a  phosphide,  that  on 
solution  of  the  alloy  in  hydrochloric  acid  it  is  liberated 
quantitatively  as  phosphine,  and  that  this  latter  sub- 
stance may  be  entirely  absorbed  and  o.xidized  in  cer- 
tain solutions  and  later  determined  as  phosphoric  acid. 
At  this  stage  of  the  work,  with  a  view  to  determining 
the  accuracy  of  the  proposed  method  for  determining 
phosphorus,  a  portion  of  Sample  i  was  analyzed  by  the 
long  and  rather  tedious  but  well-known  procedure, 
commonly  known  as  the  cyanide  method.  This 
method  is  sometimes  employed  in  the  determination 
of  phosphorus  in  the  phosphor-bronzes  when  accuracy 
is  the  chief  consideration.  The  liberation  of  hydro- 
cyanic gas  at  one  stage  of  the  method  also  contributes 
to  its  lack  of  popularity.  The  results  obtained  by 
use  of  the  cyanide  method  were  slightly  but  uniformly 
lower  than  those  obtained  by  the  rapid  method  pro- 
posed in  this  paper.  This  has  been  attributed  to  the 
large  number  of  filtrations  required  by  the  older 
method. 

CYANIDE  METHOD — The  procedure  used  by  the 
authors  in  making  the  analyses  of  the  alloy  by  the 
cyanide  method  was  as  follows:  To  0.5  g.  alloy  in  a 
200  cc.  beaker,  25  cc.  nitric  acid  of  sp.  gr.  1.42,  were 
added.  The  beaker  was  covered  with  a  watch  glass, 
and  after  the  first  violent  action  had  ceased,  it  was 
placed  on  a  water  bath  and  heated  until  the  alloy 
was  completely  decomposed  and  the  residue  was  en- 
tirely white.  All  the  phosphoric  acid  remains  with  the 
tin  as  stannic  phosphate. 

The  nitric  acid  solution  of  the  alloy  was  diluted  and 
the  stannic  oxide  containing  the  phosphoric  acid  was 
filtered  off,  washed  several  times  and  dried.  The 
precipitate  was  transferred  to  a  crucible,  and  mixed 
with  three  times  its  weight  of  potassium  cyanide. 
The  crucible  was  covered  and  the  mass  fused  a  few 
minutes  at  red  heat.  On  cooling,  the  fused  mass  was 
extracted  with  hot  water,  filtered  and  the  paper  washed 
with  hot  water. 

The  hydrocyanic  and  cyanic  acids  were  expelled 
from  the  filtrate  by  boiling  with  concentrated  hydro- 
chloric acid.  The  solution  was  evaporated  to  dry- 
ness to  dehydrate  the  silicic  acid  which  had  been  dis- 
solved from  the  porcelain  crucible.  The  dry  residue 
was  dissolved  in  a  little  hydrochloric  acid,  and  hy- 
drogen sulfide  passed  through  the  solution  to  pre- 
cipitate small  amounts  of  tin  likely  to  be  present. 
The  precipitate  was  filtered  off  and  washed  and  the 
hydrogen  sulfide  destroyed  in  the  filtrate  by  adding 
bromine  water  and  boiling.  The  phosphoric  acid  was 
then  precipitated,  ignited,  and  weighed  as  the  pyro- 
phosphate. 

Twelve  phosphorus  determinations  were  made  by 
this  method.  The  results  of  these  determinations  are 
given  in  Table  V. 


DEVELOPMENT  OF  THE  METHOD  FOR  DETERMINING  TIN 

A  survey  of  the  methods  proposed  for  the  determina- 
tion of  tin  in  alloys  will  reveal  the  fact  that  the  ma- 
jority of  those  possessing  accuracy  require  considerable 
time  for  their  execution.  Even  the  sulfide  method  is 
regarded  as  being  comparatively  long  and  tedious  when 
considered  from  the  standpoint  of  the  analyst  doing 
routine  work.  It  was  recognized,  therefore,  at  the 
very  beginning  of  the  work  that  the  attractiveness  of 
any  proposed  method  would  be  greatly  enhanced  if  it 
provided  for  a  rapid  and  accurate  determination  of  tin 
in  the  alloy. 

In  considering  the  problem  at  this  stage  of  the  work 
the  authors  were  led  naturally  to  an  investigation  of 
the  solution  of  the  alloy  from  which  the  phosphorus  had 
been  liberated  as  phosphine  with  a  view  to  ascertaining 
if  it  could  be  used  in  determining  the  tin  either  gravi- 
metrically  or  volumetrically. 

It  is  well  known  that  tin  dissolves  in  hydrochloric 
acid  in  the  absence  of  oxidizing  agents  with  the  forma- 
tion of  stannous  chloride.  It  was  this  reaction  which 
suggested  the  point  of  attack,  namely,  the  problem  of 
dissolving  the  sample  of  alloy  used  in  the  phosphorus 
determination  in  such  a  manner  that  the  tin  should  be 
left  in  the  hydrochloric  acid  solution  (in  the  generating 
flask)  in  the  "-ous"  condition.  If  this  could  be  ac- 
complished the  solution  of  the  problem  was  indicated, 
for  all  that  would  then  be  required  to  complete  the 
determination  would  be  the  titration  of  this  stannous 
chloride  solution  with  a  suitable  standard  oxidizing 
solution. 

As  the  result  of  the  experimental  work  following 
the  lines  of  inquiry  suggested  in  the  previous  para- 
graph, it  was  found  that  if  the  system  of  apparatus 
used  in  the  phosphorus  determination  was  swept  free 
from  air  before  and  after  the  liberation  of  phosphine 
by  the  use  of  illuminating  gas,  carbon  dioxide,  or  any 
other  gas  inert  as  regards  the  stannous  chloride,  (i) 
the  phosphor-tin  dissolved  in  hydrochloric  acid  with  the 
quantitative  formation  of  phosphine  and  stannous 
chloride;  and  (2)  it  was  possible  to  determine  the 
amount  of  tin  present  by  adding  to  the  solution  a 
slight  excess  of  pure  ferric  chloride  and  determining 
the  amount  of  reduction  by  titrating  with  a  solution 
of  potassium  dichromate. 

Using  this  procedure  a  number  of  series  of  determina- 
tions of  tin  in  Sample  i  were  made.  The  results  were 
in  close  agreement  with  those  obtained  in  the  pre- 
liminary experiments  when  the  sulfide  method  was 
used  to  determine  the  tin  content  of  the  different 
samples  of  the  alloy.  The  results  given  in  Table  IV 
indicate  the  relative  accuracy  of  the  method. 

Table  IV — Determination  of  Tin  in  Phosphor-Tin 
KxrKRiMENT  No.  12  3  4  5     Averoge 

Sulfide  Method 96.30     96.38     96.34     96.39     96.37     96.-^6 

Proposed  Method 96.35     96.42     96.37     96.41     96.43     96.40 

Although  the  foregoing  data  indicated  that  the 
proposed  method  possessed  an  accuracy  comparable 
to  that  of  the  sulfide  method  it  was  deemed  advisable 
to  secure  further  confirmation  of  the  probable  tin 
content  of  the  alloy.  With  this  in  view  an  electrolytic 
method  was  used  in  the  final  series  of  test  experiments 
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to  check  results  obtained  by  the  method  proposed  in  this 
paper  for  the  determination  of  tin. 

PROCEDURE      rSED      IN      CHECKING      PROPOSED      METHOD 
FOR    DETERMINING    TIN 

According  to  Smith,'  tin  may  be  deposited  elec- 
trolytically  from  a  stannous  or  stannic  ammonium 
chloride  solution  containing  an  excess  of  a  hot  saturated 
solution  of  ammonium  oxalate.  Therefore,  instead  of 
titrating  the  hydrochloric  acid  solution  of  stannous 
chloride  in  the  evolution  flask  it  was  cooled  at  this 
point  and  then  neutralized  with  ammonium  hydroxide. 
The  precipitate  which  formed  was  dissolved  with  hy- 
drochloric acid,  and  100  cc.  of  a  hot  saturated  solu- 
tion of  ammonium  oxalate  were  added.  This  solu- 
tion was  then  electrolyzed,  using  a  rotating  anode 
and  a  tared  platinum  dish  (previously  coated  with 
silver  or  copper)  as  the  cathode.  A  current  of  N.D.joo 
=  5  amperes  and  9  volts  was  applied  for  one  and  one- 
half  hours. 

The  results  obtained  by  the  procedure  just  described 
confirmed  those  given  by  both  the  sulfide  method  and 
the  proposed  method.  These  results  are  tabulated 
in  Table  V. 

SOLUTIONS  USED  FOR  DETERMINING  TIN  STAND.4RD 
POTASSIUM    DICHROMATE    SOLUTION — 4.1248    g.    of    C.    P. 

crystals  dried  at  105°  were  dissolved  in  water  and  the 
solution  made  up  to  one  liter.  The  solution  was 
standardized  by  means  of  pure  ferrous  ammonium 
sulfate:  i  cc.  of  this  solution  was  found  to  be  equiv- 
alent to  0.005  K-  of  tin. 

INDICATOR — The  potassium  fcrricyanidc  solution 
used  for  determining  the  end-point  in  the  titration 
with  the  dichromate  solution  was  prepared  just  prior 
to  use.  A  crystal  of  potassium  ferricyanide  about 
the  size  of  a  pea  was  dissolved  in  about  75  cc.  of  dis- 
tilled water.  When  a  drop  of  this  solution  was  mixed 
with  a  drop  of  ferric  chloride  only  a  light  brown  color 
was  produced. 

SOLUTIONS     USED     FOR     DETERMINING     PHOSPHORUS 

Absorbing  Solution  of  Potassium  rcrman^anatc:  Two 
g.  of  the  pure  salt  in  one  liter. 

Ammonium  Moiybdatc:  This  solution  was  prepared 
by  one  of  the  well-known  standard  procedures.* 

Wash  Solution  oj  Acid  Ammonium  Sulfate:  To  one 
liter  of  water,  16  cc.  of  ammonium  hydroxide  (sp.  gr. 
o.go)  and  25  cc.  of  sulfuric  acid  (sp.  gr.  1.84)  were 
added. 

Standard  N/io  Solution  of  Potassium  Permanganate: 
.<.i63  g.  of  C.  P.  potassium  permanganate  were  dis- 
.solved  in  water  and  the  solution  made  up  to  one  liter. 
It  was  standardized  liy  means  of  pure  ferrous  ammo- 
nium sulfate;  I  cc.  of  this  solution  was  equivalent  to 
o.ooooSSjo  K-  of  phosphorus. 

PKOCKDURK    FOR    ANALYSIS    OF    ALHIY 

Sawings  were  taken  from  the  mntcrial  to  be  analyzed. 
Any  iron  introduced  by  abrasion  of  the  snw-blndc  was 
removed  by  drawing  11  magnet  over  the  snwings 
•prcaci  in  a  thin  layer.     Sawings  arc  to  be  preferred 

>  IMur  1'    Snillli.  "Ulrrlrn  Analy.U."  1(11,  171. 
'  llUlr.  "Cllrnilrul  Aimly>l>  <>(  Imii."  (fit.  w;. 


to  drillings  as  the  latter  are  quite  coarse  owing  to  the 
brittleness  of  the  alloy. 

A  0.5-g.  sample  of  the  alloy  was  put  into  the  Florence 
flask.  Any  fine  particles  of  the  phosphor-tin  adhering 
to  the  walls  of  the  flask  were  rinsed  down  with  a  jet 
of  water.  The  rubber  stopper,  through  which  the 
two  tubes  bent  at  right  angles  and  the  tap-funnel  are 
inserted,  were  fitted  tightly  into  the  mouth  of  the 
Florence  flask. 

To  each  of  the  three  absorption  flasks  assembled  as  a 
train,  90  cc.  of  the  potassium  permanganate  solution 
and  10  cc.  of  nitric  acid  (sp.  gr.  1.42)  were  added. 
The  train  was  connected  with  the  Florence  flask  with 
a  short  piece  of  rubber  tubing.  Carbon  dioxide  or 
illuminating  gas  was  then  directed  through  the  system 
for  3  minutes  to  sweep  out  the  air,  and  the  inlet  then 
closed  with  a  pinchcock:  30  cc.  of  hydrochloric  acid 
(sp.  gr.  1.20)  were  transferred  to  the  tap-funnel,  the 
stopcock  was  opened  and  the  hydrochloric  acid  allowed 
to  run  into  the  flask.  The  stopcock  was  immediately 
closed  and  heat  applied  to  the  flask.  The  boiling 
point  should  be  reached  in  about  5  minutes  and  main- 
tained  until  the  alloy  is  completely  decomposed. 
When  the  alloy  was  dissolved  the  Bunsen  burner 
was  removed  and  carbon  dioxide  or  illuminating  gas 
was  again  forced  through  the  system  for  3  minutes 
so  that  any  traces  of  phosphine  in  the  Florence  flask 
would  be  swept  into  the  permanganate  solution. 
Without  stopping  the  flow  of  gas  the  absorption  train 
was  disconnected  from  the  Florence  flask.  The  tin 
remains  as  stannous  chloride  in  the  Florence  flask 
and  the  phosphorus  is  found  as  phosphoric  acid  in  the 
absorption  flasks. 

One  or  two  grams  of  ferric  chloride  which  gave  no 
test  for  ferrous  iron  were  added  immediately  to  the 
contents  of  the  generating  flask,  and  the  solution  was 
titrated  at  once  with  potassium  dichromate,  using 
potassium  ferricyanide  as  an  external  indicator. 
By  determining  the  amount  of  ferric  iron  reduced  by 
the  stannous  chloride  the  amount  of  tin  present  was 
easily  ascertained  (i  cc.  of  the  potassium  dichromate 
solution  as  prepared  was  equivalent  to  i  per  cent  of  tin 
when  a  half-gram  sample  was  used). 

The  contents  of  the  three  absorption  flasks  were  then 
transferred  to  a  500  cc.  Florence  flask.  The  per- 
manganate solution  was  boiled  one  minute.  It  was 
then  removed  from  the  hot  plate  and  potassium  nitrite 
was  added  in  small  portions  until  the  cxcesis  per- 
manganate was  reduced  and  the  solution  was  colorless. 
It  was  then  boiled  one  minute  to  expel  any  nitrous 
acid  that  might  be  present  since  it  acts  as  an  inter- 
fering substance  later  on  in  the  procedure. 

The  solution  was  removed  from  the  hot  plate  and 
cooled  to  about  50°  by  placing  in  a  cooling  bath,  after 
which  it  was  made  slightly  alkaline  with  ammonium 
hydroxide.  When  the  neutral  point  was  reached, 
a  heavy  precipitate  of  innnganese  phosphate  formed 
which  served  as  an  indicator  at  this  point.  ThU 
precipitate  was  just  dissolved  with  nitric  acid  (sp. 
gr.  1.4})  and  10  cc.  added  in  cxce.is.  The  solution 
was  heated  to  a  temperature  of  8s*  and  jo  cc.  of 
filtered     ammonium     molvlnlatr     were     added.      The 
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temperature  must  not  exceed  85°,  because  of  the 
possibility  of  molybdic  acid  being  precipitated.  The 
contents  of  the  flask  were  vigorously  stirred  for  5 
minutes.  The  yellow  precipitate  of  ammonium  phos- 
phomolybdate  was  filtered  ofif  and  washed  with  acid 
ammonium  sulfate  solution  until  2  or  3  cc.  of  the  wash 
water  did  not  give  a  brown  coloration  on  the  addition 
of  a  drop  of  ammonium  sulfide:  7  cc.  of  ammonium 
hydroxide  of  sp.  gr.  0.90  and  15  cc.  of  water  were 
poured  into  the  flask  in  which  the  precipitate  was 
formed,  to  dissolve  any  adhering  precipitate:  the 
solution  was  then  poured  on  the  precipitate  in  the 
filter.  The  filtrate  containing  the  ammonium  molyb- 
date  and  ammonium  phosphate  was  next  prepared 
for  the  Jones  reductor.  The  filter  was  washed  with 
water  until  the  filtrate  had  a  volume  of  about  60  cc: 
10  cc.  of  sulfuric  acid  (sp.  gr.  1.84)  were  added.  (If 
a  precipitate  forms  on  the  addition  of  the  sulfuric 
acid,  it  should  be  redissolved  with  ammonium  hy- 
droxide and  the  same  amount  of  sulfuric  acid  added  a 
second  time.) 

The  solution  was  then  passed  through  a  Jones  re- 
ductor charged  with  amalgamated  zinc.  It  was 
passed  through  a  second  time  after  the  addition  of  2 
cc.  more  of  sulfuric  acid.  This  was  followed  with 
200  cc.  of  water.  The  solution  collected  from  the  re- 
ductor was  titrated  at  once  with  N/10  potassium  per- 
manganate. 

TEST    EXPERIMENTS 

In  order  to  show  the  relative  accuracy  of  the  pro- 
posed method,  two  different  samples  of  phosphor-tin 
were  used  in  making  the  following  series  of  determina- 
tions of  tin  and  phosphorus:  Twelve  diff'erent  por- 
tions of  Sample  I  were  analyzed  for  phosphorus  and 
tin,  six  by  the  recommended  procedure  and  six  by 
standard  procedures  described  in  the  body  of  this 
paper.  This  series  was  then  followed  by  a  similar 
series  of  analyses  in  which  Sample  II  was  used. 

Table  V — Rbsults  of  Analyses  or  Phosphor-Tin 
Percentahes 
Percentages  Tin  Found  Phospiiorus  Found 

Sample  Electrolytic  Proposed  Cyanide  Proposed 

No.     No.     Method     Volumetric  Method  Method   Evolution  Method 

I  1  96.32  96.38  ,  2.97  3.03 

2  96.34  96.40  2.98  3.02 

3  96.38  96.35  2.98  2.99 

4  96.38  96.36  2.96  3.04 

5  96.36  96.40  2.99  3.01 

6  96.40  96.35  2.95  3.02 
II          1            96.50                  96.45                           3.10  3.12 

2  96.46  96.52  3.07  3.11 

3  96.52  96.50  3.09  3.11 

4  96.44  96.48  3.06  3.10 

5  96.50  96.45  3.08  3.13 

6  96.48  96.50  3.07  3.12 

SUMMARY 

The  need  of  a  method  formulated  specifically  for  the 
analysis  of  the  alloy,  phosphor-tin,  has  been  shown,  and 
attention  has  been  called  to  the  fact  that  the  related 
literature  apparently  does  not  contain  such  a  method. 

A  volumetric  method  has  been  developed  and  is 
proposed  in  the  foregoing  discussion.  The  tests  to 
which  this  method  has  been  subjected  indicate  that 
it  is  not  only  easy  of  execution  but  that  it  is  also  rapid 
and  accurate. 

The  method  provides  for  the  carrying  out  of  the  de- 
terminations in  a  train  of  flasks.  The  alloy  is  dis- 
solved in  hydrochloric  acid  in  the  first  flask,  from  which 


all  air  is  excluded  by  means  of  a  current  of  illuminating 
gas  or  carbon  dioxide.  The  tin  dissolves  as  stannous 
chloride  and  the  phosphorus  is  liberated  as  phosphine 
which  is  absorbed  by  solutions  in  the  train  of  three 
flasks.  The  tin  is  titrated  at  once  with  an  oxidizing 
solution.  The  phosphine  is  converted  into  phosphoric 
acid  by  the  absorbing  solutions  from  which  the  acid 
is  precipitated  as  phosphomolybdate  which  is  then  re- 
duced in  a  reductor  and  finally  titrated. 

The  time  required  for  making  the  two  determina- 
tions, after  the  sample  is  weighed,  need  not  exceed  45 
minutes.  Other  methods,  adapted  to  phosphor-tin 
analysis  and  giving  the  same  order  of  accuracy,  re- 
quired hours  for  their  execution. 

The  proposed  method  provides  for  the  detection  of 
impurities  in  the  alloy.  It  is,  therefore,  as  well  adapted 
for  careful  assay  work  as  for  "control"  analyses. 

As  a  result  of  the  study  of  various  absorbing  agents 
it  has  been  shown  that  potassium  permanganate  solu- 
tions are  satisfactory  absorbents  for  phosphine.  And 
furthermore,  it  appears  that  the  oxidizing  and  ab- 
sorbing power  of  the  reagent  is  increased  in  a  marked 
degree  by  the  addition  of  nitric  acid. 
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THE  ELECTROMETRIC  TITRATION  OF  ZINC 
By  F.  Russell  v.  Bichowsky 

Of  all  the  troubles  to  which  the  zinc  chemist  is  heir, 
none  perhaps  is  more  vexatious  than  the  trickiness  and 
general  unreliability  of  even  the  better  methods  of 
zinc  analysis.  Mr.  Keith's^  report  discloses,  for  in- 
stance, that  analyses  of  the  same  sample  made  by  some 
of  the  best  known  zinc  chemists  of  the  country,  all  using 
the  same  method  of  analysis  (the  "Beale"),  varied 
among  themselves  by  as  much  as  4  per  cent  of  the 
total  zinc  content.  Of  course  such  variations  are 
far  beyond  the  errors  of  the  personal  equation  and 
can  be  accounted  for  only  as  being  due  either  to  loss 
of  zinc  in  the  processes  leading  to  the  final  titration 
(such  as  for  example  might  be  due  to  absorption  on 
the  Fe-Mn  precipitate),  or  to  the  interference  of  the 
various  substances  with  the  end-point  of  the  ferro- 
cyanide  titration.  Of  these  two  sources  of  error 
the  last  is  undoubtedly  the  most  serious,  as,  at  least 
in  the  author's  experience,  the  loss  of  zinc  in  any  of 
the  better  known  commercial  methods  is  very  slight. 

Assume,  therefore,  that  we  have  carried  through 
the  preliminary  more  or  less  complete  separation  of 
SiOi,  Fe,  Mn,  Cd,  etc.,  according  to  any  of  the  regular 
methods.  We  will  then  have  left  a  solution  contain- 
ing besides  all  our  zinc  (hoffentlich)  more  or  less  free 
chlorine,  bromine,  nitric  acid,  hydrochloric  acid, 
manganese,  copper,  lead,  iron  and  cadmium,  and  no 
one  knows  what  else,  all  in  amounts  depending  enor- 
mously on  even  the  slightest  variation  in  our  procedure. 
Our  problem  is  now  to  find  the  best  way  of  determining 

'  Presented  ot  the  Symposium  on  the  Chemistry  and  Melalturgy  of  Zinc, 
54th  Meeting  American  Chemical  Society,  Kansas  City.  April  10  to  14, 
1917. 

'  Reith,  "Zinc  Ore  Analysis,"  Leadville  Publishing  and  Printing  Co., 
Leadvillc,  Colo. 
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the  zinc  in  this  mixture.  Unfortunately,  there  is, 
with  the  possible  exception  of  HgsSCN,  no  specific 
reagent  which  will  precipitate  zinc  without  at  the 
same  time  precipitating  traces  at  least  of  most  of  the 
other  elements.  The  best  substitute  for  a  specific 
reagent  is  undoubtedly  potassium  ferrocyanide,  but 
unfortunately  this  reagent,  besides  precipitating  al- 
most any  of  the  heavy  metals,  has  the  added  disadvan- 
tage that  it  is  a  reducing  agent,  and  thus  will  react 
with  whatever  bromine,  chlorine,  or  nitric  acid  is 
present,  and  so  will  give  too  high  results  unless  ex- 
treme care  is  taken  in  the  preliminary  elimination  of 
all  oxidizing  agents,  heavy  metals  and,  especially, 
manganese.  Besides  this  the  end-point  of  the  ordinary 
ferrocyanide  titration  obtained  either  by  the  use  of 
uranium,  molybdenum  or  iron,  is  always  uncertain, 
especially  in  the  poor  light  of  the  ordinary  labora- 
tory, and,  moreover,  the  whole  titration  is  tedious 
and  uncertain,  due  to  the  large  blank  correction  neces- 
sary. It  is  thus,  perhaps,  no  wonder  that  zinc  analyses 
vary  so  conspicuously  among  themselves.' 

The  most  rational  way  to  correct  this  state  of  af- 
fairs is  not  so  much  to  improve  the  methods  of  prepara- 
tion of  the  zinc  solution  (though  undoubtedly  pre- 
cautions, such  as  the  addition  of  SO2,  should  be  taken 
to  remove  any  free  oxidizing  agents)  as  to  change  the 
conditions  of  the  ferrocyanide  precipitation  by  carry- 
ing it  out  in  solutions  containing  from  10  to  20  per 
cent  hydrochloric  acid.  In  these  solutions  zinc- 
ferrocyanide  is  only  slightly  soluble,  but  lead,  man- 
ganese, iron  and  copper  are  very  soluble  and  even 
cadmium  is  fairly  soluble.  At  this  concentration  of 
acid,  however,  the  ordinary  indicators  are  compara- 
tively useless,  as  would  be  indeed  almost  any  chemical 
indicator.  For  this  reason  electrometric  methods 
similar  to  those  used  with  so  much  success  in  the 
analysis  of  iron,  vanadium,  chromium,  etc.,  imme- 
diately suggest  themselves: 

First,  because  outside  of  their  being  almost  the  only 
ones  possible  under  these  conditions,  they  are,  under 
any  conditions,  the  most  convenient  and  accurate 
methods  available.  One  does  not  have  to  depend  on 
the  lime-consuming  and  always  inaccurate  outside 
indicator,  nor  on  tlie  inaccurate  and,  in  my  experience, 
unreliable  internal  indicator,  such  as  ferrous  iron.  One 
simply  notes  the  point  of  sudden  deflection  of  a  gal- 
vanometer needle,  a  point  which  can  be  determined, 
hut  with  little  care,  to  a  fraction  of  a  drop. 

Second,  this  method  is  also  the  quickest  and  most 
•  iTlain.  There  is  no  danger  of  overrunning  and  the 
iiLration  can  be  finished  in  less  than  onc-lhird  the  lime 
of  the  older  methods. 

Third,  the  electrometric  end-point  is  not  nflcctcd 
by  the  color  of  the  solution,  by  the  lighting  of  the 
room,  by  the  amount  of  acid  or  neutral  salts  present, 
and,  in  fact,  at  least  in  10  per  cent  ncid,  is  not  aflcctcd 
by  iron,  lead,  manganese  (up  to  $0  mg.),  or  small 
amount.s  of  copper  and  cadmium,  all  of  which  (except 
lead)  have  marked  cfTects,  especially  on  the  uranium 
end-point. 

>  My  allrniloii  »■•  ciillnl  lo  the  ii»<l  of  an  rlrrlroinclrir  melhoil 
(or  lliv  tllrnlloii  of  tliic  by  Mr.  Ilyiimn  Slorlli  m  Ibe  llurrmi  ot 
8(an<larili. 


The  method  as  finally  worked  out  requires  no  com- 
plicated apparatus:  a  cheap  galvanometer,  a  slide  wire 
resistant,  some  sort  of  standard  electrode  such  as  a 
calomel  electrode  (made  from  a  bottle,  a  cork  and  a 
piece  of  bent  tubing,  a  sodium  chloride  solution,  and 
a  few  g.  of  mercury  and  calomel),  a  piece  of  platinum 
wire  (for  the  platinum  electrode),  some  copper  wire 
for  connections,  and  a  couple  of  dry  cells  complete 
the  needed  extra  equipment,  though  a  voltmeter  is  a 
great  convenience.  If  this  apparatus  seems  too 
complicated  to  make,  it  can  be  purchased  already  made 
up  for  the  determination  of  chromium,  iron,  vanadium, 
etc.  A  detailed  description  of  the  apparatus,  the 
theory  of  it  and  the  general  methods  of  using  it  will 
be  found  in  the  Journal  of  the  American  Chemical 
Society  in  several  places.' 

Having  the  apparatus  set  up,  the  operation  is  sim- 
plicity itself.  The  two  electrodes  are  dipped  in  the 
beaker  containing  the  solution  to  be  analyzed  (which 
solution  should  be  hot,  should  contain  at  least  10  per 
cent  strong  hydrochloric  acid,  but  no  free  oxidizing 
agents  nor  more  than  a  trace  of  cadmium) ;  by  adjusting 
the  slider  of  the  resistance  the  pointer  of  the  galvanom- 
eter should  be  brought  to  zero  and  the  titration 
begun.  As  the  ferrocyanide  is  slowly  added  with 
constant  stirring  the  pointer  will  swing  slowly  until 
the  end-point  is  almost  reached;  at  the  end-point  the 
direction  of  the  swing  will  be  reversed.  From  this 
point  on  the  ferrocyanide  is  added  drop  by  drop  un- 
til one  drop  causes  a  sudden  very  large  but  permanent 
deflection.  This  is  the  end-point.  Or,  if  one  has  a 
voltmeter  in  the  set-up.  one  can  simply  set  the  slider 
so  that  the  voltmeter  reads  0.24  volt  and  titrate 
until  the  galvanometer  indicates  zero  current.  This 
end-point  is  accurate,  even  with  20  per  cent  (strong) 
hydrochloric  acid,  to  o.  i  cc.  of  the  usual  ferrocyanide 
solution. 

Using  this  method,  the  preliminary  operations  for 
the  purification  of  the  ore  lose  their  customary  im- 
portance. Almost  any  of  the  best  known  methods 
can  be  used.  My  own  method  is  to  dissolve  the  ore 
in  the  minimum  strong  hydrochloric  acid,  add  a  pinch 
of  KCIOi,  add  quickly  100  cc.  dilute  NH«OH,  make 
up  to  250  cc,  filter  an  aliquot,  and  acidify.  Add  lo  per 
cent  excess  hydrochloric  acid,  add  SO-  until  saturated, 
boil  out  the  SOj  with  heat  and  a  stream  of  air  (or  add  test 
lead)  and  titrate.  In  ordinarily  pure  ores  simple  solution 
in  strong  hydrochloric  acid  and  the  addition  of  the  test 
lead  and  aluminum  works  very  nicely.  Of  course,  if 
extreme  accuracy  is  desired  or  if  the  ore  contains  large 
amounts  of  cadmium,  some  standard  method  such  as 
Broycr's'  is  to  be  preferred  for  the  prolinuiKiry  scp.ira- 
tions.  The  electrometric  end-point  should,  however, 
replace  Urcycr's  or  the  uranium  ond-points  under  oU 
conditions  as  much  more  acour.'itc  nnd  convenient, 
especially  for  small  traces  of  «inc  (where  one  haa 
zinc  solutions  free  from  cadmium,  manganese,  etc., 
to  analyse  smaller  acid  concentrationc  should  b«  em- 
ployed). 

•  IllUlrbraml.  J.  Am  dtm.  Stx  .  U  (l«l.«<.  Ut ;  Porbn  awl  Dwt- 
l>(l,  /^••<.  It  (fl.l).  \S}7.  K«ll<r  aiKl  Conant,  Ihtd  .  M  (l«IAI.  341. 

•  llfTvrr.  (hit.  C'oaiaiaa  Ilk  Iml.  Co«f.  tf  4^/>t<W  Clitm..  M,  7. 
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While  no  attempt  to  give  a  complete  table  of  ex- 
perimental results  is  made  here,  certain  more  significant 
results  have  been  collected  in  Tables  I  and  II: 

Table  I 
Accuracy  of  titrations  with  ferrocyanide  of  total  zinc  in  solutions  con- 
taining various  known  quantities  of  Zn+  +  ,  Fe++,  Mn++,  Pb++. 
Cu"'"+  and  HCI  using  the  electrometric  end-point  (E.  M.  F.).  the  ferrous 
ferrocyanide  end-point  of  Brcyer  (iron),  the  usual  end-point  with  uranium 
nitrate  as  an  outside  indicator  (uranium). 

Content  of  Solution  in  Mg.  Mc.  of  Zinc  Found 

HCI  Zn       Mn       Fe     Cu       Pb  E.  M.  F.        Iron       Uranium 

(a)  N 

2  0.0       0,0     0.0     0.0     0.0  0.0  0.0  0.3 

15  0.0       0.0     0.0     0.0     0.0  0.05  ...  1.0 

2  0.5       0.0     0.0     0.0     0.0  0.50  0.34  0.95 

3  5.0  0.0  0.0  0.0  0.0  5.01  4.98  5.45 
5  50.0  0.0  0.0  0.0  0.0  50.01  50.08  50.57 
2     0.5   0.5  0.0  0.0  0.0        0.59     0.71     l.SS 

10     0.5   0.5  0.0  0.0  0.0  0.49  0.6*  0.7» 

10     5.0   0.5  0.0  0.0  0.0  4.98  5.1*  5.3* 

10     5.0   5.0  0.0  0.0  0.0  S.Ol 

10     S.O  50.0  0.0  0.0  0.0  5.05  0.0  5.7* 

10     5.0   0.0  5.0  0.0  0.0  5.09  5.11      * 

15     5.0   5.0  5.0  S.O  0.0  5.08  *        * 

15     5.0   5.0  5.0  5.0  5.0  5.10  *        * 

*  End-point  very  uncertain. 

(a)  HCI  content  in  cc.  35  per  cent  HCI  per  100  cc.  of  solution. 

Table  II 
Content  of  the  same  Cd-free  ore  by  different  methods  showing  results 
in  per  cent  zinc  and  approximate  time  taken  (ore  contained  7  per  cent  Mn). 
Method  Reference  Per  cent  Zinc     Time 

Ti,»,..,  ..»_^„,^  i  Loc.  cil.  31.04  12  hrs. 

Breyer  standard j  E.  M.  F.  end-point 

"Beale" Loc.  cit.  31.74  8  hrs. 

New  Jersey  Zinc  Co See  below  31.12  6  hrs. 

American  Zinc,  Lead  Smelting  Co.  See  below  31  .32  5  hrs. 

Author's  long  method See  text  31.10  4  hrs. 

Author's  short  method See  text  31.6  2  hrs. 

NEW  JERSEY  ZINC  CO.  METHOD  (Couftesy  of  Mr.  G.  C.  Stone) — 
Weigh  out  0.5  g.  of  ore  within  0.5  milligram.  Transfer  to  a 
250-cc.  beaker.  Add  15  cc.  of  hydrochloric  acid  (sp.  gr.  1.20), 
cover  and  boil  until  all  is  in  solution  that  can  be  dissolved  by 
hydrochloric  acid  alone.  If  there  are  insoluble  particles  re- 
maining, other  than  silica,  and  always  with  green  sulfide  ores, 
add  5  cc.  of  nitric  acid  (sp.  gr.  i  .42). 

In  case  the  hydrochloric  acid  treatment  alone  is  necessary, 
boil  down  to  about  5  cc.  and  remove  from  the  hot  plate. 

If  nitric  acid  is  used,  evaporate  to  dryness,  leaving  on  the 
hot  plate  until  there  is  no  odor  of  acid  or  until  a  little  ammonia 
in  a  beaker  produces  no  cloud  of  ammonium  salts  when  held 
near  the  assay.  Remove  from  the  plate,  cool,  add  5  cc.  of  hydro- 
chloric acid  (sp.  gr.  i .  20)  and  boil  until  all  is  in  solution.  If 
brown  or  green  fumes  are  evolved  it  indicates  that  tlie  evapora- 
tion to  dryness  was  incomplete.  In  this  case  evaporate  to  dry- 
ness again  with  the  hydrochloric  acid,  cool,  add  5  cc.  of  strong 
hydrochloric  acid  as  before  and  boil. 

From  this  point  on,  the  treatment  is  the  same  whether  nitric 
acid  was  used  in  solution  or  not. 

Wash  off  both  sides  of  the  cover  glass  and  the  sides  of  the 
beaker  with  a  fine  jet  of  cold  water,  using  as  little  as  possible. 
Be  particularly  careful  to  keep  the  volume  down  in  the  cases 
of  ores  carrying  manganese.  Add  5  g.  of  ammonium  chloride 
crystals.  Add  saturated  bromine  water  according  to  the  man- 
ganese contents  of  the  ores. 

If  there  is  no  manganese,  add  2  or  3  cc.  to  insure  complete 
oxidation  of  the  iron.  If  this  is  neglected  the  iron  is  incom- 
pletely precipitated  by  the  subsequent  treatment  with  am- 
monia. With  small  amounts  of  manganese,  15  to  25  cc.  of 
bromine  water  are  needed. 

When  the  manganese  is  high,  the  volume  of  the  ore  solution 
must  be  less  than  10  cc.  Shake  the  bottle  of  bromine  water 
violently  with  an  excess  of  bromine  and  quickly  pour  25  cc. 
into  the  ore  solution  before  the  suspended  free  bromine  can 
settle. 

Allow  time  for  the  ammonium  chloride  to  dissolve  completely, 
then  add  15  cc.  of  ammonia  water. 

In  the  case  of  the  high  manganese  ores  great  care  is  necessary 
on  account  of  the  excess  of  bromine.  If  the  ammonia  water 
is  poured  in  carelessly  the  reaction  with  the  free  bromine  which 


has  settled  to  the  bottom  of  the  beaker  is  very  violent,  and  may 
cause  loss  of  solution  or  injinr  to  the  hands  of  the  operator. 
The  best  method  of  manipulation  is  to  incline  the  beaker  at  an 
angle,  keeping  the  cover  glass  in  place  and  to  pour  the  ammonia 
water  in  slowly  through  the  lip  of  the  beaker,  allowing  it  to 
run  down  the  side  of  the  beaker  and  float  as  a  separate  layer 
on  the  ore  solution.  Now  place  the  beaker  on  a  warm  (not  hot) 
part  of  the  plate,  on  two  or  three  layers  of  asbestos  paper  if 
there  is  no  gradation  of  heat  on  the  plate.  The  ammonia  will 
then  gradually  diffuse  into  the  solution,  precipitating  the  iron 
and  manganese  completely  without  any  violent  reaction. 

Bring  the  contents  of  the  beaker  to  a  boil.  Allow  to  boil 
for  one  minute  to  insiue  the  coagulation  of  the  precipitate. 
Do  not  allow  to  boil  longer  than  one  minute,  or  there  is  danger 
of  re-solution  of  a  part  of  the  manganese.  Wa.sli  the  cover  glass 
off  with  a  hot  jet  of  the  wash  solution  when  removing  it  from 
the  beaker. 

Filter  while  hot,  allowing  all  the  solution  to  run  through  the 
filter  before  commencing  washing.  Transfer  as  much  of  the 
precipitate  as  possible  to  the  filter,  using  the  jet  to  loosen  it 
from  the  beaker,  and  carefully  wash  the  entire  inner  surface 
of  the  beaker.  Then  wash  the  filter  and  precipitate  thoroughly 
three  times  more  with  a  jet  of  the  hot  wash  solution,  containing 
50  g.  of  ammonium  chloride  and  50  cc.  of  ammonia  water  per 
liter. 

Wash  the  precipitate  from  the  filter  into  the  beaker  in  which 
the  original  precipitation  was  carried  out  with  a  small  quantity 
of  the  wash  solution:  add  a  few  drops  of  hydrochloric  acid 
to  redissolve  the  iron  and  manganese.  With  high  manganese 
ores  it  will  be  found  necessary  to  heat  to  boiling  before  the  man- 
ganese will  dissolve.  With  these  same  ores,  if  the  volume  is 
over  10  cc.  concentrate  by  evaporation  to  less  than  10  cc.  Pre- 
cipitate the  iron  and  manganese  again  as  with  the  first  precipi- 
tation except  that  it  is  unnecessary  to  use  ammonium  chloride 
crystals.  The  chloride  contained  in  the  solution  used  for  wash- 
ing the  precipitate  from  the  paper  is  sufficient  for  the  small 
amount  of  zinc  remaining.  The  bromine  may  also  be  omitted 
on  the  second  precipitation,  with  ores  free  from  manganese, 
as  the  iron  is  all  in  the  ferric  condition.  Where  manganese  is 
present,  bromine  must  be  used  in  the  second  precipitation,  ob- 
serving all  the  precautions  necessary  with  the  first.  Ten  cc.  of 
ammonia  water  are  sufficient  on  account  of  the  smaller  quantity 
of  free  acid.  Filter  and  wash  beaker,  filter  and  precipitate  as 
before,  combining  the  filtrates  from  the  two  precipitations. 
With  ores  very  high  in  iron,  manganese  or  alumina,  at  least 
one  additional  separation  of  these  constituents  must  be  made 
by  the  same  method.  Experience  must  be  relied  on  to  deter- 
mine exactly  how  many  sei)arations  are  necessary  with  any 
given  ore. 

Heat  the  solution  to  boiling  and  test,  if  from  a  manganiferous 
ore,  by  adding  a  few  cc.  of  bromine  water.  If  more  manganese 
comes  down,  throw  the  solution  away  and  start  a  new  assay,  as  the 
manganese  cannot  be  separated  quantitatively  from  so  large  a 
volume  of  solution  without  the  expenditure  of  more  time  than 
would  be  required  for  a  new  assay.  If  no  manganese  comes 
down,  boil  gently  for  a  few  minutes  to  eliminate  bromine. 

Add  hot  water  until  the  volume  is  a  little  less  than  250  cc. 
.•\(ld  4  drops  of  an  ammonium  sulfide  solution  made  by  satura- 
ting with  hydrogen  sulfide  a  mixture  of  2  parts  ammonium  water 
(sp.  gr.  0.90)  and  i  part  water  by  volume.  If  there  is  much 
copper,  more  sulfide  may  be  necessary. 

Add  hydrochloric  acid  cautiously  until  the  precipitated  zinc 
sulfide  just  dissolves,  then  add  10  cc.  excess  of  the  i  .20  sp.  gr. 
acid  and  titrate  with  standard  potassium  ferrocyanide  solution 
(containing  44  grams  per  liter),  using  10  per  cent  uranium 
nitrate  solution  as  an  external  indicator,  on  a  paraffin-coated 
spot  plate.  The  solution  must  be  violently  stirred  while  titra- 
ting. 
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AMERICAN   ZIN'C,   LEAD   SMELTING   CO.    METHOD    (Courtesy   of  Dr. 

John  Johnston) — Weigh  0.5  gram  into  a  flask  of  200  cc.  capacity. 
Add  10  cc.  hydrochloric  acid  and  boil  nearly  to  dryness.  Add 
5  cc.  nitric  acid  and  take  to  dryness.  Overheating  or  baking 
should  be  avoided.  The  best  time  to  remove  the  flask  from  the 
hot  plate  is  when  it  is  stained  red  all  over.  Care  should  be  taken 
to  avoid  spurting.  Cool,  and  add  10  cc.  hydrochloric  acid  and 
boil  to  half  its  volume.  Add  50  cc.  hot  water  and  10  cc.  ammonia. 
If  manganese  is  present  add  20  cc.  saturated  solution  of  bromine 
water.  Boil  and  filter  through  1 1  cm.  filter,  which  should  leave 
about  one-third  of  the  funnel  exposed,  into  a  beaker  375  cc. 
capacity.  Wash  three  times  with  hot  water.  Redissolve  pre- 
cipitate into  original  flask  with  hot  dilute  hydrochloric  acid,  i 
part  acid  to  3  parts  water.  Wash  well  with  hot  water.  Add 
10  cc.  ammonia  as  before,  and  the  same  amount  of  bromine 
water,  if  manganese  is  present.  Boil  and  filter  through  the  same 
paper  into  the  same  beaker.  Wash  three  times  with  hot  water. 
Make  the  filtrate  neutral  with  hydrochloric  acid,  using  litmus 
paper  as  indicator,  and  add  6  cc.  hydrochloric  acid  in  excess. 
If  copper  is  present  add  20  g.  test  lead  and  boil  until  all  copper 
is  thrown  down.  Heat  to  70°  C.  and  titrate  with  a  standard 
solution  of  potassium  ferrocyanide.  Run  the  solution  in  rather 
slowly  and  stir  constantly,  A  slight  color  change  will  be  noted 
in  the  beaker  when  the  precipitation  is  almost  complete.  This 
should  not  be  ignored,  since  if  it  does  not  occur  there  is  a  possi- 
bility of  error.  Use  a  i  per  cent  sohition  of  ammonium  molyb- 
date  for  outside  indicator. 

Gkophysicai,  Laboratory,  Washincto.n.   D.  C. 


A  NEW  METHOD  OF  SEPARATING  ZINC  FROM  CADMIUM 

AND   THE  LATTER'S  DETERMINATION 

lODOMETRICALLY' 

By  Eric  John  Ericson 

Further  research  in  the  development  of  the  writer's 
method  for  complete  spelter  analysis  has  demonstra- 
ted the  possibility  of  separating  the  bulk  of  the  re- 
maining zinc  from  cadmium  by  crystallization  as  zinc 
sulfate.  The  exact  composition  of  the  latter  has  not 
yet  been  ascertained.  In  one  analysis  of  the  crystals 
only  15.50  per  cent  was  found,  while  the  formula 
ZnS04.7H20  calls  for  22.73  pcr  cent. 

Although  a  small  trace  of  cadmium  is  entrained 
in  the  zinc  sulfate  or  zinc-ammonium  sulfate,  for 
technical  purposes  only  one  crystallization  is  deemed 
necessary,  in  view  of  the  large  sample  (19.2  grams') 
of  spelter  taken  originally. 

The  procedure  in  spelter  analysis  is  as  follows: 

Referring  to  earlier  publications'  for  details  for  re- 
moving and  determining  lead,  the  filtrate  from  the 
latter  is  boiled  until  nearly  neutral  and  a  white  precipi- 
tate appears.  Then  add  50  cc.  dilute  sulfuric  acid 
(1:3),  boil  down  to  about  80  to  100  cc.  volume  and 
allow  to  stand  over  night.  In  the  morning  the  bulk 
of  the  zinc  will  be  found  crystallized  out  as  sulfate. 
Decant  the  clear  solution  and  wash  three  times  with 
cold  water,  allowing  each  washing  to  drain.  Dilute 
the  filtrate  to  200  cc.  and  pass  in  hydrogen  sulfide 
until  all  cadmium  is  precijiitnfed:  usually  15  to  20 
minutes  is  sufficient  with  a  fairly  rapid  evolution  of 
gns.  Allow  the  precipitated  cadmium  sulfide  several 
hours   time   to  settle   before   filtering  ofT.     Determine 

■  I'rcwnlril  al  llir  Symfo\iHm  un  Iht  (  hrmhiry  and  Ufltttlutiy  n/  ZImc. 
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cadmium  by  any  of  the  methods  mentioned  in  the 
above-mentioned  papers. 

Cadmium  may  also  be  determined  iodometrically 
according  to  von  Berg's'  method  (modified),  by  trans- 
ferring to  an  Erlenmeyer  flask,  adding  about  125  cc. 
of  distilled  water,  a  measured  excess  of  N/10  iodine 
solution  and  then  30  to  50  cc.  dilute  hydrochloric  acid. 
Shake  and  titrate  with  sodium  hyposulfite  until 
slight  iodine  excess  is  indicated;  then  add  a  few  cc. 
starch  solution  and  finish  titration  until  disappear- 
ance of  the  blue  color.  The  difference  is  due  to  cad- 
mium: I  cc.  N/10  iodine  solution  =  0.00562  gram 
cadmium. 

The  new  zinc-cadmium  separation  has  been  applied 
successfully  to  zinc  ores  also.  Before  its  introduction 
it  was  a  difficult  matter  to  detect  and  determine  ac- 
curately the  small  amounts  of  cadmium  usually 
occurring  in  these  ores. 

PROCEDURE — Dissolve  5  grams  ore  in  nitric  or  hydro- 
chloric acid,  according  to  the  nature  of  the  ore,  fume 
off  with  20  cc.  sulfuric  acid,  add  water,  boil  and  fil- 
ter. To  the  filtrate  add  an  excess  of  ammonia,  boil 
and  precipitate  iron  and  alumina.  Dilute  to  500  cc, 
filter  and  pipette  off  an  aliquot  portion  representing 
3  or  4  grams;  evaporate  to  low  bulk  and  until  small 
white  precipitate  appears;  then  add  sulfuric  acid  and 
boil  down  to  80-100  cc.  Remove  from  hot  plate  and 
allow  zinc  to  crystallize  out.  Decant  solution  and 
precipitate  cadmium  as  previously  directed.  Redis- 
solve on  filter  with  hot  hydrochloric  acid,  neutralize 
filtrate  with  ammonia  and  add  about  10  grams  tri- 
chloracetic acid:  dilute  to  200  cc.  and  precipitate 
once  more  with  hydrogen  sulfide.  A  pure  cadmium 
sulfide  is  now  obtained,  which  may  be  determined  by 
any  of  the  methods  previously  described,  but  the  most 
accurate  is  undoubtedly  the  gravimetric  determina- 
tion as  sulfate. 

I  think  that  the  above  separation  can  be  applied 
in  brass  analysis  in  detecting  small  amounts  of  cad- 
mium. Recently,  attention  was  called  to  the  difficulty  of 
detecting  and  determining  small  amounts  of  cadmium,* 
and  the  need  of  more  accurate  methods.  This  applies 
particularly  to  methods  of  scp.'uation,  since  the  actual 
determination  does  not  offer  any  unusual  difficulties. 


C.  11.  Lord  Corporation 
I^IO  Caui'mrt  Avk  .  Ciiicai.i 


THE  CHEMICAL  EXAMINATION  OF  NATURAL  BRINES' 

Hy   ci    R     .SnKKNXv    ami    Iamkn   R     Wiiiirow 

The  proper  analysis  of  natural  brines  has  always 
been  important.  They  are  used  by  chemical  manufac- 
turers to  make  comparisons  with  a  view  to  reaching 
decisions  as  to  prospective  yields  of  salt,  bromine  and 
other  products.  The  wnr-timc  elevation  of  the  price 
of  bromine  from  30  cent.-;  to  as  high  as  $6,50  per  lb., 
as  well  as  a  similar  olcvution  i>f  other  products  derived 
from  natural  brine,  has  given  rise  to  search  for  Addi- 
tional sources  of  these  proihicts  and  n  careful  scrutiny 
of  many  of  the  brines  encountered  in  oil,  gas  and  coal 
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development,  and  hitherto  wasted.  As  a  result  many 
analyses  have  been  made  in  the  last  three  years  as  a 
basis  for  manufacturing  consideration.  Some  of  these 
were  made  in  the  laboratories  of  manufacturers  them- 
selves and  some  by  consulting  chemists.  Analyses 
from  both  sources  have  come  into  the  hands  of  the 
authors  as  the  basis  for  report  upon  prospective 
manufacturing  values.  We,  also,  have  had  occasion 
to  make  check  or  confirmatory  analyses. 

It  early  became  evident  that  there  was  no  standard 
or  uniform  procedure  being  followed  by  the  different 
workers.  To  this  fact  may  be  due  a  large  part  of  the 
non-agreement  encountered  from  time  to  time,  though 
inexperience  with  this  type  of  analysis  is  also  a  factor. 
Few  chemists,  even  water  analysts,  are  experienced  in 
such  a  type  of  work  as  bromine  determination  in  brine. 
This  may  be  shown  best  by  citing  a  report  to  its 
president  by  the  laboratory  of  the  chemical  company. 
The  letter  from  the  president  of  one  chemical  company 
to  another  stated: 

"The  analysis  of  the  two  samples  of  brine  which  you 
sent  us  has  been  completed  and  it  was  some  job.  The 
results   are   as  follows: 

Weli,  a  Weli.  b 

Depth 1200  ft.  1200  ft. 

Diameter 8  in.  4  in. 

Specific  Gravity  of  Brine 1 .  07 1  1 .  070 

CaO 0.69percent  0.68percent 

Br 0.42  0.22 

Halides  (as  sodium  balide) 9.21  9.26 

Iodine None  None" 

These  samples  were  from  a  brine  whose  composition 
was  well  known  to  us.  Furthermore,  they  were  on 
the  same  property.  It  will  be  noticed  that  they  are 
of  the  same  depth  and  also  the  same  specific  gravity, 
CaO  content,  and  halide  content.  Nevertheless,  they 
are  reported  of  different  bromine  content — a  divergence 
of  nearly  loo  per  cent.  Such  a  divergence  would 
be  a  very  important  matter  industrially,  for  one  of 
these  wells  would  give  nearly  twice  the  yield  of  bromine 
for  the  same  turnover  of  salt  and  calcium  chloride 
and  at  the  same  fuel  cost  as  the  other  well.  Consid- 
ering the  difficulty  of  bromine  determination,  by  the 
usual  methods,  the  infrequency  of  demand  for  it  and 
the  concordance  of  all  other  determinations  on  these 
two  brines  one  is  tempted  to  suspect  the  accuracy  of 
the  bromine  determinations.  As  a  matter  of  fact  even 
the  lower  value  is  over  twice  the  bromine  content  of 
the  field  in  question  as  shown  by  both  analyses  by 
various  chemists  and  experience  of  all  the  plants  opera- 
ting on  this  particular  brine. 

Such  situations  give  rise  to  controversy  and  dis- 
credit analytical  chemistry.  An  examination  of  the 
literature  for  a  basis  for  standard  or  uniform  procedure 
disclosed  no  exact  one  which  could  be  recommended. 
The  procedures  described  for  the  examination  of 
"mineral  water"  are  not  applicable  directly.  Certain 
modifications  which  our  experience  has  introduced 
are  recorded  here.  Not  all  of  the  procedures  de- 
scribed have  been  exhaustively  studied  as  yet.  The 
purpose  of  this  paper  is  to  make  a  beginning  with 
the  hope  that  others,  who  have  had  experience  in 
this  work,  will  contribute  their  experiences,  or  will 
criticize  these  procedures.  In  this  way  a  procedure 
may  be  developed  which  may  be  accepted  as  standard. 


The  object  is  to  develop  a  method  which  will  meet 
the  needs  of  the  manufacturing  chemist  rather  than  a 
method  of  exhaustive  analysis.  Brevity  and  speed 
of  manipulation,  with  reasonable  accuracy,  are,  there- 
fore, the  requirements. 

ANALYTICAL    PROCEDURES 

SAMPLE — The  sample  when  pumped  from  the  earth 
will  generally  be  clear,  but  on  standing  it  becomes 
turbid  due  to  the  separation  of  a  brown  precipitate. 
This  precipitate  is  mainly  iron,  but  may  contain  silica 
and  alumina.  It  is  probably  caused  by  oxidation 
and  hydrolysis  of  ferrous  bicarbonate.  Generally 
by  the  time  the  sample  will  have  reached  the  chemist 
the  iron  will  have  separated.  The  scheme  of  agita-' 
tion  to  suspend  the  deposit  uniformly  through  the 
liquid  before  taking  a  part  for  analysis  is  inaccurate, 
as  experiments  have  shown.  Furthermore,  the  specific 
gravity  is  changed  and  this  will  affect  the  entire 
percentage  composition.  Consideration  of  this  point 
has  led  us  to  conclude  that  the  best  procedure  would 
be  to  collect  a  sample  of  about  one  liter,  allow  it  to 
oxidize  and  settle  completely,  determine  the  amount 
of  deposit,  and  then  make  analyses  on  the  filtered 
sample.  The  analysis  would  not  be  exactly  that  of 
the  original  brine,  but  the  difference  will  be  very 
slight,  and,  since  this  procedure  gives  more  nearly 
the  thing  that  the  manufacturer  wants,  it  is  best  to 
proceed  in  this  manner. 

DEPOSIT  ON  STANDING  (aeration) — The  sample  of 
about  one  liter,  which  will  usually  contain  some  de- 
posit, is  allowed  to  stand,  with  occasional  shaking, 
and  removing  of  the  stopper,  for  two  or  three  days, 
or  until  deposition  is  complete  and  the  precipitate  set- 
tles well.  The  height  of  the  liquid  is  carefully  marked 
on  the  outside  of  the  bottle,  and  the  entire  sample 
is  then  filtered,  rejecting  the  first  loo  cc.  The  precipi- 
tate is  well  washed,  ashed  and  ignited  to  constant 
weight.  The  bottle  is  dried  and  the  amount  of  water 
which  it  contained  to  the  mark  is  determined.  With 
these  data  the  grams  per  liter  are  calculated,  using  the 
specific  gravity  of  the  filtered  sample,  and  the  result 
recorded  as  "Deposit  on  Aeration."  The  errors  will 
not  be  large  if  percentages  be  calculated,  using  this 
figure.  Since  in  the  industries  all  natural  brines  are 
exposed  to  air  and  allowed  to  settle  before  they  are 
further  treated,  this  value  is  just  what  is  wanted  by 
the  manufacturer.  Further  examination  of  the  pre- 
cipitate is  not  necessary.  It  is  a  question  whether 
or  not  it  would  be  fair  to  assume  the  precipitate  to 
be  iron  oxide  (Fe203)  and  calculate  it  to,  and  report 
it  as,  ferrous  bicarbonate. 

SPECIFIC  gravity — The  specific  gravity  is  obtained 
by  the  Westphal  balance,  and  is  taken  at  15°  C, 
although  perhaps  it  would  be  better  to  use  20°  C, 
since  this  is  more  nearly  the  average  temperature. 
The  specific  gravity  of  the  fresh  brine  will  be  different 
from  that  of  the  sample  through  which  the  precipitate 
is  suspended,  and  this  in  turn  will  be  different  from 
the  filtered  sample.  On  one  brine,  for  example, 
the  specific  gravity  of  the  filtered  sample  was  1.2307, 
while  that  of  the  sample  in  which  the  precipitate  was 
suspended    was    1.2342.     If   the    chemist    could    take 
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the  specific  gravity  of  the  clear  brine  as  soon  as  pumped 
from  the  well  it  would  no  doubt  be  best,  from  the 
point  of  view  of  the  original  brine  but  this  will  gen- 
erally be  impractical.  Even  if  the  specific  gravity 
could  be  obtained  on  the  fresh  brine  there  would  be 
some  volume  change  after  the  precipitate  settled  and 
a  small  error  would  be  introduced  when  taking  a  fil- 
tered sample  for  later  analyses.  For  these  reasons, 
and  also  because  the  manufacturer  is  interested  in 
the  settled  brine,  it  is  believed  that  the  best  procedure 
is  to  use  the  filtered,  aerated  brine,  and  to  determine 
the  specific  gravity  with  a  Westphal  balance  at  15°  C(?). 
This  value  is  used  in  calculating  percentages. 

TOTAL  SOLIDS — Many  chemists  omit  this  determina- 
tion because  of  its  questionable  accuracy,  but  its  value 
in  calculating  total  water  content  for  "evaporation  fuel" 
comparisons  makes  it  important.  Brines  rich  in  CaClj 
require  a  rather  high  temperature,  above  160°  C,  to 
expel  the  water  completely.  At  this  temperature 
the  magnesium  and  calcium  salts  lose  a  part  of  their 
acid  constituents,  and  a  wide  range  of  values  will  be 
obtained,  depending  on  the  temperature  and  dura- 
tion of  heating.  The  total  solids  can  be  calculated 
from  the  complete  analysis,  but  this  value  should  be 
checked  by  the  total  solids  as  obtained  by  evapora- 
tion. This  point  is  being  studied  in  this  laboratory 
at  the  present  time,  and  it  is  hoped  that  by  a  suitable 
arrangement  the  volatilized  acids  may  be  collected, 
titrated  and  then  be  added  to  the  residual  weight  of  the 
total  solids.  It  may  be  that  a  weighed  excess  of  some 
base  may  be  added  to  retain  the  acid  which  is  other- 
wise volatilized.  The  constituents  likely  to  volatilize 
are  chlorine,  bromine,  iodine  (slight),  sulfur  trioxide 
and  carbon  dioxide  (slight).  The  total  solids  are  de- 
termined in  the  filtered  sample,  using  25-cc.  portions 
and  should  be  reported  as  Total  Solids  by  Evaporation. 
This  gives  the  manufacturer  a  basis  for  a  reasonable 
estimation  of  the  water  to  be  evaporated  in  working 
the  brine. 

SILICA — A  25-cc.  portion  of  the  filtered  brine  is 
acidulated  with  5  cc.  of  concentrated  hydrochloric 
acid  and  is  evaporated  to  dryness.  It  is  then  dried 
at  120°  C,  or  higher  if  necessary,  for  an  hour.  Five 
cc.  of  hydrochloric  acid  are  then  added,  the  vessel  is 
warmed,  20  cc.  of  water  are  added,  and,  after  warming, 
the  whole  is  filtered  and  washed  free  from  chlorides. 
The  filtrate  is  evaporated  and  treated  as  just  de- 
scribed, and  the  operation  is  repeated  on  the  second 
filtrate.  The  combined  precipitates  are  ignited  in  a 
platinum  crucible,  and  weighed.  The  residue  is 
treated  with  sulfuric  and  hydrofluoric  acids.  The 
loss  in  weight  is  reported  as  silica,  and  the  residue  is 
added  to  the  iron  and  alumina. 

IRON  AND  ALUMINUM- — The  filtrate  and  washing, 
which  should  contain  5  cc.  of  concentrated  hydrochloric 
acid,  arc  treated  with  a  few  drops  of  nitric  acid,  lioiled 
a  few  minutes,  luul  then  made  alkaline  with  ammonia. 
It  is  then  boiled  until  all  the  ammonia  is  expelled,  and 
after  standing,  in  filtered,  washed  and  ignited  in  the 
crucible  from  which  the  silica  was  expelled.  The 
residue  i.H  reported  a.s  Iron  and  Aluminum  Oxides.  A 
separation  of  the  iron  and  aluminum  is  not  necessary. 


The  results  should  be  reported  separately  from  the  iron 
which  separated  on  aeration.  It  should  be  remem- 
bered that  the  iron,  aluminum  and  silica  are  not  in 
solution  as  oxides,  but  as  salts.  For  this  reason  there 
will  be  a  slight  difierence  between  the  total  solids  on 
evaporation  and  the  calculated  total  solids. 

Much  time  is  saved  if  the  iron,  alumina  and  silica 
are  all  precipitated  together,  with  ammonia.  The 
amount  of  silica  remaining  in  solution  is  very  small. 
These  constituents  have  no  commercial  value,  and 
need  not  be  reported  separately.  It  should  be  remem- 
bered in  this  latter  case  that  ammonium  chloride  must 
be  added. 

CALCIUM — The  filtrate  from  the  iron  and  aluminum 
is  diluted  to  250  cc.  and  25  cc.  are  taken;  this  is  diluted 
to  150  cc,  heated  to  boiling  and  a  hot  10  per  cent 
solution  of  ammonium  oxalate  is  added  in  excess. 
After  standing  for  some  time  (15  minutes),  it  is  fil- 
tered and  washed  with  hot  water.  The  precipitate 
is  dissolved  in  warm  dilute  hydrochloric  acid,  a  little 
ammonium  oxalate  solution  added,  and  ammonia 
then  slowly  added  to  complete  the  precipitation. 
The  precipitate  is  filtered  out,  after  standing  one-half 
hour,  and  is  ignited  to  the  oxide  and  weighed,  or  is 
dissolved  in  dilute  sulfuric  acid  and  titrated  with 
permanganate.  Our  experience  seemed  to  show  that 
it  was  not  necessary  to  allow  the  precipitate  to  stand 
12  hours  as  is  recommended  in  some  of  the  books  on 
water  analysis.  The  calcium  should  be  reported  as 
sulfate  and  chloride. 

MAGNESIUM — The  Combined  filtrates  and  washings 
from  the  calcium  are  acidified  w-ith  hydrochloric  acid, 
a  large  excess  of  sodium  hydrogen  phosphate  is  added, 
and  then  ammonium  hydroxide  with  constant  stirring 
until  the  liquid  smells  of  ammonia.  Ten  cc.  of  strong 
ammonia  are  added  in  excess  and  the  whole  is  allowed 
to  stand  12  hours.  The  precipitate  is  filtered  out, 
washed  with  dilute  ammonia  and  redissolved  in 
hydrochloric  acid  (i  :  5).  The  volume  is  made  up  to 
75  cc,  a  little  sodium  hydrogen  phosphate  added, 
and  then  ammonia,  drop  by  drop,  with  constant 
stirring  until  the  solution  smells  strongly.  After  4 
hours  the  magnesium  is  filtered  out  on  an  alunduni  or 
Gooch  crucible,  washed  with  2  per  cent  ammonia  water, 
dried  and  ignited  to  MgiPjO?.  If  an  alundum  cruci- 
ble is  used  it  should  be  heated  within  a  glazed  cruci- 
ble. The  magnesium  should  be  calculated  to  the  bro- 
mide and  chloride. 

The  above  procedure  gove  very  good  results.  In 
the  usual  procedure  the  filtrate  from  calcium  is  evap- 
orated to  dryness,  and  the  ammonium  salts  ore  vola- 
tilized. This  requires  great  care,  and  much  lime, 
and  did  not  give  any  better  results  than  the  procedure 
described.  The  reprecipitation  must  be  carried  out, 
even  on  very  small  amounts.  There  secm.s  to 
be  good  authority,  however,  for  the  evaporation  and 
ignition  which  we  have  omitted,  and  the  point  shn\ild 
be   investigated   further.' 

<  In  the  iliariininn  of  tlila  papri  in  Ihr  IniliKtrUI  DUIakMI  II  »••  •«(• 
twlwl  Ihx  Ihr  ■|«'<'<I"''  mrth.«l  lot  m«in«liim.  iiw.1  in  Low'i  "Trchntc*! 
MrlhofU  of  Xrr  Analrni*."  |i  lAU.  miclil  l>*  ol  •rrvlr*  hen  Ixit  mt  havr  nnl 
yvl  lnvrall|alr<l  Ihia  nirlhoil.  or  (hr  mflhfxl  o(  pirrtpllatlon  allh  aodtum 
hr<lloililc  Mimrlliiira  um<I  on  Uar»«  ol  niatncaiiim 
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BARIUM  AND  STRONTIUM — If  no  Sulfates  are  present, 
barium  and  strontium  must  be  looked  for.  Indeed  a 
case  is  on  record  where  barium,  lead  and  sulfuric  acid 
were  present  simultaneously  in  a  natural  mineral 
water.*  From  work  in  progress  in  this  laboratory  it 
seems,  however,  that  in  the  case  of  brines,  where 
very  little  CO2  is  present,  that  sulfates  preclude  the 
presence  of  barium  or  strontium.  Barium  oxalate  is 
sparingly  soluble,  and  a  strontium  oxalate  is  insoluble 
in  water.  When  these  metals  are  present  they  will 
be  partially  precipitated  along  with  the  calcium. 
This  point  seems  to  have  been  overlooked  hitherto. 
In  cases  where  the  barium  and  strontium  amount  to 
0.2  per  cent  the  error  introduced  cannot  be  neglected. 
The  magnesium  results  may  also  be  affected.  It  may  be 
possible  to  precipitate  the  barium  and  strontium  with 
ammonium  sulfate  before  precipitating  the  calcium, 
but  no  work  has  been  done  on  this  phase.  The  fact 
that  the  barium  is  not  completely  precipitated  by 
ammonium  oxalate  makes  it  impossible  to  apply  a 
correction  to  the  calcium  precipitate.  The  determina- 
tion of  the  barium  and  strontium  in  the  calcium 
precipitate  is  too  time-consuming  to  be  practical  for 
the  ordinary  technical  analysis.  When  the  barium 
and  strontium  content  is  small  the  error  can  be  ignored. 
The  procedure  used  was  identical  with  the  one  de- 
scribed in  the  Department  of  Agriculture  Bull.,  91, 
"Mineral  Waters  of  the  United  States,"  by  J.  K.  Hay- 
wood and  B.  H.  Smith;  a  simpler  method  has  not  yet 
been  found. 

AMMONIA — Traces  of  ammonia  have  been  reported 
in  some  brines,  but  the  amount  is  generally  so  small 
as  to  be  of  no  commercial  importance.  It  may  be, 
however,  that  its  significance  is  greater  than  we 
now  know,  especially  in  brines  for  electrolysis.  The 
suggestion  has  been  made  by  cell  operators  that  nitro- 
gen chloride  may  be  connected  with  the  explosions 
which  occur  from  time  to  time  in  electrolytic  chlorine 
apparatus.  If  this  should  prove  true  the  determina- 
tion of  ammonia  will  be  important. 

SULFURIC    ACID,    SODIUM    AND    POTASSIUM Fifty    CC. 

of  the  filtrate  from  the  iron  and  alumina  are  diluted 
to  100  CC.  and  treated,  while  boiling  hot.  with  10 
per  cent  BaClj  solution,  adding  it  slowly  and  with 
constant  stirring.  The  BaS04  is  filtered  oft',  the  paper 
burned  off  in  a  porcelain  crucible,  and  the  precipitate 
dissolved  in  a  few  cc.  of  warm,  concentrated  sulfuric 
acid.  The  solution  is  now  carefully  poured  into  250 
cc.  of  water,  and,  after  standing  some  time,  is  filtered, 
washed  and  ignited.  It  should  be  reported  as  cal- 
cium sulfate.  This  method  of  freeing  the  BaSOj 
from  iron  and  other  absorbed  matter  is  very  effective. 
It  is  essentially  that  taught  for  decades  at  the  John 
Harrison  Laboratory,  University  of  Pennsylvania, 
Philadelphia. 

The  filtrate  from  the  sulfuric  acid  is  used  for  sodium 
and  potassium.  From  this  point,  the  procedure  we 
have  been  using  is  the  same  as  described  in  "Mineral 
Waters  in  the  United  States,"  Department  of  Agri- 
culture Bull.,  91,  Loc.  cit.  It  is  difficult,  however,  to  de- 
termine small  amounts  of  potassium  in  the  presence 

'  Carles.  Ann.  chim.  anal.,  1902,  41. 


of  large  amounts  of  sodium  chloride,  and  it  is  believed 
that  some  procedure'  should  be  used  which  will  pre- 
cipitate most  of  the  sodium  first. 

CHLORINE — The  brine  should  be  tested  with  phenol- 
phthalein.  It  will  usually  be  neutral,  but  if  it  is  not, 
it  should  be  made  so  with  XaHS04  solution.  lo  cc. 
of  the  filtered  sample  are  diluted  to  a  liter  and  lo 
cc.  used  for  titration.  This  is  diluted  to  200  cc,  2  cc.  of 
KjCrOi  solution  are  added  and  the  mixture  is  titrated 
to  the  end-point.  NaoCr04  would  probably  be  a 
satisfactory  indicator  here  but  we  have  not  yet  proved 
this  to  be  true.  Take  an  amount  of  standard  sodium 
chloride  solution  equivalent  to  the  amount  of  silver 
nitrate  used,  dilute  to  200  cc.  and  titrate  as  before. 
The  difference  represents  the  amount  necessary  to 
affect  the  indicator  and  should  be  subtracted.  This 
procedure  is  accurate  enough  since  the  chlorine  is 
used  only  as  a  check  on  the  analytical  work.  The 
bromine  value  must  be  deducted. 

BROMINE — The  colorimetric  procedure,  as  given  for 
ordinary  waters,  is  not  usable  with  brines.  Experi- 
ments showed  that  after  repeated  extraction  with 
90  per  cent  alcohol  the  residue  still  contained  bromine. 
The  distillation  methods  are  time-consuming  and  not 
very  easily  manipulated.  For  these  reasons  a  colori- 
metric method  was  developed. 

Procedure — 100  cc.  of  the  brine  are  made  alkaline 
with  NajCOs  and  are  evaporated  to  dryness.  It  is 
then  taken  up  in  water  and  filtered  into  a  250-cc.  flask. 
It  is  made  distinctly  acid  with  H2SO4  and  is  diluted 
to  the  mark:  25  cc.  are  pipetted  into  a  50-cc.  Nessler 
tube  and  chlorine  is  added  until  the  maximum  color 
has  developed:  10  cc.  of  carbon  tetrachloride  are 
then  added,  and  the  mixture  is  shaken  and  compared 
with  a  set  of  standards  made  up  from  NaBr  solution 
in  the  same  way.  By  this  rough  check  the  approx- 
imate amount  of  bromine  will  be  discovered,  and  a 
set  of  standard  solutions  are  then  prepared  which  are 
very  close  above  and  below  the  unknown  solution. 
Again  25  cc.  are  taken,  chlorine  water  is  added  to  a 
maximum  color  and  the  same  amount  is  added  to  the 
standards;  the  sample  is  then  shaken  with  10  cc.  of 
CCI4  and  poured  into  a  wet  filter;  when  the  water  has 
drained  off  the  filter  should  be  punctured  and  the  liquid 
caught  in  a  25-cc.  Nessler  tube  (this  is  best  done 
in  a  darkened  room  but  darkness  is  not  essential). 
If  a  sample  does  not  exactly  match  the  standard  the 
colors  can  be  compared  by  diluting  with  CCU;  or 
since  the  operation  is  so  simple,  a  new  set  of  standards 
can  be  made  up,  and  then  a  new  determination  made. 
If  a  test  shows  that  all  bromine  was  not  extracted  by 
10  cc.  of  CCI4  a  second  extraction  should  be  made. 
This  is  generally  not  necessary. 

Traces  of  iodine  which  are  present  in  most  brines 
will  not  interfere.     The  iodine  need  not  be  reported. 

It  is  difficult  to  appreciate  the  unreliability  of  pub- 
lished statements  regarding  the  occurrence  of  bromine. 
For  instance,  although  the  State  of  Michigan  reports, 
and  the  most  reliable  information  states,  that  Midland, 
Mich.,  brine  contains  o.i  per  cent  of  bromine,  yet  the 

'  Professor  C.  W.  Koulk.  of  the  Division  of  Aiialyticiil  Chemistry  of 
the  Ohio  State  University  laboratory,  is  now  investigating  this  matter. 
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most  exhaustive  German  work  on  bromine'  states 
on  page  3  that  the  brine  from  Midland,  Ohio,  sic, 
contains  4.18  per  cent  magnesium  bromide  which  is 
equivalent  to  3.63  per  cent  bromine,  or  36  times 
stronger  than  those  who  operate  on  it  claim  it  to  be. 

REPORTING    RESULTS 

The  results  should  be  reported  in  such  a  manner  as 
to  give  the  manufacturer  the  thing  which  he  wants. 
The  reporting  of  the  constituents  as  ions,  while  strictly 
scientific,  is  of  no  value  to  the  manufacturer.  AH 
of  the  sodium  and  potassium  should  be  calculated 
to  chloride.  Since  the  CaS04  separates  on  the  copper 
tubes  in  the  evaporators  the  H2SO4  should  be  reported 
as  calcium  sulfate.  The  bromine  should  be  calculated 
as  magnesium  bromide,  since  it  has  long  been  so  con- 
sidered in  the  trade;  but  bromine  as  free  bromine 
should  also  be  reported.  The  residual  calcium  and 
all  the  magnesium  are  calculated  to  chlorides  since 
they  go  on  the  market  as  such.  Strontium  and  barium 
should  be  given  as  chlorides.  The  silicon  should  be 
reported  as  the  oxide  since  the  form  in  which  it  is 
combined  is  not  known.  Iron  and  aluminum  are  re- 
ported together  as  oxides  since  their  separation  is 
too  time-consuming.  The  residue  which  separates 
on  standing  should  also  be  given.  Results  are  pref- 
erably reported  in  percentages  though  some  manu- 
facturers are  accustomed  to  grams  per  liter.  The 
specific  gravity  and  temperature  should  always  be 
reported;  for  this  reason  also,  a  standard  tempera- 
ture should  be  used  so  that  results  would  be  really 
comparable. 

When  the  positive  and  negative  ions  are  calculated 
to  compounds  they  should  nearly  satisfy  each  other. 
It  should  be  borne  in  mind,  however,  that  the  iron, 
aluminum  and  silicon  are  given  as  oxides,  and  not  as 
salts,  in  which  form  they  usually  occur  in  the  brine. 
There  may  also  be  small  amounts  of  C0«  and  iodine 
which  are  not  included.  If,  however,  the  check  is 
not  reasonably  close,  it  indicates  an  error,  or  else 
some  undetermined  constituent  is  present. 

As  an  illustration  of  the  extremes  in  composition 
which  the  analyst  must  expect  to  meet,  two  examples 
from  Ohio  brines  will  serve. 

Brink  Sourcii:  Euatcrn  Ohio  Coal  Miuc     .Southern  Ohio  Driven  Well 

Specific  gravity I  O.U  1.180 

Buuin6  vciulvnlcnt 4.8"  22.2° 

Soiliiiin  chloride 3.26pcrceat  12  .08  per  cent 

Mo'iiisiuni  bromide 0.007  0.124 

llr..iiiiiii; 0.006  0.  107 

I ^.l..n in  chloride 1.6.1  10.81 

MuitiH'sium  chloride 0.0.5  2.61 

Calcium -lulfiitc 0.001  O.OJ 

Iron  iiud  nluniinum  oxid« 0.21  0.04 

Silicn 0.12  0.002 

Keiiduc  on  evaporation 5.23  24.00 

While  this  work  considers  primarily  the  commercial 
natural  brines,  the  same  procedure  will  doubtless  ap- 
1)1  y  to  the  analysis  of  artificial  brines,  such  as  used  in 
soda  ash  manufacture  and  in  electrolytic  cells,  although 
the  amounts  of  calcium  and  magnesium  will  be  much 
less  in  these  sohilions. 

I.AIIURATOHV    or    iNOirnTRIAI.    ClIKMIKTRV 

(mill  Statk  Cnivkriiitv,  CuLfuats 

<  "Mnnnirnphirn  II  aniewandte  Kleclroclieiuie.    t)<>cr  d  clekirulytitchr 
OwinnuMK  voti  Mri>iii."  Iiv  Max  Schlflllrr. 


SEASONAL   DISTRIBUTION    OF   SOIL   AND   FECAL 
STRAINS  OF  THE  COLON-AEROGENES 

GROUP  IN  SURFACE  WATERS 
By  Myrtle  CtEExriELD  and  W.  N'.  Skourup 
Received  .\pril  30.  1917 

When  this  work  was  started,  it  was  with  the  object 
of  determining  the  variation  of  the  organisms  of  the 
colon -aerogenes  group  in  the  surface  water  supplies 
of  Kansas,  during  wet  and  dry  weather,  and  their 
response  to  treatment. 

Three  supplies  on  the  Verdigris  River  were  chosen — 
Cherryvale,  Independence  and  Coffeyville,  and  two 
on  the  Neosho  River — Humboldt  and  Chanute.  All 
the  towns  have  rapid  sand  filters  and  coagulate  with 
alum.  Independence  uses  lime  in  addition,  a  part  of 
the  time.  Cherryvale  pumps  the  water  from  the 
Verdigris  River  into  a  storage  basin,  holding  1,288,000 
gallons,  which  is  about  five  days'  supply.  From  this 
it  flows  by  gravity  to  the  city  four  miles  distant. 
Table  I  shows  the  pollution  at  the  raw  water  intakes 
of  the  cities  in  question. 


Distant  Popu-  Con-         Sewage 

City                       Town                 Miles  lation  nections   Purification 

Cherryvale           Neodesha                  20  .?.0I1  876     N'one 

Independence      Neodesha                  24  3.011  876     Xone 

n  a.       11            (Independence'         24  12.144  26001  Septic  tank  & 

l_oIteyville          i&  Cherry vale=         30  4.235  8001  Contact  bed 

Humboldt            lola                             8  7.866  2350    Septic  tank 

^.         .                (lola  8:                         16  7.866  2350    Septic  tank 

Lhanute             iHumboldt                 8  2.131  150    Septic  tank 

'  Contact  bed  for  one-third  of  the  sewage. 

*  Contact  bed  in  poor  condition. 

METHOD    OF    ISOLATION 

A  portable  laboratory  was  set  up  at  Independence 
and  the  collection  of  all  samples  was  personally  super- 
vised. Samples  were  iced  and  delivered  to  the  lab- 
oratory a  few  hours  after  collection.  Upon  receipt 
at  the  laboratory,  they  were  plated  in  standard  a§ar 
and  incubated  24  hrs.  at  37°.  Various  dilutions 
were  planted  at  the  same  time  in  lactose  peptone 
bile.  Streaks  from  the  positive  fermentation  tubes 
were  made  on  Endo  plates.  Three  coli-like  colonies 
were  picked  from  each  Endo  plate  and  grown  on  an 
agar  slant.  These  slants  were  sent  to  the  main  lab- 
oratory and  purified  again  by  streaking  on  Endo  plates 
and  picking  a  characteristic  colony.  From  these, 
transfers  were  made  to  lactose,  dextrose,  saccharose, 
and  dulcite  broth  tubes  and  to  the  di-potassiuni 
acid-phosphate  media  of  Clark  &  Lubs.'  The  broth 
tubes  were  incubated  48  hrs.  at  37°  and  the  di-potas- 
sium-acid-phosphate  tubes  72  hrs.  at  37°.  One-half 
the  latter  was  treated  with  methyl  red  to  indicate 
the  H"*"  ion  concentration  and  the  other  half  with  10 
per  cent  KOH  to  obtain  the  Vogcs-Proskauor  rcac 
tion.  All  cultures  that  did  not  formont  lactose  and 
dextrose  were  discardcil. 

It  was  demonstrated  by  Rotors.  Clark  and  Evans' 
that  orsanisms  of  the  colon  aeroRencs  group  occurring 
on  grains  may  be  differentiated  from  those  of  fecal 
oriRin  by  the  gas  ratio.  Clark  &  Lubs'  showed  that 
there  is  a  complete  correlation  between  the  gas  ratio 
and  the  H^  ion  concentration,  the  fecal  strains  in 
their    media    being    chaructcri«ed    by    a     high    H'lon 

'  J   Imft,    />v  .  IT  (l<»IM.  !<• 
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Table  II — Distribdtion  of 


CiTV 

Indbpsndbncb. 


Cbsrryvalb. 


COPPEYVn,LB. 


SuUHARy 

Supplies 
Averaged 


Water   No. 

of  Cultures 

Raw 

24 
8 

Treated 

30 
25 

Tap 

54 
47 

Raw 

27 
23 

Treated 

IS 
24 

Tap 

30 
58 

Raw 

30 
21 

Treated 

32 
23 

Tap 

33 
28 

Raw 

30 
20 

Treated 

30 

23 

Tap 

53 
23 

Raw 

15 
21 

Treated 

15 
21 

Tap 

9 

30 

Raw 

Treated 
Tap 

15 
15 
28 

Raw 

117 
108 

Treated 

116 
134 

Tap 

193 

THE  Organisms  Isolated 

B.  Communior 

Period  Fecal  Soil 

Rain  8.34  54.7 

Drouth  75 

Rain  11.1  25.9 

Drouth  32  20 

Rain  4.26  49.23 

Drouth  44.8  4.26 

Rain  31.8  8.8 

Drouth  39.1  8.7 

Rain  60  26.5 

Drouth  29.1  16.65 

Rain  14.8  36.5 

Drouth  34.5  1.73 

Rain  29  16.3 

Drouth  47.7  14.3 

Rain  13.3  30 

Drouth  13.1  26.1 

Rain  21.2  45.4 

Drouth  46.4  3.57 

Rain  3.8  19.5 

Drouth  35  5 

Rain  10.7  55.2 

Drouth  17.4  26.1 

Rain  16.63  20.82 

Drouth  61.7 

Rain  ...?  33.3 

Drouth  14.6  14.6 

Rain  13.3  13.3 

Drouth  SO 

Rain  1 1.1  55.5 

Drouth  33.3  13.3 

Drouth  73.4 

Drouth  53.4 

Drouth  28.6  14.3 

Rain  16.25  25.68 

Drouth  42.6         8.32 

Rain  18.1  32.68 

Drouth  31.9  15.67 

Rain  13.49  38.82 

Drouth  38.7  6.18 


REStn-Ts 

IN  Percentages  op  Tot 

At  Bacilli) 

Total 

B.  Com 
Fecal 

SoU 

B.  Acidi. 
Fecal 

Lactici 
SoU 

B.  Aerogenes 
Fecal       Soil 

Percentages 
Fecal       SoU 

4.17 

12.5 

12.5 

20.8 
12.5 

12.4 
87.5 

87.6 
12.5 

4" 

11. 1 

5.42 
16 

11.14 

4 

14.19 
8 

19.5 
16 

33.17 
60 

66.8 
40 

4.26 
8.51 

2.13 

8.52 
14.8 

10.53 

8.52 

12.55 
25.5 

25.45 
70.1 

74.6 
29.9 

17.2 
8.7 

4.35 

12.05 

*.3S 

50.05 
34.8 

SO 
56.5 

SO 
43.5 

leies 

13.4 
37.5 

59.9 
45.7 

40.1 
54.3 

12.75 
3.46 

4.25 

14.8 
18.9 

4.25 

6.9 

12.75 
34.5 

39.2 
63.8 

60.8 
36.2 

6.68 
9.52 

9.6 

4.76 

9.6 

16.3 

12.8 
23.8 

63.4 
61.8 

36.6 
38.2 

3.36 
4.35 

5.66 
13.1 

13.33 

3.36 
4.35 

30 
39.1 

26.6 
37.8 

73.4 
65.2 

l6.'7 

3.3 

7.' 14 

3.3 

l6.'7 

27.3 
21.4 

21.2 
78.6 

78.8 
21.4 

is" 

3.8 

23 
10 

11.55 

11.55 

26.8 
35 

23.8 
60 

76.2 
40 

6.9 

8.7 

k'.i 

6.9 

&.i 

20.7 
30.4 

17.2 
43.5 

82.8 
56.5 

12.5 

4.47 

14.5 

18.53 

12.53 
38.3 

38.1 
66.7 

61.9 
33.3 

19!i 

13.3 
19.1 

20 

33.3 
33.3 

13.3 

52.4 

86.7 
47.6 

8!32 

20 

26.6 
4.16 

4.16 

26.6 
33.3 

40.1 
66.7 

59.9 
33.3 

\6.7 

16.1 

5.55 
33.3 

27.8 
13.3 

16.68 
73.3 

83.3 
26.7 

13 .3 
7.14 

liii 

10.2 

6!66 

26.6 
13.3 
39.3 

73.2 
86.7 
46.4 

26.8 
13.3 
53.6 

5.98 
10.2 

0.85 

9.4 
8.32 

12.82 

6.83 
0.92 

25.64 
29.6 

37.61 
62 

62.4 
38 

2.58 
5.98 

5.17 

5.17 
11.95 

7.75 
0.735 

4.32 
5.22 

22.8 
29.2 

31.8 
54.5 

68.2 
45.5 

7.26 
8.25 

3.14 

9.32 
14.82 

8.82 

2.59 
4.15 

18.12 
2.78 

33.62 
65.8 

67.4 
34.2 

Table  III — Correlation   between  the  Number  of  Organisms  of  the  Colon-Aerooenes  Group  per  Cc.  and  Number  of  Organisms  Grown  on 

Agar  at  37°  C.  in  24  Hours 
%  Positive  for  Organ-    Organisms  op  the 


No.  of 

ISMS  OP  the  Colon- 
Aerogenbs  Group 

Colon-Aerogenes 
Group  per  Cc. 

Per  cent  of  the 
Organisms  as 

Bacteria  per  Cc.  on  Agar 
AT  37°  C.  in  24  Hours 

CiTV 

Water 

Samples 

Period  Aerogenes  Group 

Max. 

Min. 

Av. 

Fecal 

SoU 

Max. 

Min. 

Av. 

Cherrvvalb... 

Raw 

10 
8 

Rain 
Drouth 

100 
100 

66.0 
66.0 

10.0 
1.0 

30.1 
26.3 

63.4 
61.8 

36.6 
38.2 

80,000 
3.400 

6,000 
1,200 

34.700 
2.200 

Treated 

11 
8 

Rain 
Drouth 

100 
100 

10. 0 
6.6 

0.4 
0.1 

6.8 
2.4 

26.6 
34.8 

73.4 
65.2 

2,900 
340 

230 
160 

930 
280 

Tap 

12 
17 

Rain 
Drouth 

100 
58.8 

0.6 
0.4 

0.1 
0.1 

0.4 
0.2 

21.2 
78.6 

78.8 
21.4 

160 
140 

40 
9 

85 
65 

Independence.  . 

Raw 

8 
3 

Rain 
Drouth 

100 
100 

66.0 
100.0 

10 
1 

35.0 
30.0 

12.4 
87.5 

87.6 
12.5 

240.000 
6,000 

9.000 
3.700 

91.000 
4.800 

Treated 

10 
8 

Rain 
Drouth 

100 
100 

6.6 
33.0 

0.6 
0.2 

2.4 
3.1 

33.17 
60.0 

66.83 
40.0 

1,800 
3,900 

260 
260 

700 
1,280 

Tap 

21 
20 

Rain 
Drouth 

90.5 
75 

0.8 
1.0 

0.1 
0.1 

0.4 
0.2 

25.45 
70.0 

84.6 
29.9 

210 
250 

6 

11 

55 
95.4 

COFFEVVILLB..  .  . 

Raw 

5 
8 

Rain 
Drouth 

100 
100 

66.0 
100. 0 

6.6 
1 

29.7 
28.4 

13.3 
52. 4 

86.7 
47.6 

170,000 
4,100 

60,000 
1,900 

88.000 
2.170 

Treated 

5 
8 

Rain 
Drouth 

100 
100 

33.0 
33.0 

0.4 
0.2 

8.1 

5.2 

40.1 
66.7 

59.9 
33.3 

830 
1.100 

370 
140 

550 
480 

Tap 

8 
16 

Rain 
Drouth 

87.5 
75 

4.0 
0.8 

0.1 
0.1 

0.3 
0.4 

16.68 
73.3 

83.3 
26.7 

140 
310 

25 
9 

75 
67 

Humboldt 

Raw 

10 
9 

Rain 
Drouth 

100 
100 

100.0 
66.0 

6.6 

1 

37.5 
25.4 

23.8 
60.0 

76.2 
40.0 

52,000 
8.600 

8,000 
700 

24.600 
2.400 

Treated 

10 
9 

Rain 
Drouth 

100 
100 

10.0 
10.0 

0.2 
0.1 

5.4 
1.8 

17.2 
43.5 

82.8 
56.5 

2,700 
300 

330 
85 

1.040 
220 

Tap 

20 
16 

Rain 
Drouth 

95 
6.4 

1.0 
0.4 

0.1 
0.1 

0.64 
0.19 

38.1 
66.7 

61.9 
33.3 

140 
65 

35 
5 

70 
35.3 

Chanutb 

Raw 

9 
8 

Rain 
Drouth 

100 
100 

66.0 
100.0 

6.6 

1 

26.4 
24.8 

50.0 
56.5 

50.0 
43.5 

30,000 
3,700 

7,000 
1,200 

17.000 
2.300 

Treated 

9 
8 

Rain 
Drouth 

77.8 
100 

0.6 
6.6 

0.6 
0.2 

0.6 

0.7 

59.9 

45.7 

40.1 
54.3 

410 
700 

110 
180 

240 
540 

Tap 

32 
32 

Rain 
Drouth 

56.2 
46.8 

0.6 
0.6 

0.1 
0.1 

0.25 
0.  18 

39.2 
63.8 

60.8 
36.2 

95 
230 

3 

7 

22 
36.2 

Summary 

Raw 

42 
34 

Rain 
Drouth 

100 
100 

100 
100 

6.6 
0.1 

31.74 
27.48 

37.61 
62.0 

62.39 
38 

240,000 
15.200 

6.000 
700 

50.800 
2,460 

Supplies 
Averaged 

Treated 

45 
37 

Rain 
Drouth 

95.1 
97.2 

33 
33 

0.2 
0.1 

4.86 
3.27 

31.8 
54.5 

68.2 
45.5 

2.900 
4.200 

110 
110 

260 
470 

Tap 

93 
92 

Rain 
Drouth 

80.7 
59.5 

1 
1 

0.1 
0.1 

0.39 
0.21 

33.6 
65.8 

67.38 
34.2 

210 
250 

3 
5 

61.4 
43.4 

concentration,  the  cultures  from  grains  by  a  low 
H"*"  ion  concentration.  The  difference  in  H+  concen- 
tration is  easily  recognized  with  methyl  red  as  an  in- 
dicator—  being  bright  red  with  a  H"*"  ion  concentra- 
tion of  I  X  io~'  and  changing  to  clear  yellow  with 
a    H'''  ion    concentration   of    i  X  io~".     The    work   of 


Max  Levine.'  Florence  Hulton,'  and  one  of  us,'  indi- 
cates that  there  is  a  complete  correlation  between 
the  Voges-Proskauer  reaction  and  the  alkaline  methyl- 
red  reaction.     The  work  on  the  862  cultures  consid- 

'  J.  Infec.  Dis..  18  (1916),  358. 
^Ibid..  19  (1916).  606. 
*lbid.,  19  (1916),  647. 
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ered  in  this  paper  confirms  the  correlation.  It  is  the 
opinion  of  the  writers  that  for  a  rapid  determination, 
the  Voges-Proskauer  is  more  delicate  than  the  methyl- 
red  determination.  From  this  point,  cultures  that 
have  a  high  H"*"  ion  concentration,  in  the  media  of 
Clark  and  Lubs,'  and  are  Voges-Proskauer  negative 
will  be  spoken  of  as  fecal  strains  and  those  that  have 
a  low  H"*"  ion  concentration  and  are  Voges-Proskauer 
positive,  as  soil  strains. 

The  first  set  of  samples  was  taken  daily  from  June 
16  to  June  27,  1916.  From  June  5  to  27,  the  rain- 
fall was  9.47  inches.  In  the  tables  this  period  is 
called  "Rain."  The  second  set  of  samples  was  taken 
daily  from  August  14  to  22,  1916.  During  that  time 
the  rainfall  was  0.64  inch.  In  the  table  this  period 
is  called  "Drouth." 

CHARACTERISTICS   AND   DISTRIBUTION    OF   CULTURES 

The  distribution  of  the  cultures  among  MacConkey's' 
four  principal  groups  and  their  division  into  soil  and 
fecal  strains  during  wet  and  dry  weather  is  shown  in 
Table  II.  The  summary  indicates  that,  during  rainy 
weather,  a  slightly  higher  percentage  of  the  cultures 
from  raw  water  were  fecal  strains  than  of  the  cultures 
from  treated  or  tap  water;  this  checks  with  previous 
work  done  by  one  of  us.'  During  dry  weather  there 
was  a  slightly  higher  percentage  of  fecal  strains  in 
the  tap  water  than  in  the  raw  water.  These 
differences  are  so  slight  that  no  cognizance  should  be 
taken  of  either.  There  seems  to  be  no  difference 
between  soil  and  fecal  strains  of  organisms  of  the 
colon-aerogenes  group  from  surface  water  supplies  in 
their  resistance  to  treatment,  nor  is  there  a  difference 
between  cultures  of  the  four  principal  groups  of  Mac- 
Conkey  isolated  from  surface  water  supplies,  and  their 
resistance  to  treatment,  coagulating  with  alum  and 
filtering  through  a  rapid  sand  filter  being  the  treat- 
ment. 

CORRELATION 

Table  III  correlates  the  number  of  organisms  of  the 
colon-aerogenes  group  per  cc.  per  cent  of  soil  and  of 
fecal  strains,  and  the  number  of  organisms  grown  on 
agar  at  37°  in  24  hrs.  As  was  to  be  expected,  dry 
weather  conditions  decreased  the  average  count  on 
agar  and  the  average  number  of  organisms  of  the  colon- 
aerogenes  group  per  cc.  in  the  raw  water.  This  is 
further  shown  in  Table  IV. 

During  rain  or  high-water  periods,  the  greater  per 
cent  of  the  organisms  of  the  colon-aerogenes  group 
from  raw  water  belongs  to  the  soil  strain.  During 
dry  weather,  the  greater  per  cent  of  the  organisms  of 
the  colon-aerogcncs  group  from  raw  water  belongs  to 
the  fecal  strain:  this  was  noticeably  true  if  the  raw 
water  was  subject  to  sewage  pollution. 

The  sanitary  survey  showed  that  the  raw  water  at 
Humboldt  had  by  far  the  more  sewage  pollution. 
The  higher  increase  in  the  per  cent  of  fecal  strains  of 
organisms  of  the  colon-ncrogencs  group  during  dry 
wentlicr  correlates  with  this. 

The  raw  water  at  Chcrryvalc  shows   1.6  per  cent 


decrease  in  fecal  strains  during  dry  weather.  The  raw 
water  from  which  this  data  was  taken  was  collected 
at  the  Cherryvale  plant,  that  is,  after  the  5  days'  stor- 
age. This  would  undoubtedly  account  for  the  slight 
decrease  in  the  number  of  fecal  strains  during  dry 
weather. 

WATfR       Strains      P£Piod  C»£ii»yvalc 


So// 

rsca/ 
So// 

reca/ 
So// 


/^eca/ 
So// 


ri^ca/ 
So// 


feca/ 
So// 


So// 


7f>£AT£Il      ^ffca/ 

So,/ 

Tap  />ca/ 

So// 


/?Ayv  ^cca/ 

So// 

7f>SAT£D     rcee/ 


f^fco/ 

So// 


flAw  frca/ 

Sa/ 

7^£Ar£l/     ^cca/ 
So,/ 

So,/ 

Su/^/^A/iY 

/fA>v  frcn/ 

So,/ 

7^£»Trg      r<pca/ 
So,/ 

T>r  ^^ca/ 

So,/ 


//rour/t 

/>0,r, 

///-ocr,, 

/?a,>, 
Urou/h 
/>a,r, 
//roL,//, 

Pa/n 
J/ra,///, 

J/rocj//, 


J/rsuf/i 

/>a,n 

J/roij/h 


im^r/t 


ffroi,//, 
/fo,n 


/V-Ot,//l 


I//1I£P£NB£NC£ 


Co/^/^sywiier 


'  PrncMii  I 
>  Lot.  cil. 


•Memtattol  Walir  lUri  ."  Itll,  II') 


Thc  Crrrcr  or  tlnouTM  ott  rut  Hmctnr/»t€t  or  Sm.  »/9»k  Sfmms 
The  raw  water  at  Independence  shows  75.1  per 
cent  increase  in  fecal  strains  during  dry  weather. 
Thc  sanitary  survey  offers  no  explanation  for  this  de- 
cided increase.  This  per  cent  is  not  of  much  value, 
due  to  thc  small  number  of  samples  collected  durttig 
dry  weather  at  Independence. 

Thc  Chcrryvalc  per  cent  increase  of  fecal  strain! 
during  dry  weather  is  that  expected  from  thc  sanitary 
survey. 
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■L.  A.  Rogers'  collected  samples  above  and  below  a 
source  of  pollution  on  a  stream.  Above  the  pollu- 
tion, the  greater  percentage  of  the  organisms  of  the 
colon-aerogenes  group  were  soil  strains,  while  below 
the  pollution,  the  greater  percentage  were  fecal  strains. 

The  variation  in  per  cent  of  soil  and  fecal  strains 
of  organisms  of  the  colon-aerogenes  group  from  sur- 
face water  supplies  is  shown  graphically  in  the  ac- 
companying diagram. 

Table  IV — The  Epfect  of  Drouth  on  the  Avsraob  Number  op  Or- 
ganisms OF  THE  CoLON-AEROGENES  GROCP  PER  Cc.  IN  SURFACE  WATER 

ON  THE  Average  Number  of  Organisms  Grown  on  Agar  at  37  "^  in 
24  Hours  and  the  Per  cent  op  Fecal  Strains 

Per  cent  Per  cent  Reduction  Per  cent 

Reduction  in  in  No.  of  Organism  Increase  in 

Total  Count  of  of  Colon-Aerogenes  No.  of  Fecal 

City         Organisms  Group  per  Cc.  Strains 

Cherryvale 88  6.7  — 1.6 

Independence 89  7.7  75 . 1 

Coffeyville 95  2.2  39.1 

Humboldt 82  19.0  36.2 

Chanute 76  0.31  6.5 

Average 90.7  7.2  24.39 

CONCLUSioNS 

1 — There  seems  to  be  no  difference  between  soil 
and  fecal  strains  of  organisms  of  the  colon-aerogenes 
group  from  surface  water  supplies  in  their  resistance 
to  treatment,  nor  is  there  a  difference  between  cul- 
tures of  the  four  principal  groups  of  MacConkey, 
isolated  from  surface  water  supplies  in  their  resistance 
to  treatment. 

2 — There  is  a  correlation  between  the  increase  in 
the  fecal  strains  of  organisms  of  the  colon-aerogenes 
group  during  dry  weather  and  the  sanitary  survey. 

The  writers  wish  to  express  their  appreciation  for 
the  assistance  and  criticism  of  C.  C.  Young,  Director 
of  the  Water  and  Sewage  Laboratory,  and  C.  A.  Ras- 
kins, State  Sanitary  Engineer.  The  Kansas  State 
Board  of  Health  helped  materially  in  the  survey. 

Watkr  and  Sewage  Laboratory 
State   Board  of  Health.  Lawrence,  Kansas 


THE  EXAMINATION  OF  CANNED  SALMON  FOR 
BACTERIA  AND  TIN^ 

Hy    L.    D.    lUsHNELL    and    C.    .■\.    A-    iTT 
Received  April  18,  1917 

INTRODUCTION 

Reports  from  the  Division  of  Vital  Statistics  of 
the  Kansas  State  Board  of  Health  show  a  number  of 
deaths  in  this  state  supposed  to  have  been  due  to  the 
eating  of  canned  salmon.  Data  other  than  that  are 
lacking.  Mr.  L.  A.  Congdon,  Assistant  Chief  Food 
and  Drug  Inspector  of  the  Kansas  State  Board  of 
Health,  suggested  to  us,  through  Dr.  J.  T.  Willard, 
chief  of  the  food  laboratory  of  the  Kansas  State  Agri- 
cultural College,  the  bacteriological  examination  of 
samples  of  canned  salmon,  with  the  view  particularly 
of  noting  the  presence  of  paratyphoid-like  organisms. 
The  state  inspectors  had  sent  in  fifty-two  samples  of 
the  various  brands  to  the  food  laboratory  for  examina- 
tion for  tin.  These  were  also  used  for  bacteriological 
examination. 

'  "The  viability  of  Different  Types  of  the  Colon-Group  in  Water."  L. 
A.  Rogers.     J.  of  Baa.  (Abstract),  1,  83. 

3  Published  by  permission  of  W.  M.  Jardiue,  Dean  of  the  Exp.  Station, 
and  J.  T.  Willard,  Chief  of  the  Food  Laboratory,  Kansas  State  Agricultural 
College,  and  S.  J.  Crumbine,  Sec.  Kansas  State  Board  of  Health. 


The  samples  ranged  from  the  most  expensive  to 
the  cheapest  grades  on  the  market  and  included  forty- 
four  different  brands  from  twenty-six  concerns. 

The  samples  were  obtained  on  the  open  market 
and  we  have  no  knowledge  of  the  method  of  prepara- 
tion. 

All  cans  were  in  good  condition  and  all  held  a  vacuum, 
no  swelled  ends  being  found.  All  samples  were  offered 
for  sale  and  were  in  a  merchantable  condition. 

The  fish  was  firm  and  of  good  flavor  and  odor  in  all 
cases.  In  some  of  the  cheaper  brands  the  meat  was 
somewhat  dry,  light-colored  and  contained  rather 
small  amounts  of  oil,  but  these  were  not  sold  as  a  high- 
grade  product. 

The    following    commercial    grades    were    examined: 

Red  and 
Grade:     Sockeyc    Red  Alaska        Chinook       Cohoe      Pink         Chum 
Samples 8  24  2  2  10  6 

BACTERIOLOGICAL    EXAMINATION 

The  tops  of  the  cans  were  carefully  cleaned  and 
covered  with  a  5  per  cent  solution  of  carbolic  acid  for 
about  10  minutes.  This  was  then  poured  off  and  de- 
natured alcohol  added  for  about  5  minutes.  The  ex- 
cess of  alcohol  was  removed  and  the  remainder  burned. 
The  top  was  then  thoroughly  flamed  with  a  Bunsen 
burner  flame.  The  can  was  tilted  several  times, 
flamed  again  and  opened  with  a  previously  boiled 
and  flamed  can  opener,  with  as  little  agitation  as 
possible.  The  floors,  table  top  and  hands  of  the  oper- 
ator were  carefully  washed  with  carbolic  acid  solu- 
tion before  the  operation  began. 

Standard  meat  juice  agar  plates,  dextrose  fermenta- 
tion tubes,  bile  lactose  fermentation  tubes,  deep  agar 
shakes,  milk  with  and  without  calcium  carbonate 
added,  Endo  agar  plates  and  the  condensation  water 
on  agar  slants  were  inoculated.  The  material  for 
these  inoculations  was  taken  from  as  near  the  bottom 
of  the  can  as  possible. 

To  the  Petri  dishes  were  added  2  cc,  i  cc.  and  o.i 
cc.  of  salmon  liquor,  about  0.5  cc.  was  added  to  the 
milk  and  fermentation  tubes,  a  large  loopful  was 
added  to  the  deep  agar  and  to  the  condensation  water 
of  the  agar  slants.  A  part  of  the  milk  was  heated 
to  85°  C.  for  10  minutes  and  cooled  quickly  in  cold 
water.  The  agar  shakes  were  also  cooled  quickly  by 
plunging  them  into  cold  water  as  soon  as  inoculated. 
A  large  loopful  of  material  was  smeared  upon  a  clean 
slide,  fixed  in  absolute  alcohol  for  15  minutes  and 
stained  in  dilute  methylene  blue  for  30  min.  All  cul- 
tures were  incubated  at  37°  C.  for  48  hours  and  care- 
ful examination  made.  They  were  placed  at  room 
temperature  for  5  days  and  again  examined. 

As  a  check  upon  the  methods,  the  increase  in  tem- 
perature of  the  contents  of  the  can  due  to  the  flaming 
was  noted  but  it  was  not  influenced.  The  media  was 
checked  against  B.  typhosus;  B.  cnleritides;  B.  coli 
commiods;  B.  paralyphosus,  A  and  B;  B.  tetani;  B. 
botidi litis;  B.  anlhracis  symptomatici;  and  three  cul- 
tures of  B.  Welchii,  all  of  which  grew  readily. 

As  a  check  on  the  ability  of  organisms  to  grow  in 
the  salmon,  thirteen  samples  taken  at  random  were 
placed  in  test-tubes  and  inoculated  with  the  first  five 
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organisms  mentioned  above.  These  were  incubated 
at  37°  C.  for  48  hrs.  and  examined  microscopically 
for  increase  in  number  of  organisms.  In  every  case 
all  grew  very  readily. 

The  results  obtained  from  the  bacteriological  in- 
vestigations were  entirely  negative.  In  a  very  few 
cases  a  mold  developed  on  the  plates  and  in  one  case 
a  spore-forming  organism  developed.  In  no  case  did 
we  find  growth  in  fermentation  tubes  or  deep  agar 
or  milk  cultures.  Stained  slides  were  made  from  fer- 
mentation tubes  in  many  cases,  but  no  organisms 
were  seen.  No  organisms  were  ever  noted  upon  slides 
made  directly  from  the  cans. 

About  50  g.  of  this  material  from  10  different  brands 
were  fed  to  white  rats.  They  ate  most  of  this  in  two 
days;  after  that  they  were  kept  for  three  weeks  on 
ordinary  feed,  but  failed  to  develop  symptoms  of  any 
sort. 

EXAMINATION    FOR    TIN 

Twenty  of  the  above  samples  were  analyzed  for 
their  tin  content.  These  included  the  best  and  cheap- 
est brands  on  the  market  and  were  picked  at  random 
without  any  reference  to  their  quality. 

Tin  determinations  were  made  according  to  Journal 
oj  Official  Association  of  Agricultural  Chemists,  Vol.  II, 
No.  2,  page  173. 

All  tin  determinations  ran  below  50  mg.  per  kilo- 
gram, showing  they  were  well  below  the  tolerance 
of  300  mg.  per  kilogram. 

CONCLUSIONS 

Canned  salmon  as  found  on  the  market  in  this  state 
is  sterile.  It  does  not  contain  organisms  of  B.  para- 
typhoid type,  and  does  not  contain  aerobic  or  anaerobic 
spore  formers.  This  is  to  be  expected  if  the  packers 
process  their  goods  according  to  advertising  material 
which  they  publish. 

In  one  case  they  claim  to  heat  the  cans  to  220°  F. 
for  so  mins.,  followed  by  a  heating  to  240°  F.  for  60 
mins.  on  a  second  day.  This  is  necessary  to  protect 
the  packers  against  loss  of  goods  after  it  has  been  put 
on  the  market. 

From  the  fact  that  this  material  will  readily  support 
the  growth  of  pathogenic  and  other  microorganisms, 
great  care  should  be  exercised  in  handling  it  after  re- 
moval from  the  can. 

Kansas  Stats  AfiHictn.TiiRAt  CouLitr.it 
Manhattan,   Kansas 

THE  INDUSTRIAL  CHEMISTRY  OF  CHICLE  AND 
CHEWING  GUM' 

lly    l'HlilH{Hlc    Dannkhtii 

The  official  estimate  of  chicle  imported  and  converted 
in  the  United  Stales  in  1916  approximated  7,347,000 
lbs.,  equivalent  to  at  least  30,000,000  lbs.  of  chewing 
gum.  An  industry  which  has  assumed  these  propor- 
tions may  well  be  said  to  exert  an  influence  on  our 
national  life.  The  retail  selling  price  of  the  finished 
article  is  at  the  rate  of  $1.30  per  lb.,  from  which  some 
idea  of  the  financial  strength  of  the  industry  moy  be 
obtained. 

'  rrrariilril  m  ihr  ^4lll  Mrrlliii  of  tli<  Ainark'an  Clirnikal  Six-lcl)', 
Kanana  City,  April  10  lo  14,  I'»I7. 


In  view  of  this  it  has  become  necessary  to  establish 
standard  methods  for  the  purchase  of  the  Crude  Block 
Chicle.  As  it  arrives  at  the  port  of  New  York  or  New 
Orleans  it  contains  a  considerable  amount  of  mois- 
ture— usually  about  40  per  cent.  The  factors  which 
influence  the  purchaser  may  be  summarized  as  fol- 
lows: 

(i) — The  moisture  the  gum  is  estimated  to  con- 
tain. 

(2) — The  shrinkage  when  cleaned  (dirt  and  bark). 

(3) — The  chewing  quality  of  the  clean  purified 
chicle. 

(4) — The  color  of  the  crude  chicle. 

MOISTURE 

The  amount  of  moisture  contained  in  crude  chicle 
was  until  very  recently  ascertained  in  the  course  of 
factory  operations.  For  example,  a  loo-lb.  lot  was 
chopped  up  into  '/s-in.  crumbs  and  dried  in  a  hot 
air  chamber.  The  loss  of  weight  was  recorded  as 
moisture.  A  somewhat  better  idea  of  the  value  of 
the  chicle  can  be  obtained  by  proximate  analysis. 
Thus  one  sample  of  Yucatan  chicle  when  examined  in 
the  laboratory  showed: 

Per  cent  Per  cent 

Acetone-soluble  matter  Sand  and  foreign  matter 2.3 

(resins) 40.0        Water 35.0 

Gutta  (and  carbohydrates) . .    17.4        Mineral  matter  (ash) 4.7 

Proteins 0.6 

Obviously,  if  this  chicle  costs  $o.  55  per  lb.,  crude,  its 
value  is  $0,877  per  lb.  after  drying  and  cleaning.  In 
other  words,  100  lbs.  of  crude  chicle  in  this  case  yielded 
62.  7  lbs.  of  dried  and  cleaned  chicle. 

SAMPLING — In  sampling  crude  chicle  after  it  has 
arrived  at  the  factory  a  i-lb.  sample  is  cut  from  a  block. 
This  is  cut  up  into  'A-in.  crumbs  just  as  rapidly  as 
possible.  The  crumbs  are  transferred  to  a  "Lightning 
Jar"  provided  with  a  glass  lid  and  rubber  gasket.  The 
jar  should  be  not  more  than  two-thirds  full,  leaving 
room  for  a  thorough  mixing  by  shaking  the  contents, 
and  should  be  kept  in  a  cool  place  to  prevent  caking. 
The  large  amount  of  moisture  usually  present  in  crude 
chicle  makes  it  imperative  to  handle  the  sample  rapidly. 
Wet  chicle  cannot  be  stored  in  sealed  jars  for  more 
than  one  week  as  molds  grow  rapidly,  especially  if 
the  jars  are  kept  in  the  dark. 

METHOD  I — A  weighed  portion  of  crude  chicle 
(about  s  g.)  is  dried  in  a  well-ventilatcd  air  bath  for 
5  hrs.  at  a  temperature  not  above  50°  C.  As  a  con- 
tainer for  the  sample,  a  glass  dish  2  or  3  in.  in  diameter 
with  a  ground  glass  lid  is  used.  If  the  temperature  in 
the  oven  rises,  fusion  will  occur  and  evaporation  of 
the  water  will  be  retarded.  If  the  oven  is  poorly 
ventilated  the  drying  will  take  longer.  It  is  complete 
when  two  consecutive  weighings  vary  not  more  than 
o.  s  per  cent. 

UKTiioD  II — The  moisture  in  crude  chicle  may  be 
determined  simultaneously  with  the  determination 
of  resins.  Hoiling  acetone  will  remove  resins  and 
water  from  the  sample  by  extraction.  The  extract 
in  the  fla.sk  is  dried  at  105°  C.  and  the  rcsiiluc  in  the 
thimble  is  dried  in  u  similar  manner.  The  sum  of 
these    weights    subtracted    from    the    weight    of    the 
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original    sample    will    represent    water.     This    method 
has  given  very  satisfactory  results  in  practice. 

NOTE- — If  wet  chicle  is  heated  to  105°  C.  in  an  oven, 
a  certain  amount  of  mosture  is  driven  off,  the  chicle 
fuses  and  becomes  "tacky"  and  if  this  product  is 
chewed  it  will  be  found  to  be  quite  rubbery.  At  such 
temperatures  the  gum  undergoes  a  chemical  change 
as  is  seen  by  its  solubility  in  acetone  and  in  alcohol. 
For  these  reasons  the  usual  methods  of  determining 
water  by  heating  in  an  air  bath  at  105°  C.  are  not  ap- 
plied in  the  analysis  of  chicle.  As  soon  as  an  attempt 
is  made  to  chop  up  a  block  and  granulate  the  chicle, 
the  gum  commences  to  lose  water  so  that  due  con- 
sideration must  also  be  given  this  fact. 


The  valuation  of  crude  chicle  by  means  of  a  viscosity 
test  has,  so  far  as  I  know,  not  been  attempted  by  other 
investigators.  This  is  probably  due  to  the  fact  that 
it  is  very  difficult  to  prepare  a  fluid  mixture  which 
would  not  settle  out.  The  results  here  presented  have 
been  obtained  by  means  of  over  200  determinations 
and  it  is  believed  that  the  method  is  of  practical  value. 
The  solvents  used  experimentally  for  suspending 
the  chicle  included  xylol,  benzol,  toluol,  turpentine 
and  kerosene.  Kerosene  (boiling  point  above  140°  C.) 
was  finally  chosen,  as  the  loss  by  evaporation  is  negligi- 
ble. Before  proceeding  with  the  test,  commercial 
chicle  must  be  dried  for  12  hrs.  in  a  vacuum  at  a  tem- 
perature not  exceeding  70°  C. 

METHOD — 20  g.  of  the  dry  chicle  are  weighed  off  ac- 
curately to  tenths  of  a  g.  and  placed  in  a  wire  basket 
fitted  in  size  for  a  "Joint  Rubber  Committee"  ex- 
traction apparatus.'  In  the  flask  are  placed  75  cc. 
of  kerosene.  The  wire  basket  is  made  of  loo-mesh 
wire  gauze  so  that  it  retains  the  gritty  and  fibrous 
matter  with  which  commercial  chicle  is  contamina- 
ted. The  weight  of  the  residue  in  the  basket  will 
give  some  idea  of  the  percentage  of  foreign  substances 
in  the  crude  chicle. 

The  liquid  thus  obtained  by  suspending  strained 
chicle  in  kerosene  is  poured  into  a  100  cc.  graduated 
cylinder.  Fresh  kerosene  is  now  poured  into  the 
cylinder  so  that  the  total  volume  will  have  a  concen- 
tration of  20  g.  of  strained  chicle  in  a  total  of  100 
cc.  of  liquid.  After  cooling  the  liquid  to  20°  C.  it  is 
introduced  into  the  small  tank  of  a  Stormer  viscosim- 
eter.2  The  lower  portion  of  the  capsule  of  the  vis- 
cosimeter  is  removed  and  filled  with  shot  so  that  the 
total  weight  of  this  lower  portion  of  the  capsule  to- 
gether with  the  shot  is  exactly  20  g.  As  a  matter  of 
convenience  the  records  of  viscosity  may  be  kept  in 
terms  of  Revoliiiiotis  per  minute.  The  weight  is  allowed 
to  fall  for  a  definite  number  of  seconds,  taking  care 
that  the  total  length  of  cord  is  never  unwound.  The 
upper  surface  of  the  rotating  cylinder  in  the  viscosim- 
eter  should  be  adjusted  in  such  a  position  as  to  be 
on  a  level  with  the  upper  edge  of  the  projecting  bracket 
in  the  tank  which  holds  the  test  liquid. 

'  This  Journal,  9  (1917).  310. 

2  SLMiton.  Probeck  and  Sawyer,  Tins  Journal,  9  (1917),  .35,  have 
presented  much  interesting  data  on  the  viscosity  of  varnishes  and  the  limita- 
tions of  the  various  viscosimcters. 


Mr.  Charles  Kernahan,  of  this  laboratory,  who  has 
assisted  me  in  many  of  these  determinations,  reports 
that  benzol  appears  to  be  a  desirable  medium  for  sus-  ' 
pending  the  chicle  in  the  viscosity  test.  It  has  the 
advantage  that  chicle  may  be  boiled  in  it  without 
exceeding  a  temperature  of  8i°  C,  thus  precluding 
decomposition  of  the  gum.  The  precaution  which 
should  be  observed  in  the  use  of  benzol  is  that  the  test 
should  be  carried  out  in  a  room  having  a  tempera- 
ture not  much  above  20°  C,  as  there  will  otherwise  be 
a  considerable  loss  of  solvent  by  evaporation. 

ACETONE-SOLUBLE    MATTER 

The  extraction  of  rubber  and  related  gums  with 
boiling  acetone  is  carried  out  principally  for  the  pur- 
pose of  determining  the  percentage  of  "resins"  in  the 
material.  In  fact  many  analysts  use  these  terms 
synonymously.  The  peculiar  chewing  properties  of 
chicle  are  due  to  the  presence  of  these  resins  so  that  a 
determination  of  their  amounts  and  characters  would 
seem  to  be  of  paramount  importance  to  the  industry. 
An  idea  of  the  resin  content  of  the  principal  minor 
gums  may  be  obtained  from  the  following  approximate 
percentages:  Pontianak,  75;  chicle,  60;  gutta  percha, 
50;  balata,  40;  guayule,  20.  One  of  the  principal 
properties  of  the  resin  which  affects  the  chewing  quality 
of  the  gum  is  its  melting  point  so  that  this  should 
be  determined  in  most  cases. 

METHOD — If  the  acetone  extraction  is  carried  out 
without  regard  to  the  moisture  content  of  the  chicle, 
the  material  is  granulated  so  that  it  will  pass  through 
a  wire  screen  of  Vs-in-  mesh.  Five  grams  of  the  ma- 
terial are  accurately  weighed  out  and  placed  in  a  folded 
filter  fitted  for  a  Soxhlet  siphon  cup.  The  apparatus 
used  is  the  Soxhlet  extractor  of  the  Joint  Rubber  Com- 
mittee.' Acetone  having  a  boiling  point  not  higher 
than  65°  C.  is  used  and  the  extraction  is  continued 
for  5  hours.  The  acetone  in  the  flask  may  be  evap- 
orated by  placing  the  flask  on  a  hot  plate  or  it  may  be 
distilled  off  and  the  flask  then  dried  to  constant  weight 
in  the  oven  at  a  temperature  not  above  105°  C.  It  is 
finally  cooled  in  a  desiccator  and  weighed.  The  residue 
is  dried  •  at  85°  C.  in  the  oven.  The  sum  of  the 
extract  and  the  residue  is  now  subtracted  from  the 
weight  of  the  original  sample.  The  difference  is  the 
moisture  in  the  sample.  If  the  acetone  solution  in 
the  flask  is  allowed  to  cool  before  it  is  distilled  off, 
it  will  be  noticed  that  a  large  part  of  the  resins  has 
separated  out  in  the  form  of  a  wax-like  incrustation. 
After  all  the  acetone  in  the  flask  is  expelled  and  the 
temperature  reaches  105°  C.  the  residual  resins  ap- 
pear amber-colored  and  quite  clear.  These  resins 
are  brittle  at  room  temperature.  The  residue  of 
gutta  on  the  filter  should  be  dried  at  temperatures 
not  above  85°  C,  as  it  otherwise  readily  carbonizes. 
This  is  apparently  due  to  the  low  "ignition  tempera- 
ture" of  this  gutta. 

In  30  samples  of  chicle  from  Mexico,  the  resin  con- 
tent varied  from  59.0  to  63.3  per  cent  with  a  grand 
average  of  60.8  per  cent  based  on  the  dry  chicle. 
Twelve  specimens  of  dried  chicle  which  had  an    aver- 

1  Lor.  lil. 
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age  resin  content  of  61.8  per  cent  were  tested  for  vis- 
cosity according  to  the  method  previously  described. 
The  results  showed  an  average  of  276  revolutions  per 
minute.  Twelve  other  specimens  which  were  ex- 
amined showed  an  average  resin  content  of  60.0  per 
cent  and  an  average  of  284  revolutions  per  minute. 
The  rule  then  would  seem  to  be  that  the  R.  P.  M. 
is  inversely  proportional  to  the  resin  content,  or  rather 
that  the  viscosity  is  directly  proportional  to  the  resin 
content.  This  was  in  fact  found  to  be  the  case  for 
'lie  particular  conditions  under  which  these  deter- 
linations  were  carried  out. 

PROTEINS — The  peculiar  character  of  vegetable 
proteins,  their  complex  chemical  constitution  and  the 
fact  that  they  do  not  crystallize  all  have  combined  to 
retard  the  investigation  of  this  constituent.  Spence 
has  given  considerable  attention  to  these  bodies  so 
far  as  they  occur  in  the  rubbers  prepared  from  Hevea, 
Funtumia  and  Ficus. 

In  a  recent  paper  Spence  and  Kratz'  have  proposed 

a  method  for  the  determination  of  proteins  in  washed 

lid  dried  rubber  and  it  is  planned  by  the  present  author 

J   adapt  this   method,  if  possible,   to  the  estimation 

of  proteins  in  chicle.^ 

CARBOHYDRATES — Previous  investigators  have  sug- 
gested that  the  sugars  contained  in  chicle  may  be  re- 
lated to  hexa-hydroxy-hexa-methylene.  The  mono- 
methyl  derivative  of  this  sugar  has  a  melting  point 
of  192°  C.  and  is  found  in  the  latex  of  Hevea  brasilieitsis. 
Plantation  crepe  Hevea  rubber  contains  from  2.0 
to  3 .  o  per  cent  of  this  substance.  An  investigation 
on  the  sugar  content  of  various  chicles  is  now  in 
progress  at  this  laboratory.  A  paper  on  this  subject 
was  published  by  Pickles  and  Whitfield'  as  early  as 
191 1. 

MINERAL   MATTER 

This  determination  is  carried  out  with  a  sample  of 
one  gram,  and  in  any  case  not  more  than  two  grams 
of  dry  chicle.  An  asbestos  shield  is  used  and  a 
hole  inserted  so  that  the  crucible  bottom  is  exposed 
to  the  flame.  At  first  a  low  flame  is  used  so  that  the 
organic  matter  can  volatilize  without  catching  fire. 
After  all  the  carbon  has  been  burnt  off,  the- crucible 
is  dried  and  weighed  in  the  usual  manner.  Of  25 
specimens  examined,  the  lowest  value  obtained  was 
3.9  per  cent  and  the  highest  was  5.95  per  cent  of  ash. 
The  grand  average  was  4.  53  per  cent  of  ash. 

It  will  be  noted  that  this  figure  is  much  higher 
than  that  usually  given  for  the  ash  content  of  washed 
and  dried  rubber.  The  highest  values  recorded  for 
rubber  arc  i.o  per  cent  for  Funliitiiia. 

FERMENTATION    OF    CRUDE    CHICLE 

Mention  should  be  made  of  the  influence  of  fungi  on 
crude  chicle.  These  low  forms  of  plant  life  do  not  at- 
tack the  gum  if  it  is  kept  in  dry  air,  but  if  a  small 
amount  of  moisture  is  present,  the  molds  Ijcgin  to 
flourish.  Their  nourishment  is  derived  from  the  pro- 
Icids,  resins,  ond  sugar  which  the  gum  contains. 
This  results  in  a  discolorotion  of  the  chicle,  turning  it 

'  Sprinr  anil  Kralt.  KMmJ  7.  .  1«U,  n^2. 

'  llraillr  mill  Sirvrii..  /I  niilvtl,  January,  IVW 

•  IMcklr.  anil  Whienrlcl,  Vro,    Chtm.  Sot.,  IT  (l<lll).  ^«. 


pink  or  light  buff  in  color,  but  it  is  not  materially 
altered  thereby.  On  the  other  hand,  certain  species 
of  Actinomyces  which  occur  in  garden  earth  and  canals 
are  capable  of  assimilating  the  chicle-hydrocarbon 
with  the  result  that  its  properties  are  so  modified 
as  to  alter  its  chewing  quality  very  decidedly.  The 
principal  varieties  thus  far  recognized  are  A.  elastica 
and  A.  Justus.  The  fermentation  of  chicle  is  also  in- 
duced by  the  presence  of  uncoagulated  milk  in  the 
pores  of  the  block.  In  fact  a  piece  of  crude  wet 
chicle,  if  chewed,  will  be  found  to  taste  quite  acid. 

INDUSTRIAL    RESEARCH 

The  methods  of  the  chewing  gum  industry  have  up 
to  the  present  time  been  based  largely  on  experience, 
but  there  is  a  distinct  tendency  toward  a  scientific 
study  of  the  technical  problems  which  arise.  Some 
of  these  problems  have  already  been  successfully  at- 
tacked and  solved  while  others  are  still  in  a  state  of 
investigation.  A  review  of  these  will  be  of  value  to 
those  interested  in  these  gums: 

I — How  can  brittleness  in  the  finished  chewing  gum  be  pre- 
vented? 

2 — How  can  the  absorption  of  moisture  by  the  finished  gum 
be  prevented? 

3 — -What  properties  are  most  desired  in  a  substitute  for  chicle? 

4 — Which  is  the  best  method  for  introducing  flavors  into  a 
batch  of  gum? 

5 — What  influence  has  heat  on  the  chicle  dough  in  the  kettle? 

6 — What  influence  has  the  duration  of  the  "cooking"  on  the 
dough  in  the  kettle? 

7 — What  influence  have  substitutes  on  the  "keeping"  quali- 
ties of  the  finished  gum? 

8 — What  influence  have  temperature  and  moisture  on  the 
finished  gum  during  storage? 

9 — What  arc  the  advantages  of  drying  or  moistening  the  air 
in  chewing  gum  factories? 

lo — What  relation  has  tlie  resin  content  to  the  chewing  quali- 
ties of  the  chicle? 

II — Mow  can  crude  chicles  be  averaged  in  order  to  sccurr  a 
finished  gum  of  uniform  characteristics? 

12 — What  influence  has  the  coagulation  method  on  tht-  quality 
of  the  crude  chicle  produced  by  the  Sapotcros? 

13— -How  can  "stiff"  chicles  1)C  softened  and  how  can  "soft" 
chicles  be  stifTened? 

14— What  influence  have  the  several  constituenLs  of  a  chewing 
gum  compound  on  the  chewing  quality  of  (he  finished  gum' 

15 — How  can  the  dirt  and  the  bark  be  removed  from  crude 
chicle  without  dcslroyiiiK  the  desirable  qualities  of  the  g"'"' 

16-  -How  can  low-grade  chicles  be  improved? 

17-  -What  relation  has  the  viscosity  of  chicle  solution  to  the 
chewing  jiropcrties  of  the  gum? 

18 — How  can  rubbers  and  related  gums  be  converted  into 
plastic  gums  suited  for  chewing ' 

II)  Can  chicle  be  strained  while  in  a  molten  ci>iuluion  with- 
oiil  altering  the  chewing  properties  ol  the  chicle' 

20    -Is  the  protein  content  of  chicle  a  (leliiincn'  ■■■    ">  "-^'  t ' 

An-BNnix 
The  fustoiii  House  statistics  of  the  liiiletl  States  sli.'W  that 
the  gross  imiHirts  of  chicle  and  balatii  in   i<>iJ  to  191''  »"r  u 
follows 
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la  order  to  obtain  a  more  correct  idea  of  the  importations  it  Table  I— Per  cent  Water-Solublb  Phosphoric  Acid  in  Mixtures  of 

,     ,          ,       -              ,         ,                                    "^  Acid  Phosphate  with 

IS  suggested  that  the  figures  for  these  two  gums  be  added  and  5  Per  cent I.ime  (CM)        Coral  Sand     Brown  Guano 

classed  together.     The  present  Tariff  Act  went  into  effect  Oc-  On  mixing 21.37  21.37  21.37 

tober  3,   1913.  so  tliat  it  was  natural  that  large  quantities  of  'M''^rlA%\::.'.'.V.'.V.'.'.'.V.'.  m'M              lojl              WW 

chicle  should  be  imported  before  that  time.     The  new  act  pre-  'M'"  H 'I"''' "*'  2o!59  2i!no 

.  .     ,   ,  1^         r  ,  J        ■-■  ,  After  20  days 19.12  20.51  21.00 

vided  for  a  duty  of  j.s  c.  per  pound  on  crude  chicle  and  20  c. 

per  pound  on  refined  chicle  while  balata  was  admitted  free.  ^^'^  table  shows  that  Superphosphate  in  which  there 

This  no  doubt  resulted  in  the  importation  of  some  chicle  under  is   5   per  cent  coral   sand  reverts  0.62   per  cent  in   5 

the  name  "Balata"  and  caused  tlie  drop   in  the  chicle  imports  days  or  0.86  per  cent  in  20  days.      With  brown  guano 

from  1914  to  the  year  1915.  the  reversion  is  not  as  great,  while  with  lime  it  is  3 .  75 

At  this  point  it  is  also  interesting  to  note  that  exports  of  iin-  times  as  much.'     If  then  in  a  fertilizer  guaranteed  to 

ished  chewing  gum  to  foreign  countries  have  risen  from  $179,000  contain  10  per  cent  of  phosphoric  acid  water-soluble 

in  19.4  to  $.,74,400  in  1916.    This  has  been  shipped  principally  ...^  ghould  have  50  per  cent  acid  phosphate  of  lime  and 

to  England  and  Australia.     At  a  valuation  of  So.rfo  per  lb.  tliis  ,„             <.i-                u        ^     r         \          ji\              lu 

,,                ^              ■      .  ,        „         ,u       r    ,      •  5  per  cent  calcium  carbonate  (coral  sand),  we  should 

would  represent  approximately  718,000  lbs.  of  chewing  gum  or  ^  ^     ^     ■,     c             ■,           ,        ■             ,     / 

179.000  lbs.  of  dry  chicle.     The  amount  of  chicle  maported,  ^''P^^*  ^°  ^"^  ^^^^'  S  days  that  instead  of  10  per  cent 

manufactured  and  consumed  in  the  United  States  in  1916  was  water-soluble    phosphoric   acid   it   would   contain   only 

appro.ximately  7,031,000  lbs.,  equal  to  over  28,124,000  lbs.  of  1° — (0-62  X  o.  50)  =  9.69  per  cent,  the  difference  be- 

chewing  gum.     This  represents  a  national  consumption  of  over  '"g  caused  by  coral  sand  alone.     In  order  that  this  fertil- 

844  million  packages  per  annum.  izer  might  show  a  10  per  cent  water-soluble  phosphoric 

Thr  Rubber  Trade  Laboratory  acid  content  after  5  days,  51.5  per  cent  acid  phosphate 

325  Academy  Street  yKQn\6.    have    to    be    used    Originally.     This    example 

Newark,  New  Jersey  .             ,          _             ,   ,                         o           ..                                  i- 

gives  the  effect  of  but  one  reverting  agent,  but  it  is 

■  sufficient   to   show    that    quite    a    material    allowance 

REVERSION  OF  ACID  PHOSPHATE  has  to  be  made  in  certain  fertilizers  to  cover  reversion 

By  Carlton  C.  James  during      transit. 

Received  March  3.  1917  The  Pacific  Guano  and  Fertilizer  Company 

There   seems    to    be    an   inclination    of   late    among  Honolulu,  Hawaii 

fertilizer  and  State  control    chemists  to  do   more   in- 

„„,.•    ^..           f      u        u    ,        .u   •                  ♦•             A   ^u   ■  A   RAPID    METHOD   FOR   THE   DETERMINATION    OF 

vestigating  of  phosphates,  their  Properties,  and    heir  wATER-SOLUBLE  ARSENIC  IN  LEAD  ARSENATE 
ettect  upon  sous  and  growing  crops.     Where  State  laws 

,,        C                          i                    1       t-I                 1                 1            ■                     -J                           /■      ,         •  By    H.    A.    SCHOLZ    AND    P.    J.     WaLDSTEIN 

call    lor    water-soluble    phosphoric    acid,    careful    in-  „     •    j.,     ^-   ,  ,, 

^          '^                             '  Received  March  3,  1917 

vestigation  and  attention  is  necessary,  particularly  in  ,,,,           x,     j  r      ^,      j  .,.        •      ^-          c        ^          1    li 

,    °    ,    ^   ^,       ,.„            ,         ,                       ,  ,,    ,    ,  the  method  for  the  determination  of  water-soluble 

order  that   the   different   brands   may   not  fall   below  .      .                       ■  1    ,     j                ^      j        -i.   j    1. 

.  ,     .     ^       \                ,      , ,  arsenic    in    commercial    lead    arsenate    described    by 

guarantee.     A  recent  article  in  This  Journal  by  Mr.  ^             j  /-<.    •  ^-  1  •               ■     -i      ^    ^1           .1.    j         j 

?<    TT7-    Ti/r          J     1          11    1                     1       ,  ■  ,              ,  Gray  and  Christie'  is  very  similar  to  the  method  used 

bv  W.  Magruder'  recalled  some  work  which  was  done  .       .,.,           •,         c       c     ^               ^    1    j     •        ...1. 

,       . ,            .^       .                                ,                  .           ,        .  ,  by   the    writers   for   factory    control    during   the   past 

by   the    writer   in    1910,    upon   the   reversion   of   acid  / 

phosphate  by  lime,  a  matter  which  has  claimed  the  r^,             '  ,         ,  ,,             -n-  •  1.                  i  .^i.     j  ■  j 

.,      ..         r      ,       •  ,     ■     ^,      f,       ,        ,                      r  The  procedure  follows:     Weigh  0.5  g.  of  the  dried 

attention  of    chemists  in  the  Southeastern  states  for  j       ,       •     j            ,                      ,       1     •   ^ 

.,     ,     ^  ^            ^,  and  pulverized  sample,  or   i  g.  of  paste,  into  a  2so-cc. 

the  last  two  or  three  years.  ,         ^  .       _     ,         ,   ' ,                     ^  ^             ^,      ,    .,    , 

.,^       ,       .        ,  •        .       ,.            ,,    ,                r      ■,•  volumetric    flask.     Add    200    cc.    of   recently   boiled, 

After    having    his    attention    called    to    a    fertilizer  ,.  ^.,,    ,         ^            j    ,    ■,      •             ,      c 

c          „        _.             ,-,,,        .,       ,            ,  distilled    water   and   boil    vigorously   for   3   to    s    mm. 

from  San  Francisco,   which  had  evidently  undergone  ,„^^,                        •             ,          1,., 

,     .        ,          .            ,      XT        •■        T  ,       ,        ,  Allow  to  stand   10  or   i;   min.,  cool,  make  to  volume 

reversion  during  transit  to  the  Hawaiian  Islands,  the  j    /?,,        ^,           ,           j                        /-,  j-                      1 

,     ^     ,                 ,              .                  .  ,      ,._  and    filter    through    a    dry    paper.     Ordinary,    quick- 

writcr    undertook   several   experiments    with    different  ^.^     .               ,-,     •                    •           j        j  ^1          '1 

.     ■  ,     .,.     ^    J  ^,        rr    i     1          ,     ,                ,          ■  ,  filtering  qualitative  paper  is  used  and  there  is  rarely 

materials  to  find  the  effect  these  had  upon  the  acid  .•«.     ,.      •        1.:  •    •              1         n,^     ^         -m, 

,        ,    ^      ,  ,.  any  difficulty  in  obtaining  a  clear  filtrate.     Measure 

phosphate  of  lime.  •'          .   ^  ■'                     „,                  a     ^        jj        c 

T,                  r-jLi^-^i                    i-L,  200  cc.  into  a   soo-cc.   Erlenmeyer  flask,    add  a  few 

■lo  475  g.  of  acid  phosphate  in  three  separate  bottles  ,       ,       ^      .         ■■,■■,          ,                          ^     ^  ji 

,,    ,               ,f        ,_   „,                                ,           ,  crystals   of  potassium  iodide   and   7   cc.   concentrated 

were  added   25  g.  lime  (CaO),   25  g.  unground  coral  ,,     .         .,         ,  ,    ■,    ■,          ,       ■  '                       t^m   ^ 

J        J                              J.                                       •,  sulfuric  acid,  and  boil  down  to  about  50  cc.     Dilute 

sand  and  25  g.  unground  brown  guano,  respectively:  .,         ,,     ^              ,         ,,    ,■        ,       ^11 

.,    ^.       .   •"  ^  ,     "       .        ,,,                     J,,  with    cold    water,    make    alkaline    to    methyl    orange 

that    IS,    in  each  experiment  there  was  added   s   per  .  ,         ,.          ,      '       . ,           ....         .^,     ...   ^          ,,     . 

,    .,                ^.                 ,    ,      ,,                   ,        ,  with  sodium    hydroxide,    acidify    with  dilute    sulfuric 

cent   of  the   reverting   agent   to   the   superphosphate,  .,        ,     ,,                     \      ■,■■•■      -^       j.        m-.,.    ^ 

,  .  ,                           -J                 •                  1-    t-       f         1  acid,  and  add  an  excess  of  sodium  bicarbonate.     Titrate 

which  we  may  consider  a  maximum  amount  to  use  in  •.,,,/       •    ,•          1   .- 

Ti     1       1  1   L            1   ■      i    .1    .    ,,                       ,  With  N/20  iodine  solution, 

practice.     It  should  be  explained  that  the  unground  „„  .           ,     ,            ,      ,     ,               •               1     j 

,          ,   .           ,         ^       ,  ,.           .         ^        o  1  his  method  was  checked  many  times  on  lead  arsen- 

coral  sand  is  carbonate  of  lime  of  95  to  98  per  cent  ^         ^   ,■„        ^                ■  ■               •     ^  ^t.     a    r\    a    <-> 

,              ,               1          rr^,      ,                         •  ates  of  different  compositions  against  the  A.  O.  A.  C 

purity,  and  coarsely  granular.     The  brown  guano  is  a  ,     ,,    /        ,          ,-       ,•          ^        o    /-.  ^         j        r 

.              ,             jfv^r           T                Tij  method^    (24    hrs.    digestion   at    32°    C),    and    a   few 

low-grade     sandy     phosphate     from    Laysan    Island,  .               •         ,            ,            .,    j  ,     i>i.           1^      1 

t          J    u      ^1          ..•          r   u-  J    J         ■                            ,  times  against  the  lo-day  method.'     The  results  always 

formed   by   the   action   of   bird   droppings   upon   coral  .  ,         "^         ,                     ,  .   ,        ,       ^,      .    •,•             ^u    j 

J      -..u      t.-  u   •..  •     ■   .•      .1         ■      ,      n^^             ■  either  agreed  or  came  higher  by  the  boihng  method, 

sand  with  which  it  is  intimately  mixed.      These  mix-  ™,,t-             <■              ■■          ,^        t>t.                 ^         c 

.                       11J..XJ,                1          t.-  Table  I  gives  a  few  typical  results.     The  arsenates  of 

tures  were  allowed  to  stand   20  days,  analyses  being  ,      ,           ,-,,•,,              ,     ^        c               i      ^.u 

_    ,       ,  .,           ^         ,   ,  ,       ,        ,      .         . .  ,          ,.  lead    used    included    the    products    of    several    other 

made  of  the  water-soluble  phosphoric  acid  from  time  ,.                      ,               ^          ^-     n                 1 

.       .-                  ,,               ,■,,-,      ^,       /•,,      •  manufacturers  and  represent  practically  every  known 

to    time    as    other    work    permitted.      The    following  .  ,           ,     ,      ,              f    ^ 

.    ,  ,       ,           .,           .          ,   L,       1        1      ■         •  1   r        J  commercial   method  of   manufacture, 
table  shows  the  water-soluble  phosphoric  acid  found 

in  the  mixtures  at  intervals  after  mixing.  '  "^"'^  Joornal.  8  (1915).  1109. 

''  '  /.  of  A.  O.  A.  C.  1913,  Nos.  1  and  2. 

'  This  Journau.  9  (1917),  I5S.  ■  Bureau  of  Chemistry.  Bull.  107,  Revised,  p.  240. 
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No 


A.  O  AC. 
Method 
24  hrs. 
at  i2''  C. 

1 4.52 

2 0.47 

.^ trace 

4 trace 

5 0,22 


Devoe  & 

Ravnolds 

Boiling 

Method 

4.62 

0.47 

0.06 

0.46 

0.23 


A.  O.  A.  C.  Devoe  & 

Method  Ravnolds 

24  hrs.  Boiling 

No.             at  .•!2°  C.  Method 

6 0.56  0.68 

7 0.23  0.30 

8 0.  18  0.21 

9 0.  18  0.33 

10 0.44  0.46 


There  is  no  provision  made  for  the  removal  of  lead, 
as  we  have  never  found  water-soluble  lead  in  more 
than  traces  in  any  sample  of  lead  arsenate.  Further- 
more, as  has  been  pointed  out  by  Gray  and  Christie, 
there  is  great  danger  of  volatilization  of  the  arsenic 
by  evaporating  the  solution  to  sulfuric  acid  fumes, 
as  the  results  given  in  Table  II  will  show.  The  ex- 
tractions were  made  by  boiling  as  in  the  method  given 
above. 

Table  II — Watbr-Souuble  Arsenic  Calculated  as  AsaOs  on  the  Dry 
Basis 

No.  I       No  2 

Evaporated  to  SO3  fumes 2  .  40  1.61 

Reduced  and  Titrated  without  Evaporation 3.56  2.50 


The  water-soluble  arsenic  in  commercial  lead  arsenate 
very  often  is  largely  in  the  arsenious  form.  Commer- 
cial sodium  arsenate  and  arsenic  acid  often  contain 
small  amounts  of  unoxidized  arsenic  trioxide,  and  this 
precipitates  with  the  lead  arsenate  in  a  form  which  is 
very  difficult  to  wash  out  with  cold  water,  but  which 
dissolves  readily  in  hot  water.  This  may  be  the 
reason  why  the  boiling  methods  of  Gray  and  Christie, 
and  of  the  writers,  and  the  hot  water  method 
of  Robinson  and  Tartar'  give  higher  results  than  the 
cold  and  32°  C.  methods  of  the  A.  O.  A.  C. 

By  the  method  given  a  determination  of  water-solu- 
ble arsenic  may  be  made  in  less  than  an  hour,  which 
is  a  very  important  consideration  for  factory  control 
work. 

The  same  method  of  extraction  may  be  used  for  the 
determination   of   other   water-soluble   impurities. 

Devoe  and  Ravnolds  Company 
14—16  West  Lake  Street.  Chicaoo 

■  Tins  Journal.  7  (1915).  499. 
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SAFEGUARDING  THE  EYES  OF  INDUSTRIAL  WORKERS' 

The  Seaman  Gold  Medal,  gift  of  Dr.  Louis  Livingston 
Seaman,  Trustee,  is  annually  awarded  by  The  Amer- 
ican Museum  of  Safety  for  progress  and  achievement 
in  the  promotion  of  hygiene  and  the  mitigation  of 
occupational  disease.  This  year  the  distinction  of 
the  Seaman  Medal  has  been  conferred  upon  the 
Julius  King  Optical  Company,  of  New  York,  for 
scientific  research  and  practical  achievement  in  over- 
coming the  harmful  effects  of  ultra-violet  and  infra- 
red rays  of  light  in  connection  with  arc-welding  and 
other  industrial  processes  at  very  high  temperatures. 

For  a  number  of  years  the  necessity  of  protecting 
the  eyes  of  workers  against  chips  of  steel,  splashes 
of  metal  and  flying  particles  of  emery,  concrete  and 
other  materials,  has  been  recognized,  and  the  wear- 
ing of  an  approved  type  of  safety  goggles  made  com- 
pulsory. A  far  more  insidious  and  hazardous  danger 
to  eyesight  is  caused  by  certain  invisible  rays  of  light, 
such  as  the  ultra-violet  and  infra-red  rays,  which  are 
present  in  injurious  quantities  in  the  manufacture  and 
.vorking  of  iron  and  steel.  These  rays  may  cause 
'Icctric  ophthalmia. 

Any  light  source  over  2000°  Fahrenheit  is  a  distinct 
menace  and  when  a  temperature  of  6400°  is  reached, 
such  as  is  encountered  in  electric  carbon  arc-welding, 
the  volume  of  ultra-violet  radiation  is  so  great  as  to 
impair  vision  permanently.  On  account  of  its  de- 
struction of  animal  tissue,  these  rays  must  positively 
be  guarded  against.  Being  invisible,  their  presence 
is  delected  by  the  operator  only  after  harm  has  been 
done. 

Until  an  investigation  was  made  about  three  years 
"go,  practically  go  per  cent  of  all  colored  glass  in  goggles 
for  industrial  use  was  incorrect;  and  without  a  doubt 
a  large  number  of  blind   men,  or  those  unfortunates 

>  AlialrartKl  and  iida|>lril  from  Ihc  May.  1017.  iuiir  o(  "Saftly"  (p. 
UN  mid  •upplrnirni).  piilillnhxl  by  (he  Ainrrlcan  Muwum  ol  8at((y, 
U  to  IH  Wf.t  atth  Slrrrl.  New  Viirk  Illy 


who  are  afflicted  with  cataract,  would  have  their  full 
sight  to-day  if  they  had  been  provided  with  scien- 
tifically correct  colored  glass. 

One  of  the  first  forms  of  eye  protection  from  glare 
was  the  wearing  of  blue  glasses  in  the  manufacture 
of  steel,  particularly  in  the  open-hearth  process.  Glare 
is  made  up  of  non-injurious  rays  of  the  spectrum, 
namely  green,  yellow,  orange,  and  red  rays.  As  a 
matter  of  fact,  blue  is  one  of  the  worst  colors  which 
could  possibly  be  selected  for  this  process,  as  it  allows 
ultra-violet,  violet,  blue  and  also  infra-red  rays  to 
enter  the  eyes  freely,  cutting  out  only  that  part  of  the 
light  which  is  essential  to  vision,  but  aflfording  no 
protection  from  dangerous  light. 

The  higher  the  temperature,  the  more  rich  it  is  in 
ultra-violet  rays.  At  the  temperature  encountered 
in  oxy-acetylene  welding  and  cutting,  which  is  about 
4350°  Fahrenheit,  grave  danger  exists  and  the  glasses 
formerly  supplied  by  the  oxy-acctylene  companies, 
who  manufactured  and  furnished  the  outfits,  were 
without  any  scientific  value  whatever.  They  were 
using  blue  glass,  as  described,  or  else  smoked  lenses, 
which  allowed  a  large  proportion  of  injurious  rays  to 
enter  the  eye.  Where  a  wrong  color  is  used  a  much 
darker  shade  is  necessary  than  if  a  correct  color  is 
prescribed. 

All  colors  have  been  analyzed  and  tabtilatcd,  by 
spectral  photography,  so  the  relative  value  of  each  is 
known. 

A  temperature  of  3000°  requires  a  lens  but  slightly 
tinted,  while  a  temperature  of  6400°  requires  a  lens 
so  dark  that  one  can  barely  see  the  sun  throuRh  it. 
The  Julius  King  Optical  Company  ha.s  plotted  all 
colors  on  a  photometric  scale,  the  standard  adopted 
being  a  white  cloud  illuminated  by  the  sun,  which 
may  be  looked  at  indolinitcly  without  eyestrain.  A 
temperature  of  iooo°  of  molten  iron  through  a  slightly 
tinted  gl.i.ss  has  the  same  clTecl  on  the  eye  as  if  the 
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INVISIBLE 


VISIBLE  RAYS 


INVISIBLE 


VISIBLE  RAYS 


INVISIBLE 


I    >     ,     ;  -^ — yA 


Harmful  Harmless  in  Moikriitc  Harmful 

Amounts 

[B,  G,  Y,  R  areas  printed  Blue,  Green,  Yellow  and  Red  in  Original. 


AKOPOS  Glass 
Recommended  for  Temperatures  around  2000^ 
P'urnaccs.  etc. 


Light  SAXI  WELD  Class 

Recommended    for    Temperatures    around    3500**   F.     Oxy-Acetylene 

Cutting.  Pouring  Steel,  etc. 


Dark  SANI-WELD  Glass 
ended  for  Temperatures  around  4.300°  F. 
yiene  Welding.  Electric  Furnaces,  i 


Heavy  Oxy-.\cet- 


ARKWELD  Glass 

For  Temperatures    around    6400°  F.   in  Combination  with  .\KOPOS 

or  SANI-WELD  (to  eliminate  infra-red  rays).     Correct  for  Iron  or 

Carbon  Arc  Welding  and  for   Electric   Furnaces:    in  these   Processes 

Face-burn  will  Result  unless  a  Helmet  is  Used. 

wearer  had  nothing  over  the  eyes,  and  was  looking  at 
a  white  cloud.  The  same  photometric  standard  applies 
in  looking  at  a  temperature  of  6400°  through  the 
darkest  glass,  the  effect  on  the  eye  being  the  same. 

These  new  values  of  lenses  were  determined  by 
flowing  colors  over  photographic  plates.  Spectral 
photographs  were  taken  through  this  medium,  the 
efficient  ones  being  tabulated  and  reproduced  in  pot 
glass. 

All  of  this  research  was  conducted  in  what  was 
practically  an  unknown  field  and  it  will  be  difficult  to 
find  any  other  line  of  work  where  more  good  has  been 
accomplished  in  the  prevention  of  ocular  diseases, 
disturbances  and  actual  loss  of  sight  than  has  been 
accomplished  by  this  patient  research  conducted  with 
considerable  expense  of  time,  money  and  material. 

The  process  of  arc-welding  requires  protection  not 
only  for  the  eyes,  but  for  the  entire  face  and  neck. 
Welders  have  experienced  such  intense  eyestrain  and 
face  burns  after  a  few  minutes'  work,  that  all  sorts 
of  crude  shields  have  been  devised.  The  majority  of 
these,  however,  were  heavy  and  cumbersome,  being 
made  of  metal  and  leather;  and  all  were  inefficient  and 
uncomfortable.  Frequently,  the  workmen  themselves 
selected  glass  to  reduce  the  light  intensity,  but  they 
were,  of  course,  wholly  ignorant  of  the  fact  that  the 
character  of  the  light  caused  more  damage  than  its 
brilliancy. 

Since  metal  is  a  conductor  of  heat  and  electricity, 
the  Julius  King  Optical  Company  have  constructed 
a  helmet  of  fiber,  finished  within  and  without  in  dead 
black  so  as  to  minimize  the  danger  from  reflected  light. 
The  top  of  the  head  is  protected  by  a  fireproof  cap,  to 


Clear  White"  Glass 
Should  Not  be  Used  where  Temperature  is  over  1500°  F. 


1   i  J^ 

^^^^ 

Red  Glass— Harmful 

Should  .Never  he  Ised  as  it  Transmits  Infra-Red  and  is  Very  Fatiguing 

to  the  Eye. 


Should  Not  be  Used  as  it  Distorts  Colors  and  is  of  Low  Optical  Valu 


kj  i/r  ,, ., ,1 


Cobalt- Blue  Glass— Exceedingly  Dangerous 
Transmits  Invisible  Rays  as  freely  as  Clear  Glass.    Should  be  Abolished 
except  for  Open  Hearth  Temperature  Judging  where  it  is   not  Prac- 
tical to  Teach  Melters  a  New  Color. 


Smoked  Glass — Dangerous 
Reduces  Visible  but  Transmits   Invisible  Rays;    Although  sometimes 
Furnished  with  Oxy-Acetylene  Outfits,   it   is   about   the  Worst  that 
could  be  Used  for  the  Process. 

which  the  helmet  is  pivoted  so  that  it  may  be  turned 
back  out  of  the  range  of  vision  when  it  becomes  neces- 
sary for  the  wearer  to  inspect  his  work  or  to  move 
about.  The  lenses  mounted  in  this  helmet  are  a  com- 
bination of  "Ark-weld"  and  "Akopos"  glass,  the  former 
to  reduce  the  intensity  and  the  latter  to  eliminate 
the  injurious  rays  of  the  arc  light. 

As  the  lenses  are  of  the  proper  scientific  color,  no 
danger  exists  from  electric  ophthalmia  or  other  diseased 
condition  of  the  retina  or  conjunctiva. 

The  accompanying  drawing  was  adapted  from 
the  special  colored  supplement  accompanying  the  May 
issue  of  Safely,  and  furnished  through  the  cooperation 
of  the  Julius  King  Optical  Company.  It  indicates  quite 
clearly  the  transmission  of  the  invisible  dangerous  rays 
of  light  through  the  ordinary  colored  glass,  and  their 
absorption  by  the  "Akopos,"  "Sani-weld"  and"  Ark- 
weld"  glasses.  The  kinds  and  proportions  of  the 
various  parts  of  the  spectrum  transmitted  are  in- 
dicated by  the  shaded  areas. 


RECOVERY  OF  MOLYBDENUM  RESIDUES 
By  Victor  Lknukr  and  M.  P.  Scbultz 
Received  June  6,  1917 

A  number  of  methods  for  the  recovery  of  molybdic 
acid  residues  have  been  suggested  in  the  past  few 
years.  The  scheme  of  Armstrong'  consists  in  the 
precipitation  of  molybdic  acid  from  the  residues, 
while  the  procedures  of  Brown'  and  of  Prescott'  have 
in  addition  the  removal  of  the  phosphates  by  means 

'  This  Jodrnal,  7  (1915),  764. 

'Ibid..  7  (1915),  213. 

'  The  Analyst.  «0  (1915),  390. 
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of  magnesium  salts.  Both  of  these  principles  we 
have  found  in  our  hands  to  be  efficient.  We  wish, 
however,  to  present  an  additional  method  which  is 
based  on  a  somewhat  diflferent  principle,  and  in  certain 
kinds  of  molybdate  residues  may  be  desirable.  The 
method  consists  in  the  precipitation  of  molybdenum 
sulfide  from  a  solution  slightly  acid  with  nitric  acid  by 
means  of  hydrogen  sulfide  or  the  formation  of  a  sulfo- 
molybdate  solution  by  adding  hydrogen  sulfide  to  the 
alkaline  solution  of  the  "yellow  precipitate"  and 
subsequently  adding  hydrochloric  acid  to  precipitate 
the  molybdenum  sulfide.  Molybdenum  sulfide  when 
ignited  gives  M0O3,  which  is  in  condition  to  be  used 
again. 

In  applying  the  method  to  waste  molybdate  liquors 
which  are  usually  quite  strongly  acid  with  nitric  acid, 
the  solutions  should  be  strongly  diluted  or  the  excess 
of  free  acid  should  be  in  large  part  neutralized  with 
sodium  hydroxide,  so  that  the  limits  of  acidity  should 
be  between  o.i  and  0.4  per  cent.  Hydrogen  sulfide 
gas  is  then  passed  through  the  solution.  The  sulfide 
settles  more  rapidly,  however,  if  the  solution  is  pre- 
viously heated.  The  supernatant  liquid  can  then  be 
siphoned  off  and  the  sulfide  washed  with  water,  after 
which  it  can  be  filtered,  dried  and  roasted. 

When  much  iron  is  present  in  the  liquors  the  sulfide 
should  be  washed  with  water  containing  hydrochloric 
acid  to  remove  the  iron  completely. 

The  "yellow  precipitate"  is  handled  by  dissolving 
in  sufficient  sodium  hydroxide  to  make  a  solution  just 
slightly  alkaline  to  phenolphthalein.  Should  the 
precipitate  be  contaminated  by  iron,  the  ferric  hy- 
droxide produced  by  the  addition  of  the  alkali  should 
be  filtered  off.  The  filtrate  is  then  diluted  and  hy- 
drogen sulfide  conducted  through  the  solution  to 
saturation.  Dilute  hydrochloric  acid  is  now  added 
until  an  excess  is  present,  when  molybdenum  sulfide 
separates.  The  sulfide  of  molybdenum  can  be  filtered, 
washed  with  hot  water  containing  dilute  hydrochloric 
acid,  dried  and  roasted  in  the  air  to  molybdenum 
trioxide. 

Chumical  Laboratory 
Univkrsity  op  Wisconsin.  Madison 


NOTE:     ORGANIC    CHEMICAL   REAGENTS   FOR 
SCIENTIFIC  AND  TECHNICAL  LABORATORIES 

By  KuoUR  AiiAMS 
Rcirivol  June  7.  1917 

During  the  last  tiircc  summers  it  has  been  the  custom 
at  the  University  of  Illinois  to  manufacture  on  a  semi- 
commercial  scale  (i-  lo  2-lb.  lots)  certain  organic 
chcniicais,  which  had  hiliicrto  not  been  produced 
in  this  country  and  which  were  necessary  for  the  re- 
searches in  organic  dicmislry.  Each  year  the  number 
manufactured  has  lioen  increased  till  at  present  salis- 
fftctory  products  have  been  developed  for  over  forty 
of  the  common  organic  chemicals  used  pri^inrily  in 
theoretical  organic  research,  but  to  some  extent  in 
technical  lalioralorics.  Thus  it  has  been  possible  to 
supi>ly  the  Illinois  luboratorics  with  many  of  the 
materials  formerly  imported  from  Germany. 


The  majority  of  these  substances  are  not  purchasable 
in  the  open  market  at  the  present  time,  so  it  was 
thought  it  might  be  a  great  aid  to  other  laboratories 
if  they  had  the  benefit  of  the  experiences  at  Illinois 
and  the  opportunity  of  purchasing  such  chemicals  as 
might  be  desired  at  a  price  slightly  above  cost.  In 
nearly  every  case  the  substances  produced  have  been 
compared  with  Kahlbaum's  products  and  in  every 
instance  the  products  have  been  found  as  pure,  or 
purer. 

Below  is  given  a  list  of  chemicals  which  have  been 
manufactured,  many  of  which  are  on  hand  at  the 
present  time.  In  continuing  the  manufacture  of 
chemicals  this  summer,  only  those  chemicals  mentioned 
below,  which  are  out  of  stock,  will  be  made,  unless  there 
may  be  an  outside  demand  for  others.  Processes  for 
at  least  ten  substances  not  included  in  the  list  will  be 
studied  also  in  the  next  few  months. 


.\cetamide 

Acetoacetic  ester  (ethyl) 

Acetonitrile 

Acetophenone 

Anisole 

Amyl  bromide  (iso) 

Benzamide 

Benzene  sulfonyl  chloride 

Benzonitrile 

Benzoyl  acetone 

Benzoyl  chloride 

Benzoyl  cyanide 

Benzyl  alcohol 

Benzyl  bromide 

Benzyl  cyanide 

Bromoacetyl  bromide 

Bromobenzcne 

Bromonaphthalene  (alpha) 

Dibromo  (/>)  benzene 

Dichloracetic  acid 

Dimethyl  glyoxime 

Diphenylmethane 


Ethyl  benzoate 

Ethylene  bromide 

Ethyl  oxalate 

GlycocoU 

Hippuric  acid 

Magnesium    (especially    prepared    for 

use  in  the  Grignard  reagent) 
Malonic  ester  (ethyl) 
Malonic  ester  (methyl) 
Mesitylene 
Methyl  oxalate 
Alethylcne  iodide 
Nitrobenzoic  add  (p) 
Nitroraethane 
Oxalyl  chloride 
Phenyl  acetic  acid 
Phenyl  acetic  ester  (ethyl) 
Phenyl  alanine 
Trimcthylene  bromide 
Trinicthylene  chlorhydrin 
Trimcthylene  cyanide 
Trimcthylene  glycol 


If  there  is  a  reasonable  demand  for  any  particular 
chemical,  which  has  not  been  prepared  here  and  which 
cannot  be  purchased  from  any  commercial  concern, 
the  laboratories  at  Illinois  will  be  glad  to  undertake 
such  manufacturing  at  their  expense  and  sell  the- 
product  at  a  price  slightly  above  the  cost  calculated 
from  the  past  results. 

The  Division  of  Organic  Chemistry  at  the  Uni- 
versity of  Illinois  has  organized  itself  for  this  work, 
the  preparation  being  carried  out  for  the  most  part 
by  the  junior  members  of  the  staff  and  other  graduate 
students  in  organic  chemistry.  These  men  receive 
from  25  to  35  cents  per  hour  for  their  services.  In 
this  way  it  has  been  possible  to  retain  many  men 
who  might  earn  much  larger  salaries  outside,  but  who 
are  willing  to  stay  for  this  particular  kind  of  experience. 
A  number  of  other  laboratories  have  offered  to  assist 
in  this  work,  if  necessary,  so  as  to  aid  scientific  and 
technical  investigation  as  much  as  possible.  Prof. 
P.  A.  Bond,  of  Cedar  Falls,  Iowa,  has  kindly  offered 
to  prepare  sodium  nitroprusside  for  the  benclU  of  any 
who  might  need  this  substance.  In  addition  to  the 
above  work,  in  conjunction  with  Prof.  M.  T.  Bogert, 
information  concerning  the  organic  chemical  rengents 
purchasable  in  this  country  is  bein^  collected.  Quota- 
tions of  i)rices  on  any  of  the  substances  above,  or  any 
information  which  it  has  been  posisible  to  obtain  in 
regard  to  organic  chemicds  will  gladly  Ik-  given  on 
request. 

I'NivicRMTv  ur  iLUNum 

t'MAKA.    ILUMUIS 
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AN  EVAPORATING  BATH  OF  SEA  SAND  HEATED 

BY  STEAM 

By  P.  P.  Peterson 

Received  February  24.  1917 

The  apparatus  herewith  described  has  been  found 
so  convenient  and  useful  in  the  laboratories  of  the 
Department  of  Soils  at  the  University  of  Idaho  that 
it  is  thought  worth  while  to  tell  other  chemists  about 
it.  It  is  made  of  coils  of  pipe  in  a  bath  of  sea  sand. 
The  heat  is  supplied  by  superheated  steam,  the  flow 
of  which  is  controlled  by  a  Sarco  steam  trap. 

The  tray  {A,  Fig.  I)  is  made  of  No.  24  galvanized  iron. 
Of  course,  it  may  be  any  size.  Ours  is  2  ft.  square  and 
4  in.  deep.  B  is  ■&  coil  of  Vs-in.  iron  pipe  well  fitted 
so  that  it  can  carry  a  pressure  of  100  to  150  lbs.  per 
sq.  in.  At  the  end  of  this  pipe  is  a  Sarco  steam  trap, 
C,  which  allows  the  escape  of  steam  until  a  certain 
temperature  is  reached  when  it  closes  automatically. 
The  coil  B  is  covered  with  sifted  sea  sand  of  about 
the  size  that  will  pass  a  20-mesh  sieve  and  washed 
free  from  small  adhering  particles. 

It  is  found  that  by  the  use  of  this  bath  a  much  more 
rapid  evaporation  can  be  obtained  than  with  a  hot 
water  or  steam  bath.  Aside  from  this  the  escape  of 
large  amounts  of  steam  into  the  room  and  the  noise 
often  accompanying  the  same  is  avoided.  To  obtain 
the  best  results  the  sand  should  cover  the  coils  to  the 
depth  of  1V2  to  2  in.  so  that  the  evaporating  dish  or 
casserole  may  be  pressed  down  into  it.  When  the  hot 
sand  is  allowed  to  come  up  on  the  side  of  the  evaporating 
dish  the  evaporation  is  greatly  accelerated.  A  tem- 
perature of   140°  C.  can  be  obtained  in  the  sand  be- 


however,  it  has  been  found  that  to  avoid  this  con- 
tamination requires  no  more  care  than  is  necessary 
with  the  old  style  boiling  water  bath  or  the  steam    I 


Fio.  I — Top  Vibw 

tween  the  pipes.  Over  the  hot  plate,  whether  heated 
by  a  gas  flame  or  electricity,  this  bath  has  the  ad- 
vantage that  there  is  almost  no  danger  at  all  of  spatter- 
ing. With  the  hot  plate  it  is  almost  impossible  to 
avoid  this  trouble. 

The  objection  that  contamination  from  the  sand 
is  likely  to  take  place  may  be  raised  and,  of  course, 
is    to    be    taken    into    account.     In    this    laboratory, 


Fic.  II— The  Bath  Complete 

bath.  Thorough  washing  of  the  sand  to  remove  all 
small  particles  makes  the  avoidance  of  contamination 
rather  easy. 

Fig.  II  is  a  cut  of  the  completed  bath. 
Soil  Fertility  Laboratory 

University  of  Idaho,  Moscow 


AN  IMPROVED  FORM  OF  A  FUMELESS  DIGESTION 
APPARATUS 

By  J.  S.   McIlARGuE 
Received  February  23.  1917 

In  a  recent  investigation  involving  a  relatively  large 
number  of  nitrogen  determinations,  it  became  neces- 
sary, on  account  of  the  lack  of  flue  facilities,  to  make 
use  of  a  Sy  Fumeless  Nitrogen  Digestion  Apparatus. 
During  the  time  the  nitrogen  digestions  were  being 
made,  a  number  of  objectionable  features  to  this  par- 
ticular apparatus  were  experienced.  The  writer  has, 
therefore,  enlarged  and  modified  the  Sy  apparatus 
in  such  an  advantageous  manner  as  to  consider  the 
changes  so  made  worthy  of  brief  notice  in  the  chemical 
literature. 

The  chief  points  in  which  the  apparatus  shown  in  the 
accompanying  photograph  differs  from  the  Sy  apparatus 
and  the  advantages  gained  thereby  are  as  follows: 

I— Increased  capacity.  Since  most  ready-made 
nitrogen  distillation  apparatus  provides  for  6  distilla- 
tions to  be  carried  on  at  the  same  time,  there  is  a  saving 
of  time  by  having  an  equal  number  of  digestions  pro- 
vided for. 

2 — The  lead  pipe  and  the  absorption  bottle  is  a  more 
permanent  and  satisfactory  arrangement  for  con- 
trolling and  disposing  of  the  acid  fumes  during  diges- 
tion. Practically  all  the  fumes  are  absorbed  in  the 
bottle  which  can  be  easily  emptied  and  the  acid  re- 
covered by  evaporation,  thereby  effecting  a  saving  of 
acid  and  the  corrosive  action  on  the  drain  pipes  as 
well.  The  pump  used  in  drawing  the  fumes  into  the 
absorption  bottle  is  the  ordinary  type  in  general  use 
in  laboratories. 

3 — The  shelf  E  holds  6  beakers  which  are  placed 
beneath  the  lower  end  of  the  condensing  bulbs,  and 
catch  the  acid  that  drains  from  the  condensing  tubes 
after  the  digestion  flasks  are  removed.  After  the 
digestion   is   stopped   and   the   flasks   become   cool,   a 
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small  amount  of  concentrated  acid  adheres  to  the 
inside  of  the  condensing  bulbs,  which,  after  the  re- 
moval  of   the   digestion   flask,   absorbs   moisture   from 


the  atmosphere  and  continues  to  drip  until   the  acid 
becomes  saturated  with  moisture. 

It  is  advisable  to  wash  out  the  condensing  bulbs 
previous  to  starting  a  new  set  of  digestions  as  the  acid 
in  the  bulbs  may  in  some  cases  absorb  enough  am- 
monia to  affect  the  nitrogen  estimation. 

DESCRIPTION    OF    THE    APPARATUS 

A  \s  a.  lead  pipe  1V2  in.  in  diameter  and  about  2S 
in.  long.  It  rests  upon  and  is  attached  to  a  board, 
which  is  also  attached  to  an  adjustable  clamp  that 
can  be  moved  back  and  forth  on  the  iron  rod  that 
supports  the  lead  pipe.  The  iron  rod  is  also  adjustable 
on  the  vertical  rod  of  the  iron  stand  and  is  easily 
lowered  or  raised  to  accommodate  either  long  or  short 
neck  flasks.  The  lead  pipe  is  sealed  at  each  end  and  has 
7  lead  tubes  i  in.  long  and  '/a  in.  in  outside  diameter 
.sealed  into  the  pii>e  for  connections.  The  6  tubes  on 
the  side  of  the  pipe  arc  placed  5  in.  apart  and  are  con- 
nected with  the  upper  end  of  the  condensing  bulbs 
l>y  means  of  a  short  piece  of  rubber  tubing.  The 
"venth  lube,  which  is  placed  near  the  end  and  at 
^ight  angles  lo  the  6  tubes  on  the  side,  connects,  by 
nicans  of  rul)bcr  tubing  to  the  glass  tube  B,  which 
'  xtcnds  through  the  rubber  stojjpcr  fo  near  the 
bottom  of  the  wash  bottle  C. 

The  rubber  tube  D  is  ottachcd  to  one  end  of  a 
glass  lube  bent  at  right  angles,  and  extending  through 
the  r\il)ber  .stopper  in  wash  buttle  C.  The  other  end 
<>f  the  nitilicr  tube  is  attached  to  a  suction  pump  which 


draws  the  fumes  through  the  water  in  the  wash  bottle 
C,  where  they  are  absorbed. 

The  adjustable  shelf  E  holds  6  small  beakers, 
which  are  placed  so  as  to  catch  the  few  drops  of  acid 
that  always  drain  from  the  lower  end  of  the  condensing 
tubes  after  the  digestion  fJasks  are  removed. 

F  indicates  the  rings  which  support  the  digestion 
flasks.  The  rings  are  attached  to  a  V2-in.  iron  rod 
by  means  of  clamps.  The  iron  rod  is  attached  to  the 
vertical  rod  of  the  stand  by  an  adjustable  screw  clamp. 

G  is  a  Vs-in.  gas  pipe  carrying  the  6  burners 
placed  5  in.  apart  and  is  attached  to  the  iron  stand  at 
the  base  by  means  of  a  screw  clamp. 

Although  the  above  apparatus  has  been  in  use  but 
a  short  time,  it  has  worked  so  well  as  to  leave  but 
little  to  be  desired  in  the  way  of  a  fumeless  digestion 
apparatus. 

Department  or  Chemicai,  Research 

Agricultural  Experiment  Station 

Lexington.  Kentucky 


A  NOTE  ON  AN  AUTOMATIC  SUCTION  ATTACHMENT 

FOR  AN  ORDINARY  PIPETTE 

By  J.  P.  Scbroeder 

Received  March  7.  1917 

In  analytical  laboratories  it  is  often  necessary  to 
measure  a  number  of  aliquot  portions  of  a  solution  or 
equal  portions  of  different  solutions  with  a  pipette. 
This  process  becomes  tiresome,  especially  when  the 
portions  to  be  measured  are  large.  The  laboriousness 
of  the  operation  can  be  done  away  with  to  a  large 
extent  by  attaching  to  the  pipette  an  ordinary  three- 


\ 


way  stopcock,  as  shown  in  the  diagram,  and  using  a 
vacuum  to  draw  up  the  solution  inslc.id  of  sucking  it 
up.  The  tube  of  the  stopcock  connecting  with  the 
other  two  Icucls  (a.  Kig.  I)  is  connected  to  the  pipclto 
by  means  of  a  short  piece  of  hcavy-walled  rubber 
tubing.  This  gives  the  apparatus  rigidity.  One  of  the 
other  lends  (Fig.  I)  is  connected  by  means  of  ordi- 
nary rubber  tubing  of  suflicient  length  to  give  free- 
don>  of  movement,  to  the  vacuum,  while  the  third  lend 
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is  left  open  to  the  atmosphere.  The  suction  can 
readily  be  adjusted  by  placing  a  screw  clamp  on  the 
rubber  tubing. 

To  aid  the  operator  in  drawing  the  solution  exactly 
to  the  graduation  mark  on  the  pipette  a  niche  is  filed 
on  the  surface  of  the  stopcock  on  the  edges  of  the  hole 
(Fig.  II)  so  the  suction  may  be  closed  off  gradually 
when  the  meniscus  nears  the  graduation  mark.  By 
this  means  the  adjustment  may  be  made  more  readily 
than  by  the  ordinary  manipulation  by  hand. 

By  the  arrangement  shown  in  Fig.  Ill  the  volume 
of  solution  is  adjusted  automatically.  The  stem  of  the 
pipette  is  broken  off  at  the  graduation  mark  G  and 
a  Gooch  crucible  filter  tube,  T,  is  attached  by  means 
of  a  rubber  stopper  as  shown  in  the  diagram.  The 
manipulation  is  evident  from  the  illustration. 


The   advantages  of  this  arrangement  are: 
« 

I — A  large  number  of  solutions  can  be  measured  in  a 
minimum  length  of  time. 

2 — The  measurements  can  be  made  without  tiring 
the  analyst.  ■ 

3 — The  meniscus  can  be  observed  from  a  point  at 
right  angles  to  the  position  of  the  pipette 

4 — The  solution  is  held  automatically  without  loss 
until  ready  to  be  delivered. 

5 — The  danger  of  drawing  poisonous  liquids,  acids 
or  alkalies  into  the  mouth  is  eliminated. 

6 — The   arrangement   can   be   easily    made   and   at- 
tached to  any  ordinary  pipette. 

U.  S.  Dhpartmbnt  of  Agriculture 
BuRBAii  OP  Soils,  Washington.  D.  C. 
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POTASH  AND  A  WORLD  EMERGENCY' 

By  W.  C.   Ebaugh 

Without  a  doubt  we  are  now  passing  through  an  epoch-making 
period  in  the  world's  history — epoch-making  in  national  poli- 
tics, in  social  changes,  in  economic  conditions  and  in  industrial 
revolutions.  Things  are  done  under  the  pressure  of  stern  neces- 
sity that  would  have  been  deemed  impossible  by  the  average  man 
five  or  ten  years  ago.  Obstacles  in  the  way  of  progress,  either 
constructive  or  destructive,  are  swept  aside  by  master  hands, 
tremendous  organizations  or  by  embattled  nations,  and  we  cease 
to  wonder  at  things  that  would  have  held  the  world's  attention 
just  the  other  day. 

But  even  with  all  this  one  can  observe  some  things  that  are 
not  subject  to  increased  production,  even  though  they  are  in 
strong  demand,  for  tlie  simple  reason  that  nature  has  not  placed 
stores  of  the  raw  materials  at  our  disposal  in  many  places. 
Take  platinum  as  an  example.  Russia  is  practically  the  only 
producer  of  this  metal,  and  since  the  outbreak  of  the  World  War 
the  price  has  soared.  The  Engineering  and  Mining  Journal 
of  April  7,  1917,  quotes  platinum  at  S102.50  per  oz.  In  spite 
of  this  demand  the  quantities  of  platinum  available  have  not 
increased,  even  though  strenuous  efforts  are  made  in  all  parts 
of  the  world  to  locate  new  sources. 

Similarly,  potassium  salts  have  become  very  scarce  and 
prices  obtained  reflect  the  market  condition.  It  was  deemed 
bad  enough  some  six  or  seven  years  ago  when  the  Kali  Syndikat, 
under  control  of  the  German  government,  arbitrarily  advanced 
prices  somewhat,  but  it  is  safe  to  say  no  one  thought  it  within 
the  realm  of  possibility  for  such  new  high  prices  to  be  multiplied 
by  ten,  twelve  or  fifteen,  as  has  actually  occurred  during  the 
past  months. 

Why  are  these  things  so?  Cannot  substitutes  for  potassium 
compounds  be  found?  Cannot  new  sources  of  potash  be 
discovered?  Is  it  not  possible  to  enlarge  the  output  from  our 
known  sources? 

Answering  these  questions  is  not  difficult  if  we  consider  the 
uses  for  potassium  salts,  the  place  from  which  they  have  come 
and  present  international  conditions. 

Primarily  potash  salts  are  valuable  for  fertilizers.  About 
seventy-five  years  ago  Justus  von  Liebig  and  his  co-workers 
pointed  out  the  necessity  of  restoring  to  the  soil  the  ma- 
terials removed  from  it  in  the  form  of  crops.  One  economist 
states  it  crudely  thus:  "For  every  fourteen  tons  of  fodder 
carried  off  from  the  soil  there  are  carried  away  two  casks  of 

'  Presented  at  the  regular  monthly  meeting  of  the  Utah  Society  of 
Engineers,' Salt  Lake  City.  April  18,  1<)I7. 


potash,  one  of  soda,  a  carboy  of  vitriol,  a  large  demijohn  of 
phosphoric  acid,  and  other  essential  ingredients."  In  our 
recently  settled  lands  we  are  inclined  to  ignore  this  fact,  and 
simply  take  off  crop  after  crop  without  using  fertiUzers.  Our 
farmers  in  older  communities,  both  here  and  abroad,  have  learned 
the  folly  of  robbing  their  soil,  and  provide  fertiUzers  to  replace 
the  inorganic  substances  removed. 

"In  the  many-sided  technical  and  industrial  life  of  to-day 
there  are  but  few  enterprises  that  can  dispense  with  the  products 
of  the  potash  industry.  In  a  number  of  ways  it  is  employed,  as 
for  example  in  medicine,  photography,  painting,  dyeing,  laun- 
dry work,  bleaching,  spinning  works,  soap  manufacture,  re- 
frigeration, preservatives,  electrotechnics,  fireworks,  explosives, 
matches,  paper,  glass,  aniline  colors,  metallurgy,  etc.  Its  use  in 
agricultiu-e  is  especially  important.  In  1909,  the  6,900,000 
metric  tons  of  potash  salts  produced  contained  675,330  metric 
tons  of  potash.     This  was  used  as  follows: 

Metric  Tons  Per  cent 

Agriculture 590.027  87.37 

Industries 85.304  12.63 

In  the  same  year  Germany  used  53,281  metric  tons  in  its  in- 
dustries and  only  two  other  countries  used  more  than  5,000 
tons  in  a  similar  way,  viz.,  the  United  States  and  France.  In 
its  agriculture  Germany  itself  used  more  than  one-half  of  the 
total  potash  employed  for  this  purpose." 

The  fact  that  plants  take  up  potash  from  the  soil  has  been 
known  for  centiu'ies.  Wood  ashes  were  called  "potashes"  and 
used  for  the  preparation  of  soap  and  as  a  raw  material  for 
manufacture  of  various  potassium  compounds.  One  of  the 
most  highly  prized  potassium  compounds  prepared  from  wood 
ashes  was  saltpeter  or  niter,  used  in  gunpowder,  as  a  preserva- 
tive, etc.  Prior  to  the  Napoleonic  Wars  potash  was  used  for 
many  purposes  where  soda  is  now  employed,  because  the  former 
was  found  in  wood  ashes,  and  the  latter  could  be  gotten  only 
with  difficulty.  Then  came  Le  Blanc's  process  for  making 
sodium  carbonate  from  salt,  with  hydrochloric  acid  as  a  by- 
product, and  the  demand  for  potash  fell  off.  Glass  and  soap 
are  now  made  from  soda,  rather  than  from  potash,  unless  for 
special  reasons.  But  sodium  compounds  cannot  replace  potash 
as  a  plant  food  substance. 

A  shortage  of  potash  was  felt  in  the  two  decades  1840  to  i860, 
following  the  acceptance  of  Liebig's  doctrines  on  restoring  soil 
fertility.  Saline  lakes,  springs  and  wells  were  tried  as  sources 
of  potash,  but  with  poor  results. 

At  Stassfurt,  in  northwestern  Germany,  a  salt  industry  has 
been  carried  on  for  centuries.  In  order  to  increase  the  yields 
from  this  source,  in  1837  the  Prussian  government  undertook 
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deep  boring  operations  for  rock  salt,  which  was  discovered  in  1843. 
Between  1851  and  1836  the  first  shafts  were  sunk.  Great  was 
the  disappointment  because  "bitter  salts,"  and  not  rock  salt, 
were  found.  It  was  not  long,  however,  until  the  true  value  of 
these  "waste  salts"  as  a  soiu^ce  of  potash  was  recognized,  and 
in  1 86 1  the  first  potassium  chloride  factory  at  Stassfurt  was 
erected.  From  that  time  to  the  present  Stassfurt  deposits 
have  supplied  practically  all  of  the  potash  used  throughout  the 
world. 

STASSFURT   DEPOSITS 

A  glance  at  the  diagram  shown  herewith  reveals  the  way  in 
which  the  various  layers  of  salts  are  found.  It  will  be  noted 
that  potassium  salts  are  not  found  al  the  surface.  This  should 
be  borne  in  mind  when  we  talk  about  discoveries  of  potash  in 
our  western  country.  As  potassium  salts  dissolve  readily  in 
water  they  are  transported  to  lakes  or  the  ocean,  except  in  so 
far  as  they  may  be  ingested  and  used  by  plants.  Water  from 
Great  Salt  Lake  illustrates  this. 

It  is  supposed  that  in  early  geological  ages  North  Germany 
and  adjacent  countries  were  au  inland  lake  or  sea,  similar  to 
our  own  Lake  Bonneville;  and  from  this  residual  lake  at  Stass- 
furt, left  after  evaporation  through  the  milleniums,  there  separa- 
ted out  annually  3  to  5  inches  of  salt  and  thin  layers  of  gypsum 
and  anhydrite.  These  can  be  counted  like  rings  of  yearly  growth 
in  trees,  and  indicate  a  period  of  10,000  years  required  for  the 
formation  of  this  salt  deposit.  Finally  the  mother  liquors 
themselves  crystallized  out,  giving  rise  to  rock  salt  mixed  with 
polyhalite,  kieserite  and  camallite  as  indicated.  The  same 
salts  can  be  obtained  by  the  evaporation  of  seawater  and  saline 
lakes,  only  in  different  proportions.  These  deposits  were  then 
buried  by  dust,  which  now  is  found  as  the  "salt  clay"  imme- 
diately above  the  jiotash  salts.  In  subsequent  ages  anhydrite 
and  shales  were  laid  down,  and  then  extensive  folding  and  pres- 
sure occurred.  That  climatic  conditions  at  the  time  these  salt 
beds  were  formed  were  far  different  from  what  they  are  to-day 
is  indicated  by  van't  Hoff's  calculations  that  often  tempera- 
tures of  73°  C.  (163°  F.)  occurred. 

Tabi.s  I — Native  Potassium  Salts 
Nami!  Formula  Potash  (KiO)  Equivalent 

Carnallitc KCI,  MgCl;,  6H3O  16.9  per  cent 

"Hartsalz"      (Mixture     of 

Sytvinite  and  Kieserite)    .... 

Sylvinite KCI,  NaCI  35.4 

(Kieserite) MgSOi,  HiO  

SchSnitc K.SO).  MgSO.,  ,1HiO  27.0 

Polyhalite KiSOi.  MgSOi,  2CaS04,  2HtO         15.6 

(Boracite) 6MgO,  SBiOi,  MgCli  

(Anhydrite) CaS04  

Kain.te KCI.  MgSOi,  3H.O  29.0 

Orthoclaie     KAISiiOi  16.9 

I.cucite KAISiiOi  21.6 

Aliinitc KAItSiOii,  3HiO  11.4 

Granites.  Porphyries,  etc .1  to  8 

Leucitc  Rocka 5  to  10 

The  individual  salts  found  at  Stassfurt  have  the  names,  for- 
mulas and  potash  content  given  in  Table  I :  the  average  composi- 
tions of  the  crude  and  manufactured  salts  arc  given  in  Tabic  II. 


and  churches  standing  at  all  angles,  caused  by  water  getting  to 
the  underlying  salt. 

The  crude  salts  are  sold  largely  as  fertilizers,  but  immense 
amounts  are  refined  in  the  "potassium  chloride  factories."  By 
recrystalhzation  imder  definite  conditions  of  concentration  and 
temperature  there  are  made  potassium  chloride,  potassium  sul- 
fate, potassiiun  magnesium  sulfate,  Glauber's  salt,  magnesium 
sulfate  (Epsom  salts),  magnesia,  bromine,  boric  acid,  etc. 


"The  supply  of  potash  salts  in  the  deposits  found  to  date  is  so 
great  that  even  in  the  case  of  greatly  increased  production  it  will 
suffice  for  much  more  than  a  thousand  years." 

"Kali  Syndikat  has  more  than  70  establishments  and  employs 
more  than  30,000  miners  and  workmen." 

"The  majority  of  the  camallite  and  about  '/e  of  the  kainite 
and  sylvinite  salts  are  concentrated." 

During  the  last  twenty-five  years  the  production  of  salt  at 
Stassfurt  has  grown  by  leaps  and  boimds,  the  total  production 
in  1909  being  approximately  ten  times  what  it  was  in  1882. 
In  the  former  year  more  than  $25,000,000  worth  of  potash 
salts  were  produced,  including: 

Potassium  Chloride  (80  per  cent  KCI) 349.890  tons 

Potassium  Sulfate  (42  per  cent  KiO) 70.580 

Potassium  Magnesium  Sulfate 38.100 

Poorer  grades,  used  chiefly  in  Germany 3.547.420 

In  1912  the  exports  from  the  German  Empire  and  the  imports 
into  the  United  States  were : 

Metric  Tons:     Exported  from  Germany  Imported  into  C  S. 

Crude  Potassium  Salts 1,300.559  650.297 

Potassium  Chloride 286.528  190.775 

Potassium  Sulfate 85.452  35.366 

Potassium  Magnesium   Sulfate 48.540  14.172 


Total 1.721.079 


890.610(a) 


(a) 


Equivalent  to  65  cars  of  100,000  lbs.  capacity  each,  6  days  per  week. 

The  prices  of  "Potassium  Muriate,"  1913  to  Mar.,  1917,  are 
given  in  Tabic  III  and  shown  graphically  in  Fig.  11. 

The  potash  production  in  the  U.  S.  durinK  1916  is  given  in 
Tabic  IV.  .'\  similar  report  for  11)15  showed  a  small  quantity 
pro(lncc<l  -equivalent  to  about  one  week's  cousuniption.  and 
valued  at  $350,000.     I'ig.  Ill  enables  one  to  comjuro  the  ini- 


Ta»L8    II AVERAOK    CoHPOaiTION    (PSKCKNTAOEs)    or   STASSrURT   SaLTS 


Salts 
Crude  (ns  mined) 


Conckntratmd 
(as  manufacturctl) 


Name  or  Salt 


K1SO4 


KCI        MgSUi       MgCli  CaSOt     NaCl     In>uluble   Water      Av.  Ki<) 


Sylvinite 1.5 

Potash  I'erlilUer.  20% 2.0 

'7f 


Potaih  I'rrllliler.  30% 1 . 

Potash  I'crtiliirr. 

l'(itns»iuni  Sulfate 

Pntasiiiim  Sulfate.  90% 90.6 

I'litassluni  MuKuesluni  Sulfate 50.4 

I  9(),95% 
i  80/85';!, 


s^r 


i>la»iiuni  Chloride  (Muriate) 


26.3 

2.4 

2.6 

2.8 

56.7 

3.2 

4   5 

17.4 

31.6 

10.6 

5.3 

2.1 

40.2 

4.0 

21.0 

47.6 

9.4 

4.8 

2.2 

26.2 

3.S 

M.6 

62.5 

4.2 

2.1 

2.4 

20.2 

3.1 

40.4 

0.3 

0.7 

0.4 

0.3 

0.2 

0.2 

ji.r 

1.6 

2.7 

1.0 

0.4 

1.2 

0.3 

49.9 

34. 0 

0.9 

2.S 

0.6 

11.6 

27.2 

91.7 

0.2 

0.2 

7.1 

0  2 

0  6 

S7.9 

83.5 

0.4 

0.3 

14. S 

0  J 

1.1 

52.7 

The  Stassfurt  salts  arc  mined  by  the  room  or  pillar  mt-thod, 
about  23  per  cent  of  the  suit  being  allowed  to  rfniiiui  us  pillars, 
and  the  slO|)cs  filled  with  sand  or  waste.  The  |MMirtriition  of 
water  to  the  deposits  Is  fatal,  for  caviuK.  loss  of  salt  and  <U-.truc- 
tion  of  surface  property  results.  In  parts  of  the  Stassfurt  dis- 
trict one  can  sec  humps  and  hallows  mi  the  surface,  with  houses 


{Hirts  of  |>o(ash  before  the  tvai  with  (lie  |iriHliic(i><n  in  tJie  I'niled 
States  diiriuK  iqid. 

From  the  above  it  itui  Ix-  sih-ii  that  ('.ernmiiy  literally  Itorctl 
into  a  niiturtii  monopoly  of  the  first  rank  when  jirosj^eeting  at 
depth  was  done  at  Stassfurt  s»»mc  scxTnty  years  oro.  Her 
preeminence  in  this  firhl  is  llierrfore  «.vsurr<l  until  equally  itn- 
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portant' finds  are  made  elsewhere,  or  until  methods  are  evolved 
for  producing  potash  commercially  from  other  sources. 

Table  III — Price  per  Ton  op  Potassium  Muriate  (Basis  80  Per  cent) 

1913  Month  1915  1916  1917 
X38  55                 January Nominal      J490       J390-400 

February Nominal        490         425-430 

1914  March (?)  415-420     415-425 

Tan.-July  April (?)  400 

J38.55  May J135-155         425 

June 200-216         350 

Aug -Oct.  July 230-250  300-325 

No  quotation     August 220-250  350-400 

September 220-250         .100 

Nov.. Dec.  October 245-250  450-475 

Nominal  November 435  450-475 

December 480-500  450-475 

Table  IV — Potash  Production  (Short  Tons  KsO)  in  U.  S.  During  1916 

(Jiala  compiled  by  U.  S.  Geological  Survey) 
Approximate  Total  Production(o) 10,000 

A — Mi.nekal  Sources 5.750 

Natural  salts  or  brines(6) 3850 

Alunite  and  Silicates,  including  furnace  dust 1900 

B — Organic  Sources 3,070 

Kelp 1100 

Pearl  ash  (c) 220 

Miscellaneous  industrial  wastes I'SU 

(o)  Equivalent  to  about  two  weeks'  consumption. 

lb)  Largest  output  from  Nebraska  alkali  lakes. 

(c)  23  out  of  70  establishments  reported. 

Potassium  compounds  are  very  widely  scattered  throughout 
nature.  That  potash  constitutes  an  important  part  of  plant 
ashes  shows  that  it  is  in  practically  all  soils  to  some  extent. 
The  composition  of  saline  lakes  and  of  the  ocean  indicates  the 
important  role  the  circulation  of  atmospheric  water  plays  in 
removing  it  from  the  soil.  As  is  well  known,  potash  in  plants 
and  circulating  waters  gets  there  from  the  slow  decomposition 
or  weathering  of  certain  potash-bearing  minerals,  chiefly  sili- 
cates like  feldspars  and  micas.  At  once  the  suggestion  arises, 
why  do  we  not  manufacture  potash  from  the  same  sources? 
.^n  immense  amount  of  investigation  has  been  given  to  the 
problem,  but  thus  far  with  no  marked  commercial  success. 
The  fact  that  to-day,  almost  three  years  after  supplies  of  potash 
from  Germany  have  been  cut  off,  the  price  of  potash  is  ten 
times  what  it  used  to  be,  is  ample  proof  of  this  statement. 

As  sources  of  potash,  feldspars — especially  orthoclase,  KAl- 
SijOj — have  been  tried.  These  minerals  contain  from  i  or  2 
up  to  i6  or  17  per  cent  potash.  Immense  tonnages  of  ortho- 
clase too  impure  for  use  in  good  ceramic  products  would  be  avail- 
able for  potash  work.  The  leucites  of  Wyoming  and  Idaho  are 
even  better  than  feldspars  for  potash  extraction.  Far  more 
abundant  than  either  feldspars  or  leucite  are  granites,  syenites. 


porphyries,  lavas  and  other  primary  rocks,  but  their  potash 
content  is  lower  and  difTiculties  in  the  way  of  treatment  have 
not  been  overcome.  Especially  valuable  for  potash  would  be 
many  tailings  dumps — if  the  materials  could  only  be  "unlocked" 
chemically,  and  the  one  or  two  hundred  lbs.  of  potash  contained 
in  each  ton  converted  into  merchantable  forms  economically. 
There  are  patents  galore  covering  proposed  processes,  but  none 
seem  to  work  out  commercially.  Among  such  methods  might 
be  mentioned  decomposition  by  treatment  with  (a)  alkaline 
carbonates,  (b)  lime  or  magnesia,  (c)  acids,  (d)  calcium  carbonate 
and  ammonium  salts,  (e)  calcium,  strontium,  barium  or  mag- 
nesium chlorides  or  oxychlorides,  (J)  calcium  fluoride  (fluorite), 
(g)  water  and  carbon  dioxide  under  pressiu'e  at  high  tempera- 
tures (an  effort  to  effect  in  a  short  time  what  nature  accom- 
plished in  the  course  of  centuries),  (h)  high  temperature,  quench- 
ing, pulverizing  and  action  of  acids  successively,  etc. 

One  of  the  most  complete  papers  covering  the  economic 
feasibility  of  producing  potash  from  feldspathic  rocks  was 
published  by  Cushman  and  Coggeshall.'  According  to  these 
authors  a  100  ft.  cube  of  impure  feldspar  containing  10  per  cent 
of  potash  would  have  in  it  17,000,000  lbs.  of  this  substance, 
valued  at  $100,000  before  the  war.  One  ton  of  it,  with  only  a 
75  per  cent  extraction,  would  have  given  $5  .00  worth  of  potash. 
By  the  use  of  modified  cement  mill  equipment  these  authors 
believed  that  ground  feldspar  and  burnt  lime,  properly  moist- 
ened with  calcium  chloride  solution,  could  be  granulated,  burned 
in  rotary  kilns  to  convert  the  potash  into  potassium  chloride, 
and  then  this  salt  leachod  out,  recovered  by  concentration  and 
crystallization,  and  a  product  obtained  that  would  run  70-80 
per  cent  potassium  chloride.  With  a  300-ton  mill  using  three 
loo-ft.  rotary  kilns,  with  feldspar  delivered  at  Si  .00  a  ton  and 
lime  costing  $2  .33  a  ton,  they  estimated  that  a  product  running 
50  per  cent  K2O  (equivalent  to  potassium  muriate,  base  80  per 
cent)  could  be  made  for  S3 1.30  per  ton.     This  would  aUow_a 
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slight  profit  even  under  ante-bellum  conditions.  The  fact  that 
nothing  has  been  heard  about  the  scheme's  going  into  actual 
operation  may  be  significant. 

But  strange  to  relate,  the  only  way  for  eliminating  potash 
economically  from  materials  such  as  feldspars,  rocks,  clays, 
etc.,  seems  to  be  by  getting  it  as  a  by-product  from  other  com- 
mercial operations.  To  illustrate,  potash  is  volatihzed  from 
the  raw  mixture  fed  into  cement  kilns,  and  the  dust  collected 
from  cement  stacks  constitutes  a  soiu-ce  of  potash  of  no  mean 
proportions.  The  Cottrell  system  of  electrostatic  precipitatioa 
of  solids  and  liquids  from  gases  is  ver>'  effective  in  this  connec- 
■  This  Journal.  7  (1915).  145. 
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Tablb  V — Composition  op  Solids  from  Saline  Waters 


Chlorine 
Bromine 

Sulfate 
irbonate 


f'oTASSIUM 
Calcium 
Magnesium 
Salinity 


SO).. 
COi. 
B.Oi 


Ocean 
Challenger 
Expedition 

55.292 
0.188 


Great  Salt  Lake 
Allen        Talmage    Macfarlam 
(1869)  (1889)         (1909) 

55.99  56.54  52.23 


Salduro.  Utah 

Gale  (1916) 

Brine  Salts 


Owen's  Lake    Searle's  Lake 


Mg. 


30.593 

1.106 

1.197 

3.725 

3.30-3.74 


6.57 


33.15 
1.60 
0.17 
2.52 

14.994 


5.97 


tion,  as  is  illustrated  at  the  Riverside,  Cal.,  plant.  The  ad- 
dition of  chloride  or  fluoride  of  calcium  seems  to  assist  in  expelling 
potash  from  the  raw  mix  It  has  been  found  also  that  dust  col- 
lected in  preheating  stoves  or  ovens  at  iron  blast  furnaces  some- 
times contains  important  quantities  of  potash. 

Near  Marysvale,  Utah,  are  immense  deposits  of  alunite,  a 
basic  sulfate  of  aluminum  and  potassium,  with  potash  contents 
varying  from  almost  nothing  to  twelve  or  fourteen  per  cent. 
A  plant  erected  by  the  Mineral  Products  Company  has  now  been 
making  potassium  sulfate  from  alunite  for  more  than  a  year 
by  a  process  very  simple,  but  also  very  wasteful.  Briefly  it 
consists  in  burning  or  roasting  the  alunite  in  rotary  kilns  such 
as  are  used  in  cement  plants,  allowing  part  of  the  sulfur  to  es- 
cape as  sulfur  trioxidc  (and  probably  dioxide)  through  the  stack, 
expelling  potassium  sulfate  in  a  volatile  condition  by  subsequent 
firing  at  a  high  temperature,  or  leaching  the  residue  for  the  re- 
moval of  potassium  sulfate  and  recovery  of  the  salt  by  evapora- 
tion. The  alumina  and  silica  are  now  treated  as  waste  products. 
In  the  present  condition  of  the  market  such  a  method  can  be 
carried  on  profitably,  but  under  normal  conditions  it  would  be 
ruinous  economically.  The  owners  of  the  Marysvale  plant 
recognize  this  fact,  and  have  spent  large  sums  of  money,  as  well 
as  much  time  and  effort,  in  endeavors  to  convert  their  waste 
products  into  valuable  by-products.  It  is  said  that  the  plant 
produces  25  to  30  tons  of  potassium  sulfate  daily. 

It  might  be  remarked  parenthetically  that  many  persons 
make  the  serious  mistake  of  supposing  that  native  alum  or  alum- 
inite  (not  alunite)  is  a  valuable  source  of  potash.  This  mineral 
is  a  basic  sulfate  of  aluminum,  usually  with  more  or  less  iron, 
and  contains  no  potash.  Because  of  its  astringent  taste  it  is 
easily  recognized,  and  samples  without  number  have  been  sub- 
mitted to  examination,  but  no  potash  has  been  found.  Even 
pure  common  or  potash  alum,  KA1(S0«)5.I2H30,  contains  only 
about  10  per  cent  of  potash  (KjO),  and  is  a  product  of  chemical 
factories,  not  of  the  earth. 

Under  present  conditions  efTorts  have  been  directed  toward 
recovering  potash  from  wood  ashes,  sage  brush,  beet  residues 
and  other  organic  wastes.  A  favorite  scheme  seems  to  be  to 
burn  or  char  carefully,  usually  in  kilns  or  retorts,  and  then  leach 
the  residue  with  water,  filter  and  evaporate.  Many  high 
hopes  arc  blasted  when  the  dollars  and  cents  side  ot  the  processes 
comes  to  be  worked  out. 

According  to  Harlow  and  Bradley  the  U.  S.  Census  showed 
the  world  production  of  potash  in  1890  from  wood  ashes  as  20,000 
Ions.  The  census  for  iq(k)  gave  the  cost  of  a  barrel  (fijo  lbs.) 
of  potash  as  f  18  .25  and  its  selling  price  as  $25  .00. 

The  composition  of  wood  ashes  is  said  to  be : 

M»n  Mailmum  Minimum 

I'otuh  (KiO) 3.5  10.2  2.5 

IMioaphorlc  A  nhyclrldc  ( PiDi) 1.9  4.0  0.3 

Sqkc  brush  contains  .s  to  7  |>cr  cent  of  potnsh,  and  its  ashes  arc 
said  to  run  20  to  ,v>  per  cent  of  this  constituent.  The  authors 
draw  the  conrltislon  that  wood  ashes  rnuld  lie  nuide  in  hinibrr- 
ing  districts  and  utili/cd  for  the  extraction  of  potash  with  as- 
Mircd  profit.' 

Particularly  disappointiuK  niiist  have  licrn  the  results  nf  at- 
tempts to  recover  potash  from  icawecd  or  kelp  aloUK  the  Pacific 
CoaM.     This    proposed    source    has    lircn    un<lcr    invrstiKnIion 

■  Srr  TllIK  lix'KNAI..  •  (I'llr.l.   111^        IfioiTiili'll  NoTN  | 


6.65 


33.39  34.64 

1.08  3.66(?) 

0.42  0.,W 

2.60  2.14 

19.558  18.39 


0.76-1.03  2.85-1.0 


Stone 
(1905) 
24.82 


38.09 
1.62 
0.02 
0.01 


Ross 
(1912) 
37.02 

0.094 
12.96 

6.70 

3.00 
33.57 

6.06 

Tr!' 


for  some  years  by  the  U.  S.  Department  of  Agriculture,  and  at 
least  four  large  plants  were  constructed  by  corporations  used  to 
handling  affairs  in  a  big  way.  It  was  stated  that  practically 
limitless  tonnages  of  kelp  could  be  cut  annually,  and  that  an 
inexhaustible  supply  of  potash  was  thus  assured.  Special 
machinery  for  harvesting  the  kelp,  loading  it  upon  barges  and 
treating  it  at  the  factories  was  devised  and  constructed,  but 
statistics  for  19 16  show  how  far  realization  has  fallen  below  ex- 
pectation. For  example,  the  plant  of  the  Hercules  Powder 
Company  at  San  Diego  has  utilized  only  1000  tons  of  wet  pulp 
per  day  instead  of  1500  to  2000  tons,  and  experience  to  date  in- 
dicates that  only  22,000  tons  a  year  are  available  as  against 
an  oflicial  estimate  of  696,000  tons.' 

The  last  source  of  potash  to  be  mentioned  is  one  of  particular 
interest  to  us  in  the  intennountain  country,  tis.,  saline  waters. 
It  has  long  been  known  that  water  from  Great  Salt  Lake  and 
other  land-locked  seas  or  lakes  contains  potash  in  considerable 
amounts,  and  that  sea-water  itself  contains  appreciable 
quantities  (see  Table  V).  In  the  early  part  of  this  paper  it 
was  shown  that  the  Stassfurt  deposits  themselves  resulted  from 
the  evaporation  of  such  an  inland  sea  during  milleniums  long 
since  past. 

Unfortunately,  potassium  salts  are  not  found  anywhere  in 
concentrated  form,  as  is  the  case  at  Stassfurt.  On  the  con- 
trary, evaporation  must  be  resorted  to  in  order  that  sodium 
salts  may  be  removed  to  a  great  extent  before  potassium  com- 
pounds can  be  recovered  in  even  a  very  impure  condition,  and 
more  or  less  comi)licatcd  methods  of  treatment  are  required 
to  prepare  concentrated  potassium  salts.  Plants  are  now  opera- 
ting on  mother  liquors  from  salt  ponds  at  Saltair,  Utah,  Searle's 
Lake  and  Owen's  Lake,  Cal.,  and  on  certain  salt  deposits  at 
.Salduro.  Utah,  112  miles  west  of  Salt  Lake  City. 

Facts  and  figures  shown  in  tliis  paper  lead  to  the  inevitable 
conclusion  (a)  that  independence  of  tlie  United  States  from  a 
foreign  source  of  potash  is  a  "consummation  devoutly  to  be 
wished,"  (i)  that  thus  far  most  extensive  surface  prosjiccting 
by  jirivate  parties  and  government  agents  has  failed  to  Kx-ale 
soluble  potash  deposits  of  any  value,  (c)  tliat  certain  jwta.sh  ex- 
traction plants  of  the  "war  baby"  type  have  sprung  up  and  can 
continue  operations  only  as  long  as  imjKirtations  from  liurope 
are  sttippcd  or  under  price  conditions  essentially  higher  than 
those  obtaining  prior  to  July,  1914,  (d)  that  slight  additions 
to  pota.sh  supplies  can  l>c  looked  for  from  the  utilization  of  ce- 
ment kiln  and  blast  furnace  tlusts,  distillery  and  sugar  factory 
wastes,  wckkI  ashes  and  wool  scourings,  and  (^1  that  a  scrx'ice 
of  incalculable  licncfit  to  nutnkind  will  l)c  rendered  by  the  dis- 
coverer tjf  a  process  whereby  soluble  |Hita.vsiuin  otin>|Hiund»  can 
be  made  cheaply  from  feldspar,  Icucitc  and  other  silicates  con- 
taining   pota.s|i. 

The  "World  limcrgcncy"  confronting  us  to-day  is  therefore 
not  one  of  militarism  or  national  (Militics  only;  it  is  one  of  eco- 
nomic inde|)cndcnce  al.v).  Because  Cicrniany  alone  is  favored 
with  de|H>sits  of  pota.sh  salt.*;  tiecausc  nitrates  an  found  in  ctim- 
mcrcial  (|uantitirs  only  in  the  dtv  roKiiMO  of  wr^trni  Snith 
America,  liciaUM-  Russia  has  the  di^'tinttion  of  ptixlucMiK  prac- 
tically all  the  platinum  mined  (or  thr.tc  tri«M>n«  shall  scientists 
and  engineers  the  woild  over  nccept  thine*  n<  they  are  and  da 
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nothing  to  meet  the  great  emergency  ?  By  no  means !  Economic 
campaigns  more  alluring  and  important  than  any  planned  by 
military  leaders  are  called  for,  and  the  rewards  to  be  reaped 
are  almost  beyond  conception.  Already  special  alloys  have 
been  prepared  for  use  as  substitutes  for  platinum.  The  "fixation 
of  nitrogen,"  or  its  conversion  from  inert,  free  nitrogen  of  the 
atmosphere  into  valuable  products  like  ammonia,  nitrates,  and 
cyanides,  is  a  commercial  success.  But  the  greatest  of  the  three 
desiderata  remains  an  unsolved  problem,  viz.,  how  can  immense 
stores  of  potash  locked  up  in  our  feldspars,  Icucites  and  many 
rocks,  be  freed  from  their  "entangling  alliances,"  and  made 
available  to  our  manufacturers  and — most  important  of  all — 
to  our  farmers?  The  problem  is  not  necessarily  incapable  of 
solution,  but  prolonged,  persistent,  painstaking  effort,  with  ample 
provision  for  large  scale  experimenting,  are  needed.  The  Napo- 
leonic Wars  gave  us  cheap  soda ;  will  the  World  War  of  a  later 
century  give  us  cheap  potash? 

809    KliARNS    BflLDING 

Salt  Lake  City.  Utah 


THE  RECOVERY  OF  POTASH  FROM  BEET-SUGAR 
HOUSE  WASTE  LIQUORS' 

By  li.  E.  ZiTKOwsKi 

The  recovery  of  the  residual  values  from  beet-sugar  waste 
liquor  has  been  the  subject  of  serious  investigation  even  prior 
to  the  war.  However,  the  abnormally  high  potash  prices  of 
the  past  few  years  have  brought  about  renewed  efforts  in  this 
direction. 

FUNDAMENTAL  CONSIDERATIONS 

During  the  1916  season  approximately  6,000,000  tons  of 
sugar  beets  were  produced  in  the  United  States.  In  all  prob- 
ability a  materially  greater  tonnage  will  be  produced  this  year, 
and  the  possibilities  for  increased  production  in  the  immediate 
future  are  promising,  though  this  phase  of  the  problem  is  so 
intimately  related  to  the  tariff,  the  agricultural  labor  supply, 
and  ruling  prices  of  other  agricultural  products,  that  prophecy 
is  fruitless. 

The  composition  of  the  beet,  and  therefore  its  content  of 
potash,  is  variable  from  season  to  season  and  in  different 
localities  and  soil  conditions.  The  following  analyses  of  beets 
from  three  widely  separated  localities  in  the  United  States  can 
serve  as  a  basis. 

Colorado  California(a)  Wisconsin(a) 

Moisture 78 .  36  per  cent     63 .  99  per  cent     74 .  37  per  cent 

Dry  substance 21.64  36,01  25.63 

Ash  (carbonate) 0.89  0.88  

Total  nitrogen 0.199  0.254  0.1817 

Sugar 15.40  25.60  18.7 

MiNiiRAL  Matter  (Pbr  cbnt  on  Ubsts) 

CI 0.102  0.065  0.040 

SOi 0.028  0.034  0.024 

P,Os 0.046  0.121  0.023 

KjO 0.320  0.269  0.320 

NaiO 0.097  0.106  0.089 

CaO 0.032  0.078  0.041 

MgO 0.058  0.051  0.047 

Fe.Oi.AliO. 0.042  0.014  0.027 

SiO. 0.005  0.016  0.036 

(fl)  Both  the  California  and  Wisconsin  samples  were  several  days  in 
transit  to  the  laboratory  at  which  the  analyses  were  made,  and  undoubtedly 
lost  considerable  moisture  by  evaporation,  which  consequently  increased 
the  percentage  content  of  dry  matter.  Aside  from  that  the  California 
sample  was  abnormally  high  in  sugar  content. 

From  an  agricultural  and  economic  view-point — aside  from 
the  sugar — the  nitrogen,  phosphoric  acid  and  potash  content 
of  the  sugar  beet  is  of  more  than  passing  importance.  Accepting 
the  average  of  the  three  analyses  herein  reported  as  the  average 
for  the  entire  production,  the  6,000,000  ton  crop  of  beets  of 
1916  contained: 

NiTROcHN  Phosphoric  ANitvDRiDii  Potassium  Oxidk 

12,700  tons  3,780  tons  18,180  tons 

Investigations  indicate  that  in  extracting  the  sugar  values  by 
the  diffusion  process  approximately  60  per  cent  of  the  nitrogen 

'  Presented  at  the  Buffalo  Meeting  of  the  .\mcrican  Institute  of  Chem- 
ical  Engineers.  June  20  to  22.   1917. 


and  90  per  cent  of  the  phosphoric  acid  and  potash  content  are 
extracted  with  the  sugar  and  pass  into  the  process,  the  rest 
remaining  with  the  pulp.  As  this  pulp  is  now  completely  utilized 
for  live  stock  feeding  purposes,  the  plant  food  values  of  this 
pulp  are  not  lost  to  agriculture  except  in  so  far  as  farmyard 
manures  are  inefficiently  utilized. 

Of  the  plant  food  values  extracted  and  now  in  the  juices 
phosphoric  acid  is  completely  eliminated  as  calcium  phosphate, 
and  to  date  largely  wasted.  A  part  of  the  nitrogen  content  is 
eliminated  as  coagulated  protein  and  otherwise,  together  with 
the  phosphoric  salts.  The  potash,  however,  is  not  eliminated 
from  the  juices  by  the  usual  processes  of  purification  and  is  found 
in  the  final  molasses,  i.  e.,  the  mother  liquors,  from  which  sugar 
cannot  be  further  recovered  by  direct  crystallization,  and  for 
this  condition  potash  salts  are  partly  responsible. 

The  production  of  molasses  from  beets  is  somewhat  variable 
from  season  to  season,  but  an  average  percentage  production 
for  the  United  States  will  be  somewhere  between  5.5  to  6.0 
per  cent  on  beets.  With  a  six  millon  ton  crop  of  beets  this 
totals  330,000  to  360,000  tons. 

A  study  of  a  series  of  thirteen  samples  of  American  beet 
molasses  as  reported  in  Sugar,  Vol.  18,  No.  4,  indicates 
an  average  content  of  1.69  per  cent  nitrogen  and  4.66  per  cent 
potassium  oxide  (K2O). 

On  this  basis  the  beet  sugar  molasses  production  of  the  past 
campaign  contained  between  15,400  and  16,700  tons  of  K2O, 
which  checks  fairly  closely  with  the  figures  above  estimated. 
Of  the  total  beet  molasses  production  perhaps  5.0  per  cent 
under  normal  conditions,  but  under  present  conditions  double 
this  amount  or  more,  is  used  in  alcohol  production  and  the 
still  residues,  containing  the  potash,  are  concentrated  and 
usually  enter  the  fertilizer  trade  and  are,  therefore,  not  lost  to  the 
general  economy. 

Approximately  40.0  per  cent  of  the  total  molasses  production 
is  used  for  stock  feeding  purposes,  in  part  direct  as  such,  but  by 
far  the  greater  part  is  mixed  with  some  absorbent  feed,  fre- 
quently beet  pulp,  either  fresh  or  dried,  and  also  many  of  the 
fodders.  The  potash  values  in  this  case  are  recovered  in  pro- 
portion as  the  manurial  values  from  these  feeding  operations  are 
recovered. 

The  remainder  of  the  United  States  molasses  production, 
perhaps  45.0  per  cent  of  the  total  (during  the  past  season  from 
148,000  to  152,000  tons)  is  desugarized,  that  is,  sugar  is  ex- 
tracted in  marketable  form.  It  is  this  portion  of  the  beet  crop 
that  contains  the  possibilities  of  potash  production  in  com- 
mercial form  at  the  sugar  factories. 

STEFFENS   PRECIPITATION    PROCESS 

The  process  now  used  almost  exclusively  in  this  country  in 
extracting  sugar  from  this  molasses  is  known,  after  its  inventor, 
as  the  Steffens  precipitation  process,  in  which  sugar  is  pre- 
cipitated as  tri-calcium  saccharate. 

PROCEDURE — Molasses  of  about  80.0  per  cent  solids  is  diluted 
to  10  to  12  per  cent  solid  content,  cooled  to  about  15.0°  C. 
and  under  suitable  means  for  cooling  and  stirring,  finely  powdered 
calcium  oxide  is  dusted  into  the  solution.  If  the  conditions 
essential  to  the  process  are  adhered  to,  90.0  per  cent  or  more 
of  the  sugar  is  precipitated  as  a  calcium  compound  and  is  re- 
moved from  the  mixture  by  filtration.  The  filtrate,  now  with  a 
content  of  solid  matter  of  5  to  7.0  per  cent  contains  practically 
all  of  the  potash  originally  in  the  molasses  and  also  variable 
percentages  of  sugar  not  precipitated  above.  The  sugar  in 
solution  is  probably  present  in  tlie  form  of  di-calcium  saccharate, 
Ci2Hi20ii.2CaO.  If  this  cold  filtrate  is  heated  to  85°  C.  ap- 
proximately 60.0  per  cent  of  the  sugar  in  solution  is  precipitated 
as  a  calcium  saccharate  probably  according  to  the  following 
reaction : 

3CijH2jOii.2CaO  7~^  2C,jHjjOi,.3CaO  -|-  CijHbOh 
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The  reaction  is  reversible  and  on  cooling  the  saccharate 
formed  dissolves:  hence  it  is  necessary  to  filter  at  the  precipita- 
tion temperature. 

This,  known  as  the  "Hot  Saccharate"  process,  is  now  quite 
generally  used  to  recover  from  the  solution  additional  sugar 
values  which  are  not  readily  and  economically  recovered  by  the 
first  step  or  cold  process. 

The  filtrate,  now  known  as  Steffens  hot  waste  water,  still 
contains  from  a  few  hundredths  to  0.4  or  0.5  per  cent  of  sugar, 
some  lime,  practically  all  of  the  potash  and  most  of  the  other 
non-sugars  present  in  the  molasses.  This  is  the  waste  liquor 
forming  a  potential  potash  supply. 

PRESENT  USES  OF  WASTE  LIQUORS 
In  several  instances  where  the  sugar  company  controls 
agricultural  lands  in  quantity  adjoining  the  factory,  these 
waste  liquors,  together  with  other  residues,  are  used  to  irrigate 
the  lands.  This  is  perhaps  the  most  economical  method  of 
utilizing  the  residual  values,  as  all  of  the  potash  and  phosphoric 
acid  and  nearly  all  of  the  nitrogen  of  the  beet  can  be  returned 
to  the  soils,  but  this  is  practical  only  in  isolated  instances,  and 
only  about  8.0  per  cent  of  the  total  beet  crop  is  handled  in  this 
manner. 

In  still  other  of  the  irrigated  sections  where  the  residual 
waters  are  discharged  into  existing  streams  and  the  streams  are 
subsequently  diverted  for  irrigation  purposes  some  of  the  values 
may  be  inadvertently  utilized,  but  in  any  event  the  losses  to  the 
economy  of  the  state  must  be  very  considerable  by  this  method  of 
disposal. 

In  most  cases  the  waste  residues  are  sent  into  settling  basins, 
the  clear  effluent  of  which  reaches  the  streams  and  is  carried 
away.  Efforts  had  Ijtcn  made  even  before  the  war  to  recover 
these  values,  and  owing  to  the  stimulus  of  high  potash  prices  of 
recent  years  the  work  in  this  direction  has  been  followed  with 
more  than  usual  vigor.  However,  the  problem  has  its  diffi- 
culties. 

Since  the  hot  waste  water  as  produced  is  very  dilute,  con- 
taining 96.0  per  cent  or  more  of  water,  it  is  necessary  to  con- 
centrate it.  As  produced  it  contains  0.2  to  0.5  per  cent  of 
free  lime,  CaO,  which  will  foul  the  evaporating  surfaces  if  not 
removed.  This  is  readily  enough  accomplished  by  carbonating 
(injecting  COj  gas)  and  filtering.' 

The  carbonated  and  filtered  waste  water  varies  in  composition 
with  the  season,  locality  and  factory  practice,  but  the  following 
is  typical : 

PSKceNTAOBS:       Dry        Carbonate  Organic  Ni-  Potash 

Moisture       Substance        Ash         Sugar    Non-sugar     trogen         K»0 

97.00  3.00  1.00  0.30  1.70  0.16  0.3.1 

This  indicates  at  once  that  the  content  of  values  is  low,  the 
cost  of  evaporation  comparatively  great,  and  also  that,  under 
normal  conditions,  when  the  value  of  a  unit  of  nitrogen  is  two  or 
three  times  that  of  a  unit  of  potash,  the  nitrogen  values  are  as 
great  or  greater  than  those  of  the  potash  contained  in  these 
waters.  Up  to  a  content  of  .so  to  55  per  cent  dry  substance 
this  water  can  be  readily  enough  concentrated  in  nuilliple  effect 
evaporators,  and  quadruple  as  well  as  quintuple  effect  evapora- 
tors have  been  used  very  successfully.  With  a  content  of  more 
than  ,s.s  per  cent  dry  matter  the  litpior  begins  to  salt  out  and 
foul  the  heating  surfaces.  However,  iH-yoiul  this  point  the 
material  can  be  readily  enough  concentrated  still  further,  and 
brought  to  a  dry  state  by  the  use  of  one  of  the  various  types  of 
vacuum  drinn  dryers.  The  trouble  is  to  keep  the  material 
dry. 

'  ll  llilitlll  >>•-  •liilol  lllul  (lllrlMK  lllr  (Mivl  luriipiliKII  in  <inr  ru«r  lllrmr 
Willrri  wrrr  iiMliriitnilril  liv  the  iliml  gii<r'<  (mm  un  nil  lirr  |iii»|(ik  ii|< 
Huril  tlirnugli  n  ihrri  iiirlul  griidlrr  ovrr  whUli  Ihr  w>i«lr  Ihiiiiiin  llimril 
III  IIiIk  raur  rrmiivnl  iil  llir  limr  wi«  not  nrtr^aulv  i«  III'  llrul  tr>lll>(rr  »,•< 
liiiiiiihl  nlimil  by  cllrrri  lunliict  wllliiiiit  an  inlrtvrnlng  nirlnllir  aurlutr 
Thli  imfIIiimI  of  rviilHirnlIng  l«  prohiblllvr  an  In  i-o«l«  unilrr  nnrninl  ronill 
tilMII. 


The  dried  material  containing  10  to  12  per  cent  of  K,0  and 
5.0  per  cent  nitrogen  is  so  exceedingly  deliquescent  and  absorbs 
atmospheric  moisture  so  readily  that  it  becomes  fluid  in  a  very 
short  time. 

Various  absorbents  have  been  used  to  overcome  this  diffi- 
culty, one  of  the  most  successful  being  dried  slaughter-house 
wastes,  which  incidentally  are  deficient  in  potash  so  that  the  two 
materials  complement  one  another.  Ultimately  this  may  prove 
to  be  a  direction  in  which  considerable  quantities  of  the  sugar- 
factory  waste  waters  will  be  utilized,  but  imfortunately  only  a 
few  beet-sugar  factories  are  now  located  within  reasonable 
distance  of  the  meat  packing  centers  so  that  the  cost  of  freight 
enters. 

In  some  localities  small  quantities  of  50  to  55  per  cent  dry 
substance  have  been  disposed  of  in  tank  car  lots  directly  to  the 
agricultural  industry  as  a  liquid  fertilizer.  In  other  instances 
it  is  lu-ged  to  sell  the  liquid  fertilizer  direct  to  the  farmer  for 
use  by  saturating  bam  manure  with  it.  It  is  doubtful  whether 
material  quantities  can  be  disposed  of  in  this  form  at  present. 

With  present  potash  prices  the  nitrogen  values  have  lost 
their  relative  importance  with  the  result  that  in  at  least  one 
instance  these  have  been  sacrificed  in  order  to  obtain  a  product 
comparatively  high  in  potash  content,  which  would  permit  its 
shipment  considerable  distances  to  the  potash  consuming  centers. 
When  the  Steffens  water  is  concentrated  to  about  55.0  per 
cent  dry  substance  it  can  be  quite  readily  ignited  and  charred, 
owing  to  its  high  content  of  sugar  and  other  organic  matter, 
its  own  content  of  combustible  matter  then  furnishing  most 
of  the  necessary  heat.  The  char,  or  crude  ash.  thus  produced 
contains  from  30  to  35  per  cent  potassium  oxide,  but  only 
traces  of  nitrogen.  This  procedure  is  economically  justifiable 
only  with  present  potash  prices.  In  other  directions  experi- 
ments are  being  made  towards  a  recover>-  of  the  potash  salts  in 
comparatively  pure  form,  at  the  same  time  saving  the  nitrogen 
values. 

The  above  roughly  covers  the  efforts  made  in  the  recovery  of 
the  values  of  the  beet-sugar  liquor  residues. 

PROGRESS   IN    RECOVERIES 

Technically,  the  recovery  of  the  potash  values  from  these 
liquors  is  a  comparatively  simple  and  perfectly  feasible  probleln. 
It  is  simply  one  of  evaporating  the  dilute  liquors  as  economically 
as  is  practical,  charring  the  residue  to  produce  the  cnidc  ash  and 
leaching  and  recrj-stallizing  if  this  is  desired.  The  quantities 
of  water  to  be  evaporated,  however,  are  large,  the  ni-ccssary 
equipment  costly,  and  such  a  procedure  has  commercial  possi- 
bilities only  during  war  prices. 

Now  it  is  true  that  almost  any  sugar  factory  could  have  paid 
for  a  potash  recovery  plant  in  one  year  with  present  ixHash 
prices,  but  tlie  war  may  end  any  time  and  leave  a  lot  of  very 
costly  equipment  on  hand,  csiwcially  as  the  cost  of  such  equip- 
ment, evajHirators,  boilers,  etc.,  is  abnormally  high  at  prvscnt. 
Then  also  a  beet-sugar  factor)-  opemtes  sca.sonallv  only:  the 
average  length  of  the  oiK'rating  season  is  only  alviut  uxi  days, 
and  the  earnings  must  be  made  during  this  short  iktiimI.  Hut 
at  that  SOUK-  i>roKrcss  is  being  made,  and  at  least  one  conccntni- 
ting  plant  is  under  constniction  und  several  others  tiiulcr  con- 
sideration and  more  of  the  values  will  Ik-  recovered  dtirinii  the 
tgi7  campaign  than  during  the  (mst. 

However,  in  these  instances  a  rtmivcry  of  all  the  values  in  the 
li(|U(irs  is  aimed  at.  not  the  |Hitnsh  values  only  This  will  be 
touched  briefly  below. 

A|>pr»\iinately  the  dis|H><>ilion  of  the  potiuli  in  the  Minor- 
beet  crop  grown  in  the  t'liileil  Slates  n(  prrKCHt  i»  as  follow<i: 


Kr 


i  !•■« 


Ill  III  MiiU 

The  potash  found  in  inolassri  ii  (tixtrilmlrd  a«  follows 

III  plu. 


Tn  Al.'olliil  VUM' 
llwil  >.  Mi>l«»ra  l'-| 
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This  leaves  under  control  of  the  manufacturers  only  about 
40.0  per  cent  of  the  potash  content  of  the  beet  which  on  the  basis 
of  a  six  million-ton  crop  amounts  to  between  6800  and  7500 
tons  of  K2O. 

This  quantity  is  now  disposed  of  as  follows: 

Directly  to  the  soil  as  factory  sewage 20.0  per  cent 

Concentrated  to  .SO-SS  per  cent  dry  substance  and  sold  to 

fertilizer  factories 5.0  per  cent 

Concentrated  and  calcined  to  a  crude  ash 5.0  per  cent 

Discharged   into  streams   (representing  the  stock   of   values 

now  lost) 70 . 0  per  cent 

Thus  far  the  subject  has  been  considered  from  the  angle  of 
recovering  the  potash  for  the  chemical  industries  or  the  potash 
and  nitrogen  as  fertilizers  only.  That  does  not  by  any  means 
exhaust  the  possibilities.  Beet-sugar  molasses  and  therefore 
the  waste  water  contains  a  great  number  of  substances  which  in 
themselves  are  valuable  or  may  serve  as  the  mother  substance 
for  valuable  products.  The  possibilities  can  here  be  touched 
on  only  very  briefly. 

GBRMAN    TREATMENT   OP    WASTE    LIQUORS 

Even  in  the  case  of  potash  and  nitrogen  it  appears  from  the 
experience  of  Europe  that  the  general  economy  is  served  best  by 
combining  these  into  a  more  valuable  product.  From  Ger- 
many it  is  reported  that  by  the  Bucb  process  of  destructive 
distillation  the  waste  liquor  of  molasses  dcsugarizing  processes 
operating  by  the  strontium  process,  in  that  country,  produce 
annually  5000  tons  of  potassium  cyanide  and  5000  tons  of 
ammonium  sulfate.  HtefTens  waters  can  be  similarly  utilized 
and  a  United  States  patent  has  been  granted  for  such  a  process. 

The  molasses  waste  liquors  contain  a  whole  series  of  organic 
acids  which  can  be  recovered  and  are  valuable  to  industry. 

The  nitrogen  of  these  waste  liquors  occurs  in  various  forms, 
partly  as  a  plant  base  of  which  the  principle  is  betain,  which 
has  found  some  application  in  medicine.  A  large  part  of  the 
nitrogen  content  exists  in  the  form  of  amido  acids.  These  it 
has  been  shown  by  Effront  can,  by  suitable  fermentation  pro- 
cesses, be  split  into  ammonia  and  a  mixture  of  volatile  fatty 
acids,  acetic,  propionic  and  butyric.  Recent  investigations 
in  this  country  indicate  that  a  mixture  of  the  high  boiling  point 
ketones  valuable  in  cellulose  technology  can  be  prepared  from 
this  liquor. 

Ehrlich  insists  that  the  amido  compounds  present  in  con- 
siderable quantities  in  beet  molasses  waste  liquors  are  the  mother 
substances  of  fusel  oil,  more  particularly  amyl  alcohol,  and 
suggests  extracting  these  compounds  and  utilizing  them  to 
increase  the  fusel  oil  production.  This  indicates  only  a  few  of 
the  possibilities.  While  it  is  not  claimed  that  beet  molasses  may 
yet  prove  another  coal  tar,  chemically  it  may  be  almost  as 
interesting. 

But  little  has  been  done  in  developing  the  waste  liquors 
values  in  this  country.  The  reasons  are  various.  Not  the  least 
lies  in  the  fact  that  sugar  is  a  sort  of  national  and  international 
political  football.  Between  duties,  bounties,  premiums,  special 
international  agreements  (as,  for  instance,  the  Brussels  Con- 
ference) and  competition  with  the  tropics,  the  beet  sugar  in- 
dustry in  the  United  States  has  never  felt  sufficiently  safe  to 
venture  in  new  directions. 

At  the  outbreak  of  the  present  war  the  outlook  was  particu- 
larly dark.  The  tariff  had  been  lowered,  and  a  duty-free  sugar 
clause  enacted  to  go  into  effect  May  i,  1916.  Fortunately,  this 
latter  clause  was  repealed  before  going  into  effect. 

What  the  development  of  the  future  may  be  will  depend 
more  upon  legislation  following  cessation  of  hostilities  than 
present  high  prices  and  in  this  respect  the  beet-sugar  industry 
is  not  differently  situated  than  most  other  chemical  industries 
in  this  country. 

Ahurican  Buut  Sugar  Company 
Rocky  Ford,  Colorado 


THE  INFLUENCE  OF  PIGMENTS  ON  RUBBER' 
By  Maximilian  Toch 

Rubber  has  a  strange  analogy  to  linseed  oil  and  China  wood 
oil,  and  although  as  far  as  we  know  the  chemical  compositions 
of  rubber  and  the  drying  oils  are  totally  different,  this  analogy 
holds  good  for  reasons  that  we  cannot  explain.  In  1904  I  de- 
livered a  lecture  on  the  chemistry  of  the  rubber  pigments  before 
the  American  Chemical  Society,  and  I  published  it  privately, 
for  I  knew  at  that  time  that  it  should  not  be  taken  as  final  on 
account  of  my  limited  knowledge  of  the  subject,  but  in  thirteen 
years  I  have  learned  a  little  more  on  the  subject  so  that  I  am  I 
able  to  night  to  give  you  some  facts  which  should  be  helpful.  ■ 

The  rubber  industry  thirteen  years  ago  was  insignificant, 
that  is  to  say,  if  rubber  and  its  compounds  had  been  entirely 
destroyed  from  the  face  of  the  earth  we  would  not  have  suffered 
very  seriously  for  any  great  length  of  time  because  matters  would 
have  adjusted  themselves,  with  perhaps  some  inconvenience, 
in  less  than  a  year.  The  loss  of  hard  rubber  would  probably 
not  have  been  felt  for  any  great  length  of  time,  owing  to  the 
fact  that  celluloid  and  some  of  the  lighter  metallic  alloys  would 
have  replaced  it,  but  to-day,  we  face  a  different  situation.  Take 
the  automobile  industry  alone,  which  I  am  informed  ranks 
third  in  size  and  money  invested  in  the  United  States,  and  the 
rubber  industry  sixth  or  seventh  in  size  and  investment  in  the 
United  States,  and  you  will  plainly  see  that  without  rubber 
tires  the  automobile  industry  could  not  exist  with  the  same 
measiu-e  of  success. 

At  the  Eighth  International  Congress  of  Applied  Chemistry 
held  in  New  York  in  September,  19 12,  Dr.  Duisberg  showed 
a  piece  of  synthetic  rubber,  made  in  Germany,  which  weighed 
perhaps  20  kUos  or  more,  and  two  automobile  tires,  made  from 
this  synthetic  rubber,  which  had  traveled  4000  miles,  and  ap- 
parently this  rubber  was  as  good  or  better  than  the  natiu'al. 
But  if  our  information  is  correct,  synthetic  rubber  is  only  a 
laboratory  product,  and  the  Central  Powers  are  suffering  tre- 
mendously for  the  want  of  rubber  in  warfare,  for  without  it 
no  staff  officer  can  travel  any  great  distance  and  ambulance 
work  becomes  a  hardship  and  a  menace  with  tires  made  of  any 
other  material,  so  that  we  must  conclude  that  artificial  or  syn- 
thetic rubber  is  not  yet  a  commercial  success.  The  submarine 
that  has  been  making  several  trips  between  Germany  and  the 
United  States  took  back  a  cargo  of  platinum  and  rubber, 
indicating  that  rubber  is  an  essential  without  which  certain 
industries  cannot  hope  to  make  much  progress. 

We  accept  the  composition  of  rubber  as  being  a  terpene 
composed  of  CsHs,  but  rubber  as  it  is  derived  from  the  latex 
of  the  fig  tree  is  much  more  complex  and  contains  an  apprecia- 
ble quantity  of  oxygen;  yet  when  the  resins  are  extracted  and 
we  have  a  clean,  elastic  mass  of  the  Para  type  there  is  no  question 
of  the  composition  of  this  mass  being  CjHs,  or  perhaps  CioHie. 

The  difference  between  hard  rubber  and  soft  rubber  is  a  ques- 
tion of  degree,  vulcanization  and  percentage  of  sulfiu".  If  we 
were  to  draw  a  hexagon  of  hard  rubber  and  soft  rubber  we  would 
have  to  conclude  that  the  sulfur  combination  of  rubber  has  two 
eutectics. 

Rubber  comes  to  the  manufacturer  now  in  a  fairly  pure  state. 
Raw  rubber  contains  moisture  and  foreign  substances  to  a  very 
large  extent,  all  of  which  must  be  removed  before  the  rubber 
is  vulcanized.  When  cleaned  rubber  is  mixed  with  from  3  to 
5  per  cent  of  sulfur  and  placed  in  a  vulcanizer  under  pressure 
for  several  hours  a  soft  rubber  is  the  result,  that  is  to  say,  it 
has  a  greater  elasticity  than  the  raw  material  from  which  it  has 
been  made  and  a  distinct  combination  has  taken  place  between 
tlie  terpene  and  the  sulfur.  If,  however,  from  30  to  35  per  cent 
of  sulfur  is  added  to  the  rubber  and  the  pressure  and  heat  con- 

'  Address    before    the    Syracuse   Section    of    the    American    Chemical 
Society,  Syracuse  University.  Syracuse.  N.  Y.,  April  13,  1917. 
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tinued  for  a  longer  period,  a  hard  substance  is  the  result  w?hich 
we  know  as  hard  rubber  or  vulcanite.  The  soft  vulcanization 
to  which  I  have  referred  is  never  a  permanent  material,  that  is 
to  say,  after  the  lapse  of  a  few  years,  more  or  less,  the  rubber 
loses  its  elasticity  and  becomes  brittle.  The  hard  product, 
which  contains  from  30  to  35  per  cent  of  sulfiu",  has  been  known 
to  last  for  many  years. 

In  1912  the  battleship  "Maine,"  which  had  been  lying  in 
the  mud  25  feet  below  the  surface  of  the  water  in  Havana  harbor, 
was,  as  you  remember,  uncovered  and  the  remains  of  the  wreck 
were  floated  and  taken  out  to  sea  and  buried.  The  War  Depart- 
ment and  the  Navy  Department  suggested  at  the  time  that  I 
make  an  examination  of  the  materials  of  which  the  ship  was 
built  to  see  the  amount  of  deterioration  that  had  taken  place 
in  13  years.  I  duly  reported  on  the  condition  of  the  metal  and 
wood,  and  to  my  very  great  surprise  all  the  rubber  packing  used 
in  the  pumps  was  as  pliable  and  as  perfect  as  the  day  on  which 
the  ship  was  sunk.  I  brought  back  several  samples  of  this  rubber 
packing,  and  they  are  still  to  be  seen  in  the  chemical  museum  of 
the  College  of  the  City  of  New  York.  It  would  therefore  indi- 
cate that  rubber  in  any  form  is  perfectly  preserved  if  kept  away 
from  oxygen,  and  this  demonstrates  a  strange  analogy:  that 
rubber  and  many  metals  have  the  same  characteristics  and 
are  preserved  in  the  absence  of  oxygen. 

There  is  a  third  method  of  vulcanization  used  for  soft  elastic 
articles  such  as  toy  balloons,  rubber  gloves,  finger  tips,  dress 
shields  and  materials  of  that  description.  This  is  done  by 
sheeting  the  rubber,  cutting  it  or  pressing  it  into  the  size  of  its 
ultimate  shape  and  subjecting  it  to  the  vapor  of  sulfur  chloride, 
but  owing  to  the  fact  that  the  rubber  will  take  up  more  sulfur 
and  chlorine  than  it  needs,  articles  of  this  type  do  not  last  as 
long  as  those  that  have  a  definite  amount  of  either  sulfur  or 
chlorine  in  their  composition.  Bisulfide  of  carbon  is  used  as 
a  carrier  for  the  chloride  of  sulfur,  and  unless  the  rubber  article 
is  thoroughly  treated  with  ammonia  or  afterwards  rinsed  in 
some  other  dilute  alkaline  liquid,  a  mixed  acid  is  formed,  which 
tends  to  rot  or  destroy  the  rubber  so  made. 

The  rubber  industry  is  still  empirical  to  a  large  extent,  and 
much  of  this  has  been  due  to  the  fact  that  the  practical  super- 
intendent of  the  rubber  factory,  like  many  a  practical  man  who 
has  no  fundamental  education,  resents  the  interference  of  the 
laboratory  in  his  methods,  but  this  will  be  overcome  to  a  large 
degree  when  the  practical  superintendent  will  have  been  raised 
from  the  ranks  of  the  research  laboratory. 

The  rubber  in  pure  form,  that  is  to  say,  mixed  only  with 
sulfur  and  vulcaiii/c-d,  is  not  used  to  a  very  large  extent  in  the 
arts.  Of  course,  certain  materials  like  dental  dam,  elastic 
bands,  high-grade  inner  tulies,  and  a  few  such  articles  must  be 
exempted.  In  fact.  I  can  include  the  rubber  portion  of  the 
football.  As  a  rule,  the  rubber  bladder  which  is  enclosed  in  the 
leather  case  is  generally  made  of  a  very  high  type  of  pure 
vulcanized  ruliber  only,  but  all  the  otlicr  articles  must  of  necessity 
be  compounded  with  cither  fillers  or  reinforcing  pigments. 

I'Icase  observe  carefully  tliat  there  is  a  great  dilTcrencc  between 
the  ordinary  filler  of  rubber  and  the  reinforcing  pigment.  If 
you  take  an  ordinary  article  of  commerce  like  a  ruliber  door 
mat  this  may  be  composed  of  only  7  or  8  per  cent  of  pure  rubber, 
the  balance  being  reclaimed  rubber  and  heavy  fillers;  but,  on 
the  other  hand,  If  wc  take  an  autoinobile  tire  and  inner  tube  it 
is  (|ultr  lniporl:inl  that  fillers  should  iu>t  be  used  but  rcliirorcInK 
piKUicnts  should  be  used,  for  an  anioinubilc  tire  is  n<jw  sold 
entirely  on  its  merits  and  in  many  instances  11  giinrantcc  is 
Kivcn  as  to  its  longcvitv.  In  due  course  I  shall  describe  to  you 
one  of  the  rcinforcinK  pigments  which  hus  so  improved  auto- 
mobile tin-s  as  to  incrrase  their  tnilcaKC  from  ajoo  lo  5000  miles. 

The  priiu-ii>al  fillers  used  are  barytcs,  whitinR,  Paris  white, 
clay,  ground  slate,  slllciniis  hematite,  silicious  black  oxide  of 
iron,  atid  many  of  the  minrrnls  of  these  types. 


The  principal  reinforcing  pigments  are  sulfide  of  antimony, 
litharge,  precipitated  barium  sulfate,  precipitated  bariixm  car- 
bonate, vegetable  black,  carbon  blacks  free  from  grease  or  oil, 
alum-free  ultramarine  blue,  red  lead,  sublimated  zinc  lead, 
zinc  oxide,  and  Uthopone.  There  are  a  number  of  others  which 
I  shall  also  describe. 


Baryles  is  the  natural  sulfate  of  barium,  which  is  crj-stalline 
and  of  itself  has  no  chemical  effect  on  any  rubber  composirion 
as  it  is  insoluble  and  infusible  under  ordinary  conditions.  It  is, 
however,  usually  coarse,  and  there  is  some  objection  to  it  on  ac- 
count of  its  specific  gravity,  which  averages  4.6. 

Whiling  and  Paris  while  are  the  same,  for  they  are  both  calcium 
carbonates.  In  time  these  materials  are  inclined  to  harden 
rubber,  but  one  of  the  defects  of  the  calcium  carbonates  is  the 
amount  of  moisture  that  is  adherent  to  them. 

Clay  is  siUcate  of  alumina  and  has  the  same  defects  as  whiting 
if  not  more  so,  owing  to  the  moisture  which  it  contains  and  which 
is  very  likely  to  produce  microscopic  blowholes. 

Ground  slate  as  an  earth  consists  of  silicate  of  alumina  con- 
taining iron  and  magnesia  and  is  only  to  be  recommended,  after 
having  been  thoroughly  dried,  for  coarse,  cheap  rubber  materials. 

Silicious  hematite  is  a  native  oxide  of  iron  containing  about 
3c  per  cent  silica  and  70  per  cent  iron  oxide,  FejOj.  Sometimes, 
depending  upon  the  locality,  the  iron  content  may  run  lower  or 
higher.  It  is  not  to  be  recommended  on  account  of  its  high 
specific  gravity  and  on  account  of  its  coarseness. 

Silicious  black  oxide  of  iron  is  really  a  black  slate  which  contains 
a  fairly  large  amount  of  magnetic  iron  oxide.  It  is  used  only 
with  materials  as  a  "make- weight." 

REINFORCING    PIGMENTS 

I  am  giving  only  a  list  of  those  that  are  used  in  large  quantities, 
for  there  are  many  other  materials  with  which  this  paper  does 
not  deal,  as,  for  instance,  the  colors  like  chromium  oxide,  chromate 
of  bariimi,  chromate  of  zinc,  sulfide  of  arsenic,  and  the  blacks 
made  from  various  carbonized  materials. 

Sulfide  0}  antimony  is  one  of  the  most  important  of  the  rein- 
forcing pigments.  This  may  contain  no  sulftu'  and  be  a  pUre 
antimony  sulfide,  or  may  contain  as  high  as  17  per  cent  of  sulfur. 
In  this  respect  it  has  a  great  analogy  to  ultramarine  blue,  where 
tlie  sulfur  content  and  its  stability  .is  a  chemical  compound 
increases  Uie  life  of  the  rubber  rather  than  decreases  it. 

Litharge  is  the  monoxide  of  lead,  forms  lead  sulfide  in  the 
vulcanizing  process,  and,  like  antimony,  produces  a  more  or  less 
soft  rubber,  practically  the  same  as  it  does  when  used  as  a  pig- 
ment with  linseed  oil.  Red  lead,  whidi  is  a  higher  oxide  of  lead 
(PbjO)).  has  a  directly  opposite  effect  on  botlj  rubber  and  lin- 
seed oil,  for  in  time  it  produces  a  very  hard,  brittle  rubber. 

Precipitated  barium  sulfate,  which  is  sold  muler  various 
names,  is  either  good  or  bad.  depending  entirely  uixin  the  method 
of  its  manufacture.  If  it  is  a  straight  barium  sulfate  made  from 
a  mixture  of  two  materials  which  prixiuces  barium  sulfate,  and 
the  precipitate  wa.slicd  and  dried,  it  is  one  of  the  l>cst  reinforcing 
pigments  which  wc  have.  If  it  is  a  by-product,  however,  it 
may  contain  oxide  of  barium  and  cKvludcd  uuiislurc.  whidi  in 
a  rubber  tire  would  be  harmful  instead  of  prinlucing  good  ef- 
fects. This  material  is  very  largely  known  under  the  name  of 
blanc  fix6,  tyrclith  or  permanent  white,  and  has  almost  entirely 
superseded,  anuing  the  better  maiuifacturcrs.  the  use  of  barytcs 

Precipilatfd  Ixtrium  <iirlu<iiiUf — The  ikiinc  is  tnic  of  barium 
carlionatc  that  is  true  of  b.mnm  sulfate.  excr|itni)c  that  barium 
carbonate  can  be  dccnni posed  In  an  acid  atnuisphcrr  it  is 
i,ot  as  goo<l  iM  barium  sulfate. 

The  vettlabU  Nackt  ore  all  carlMHis  pn>duce<l  fiom  cither 
the  rcmstini:  and  rcduring  of  willow,  jicach  kcinrN.  shells  of  n\its. 
and  the  like,  and  have  a  very  slow  drying  rflecl  on  rubl>cr. 
but  in  this  connection  carlxm  black  is  su|trri(if  when  frrc  frv»m 
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grease  or  oil,  and  although  it  retards  curing  just  as  it  retards 
drying  in  linseed  01  China  wood  oil,  it  inversely  prolongs  the  life 
of  the  rubber. 

Sublimed  zinc  lead  has  come  into  use  only  within  the  last 
ten  or  twelve  years.  It  varies  in  composition  from  5  per  cent 
of  sulfate  of  zinc  and  95  per  cent  of  oxide  to  50  per  cent  of  sulfate 
of  zinc  and  50  per  cent  of  oxide  of  zinc.  At  all  events,  it  has 
the  great  advantage  over  white  lead  that  it  contains  no  com- 
bined moisture  and  is  not  likely  to  produce  blowholes,  although 
it  blackens  in  a  heated  mixture  of  sulfur  and  sulfur  compounds 
even  though  some  authorities  claim  that  it  does  not  do  so. 

Zinc  oxide  is  one  of  the  most  valuable  reinforcing  pigments 
in  the  rubber  industry  and  perhaps  ranks  higher  than  lithopone. 
It  has  a  distinct  hardening  effect  on  rubber  in  time,  but  can  be 
altogether  regarded  as  a  perfectly  stable  compound. 

Lithopone  is  a  mixture  of  zinc  sulfide  and  barium  sulfate  and 
always  contains  a  small  percentage  of  zinc  oxide.  It  is  very 
largely  used  in  the  rubber  industry  to  replace  zinc  oxide,  although 
it  is  less  of  a  reinforcing  pigment.  It  has  the  unfortunate  habit 
of  turning  gray  when  exposed  to  sunlight,  but  it  turns  white 
again  when  allowed  to  remain  in  the  dark  for  a  considerable 
length  of  time. 

Magnesium  carbonate  is  a  spreader  or  extender,  and  when 
pure  has  no  bad  effect  on  rubber.  It  is  used  largely  for  making 
rubber  more  filmy  and  gives  somewhat  the  effect  of  satin  to  sheet 
rubber. 

Ferric  oxide  red,  which  is  a  pure  FesOa,  is  sold  from  a  bright 
scarlet  to  a  cherry  color.  When  pure  it  has  no  effect  on  rubber, 
but  when  impure,  containing  a  small  amount  of  acid,  it  is  dele- 
terious. 

Ferric  oxide  yellow  is  a  hydrated  oxide  of  iron  and  silicate  of 
alumina,  either  natural  or  artificial.  When  absolutely  dry 
and  finely  powdered  it  is  very  useful  where  a  small  percentage  of 
rubber  enters  into  the  composition  of  the  material  made. 

English  vermilion  is  a  sulfide  of  mercury  largely  used,  and 
although  its  price  is  somewhat  prohibitive  in  most  articles,  it 
is  the  only  brilliant  red  color  we  have  and  is  not  injurious  to 
rubber. 

Graphite  is  a  carbon,  the  purer  forms  consisting  of  90  per  cent 
carbon  (graphitic)  and  10  per  cent  silica  and  silicates.  It  can- 
not be  regarded  as  a  filler  for  it  improves  rubber  for  mechanical 
uses,  exerts  no  bad  influence  and  lengthens  the  life  and  useful- 
ness of  many  rubber  materials  in  whicli  it  is  used. 

I  have  not  dwelt  on  the  aniline  dyes  which  are  used,  nor  on 
the  resinate  and  oleate  colors,  as  this  is  really  a  separate  subject 
and  cannot  be  treated  to-night.  In  a  few  words,  however,  I 
may  say  that  the  resinate  aniline  dyes  have  a  decided  use  as 
a  rubber  coloring  and  are  not  as  harmful  as  the  oleate  dyes. 
However,  for  toy  balloon  work  and  materials  that  are  not  supposed 
to  last  long,  there  is  a  decided  use  for  some  of  the  "lakes"  in 
the  so-called  "cold-cure"  method. 

320  Fifth  .Avenue 
New  York  City 


INDUSTRIAL  WASTE  DISPOSAL' 
By  Harrison  P.  Eddy 
While  there  are  various  waste  materials  resulting  from  the 
industries,  the  term  ''industrial  wastes"  has  come  to  mean  the 
liquid  wastes  from  the  processes  employed  in  industrial  estab- 
lishments. In  England  they  are  called  "trade  wastes"- — a  term 
not  quite  as  applicable  in  this  country,  although  occasionally 
used.  Neither  the  human  excrement  of  operatives  nor  their 
wash  waters  are  comprehended  in  this  term,  although  in  many 
cases  there  is  no  effort  to  prevent  their  admixture. 

>  Read  at  the  BulTalo  Meeting  of  the  American  Institute  of  Chemical 
Engineers.  June  20.  1917. 


ORIGIN   OF   INDUSTRIAL    WASTES 

Many  industries  employ  great  quantities  of  water  for  various 
purposes  such  as  condensing,  washing  of  raw  stock,  dilution 
of  chemicals,  transportation  and  application  of  materials  and  the 
washing  and  rinsing  of  finished  products.  Some  of  these  uses 
do  not  defile  the  water  and  it  can  be  discharged  at  will,  as  for 
example,  many  condenser  waters.  Other  uses  result  in  a  very 
great  change  in  the  character  of  the  water  and  render  it  unsuitable 
for  discharge  into  some  waterways. 

In  paper  mills,  after  the  digestion  of  the  raw  stock  with  strong 
chemicals,  there  remain  the  liquors,  highly  charged  with  mineral 
and  organic  substances,  but  for  which  the  manufacturer  has  no 
further  use.  He  therefore  seeks  to  get  rid  of  them  in  the  most 
expeditious  and  least  expensive  manner.  The  fibrous  stock  is 
then  washed  and  large  quantities  of  wastes  are  discharged  from 
the  washers,  more  or  less  highly  charged  with  substances  like 
those  already  mentioned.  From  the  paper  machines  come  great 
quantities  of  water  carrying  fine  fiber,  clay,  coloring  matter  and 
other  substances  depending  upon  the  character  of  paper  made 
and  the  processes  employed. 

In  tanneries,  pure  water  is  indispensable,  but  after  use  it  is 
highly  colored,  charged  with  spent  chemicals  and  loaded  with 
organic  matter.  Its  burden  of  impurity  is  partly  in  suspension 
and  partly  in  solution.  Wa.stes  from  different  processes  within 
the  same  tannery  often  react  upon  one  another,  throwing  out 
of  solution  substances  which  in  their  new  physical  condition  may 
be  deposited  in  waterways  to  their  detriment.  Some  tannery 
wastes  of  themselves  are  so  resistant  to  bacterial  action  that  they 
do  not  readily  putrefy,  yet  when  diluted  with  the  waters  of  a 
natural  stream  they  may  become  most  offensive. 

The  wastes  of  woolen  mills  vary  radically  from  those  of  paper 
mills  and  tanneries,  yet  they  may  be  the  cause  of  just  as  serious 
complaints.  The  grease  and  soaps  from  the  scouring  of  the 
wool,  the  spent  dye  liquors,  the  soaps  from  the  cloth-washing 
and  the  rinse  waters  in  the  aggregate,  are  of  great  quantity, 
highly  colored,  tiu-bid,  charged  with  suspended  matter  and  quite 
capable  of  transforming  an  attractive  stream  into  an  unsightly^ 
foul-smelling  and  quite  unattractive  waterway. 

Instances  like  the  foregoing  might  be  multiplied  almost  with- 
out end.  Some  of  the  other  industries  which  have  encountered 
difficulties  in  the  disposal  of  wastes  are  wire-drawing  and  gal- 
vanizing works,  carpet  mills,  dyeing  and  bleaching  works, 
strawboard  factories,  slaughtering  and  packing  houses,  breweries, 
distilleries,  gas  works,  chemical  and  explosive  works  and  mines 
and  coal  washing  plants. 

EFFECTS    OF    WASTES    UPO.N    WATERWAYS 

The  ingredients  of  industrial  wastes  may  be  grouped  in  three 
main  classes: 

(i)  Floating  and  suspended  matter. 

(2)  Substances  in  solution,  in  colloidal  condition  and  in  an 
extremely  fine  state  of  suspension. 

(3)  Bacteria. 

Floating  and  suspended  substances  may  render  the  waters 
into  which  they  are  discharged,  unsightly,  and  cause  deposits. 
Such  deposits,  if  of  organic  matter,  often  deprive  the  overlying 
water  of  a  large  proportion  of  its  natural  content  of  dissolved 
oxygen  which  is  necessary  for  the  maintenance  of  biological 
equilibrium  and  the  prevention  of  putrefaction.  Decomposition 
is  accompanied  by  the  generation  of  large  quantities  of  gas, 
some  of  which  is  entrained  in  the  mud  until  it  has  accumulated 
sufficiently  to  enable  it  to  buoy  up  large  masses  which  may  be 
seen  floating  for  a  time  upon  the  surface  of  the  water  only  to  be 
broken  up  and  redeposited  upon  the  liberation  of  tlie  gases. 

Dissolved  substances  almost  always  accompany  the  suspended 
matter  in  industrial  wastes.  Sometimes  they  are  much  more 
troublesome.  They,  too,  cause  tlie  depletion  of  the  oxygen 
supply,  usually  through  the  action  of  the  bacteria  of  decomposi- 
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tion.  Particularly  objectionable  and  difficult  to  treat  are  those 
wastes  containing  large  quantities  of  very  finely  divided  sus- 
pended matter  and  colloidal  substances.  Usually  impurities 
of  this  class  pass  along  with  the  waters  of  the  stream  into  which 
they  are  discharged  and  do  not  form  deposits.  However,  under 
some  circumstances  such  ingredients  are  coagulated  and  thrown 
down,  sometimes  by  the  reaction  of  wastes  of  one  process  with 
those  of  another,  and  at  others  by  natural  physical,  chemical 
and  biological  processes  going  on  in  the  waters. 

Most  industrial  wastes  contain  bacteria.  These  may  not  be 
pathogenic  germs.  In  fact,  they  may  be  decidedly  helpful  in 
the  problem  of  disposal,  rather  than  harmful.  There  are  abun- 
dant opportunities  in  some  of  the  industries,  however,  for  the 
pathogenic  organisms  to  escape  in  the  liquid  wastes  and  thus 
contaminate  the  waters  into  which  such  wastes  are  discharged. 
One  of  the  most  dreaded  organisms  which  may  be  spread  about 
in  this  manner  is  the  anthrax  bacillus,  sometimes  present  in  hides, 
skins  and  wool.  This  organism  is  very  hardy  and  appears  to 
maintain  its  virility  through  its  spores  for  many  years. 

Excrementitious  matter  from  operatives  is  often  combined 
with  the  industrial  wastes  and  thus  the  entire  flow  may  be  ren- 
dered bacterially  dangerous. 

Wastes  may  cause  objectionable  conditions  in  many  ways, 
depending  upon  their  character  and  the  size  and  condition  of  the 
waterway  into  which  they  are  discharged.  They  may  con- 
taminate a  water  supply,  render  a  stream  unsightly  and  ob- 
jectionable in  appearance,  cause  putrefying  deposits,  render  the 
natural  waters  putrid  and  offensive,  poison  or  otherwise  kill 
fish,  and  injure  vegetation.  Strange  and  contradictory  as  it 
may  sound,  complaint  is  frequently  made  that  wastes  are  killing 
vegetation  and  about  equally  often  that  they  are  so  encouraging 
the  growth  of  vegetation  as  to  do  serious  damage.  If  one  com- 
plaint doesn't  apply  the  other  usually  does. 

It  might  appear  that  as  the  industries  are  the  offenders  in  this 
field  of  activity,  there  would  be  few  complaints  from  them  of 
the  conditions  [jroduced  by  the  discharge  of  industrial  wastes. 
Just  the  contrary  is  true.  One  of  the  most  common  complaints 
comes  from  the  manufacturer  to  the  effect  that  an  upper  riparian 
industry  is  rendering  the  water  unfit  for  use  in  his  plant. 

SELECTION    OF    FACTORY    SITES 

Iviiough  has  been  stated  to  show  how  wide-spread  is  the  trouble 
in  disposing  of  industrial  wastes.  When  about  to  establish 
a  new  industry  or  plant,  the  proprietors  usually  make  thorough 
investigation  of  the  quality  of  the  water  available  for  their  use. 
The  extent  of  the  supply  is  also  generally  investigated  and  often 
such  collateral  questions  as  the  amount  of  power  derivable  from 
the  pa.ssing  stream.  But  how  infrequently  do  they  make  even 
a  superficial  study  of  the  problem  of  wastes  disposal.  Yet  this 
may  be  a  greater  and  more  difficult  problem  than  that  of  water 
supply. 

ICxpendilurcs  of  Si<x),(x)<)  or  $i(K),iKK)  for  wastes  treatment 
plants  and  of  S2,s,<«i<>  to  S4(),(h)<)  ainiuully  for  the  operation  of 
such  plants  are  becoming  more  and  more  (re<iuent.  Capitalizing 
the  aiuuial  expenditure  of  ?j,s,<xK)ut  5  per  cent  and  adding  $100,000 
for  construction  cost,  making  no  allowance  for  depreciation,  it 
appears  that  the  industry  might  have  rx|)cnded  us  much  um 
$fKx>,<K»  in  procuring  a  site  which  would  not  have  entailed  the 
necessity  of  wastes  treatment. 

The  selectiiin  of  a  suitable  site  for  an  indiislry  prcHlticinK 
large  (|uuntitics  of  wastes  is  a  n\attcr  of  much  im|H>r(aiice. 
Kvcn  though  conditions  ut  the  outset  up|iear  to  \k  fuvuralilc 
they  may  be  materially  altered  by  estalilishinrnt  of  new  in<lus- 
tries  down  stream  or  by  an  iiK-rruHc  of  riparian  |)o|nilation  Ih-Iow 
till-  plant. 

TKIiATMKNT   OF    WA.HTHS 

When  it  iH  impructicable  to  afford  the  waHtcii  !iiinicieiit  <liliitii>n 
III  prevent  the  |irii<luction  of  unsatisfactory  conditions,  it  Ik-- 


comes  necessary  so  to  modify  the  character  of  the  wastes  that 
they  will  not  cause  complaint. 

One  often  hears  that  wastes  cannot  be  so  treated;  that  if  a 
way  were  kno^^^l  the  manufacturer  would  gladly  adopt  it. 
This  impression  that  the  wastes  cannot  be  successfully  treated 
is  in  many  cases  not  true  and  it  may  be  accepted  that  they  can 
be  so  treated  as  to  remove  their  objectionable  and  deleterious 
properties  before  their  discharge  into  natiual  waterways. 

On  the  other  hand,  such  treatment  may.  be  and  often  is  a  very 
expensive  undertaking  and  one  from  which  the  manufacturer 
naturally  shrinks  on  this  account  and  also  because  he  personally 
is  not  familiar  with  the  process  or  processes  necessary  to  the 
accomplishment  of  the  object. 

Perhaps  the  most  important  step  in  the  solution  of  this  problem 
is  the  determination  of  the  extent  of  treatment  necessary  to  meet 
the  requirements  of  the  case.  To  answer  this  question  intelli- 
gently it  is  necessary  to  know  the  character  and  quantity  of  the 
wastes  produced,  the  character  of,  and  conditions  surrounding 
the  waterway  into  %vhich  they  are  being  discharged,  and  their 
effect  upon  the  waters  in  question. 

The  next  step  is  to  determine  how  best  to  treat  the  wastes 
to  accomplish  the  necessar>'  results  at  a  minimum  cost  and,  in 
any  event,  one  which  is  not  prohibitive.  There  have  been  in- 
stances when  the  plant  proposed  for  such  treatment  would  have 
cost  a  sum  about  equal  to  the  value  of  the  entire  industrial  plant 
of  which  it  was  to  become  a  minor  part.  Such  a  suggestion  is 
absurd  and  tends  to  reduce  or  extinguish  the  respect  of  the 
manufacturer  for  the  party  making  the  suggestion,  for  the 
officials  trying  to  enforce  the  laws  and  even  for  the  laws  them- 
selves. 

For  the  removal  of  suspended  matter,  screening  may  suffice 
under  some  conditions,  while  others  may  require  the  more 
complete  removal  by  sedimentation.  When  the  substances  in 
suspension  are  of  vcrj'  light  specific  gravity  and  finely  divided 
it  may  be  necessary  tp  resort  to  chemical  precipitation. 

Some  dissolved  matters  may  be  removed  by  chemical  pre- 
cipitation, while  others  can  be  modified  in  character  by  chemical 
treatment  without  actual  removal.  If  they  are  organic  and 
subject  to  putrefaction,  bacterial  action  may  be  required  for 
their  oxidation,  as  in  sewage  treatment. 

Certain  wastes  are  bacterially  dangerous  and  it  may  be  neces- 
sary to  destroy  the  pathogens  even  where  the  susiK-ndcd  and 
dissolved  matters  would  cause  no  li;irm.  In  such  cases  the 
treatment  of  tlie  wastes  may  l)e  all  that  is  essential,  while  in 
others  it  may  be  necessar>'  even  to  treat  the  raw  material  as  has 
been  suggeste<l  in  Uie  case  of  anthrax-infected  hides. 

It  should  not  be  inferred  from  this  discussion  that  a  single 
process  can  be  selected  for  each  case,  for  it  often  requires  several 
to  accomplish  the  desired  result. 

At  one  plant  where  the  author's  firm  has  sii|>crvisor>-  charge 
of  the  wastes  disposal  department,  no  less  than  seven  steps  have 
been  employed  at  one  time.  These  arc:  dcgrvasing  of  u  imrtion 
of  the  wastes,  si-dimentution  of  the  wastes,  chemical  treatment 
of  the  .settled  eniuent.  filtration  of  a  (Mirtion  and  dtliitioii  of  the 
remainder  of  the  chemical  ellliient  and  finally  the  mtnxlurtion 
of  diemicals  to  prevent  the  exhaustinn  of  the  >iti>i>ly  of  oxvK^n 
in  the  river. 

VARIATION    OF    TRIJATMKNT    FKKM    TIMK    TO    TIMK 

The  process  adopted  should  in  nmnv  cases  l>c  varied  Irxnn  time 
to  time  to  take  advantage  of  favoialilr  ut  to  offset  unfuvontltic 
conditions.  The  volume  of  lHisiiu--.s  1h-ihk  dour  uiny  inalrriallv 
affect  the  quanlily  of  wastes  ptiHiuceil  anil  c.irrTs|min|ing|y 
make  the  condition  diclutniK  treatim-nl  more  or  less  exacting 
Industrial  procrs<>rs  fre(|iiently  are  changetl  re()iiiriiiK  innihli- 
cation  in  the  trcatmrni  nu-thmls 

In  wnitei  trmpciiitiitrs  may  l>e  nuflicietilly  low  to  retard  ot 
even    prevent    pun.  1  1.  11..11    mi. In    .-•.n.liii.mv    wlu.li    111    Miiiiinrt 


698 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY       Vol.  9,  No. 


would  transform  a  natural  waterway  into  a  stinking  slouKh. 
In  spring  there  are  usually  large  volumes  of  diluting  water  which 
may  make  bacterial  oxidation  in  filters  unnecessary,  at  a  time 
when  the  filters  would  be  working  under  most  unfavorable  con- 
ditions. 

All  of  these  and  innumerable  other  conditions  must  be  taken 
into  consideration  if  success  is  to  be  attained  at  a  minimum 
cost.  ' 

ADVISABILItV    OF   ANTICIPATING    COMPLAINT 

In  many  cases  industrial  establishments  which  are  now  of 
great  size  have  grown  from  very  modest  beginnings,  often  from 
merely  a  room  or  two  adjacent  to  a  water  privilege  which  was  the 
primary  reason  for  the  selection  of  the  site.  As  the  business  has. 
grown  through  the  decades  conditions  have  entirely  changed. 
What  was  an  abundant  supply  of  water  not  only  for  industrial 
purposes  but  also  for  the  dilution  of  the  wastes,  has  now  become 
barely  adequate  for  industrial  purposes  alone  and  the  entire 
flow  now  passes  through  the  plant  and  perhaps  through  several 
plants  more  recently  built.  Thus  the  entire  stream  has  become 
a  river  of  industrial  wastes  rather  than,  as  originally,  a  natural 
river  into  which  a  minor  quantity  of  industrial  wastes  was  dis- 
charged. 

In  all  such  cases  there  has  been  a  collateral  increase  in  the 
resident  population.  Now  there  are  villages  along  the  river 
where  formerly  were  wooded  lands  and  pastures.  Such  de- 
velopment has  brought  with  it  demands  for  parks  and  other  recre- 
ation facilities,  including  the  improvement  of  the  natural  stream 
for  boating  and  perhaps  for  bathing  purposes. 

Under  some  conditions  a  prescriptive  right  may  be  acquired  to 
make  certain  uses  of  the  waters  of  the  river,  even  though  they 
be  more  or  less  hostile  to  the  enjoyment  of  some  privileges  or  to 
lower  riparian  owners.  The  prescriptive  right  is  often  advanced 
in  defense  of  the  practice  of  discharging  untreated  industrial 
wastes  into  waterways  and  their  consequent  pollution.  Many 
of  the  industries,  particularly  in  the  eastern  part  of  the  country, 
are  of  very  long  standing.  The  continuous  operation  of  an 
industrial  plant  devoted  to  the  same  general  kind  of  work  for 
more  than  a  century,  can  be  cited  in  numerous  instances.  In 
comparatively  few  cases,  however,  can  it  be  shown  that  such 
industries  are  operating  under  conditions  substantially  identical 
with  those  of  prior  decades.  Either  the  character  of  the  business 
has  changed  so  that  processes  are  different  and  industrial  wastes 
are  greater,  or  less  in  quantity  and  decidedly  altered  in  character, 
or  the  business  as  a  whole  has  become  much  greater  with  a  cor- 
responding increase  in  the  quantity  of  industrial  wastes.  These 
changes  make  it  exceedingly  difficult  in  most  cases  to  establish 
a  prescriptive  right  to  the  acts  of  which  complaint  is  made. 

It  should  be  borne  in  mind  that  in  no  ca.se  can  one  acquire  a 
right,  by  proscription  or  otherwise,  to  create  a  nuisance.  This 
fact  has  been  the  stumbling  block  upon  which  many  an  effort 
to  secure  or  maintain  privileges,  through  court  decisions,  has 
been  defeated. 

The  paramount  lesson  to  be  gained  from  experience  in  these 
matters  is  that  it  is  wise  to  anticipate  complaint  of  objectionable 
conditions  whether  from  lower  riparian  manufacturers  influenced 
by  difficulties  caused  by  the  character  of  the  water,  from  a  com- 
munity complaining  because  of  odors  and  objectionable  ap- 
pearance of  the  stream,  or  from  the  farmer  whose  cattle  will 
not  drink  the  water,  whose  crops  are  killed  because  of  inun- 
dation by  polluted  waters,  or  whose  ditches  and  natural  brooks 
have  become  so  overgrown  with  vegetation  due  to  the  fertilizing 
ingredients  of  the  water  having  their  origin  in  industrial  wastes, 
that  they  will  no  longer  serve  their  purpose. 

The  prudent  manufacturer  will  make  it  a  part  of  his  routine 
business  to  observe  carefully  the  effect  of  the  discharges  from  his 
plant  upon  the  character  of  the  water  in  the  river,  not  alone 
in  his  immediate  vicinity,  but  for  a  considerable  distance  down- 
stream.    When  conditions  become  noticeably  objectionable  he 


will  take  measures  to  remedy  them,  at  the  same  time  maintaining 
the  valuable  privilege  of  utilizing  the  stream  for  the  disposal 
of  his  wastes,  to  as  great  an  extent  as  is  compatible  with  the 
public  good  and  the  reasonable  use  of  the  waters  by  lower 
riparian  manufacturers.  Such  a  policy,  if  intelligently  pursued 
in  many  cases,  will  result  in  avoiding  expensive  litigation.  More 
important  than  this,  however,  is  the  fact  that  by  maintaining 
the  waterway  in  a  reasonably  satisfactory  condition  the  hostility 
of  lower  riparian  dwellers  may  be  avoided.  Where  such  a 
feeling  is  aroused  by  objectionable  conditions,  it  may  exert  itself 
through  legislation  or  through  litigation  in  such  a  manner  as  to 
require  the  establishment  of  exceedingly  rigid  restrictions  as  to 
the  use  of  the  river  or  even  drive  the  industries  away.  Numerous 
instances  of  the  latter  can  be  cited. 

NEPONSET   RIVER   CONDITIONS 

One  of  the  most  interesting  illustrations  of  the  industrial 
wastes  disposal  problem  is  that  of  the  Neponset  River  Valley 
near  Boston  in  Massachusetts.  This  river  rises  about  22  miles 
from  Boston  Harbor,  into  which  it  discharges.  Its  natural 
drainage  area  is  114. 14  sq.  mi.  and  it  also  receives  one-third 
of  the  flow  of  the  Charles  River  at  Dedham,  equivalent  to  the 
drainage  from  66.2  sq.  mi.  The  total  tributary  area  is 
therefore  180.3  sq.  mi. 

The  normal  yield  of  the  drainage  area  is  probably  about  as 
follows: 


Mil.  gal. 

Cu.  ft. 

Mil.  gal. 

Cu. 

Month 

daily 

per  sec. 

Month 

daily 

per  s« 

January 

216 

334 

July 

31 

49 

February- 

304 

470 

August 

45 

69 

March 

492 

762 

September 

40 

62 

April 

356 
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October 

76 

117 

May 

190 

294 

November 

135 

209 

June 

84 

130 

December 

176 

272 

Monthly  Average 

178 

276 

The  actual  flow  is  much  more  uniform  than  the  natural  flow 
would  be  because  of  the  regulating  effect  of  the  storage  reservoirs. 

The  State  Department  of  Health  reported  at  one  time  that 
there  were  about  30  mills  discharging  more  or  less  wastes  into 
this  river.  Before  prohibitory  statutes  were  passed,  one  wool 
scouring  concern  abandoned  its  location.  Some  manufacturers 
diverted  a  portion  of  their  business  to  other  plants  and  one 
abandoned  the  manufacture  of  one  line  of  goods,  thus  avoid- 
ing the  production  of  large  quantities  of  liquid  wastes  which 
were  very  difficult  to  treat. 

Eleven  manufacturers  have  provided  sedimentation  tanks  and 
ten  have  constructed  strainers  and  filters  of  cinders,  coke  or  sand. 
Some  have  adopted  chemical  precipitation  as  a  means  of  im- 
proving the  efficiency  of  natitfal  sedimentation.  Treatment 
plants  have  been  provided  in  nearly  all  cases  where  the  wastes 
require  treatment,  some  of  which  have  been  described  by  the 
writer.' 

In  1902  the  Massachusetts  Legislature  passed  an  act  directing 
the  State  Board  of  Health, 

" to    prohibit    the    discharge    of    sewage or 

every  other  substance  which  may  be  injurious  to  public  health 
or  may  tend  to  create  a  public  nuisance  or  to  obstruct  the  flow 
of  water,  including  all  waste  or  refuse  from  any  factory  or  other 
establishment  where  persons  arc  employed,  unless  the  owner 
thereof  shall  use  the  best  practicable  and  reasonably  available  means 
to  render  such  7vaste  or  refuse  harmless. 

"Section  2.  The  Board  shall  consult  and  advise  with  any  such 
owner  at  his  request  or  of  its  own  motion  as  to  the  best  prac- 
ticable and  rea.sonably  available  means  of  rendering  such  waste 
or  refuse  harmless,  having  regard  to  the  circumstances  and  re- 
quirements of  the  situation  and  to  the  industrial  interests  in- 
volved."    (Chap.  541,  Acts  of  1902.) 

It  is  interesting  to  note  that  it  was  the  intention  at  the  time 
this  original  act  was  passed,  to  have  reasonable  regard  for  the 
manufacturing  industries,  not  requiring  them  to  go  to  extremes 
in  the  treatment  of  their  wastes  unless  the  exigencies  of  the 

'  "The  CIc.iiiing  Up  and  Improvement  of  a  Slrcnm  Polluted  by  Sewage 
and  Trade  Wastes."     Engineering  6*  Contracting,  August  9,  1916. 
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situation  required.  In  other  words,  incorporated  into  this 
statute  was  the  "rule  of  reason." 

At  the  time  of  the  passage  of  this  statute  industrial  wastes 
treatment  in  this  country  was  in  its  infancy  and  progress  in 
improvement  of  conditions  in  the  Neponset  Valley  was  naturally 
somewhat  slow.  In  1906  it  appears  that  public  sentiment  had 
been  so  aroused  that  it  was  possible  to  pass  an  act  in  which  the 
"rule  of  reason"  was  much  less  evident  than  in  the  earlier  act. 
The  only  reference  to  it  in  the  1906  act  was  that  the  Board  was 
to  advise  the  owner  of  the  factory  as  to  the  "best  practicable 
and  reasonably  available  means  0}  rendering  the  wastes  or  refuse 
harmless."  The  clause  "having  regard  to  the  circumstances  and 
requirements  of  the  situation  and  to  the  industrial  interests 
involved"  was  omitted  from  this  act. 

During  the  next  10  years  many  efforts  were  made  to  secure 
additional  and  usually  more  drastic  legislation,  in  spite  of  the 
fact  that  the  manufacturers  expended  large  sums  of  money  in 
an  effort  so  to  modify  their  wastes  before  their  discharge  that 
they  should  not  endanger  the  public  health  nor  tend  to  create 
a  nuisance.  Perhaps  the  culmination  of  these  efforts  may  be 
said  to  have  been  embodied  in  a  proposed  act — Senate  113 — 
presented  to  the  Legislature  for  its  consideration  in  the  year 
1916. 

Section  i.  Any  person,  firm,  corporation  or  group  of  in- 
dividuals who  shall  cause,  either  directly  or  indirectly,  the 
pollution  of  the  waters  of  any  river  in  this  commonwealth, 
shall  be  punished  by  a  fine  of  not  more  than  one  hundred  dollars 
for  every  day  which  said  pollution  continues  after  notice  from 
the  health  commissioner  that  such  nuisance  be  abated. 

Section  2.  A  river  shall  be  held  to  be  polluted  within  the  mean- 
ing of  this  act  whenever  by  the  introduction  or  discharge  into 
its  waters  of  any  foreign  or  deleterious  substance:  (a)  it  shall 
give  out  any  noxious  or  offensive  smell,  odor  or  vapor,  which  con- 
dition is  a  menace  to  the  public  health;  (b)  it  shall  become  dis- 
colored in  such  a  way  as  to  be  unsightly  or  offensive;  or  (c) 
it  shall  become  poisonous  or  dangerous  to  fish  or  animal  life 
subsisting  therein,  or  to  live  stock  using  the  same  as  a  drinking 
place;  ((/)  it  shall  become  injurious  to  vegetation  in  its  vicinity. 

Section  ,3.  The  health  commissioner  of  Massachusetts  shall 
be  charged  with  the  enforcement  of  the  provisions  of  this  act 
and  shall  determine  when  the  waters  of  any  rivers  are  being  pol- 
luted as  aforesaid. 

Section  4.  All  acts  or  parts  of  acts  inconsistent  herewith  are 
hereby  repealed. 

There  are  several  provisions  in  this  act  which  would  be  ex- 
ceedingly oppressive  if  applied  with  literal  interpretation  of  the 
act  and  without  reading  into  it  the  rule  of  reason.  One  of  these 
is  the  provision  for  a  fine  not  to  exceed  Sioo,  for  every  day  which 
the  pollution  continues  after  notice  from  the  Health  Commissioner 
that  such  nuisance  be  abated.  In  some  instances,  even  if 
prosecuted  with  diligence,  plants  for  the  elimination  of  those 
ingredients  of  wastes  which  caused  the  pollution,  could  not  have 
been  built  in  less  than  six  months'  time. 

Aside  from  the  broad  scope  of  the  specifications  of  a  polluted 
river  within  the  meaning  of  this  act,  the  Health  Commissioner 
was  charged  with  its  enforcement  and  apparently  made  the  sole 
juilge  to  detcrmiiu-  when  the  waters  of  the  river  were  being 
polluted,  as  specified  by  the  act.  Should  such  an  act  be  found 
constitutional,  which  is  subject  to  some  doubt,  it  would  nj)- 
parently  deprive  the  alleged  offenders  of  their  rights  to  a  hearing 
before  the  courts  of  justice. 

Happily,  this  act  was  not  passed  and  is  introduced  here  merely 
ns  ail  example  of  the  extent  to  which  industries  or  coiniiiuiiilics 
may  go  aflir  tlu-y  Imve  become  tliornuglily  aroUM-d  by  long- 
continued  objectionable  conditions,  ll  is  confidently  believed 
that  siicli  drastic  leglslutinn  can  always  be  avoided,  and  probably 
also  its  sUKgeslion  forestalled,  by  prudent  foresight  on  the  part  of 
manufacturers  in  prevrnting  objectionable  condition.H  caused  by 
the  discharge  of  their  untreated  wastes. 

fkOr.KAM    rOK    SOLUTION    Ot    I'Konl.RM 

111  miiiiy  cascn  where  mnniifnctiirers  have  been  confrontrd 
with  a  serious  piiiblriil  in  ronnrcliiiii  with  the  dispostil  of  their 


industrial  wastes,  they  have  been  inclined  to  attempt  its  solution 
without  first  acquiring  a  clear  understanding  of  the  scientific 
principles  involved,  either  in  the  production  of  the  conditions 
which  caused  the  trouble  or  in  the  processes  available  for  the 
treatment  of  the  wastes  to  render  them  less  objectionable. 
The  treatment  of  industrial  wastes  usually  is  a  subject  entirely 
different  from  that  with  which  the  manufacturers  have  to  deal 
in  their  usual  business  and  in  which  they  are  primarily  interested; 
all  other  matters,  such  as  the  treatment  of  waste  liquors, 
being  of  only  secondary  interest  and  importance  from  their  point 
of  view.  They  have,  therefore,  often  selected  a  plant  poorly 
adapted  to  the  use  they  desired  to  make  of  it.  Sedimentation 
tanks,  for  example,  are  often  found  which  are  entirely  inadequate 
for  the  purpose,  although  this  process  is  most  simple.  All  sorts 
of  filters  have  been  designed  and  constructed,  but  usually  without 
the  remotest  conception  of  the  scientific  principles  involved  in 
the  treatment  which  they  were  intended  to  accomplish. 

Another  fruitful  source  of  misdirected  energy  has  been  the 
desire  to  recover  from  the  wastes  ingredients  of  value  such,  for 
example,  as  the  grease  and  fertilizing  ingredients  in  municipal 
sewage.  Industrial  wastes,  like  sewage,  often  contain  ingredients 
which  have  a  market  value,  and  ever>'  encouragement  should  be 
afforded  to  the  recovery  of  such  products.  As  economic  con- 
ditions change  in  the  future  there  will  be  a  greater  need  of 
economizing  in  this  direction,  and  it  is  to  be  exjjected  that  pro- 
cesses will  be  devised  for  the  profitable  recovery  of  such  in- 
gredients. The  fact  that  such  processes  may  not  be  available 
at  the  time  the  problem  first  presents  itself,  but  will  probably  be 
available  at  some  future  time,  is  not  a  justifiable  reason  for 
making  no  effort  for  its  solution. 

WTienever  an  industry  is  confronted  with  a  problem  of  this 
kind,  a  program  for  its  solution  should  be  carefully  worked  out 
before  making  expenditures  upon  construction.  In  fact,  the 
studies  necessary  to  the  preparation  of  such  a  program  may  dis- 
close other  means  of  solution,  involving  relatively  small  cost. 

First  a  study  should  be  made  of  the  waterway,  to  note  its 
condition  and  physical  characteristics,  such  as  size,  velocity  of 
flow,  depth  and  temperature,  and  a  similar  study  of  wastes  to 
determine  their  quantity  and  character.  With  the  information 
gained  in  this  manner  it  will  be  possible  to  form  an  opinion  as  to 
the  extent  of  treatment  required  to  meet  existing  conditions. 

Next,  the  kind  of  treatment  and  the  plant  required  to  provide 
such  treatment,  should  be  determined.  The  methods  selected 
should  be  those  required  to  give  the  results  which  may  be  de- 
sired witliin  a  reasonable  period  of  time  in  the  future  when 
perhaps  conditions  may  have  become  dccide.dly  different  from 
those  obtaining  at  the  time  tlie  investigation  is  made  Such 
methods  should  always  be  selected  and  reported  with  the  clear 
reservation  that  new  and  better  processes  may  subsequently 
be  devised. 

Following  the  selection  of  mctliods  should  be  the  construction 
of  plant.  Here  it  may  be  wise  to  proceed  progressively,  build- 
ing first  the  system  of  drains  required  for  the  collection  of  the 
wastes  and  for  their  discharge  at  n  single  )>oiiit.  .After  this  has 
been  done  further  investigations  based  upon  the  inrasurcmcnt 
and  analyses  of  the  combined  wastes,  may  Ik  dcsiniblc.  When 
the  collecting  system  shall  have  l>ecn  comi>letc<l.  it  will  lie  |>os.Mble 
to  (irovide  the  first  part  of  thclreatincnlpr\vcs<.such  for  example 
as  screening  or  sedimentation.  After  this  has  l>ccn  accom- 
plished, still  further  investigations  moy  Ik  desirable  to  de- 
termine, first,  the  cnicieiicy  of  the  plant  altcndy  installed  and, 
second,  the  next  proct-ss  of  treat nirnt  which  should  l>c  provided 
and  the  probable  results  to  Ik-  obtmnrd 

However  much  or  little  may  be  rrquired,  it  Is  im|mrtant 
to  build  in  nccordatu-c  with  an  intclliitcnily  dcvisc<l  plan  and 
ill  harmony  with  siuli  additional  prTHX«.scs  as  may  follow  Thus 
many  cx|)cnsivc  mistake*  will  lie  avoided  and  advanlaue  taken 
of  all  oppiirtiinitirs  to  ptovuir  an  c»onciinical  attnngrment  of 
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plant.  The  following  of  such  a  course  will  often  result  in  avoiding 
expensive  pumping  of  the  wastes,  or  the  treatment  of  excessive 
quantities  clue  to  the  inclusion  of  relatively  clean  waters  which 
may  not  require  treatment  under  the  local  conditions. 

The  final  step,  and  undoubtedly  the  most  important,  is  the 
intelligent  operation  of  the  plant.  Whether  the  processes  in- 
volved are  simple  or  complex  the  supervision  and  control  of 
operation  should  be  based  upon  a  knowledge  of  the  conditions 
in  the  river,  the  character  of  the  wastes  and  the  scientific  principles 
involved  in  their  treatment.  The  object  to  be  attained  and 
extent  of  treatment  necessary  at  the  time  of  its  accomplishment 
should  be  kept  constantly  in  mind.  Many  thousands  of  dollars 
in  the  cost  of  oijcration  may  be  saved  in  this  manner. 
Metcauf  and  Eddy 
Boston  and  Chicago 


THE  ECONOMIC  RESOURCES  OF  THE  KANSAS  CITY 
ZONE' 

By  Arthur  J.  Boynton' 

Hardly  more  than  half  a  century  ago — and  within  tlie  memory 
of  many — the  line  indicated  by  the  present  eastern  boundary  of 
Kansas,  Nebraska  and  Oklahoma  marked  the  frontier  of  the 
Indian  country.  It  is  indeed  difficult  for  the  minds  of  the  present 
generation  to  grasp  the  extraordinary  transformation  which  has 
been  made  in  this  territory  in  such  a  comparatively  short  period 
of  time. 

Kansas  City  enjoys  what  might  be  called,  for  lack  of  a  better 
term,  extraordinary  "nodalily" — a  natural  center  from  which 
radiate  or  to  which  converge  practically  all  of  the  important 
lines  of  trade  and  communication  of  the  extensive  southwest 
territory. 

The  population  of  the  city  since  1900  has  more  than  doubled. 
To-day  the  population  of  the  combined  cities  of  Kansas  City, 
Missouri  and  Kansas  City,  Kansas  is  estimated  at  nearly  400,000. 
Assessed  valuations  of  property  have  increased  from  $79,000,000 
to  over  $210,000,000.'  Post-office  receipts  have  jumped  from 
$748,000  in  1900,  to  over  $3,589,318,  and  the  mail  matter  handled 
in  1916  was  nearly  four  times  that  of  1900. 

Kansas  City  received  from  the  adjacent  territory  during  the 
last  year  over  1 15,649,800  bushels  of  grain  of  which  wheat  alone 
constituted  77,785,650  bushels.  The  State  of  Kansas  alone  in 
19 16  raised  a  wheat  crop  of  99  million  bushels  valued  at  prac- 
tically $135,000,000.  This  state  ranks  first  in  winter  wheat 
production,  and  is  only  occasionally  exceeded  by  North  Dakota 
with  the  spring  variety. 

The  shipments  of  live  stock  to  the  Kansas  City  stockyards 
from  the  surrounding  country  in  the  year  just  past  total 
131,812  car-loads,'  of  7,323,528  animals,  of  which  2,177,468 
were  cattle  and  nearly  3,000,000  were  hogs.  Over  5,000,000 
packing  animals  were  slaughtered  in  the  local  packing  plants 
during  the  year  19 16.' 

i^Bank  capital  in  1900  was  short  of  $5,000,000  while  to-day  it 
exceeds  $26,000,000.  No  better  index  of  the  expanding  business 
of  a  commercial  center  is  to  be  had  than  that  of  bank  clearings. 
These  since  1900  have  increased  more  than  sixfold  and  for  1916 
totaled  the  enormous  sum  of  $4,953,778,690.  Kansas  City 
to-day  ranks  sixth  in  bank  clearings  and  is  exceeded  only  by 
New  York,  Chicago,  Philadelphia,  Boston,  and  frequently 
surpasses  St.  Louis. 

As  a  railway  center  Kansas  City  is  second  only  to  Chicago 
in  the  number  of  lines  entering  the  city  and  the  size  of  territory 
which  Uiese  serve. 

'  Address  delivered  at  the  54th  Meeting  of  the  .\merican  Chemical 
Society,  Kansas  City,  April  II.  1917. 

'  Professor  of  Economics,  University  of  Kansas,  Lawrence. 

•Annual  Statistical  Report.  Board  of  Trade.  1<)16,  Kansas  City. 
Missouri. 


The  Kansas  City  Zone  is  primarily  occupied  with  what  might 
be  called  the  extractive  industries,  and  among  these,  of  course, 
stands  agricultiu-e  as  first  in  importance. 

Number  and  Value  of  Live  Stock 
Report  of  Kansas  State  Board  of  Agriculture  for  1916 
Report  of  Oklahoma  State  Board  of  .Agriculture  for  1916 
Missouri  Red  Book  1915 
Kansas,  1916  Oklahoma.  1916  Missouri.  1915 

Number  Value  Number       Value       Number  Value 

Horses     1.056.124  $120,398,136      742,750  $63,133,750  1.084.000  577.560.000 
Mules  & 

Asses  296.007  37,000.875  282.347  27.670.006  329.000  32.571.000 
Milk 

Cows  1,077.067  68,932.288  488.004  26,840.220  837.000  45,533,000 
Other 

Cattle     2,200,848      94,636,464  1.143.245     43.443.310  1.555.000    60.490.000 
Sheep  & 

Goats  181,481  1.134.256        39,687  448.435  1,416,000       8.213,000 

Swine      1,576.568       18.918.816  1.039.474       7.484.214  4.565.000    31.986.000 


$169,019,935 


$276,353,000 


I  A  summary  of  these  figures  gives  a  total  value  of  live  stock  for 
these  tliree  states  alone  of  $786,393,770  and  their  crops  are 
valued  at  $768,006,583.  Thus  the  total  value  of  crops  and  live 
stock  based  on  the  farm  values  (not  the  values  at  primary 
markets)  reaches  the  huge  sum  of  $1,554,400,353.  The  gross 
value  represented  in  crops  and  live  stock  on  the  farms  of  Kansas 
amounted  to  $712,209,311. 

This  is  the  state's  second  best  record  in  agricultiu-al  products, 
which  was  exceeded  in  19:4  by  about  $5,000,000.  The  value 
of  its  live  slock  is  the  largest  ever  reported,  exceeding  the  best 
prior  year  (1915)  by  $30,000,000. 

The  wheat  crop  for  this  state  in  1916  was  the  second  largest 
in  the  history  of  the  state  and  was  worth  $134,615,300.  Its 
quality  was  extra  fine  and  the  average  price  received  by  the 
growers  is  the  highest  reported  since  1872. 

The  value  of  animals  sold  for  slaughter  in  1916  amounted  to 
$68,762,369  The  income  from  poultry  and  eggs  alone  was 
$12,466,694.  Attention  should  be  called  to  the  great  and  in- 
creasing value  in  Kafir,  milo,  feterita,  and  sorghums  and  to  the 
recently  introduced  grasses  and  fodders  in  the  dry  sections 
of  the  state,  now  amounting  in  value  to  nearly  $20,000,000. 
The  alfalfa  crop  of  3,581,201  tons  was  worth  $30,907,618,  and 
had  it  been  marketed  during  the  winter  and  spring  would 
probably  have  brought  nearly  twice  that  amount.  These  forage 
crops,  none  of  which  were  originally  native  to  the  state,  and 
most  of  which  have  but  recently  been  introduced,  represent 
some  of  the  striking  achievements  of  the  agriculture  of  this 
section. 

The  increase  of  dairy  products  is  another  hopeful  sign  pointing 
to  more  intensive  agriculture.  These  products  were  valued  at 
over  $14,460,000.  A  most  notable  gain  is  recorded  in  the  figures 
for  condensed  milk  during  the  past  year,  the  amount  and  value 
of  the  product  being  nearly  seven  times  larger  than  it  was  in 

1915- 

This  section  of  the  United  States  is  still  committed  to  the 
extensive  system  of  cultivation.  Commercial  fertilizers,  if  in- 
deed any  fertilizers,  are  but  little  used.  But  little  attention  in  a 
practical  way  is  given  to  soil  analysis  and  conservation.  The 
farmer  is,  however,  concerned  with  all  those  methods  of  cultiva- 
tion aiming  to  conserve  the  moisture;  with  all  the  new  crops 
suitable  for  the  region;  with  improved  machinery  to  reduce  costs 
of  farm  operation  and  with  tlie  best  and  most  profitable  breeds 
of  live  stock.  How  long  these  virgin  soils  will  respond  with  theii 
natural  fertility  under  present  systems  of  cultivation  remains 
to  be  seen.  Already  greater  and  greater  demands  are  being 
placed  upon  the  soil.  For  increasing  yields,  resort  must  be  had 
to  more  and  more  intensive  methods  of  cultivation. 

The  general  opinion  prevails  that  the  wealth  of  the  sur- 
rounding territory  is  embodied  largely  in  the  products  of  the 
wheat,  corn,  live  stock  and  other  agricultural  belts.  Few, 
unfamiliar  witli  tlic  region,  appreciate  the  rapid  industrial 
expansion  which  the  district  has  made  in  the  past  ten  or  fifteen 
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Yield 
Kansas,  1916 


Value 
$134,615,307 
51,886.272 
14.199.056 
4,206,175 
769,895 


4,988.078 
1.163.996 
11.281,760 
30,907,618 
11,250,422 
790,984 
4,271.643 


12,007,965 
$371,188,476 


Yield  (Bu.) 

Wheat 99.384.760 

Corn 62,127,191 

Oats 29,177,688 

Barley 6.049,777 

Rye 737,217 

Cotton 

Kafir 5,095.052 

Milo 1.188,482 

Sorghum 3,088,005 

Alfalfa 3,581,201  Tons 

Hay 1,648.963      " 

Broom  Corn 4.796      " 

Irish  and  Sweet  Potatoes 4.653.819 

Peanuts 

Dairy  Products 

Total  Value  of  All  Farm  Products. . . 

years.  The  increase  in  values  of  manufactured  products  has 
been  stimulated  by  the  development  of  great  oil  and  gas  fields 
and  by  those  industries  which  have  been  made  possible  by  cheap 
fuel. 

INDUSTRIES 

According  to  the  last  census,  slaughtering  and  meat  packing, 
with  flour  and  grist  mill  products,  made  up  about  three-foiulhs 
of  the  total  value  of  the  manufactured  products  of  the  State  of 
Kansas.  The  industry  of  slaughtering  and  meat  packing  owes 
its  development  chiefly  to  tlie  fact  that  the  district  lies  in  the 
heart  of  the  corn  belt  of  the  United  States,  to  the  low  cost  of. 
winter-keep  where  live  stock  grazes  on  fields  of  winter  wheat 
and  cured  grasses,  and  to  the  extensive  introduction  of  alfalfa. 
This  section  accordingly  is  unsurpassed  for  stock-raising  by 
any  equal  area  in  the  country. 

The  census  of  19 10  credited  12.1  per  cent  of  the  total  value 
of  the  slaughtering  and  meat  packing  products  of  the  United 
States  to  the  State  of  Kansas,  and  only  one  state.  Illinois,  ranked 
ahead  of  Kansas  in  this  respect.  The  35  establishments  gave 
employment  to  24  per  cent  of  the  average  number  of  wage- 
earners  and  reported  products  valued  at  $165,000,000.  All 
of  the  principal  packers  have  large  establishments  in  Kansas 
City,  Kansas.  After  Chicago,  the  local  industries  are  the 
largest  units  in  the  United  States.  One  of  these  concerns  re- 
ports 45  edible  and  24  inedible  products  in  the  category  of  their 
output. 

An  industry  ancillary  to  that  of  meat  packing  with  all  its 
varied  by-products,  that  of  soap-making,  is  gradually  becoming 
one  of  the  most  jicrmancnt  and  imi)ortant  of  the  immediate 
locality.  Receiving  their  chief  raw  materials  from  adjacent 
packing  and  rendering  establishments,  the  concerns  engaged  in 
this  industry  are  to-day  manufacturing  a  substantial  output. 
Pect  Brothers  (manufacturers  of  soaps  and  glycerin)  and  Proctor 
and  Gamble  have  both  large,  well  equipped,  up-to-date  factories 
in  Kansas  City,  Kansas.  While  no  definite  statistics  arc  avail- 
able, it  is  estimated  that  probably  15,000  to  i6,ooo  boxes  of 
soap  are  daily  produced.  Hesidcs  soap,  glycerin  should  also  be 
mentioned  as  an  important  product. 

The  flour  and  grist  mill  industry  is  second  in  importance  among 
the  manufacturing  industries  of  the  Zone.  Due  to  its  first 
rank  as  a  winlcr-wlicat-producing  state,  Kan.sas  ranks  third 
among  the  states  of  the  T'nion  in  the  value  of  flour  mill  and  grist 
mill  products.  There  are  nt  present  over  500  milling  establish- 
ments in  the  state. 

PBTROLKUM 

The  preliminary  estimates  of  the  United  States  Geological 
Survey  indicated  the  quantity  of  crude  petroleum  produced  and 
marketed  in  the  oil  fields  of  the  United  States  in  loio  ut 
29j..vx>,>">'i  barrels  '  Later  figures  place  this  total  production 
for  lyifi  at  .v)*",.")?.'"*)  barrels.' 

The  Mid-Continent,  or  Oklaliiuua-Kaniui.s  field  priKliicrd 
122,671.767  ImrrelH  ronscrvativr  fiKurc,<t- -which  is  40  )H-r  cent 
of  the  United  Stales  prraluct  for   M)i6.     AIhiiU  ,<o  per  cent  is 

I  I'.m.  and  Mtn    J  .  Jan.  6,  lOl;.  p.  .'\ 

•  Dil.  roini  nn,l  Prue  Hrfmln.  I'rli.  O.  l'»17,  p.  m. 


op  Leading  Crops 

Oklahoma.  1916 
Yield  (Bu.)  Value 
27.541.398               S40.627.861 
55.769.404                   42,391.950 
16,880,288  8.346.212 
956.000 


628.685  Bales 

51,011.955 

9.974.074 

6.893.916 

4.316.597 

3.214.630 

511.601 

3.540.583 

856.622 

9.598.795 

182.223 

1.430.042 

40,900 

6.112.500 

1.134.786 

458,692 

412.822 

$177,504,262 

MlSSOlTRI,   1915 
Yield  (Bu.)                       Value 

26.475.327 
220,235.191 
24.148.135 
11.917 
192.250 
23.478.492 

$  25.669.634 

123.640.144 

9.096.452 

10.129 

171.102 

2.512.199 

'  90'3.656 

4.386.385 
1.066.515 
5.104.000 

39.117.508 

53.858 

2.960.320 

$219,313,845 

assigned  to  California  and  the  remainder  (30  per  cent)  to  the 
Appalachian,  Lima-Indiana,  Texas,  and  other  fields.  As  nearly 
as  can  be  ascertained,  taking  the  amount  of  crude  oil  in  storage, 
the  average  pipe-line  runs  and  the  estimated  amount  of  oil 
shipped  to  scattered  consumers,  computations  show  the  oil 
production  of  Kansas  in  1916  to  be  11,530,478  barrels.  The 
potential  production  of  Kansas  at  the  present  time  is  approxi- 
mately 100,000  barrels  per  day.' 

Petroleum  Industry  of  the  United  States — Production   in   1916 
(Oil.  Painl  and  Drug  Rtporltr.  Feb.  9.  1917,  91,  No.  7.  85) 


Fields 
Eastern 

1916 
.      20  MUIion 

16 

1 

.    122,671.767 

.      21 

8 

11 

.      91 

8 

0.205 

Million  Barrels 
1915 
20  Million 
3.9 
15 

0.499 
121.988.915 
20 
5 
14 
89 
5 
0.2 

1914 
22  Million 

Illinois 

Kentucky-Tennessee. . . 
Mid-Continent 

0.516 
101,002.263 

Texas  Panhandle 

Northern  Louisiana 

8 
12 

Wyoming 

Other  States 

4 
0.180 

Total 306.297,760 


287.119.667 


Oklahoma's  crude  production  for  1916  amounted  to  in,- 
141,280  barrels,  or  a  total  for  the  two  states  (as  previously 
stated)  of  122,671,767  barrels  for  tlie  year.'  Up  to  the  present 
time  the  total  production  for  the  Mid-Continent  field  since  its 
discovery  on  the  introduction  of  pipe  lines  in  190^1  has  amounted 
to  762,174,158  barrels,  of  which  47,829,947  are  credited  to  Kansas 
and  714,334,211  were  credited  to  Oklahoma. 

Production  op  the  Mid-Continkst  Field  since   I"Oi) 
{Oil.  Painl  and  Drut  Rtporltr,  Feb.  9.  1917.  p.  107) 


'ipc  Lines 
Prior  to  1900. . . 

1900 

Kansas 
438.000 
68.000 

Oklahoma 
4.225 
6.100 
10.000 

140.000 
1.367.000 

R^hi.noo 

\S  I.IS  (¥>0 
4.'  S..1IKX) 

J^  ,— llHIO 
t(.  ■'-  ■•  (X>0 

v..  1  ■-ixio 

M     I     ^.IHK) 
<,  v.srs  (VlO 

'':..'4.'.(H><> 
iir.KSVooo 

111. 141. .'»0 
714..VM..MI 

Total 
Mid-Continent 
by  Year* 
442.379 
74.714 

1901 

169.000 

179.000 

1902 

2'tS  000 

.«3 1.000 

1903 

9.1 1.000 

1.071.000 

1 904 

. .      4.?'(>.("io 

.S.6O.V00O 

1905 

1906 

1907 

. .      3.8".'.i><iii 

.  .       3,<l"''  IK>" 
.  .        3,,'M    IMHl 

. .      2.4:i,i>i'i' 

1  J. 454.000 
1 1 .649.000 
46.161.000 
48.J74.000 

1909 

.  .       l.Ol.'iio.i 

48.007.000 

1910 

1911 

.  .          I.1."M».(I 

. .     2.')ii;.i«iii 

S3.4.'9.0O0 
.'»»..1.»J,000 

1912 

1913 

1914 

1915 

..       2.1K.',CN>" 
..        2.KI.1HMI 
. .      J.8S0.001I 
,  .      4.115.000 

«« 6o;  nno 

.  .   Il.S.io.ooo 

Total 

. .   47.8W.947 

:6.M.-4.i.ss 

The  stock  of  oil  in  sloragc  in  the  Mid-Con(incii(  field  at  (he 
ciul  of  i<>i6  incrco-scd  to  g7.g17.4s8  barrels,  a  gain  of  over  a 
million  barrels,  prnclically  the  amount  put  in  sloruRC  by  the 
Hiitlcr  County  petals  of  Kiuisji.s.  Oklahoma,  it  is  re|>ortc«l.  had 
over  86  million  barrels  in  storage  at  the  end  of  the  year  • 

Oil.  wiai„^ 
More  oil  wcll.s  wcie  drilled  in  the  Mid  Continent  field  in  igi6 
than  in  ony  prcviou.s  year  except  one  (11.494  '«>  »9«.<)'  ti.»4« 

1  (»l/.  roinl  «■<<  f>r««  ^•/^»l»T.  K«b  ».  |9|7.  p    to?. 

■  IhU  .    Nil     6.   191?.  p     107 
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wells  were  drilled  in  the  past  year:  7601  in  Oklahoma  and  3640 
in  Kansas.'  The  rise  in  price  of  crude  oil  to  $1 .55  led  to  rapid 
drilling  and  with  market  quotations  such  as  these,  extraordinary 
prices  were  paid  for  leases,  wild  speculation  followed,  and  test 
holes  were  drilled  immediately. 

In  the  beginning  of  1916  there  were  3,848  producing  wells  in 
Kansas  and  at  the  end  of  the  year  there  were  5,476  producing 
oil  in  the  State,  connected  with  pipe  lines.  Others  should  be 
added,  including  some  of  the  large  producers,  which  as  yet 
have  not  been  connected  with  any  pipe  Unes.  This  increase 
of  wells  again  shows  the  rapidity  with  which  the  Kansas  division 
of  the  field  has  advanced  during  the  past  year. 
^  In  three  years  from  January  i,  1914,  to  January  i,  1917,  the 
number  of  producing  wells  in  the  Mid-Continent  region  has 
increased  from  20,256  to  43,417  which  graphically  tells  the 
story  of  the  wonderful  development  of  this  remarkable  oil 
field.2 

Of  the  11,241  wells  drilled  in  the  Mid-Continent  field  in  1916, 
■  9,274  were  successful  oil  producers,  476  were  gas  wells,  and 
1,491  were  failures.  This  was  the  largest  number  of  producing 
wells  ever  drilled  in  a  single  year  in  the  Mid-Continent  field. 
It  is  significant  also  that  while  the  largest  number  of  successful 
oil  wells  in  the  history  of  the  field  were  drilled  last  year,  the 
actual  yield  of  the  field  was  also  the  largest  in  its  history. 

WULLS  Drilled  in  the  Mid-Continbnt  Fibld 

(Oil,  Paint  and  Drug  Reporter,  Jan.  6,  1917,  p.  109) 

Total  for 

In  Kansas  In  Oklahoma     Mid-Continent  Field 

1905 1488  2535                            4023 

1906 730  3146                              3876 

1907 485  4234                             4720 

1908 473  3021                              3494 

1909 510  3340                             3850 

1910 486  4370                              4856 

1911 511  4445                             4956 

1912 1012  5982                              6996 

1913 2180  9314                            11494 

1914 2394  8259                            10653 

1915 1123  4725                              5848 

1916 3640  7601                            11241 

Total  for  the  Field 81 154 

Character  op  Wells  Drilled  in  1916 

Oil                    Gas                   Dry  Total 

Kansas 3167                   116                    357  3640 

Olclahoma 6107                  360                   1134  7601 

Mid-Continent  Field.  9274                  476                   1491  11241 

One  other  feature  of  this  remarkable  field  should  receive  our 
attention.  Of  the  81,154  wells  drilled  in  this  territory  since  the 
beginning  of  operations,  43,417  are  still  producing  after  fifteen 
years,  indicating  that  37,737  were  either  gas,  dr>',  or  have  since 
become  exhausted.' 

When  it  is  remembered  that  this  field  has  been  in  active 
production  for  fifteen  years  or  more,  this  is  a  remarkable  record: 
53-5  per  cent  of  total  wells  still  drilling  and  only  46.5  per  cent 
gas,  dry  or  exhausted.' 

It  is  significant  also  that  in  19 16,  with  the  vast  amount  of 
wild-cat  drilling  in  all  part^  of  Oklahoma  and  Kansas,  86.7 
per  cent  of  all  wells  drilled  were  successful  oil  or  gas  producers. 

on,   REFINING 

Of  the  302  refineries  in  the  United  States — with  a  daily 
capacity  of  one  million  barrels  crude  oil — ^the  Mid-Continent 
field  has  74,  or  24  per  cent,  7 1  of  these  being  independent  com- 
panies and  3  Standard  Oil  companies.*  This  is  exceeded  only  by 
California  with  76,  57  only  of  which  are  active  and  19  idle. 
The  Standard  has  invested  S8,ooo,ooo  or  more  in  their  three 
refineries  at  Neodesha,  Kansas,  Sugar  Creek,  Missouri,  and 
Norfolk,  Oklahoma.  Their  capacity  of  crude  oil  consumption 
per  day  is  given  at  60,000  barrels.  The  71  independent  re- 
fining companies,  of  which  the  Sinclair  Syndicate,  the  Doherty 
Syndicate,  Cosden  &  Co.  and  the  International  Refining  Com- 

'  on.  Paint  and  Drug  Reporter.  Jan.  6,  1917,  pp.  113.  115. 

•  IbiJ..  Jan.  6.  1917,  p.  109. 

«  Ibid..  Jan.  6.  1917,  p.  107. 

«  Eng.  and  Min.  J..  Jan.  6.  1917.  p.  23. 


pany  are  most  prominent,  have  invested  over  one  hundred 
million  dollars  in  their  plants.  They  utiUze  over  150,000 
barrels  of  crude  oil  per  day.  The  refining  operations  of  the 
field  represent  then,  for  all  concerns,  an  investment  of  Sm.- 
099,720  in  74  plants,  with  a  total  daily  consumption  of  213,815 
barrels  of  crude  oil.' 

This  gives  the  Mid-Continent  field,  in  capital  invested, 
plants,  and  output,  about  one-fourth  of  the  refining  business 
of  the  whole  United  States. 

Mid-Continent  Rkfining.   1916 
(Oil.  Paint  and  Drug  Reporter.  Jan.  6.  1917,  pp.  113,  115) 

DaUy 
Average  Crude 
Approximate  Used  in  1916 
Investment        (Barrels) 
71  IndependentCompanies(allsince  1904-S)....      $99,599,720  148.815 

Independent  PlanU  now  Building 3,500,000  5.000 

Total  Independents $103,099,720  153.815 

3  Standard  Refineries  (Standard  Group) 8,000,000  60.000 

Final  Total ; $111,099,720 


Built 
Standard  Rbpinbries: 

Norfolk.  Okla.  (Carter  Oil  Company)  1916 

Neodesha.  Kans.  (Standard  Oil) 1892 

Sugar  Creek.  Mo.  (Standard  Oil) 1907 


$3,500,000         40,000 
1.500.000  7.500 

3.000.000  12.500 


$8,000,000         60.000 

Attention  has  been  called  to  the  profitableness  of  refining  this 
Mid-Continent  oil  due  to  the  high  yield  of  gasoline,  often  as 
high  as  30  per  cent,  which  percentage  depends  very  largely 
on  methods  of  distillation,  whether  oil  is  fresh  or  stored,  and 
the  variations  in  crudes  of  the  same  pool. 

NATURAL    CAS 

Closely  associated  with  the  oil  production  of  this  territory  is 
that  of  natural  gas.  The  importance  of  this  natural  gas  belt 
in  locahzing  and  developing  the  zinc,  cement,  and  glass  industries 
in  a  definite  district  cannot  be  overemphasized.  The  near-by 
supply  of  cheap  gas  has  made  possible  and  profitable  these 
industries  in  Kansas  and  Oklahoma.  These  states,  according 
to  the  latest  authoritative  figures  available  (19 14),  produced 
22,627,507,000  and  78,167,414,000  cu.  ft.,  respectively,  a  total 
of  100,794,921,000  cu.  ft." 

The  total  natural  gas  production  for  the  United  States  for  the 
year  was  estimated  at  591,866,733,000  cu.  ft.  This  would  credit 
the  Oklahoma-Kansas  field  with  about  18  per  cent  of  the  supply 
of  the  United  States.  Oklahoma  and  Kansas  are  exceeded  only 
by  West  Virginia,  Pennsylvania,  and  Ohio  in  the  supply  of 
natural  gas. 

The  annual  value  of  this  important  fuel  in  this  district  is 
placed  at  nearly  $12,000,000  and  was  utilized  by  250,104  domestic 
consumers  and  3030  industrial  plants.  A  substantial  portion 
of  this  gas  was  piped  out  of  the  states  and  consumed  in  Missouri.' 

A  recent  state  investigation  by  tlie  Kansas  Academy  of 
Science  made  by  Mr.  W.  W.  Swingle — perhaps  the  most  recent 
data  available — shows  that  Kansas  alone  in  1916  produced  over 
25,000,000,000  feet  of  gas  (25,402,521,000).' 

Natural  Gas  Produced  in   1914  (M.  Cu.  Ft.) 
("Mineral  Resources  of  the  United  States."  1914.  pp.  751  to  781) 

Industrial 
Pro-     Domestic    Con- 


Cubic  Feet  ducers  Consul 

Total  for  U.S 591.866.733 

Kansas 22.627,507     353        187.714 

Oklahoma 78.167.414     437  62.390 


i  sumeis  Value 

$94,000,000 

1.079  3.300.000 

1.951  8.000.000 

Total  for  Kan.  &  Okla.      100.794.921      790       250.104      3.030  $11,300,000 

Natural  Gas  Wells  Drilled  in   1914 
("Mineral  Resources  of  the  United  States,"  1914,  p.  757) 

Productive                   Drilled  in  1914              Abandoned  Productive 

Dec.  31.  1913          Gas          Dry          Total          in    1914  Dec  31.  1914 

U.S 33.345             3.836       1,306         5.142             2.088  35.093 

Kansas..     2.297               445          219           664               481  2.261 

Okla....      1,052               388          182           570               235  1.205 

'  Eng.  and  Min.  J..  Jan.  6.  1917,  p.  23.  • 
'  "Mineral  Resources  of  the  United  States,"  1914.  p.  751. 
>  Topeka  Capital.  March  8.  1917. 
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The  State,  according  to  this  investigation,  could  easily  have 
produced  a  third  more  (35,000,000,000  feet)  during  the  year  if 
all  the  wells  had  been  piped.  Many  of  the  wells  have  been 
capped,  especially  in  Butler  County,  the  new  oil  field  of  the 
State. 

^  The  total  number  of  gas  wells  drilled  in  the  past  year  were 
reported  to  be  112,  as  against  361  in  1915. 

Output  op  Natural  Gas  in  Kansas  by  Counties  for  1916 
(Topeka  Capital,  March  8,  1917) 

Wells    New  Wells    Total  Production,  1916 

916  Cubic  Feet 

7  324.072,000 

0  376,987.000 

35  6,967.369,000 

17  1.817.516.000 

0  660.313,000 

0  422,410,000 

3  717.626,000 

2  679.178,000 

0  1,897,317.000 

2  925,967,000 
34  6,272,150,000 

6  894,960,000 

3  3,112,744,000 
0  307,108,000 
3  26,804,000 


County 

Allen     

1915 
13 

. .      27 

Chautauqua 

....      26 
15 

Elk      

6 

Franklin 

33 

Greenwood 

11 

12 

Miami 

5 

Montgomery 

....    148 
43 

12 

Woodson 

6 

0 

Totals 

361 

25,402,521,000 


The  significance  of  this  valuable  natural  fuel  for  domestic 
and  industrial  consumption,  especially  in  cement  plants  and  zinc 
smelters  and  in  the  manufacture  of  glass  and  brick  can  be  readily 
appreciated.  In  this  connection  the  expansion  of  the  casing  head 
gasoline  industry  also  must  not  be  overlooked :  1 7  million  gallons 
of  gasoline  were  obtained  from  this  source  in  Oklahoma  in  1914. 

ZINC    SMELTING    AND    REFINING 

The  great  zinc-producing  region,  known  as  the  Joplin  District 
in  Southwestern  Missouri  and  extending  into  Kansas  and  Okla- 
homa, constitutes  one  of  the  great  mineral  sources  of  wealth 
of  the  Kansas  City  Zone.  From  this  region — a  few  adjoining 
counties — in  191 6,  an  exceptional  year  to  be  sure,  zinc  and  lead- 
ore  shipments  were  made  valued  at  $36,439,420.' 

Output  and  Valub  Of  tub  Miami   District  in   1916 

(Engineering  and  Mining  Journal,  Jan.  6,  1917.  p.  28) 

Total  Production  Lbs.  Value 

Zinc  Concentrates 110,236,816  $4,867,193 

Lead  Concentrates 30.653.990  1,237.114 

$6,104,307 

The  production  of  spelter  by  ore  smelters  in  the  United  States 
in  1916  equaled  672,000  tons  (of  2000  lbs.),  the  product  of  41 
smelters  operating  52  works,  containing  209,786  retorts,  of  which 
190,331  were  in  operation.  During  the  last  Quarter  of  1916 
these  plants  were  producing  spelter  at  the  rate  of  734,000  tons 
per  annum.' 

Prokuction  of  Spsltsr  (Orb  only)  in  Tons  (2000  Lbs.) 
(linginerrinK  and  Mining  Journal,  Jan.  6,  1917.  p.  24) 
State!  1916  1915  1914 

Arkansas 7,622 

Colorado 8.812 

Illinois 181.253 

Missouri  and  Kanao* 151.446 

Olelahoina 165.086 

lin.t 158,081 

Total 672, .100 

I'roin  the  above  table  it  is  seen  that  of  the  total  production 
of  the  United  States  in  1916^172,300  tons — Missouri,  Okla- 
honui,  and  Kansas  contributed  316,533  tons,  or  47  per  cent 
of  the  total  ouliiut  of  the  whole  country. 

This  rrmarkalilc  Krowlli  of  the  sincltinK  and  rcfininn  of  zinc 
since  1HR9  is  due  larKcly  to  the  discovery  of  una  and  oil  and  the 
presence  of  ciml  in  the  same  liKiilily  a.s  the  zinc  ore 

The  voluc  of  products  for  Kansas  nccording  to  the  census  of 
1910  umniintc<l  to  nearly  one-third  of  the  total  voluc  of  products 
of  this  industry  for  the  entire  United  States.  At  thot  time 
Kaiisiis  ranked  first  in  niinitirr  of  establishments  and  in  value  of 
prmliicls  fur  the  zinc  industry.  Since  that  date  some  clmnKC 
has  iK-(-urrcd  in  relative  output. 

>  lint,  and  Mln.  J  .  Jan.  6.  1917,  p.  27. 
'Ibid.,  Jan.  6.  tu|7,  p.  24, 


8.984 

8,152 

161,665 

130.587 

111.052 

53,424 

111.405 

92.467 

114.036 

85,682 

507.142 

370,312 

Value  of  Ore  Shipments,  Lead  ami>  Zinc  in  Joplin  District  in  1916 
(.Engineering  and  Mining  Journal,  Jan.  6.  1917.  p.  27) 

In  Missouri  (Jasper  County) $25,913,880 

Total  for  Missouri 29.134.430 

In  Oklahoma  (Ottawa  County) 4.780.960 

In  Kansas  (Cherokee  County) 2.432.640 

In  Arkansas  (through  Joplin) 91 .390 


Total $36,439,420 

SMELTING    ESTABLISHMENTS    AND    RETORTS 

This  district  possesses  34  smelting  establishments,  17  being  in 
Kansas,  14  in  Oklahoma,  and  3  in  Missouri.  These  operate 
119,848  retorts,  or  57  per  cent  of  the  retort  capacity  of  the 
United  States." 

As  previously  stated,  cheap  natural  gas,  oil,  and  coal  in  the 
Pittsbiu-g  district,  all  adjacent  to  the  zinc,  thus  minimizing  costs 
of  transportation,  have  localized  the  smelting  operations  in  a 
relatively  small  area. 

Zinc  Smelting  Capacity  of  the  Kansas  Citi 
Number  of  Retorts  at  the  End  of  the  Year  or 
(Engineering  and  Mining  Journal.  Jan.  6.  191 
Nams  Sitl-ation 

American  Spelter  Co Pittsburg.  Kans. 

Amer.  Zinc.  Lead  &  Smelting  Co..  .  Dearing.  Kans. 
Araer.  Zinc.  Lead  &  Smelting  Co..  .Caney.  Kans. 

Bartelsville  Zinc  Co Bartelsville.  Okla. 

Bartelsvillc  Zinc  Co Blackwell.  Okla. 

Bartelsville  Zinc  Co Collingsvillc.  Okla. 

Chanute  Spelter  Co Chanute.  Kans. 

Cherokee  Smelting  Co Cherokee.  Kans. 

Eagle-  richer  Lead  Co Henrs-etta.  Okla. 

Edgar  Zinc  Co Corondelet.  Mo. 

Edgar  Zinc  Co Cherr>-vale.  Kans. 

Granby  Mining  &  Smelting  Co Neodesha.  Kans. 

Henryetta  Spelter  Co Henryetta.  Okla. 

lola  Zinc  Co Concreto.  Kans. 

Joplin  Ore  &  Spelter  Co Pittsburg.  Kansas 

J.  B.  Kirk  Gas  &  Acid  Co lola,  Kans. 

Kusa  Spelter  Co Kusa,  Okla. 

LaHarpe  Spelter  Co Kusa.  Okla. 

Lanvon  Smelting  Co Pittsburjt.  Kans. 

Lanyon-Starr  Smelting  Co Bartelsville.  Okla. 

Missouri  Zinc  Smelting  Co Rich  Hill,  Mo. 

National  Zinc  Co Bartelsville.  Okla. 

Nevada  Smelting  Co Nevada.  Mo. 

Oklahoma  Spelter  Co Kusa.  Okla. 

Owen  Speller  Co Coney.  Kans. 

Pittsburg  Zinc  Co Pittsburg.  Kans. 

Prime  Western  Spelter  Co Gas  City.  Kans. 

?uinton  Spelter  Co Quinton.  Okla. 
ulsa  Fuel  &  Manufacturing  Co... .  Collingsville.  Okla. 

United  States  Smelting  Co Altoona.  Kans. 

United  Slates  Smelting  Co Checutah.  Okla. 

United  Slates  Smelting  Co LaHarpe.  Kans. 

United  Stales  Zinc  Co Sand  Springs,  t>kla. 

Weir  Smelting  Co Weir,  Kans. 

f  Kans.         17 


Building 

7.  p.  25)  . 

1915 

1916 

896 

896 

4.480 

4.480 

6,080 

6.080 

5.184 

7,488 

8,800 

10.080 

13.440 

1.280 

1,280 

896 

896 

3,000 

2.000 

2,000 

4.800 

4,800 

3.760 

3,760 

600 

3,000 

660 

660 

1.440 

1,792 

3,440 

3,440 

3,710 

3.720 

4,000 

448 

448 

3.456 

3,456 

448 

4.260 

4,970 

672 

672 

1.600 

1.280 

1.920 

910 

910 

4.868 

4.866 

1^340 

6,232 

6,232 

3,960 

4,600 

4.480 

1.924 

1.926 

5.680 

«.000 

44« 

Total  for  Kansas.  Okla.  &  Mo.  Establishments. 
Total  for  tub  Unitbo  Statbs 


34        8.2996     119,848 


155.388     211.126 


The  Pittsburg  district  in  Kansas  mined  6,860,988  short  tons 
of  coal  in  1914,  valued  at  $11,238,253.  giving  employment  for 
12,448  employees  192  days  in  the  year.  Oklahoma  produced 
in  the  same  year  3.998.613  tons  and  Missouri  3.9J5.<>So  tons,  a 
total  of  14,795,581  tons  for  the  district.* 

Kansas  has  mined,  since  18(19,  i3^'.i.'(7.749  t"ns  and  since 
1880,  Oklahoma  is  rc(>ortcd  to  have  produccti  63.462. 777. 
These  figures  for  proiluction  arc  relatively  small,  to  be  sure, 
when  compared  with  the  output  for  the  entire  ctnintry,  but  the 
supplies  arc  of  great  local  importance  for  fucJ  for  the  railnwds. 
the  chief  consumers;   for  steaming   purposes  in   r.  .,: 

plants  mid  (or  domestic  use.     Coal  competes  in  tli  i 

petroleum  and  nuliiral  gas  in  many  plants  and  for  t,'  *; 

purposes. 

Much  criticism  is  still  made  of  methods  of  mining  in  thit 
section.  Tlic  "rcprehen.sibic  practice"  of  "sliooting  oil  the 
solid"  still  persists  in  large  dcgrre— ;6  g  per  cent  of  the  total 
output  for  Kaiis4is  briiit;  miiicil  l>v  this  method.  .<  .t  per  cent 
by  steam  shovels,  and  i»>  pot  cent  l>v  hand.  Mochinc  tnining 
methods  have  not  mailc  tnucli  pmsicw  in  the  district. 

•  K«j  and  Ulm   J  ,  Jan.  ft,  \v\7.  p.  25 

•  ■'Mineral  Hr«>ui«*>  ot  lh»  V.  S.."  p.  ,<»6. 


704 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY       Vol.  9,  No.  7 


PORTLAND    CEMENT 

Kansas  ranks  third  in  number  of  cement  plants,  there  being 
10  within  the  state,  which  is  exceeded  only  by  Pennsylvania 
with  20  and  Michigan  with  11.  The  output  of  these  10  active 
establishments  in  1914  was  3,431,142  barrels,  valued  at 
$3,180,669. 

GLASS 

The  development  of  the  glass  industry  in  this  part  of  the 
country  is,  like  zinc  and  cement,  due  to  the  available  supplies  of 
natural  gas,  a  cheap  and  particularly  desirable  fuel  for  this 
purpose.  Starting  about  fifteen  years  ago  the  industry  has 
gradually  grown,  in  varying  sized  plants,  throughout  the  gas 
belt.  The  last  census  placed  Kansas  eighth  in  rank  in  the  value 
of  its  glass  products.' 

GYPSUM 

The  demand  for  gypsum  in  the  crude  form  for  manufacturing 
Portland  cement,  and  in  other  forms  for  paint,  for  land  plaster, 
and  for  calcined  plaster,  is  a  steady  and  growing  one.  Kansas 
mined  80,774  tons  of  raw  gypsum  in  1914  and  possesses  four 
gypsum  establishments  or  mills.  Oklahoma  mined  113,103 
tons  and  had  si.\  establishments.  The  Kansas  product  is 
mostly  calcined,  the  form  of  greatest  value,  and  is  utilized  for 
wall  plaster,  plaster  of  Paris,  etc. ;  47,877  (short)  tons  of  calcined 
plaster  were  marketed  from  Kansas  in  1914,  and  the  value  of  all 
gypsum  products  was  estimated  at  $278,343.  Oklahoma's 
product  was  worth  $312,856  or  a  total  value  for  the  two  states 
of  $591,199.= 

SALT 

Anotlier  resource,  but  of  greater  value,  deposited  with  gypsum 
in  this  territory,  due  to  the  withdrawal  or  evaporation  of  the  sea, 
is  salt.  Kansas  is  one  of  the  four  states  credited  with  the  pro- 
duction of  salt,  and  has  ranked  fourth  at  the  last  three  censuses 
in  the  value  of  this  product.'  The  state  maintains  this  rank 
both  in  the  quantity  and  value  of  salt  marketed  in  19 15. 
Mijhigan,  New  York,  and  Ohio  are  the  only  states  which  exceed 
Kansas  in  production,  with  12,000,000,  11,000,000,  and 
5,000,000  barrels,  respectively.  Kansas  produced  in  1915 
3,765,164  barrels,  valued  at  $1,035,879,  or  about  10  per  cent 
of  the  output,  and  approximately  20  per  cent  of  the  value  of 
salt  produced  in  the  United  States.  (38,231,496  bbls.  were 
marketed  in  the  United  States  in  1915  valued  at  $11,747,686.)* 

The  ten  salt-producing  plants,  including  brine  and  rock,  are 
located  in  the  central  part  of  the  state.  Four  of  these  mine  rock 
salt.  Evaporated  salt  production  is  centralized  at  the  city  of 
Hutchinson,  with  other  establishments  at  Lyons,  Anthony  and 
Sterling.  Deep  wells  are  sunk  to  the  salt  beds  often  hundreds 
of  feet  below  the  surface,  water  is  forced  down  to  the  beds  and 
then  pumped  to  the  surface  where  the  brine  is  evaporated. 
Open  pans,  grainers,  and  vacuum  pan  methods  are  used. 

According  to  a  recent  report  of  the  United  States  Geological 
Survey,'  600  feet  of  rock  salt  have  been  encountered  by  the 
Short  Grass  Oil  and  Gas  Company,  in  Clark  County.  The  top 
stratum,  60  feet  thick,  was  struck  at  a  depth  of  690  feet  and  was 
capped  with  12  feet  01  limestone.  The  next  lower  bed  158 
feet  thick  was  separated  from  tlie  first  by  a  thin  bed  of  lime- 
stone. Below  these  the  beds  varied  in  thickness  from  5  to  30 
feet.  No  water  was  encountered  from  500  to  2900  feet.  From 
3300  to  3700  feet  a  great  deal  of  strong  brine  was  encountered, 
making  casing  necessary  to  that  level. 

Incidentally  in  this  connection  should  be  mentioned  tlie 
Solvay  Process  plant  located  at  Hutchinson,  Kansas,  the  only 
establishment  of  this  character  in  this  part  of  the  country. 
Sodium  chloride,  constituting  of  course  the  main  raw  material, 

'  "Census  of  Manufactures."  1910,  p.  681. 

'  "Mineral  Resources  of  the  United  Slates."  1914,  p.  261. 

'  "Census  of  Manufactures,"  1910. 

*  "Mineral  Resources  of  the  ITnited  States,  '  1914,  p.  291. 

•  Ibid.,  p.  265. 


is  converted  into  sodium  bicarbonate  or  cooking  soda.  Present 
conditions  and  outlook  seem  to  promise  a  substantial  and  in- 
creasing market  for  the  output  of  this  estabUshment.  Mention 
should  also  be  made  of  the  demand  for  sodium  carbonate  in  the 
adjacent  territory  for  glass  and  soap  manufacturing,  for  paper 
making,  and  for  water  softening  processes. 

CLAY    PRODUCTS 

Omission  should  not  be  made  of  the  valuable  clay  products, 
and  their  potential  possibilities,  which  this  region  affords. 
As  time  goes  on  these  resources  are  destined  to  become  more  and 
more  valuable.  For  Kansas  alone  their  value,  as  last  reported, 
was  estimated  at  $1,905,961.'  Vitrified  brick  constituted  the 
principal  output,  and  was  31  per  cent  of  the  value  of  all  clay 
products.  Over  40  establishments,  rather  widely  scattered, 
were  producing  vitrified,  common,  front,  fancy,  and  fire  brick; 
drain  tile,  sewer  pipe,  terra  cotta,  tile,  and  stoneware.  The 
adaptability  of  the  available  fuels  of  the  district,  particularly 
gas,  for  this  special  form  of  industry,  is  apparent. 

The  desirability  of  these  bulky  and  yet  very  valuable  products 
in  a  commonwealth  is  evident  to  all.  They  are  absolute 
essentials  in  the  life  of  any  settled  commimity.  Their  great 
weight  and  bulk  and  relatively  low  value  per  unit  precludes  their 
shipment  by  rail  unduly  long  distances.  Instead  of  foregoing, 
in  a  measure,  their  consumption  or  being  subjected  to  well-nigh 
prohibitive  freight  rates,  the  Kansas  City  Zone  is  abundantly 
supplied  with  all  of  these  products  which  make  for  the  increased 
diversification  and  satisfaction  of  material  wants. 

KANSAS    CITY    A   LOGICAL   ML-NITION   CENTER 

In  these  belligerent  times  om-  attention  is  called  to  the  fact 
that  Kansas  City  is  one  of  the  logical  munition  centers  of  the 
United  States. 

The  fats  and  oils  derived  from  the  packing  plants  and  the 
cottonseed  from  adjacent  states  are  making  for  the  rapid  de- 
velopment of  soap  manufacturing.  Glycerin  being  a  by-product 
of  soap-making,  one  element,  and  a  very  important  one,  is  here 
present  for  manufacturing  of  explosives.  Close  by,  the  roasting 
of  zinc  sulfide,  the  so-called  blend  or  concentrates,  leads,  of 
course,  to  great  possibilities  in  the  production  of  sulfuric  acid. 
It  only  remains  to  combine  the  two  constituents  thus  produced 
here  in  increasing  quantity,  namely,  glycerin  and  sulfuric  acid, 
with  nitric  acid  to  furnish  a  substantial  output  of  nitroglycerine, 
the  basis  for  explosives  and  munitions. 

For  use  in  zinc  and  lead  mining  we  observe  these  acids  and 
glycerins  produced  locally,  being  shipped  separately  in  bulk 
to  the  Joplin  district,  there  to  be  combined  into  explosives 
suitable  for  mining  operations.  Glauber's  salt  is  also  sent  in 
quantity  to  the  glass  factories  of  Kansas  there  to  be  mixed  with 
sands,  etc.,  in  the  making  of  glass. 

POTENTIAL    INDUSTRIES 

A  discussion  of  industries  and  resources  would  not  be  complete 
without  at  least  passing  reference  to  what  many,  qualified  to 
judge,  designate  as  potential  industries  of  the  Kansas  City 
Zone. 

The  enormous  quantities  of  wheat,  corn,  potatoes  and  canes, 
which  are  and  can  be  produced,  suggest  the  great  possibilities 
of  starch  production  in  this  territory.  These  same  raw  materials 
can  also  be  made  the  foundation  for  enormous  outputs  of  in- 
dustrial alcohol,  which  is  so  rapidly  becoming  a  basic  and  primary 
product  the  country  over. 

The  great  supply  of  hides  from  packing  plants  has  suggested 
possibilities  in  the  establishment  of  tanneries  in  various  centers. 
It  is  maintained  tliat  tanning  extracts  or  powders  might  profit- 
ably be  shipped  into  this  territory  from  bark-producing  sections 
and  at  less  expense  than  is  incurred  in  transporting  the  heavy 
raw  hides  to  the  present  tanneries.  What  the  future  holds  for 
such  an  enterprise  here  remains  to  be  seen. 

1  "Mineral  Resources  of  the  United  States."  1914.  p.  500. 
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Similar  suggestions  are  frequently  made  regarding  the  possi- 
bilities for  cotton  and  woolen  manufactures  and  the  exceptional 
facilities  for  similar  textile  plants,  due  to  unequaled  railway 
connections  which  the  district  affords.  Apparently  their  absence 
is  primarily  due  to  unavailable  capital,  and  even  more,  perhaps, 
to  a  lack  of  the  particular  qualities  and  training  of  an  industrial 
population  adapted  to  these  special  industries. 

With  all  the  economic  activities  and  possibilities  which  Kansas 
City  territorj'  possesses  in  the  production  of  many  concrete 
goods,  partially  or  completely  made  ready  for  consumption,  oiu" 
survey  would  not  be  complete  without  attention  being  called 
to  the  facilities  for  moving  and  financing  the  products  of  these 
expanding  enterprises. 

The  Kansas  City  Zone  is  served  by  a  railway  net  which,  with  its 
management,  is  doing  its  part  with  deser\'ing  credit  to  facilitate 
the  transportation  of  all  these  products  from  farms  and  mines 
and  factories.  Kansas  City  enjoys  the  schedules  and  rates  of 
Missouri  River  basing  points,  and  the  radiating  lines  serve  the 
territory  and  all  interests  concerned  with  uniform  satisfaction. 
It  can  be  maintained,  I  think,  that  in  no  section  of  the  United 
States  are  the  railroads  doing  more  to  cooperate  with  the  legiti- 
mate enterprises  of  a  territory  than  here  in  the  Kansas  City 
Zone. 

Similar  recognition  should  also  be  given  to  the  banking 
facilities  of  Kansas  City  and  the  surrounding  towns.  Here  is 
located  one  of  the  Federal  Reserve  Banks  and  also  some  of  the 
strongest  National  Banks  of  tlie  country.  Here  was  early  and 
successfully  established  a  system  of  country  clearings.  The 
agricultural  communities  are  particularly  well  supplied  with 
banking  facilities  as  evidenced  by  the  exceptionally  large  number 
of  state  and  national  banks  in  all  the  smaller  towns  and  cities 
and  their  universal  patronage.  Again,  the  vital  connection  and 
sympathetic  cooperation  of  these  financial  institutions  witli  the 
productive  enterprises  of  the  territory  are  fortunately  one  of  the 
conspicuous  features  of  our  expanding  economic  life.  Nowhere 
in  the  United  States  is  banking  on  a  more  democratic  basis. 

In  conclusion,  one  cannot  refrain  from  here  expressing  and 
emphasizing  the  opinion  that  after  all  other  explorers  and  ex- 
ploiters have  passed  in  review  before  us,  last  of  all  must  come 


warnings,  all  too  little  heeded.  More  and  more  we  must  call 
upon  science  to  supplement  the  obvious  gifts  of  nature  and  to 
reveal  the  wealth  of  materials  and  supplies  which  she  has  hitherto 
concealed. 

But  to  apply  scientific  methods,  funds,  and  increasing  funds, 
of  capital  are  necessary  to  utilize  or  make  available  the  more 
productive,  round-about  methods  of  production.  Contrary  to 
the  oft-repeated  popular  opinion,  most  industries  are  to-day 
undercapitalized.  Scientific  discoveries  are  outstripping  the 
supplies  of  capital  in  the  race  of  achievement.  What  sums  of 
capital  might  not  be  utiUzed  to-day  were  they  only  avail- 
able! 

The  "hiulful  forcing  process"  may  be  socially  and  economically 
undesirable  if  accompanied  by  wastes  of  natural  resources,  but 
the  forging  ahead  of  scientific  discoveni-  and  utilization  must 
ever  be  ericouraged  and  kept  far  in  advance  in  the  procession. 

The  physical  scientist  and  tlie  economist  unite.  I  am  disposed 
or  at  least  venture  to  think,  in  substantial  agreement  on  this 
proposition:  The  w^orld  stands  more  and  more  in  need  of 
scientific  discovery,  while  on  the  other  hand  nothing  is  more 
apparent  than  tlie  necessity  of  increasing  the  funds  of  capital, 
coupled  with  intelligent  business  direction,  to  give  life  and 
effectiveness  to  these  discoveries. 

In  the  march  of  economic  development.  Science  must  blaze 
the  way,  and  adequate  supplies  of  Capital  must  support  its 
programs.  Assuming  the  brains  to  direct  them.  Science  will 
determine  the  course  of  our  future  material  achievements  and 
Capital  the  degree  of  their  realization. 
I'NivERSiTY  OP  Kansas 
Lawrence.  Kansas 


THE  NEW  ZINC  FIELDS  OF  KANSAS-OKLAHOMA 

By    WiNTllKDP    P.    Havnks 

Rcccivcil  May  \2.  I'd  7 

A  short  night  trip  by  rail  from  Kansas  City  takes  one  into 

the  heart  of  the  largest  zinc- producing   district  of  the  Central 

States,  and  of  the  United  States  too.  for  that  matter,  because 

statistics  of  production  for  1915  credit  the  Central  States  with 


I  I       I      Iii[vni,..rMi;M  ..V 

the  grriitcst  of  nil  adventurers  Science.  I'ionccrinK  diiys  of 
tlic  old  order  arc  past.  More  and  more  llic  ncccwity  of  the 
mctluxU  of  scirncc  bccoincn  apparent  in  the  exploitation  nf 
productive  procrssc*.  The  Rn-ns-yini-plca!ic,  rule  iif-thiiml),  liit- 
or-niiss  mrlliiHN  of  skinunJMK  the  stirfucc.  with  nil  their  iiicidrntnl 
wastes,  lire  forltiniitrly  KoiiiK  hrrr  us  elsewhere.  iin<l  piissinK.  we 
hope,  forever.     This  prrsnit   tiiilloniil  crisis  is  luil   tlir  Inst   of 


47  per  cent  of  the  s|>elter  prtxluction  of  the  I'niteil  Slates, 
ntid  place  Missouri  at  the  head  nf  the  list  of  the  states  prratuctng 
.i|Klter  (metallic  fine). 

The  Joplin  Calenn  district  is  juMlv  (uinotis,  aitd  Mill  holds 

'  rrrarnlral  al  (lir  Srmfaiimm  on  ll>t  Cktmitlry  tmi  UiitUmttr  of  /Iw, 
.^4lll  Mrrilnis    Amrrlnn  (.'lirmlral  !>ort«lir.   K*i»u  CHr.  AprO  10  In  14, 


7o6 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY       Vol.  9,  No.  7 


Fic.  2 — PicHHR.  Oklahoma:  A  Booking  Zinc  Town.  Jan.,  1917 


its  place  in  the  front  ranks  of  the  zinc-producing  region 
but  public  interest  is  now  being  diverted  to  the  Southwest  into 
the  new  field. 

We    shall,  therefore,    pass    from    the    great  dumps  and  ex- 
pensive  underground   workings   of   the   Webb   City-Cartcrville 


\  -^s" 


Fig.  3 — Drilling  Rigs  Prospecting  for  Zinc  Ore  Near  Picber 


Fig.  4 — Development  N'ear  Admiralty.  Okla  .  Jan..  1917 


Fig.  5 — Welsh  Concentrating  Mill.  Admiralty,  Okla. 
regions,  which  have  been  so  long  established  that  there  is  only 
the  routine  development  work  on  ore  which  does  not  interest 
us,  and  go  by  auto  to  the  eastward  from  Joplin  through  Galena, 
Kansas,  with  its  many  old  abandoned  workings  and  great  dumps, 
on  to  the  South  through  Baxter  Springs,  Kansas,  where  we 
see  many  autos  with  parties  of  men  driving  about  as  if  bent 


on  important  business.  Star  drilling  rigs  are  seen  scattered 
over  the  country  and  they  become  more  numerous  as  we  ap- 
proach the  Oklahoma  line.  Near  the  State  boundary  are  some 
new  mills  under  construction.  Others  are  already  in  operation, 
and  we  realize  that  we  are  in  the  new  zinc  fields  at  last.  We 
go  about  two  miles  south  into  Oklahoma  to  what  looks  like 
a  large  city  with  many  tall  buildings,  but  find  that  it  is  really 
the  town  of  Picher,  which  has  had  a  wonderful  growth  in  the 
past  few  months  and  is  daily  spreading  out  into  the  prairie. 
New  concentrating  mills  of  galvanized  iron  are  being  built, 
shafts  being  dug,  and  drilling  going  on  (see  Figs,  i  and  2). 
Small  wooden  shacks  and  prairie  schooners  cluster  about  the 
borders  of  the  town,  and  have  spread  so  far  that  they  merge 
with  the  neighboring  town  of  Admiralty,  which  shows  the  same 
mushroom-like  growth. 

It  is  a  very  inspiring  sight  to  one  who  is  used  to  seeing  things 
old  and  stable,  to  get  into  a  real  boom  town  and  observe  the  rush 
and  hustle  of  all  the  people.  We  realize  that  this  is  part  of 
the  old  Indian  Territory  where  the  Indians  were  given  land  at 
one  time  considered  of  little  value.  Now  there  is  great  effort 
to  lease  the  land,  and  many  of  the  Indians  are  very  well  off 
from  their  leases  and  royalties  on  production.  The  rows  of 
small  portable  drilling  rigs  of  the  Star  type  first  interest  the 
visitor  (see  Fig.  3).  They  are  prospecting  the  leases  to 
determine  the  depth  of  the  ore  body  and  its  thickness  and 
extent.  By  systematic  drilling  a  fairly  accurate  estimate  of 
the  amount  of  ore  can  be  made,  and  thus  this  development 
work  is  removed  from  a  gambling  chance  to  a  fairly  safe  mining 
proposition.  The  depth  of  drilling  is  comparatively  slight, 
being  in  the  neighborhood  of  300  feet,  and  so  the  expense  of 
this  thorough  prospecting  is  not  great.  The  large  number 
of  concentrating  mills  indicates  to  a  certain  extent  the  number 
of  small  companies  operating.  It  also  indicates  the  great 
demand  and  high  price  paid  for  the  zinc  at  the  present  time 
(see  Figs.  4  and  5). 

GEOLOGIC    FORMATION    AND    STRUCTURE 

The  rocks  which  outcrop  at  the  surface  of  this  region  consist 
of  shales  and  limestones  of  late  Paleozoic  age.  The  western 
part  of  the  district  contains  rocks  of  Pennsylvanian  age  which 
are  represented  on  the  map  (Fig.  6)  by  diagonal  shading. 
In  the  unshaded  part  of  the  map  the  rocks  at  the  surface  are  of 
Mississippian  age.  Numerous  wells,  shafts,  and  drill  holes 
have  furnished  data  in  regard  to  the  strata  below  the  surface. 
A  vertical  columnar  section  in  northwestern  Oklahoma'  gives 
us  the  succession  of  strata  shown  in  Fig.  7.  The  region 
lies  on  the  northwestern  flank  of  the  Great  Ozark  uplift  and 
therefore  the  strata  have  a  general  dip  to  the  west  and  north- 
west. 

ORES 

The  lead  and  zinc  minerals  which  are  being  mined  in  this 
region  are  chiefly  the  sulfides:  galena,  PbS;  and  sphalerite, 
ZnS;  but  some  of  the  oxidized  ores,  carbonates  and  silicates, 
nearer  the  surface,  are  also  being  used.  In  this  district  sphaler- 
ite is  much  the  most  important  ore.  These  minerals  are  all 
I  Oklahoma  Geological  Survey.  Bull.  9  (1912). 
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found  in  the  Boone  formation  (chiefly  the  cherty  middle  member), 
and  occur  in  two  forms:  the  common  type  being  known  as  the 
"sheet  ground"  deposits,  or  "blanket  veins,"  which  are  de- 
veloped parallel  to  the  bedding  planes  of  the  strata  in  which 
they  occur,  and  often  have  great  lateral  extent;  and  the  "runs" 
which  are  inclined  and  located  in  disturbed  zones  in  the  strata. 
The  ore  in  the  "runs"  is  usually  of  much  higher  grade  than 
that  in  the  "sheet  ground,"  but  the  "runs"  are  of  much  less 
extent. 

ORIGIN 

A  great  many  eminent  geologists  have  worked  on  the  problem 
of  the  origin  of  these  ores,  but  no  perfectly  satisfactory  theory 
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theories.  The  latest  and  most  detailed  work  on  this  subject  is 
by  Mr.  C.  E.  Siebenthal,'  who  believes  that  the  circulation 
of  the  underground  waters  in  this  district  has  been  upward, 
and  that  the  ore  minerals  were  concentrated  from  the  scattered 
minerals  chiefly  in  the  Cambrian  and  Ordovician  rocks. 

PRODUCTION 

The  increased  production  of  metallic  zinc 
(spelter)  in  the  United  States  since  the  out- 
break of  the  war  and  its  great  increase  in 
value  is  well  shown  by  tlie  accompanying 
diagrams:  Fig.  8  shows  the  enormous  jump 
in  the  average  price  of  spelter  from  1 914  to 
1915,  and  this  high  price  has  kept  up  to 
the  present  time.  Fig.  9  shows  the  in- 
creased production  of  all  of  the  groups  of 
the  states,  with  the  beginning  of  the  war, 
and  the  greater  demand  for  zinc.  Fig.  10 
shows  the  relations  of  the  production  to  the 
increased  value  for  these  same  years.  The  figures  on  the 
production  for  the  year  1915  show  that  the  Jophn  district 
produced  643,380,000  lbs.  of  zinc  concentrates  valued  at  S23,- 
419,103,  and  329,088,000  lbs.  of  metallic  zinc  valued  at  $40,- 
806,912.  The  Joplin  sphalerite  concentrate  ores  average  more 
than  57  per  cent  of  zinc,  while  those  from  Montana  average 
about  45  per  cent;  those  from  other  places  are  lower  than  this 
There  was  an  increase  of  nearly  50  per  cent  in  the  quantity 
of  zinc  and  zinc-lead  ores  treated  in  1915. 

CONCLUSION 

Unquestionably  this  new  zinc  district  has  a  much  higher  grade 
ore  than  that  of  the  Joplin  region,  as  seen  from  the  ore  being  run 
through  several  of  the  large  mills  at  Admiralty  and  Picher.  It 
is  from  15  to  20  per  cent  sphalerite.  This  means  that  great  profit 
can  be  made  even  with  rather  expensive  and  careless  handling 
of  the  ore. 

When  the  price  of  zinc  drops  with  the  decrease  in  demand 
after  this  war,  it  will  be  necessary'  for  these  many  small  companies 
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hns  bfon  evolved  iis  yet.  The  theories  up  to  dnlc  may  be  groiiiicd 
under  three  dilTerrnt  lu-uils.  They  urc:  (1)  that  the  minerals 
were  deposited  by  nscriidinK  watcr>i;  (3)  that  llicy  were  deposited 
by  dcscciKlinK  wiitcrs;  iiiul  (3)  thut  they  were  deposited  by 
a.HccndinK  iitiil  Inter  cuiicentrutcd  by  dcsccndinx  wutcrs.  The 
prcHcnrr  of  Mnall  iiniiMiiits  n(  these  niinenils  in  the  forniiitixnii 
above  iitid   below   the   llonnr  chert   would   favor  nnv   of   these 


with  their  iniiltittide  of  mills  to  rnnsolidutc  and  get  down  to  the 
niaxiiuum   pro<hK'tion  and  ininiinuiii  ctist  Ita.sis  which  enable* 
the  older  mines  of  the  Joplin  district  to  o|<eratc  pmfitnblv  with 
their  rather  lowurade  ore. 
Univhiimtt  or  K«N**ii 
I.AWnaKca,  Kanhaii 

<  v.  S    c;raln(lr«l  Slirvrr.  n»U    M*  (l«l.^) 
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THE  LEGAL  STATUS  AND  THE  CHARACTER  OF  WORK 

DONE  BY  THE  KANSAS  STATE  BOARD  OF  HEALTH 

WATER  AND  SEWAGE  LABORATORY' 

By  C.  C.  You.NC 

Since  the  foundation  of  the  Chemistry  Department  at  the 
University  of  Kansas,  water  analyses  had  been  made  by  Pro- 
fessor Bailey  and  members  of  his  department  and  considerable 
systematic  work  done  by  Professor  Bartow  and  others,  but  it 
was  not  until  1906  that  any  real  survey  of  the  waters  of  the 
State  of  Kansas  was  attempted.  At  that  time,  an  investigation 
of  the  quality  of  Kansas  waters  was  prosecuted  under  a  joint 
agreement  between  the  Kansas  State  Board  of  Health  and  the 
United  States  Geological  Survey,  Horatio  N.  Parker  representing 
the  Geological  Survey  and  Dr.  E.  H.  S.  Bailey,  of  the  Chem- 
istry Department  of  the  University,  representing  the  State 
Board  of  Health. 

The  funds  available  for  this  investigation  were  limited,  but  a 
very  satisfactory  report  was  made  in  Water  Supply  Paper  273. 

As  the  organic  law  of  the  State  provides  tliat  all  scientific 
work  of  the  State  Board  of  Health  shall  be  done  at  the  Uni- 
versity, the  headquarters  were  naturally  provided  by  the  Board 
of  Regents. 

From  October,  1906,  to  February,  1908,  the  work  in  the  labora- 
tory was  carried  on  by  Dr.  F.  W.  Bushong  and  Archie  J. 
Weith. 

So  much  educational  work  had  been  done  by  Mr.  Parker  in 
the  field  with  its  coincident  newspaper  notices  that  a  demand 
grew  up  among  the  people  of  the  state  for  examinations  of  their 
water  supplies.  About  this  time,  the  Legislature  passed  the 
first  of  the  water  and  sewage  laws,  which  gave  over  to  tlie  State 
Board  of  Health  supervision  of  water  supply  and  sewage,  in- 
cluding the  purification  of  water  and  treatment  of  sewage. 
This  necessitated  some  laboratory  facilities  for  the  Engineer 
of  the  State  Board  of  Health.  Consequently,  it  was  found  im- 
practicable by  the  University  to  discontinue  the  Water  Labora- 
tory, which  had  been  founded  for  the  work  done  in  conjunction 
with  the  L^nitcd  States  Geological  Survey. 

When  I  came  to  the  University  in  1908,  the  water  analysis 
was  assigned  to  me  as  a  portion  of  my  work  in  the  Chemistry 
Department.  As  in  the  history  of  all  such  organizations,  the 
demand  became  so  great  tliat  funds  were  not  available  to  meet 
the  wants  of  the  citizens  of  the  state.  Although  each  year  an 
increase  was  made  in  the  appropriations,  they  could  not  keep 
pace  with  the  demands.  At  the  same  time  the  work  was  grow- 
ing in  the  Chemistry  Department,  the  Bacteriological  Depart- 
ment of  the  l"niversity  was  going  through  a  similar  experience 
with  regard  to  bacteriological  analysis  of  water. 

In  191 2,  the  United  States  Public  Health  Service  and  the 
State  Board  of  Health  instituted  a  joint  survey  of  the  Missouri 
River,  calling  upon  both  the  Chemistry  and  the  Bacteriological 
Departments  of  the  University  for  laboratory  studies.  Fol- 
lowing this  work,  a  union  was  effected  between  the  Chemistry 
and  Bacteriological  Departments  forming  a  Water  Laboratory 
of  the  University  of  Kansas,  which  was  to  do  such  work  as  the 
State  Board  of  Health  required  and  make  a  study  of  the  sanitary 
water  conditions  of  the  state. 

In  a  short  time  this  organization  was  rendered  ineffective  on 
account  of  lack  of  sufficient  funds  to  meet  the  ever-increasing 
demands  for  routine  examinations  of  water  supplies,  so  in  1915 
a  proposition  was  put  before  the  Board  of  Administration  of 
the  University  of  Kansas  whereby  a  bill  was  to  be  introduced 
founding  a  Water  and  Sewage  Laboratory  of  the  State  Board 
of  Health,  and  providing  for  the  support  of  the  Laboratory 
by  fees  collected  for  the  analyses,  and  as  it  was  intended  to  aban- 
don the  work  on  account  of  this  condition,  it  was  fortunate 
tliat  this  bill  became  a  law. 

'  Presented  at  the  Kansas  City  Meeting  of  the  A 
ciety.  April  10  to  14,  1917. 


The  law  as  finally  passed  is  as  follows,  with  the  rules  and  regu- 
lations that  were  drawn  up  and  approved  by  the  State  Board 
of  Health  and  Board  of  Administration. 


RULES  AND   REGULATIONS  OF  THE   STATE   BOARD  OF   HEALTH   FOR 
THE  COLLECTION  OF    SAMPLES  AND  ANALYSIS  OF  WATER' 

Session  Laws  of  1915 — House  Bill  No.  503 
An  Act  giving  the  State  Board  of  Health  power  to  require 
analysis  of  waters  furnished  or  sold  to  the  public,  and  to 
provide  rules  and  regulations  for  said  analysis  and  collec- 
tion of  samples  of  water,  and  to  prescribe  penalties  for  the 
violation  of  said  rules  and  regulations. 
Be  it  enacted  by  the  Legislature  of  the  Stale  of  Kansas: 

SECTION  I — That  the  State  Board  of  Health  small  make  and 
publish,  in  the  official  state  paper,  rules  and  regulations  for  the 
collection  of  samples  and  analysis  of  water,  either  natural  or 
treated,  fiurnished  by  municipalities,  corporations,  companies 
or  individuals  to  the  public,  and  shall  fix  the  fees  for  any  ser- 
vices rendered  under  said  rules  and  regulations  to  cover  the  cost 
of  the  services,  which  fees  shall  be  approved  by  the  State  Board 
of  Administration  before  they  become  operative. 

SECTION  2 — The  analysis  of  all  waters  required  in  the  rules  and 
regulations  shall  Ije  made  at  the  Water  and  Sewage  Laboratory 
of  the  State  Board  of  Health  in  the  University  of  Kansas,  and 
the  fees  collected  under  the  provisions  of  this  act  shall  be  turned 
into  the  state  treasury  for  the  benefit  of  said  laboratorj'  of  the 
University  of  Kansas. 

SECTION  3 — That  every  corporation,  railway,  common  carrier, 
company  or  individual  that  shall  fail  to  comply  with  the  rules 
and  regulations  prescribed  by  the  State  Board  of  Health  under 
this  act  shall  be  deemed  guilty  of  a  misdemeanor  and  upon  con- 
viction shall  be  fined  not  less  than  S50  nor  more  than  $500. 

SECTION  4 — This  act  shall  take  effect  and  be  in  force  from 
and  after  its  publication  in  the  official  state  paper. 

RULES   AND   REGULATIONS   GOVERNING    COLLECTIONS   OF    SAMPLES 
AND  ANALYSIS  OF  WATER  FROM  CITY  SUPPLIES  FURNISH- 
ING   GROUND   WATER    TO   THE    PUBLIC 

I — A  complete  sanitary  inspection  of  city  supplies  furnishing 
ground  water  shall  be  made  by  a  representative  of  the  Division 
of  Water  and  Sewage  of  the  State  Board  of  Health  at  least  once 
each  year  and  samples  collected  for  analysis.  Samples  so  col- 
lected shall  be  subjected  to  a  complete  analysis  at  the  Water 
and  Sewage  Laboratory  of  the  State  Board  of  Health,  including 
microscopical,  bacteriological,  sanitary,  chemical,  and  mineral 
examinations. 

2 — A  second  sample  shall  be  collected,  according  to  directions 
sent  out  by  the  Water  and  Sewage  Laboratory  of  the  State  Board 
of  Health,  by  city  officials,  waterworks  officials,  or  other  persons 
authorized  by  tlie  Secretary  of  the  State  Board  of  Health,  upon 
receipt  of  container  from  said  Laboratory,  and  shall  retiu-n  said 
container  within  one  week  from  date  of  receipt. 

3 — Results  of  these  analyses  with  any  pertinent  remarks  and 
advice  shall  be  reported  to  the  person  whose  name  is  signed  to 
the  information  blank  and  to  the  Secretary  of  the  State  Board 
of  Health. 

4 — As  many  additional  analyses  shall  be  made  as  are  deemed 
necessary  by  the  Engineer  of  the  State  Board  of  Health  to 
show  the  quality  of  the  water. 

(i)  Analyses  of  proposed  city  supplies  shall  be  made  upon 
request  to  tlie  Water  and  Sewage  Division  of  the  State  Board 
of  Health. 

S^Fees  for  service  rendered  under  these  rules  and  regulations 
for  ground  water  supplies  shall  be  payable  July  first  of  each  year 
to  the  Director  of  tlie  Water  and  Sewage  Laboratory  of  the 
State  Board  of  Health  at  the  University  of  Kansas,  Lawrence, 
Kansas. 

I  Published  in  the  Topeka  State  Journal,  June  14.  1915. 
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6 — Fees  have  been  fixed,  based  upon  the  population  of  the 
cities.  The  population  of  a  city  shall  be  taken  from  the  pre- 
ceding state  enumeration : 

Population  op  Cities  Fees 

Under  500 S12.50 

500-   1.000 20.00 

1,000-  2.000 25.00 

2,000-  3,000 30.00 

3,000-  5,000 35.00 

5,000-15,000 • 40.00 

15.000  and  up 50.00 

RULES   AND   REGULATIONS   GOVERNING    COLLECTIONS   OF    SAMPLES 

AND  ANALYSIS  OF  WATER  FROM  CITY  SUPPLIES  FtTRNISH- 

ING  SURFACE  WATER  TO  THE  PUBLIC 

(2)  Analyses  of  chemicals  used  in  water  purification  shall 
be  analyzed  upon  request. 

1 — A  complete  sanitary  inspection  of  city  supplies  fiu-nishing 
surface  water  shall  be  made  twice  annually,  and  tests  of  the 
operation  of  the  plant  shall  be  carried  on  at  the  time  of  these 
inspections  by  a  representative  of  the  Division  of  Water  and 
Sewage  of  tlie  State  Board  of  Health. 

2 — Samples  shall  be  collected  weekly,  according  to  directions 
of  the  Water  and  Sewage  Laboratory,  by  city  oflficials,  water- 
works officials  or  other  persons  authorized  by  the  Secretary  of 
the  State  Board  of  Health  from  the  raw  and  finished  treated 
water  and  sent  to  said  Laboratory  for  analysis  in  containers 
furnished. 

3 — Results  of  these  analyses,  with  any  pertinent  remarks  and 
advice,  shall  be  reported  to  the  person  whose  name  is  signed 
to  the  information  sheet,  and  to  the  Secretary  of  the  State  Board 
of   Health. 

4 — City  officials  shall  be  required  to  keep  any  data  on  the 
operation  of  purification  plants  that  may  be  required  by  the 
Division  of  Water  and  Sewage  of  the  State  Board  of  Health. 
This  data  shall  be  transmitted  to  the  Engineer  of  the  Division 
upon  his  request. 

5 — Fees  for  the  services  rendered  under  these  rules  and  regula- 
tions pertaining  to  surface  water  supplies  shall  be  payable 
July  first  of  each  year  to  the  Director  of  the  Water  and  Sewage 
Laboratory  of  the  State  Board  of  Health  at  the  University  of 
Kansas,  Lawrence,  Kansas. 

6 — Fees  have  been  fixed,  based  upon  the  population  of  the 
cities.  The  population  of  a  city  shall  be  taken  from  the  pre- 
ceding state  enumeration: 

Population  op  CiTias  Fkks 

Under  1.500 J30.00 

1,500-  3,000 50.00 

3.(K)0-  fi.OOO 90.00 

6,000-10,000 100,00 

10.000  und  ubovt 150,00 

RULES    AND    REGULATIONS    GOVERNING    COLLECTION    OF    SAMPLES 

AND     ANALYSIS     OP      DRINKING      WATER      SUPPLIED      BY 

COMMON    CARRIERS 

1  —Sanitary  inspection  of  the  sources  of  supply  and  niclliods 
of  handling  water  furnished  by  common  carriers  to  the  public 
within  the  state  at  points  where  they  have  privately  owned 
supplies  shall  be  made  twice  annually  by  a  representative  of 
the  Division  of  Water  and  Sewage  of  the  State  Board  of  Health. 

2  Samples  shall  be  collected  at  the  time  of  inspection  from 
tile  sources  of  supply  and  the  place  where  trains  arc  watcre<l. 
Samples  so  collected  shall  be  subjected  to  complete  analysis 
in  the  Water  and  S<!WUKC  Laboratory  of  the  State  Board  of 
Health  in  accordance  with  the  standard  adopted  by  the  United 
States  Treasury  Departnieiit  for  driiikiiiK  water  supplied  to  the 
public  by  ciiinuKin  carriers  in  interstate  coinmeree. 

.\  Results  of  these  analyses  shall  be  reported  to  the  (iroprr 
railroad  oflicial,  to  the  Secretary  of  the  State  Hiiard  nf  Health, 
nnd  t"  the  SurKcon  C.eiirral  of  the  United  States  I'liblic  Health 
Service 

4  In  ease  a  wutei  supply  furiuslu-il  liv  coiiunnii  carrieis  In 
pa.Hsnmers  in  tin-  Stale  docs  nut  meet  the  rcc|iilirinriits  of  the 


standard  of  the  Treasury  Department,  and  repairs  or  improve- 
ments on  the  supply  are  made  with  the  approval  of  the  Division 
of  Water  and  Sewage  of  the  State  Board  of  Health,  one  addi- 
tional analysis  shall  be  made  without  cost  to  the  common  car- 
rier. 

5 — Railroads  or  common  carriers  shall  file  with  the  Water 
and  Sewage  Laboratorj-  of  the  State  Board  of  Health  a  list  of 
all  places  in  the  State  of  Kansas  where  passenger  trains  are  fur- 
nished with  water  for  drinking  purposes,  and  the  said  laboratory 
shall  be  notified  at  once  in  case  any  change  is  made  in  the  source 
of  supply  or  method  of  handling  the  water. 

6 — The  fees  for  the  ser\'ices  rendered  imder  these  rules  and 
regulations  pertaining  to  railroads  or  common  carriers  shall  be 
payable  July  first  of  each  year  to  the  Director  of  the  Water 
and  Sewage  Laboratory  of  the  State  Board  of  Health  at  the 
University  of  Kansas,  Lawrence,  Kansas. 

7 — The  fee  for  analysis  shall  be  S30.00  annually  for  each  place 
where  passenger  trains  are  furnished  with  water  to  be  used  by 
passengers. 

RULES    AND    REGULATIONS    GOVERNING    COLLECTION    OF    SAMPLES 
AND   ANALYSIS   OF   WATERS   SOLD    OR   FURNISHED   TO   THE 
PUBLIC    FOR    DOMESTIC    CONSLTJPTION    IN    BOT- 
TLES OR  OTHER  CONTAINERS 

I — AU  plants  for  the  preparation  of  water  for  sale  or  distribu- 
tion in  bottles  or  other  containers  for  domestic  consumption 
and  the  sources  of  water  supply  shall  be  inspected  twice  an- 
nually by  a  representative  of  the  Di\-ision  of  Water  and  Sewage 
of  the  State  Board  of  Health  and  samples  collected  for  complete 
analysis  by  the  Water  and  Sewage  Laboratory  of  the  State 
Board  of  Health. 

2 — Bottles  or  other  containers  in  which  water  is  sold  or  fur- 
nished to  domestic  consumers  must  be  sterilized  before  re- 
filling. The  method  of  sterilization  shall  be  passed  upon  and 
approved  by  the  Water  and  Sewage  Laboratory  of  the  State 
Board  of  Health,  subject  to  approval  by  the  State  Board  of 
Health. 

3^ — Processes  of  purification  of  waters  tliat  are  to  be  sold  or 
furnished  for  domestic  consumption  must  be  passed  upon  and 
approved  by  the  Water  and  Sewage  Laboratory  of  the  Stale 
Board  of  Health,  subject  to  approval  by  tlie  State  Board  of 
Healtli,  before  the  water  can  be  sold  or  offered  for  s;ile 

4 — Any  company,  corporation  or  individual  outside  of  tlie 
State  of  Kansas  preparing  water  for  sale  or  distribution  within 
the  State  of  Kansas  shall  file  full  information  witJi  tlie  Water 
and  Sewage  Laboratory  of  the  Stale  Board  of  Hciilth  at  the 
University  of  Kansas,  Lawrence,  Kansas,  as  to  the  sources  of 
supply  and  methods  of  sterilization  of  bottles,  and  equipment 
for  handling  the  water,  and  shall  collect  Siimplcs  twice  each  year, 
according  to  directions,  in  containers  sent  out  by  the  Water 
and  Sewage  Laboratory  of  the  Stale  Board  of  Health,  and  re- 
turn same  at  once  for  com]ilelc  aiudysis,  carriage  charges  pre- 
paid. 

5 — Reports  of  analysis  shall  be  made  to  Uic  jxirson  sixtiinK 
tlie  information  blank  and  to  the  Secretary  of  the  Stale  Board 
of  Health,  and  permits  shall  be  issued  by  the  Secretary  of  the 
Stale  Board  of  Health  for  the  sale  of  water  based  uimmi  the  ic- 
suits  of  analysis  and  insi>c<.-tion  and  the  rcconuucndations  of 
the  Division  of  Water  aiul  St-wagc  of  the  Stale  Biwid  of  Health. 

6 — The  fees  for  the  services  rendered  under  Oiesc  nilcs  and 
regulation!!  (icrlnininK  to  IhiIUcs  ami  treated  waters  shall  l>c 
payable  July  first  of  each  year  to  the  Ducclor  of  the  Water  und 
Sewage  UilMiralory  of  the  Slate  Uoatd  of  Health  at  Ihc  Uni- 
versity of  Kansas.   I^wicnce.   Kun.s;i.«. 

7 — The  fee  shall  lie  f.io  annually  (or  each  wmrve  of  Mipply 
from  which   water  i"!  lM)ltlc«l. 

In  cn!«c  a  i>cr»«ii.  company.  o>rm>r«lH>n.  institution  or  munici- 
pality lielirvcs  lliot  a  decisiion  of  the  PiviMon  of  Water  and 
SenuKe  »f  the  State  Board  of  Mcullh  i«  uniu.ot  «r  unfair  in  any 
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matter  pertaining  to  the  administration  of  the  rules  and  regula- 
tions herein  contained,  he  shall  within  thirty  days  have  the 
privilege  of  appealing  to  the  State  Board  of  Health  as  a  whole, 
and  said  State  Board  of  Health  shall  approve,  set  aside  or  modify 
the  decision  of  the  Division  of  Water  and  Sewage. 

Fees  collected  under  these  rules  and  regulations  shall  be  dis- 
tributed over  the  expenses  of  collection  and  shipping  of  samples, 
and  making  of  analyses,  under  the  direction  of  the  State  Board 
of  Health,  subject  to  the  approval  of  the  Board  of  Administra- 
tion of  Educational  Institutions. 

RULES   AND   REGULATIONS   GOVERNING    COLLECTION     OF     SAMPLES 
AND  ANALYSIS  OF  ICE  SOLD  FOR  DOMESTIC  CONSUMPTION' 

I — Corporations  or  individuals  selling  artificial  ice  for  domestic 
consumption  shall  submit  to  the  Water  and  Sewage  Laboratory 
of  the  State  Board  of  Health  complete  information  concerning 
the  source  of  water  supply  used  for  the  manufacture  of  the  ice 
and  a  detailed  description  of  tlie  process  involved. 

2 — A  fifty  (50)  pound  cake  of  ice  manufactured  shall  be  shipped 
to  the  Water  and  Sewage  Laboratory  of  the  State  Board  of 
Health,  Lawrence,  Kansas,  each  year  for  complete  analysis. 
Results  of  these  analyses  shall  be  reported  to  the  person  whose 
name  is  signed  to  the  information  sheet  and  to  the  Secretary 
of  the  State  Board  of  Health. 

3 — Artificial  ice  shall  contain  less  than  100  bacteria  per  cubic 
centimeter  and  no  organisms  of  the  Bacillus  coli  group  in  one 
cubic  centimeter.  If  the  ice  does  not  meet  these  requirements 
it  shall  be  sold  for  refrigeration  purposes  only  and  not  for  domes- 
tic consumption. 

4 — Corporations  or  individuals  harvesting  natural  ice  shall 
file  full  information  with  the  Water  and  Sewage  Laboratory 
of  the  State  Board  of  Health  with  regard  to  the  source  of  the 
ice  and  method  of  storage. 

5 — A  fifty  (50)  pound  cake  of  the  ice  shall  be  shipped  to  the 
Water  and  Sewage  Laboratory  of  the  State  Board  of  Health 
during  March  or  April  each  year  for  complete  analysis. 

6 — Natural  ice  properly  stored  shall  contain  less  than  100 
bacteria  per  cubic  centimeter  and  no  organisms  of  the  Bacillus 
coli  group  in  one  cubic  centimeter.  If  the  ice  does  not  meet 
these  requirements  it  shall  be  sold  for  refrigeration  purposes 
only  and  not  for  domestic  consumption. 

7 — County  Hcaltli  Officers  and,  in  cities  of  the  first  class, 
City  Health  Officers,  shall  furnish  the  Water  and  Sewage  Lab- 
oratory of  the  State  Board  of  Health  with  lists  of  ice  dealers 
in  their  districts. 

8 — Fees  for  the  services  rendered  under  these  rules  and  regula- 
tions pertaining  to  ice  supplies  shall  be  payable  by  the  manufac- 
turer or  owner  of  the  ice  plant  January  first  of  each  year  to  the 
Director  of  the  Water  and  Sewage  Laboratory  of  the  State 
Board  of  Health  at  the  University  of  Kansas,  Lawrence,  Kansas. 

9 — Pee  shall  be  S15  annually  for  each  source  of  supply  of  ice 
which  is  sold  for  domestic  consumption. 


We  have  been  operating  under  this  law  and  these  rules  and 
regulations  since  July  i,  1915,  with  the  result  that  an  organiza- 
tion has  been  built  up  that  is  handling  expeditiously  all  of  the 
work  required  and  it  has  been  possible  to  make  several 
investigations  of  more  or  less  importance. 

In  addition  to  tlie  routine  work,  each  member  of  the  staff 
has  been  carrying  on  some  research  work,  which  was  abso- 
lutely impossible  under  the  old  r6gime,  as  ample  funds  were 
never  available. 

The  Board  of  Health  and  the  University  were  agreeably  sur- 
prised to  find  that  there  were  very  few  complaints  against  the 
fee  proposition  and  no  organized  opposition  to  the  law  in  the 
Legislature  that  just  closed. 

County,  City  and  Health  Officers  have  felt  free  to  call  upon 

I  Approved  by  State  Boaril  of  Health,  October  4,  1915.     Published  in 
the  Topcica  State  Journal,  October  15.  1915. 


the  laboratory  to  make  investigations  in  their  districts  and  in 
some  instances  have  submitted  a  large  number  of  samples  for 
examination.  The  Engineers  of  the  State  Board  of  Health 
have  worked  in  conjunction  with  the  city  officials  in  collecting 
these  samples,  so  that  the  field  data  have  been  accurately  and 
scientifically  collected. 

During  the  first  year,  the  laboratory  made  approximately 
6,ooo  complete  bacteriological  and  8oo  chemical  analyses.  In 
addition  to  this,  we  have  examined  a  large  number  of  filter 
sands,  alums,  limes  and  hypochlorites  and  made  any  other 
special  analyses  that  would  tend  to  improve  the  operation  of 
water  purification  plants. 

Water  and  Sewage  Laboratory 
Lawrence,  Kansas 


SOME  MACHINERY  EMPLOYED  IN  THE  MANUFACTURE 
OF  GLUE' 

By  ARTHin(  Lowsnstbin 

In  view  of  the  fact  that  most  of  the  improvements  in  the  glue 
industry — at  least  so  far  as  they  pertain  to  distinctive  improve- 
ments in  equipment  used  in  the  manufacture  of  glue  in  this 
country — have  taken  place  largely  in  that  portion  of  the  industry 
devoted  to  the  chilling,  cutting  and  spreading  of  glue,  that  which 
follows  in  this  paper  will  be  limited  to  this  phase  of  the  subject. 
In  other  words,  it  is  not  the  purpose  of  the  writer  to  treat  on 
the  preparing  of  raw  glue  stocks,  the  chemical  treatment  of  such 
stocks  and  their  subsequent  cooking  and  evaporation,  but 
rather  on  the  product  after  it  has  left  the  evaporator. 

The  progress  made  in  the  glue  industr>'  in  this  country  has 
been  very  gradual,  and  most  glue  manufactiu-ers  have  been 
exceedingly  conservative  in  adopting  new  equipment. 

The  old  method  of  handling  glue  after  it  leaves  the  evaporator 
and  this  method  is  still  in  use  to  a  considerable  extent,  consists 
in  running  the  concentrated  glue  solution  into  wood,  galvanized 
iron  or  zinc  pans  or  "coolers"  (such  material  being  used  to  avoid 
staining  the  jelly  with  rust),  and  chilling  these  pans  by  means  of 
running  water,  or  usually  in  a  refrigerated  room,  after  which 
the  product  is  removed  either  by  cutting  or  by  dipping  the  pans 
in  hot  water.  The  cakes  formed  in  this  maimer  are  then  either 
run  against  wires  or  knives.  The  Clyde  cutting  machine  when 
originally  invented  marked  a  distinct  advance  in  the  method 
of  cutting  glue.  The  Clyde  machine  is  of  the  wire-cutting  type, 
made  single  or  double,  and  is  probably  the  most  satisfactory 
machine  of  this  type. 

In  some  cases  the  chilled  glue  is  chopped  into  blocks  and  then 
each  block  placed  in  a  contrivance  where,  by  the  pressure  of 
a  lever,  knives  or  wires  descend  on  the  cake  of  glue  and  cut  the 
block  into  sheets. 

Knife  cutters  will  cut  heavier  jellies  than  the  wire  cutters, 
and  this  is  desirable  during  the  summer  period.  One  of  the  ob- 
jections raised  against  the  knife  cutters  is  that  they  "do  not 
separate  tops  and  bottoms." 

Glue  jellies  when  cut  too  stiff  show  a  roughened  surface,  the 
appearance  of  which  is  unfavorable  when  dried. 

After  having  been  chilled  and  cut  by  any  of  the  methods  cited, 
the  glue  is  spread  by  hand  on  nets. 

The  old  system  of  chilling  glue  requires  a  chilling  room  suffi- 
ciently large  to  store  several  days'  production  of  glue  in  coolers. 
It  has  frequently  been  found  desirable  in  designing  a  glue  plant 
using  this  method  to  arrange  the  chill-room  so  that  outside 
temperatures  can  be  used  when  suitable.  The  jellies  must  not 
be  kept  too  long  in  these  coolers,  as  even  at  low  temperatures 
molds  develop  and  depreciate  the  quality  of  the  glue. 

The  principal  objections  to  these  methods  of  chilling  and  cutting 
glue  have  been  that  they  require  (i)  considerable  space  for 
cooling  room;  (2)  an  excessive  amount  of  refrigeration  where 

'  Presented  at  the  Buffalo  ^fectiDg  of  American  Institute  of  Chemical 
Engineers.  June  20  to  22,  1917. 
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only  a  limited  surface  of  glue  is  exposed  to  the  refrigerated  air, 
and  as  a  result  most  of  the  heat  has  to  be  conducted  to  the  air 
through  the  medium  of  the  metal  pans;  that  if  the  coolers  or 
pans  are  made  of  galvanized  iron  they  rust  badly  and  have  to 
be  replaced;  that  they  frequently  leak,  with  consequent  loss 
of  product;  that  one  has  "tops"  and  "bottoms"  which  prevent 


Fio.    I — FUKD    Tank     and     Distkiuijtino     Pii'ii     FsiiDiNQ     thk    Glub 

Solution  onto  tub  Bklt 

(The  large  tank  at  the  top  is  not  part  of  the  machine) 

uniformity  of  proiluct  or  make  it  necessary  to  put  these  parts 
into  a  lower  grade  or  into  some  other  commercial  form;  and  that 
the  product  has  to  be  kept  so  long  in  the  coolers  that  in  warm 
weather,  particularly  humid  weather  in  summer,  the  quality 
of  the  glue  is  so  afTccted  by  liquefying  organisms  that  the  glue 
maker  has  serious  difliculty  both  in  the  cutting  and  drying  of 
the  glue;  and  finally,  the  labor  in  filling  these  pans  and  emptying 
them,  cutting  by  the  methods  outlined,  and  finally  spreading 
the  product  by  hand  on  nets,  is  not  only  laborious  but  costly. 
Because  of  these  facts  experiments  have  been  carried  on  for 
years  in  the  effort  to  secure  mechanical  or  automatic  devices 
of  a  icmliiuious  uiiturc  which  would  simplify  the  procedure  and 
thus  .ivoiil  so  nnn  li  loss  and  liaudliiig  of  tlic  product.  Various 
types  of  chilling  rolls  have  been  tried  from  time  to  time  without 
success.  The  Cooper  factory  employed  a  chilling  wheel  years 
ago  for  this  purpose,  in  which  the  wheel,  chilled  from  within, 
picked  up  the  lic|uicl  and  chilled  it;  but  somehow  or  other  the 
process  did  not  turn  out  to  be  practical.  The  writer  has  been 
informed  within  the  last  few  years  that  one  of  the  large  glue 
companies  lias  perfected  a  similar  process,  or  at  least  is  employ- 
ing it  eomniereially,  in  »vhich  a  large  wheel  is  employed.  It  is 
his  unilerslandiMK  that  this  wheel  may  be  \.\.  16  or  iH  ft.  in  di- 
nnirter,  with  eorid  and  llungeil  rim,  using  brine  circulation  in 
the  rim  which  is  supplied  anil  eirciilaled  ihroiiKli  stulliiiK  lioxrjt 
in  the  enils  of  the  shaft  It  is  his  unilrrstaiiiliiiK  that  this  wheel 
•tpreads  a  sheet  ,\n  in  wide.  The  writer  wrote  to  the  I'tesiilent 
of  the  company  ein|iloving  this  niaeliliie.  anil  had  Iio|H'iI  to  be 
able  to  inchule  a  cut  and  a  inure  detailed  descri|ition  nf  it  in  tlii* 


paper.     So  far  as  he  knows  it  is  used  only  by  this  one  company. 

Some  years  ago  when  the  Bureau  of  Chemistry  of  the  United 
States  Department  of  Agricultvu-e  started  to  investigate  the 
gelatine  industry  with  a  view  to  decreasing  the  bacterial  count 
of  commercial  gelatines  and  to  prevent  metalUc  contamination ; 
some  manufacturers  found  it  necessary  to  adopt  different  methods 
of  manufacture  from  the  ver>'  beginning,  in  the  selection  of  their 
raw  materials  and  particularly  in  their  method  of  handling  the 
product  from  its  inception  until  it  reached  the  final  stages. 
Inasmuch  as  gelatine  is  a  particularly  good  culttu-e  medium  for 
bacteria,  it  was  found  desirable  to  concentrate  efforts  on  methods 
which  would  reduce  the  period  of  time  after  the  gelatine  left  the 
evaporator  until  it  was  converted  into  sheets  or  other  finished 
form.  The  object  sought  was  to  obtain  a  continuous  method 
of  chilling,  cutting  and  spreading  the  product  without  ha^^ng  it 
come  in  contact  with  agencies  carrying  bacteria,  such  as  em- 
ployees' hands,  etc.  A  method  of  this  kind  was  worked  out  and 
later  patented  by  Maurice  Kind  under  United  States  Patent 
No.  1,046,307,  issued  in  1912.  His  method  consisted  in  running 
the  gelatine  from  the  evaporators  into  a  head  tank  located  above 
a  continuous  belt,  as  shown  in  Fig.  I.  A  general  idea  of  the 
principles  involved  in  cormection  with  this  machine  can  best 
be  gathered,  perhaps,  by  quoting  some  of  the  objects  of  this 
invention  directly  from  the  patent,  and  from  photographs  shown 
herewith.  A  more  detailed  description  can  be  readily  obtained 
by  reference  to  the  patent  itself. 

"An  object  of  the  invention  is  to  provide  an  apparatus  wherein 
gelatin  or  other  products  where  heat  is  necessary  for  extraction, 
may  be  converted  from  a  liquid  state,  into  a  semi-solid  state, 
by  means  of  treatment  with  chilled  air.  and  thereafter  cut  into 
the  desired  shapes  for  marketing  purposes. 

"A  further  object  of  the  invention  is  to  provide  an  apparatus 
of  the  above  character  with  means  for  directing  chilled  air  onto 
the  upper  surface  of  the  semi-solid  sheet,  as  it  is  formed  and 
passed  through  a  cooler  on  a  conveyer. 

"A  further  object  of  the  invention  is  to  provide  a  device  of  the 
above  character  with  cutters  for  cutting  the  semi-solid  sheets 
into  strips. 

"A  further  object  of  the  invention  is  to  provide  an  apparatus 
of  the  above  character  with  a  cutting  means  for  cutting  the 
strips  into  sections,  together  with  a  conveyor  for  receiving  said 
sections  which  conveyor  is  so  timed  in  its  movements  as  to 
space  the  sections  in  trays  carried  by  the  conveyor 


KiNti  MAcnma 
To  sum  up    ihiN  inachinr  omMsl^  of  11  ilrvicr  (■■ 
priMliiet  in  a  cntitiuiiMii'.  sheet  of  the  mniiinl  thukn 
on  an  enillrvi  Iwlt,  which  p«*w»  thoiiiih  a  rrlngri 
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and  automatically  cutting  the  gelatine  into  sheets  of  the  desired 
size  and  spreading  it  automatically  upon  the  usual  screens  em- 
ployed for  receiving  it  preparatory  to  drying. 

This  machine  was  perfected  and  was  found  to  accomplish 
the  desired  purposes  in  the  manufacture  of  gelatine.  A  number 
of  glue  makers  learned  of  the  use  of  this  machine  for  gelatine, 
and  about  five  years  ago  the  first  of  these  machines  was  installed 
for  glue.  It  has  been  found  well  suited  for  this  purpose,  and 
capable  of  chilling,  cutting  and  spreading  any  kind  of  glue  which 
could  be  handled  by  the  older  methods  previously  outlined.     As 


Fig.   Ill — Plan  op  Cooling    Compartment  showing    Relative 

Position  op  Belt  and  Coils,  and  Direction    op   Travel 

OP  the  Glue  Spread  on  the    Belt  and  op  the 

Repriceratbd    Air 

a  result,  a  large  number  of  both  large  and  small  glue  manufactu- 
rers have  adopted  this  machine.  The  manufacturers  of  this 
machine  advise  that  it  requires  a  floor  space  of  about  85  ft. 
in  length  and  10  ft.  in  width  for  the  installation  of  a  single 
machine;  that  the  power  required  to  operate  fan  and  belts  is 


about  10  horsepower;  that  it  requires  about  10  to  12  tons  of 
refrigeration  per  machine,  and  that  the  capacity  of  each  machine 
is  about  4300  lbs.  dry  glue  in  a  period  of  20  hours,  based  on 
spreading  the  glue  '/,  in.  thick,  and  on  a  basis  of  glue  fed  to  the 
machine  containing  16  per  cent  solids.  It  is  found  in  practice 
that  the  glue  is  spread  on  nets  ready  for  drying,  in  not  to  exceed 
15  minutes  from  the  time  the  glue  leaves  the  evaporator.  Their 
claims  for  the  machine  are  that  it  eliminates  all  of  the  disad- 
vantages ascribed  previously  in  this  paper  to  the  old  methods  of 
handling. 

DRYING    OP   GLUE 

Glue  has  been  and  is  still  ordinarily  dried  in  straight  tunnels 
with  longitudinal  circulation  of  warm  air.  There  is  a  great 
difference  of  opinion  among  different  operators  as  to  the  best 
length  of  glue  tunnels,  the  size  and  kind  of  fan,  the  method  of 
temperature  regulation  to  be  employed,  whether  a  suction  sys- 
tem or  positive  pressure  system  should  be  used,  etc.,  etc.,  but  it 
is  not  the  purpose  of  the  writer  to  enter  into  a  discussion  of  these 
points. 

A  number  of  other  methods  of  drying  glue  have  been  at- 
tempted and  some  are  being  employed.  Vacuum  driers  of  one 
type  or  another  have  frequently  been  tried,  but  in  most  instances 
without  meeting  with  commercial  success.  One  company  builds 
a  drier  with  rotary  air  circulation,  passing  alternately  over 
the  coils  and  glue  nets,  which  they  recommend  for  glue  drying. 

In  conclusion,  the  writer  wishes  to  express  his  thanks  to  Mr. 
K.  S.  Wilhams;  also  to  Mr.  L.  A.  Kind  for  information  relative 
to  the  Kind  machine. 

First  National  Bank  Building 
Chicago,  III. 
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RUSSIAN  METAL  TRADE 
Statistics  recently  published  by  the  Russian  authorities,  says 
Mining  Journal.  116  (191 7),  149,  .shows  that  larger  imports  than 
ever  of  copper  were  necessitated  by  war  demand.  The  supplies 
were  got  chiefly  from  the  I.-nited  States  which  contributed 
11,728  tons  and  from  Japan  which  supplied  8,517  tons.  The 
figures  for  home  production  are  not  yet  published. 

Russian  Imports  in  Metric  Tons 

19(4  1915  1916 

Aluminum 863  2,316  149 

Antimony 1,343  2,325  3.636 

Copper 4,576  10,778  23.548 

Iron  and  Steel 2,236.345  1,787,041  1,752,660 

Lead 36,691  25,059  23.128 

Nickel 1,793  1,146  1.541 

Tin 3,570  4,906  2.424 

Zinc 14,328  14,137  11.840 

Aluminum  was  only  available  in  comparatively  small  amounts. 
I-arge  supplies  of  antimony  were  available  from  Japan,  and  this 
metal  shows  a  steady  increase.  As  regards  iron  and  steel, 
the  imports  are  naturally  small,  Russia  depending  largely  on 
her  own  domestic  supplies. — -A.  MacMillan. 


PLUMBAGO  IN  MYSORE 

According  to  a  Press  message  from  Madras,  an  important  dis- 
covery of  plumbago  is  stated  to  have  been  recently  made  in 
Mysore  by  an  expert  prospector  who  is  well  known  in  the  state. 
Graphite  has  been  found  in  Bangalore  before  now  but  only  in 
such  small  quantities  as  not  to  be  paying.  The  present  discovery 
appears  to  be  a  fairly  rich  deposit  with  the  additional  advan- 
tage that  it  is  within  three  miles  of  the  railway.  Plumbago  has 
been  found  in  Travancore  and  Mysore  previously,  but  the  quality 
was  not  up  to  the  standard  of  the  Ceylon  and  Madagascar 
product,  which  is  what  the  market  requires.  Whether  the 
present  kind  is  of  better  quality  is  not  yet  known. — M. 


BLUE  ASBESTOS 

The  annual  report  (1915)  of  the  mining  engineer  for  the 
South  African  Government,  states  that  the  only  mines  on  which 
there  are  considerable  reserves  of  blue  asbestos  actually  de- 
veloped and  in  sight,  arc  those  of  the  Cape  Asbestos  Company 
at  Koegas  and  Westerberg.  These  mines  have  been  developed 
underground  on  normal  lines  as  also  are  the  workings  at  Haauw- 
poort  and  Elandsfontein  in  the  Hay  district.  At  other  places 
the  asbestos  is  obtained  from  surface  quarrying,  but  the  seams 
that  have  been  discovered  and  worked  at  the  surface  to  more 
or  less  profit  indicate  supplies  that  will  generally  prove  to  be 
available  for  profitable  extraction  liy  underground  methods 
later.  The  following  analyses  show  the  difference  between 
blue   asbestos   (crocidolite)    and   chrysotile   or  white   asbestos: 

Percentages  Blub  Asbestos  White  Asbestos 

Silica 51.1  39.3 

Oxide  of  Iron 35.8  2.8 

M  agnesia 2.3  41.0 

Alumina 3.6 

Water 3.9  14.5 

The  blue  variety  contains  also  traces  of  lime  and  manganese 
oxide  and  a  little  soda.  The  presence  of  the  large  quantity  of 
iron  and  the  low  content  of  water  must  account  for  whatever 
virtues  and  also  faults  the  blue  variety  contains.  There  does 
not  seem  to  be  much  question  of  the  properties  of  white  asbestos 
as  a  heat-resisting  material,  some  varieties  having  been  known 
to  withstand  a  temperature  of  5,(XX)''  F.  without  being  affected. 
In  addition,  there  can  be  no  doubt  as  to  its  superior  softness 
which  enables  it  to  be  easily  milled  and  reduced,  and  makes 
it  specially  useful  for  gland  packing.  On  the  other  hand,  blue 
asbestos  has  certain  qualities  peculiarly  its  own.  The  fiber, 
in  addition  to  being  lighter,  is  longer,  stronger  and  more  clastic, 
and  its  superior  efficiency  as  an  insulating  material  as  regards 
heat,  appears  to  be  well  known. — M. 
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KLEENSDRFACE— A  COATING  FOR  TOOLS  BEFORE 
HARDENING 

We  have  recently  received,  says  the  Engineer,  123  (1917), 
298,  from  the  Brooke  Tool  Manufacturing  Company,  Bir- 
mingham, England,  some  particulars  of  a  compound  to  which 
the  name  "Kleensurface"  has  been  given.  This  substance  is 
for  coating  tools  before  hardening,  so  as  to  ehminate  the  waste 
of  time  and  energy  consumed  in  sand-blasting  and  to  overcome 
the  difficulties  and  risks  due  to  oxidation  of  steel  requiring  a 
high  temperature  for  hardening  which  may  cause  pitted  and 
bUstered  surfaces  on  parts  that  cannot  afterwards  be  ground. 
It  is  said  to  have  no  action  whatever  on  the  metal,  being  a  protec- 
tive agent  only,  and  we  gather  that  it  preserves  the  smooth  and 
bright  finish  which  the  cutter  or  tool  has  before  hardening, 
thus  preventing  loss  of  size  due  to  scaUng  whether  the  harden- 
ing be  carried  out  in  up-to-date  appliances  or  in  the  open  fire, 
while  at  the  same  time  the  need  for  sand-blasting  is  done  away 
with.  The  method  of  using  the  substance  is  simple.  The  tool 
to  be  treated  is  first  of  all  heated  to  visible  red,  and  is  then 
held  in  the  compound  for  about  ten  seconds,  withdrawn  and 
then  again  plunged  into  the  compound.  It  is  then  dried  in  the 
air.  All  that  is  now  necessary  is  to  heat  the  tool  to  the  required 
hardening  temperature  and  to  quench  it  in  the  usual  way. 
During  quenching  or  air  hardening,  the  protective  film  will, 
for  the  most  part,  peel  off,  and  what  remains  can  be  easily  re- 
moved, leaving,  it  is  claimed,  a  clean  white  surface.  The 
compound  is  also  said  to  be  very  effective  for  annealing  high- 
speed steel. — M. 

GERMANY'S  PRODUCTION  OF  IRON 

At  a  recent  meeting  of  the  Union  of  German  Iron  and  Steel 
Industries,  some  interesting  information  was  given  on  the 
German  production  of  iron  during  the  war.  The  production 
of  pig-iron  in  Germany  during  1916  was  about  13,000,000  tons 
as  against  ii,790,ock)  tons  in  1915  and  I4,38o,ock:)  tons  in  1914. 
As  regards  this  latter  year,  it  should  be  borne  in  mind  that, 
while  the  production  for  the  first  seven  months  was  exceptionally 
high,  it  was  the  reverse  for  the  last  five  months  of  the  year,  and 
the  figure  for  1914  does  not  afford  any  reliable  basis  for  com- 
parison. The  following  table  shows  Germany's  production 
of  pig-iron  for  the  last  ten  years  from  which  it  will  be  seen  that 
the  industry  has  receded  considerably  from  the  preceding  peace 
figures,  in  spite  of  strenuous  efforts. 

Year                          Tons  Year  Tons 

1907 13.040.000  1912. 17.870.000 

1908 11,810,000  1913 19,290,000 

1909 12,920,000  1914 14,380,000 

1910 14,790.000  1915 11,790,000 

1911 15,530,000  1916 13.000,000 

— M. 

ZEPPELIN  ENGINE 
.■\  six-cylinder,  160  horse-power  Hon/,  engine  used  for  enemy 
aircraft  purposes  has  cylinders  i.io  mm.  diameter  and  180  nun. 
stroke.  The  cylinders  arc  all  cast  separately  and  the  weight 
of  the  engine  complete  comes  out  at  3.70  lbs.  per  brake  horse 
power  at  the  normal  speed  of  1550  r.  p.  m.  These  particulars 
have  been  obtained  by  the  British  Nnvul  and  Military  authori- 
ties from  an  engine  taken  from  o  captured  Zeppelin- -M. 

FUEL  FROM  PEAT 
A  Christlania  paper  reports  the  forinatinn  of  a  company  in 
Norway  for  making  fuel  from  peat  by  the  Kiisenilahl  method. 
The  raw  material  for  the  new  industry  will  be  chiefly  peat  from 
the  extensive  Norwegian  moors,  but  any  other  material  may  l>c 
used  which  is  suniciriitly  abundant  in  the  neiKhburhood  of  the 
factory,  e.  g.,  wonil  waste.  The  product  is  said  greatly  to  rc- 
M-nilile  Ivnglish  coal.  I'rclimiimry  cxprrinienls  have  Iwrcn 
eoiulucted  not  only  in  the  laboratory,  but  aUo  under  factory  con- 
ditions on  a  small  scale,  and  the  product  iit  stated  to  have  lirrn 
^atisractorily  tested  in  Christionia  liou.ichoIdN.— M . 


GAS  ANALYSIS  BY  ALPHA-RAYS 

It  is  known  that  the  highest  conductivity  in  gases  can  be  pro- 
duced by  exposing  them  to  a-rays  which  ionize  the  gas.  These 
rays,  says  Engineering,  103  (1917),  401,  are  absorbed  by  the 
gas,  and  if  the  absorption  be  complete,  the  ionization  and  the 
resulting  saturation  current  are  little  affected  by  the  nature  of 
the  gas.  When  the  tube  containing  the  gas  is  so  long,  however, 
that  saturation  is  just  seciu-ed  by  a  heavy  gas,  the  current  would 
not  be  saturated  if  the  gas  were  replaced  by  another  less  dense 
gas. 

On  this  peculiarity.  Professor  F.  Kriiger,  of  Danzig,  has 
based  a  new  method  of  determining  the  proportion  of  two  gases 
in  a  mixture,  often  a  troublesome  problem.  The  method  is  a 
ciurent  measurement,  and,  as  the  currents  are  very  weak,  of 
the  order  io~'  ampere,  very  high  resistances  are  required.  At 
the  winter  meeting  of  the  Bunsen  Gesellschaft,  Kriiger  explained 
how  he  produced  high  resistances  for  the  purpose.  He  vola- 
tilizes platinum  cathodes  by  the  electric  discharge  and  condenses 
the  platinum  vapor  on  little  rods  of  amber.  In  this  way,  he  has 
prepared  a  series  of  film  resistances,  ranging  from  5  X  10  up  to 
3  X  10"  ohm.  The  analytical  method  is  said  to  be  expeditious 
and  reliable  within  o.i  per  cent  or  less. — M. 


QUALITIES  OF  STEEL 
According  to  a  paper  published  in  the  Bulletin  des  usines  de 
guerre,  the  change  in  volume  produced  by  hardening  (quenching) 
steel  is  small  if  the  hardening  temperature  is  kept  below  a  cer- 
tain hmit.  Hardening  in  oil  gives  less  variation  in  volume  than 
hardening  in  water.  Special  metals,  such  as  nickel-steel, 
show  less  diminution  in  volume  tlian  the  carbon  steels.  Eutectic 
steels  "crack"  more  frequently  than  carbon-steels,  which  latter 
undergo  considerable  changes  in  volume.  Finally,  from  experi- 
ments carried  out,  in  flat  pieces  the  tension  is  distributed  uni- 
formly in  every  direction,  while  in  cylindrically  shaped  pieces 
the  ends  conttact  and  become  hoUow,  the  piece  licllying  out. — M. 


BRITISH  SUGAR  BEET  GROWING 

An  enterprise,  estimated  to  cost  5.2,500,000,  for  the  protluc- 
tion  of  home-grown  sugar,  has  now  been  initiated.  A  grant  of 
$625,000  has  been  made  by  the  Treasury  by  way  of  loan  from 
the  Development  Fund  towards  the  purchase  of  an  estate  of 
5,600  acres  at  Kelham,  England,  where  it  is  proposed  to  grow 
the  sugar-beet  and  to  erect  a  factory  for  its  manufacture  into 
sugar. 

The  undertaking  is  to  be  carried  out  by  the  British 
Sugar  Beet  Growers'  Society,  Ltd.,  of  which  Cai)tain  Bcville 
Staincr  is  Chairman  The  pro|)crty  has  already  Ihxmi 
acquired  and  Mr.  Alfred  Wood,  who  is  in  charge  of  the  home- 
grown flax,  hemp  and  tobacco  undertaking  in  I^ngland  is  the 
55ecretary. — M. 


on.  SHORTAGE  IN  DENMARK 
According  to  the  ExInMadfl,  the  oil  mill  at  Aurhus,  which 
supplies  all  the  great  margarine  factories  in   IVnmark  with  oil. 
is  threatened  with  having  to  close  unlc-s  supplier  ••'  "■  r 

in  the  tu-ur  future,  as  the  factories  have  oiilv  vri  \ 
in  hand.     It  is  feared  that  iiiarKarliir  will  s<h>ii  Im  r 

in  Denmark.  The  Nntionul  I'ldrndr  aiitici|>ntcs  that  the  rnlr>' 
of  Uic  United  States  into  the  war  will  cause  further  difticultic* 
in  connection  with  Denmark's  already  rxtrrnirlv  lim  •. 

of  oil.      The  journal  even  rrnardn  a  complrtr  stopp 

as  not  at  all  unlikely  and  ^x|lrct^  that  the  conli>';,,.... ., 

tics  will  crifiirce  oonniderabic  rrstrictiorn  on  c«n«umption«  All 
electric  |H)wrr  statioii<i  iiNiiiit  oil  arc  cx|ir\-lr(l  to  clnor  down  and 
the  u!«c  of  |irtri>lrurn  for  liKlitini;  put|M»M-«  will  pr»>b«l>lv  Ik 
prnhiliitrd      M. 
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A  NEW  SOURCE  OF  PLATINUM 

According  to  a  Bulletin  of  the  Siberian  Engineers'  Society  on 
the  platinum  fields  of  the  Nizhni-Tagilsk  Mining  Circuit,  the 
mining  engineer,  V.  N.  Tchorzhevsky,  has  begun  the  first  ex- 
periments in  the  world  on  the  extraction  of  platinum  from  dunite. 
The  experiment  promises  to  be  extremely  interesting.  The 
platiniferous  nature  of  dunite  has  long  ago  been  observed  and 
the  presence  of  the  metal  is  apparently  connected  with  the 
existence  of  chrome  iron  ore  in  the  rock,  on  the  abundance  of 
which  the  greater  or  lesser  content  of  platinum  in  the  whole 
dunite  mass  depends.  All  this  was  known  before,  but  was 
rather  of  scientific  interest  and  it  is  only  now  that  the  investiga- 
tion of  the  dunites  for  platinum  on  a  wide  scale  is  being  under- 
taken, in  order  to  prepare  a  plan  for  utilizing  the  immense 
reserves  of  dunitic  rocks  which  in  the  Nizhni-Tagil  district 
alone  occupy  an  area  of  11. 7  sq.  mi.  The  method  of  exUac- 
tion  adopted  is  the  simple  grinding  under  runners  of  the  rock 
and  the  collection  of  the  chromite  slack,  and  then  a  fresh  grind- 
ing of  the  latter  in  order  to  leach  the  pure  metal  fmally  from  it. 
The  chromite  slack  remaining  after  washing,  the  platinum  sands 
being  scrupulously  cleared  of  all  visible  platinum,  yielded  with 
an  experimental  grinding  by  runners  in  the  month  of  March, 
when  it  was  impossible  to  deliver  dunites  to  the  factory,  over 
200  oz.  of  metal  out  of  9,720  lbs.  The  gray  slack,  which  consists 
chiefly  of  undecomposed  dunite  obtained  from  the  dredges 
when  washing  platinum,  yielded  171  grains  (Troy)  of  metal 
from  3,600  lbs. — M. 


INDUSTRY  IN  CANADA 

Last  year  a  postal  census  was  taken  in  Canada  of  all  manu- 
facturing concerns  and  constructive  operations.  The  results 
of  this  investigation,  classified  under  certain  large  groups  of 
industries,  are  shown  in  the  following  table.  The  returns  cover 
the  year  1915: 

Groups  of  EstablLsh-  Cost  of    • 

Industries  ments  Capital  Material  Value 

1  Food 6,470  $198,246,942  8291,997,95.^  $377,811,758 

2  Textiles 2,670  126,488,339  81,427.279  144,691,235 

3  Iron 849  194,278.446  58,924,280  119,636,755 

4  Timber 3,181  263,407,682  59,1^0,149  123,250.986 

5  Leather 523  60.081,498  45,175,517  ;0.975.644 

6  Paper 1,306  38.544,786  29,324,906  74,038.498 

7  Liquors 341  52,283,857  10,129,252  34.859,927 

8  Chemicals 255  52.148,588  24,930,308  45.410,486 

9  Clay 771  96,371.573  10.962,041  27,228.413 

10  Metals 1.173  174,621.994  45,931.080  90  943,278 

11  Tobacco 166  23.066,898  16,017,707  28.987.250 

12  Vehicles 464  125,965,499  40,547.113  73,878,212 

13  Vessels 103  12,331,341  3,035,857  8,419,648 

14  Miscellaneous 1,440  441,118.405  56,323,786  134,255,029 

15  Handtrades 1,579  26,135,559  17,627,192  38,129,834 

Total 21,291   81,984.991,427  8791.524,420  81,392,516,953 

Per  cent  increase  over 

1905 34.8  134.5  93.8 

The  total  salary  and  wage  lists,  respectively,  in  the  15  groups 
of  industries  shown  amounted  to  $60,144,000  and  $227,509,000 
as  compared  with  $30, 7:^4,000  and  §134,376,000  in  1905.  The 
only  industries  which  have  not  shared  in  the  substantial  growth 
are  sawmills,  planing  mills,  brickyards,  etc.,  and  fruit  and  vege- 
table canneries. — M. 


PURIFICATION  OF  ASBESTOS 

A  writer  in  a  German  paper  says  that  commercial  asbestos 
contaminated  with  iron  compounds  may  be  purified  by  treat- 
ment with  a  2  per  cent  aqueous  solution  of  oxalic  acid  for  48 
hours,  followed  by  washing  with  water.  A  band  of  asbestos 
20  mm.  wide  showed  at  fourteen  different  places  an  electrical 
resistance  of  600  to  700  ohms;  after  treatment  as  described, 
the  resistance  increased  to  iso.ckx)  ohms.  An  alternative 
method  consists  in  treating  the  asbestos  for  20  to  24  hours  in  a 
current  of  hydrogen  or  carbon  monoxide  at  390  to  400°  C.  and 
then  washing  with  very  dilute  hydrochloric  or  sulfuric  acid  and 
afterwards  with  water. — M. 


FRENCH  EXPORT  PROHIBITIONS 

A  French  Ministerial  Decree  dated  March  19  abrogates  the 
provisions  of  various  earlier  decrees  by  virtue  of  which  the  fol- 
lowing articles  were  allowed  to  be  exported  or  re-exported  from 
France  without  special  authorization  when  consigned  to  the  United 
Kingdom,  British  Dominions,  colonies  and  protectorates,  Belgium 
(territory  not  in  enemy  occupation),  Japan,  Russia  and  the  coun- 
tries of  America: 


Acetone 

Cadmium  in  all  forms 

Carbide  of  calcium 

Cement 

Cinchona  bark 

Cobalt  in  all  forms 

Copper,  ore  or  metal,  pure  or  al- 
loyed, in  all  forms 

Dextrine  and  soluble  starches 

Fatty  acids  of  all  kinds 

Fats,  animal(tallow,  lard,  margarine, 
oleomargarine    and    similar    sub- 


Mica  and  micanite.  worked 

Monazite    lore    of    cerium,    lantha- 
num, thorium) 

Nickel,    metal,   pure 
all  forms 

Ores    of    manganese, 
titanium,  vanadiun 


r  alloyed,   i 
nolybdenuc 


Radi 


and  : 


alts 


Stan 


Saccharine     and     similar     products 
Salts    of    chromium,     copper,     tin 

mercury  and  molybdenum 
Silica  bricks 
SiVy 


Fats.   fish,   vegetable,   alimentary 
Lead:   metat.  pure  or  alloyed;    pipes 

and     other     wares     of     all     kinds 
Manures    of    all    kinds     (including 

chemical  manures) 
Mica  in  sheets  and  plates 


Starch 
Stearic  acid 
Tin.  ore  or 

in  all  form. 
Tungsten  metal 


:tal.  pure  or  alloyed, 
:ll  forms 


BRITISH  BOARD  OF  TRADE 

During  the  month  of  April  the  British  Board  of  Trade  re- 
ceived inquiries  from  firms  in  the  United  Kingdom  and  abroad 
regarding  sources  of  supply  for  the  following  articles.  Firms 
which  may  be  able  to  supply  information  regarding  these  things 
are  requested  to  communicate  with  the  Director  of  the  Commer- 
cial Intelligence  Branch,  Board  of  Trade,  73  Basinghall  St., 
London,  E.  C. ; 


I  sulfocyanide 


Chemicals:  Ammon'c 
Dinitrophcnol 
Dichlornitrobenzol 
Potassium  permanganate 
Silicate  of  sodium 
Sodium  permanganate 

Machinery: 

for  combining  thin  sheets  of     tor- 
toise shell  to  form  thick  sheets 
for  cutting  out  and  sewing  fabric 

gloves 
for  tilling  quilts  by  air  pressure 
for  making  drawing  pins 
for  cementing  or  jointing  tortoise 

shell 
for  making  paper  spills 
for  crushing  and  refining  oilseeds 
for      electrolytic      production      of 
oxygen  and  hydrogen 

Flint  glazing  machines  for  paste- 
boards similar  to  "Grahl  & 
Hoehl"  machine 

Wire-stitching     machines     for     box 


th 


Anglite  frames  for  ladies'  handbags 
Brushes:    tooth,    hair,    clothes,    for 

Egypt 
Buttons,  all  kinds 
Cast-iron  lavatories 
Dog-collars,  metal 
Fatty    acids,    cotton    and    corn    oil 
Fittings  for  manicure  cases,  in  bone 

and  ebony  (cheap) 
Folding     market     bags.     American 

cloth 
Log- wood,  black  lake 
Marine  chronometers  (2-day)  chains 

and  escape  wheels,  etc. 
ometers  with  3  verniers 

apparatus 


Moorsom's 
for  ships 
Poker-work  i 
Sha 


edit 


s.  platinum  points 
taining  less  than 


Bread  grating  machines  or  nut  mill: 
Hand-branding  machines  fitted 

petrol  reservoir 
Pebble  grinding  mills 


ng-soap. 

I'-f  of  glycerine 
Split  rings,  steel  or  iron 
Swivel  hooks,  iron 
Thimbles 
Varnish,    black,    for    coating    beer 

vats  internally 
Zinc  oxide  (40  tons) 

— M. 


PHOSPHOR  BRONZE 

The  characteristics  of  phosphor  bronze  in  different  forms  are 
described  in  a  publication  by  the  Phosphor  Bronze  Company. 
Among  other  points,  attention  is  drawn  to  the  resistance  it 
offers  to  corrosion  and  acid  waters,  to  the  small  effect  that  rise 
of  temperature  has  upon  its  mechanical  properties,  and  to  the 
fact  that  it  does  not  yield  a  spark  when  struck.  On  this  last 
account,  tools  and  implements  used  in  gunpowder  mills,  maga- 
zines and  mines  are  advantageously  made  of  it.  In  addition 
to  being  cast,  it  can  be  forged,  drawn  into  rods,  wire  and  tubes, 
and  rolled  into  sheets,  strips,  tape  and  bars.  When  cold  rolled  or 
drawn,  since  its  elasticity  is  absolute  practically  up  to  breaking 
stress,  the  metal  can  be  exposed  to  strains  only  a  few  tons  below 
the  breaking  weight  without  permanent  set  or  deformation. 
The  pamphlet  also  gives  particulars  of  various  other  alloys — 
such  as  phosphor  tin  and  copper,  anti-friction  metals  of  various 
kinds,  and  printing  and  stereotype  alloys.— M. 
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THE  MANUFACTURE  OF  IODINE 

Reports  from  Quimper  (France),  says  the  Oil  and  Color  Trade 
Journal,  51  (1917),  1469,  speak  of  a  new  process  for  the  manu- 
facture of  iodine  and  its  derivatives.  Iodine,  of  which  the  De- 
partment of  Finistere  is  a  great  producer,  was  hitherto  extracted 
from  the  soda  produced  by  the  incineration  of  certain  kinds  of 
marine  algae.  This  method  of  operation,  which  necessitated 
the  algae  being  first  of  all  transformed,  rendered  the  yield  very 
poor  and  lacking  in  uniformity,  as  the  incineration  employed  was 
very  rudimentary.  Mons.  Vincent,  Director  of  the  Laboratory 
of  Finistere,  who  has  been  studying  the  question  for  some  time, 
has  now  discovered  a  process  enabling  iodine  to  be  extracted 
by  a  direct  treatment  of  such  algae  or  seaweed.  This  process 
has  been  patented  and  is  in  use  in  the  works  at  St.  Pierre-Pen- 
mark  and  has  given  excellent  results.  A  joint  stock  company 
has  been  formed  for  working  the  patent  and  utilizing  the  by- 
products.— M. 

WOOD  IN  GAS-MAKING 

In  reference  to  the  use  of  resinous  wood  for  the  production 
of  gas,  which  has  been  adopted  on  a  more  or  less  extensive  scale 
in  several  continental  countries,  a  correspondent  of  the  Journal 
des  Usines  d,  Caz  records  his  experience  in  the  distillation  of 
fir  and  oak  in  the  Romorantin  Gasworks.  The  wood,  he  writes, 
was  distilled,  unmixed  with  coal,  in  retorts  of  dimensions  ap- 
proximately 10  ft.  X  25  in.  X  14  in.  in  quantity  to  yield  from 
10  to  20  per  cent  of  the  make  of  gas  from  coal.  Each  charge 
was  about  100  kilos  of  fir  or  1 20  kilos  of  oak  and  it  yielded  about 
25  cu.  m.  (900  cu.  ft.)  of  gas.  In  working  a  bench  of  retorts,  it 
was  found  necessary  to  adopt  alternate  days  for  the  distillation 
of  the  wood.  Continuous  use  of  the  same  retorts  for  wood  gave 
rise  to  stoppages  in  the  ascension-pipes  in  the  shape  of  a  viscous 
grayish  deposit,  very  troublesome  to  remove.  The  following 
figures  were  obtained  for  the  cost  of  using  the   two  woods:  Fir, 


price  per  ton,  40  frcs. ;  labor,  4  frcs.;  furnace  coke  (200  kilos), 
17  .50  frcs.;  total,  61 .50  frcs.;  deducting  50  frcs.  for  sale  of  char- 
coal, the  net  cost  is  11.50  frcs.  Oak,  price  per  ton.  58.50 
frcs.;  labor,  4  frcs.;  coke,  17.50  frcs.;  allowing  for  sale  of  char- 
coal at  70  frcs.,  the  net  cost  is  10  frcs.  The  charcoal  sells  readily, 
the  weight  per  hectohtre  being  15  kg.  in  case  of  fir  and  18 
kg.  for  oak. — M. 


TREATMENT  OF  TIMBER 
Excellent  results  have  been  obtained  with  saponified  creosote 
by  simply  soaking  estate  timber  in  an  open  tank,  and  the  method 
seems  to  deserve  a  trial  if  the  greater  expense  of  creosoting 
pit  timber  under  pressure  cannot  be  faced,  says  the  Iron  and 
Coal  Trade  Review.  The  idea  was  first  suggested  by  Mr.  S.  H. 
Collins,  of  Newcastle,  England,  in  July  1914.  According  to 
him,  the  addition  of  a  small  percentage,  say  0.25  per  cent  or 
less,  of  caustic  soda  to  pure  creosote  improves  penetration,  even 
in  the  case  of  timbers  like  spruce,  which  take  the  oil  with  diffi- 
culty even  when  comparatively  well  seasoned.  Moreover, 
saponification  makes  it  possible  to  dilute  the  creosote  with  water 
and  thus  cheapens  the  impregnating  process. — M. 


SCARCITY  OF  SYNTHETIC  PERFUMES 
A  number  of  synthetic  perfumes  are  scarcely  obtainable  at 
the  present  moment.  Among  these  is  phenj-I-ethyl  alcohol,  which 
is  an  absolutely  necessary  ingredient  for  artificial  otto  of  roses. 
It  is  true,  says  the  Oil  and  Color  Trade  Journal,  that  a  certain 
amount  is  being  offered,  but  a  good  deal  of  this  is  of  indifferent 
quality,  really  fine  grades  being  very  difticult  to  obtain  and  then 
only  at  much  enhanced  prices.  Amberpene  is  hardly  to  be 
found,  the  few  makers  complaining  of  lack  of  raw  material. 
Benzaldehyde,  free  from  chlorine,  is  exceedingly  difficult  to  find, 
but  the  ordinary  quality  containing  chlorine  is  offered  fairly 
freely,  although  the  price  is  very  firm. — M. 


OBITUARILS 


JULIUS  O.  SCHLOTTERBECK 

Once  again  the  roll  is  called,  and  as  the  name  of  Julius  Otto 
Schlotterbeck  is  reached,  there  comes  the  mournful  yet  trium- 
phant response:  "Gone  forward." 

Professor  Schlotterbeck  was  bom  in  Ann  Arbor,  Michigan,  in 
1H65,  the  son  of  Hermann  and  Rosina  Schlotterbeck.  After 
attending  the  primary  and  high  schools  of  Ann  Arbor,  he  entered 
the  pharmacy  course  at  the  University  of  Michigan  in  the  fall 
of  1H85,  graduating  from  that  institution  as  pharmaceutical 
chemist  in  June  18H7.  He  continued  his  studies  at  the  L'ni- 
versity,  at  the  same  time  iierformiiig  the  duties  of  assistant  in 
pharmacy  and  pharmacognosy,  and  in  June,  1891,  he  was 
granlcd  the  baccalaureate  degree  in  science. 

Mis  brilliant  career  in  college  won  for  him,  as  soon  as  he 
grafhiated,  a  positiim  nil  the  faculty  of  the  I'liiversity.  In 
1 89 1  he  was  made  instructor  in  i)harnuicognosy  and  botany, 
which  position  he  retained  until  1895,  when  he  became  a  student 
of  Tscliirch  at  the  I'liivcrsity  of  Heme,  whore  two  years  later 
he  was  awarded  the  degree  of  doctor  of  philosophy  (summa 
cum  liiude).  ReturnitiK  to  America,  he  was  made  as.sistunt 
professor  of  phurniai  ogiiosy  and  botany;  in  191)4  he  was  jimior 
professor  ami  in  191 17  he  was  promoted  to  the  full  professorial 
position.  On  the  iliatli  i>f  I'rofrssiir  I'reseoft,  in  Mjo.s,  he  was 
chost'ii  Deim  of  the  School  of  I'liarmacy,  and  he  retained  that 
jHnitioii  initil  his  death. 

Professor  S'hlntlrrlieek  was  a  tireless  worker  In  the  publien- 
tinns  o(  the  Aniericiin  I'liarinaeeuticid  AssiK-iatioii  we  lind  18 
papers  from  lii.s  pen,  while  he  contributed  three  papers  to  the 
Journiil  of  our  own  aHH<K°iution.  Of  these,  the  most  litilliiiiit 
arc  his  reportn  on  hi<t  rc!irnrchc<i  on  Uir  unusual  iilknioid!)  of  the 


Poppy  family,  particularly  noteworthy  being  his  painstaking 
investigation  of  protopine  and  his  discovery  in  Slylophorum 
diphytlum  of  a  new  papaveraceous  alkaloid,  stylopine, 
Ch'uNO,. 

It  is  needless  to  say  that  such  a  man  was  in  demand  in  as,socia- 
tion  work.  In  1905  he  was  president  of  the  State  Pharmaceutical 
Association;  in  1902  he  was  chairman  of  the  Scientific  Section 
of  the  American  Pharmaceutical  Association,  while  for  two 
terms,  1910  to  1912,  he  was  president  of  the  American  Con- 
ference of  Pharmaceutical  I'aculties,  after  serving  that  organ- 
ization for  several  terms  as  its  secrctar>'.  In  our  own  ass«icia- 
tion.  he  was  an  active  supporter  of  the  division  on  pharniaix-utical 
chemistry.  lie  was  a  Fellow  of  the  American  Ass<K-iation  for 
the  Advancement  of  Science,  and  a  member  of  the  Conunittcc 
on  Revision  of  the  ruitecl  States  Pharmacoix'*''" 

In  his  home  life.  Dr.  SehlolterlHck  was  singularly  happy. 
As  one  of  his  friends  said  rvcontly  nlumt  him:  "lie  wius  a  home 
man- -the  pas,si<m  of  science  never  built  a  barrier  iH-twrcn  him 
and  his  fireside."  Deep,  therefore,  is  the  loss  that  has  conic 
to  his  widow  and  his  three  children.  Pn-sct>tt.  a  frvshiinin  at 
the  I'niversily  of  Michigan,  Miriam,  a  high  school  .%tudcnt, 
and  Carl,  a  \wy  of  eleven  years  To  these,  our  «lrf|>csl  sym- 
pathies go  forth 

The  writer  will  never  forget  his  fir>t  meeting  with  Sihlottcr- 
iK-ck.  It  was  a  delightful  August  cvrniUK  m  iSu^.  i"  tlir  Schlo»- 
Garten  at  HeidellK-rg.  where  we  two.  who  had  (irnurntly  licunt 
of  each  other  in  America,  met  «»  couiixuativrly  "Id  (urn. Is  on 
foreiRii  soil  lie  was  then  on  his  way  to  Henir.  (nil  o(  cjiiirt 
enthiisiiisin  for  the  work  hr  was  hImiuI  to  iM-gin  and  which  he  w 
brilliuntly   completed    two   ycant   Inter.     Since   that   time,   out 
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meetings  have  been  frequent,  as  our  work  has  been  along 
similar  lines,  and  each  meeting  has  brought  a  deeper  apprecia- 
tion of  the  many  fine  traits  that  Schlotterbeck  possessed.  Quiet 
and  unassuming,  yet  conscious  of  his  own  powers  and  of  the  re- 
sponsibility they  brought  to  him,  a  deep  student  and  yet  a  good 
comrade,  Schlotterbeck  was  a  man  that  American  Pharmacy 
and   American   Chemistry  can  ill   afford  to  lose. 

College  of  Pharmacy,  Columbia  University        H.   V.   ArNY 
New  York  City 


ALOIS  VON  ISAKOVICS 

It  was  a  terrible  shock  to  all  when  we  learned  that  our  dear 
friend  and  colleague,  Alois  Von  Isakovics,  had  passed  away  in  the 
prime  of  his  life  on  June  5  at  his  residence  in  Monticello,  N.  Y., 
after  a  comparatively  short  illness. 

Alois  Von  Isakovics  was  born  in  Prag,  Bohemia,  July  20, 
1870,  the  son  of  a  distinguished  military  family.  His  father, 
an  officer  of  high  rank  in  the  Austrian  army,  had  mapped  out 
for  his  only  son  a  military  career,  and  was  greatly  disappointed 
when  the  young  son  showed  by  his  independent  character  that 
he  did  not  believe  army  life  would  appeal  to  him.  When  a 
very  small  boy  he  started  a  little  business  of  his  own,  collecting 
stamps  and  selling  them,  working  at  this  after  school  and  often 
late  into  the  night,  and  before  he  left  Europe  this  business, 
built  up  entirely  by  himself,  had  grown  to  such  a  size  that  he 
found  it  necessary  to  employ  several  of  his  school  friends  to  help 
him  with  his  correspondence  and  filling  of  orders.  His  aim 
already  in  early  life  was  to  have  an  international  business  and 
this  he  enjoyed  even  when  a  boy,  as  he  received  orders  for  his 
stamps  from  all  over  the  world. 

After  finishing  his  general  education,  which  comprised  the 
regular  curriculum  of  a  young  man  of  good  European  family, 
he  came  in  the  Spring  of  1886  to  America,  the  land  of  freedom 
and  unhampered  development.  At  first  the  battle  was  hard 
and  the  little  money  he  brought  with  him  soon  gave  out,  but 
possessed  with  a  grim  determination  to  win  and  a  never  ceasing 
ambition,  he  accepted  some  verj-  menial  positions  until  he  had 
mastered  the  English  language  and  thus  was  started  at  the  foot 
of  the  ladder,  the  top  of  which  he  so  gloriously  had  reached  at 
the  time  of  his  death. 

In  October  1 888,  he  met  Miss  Marie  Upshur,  the  daughter  of  a 
historic  Southern  family,  which  seemed  to  have  been  a  real  case 
of  "love  at  first  sight."  They  became  engaged  in  July  1889, 
and  after  he  was  naturalized  in  1892,  in  New  York  City,  they 
were  married  in  July  1895,  at  the  Church  of  the  Transfiguration, 
just  twenty-five  years  after  her  parents  were  married  there  by 
the  same  minister,  the  Rev.  Dr.  Houghton.  Their  love  re- 
mained ever  young  and  devoted  after  twenty-two  years  of  an 
unbroken    union    of    happiness    and    bliss.     They    worked    up 


together  what  was  the  beginning  of  the  Synfleur  Scientific 
Laboratories  and  their  lives  were  united  in  thought,  purpose  and 
ambition — the  one  was  an  inspiration  to  the  other. 

Von  Isakovics  was  a  genius  in  the  particular  field  of  chemistry 
to  which  he  devoted  his  talents.  He  combined  a  high  character, 
a  lovable  nature,  with  thorough  scientific  knowledge  and  ex- 
ceptional commercial  and  executive  abilities.  It  will  be  readily 
understood  that  it  was  uphill  work  to  build  up  such  a  business 
monument  as  he  left,  in  the  face  of  severe  competition  which 
was  backed  by  unlimited  capital,  but  he  always  said  it  could 
be  done  and  he  would  succeed. 

The  secret  of  his  success  has  been  his  never  failing  business 
policy,  to  give  his  customers  exactly  what  he  said  he  would. 
There  was  never  in  his  mind  anything  "good  enough;"  only  the 
"best"  that  science  could  produce  would  he  offer  his  clients. 
He  has  thrown  away  many  a  poimd  of  valuable  materials  be- 
cause they  did  not  comply  with  his  idea  of  quality.  He  had 
often  said  he  did  not  care  how  much  the  loss  might  be  in  dollars 
and  cents  so  long  as  his  conscience  was  -clear  and  he  gave  his 
clients  the  very  best  possible  value. 

It  was  his  cherished  wish  that  should  he  ever  be  taken  away 
his  wife  should  go  ahead  in  the  same  way  as  they  had  done 
together  for  the  past  28  years  and  finally  he  hoped  that  his  only 
son,  Alois  Von  Isakovics,  Jr.,  would  take  up  the  work.  Mrs. 
Von  Isakovics  has  been  connected  with  the  business  from  the 
day  it  was  started  by  her  late  husband  and  it  is  her  intention 
to  take  up  the  work  where  he  has  left  off  and  to  carry  out  his 
ideas  in  every  detail. 

Von  Isakovics  was  endowed  with  those  qualifications  which 
go  to  make  up  an  ideal  man.  His  intelligence,  honesty  and  fair- 
ness combined  with  his  superior  ability  placed  him  in  a  position 
to  be  known  all  over  the  country  and  in  many  foreign  lands. 
At  the  time  of  his  death  he  was  a  member  in  the  following  Scien- 
tific and  Social  Societies:  American  Chemical  Society,  American 
Electrochemical  Society  (charter  member),  American  Pharma- 
ceutical Association,  Manufacturing  Perfumers'  Association, 
Chemists'  Club,  Franklin  Institute,  New  York  Academy  of 
Science  (Fellow),  American  Association  for  the  Advancement 
of  Science  (Fellow),  Society  of  Chemical  Industry,  and  Verein 
Ueutscher  Chemiker. 

His  great  professional  triumphs  are  recorded  on  the  pages  of 
scientific  and  practical  literature  such  as:  "Synfleur  Heralds," 
Synopsis  of  Columbia  University  Lectures  on  "Perfumes  and 
Flavoring  Materials,"  and  "Essential  Oils,  Synthetic  Perfumes 
and  Flavoring  Materials,"  Chapter  XXIX,  in  Rogers  and 
Aubert's  "Industrial  Chemistry." 

Von  Isakovics  was  a  devoted  husband,  a  kind  father  and  a 
sincere  friend. 

New  York  City  WillIAM   DrEVFUS 


NOTL5  AND  CORRL5PONDLNCL 


CALENDAR  OF  MEETINGS 

American  Pharmaceutical  Association:  Indianapolis,  In- 
diana, August  27  to  September  13,  1917. 

American  Chemical  Society:  Annual  Meeting,  Boston, 
Mass.,  September  10  to  16,  1917. 

National  Exposition  of  Chemical  Industries  (Third):  Grand 
Central  Palace,  New  York  City,  Scptcmbir  24  to  29,  1917. 

American  Electrochemical  Society:  Autumn  Meeting,  Pitts- 
burgh, October  3  to  6,  191 7. 

National  Paint,  Oil  and  Varnish  Association:  Annual  Con- 
vention, Chicago,  October  8  to  10,  1917. 

American  Institute  of  Mining  Engineers:  Annual  Meeting, 
St.  Louis,  Mo.,  October  8  to  13,  1917. 


THE  TEACHING  OF  ANALYTICAL  CHEMISTRY 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

To  no  one  engaged  in  analytical  chemistry,  whether  as  practi- 
tioner, teacher,  or  original  investigator,  can  the  recent  address 
by  Dr.  Hillebrand  on  "Our  Analytical  Chemistry  and  Its 
Future."'  fail  to  be  stimulating  and  full  of  suggestion.  It  is 
not  to  be  expected  that  the  universities  can  turn  out  experienced 
analysts,  but  the  chemical  world  has  a  right  to  expect  our  in- 
stitutions to  turn  out  men  who  have  a  capacity  for  becoming 
reliable  analysts  after  reasonable  experience.  Dr.  Hillebrand 
suggests  that  in  this  the  universities  have,  in  a  large  number  of 
instances,  failed;  and  those  who  have  had  opportunity  of  in- 
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vestigating  the  conditions  in  the  analytical  laboratories  of  many 
of  our  industries  will  endorse  that  suggestion.  In  searching 
for  a  cause  for  this  state  of  affairs  one  need  not  look  very  far, 
for  a  glance  over  the  catalogues  of  a  few  universities  will  quickly 
convince  one  that  other  subjects  in  the  curriculum  are  making 
rapid  inroads  on  the  time  formerly  devoted  to  chemical  analysis. 
In  view  of  the  increasing  number  of  topics  which  now  find  place 
in  a  chemical  education  this  is  not  surprising,  for  not  only  must 
the  claims  of  other  chemical  and  related  subjects  be  considered, 
but  also  the  undeniable  swinging  back  to  a  broader  educational 
basis,  which  is  becoming  increasingly  evident  in  many  of  our 
institutions,  and  which  brings  with  it  a  less  specialized  curric- 
ulum. 

Before  taking  up  the  discussion  as  to  the  best  method  of  em- 
ploying our  reduced  time  in  teaching  analytical  chemistry,  it 
would  be  well  to  consider  the  true  place  of  this  branch  in  a 
chemical  education.  If  training  in  this  subject  is  restricted  to 
the  mere  teaching  of  a  number  of  procedures  which  can  be  more 
or  less  mechanically  carried  through,  it  is  certain  that  it  does  not 
deserve  much  consideration;  but  there  is  no  reason  why  the  work 
should  not  be  made  a  really  useful  end  in  itself — which  it  is  not, 
if  carried  out  in  the  manner  just  mentioned,  and  at  the  same 
time  an  educational  factor  of  vital  importance.  There  has  been 
a  decided  tendency  to  raise  the  standard  of  qualitative  analysis 
in  the  latter  respect,  as  is  evidenced  by  the  tone  and  character 
of  many  of  the  recent  books  on  the  subject;  but  in  quantitative 
analysis  we  are  not  yet  quite  so  far  advanced,  and  the  few 
really  modern  books  which  have  appeared  have  to  make  their 
way  against  much  conservatism  and  prejudice.  There  is  no 
branch  better  adapted  to  the  presentation  of  elementary  physico- 
chemical  ideas  than  analytical  chemistry,  and  in  following  this 
system  of  presentation  there  is  the  great  advantage  of  keeping 
the  student  in  vital  contact  with  the  indispensable  modern  ideas 
through  the  whole  of  his  course,  instead  of  allowing  him,  as  is 
now  too  frequently  done,  to  forget  most  of  the  real  chemistry 
he  has  learned  in  advanced  general  chemistry  and  qualitative 
analysis,  by  plodding  through  a  year  in  which  his  only  chemical 
subjects  may  be  old-style  courses  in  quantitative  analysis  and 
organic  chemistry.  Surely  the  department  of  physical  chemistry 
would  be  willing  to  let  the  analytical  department  encroach  a 
little  on  its  territory  if,  by  so  doing,  students  could  be  handed 
on  for  work  in  physical  chemistry  with  a  knowledge  and 
enthusiasm  which  would  materially  lighten  the  burden  of  in- 
structors in  that  department.  With  quantitative  analysis 
taught  on  this  basis,  we  whose  hobby  this  subject  is  need  not 
apologize  for  our  interest. 

There  are  two  main  points  to  be  con.sidered:  First,  students 
must  be  trained  in  exact  methods  of  work,  so  that  reliable  results 
can  be  obtained;  and  second,  the  dignity  of  analytical  chemistry 
must  be  mainlained  as  a  sound  educational  factor.  .\  greater 
proportion  of  lecture  work,  even  at  the  expense  of  some  labora- 
tory hours,  seems  to  hold  the  greatest  promise  for  the  accom- 
plishment of  both  ends.  It  is  perfectly  true  that  the  student  is 
more  deeply  impressed  by  what  he  learns  in  the  laboratory  than 
by  the  statements  of  a  lecturer,  and  if  unlimited  time  were  at  our 
disposal  formal  lectures  might  well  be  dispensed  with  altogether, 
and  tlic  whole  instruction,  even  in  the  more  abstract  and 
theoretical  phases,  could  be  imparted  by  inrormal  talks  and  dis- 
cussions at  the  laboratory  bench.  Such  u  course,  however, 
involves  so  great  an  expenditure  of  time,  and  nece.s.sitatc.s  so 
large  a  teaching  force  as  to  make  it  impossible  under  existing 
circumstances.  The  best  thing  we  can  do,  then,  is  to  give  11  far 
greater  share  of  instruetiim  in  the  lecture  r(K)m  than  is  now 
usually  <li)nc,  aiul  thus  free  more  of  the  laboratorv  time  for  the 
essentials  that  cannot  be  gained  except  by  experience.  Dis- 
criniinntion  is  a  point  frecpiently  iieKlrctril,  and  it  is  coninion 
experience  to  find  a  student  wasting  lime  by  wrighinx  out  a 
steel  sample  fur  the  detrrniiiialion  iif  phcisphntiis  with  the  siinir 


accuracy  that  he  would  employ  in  weighing  copper  foil  for 
standardization.  By  more  carefully  planned  lectiu-e  work,  and 
by  greater  cooperation  on  the  part  of  the  laboratory  assistants 
it  should  not  be  difficult  to  accompUsh  a  third  more  in  the 
average  analj'tical  course  than  is  now  done. 

Dr.  Alexander  Smith'  has  called  attention  to  the  evils  of 
overlapping  courses,  and  my  observation  is  that  this  is  particu- 
larly true  in  anal>-tical  chemistr>',  both  as  regards  lecture  work 
and  the  analysis  of  samples  in  the  laboratory.  In  the  majority 
of  institutions  the  departments  of  qualitative  and  quantitative 
analysis  are  entirely  separate;  text-books  by  different  authors 
are  used,  the  lectures  are  given  by  different  instructors,  and  the 
instructor  in  one  course  is  but  Uttle  acquainted  with  the  exact 
method  of  presentation  used  in  the  other  course  In  the  qualita- 
tive course  the  student  acquires,  after  much  hard  work,  a  faint 
glimmering  of  an  understanding  of  the  fundamental  principles 
underlying  the  subject  of  analytical  chemistrj*.  The  next 
year  the  study  of  quantitative  analysis  is  begun,  and  the  book 
of  another  author  is  used.  The  same  ionic  hypothesis  is  pre- 
sented, the  same  mass  law,  in  short,  the  same  fundamental 
principles,  for  they  are  common  alike  to  both  qualitative  and 
quantitative  analysis;  but  in  the  work  of  this  new  author  the 
student  looks  in  vain  for  the  familiar  expressions,  mathematical 
formulae,  and  symbolism  which  he  has  laboriously  learned 
the  year  before;  for  the  author  of  this  new  work  has  started 
again  from  the  beginning,  and,  in  his  own  way,  and  with  his  own 
peculiar  terminology,  he  has  presented  the  whole  of  the  material 
which  the  student  has  learned  before,  with  just  a  little  in  addi- 
tion which  applies  exclusively  to  quantitative  analysis.  The 
result  is  that  the  student  has  to  spend  a  good  part  of  his  second 
year  in  learning  over  what  he  is  supposed  already  to  know, 
simply  because  it  is  presented  in  a  different  way,  with  little 
thought  of  correlation  with  what  has  gone  before. 

This  condition  would  be  remedied  by  the  adoption  of  a  text- 
book, in  two  volumes,  on  analytical  chemistn,'  from  the  modern 
view-point  by  one  author;  or  by  having  the  lectures  in  both 
branches  given  by  one  instructor,  any  necessary  changes  in  the 
terminology  of  the  two  books  being  made  with  a  view  to  obtain- 
ing a  unified  system  of  presentation.  If  lack  of  suitable  texts 
makes  the  first,  and  program  difficulties  make  the  second  alter- 
native impossible,  it  is  still  feasible  to  have  both  qualitative  and 
quantitative  analysis  under  the  direction  of  the  department  of 
analytical  chemistry,  and  to  let  tlie  head  of  tliat  department 
see  to  it  that  a  unified  system  of  instniction  is  established.  In 
tliis  way  tlie  ciuantitative  course  would  take  up  the  subject 
where  the  qualitative  work  left  it,  that  is,  without  repetition  of 
first  i)rinciples,  but  with  constant  reference  to  lliosc  jwrtions 
of  the  first  course  which  de;U  with  the  knowledge  prerequisite 
to  the  particular  discussion  in  hand.  The  theoretical  part 
of  tlie  second  course  would  thus  be  really  a  continuation  of  the 
first,  rather  than  a  more  or  less  confusing  repetition  of  it.  in 
which  the  seeming  contradictions  of  the  different  writers  tend 
to  cast  a  haze  of  indefinitcncss  over  minds  not  yet  sufliciently 
advanced  to  sift  for  themselves  the  chaff  from  the  wheat.  By 
this  method  of  ciMirdination  nuich  vahialile  time  could  l>c  saved. 
and  this  could  be  devoted  to  extra  drilling  in  the  mct)io<ls  of 
securing  exactness  of  results  by  added  emphasis  on  tliosc  minor 
details  which  arc  so  frequently  hurried  over  for  lack  of  time. 

The  citrtailnieut  of  lulH)ratory  time  makes  imperative  the 
optimum  utilization  of  these  hours,  and  n  great  saving  can  lie 
made  by  avoiding  undue  rr|>rlition  in  advancrd  courses.  The 
working  through  of  the  drirrminutinii  of  phosphonis  in  iron  ore, 
in  steel,  in  coke,  in  sevnal  types  of  (cttiliicrs.  and  again  m  a 
.slag,  is  doubtless  splendid  practice,  but  it  is  not  rcunoniv.  An 
extreme  case  has  l)cen  cited,  but  il  will  serve  to  illustrate  what, 
in  a  IcMrr  degrre,  is  u  rt-al  coiulition  in  much  anolvtira)  in- 
stniction. riiosphonis  should  t>c  determined  in  one  class  of 
>  Tin.  )..i«HAu   t  ll>)l^),  )J7. 
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material  gravimetxically,  in  another  volumetrically ;  and  in  the 
lecture  room  the  student  should  be  taught  the  application  of 
these  methods  to  the  most  varied  kinds  of  industrial  products. 
There  is  no  finer  practice  than  the  complete  analysis  of  a  rock, 
but  for  a  student  it  consumes  an  immense  amount  of  time. 
Even  if  there  is  not  time,  however,  for  the  complete  analysis, 
the  fundamentals  of  rock  analysis  can  still  be  taught,  for  the 
student  will  already  have  made  a  partial  analysis  of  Iime,stone, 
probably  a  silica  by  fusion,  and  a  determination  of  sulfur  in 
some  form.  In  a  one-hour  lecture  this  work  can  be  gathered 
into  an  organized  whole,  and  correlated  with  the  subject  of  a 
complete  rock  analysis.  The  student  can  then  be  required  to 
determine  ferrous  iron,  alkalies,  titanium,  and  the  other  con- 
stituents which  his  previous  experience  has  not  covered.  Thus 
by  the  organization  of  the  laboratory  work  through  the  correla- 
ting influence  of  carefully  planned  lectures  and  theoretical 
study,  a  much  broader  foundation  can  be  laid  in  the  allotted  time 
than  is  now  usually  done. 

In  summarizing,  analytical  chemistry  should  be  taught  as 
one  subject,  with  the  various  branches  closely  correlated  in  a 
unified  system.  An  unnecessary  burden  is  placed  upon  students 
by  using  different  methods  in  presenting  the  fundamental 
principles  of  qualitative  and  quantitative  analysis.  Much 
laboratory  time  can  be  saved  by  more  lecture  work,  and  by  the 
avoidance  of  undue  repetition  in  analytical  exercises.  This 
time  should  be  spent  in  extra  drill  in  the  details  of  accuracy. 
University  op  Arizona  Paul  H.   M.-P.   Brinton 

Tucson,  February  14,  1917 


A  CHEMICAL  LETTER  BY  DR.  ANDREW  URE 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

The  following  letter  by  Dr.  Andrew  Ure — the  well-known 
author  of  Ure's  Dictionary — -has  recently  come  into  my  pos- 
session and  as  it  was  written  exactly  loo  years  ago  and  contains 
considerable  matter  of  historical  interest,  its  publication  in  the 
July  issue  of  the  Journal  may  not  be  out  of  place.  The  letter, 
except  for  a  slight  tear  due  to  breaking  of  the  wax  seal,  is  in  per- 
fect preservation.  It  bears  the  address,  Dr.  Granville,  Hotel  de 
Saxe,  No,  12  Rue  de  Colombier,  Faubourg  St,  Germain,  Paris, 
and  runs  as  follows: 

Glasgow,  July  ,5lh,  1817 
My  dear  Sir: 

I  avail  myself  with  great  pleasure  of  the  opportunity  offered  by 
the  visit  of  my  ingenious  friend,  Dr.  N.  Hill,  to  Paris,  to  assure 
you  of  the  grateful  recollections  which  I  shall  ever  entertain 
of  your  kindness,  regretting  only  that  the  arthritic  affection  of  my 
ankles  prevented  me  from  profiting  so  much  as  I  would  other- 
wise have  done  of  your  acquaintance  with  the  French  Savons. 
My  journey  homeward  was  tedious  and  uncomfortable;  but 
soon  after  breathing  my  native  Caledonian  air  my  health  re- 
turned to  its  former  soundness,  and  the  anomalous  aflfections, 
connected,  I  believe,  with  the  French  wines,  entirely  disap- 
peared. 

Though  far  distant  from  you,  I  have  followed  with  undimin- 
ished interest  your  useful  labors  and  very  interesting  communi- 
cations in  the  Institution  Journals,  Your  tribute  to  Vauquelin 
is  elegantly  expressed,  and  very  justly  merited.  It  has  found 
an  echo  in  every  man's  heart  who  has,  like  me,  had  the  good  for- 
tune to  meet  with  this  illustrious  and  benevolent  philosopher. 
I  hope  soon  to  have  a  public  opportunity  of  expressing  my  senti- 
ments on  the  same  grateful  subject. 

My  winter  occupations  consist  more  in  teaching  pupils  the 
general  truths  of  science  than  in  original  investigations.  Since 
the  session  ended,  I  have,  however,  been  incessantly  occupied 
in  some  researches  which  will  make  their  appearance  in  monthly 
succession  in  our  scientific  journals — chiefly  the  Annals  of 
Philosophy.  In  the  Medical  and  Surgical  Journal  oj  London  for 
this  month  you  will  find  a  paper  of  mine  containing  a  description 
and  analysis  of  a  morbid  intestinal  concretion  sent  to  me  for 
examination  by  a  physician  in  the  vicinity  of  Perth.  It  dilTers 
entirely  from  any  of  which  I  have  seen  an  account,  resembling 
in  chemical  and  physical  properties  pure  ambergris,  and  con- 
taining no  earthy  phosphates  or  indeed  any  other  saline  matter. 

By  the  analysis  of  Lagrange  ambergris  contains  benzoic  acid. 


The  substance  in  question  yields  none  to  any  attempts  at  extrac- 
tion which  I  have  been  able  to  make.  And  on  examining  with 
care  two  different  specimens  of  ambergris,  both  reputed  genuine, 
I  have  found  the  one  to  contain  benzoic  acid,  but  the  other,  and 
that  the  most  characteristic,  none.  The  paper  itself  will  shew 
you  that  I  have  bestowed  some  pains  on  the  subject,  though  I 
have  by  no  means  completed  my  investigations,  being  very  much 
pressed  for  the  account  for  this  month's  magazine.  Some  phe- 
nomena led  me  to  fancy  that  the  acid  of  ambergris  was  not  ben- 
zoic but  succinic  acid;  and  I  accordingly  tried  to  discover  a  sim- 
ple and  certain  criterion  between  them.  Succinate  of  Ammonia 
sublimes  without  decomposition,  Benzoate  of  Ammonia  is 
decomposed  in  a  gentle  subliming  heat;  the  Ammonia  escaping 
partly  in  gas  and  partly  combined  with  the  water  of  crystalliza- 
tion. This  fact,  if  you  please,  you  may  mention  to  M.  Vauquelin; 
but  very  likely  that  excellent  chemist  may  be  already  acquainted 
with  it. 

My  first  paper  for  the  Annals,  is  on  Ammonia,  Muriatic  Acid, 
Sal  Ammoniac,  the  other  Ammoniacal  Salts,  and  the  chlorides 
in  general.  It  contains  I  believe  several  new  facts,  which  I 
hope  you  will  see  next  month.  I  should  wish  exceedingly  to 
know  the  opinion  concerning  it  of  your  distinguished  friends  at 
Paris.  Will  you  write  me?  The  whole  deductions  are  from 
my  own  experiments.  I  point  out  some  inaccuracies  in  Dr. 
WoUaston's  Scale  as  well  as  in  Dr.  Thomson's  Weight  of  the 
Atoms.  I  endeavor  to  show  that  Sal  Ammoniac  is  not  a  chloride 
of  ammonium,  as  Dr.  T.  has  called  it. 

The  bearer  of  this  letter  is  author  of  a  very  ingenious  paper 
on  Laryngitis,  and  very  deserving  of  being  assisted  in  his  views 
of  seeing  a  little  of  Parisian  Practice.  As  there  is  no  person 
who  is  so  thoroughly  capable  of  promoting  his  views,  may  I 
beg  you  to  give  him  a  general  system  of  directions  for  making 
the  most  of  his  time  at  the  French  Capital? 

Present  my  respectful  complements  to  your  lady  and  believe 
me  to  be  always.  Dear  Sir, 

Your  faithful  and  obliged  servant, 

Andrew  Ure 

Dr.  Augustus  Bozzi  Granville,  to  whom  the  above  letter  is 
addressed,  had  one  of  the  most  adventurous  careers  which  ever 
befell  a  man  of  science.  He  was  the  son  of  an  Italian  named 
Bozzi,  a  relative  of  Napoleon,  but  afterwards  adopted  the  family 
name  of  his  Engli.sh  mother.  He  studied  under  Volta  at  Pavia, 
from  which  university  he  graduated  as  a  physician  in  1802. 
Granville  was  an  enthusiastic  devotee  of  the  new  science  of  chem- 
istry. At  Paris  he  became  acquianted  with  Countess  Rumford, 
the  widow  of  Lavoisier,  who  encouraged  him  in  his  chemical 
studies;  Gay-Lussac,  Vauquelin,  and  other  well-known  chemists 
were  among  his  teachers.  In  1814  and  1815  Granville  taught 
chemistry  at  a  medical  school  in  London.  His  experiences, 
however,  as  a  teacher  of  chemistry  were  unfortunate ;  an  accident 
with  chlorine  gas  completely  destroyed  his  sense  of  smell  and, 
the  treasurer  of  the  school  absconding,  the  institution  failed 
and  Granville  was  never  paid  his  salary.  After  this  he  returned 
to  France  and  was  studying  in  Paris  at  the  time  of  I're's  letter. 

Granville's  extensive  travels,  together  with  his  linguistic  at- 
tainments, gave  him  a  wider  acquaintance  with  noted  scientists 
than  was  the  fortune  of  most  other  men  of  his  day.  He  rendered 
no  small  service  by  helping  to  bring  together  English  and  Conti- 
nental scientists  who  had  been  separated  from  one  another  by 
the  Napoleonic  wars  for  nearly  20  years.  Granville'  died  in 
1872  at  the  age  of  88  and  his  long  life  forms  a  connecting  link 
between  the  chemists  of  Lavoisier's  time  and  those  of  the  pres- 
ent day. 

Although  the  imperfections  of  LTre's  analytical  methods  throw 
little  light  upon  the  nature  of  his  "morbid  intestinal  concretion," 
it  seems  probable  that  he  was  dealing  witli  cholesterine  or  copro- 
sterine,  substances  of  which  chemists  are  still  striving  to  deter- 
mine the  exact  constitution. 

The  allusion  which  L^re  makes  to  his  researches  upon  the 
composition  of  sal  ammoniac  recalls  the  famous  "chloridic  con- 
troversy" which  occupied  the  minds  of  chemists  a  century  ago. 
Ure's  paper  was  published  in  Thomson's  Annals  of  Philosophy 
'  Granville  wa.s  well  known  as  an  authority  upon  mineral  waters  and 
sewage  disposal.  lie  also  made  important  contributions  to  the  study  of 
the  internal  use  of  hydrocyanic  acid  in  medicine.  His  two-volume  auto- 
biography published  in  1874  has  all  the  fascinations  of  an  exciting  novel. 
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for  Sept.  1917  (Vol  10,  page  203).  and  in  it  he  contends  that  sal- 
ammoniac  is  not  a  chloride  of  ammonium  but  a  muriate  of  am- 
monia. According  to  the  old  view  muriatic  acid  and  ammonia 
both  contained  oxygen  while  hydrochloric  acid  and  ammonium 
were  oxygen-free.  The  muriates  upon  heating  were  supposed 
to  be  converted  into  chlorides  by  the  expulsion  of  water. 

Ure  sublimed  drj-  sal  ammoniac  over  hot  metals  and  obtain- 
ing water  concluded  that  the  latter  was  due  to  a  combination  of 
the  hydrogen  and  oxygen  in  the  sal  ammoniac  molecule.  Sal 
ammoniac  was  therefore  a  muriate  and  not  a  chloride.  The 
fallacy  of  this  conclusion  was  pointed  out  by  Thomson  (in 
Vol.  12  of  his  Annals,  p.  381)  who  by  a  natural  intuition  picked 
the  winning  side  in  the  chloridic  argument,  as  he  did  in  the 
atomic  controversy,  years  before  most  of  his  contemporaries. 

Although  Ure  in  after  years  realized  the  correctness  of  Thom- 
son's view,  he  had  the  satisfaction  of  knowing  that  he  went 
astray  in  good  company.  Berzelius  believed  up  to  1820  in  a 
hypothetical  element  murialicum,  which,  upon  combining  with 
two  atoms  of  oxygen,  produced  the  anhydride  of  muriatic  acid; 
this  anhydride,  upon  further  oxidation,  as  by  means  of  manganese 
peroxide,  yielded  oxy-muriatic  acid  gas  or  chlorine.  Berzelius 
also  believed  in  another  hypothetical  element  nitricum,  the 
oxide  of  which  was  nitrogen  and  which  oxide  in  combination 
with  hydrogen  gave  ammonia.  Relics  of  these  old  views  still 
survive  in  chemical  nomenclature. 

The  contribution  of  Ure,  who  was  assisted  in  his  experiments 
by  Gmclin,  a  pupil  of  Berzelius,  will  always  be  worth  reading, 
for  it  illustrates  the  difficulties  with  which  early  experimenters 
had  to  contend.  As  Kopp  remarks  in  his  account  of  the  chloridic 
controversy,  "it  is  interesting  to  note  how  correct  observations 
led  to  incorrect  conclusions." 

The  tributes  which  Granville  and  Ure  both  pay  to  Vauciuelin 
only  confirm  what  others  have  written  about  one  of  the  best 
loved  and  most  honored  chemists  of  France.  The  readiness 
with  which  English  scientists,  after  the  bitter  Napoleonic  wars, 
could  give  expression  to  such  feelings  of  admiration  shows  the 
strength  of  the  bonds  which  unite  the  great  international  brother- 
hood of  science,  and  at  the  time  of  the  present  crisis  should 
fill  us  with  hope  for  the  future. 

80  South  Strbbt,  Nbw  York  City  C.   A.    BROWNE 

May  16.  1917 

TWO  LETTERS  ON  THE  INCOMPLETE  HYDRO- 
GENATION  OF  COTTONSEED  OIL 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

In  a  very  interesting  article  entitled  "Incomplete  Hydrogcna- 
tion  of  Cottonseed  Oil,"  by  Hugh  K.  Moore,  el  a!.,  pul)lishcd 
in  the  May  1917  number  of  This  Joiirnai.,  the  following  state- 
ment occurs  on  |>at;e  461  under  the  cai)tion  "Response  to  Hul- 
phen  Test:  The  amount  of  hydrogcnation  which  is  required  to 
render  th<-  oil  just  incajjable  of  responding  to  the  test  has  not  to 
iiur  knowledge  been  investigated."  .V  very  limited  amount  of 
experimental  data  is  given  and  a  conclusion  is  drawn  on  page 
462:  "The  degree  of  hydrogcnation  necessary  to  destroy  the 
rcspon.so  of  Cottonseed  Oil  to  the  llalphen  tast  has  ticen  shown 
to  be  u  drop  of  about  four  luiils  in  the  iodine  number."  There 
arc  so  many  variable  factors  which  would  have  an  elTect  on  this 
criiiclusioii  that  it  seems  a  rather  broad  statement  to  make  on 
the  liiniled  evidence  submitted 

It  is  rather  interesting  to  the  writer  that  the  slalenient  is 
ninile  in  the  article  that  "the  anuuint  of  hyilrogenation  which 
is  re(|iiired  to  render  the  oil  just  incapable  of  responding  to  the 
test  has  not  to  our  knnwIedKe  been  investigated."  in  view  of 
United  States  Patent  i,iH7,()cjij.  a|>|)licatl<>n  for  which  was  tiled 
by  the  writer  on  Aiigiisl  31,  I■)l.^,  and  Issued  on  June  ji>.  H)i(t. 
Ill  which  the  following  statement  u|>pears  In  the  H|>rcilicatlon 
"In  enrrylng  out  my  new  priK'eH<t  for  the  inaiiiifacturr  of  the 


product,  a  fatty  oil,  for  instance,  choice  or  prime  yellow  cottonseed 
oil,  is  placed  in  a  closed  vessel  and  caused  to  be  chemically  com- 
bined with  hydrogen  in  the  presence  of  a  catalyzer.  Any  of  the 
known  processes  of  hydrogcnation,  or  any  active  catalyzer  may 
be  employed,  which  does  not  leave  any  residual  catalytic  im- 
purities in  the  product  after  careful  filtration.  A  temperature 
of  150  to  200°  C.  has  been  satisfactorily  employed,  and  the  time 
required  to  produce  the  desired  result  after  attaining  this  tempera- 
ture, is  from  five  to  thirty  minutes,  depending  upon  the  activitv 
and  proportion  of  the  catalyzer  employed.  In  practice  the  time 
or  degree  of  hydrogcnation  desired  are  determined  by  preliminary 
experiment  on  the  oil  and  catalyzer  used  in  an  experimental 
apparatus.  In  carrying  on  such  preliminary  test  the  hydrogcna- 
tion process  is  continued  until  a  sample  of  the  oil  fails  to  respond 
to  the  Halphen  reaction  and  the  desired  degree  of  crystalliza- 
tion takes  place  when  the  oil  is  chilled. 

"Depending  upon  the  particular  oil  treated  by  the  process, 
the  iodine  value  of  the  finished  product  varies  from  about  90  to 
102.  Its  titre  (as  determined  by  the  Wolfbauer  method)  has 
been  slightly  increased  during  the  jirocess  to  the  extent  of  from 
about  0.1  to  0.5°  C.  over  that  of  the  original  oil  treated.  The 
color  of  the  treated  product  is  usually  somewhat  lighter  than  the 
original  oil.  On  cooling  the  product  it  in  part  readily  cr>-stal- 
lizes,  thereby  making  separation  of  the  stearin  from  the  oil  much 
easier  and  more  effective  for  'winter  pressing'  for  salad  oil 
than  is  the  case  with  ordinary  cottonseed  oil.  The  new  product 
responds  negatively  to  the  Milliau  test  for  cottonseed  oil." 

Other  parts  of  the  specification  and  also  the  claims  of  this 
patent  treat  further  on  this  subject. 

Inasmuch  as  a  copy  of  this  patent  was  sent  to  the  Berlin  Mills 
Company  and  was  investigated  by  their  patent  attorney,  it  is 
somewhat  surprising  to  the  writer  to  find  at  this  time  an  article 
published  by  the  research  laboratory  of  this  company  over  the 
name  of  the  company,  in  which  the  above  quoted  statement  occurs. 
Chicago,  June  6.   1917  ArTHI'R    LowENSTEIN 


Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

In  reply  to  Dr.  Arthur  Lowenstein's  criticism  of  a  section  in 
our  article  on  "The  Incomplete  Hydrogcnation  of  Cottonseed 
Oil."  we  wish  to  state  that  U.  S.  Patent  1.187.991)  w.is  familiar 
to  us  at  the  time  the  section  in  question  wa,s  written;  neither  at 
that  time  nor  at  the  present  time,  however,  could  we  regard  the 
disclosures  of  the  patent  as  constituting  anticipation  of  our  work. 

The  fundamental  statement  of  the  patent,  as  quoted  above 

by  Dr.   Lowenstein.  is  as  follows:     " the  hydrogcnation 

process  is  contiimed  until  a  sample  of  the  oil  fails  to  re.s|H)nd  to 
the  Halphen  reaction  and  the  desired  degree  of  crystallization 
takes  place  when  the  oil  is  chilled,"  There  is  no  warrant  for 
assuming  from  the  language  of  the  patent  that  when  the  Halphen 
test  is  jnst  destroyed  the  proper  amount  of  crystalli/able  material 
has  just  been  proiluced;  In  fact  it  would  apiK-nr  that  a  ooiLsidcr- 
able  degree  of  choice  may  be  exercised  in  the  prixluction  of  this 
slearine  after  the  Halphen  test  resiHJnse  is  gone. 

The  imline  number  of  the  i>roduct  of  the  patent  is  not  stated 
to  1)C  that  of  a  priKluct  in  which  the  res|><msc  to  Hiiliihrii  test 
has  just  been  ileslroyed,  but  is  that  of  a  product  in  which  Inith 
conditions  have  been  met.  The  breadth  of  the  range  given.  <h» 
102,  indicates  that  "the  desired  degree  of  cr>-sUiIli».alion"  u|>on 
chilling,  is  subject  to  considerable  variation.  accortliiiK  to  the  ob- 
ject in  view. 

The  other  distingulshinK  mark  given  in  the  patent.  immcJy, 
a  range  of  increase  In  titre.  Iikewiw  (uiU  to  disclonc  iiiiv  definite 
knowledge  of  the  degree  i>(  hvdrogenatlon  ne»-esN.uv  to  destroy 
the  responM-  In  the  test.  il>  nidlcation  is  ainbicnini'..  like  llial  o( 
the  Iodine  niiiiilier.  We  have  not  e\|>cnmentetl  with  the  Wolf- 
biiiier  iiiethcMl.  miiit  IIh  iiw  is  uiKMMiinon  in  lhi%  onintry.  but  it 
is  certain  llinl  the  ruiiKe  of  01  to  0,5'  C     rcpre»cnLi    a  \-er>' 
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large  range  in  actual  hydrogenation,  as  measured  by  change  in 
iodine  number.  It  is  noteworthy  that  our  experiments  invari- 
ably showed  a  decrease  in  titre,  as  measured  by  the  A.  O.  A.  C. 
method,  before  any  increase  began,  so  that  to  increase  the  titer 
0.1  to  0.5°  C.  above  that  of  the  original  oil  required  a  drop  of 
iodine  number  to  about  70. 

We  wish  to  point  out  that  if,  as  Dr.  Lowenstein  asserts,  there 
are  "many  variable  factors  which  would  have  an  effect  on  this 
conclusion,"  there  exists  no  published  evidence  to  that  effect. 
It  seems  probable  to  us  that  temperature  is  the  only  factor  which 
would  have  such  an  effect,  and  the  temperature  150  to  160°  C. 
was  specified  in  the  experiment  in  question. 

We  are  therefore  unable  to  agree  with  Dr.  Lowenstein's  im- 
plication that  U.  S.  Patent  1,187,999  anticipates  our  disclosure. 
It  is  quite  possible  that  other  investigators  have  carried  out  the 
same  work  at  an  earlier  date,  but  we  believe  ourselves  to  have 
been  the  first  to  publish  the  results  of  such  work. 

Bbrun  "•  K.  Moore 

New  Hampshirb  O.   A.   RiCHTER 

June  12,  1917  W.   B.   VanArSDEL 


AN  EXPLOSION  OF  AN  ANILINE  STRIPPER 

Recently  a  stripper  employed  on  aniline  waters  exploded  and 
as  the  cause  has  not  been  ascertained,  it  is  thought  that  a  de- 
scription of  same  may  be  of  interest  to  manufacturers  of  aniUne 
and  similar  compounds. 

DESCRIPTION    OF    STRIPPER 

The  stripper  is  a  '/g-in.  steel  tank  7  ft.  in  diameter  and  8  ft. 
'/s  in.  deep,  flat  bottom  and  plate  cover  on  top,  all  '/s-in.  steel. 
To  stiffen  the  cover,  two  6-in.  I-beams  (i2V4lbs.)  16  in.  between 
centers  were  riveted  on  the  cover.  The  cover  was  bolted  to  the 
flange  with  about  forty  Vi  '"■  X  1 V2  in.  bolts.  The  bolt  holes  are 
spaced  about  6  in.  apart  on  three-quarters  of  the  circumference 
and  12  in.  on  centers  on  the  remaining  quarter.  The  bottom 
has  a  2  Vs-in.  outlet  with  a  plug  cock  which  runs  to  the  sewer. 
The  top  has  a  a'/s-in.  inlet  with  a  cross.  The  cross  has  a  2-in. 
inlet  with  a  valve  and  a  I'/j-in.  inlet  with  a  valve.  On  the  top 
of  the  cross  was  a  '/i-in.  level  safety  valve  and  a  gauge. 

The  stripper  has  a  closed  coil  of  2-in.  pipe,  for  the  purpose  of 
heating,  8  turns,  welded,  connected  in  through  the  side  with 
cast-iron  elbows  and  nipples  to  the  coil. 

There  is  a  I'A-'i-  valve  and  line  feeding  the  top  of  the  coil 
with  steam  and  the  bottom  drains  through  a  '/«-in.  steam  trap. 

On  the  cover  was  a  manhole  and  a  6-in.  vapor  line  outlet 
running  up  vertically  for  6  ft.  to  a  2Vs-'n.  coil  in  a  4  ft.  X  6  ft. 
wooden  tank.  The  vapor  line,  coil  and  coil-outlet  have  no  valve. 
The  coil  discharges  into  a  steel  separator,  5  ft.  X  6  ft.  The 
aniline  is  drawn  off  the  separator. 

OPERATION  JUST  PRIOR  TO  THE  EXPLOSION 

The  stripper  was  filled  with  aniline  waters  up  to  just  30  in. 
from  the  top  of  the  stripper,  by  means  of  a  steam  siphon  from 
the  wooden  tank  in  the  yard  which  is  used  as  a  reservoir  for 
aniline  waters.  At  4:30  p.m.,  April  21,  1917.  the  cover  was 
placed  on  the  manhole  of  the  stripper  and  the  steam  turned 
on  the  coil  between  4:45  and  5:15  p.m.  by  a  workman.  The 
stripper  is  operated  by  simply  distilling  the  aniline  waters,  con- 
densing the  anihne  and  water  in  a  coil  and  running  same  into  a 
separator.  About  5:45  p.m.  the  stripper  exploded.  A  work- 
man was  10  to  20  ft.  from  the  stripper  when  it  went  up  and  was 
splashed  w-itli  water,  undoubtedly  from  the  stripper:  the  water 
was  warm,  not  hot,  and  he  was  not  burned. 

RESULTS   OF   THE    EXPLOSION 

The  cover  of  the  stripper  was  blown  off  with  considerable 
force,  breaking  all  the  bolts  which  held  it  on  by  tension.  The 
cover  was  bent  and  the  flange  of  the  stripper  bent.  The  cover 
landed  on  the  edge  of  the  floor  beside  the  stripper. 


The  entire  contents  of  the  stripper  (1600  gallons)  were  thrown 
out,  leaving  a  layer  of  i  'A  in.  of  iron  sludge  in  the  bottom  of 
the  stripper.  A  hole  20  ft.  X  25  ft.  was  torn  through  the  roof 
and  an  8-ft.  I-beam  bent  18  in.  out  of  line.  The  wire  glass 
windows  which  were  near  were  broken.  The  stripper  was  not 
damaged  very  much.  The  same  cover  was  replaced  and  except 
for  a  few  fittings  was  satisfactory  for  service  again. 

After  the  explosion  the  inlet  valve  to  the  coil  was  found  wide 
open  5V«  turns.  The  condenser  was  clear.  The  two  valves 
on  inlets  to  the  cross  on  the  cover  were  closed. 

COMMENTS 

The  aniline  waters  were  analyzed  with  the  following  results: 

.Sample;  Feed  Water  as  put  Liquid   from   Bottom  o( 

into  Stripper  Stripper  after  Explosion 

Aniline 3.13    percent  3.07  percent 

Acidity  (as  HtS04)  .  .      0  005  per  cent  0.09  per  cent 

Nitrocompounds...      None  None 

The  explosion  behaved  as  though  a  layer  of  explosive  had  been 
placed  on  the  bottom  of  the  stripper.  It  is  almost  inconceivable 
that  the  explosion  could  have  been  caused  by  steam  because 
the  I V2  in.  steam  inlet  is  the  only  supply.  If  this  were  led  into 
the  stripper  through  a  break  in  the  coil,  the  contents  of  the 
stripper  would  probably  have  been  heated  to  boiling  before  ex- 
ploding. Even  then,  it  is  difficult  to  see  how  the  steam  at  115 
lbs.  would  create  such  a  sudden  and  violent  explosion,  entering 
as  it  did,  and  with  the  exit  condenser  coil  wide  open. 

We  would  be  pleased  to  receive  opinions  as  to  the  probable 
causes  of  this  explosion,  which  we  are  at  present  imable  to  explain. 

Newark,  Nbw  Jeesby  MarDEN,  OrTH  &  HASTINGS  Co.,  INC., 
April  30,  1917  per  RiCHARD  S.   BiCKNELL 


BUREAU  OF  STANDARDS'  ANALYZED  SAMPLES 

The  Bureau  of  Standards,  Washington,  D.  C,  now  has 
ready  for  distribution  its  High  Phosphorus  Standard  Analyzed 
Iron  E  No.  7,  which  is  typical  of  the  irons  from  the  Alabama 
area.  The  analysis  is:  carbon,  2.17;  graphite,  1.82;  com- 
bined carbon,  0.38;  silicon,  2.21;  titanium,  0.095;  phosphorus, 
0.862;  sulfur,  0.051;  manganese,  0.444;  copper,  0.021;  chro- 
mium, 0.014;  nickel,  0.016;  and  vanadium,  0,073.  Therenewal 
No.  12-6,  of  the  Basic  Open  Hearth  Steel  approximately  0.4  Car- 
bon, is  also  ready.  Until  printed  certificates  can  be  secured, 
the  above  samples  will  be  issued  with  provisional  certificates 
without  details  of  analysis,  or  description  of  methods.  A  new 
sample  of  Bessemer  steel  with  approximately  o .  i  per  cent  car- 
bon to  replace  No.  8-n  is  now  in  process  of  analysis. 


DECENNIAL  INDEX  OF  CHEMICAL  ABSTRACTS 

The  intention  of  offering  the  Decennial  Index  of  Chemical 
Abstracts  in  bound  form  has  been  reconsidered.  There  has  been 
so  little  demand,  and  members  who  are  binding  their  volumes 
have  so  many  different  bindings,  that  it  was  considered  unwise, 
and,  in  fact,  almost  impossible  to  offer  a  binding  which  would 
suit  the  members  of  the  Society. 

June  8,  1917  ChaS.  L.  PaRSONS 

ALCOHOL  AND  WATER  IN  ETHER— CORRECTION 

In  the  article  under  the  above  title.  This  Journal,  9  (1917). 
521,  in  the  table  on  page  522,  the  first  "0.25  per  cent  Water"  in 
the  last  group  of  figures  should  read  "0.025". 

R.  L.  Perkins 


NITROGEN  INDUSTRIES  LITERATURE— CORRECTION 

In  printing  the  "Literature  of  tlie  Nitrogen  Industries,  1912 
to  1916,"  in  the  April  issue  of  This  Joihinal,  pages  424  to 
438,  we  omitted  to  state  that  this  material  was  reprinted  from 
the  January,  February  and  March,  1917,  issues  of  the  General 
Electric  Review. —  [Editor] 
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WASHINGTON  LETTER 


By  Paui,  Wooton,  Metropolitan  Bank  Building,  Washington.  D.  C. 


That  the  United  States  is  fully  alive  to  the  important  part 
chemistry  plays  in  modem  warfare  is  indicated  by  the  vast 
amount  of  chemical  work  which  is  being  done  by  government 
agencies  or  under  the  direct  supervision  of  the  government. 
Practically  every  one  of  the  many  chemical  laboratories  in  the 
city  is  devoting  a  considerable  portion  of  its  time  to  war  work. 
Much  of  the  chemical  work  which  is  in  progress  in  Washington, 
or  is  being  directed  and  controlled  from  the  capital,  is  of  a 
nature  which  precludes  any  public  discussion.  This  applies 
particularly  to  the  work  being  done  under  the  direction  of  the 
Committee  on  Chemicals  of  the  Council  of  National  Defense, 
of  which  Dr.  Wm.  H.  Nichols,  of  New  York,  is  chairman.  It  also 
applies  to  the  very  extensive  experimentation  by  the  Bureau  of 
Mines  with  poison  gases.  It  has  not  been  deemed  good  judgment 
to  disclose  many  facts  with  regard  to  the  work  being  done  by  the 
Carnegie  Geophysical  Laboratory  and  the  Bureau  of  Standards 
on  optical  glass.  Some  of  the  problems  being  worked  upon  at 
the  Bureau  of  Chemistry  are  of  such  a  nature  as  to  preclude 
even  the  mention  of  the  class  of  work  being  conducted. 

It  is  agreed  that  splendid  judgment  was  shown  by  Van.  H. 
Manning,  director  of  the  United  States  Bureau  of  Mines,  by 
Dr.  Chas.  L.  Parsons,  the  chief  chemist  of  that  bureau,  by  George 
E.  Hale,  chairman  of  the  National  Research  Council,  and  by 
Prof.  Marston  T.  Bogert,  chairman  of  the  Committee  on  Chem- 
istry of  the  same  organization,  in  undertaking  several  months 
ago  a  census  of  all  chemists  in  the  United  States.  As  a  result 
of  the  foresight  shown,  more  than  10,000  names  have  been 
classified.  This  long  list,  which  is  thought  to  include  a  large 
proportion  of  the  chemists  of  the  United  States,  has  been  card 
indexed  under  the  personal  direction  of  Albert  H.  Fay,  statistician 
for  the  Bureau  of  Mines.  The  chemists  have  been  classified 
under  no  less  than  forty  heads,  so  that  ample  sources  of  informa- 
tion on  any  subject  are  available  to  any  one  working  in  the 
government  interest.  It  is  also  anticipated  that  it  will  be  neces- 
sary to  draw  many  men  from  this  list  for  Federal  Service,  as 
Congress  comes  to  realize  the  need  for  more  chemical  aid  and 
appropriates  for  this  work. 

Speaking  generally,  however,  Dr.  Nichols'  committee  is  can- 
vassing the  retiuireinents  of  the  country  for  chemical  supplies 
and  is  matching  this  information  against  available  supplies. 
Its  efforts  will  be  directed  largely  toward  keeping  the  require- 
ments and  the  production  on  a  parity.  Diligent  work  is  under 
way  to  make  available  adequate  supplies  of  such  chemical 
materials  as  may  show  a  deficiency.  The  importance  of  the 
work  is  more  clearly  understood  when  it  is  said  that  many  of 
these  materials  are  essential  to  our  national  life.  The  Nichols 
committee  will  give  preferential  attention  to  general  industrial 
and  munitions  chemistry.  A  full  understanding  has  been  had 
with  all  government  and  many  private  agencies,  so  as  to  co- 
ordinate the  work  and  to  eradicate  duplication. 

Means  by  which  poison  gas  attacks  may  be  combattcd  form 
one  of  the  principal  problems  being  considered  by  the  Chemistry 
Committee  of  the  National  Research  Council,  of  which  Marston 
T.  Bogert,  professor  of  organic  chemistry  at  Columbia  Univer- 
sity, is  chairman.  It  may  lie  stated  that  definite  results  have 
been  accomplished  and  that  the  assistance  which  the  Committee 
is  rendering  is  being  increasingly  recognized  by  the  government. 

Research,  looking  to  betterments  in  non-corroding  alloys 
also  has  been  given  preferential  attention  by  Prof.  Bogcrt's 
committee.  The  importance  of  these  alloys  lias  been  increased 
tremendously  during  this  war  liy  the  necessity  of  iiroviding 
more  lasting  linings  to  lengthen  the  life  of  big  guns,  by  the 
demand  for  guns  to  be  mounted  on  submarines  and  by  the  need 
for  noil  corroding  alloys  in  submarine  and  torpedo  construction. 
iMxation  of  atmosplii-ric  nitrogen,  jirobleins  inv<ilve(l  in  treating 
balloon  envelopes  anil  the  incaiis  of  detecting  hydrogen  escaping 
from  a  gas  bag  give  an  idea  of  the  varied  problems  which  are 
under  active  investiKatir)n  by  the  Chemistry  Committee. 

The  development  of  industries,  totally  lu-w  to  the  United 
States,  and  the  woiking  out  of  certain  standards  for  munition 
inanufaotiinrs  ami  fur  those  directing  other  businesses,  give 
an  indication  of  the  tienieiidous  scope  of  the  work  in  hand.  In 
fact,  I'rof.  Hogerfs  eiiiiiiiiittre  is  the  clearing  hoiisj-  for  the 
clirmieal  research  work  of  the  coiinfrv.  The  iirganization  is 
compris4-d  of  the  main  comtnitlre  mid  some  thirty  subcom- 
mittees, Ivach  nf  the  sub  coniinitters  in  turn  (iincliuns  «s  n 
eleiiring  liouso.  The  whole  chemical  field  has  been  snbdiviileil 
iiikI  each  divisiiiii  placed  in  charge  of  11  sub  coinniitlee  The  re- 
turns of  tli»  census  of  the   cliriiiiits  lukeii   by   tlir   Niitinn.il  Re- 


search Council,  including  replies  from  more  than  10,000  chemists, 
have  been  classified  carefully.  Each  sub-committee  will  be 
supplied  with  a  list  of  the  experts  handling  the  class  of  work  to 
which  the  sub-committee  is  assigned. 

The  Chemistry  Committee  is  mainly  coordinating  and  sup- 
plementing work  being  done  by  the  various  government  bureaus. 
No  work  is  undertaken  until  it  is  certain  that  efforts  can  be 
combined  to  advantage  and  care  is  taken  to  see  that  there  is  no 
duplication  of  effort.  As  a  result  of  the  stress  of  the  existing 
war  situation,  investigations  being  conducted  by  the  government, 
by  universities  and  by  privately  conducted  enterprises,  are 
being  forced  into  a  much  closer  coordination.  The  old  barriers 
of  secrecy  are  being  broken  down.  What  had  been  impossible 
of  attainment  in  times  of  peace  is  being  accomplished  quickly 
now,  as  a  result  of  a  great  increase  in  efficiency.  It  is  expected 
that  this  entente  will  be  maintained  after  the  close  of  the  war. 
Recently  a  ship  carr>'ing  a  cargo  worth  $10,000,000  was  sunk 
by  a  submarine.  Prof.  Bogert  points  out  that  a  fraction  of  this 
sum  would  be  sufficient  to  mobilize  all  the  scientific  brains  of 
the  country,  and  he  is  strongly  of  the  opinion  that  more 
financial  assistance  should  be  given  the  scientific  agencies  which 
are  at  work  on  problems  of  the  utmost  importance  to  the  wel- 
fare of  the  nation.  As  it  is,  much  of  the  scientific  work  is  being 
carried  on  by  volunteers  and  their  immediate  friends  at  very 
heavy  expense  to  themselves. 

Due  to  the  strain  being  placed  upon  the  transportation  facilities 
of  the  country.  Dr.  Carl  L.  Alsberg,  chief  of  the  Bureau  of  Chem- 
istry of  the  Department  of  Agriculture,  is  making  even.-  effort 
to  reduce  to  a  practical  basis  the  drying  of  fruits  and  vegetables, 
thereby  eliminating  ninety  per  cent  of  their  weight  and  facili- 
tating their  transportation  and  preservation.  Another  great 
advantage  of  the  drying  process  is  the  important  difference  in 
the  expense  between  this  and  other  methods  of  preservation. 
High  prices  being  demanded  for  copper  sulfate  have  set  the 
Bureau  of  Chemistry  to  a  thorough  checking  up  of  the  Pickering 
method  of  preparing  Bordeaux  mixture.  The  noted  English 
chemist  maintains  that  the  amount  of  copper  sulfate  in  Bordeaux 
mixture  can  be  reduced  materially  without  impairing  its  etli- 
cacy.  In  addition  to  laboratory  work  in  Uiis  connection,  actual 
field  experiments  are  being  conducted  on  an  extensive  scale. 
Due  to  the  fact  that  the  chemical  properties  of  lead  arsenates 
never  have  been  studied  exhaustively,  the  Bureau  of  Chemistry 
is  conducting  important  work  with  these  compounds.  It  hay 
been  found  that  the  common  lead  arsenates  in  many  cases  were 
not  compounds,  but  mixtures  instead.  Since  tri-lead  arsenate  is 
not  formed  by  the  ordinary  processes  of  manufacture,  work  on 
this  chemical  is  receiving  special  attention.  Study  is  being  made 
of  the  action  of  water  upon  the  lead  arsenates.  Natural  waters 
have  been  found  with  such  chemical  content  as  to  break  up  a 
lead  arsenate.  Since  arsenic  in  a  soluble  form  is  highly  injurious 
to  foliage,  this  problem  is  a  very  important  one.  It  also  has 
been  found  that  some  other  spray  materials,  when  combined 
with  lead  arsenates,  also  break  up  the  comix)und.  Calcium 
arsenates  are  being  studied  in  the  hoiie  of  providing  a  chcai>cr 
substitute  for  lead  arsenates. 

Rapid  progress  has  been  made  by  the  congressional  com- 
mittees on  the  Trading  with  the  Kncniy  Bill.  The  House 
Committee  on  Interstate  and  I'oreign  Commerce  has  ordered 
the  bill  reported  favorably.  Representative  MontaKiic.  of 
New  Jersey,  was  authorized  to  write  the  report  and  is  now  en- 
gaged in  this  work.  A  sub-committee  of  the  Senate  Com- 
mittee on  Commerce,  consisting  of  Senators  Ranstlell  ^i  li.iirmiin), 
Vardaman  and  Feriiald.  is  now  ong.iged  in  the  stiulv  o(  the  bill 
It  probably  will  be  re|)oited  to  the  full  cominillec  In-forc  the 
cud  of  the  present  week.  The  sub  coiniiutlec  has  (ound  no 
objection  to  that  jxirtion  of  the  bill  which  provides  for  the 
inamiractiire  within  the  United  States  of  such  products  «»  n>ay 
be  protected  by  a  patent  owned  by  an  eiirniv  o(  the  nation 
The  bill  aulliori/os  the  I'eileral  Trade  Coiniiiission  to  licrnw 
the  inaniiractiirr  of  such  priMliicts  if  it  shall  Ik-  (or  the  public 
welfare  The  bill  |irovidcs  that  the  i>cisoii  iindri taking  the 
production  of  an  article  covered  by  such  a  patent  Oiall  lilr  with 
the  l-'edenil  Trade  Commission  a  full  stalrnu-iil  o(  the  r\trnt  of 
the  use  and  rnjoyinrnt  of  the  lii-cnic  that  he  ha-  nmdr  l-"i\T 
I>cr  cent  of  the  grow  »ums  rri-civeil  by  the  liiTii»rc  from  the  n»Ic 
of  these  inventions  are  to  !«•  dr|><«.itr<l  with  the  govrninicnt 
for  the  protection  nf  the  owner  of  the  lutriit 
)iin<-  l«,  i«i; 
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The  Kranklin  Institute  made  the  annual  i)resentation  of  its 
Franklin  Medal  on  May  i6,  191 7.  The  medal  was  presented 
to  Admiral  David  Watson  Taylor,  Chief  Constructor,  Chief  of 
Bureau  of  Construction  and  Repair,  I'nited  States  Navy,  in 
recognition  of  his  "fundamental  contributions  to  the  theory  of 
ship  resistance  and  screw  propulsion,  and  of  his  signal  success 
in  the  ai)plication  of  correct  theory  to  the  practical  design  of 
varied  types  of  war  vessels  in  the  United  States  Navy,"  and  to 
Prof.  Ilendrik  Antoon  Lorentz,  President  Royal  Academy  of 
Sciences,  Amsterdam,  Professor  of  Mathematical  Physics, 
University  of  Leiden,  in  recognition  of  his  "researches  which 
have  so  largely  contributed  to  laying  on  a  new  foundation  our 
knowledge  of  the  nature  of  light  and  in  developing  our  ideas 
concerning  the  ultimate  constitution  of  matter."  Chevalier 
W.  L.  F,  C.  van  Rappard,  on  behalf  of  the  Royal  Netherlands 
Government,  received  the  Franklin  Medal  for  Prof.  Lorentz, 
and  addressed  the  Institute.  Admiral  Taylor  addressed  the 
Institute  on  the  subject  of  "The  Science  of  Naval  Architecture." 

Memorial  services  were  held  in  Lawrence,  Kansas,  June  7, 
in  honor  of  the  late  George  E.  Patrick,  who,  at  the  time  of  his 
death,  was  Chief  of  the  Dairy  Laboratory  of  the  Bureau  of 
Chemistry,  U.  S.  Department  of  Agriculture.  Following  the 
service  the  ashes  of  Professor  Patrick  and  of  his  wife  were  de- 
posited in  the  cemetery  at  Lawrence.  Professor  Patrick  was 
from  1874  to  1883  head  of  the  Chemistry  Department  of  the 
University  of  Kansas.  In  connection  with  the  memorial  ser- 
vices addresses  were  made  on  different  phases  of  his  life  and  work 
by  Dr.  Erasmus  Haworth,  Dr.  E.  H.  S.  Bailey,  Hon.  J.  D. 
Bowcrsock,  Dean  L.  IC  Sayre  and  Chancellor  Frank  Strong. 
Professor  Patrick  left  to  the  University  a  fund  of  something  over 
$7,000  in  memory  of  his  wife.  The  interest  of  this  fund  is  to 
be  used  for  a  series  of  prize  essays  by  students  on  "The  Applica- 
tion of  the  Teachings  of  Jesus  to  the  Practical  Affairs  and  Rela- 
tions of  Life." 

Dr.  C.  G.  Storm  has  resigned  his  position  as  directing  chemist 
of  the  Aetna  Explosives  Co.,  Inc.,  New  York  City,  to  accept  a 
position  as  consulting  explosives  chemist  with  the  Ordnance 
Department  of  the   War   Department,   at  Washington,  D.    C. 

Dr.  Wm.  L.  Gomory  has  discontinued  practice  in  New  York 
City  as  a  consulting  chemical  engineer  and  is  now  associated 
with  the  Wabash  Refining  Company  as  general  manager  at  their 
refinery  in  Robinson,  Illinois. 

At  the  May  meeting  of  the  Rhode  Island  Section  of  the  A.  C.  S., 
a  Chemical  Section  of  the  Providence  Engineering  Society  was 
formed,  which  will  have  its  meetings  in  conjunction  with  the 
Local  Section  of  the  A.  C.  S.  It  is  expected  that  this  affiliation 
will  awaken  greater  interest  in  chemistry  in  that  locality  and  be 
of  benefit  to  both  the  chemists  and  the  engineers. 

The  National  Academy  of  Sciences  gave  a  reception  at  the 
Smithsonian  Institution,  Washington,  D.  C,  in  honor  of  the 
members  of  the  French  Scientific  Mission  to  the  United  States, 
on  Thursday  evening,  June  14,  1917. 

The  Industrial  Sites  Association  of  America  has  been  recently 
organized  and  incorporated,  with  offices  at  115  Broadway,  New- 
York  City.  The  purpose  of  the  I.  S.  A.  A.  is  to  serve  as  a  clear- 
ing house  for  data  concerning  the  i)roperties,  sites,  buildings, 
railroad  and  water  facilities,  labor  conditions,  population,  etc., 
of  all  towns  and  cities  where  manufacturing  plants  could  be  ad- 
vantageously established.     This  information  will  be  given  free. 

William  C.  Carnell,  chemical  director  for  Harrison  Brothers 
Co.,  Philadelphia,  has  resigned  to  become  associated  with 
Charles  Lcnnig  &  Co.,  manufacturers  of  chemicals,  Philadelphia. 

Dr.  T.  R.  Hall,  of  the  University  of  Illinois,  has  been  ap- 
pointed assistant  i)rofcssor  in  chemistry  at  Washington  Uni- 
versity, Saint  Louis,  Mo. 

Mr.  lulward  L.  Pierce,  vice-president  of  the  Semet-Solvay 
Company,  has  been  elected  president  of  the  Solvay  Process 
Company  to  succeed  the  late  Mr.  Frederick  R.  Hazard. 

Beta  Rho,  a  local  chemical  fraternity  of  Washington  Uni- 
versity, Saint  Louis,  was  installed  on  June  9,  as  Alpha  Epsilon 
Chapter  of  Alpha  Chi  Sigma,  the  national  chemical  fraternity. 
The  installation  was  conducted  by  Dr.  L.  I.  Shaw,  of  North- 
western University,  and  Dr.  L.  F.  NickcU,  of  Washington 
University,  assisted  by  members  of  the  Saint  Louis  Alumni 
Chapter.  The  members  of  the  active  chapter  are  Messrs. 
L.  F.  Nickell,  I-.  E.  Fickett,  F.  B.  Langreck,  I.  C.  Walker, 
E.  J.  Ulbricht,  A.  li.  Goldstein,  J.  S.  Logan,  W.  C.  Adams, 
P.  c;.  Marsh,  J.  F.  vStickley,  H.  M.  Van  Horn,  G.  F.  Dreimeyer, 
A.  W.  Roth,  M.  E.  Schwarz,   J.   S.  Boulden,  C.  W.  Sludt. 


A  Committee  on  Research  to  cuuperate  with  the  National 
Research  Council  has  been  appointed  at  Washington  Uni- 
versity, St.  Louis,  consisting  of  B.  M.  Duggar  (Chairman), 
J.  Erlanger,  E.  Flad,  W.  W.  Homer,  A.  S.  Langsdorf,  E.  Mal- 
linckrodt,  R.  McCulloch,  L.  McMaster,  G.  T.  Moore,  E.  L. 
Opie,  L.  Pyle,  P.  A.  Shaffer  and  J.  L.  Van  Ornum. 

Dr.  E.  C.  H.  Davies,  of  the  University  of  Chicago,  has  been 
appointed  instructor  in  chemistry  at  Washington  University. 

Mr.  F.  A.  Lidbury,  manager  of  the  Oldbury  Electrochemical 
Company,  Niagara  Falls,  N.  Y.,  has  been  elected  president  of 
the  Engineering  Society  of  Buffalo. 

Mr.  B.  A.  Foley  has  terminated  his  connections  as  assistant 
manager  of  the  Palo  Co.  and  is  now  associated  with  the  Lcnz 
Apparatus   Co.,    Inc.,  9-1 1  East  i6th  Street,New  York  City. 

Mr.  Clifton  Taylor,  until  recently  general  sales  agent  of  the 
Electric  Reduction  Company,  has  been  elected  assistant  treas- 
urer.    Mr.   Taylor  is  located   at  the   Washington  plant  office. 

Drs.  J.  R.  Bailey,  H.  W.  Harper  and  E.  P.  Schoch,  of  the 
University  of  Texas,  have  recently  taken  over  the  solution  of 
all  chemical  problems  in  connection  with  the  largest  army  camp 
in  this  country,  situated  at  San  Antonio,  Texas. 

A  complimentary  dinner  was  given  to  Mr.  Thomas  J.  Parker 
by  some  of  his  friends,  at  the  Chemists'  Club,  New  York  City, 
on  the  evening  of  May  19th.  The  speakers  were  Dr.  Milton  C. 
Whitaker,  Prof.  Chas.  F.  Chandler,  Dr.  Charles  H.  Herty  and 
Dr.  Hugo  Schweitzer. 

Prof.  C.  E.  Davis  has  resigned  as  professor  of  chemistry  at  the 
Utah  Agricultural  College  at  Logan,  and  accepted  a  position  as 
research  chemist  for  the  National  Biscuit  Co.,  with  headquarters 
in  the  Havemeyer  Laboratory',  Columbia  L'niversity. 

Dr.  R.  P.  Rose,  until  recently  with  the  Mellon  Institute  and 
the  General  Coal  Products  Company,  is  now  in  Saint  Louis  in 
connection  with  work  on  a  phenol  plant. 

Dr.  William  R.  Cathcart  has  been  appointed  technical  di- 
rector of  the  mill  and  paper  division  of  the  Com  Products 
Refining  Company,  succeeding  the  late  George  M.  MacNider. 

James  Mason  Crafts,  formerly  president  of  the  Massachusetts 
Institute  of  Technology  (1898-1900),  died  at  his  summer  home 
in  Ridgefield,  Conn.,  on  June  20,  aged  78  years. 

The  U.  S.  Civil  Service  Commission  announces  the  following 
open  competitive  examinations;  Organic  Chemist  (male),  for 
filling  two  vacancies  in  the  Bureau  of  Science,  Manila,  P.  I., 
at  entrance  salaries  from  $1800  to  $2250  a  year;  Laboratory  Aid 
and  Junior  Chemist  (male),  at  entrance  salaries  of  $3.28,  $3.84, 
$4.48,  and  $5.04  per  diem. 

Mr.  Edward  R.  Taylor,  charter  member  of  the  American 
Electrochemical  Society,  and  for  several  years  on  the  Board  of 
Directors  as  manager  and  vice-president,  died  at  his  home  in 
Penn  Van,  N.  Y.,  on  May  28th.  He  was  best  known  for  his 
electrical  carbon  bisulfide  furnace. 

Platinum  ware,  consisting  of  two  dishes,  eight  crucibles, 
and  covers,  and  ten  feet  of  wire,  was  stolen  from 
the  chemistry  department  of  Miami  University,  Oxford,  O., 
about  May  26th. 

Prof.  Lloyd  Van  Doren,  of  Earlham  College,  Richmond,  Ind., 
has  been  cooperating  with  The  Mcintosh  Stcreopticon  Co., 
Chicago,  in  the  compilation  of  a  series  of  lantern  slides  suitable 
for  illustrating  topics  in  general  chemistry  and  in  industrial 
chemistry. 

The  Technical  Section  of  the  Canadian  Pulp  and  Paper 
Association  held  its  Summer  Meeting,  June  i4-i6th,  in  the 
course  of  a  visit  to  the  plants  of  the  Belgo-Canadian  Pulp  and 
Paper  Co.,  The  St.  Maurice  Paper  Co.,  and  Laurentide  Co., 
Ltd.,  all  situatect  in  the  province  of  Quebec.  The  Technical 
Association  of  the  Pulp  and  Paper  Industry  sent  delegates 
headed  by  President  H.  P.  Carruth. 

Dr.  AUerton  S.  Cushman,  president  of  the  Institute  of  Indus- 
trial Research,  with  headquarters  at  Washington,  D.  C,  has 
been  commissioned  a  major  in  the  Officers'  Reserve  Corps, 
and  will  do  special  research  work  under  the  ordnance  section  on 
the  chemistry  of  high  explosives. 

The  Blaw  Steel  Construction  Company,  Pittsburgh,  Pa.,  an- 
nounce the  appointment  of  Mr.  G.  E-  Land  as  advertising  man- 
ager. Mr.  Land  was  recently  connected  with  tlic  advertising 
department  of  the  National  Tube  Company. 

Miss  Helen  S.  French,  instructor  of  chemistry  in  Wellesley 
College,  has  been  advanced  to  an  assistant  professorship. 
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Mr.  James  F.  Couch  has  been  elected  president  of  the  Des 
Moines  Chemical  Society. 

Prof.  G.  H.  Clevenger,  of  Leland  Stanford  University,  has 
been  appointed  research  professor  in  metallurgy  and  will  relin- 
quish his  elementary  and  routine  teaching. 

Dr.  E.  C.  Worden  is  in  Texas  directing  the  development  of 
a  new  oil  and  sulfur  property  near  Houston. 

Mr.  John  C.  Summers  has  recently  been  appointed  as  head 
of  the  Baking  Department  of  the  Dunwoody  Institute  at  Minne- 
apolis. He  will  sever  his  connections  with  the  Operative  Miller 
and  Baker  School  and  Laboratories  July  ist  and  take  up  his 
new  duties  at  that  time  in  Minneapolis.  Mr.  Summers  has 
previously  been  connected  with  the  experiment  stations  in 
the  Louisiana  State  University.  Purdue  University,  Colorado 
Agricultural  College,  and  Kansas  Agricultural  College,  and  has 
also  filled  the  position  of  chief  chemist  with  the  Holley  Sugar 
Company,  Denver,  Colorado. 

The  Fourteenth  Annual  Meeting  of  the  American  Leather 
Chemists'  Association,  held  in  Atlantic  City,  N.  J.,  June  7-9, 
1917,  was  the  most  successful  ever  held,  both  in  point  of  attend- 
ance and  the  character  of  the  papers  presented.  One  hundred 
and  thirty-five  of  the  less  than  four  hundred  members  of  the 
association  were  present.  Westerners  predominating. 

The  following  members  of  the  Philadelphia  Section  A.  C.  S. 
are  chairmen  of  subcommittees  of  the  Chemistry  Committee 
of  the  National  Research  Council,  of  which  Dr.  AI.  T.  Bogert 
is  chairman:  Mr.  Arthur  H.  Thomas,  president  Arthur  H. 
Thomas  Company,  Philadelphia;  Dr.  A.  E.  Taylor,  Rush  pro- 
fessor of  i)hysiolc)Kical  chemistry.  University  of  Pennsylvania; 
Dr.  Arthur  ^L  Coniiy,  director  of  the  Eastern  Research  Labora- 
tories, Iv  I.  du  Pont  dc  Nemours  &  Company. 

Mr.  James  J.  Bujda,  fcjrmerly  chief  dye  chemist  and  chemical 
engineer  for  B.  Heller  &■  Company,  will  have  charge  of  the  dye 
plants,  now  under  construction,  of  the  Block  Chemical  Labora- 
tories. 


W.  E.  Tottingham,  assistant  professor  of  agricultural  chemistry. 
College  of  Agriculture,  Madison,  Wis.,  is  on  leave  of  absence 
and  is  working  at  Johns  Hopkins  University  with  Prof.  Livings- 
ton, on  special  problems  in  plant  chemistry  and  physiology. 

Mr.  C.  D.  Geidel,  chemist  and  bacteriologist  in  the  state  food 
laboratory,  Madison,  Wis.,  has  accepted  a  position  in  the  mis- 
cellaneous laborator>'.  Bureau  of  Chemistry,  Washington, 
D.  C,  and  assumed  his  new  duties  on  June  15. 

FOREST  PRODUCTS  LABORATORY 

Mr.  C.  P.  Winslow  has  been  appointed  director  of  the  Forest 
Products  Laborator>'  to  succeed  ilr.  H.  F.  Weiss,  now  in  charge 
of  the  Division  of  Forest  Products  of  the  C.  F.  Burgess  Labora- 
tories. 

Dr.  A.  W.  Schorger,  who  for  seven  years  has  been  connected 
with  the  Forest  Products  Laboratory,  has  resigned  to  take 
charge  of  organic  chemistr>-  with  the  C.  F.  Burgess  Labora- 
tories. The  Burgess  Laboratories  are  actively  engaged  at  present 
upon  problems  of  national  preparedness  and  defense  and  are 
represented  on  both  national  and  state  committees.  Dr. 
Schorger's  immediate  duties  will  be  in  connection  with  some 
of  these  i^roblcms,  especially  those  relating  to  foodstuffs. 

Mr.  R.  C.  Palmer  resigned  as  chemist  in  charge  of  wood  dis- 
tillation to  become  chief  chemist  of  the  Newport  Resin  &  Turpen- 
tine Co.,  with  headquarters  at  Pensacola,  Fla.  Dr.  L.  F. 
Hawley  has  succeeded  him. 

Dr.  S.  F.  ,A.cree  severed  his  connection  as  chief  chemist  at  the 
laboratory  on  April  ist.  He  is  now  with  the  National  Wood 
Cnemical  Association,  with  headquarters  at  Syracuse  University. 

Dr.  F.  W.  Kressman  is  now  manager  of  the  Standard  Lc-<;se  Co. 
plant  at  Fullerton,  La. 

Mr.  Sidney  D.  Wells  has  left  the  paper  and  pulp  division  to 
become  superintendent  of  the  Chesapeake  Pulp  &  Paper  Co. 
plant  at  West  Point,  Va. 
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The  Marden,  Orth  &  Hastings  Company  has  recently  opened 
a  new  branch  oflice  in  the  Hoge  Building,  Seattle.  This  is  the 
fifth  American  branch  of  the  firm,  which  has  its  main  ofTice  at 
61  Broadway,  New  York  City. 

The  Bayer  Company  is  suing  the  Inited  Drug  Company 
for   alleged    infringement   of   the    trade   mark  "Aspirin." 

A  fire  in  the  Barrett  Manufacturing  Co.'s  chemical  plant  at 
Philadelphia,  fkstnived  the  naphthalene  building  and  damaged 
several  others,  loss  S4o,cxjo. 

A  new  company  has  recently  been  organized  at  Stockholm, 
Sweden,  for  the  manufacture  of  nitric  acid  and  other  chemicals. 
The  works  will  be  erected  at  Trollhattan  and  will  be  supplied 
with  electric  energy  by  the  "Royal  W'atcrfalls  Committee." 
The  company  intends  to  use  the  Birkeland-Eyde  process  and 
will  produce  about  71XM)  tons  annually  of  concentrated  nitric 
acid  and  a  large  quantity  of  nitrates  as  a  by-product.  It  is 
planned  to  commence  operations  this  year. 

Ivxperiinental  laboratories  of  the  Aetna  Ivxplosivcs  Company, 
at  1,^87  Sedgwick  Avenue.  Hronx,  New  York  City,  were  partially 
wrecked  by  explosion  on  Tuesday  night.  May  2i>,  1917. 

Harrisons,  Inc.,  who  recently  became  afliliated  with  the  du 
Potil  Chemical  Works,  Wilmington,  have  purcliasi-d  the  plants 
of  Cawley,  Clark  St  Company,  large  paint  and  color  inaiui- 
faeturers,  Newark,  N.  J.,  and  the  lithopone  plants  of  the  Heckton 
Chemical  Company  in  Newark  and  I'lilladelphia.  The  deal  is 
said  to  involve  over  $2,(mx>,h<x>. 

Waller  Hirgc,  president  of  the  .Mr  Reduction  Company,  has 
efmfirined  previous  reports  that  negotiations  were  in  progress 
IiHiking  to  a  merger  of  his  Company  with  the  Union  Carliidc 
Cotnpany.  He  stated  that  should  any  basis  of  exchailKe  of 
slmk  lie  agri-ed  upon  In-  would  offer  only  the  oxvacetylene 
IxisliU'Hs  <if  till-  .Air  deduction  Company.  The  Company  has 
been  devoting  much  time  t<i  the  development  of  the  nitrogen 
end  of  its  business  and,  Mr.  Hirge  reporletl,  expected  to  be  work- 
ing  its  nitrogen  plants  on  a  coiinnereial  basis  wilhiti  it  few  dav.i. 

The  American  Asso<-iHlion  of  Pharmiiceiitieal  Ctieniis|<  at 
their  antuial  convention  in  Atlantic  City,  N.  J  .  adopted,  on 
June  I  J,  resoluliotis  urging  Congress  to  sus|H-nii  the  patent 
rightM  of  alien  enemies  of  the   United  States  chiriiig   the   war. 


The  Synthetic  Maimfacturing  Co.,  of  North  Tonawanda, 
N.  Y.,  of  which  Mr.  A.  E.  Summey  is  general  manager,  has 
recently  engaged  as  production  manager  one  of  the  production 
engineers  of  the  Scoville  Manufacturing  Co.  This  was  neces- 
sitated by  the  large  demand  on  the  Synthetic  Co.  for  their 
products  ortho  and  para  nitrophcnol  and  s;ilicylic  acid. 

The  .American  branch  of  The  Treibacher  Chemical  Works  of 
Treibach,  .Vnstria,  contemplates  the  erection  of  an  .\merican 
plant.  One  of  their  chemists,  Mr.  Goldfogle,  has  recently 
returned  from  .Austria  where  he  spent  several  months  faniiliari/.- 
ing  himself  with  the  German  process  for  the  manufacture  of 
rare  earth  metals.  It  is  understood  the  Central  Iwnpircs  are 
using  rare  earth  alloys  in  place  <if  tungsten  steel. 

Contracts  have  been  awarded  by  the  Powers-Weightnuin- 
Rosengarten  Co.  for  the  erection  of  a  shed  at  their  factory.  Ridge 
Ave.  and  Cahunel  .St.,  Philadelphia,  and  for  repairs  to  the  factory. 
The  shed  will  cost  ?5,,s<x)  and  the  repairs  fi),oiie>.  The  rr|>airs 
are  to  replace  the  damage  done  in  a  reoi-ut  fire  at  the  plant. 

The  National  .Aniline  &•  Chemical  Company,  located  (or 
more  than  twenty  years  at  nxi  William  Street,  have  leased 
three  ffcKirs  in  the  new  Heck.seher  Building  nt  J44  Madison 
Avciuie,  New  York  City,  for  executive  olVux-s. 

Through  a  cooperative  agreement  with  Cornell  University, 
representatives  of  the  Mun-au  of  Mines  h:(ve  been  sl.ilioned  at 
Morse  Hall,  where  the  electric  furnaci'  ei|uipnu-nt  of  Ihr  de- 
partment of  chemistry  has  In-en  utih/ed  ui  sume  metallurgu-al 
work  of  the  Hurean.  lvx|>iTiments  on  the  electric  nu'ltuig  of 
brass  have  indicated  that  a  suitable  electric  furnacv  might  ma- 
teriallv  reduce  the  metal  Iosm's  from  vol.itdi/.ition  and  avoid  the 
use  of  costly  crucibles  The  Hure.iu  is  nnw  testing  a  i-onimcrcinl 
si/e  furnace  with  s|H'cial  attention  In  its  siiitabililv  for  iisr  on 
brasses  for  cartridges  and  shr.iiuiel  cavs  .Vnothrr  rlcftric 
furnace  problem  stmlied  liv  the  Bureau  has  Immii  the  piiNluclion 
of  ferro  iiraniiim  from  the  iiianiiiin  ovule  oliliiuir<l  as  a  bv  pnxluet 
in  the  evtraetioii  of  radium  fiotii  its  ojes  I-'eno  uianiiim  i« 
used  in  making  uranium  steel,  which  is  \uu\  to  )<<-  iiM-d  l<v  (trr 
many  for  the  liners  o(  big  guns  which  will  stmul  uii  at  «  rate  of 
lire  so  rapid  that  other  steels  fail  It  i<  uiidecidnt  whelhrr  the 
work  on  Kill)  steel  will  Ih-  done  n(  Cnnirtl  or  K>nir  olhrr  iini- 
vcrnity. 
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GOVLRNMLNT  PUBLICATIONS 


By  R.  S.  McBride,  Burcai 

NOTICE — Publications  for  which  price  is  indicated  can  be 
purchased  from  the  Superintendent  of  Documents,  Government 
Printing  Office,  Washington,  D.  C.  Other  publications  can 
usually  be  supplied  from  the  Bureau  or  Department  from  which 
they  originate.  Commerce  Keports  are  received  by  all  large 
libraries  and  may  be  consulted  there,  or  single  numbers  can  be 
secured  by  application  to  the  Bureau  of  Foreign  and  Domestic 
Commerce,  Department  of  Commerce,  Washington.  The  regu- 
lar subscription  rate  for  these  Commerce  Reports  mailed  daily  is 
$2.50  per  year,  payable  in  advance,  to  the  Superintendent  of 
Documents. 

BUREAU  OF  STANDARDS 

Rules  and  Regulations  for  the  Enforcement  of  the  Lime- 
Barrel  Act.  Anonymous.  Circular  No.  64,  5  pp.  Issued 
April  20.     Paper,  5  cents. 

Structure  of  the  Coating  on  Tinned  Sheet  Copper  in  Relation 
to  a  Specific  Case  of  Corrosion.  Paul  D.  Merica.  Technologic 
Paper  No.  90,  17  pp.     Paper,  5  cents. 

NATIONAL  ADVISOEY  COMMITTEE  FOR  AERONAUTICS 

Annual  Report.  This  report  includes  Uie  following  five 
supplements  which  contain  the  principal  technical  findings  as 
developed  by  the  Board  during  its  two  years'  work:  General 
specifications  covering  requirements  of  aeronautic  instruments; 
nomenclature  for  aeronautics;  mufflers  for  aeronautic  engines; 
gasoline  carbureter  design;  experimental  researches  on  the  re- 
sistance of  air. 

GEOLOGICAL  SURVEY 

Zinc  in  1915.  Production  and  Resources.  C.  E.  SiEben- 
THAL.  From  Mineral  Resources  of  the  United  States,  1915. 
Part  I,  pp.  851-981.     Published  April  30. 

Spelter  Produced  and  Consumed  in  the  United  States  in  191 5 
Production  of  primary  spelter  (o)  (Short  tons) 

From  domestic  ore *^8 ,  135 

From  foreign  ore ^'■•'°* 

489,519 

Production  of  secondary  spelter  (o) ,„  ,^. 

RcdistUled ??•,,! 

Remelted ^3. 136 

542,419 
Apparent  consumption  of  primary  spelter 364.494 

(a)  "Primary  spelter."  which  is  produce^  directly  from  ore,  is  here 
■distiniiuished  from  "secondary  spelter,"  which  is  obtained  by  refining  zinc 
ashes  skimmings,  drosses,  and  old  metals.  The  statistics  of  secondary 
spelter  are  given  on  page  856. 


Fuel  Briquetting  in  1916.  C.  E.  LeshER.  From  Mineral 
Resources  of  the  United  States,  1916,  Part  II,  pp.  1-4-  Pub- 
lished May  4.  "The  production  of  fuel  briquets  in  1916  was 
295.155  net  tons,  valued  at  $1,445,662,  an  increase,  compared 
with  19 1 5,  of  73,618  tons,  or  33  per  cent,  in  quantity  and 
$409,946,  or  40  per  cent,  in  value.  The  production  in  1916 
was  the  greatest  recorded  and  exceeded  that  of  19 14,  the  previous 
high  record,  by  44,520  tons." 

Gypsum.  R.  W.  Stone.  Bulletin  666-E.  3  VV-  "The 
three  years  1913-1915  saw  no  marked  fluctuation  in  the  gyp- 
sum industry.  For  iome  time  the  annual  output  has  been  near 
2,500,000  tons  of  raw  material. 

"This  particular  industry  could  not  suffer  from  restraint 
of  ocean  traffic,  because  the  imports,  which  come  wholly  from 
New  Brunswick  and  Nova  Scotia,  are  normally  only  about 
one-fifteenth  as  much  as  the  domestic  production,  and  gypsum 
is  so  abundant  and  widespread  in  the  United  States  that  the 
nation  is  easily  industrially  independent  in  this  respect. 

"In  1915  there  were  77  active  mines  or  quarries  which  sup- 
plied 69  gypsum  plants.  A  number  of  plants  are  standing 
idle.     In  case  of  greatly  increased  demand  for  gypsum  products 


L  of  Standards,  Washington 

the  idle  plants  could  quickly  be  put  into  commission,  and  the  ac- 
tive plants  that  are  working  only  one  or  two  shifts  could  be 
put  on  a  24-hour  schedule,  thus  making  a  large  increase  in  the 
output.  The  production  of  gypsum  boards  probably  could 
not  be  so  quickly  increased  as  that  of  other  products,  because 
they  are  made  on  machines  which  are  not  on  the  market. 

"As  the  deposits  of  high-grade  gypsum  in  the  United  States 
are  widespread,  practically  inexhaustible,  and  in  many  places 
close  to  present  lines  of  transportation,  and  as  the  milling  part 
of  the  industry  can  easily  be  made  to  increase  its  output,  the 
outlook  for  this  popular  structural  material  is  fair  even  in  times 
of  world-wide  unrest. 

"The  principal  uses  of  gypsum  are  as  structural  material 
and  as  ingredient  in  Portland  cement.  Gypsum  wall  plaster 
is  in  common  use,  and  gypsum  boards,  blocks,  and  tile  are  fast 
making  a  market  because  of  their  light  weight,  convenience, 
and  fire-resistant  qualities.  Because  of  the  rapidity  with  which 
the  plaster  sets,  permitting  carpenters  to  follow  the  plasterers 
within  a  few  hours,  and  because  of  the  size  and  shape  of  the  gyp- 
sum block,  tile,  and  board  units,  which  favor  quick  construction, 
these  materials  are  especially  adapted  to  the  hurried  emergency 
building  operations  occasioned  by  great  industrial  activity." 

Grinding  and  Polishing  Materials.  F.J.Katz.  Bulletin  666-K. 
3  pp.  "The  American  industries  requiring  millstones,  grindstones, 
pulpstones,  oilstones,  whetstones,  scythestones,  corundum, 
garnet,  silica,  feldspar,  diatomaceous  earth,  and  tripoli,  have 
long  been  independent  of  foreign  supplies,  and  the  developed 
domestic  sources  of  supply  are  capable  of  greatly  increased 
production.  The  imports  of  these  materials  have  been  small 
in  comparison  with  domestic  production  and  have  very  probably 
been  fostered  only  by  a  natural  preference  and  conservatism 
in  favor  of  articles  that  had  long  been  used  before  the  American 
supplies  came  into  the  market. 

"American  emer>'  seems  to  be  inferior  to  and  unable  to  sup- 
plant the  emery  from  Naxos,  Greece,  imports  of  which  have 
been  ver>'  largely  shut  out.  Artificial  carbide  and  aluminum 
oxide  abrasives  can  be  substituted,  but  some  manufacturers,  par- 
ticularly lens  grinders,  seem  to  be  reluctant  to  make  a  change, 
probably  because  it  would  involve  changes  in  technique.  Neces- 
sity must  overcome  such  reluctance. 

"Corundum  for  a  number  of  years  has  been  supplanted  by  the 
artificial  abrasives.  Very  recently,  however,  there  has  been 
a  small  revival  in  corundum  mining. 

"No  domestic  source  of  satisfactory  lump  pumice  has  been 
exploited  commercially. 

"The  country  remains  dependent  on  foreign  sources  for 
diamond  dust  and  bort,  imports  of  which  in  the  last  three  years 
have  been  about  25  per  cent  less  than  the  average  during  the 
previous  three  years. 

"The  pottery  industry,  however,  is  in  need  of  siliceous  pebbles 
for  grinding  quartz  and  feldspar  in  tube  mills.  Substitutes 
that  contain  even  small  quantities  of  iron  cannot  be  used. 

"Metallurgic  plants  and  cement  mills  have  used  a  far  larger 
quantity  of  flint  pebbles  than  the  pottery  industr>'.  The  pure 
silica  pebble  is  not  required  for  them,  the  only  essentials  being 
toughness  and  hardness.  For  these  purposes  there  are  large 
quantities  of  suitable  granite  and  porphyn,'  pebbles  in  many 
localities  along  the  New  England  coast  which  have  not  yet  been 
drawn  upon. 

"Dimension  blocks  cut  from  quartzites  in  Florida,  Tennessee, 
and  Iowa,  have  appeared  on  the  market  during  the  last  two 
years  and  seem  to  be  satisfactorily  supplanting  foreign  flint 
lining." 
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Potash.  HoYT  S.  Gale.  Bulletin  666-N.  4  pp.  "The 
output  of  potash  salts  and  potash  products  in  the  United  States 
during  1916  has  been  reported  to  the  amount  of  35,739  short 
tons,  having  a  mean  potash  content  of  about  27  per  cent  K2O 
and  a  total  potash  content  of  9,720  short  tons  of  K2O.  This  is 
almost  exactly  10  times  the  production  reported  for  19 15,  al- 
though it  is  still  perhaps  less  than  5  per  cent  of  the  normal 
potash  consumption.  In  19 13  the  only  potash  known  to  have 
been  produced  within  this  country  was  made  from  wood 
ashes. 

"The  almost  entire  stoppage  of  supplies  from  abroad  and 
the  meager  stocks  on  hand  with  which  to  meet  the  require- 
ments have  at  times  carried  the  price  of  potash  from  a  normal 
figure  of  50  to  75  cents  to  $5  or  $6  a  unit  (i  per  cent  of  potash 
per  ton  of  material). 

"The  forms  in  which  potash  has  been  produced  and  marketed 
are  so  diverse  that  it  is  difficult  to  make  a  summation  of  actual 
tonnage  that  will  have  any  real  significance.  Therefore  the 
tonnage  reports  of  all  forms  have  been  reduced  to  terms  of  avail- 
able or  water-soluble  potash  (K2O)  contained  in  the  product, 
which  is  the  standard  commercial  unit  by  which  the  potash 
value  of  these  materials  is  usually  expressed. 

Summary  op  Potash  Production  in   1916 
Available 

potash  Value  of 

(KiO)  point  of 

Source                                                               (short  tons)  shipment 

Natural  salts  or  brines 3,994  $1,937,600 

Alunite   and   silicate   rocks,   including   recoveries 

through  furnace  dust 1,850  715,000 

Kelp 1,556  781.100 

Wood  ashes  (potashes,  pearl  ash) 412  270,000 

Distillery  waste  (molasses) 1 ,845  500.900 

Miscellaneous  organic  sources 63  38, 130 

9,720         $4,242,730 

"The  foregoing  list  does  not  include  many  fertilizer  materials 
previously  on  the  market,  such  as  cottonseed  meal  and  tobacco 
stems,  some  of  which  are  largely  or  chiefly  valued  for  their 
potash  content  and  whose  price  has  accordingly  risen  in  the  pres- 
ent market.  These  materials,  being  by-products  of  other  indus- 
tries, are  not  produced  primarily  because  of  their  content  of 
potash.  The  total  given  therefore  represents  the  marketed 
production  of  potash  salts  and  products  manufactured  especially 
or  chiefly  for  their  potash  value. 

"The  present  situation  of  this  country  concerning  potash, 
with  a  view  to  possible  emergency  requirements,  though  not 
ominous,  requires  most  careful  consideration.  It  may  be  as- 
sumed that  the  stocks  of  high-grade  salts  of  German  origin 
remaining  in  the  United  States  and,  indeed,  throughout  the 
world  except  in  the  central  allied  countries  are  now  practically 
exhausted.  The  actual  domestic  production  of  high-grade  salts, 
moreover,  is  still  very  small  and  is  limited  to  a  very  few  sources, 
and  the  difTicultics  in  the  way  of  refining  the  large  bulk  of  low- 
grade  potash  materials  would  probably  be  K''<^at." 

Bauxite  and  Aluminum.  Jambs  M.  Hill.  Bulletin  666-0. 
"The  consuinplioii  of  bauxite  in  the  United  States  has  increased 
steadily  bociuisc  of  incmisc  both  in  the  consiiinption  of  alu- 
minum and  in  the  oiilpiil  of  otlur  prodiuls  ukiiIc  from  bauxite. 
It  is  particularly  gratifying  to  know  that  although  the  consump- 
tion of  bauxite  in  the  I'nitnl  States  in  1916  amounted  to  425,- 
130  long  tons,  an  increase  of  41  per  cent  over  the  consumption 
in  1915  and  of  74  per  cent  over  the  consumption  in  1914,  prac- 
tically all  domestic  requirements  were  met  by  the  American 
producers  This  bears  out  the  forecast  nuide  by  the  (leological 
Survey  in  1914,  that  the  doinrstic  dr])(>slls  would  Ik-  more 
actively  developed  tn  su|)plv  (he  demand  formerly  nii-l  by 
Prcnch  bauxite 

"OepositH  (if  bauxite  in  I'lilaski  aiut  Saline  Couiilirs,  Ark., 
have  yielded  (he  larger  pari  of  llir  diiinc.stic  output.  The  dc 
posits  ill  the  bniixile  lirld  of  iiortlirrn  ('•rorgia  and  Alalminu 
have  cnnlrilMitrd  n  ronnidrrablr  (|uaiititv,  and  in  rrrent  vrnrs 


the  fields  in  central  Georgia  and  Tennessee  have  made  additions 
to  the  output. 

"The  growth  of  the  American  aliuninum  industry  has  been 
steady  heretofore,  but  it  is  probable  that  the  production  in 
191 7  will  show  a  pronounced  increase,  owing  to  the  operation  of 
the  new  plant  at  Badin,  N.  C,  which  is  practically  completed 
and  which  made  a  small  output  in  1916.  This  project,  started 
by  French  capital,  was  taken  over  by  American  interests  in  1915 
and  pushed  to  completion. 

'The  uses  of  aluminum  are  myriad,  but  as  some  are  more 
essential  than  others,  it  is  likely  that  the  minor  articles  formerly 
made  from  aluminum  will  for  the  present  be  made  in  smaller 
quantity,  because  the  available  supply  of  aluminum  will  prob- 
ably be  diverted  to  more  urgent  uses. 

"In  statistics  for  years  prior  to  1916  published  by  the  United 
States  Geological  Survey,  the  output  of  aluminum  abrasives 
has  been  included  with  that  of  other  artificial  abrasives  and 
cannot  now  be  separated,  but  the  domestic  production  in  19 16 
amounted  to  30,708  short  tons,  having  a  value  of  $2,139,230." 

PUBLIC  HEALTH  SERVICE 

Vaccine  Virus.  Anonymous.  Public  Health  Reports,  32, 
687-9  (May  11).  Virus  of  various  manufactiu-ers  purchased 
at  drug  stores  has  been  found,  though  vrithin  the  stamped  ex- 
piration date,  to  give  less  than  50  per  cent  of  "takes;"  but  when 
obtained  direct  from  the  manufacturer,  "takes"  were  nearly 
100  per  cent.  Vaccine  virus  at  pharmacies  is  often  kept  in  the 
cellar  or  in  the  soda  fountain  cooler,  and  the  temperature  of  these 
places,  both  winter  and  summer,  has  been  found  to  be  in  the 
neighborhood  of  15°  C.  (59°  F.)  or  higher.  This  is  by  no  means 
satisfactory.  Ice-box  temperature  is  not  freezing  tempera- 
ture, but  usually  several  degrees  above  freezing.  Vaccine 
virus  should  be  kept  in  a  metal  container  in  constant  contact 
with  the  ice  itself.  If  it  can  be  kept  at  or  below  the  freezing 
point,  so  much  the  better.  There  is  no  danger  of  keeping  it 
too    cold. 

Conference  of  Health  Authorities.  United  States  Public 
Health  Service  in  Annual  Conference  with  State  and  Territorial 
Health  Authorities,  Washington,  April  30  and  May  i,  1917. 
Public  Health  Service,  32,  689-91  (May  1 1 ).  This  is  a  summary 
of  the  proceedings. 

Drinking  Fountains.  Investigation  of  Fountains  at  the  Uni- 
versity of  Minnesota.  H  .V  Whittakkk.  rublio  He.ilth  Re- 
ports, 32,  691  (May  II).  "This  investigation  included  the  77 
drinking  fountains  in  use  at  the  University  of  Minnesota.  These 
fountains  represented  15  different  types,  all  of  which  were  found 
to  be  improperly  constructed  to  prevent  them  from  contnmina- 
tion  by  tlie  consumer.  The  bacteriological  examinations 
conducted  on  these  fountains  showed  that  80  jH-r  cent  were  in- 
fected with  strei)t(K-<K-ci.  aiul  that  the  water  from  ti  jht  it-iit 
of  these  fountains  contaiiiet!  organisms  of  this  tyix-  when  they 
were  not  found  present  in  the  water  sup|>lied  to  the  fountains. 
These  results  indicate  that  drinking  fountains  may  hr  a  factor 
in  the  transnii.ssion  of  communicable  disra.srs,  u  condition 
which  should  Ik-  rcnic<licd. 

"KxiH'riinents  were  conducted  with  various  fountain  nomles 
to  supplant  those  in  use,  and  u  t>^)<•  was  drsigued  which  is  eco- 
nomical to  ciiiistrui-l  and  safe  from  a  sanitary  iH»int  ol  view." 

Public  Health  Administration  in  South  Bend,  Indiana.  Cam- 
ROI.I.  Im>x  Pulilii  lle.illh  KtiMirts,  32,  ;:(.  ,s«4  (May  1;,).  Of 
interest   to  iiiiiiiicipal  and  state  health  olhciaU 

The  Public  Health  Service  In  Time  of  War.  Executire  Order 
Making  the  United  Staten  Public  Health  Serric*  a  Part  of  the 
Military  Forces  of  the  United  Staleii.  I'liblic  llrallh  l<riM<M». 
3^1  773  iNlay  is^  "Under  the  atilhoritv  i>(  the  Act  of  Con- 
KTr.vi  ap|<ro\xd  July  1.  i<x>J,  and  Miliint  to  the  liinilnliona 
therein  rxprciwcd.  it  it  ordered  that  hrrraftrt  in  times  o\  threat- 
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ened  or  actual  war  the  Public  Health  Service  shall  constitute  a 
part  of  the  military  forces  of  the  United  States,  and  in  times 
of  threatened  or  actual  war  the  Secretary  of  the  Treasury  may, 
upon  request  of  the  Secretary  of  War  or  the  Secretary  of  the 
Navy,  detail  officers  or  employees  of  said  service  for  duty  either 
with  the  Army  or  the  Navy.  All  the  stations  of  the  Public 
Health  Service  are  hereby  made  available  for  the  reception  of 
sick  and  wounded  officers  and  men,  or  for  such  other  purjJoses 
as  shall  i)romote  the  public  interest  in  connection  with  mili- 
tary operations. 

(Signed)     Woodrow  Wilson 
Tin;  V\'niTE  House,  3  Ajiril,  1917." 

Maintenance  of  Health  in  Industries.  Its  Relation  to  the  Ade- 
quate Production  of  War  Materials.  J.  W.  Schereschewsky. 
Public  Health  Reports.  32,  S35-839  (June  i). 

COMMEECE  REPOETS -MAY,   I<)17 
Owing  to  the  cutting  off  of  the  .Austrian  supply,  exports  of 
magnesite  from  Greece  to  the  United  States   have   greatly  in- 
creased.    Details  of  its  mining,  calcimining  and  uses  are  given. 
(Pp.  411-4:5.) 

Several  plants  in  Switzerland  are  preparing  to  manufacture 
synthetic  alcohol  and  acetic  acid,  starting  with  calcium  carbide. 
The  proposed  annual  output  is  7,500  to  10,000  tons  of  alcohol. 
(P.  426.) 

Tests  made  at  the  Bureau  of  Standards  upon  "palau"  as  a 
substitute  for  platinum  in  crucibles,  have  shown  that  it  com- 
pared favorably  witli  platinum.  It  is,  however,  much  more 
attacked  by  fused  jiyrosulfate  than  is  platinum.     (P.  427.) 

The  output  of  porcelain  from  Bohemia  in  19 16  was  about  half 
the  normal  amount.  Fears  are  expressed  as  to  future  trade 
in  the  United  States  owing  to  American  and  Japanese  com- 
petition.    (P.  480.) 

The  Norwegian  production  of  whale  oil  is  about  58  per  cent 
of  the  world's  production.  The  oil  obtained  by  boiling  the 
flesh  and  bones  is  of  inferior  grade,  containing  as  much  as  50 
per  cent  of  free  fatty  acids.  Fertilizer  and  cattle  food  are 
obtained  as  by-products.     (P.  454.) 

Investigation  of  platinum  deposits  in  Spain  has  shown  that 
platiimra  is  present  in  the  sands  of  12  or  more  rivers,  in  amounts 
up  to  2  or  3  g.  per  cubic  meter.  The  investigation  is  to  be 
continued  and  will  also  include  study  of  associated  iron  chromium 
and  nickel  deposits.     (P.  476.) 

Export  of  argols  from  Argentine  is  decreasing  on  account  of 
increa.sed  production  and  consumption  of  tartaric  acid  in  Argen- 
tine.    (P.  484.) 

Production  of  rubber  in  the  Dutch  East  Indies  shows  a  large 
increase.     (P.  497.) 

A  factory  for  the  manufacture  of  kraft"  paper  has  been  es- 
tablished in  British  Columbia.     (P.  498.) 

Great  efforts  are  being  made  to  increase  the  production  of 
camphor  in  Formosa.     (P.  500.) 

Details  of  the  cultivation  of  coconuts  and  production  of  copra 
in  East  Africa  are  described.     (P.  502.) 

Japan  is  now  suffering  from  an  over-supply  of  potassium 
chlorate,  the  price  of  which  has  greatly  declined.      (P.  553.) 

Imports  of  copra  and  coconut  oil  into  the  United  States  for 
1917  are  nearly  twice  those  of  1916.  The  tliree  principal  sources 
are  the  Philippines,  Australia  and  the  Dutch  East  Indies.  (P. 
•556.) 

Plans  are  being  made  in  Russia  to  increase  the  production  of 
cement  to  four  or  five  times  the  present  annual  production 
(25,(xx),o<K>  barrels).     (P.  574.) 

Hull,  England,  is  now  the  world's  greatest  center  for  the 
vegetable-oil  industry,  based  on  the  quantity  of  oil-yielding 
materials  handled.  Marseilles  is  first  in  yield  of  oil.  The  prin- 
cipal materials  used  are  linseed,  rape-seed,  cottonseed,  castor 
seed,  soya  beans,  illipe,  mowra,  poppy  seed,  sesame  seed,  palm 
kernels,  peanuts,  and  copra.     The  oils  are  in  demand  for  marga- 


rine, and  as  a  source  of  glycerine;  and  the  "cake"  for  cattle  food. 
(Pp.  580-588.) 

A  list  of  dyestuff  manufacturers,  prepared  by  the  Bureau  of 
Foreign  and  Domestic  Commerce,  contains  the  names  of  158 
manufacturers.     (P.  590.) 

Lignite  is  to  be  used  as  fuel  in  Australian  power  plants.  (P. 
603.) 

Statistics  are  given  for  the  Japanese  production  and  export 
of  antimony,  molybdenum,  tin,  and  timgsten.     (P.  647.) 

Production  of  platinum  in  Russia  in  1916  was  86,800  troy 
ounces,  about  75  per  cent  of  the  1915  production.     (P.  647.) 

Export  of  nitrate  from  Chili  has  again  decreased,  owing  to 
the  shortage  of  vessels  and  to  strikes.     (P.  678.) 

A  company  has  been  formed  in  Norway  for  developing  the 
extensive  deposits  of  titanium  iron  ore.     (P.  709.) 

The  use  of  coal  gas  for  firing  furnaces  for  the  heat  treatment 
of  metals  is  increasing  greatly  in  England.     (P.  715.) 

Exports  of  copper  from  Chile  in  19 16  are  higher  than  ever 
before,  being  20,000  tons  greater  than  in  1915.     (P.  725.) 

Production  of  mica  in  India  is  over  50  per  cent  greater  than 
usual.      (P.    734-) 

Plans  are  being  made  in  British  Guiana  to  manufacture 
alcohol  instead  of  rum  (import  of  which  into  the  United  States 
has  been  forbidden).  An  annual  production  of  4  or  5  million 
gallons  of  alcohol  is  anticipated.     (P.  751.) 

New  deposits  of  copper  and  gold  are  reported  from  Central 
Asia.     (P.  769.) 

Large  deposits  of  chrome  iron  ore  and  molybdenite  are  reported 
from  Australia.     (P.  794.) 

Any  appreciable  export  of  soya  beans  from  Manchuria  to  the 
United  States  is  unlikely,  owing  to  the  local  demand  and  to 
the  lack  of  shipping.  Details  of  the  production  and  handling 
of  the  beans  are  described.     (P.  796.) 

Large  iron  works  are  to  be  erected  at  Ekaterinburg,  in  the 
Urals.     (P.   799.) 

Russia  furnishes  practically  the  world's  whole  supply  of 
licorice  which  is  used  in  medicines,  candy  and  tobacco.  The 
industry  is  described  in  some  detail.     (P.  806.) 

The  mineral  output  of  British  Columbia  in  1916  was  over 
40  per  cent  greater  than  in  1915.  It  includes  gold,  silver,  lead, 
copper,  zinc,  coal,  and  coke.  Some  manganese  was  obtained 
as  a  by-product  of  zinc  smelting;  about  40  ounces  of  platinum  were 
recovered  in  placer  mining;  and  small  amounts  of  antimony  and 
molybdenum  ores  were  also  produced.     (Sup.  236.) 
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NEW  PUBLICATIONS 


By  iKitMB  DbMattt,  Librarian,  Mellon  Institute  of  Industrial  Research,  Pittsburch 


Agricultural    Geology.     R     H      Rastall.     8vo.     331     pp.     Price.    S3  25. 

G.  P.  Putnam's  Sons,  New  York. 
Agriculture:     Productive     Agriculture.     J.     H.     Gehrs.      I2mo.     436     pp. 

Price,  $1.00.      The   Macmillan  Company,  New  York. 
Analysis;     A  Brief   Outline  of   Qualitative  Analysis.     J.   O.   Frank.     8vo. 

22  pp.      Price,  SO.  50.      Castle- Pierce  Press,  Oshkosh,  Wis. 
Applied    Mechanics:     Cours   elementaire   de   mecanique   industrielle.     E. 

GouARD  AND  G.   Herniaux.     2  Vol.     8vo.     549  pp.     Price,  7  fr.     H. 

Dunod  et  E.  Pinat,  Paris. 
Cement  Industry:     A  Practical  Treatise  on  the  Building,  Equipping  and 

Running  of  a  Portland  Cement  Plant.     W.  A.  Brown.     8vo.     158  pp 

Price,  S3. 00.      D.  Van  Nostrand  Company.  New  York. 
Chemical  Tests   for   Minerals.     A.    J.    Burdick.      12mo.     93    pp.     Price, 

SI. 25.      Ciateway  Publishing  Company,  Beaumont,  Cal. 
Chemistry:     Experimental  General  Chemistry.     J.  H.  Ransom.     2nd  Ed. 

12mo.      191     pp.      Price,    SIOO.      McGraiv-Hill     Book    Company,     New 

York. 
Chemistry:     Historical  Introduction  to  Chemistry,     T.  M.  Lowrv.      12mo. 

581  pp.      Price,  S2  .iO.      The  .Macmillan  Company,  New  York. 
Chemistry:     Les    Sciences    physiques    du    brevet    elementaire.     Notions 

de  physique  et  de  chimie.     .\,   Br^mant.      16mo.     374  pp.      Price,  8  fr. 

IC.  .\rrauU  et  Cie,   Paris. 
Chemistry    of    Farm    Practice.     T.     E.    Keitt.     12mo.     265    pp.     Price. 

SI. 25,      John  Wiley    &  Sons,  New  York. 
Compressed  Air  for  the  Metal  Worker.     C.   A.   Hirschbrrc.     8vo.     321 

pp.      Price.  S3. 00.      Clark  liook  Company,  New  York. 
Engineers'     Manual.      I<      G      Hudson      and    Othhrs.      12mo.     310     pp 

Price,  $2.00.      John  Wiley    &  Sons,  New  York. 
Food  Analysis:     A  Course  in  Food  Analysis.     .\.  L.  Winton.    8vo.    252  pp. 

Price.  $1.50.      John  Wiley    &  Sons,  New  York. 
Gasworks:     Modern    Gasworks    Practice,     .\lwynb    Mbade.      4to.     529 

pp.      Price.  S7.50.      D    Van  Nostrand  Company,  New  York. 
Hydrodynamics.     Horace  Lamb      4th  Ed      8vo.     708  pp.     Price,  $6.25. 

G.  P    Putnam's  .Sons,  New  York. 
Hydroelectric  Practice:     American  Hydroelectric  Practice.     W.   T.    Tay- 
lor.    8vo      439  pp.        Price,     $5.00.      McGraw-Hill     Book     Company. 

New  York. 
Inorganic    Chemistry:     Experimental    Inorganic    Chemistry.     Alexander 

Smith       5th    Ed.      12mo.      171    pp.      Price    SI  00.      The    Century    Com- 
pany, New  York. 
Marine     Engineering.     W      F.     Ddrand      8vo      982     pp      Price,     S6  00 

Marine  linKinceriuK,  New  York. 
Materials:     Resistance    des    matiriaux    appliques  aux    constructions.     I-: 

ARAiioN       8vo.     M>2  pp       H    Dunod  et  E.  Pinat,  Paris. 
Mechanical  Movements,  Powers  and  Devices.     G.  D.  Hiscox.      15th  Ed 

8vo.     409    pp       Price,    $3.00.      Norman    W.     Henley    Publishing    Com- 
pany, New  York. 
Scientific  Works:     Bibliographic  des  travaux  scientiflques.     J.   Denikek 

4to       206  pp        Price.  5  fr,      FCrncst  Leroux,  Paris. 
Sewage:     The  Activated  Sludge  Process  of  Sewage  Treatment.     A  Bibli- 
ography of  the  Subject  with  Abstracts.     J,    E,    I'oktbr.     8vo      40  pp 

Price,  $0  25       General  I'iltration  Company.  Rochester.  N    Y. 
Solution:     The  Nature  of  Solution.     II    C,  Jones.     8vo      380  pp      I'rice, 

$3  50       I),   Van   Noslranil  Company,   New  York 
Storage   Batteries   Simplifled;   Operating   Principles,   Care   and  Industrial 

Applications.      V     W      I'ac;e       l2mo,      208    pp       Price.    $1  50.      Nnrmnn 

W    Iloiilry  Piil.lisliiiiK'  Company,  New  York 
Sulfuric  Acid:     The  Manufacture  of  Sulfuric  Acid  and  Alkali;  a  Theoretical 

and  Practical  Treatise.     Supplement  to    Vol.   1.     Gnoitn    Litnok      4llt 
iCI       8vo,     347    pp       Prirr,   f  1  00       I)     Van    Noslrand   Company,    New 

York, 
Tube  Milling.      A.  Del  Mak       8vo       1.59  pp.      Price.  52  00.      McGraw  Hill 

Itook  Company,  New  York 
While    Coal    (Taaminilol:     La    Houille    blanche.     A     IIHaofts.     Hvo      24 

pp        Ptiir.  3  fr       Joseph  llnraliir.  Grrnolilr 

RECENT  JOURNAL  ARTICLES 
Acetylene:     Culling   Steel   Risers  with   Oiy-Acetylene.     A     KRKn!<       I  lit 

AirlyUnr  J,>urn,il.  \-,,t     18  ( l'(l  7).  No    I,',  pp    (.(.Itrfrf. 
Ammunition:     Problems  in  Ammunition  Manufacture,     A    L    llrMriiMKv 

The  Iron    Irn.U   htniru-.  Vol    60  ll'l|7l,  No    23,  pp    I2.'7-I233. 
Chemical  Reactions  of  Ota  Smelting.     Waltiikh   Matiihsihh       Tht  Iran 

Ira.U   Kriifu;  Vol    60  M'l|71,  Nn    23.  pp    I234-I2.«6. 
Coal-Tsr  Dyestuff  Industry.     I    I'    Stonh       Thf  Ckrmital    I'.ntintn.  Vol 

25  llor/i,   \,,     I,  ,,,,     III)   112 
Coke  Bislie  snd  lis  Ullllistion.      W    A    IIamor       Coal  Att.  Vol    II  (1917). 

No     IH,   |ip     ;H()    7MI 

Compressed  Air.     C    I.    IIimmahu      U.lit'i'inl  Manattmrnl.  \,A  SJiluni. 
No   }.  pp    J2^  246 


Electric    Furnace:     A    Convenient  and   Inexpensive   Electric   Furnace   for 

High  Temperatures.      \.  W.  Fahresw.ild.      Metallurgical  and  Chemical 

Engineering,  Vol.  16  (1917),  No.  10,  pp.  565-566. 
Flax  Straw  as  a  Material  for  Papermaking.     E.  B.  Biggar.     Paper.  Vol. 

20  (1917).  No.  9,  pp.    13-14. 
Flotation:     The    Cascade    Flotation    Machine.     C.    R.    Wilfley.     Engi- 
neering and  .Ui>uii,<  Journal.  Vol,   103  il917).  No,  20.  pp.  871-873. 
Flow  of  Water  over  Triangular  Weirs.      H     E.   Broughton.     Technology 

Monthly.  Vol.    4    (1917),  No,  2.  pp.  21-25. 
Furnace:     Non-Reversing    Regenerative    Furnace    for    Copper    Smelting. 

W.  G    Perkins       Mining  and  Scientific  Press.  Vol.  114  (1917).  No    22, 

pp.  759-762. 
Glass     Analysis.      E.     W.     Hagm.ubr.      Metallurgical    and    Chemical     En- 
gineering. Vol.  16  (1917).  No.  10.  p.  604. 
Industrial  Chemists  and  the  Fertilizer  Crisis.     H.  C.  Lint.      The  Chemical 

Engineer.  Vol,  25  11917).  No.  3,  pp.  86-89. 
Industrial   Scales  and   Weighing.      H.   T.   Wade.     Industrial  Management, 

Vol.  53  (19171.  No.  2.  pp.  252-271. 
Leaching  of  Low-Grade  Copper  Ores.     Joseph  Irving.     Engineering  artd 

.Mining  Journal.  Vol.  103  (1917).  No.  21,  pp.  932-933. 
Lead    Mining   in    Derbyshire.     L.    C.   Stuckev.     The   Mining    Magazine, 

Vol.  16  (1917),  No.  4,  pp.   193-200. 
Metallurgy:     Five    Years    of    Metallurgical    Progress.     F.    A.    Thomson. 

Mining  and  Scientific  Press,  Vol,  114  (1917),  No.  19.  pp.  654-656. 
Metallurgy  of  Ferro-Silicon.     R,  J.  Anderson.      The  Iron   Trade   Reriev, 

Vol.  60  (1917).  No.  19,  pp    1025-1029 
Metals:     The  Scientific  Cutting  of  Metals.     A.  L.  DeLkel'w.      The  Iron 

Trade   Kc:ie:r.  Vol    60  (1917),   No    22.  pp.   1178-1180. 
Microscopic  Paper  Fiber  Analysis.     G     K.  Spbnce  and  J.   M,   Kravss. 

Paper.  Vol,  20  (1917),  No    11,  pp    11-13. 
Milk:     The  Composition  of  Milk.     P.  S.  .Ari'p  and  Others.      The  .Analyst, 

Vol.    42  (1917),  No.  493.  pp    118-124. 
Nitrogen:     Relation  of  the  Transformation  and   Distribution  of  Soil   Ni- 
trogen to  the  Nutrition  of  Citrus  Plants.     I    G     McHeth.     Journal  o,f 

Agruullural  Krsrarch.  Vol    9  (1917),  No    7,  pp    183-252 
Oil  and  Gas  in  Southwestern  Texas.     .\.  J    Hazlstt.     I)i7  Trade  Journal, 

Vol    8  (1917),  No,  6.  pp    92   94, 
Ore  Treatment  at  the  Perseverance  Mine,  West  Australia.     W.  R.  Cloi-t- 

MAN.       The  .Mining  .Magazine.  \>,\    16  ( 191  7).  No    4,  pp    202-208 
Paper:     Handmade   Paper  and  Its   Watermarks;   A  Bibliography.     Daro 

Hunter       /•d/.rr,  Vol    20  U9I  7).  No    12.  pp.  20-26. 
Paper:     Folding  Endurance  of  Paper.     F.  P   Vbitch  and  Others      Paper, 

Vol    20  (,1917).  No    12,  pp    13    1') 
Petrography  as  an  Aid  to  Flotation.     D    G    Campbell.     Entineerimt  and 

.Mining  Journal.  Vol    103  (19171,  No    21,  pp.  929-931. 
Plumas  Copper  Belt.     G.  H.  Goodhue.     Engineering  and  .Mining  Journal, 

Vol    103  (1917),  No.  22.  pp.  969-970. 
Potash  "Noose."     Thomas  H.  Norton.      The  Chemical  Engineer,  Vol.  25 

(1917).   No    3.  pp,  84-86. 
Radioactivity.      W.  L    Hardin       Kadium.  Vol.  9  (1917).  No.  2.  pp    ,30-39. 
Refractories:     The  Deterioration  of  Refractories.     II    B   Cronshaw.      r*« 

Iron  Trade  Krrir-.r.  Vol    60  (l''17l.  No    20.  pp    1086-1088 
Refrigeration:     Operating  the  Absorption  Refrigeration  Machine.     D.   L. 

Fa<;nan        Kr/ru^rii/iiiit  ll'or;,/.  Vol    S2(l''l71.No    5,  pp.  13-14. 
Salt   Manufacture  by  Solar  Evaporation  of  Sea   Water.       L.   A.    Paliisb. 

.Metallurgical  and  Chemical  Engineer, ng.  Vol.  16  (1917).  No    6.  pp.  317- 

319 
Science    and    Commercialism.     R     G.    niCKiNV>N.      Technology    ilonlhly, 

Vol    4  (1917).  No    2.  pp    25    28 
Silica:     Accurate    Silica    DeterminatioD   in    Commercial    Analysis.     F.  C 

Hawi.uv       Engineering  and    .tfiRisf   Journal.    Vol     103    (1917),   No.   13, 

pp.  541  -543 
Silica  as  a  Component  of  Furnace  Slags.       W  O   luHopr        Hlatl  Furnace 

and  Steel  Plant,  Vol    S  (|9|7).  No   4,  pp    155-159 
sulcata:     A  New  Silicate  of  Lud  and  Zinc     1'.  A.  van  d»   Mihleh, 

Bullelin  of  the  American  Inililule  of  Mining  Enginftrt.  1917,  No.  115.  pp 

783    785 
Slags:     Chsraclcristics  of  Electric  Furnace  Slags.     W    G    iHitor*.      Nau 

Furna.e  and  Slerl  Plant.  V.il    S  (1917),  No    5.  pp    20«    .tlft 
Specific  Gisvily  in  Rubber  Compounding.     A    II    Kim..       Mrtallurgi.at  *n4 

<  hrmi.al  l-ne<nrrr,ne.  Vol    16  (1917).  No    II,  pp    65.5  *.5« 
Slarchss     Properties   Useful  lo    Mills.     O     M     M«cNinma.      Patef,   Vol 

20  (1917).   Nn    .'.  pp     16    17 

Stssm  ri    Oil  Engines  for  Small  Light  Plant.     I.    II    Moaatw'N       ;'.>■*». 

Vol    4S  1  I'll  7).  No    .'O.  pp    I'"--    !■'■■> 
Steam  Distillation:     Studies    In    Steam    Dlsllllalloa.     II.     P.    HicnMOMD 

Ihr    Analv'l.    Vol    42(|ol7),   No    491,  pp    U.%    I.W 
SissI  tot   Aetonaullcal   Rnginra.     G     A     HirnABMON       r*<  (^i    Knttnt. 

Vol     19  (1917),  No    6,  pp    .••:    .'7* 
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MARKET  REPORT— JITNE,  1917 

WHOLBaALB   PRICES   PRBVAILrNG    IN   THS    NBW    YORK    MARKET   ON    JUNE    20 


INORQANIC  CHSBIICALB 

iceUtt  ot  Lime 100  Lb». 

Alum,  lump  ammonia 100  Lbs. 

Aluminum  Sulfate,  high-grade Ton 

Ammonium  Carbonate,  domestic Lb. 

Ammonium  Chloride,  white Lb. 

Aqua  Ammonia.  26°.  drums Lb 

Arsenic,  white Lb. 

Barium  Chloride Ton 

Barium  Nitrate Lb. 

Barytes.  prime  white,  foreign Ton 

Bleaching  Powder.  35  per  cent 100  Lbs. 

Blue  Vitriol Lb. 

Borax,  crystals,  in  bags Lb. 

Boric  Acid,  powdered  crystals Lb. 

Brimstone,  crude,  domestic Ix>ng  Ton 

Bromine,  technical,  bulk Lb. 

Calcium  Chloride,  lump.  70  to  75%  fused Too 

Caustic  Soda.  76  per  cent Lb. 

Chalk,  light  precipitated Lb. 

China  Clay,  imported Ton 

Feldspar Ton 

Fuller's  Earth,  foreign,  powdered Ton 

Glauber's  Salt,  in  bbis 100  Lbs. 

Green  Vitriol,  bulk 100  Lbs. 

Hydrochloric  Acid,  commercial.  18* Lb, 

Hydrochloric  Acid,  C.  P  .  cone,  22° Lb. 

Iodine,  resublimed Lb. 

Lead  Acetate,  white  crystals Lb. 

Lead  Nitrate Lh 

Litharge,  American Lb 

Lithium  Carbonate Lb. 

Magnesium  Carbonate,  U.  S.  P Lb 

Magnesite.  "Calcined" Too 

Nitric  Acid.  36° Lb. 

Nitric  Acid  42° Lb. 

Phosphoric  Acid,  sp.gr.  1.710 Lb. 

Phosphorus  yellow Lb. 

Plaster  of  Paris Bbl. 

Potassium  Bichromate,  casks Lb. 

Potassium  Bromide  (granular) 100  Lbs 

Potassium  Carbonate,  cnlcined,  80  ®  85  % Lb. 

Potassium  Chlorate,  crystals,  spot Lb. 

Potassium  Cyanide,  bulk,  98-99  per  cent Mixture 

Potassium  Hydroxide.  88  @  92% Lb. 

Potassium  Iodide,  bulk Lb. 

Potassium  Nitrate Lb. 

Pota<)slum  Permanganate,  bulk Lb 

Quicksilver.    6ask 75  lbs 

Red  Lead,  American,  dry Lb. 
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EDITORIALS 


WAR  SERVICE  OF  CHEMISTS 

To  the  Members  of  the  American  Chemical  Society: 

In  accordance  with  the  resolutions  passed  by  the 
Society  at  the  Kansas  City  Meeting,  the  officers  of 
your  Society  have  been  urging  the  government  that 
chemists,  as  in  England,  Canada,  and  France,  be 
used  for  chemical  service  in  the  war,  either  in  the 
employ  of  the  military  branch,  of  the  other  govern- 
ment branches,  or  of  necessary  industries.  A  special 
committee  was  organized  by  your  President,  consist- 
ing of  Dr.  W.  H.  Nicholas,  Chairman,  Drs.  M.  T. 
Bogert,  A.  A.  Noyes,  your  President  and  your  Secre- 
tary, to  lay  definite  recommendations  before  the 
authorities.  These  recommendalions  have  been  pub- 
lished in  the  July  number  of  This  Journal. 

The  government,  it  appears,  has  decided  that  there 
will  be  no  general  exemption  of  any  class  of  men  as 
a  class — for  reasons  which  are  eminently  wise  and 
necessary  at  the  present  moment.  At  the  same  time, 
no  doubt,  it  is  anxious  to  see  every  man  used  in  what 
appears  to  it  to  be  the  right  place  for  him.  It  has 
seemed  perhaps  best  to  make  no  general  ruling  whatso- 
ever, except  to  the  effect  that  there  will  be  no  class 
exemptions,  and  to  leave  all  individual  cases  to  the 
federal  district  exemption  boards,  to  which  exemp- 
tions for  industrial,  agricultural  and  professional 
reasons  are  left  by  law. 

Under  the  circumstances,  in  the  absence  of  instruc- 
tions from  the  government  and  in  view  of  the  general 
desire  on  the  part  of  our  members  for  guidance  and 
advice  in  this  matter,  we  would  recommend  to  you 
unofficially  the  following  procedure: 

I — Chemists  of  military  age  selected  by  draft  for  service 
and  accepted  by  the  local  boards  to  which  the  physical  examina- 
tion, etc.,  is  committed  are  advised  to  submit  to  their  federal 
district  boards: 

I — An  oflTicial  certificate  of  their  employers,  or  of  the  univer- 
sity or  college  from  which  they  have  received  degrees  or  with 
which  they  have  been  or  are  connected,  certifying  as  to  their 
education  and  experience  as  chemists. 

2 — An  official  statement  by  their  employers  of  the  nature 
of  their  work  as  chemists. 

3 — A  recommendation,  if  such  seems  right,  from  their  em- 
ployers, or  their  university  or  college,  that  they  be  assigned 
to  continue  their  work  as  chemists. 

4 — A  request  that  in  default  of  such  assignment,  they  be  de- 
tailed to  serve  as  chemists  in  the  military  branch  of  the  government. 

II — If  enlisted  in  any  capacity,  inform  the  Secretary  of  the 
Society  by  postal  card  of  the  company,  regiment,  and  corps  in 
which  you  arc  enrolled,  in  order  that  a  record  may  be  kept  of 
the  fact  and  the  War  Department  advised  from  time  to  time  of 
chemists  in  the  Army  should  their  services  as  chemists  be  required. 

The  purpose  of  this  recommendation  is  to  put  into 
the  possession  of  the  government  authorities  all  the 
facts  necessary  for  it  to  decide  exactly  for  what  service 
a  given  man  is  most  fitted.  We  believe  this  to  be  in 
accordance  with  the  resolutions  adopted  at  the  Kansas 
City  Meeting  and  in  accordance  with  the  patriotic  duty 
of  every  American  chemist  to  serve  his  country  under 
the  selective  draft  in  the  capacity  the  government 
itself,  with  a  full  knowledge  of  the  circumstances, 
selects  for  each  individual. 

WASHINGTON,  D.  C.  J^'^^"-'^  Stikglitz,  President 

July  24,  1917  CuARLEs  L.  Parsons,  Secretary 


LICENSES  FOR  THE  PREPARATION  OF  SYNTHETIC 
DRUGS  SUBJECT  TO  FOREIGN  PATENTS 
One  of  the  evils  resulting  from  the  war  is  that  the 
supply  of  important  synthetic  drugs,  such  as  salvarsan, 
novocaine^  veronal,  atophan,  etc.,  has  been  largely  cut 
off  in  this  country  and  a  dangerous  shortage  is  threat- 
ened. A  provision  in  the  Adamson  Bill  before  Congress 
is  intended  to  bring  relief  to  this  situation  by  pro- 
viding for  the  licensing  of  manufacturers  to  make 
patented  synthetic  drugs  under  certain  conditions  and 
guarantees.  In  order  to  be  in  a  position  to  assist 
manufacturers  who  may  be  interested  in  applying  for 
licenses  to  the  Federal  Trade  Commission,  the  National 
Research  Council  has  organized  a  special  committee  on 
synthetic  drugs,  whose  duties  will  be,  on  the  one  hand, 
to  secure  information  as  to  shortages  in  given  drugs, 
and,  on  the  other  hand,  more  especially  to  assist  manu- 
facturers as  far  as  possible  by  advice  and,  if  necessary, 
by  research  work,  in  getting  the  manufacture  under 
way  without  loss  of  time.  The  chairman  of  the  com- 
mittee is  Professor  Stieglitz  of  The  University  of  Chicago 
and  manufacturers  interested  in  a  given  product  are 
requested  to  communicate  with  him  without  delay. 
Other  members  of  the  committee  will  probably  be  Dr. 
M.  Gomberg  of  the  University  of  Michigan,  Dr.  Adams 
of  the  University  of  Illinois,  and  Dr.  W.  A.  Puckner, 
Director  of  the  Chemical  Laboratory  of  the  American 
Medical  Association. 


GOVERNMENT  NITROGEN  FIXATION  PLANS 

On  account  of  the  general  interest  of  chemists  in 
the  matter  and  on  account  of  the  participation  of  the 
American  Chemical  Society  in  the  formulation  of  the 
policy  recommended  to  the  national  government  re- 
garding the  expenditure  of  the  fund  appropriated  by 
Congress  for  fixation  of  atmospheric  nitrogen,  there 
is  reproduced  here  the  authorized  statement  on  the 
subject  issued  by  the  Secretary  of  War  on  July  i6, 
1917. 

By  direction  of  the  President,  certain  plants  will  be  immediately 
constructed  for  the  production  of  nitrates  from  atmospheric 
nitrogen.  The  plants  to  be  constructed  do  not  involve  the  use 
of  water  power,  but  use  a  process  which  is  a  modification  of 
processes  previously  known;  and  the  total  expenditure  involvet' 
in  these  projects  is  about  four  million  dollars.  Nothing  furthei 
can  be  said  at  this  time  about  the  process  or  the  location  of  the 
works  which  are  to  be  constructed.  Of  the  total  amount  ap- 
propriated by  Congress,  namely,  twenty  million  dollars,  sub 
stantially  sixteen  million  dollars  remains  undesignated  as  to  it 
expenditure  by  the  President.  The  Committee,  consisting  o 
the  Secretaries  of  War,  Interior  and  Agriculture,  to  which  th( 
President  referred  the  question  of  the  selection  of  a  site  or  site 
for  the  development  of  water  power,  has  made  no  report  to  thi 
President  on  that  subject,  but  is  engaged  in  the  making  of  furthe 
engineering  studies,  and  the  subject  is  temporarily  closed  t< 
further  discussion  by  localities  and  communities  desiring  to  b< 
considered  as  possible  sites  for  the  plants. 

In  this  connection  we  had  expected  to  commen 
at  some  length  upon  a  speech  on  this  subject  recentl; 
delivered  on   the  floor  of  the  Senate.     In  view,  how 
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ever,  of  the  carefully  guarded  nature  of  the  statement 
of  the  Secretary  of  War,  we  shall  withhold  our  com- 
ments until  such  time  as  the  details  of  the  report  of 
the  "Committee  on  Nitrate  Supply"  are  made  public. 
Then  we  shall  feel  at  liberty  to  express  freely  the 
thoughts  suggested  by  that  speech. 


BRITISH  CONTROL  OF  PLATINUM 

The  following  letter  from  Mr.  G.  Shaw  Scott,  secre- 
tary and  editor  for  the  British  Institute  of  Metals,  has 
been  received  by  Secretary  Parsons  in  reply  to  a  letter 
inviting  cooperation  with  the  American  Chemical  So- 
ciety towards  conservation  of  platinum. 

Mr.  Charles  L.  Parsons, 

Secretary  American  Chemical  Society: 

I  had  the  pleasure  of  presenting  to  my  Council  at  their  Meeting 
on  June  2otli,  your  letter  and  enclosures  of  April  30th,  relative 
to  the  use  of  Platinum  in  Jewelry. 

The  CouncU  were  in  entire  harmony  with  all  you  say,  but  it 
would  now  appear  that  any  action  on  the  part  of  this  Institute, 
on  lines  such  as  appear  to  have  been  taken  in  your  country, 
would  now  seem  to  be  unnecessary,  seeing  that  the  British 
Ministry  of  Munitions  of  War  has  taken  over  the  entire  control 
of  all  the  Platinum  in  this  country.  This  means  that  in  future 
the  Ministry  will  be  the  sole  pur\'eyor  of  Platinum,  and,  naturally, 
none  of  it  will  go  to  the  jewelers,  the  whole  of  the  valuable  metal 
being  utilized  for  national  purposes. 

No  doubt  your  Government  will  take  similar  steps,  if  it  has 
not  already  done  so,  for,  obviously.  Platinum  plays  such  a  vital 
part  in  the  war  that  it  is  nothing  short  of  a  crime  to  allow  its 
use  for  purposes  of  personal  adornment. 

(Signed)  G.  Shaw  Scott, 

Secretary  and  Editor 


STATUS  OF  CHEMISTS  IN  HOSPITAL  UNITS 
A    correspondent,    under    date    of    July    17,     1917, 
writes  us  in  part  as  follows: 

"I  was  in  the  position  last  June  of  .sonic  uncertainty  as  to  a 
choice  of  work  for  the  following  year.  I  had  just  been  granted 
the  degree  of  Ph.D.  in  chemistry  from  one  of  our  leading  uni- 
versities, and,  altliough  several  months  past  the  registration 
age,  was  desirous  of  serving  in  a  capacity  most  useful  to  my 
country.  This  left  me  undecided  as  to  a  choice  of  positions 
oi)cn  to  me.  At  this  time  tlic  chief  of  a  large  hospital  unit 
then  in  course  of  organization  for  service  in  France,  called  up 
the  head  of  our  chemical  tlcpartmcnt,  reciucsting  a  chemist  for 
the  unit,  specifying  a  Ph. I),  man  capable  of  tackling  any  original 
problem  that  might  arise  at  the  base.  The  faculty  selected  me 
to  sec  the  physician  in  charge.  In  short,  I  was  asked  if  I  was 
a  Ph.D.,  whether  1  had  done  any  original  research,  and  whether 
I  would  accompany  the  unit  as  chemist — one  of  the  enlisted 
men.  My  (|Ucstion  as  to  a  commission  was  met  with  the  reply 
that  only  physicians  and  dentists  were  given  commissiuns, 
liut  the  possibility  was  mentioned  that  I  might  be  ofTcrcd  a 
civilian  appointincnt  at  fifty  dollars  a  miinth. 

"I    nfiiscd,    alllKiiigli    I    wanted    very    much    to    go.      I    had 
niimirrd  in  l)aiUTiiiliigy  and  had  six  years  experience  in  health 
d(-|)ar(rncnt  laboratory  work,  and  felt  able  to  do  good  work 
with  the  unit.     My  refusal  wus  for  two  reasons.     The  money 
L  borrowed  for  my  I'ducalion  had  to  be  repaid  as  s(H)n  as  possii- 

I  bic  and  that  was  iinpossilile  on  a  small  salary  with  unknown  cx- 

prnsfs.  Also,  I  felt  that  experling  to  gel  a  university-trained 
>  hemi-it  and  in  relinn  olTrring  riilislint-iil  with  ordrrlir.s,  C(H>k!i 
■\nt\  liiirliers  was  insulting  to  the  flignily  of  the  profivsion,  when 
men    im    niotr    highly    trniiii'd     physieiani  and  ilcniists     were 


granted  a  higher  rank.  I  have  written  thus  at  length,  partly 
on  the  tu-ging  of  chemist  friends.  I  am  now  adjunct  professor 
of  chemistry  at  the  University  of . 

"Although  disappointed  at  the  lack  of  recognition  accorded 
chemists  by  the  army  officials,  I  am  writing  you  not  in  a  spirit 
of  complaint,  but  that  you  may  have  the  facts  of  such  a  case, 
in  the  event  that  it  sboidd  become  advisable  later  for  chemists 
to  seek  recognition. 

"Another  very  similar  case  has  just  come  to  my  attention 
here  at ,  where  a  unit  is  now  being  organized." 

The  situation  here  revealed  is  amazing.  We  in- 
cline to  the  belief  that  this  does  not  represent  the 
deliberately  formulated  policy  of  the  War  Depart- 
ment, but  that  in  the  rush  of  unusual  organization  the 
matter  has  simply  been  overlooked.  If,  however, 
these  surmises  are  incorrect,  then  we  respectfully 
urge  an  early  review  of  the  subject  by  the  officials 
in   charge. 


NEGLECTED  RESOURCES 

Two  articles  by  Dr.  Stroud  Jordan  in  this  issue, 
the  one  on  Sorghum  Syrup,  the  other  on  American 
Storax,  present  questions  of  economic  import  whose 
consideration  we  would  like  to  urge  particularly 
upon  the  chemists  of  the  southern  states. 

Much  work  was  done  nearly  thirty  years  ago  by 
the  U.  S.  Department  of  Agriculture  to  develop  the 
sorghum  industry  as  a  source  of  sugar.  The  work 
was  not  successful  because  of  difficulty  of  crj'stalliza- 
tion  due  to  presence  of  invert  sugar,  starch,  dextrin 
and  gums.  This  very  difficulty,  however,  is  changed 
to  an  advantage  if  the  product  be  considered  from  the 
standpoint  of  invert  sugar  syrups,  such  as  are  used  in 
the  manufacture  of  tobacco,  in  baking  and  in  confec- 
tionery, for  in  these  lines  a  non-crystallizing  syrup 
is  needed.  Moreover,  as  a  "softener"  this  sorghum 
syrup  will  take  up  about  14  per  cent  of  water,  prac- 
tically the  same  as  glycerine.  To-day  the  price  of 
glycerine  is  very  high  because  of  munitions  demands; 
so,  too,  we  are  paying  high  prices  for  sugar,  and  Mr. 
Hoover  is  calling  upon  us  to  conserve  in  every  way 
possible  the  sugar  supply.  For  the  continually  in- 
creasing quantities  of  invert  sugar  syrups  demanded 
by  industries,  raw  or  granulated  sugar  has  been  arti- 
ficially inverted,  although  in  sorghum  syrup  we  have 
a  natural  product  rcady-to-hand,  which,  if  made  in 
abundance  and  properly  marketed,  would  find  a 
normal  use  in  the  industries  mentioned  and  would 
thus  conserve  an  equivalent  quantity  of   cane  sugar. 

There  arc  other  features  in  such  a  development 
which  bear  strongly  on  the  all-importnnt  food  ques- 
tion at  the  present  time.  The  fodder  of  the  cane  has 
value  as  a  food  for  cattle,  while  the  abundant  seed 
constitute  an  important  factor  in  the  raising  of  pork. 
The  fact  that  this  crop  can  he  planted  in  much  thicker 
stands  than  corn  adds  all  the  more  to  its  value.  Acre 
for  acre  it  is  estimated  "that  cano  is  worth  approx- 
imately twice  as  much  as  corn."  If  we  arc  not  in- 
terested in  hoR  raising  there  is  the  further  possibility 
of  utilizing  the  seed  as  raw  inatrrinl  for  alcohol  manufac- 
ture, again  conserving  the  food  supply  of  the  corn 
belt. 
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We  have  seen  many  places  in  southeastern  Georgia, 
in  the  old  denuded  turpentine  belt,  where  land  is 
very,  very  cheap,  and  where  agriculture  does  not 
seem  to  thrive,  and  yet  alongside  of  every  home  was 
the  sorghum  patch.  In  that  very  section,  with  its 
increasing  number  of  modern  packing  plants,  the 
scrawny,  wire-grass-fed  cattle  and  the  "razor-back" 
hog  arc  being  rapidly  replaced  by  a  finer  grade  of  stock. 

This  seems  to  be  getting  away  somewhat  from  chem- 
istry, but  there  is  chemistry  in  every  point  of  it,  and 
in  these  days  when  the  problem  of  feeding  the  world 
lies  so  largely  at  our  door  and  when  chemists  are  daily 
asking  themselves  what  they  can  do  to  help,  the  in- 
dustrial possibilities  of  sorghum  seem  to  call  for 
serious  attention.  All  in  all,  it  is  a  promising  field 
if  the  problems  of  marketing  are  satisfactorily  solved  and 
if  chemists  give  to  the  matter  that  same  effective  work 
which  in  the  past  two  years  has  astonished  the  nation. 
It  would  be  an  interesting  outcome  if  sorghum  should 
prove    to    be   the   Cinderella  of  American  agriculture. 

In  the  article  on  Storax,  Dr.  Jordan  points  out  the 
full  equivalency  of  the  exudate  of  the  "sweet  gum" 
tree  with  the  oriental  storax,  hitherto  imported,  the 
price  of  which,  because  of  present  restricted  importa- 
tions, has  increased  thirtyfold.  If  we  add  to  this 
the  further  fact  that  the  imported  product  is  grossly 
adulterated  with  rosin.  Burgundy  pitch,  castor  oil 
and  extracted  storax,  the  relative  cost  of  the  storax 
itself    is   still    further   enhanced. 

In  the  midst  of  this  period  of  scarcity  of  this  prod- 
uct let  us  remember  that  there  is  in  the  South  a  source 
of  this  material  amply  abundant  to  supply  all  of  our 
needs.  Again  problems  of  collection  and  of  market- 
ing must  be  solved,  but  there  has  never  been  a  more 
suitable  time  in  our  history  for  such  exploitation. 

Cannot  our  chemists,  locally  concerned,  gain  pub- 
licity and  organized  effort  for  such  undertakings? 
Thereby  they  will  bring  us  that  much  nearer  the  goal 
of  national  self-containedness. 


THE  COLOR  TRADE  JOURNAL 

Clad  in  bright  and  artistic  robes,  illustrative  of  the 
industry  it  seeks  to  serve,  there  has  come  to  our  desk 
the  initial  number  of  the  Color  Trade  Journal.  Its 
editor,  Dr.  J.  Merritt  Matthews,  needs  no  introduc- 
tion to  American  chemists.  His  name  is  associated 
with  every  phase  of  the  fight  for  a  self-contained 
American  dyestuff  industry.  In  close  touch  with 
both    the    producers    and    consumers    of    dyestuff's.    he 


brings  to  its  editorial  management  a  wholesome  point 
of  view  which  should  make  his  journal  a  strong  in- 
fluence in  the  thoughtful  development  of  industrial 
policies  essential  to  the  future  welfare  of  our  domestic 
industry.  The  wide-awake  and  aggressive  character 
of  its  manager,  Mr.  C.  C.  Bennett,  gives  assurance 
that  this  will  be  no  humdrum  periodical,  but  pro- 
gressive, fearless,  clean-cut  and  devoted  to  the  interests 
of  the  industry  as  a  whole. 

The  hearty  welcome  hereby  extended  to  this  new 
publication  is  based,  not  simply  upon  its  own  meri- 
torious features,  but  also  upon  the  happy  feeling  that 
its  very  existence  is  indicative  of  the  rapid  yet  solid 
and  substantial  progress  made  by  American  chemists 
and  chemical  manufacturers  in  an  industry  whose 
absence,  a  short  while  ago,  formed  the  basis  for  shal- 
low-minded reproof  of  our  chemists,  but  whose  pres- 
ent magnitude  constitutes  conclusive  proof  of  their 
energy,  scientific  skill  and  business  daring. 


THE  NEW  ADVERTISING  MANAGER 

Mr.  M.  A.  Williamson  has  resigned  the  office  of 
Advertising  Manager  for  the  American  Chemical 
Society.  Mr.  Williamson  has  re-entered  the  service  of 
the  Norton  Company,  with  headquarters  in  New  York 
City,  and  carries  with  him  the  best  wishes  of  all  with 
whom  he  has  been  associated  during  the  present  year. 

To  fill  the  vacancy  thus  created,  the  Advertising 
Committee,  after  a  careful  survey  of  the  field,  has 
unanimously  elected  Mr.  G.  W.  Nott,  of  New  York 
City.  Mr.  Nott  has  been  connected  for  several  years 
with  the  advertising  office  of  the  Society's  publica- 
tions and  is  already  familiar  with  the  details  of  the 
work,  the  field  to  be  covered,  and  the  ideals  which 
have  governed  this  important  part  of  the  Society's 
activities.  It  is  a  pleasure  to  commend  Mr.  Nott 
to  our  advertisers,  confident  that  his  resourcefulness 
will  make  the  advertising  pages  of  the  Society's  jour- 
nals of  increasingly  greater  value  to  the  American 
chemical  industries,  which  now  show,  according  to 
the  latest  available  figures,  a  total  capitalization  of 
$207,354,000. 

It  will  be  of  interest  to  the  members  of  the  Society 
to  learn  with  what  practical  unanimity  our  adver- 
tisers have  recognized  the  justice  of  the  recent  action 
of  the  Committee  in  advancing  the  rates  because  of 
increased  cost  of  publication  and  greater  circulation 
of  the  journals. 


EXPORTS  PROHIBITED  BY  GREAT  BRITAIN-TO  JULY  14,  1917 


Kirkcd 


Items   not    marked    are    prohibilL-d   to   all   destinations.      I 
Possessions  and  Protectorates.        Items  marked  t  are  prohibited  to  all  dcsti 
Seas    other  than  Krance  and  Krcnch  Possessions,  Russia.  Italy  and  Italian 
and  to  all  Russian  Baltic  ports.  .  ,.,  .     ^ 

C,  Compounds;  E,  Extracts;  P,  Preparations;  syn,  synthetic;  n.  o.  p.,  not  otherwise  prohibited;  n.  o, 

ORGANIC— COAL-TAR  DERIVATIVES 


ohiljited  to  all  ports  and  destinations 
oreign  countries  in  Europe  and  on  th 
.  Spain  and  Portugal,  and  to  all  ports  i 


broad  other  than  in  British 
Mediterranean  and  Black 
any  such  foreign  countries, 

>  specifically  prohibited. 


CoAU  Tab.  all  products 
obtainable  from  &  deriv- 
atives   thereof,    suitable 


for 


the 


♦Acetanilide 

Acetylsalicylic  acid 

(aspirin)  &  P 
tAlypin 

Amidol  &  M 
*Amidopyrine 
tAnilii 


syn 


ture  of  dyes  8i  explo.sives. 

whether    obtained    from  ,„,„„„t 

coal  tar  or  other  sources.  fAiithra 

&    mixtures  8:    prepara-  &  M  &  P 

tions     containing      such  Antipyrine 

products  or.derivatives  (plienazone)  &  P 


•Hen/oates 
♦Benzoic  ai 

Benzol  &  C  &    P 

Carbolic  acid  (t  C  8:  P 

Dinu'thylaniline 

Dyes  &  d  y  e  s  t  u  (T  s 
manufactured  from 
coal-tar  products. 
&  articles  contain- 
ing such  dyes  or 
dyestuffs 


•      carbonate 

Hydroquinone  &■ 

Indigo,  syn 

Metol  &  M 

Methylaniline 
♦Methyl  salicylate 


Naphthalene  &  C  &  P 
Neo-salvarsan 
Nitro-toluol 
Novocain  &   P 
Phcnacetin  &  P 
Picric        acid 

&  components 
Pyridine 


Saccharin 
•Salicylic  acid  &  P 
•Salipyrine 
♦Salol  &  P 

Salvarsan 
tSantonin  &  P 

Toluol  &  C  &  P 

Triphenyl  phosphate 

Xylol  &  C  &  P 
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Aluminum   &   alloys   & 
manufactures 
nitrate 

*  oxides  &  M 
powder 

t  salts  (except  nitrate 
&  sulfate,  alumino- 
ferric,  &  ammo- 
nium alum) 

*  sulfate 
*Alumino-ferric 
•Alunite 

♦Ammonia        &       salts, 
simple      or      com- 
pound   (except    ni- 
trate,   perchlorate, 
sulfate,      &     sulfo- 
cyanide) 
•Ammonia,  liquefied 
•Ammonia  liquor 
alum 
1  nitrate 
perchlorate 
sulfate 
sulfocyanide 
•Antimony  &  alloys 
t     compounds      (except 
sulfides  &  oxides) 

•  oxides 
tArsenic  C  &  M 
JArsenical  ore 
•Asbestos  &  articles 

•Barium  peroxide 

•  sulfate 
Basic   slag 

•Bauxite 

tBismuth    &    salts    (ex- 
cept nitrate) 
Bismuth  nitrate 
Bleaching  powder 

tBorax  &   M 

t  Boric  acid 

t  Boron  C 

•Bromine 

•Bromides,  alkaline 
Bronze  powder 

1  &  alloys 


•Cad 

•Cad 

Calcium  carbide 
t     silicidc 
t     sulfate 
t     sulfide 
Cerium    &    alloys    (ex 
cept  ferro-ccrium) 
•Cerium  oxids  &  salts 
Chlorates,  all  metallic 
tChlorides,     metallic     & 
metalloidic,  n.  o.  p. 
•Chlorine 
•Chronic  ore 
Chromium  acetate 
chlorate 
nitrate 
*     compounds       (except 
ucetutc,  chlorate  it 
nitrate),  &  M 
tClay,  China 

pollers'  &  ball 
'Cobalt  8t  alloys 
nitrate 
ore 

•  oxides  &  salts  (except 

nilrute),  &  M 
Copper,  refined  or  un' 
r  c  ft  n  e  il  .  u  n  " 
wrouiiht,  wrouglii. 
or  partly  wrouKh' 
of  all  kinds  &  "le 
Hcriptions.  iiiclu<l- 
inK  brass.  Iiroiiie, 
yellow  inctui,  &  all 
other  ulloyti  of 
copper 
ICoppcr  compounds  (ex- 
cept a  c  c  I  tt  I  e  , 
Iodide,  nitrate,  »ul 
tale  &  iiubuxidel. 
«i  M 
Copper  acctttlc    ■ 

•  ioihdc 
nitrate 

•  nuboxlile  &    M 

•  nulfulc 
ore,    rcxullla,     inulle. 

cuncenltatr,  &  pre 

cipltutc 
•Crenol  (sapunirie<l) 
ClMol.   C   *    I'   (except 

vupoliHlrfl      crcsol) 

&  iiilro  trenol 
CrctMolr  &  t:rei>«*ilc  i»lU 

(e.ccl.t     wmHl     lut 

ulll.  &   M  &   I' 
Cryolite 
UlnlriMlcii.   carbon    (.ir 

virctrit;  furiittcfR 


INORGANIC 

•Emery  &  corundum  & 

thereof,  carborun- 
dum, alundum, 
crystolon.  &  all 
other  artificial 
abrasives  &  manu- 
factures thereof 

•Ferro-cerium 

•Ferro-chrome 
Ferro-manganese 
Ferro-molybdenum 

•Ferro-nickel 

•Ferro-titanium 
Ferro-tungsten 

•Ferro-vanadium 

tFelspar 

tFluorine       compounds, 
n.  o.  p. 

tGold    paint    containing 
tin  sulfide 

•Graphite.    &    M 

•Hydrobromic  acid 

•Hydrochloric  acid 

•Hydrogen  peroxide 

Insulating  Materi.m.s: 
t     Electrical   insulation. 

C  intended  for 
t     Leatheroid 
t      Oiled  cloth  &  tape 
t     Vulcanized  fibre 
t     Zinc-barium  pigments 
made      from      zinc 
salts    (except    zinc 
oxide)     &     barium 
sulfate 
tlodine  &  C  &  P 
tlridium  &  alloys  &  C 
Iron  &  iron  articles  con- 
taining chrome,  co- 
balt, molybdenum, 
nickel,  tungsten,  or 
vanadium 
Iron  ore 
t     oxides 
pyrites 
scrap 
t     sulfates 

Lead  &  alloys,  &  manuf- 
of,    compounds     & 


Potash,  caustic,  & 
articles 

Potash  muriate,  nitrate 
(saltpeter).  sul- 
fate. &  crude 
manurial  potash 
salts.  &  M  con- 
taining       any       of 

•Potash  salts  &  M  n.  o. 


ORGANIC— NOT  COAL-TAR  DERIVATIVES 

•Fatty    acids   &   articles     Oleomargarine 


Pota 


!M 


I  carbonate 


M 


Lead-coated  sheets 
tLithium  &  C 
•Manganese  &  ore 
t     C,   n.  o.  p. 

peroxide  &  M  &  P 
Magncsitc  &  bricks 
caustic      or      lightly 
calcined,     &    dead 
burnt 
Magnesium  &  alloys 

•  chloride  &  M 

•  sulfate  &  M 
Mercury 

•  C    &     P    (except     ni- 

trate)  &   M 
nitrate 
Mica  block  &  splittings 

•  sheets,  waste,  powder 

&  articles  contain- 
ing mica 

•Mica  &  (splittings  8t 
powder),  micanile, 
&  articles  made 
from  &  insulating 
materials  cooloin- 
iiiK  (hem 

♦Molybdenum 

•MolylKlcnite 

•Molybdic  acid  &  salts 

tMunuxitc  sttiid 

•Nickel  81  alloys  &  ore 
nitrate 

•  oxides    &    salts    (ex- 

cept nitrate)  &   M 
Nitrates 

all  metallic 
Nitric  ocid 
tllsnlluMi  &  alloy» 

gt  inaiiufucturcN 
tosmiiini  compounds 
tl'iilbidiuin  *  alloy. 

t,  mulliilactures 
tl'alludluin  compounds 
I'erchloratcs 

all  melullic 
I'llosphutr     rock     («pa 
tUr.,   phosphate  ol 
liiiir  (k  uliiinlnal 
•l>hi»pholu<  *  C 
I'iprn.  cB»t  iron 
I'lalliiuin.       alloys        Ik 
tiialitlfaclurc*   cotl' 
talnlnii 
■  •lalhllini  •alls 
•|-|uinl.»ico 


chlorate  &  M 
cyanide  &  M 
perchlorate 
permanganate 
prussiates  &  M 
Radium  compounds 
tRhodium  &  alloys 
&  manufactures 
tRhodium  compounds 
tRoek  crystal 
tRuthenium  &  alloys 

&  manufactures 
tRuthenium  compounds 
tSalt,  rock  &  white 

(except  table  salt) 
•Selenium 
Silica  bricks 
tSilicon 

Silicon-  manganese 
•Silicon-spiegel 
Soda,  caustic 
tSoda  lime 
•Sodium 
t     bicarbonate 

•  carbonate 
cyanide  &  M 

•  hyposulfite     (thiosul- 

fatc)  &  M 

•  peroxide 
prussiates  &  M 

•  salicylate  &  P 
t     silicate  &  M 

t     sulfate     &     bisulfate 

(nitre  cake) 
t     sulfide 

Spelter  &  spelter  dross 
Spent  oxide 
•Spiegeleisen 
Strontium  C  &  M 
Sulfur  &  P 
chlorides 
dioxide,  liquefied 
tSulfites,    metallic,   n.   o. 


Sulfuric  acid  &  M 
fuming  (oleum) 
Superphosphates 
tTalc,  all  forms 

incl    French  chalk 
Tantalum,  alloys  Stores 
Thermometers 
tThiosuKates,     metallic, 
n.  o.  p. 
Thorium  &  alloys 
•Thorium  oxiilc  &  salts 
•Tin  &  alloys,  n.  o.  s.  p. 

•  chlorides 

t  compounds  (except 
chlorides  &  oxide 
of  tin) 

•  oxide  &  M  &  P 
Titanium    &    alloys    & 

Titanium  compounds 
Tiingslen  (except  tung- 
sten   filaments    (or 
electric    lamps)    4 
alloys 
•TiiiiKsten  compounds 
♦Tungsten    fi  I  a  m  c  n  t  • 

for  electric  lamps 
•Tungslen     ores      (incl. 
fcrberile.  hulinerilc. 
schcelttc.     Ik      wol- 
frumllcl 
trltramarine  Ac  M 
Uruniuni    At     alloys    & 

tllraiilum  coinpouiuls 
♦Vanadium 

tVana<llum  compounds 
/.inc  »t  alloys  ft  inanu- 
faclurrs  of  St  ilutl 
a»hr« 
•     chloride  &  M 


■iiKale  &  M 
•iilftde 
IrciMiluin  (k  alloys 


.Acetates,  all  metallic 
Acetic  acid 

anhydride 
Aceto- celluloses 
Acetones  &  C  &  P 
tAdrenaline 
Aeroplane  dope 
Alcohol,  absolute 
Alcohol,      methylic 

&  esters 
.\myl   acetate   &  other 

amyl  esters 
Anti-tetanus  serum 
•.Artificial  silk 
•Asphalt 

•.\5phalt,  coal  tar 
•Beeswax 

•Bitumen,  liquid  or  solid 
tBone  black 
Bones       (except       fish- 
bones), any  form 
Bone  ash 

Candles    manufactured 
wholly  or  partly  of 
paraflin      wax      or 
tallow 
tCandles  (except  above) 
Carbon,  Brazilian 
Carbon  disulfide 
*      tetrachloride  &  P 
Carbon,     gas 
Carbons,     suitable    for 

searchlights 
Casein  &  P 
Celluloid 
tCelluloid,       articles 
wholly     or     partly 
manufactured       of 
'Celluloid'    sheet,   non- 
inflammable,     & 
similar  transparent 
material     nonsolu- 
ble    in    lubricating 
oil,  petrol  or  water 
tCharcoal 
•Chloral  &  C  &  P 
Collodion 
Cyanamide 
Dextrine,  &  articles.  M 

&  P 
Diethylbarbituric    acid 
(veronal) 

&  veronal  sodium 
Ether,  acetic 
formic 
sulfuric 
Eucainc  hydrochloride, 
eucaine        (be  n  z  - 
amine),  lactate,  &P 
Explosives 
•Fats,      all      animal      & 
vegetable,    &    arti- 
cles &  M,  n.  o.  p. 


&  M 
•Fish  glue 
tFormates.  n.  o.  p. 
tFormic  acid 
•     aldehyde 
Fusel  oil 

(amyl  alcohol) 
•Gelatine 

(finings     &     other 

kinds 


•Osseine  &  concentrated 


tOiala 
»Oxali( 


acid 


Glu 


&  articles.   M    tPepsin 


Paraffin 

(liquid  medicinal) 
Parafhn  oil  &  wax 
Paraformaldehyde 
Paraldehyde 


&  P 
•Glue 

•Gluestock  of  all  kinds, 
including       animal 
hoofs,         untanned 
hides  &  pelts  n.  o. 
s.  p.,  fish  bladders 
&  fish  skins 
Glycerine.  &Pn.  OS.  p. 
Green  oil,  &  M  &  P 
Guanos 

tHalogen   derivatives  of 
aliphatic  hydrocar- 
bons   (except    car- 
bon tetrachloride) 
•Hexamethylene      tetra- 
min   (urotropin)   & 
C  &   P 
tinsecticides  n.  o.  p. 
•Isinglass 
Lactates  __ 
Lactic  acid 
Lubricants,    mineral 
articles  &  M 
•Lubricants    n.    o.    s. 
&  articles 


o.  p. 


Mannite 

Manures,  compound 

organic 
Milk  sugar  (lactose) 
Mineral  jellies 
Molasses 
Motor  spirit 
•Oil  fuel,  except  oil  fuel 
allowed      by      the 
Commissioners     of 
Customs  &   Excise 
to   be   shipped    for 
use    on    board    the 
exporting  ship 
Oil  fuel,  shale 
•     waste 

•Oils,  animal,  n.  o.  s.  p. 
&  articles  &  M 
O11.S:  tBlast  furnace 
•fish  &  seal.  n.  o.  p.  & 
M 
sea-elephant.  &  M 
sperm,  &  M 


tPepto 
Petroleum  fuel, 

gas  &  lighting  oil 
Petroleum       spirit       & 

articles 
Petroleum  &  P  n.  s.  p. 

&  M 
Phosgene 

(carbonyl  chloride) 
tPitch  &  M  &  P 
Prussic     add     &    solu- 

Pyrogallic  acid  &  M 

Soap  containing  over  I 
per  cent  glycerine 
tSoap  (except  soft),  con- 
taining   I    per  cent 
or  less  of  glycerine 
•Soap    (soft )    containing 
I  per  cent  or  less  of 
glycerine 
Spermaceti 
Spirits,    methylated.   & 

M 
tSulfocyanides  n.  o.  p. 
Sulfonal 

tSulfur  cyanates 
Tallow  &  articles 
Tar,  coal 
•Theobromine  sodium 
salicylate 
Trional 

Trioxymethylene 
•Turpentine     substitute 

&  articles 
•Urea  &  C 
tVaccine: 
tValeriao 
tValeriar 


;  acid 


Albumen 
tAlgin  &  C 
tAloe  juice 
tAloes 
tAnchusin 
fApiol 

Banana  Hour  &  1' 
meal  &  V 

Belladonna  &  P 

Belladonna  alkaloids 
&  salts  &  P 
•Calleiiie  &  salts 
♦Camphor 
(Canadensis 

(hydrastin) 
tCantharidc.s 
•Capsicum 

Capsicum,  olco-rcsiii  of 
tCoscara  sngrada 
•Cinchona  bark 
•Citrates 
•Citric  acid 

Cocaine  &  salts  &  I' 
•Colchicuni  *  !• 
tlligilaline 

Kinetin  &  salts 
•Krgol  of  rye 
tUtgoline 
tlUalgln 
♦Gentian  root 


Gum  dan 


(laims,   u    o    1. 

♦Mrnbane  »  V 
Indlitu,  natural 
I|>e4-acunnha  root 

tialap 
l.rviiUMr 

tl.icoftce  toot» 

t      juice 


VEGETABLE 

Linseed  oil 

•Logwoo<l  (chips,  h  &  I  ) 
tLycopodium 
Manna 
tMenlhul 
Molasses  &  articles,  M 

it  P 
tNux  vomica  &  P 
tNux  vomica  alkaloids 

&  salts  &  P 
Oils.      VBOKTAnuB     ft 
Akticlss  (k  MlXTlHIIS: 
coconut 
i-ottnusecd 
ground  nut 
palm  kernel 
•      All    other     vegetable 
oils   (except    essen- 
li>l  oil.) 
t     (Ills,  curnlial 

(e\cept    turpentine 
oill 
•\Voo<llar  oil 
♦Dill.  vejelaWc.  n.  o.  p. 
Uleanliious  kerncU, 

nuls.        •cotl*.        Ik 
prmlucu.  n  o.  •  p. 
opium  *    P 
(ipiiim  alkaloids 
ft  .all.  ft   P 
♦Pepper 
tPil.x.iplne 
♦IJuinine  ft  (uilt. 
He.ln..      rr.ino«.      .ub 


•  Waxes,  animal,  mineral, 
vegetable.  &  com- 
posite waxes,  n.  o. 

Whale  bone  meal 
Yeast  &  articles 


♦Resinous  substancrs 
containing  caout- 
chouc 

t Rhubarb  (medicinal) 

tSadron 
t.Senega 

•Senna  leaves  &  pods 
♦Shellac 
Starch  ft  articles,  M  ft 
P 
♦Suamoniuni  (leaves    ft 
seed.) 

Tanning  extracts  ft 
substance*  (or  us« 
in  tanning 

•Tor.  vegetable 

•Tar.  wood 

•Tartaric  acid 

cream  oi  tartar,  ft 
alkaline  tartrate* 

•Thyni.J  ft  P 

•Tiagacanlh  gum 

•Turjwotioe  (oU 

ft        .luriU.  ft 

article. 

IVuilUla 

iVaraUht*.  n.  a.  p. 

♦Vorntshn  coatalBln* 
shellac.  iHl.  or 
tut)>enline.  o.  a   p. 

♦Vainithr*  cxmlamtng 
•bcllac.  oU.  lur- 
ixnlitir.  iM  lur- 
l>enlinc    .iil>*(ttul« 

♦Viacgor  vxMilalniBg  not 
mmf  than  6  \>wt 
cent  aiftic  acid 
Vinegat  ruenr*  ft 
■imilai  P  cOQIola- 
tng  '»*rf  f»  |»ef  cviit 
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ART  OF  COLORING  GLASS' 
By  H.  Rosenthal 

A  number  of  writers  have  recorded  the  beautiful 
tints  and  colors  that  some  glass  assumes  when  ex- 
posed to  sun  and  weather,  particularly  mentioning 
that  among  the  fragments  of  glass  found  in  the  ruins 
of  some  of  the  eastern  countries  pieces  of  almost  solid 
turquois-blue  were  discovered  and  the  glass  windows 
of  old  homes  and  parts  of  glass  bits  at  the  seashore 
were  tinted  with  these  beautiful  colors. - 

Thomas  Garfield'  quotes  a  series  of  experiments 
covering  the  coloring  of  glass  by  the  action  of  the  sun- 
light upon  glass.  Lillman's  American  Journal*  and 
the  Journal  of  the  Society  of  Arts^  mention  glass  turned 
gold  color  and  also  glass  turned  to  purple.^  This 
reference  was  made  b}''  Dr.  Faraday  in  the  Chemical 
Research,  i8g,  page  142. 

Pelorge'  states  that  all  glass  is  changed  by  the  action 
of  the  sun,  tests  being  made  by  covering  part  of  the 
glass  with  paint  and  exposing  for  several  years  to  the 
sun's  action  under  various  conditions;  when  the  paint 
was  removed,  the  result  was  varying  depth  of  color 
on  the  same  piece  of  glass.  Of  glass  examined  for 
color  or  examined  edgewise,  the  tints  which  some  of 
the  glass  assumed  varied  from  greenish,  yellowish, 
blue-green,  brown,  yellow  to  deep  purple.  The  re- 
port also  states  very  definitely  that  optical  glass  was 
exposed  for  a  period  of  two  years  to  the  sun  without 
any  noticeable  change.  But  the  suggestion  was  made 
that  if  this  could  be  exposed  for  a  longer  length  of 
time,  some  reaction  could  be  looked  for. 

An  interesting  point  is  brought  ouj  by  one  of  the  ob- 
servers, viz.,  that  photographers  experience  a  noticeable 
change  in  their  time  of  exposure  when  taking  photo- 
graphs under  skylights.  As  the  glass  in  the  skylight 
becomes  old,  anything  from  one  year  or  more,  the  time 
of  exposure  has  to  be  increased,  and  experiments  along 
this  line  show  that  the  change  of  color  in  the  skylight 
glass  absorbs  an  appreciable  amount  of  the  actinic 
rays  which  can  be  easily  substantiated  by  examining 
the  spectrograms  of  the  purple  lenses. 

PURPOSE    OF    THE    PAPER 

This  paper  describes  experimental  work  done  in 
the  art  of  coloring  glass  by  artificially  produced  short 
wave  lengths  of  light  using  the  ordinary  quartz  mer- 
cury arc,  an  X-ray  tube,  the  Coolidge  X-ray  tube,  and 
then  a  special  X-ray  tube  for  producing  negative 
electrons. 

In  order  to  show  the  position  of  the  rays  "termed" 
short  wave  lengths  of  light,  Fig.  I  is  presented.     The 

*  Presented  at  the  regular  meeting  of  the  New  York  Section  of  the 
American  Chemical  Society,  Chemists'  Club,  New  York  City.  June  8, 
1917. 

*  Fox,  Phila.,  Croofces,  England. 

*  Philosophical  Magazine.  4  series,  867,  July  to  December  issue. 

*  September  and  November,  1867. 
'  February    1854. 

*  This  reference  was  made  by  Dr.  Faraday  in  the  Chemical  Reseanh. 
1859,  page  142. 

'  Comptes  rendus,  January,  1867. 


chart  indicates  the  wave  lengths  of  radiations  ranging 
from  the  visible  part  of  the  spectrum  to  X-rays  and 
the  gamma  rays  of  radium. 

li    ;•  .  JsM?  :!!  =  '  =  =  - 


Fig.  I — Chart  Showing  Wave  Lengths  op  Radiations 

The  numbers  across  the  top  give  their  respective 
wave  lengths  in  Angstrom  units.  The  Angstrom  unit 
is  equivalent  to  lo"'"  meter.  The  numbers  immedi- 
ately below  represent  the  number  of  octaves  which 
these  rays  range  over. 

The  region  of  about  six  octaves,  beginning  at  4 
and  ending  at  10,  represents  the  unmapped  portion. 
This  separates  the  extreme  ultraviolet  from  the  com- 
mencement of  the  very  soft  X-rays.  The  most  easily 
absorbed  X-rays,  whose  wave  length  has  been  de- 
termined, are  the  characteristic  rays  of  aluminum 
with  a  wave  length  of  8.4  A.  u.  Passing  up  through 
several  octaves  of  X-rays,  the  limit  indicated  by  the 
line  "N"  is  reached;  these  represent  the  hardest,  1.  e., 
the  most  penetrating  X-rays,  which  have  so  far  been 
produced.  The  line  "M"  represents  the  medium 
penetrating  ray.  It  will  be  noticed  that  some  of  the 
gamma  rays,  as  produced  by  the  disintegration  of 
the  radium  atom,  are  of  longer  wave  lengths  than  some 
of  the  shorter  X-rays. 

Data  discussed  in  this  paper  were  obtained  at  the 
writer's  laboratory  at  Camden,  N.  J.,  several  years  pre- 
vious to  the  granting  of  patent,  and  since  then,  through 
the  courtesy  of  Dr.  Coolidge  and  Dr.  Whitney  of  the 
Research  Laboratory  of  the  General  Electric  Company 
and  Dr.  Luckiesh,  of  the  Nela  Research  Laboratories; 
also  some  records  were  made  by  the  Bureau  of  Stand- 
ards, Washington,  including  some  assistance  given 
by  Drs.  Fisher  and  Hutton,  of  Philadelphia,  the  ob- 
ject of  which  is  to  show  what  has  been  done  with  the 
method  of  coloring  glass  and  what  are  some  other 
characteristics  of  the  glass  so  colored. 

HISTORY    OF    DEVELOPMENT 

The  first  experiments,  about  eight  years  ago,  were 
carried  on  with  an  ordinary  X-ray  tube  and  induction 
coil  and  the  faint  color  of  the  glass  was  noticed  after 
about  two  days'  treatment.  As  the  designs  of  the 
high  tension  apparatus  were  improved  the  period  of 
treatment  was  very  much  lessened.  In  the  meantime 
experiments  were  also  made  with  other  sources  of  rays, 
such  as  the  incandescent  burner  and  the  quartz  mer- 
cury arc,  but  it  was  not  until  the  development  of  the 
special  water-cooled,  self-rectifying  tube  by  Dr.  Cool- 
idge that  it  was  possible  to  obtain  the  needed  energy 
for  producing  results  in  a  definite  way. 

The  term  color  has  been  used  to  designate  the  tint 
or  kind  of  hue   white  glass  assumed  after  treatment. 
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and  depth  of  color  is  used  to  denote  to  what  degree 
this  hue  or  tint  has  been  carried  compared  with  white 
glass,  gauging  the  color  from  the  surface  nearest  to 
exposure  to  rays.  In  this  paper  the  coloring  of  thin 
glass  has  been  kept  in  mind  which  assumes  that  we 
obtain  an  even  tint  throughout  the  glass,  but  if  thick 
glass  is  treated  (over  V4  in.)  the  depth  of  color  is  pro- 
nounced, being  deeper  near  the  exposed  side  and  grad- 
ually shading  off. 

The  present  investigation  has  been  carried  on  with 
the  most  recently  developed  electrical  apparatus  and 
on  standard  glass,  no  attention  at  this  time  being 
paid  to  investigating  the  field  of  various  glass  composi- 
tions or  to  increasing  the  energy  used  in  treatment  of 
the   glass. 

DESCRIPTION    OF    APPARATUS 

The  vacuum  tube  (Fig.  II)  was  about  4  inches  in 
diameter  with  an  anode  terminal  of  solid  tungsten 
metal  supported  on  a  rod  of  molybdenum  and  a  cathode 
consisting  of  a  tungsten  spiral  which  can  be  electri- 
cally  heated. 

Spira/  OfT(yng3fsn 


\Natsr 
"A"and'B" 
Compresaed 

Air 


Glohvinq  Cathode  tube. 

For  J^oouci/^g 
NEGATiy£  ELECTffONS 

(Self  R£CT/Fr/NG) 
And  Connections 


The  vacuum  of  this  bulb  remains  constant  at  all 
times,  the  penetration  of  the  tube  being  governed  by 
the  heat  of  the  cathode  spiral,  and  unless  the  filamant 
is  heated  the  tube  shows  no  conductivity  in  either 
direction,  even  with  voltage  as  high  as  100,000  volts. 

The  tube  suppresses  any  current  in  the  direction 
which  docs  not  make  the  hot  filament  cathode.  It 
therefore  is  capable  of  rectifying  its  own  current  when 
supplied  from  an  alternating  source.  In  order  to 
make  this  condition  stable,  the.  anode  was  water- 
cooled,  and  the  glass  was  kept  from  overheating  by 
being  cooled  by  compressed  air. 

The  amount  of  electrons  sent  out  by  the  tube  de- 
pends on  the  temperature  of  the  filament.  Increas- 
ing the  voltage  on  the  terminals  increases  the  penetra- 
tion of  the  rays.  The  tube  can  be  operated  contin- 
uously without  exhibiting  any  appreciable  change 
in  characteristics. 

'i'hc  typical  schedule  for  coloring  optical  lenses  is 
as  follows: 

TaKATMHMT  RUUUT 

(A)      KMI  M    A  ,     31)  Kv.,  1   min.  Ulht  color 

(II)      UK)  M.  A,     30  K».,  4  mln.  Mtdliim  color 

a)      KM)  MA,     .^n  Kv  ,  10  mill.  Dark  color 

MA  -   MlllinlliprrFi  Kv    -   Kilo  voll*. 


By  controlling  the  penetration  of  the  rays  of  the  tube 
by  varying  the  voltage,  different  degrees  of  color  can 
be  obtained.  For  example,  in  coloring  an  extreme 
double  concave  lens  as  Fig.  Ill,  it  is  possible  to  color 
it  as  marked  by  the  heavy  line,  so  that  in  looking 
through  it,  the  efifect  of  even  tint  will  be  received, 
thereby  giving  the  effect  which  could  not  be  produced 
in  coloring  glass.     Inasmuch   as  it  is  easier  to  grind 


^-'■'7:::^;r-^ 


F/GUr 


F/a  iz" 


lenses  of  this  character  from  stock,  material  is  usually 
taken  from  the  ordinary  flat  glass  to  begin  with  and  as 
it  is  ground  away  to  the  desired  curve  the  thick  por- 
tion will  be  dark  and  the  thin  light,  the  well-known 
result  as  shown  in  Fig.  IV. 

ACCURACY    OF    DATA 

Current  measurements  were  made  with  standard 
measuring  instruments.  The  spectrophotometric 
curves  were  made  from  readings  with  spectrophotom- 
eter and  the  spectrograms  with  quartz  prismatic 
spectroscope  on  Cramer  spectrum  plates. 

.MEANS    IN    SCOPE    OF    PRESENT    INVESTIGATION 

This  method  opens  up  a  new  art  in  the  coloring  of 
glass  and  analogous  substances.  In  the  treatment 
of  white  glass  for  optical  and  scientific  purposes 
peculiar  photometric  and  spectroscopic,  spectrophoto- 
metric results  can  be  obtained.  Fig.  V  illustrates 
the  spectrophotometric  curves  of  amber  and  amethyst 
glass  made  from  glass  chemically  colored  and  com- 
pared with  glass  colored  by  this  process.' 

''cross-fire    theory" 

In  Roentgen-ray  therapy  where  the  rays  are  wanted 
for  the  treatment  of  the  deeper  parts  of  the  body, 
the  cross-fire  theory  is  made  use  of.  This  method  is 
used  to  minimize  the  ray  action  on  the  skin  and  super- 
ficial parts  by  selecting  diflferent  ports  of  entry  for  the 
radiation,  the  theory  being  that  if  an  organ  is  exposed 
from  several  directions  instead  of  from  one  direction, 
only,  then  it  receives  several  times  that  quantity  of 
rays  which  it  would  receive  if  exposed  in  one  direction 
only  and  the  skin  is  only  struck  by  the  ray  quantity 
emitted  from  the  tube  in  one  of  the  various  positions. 

This  theory  was  proven  in  the  following  manner: 
A  cube  of  glass  with  a-in.  square  face  was  subjected 
to  the  cross-fire  theory.  A  side  was  "rayed"  by  a 
beam  '/»  in-  in  diameter.  The  glass  side  nearest 
the  tube  was  colored  darkest  and  shaded  off  towards 
the  center,  and  as  each  of  the  eight  sides  were  rayed 
we  found  in  the  center  of  the  cube  a  small  cubical 
spot,  equal  in  color  to  any  one  of  the  outside  sur- 
faces. 

>  Opllcul  wr<lBr>  can  l>r  ln«<lr  liv  till,  tnrlhotl.  bikI  In  Ihc  Htnpin  o  : 
calorr<l  |Uu  nii  olilhU.   Illctc   w««  onr   wnljc   made  In  ■Hlhmrllc  ttrp* 
in  colorint  |Mir>rli>in  tcrlh,   Ihr  r.ili>iin(    »••  mailr   »T«>mrlrlr«l  l.v  pUciBf 
•  wrilgr  ol  aliiminilln  on  llir  loolh       IVtlfni  anil  flfiirra  m»<lr  hr  alrnciU 
allow  colorlnR  ol  iMiri-^Uln  w«rr. 

Srnil.pnH-loiii  numr"  «»  chantT<t  In  color.  »ml  •om»  •pwHmnn  o( 
Kiinillr  .lii.wn  trrrr  rhan«t-.l  In  «  (rw  mlnulu  llom  Ihrir  ch«r«cl»rUtt. 
amrlhval  mhif  lo  an  rnirlalil  trrrn 
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Fig.  V — Spectropiiotometric  Curves  of  Amber  . 

After  repeated  tests  for  index  of  refraction,  strength, 
etc.,  no  physical  changes  could  be  detected  in  the 
treated  glasses,  except  that  of  the  color  which  is  not 
on  the  surface,  but  extends  into  and  throughout  the 
material,  depending  on  the  voltage  and  the  thickness 
of  the  glass. 

COLORED    OPTICVL    LENSES 

The  development  of  lenses,  particularly  colored 
lenses,  is  the  result  of  man's  desire  to  see  with  greater 
acuity  and  less  effort;  to  produce  this  effect  it  is  neces- 
sary to  eliminate  the  irritating  rays  which  cause  dis- 
comfort and  strain. 

The  white  optical  glass,  after  being  colored  by  this 
process,  has  the  same  qualities  and  characteristics 
and  is  capable  of  performing  the  same  functions  as 
the  original  clear  glass  tinted  or  colored  by  the  slow 
action  of  the  sunlight  extending  over  many  years. 
The  colors  obtained  were  amethyst,  amber,  green  and 
yellow  tints. 

In  using  this  method  in  connection  with  optical 
lenses  an  almost  ideal  condition  exists,  viz.,  in  using 
the  finished  white  optical  lenses,  which  are  made  of 
the  best  glass  obtainable,  and  then  coloring  it,  we  ob- 
tain a  glass  which  has  characteristics  valuable  to  the 
oculist,  it  long  being  known  that  when  eye-glass  lenses 
are  made  of  the  sun-tinted  glass,  that  such  lenses 
would  shade  the  eyes  of  the  person  wearing  them  from 
the  actinic  ray  of  the  spectrum  and  in  cases  of  hyper- 
sensitive retina,  that  different  persons  require  lenses 
tinted  to  different  degrees  of  density,  in  accordance 
with  the  degree  of  retinal  irritation. 

A  glass  may  be  of  proper  color  to  alter  the  light  which 
we  wish  to  allow  to  enter  the  eye  and  yet  have  a  trans- 
mission coefficient  much  lower  than  the  theoretically 
ideal  glass. 

In  chemically  coloring  glass  the'  tendency  is  always 
toward  black,  so  that  a  glass  might  correspond  to  the 
ideal  glass  combined  with  a  smoked  glass. 

There  is,  therefore,  the  problem  of  transparency 
besides  the  purely  spectral  problem,  and  you  will  note 
that  the  spectrophotometric  curves  shown  of  glass 
colored  by  this  method  have  a  high  degree  of  trans- 
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parency  and  very  little  distortion  in  the  visible  spec- 
trum. 

SPECTROGRAMS 

The  spectrograms  in  Fig.  VI  show  the  relation  of 
the  amethyst-tinted  lenses  to  the  white  optical  lenses 
and  show  the  desirable  characteristics  of  the  glass 
after  treatment.  The  spectrograms  marked  purple 
Nos.  3  and  4,  and  the  spectrograms  marked  No.  i  and 
2  are  very  light  amber- tinted  lenses;  for  comparison, 
spectrograms  are  shown  of  the  Iron  Arc  (bare)  Clear 
glass,  and  the  Quartz  Mercury  Arc. 


Iron  Arc 


Exposuri 
(bare)         i  sec. 


YlIIow  tint,  Xo.  i        10    " 


t^s/Ue      I  U/tmi/Zo/et 


Fig.  VI — Quartz  Prismatic  Spectra  on  Cramer  Spectrum  Puates 

The  coloring  of  the  glass  follows  the  law  that  "the 
work  done  by  any  force  varies  with  the  time  through 
which  it  acts."  X-light  follows  the  law  that  the  work 
done  by  a  given  light  varies  inversely  as  the  square 
of  the  distance  from  the  source  of  light.  This  gives 
us  the  simple  formula,  IF  =  5/D',  in  which  H'  is 
the  work  done,  D  the  unit  distance,  and  5  the  time  of 
exposure. 

The  next  principle  involved  is  that  work  done  by 
A"-light  varies  with  the  quantity  of  current  (C)  passing 
through  the  tube,  other  conditions  remaining  constant, 
whence  IC  =  CSiD'-. 

Another  factor  determining  the  work  done  is  the 
penetration  of  the  tube.  This  factor  was  checked 
by  Prof.  Wehnelt,  the  proof  of  which  gives  us  the 
combined     formulas,     11"   =  SCP-,  D-,     an    expression 
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of  the  work  done  by  A" -light,  using  a  tube  of  unit 
dimension,  P  being  the  penetration  as  measured  on  a 
Wehnelt   penetrometer. 

Using  a  slide  rule  covering  the  equation 
_   D^T- 


P  =  Wehnelt  penetrometer  readings 
X  =  exposure  in  seconds 


D  =  distance  in  inches  betweei 

target  and  glass 
T  =  thickness  of  glass 
C  =  current  measured  in  milliamperes 

we  have  a  formula  based  upon  a  hypothetical  unit 
of  light  which  one  can  vary  to  produce  with  exactness 
any  desired  result.  Each  make  of  glass,  of  course, 
has  its  own  rate  of  speed  of  change  by  which  the 
value  A'  must  be  multiplied. 

THEORY    OF    OPERATION 

The  coloring  of  purple  glass  is  undoubtedly  due  to 
manganese,  yet  the  color  of  this  glass  is  not  exactly 
the  same  as  in  the  manganese  specimens,  which  have 
been  tested.  This,  of  course,  can  possibly  be  ac- 
counted for  in  several  ways,  such  as  the  difference  in 
the  chemical  substance  of  the  glasses,  or  due  to  the 
oxidation  of  the  manganese,  which  may  be  different 
as  obtained  by  radiant  energy  than  by  the  regular 
glass  manufacturing  process.  The  other  colors  ob- 
tainable, very  likely  follow  along  the  same  lines, 
but  it  is  also  hard  to  believe  that  anything  else  but  a 
direct  physical  change  in  the  material,  or  a  direct 
molecular  rearrangement  has  taken  place.  Consid- 
ering that  by  the  application  of  heat,  molecules  can  be 
rearranged,  the  action  would  appear,  if  taken  syn- 
thetically, more  naturally  physical  than  chemical. 

SUMMARY 

I  White  glass  turns  to  difTcrcnt  colors  under  this 
method. 

II — Knowing  the  composition  of  the  white  glass, 
the  color  can  be  predetermined. 

Ill- — The  depth  of  coloring  of  the  glass  is  dependent 
on  penetration  of  the  rays,  hence  controllable. 

IV — The  action  is  molecular  and  not  confined  to 
the  surface  of  the  glass  and  the  color  is  in  and  through 
the  glass  itself. 

V—  The  action  is  reversible. 

VI — In  coloring  glass  by  the  above-described  method, 
results  can  be  obtained  which  are  not  possible  with 
glass  colored  by  chemicals. 

VII — Other  analogous  substances,  such  as  porcelain, 
'luarlz,  and  some  of  the  precious  and  scmi-prccious 
loncs,  particularly  those  colored  by  manganosc. 
ifSpond  to  this  method  of  treatment. 

'I'he  writer  of  this  article  makes  no  pretense  to  nc- 
curule  scientific  knowledge,  but  gives  the  results  of 
his  observations  and  inethodical  experiments  with 
I  he  well-known  ])hcnonu'non  in  the  hope  that  Ihcy 
may  add  some  mite  to  the  sum  of  human  knowledge 
and  may  stimulate  those  who  are  better  versed  in 
-lienlific  studies  to  ascertain  the  exact  cause  and 
operations  of  this  interesting  power  of  the  short  wi»ve 
lengths  of  light . 

KoRKNTIIAI.   Kl.Hl'TIIIC*!.  t.AIIOR ATIIKV 


THE  CHEMICAL    CONTROL    OF   AMMONLA  OXTDATION 

By   Pavi.   J.    Fox 
Received  June  21.  1917 

In  the  oxidation  of  ammonia  to  produce  nitrous  or 
nitric  acid,  the  ammonia,  mixed  with  air,  is  passed 
over  a  catalyzer  heated  to  a  red  heat.  The  ammonia 
content  to  the  air-ammonia  mixture  is  given  either 
by  running  the  air  through  aqueous  ammonia  or  by 
mixing  the  ammonia  gas  with  air.  When  the  am- 
monia content  is  obtained  by  passing  the  air  through 
aqueous  ammonia,  the  mixture,  of  course,  is  saturated 
with  water  vapor  at  the  given  temperature.  In  the 
operation  of  this  process,  either  on  an  experimental 
or  manufacturing  scale,  one  of  the  most  pressing  prob- 
lems is  the  chemical  control,  for  on  it  depends  the  ac- 
curate adjustment  of  the  factors  necessary  to  the 
efficiency  of  the  plant.  In  fact  in  starting  a  new  com- 
mercial unit,  or  getting  data  on  a  design  of  furnace,  or 
merely  in  testing  a  new  catalyzer,  especially  over  any 
period  of  time,  the  principal  practical  issue  is  finding 
out  exactly  what  the  chemical  performace  is  under 
the  various  conditions  (temperature  and  character 
of  catalyzer,  speed  and  composition  of  ammonia-air 
mixture,  etc.).  The  chemical  control  naturally  falls 
into  four  parts:  (i)  the  examination  of  the  gas  before 
passing  to  the  catalyzer,  and  (2)  after  coming  from  the 
catalyzer,  (3)  the  working  up  of  the  results,  and  (4) 
the  determination  of  nitrous  acid. 

For  the  determination  of  the  fairly  high  content' 
of  ammonia  in  the  entering  gas,  the  ordinary  gas 
analysis  methods  with  mercury  as  confining  liquid  are 
applicable  or  the  ammonia  may  be  absorbed  in  standard 
acid  and  titrated.  A  thorough  discussion  of  the 
various  absorbing  arrangements  will  be  found  in  a 
paper  by  Edwards-  on  the  absorption  of  ammonia  in 
illuminating  gas.  The  method  by  absorbing  in  stand- 
ard acid  has  the  advantage  that  a  much  larger  sample 
can  be  used — in  fact  a  continuous  sample  can  be  taken — 
and  that  no  mercury  is  required.  To  test  the  Gumming 
absorber,  the  writer  ran  1000  cc.of  10  per  cent  ammonia- 
gas  through  one  like  that  figured  by  Edwards,  another 
absorber  being  connected  in  scries  beyond  it.  Not  a 
trace  of  ammonia  passed  into  the  second  absorber, 
showing  that  one  is  sufficient  to  collect  all  the  ammonia. 
It  has  occurred  to  the  writer  that  with  this  type  of 
absorber  it  is  possible  to  determine  the  ammonin 
without  making  any  titration.  This  is  done  by  put- 
ting in  a  measured  ()uanlity  of  standard  acid,  coloring 
with  an  indicator  and  bubbling  through  the  ammonia- 
air  mixture,  until  the  color  turns.  If  the  gas  has  been 
collected  in  an  aspirating  bottle,  the  volume  corre- 
sponding to  the  (luanlity  of  standard  acid  used  is 
known,  «n<l  the  per  cent  of  aninioni.i  in  the  originni 
nii.iturc  can  be  e.-isily  computed.  The  reason  why  this 
is  possible  is  that  in  the  Cumniing  absorber  there  is  a 
fair  circulation,  and  with  n  little  practice  it  is  not 
diflicult  to  hit  the  turning  point,  as  the  liquid  is  always 
approximately  of  the  same  composition.  At  the 
same  time,  the  appeiirancc  servos  wnrning  as  to  when 
the  change  will  occur. 

>  Tlir  itirorrili'*)  atr  nnimuntii  mlilun  (dryl  cobuIiw  ii  SX  pif  «•«! 

•  J     l>    I'NUarOv  lliilraii  .>l  SlanilaKlt.   Tf^km.J^II.   I'*fff    >4  (l«M). 
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The  writer  fully  agrees  with  the  favorable  opinion 
of  Edwards  on  sodium  alizarin  sulfonate  as  an  indicator 
for  titration  in  the  presence  of  ammonia.  It  is  espe- 
cially useful  for  making  the  ammonia  determination 
without  titrating.  Though  circulation  is  fairly  good 
in  the  Gumming  apparatus  figured  by  Edwards,  the 
writer  suggests  an  altered  form  (Fig.  I)  designed  with 
a  view  to  promote  a  more 
even  circulation  and  avoid 
dead  spaces,  especially  for 
use  when  the  ammonia 
is  determined  by  measuring 
the  volume  of  gas  (in  an 
aspirating  bottle)  necessary 
to  neutralize  a  measured 
Pi^  J  quantity  of  standard  acid. 

In  the  figure,  it  will  be 
noticed  that  the  injector  is  placed  slightly  to  the  right 
of  the  mouth  of  the  semi-circular  lower  part,  which  is 
made  of  somewhat  larger  tubing  than  the  horizontal 
piece,  having  in  view  a  rapid  circulation,  and  reason- 
able capacity.  The  stopcock  piece  should  be  made 
of  fine  bore  tubing  with  a  minimum  of  dead  space. 
The  stopper  may  be  of  glass  or  rubber.  It  is  obvious 
that  a  similar  plan  might  be  used  for  other  gases,  possi- 
bly even  for  carbon  dioxide  by  staining  caustic  soda 
with  phenolphthalein,  passing  the  gas  to  decolorization, 
and  using  a  measuring  pump  instead  of  an  aspirating 
bottle,  if  more  convenient. 

The  principal  difficulty,  however,  is  in  the  analysis 
of  the  exit  gas,  i.  e.,  the  gas  after  leaving  the  catalyzer. 
The  reaction  may  be  considered  as  proceeding  as 
follows : 

4NH3  +  5O2  =  4NO  +  6H0O 
but  there  is  commonly  some  excess  of  oxygen,  so  that 
at  least  a  part  of  the  NO  exists  as  NO2  or  N2O4.  Also, 
there  may  be  uncombusted  ammonia,  as  ammonium 
nitrite  or  nitrate  present,  and  there  is  always,  of  course, 
water  vapor  and  nitrogen.  Most  of  the  literature  on 
this  subject  refers  only  to  the  examination  of  gases 
from  arc  processes,  where  there  is  no  question  of  am- 
monia and  where  there  is  always  a  great  excess  of  oxy- 
gen to  convert  NO  into  NOj.  As  N204  is  an  acid- 
forming  oxide,  forming  a  mixture  of  nitrous  and  nitric 
acids  with  water,  the  standard  method  consists  in 
absorbing  the  oxides  in  standard  alkali  and  titrating 
the  excess  of  alkali,  either  with  or  without  the  addi- 
tion of  hydrogen  peroxide  to  oxidize  the  nitrous  to 
nitric  acid.  These  methods  arc  fully  described  and 
tested  in  a  paper  by  Ehrlich  and  Russ.'  The  method 
by  the  absorption  in  standard  alkali,  first  taking  a 
measured  volume  of  gas,  is  not  applicable  to  the 
exit  gas  from  ammonia  oxidation  since: 

(i)  When  an  attempt  is  made  to  obtain  a  sample, 
a  large  condensation  of  water  takes  place  from  the 
hot  gas,  making  it  impossible  to  get  the  true  volume, 
to  say  nothing  of  the  part  of  the  nitrogen  oxides  dis- 
solved in  the  water.  Obviously  the  sample  must 
be  taken  before  condensation  begins. 

(2)  There  may  not  be  sufficient  oxygen  present  to 
oxidize  all  the  nitric  oxide   (NO)   to  nitrogen  dioxide 

>  Ehrlich  and  Russ,  Monalsh.,  32  {1911),  917. 


(NO2),  and  nitric  oxide  is  only  slightly  absorbed  by 
water  or  alkali — water  absorbs  about  s  per  cent  of  its 
volume  at  15°  when  the  partial  pressure  of  the  nitric 
oxide  above  is  760  mm. 

(3)  If  hydrogen  peroxide  is  added  to  the  alkali,  it  is 
not  certain  that  nitric  acid  is  formed  by  the  interac- 
tion of  the  hydrogen  peroxide  and  the  nitric  oxide, 
for  Schoenbein  has  shown  that  the  acid  liquid  so  formed 
causes  potassium  iodide  paste  to  turn  blue,  whence 
he  concludes  that  the  compound  formed  is  not  nitric 
acid.  A  more  serious  objection  is  that,  as  also  has  been 
shown  by  Schoenbein,  hydrogen  peroxide  abundantly 
oxidizes  ammonia  to  ammonium  nitrite.'  This  oxid- 
izing effect  of  hydrogen  peroxide  on  ammonia  renders 
the  reagent  inapplicable — if  the  condition  is  not  pro- 
vided for — to  the  determination  of  nitrogen  oxides  in 
the  exit  gas,  since  uncombusted  ammonia  would  appear 
as  oxidized  nitrogen. 

Ozone  would  be  an  ideal  oxidizer  for  the  case  since 
it  oxidizes  without  change  of  volume  if  it  were  not 
for  the  fact  that  it  also  oxidizes  ammonia.*  Ozone 
oxidizes  nitrogen  oxides,  in  the  presence  of  moisture, 
to  nitric  acid.  On  the  other  hand,  the  use  of  hydrogen 
peroxide  or  similar  oxidizes  is  advantageous,  in  fact 
necessary  if  complete  absorption  is  to  be  obtained. 
This  is  because  there  is  a  decomposition  of  the  nitrite 
ion  in  the  sense  of  the  following  equation:' 

2NO2  =  NO  +  NO3 

The  oxidizing  agent  is  necessary  to  oxidize  the 
nitrous  acid  to  nitric  acid,  and  thus  prevent  the  de- 
composition mentioned.  Incidentally  to  these  ques- 
tions, it  must  be  remembered  that  the  volume  of  the 
sample  taken,  or  some  similar  datum,  must  be  found 
in  order  to  make  the  efficiency  calculation.  This  must 
be  ascertained  by  indirect  means,  as  it  is  impossible 
to  measure  the  volume  directly  on  account  of  the 
abundant  condensation  of  water,  as  previously  men- 
tioned. 

It  has  occurred  to  the  writer  that  the  difficulties 
could  be  overcome  and  a  satisfactory  determination 
made  by  the  following  method:  Aspirate  the  gas 
from  the  exit  pipe,  but  before  it  reaches  the  absorption 
apparatus,  mix  it  with  a  sufficient  (measured)  volume 
of  oxygen  or  air  to  convert  all  the  nitric  oxide  into 
nitrogen  dioxide.  It  will  be  shown  presently  how  it  is 
possible  to  do  this  with  no  graduated  apparatus. 
This  insures  that  all  the  nitric  oxide  enters  the  absorp- 
tion apparatus  as  nitrogen  dioxide,  without  any  of 
the  ammonia  being  oxidized.  Use  two  absorption 
tubes  and  in  the  first,  place  the  standard  alkali  solu- 
tion— say  N/10  alkali — without  anything  else;  in  the 
second  tube  place  a  smaller  quantity  of  standard  alkali, 
together  with  hydrogen  peroxide.'  By  this  means 
the  ammonium  nitrite  stays  in  the  first  tube  where 
there  is  no  hydrogen  peroxide  to  oxidize  it. 

It  might  be  thought  as  an  objection  that  as  the  solu- 
tion in  the  first  tube  is  alkaline,  ammonia  would  be 

'  Schoenbein,  Weith  and  Weber,  Ber.,  7  (1874).  1745;  see  also  other 
papers  by  Schoenbein  in  the  J.  prakt.  Cbem, 

'  llosway  de  Ilosva,  Btr..  21  (1894),  3500. 

•  .-^bcgg  and  Pick,  Z.  anon.  Chem..  61  (1906).  1-28. 

«  The  hydrogen  peroxide  in  the  absorbing  liquid  should  have  a  con- 
centration of  1  per  cent. 
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set  free,  and  carried  over  by  the  slow  (aspirated)  air 
current  into  the  tube  containing  the  hydrogen  per- 
oxide. Perman,'  however,  has  aspirated  air  through 
aqueous  ammonia  solution  of  many  different  concen- 

dc         . 
trations  and  has  plotted  --    against  c  (where  c  is  the 
at 

concentration  of  ammonia  in  the  solution  and  t  the  time 

obtaining  the  result  that  at  low  concentrations  of  am- 

dc     .  .  . 

monia,  -,  ,  t.  e.,  the  amount  of  ammonia  removed  in 
di 

unit  time,  becomes  very  small.      If  his  curve  is  pro- 

dc 
duced  so  that  -,      becomes  zero,  the  concentration  is 
dt 

still  much  above  what  would  be  obtained  in  the  first 
absorption  tube.  In  other  words,  at  the  concentra- 
tions of  ammonia  in  question  no  ammonia  whatever 
is  removed.  The  writer  aspirated  a  current  of  air 
over  night  through  an  ammonia  solution  (about  8 
per  cent)  and  in  the  morning  the  solutions  till  smelled 
very  strongly  of  ammonia.  However,  in  case  very 
large  quantities  of  ammonia  were  passed,  which  would 
scarcely  occur  in  practice,  another  tube  could  be  in- 
serted before  reaching  the  hydrogen  peroxide  tube. 

In  the  experimental  test  of  the  absorption,  pure  dry 
nitric  oxide  was  made  in  a  nitrometer  and  portions 
measured  off  in  a  gas  burette,  over  mercury.  From 
the  burette  it  was  conducted  by  glass  tubing  to  one 
leg  of  a  Y-glass  piece,  through  the  other  leg  of  which 
entered  the  air.  In  each  leg  was  a  constriction  to 
throttle  the  entering  gases  and  prevent  back  diffusion, 
either  of  the  air  into  the  burette  containing  the  nitric 
oxide,  or  of  the  nitric  oxide  into  the  air  reservoir.  The 
mixed  gases  then  proceed  to  the  absorption  apparatus, 
of  which  the  best  form  in  the  writer's  judgment  is  a 
tall  modified  Emmerling  tower  (Fig.  II)  with  a  column 
of  beads  about  five  inches  long.^     A  good  many  perti- 
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iicnt  details  as  to  the  washing  out  and  manipulation 
1  this  form  of  absorber  may  be  found  in  the  paper  by 
Ivdwards.  Two  nf  these  arc  used  for  the  reasons 
set  forth  above.  Into  the  first  was  placed  25  cc.  of 
V/io  sodium  hydroxide,  and  into  the  second,  10  cc. 
•  \  N / 10  sodium  hydroxide  and  35  or  'o  cc.  of  ordinary 

'  J.  Chtm.   Sof.  (I.nmloit),  •?  (IH'>S).  874 

■  Thr  ratliFf  rinitiCFrulcU  nimrr  fur  hiiuiil  Itrluw  i*  tu  Kivr  Ihr  npimriilti* 
I'iilrr  mimriey  Tlirrr  ii  not  much  .parr  tor  llqiiM  arKiinil  thr  liroila. 
I  hr  l.ra.l'.  '.hoiilcl  l.r  ali.ivr  Ihr  >lri>r  IU|uUI  In  rrtiiovr  thr  In.t  trarrv 


3  per  cent  hydrogen  peroxide.'  As  only  a  small  part 
goes  over  into  the  second  absorber,  it  may  be  advan- 
tageously smaller,  if  "perhydrol"  is  used  as  a  source 
of  hydrogen  peroxide.  The  aspiration  is  effected  by 
an  air-tight  aspirating  bottle  with  a  rubber  tube  outlet 
at  the  bottom,  running  into  a  leveling  bottle.  At 
the  end  of  the  run,  after  leveling,  the  amount  of  water 
which  had  escaped  is  equal  to  the  volume  of  air  aspira- 
ted. ^ 

So  far  as  tests  are  concerned,  it  is  of  course  not 
necessary  to  use  an  air  or  oxygen  reservoir  at  all,  since 
the  total  volume  aspirated  and  the  volume  of  the  nitric 
oxide  are  known.  In  an  actual  test,  however,  the 
volume  of  air  (or  preferably  oxygen)  must  be  known 
in  order  to  make  the  necessary  allowance  for  it  in  cal- 
culating the  volume  of  the  sample  taken.  Instead 
of  having  a  graduated  vessel  for  the  oxj-gen,  one  whose 
total  contents  are  known — like  a  sampling  pipette — 
is  more  convenient.  One  end  is  open  and  immersed 
in  water  in  a  battery  jar  (with  a  suitable  guide  above), 
and  from  the  other  end  the  oxygen  may  be  drawn  under 
an  even  pressure,  the  pipette  filling  up  with  water 
from  below.'  In  case  the  reservoir  is  not  empty 
when  the  sample  taking  is  completed,  it  is  only  neces- 
sary to  continue  the  aspirating  until  the  reservoir 
is  empty  of  oxygen,  and  subtract  its  total  volume  as 
will  be  discussed  below.  Or,  if  desired,  the  volume 
of  water  admitted  may  be  measured.  In  the  tests  the 
air  was  drawn  from  a  reservoir  to  avoid  possible 
oxides  of  nitrogen  in  the  laboratory  atmosphere.  An 
alternative  arrangement  shown  in  the  figure  is  equally 
convenient,  and  is  better  when  air  is  used. 

Absorption  or  Nitroosn  Dioxidb 

NO  taken  -  .V/10  or  N/S  or  AT/IO  NO  in 

Expt.                   cc.  .V/5  soda  cc.  cc.  found     Recovery  Miiture 

No.             0°.  760  mm.  theory  by  titration  '"r  fj 

1 23.5  10.4'>  10.61  101  7.6 

2 22.4  10.00  10. li  101  9.2 

J 15.3  6.83  6.95  102  11.1 

4 38.2  17.05  16.91  99  9.1 

5 30.9  13.79  13.98  101  12.2 

6 95.6  21.32  21.43  100.5  11.2 

7 95.9  21.39  21.56  100.8  11.5 

As  will  be  seen,  the  results,  while  very  satisfactory, 
have  a  tendency  to  be  a  little  high  (with  the  excep- 
tion of  No.  4) — higher  than  would  be  accounted  for 
by  titration  errors.  In  the  case  of  No.  4,  the  gases 
were  purposely  passed  faster  than  would  ordinarily 
be  done,  but  even  here  the  results  are  good.  Ehrlich 
and  Russ*  working,  as  mentioned,  on  a  direct  combina- 
tion of  nitrogen  and  oxygen  process,  and  without  the 
complications  necessary  in  ammonia  work,  as  pre- 
viously discussed,  also  obtained  slightly  high  results, 
even  when  using  (apparently)  only  one  absorber.  In- 
deed, if  the  exlrcnic  of  accuracy  were  necessary,  it 
would  be  possible  to  use  pure  nitric  oxide  from  a  nitrom- 
eter as  the  ultimate  standard.  It  is  advisable  to 
obtain  an  "overall"  correction  for  the  whole  apparatus, 

1  The  alkalt  ahould  l>e  on  top  of  the  pero&iitr  ui  much  «■  po«stti1r 
*  In  niakinii  the  IriK  on  ahiorptinu,  thii  nirlhixl  of  mitint  pure  nitric 
ostde  and  air  i«  prrfrrahlr  In  illlutiiic  thr  ultrti-  ti«ii1r  in  thr  hut^ttr.  tinct 
the  latter  plan  rrtiutrca  I(m%  larir  a  ipace  ox-rr  mrrclirr  llr^idra,  an^ 
trao'  nf  uiycrn  In  Ihr  diluting  gaa  focina  niltntrn  diixldr.  ohirh  attack! 
thr  mercury  even  if  the  Ka«rm  liavr  l»rrn  iMiMdnl  through  aulftiric  af4d 

■  A  rraily  lmpr«vi*atl<ui  of  luirh  an  aifanc>mrnt  it  a  arparatiVT  funiwl, 
cloaed  with  a  one  hole  ilopprf  and  Invrtlwl  in  a  Ualterf  )ar  full  at  water. 
A  fraah  lioltir  with  Irrrllnf  Initllr  atlathrd  ii  equally  (uoal.  at  in  Fif    II. 
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by  adding  the  standard  alkali  and  peroxide,  aspirating 
about  a  liter  of  air  through,  and  removing  the  alkali, 
washing  the  apparatus,  and  titrating.  In  this  way 
small  errors  in  the  measuring  instruments,  as  well 
as  the  acidity  of  the  peroxide,  are  taken  up.  This 
"overall"  correction  was  used  on  Experiments  6  and  7 
where  much  larger  amounts  of  gas  were  handled  than 
in  Experiments  1-5,  in  which  only  the  peroxide  correc- 
tion was  applied. 

The  writer  thought  it  worth  while  to  see  whether 
approximate  results  in  the  absence  of  ammonia  and  in 
spite  of  the  objections  mentioned  might  not  be  ob- 
tained by  attempting  to  absorb  nitric  oxide  mixed 
with  air  insufficient  to  convert  the  nitric  oxide  into 
nitrogen  dioxide,  in  alkaline  hydrogen  peroxide.  This 
would  avoid  the  necessity  of  previously  mixing  the 
sample  with  oxygen,  putting  the  duty  of  oxidizing 
the  nitric  oxide  wholly  on  the  hydrogen  peroxide.  It 
was  found,  however,  that  the  nitric  oxide  bubbles 
freely  through  the  alkaline  peroxide,  and  turns  into 
brown  fumes  on  entering  the  air.  Hydrogen  per- 
oxide instantly  oxidizes  nitrous  acid,  but  only  slowly 
and  incompletely  acts  on  nitric  oxide,  and  possibly, 
as  mentioned,  not  with  the  production  of  nitric  acid. 

In  the  making  of  an  actual  determination,  the  fol- 
lowing practical  details  are  worth  mentioning:  Set 
up  the  apparatus  as  in  Fig.  II.  The  sample  is  taken 
through  a  capillary  tube  placed  as  close  to  the  catalyzer 
as  possible  without  melting  the  glass. •  The  reason  for 
using  a  capillary  is  that  as  soon  as  the  exit  gas  cools, 
large  quantities  of  water  condense  from  it,  and  in  a 
capillary  this  water  is  pushed  along  with  the  move- 
ment of  gas.  All  this  water  must,  of  course,  be  included 
in  the  sample,  but  no  water  should  be  included  that  has 
condensed  before  the  taking  of  the  sample  begins.  Hence 
the  taking  of  the  sample  must  commence  before  the 
dew  point  is  reached,  or  the  results  will  be  worthless. 

The  sample  may  be  taken  as  slowly  as  desired  to  aver- 
age the  determination  over  some  time — a  plan  highly 
desirable  when  working  with  catalyzers.  About  a 
liter  of  gas  should  be  used,  at  least,  to  avoid  letting 
small  constant  errors  have  too  great  an  effect  on  the 
result.  Great  care  must  be  taken  to  have  tight 
connections  throughout  the  apparatus — a  condition 
not  difficult  to  secure  if  first  class,  rather  soft,  rubber 
stoppers  and  good  rubber  tubing  are  available.  Put 
25  cc.  iV/s  caustic  soda  in  the  absorber  nearest  the 
sampling  capillary  and  20  cc.  with  10  cc.  of  3  per  cent 
hydrogen  peroxide  in  the  other  one.  The  wash  bot- 
tle next  the  aspirating  bottle  saves  the  determination 
in  case  of  a  sudden  violent  passage  of  gas,  and  also 
indicates  an  insufficiency  of  oxygen,  as  the  space 
above  the  small  quantity  of  water  it  should  contain 
has  sufficient  air  to  turn  the  passing  gas  brown  if  all 
the  nitric  oxide  has  not  already  been  removed  from  it. 
Fill  the  bottle  O2  with  oxygen,  taking  care  that  every 
bit  of  water  is  drained  out,^  elevate  the  leveling  bot- 
tle about  2  feet  and  open  SC  4,  which  puts  the  oxygen 
under  a  little  pressure,  SC  2  being,  of  course,  closed. 
With  SC  1  closed,  put  the  outlet  of  the  aspirating  bot- 

1  The  glass  might  well  be  platinized,  or  a  silica  tube  used. 
*  The  water  may  be  poured  out  as  there  is  no  special  point  in  having 
pure  oxygen. 


tie  on  a  lower  level,  cautiously  open  SC  i  to  let  slow 
bubbles  pass,  and  at  the  same  time  open  SC  2  slightly 
to  admit  oxygen.  The  amount  to  admit  depends  on 
the  strength  of  the  exit  gas  as  one  volume  of  nitric 
oxide  consumes  one-half  a  volume  of  oxygen.  But  a 
much  larger  quantity  of  oxygen  may  be  used,  the 
rapidity  of  the  bubbles  serving  as  a  guide,  perhaps  one 
bubble  of  oxygen  to  three  of  exit  gas — a  quantity  of 
oxygen  sufficient  for  all  possible  conditions.  If  de- 
sired, a  wash  bottle  may  be  placed  after  the  oxygen 
bottle.  When  the  taking  of  the  sample  has  been  con- 
cluded, close  SC  1  and  SC  2,  and  the  intake  capillary, 
put  the  wash  bottle  'near  the  aspirator  over  on  its 
side,  and  level  the  contents  of  the  aspirating  bottle 
with  its  outlet  bottle,  finally  opening  SC  i  and  SC  3 
to  get  the  level  exact.'  The  volume  of  water  in  the 
outlet  bottle  is  the  quantity  /.  It  is  clear  that  it  is  of 
no  importance  whether  the  volume  /  is  taken  at  the 
same  temperature  and  pressure  as  that  at  which  the 
entering  ammonia-air  mixture  is  analyzed  or  not, 
as  the  ammonia  in  the  intake  gas  is  expressed  here  as 
a  ratio  b.  The  quantity  /  must,  however,  be  measured 
at  the  same  temperature  and  pressure  as  the  oxygen 
added.  To  find  the  volume  of  oxygen  added,  either 
continue  passing  it  until  the  oxygen  container  (of 
known  volume)  is  filled  with  water,  or  level  the  bottle 
and  measure  the  water  that  has  flowed  in.  In  any 
case  some  oxygen  must  be  passed  to  wash  out  the  con- 
nections. 

Titrate  the  liquid  from  each  burette  separately. 
Two  or  three  washings  are  sufficient  to  remove  the 
liquid  from  the  beads  if  some  adjustment  has  been 
made  between  the  soda  added  and  the  nitrous  gases 
present.  If  the  liquid  is  acid,  the  determination  is 
not  necessarily  lost.  For  an  indicator,  sodium  alizarin 
sulfonate  is  the  best,  as  it  is  not  affected  by  moderate 
amounts  of  hydrogen  peroxide  or  nitrous  acid.'  The 
gas  is  to  be  calculated  to  nitric  oxide  (NO)  at  the  tem- 
perature and  pressure  at  which  the  oxygen  excess  and/ 
(or  the  volume  in  the  aspirator  outlet)  is  measured. 
This  calculation  can  be  quickly  made  with  sufficient 
accuracy  on  a  slide  rule,  considering  that  for  this  pur- 
pose nitric  oxide  is  a  perfect  gas.  Taking  the  gram 
molecular  volume  at  22412,  we  see  that  each  cc.  of  N/$ 
alkali  (previously  corrected  by  the  "overall"  correc- 
tion already  mentioned)  is  equivalent  to  4,482  cc. 
of  nitric  oxide  at  0°  and  760  mm.  In  the  sequel  the 
volume  for  room  temperature  and  pressure  is  referred 
to  as  V„o. 

Hydrogen  peroxide  is  rather  easily  decomposed 
and  the  author  thought  that  possibly  enough  oxygen 
might  be  carried  over  into  the  aspirator  bottle  to  af- 
fect the  results.  To  test  this  point,  tw-o  portions  of 
about  a  liter  each  of  air  were  aspirated  through  the 
apparatus,  and  the  hydrogen  peroxide  titrated  with 
permanganate  (ten  cc.  of  peroxide,  with  20  cc.  of 
A^,  10  caustic  soda).     It  was  found  that  the  alkaline 

•  SC  3  is  the  screw  cock  to  a  water  leveling  gauge,  as  the  diameter  of  the 
aspirating  bottle  might  be  too  large  to  get  an  accurate  level  in  the  ordinary 
way. 

'  An  observation  paralleling  Schoenbein's  was  made  here.  If  oxygen 
is  deficient,  and  nitric  oxide  passes  to  the  hydrogen  peroxide  absorber,  a 
compound  is  formed  that  acts  on  the  sodium  alizarin  sulfonate  and  causes 
irregularity.     This  is  a  sign  of  insufficient  oxygen. 
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I  per  cent  peroxide  yielded  only  in  one  case  6.0  cc. 
and  in  the  other  6.6  cc.  While  this  amount  would 
scarcely  aflfect  the  efBciency  appreciably,  it  is  advisa- 
ble to  subtract  6.0  cc.  from  the  volume/.  Possibly  a 
suitable  oxidizer  not  yielding  gaseous  oxygen  could 
be  found,  but  it  hardly  seemed  worth  while  to  search. 

A  point  of  advantage  that  has  great  weight  in  prac- 
tice is  that  there  is  no  limit  to  the  length  of  time  dur- 
ing which  a  sample  may  be  taken.  If  it  is  desired  to 
take  a  sample  continuously,  it  is  only  necessary  to 
get  an  aspirating  bottle  (or  other  vacuum  device) 
large  enough,  and  to  arrange  sufficient  capacity  in 
the  absorbers.  Those  who  have  worked  with  catalyzers 
will  appreciate  this  point.  The  arrangements  sug- 
gested are  such  that  it  is  possible  to  make  a  test  with- 
out dismantling  the  apparatus,  the  liquids  to  be  ti- 
trated, for  example,  being  drawn  off  without  disturbing 
the  rest  of  the  apparatus.  Moreover,  the  sample 
may  be  taken  at  any  speed,  say  one  bubble  every  five 
minutes,  if  it  should  be  desired  to  make  a  test  over  a 
considerable  period  of  time. 

An  alternative  and  efficient  absorbing  medium  for 
nitrous  gases  is  sulfuric  acid.  As  is  the  case  with 
standard  alkali,  the  gases  must  be  previously  mixed 
with  oxygen  as  it  is  nitrogen  dioxide  and  not  nitric  oxide 
which  is  absorbed.  A  trial  with  dry  nitrogen  peroxide 
and  air  with  the  writer's  apparatus,  using  concentrated 
acid  in  the  first  tube  and  standard  alkali  and  hydrogen 
peroxide  in  the  second,  showed  that  98  per  cent  of 
the  nitrous  gases  were  absorbed  in  the  first  or  sulfuric 
arid  tube.  Doubtless  an  arrangement  could  be  de- 
'  cd   whereby  only   one   tube   would   be  required   for 

iiiplete  absorption,  so  far  as  dry  nitrogen  peroxide 
i.s  concerned.  For  ammonia  oxidation  exit  gas,  how- 
ever, two  tubes  would  seem  to  be  required  as  the  acid 
in  the  first  might  become  too  dilute  from  the  condensed 
water.  For  the  determination  both  tubes  would  have 
to  be  rinsed  out  with  concentrated  acid,  all  the  acid 
mixed  and  diluted  to  a  known  volume,  and  an  aliquot 
part  taken  to  be  shaken  out  in  a  nitrometer.  As  this 
process  is  decidedly  longer  and  less  convenient  than 
that  with  alkali  and  as  the  ammonia  could  not  be 
determined  in  the  sulfuric  acid  absorbent  in  a  prac- 
tical manner,  no  further  experiments  were  made  in 
this  direction.  Still,  the  method  might  be  advan- 
tageous if  it  was  desired  to  absorb  large  quantities 
of  nitrogen  peroxide,  first  cooling  the  gases  thoroughly 
to  remove  the  water,  in  a  separate  apparatus.  Plain 
water  was  also  tried  as  absorbent  medium,  adding  some 
hydrogen  peroxide  to  the  second  tube:  a  recovery 
of  Qa.4  per  cent  was  obtained,  from  which  it  is  clear 
that  it  is  necessary  to  have  the  alkali. 

For  the  determination  of  ammonia  in  the  exit  gases, 
where  the  (|U.inlities  arc  small,'  the  most  practical 
and  available  method  is  that  in  which  the  ammonia 
is  oxidized  by  sodium  hypt)br<>mitc,  and  the  resulting 
nitrogen  mcasurcil  in  n  gas  burette.  Uy  this  procedure, 
using  the  solution  which  has  bee/i  titrated  with  stand- 
ard acid  to  olitnin  the  total  nitrogen  oxides,  the  am- 
monia   can    be    estimated    in    j    or    4    minutes.     The 
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method,  due  to  Knop,  is  described  by  Lunge,'  but  a 
simpler  apparatus  can  be  used.^  Unless  the  tem- 
perature of  the  place  where  it  is  used  is  uniform 
water  jackets  should  be  applied.  Use  12  cc.  sodium 
hypobromite  solution  (25  cc.  bromine  and  150  g. 
sodium  hydroxide  in  a  liter)  and  100  cc.  of  the  solu- 
tion taken  from  the  first  absorber,  which  has,  of  course, 
been  titrated.  If  there  is  not  so  much  solution,  then 
use  proportionately  less  sodium  hypobromite.  or,  better, 
dilute  so  as  to  have  nearly  the  same  volume  in  each 
determination.  The  difference  of  readings  is  the 
nitrogen  evolved,  and  doubling  it  the  ammonia  is 
obtained.  There  appears  to  be  no  advantage  is  using 
more  than  12  cc.  of  sodium  hypobromite  solution. 
The  results  are  much  improved  by  making  certain 
corrections.  Around  a  plant  where  much  ammonia 
is  used,  it  is  important  to  make  a  blank  either  on  the 
distilled  water  or  on  the  standard  solutions  used. 
The  author  found  that  this  amounted  to  0.40  cc. 
Further,  the  amount  of  nitrogen  evolved  is  less  than 
corresponds  to  the  ammonia,  doubtless  mostly  on 
account  of  the  reaction  not  going  to  completion. 
The  correction  to  be  applied  varies  somewhat  with 
the  apparatus  and  conditions.  For  the  writer's 
conditions,  the  list  of  corrections  given  in  the  Chcmikrr- 
Kalender  was  found  to  be  of  no  use.  To  find  the  cor- 
rections, prepare  a  Nfio  solution  of  ammonium 
sulfate,  and  determine  the  ammonia  in  it  by  the  pro- 
cedure described,  using  varying  proportions  up  to  25 
cc.  of  the  ammonium  sulfate  solution.  The  blank 
must  be  subtracted.  Calculate  the  cc.  of  nitrogen 
that  I  cc.  of  -V/10  ammonium  sulfate  should  yield 
at  the  temperature  and  pressure  at  which  the  deter- 
mination is  made,  using  the  formula 

(i  -f  0.00367  /)  760 

I<    =  1. 12 

b  —  e 

V,  is  the  volume  of  nitrogen  corresponding  to  i  cc.  of 
N/10  ammonium  sulfate,  at  the  temperature  /  and 
barometer  b,  where  e  is  the  tension  of  aqueous  vapor 
corresponding  to  /,  all  the  pressures  being  in  milli- 
meters of  mercury.  Working  in  this  way,  it  will  be 
found  that  a  fairly  constant  factor  can  be  found  be- 
tween the  theoretical  and  observed  volumes,  which 
may  then  be  applied  to  all  results.  This  remark  ap- 
plies, of  course,  to  small  amounts  of  ammonia,  up  to 
35  or  40  cc. 

To  calculate  the  efficiency  consider  any  given  vol- 
ume, V„  of  entering  gas  mixture  as  made  of  (our 
parts  which  may  be  conceived  as  independent  strata. 
The  first  part  consists  of  that  portion  which  is  des- 
tined to  react  according  to  the  equation 

NH,  +  1.25  O,  -   NO  +  1.5  H.O.  ^i) 

.\s  the  oxygen  comes  from  air  (jo.o  per  cent  oxygen) 
the  nitric  oxide  is  nh.sorbcd  by  the  alkali,  and  the 
water  condenses;  6.Q.S  vohinics  of  airammonin  mix- 
ture yield  4.73  volumes  of  ga.s  (Ni)  in  the  aspirating 
bottle.     Call  this  perfectly  combusted  part  or  stratum 

'  l.iinur  anil  Urtl,  'Taw-hmlxH  h  fnt  illr  •i»«««nl«ch  rhrmtM-kr  Ofvu 
ttulu.lrlr.      ItU.  1.    .•^.'       Tir..lwrll  .n.l  tUll    i,  |.    ^.•.• 

>  (ll.cn.  Uiiaiiltlallvr  vhrmi««l  Analj.i-  ItO*.  l<  M?  >(>pa»(M  Con- 
•lala  n(  it  ilrtonipixlllon  II>>1  ami  (aa  linrrltr 
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Vc,  and  on  passing  through  the  catalyzer  and  absorb- 
ers' it  shrinks  from  V^  to  0.678  I'c- 

The  second  part  or  stratum  is  that  which  reacts 
according  to   the   reaction 

NH3  +  0.75  O,  =  0.5  N:  +  1.5  H.O.  (2) 

That  is,  one  volume  of  ammonia  plus  3.59  volumes  of 
air  yield  3.34  volumes  of  nitrogen  in  the  aspirating 
bottle.  Call  this  second  part,  which  yields  nitrogen 
on  combustion,  V„.  The  ]'„  on  passing  through 
catalyzer  and  absorbers  shrinks  to  0.728  V„.  The 
third  part  is  the  excess  of  air,  I'a,  which  passes  through 
unchanged,  and  the  fourth  part  is  the  excess  of  am- 
monia which  passes  through  the  catalyzer  unchanged, 
but  is  absorbed  in  the  absorption  tubes.  Call  this 
lost  ammonia  I'l. 

In  operating  a  furnace,  it  is  of  course  advisable  to 
adjust  it  so  that  no  ammonia  escapes  oxidation. 
Hence  we  first  consider  the  case  where  there  is  no 
ammonia  in  the  exit  gas.  If  /  is  the  volume  collected 
in  the  aspirator  bottle  and  fc  the  same  volume  cor- 
rected, as  will  be  mentioned  below,  so  that  fc  is  the 
volume  /  would  have  if  the  correction  proceeded  ac- 
cording to  (i)  and  (2)  without  admixture  of  oxygen, 
and  if  the  nitric  oxide  were  directly  removed  by  the 
absorbers,  we  have 

/,  =  0.678  \\-  +  0.728  r„  +  r„.  (3) 

If  b  is  the  ratio_of  the  ammonia  to  the  given  volume 
I'e  of  entrance  gas, 

Vnh,  =  b  (V,  +   V„  +   V,),  (2) 

where   1',,^,  is  the  ammonia  in   I',. 

Since  one  volume  of  ammonia  yields  one  volume  of 
nitric   oxide 

V„o  =  0.1433  I'o  (3) 

where  V„o  is  the  volume  of  nitric  oxide  as  calculated 
from  the  titration,  and  I'c  contains  14.33  per  cent  of 
ammonia,  which  is  the  theoretical  percentage  for  a 
perfect  reaction.  Also,  considering  the  volume  per- 
centages of  ammonia  in  V^  and  V„,  we  have 

F„;„  =  0.1433  ^'c  +  0.2178  r„.  (4) 

Eliminating  Va  between  (i)  and  (2), 


0-3223  I'c  +  o. 2723  r 


Eliminating  I',,  between  (4)  and  (5), 


I',. 


fc    +  O.  1433    I'c 


(5) 


(6) 


i/b—i 

Equations  (5)  and  (6)  are  independently  useful; 
(5)  gives  the  contraction  and  (6)  the  total  volume  of 
ammonia  used. 

Since  \'„o  is   directly  known   from   the  titration,  we 
can  easily  get  l'^  from  (3).     The  efficiency  is  the  volume 
of  nitric  oxide  divided  by  the  volume  of  ammonia. 
V..0    ^    V^o(j/b—i.2s) 


Efficiency  = 


(7) 


fc  +  V„, 

It  will  thus  be  seen  that  the  calculation  of  an  efficiency 
is  a  good  deal  simpler  than  might  be  supposed  from 
the  steps.     The  method  does  not  necessitate  the  estima- 

■  The  cutalyzer  is  of  course   that   of  the   plant  being  tested,   and  the 
absorbers  those  of  the  testing  outfit. 


tion  of  the  oxygen  in  /.  In  case  the  hypobromite  or 
other  test  shows  that  ammonia  has  gone  through  the 
catalyzer  unchanged,  the  equations  must  be  modified 
as  follows:  If  I'l  is  the  lost  ammonia  in  T'',  and  con- 
sidering that  I'l  is  a  separate  part  of  V'  and  does  not 
form  part  of  I'c,  Equation  (3)  remains  unchanged, 
all  the  lost  ammonia  being  absorbed. 

Since  I'l  is  a  part  of  l',, 

Vnh,  =  b  {Vc  +  V„  +  r«  +  r,).  (8) 

Since  V„o  is  determined  by  titration  and  does  not 
include  the  nitric  oxide  neutralized  by   I'l, 

T'bo  +  I'l  =  o.  1433  Vc.  (9) 

Equation  (9)  involves  the  assumption  that  the  plant 
is  not  operating  with  such  gross  inefficiency  that  more 
ammonia  is  going  through  than  is  being  oxidized.  In 
this  case  the  standard  alkali  in  the  absorbers  would 
become  more  alkaline,  and  it  would  not  be  worth 
while  to  calculate  the  efficiency  at  all. 

Equation  (4)  must  be  modified  as  follows: 

v„h,  =  0.1433  ''c  +  0.2178  r„  +  r,        (10) 

Eliminating  Va  between  (3)  and  (8), 

—^' — fc  =  0.3223   Vc  +  0.2723   V„  +   I'l. 


Eliminating  I 

I',,/..  = 


between  (10)  and  (11), 

0.1433  Vc  —  0.2S  Vi    +fc 


(II) 


(12) 


1/6—1.25 

In  the  efficiency  equation,  I'l  must  be  added  to 
I'„o  as  I'l  neutralizes  its  equivalent  of  !'„<,,  as  deter- 
mined by  titration.  Substituting  I'c  in  known  terms 
from   (9), 

V„o+V,       (r„„+  Fi)(i/6— 1.2s) 


Efficiency 


-.(13) 


I'«A,  V«o  +0.75   Vi  +fc 

The  volume  /  is  the  final  volume  collected  in  the 
aspirator  bottle  at  the  temperature  and  pressure  at 
which  the  experiment  was  made,  or  corrected  for 
temperature  and  pressure  if  necessary.  This  volume 
/  must  be  corrected  ( =  fc)  because  not  only  has  oxygen 
been  added,  but  a  secondary  reaction  has  taken  place. 
The  nitric  oxide  of  Equation  (i)  has  absorbed  oxygen 
from  the  excess  of  air,  I'a,  and  from  the  oxygen  added. 
Since  one  volume  of  nitric  oxide  absorbs  one-half  vol- 
ume of  oxygen,  and  since  ]'„„  is  the  nitric  oxide  as 
determined  by  titration  and  does  not  contain  a  vol- 
ume of  nitric  oxide  converted  to  ammonium  nitrite 
or  nitrate  by  the  volume  (I'l)  of  ammonia  escaping 
oxidation,  we  have  the  correction 

fc    =/  +   0.5   (T'„o   +    Vl)—   Vox, 

where  ]'ox  is  the  volume  of  oxygen  added. 

If  the  oxygen  content  of  the  gas  in  the  aspirator 
bottle  is  determined,  I'a  may  be  found  from  it  as  a 
check,  or  a  different  method  of  calculating  the  efficiency 
might  be  adopted — but  both  these  necessitate  the 
determination  of  oxygen.  In  any  case,  it  is  useful  to 
have  the  gas  divided  into  components  according  to 
they  way  they  act  to  the  catalyzer  and  absorbers. 

In  the  above  discussion  no  mention  has  been  made 
of  aqueous  vapor.  It  is  obvious  that  its  effects  will, 
in  the  efficiency  ratio,  partly  cancel  out,  but  not  en- 
tirely.    In  case  a  degree  of  accuracy  is  required   such 
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that  the  aqueous  vapor  must  be  taken  into  account, 
there  is  nothing  to  do  but  make  the  necessary  correc- 
tions in  each  quantity  as  found — which  is  more  sim- 
ple than  making  a  new  set  of  equations. 

It  seems  to  be  true,  as  first  observed  by  Berthelot,' 
that  nitrogen  trioxide  is  first  formed  by  the  interac- 
tion of  nitric  oxide  and  oxygen  even  when  the  oxygen 
is  in  excess,  but  the  nitrogen  dioxide  is  so  quickly 
formed  that  there  is  no  danger  of  error  from  this  source. 
Only  traces  of  nitric  acid  are  formed  at  the  dilution 
of  the  gases  used,  though  if  pure  oxygen  and  pure 
nitric  oxide  are  mixed,  larger  quantities  may  result. 
These  reactions  in  no  way  affect  the  titrations,  and 
only  the  final  volume  as  a  small  correction  to  a  large 
volume. 

In  experimental  work  the  total  ammonia  consumed 
carr  be  found  by  titrating  the  liquor  used  for  saturat- 
ing the  air  (if  the  air  is  saturated  by  this  means)  be- 
fore and  after  the  experiment.  But  this  is  of  course 
impossible  in  a  manufacturing  plant,  since  the  intake 
and  exit  gas  are  sampled  only,  not  taken  as  a  whole. 

For  the  nitrous  acid,  the  most  practical  method  for 
the  case  in  hand  is  by  the  use  of  permanganate. 
In  the  procedure  devised  by  Lunge,-  the  nitrous  acid 
sample  is  placed  in  the  burette  and  run  into  a  measured 
excess  of  permanganate  heated  to  40-50°.  The  color 
change  is  not  very  prompt,  and  the  method  is  incon- 
venient unless  the  approximate  amount  of  nitrous 
acid  is  known.  By  working  in  the  following  way  the 
results  are  obtained  more  quickly,  the  approximate 
quantity  of  nitrous  acid  need  not  be  known,  and — 
what  is  a  matter  of  importance  in  some  plants — no 
flame  or  heat  is  required.  Prepare  a  dilute  solution 
(about  I  volume  of  3%  hydrogen  peroxide  to  7  volumes 
of  water)  and  titrate  it  with  permanganate.  Add  a 
measured  quantity,  say  10  cc,  of  this  solution  to  the 
nitrous  acid  sample,  and  titrate  with  permanganate. 
The  nitrous  acid  is  readily  calculated  from  the  difler- 
cnce.  Even  if  the  hydrogen  peroxide  had  to  be  ti- 
trated for  every  determination,  the  method  is  more 
satisfactory  than  the  direct  use  of  permanganate. 
Of  course  the  same  assumptions  are  valid  as  to  the 
presence  of  other  oxidizable  bodies,  etc.,  as  with  the 
direct  use  of  permanganate. 
1605  East  Capitol  St. 
Wasiiinoton,  D.  C. 


THE  EFFECTS  OF  EXPOSURE  ON  SOME  FLUID 
BITUMENS 

Ily   L'iiAKi.i>  S    Kkkvii   and  KicirAKU  II.   Liiwin 
Krccivcfl  April  16.  I'll  7 

In  iiji.',  ilulibard  and  Reeve  published  a  i)apor* 
giving  the  results  of  exposure  on  some  semi-solid 
bitumens,  and  tliis  was  later  followed  by  a  paper*  by 
Rfcvc  and  Andcrton  in  which  the  cfTccts  of  exposure 

I  CompI    rrmil  .  iT  I  IHT  II.  1450. 

'  LiiiiKr.  "SilKiiili  A.  Ill  uiiil  Alkoh.-  ••Ih  l-:<l  ,  1  II'IH).  Ml.  .Sec  al«o 
Clprrlally  C.rrllMKrr.  /    nitiu     t  htm  .  ItOl,  {<    I  .MO 

•"The  Kdcct  nl  KipoMirr  on  llltiinirni."  Tiiin  JuimNAi..  •  (l«M). 
IS.  A  paprr  prrarnlril  ul  Ihr  Hlnhth  Inltrnallalial  Loikitm  of  Applied 
Cb«mlalrY.  Nrw  Vorlc.  Hrplrinlirr.  I'll; 

•  "Thp  i:nri  I.  „f  i;M„>«iirr  cm  Tar  I'riMlii.  ■■  •  /  /ro.*  /»,!  (K-lnlitr. 
1'>I6. 


as  limited  to  tar  products  were  shown  and  some  of  the 
relations  between  the  results  of  exposure  and  laboratory 
tests  were  discussed.  In  view  of  the  interesting  be- 
havior shown  by  the  various  products  considered  in  the 
above  investigation,  the  authors  felt  that  further  re- 
sults of  value  might  be  brought  out  by  continuing  a 
similar  line  of  investigation  to  show  the  behavior  of 
more  fluid  materials.  The  form  of  investigation  is, 
moreover,  more  directly  related  to  materials  of  this 
character,  owing  to  the  fact  that  they  are  largely  used 
in  surface  treatment  where  they  are  directly  exposed 
in  a  thin  layer  to  the  action  of  sun  and  air. 

The  exposures  were  made  in  a  box  of  the  same  type 
as  that  used  in  previous  work  and  shown  in   Fig.   I. 


For  the  information  of  those  who  are  not  familiar  with 
the  earlier  publications  on  the  subject,  the  following 
brief  description  of  this  box  is  given.  It  is  made  of 
'/4-in.  wood  and  has  interior  dimensions  25  X  14'  s  X 
2  in.  A  ','4-in.  plate  glass  cover  rests  on  a  strip  of 
thick  felt  fastened  to  the  edges  of  the  box  in  order 
to  make  a  tight  joint  and  exclude  all  dust.  For  ven- 
tilation, slots  are  cut  through  each  side  of  the  box, 
and  to  prevent  the  entrance  of  rain  these  are  protected 
by  a  thin  board  extending  from  the  rim  at  an  angle  of 
about  45°.  Cotton  batting  is  packed  under  this 
board  against  the  slots  to  e.tclude  dust  from  the  out- 
side  air. 

The  samples  to  be  exposed  were  placed  in  2-oz., 
seamless,  flat-bottom,  tin  boxes,  liaving  a  diameter 
of  6  cm.  and  a  depth  of  2  cm.  In  order  to  insure  a 
uniform  depth  of  sample,  approximately  u  cc.  of  the 
material  under  test  were  used.  Seven  rows,  each  con- 
sisting of  six  boxes  of  the  same  material,  were  placed 
lengthwise  of  the  box,  which  was  set  with  its  long 
side  extending  east  and  west  outside  a  window  having 
a  southern  exposure.  The  materials  used  and  their 
characteristics  are  given  in  Tabic  I.  All  tests  made  in 
connection  with  this  work  were  carrieil  out  as  described 
in  Office  of  Public  Roads  Riillclin  38.' 

The  samples  were  exposed  on  January  7,  and  at 
the  end  of  every  second  month  a  complete  scl  was 
withdrawn  and  tested,  uniil  the  cxpasurc  had  run 
throughout  a  full  year.  The  tests  at  the  end  of  each 
period  included  a  careful  wcighinj;  to  nolo  any  loss 
or  gain,  a  consistency  test,  and  the  determination  of 
orsanic  matter  insoluble  in  carbon  disullido,  and  tixcd 
carbon.  Where  possible,  penetration  tests  were  tnM<le 
on  the  residues  from  exposure;  otherwise,  the  consis- 
tency was  determineil  by  a  llo.it  test  at  40"  C 

■  "Mtlhodt  lor  Ih*  B«*mlnalloa  ot  llllumlBoui  Noad  M>i'i»l*  " 
br  PHviMl  Hubbard  and  Chctln  S.  Rmv* 
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Table  I — Analyses  ok  Petrolbii 

Crude  Pbtroleuh 
Mexican  Trinidad 

Sample  Number  6320  6335 

Specific  p-avity  25/25°  C 0.926  0.947 


Products  Used  in  Tests 
Oil-Asphalt 


Petrolevm  Residuum 


Flash  point. 
Burning  point. 
Specific 


ty. 


32 

46  68 

41.5  (25°  C.)  88.1  (25°  C.) 


99.88 
0.08 
0.04 


Float  test.  40°  C 

Percent  loss,  163°  C,  5  hrs 27.  19 

Consistency  of  residue(a) 6'  0" 

Bitumen  soluble  in  CSi 99.97 

Organic  matter,  insoluble 0.03 

Inorganic  matter,  insoluble 0.00 

Percent  bitumen  insoluble  in  86°  B{.  naphtha  12.79  8. 

Fixed  carbon 7.23  4.1 

(0)  Float  tests  at  40°  C. 

Watbr-Gas  Tar  Preparation 

Sample  Number  6321 

Specific  gravity  25°/25°  C 1.126 

Specific  viscosity  50°  C 29 .  8 

Float  test,  40°  C 22.4  sees. 

Free  carbon 2.43% 

Loss  at  163°  C,  5  hours 19.27% 

Penetration  residue 10.6  mm 


Table  II  gives  the  results  which  show  the  changes 
for  each  period  at  which  samples  were  withdrawn 
from  the  exposure  box. 

It  will  be  noted  that  at  the  end  of  two  months  the 
crude  petroleums  had  lost  12.47  per  cent  and  14.57 
per  cent,  respectively;  the  two  cut-back  products 
had  each  shown  a  slight  increase  in  weight,  while  the 
Texas  residual  petroleum  (6336)  had  shown  a  decided 
increase  in  weight,  2.16  per  cent,  and  slight  softening 
of  the  material  as  indicated  by  the  float  test  at  4o°C. 
It  is  interesting  to  note  that  the  tar  preparation  (6321), 
which  on  distillation  gave  less  than  2 .  i  per  cent 
distillate  to  170°  C,  lost  7.  29  per  cent  during  the  two 
coldest  months  of  the  year. 

The  four  materials  above  discussed  were  all  used  in 
adjacent  experimental  sections  for  the  surface  treat- 
ment of  a  limestone  macadam  road,  so  that  a  com- 
parison of  service  with  test  results  is  possible.  The 
treatments  were  applied  simultaneously  in  the  late 
fall  when  the  conditions  for  a  rapid  setting  up  of  the 
materials  were  about  at"  their  worst.  The  applica- 
tions were  covered  with  pea  gravel.  The  behavior 
of  the  four  products  was  in  general  accord  with  their 
relative  behavior  as  shown  in  Table   II.     The  crude 


Cut-back 

Texas 

Trinidad 

6122 

6121 

6336 

5857 

0.958 

0.937 

0.957 

0.994 

155 

172 

167 

107 

173 

195 

198 

173 

49.8  (25°  C.) 

27.1  (50° 

C.) 

43.0  (50°  C.) 

17.3  (100 

'C.» 

153.7  (25° 

C.) 

13.8' 

12.9' 

1.22' 

13.29 

9.79 

6.32 

12.03 

22" 

1'  5' 

18' 

6' 30" 

99.94 

99.92 

99.92 

99.82 

0.06 

0.08 

0.05 

0.10 

0.00 

0.00 

0.03 

0.08 

8.19 

11.55 

0.65 

9.51 

4.12 

6.81 

1.47 

5.63 

iM  r..;/ 

Di 

.>i;.v(   <;uif„i,  T,,i 

Per  cent  by  Weight 

Per  cent  Insoluble 

Light  Oils  to 

110°  C... 

.     0 

5(a) 

Fraction 

no  to  170 

C 

1 

6(6)         2 

■0  to  315 

C 

7.5 

Heavy  Oils: 

315  to  350 

°C 

10  (1 

170  to  270 

'C 

.    18 

8(1:)         3 

50  to  375 

'  C 

7   .5 

270  to  315 

•c 

13 

1(a) 

Pitch  Residue 

.    65 

9 

(o)  Clear.     (6)  Cloudy,     (c)  Slightly  cloudy. 

petroleums  and  the  tar  preparation  soon  developed 
a  firm  mat  which  withstood  rain  and  snow  under  traffic 
without  displacement  or  disintegration.  The  Texas 
residual  petroleum  (6336),  however,  rapidly  worked 
into  a  deep  mud  in  wet  weather,  and  although  it  soon 
ironed  out  under  fair  weather  conditions,  it  showed 
the  same  tendency  to  break  up  in  rainy  periods  through- 
out the  year.  It  will  be  noted  that  this  particular 
product  showed  no  material  hardening  in  the  exposure 
box  at  the  end  of  a  year  as  compared  with  the  other 
three  materials. 

Referring  again  to  Table  II,  it  will  be  seen  that  all 
the  materials  show  a  consistent  loss  and  hardening 
for  10  months.  Penetration  tests  were  possible  on 
the  two  crude  petroleums,  the  Trinidad  petroleum 
residuum,  and  the  water-gas  tar  preparation  at  the 
end  of  4  months.  The  other  materials  remained  fluid 
throughout  the  year,  although  the  oil-asphalt  cut- 
back (6122)  behaved  in  a  peculiar  and  interesting 
manner.  After  four  months,  this  material  separated 
into  two  distinct  layers — a  fairly  greasy  fluid  above 
and  a  hard,  brittle  deposit  on  the  bottom  of  the  can. 
By  heating  gently  and  constantly  stirring,  a  uniform 
mixture  for  testing  was  obtained  at  the  end  of  four 
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6320 
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27.50 
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35 

—26.35     14 
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2.9" 

-1-2.16 

7.8 

" 

— 
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28 
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29 
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06 

+   3 

16 

+0 

58 
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86 
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+  12 

92 
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+  13 

43 

+0 

06 

+  11 

92 

+0.07 

5857 

9.51 

-1-5 

08 

— 0 

02 

+  18 

01 

+0 

58 

+  23 

08 

+  0.73 

+  28 

69 

+0.85 

+  27 

88 

+0.94 

+  28 

75 

+0.85 

6321 

2.43 

-1-2 

08 

+  0 

18 

+  6 

51 
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1 
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+  0 
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2 

35 

+0.18 
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Per  cent  Loss  and  Consistency  of  Residue 
— 5  Hours — ■  —10  Hours^  —13  HonRS^ 
Loss     Coosis-   Loss     Consis-     Loss     Consis- 


ABLE  III — Changes  on  163°  C.  V^olatiuzation 
Per  cent  Gain  in  Insoluble  Organic  Matter(o) 
-5  Hours .     ^-10  Hours^  ^-15  Hours^ 


Per  cent  Changes  in  Fixed  Carbon 
■5  Hours ■  —10  Hours—  —15  Hours— 


No. 

% 

tency 

% 

tency 

To 

tency 

6320 

27.19 

e'O" 

29.39 

190 

31.81 

98 

6335 

25.69 

4' 46 

28.31 

242 

31.05 

116 

61 2^ 

13.29 

22" 

19.50 

1'  8" 

26.16 

IMO" 

6121 

9.79 

rs" 

16.30 

5'  18" 

17.47 

15'  + 

6336 

6.32 

18" 

13.02 

27" 

15.42 

32" 

5857 

12.03 

6' 30" 

13.50 

188 

15.36 

117 

6321 

19.27 

106 

30.78 

3 

31.19 

7R  6=  r. 

months,  but  after  this  the  components  of  the  sample 
could  not  be  sufficiently  well  mixed  to  yield  consis- 
tency test  results  of  any  value.  The  sample,  in  fact, 
behaved  in  a  manner  somewhat  similar  to  a  naphtha 
insoluble  determination,  due,  no  doubt,  to  the  fact 
that  the  asphalt  used  was  cut  or  thinned  with  a  dis- 
tillate to  which  it  was  not  closely  allied.  The  results 
on  the  two  cut-back  products  are  particularly  inter- 
esting from  the  fact  that  they  show  conclusively  that 
such  products,  when  fluxed  with  high-boiling  distil- 
lates, as  were  those  under  test,  cannot  be  expected 
to  lose  their  volatile  matter  and  develop  a  firm  binding 
material  under  exposure. 

The  results  also  serve  as  a  refutation  of  claims 
made  for  the  great  value  of  the  "per  cent  of  asphalt" 
test,  which  consists  in  determining  the  amount  of  resi- 
due of  a  given  penetration  obtained  by  evaporating 
the  sample  at  a  high  temperature.  A  temperature 
as  high  as  260°  C.  (500°  F.)  is  quite  generally  permitted 
in  making  this  test,  and  petroleum  products  of  the 
character  represented  by  our  Samples  6121,  6122  and 
6336  will  yield  from  40  to  50  per  cent  of  residue  of 
100  penetration.  It  is  evident,  however,  that  the 
high-boiling  distillates  driven  off  at  a  high  testing  tem- 
perature are  not  driven  off  under  the  exposure  condi- 
tions of  service,  and  the  test  is  therefore  not  a  correct 
measure  of  the  value  of  the  material. 

In  reviewing  the  results  for  12  months'  exposure,  it 
will  be  seen  that  all  the  samples  excepting  No.  6336 
showed  a  lower  loss  than  at  the  previous  period  or 
even  8  months'  period,  and  the  two  residues  on  which 
float  tests  were  made  showed  a  slight  increase  in 
fluidity.  A  thorough  consideration  of  all  details  of 
the  work  yields  no  explanation  that  would  make  any 
error  in  details  of  the  work  responsible  for  these  re- 
sults. It  has  been  shown  in  previous  papers,  referred 
to,  and  will  be  again  demonstrated  through  data  to  be 
discussed  later  that  changes  other  than  those  due  to 
volatilization  occur  in  bituminous  materials  exposed 
to  atmospheric  inllucnces.  Such  changes  may  be 
responsible  for  the  results  obtained  at  the  later  periods 
in  the  present  work,  in  that  these  later  periods  ex- 
tended through  colcl  weather  when  the  volatilization 
with  residuals  that  had  been  exposed  through  hot 
weather  would  nialcrially  diminish  or  cense,  but  re- 
actions due  to  oxidation  or  other  additive  processes 
might  continue. 

In  Talile  II  lliv  ralculated  iicrc-cntagos  of  insoluble 
organic  mnlter  represent  the  incrensr  or  decrease 
which  would  be  briiuxht  al»out  by  tlic  loss  or  gain  re- 
ported in  the  same  table.  A  iletailcd  discussion  of 
these  results  is  perhaps  unnecessary,  l)ut,  ns  shown  by 


Orig.     Actual  Calc.     Actual  Calc.     Actual  Calc.  Orig.  -Actual  Calc.  .\ctual  Calc.  Actual     Calc. 

12.65  -1-11.63  4-4.64  -f-13.85  -i-5.18  4-16.80  +5.81  7.23  +4.39  +2.10  +5.10  +3.00  +5  69  +3  37 

8.88  +   8.95   +3.07  +10.74  +3.50  +13.36  +4.00  4.84  +3.73  +1.67  +4.30  +1.91   +4  81   -"-2  18 

8.19   +   0.99  +1.14  +   3.31    +1.97  +   6.69  +2.90  4.12  +0  35   +0.64  -^1.33  +0.99—2.53  +1.46 

11.55  +    3.85  +1.25  +    7.23  +2.25  +   8.68  +2.44  6.81   +1.36  -0.74  +2  09  +193  +2  69  +141 

0.65  +   0.66   +0.04  +    1.68  +0.10  +   2.00  +0.12  1.47  +0.57  +0.10  +1.11   +0.22  +1.33  +027 

9.51    +   6.54  +1.30  +   8.13  +1.48   +10.77  +1.70  5.63  +2.02  +0.73  +2.78  +0.88  +3  01  +1.02 

2.43    +   5.39+0.58+6.68+1.06+7.49+1.10  .... 

in  Carbon  Disulfide,"  others  (or  "Insoluble  in  86"  Bi.  Petroleum  Naphtha." 

Hubbard  and  Reeve'  in  their  work  on  harder  bitumens. 


the  increase  in  insoluble  organic  matter  is  far  in  ex- 
cess of  what  it  would  be  from  mere  volatilization  of 
lighter  constituents.  This  increase  ranges  from  7 
times  the  calculated  amount  in  the  case  of  the  oil- 
asphalt  cut-back  (61 21)  to  170  times  the  calculated 
amount  in  the  Texas  petroleum  residuum  (6336)  and  of 
particular  interest  in  the  latter  case  is  the  fact  that 
this  increase  was  attended  with  but  relatively  imma- 
terial hardening  of  the  sample. 

Table  II  also  gives  the  percentage  change  in  fixed 
carbon  for  each  period  of  exposure,  compared  with 
the  calculated  changes  based  on  the  loss  in  weight 
of  the  sample.  As  with  the  bitumen  insoluble  in  naph- 
tha, the  fixed  carbon  shows  a  marked  increase  over 
what  could  be  accounted  for  by  loss  of  volatile  con- 
stituents. Attention  was  called  above  to  the  fact 
that  as  compared  with  previous  results  all  but  one  of 
the  samples  showed  a  slightly  decreasing  loss  at  12 
months,  and  it  will  be  noted  that  most  of  the  samples 
show  a  recession  in  the  percentage  of  insoluble  or- 
ganic matter  and  fixed  carbon  which  had  been  pre- 
viously present.  This  phenomenon  is  too  consistent 
to  be  attributed  to  errors  in  determinations,  and  would 
appear  to  be  due  to  what  are  at  present  inexplicable 
changes  in  the  bitumen. 

In  order  to  compare  the  effects  of  volatilization  in 
laboratory  testing  with  those  obtained  upon  exposure, 
all  the  materials  were  subjected  to  the  volatilization 
test'  for  5-hour  periods  on  3  successive  days,  and 
tests  were  made  on  residues  at  the  end  of  5,  10,  and  15 
hours,  respectively.  The  complete  results  are  given 
in  Table  III  and  they  clearly  show  that  heating  at 
163°  C.  for  even  5  hours  produces  changes  in  the  ma- 
terial that  cannot  be  accounted  for  by  mere  loss  of 
volatile  matter,  although  these  changes  are  not  as 
great  as  those  produced  through  exposure  to  sun 
and  air.  In  order  to  compare  more  readily  the  re- 
sults of  exposure  with  those  of  laboratory  methods, 
separate  tables  have  been  prepared  which  embody 
the  data  of  particular  interest.  In  Table  IV.  for  in- 
stance, results  have  been  selected  in  which  either  the 
loss  or  consistency  of  the  residue  obtained  by  cnch 
method  are  nearly  identical  in  order  to  show  the  differ- 
ence in  the  other  factor.  It  is  shown  that  the  loss 
by  volatilization  at  163°  C.  for  .<;  hrs.  approximated 
the  loss  on  exposure  at  the  periods  given  in  the  case 
of  Nos.  63io.  6335,  61  Ji  ami  6336,  but  the  residues 
in  eich  case,  excepting  No.  61  ji,  wore  harder  after 
exposure  than  after  the  volatilisation  test.  This  is 
particularly   noticeable  in   the  ca,<e  of  the  two  crude 

'i..K.  rl(, 
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Table  IV — Selected  Data  for  Comparisons  of  Results 
Loss  AND  Consistency  of  Residues  Increases  in  Organic  Matter  Insoluble 


Increases  in  Fixed  Carbon 


^-  Volatilisation 

163"  C.^ 

Loss 

Consis- 

No. 

Hrs. 

Per  cent 

tency 

6320. . . 

...      5 
15 

27.19 
31.18 

6'  0" 
98 

6335... 

...      5 
10 

25.69 
28.31 

4'  46 
242 

6122... 

...      5 

13.29 

22' 

6121... 

...      5 

9.79 

r  5" 

6336. . . 

...      5 
10 

6.32 
13.02 

18' 

5857... 

...15 

15.36 

117 

6321... 

...      S 
10 

19.27 
30.78 

106 
3 

xposure- 



-Volalilizatioti 

163"  C 

Loss 

Consis- 

Increase 

Per  cent 

tency 

Hrs 

Calc. 

Actual 

27.62 
25.57 

41 
99 

5 
10 

4.64 
5.18 

11.63 
13.85 

24.96 
26.60 

35 
13 

5 
10 

3.07 
3.50 

8.95 
10.74 

7.04 

22" 

5 

1.14 

0.99 

9.57 

50" 

5 

1.25 

3.85 

6.20 
3.30 

48" 

24" 

5 
15 

0.04 
0.12 

0.66 
2.00 

6.09 

83 

5 

1.30 

6.54 

20.94 
27.38 

41 

3 

5 
15 

0.58 
1.10 

5.39 
7.49 

petroleums  (Nos.  6320  and  6335),  in  which  the  resi- 
dues from  volatilization  were  too  fluid  for  a  penetra- 
tion test,  while  after  losing  approximately  the  same 
amount  on  exposure  they  yielded  residues  having 
penetrations  of  41  and  35,  respectively.  Samples 
6320  and  6122  also  oflfer  interesting  comparisons, 
since  the  consistencies  in  two  instances  are  identical. 
In  the  case  of  the  first  material,  however,  it  required 
a  loss  of  31.81  per  cent  by  volatilization  in  an  oven 
to  produce  a  residue  of  the  same  consistency  as  that 
obtained  through  a  loss  of  25.57  per  cent  on  exposure, 
while  in  the  case  of  No.  61  21  it  required  losses  of  13  .  29 
and  7 .  04  per  cent  to  bring  about  the  same  result. 

To  show  the  relation  between  the  increase  in  actual 
overcalculated  organic  matter  insoluble  in  samples 
tested  by  laboratory  methods  and  exposure,  samples 
for  comparison  were  selected  at  periods  when  the  cal- 
culated increases  based  on  the  loss  in  weight  were 
approximately  equal.  It  is  shown  that  in  practically 
every  instance  the  increase  in  organic  matter  as  a  re- 
sult of  exposure  is  several  times  greater  than  that  pro- 
duced through  heating  in  a  laboratory  oven.  The 
Texas  residual  petroleum  (No.  6336)  shows  the  most 
noticeable  differences  by  the  two  methods  where  the 
calculated  increase  for  6  months'  exposure  is  identical 
with  that  for  5  hours  in  the  oven,  whereas  the  actual 
increase  by  the  former  method  is  12  times  the  actual 
increase  obtained  in  the  oven-heated  sample.  The 
two  Trinidad  products  (Nos.  6335  and  5857)  also 
show  similar  marked  differences  in  the  increases  ob- 
tained by  the  two  methods. 

It  will  be  noted  that  the  oil-asphalt  cut-back  No. 
6122  offers  the  only  instance  in  which  the  actual  in- 
crease was  less  than  the  calculated.  This  occurs  in 
the  residue  from  the  5-hour  volatilization  and  the  sam- 
ple shows  a  similar  peculiarity  in  the  results  of  fixed 
carbon  increases  which  were  selected  on  a  similar 
basis  to  that  adopted  for  the  other  groups  in  Table 
IV.  The  data  show  to  some  extent  the  same  rela- 
tions between  the  results  of  oven  and  atmospheric 
exposure,  although  the  differences  between  the  fixed 
carbon  increases  are  not  as  marked  as  those  for  or- 
ganic matter  insoluble. 

It  has  sometimes  been  contended  that  the  volatil- 
ization test  at  163°  C.  was  too  severe,  and  that  it 
subjected  materials  under  test  to  changes  that  would 
not  occur  under  ordinary  conditions  of  exposure. 
The  results  above  cited  show  that  such  an  assumption 
is  not  altogether  well  taken,  and  that  as  a  matter  of 
fact   the   effects    of   atmospheric   exposure    are    much 


Exposure — ■     — 

Votat 

lizatio 

» 163"  C 

.^     — 

Exposure — . 

Increase 

Value 

Value 

Calc. 

Actual 

Hrs 

Calc. 

Actual 

Mo. 

Calc. 

Actual 

4.34 
4.94 

17.98 
21.12 

5 
10 

2.10 
3.00 

4.39 
5.10 

4 
10 

2.23 
2.74 

4.05 
5.99 

2.95 
3.22 

25.73 
31.27 

5 
10 

1.67 
1.91 

3.73 
4.30 

6 

10 

1.61 

1.76 

4.71 
5.80 

1.05 

6.75 

5 
10 

0.64 
0.99 

0.35 
1.33 

6 
10 

0.52 
0.83 

1.57 
2.98 

1.22 

8.68 

5 

0.74 

1.36 

10 

0.72 

1.86 

0.04 
0.06 

7.88 
13.43 

5 

15 

O.IO 
0.27 

0.57 
1.33 

6 
12 

0.10 
0.18 

1.49 
2.35 

0.85 

28.69 

5 

0.73 

2.02 

10 

0.58 

4.59 

0.51 
0.92 

6.51 
11.52 

more  pronounced  than  those  obtained  in  the   routine 
laboratory  test. 

The  above  data  corroborate  and  amplify  all 
previous  data  to  the  effect  that  bituminous  materials 
upon  exposure  undergo  changes  that  are  due  to  some- 
thing more  than  mere  loss  of  volatile  matter.  Such 
changes  occur  in  samples  when  subjected  to  the  vola- 
tilization test  in  a  laboratory  oven,  although  the  changes 
are  greater  when  the  exposure  is  made  under  atmospheric 
influences.  These  changes  differ  in  both  character 
and  degree  with  different  types  of  fluid  bitumens,  as 
would  be  expected  from  our  knowledge  of  the  varying 
chemical  character  of  bituminous  materials.  Hubbard 
and  Reeve  in  reviewing  their  work  on  semi-solid 
bitumens  indicated  that  the  increase  in  insoluble 
organic  matter  might  be  due  to  oxidation,  and  that 
the  products  might  actually  contain  oxygen  or  be  the 
result  of  nucleus  condensation  brought  about  by  the 
reaction  of  oxygen  with  two  or  more  hydrocarbons 
originally  present  in  the  bitumens.  The  conclusions 
in  that  case  were  based  almost  entirely  on  the  results 
of  atmospheric  exposure,  while  in  the  present  data 
the  authors  have  included  results  obtained  through 
the  laboratory  routine  volatilization  test.  The  fact 
that  the  organic  matter  insoluble  also  increases  ma- 
terially in  a  closed  oven  where  the  changes  of  oxida- 
tion are  reduced  to  a  minimum,  would  tend  to  indi- 
cate that  other  causes  might  be  responsible  for  the 
changes  which  occur.  While  oxygen  plays  its  part 
in  the  changes  which  occur,  the  authors  are  led  to  the 
conclusion  that  polymerization  and  intermolecular 
reactions  induced  by  heat  and  possibly  increased  by 
the  action  of  light  are  also  very  largely  responsible  for 
such  changes,  in  addition  to  those  which  are  accounted 
for  by  simple  evaporation. 

Office  of  Public  Roads  and  Rural  Engineering 
Washington.  D.  C. 
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It  has  long  been  known  that  on  heating  sulfur  and 
paraffin,  hydrogen  sulfide  is  evolved.'  Lidoff'  made 
hydrogen  sulfide  by  adding  a  petroleum  "naphtha"  to 
hot  sulfur  at  350°  to  400°  C.  and  in  1892  Dubbs  ob- 
tained a  patent  in  the  United  States  for  a  process  of 

"  Galletly.  Chem.  Stws.  U  (1871),  162. 
'  Chem.  Zentr.,  1882,  22. 
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manufacturing  asphalt  by  heating  heavy  oils  or 
residuums  with  sulfur.  According  to  Richardson, 
asphalt  made  in  this  way  differs  markedly  from  natural 
asphalts  and  also  from  that  made  merely  by  blowing 
air  through  the  hot  residuums,  the  product  of  the 
Dubbs'  process  being  cheesy  in  structure  and  lacking 
in  ductility  and  hardness. 

Willstaetter  and  Sonnenfeld'  have  recently  shown 
that  the  oxidation  of  olefines  by  air  takes  place  very 
rapidly  at  ordinary  temperatures  in  the  presence  of 
phosphorus,  but  that  elementary  sulfur,  under  the 
same  conditions,  was  without  effect.  The  work  here 
described  indicates  that  at  more  elevated  temperatures 
sulfur  accelerates  the  o.xidation  of  petroleum  hydro- 
carbons by  air.  The  ease  with  which  many  organic 
compounds  containing  sulfur,  for  example  the  mer- 
captans  and  sulfides,  are  oxidized  by  air  or  oxygen  is 
well  known.  We  have  noticed  that  the  petroleum 
oils  of  both  the  saturated  type  such  as  natural  gasoline, 
and  "cracked"  gasoline  containing  unsaturated  hydro- 
carbons which    contain  sulfur  compounds,  deteriorate 

Table  I — Epi'Kci'of  SuuPf  r  on  O-xidation  of  Petroleum  Residuums 

BY  Air 

No.  9  .Agitattil  with  Natural  Gas  Instead  of  Air 

Treat-  Per  Properties  of  Product 

Source  of  ment  Cent       Pene- 

Rbsiduuhs  . ■ >       Sulfur       tra- 

Oil  "  B^.  No.   "  C.    Hrs.    Added  Final  tion(o)         Remarks 

Kansas         18.5      I  205      16      5.0        2.16      58  

16       215     96     None       ..        42.2  

2  210     14     None  *       Harder  than  No.  9 

3  210      14     5.0  ..        8.1  

Tixas    14.0  4    210  14  None   ..    •   Harder  than  No.  9 

5  210   14  5.0         19.0       

6  210  16  5.0   2.28  23.0       

Illinois         18.5     7  205      16     5.0       3.53    112  

8  210      16     5.0  ..        44.0  

8()       210    100     None       .  .        46.5  *• 

9  210      16     5.0                       •        More  Ouid  than  No.  10 
10  210      16     None      ..  »  

McxicanCft)  11  216      16     5.0       8.26      13  

(o)  No.  2  needle,  100  Kram  weight.  5  seconds  at  25°  C. 

(b)  4.17  per  cent  sulfur  in  original  residuum. 

•  Too  soft  for  measurement.      ••  Supplied  with  more  air  than  No.  8 

by  air  oxidation  at  ordinary  temperatures  much  more 
rapidly  than  portions  of  the  same  oils  which  were 
desulfurizcd  by  lead  or  copper  oxides  or  metallic 
sodium.  Whether  the  oxidation  of  the  compounds 
of  sulfur  of  unknown  constitution  occurring  in  petro- 
leum can  also  effect  simultaneously  the  oxidation  of 
Other  substances  through  the  initial  formation  of 
peroxides  after  the  manner  of  Englcr's  theory  is  not 
known.  However,  the  effect  of  sulfur  as  noted  in  our 
work  indicates  that  such  may  be  the  case,  since  heating 
petroleum  residuums  with  small  amounts  of  sulfur 
and  at^itating  with  natural  gas  instead  of  air  has  very 
little  effect  as  comparcfi  with  the  product  obtained 
by  air-blowing  the  sulfur-oil  mixture. 

It  is  probable  th.it  when  petroleum  oils  arc  healed 
with  sulfur,  complex  sulfur  compounds  are  first  formed 
and  that  these  compounds  are  more  or  less  com- 
pletely flccomposed  on  continued  hcntinK,  since  in  the 
case  of  the  artilicial  nsphnlts  described  in  this  paper 
the  final  products  contained  from  i  to  o  per  cent 
sulfur.  We  have  found  that  cracked  oils  and  un- 
saturated liydruiarlions,  such  as  limoncnc  and  pinene, 
'lowly  I'liniliint'  with  sulfur  at  about  160°  C  without 
formntion  of  liydrofjen  sulfide,  forming  heavy, 
oils,   yellow  oils,   markedly  soliililc  in   alcohol,   and 

'  /Irr  .  4T  (1914).  ;«nl 


that  heating  these  sulfur  compounds  to  higher  tempera- 
tures results  in  decomposition  with  evolution  of 
hydrogen  sulfide.  These  products  were  not  further 
investigated.  They  are  probably  very  similar  to  the 
so-called  thiozonide  of  linalool  which  Erdmann'  pre- 
pared by  the  direct  combination  at  160°  C.  of  sulfur 
and  the  unsaturated  alcohol  linalool.  In  the  case  of 
saturated  hydrocarbons,  direct  elimination  of  hydrogen 
probably  occurs,  as  Bru-  showed  that  on  heating 
sulfur  and  glycerine  the  compound  CS.OH.CHOH.- 
CHoOH  is  formed. 

The  readiness  with  which  sulfur  and  unsaturated 
hydrocarbons  react  explains  the  fact  that  after  heating 
paraffin  or  a  saturated  petroleum  oil  with  one  mol  of 
sulfur  the  oil  distilled  from  the  mixture  in  vacuo  con- 
tained no  olefine  groups;  in  other  words,  unsaturated 
oils  cannot  be  made  by  eliminating  hydrogen  from 
them  by  heating  with  sulfur.'  In  the  case  of  paraffin 
the  possibility  suggested  itself  that  perhaps  paraffin 
would  be  converted,  by  heating  with  one  mol  of 
sulfur,  to  a  naphthene,  but  distillation  of  the  resulting 

Table    II — Effect  op  Air- Blowing  Tbxas   Rssidui'ii    (12°  B6.)    with 
Different  Amounts  of  Sulfur  for  10  Hours 
No.  4  blown  7  hrs. 

Per  cent       Per  cent 
Per  Cent  Flowing  Pcne-    Soluble  Fixed 

Sulfur  Temp.    Point     tra-      in  86°  Be.      Carbon 

No.  Added     Final  °  C.        °  C.    tion(a)  Gasoline  in  Bitumen 

1 4  1.95  210  73  61  72.5 

2 6  210  109  28         67.7 

3 8         2.42         210         148         17         65.0 

4 20  210  192  7  59.8 

61 


210 

73 

22S 

108 

235 

176 

180 

68 

195 

86 

210 

148 

215 

167 

225 

171 

43 


72.5 

62.1 

75. 7 
68.6 
65.0 

18  03 
20  21 

63.0  21.24 

(a)  No.  2  needle,  100  gram  weight.  5  seconds  at  25°  C. 
NoTB — Nos.  8  to  12.      No  coke  was  formed  for  these  products  were 
over  99  per  cent  soluble  in  carbon  bisulfide. 

reaction  mixture  in  vacuo  yielded  paraffin  of  the 
same  melting  point  as  the  original  material. 

Although  the  tendency  of  organic  sulfur  compounds 
to  "polymerize"  and  form  extremely  complicated  sub- 
stances of  high  molecular  weight,  as  in  the  case  of  the 
sulfur  black  dyes,  is  well  known,  the  facts  already 
cited  indicate  that  oxidation  is  necessary  to  induce  the 
polymerization  to  asphalt.  Englcr  and  Zaloiiccki 
concluded  that  polymerization  is  the  main  factor 
in  the  formation  of  asphalt  and  very  recently  Staud- 
ingcr*  has  called  attention  to  the  fact  that  in  the  polym- 
erization of  certain  unsaturated  hydrocarbons  a  very 
small  amount  of  air  has  a  very  marked  effect. 

In  determining  the  effect  of  addeil  sulfur  two  ex- 
periments were  made  at  one  time,  every  condition,  s»ich 
as  air,  ngitation,  temperature  am!  exposed  surface, 
being   made  us  nearly  identical   as  possible.      In  each 

'  Aom  .  Ml  (1908).  133 

'  I'rcnch  Patent  4^.^.l;4.  Feb    I.V  I9I» 

'  We  And  that  111  oriler  to  employ  lhi«  re«>  lion  ••  •  cheap  nnirre  M  ll»."« 
■  ml  evolve  lUI  lo  %!•  \>rt  cent  o(  Hie  •uUiil  »  ll«S  •  Urie  eireaa  of  Ml 
!•  re<|ulrrd       Allhnu(h    much   coke   !•  deixiMlol.    nnlhint   like   the   renill* 

rtpre>«-il    by    Ihr   r<|Uiilii>n    Cxllx     t     .'*S ►.'^C     <      .''lUS   ran   l>e    at 

tatiinl  Two  or  more  parli  of  oil  to  one  of  •ulfur  flvr  rvrellrni  iv^iilu  anil 
an  oil  >h<Hlld  l<e  •elr<-le<l  iMillIni  alwve  >Vi'  I.'  When  beavr  fuel  Ml  )• 
rniplovrd  nnd  mirmal  price*  are  teektine^l  hnlr^tgen  «ulAde  4«n  l>e  made 
In  Ihli  nnv  fiH  alHiul  one  n(lh  Ihr  m«l  br  Ihr  tl\>n  HilMe  and  •ulfuttr  artd 
mrlhoil 

•  Chtm    lit     Itlt.  I  mil    l*ia.  J7«. 
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case  two  pounds  of  residuum  were  placed  in  a  glass 
flask  and  two  or  more  such  flasks  heated  in  a  large 
sand  bath,  the  temperature  of  the  sand  bath  and  the 
temperature  of  the  residuum  being  noted  at  frequent 
intervals. 

That  asphalts  of  exceptional  hardness  and  high 
melting  point  can  be  made  by  the  combined  action  of 
air  and  sulfur  is  shown  by  the  fact  that  on  air-blowing 
a  sample  of  Mexican  residuum,  to  which  8  per  cent  of 
sulfur  had  been  added,  for  31  hrs.  at  220-230°  C,  a 
product  was  obtained  which  had  a  flowing  point  of 
185°  C.  (366°  F.)  and  a  penetration  of  7  mm.  at  25°  C. 
(100  g.  weight  and  No.  2  needle,  10  seconds).  Another 
product  made  by  air-blowing  a  sample  of  the  same 
residuum,  to  which  12  per  cent  of  sulfur  had  been 
added,  at  230-235°  C.  for  31  hrs.  showed  a  flowing 
point  of  200°  C.  (392°  F.)  and  a  penetration  at  25°  C. 
of  5  mm.  (100  g.  weight  and  No.  2  needle,  10  seconds). 
In  practice,  it  is  seldom  desirable  to  produce  products 
as  hard  as  this,  but  the  addition  of  much  smaller 
amounts,  3  to  5  per  cent  of  sulfur,  had  a  marked  effect 
in  producing  hard  asphalts  in  much  less  time  than  is 
required  by  the  usual  air-blowing  method.  This  is 
well  indicated  by  Experiments  ib  and  8b  in  Table  I  as 
compared  with  the  results  obtained  with  the  same 
residuums  under  the  same  conditions  but  with  the  addi- 
tion of  5  per  cent  sulfur.  It  will  be  noted  that  the  time 
required  to  produce  an  asphalt  of  medium  degree  of 
hardness  is  reduced,  by  the  addition  of  5  per  cent 
sulfur,  to  about  one-sixth  of  the  time  necessary  when 
no  sulfur  is  added.  It  is  to  be  expected,  therefore,  that 
residuums  naturally  containing  relatively  large  amounts 
of  sulfur  will  give  hard  asphalts  by  air-blowing  in  the 
least  time. 

ME1.1.0N  Institute  oh  Industrial  Rbseakch 
University  of  Pittsbuhcii 

THE  CHEMISTRY  OF  WOOD 
III— MANNAN  CONTENT  OF  THE  GYMNOSPERMS 

By  A.  \V.  SciioKCER 
Received  April  14,  1917 

A  marked  difference  between  the  conifers  (Gymno- 
spermae)  and  hardwoods  {Angiospermae)  occurs  not 
only  in  the  structure  but  also  in  the  chemical  composi- 
tion of  the  wood.  In  a  previous  communication' 
it  was  pointed  out  that  water-soluble  galactans  oc- 
curred in  many  of  the  conifers.  The  present  paper 
has  a  special  bearing  on  the  relative  amounts  of  man- 
nan  present  in  the  various  species. 

So  far  as  is  known,  carbohydrates  yielding  mannose 
on  hydrolysis  have  been  found  in  only  one  hardwood. 
Fromhcrz'  obtained  mannose  from  Populus  trcmula  L. 
The  lignocellulose  purified  by  treatment  with  acid 
and  alkali  was  heated  with  water  in  an  autoclave 
at  150°.  The  aqueous  solution,  after  boiling  with 
sulfuric  acid,  was  found  to  contain  mannose.  The 
writer,  employing  hydrolysis  at  atmospheric  pressure, 
examined  six  species  of  hardwoods,  among  them 
Populus  tremuloides  Michx.,  but  in  no  case  was  man- 
nose detected. 

'  Schorgcr  and  Smith,  This  Jouknau,  8  (1916),  494. 
«  Z.  Physiol.  Chtm..  SO  (1906).  237. 


The  presence  of  mannans  in  various  woods  has  been 
shown  by  several  investigators.  ToUens'  and  asso- 
ciates found  mannose  in  sulfite  liquor,  the  raw  material 
generally  employed  being  Picea  excelsa  Lk.  The 
presence  of  mannan  in  the  wood  of  about  a  dozen 
conifers  was  shown  by  Bertrand,^  who  also  made 
several  quantitative  determinations.  Kimoto'  found 
6.35  per  cent  mannan  in  Cryplomeria  japonica  Don. 
A  study  of  several  American  species  was  made  by 
Storer,*  but  only  two  quantitative  determinations 
were  reported;  the  mannose  hydrazone  was  identified 
microscopically. 

Bertrand'  considers  the  source  of  the  mannose 
from  W'Ood  as  a  mannocellulose.  This  classification 
is  not  justified  on  account  of  the  ease  of  hydrolysis 
of  the  parent  carbohydrate,  the  latter  falling  properly 
into  the  class  of  hemicelluloses  created  by  Schulze. 
.  The  presence  of  mannan  in  woods  is  of  technical 
significance.  According  to  Schwalbe'  waste  sulfite 
liquors  may  be  considered  to  contain  sufficient 
fermentable  sugar  to  give  60  liters  of  ethyl  alcohol  per 
"tonne"  (2200  lbs.)  of  pulp,  which  is  equivalent  to 
108  lbs.  of  alcohol  per  ton  (2000  lbs.)  of  dry  pulp. 
On  the  basis  of  a  yield  of  45  per  cent  of  pulp,  about 
2.  5  per  cent  of  the  dry  wood  is  recovered  as  alcohol. 
The  results  obtained  by  Krause'  show  that  mannose 
constitutes  about  60  per  cent  of  the  total  fermentable 
sugars  in  sulfite  liquor. 

The  various  woods  examined  contain  sufficient 
mannan  alone  to  furnish  2  to  4  per  cent  alcohol  so 
that  considerable  mannose  is  evidently  destroyed  during 
the  cooking  process.  It  is  plain,  however,  that  mannan 
must  be  considered  the  chief  source  of  the  ethyl  alcohol. 

By  the  hydrolysis  of  white  spruce  Kressman'  ob- 
tained 6.8  to  8.3  per  cent  of  absolute  alcohol.  This 
species  contains  7.12  per  cent  mannan  from  which 
it  is  theoretically  possible  to  obtain  3 . 5  per  cent 
alcohol.  It  is  difficult,  however,  from  available  data 
to  determine  how  much  alcohol  is  derived  from  the 
mannose.  Mannose'  is  apparently  as  stable  when 
heated  with  acids  as  dextrose  but  it  is  probable  that 
considerable  mannose  is  destroyed  during  the  cooking 
since  all  the  mannan  would  be  hydrolyzed  at  the  be- 
ginning of  the  reaction.  Yeasts  that  ferment  dex- 
trose will  usually  ferment  mannose  equally  well  but 
exceptions  occur. 

EXPERIMENTAL 

The  method  of  determining  mannan  was  the  fol- 
lowing: The  wood,  cut  into  sawdust,  was  so  ground 
as  to  pass  through  a  40-mesh  sieve.  A  portion  was 
removed  for  determining  moisture.  Ten  grams  of 
the  fine  material  with  150  cc.  of  hydrochloric  acid, 
sp.  gr.  1.025,  were  placed  in  an  Erlenmeyer  flask 
connected  with  a  reflux  condenser  and  boiled  for 
three  and  one-half  hours.  The  contents  were  then 
filtered  into  a  500  cc.  flask,  and  the  sawdust  washed 
back  into  the  Erlenmeyer  with  about   100  cc.   of  dis- 

>  Ber..  2S  (1890).  :990;  Z.  angru.:  Ckrm..  8  (1892).  155;  Ann..  S6T  (1892),  349. 
»Com<>/.rf.l<i.,  129  11899),  1027.  l  r>„m    InJ     S9(190n    --17 

■  Bull.  Coll.  .Ur.  Tokio.  8  (1902).  254.  """■  '"■*•  "  <"°'''  -"■ 

<  Busscy  Insl.  Bull..  3  (1902),  32.  '  T"is  Journal  T  (1915),  920. 

•  Compt.  rend..  139  (1899).  1025.  •  Fischer  and  Hirschbergcr.    Ber., 

•  Z.  anim-.  Chlm..  23  (1910),  1540.  22  (1889),  365. 
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Table  I — Mannan  Content  (Percentages)  op  Various  Conifers 


Douglas  Fir 
Cork  bark  Fir 
Western  Larch 
Arborvitae 
White  Spruce 
Longleaf  Pine 
Longleaf  Pine 
Loblolly  Pine 
Cuban  Pine 

Sugar  Pine 
Coulter  Pine 
Coulter  Pine 


Monterey  Pine 
Pinon  Pine 

California  Swamp  Pine 
Chihuahua  Pine 
Western  White  Pine 
Western  White  Pine 


Whitebark  Pine 

Western  Yellow  1 


Species 
(Pseudotsuga  taxifolia  Briton) 
{Abies  arizonica  Merr.) 
(Larix  occidentalis  Nutt.) 
(.Thuja  occidentalis  L.) 
{Picea  canadensis  Mill.) 
(Pinus  palustris  Mill.) 
(Pinus  palustris  Mill.) 
{Pinus  laeda  Linn.) 
(Pinus  heterophylla  Ell.) 

(Pinus  lambertiana  Dougl.) 
(Pinus  couUeri  Lamb.) 
(Pinus  coulteri  Lamb.) 


(Pinus  radiala  Don.) 
(Pinus  edulis  Engelm.) 
(Pinus  muricata  Don.) 
(Pinus  chihuahuan  Engeln 
(Pinus  monticola  Dougl.) 
(Pinus  monticola  Dougl.) 


(Pinus  albicaulis  Engl.) 
(Pinus  ponderosa  scopulorum) 


Manna 

6.65 


^J  Description 

Cut  in  May:  Washington 

May;  4  ft.  up;  6  in.  diameter.     Arizona 


(Pinus  Jeffrey!) 
(Pinus  sabiniani 


Dougl.) 


9.22 
4.67 
5.22 

5.40 
6.28 
7.68 
6.00 
3.07 
5.00 
6.93 

7.13 


4.64 

5.40 

7.17 


diameter.     Wisconsin 

.  diam.;  Mississippi 


diam.     California 


November:  12  ft.  up;  13 

May.     Florida 

July;  sapling  6  yrs.  old;  1.5  ft.  up;  2 

May.     Florida 

Heartwood ;  tree  1 8  in.  diam.  (8  in.  sapwood) 

Sapwood;  May.     Florida 

Heartwood.     California 

June;  20  yrs.  old;  5  ft.  up;  13.5  i 

Tree  cut  in  June;  30  ft.  up:  19  in.  diam. 

a.  Heartwood:  8  in.  diam.;  19  years  old 

b.  Sapwood;  62  years  old.      California 

February:  10  ft.  up;  17.5  in.  diameter;  35  years  old.     California 

May;  1  ft.  up;  10  in.  diam.     Slow  growth.     New  Mexico 

June;  12  ft.  up;  7.5  in.  diameter:  12  yrs.  old 

May;  3  ft.  up;  5  in.  diam.;  38  years  old.     Xew  Mexico 

June;  18  ft.  up;  15  in.  diam.;  230  years  old.     Montana 

June;  34  ft.  up;  16  in.  diameter 

a.  Heartwood;  13  in.  diameter 

b.  Sapwood.      Montana 

June;  3  ft.  up;  10.5  in.  diameter.  2  in.  being  sapwood;  130  years  old. 


Ma 


Limbe 


4  Bristlecone  Pine 

5  Knobcone  Pine 

6  Basswood 

7  Sugar  Maple 

8  Yellow  Birch 

9  Green  Ash 

0  White  Ash 

1  Aspen 
(o)  Extracted  with  hot  water  to  remov 
(b)  Heartwood  contained  10.4  per  cent 


(Pinus  flexilis  James)  5 .  94 

(Pinus  aristata  Engelm.)  5.41 

(Pinus  attenuala  h^rava.)  3.57 

(Tilia  americana  L.)  0.00 

(Acer  saccharum  Marsh)  0.00 

(Betula  lulea  Michx.)  0.00 

(Fraxinus  lanciolata  Borkh.)  0.00 

(Fraxinus  americana  L.)  0.00 

(Populus  Iremutoides  Michx.)  0.00 

galactan  previous  to  hydrolysis. 

isia  that  was  removed  by  extraction 


Sapwood;  Ji 
June:  14  ft. 
California 
Heartwood;  May;  10  ft.  up;  tree  8 
May;    10  ft.  up:  6  i        " 
June;  3  ft.  upj^S.S  i 
November. 

December.  Michigan 
November.  Wisconsin 
November.      Missouri 


diam.;  110  years  old.     "Black  jack"  variety, 
one-half  being  heartwood:  70  yrs.  old. 


free  heartwood  would  be  6.54  per  cent. 

tilled  water.  The  sawdust  was  then  digested  a  short 
time  over  a  Bunsen  burner,  and  again  filtered.  This 
method  of  extraction  was  continued  until  the  total 
filtrate  amounted  to  500  cc.  The  solution  was  then 
transferred  to  an  800  cc.  beaker,  neutralized  with 
10  per  cent  NaOH,  rendered  slightly  acid  with  acetic 
acid,  and  evaporated  on  the  steam  bath  over  night 
to  150  cc.  The  solution  was  again  filtered  to  remove 
humus  matter,  the  filter  being  washed  with  a  little 
cold  water.  A  mixture  of  10  cc.  of  phenylhydrazine 
and  20  cc.  of  water,  rendered  acid  with  glacial  acetic 
acid,  was  added  to  the  filtrate  contained  in  a  200  cc. 
Erlenmeyer.  The  flask  (with  frequent  shaking)  was 
allowed  to  stand  2  hrs.  The  precipitate  of  mannose 
phenylhydrazone  was  collected  in  a  weighed  alundum 
or  Gooch  crucible,  washed  with  cold  water,  then  with 
acetone  to  remove  resinous  impurities,  dried  and 
weighed.  The  mannan  content  was  calculated  from 
the  weight  of  the  mannose  phenylhydrazone  by 
multiplying  by  the  factor  0.6.  The  yields  are  based 
on  dry  wood,  the  moisture  having  been  determined 
in  an  air  oven  at  105°. 

The  cream-colored  mannose  hydrazone  was  dis- 
solved in  hot  7  5  per  cent  alcohol  and  filtered,  using  a 
suction  pump.  The  filtrate  usually  becomes  opaque 
at  once  from  the  separation  of  micro-crystals  of  the 
hydrazone.  Three  crystallizations  usually  gave  prac- 
tically colorless  crystals.  The  melting  points  of  the 
various  hydrnzoncs  varied  from  1S8  to  igo"  by  slow 
heating.  The  results  obtained  .'i])pear  in  Table  I.  The 
wood  in  all  cases  was  taken  from  the  trunk  of  the  tree 
and  unless  otherwise  stated  the  sample  rci)re8cnls 
a  radial  section  containing  both  heartwood  and  sap- 
wood.  The  sample  descriptions,  where  possible,  are 
given  in  some  detail  since  future  work  may  show 
that  the  mannan  content  is  dependent  on  such  factors 
as  the  age  of  the  tree,  season  and  locality. 


New  Mexico 
th  ether  previous  to  hydrolysis. 


I  content  of  the  dry  resin- 


Duplicate  determinations  of  the  mannan  content 
usually  did  not  diflfer  more  than  0.3  to  0.4  per  cent 
but  occasionally  diflferences  as  high  as  i  per  cent 
were  observed.  To  determine  if  all  the  mannan 
had  been  hydrolyzed,  the  sawdust  from  limber  pine 
heartwood  and  longleaf  pine  sapwood  was  air-dried 
after  the  first  hydrolysis.  This  was  again  boiled  with 
fresh  acid  and  treated  in  the  customary  manner. 
Since  the  alundum  crucibles  increased  in  weight  but 
o. 003  and  o. 004  g.,  respectively,  there  was  practically  a 
quantitative  removal  of  the  mannan  in  one  hydrolysis. 

A  longleaf  pine  tree  120  years  old  and  53  feet  tall 
was  felled  in  Mississippi  in  July.  Small  disks  were 
cut  from  the  trunk  at  the  distances  2,  22,  and  45  ft., 
respectively,  from  the  ground,  and  their  mannan  con- 
tent determined  as  follows: 

Tahlr  II — Mannan  Contrnt  op  a  Lonolsap  Pink  (Pi'aiu  ^oiiutru) 

Disk  Heartwood  Sapwiwd 

No.  Diameter  Mannitn  Diameter       Mannan  Diameter 

Inches  Percent  Inches  Percent  Inrhri 

1 8.25  4.8.<  .^.SO  .VU  4   7.< 

2 6.00  3.02  2.1i  4.03  3   25 

3 2. 75  .  i.o:i«)  

(ii)  For  entire  disk,  heartwood  and  mpirood  being  IndiilinfuUbablc 

The  results  obtained  indicate  that  there  is  more 
mannan  in  the  sapwood  than  in  the  heartwood,  and 
that  the  mannan  decreases  progressively  from  the 
base  of  the  tree  upwards. 

A  radial  section  of  a  sugar  pine  log  having  a  diame- 
ter of  nearly  4  feet  w.is  divided  into  six  |)arts  and 
analyzed  to  determine  if  the  mannan  content  varied 
appreciably  from  the  center  of  the  tree  to  the  circum- 
ference. The  results  arc  given  in  Fig.  I.  The  mannan 
is  uniformly  distributeil  throughout  the  heartwood 
but  decreases  in  the  sapwood.  The  figure  for  the 
sapwood  is  the  result  of  three  determinations.  This 
is  the  only  exception  oliscrvcd  to  the  general  rule  that 
the  sapwood  contains  more  mnnnnn  than  the  heart- 
wood.     This   generalisation   is   supported    by    the    re- 


75° 
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suits  from  samples  N'os.  9,  12  and  18,  Table  I,  and 
disks  Nos.  I  and  2,  Table  II.  This  suggests  the  possi- 
bility of  obtaining  considerably  larger  yields  of  ethyl 
alcohol  from  slabs  and  edgings  than  from  mill-run 
sawdust. 

According  to  Fischer,'  when  o.i  g.  of  mannose 
hydrazone  is  dissolved  in  i  cc.  of  concentrated  cold 
hydrochloric  acid,  5  cc.  of  water  immediately  added, 
and  the  solution  examined  in  the  polariscope  using 
a  I  dcm.  tube,  the  if-compound  gives  a  rotation  of 
I.  2°  to  the  left.  The  crude  mannose  phenylhydrazone 
obtained  from  Pintis  lambertiana  was  recrystallized 
three  times  from  dilute  alcohol.  Two  different  sam- 
ples of  the  hydrazone  purified  in  this  way,  using  the 
proportions  given  by  Fischer,  had  the  rotations 
— 0.657°  and  — 0.796°.  Lindsey  and  Tollens^  found 
— 0.761°  for  the  mannose  hydrazone  obtained  from 
sulfite  liquor. 

A  portion  of  the  practically  colorless  hydrazone 
was  heated  with  phenylhydrazine  acetate  in  aqueous 
solution  for  i.  5  hours  on  the  steam  bath.  The  yellow 
osazone  obtained,  after  recrystallization  from  60 
per  cent  alcohol,  melted  at  203-4°. 

7<5  ^6      ' 


-  3optYood 


Fig.  I — Mannan  Content  of  Radial  Section  of  Sugar  Pine 

A  sugar  solution  obtained  by  the  hydrolysis  of 
white  spruce  was  treated  with  phenylhydrazine  ace- 
tate in  the  manner  described  above  and  allowed  to 
stand  over  night.  The  hydrazone  obtained  was  so 
very  impure  that  a  quantitative  estimation  of  mannose 
was  impossible.  The  hydrazone  was  dissolved  in  75 
per  cent  alcohol,  the  solution  filtered,  and  allowed  to 
crystallize.  After  these  operations  had  been  repeated 
four  times  the  crystals  melted  at  186-8°. 

It  is  proposed  to  extend  this  investigation  to  other 
species  and  determine  if  the  amount  of  mannan  in  a 
given  tree  actually  varies  throughout  the  year.  The 
statement  of  Czapek'  that  mannans  always  belong  to 
the  reserve  hemicelluloses  requires  confirmation.  It 
is  very  questionable  if  the  mannans,  especially  those 
occurring  in  the  heartwood  of  trees,  can  be  consid- 
ered as  reserve  food  materials. 

SUMMARY 

I — The  results  of  the  examination  of  22  different 
species  of  Gymnosperms  and  6  species  of  Angiosperms 
show  mannan  to  be  present  in  appreciable  quantities  in 
all  the  conifers  but  absent  from  the  hardwoods. 

II — It  appears  that  the  mannan  content  of  the  sap- 
wood  is  generally  larger  than  that  of  the  heartwood; 
mannan  decreases  from  the  base  upwards  but  remains 


uniform  throughout  the  heartwood  in  a  radial  direc- 
tion. 

Ill — Mannan  is  of  industrial  importance  in  the 
production  of  ethyl  alcohol  from  sulfite  liquor  and  by 
the  hydrolysis  of  sawdust  with  catalyzers. 

Forest  Products  Laboratory 
Madison,  Wisconsin 
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THE  PREPARATION  OF  ETHYLENE  GLYCOL 

By  Benjamin  T.   Brooks  and  Irwin  Humphrey 

Received  May  15,  1917 

The  preparation  of  ethylene  glycol  has  usually  been 
effected  through  the  hydrolysis,  under  different  con- 
ditions, of  ethylene  bromide.  The  reason  that  ethylene 
bromide  has  nearly  always  been  employed  probably 
lies  in  the  fact  that  this  substance  is  easily  made  in 
the  laboratory.  However,  Nef  pointed  out,  long  since, 
that  alkyl  bromides  and  iodides  generally  give  larger 
proportions  of  olefines  than  the  chlorides  and  that 
the  latter  derivatives  invariably  give  the  better  yields 
in  the  so-called  double  decomposition  reactions. 
Aqueous  or  alcoholic  caustic  alkali  converts  ethylene 
bromide  almost  quantitatively  into  vinyl  bromide. 
Very  good  yields  of  ethylene  glycol,  about  70  per  cent 
of  the  theoretical,  can  be  obtained,  starting  with 
ethylene  bromide,  by  passing  through  the  diacetate, 
and  even  higher  yields  are  said  to  be  obtainable  by 
employing  the  dibromide  and  aqueous  silver  carbonate. 

In  view  of  the  relatively  high  cost  of  the  materials 
(potash  salts,  bromine,  etc.)  required  by  the  methods 
heretofore  published,  we  have  developed  a  method 
which  permits  the  easy  preparation  of  ethylene 
glycol  in  large  quantities  at  low  cost.  For  a  starting 
point,  ethylene  chloride  was  selected  in  preference 
to  the  bromide,  owing  to  the  cheapness  of  chlorine 
and  the  ease  with  which  ethylene,  from  alcohol  or 
oil  gas,  may  be  converted  into  the  dichloride.' 

The  method  which  we  have  developed  consists  in 
heating  a  mixture  of  ethylene  chloride,  sodium  formate 
and  methyl  alcohol  to  165°  C.  in  a  suitable  autoclave. 
An  excess  of  methyl  alcohol,  six  mols  or  more,  is  em- 
ployed in  order  that  the  alcoholysis  of  the  glycol 
formate  may  be  very  nearly  quantitative. 

As  contrasted  with  the  older  methods,  it  will  be 
noted  that  potassium  salts  have  been  replaced  by 
sodium  formate,  and  methyl  acohol  is  employed  as  a 
solvent.  When  this  alcohol  is  employed  in  the  reac- 
tion mixture,  the  isolation  of  the  glycol  ester  is  un- 
necessary since  alcoholysis  of  the  glycol  formate 
occurs. 

This  is  a  special  development  of  Henry's^  studies 
on  the  equilibria  in  mixtures  containing  an  organic 
acid  and  two  alcohols,  and  was  apparently  first  em- 
ployed as  a  preparative  method  by  Nef,  who  made 
acetol  in  this  way.  The  reaction  may  be  carried  out  in 
a  simple  steel,  or  preferably,  copper-lined  autoclave. 

*  Very  pure  ethylene  chloride  can  be  prepared  if  the  chlorine-ethylenc 
reaction  mixture  is  kcpl  cold.  The  reaction  develops  considerable  heat 
and.  if  not  cooled,  large  proportions  of  trichlorcthane  arc  formed.  In  a 
small  apparatus,  proper  cooling  can  be  easily  effected  by  mixing  the  gases 
in  a  glass  or  metal  coil  surrounded  by  cracked  ice.  The  gases  should  not 
be  dried.  A  private  communication  from  Mr.  K.  P.  McUlroy  states  that 
very  dry  ethylene  and  chlorine  may  coexist  for  a  long  time  without  reacting. 

>  Bull.  acad.  roy.  mid.  belg..  1902,  445. 
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CHjCI 

I  +  2HC02Na 

CH2CI 


CH:0:CH 

■    1 
CH.OiCH 

^    CHiOH 


+  2HCO:CH3 


(2) 


CH2O2CH  ""  CH2OH 

By  employing  considerable  excess  methyl  alcohol 
the  equilibrium  is  maintained  by  proportionately  more 
glycol  formate  being  converted  to  glycol,  which 
amounts  in  the  experiments  here  noted  to  about  85 
per  cent  conversion. 

EXPERIMENTAL 

The  experiments  tabulated  below  indicate  that  the 
conditions  for  maximum  yields  are:  heating  the  re- 
action mixture,  consisting  of  one  mol  of  ethylene 
chloride  in  five  volumes  of  methyl  alcohol  and  about 
three  mols  of  sodium  formate,  to  a  temperature  of 
165  to  170°  C.  for  about  7  hrs.  At  this  temperature 
the  pressure  will  vary  from  about  240  lbs.  at  the  be- 
ginning to  290  lbs.  per  sq.  in.  after  7  hrs.,  and  a  pressure, 
when  cold,  of  about  50  lbs.,  which  latter  pressure  is 
undoubtedly  due  to  the  decomposition  of  a  small 
amount  of  sodium  formate.  When  autoclaves  of 
several  liters  capacity  are  employed,  it  is  highly  de- 
sirable to  stir  the  contents,  which  is  most  simply  done 
by  slowly  rotating  the  autoclave.'  Above  175°  C. 
large  proportions  of  diglycol  are  formed  as  is  shown 
by  Experiments  19  and  27. 

Table  I — Yield  op  Glycol  by  Action  op  Sodium  For.mate  and  Methyl 
Alcouul  o> 
No.  OP  Mols  Used 
Exp.  Ethylene  Sodium    Methyl 
^No.  Chloride  Formate  Alcohol 


ylene  Chloride 
Treatment  Pressure  Yield 

Temp.  Time  Max.     Cold   Per  cent  of 

"  C.        Hrs.  Lbs.      Lbs.  Theoretical 


3 

■1(a) 

2.5 

13.0 

105 

4 

45    *  5 

0 

5 

16 

2.5 

13.0 

140 

8 

100   *  5 

15 

32 

2.0 

13.0 

165 

7 

195   *  5 

25 

55 

10 

2.5 

13.0 

165 

7 

220   *  10 

30 

65 

17 

2.S 

6.5 

170  *  5 

4 

250   *   10 

25 

70 

12 

4.0 

13.0 

165  *5 

7 

260   *   10 

55 

82 

29 

4.0 

13.0 

165  *  5 

8 

40 

60 

28 

4.0 

13.0 

170  *  5 

6 

240'*  10 

40 

60 

21 

2.5 

6.5 

175  •■  5 

1. 

5      250   *   10 

0 

15 

23» 

2.5 

6.5 

165  *  5 

4 

220   *   10 

35 

24t 

1(6) 

2.7 

13.0(c) 

160   *  5 

8 

79 

I9t 

2.7 

13.0 

175  *  5 

7 

60(<« 

27 

2.7 

13.0 

180   *  10  10 

37(«) 

•5 

grams 

HgSO 

1  added. 

t  In  rotating  a 

utoclave. 

(a)  40  grama.      (6)  .'iOO  groins,      (c)  1  500 

cc. 

(</) 

18  per 

cent  ' 

diglycol" 

also  obtained. 

(') 

35  per 

cent  • 

diglycol" 

of  b.  p.  215 

to 

250°  C.  also  obtained 

The  general  procedure  for  isolating  the  glycols 
was  as  follows:  After  cooling,  the  slight  "cold  pres- 
sure" was  released,  the  methyl  alcohol  solution  poured 
from  the  crystalline  salt  and  sodium  formate  mix- 
lure,  the  latter  washed  with  a  little  cold  methyl  alco- 
hol   and    the    combined    alcoholic    solution    distilled. 

Tahlk  II — Yield  op  CVlvcol  prou  Ktiivlhns  Chloride  »y  the  Acetate 
Mkthod 

Ghamn  Materials  1'»sd           Treatment     I'resmijrb  Yield 

ICxp.  Ethylene    Sodium    Sol-           Temp.     Time           in  Per  cent  of 

No.  Chloride    Acetate    vent            °  C.          Mrs.         Lbs.  Theoretical 

4           .50              115        75(a)         170   ■*  $       4          1.50   ^  10  3211') 

6          50             115       75(a)         185   -5      8         175   ■»  10  M{c) 

8          65                65      ll(l(l>)         160                7          no  37(i<) 
(a)  Acetic  acid       <h\  l':ihyl  alcohol  (sp.  <r.  0.83). 

(()  Dlucelntc  hydriilyird  by  alcoholic   llCt.  see  Henry.  Cktm.  Xtnlr., 
1  (1907).  1314. 

(if)  This  inrtho«l   yirlds  the  monoacctate:  cf.   lirlenmeyrr.   .-tfiPf..   IM, 
.'44,  Deinnle,  Ann  .  ITI.  I  17. 

In  some  cases  the  methyl  alcohol  was  (lisliiled  at 
ordinary  pressure  and  the  glycol  then  distilled  i>i 
vacuo.  In  most  cases,  however,  the  n'V*-'"'  ^■•'"'  <l'-"»- 
tilled  at  atinospluTJc  pressure. 

'  Thia   keeps   the   contents   well    niiietl.    prrvrnia    the   fornmllon   of   a 

•all   cuke   In   (he   bull if   the   appamlu*  ami    very    niulrrlally   Iniprnves 

the  yielil  a<  ha<  alfrady  bren  ahnwn  bv  us  in  the  tax-  lit  Ihc  prrparalinn 
of  amyl  acetate  fruiti  chliirpriilaiir.  anhydrous  locliuni  ai*elalr  and  acetic 
add.     Cf.  ir.  .M.  Patent  Nci    1.197.019. 


The  reaction  of  ethylene  chloride  with  sodium  ace- 
tate in  glacial  acetic  acid  takes  place  less  readily,  as 
is  indicated  by  the  lower  yields  in  Experiments  4 
and  6  in  Table  II. 

A  very  small  fraction  boiling  between  170°  and  180° 
C.  was  always  obtained,  amounting  usually  to  8  to 
10  per  cent  of  the  weight  of  the  dichloride  employed, 
which  consisted  of  glycol  diformate,  boiling  point 
174°  C  Saponification  of  10  g.  of  this  ester  yielded 
7.5  g.  of  glycol,  boiling  point  190-196°  C. 

Mellon  Institute  op  Industrial  Research 
Uni\'Ersit\-  op  Pittsburgh,  Pittsburgh.  P.v. 

lODOMETRIC  DETERMINATION  OF  CHLORINE  IN 
CHLORIDES 

By  Gregory  Torossian 
Received  May  10,  1917 

With  the  object  in  view  of  determining  chlorine  in 
chlorides  quickly  and  accurately  and  without  the  use 
of  silver  nitrate,  the  well-known  method  for  valua- 
tion of  the  available  MnO;  by  iodine  was  applied.  In 
the  determination  of  the  available  MnOs  by  iodine 
the  sample  is  treated  with  a  quantity  of  hydrochloric 
acid  in  a  small  distilling  flask,  the  liberated  chlorine 
is  carried  through  a  glass  tubing  into  a  solution  of 
potassium  iodide  and  the  liberated  iodine  is  titrated 
with  a  N/io  sodium  thiosulfate  solution.  In  the  pro- 
posed method  for  the  determination  of  chlorine  in 
chlorides  the  sample  is  mixed  with  finely  powdered 
manganese  dioxide,  and  treated  with  sulfuric  acid 
(i  :  I  by  vol.)  in  a  distilling  apparatus,  as  in  the  MnOj 
determination,  and  the  chlorine,  produced  by  the  in- 
teraction of  MnO:  and  the  HCl  set  free  from  the 
chloride  sample  by  the  action  of  HjSOj,  is  conducted 
into  a  KI  solution  and  the  liberated  iodine  titrated 
as  usual  with  N/  lo  Na-SoOj.  In  this  reaction  between 
sulfuric  acid  and  a  chloride  in  the  presence  of  MnOj, 
the  chlorine  from  the  chloride  is  all  distilled  o(T.  the 
spent  liquor  showing  no  chlorine  when  tested  with 
AgNOj.     The  reaction  appears  to  be: 

2NaCl  +  2H1SO1  +  MnOi  -  NoiSfl.  -I-  MnSO.  +  21UO  +  Cb. 
METHOD 

THE  REAGENTS  REQUIRED — (i)  Finely  ground  MnOj 
(passing  loo-mesh  sieve). 

(2)  Sulfuric  acid  (1:1  by  vol.)  free  from  nitric, 
hydrochloric  acids,  nitrates  and  nitrous  funics,  etc. 

(3)  Potassium  iodide  solution,  25  grams  per  liter. 

(4)  N/io  sodium  thiosulfate  solution. 

THE  APPARATfS  uscil  is  the  same  as  in  the  case  of 
MnOj  determination  by  distillation  with  hydrochloric 
acid  and  is  shown  in  the  accompanying  sketch. 

THE  SAMPLING  in  this  method  is  very  important.  In 
the  case  of  solids  the  sample  must  be  finely  jiowilercd 
to  insure  intimate  mixing  with  the  manganese  dioxide. 
If  this  is  not  done,  there  may  occur  a  loss  of  chlorine 
during  the  operation  or  incomplete  decomposition  of 
the  chloride.  In  the  case  u(  li(|uids  the  sample  must 
be  measured  from  a  burette  if  percentage  by  volume 
is  required  or  wcighcii  in  the  llnsk  directly  without 
adding  any  water.     The  amount  of  sample  lo  l>c  taken 

>  (Irlmaui.  ntr.  1  (II74).  3M. 
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for  the  analysis  varies  from  o.  12  to  5  g.,  depending  on 
the  amount  of  chlorine  present.  For  liquids,  from 
0.5  to  5  cc.  or  weights  corresponding  to  these  figures, 
are  taken. 

PEOCEDURE — The  weighed  sample  is  thoroughly  mixed 
on  the  weighing  glass  with  about  2  g.  of  finely  pow- 
dered   manganese    dio.\ide'    and    transferred    into    the 


Apparatus  for  tbe    Determination 
IN  Chlorides 
Distillation 


round-bottomed  flask  A;  50  cc.  of  sulfuric  acid  (1:1 
by  vol.)  are  added  and  at  once  the  flask  is  attached  to 
the  glass  tubing  B,  which  is  inserted  into  the  larger 
glass  tube  C  containing  100  cc.  of  KI  solution  and  sur- 
rounded with  cold  water  in  the  cylinder  D.  The  flask 
is  now  slowly  heated  with  a  gas  burner  and  con- 
stantly agitated,  not  too  strongly,  but  just  enough  to 
keep  the  contents  in  motion  until  boiling.  The  boil- 
ing is  intermittently  continued,  with  occasional  agita- 
tion, for  3  to  s  minutes,  when  all  chlorine  is  distilled 
over  into  the  KI  solution.  The  boiling  is  stopped, 
the  flask  quickly  removed,  and  the  glass  tubing 
washed,  inside  and  outside,  into  the  main  solution,  which 
is  transferred  into  a  600  cc.  pear-shaped  flask,  then 
brought  to  a  volume  of  about  200  cc.  and  titrated 
with  a  N/10  sodium  thiosulfate  solution  previously 
standardized  against  pure  iodine.  One  equivalent  of 
iodine  is  equal  to  one  equivalent  of  chlorine:  i  cc. 
N/10  NajSjOa  =  0.003546  g.  CI. 

When  a  liquid  is  to  be  analyzed,  the  manganese  di- 
oxide is  simply  added  to  the  sample  in  the  flask. 

If  the  chlorine  in  fluorides  is  to  be  determined  the 
procedure  is  carried  out  in  the  same  way  as  for  the  other 
samples.  Some  HF  will  be  evolved,  but  it  has  no 
effect  upon  the  final  results  and  its  action  upon  the 
glass  is  negligible. 

If  the  sulfuric  acid  is  free  from  nitric  and  hydro- 
chloric acids,  chlorides,  nitrates  and  nitrous  fumes, 
and  the  manganese  dioxide  contains  no  impurities 
capable  of  decomposing  KI  on  volatilization,  the  boil- 
ing of  the  sulfuric  acid  and  MnO»  for  over  8  or  10 
minutes  does  not  produce  any  appreciable  coloration 
in  the  KI  solution.  The  sulfuric  acid  may  be  heated 
to  fuming  to  drive  off  HNO3,  otherwise  a  blank  test 

•  For  larger  samples  the  amount  of  MnOi  can  be  increased. 


can  be  run  and  appropriate  correction  made.  The 
highest  blank  consumption  of  N/10  XajSjOa  did  not 
run  over  0.2  cc.  in  the  author's  experience  and  this 
was  due  to  nitric  acid  found  in  the  sulfuric  acid  used. 

Table  I — Results  by  Silver  Chloride  and  by  .Author's  Method 
On  Basis  of  1  Cc.  XaiSOa  =  0.0038204  G.  CI 

Per  cent  Chlorine 


Material  .Analyzed 
Sodium  Chloride  (KaCl). 


Calc. 
60.66 


By  .\gCl 
60.66 


1  Chloride  iKCI). 


BaCh.2H!0 

CuC1».2HjO 

CuC1j.2KCI.2HsO. 
Dry  Cell  Mixes. .  . 


29.03 
41.59 
44.45 


Chloride  Liquors       1 
(containing  Mn,    [  . 
Zn.  NH.  and  Ca) ) 

Rare  Earth  Fluorides. 


5.78 
5.40 
17.75 
13.48 
10.92 
0.10 
0.23 


Manganese  Ores 1 


By  I, 

60.74 

60.51 

60.91 

70.67 

60.73 

60.87 

60.81 

47.49 

47.49 

47.49 

47.61 

47.61 

47.51 

47.54 

28.95 

41.59 

44.67 
5.74 
5.49 

17.65 

13.04 

11.06 
0.13 
0.24 
0.001 
0.005 
0.002 


In  Table  I  are  tabulated  the  results  of  some  de- 
terminations of  chlorine  in  chlorides  and  products 
containing  chlorides  by  the  above  method.  If  values 
in  Table  I  for  sodium  chloride,  which,  by  precipita- 
tion, gave  60.66  per  cent  CI  (the  theoretical  content), 
are  used  for  the  standardization  of  the  sodium  thio- 
sulfate solution,  the  mean  value  for  i  cc.  Na:S20j 
gives  0.003815  g.  CI,  and  if  this  value  is  used  to  cal- 
culate CI  in  the  potassium  chloride  (Table  I)  the 
following  figures  are  obtained: 

Potassium  Chloride      No.:  12  3  4  5  6  7         Av. 

Per  cent  Chlorine. . .    47.42  47.41    47.41   47.53   47.54  47.44  47.41    47.46 

The  figures  given  in  this  paper  were  obtained  under 
the  ordinary  technical  analytical  laboratory  condi- 
tions and  no  claims  of  extreme  precautions  and  care 
are  made  by  the  author,  but  from  the  results  given 
it  is  clear  that  the  errors  in  the  determination  of  chlorine 
in  chlorides  by  the  iodometric  method  described  above 
are  negligible  for  most  purposes  of  ordinary  laboratory 
analysis.  The  sodium  thiosulfate  solution  can  be 
standardized  against  sodium  chloride  which  previously 
has  been  standardized  by  precipitation  with  AgNOa, 
and  the  mean  of  the  three  determinations  taken  as 
expressing  the  strength  of  the  NasSjOs  solution,  but 
the  standardization  against  pure  resublimed  iodine 
answers  the  purpose  very  satisfactorily. 

This  method  of  iodometric  determination  of  chlorine 
in  chlorides  is  a  very  simple  operation,  inexpensive  and 
accurate,  and  exceedingly  quick;  the  entire  procedure 
from  weighing  of  the  sample  to  the  titration  of  the 
iodine  does  not  consume  more  than  15  minutes.  By 
this  same  method  HCl  in  a  mixture  of  hydrochloric 
and  sulfuric  acids  can  easily  be  determined  without 
any  precipitation. 

This  method  also  will  serve  as  a  quick  qualitative 
test  for  ascertaining  whether  a  given  sample  contains 
chlorine  and  the  possible  amount. 

National  Carbon  Company.  Inc. 
Cleveland.  Ohio 
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A  METHOD  OF  ASHING  ORGANIC  MATERIALS  FOR  THE 

DETERMINATION  OF  POTASSIUM 

By  P    L.  Blumenthal.  A.  M.  Peter,  D.  J.  Healy  and  E.  J.  Gott 

Received  May  7,  1917 

INTRODUCTORY 

In  a  series  of  researches  now  in  progress  it  was 
necessary  to  determine,  quite  accurately,  small  quanti- 
ties of  potassium  in  the  presence  of  much  greater 
amounts  of  organic  materials,  chiefly  proteins,  fatty 
acids  and  carbohydrates.  Under  such  conditions, 
mechanical  losses  during  ashing  and  the  possibility 
of  volatilizing  potassium  compounds  would  introduce 
serious  errors  into  the  work.  The  object  of  this  in- 
vestigation, therefore,  was  to  ascertain  the  best  method 
of  ashing  organic  substances  in  which  potassium  was 
to  be  determined.  This  article  is  the  first  of  a  series 
of  investigations.  Other  papers  will  follow  as  rapidly 
as  the  results  warrant. 

Of  the  various  salts  of  potassium  the  chloride  and 
the  carbonate  are  the  most  volatile.  The  potassium 
of  organic  compounds,  when  ashed,  is  usually  con- 
verted to  the  carbonate,  except  where  sufficient  chloride 
or  sulfate  ions  to  combine  with  all  of  the  alkali  are 
present.  The  nitrate,  oxalate  and  other  potassium 
salts  of  organic  acids  are  converted  to  the  oxide,  hy- 
droxide or  carbonate,  depending  upon  the  conditions 
of  ignition  and  the  quantity  of  carbon  dioxide  present. 

Rose'  states  that  if  the  alkalies  are  present  only  as 
chloride  it  is  possible,  through  lack  of  care,  to  volatilize 
the  small  amount  of  alkali  salts  present.  On  page 
554  of  the  same  book  he  states  that  the  chlorides  of 
the  alkalies  are  much  more  easily  volatilized  when 
heated  in  the  presence  of  air  than  when  air  is  excluded. 

Norton  and  Roth^  show  that  potassium  sulfate  is 
nearly  twice  as  stable  as  the  carbonate  and  about 
seven  times  more  stable  than  the  chloride. 

In  addition  to  the  possibility  of  loss  of  potassium 
salts  by  volatilization,  there  is  every  reason  to  believe 
that,  in  the  removal  of  considerable  quantities  of 
organic  material  or  ammonium  salts  by  burning,  some 
potassium  is  lost  mechanically. 

REAGENTS    AND    .MATERIAL 

The  organic  material  selected  for  experimental  work 
was  a  bacteriological  culture  medium  containing  small 
amounts  of  potassium  salts.  It  varied  slightly  in 
composition  from  time  to  time,  but  the  ratio  of  or- 
ganic matter  to  potassium  salts  was  fairly  constant. 
This  medium  contained  about  0.7  g.  of  organic  matter 
(proteins,  carbohydrates,  etc.)  in  25  cc.  of  solution. 
A  portion  of  a  high-grade,  commercial  preparation  of 
potassium  chloride  was  dissolved  in  water  and,  after 
filtering,  was  partially  precipitated  by  running  the 
solution  into  pure  dilute  ethyl  alcohol,  with  constant 
stirring  during  Ihc  mixing.  The  finely  crystalline 
salt  so  obtainecl  was  filtered,  washed  with  dilute  alco- 
hol, ciried  for  several  hours  at  100°,  bottled  while  warm, 
and  allowed  to  stand  in  n  desiccator  over  calcium  chlo- 
ride. A  portion  of  the  sail  was  carefully  wciKhcd  out 
and  made  up  to  Ihc  rcf|uire<1  volume  at  jo"  C.     This 

I  "llantllHit-h  ilrr   Analyliaclwn  Chrinlr."  Crriniin   KilliUm.   1   IIR.M). 
8.1  S 

•I      l"!    I  hrm     S..J  ,  It  (lll'>7).  H*   6 


solution  was  standardized  by  carefully  evaporating 
measured  portions  with  platinic  chloride  solution  and, 
after  the  usual  washings  with  acid  alcohol,  ammonium 
chloride  solution  and  8o  per  cent  alcohol,  the  weight 
of  potassium  chloroplatinate  was  obtained  and  the 
potassium  chloride  content  calculated. 

Molar  solutions  of  nitric  acid,  magnesium  nitrate 
and  ammonium  nitrate  were  used  in  certain  of  the  ex- 
periments; dilute  sulfuric  acid  was  prepared  by  mix- 
ing 184  cc.  of  distilled  water  with  100  cc.  of  concen- 
trated sulfuric  acid.  The  acid  alcohol  used  in  washing 
the  potassium  chloroplatinate  was  made  by  adding  100 
cc.  of  concentrated  hydrochloric  acid  to  i  liter  of  95 
per  cent  ethyl  alcohol;  the  ammonium  chloride  solu- 
tion was  of  20  per  cent  strength  and  was  saturated 
with   potassium   chloroplatinate  in  the  usual  manner. 

METHOD    OF    ANALYSIS 

Twenty-five  cc.  of  medium  were  pipetted  into  a 
suitable  silica  evaporating  dish,  potassium  chloride 
solution  run  in  from  a  burette  (except  in  the  blanks) 
and  the  sulfuric  acid  and  oxidizing  agents  added  by 
means  of  dropping  pipettes.  The  solution  was  evap- 
orated on  a  rapidly  boiling  water  bath,  as  low  as 
possible.  The  black,  gummy  residue  was  carefully 
heated  over  a  free  flame  or  in  a  muffle  furnace  until 
white.' 

On  cooling,  2  to  4  cc.  of  i  :  i  hydrochloric  acid  were 
added,  and  the  ash  allowed  to  digest  at  room  tempera- 
ture over  night,  keeping  the  dishes  under  a  bell  jar. 
The  solution  was  then  filtered  into  small  beakers, 
washing  with  hot  water,  and  policing  the  dishes  to  re- 
move the  last  traces  of  residue.  Some  calcium  sul- 
fate and  silica  are  removed  by  the  filtration.  After 
the  addition  of  the  requisite  excess  of  platinic  chlor- 
ide, the  filtrate  was  evaporated  to  dryness  on  the 
water  bath  and,  after  cooling,  was  taken  up  with  a 
few  cc.  of  the  acid  alcohol.  After  settling,  the  clear 
yellow  liquid  was  decanted  through  a  glass  filtering 
tube,  having  an  asbestos  mat,  the  residue  was  again 
washed  by  decantation  with  acid  alcohol  and  then  with 
the  80  per  cent  alcohol,  to  remove  the  last  traces  of 
platinum  chloride  and  hydrochloric  acid  from  the  pre- 
ceding wash.  The  bulk  of  the  precipitate  in  the  beaker 
was  then  treated  with  4  to  6  cc.  of  the  ammonium 
chloride  wash,  using  a  rubber  policeman  to  break  up 
the  lumps  and  larger  crystals,  and  stirring  to  hasten 
the  solution  of  calcium  and  magnesium  sulfates.  After 
settling,  the  wash  was  decanted  through  the  same  tube 
which  contained  a  little  of  the  precipitate  and  the  main 
precipitate  was  washed  repeatedly  by  decantation  with 
the  ammonium  chloride  solution  until  clean.'  The 
main  portion  of  the  chloroplatinate  was  then  trans- 
ferred to  the  filtering  tube,  the  beaker  policed,  washed 
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thoroughly  with  80  per  cent  alcohol,  and  the  tube 
dried  for  an  hour  at  98°  C.  After  cooling  and  weigh- 
ing, the  precipitate  was  dissolved  out  by  washing  with 
hot  water.  The  tube  was  then  filled  with  80  per  cent 
alcohol  and  after  drawing  this  through  by  suction  it 
was  again  dried  for  an  hour  and,  after  cooling,  re- 
weighed.  The  difference  in  weight  represented  KiPtCU. 
Some  silica  usually  remained  on  the  asbestos  mat 
but  in  no  case  was  it  found  to  vitiate  the  results.  The 
direct  method  of  estimating  potassium  without  re- 
moving Fe,  Ca  or  Mg,  as  herein  described,  has  proved 
very  satisfactory  in  this  laboratory  over  a  period  of 
eight  years. 

EXPERIMENTAL 

To  determine  whether  sulfuric  acid  would  retard 
possible  loss  of  potassium,  and  whether  heating  in  a 
muffle  furnace  offered  any  superiority  over  the  usual 
method  of  burning  off  by  moving  the  silica  dish  slowly 
over  a  Bunsen  flame  until  the  main  evolution  of  gas 
had  ceased,  and  then  igniting  till  the  residue  was  white, 
a  series  of  ten  experiments  (Table  I,  Series  A)  was 
carried  out,  using   25  cc.  of  the  medium  for  analysis. 

Not  knowing  the  exact  potassium  content  of  the 
medium,  it  was  necessary  to  carry  out  some  check 
analyses  in  which  known  amounts  of  potassium  were 
added  to  the  medium,  in  order  to  arrive  at  the  amounts 
recoverable.  A  second  series  of  experiments  (Table 
I,  Series  B)  was,  therefore,  made  in  which  5  cc.  of  KCl 
Tablk  I — Results  on  25  Cc.  of  Medium  by  Ashing  in  a  Muffle  Furnace 

AND   OVER    A    BUNSEN    FlaHB 

Series  A:  No  Addition      Series  B:  KCl  Added 
Sulfuric  Milligrams  K  Milligrams  K 

No.   Hbatino  Acid         Found  Av.  Taken       Found        Error 

1  Bunsen  None  4.34)  7.56         6.51  — 1.05 

2  Bunsen  None  4.26^4.25  7.56  6.24         —1.32 

3  Bunsen  None  4.14)  7.56         6.19         —1.37 


4.29 


4  Bunsen  None  4.28) 

5  Bunsen  None  4.30) 

6  Muffle  5  drops  4.71) 

7  Muffle  5  drops  4.55(-4.63 

8  Muffle  5  drops  4.63) 

9  Muffle  5  drops  4.49)  .    ,, 
10  Muffle  5  drops  4.14)  *■" 


7.74  — 0.05 

7.82  -1-0.03 

7.79  0.00 

7.31  —0.31 

7.21  —0.41 


solution  were  added  to  each  sample;  the  other  details 
were  identical  with  Series  A,  except  that  Nos.  4  and  5 
were  omitted.  The  potash  content  of  the  medium  was 
taken  from  the  averages  in  Series  A,  each  average 
being  assumed  as  a  blank  for  the  group  in  ques- 
tion. 

From  the  results  of  these  Series  A  and  B,  it  is  quite 
evident  that  in  the  absence  of  sulfuric  acid,  potassium 
is  lost,  presumably  by  volatilization,  while  there  is 
a  shade  of  evidence  in  favor  of  using  a  muffle  furnace, 
because  the  results  are  a  trifle  higher.  Theoretically, 
the  muffle  should  reduce  mechanical  losses  due  to 
spattering  and  local  superheating,  because,  of  uniform 
heating.  It  seemed  possible,  from  Series  B,  that  a 
larger  quantity  of  sulfuric  acid  might  improve  the  re- 
sults even  more.  The  sulfuric  acid  acts  as  an  oxidiz- 
ing agent  in  removing  carbon  and  also  as  a  "fixing" 
agent  for  the  alkali  salts  present;  therefore,  a  larger 
quantity  of  the  acid  ought  to  hasten  the  ashing  pro- 
cess and  reduce  the  possibility  of  loss  of  alkali  salts  by 
volatilization.  Table  II  shows  the  effect  of  increasing 
the  quantity  of  acid;  the  potassium  content  of  this 
medium  was  slightly  increased  due  to  decrease  in  volume 
during  sterilization. 


Table  II — Series  C:     Results  with  Increasing  Quantities  of  Acid. 

Using  25  Cc  of  Medium  and  Asbing  in  the  Muffle  Furnace 

Dilute             1       10            15            20         0.5            I  2              3  4 

HiSOi            )    drops     drops     drops     cc.          cc.  cc.          cc.  cc 

Milligrams    /    5.15       5.02       5.40       5.16       5.18  5.11        5.19  5.37 

K  found         }■    5.21        S.OO       5.68       5.18       5.13  5.16       5.32  5.24 

1  5.16       5.13        5.26 

Average           5.18       5.01       5.41       5.16       5.19  5.14       5.26  5.30 

The  variations  in  Table  II  are  quite  small  and  one 
is  hardly  warranted  in  drawing  conclusions  from  the 
analyses.  However,  the  samples  containing  larger 
amounts  of  acid  ashed  more  readily  and  left  little 
carbonaceous  residue  with  the  silica,  etc.  The  next 
series  of  experiments  contained  larger  quantities  of 
acid  to  throw  further  light  upon  the  point.  In  Table 
III  are  given  the  results  of  another  parallel  series, 
carried  out  to  determine  whether  the  muffle  or  free- 
flame  method  of  ashing  gave  the  more  accurate  results. 

Table  III — Series  D 


Cc. 
H2SO1 

Cc. 
KCl 

Muffle  Fui 

Milligram 

Taken     Found 

nace 
K 
Error 

Free  Flahb 

Milligrams  K 

Taken      Found     Error 

3 

4.84 
4.91 
4.84 

4.52 
4.55 

3 

5 

8.17 
8.17 
8.19 

7.98 
7.55 
8.17 

—0.19 
—0.62 
—0.02 

7.86 

7.84 

6.80 
6.89 

— 1.06 
—0.95 

3 

10 

11.49 
11.48 
11.50 

11.43 
11.32 
10.79 

—0.06 
— 0.  16 
—0.71 

11.  16 
11.18 

11.11 
9.58 

—0.05 
—1.60 

3 

25 

21.42 
21.44 
21.42 

20.69 
19.70 
21.16 

—0.73 
—  1.74 
—0.26 

21.12 
21.10 

19.21 
18.79 

— 1.91 
—2.31 

The  first  five  results  in  Table  III  are  blanks  on  po- 
tassium content  of  the  medium.  These  results  are 
not  acceptable  in  point  of  agreement,  though  some  of 
the  individual  analyses  are  sufficiently  close  to  theory; 
the  analyses  made  by  means  of  the  muffle  furnace  are 
higher  than  those  where  the  samples  were  ashed  over 
a  free  flame.  This  means  that  there  was  less  mechan- 
ical loss  (spattering,  foaming,  etc.)  and  in  all  subse- 
quent analyses  the  samples  were  burned  in  the  muffle 
furnace.  It  was  quite  difficult  to  burn  the  last  bit 
of  carbon  in  this  set  because  it  was  more  or  less  graphitic 
in  nature  and  was  quite  refractory.  To  avoid  possible 
errors  due  to  adsorption  of  potash  in  washing  by  the 
carbon  remaining  unburnt,  etc.,  it  was  sought  to  find 
a  method  of  ashing  w-hich  would  readily  remove  all 
of  the  carbon  from  the  ash. 

A  series  of  experiments  was  tried  in  which  the  samples 
were  evaporated  and  then  charred  over  the  free  flame, 
after  which  the  requisite  amount  of  sulfuric  acid  and 
10  to  15  cc.  of  water  were  added  and  the  whole  evapora- 
ted a  second  time  and  ashed.  This  treatment  was 
devised  in  order  to  relieve  the  sulfuric  acid  of  part  of 
its  function  as  an  oxidizer:  the  charred  mass  was  readily 
softened  by  water  and  acid  and  the  subsequent  igni- 
tion was  a  little  easier  to  conduct  because  there  was 
less  foaming,  etc.  The  analyses  are  quoted  in  Table 
IV.  Series  E. 

Further  investigations  were  made  along  the  same 
line  in  which  part  of  the  carbonaceous  material  was 
removed  by  initial  heating  at  relatively  low  tempera- 
tures, various  materials  being  added  to  assist  in  the 
oxidation. 

Table  IV,  Scries  F,  shows  the  results  obtained  when 
the  samples  were  first  evaporated  with  5  cc.  of  molar 
solutions  of  nitric  acid,  ammonium  nitrate  or  mag- 
nesium nitrate,  charred  over  a  free  flame  and  then 
treated  with  sulfuric  acid  diluted  with  water,  evaporated 
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Table  IV' — Effect  of  Addition  of  Oxidizer 


-Series  E — No  Oxidizer — > 


6.  14        

12.76  12.99    +0.23 

12.75  12.73  — 0.02 

12.77  12.62  — 0.15 
12.77    11.82  — 0.95 

12.76  12.12  —0.64 

6.33        

5.76        

6.30         

5.82        

12.68  13.08    +0.40 

12.67  13.03    +0.36 

12.69  12.91    +0.22 
12.69    13.  13    +0.44 

12.68  11.89  —0.79 


• Series  F — Oxidizer  Added- 

KCl  HjSOi  Oxidizer     . — MUligrams 


5  Cc. 

Taken  Found  Error 

HNO3 

6.67         

HNO3 

6.67         

HNOa 

12^98 

12.94  —0.04 

HNO3 

12.96 

12.83  — 0.13 

HNO3 

12.99 

12.55  —0.44 

NH,N03 

6.45         

NHjNOs 

6.45         

NH.NO3 

12:76 

11.83  —0.93 

NH,N03 

12.74 

12.86   +0.12 

NHjNOs 

12.77 

11.89  — 0.88 

Mg(N03)3 

6.70        

Mg(N03)2 

6.72        

Mg(N03)2 

13;62 

12.99  —0.03 

Mg(N03)j 

13.00 

12.60  — 0.40 

Mg(N03)3 

13.03 

12.76  — 0.27 

and  ashed.  The  quantities  of  sulfuric  acid  were  varied 
so  as  to  determine  under  what  conditions  the  removal 
of  carbon  could  be  most  readily  accomplished. 

As  in  the  other  tables,  the  first  results  under  the 
column  headed  ''Mg.  K  found"  represent  the  amount 
of  potassium  found  in  the  organic  medium:  the  varia- 
tions from  table  to  table  are  due  to  differences  in  the 
concentration  of  the  medium,  which  varied  in  the  differ- 
ent preparations.  The  differences  in  the  values  ob- 
tained for  the  same  amount  of  medium  in  the  same 
table  are  due  to  the  impurities  present  in  the  reagents 
used  in  each  method  tried  and  to  mechanical  losses 
or  errors  inherent  to  the  method. 

In  the  above  experiments,  on  attempting  to  char 
those  determinations  which  had  only  nitric  acid  present, 
the  material  swelled  rapidly  to  a  very  voluminous 
mass,  resembling  the  ash  obtained  from  burning  mer- 
curic isothiocyanate.  The  ammonium  and  magnesium 
nitrate  experiments  deflagrated:  the  latter  was  a  slower 
and  less  violent  deflagration  and  the  ash  was  more 
porous,  but  the  presence  of  the  magnesium  salts  ren- 
dered the  removal  of  the  last  traces  of  carbon  difficult 
and  the  subsequent  treatment  of  the  ash  for  estimation 
of  potassium  was  rendered  very  tedious  for  the  same 
reason.  The  mechanical  losses  due  to  deflagration 
eliminate  the  last  two  methods  of  treatment,  but  the 
nitric  acid  method  gave  promise  of  better  results, 
particularly  if  the  formation  of  the  puffy  char  could  be 
controlled. 

Accordingly,  a  series  of  determinations  was  outlined 
to  study  the  action  of  nitric  and  sulfuric  acids  in  rc- 

Taulk  V — Kffkct  of  NiTHii-  Acid  (5  Cc.   Used  in   Kacii  Expkrimknt) 


Skkiks  ('■ 
KCl  lliSO. — Millinrunu  K  ^ 


Take 


I'*(iund  Error 


.Sriiihs  II 
KCl  HiSOi — MilliK 
o.  Cc.    Cc.    Taken  Fi 


l.»  08  1.1.24  +0.16 
13  06  13  07  +0.01 
13.0'J    12   76  —0.31 


12.80  13  15  +O.M1 
12.78  13,02  +0.24 
12. Bl    13.23  +0,42 


12 
13 

7.S 
7.$ 

S.87        ,... 
5.S9       .,,, 

14 
1,^ 

10 

10 

7   ^ 

12 

12 

04 

o^ 

n    75  — 0.2« 
1 1   HI   —0,24 

16 
17 
IH 

7   i 

7..1 
7.3 

.Ml 
IN 
20 

M   35  —0,85 
13  4«  —1.72 
15.  IS  —0,05 

I'i 
20 

7,07        .... 
AM 

21 
22 

10 
10 
10 

13 
13 
13 

2H 
26 
21 

13   24  —0.04 
12  41   — 0.»5 
H  .»   +0.0ft 

5 .  68    

5  82   

12.06  II  .75  —0.31 
12.04  II  .96  —0.08 

12.07  12.01  —0.06 
15.22  15.10  —0.12 
15.20  15  06  -O. 14 

15.22  15.84  —0,38 
21. ,50  21.32  —0.  18 
21.52  21.26  — O  2ft 
21,50  21  .10  —0.20 

5 .  85    

5.03  ... 

6  04  .. 
5.y5 

9    10     I.W  +0  00 

q.08     <l    14  +0<)A 

•>.  10     •>.  14  +n  04 

12  25    12  04  —0   21 

12.23  12  CM  O  I'I 
12.2ft  12  18  -<l  08 
1 5  \'>  1 5  39  n  <KI 
15  41  15  23 
IN  54  IN  1; 
18  .5ft  18  35 
18  54  18  37 
21  7«  21  37 
21  81  21  35 
21.79  21.38 


o  22 


o  42 
<l  4A 
0  41 


moving    carbon,     with     a     minimum    loss   of     potas- 
sium. 

In  Table  V,  Series  G,  Experiments  1  to  7  were  carried 
out  as  follows:  The  sample  (with  or  without  KCl) 
was  treated  with  5  cc.  of  molar  nitric  acid  and  6  cc. 
of  sulfuric  acid,  evaporated  to  pasty  condition  and  then 
ashed  in  the  muffle.  Nos.  8  to  11  were  treated  with  the 
same  amounts  of  HNO3  and  evaporated  as  low  as  possi- 
ble on  the  water  bath,  diluted  with  water  and  then 
carried  down  with  6  to  7.5  cc.  of  sulfuric  acid.  Nos. 
12  to  18  were  similar  experiments  on  a  new  medium. 
Xos.  19  to  23  were  evaporated  with  nitric  acid  and 
charred  in  a  free  flame,  as  were  the  determinations  in 
Series  F,  after  which  sulfuric  acid  and  water  were 
added  and  the  mixture  evaporated  to  low  volume  and 
ashed. 

Xos.  I  to  7  yielded  results  which  are  slightly  closer 
to  theory  than  any  of  the  other  methods  and  they  are 
more  regular  than  those  of  the  other  methods.  Since 
this  procedure  was  shorter,  it  was  decided  to  investi- 
gate the  method  further. 

These  experiments,  the  results  of  which  appear  in 
Table  VII,  Series  H,  show  greater  regularity  and  closer 
duplication  of  individual  series  than  any  method  as 
yet  tested.  It  will  be  noted  that  practically  all  the 
results  are  low,  the  maximum  error  being  0.46  mg. 
where  21.81  mg.  were  taken,  or  about  2  per  cent  of 
the  total  potassium  present.  In  working  with  such 
small  quantities  as  have  been  employed  in  this  investi- 
gation, such  an  error,  while  not  desirable,  is  relatively 
negligible,  as  the  long  process  involved  in  the  analysis 
is  bound  to  cause  some  mechanical  losses.  Series  G 
shows  that,  while  considerable  quantities  of  sulfuric 
acid  are  necessary,  a  large  excess  is  to  be  avoided,  be- 
cause of  the  increased  danger  of  spattering  during  the 
removal  of  carbon  by  burning. 

In  closing  it  should  be  stated  that  the  amounts  of 
nitric  and  sulfuric  acid  used  in  this  work  will  not  neces- 
sarily be  found  suitable  for  all  potassium  determina- 
tions where  organic  matter  is  present.  With  0.7  g.  of 
various  organic  materials,  and  amounts  of  pota.sh  vary- 
ing from  4  mg.  to  21  mg.,  it  has  been  found  advisable 
to  use  at  least  5  cc,  of  molar  nitric  acid  and  the  same 
amount  of  i  :  i  sulfuric;  the  amount  of  nitric  acid 
can  be  varied,  depcniling  upon  the  quantity  and 
nature  of  the  organic  mutter  present,  as  most  of  the 
excess  aci<l  will  be  removed  through  replacement  by 
sulfuric  acid  and  volatiliralion  during  evaporation. 
The' amount  of  sulfuric  acid  should  not  be  increa.'sccl. 
except  where  much  larger  quantitie.s  of  organic  matter 
(2  to  3  g,)  are  u.sed,  because  of  the  po.ssibility  of  greater 
losses  through  spattering, 

CONCLUSIONS 

I  In  ashing  organic  material,  potassium  is  usunlly 
lost  by  spattering  and  volntiliiation  in  removing 
organic  muttiT  and  ammonium  salts. 

n  Hurning  off  carbon  in  a  inul1U<  furnace  loads  lo 
more  uniform  results  than  direct  heating  over  a  free 
(lame, 

III  Converting  the  potu-ssium  salt  to  sulfate  re- 
duces volatilisation  losses. 
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IV — Moistening  the  sample  with  sulfuric  acid  is  not 
sufficient:  enough  sulfuric  acid  should  be  added  to  act  as 
an  oxidizer  for  carbon  and  to  convert  all  inorganic 
elements  present  to  sulfate. 

V — Direct  evaporation  of  the  sample  with  nitric 
and  sulfuric  acids,  preliminary  to  burning  off  organic 
matter,  has  proved  the  best  method  of  securing  uni- 
form results  and  has  materially  reduced  volatiliza- 
tion losses. 

Agbiculturai.  Experiment  Station 
Lexington,  Kentucky 


SOURCES  AND  COMPOSITION  OF  SOME  COMMERCIAL 

INVERT  SUGAR  SYRUPS  WITH  NOTES  ON 

SORGHUM  SYRUP 

By  Stroud  Jordan  a.sd  \.   I..   Chksuey 
Received  February  8.  1917 

At  the  present  time  numerous  samples  of  commercial 
invert  sugar  syrups  may  be  bought  on  the  market 
under  different  trade  names,  and  during  the  past  year 
it  has  been  estimated  that  more  than  2,000,000  gal- 
lons of  this  material  were  used  in  the  several  indus- 
tries which  represented  an  expenditure  in  excess  of 
$1,000,000.  The  use  of  this  material  is  on  the  increase 
and  there  is  no  limit  to  its  application,  for  the  great 
value  of  such  a  solution  is  that  the  sugars  will  not 
harden,  as  will  sucrose,  and  that  it  will  retain  ap- 
proximately 14  per  cent  moisture  under  most  condi- 
tions. This  fact  has  been  utilized  to  prevent  harden- 
ing of  materials  by  substituting  all  or  a  portion  of  the 
sucrose  used  with  invert  syrup.  A  wide  variation  in 
these  syrups  will  be  found,  going  from  inverted  cane 
sugar  syrups  through  inverted  raw  cane  sugar  syrups 
into  the  more  or  less  complex  molasses  and  invert  sugar 
mixtures,  which  sometimes  contain  materials  other 
than  sucrose  and  invert  sugar. 

It  is  unnecessary  to  go  into  detail  as  to  history, 
character  and  properties  of  invert  sugar,  for  this  is 
thoroughly  covered  in  the  literature,'  but  in  general 
two  grades  may  be  bought  on  the  market:  these  are 
known  as  "light"  and  "dark"  or  by  some  special  brand. 

THE  LIGHT  SYRUP  is  generally  composed  of  a  large 
amount  of  invert  sugar  and  a  small  amount  of  un- 
changed sucrose,  along  with  a  trace  of  ash  and  from 
0.05  to  0.2  per  cent  acidity,  when  calculated  as  tartaric. 
Organic  acids  are  generally  used  in  the  preparation 
such  as  citric,  tartaric,  formic,  and  acid  salts,  as  cream  of 
tartar,  but  in  some  instances  hydrochloric  acid  has  been 
detected  up  to  0.15  per  cent,  partly  combined  and 
partly  free. 

THE  DARK  SYRUP  is  a  complcx  mixture,  being  com- 
posed of  invert  raw  sugar  syrup,  a  mixture  of  invert 
raw  sugar  syrup  and  molasses,  light  invert  sugar 
syrup  and  molasses,  or  invert  sugar  syrup  and  soured 
honeys    along    with    wastes    occurring    around    sugar 

»  Allen's  "Commercial  Organic  Analysis."  4th  Ed.,  pp.  375-6;  British 
Patent.  16,540.  1889.  Alfred  Wohl;  Browne's  "Handbook  of  Sugar  Analysis." 
p.  659;  Ibid.,  p.  273;  Chemical  Abslracls.  1  (1907),  645;  Deul.  Zuckerind, 
SI,  1988;  U.  S.  Ucpt.  Agr.,  Bur.  of  Chem..  Bull.  7S,  75-6;  Ibid..  110,  63-4; 
U.  S.  Dept.  Agr.,  Farm«rs'  Bull.  477,  30;  U.  S.  Patent,  1,181.086,  1916, 
N.  W.  Taussig. 


houses.  It  is  so  blended  that  it  rarely  carries  over 
72.5  per  cent  total  sugars  and  a  varying  amount  of 
this  is  invert,  which  may  be  seen  from  the  analyses 
given  later.  It  is  impossible  to  determine  the  acid 
value  of  this  material  with  any  degree  of  accuracy 
since  the  color  is  too  dark  to  allow  titration. 

METHODS    OF    ANALYSIS 

For  all  determinations,  the  official  methods,  as 
given  in  Bull.  107  (revised),  U.  S.  Dept.  of  Agr.,  Bur.  of 
Chem.,  have  been  used.  These  methods  have  been 
replaced  by  later  modifications  appearing  in  the 
Journal  of  Association  of  Official  Agricultural  Chemists, 
where  they  may  be  found.  In  this  connection  it  is 
well  to  point  out  the  fact  that  sucrose  cannot  be 
estimated  in  these  solutions  by  the  Clerget  method,' 
and  that  copper  reduction  methods  have  always  been 
employed. 

RESULTS 

Analyses  of  products  gathered  from  various  sources 
during  the  past  four  years  are  given  below  in  per- 
centages and  under  each  grouping  will  be  found  samples 
of  similar  origin. 


Light  Syrup 

Dark  Syrup 

Invert 

Sucrose 

Ash 

No. 

Invert 

Sucrose 

Ash 

77.80 

3.33 

0.02 

A'       1 

36.92 

35.09 

0.39 

78.60 

2.87 

0.12 

2 

48.52 

22.62 

1.47 

76.73 

0.98 

0.06 

3 

47.62 

15.49 

2.44 

76.70 

2.19 

0.05 

4 

47.04 

22.80 

1.98 

77.55 

2.26 

0.01 

5 

51.32 

20.35 

1.84 

69.20 

11.88 

Traces 

B-       1 

29.23 

46.63 

0.22 

73.90 

8.61 

Traces 

2 

36.58 

36.94 

0.96 

72.62 

6.37 

Traces 

3 

31.57 

43.46 

1.03 

68.08 

10.90 

0.11 

4 

37.62 

30.60 

0.87 

76.80 

2.56 

O.U 

5 

53.28 

23.77 

0.41 

74.72 

2.27 

Traces 

C        1 

73.65 

5. 30 

0.16 

74.96 

2.58 

Traces 

2 

67.77 

8.44 

0.06 

75.82 

2.11 

Traces 

3 

71.04 

4.28 

0.05 

75.76 

2.30 

Traces 

4 

71.82 

4.01 

0.07 

73.69 

3.14 

Traces 

5 

69.42 

7.32 

0.12 

75.29 

0.49 

Traces 

6 

46.88 

22.30 

3.07 

74.46 

3.47 

Traces 

7 

51.58 

22.29 

2.32 

74.96 

2.49 

Traces 

8 

48.85 

22.26 

3.51 

74.33 

2.73 

Traces 

9 

47.32 

21.86 

2.51 

74.96 

1.94 

Traces 

10 

35.19 

35.84 

2.98 

44.05 

33.57 

Traces 

M'      1 

68.67 

7.40 

0.98 

72.37 

5.42 

Traces 

2 

64.28 

6.35 

0.43 

65.92 

14.29 

Traces 

3 

55.62 

21.13 

0.24 

69.20 

11.88 

Traces 

4 

18.00 

52.51 

0.99 

75.85 

2.44 

0.06 

5 

47.12 

26.60 

1.08 

71.40 

8.27 

0.40 

6 

54.46 

23.24 

0.23 

47.96 

.30.58 

Traces 

7 

54.08 

22.71 

0.04 

66.00 

11.50 

Traces 

8 

60.38 

14.95 

0.05 

67.88 

9.47 

Traces 

9 

61.42 

13.82 

0.06 

71.42 

6.51 

Traces 

10 

43.54 

28.79 

2.41 

Samples  marked  "A"  show  a  very  good  inversion. 
The  ash  value  of  these  samples  would  indicate  that 
mineral  matter  of  some  nature  had  been  introduced 
either  to  neutralize  acidity  or  for  some  special  pur- 
pose. 

Samples  marked  "B"  do  not  show  a  good  inversion. 
The  first  three  show  that  no  mineral  matter  or  foreign 
material  is  present  because  only  traces  of  ash  were 
found,  but  the  last  two  evidently  have  material  other 
than  sucrose  added.  These  inversions  are  not  as 
nearly  complete  as  the  foregoing  samples,  but  they 
were  probably  stopped  at  this  point  in  order  that  there 
would  be  less  tendency  for  dextrose  and  levulose  to 
separate. 

Samples  marked  "C"  show  very  good  inversion  and 
correspond  favorably  with  samples  listed  under  "A:" 
however,  the  amount  of  total  sugar  is  not  as  great, 

>  Jour.  A.  O.  A.  C.  II.  S  (1916).  138.;  Aliens  "Commercial  Organic 
Analysis."  1,  375. 
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which  is  accounted  for  by  the  fact  that  75  per  cent 
sucrose  solutions  were  inverted. 

Samples  marked  "M"  are  of  miscellaneous  origin. 
Nos.  I  and  7  represent  a  syrup  which  will  not  crystal- 
lize under  most  conditions;  however,  its  value  is 
not  as  great  as  it  would  be  had  the  syrup  been  properly 
inverted.  No.  6  was  inverted  by  the  action  of  hydro- 
chloric acid  and  a  portion  of  the  acid  neutralized, 
which  accounts  for  the  high  ash  value:  this  sample 
was  very  unsatisfactory  because  it  carried  a  burngd 
taste,  was  dark  in  color  and  showed  the  presence  of  free 
hydrochloric  acid.  The  other  samples  under  this 
heading  did  not  show  enough  difference  to  warrant 
special  remarks. 

1(6  Samples  marked  "A"'  represent  a  dark  syrup  which 
has  evidently  been  made  from  molasses  and  light 
syrup,  except  for  No.  i  which  was  probably  made 
from  raw  sugar.  This  is  accounted  for  by  the  odor, 
taste  and  high  ash  values. 

Samples  marked  "B"'  are  very  similar  to  "A'." 
Nos.  2,  3  and  4  were  probably  made  from  a  low-grade 
sugar  showing  less  than  90  per  cent  sucrose  or  from 
light  syrup  and  molasses  just  as  in  "A'."  Samples 
I  and  5  were  probably  made  from  raw  sugars. 

Samples  marked  "C,"  Nos.  i  to  5,  inclusive,  rep- 
resent a  dark  syrup  made  from  raw  sugar  showing  at 
least  98  per  cent  sucrose.  Nos.  6  to  10,  inclusive, 
were  made  from  50  per  cent  syrup,  and  50  per  cent 
bright  molasses,  which  showed  an  average  ash  of  5.5 
to  7  per  cent.  These  last  five  samples  show  that  the 
ash  value  is  a  very  good  criterion  for  judging  this 
material. 

Samples  marked  "M"'  represent  miscellaneous 
samples.  Nos.  i,  2,  3,  6,  7,  8  and  9  were  probably 
made  from  raw  sugar.  No.  4  was  made  from  a  low- 
grade  raw  sugar  showing  less  than  90  per  cent  sucrose. 
No.  s  was  made  from  25  per  cent  of  No.  4,  25  per  cent 
refiner's  syrup  and  50  per  cent  light  syrup.  No.  10 
was  made  from  50  per  cent  light  syrup,  25  per  cent 
New  Orleans  molasses,  and  25  per  cent  Porto  Rican 
molasses. 

MOISTURE-HOLDING    PROPF.RTIF.S 

From  practical  experiments  it  has  been  determined 
that  glycerine  (95  per  cent)  will  take  up  as  much  as 
15  per  cent  of  moisture,  while  the  light  invert  sugar 
syrups  will  retain  about  14  per  cent,  but  one  must  not 
assume  that  these  syrups  will  replace  glycerine  because 
of  this  fact.  This  becomes  evident  when  glycerine 
and  invert  syrups  arc  compared,  for  glycerine  has  a 
lubricating  and  softening  effect  and  will  "strike  in" 
almost  any  porous  surface  at  ordinary  temperature. 
Invert  syrups  are  sticky,  adhere  to  the  surface  and 
require  high  Icmiicraturcs  or  to  be  used  as  very  dilute 
solutions  before  they  will  "strike  in."  These  syrups 
may  be  used  to  replace  glycerine  where  that  material 
has  been  employed  to  oflsct  conditions  arising  from 
the  use  of  crysialliznblc  sugar,  for  this  hardening  is 
due  to  cryslalli/.iiiion  more  limn  to  lack  of  moisture. 

SPKCiriCATlONS 

While  it  is  realized  that  the  rccjuircMncnts  of  the 
various  industries  in  which  these  syrups  are  used  admit 


of  wide  variations  in  composition,  nevertheless  it  is 
felt  that  uniform  classifications  based  upon  specifica- 
tions would  be  of  value  in  contracting  for  such  material. 
The  following  is  therefore  suggested  after  analysis  of 
150  samples,  collected  over  a  period  of  5  years  from 
more  than  2,000,000  pounds  of  invert  syrup,  which 
has  been  furnished  from  13  different  sources.  More 
than  500,000  pounds  of  this  material  have  been  made 
under  the  direct  supervision  of  one  of  the  authors, 
and  in  no  cases  have  the  following  specifications  been 
found  high  or  impractical. 

An  objection  might  be  raised  over  the  percentage 
of  total  sugars  required,  but  the  limits  set  have  not 
been  found  high.  There  should  be  no  complaint  about 
the  sucrose  invert-sugar  ratio,  since  the  value  is  directly 
affected  by  this  constant.  If  a  higher  sucrose  content 
is  desired  it  is  an  easy  operation  to  add  a  sucrose 
solution  and  if  invert  syrups  are  to  be  bought  we  rec- 
ommend that  they  should  meet  one  of  the  following 
requirements: 

I — Light  syrup  special  shall  consist  of  at  least  75 
per  cent  total  sugars,  due  to  invert  sugar  and  sucrose 
alone.  The  sucrose  in  such  a  syrup  cannot  well  e.xceed. 
2.S  per  cent,  and  the  ash  value  should  never  exceed 
0.02  per  cent.  Only  organic  acids  should  be  used, 
which  must  never  exceed  o.i  per  cent,  when  calculated 
as  tartaric. 

2 — Light  syrup:  similar  to  (i)  except  the  sucrose 
should  not  exceed  20.00  per  cent  and  the  syrup  should 
be  bought  on  its  total  sugar  units. 

3 — Dark  syrup  special  shall  be  made  from  raw  sugar, 
water  and  a  suitable  organic  acid,  which  shall  not 
exceed  0.3  per  cent  by  weight  of  the  syrup.  At  least 
7  5  per  cent  of  total  sugars,  due  to  sucrose  and  invert 
sugar  alone,  shall  be  present  and  the  sucrose  should 
not  exceed  5  per  cent.  The  ash  value  of  this  material 
cannot  well  exceed  0.5  per  cent. 

4 — Dark  syrup  shall  be  made  from  any  suitable 
blend  of  invert  syrups  and  molasses.  The  total 
sugars  should  never  fall  below  72.5  per  cent,  of  which 
at  least  '/j  shall  be  due  to  invert  sugar  and  not  more 
than  Vi  shall  be  due  to  sucrose.  The  ash  value  of  this 
material  cannot  well  exceed  2.5  per  cent.  No  acid 
value  may  be  set,  but  in  general  it  will  conform  to 
requirements  under  "3"  above. 

SORGHl'M    SYRUP 

In  every  case  where  invert  syrups  are  manufactured 
a  certain  amount  of  raw  or  granulated  sugar  is  required 
which  means  that  this  much  sugar  is  imported  into 
the  Unitetl  States,  only  to  be  used  again  in  the  pro- 
duction of  invert  syrups.  Therefore,  it  is  desirable 
to  look  for  natural  economical  sources  which  will 
furnish  the  amount  necessary,  and  incidentally  build 
up  the  sugar  industry  in  the  I'niteil  States.  After 
reviewing  the  literature  on  sorKhvini'  one's  attention 
is  necessarily  called  to  the  fact  th.it  it  had  to  be  given 
up  tts  a  source  for  the  production  of  cane  s»igar  because 
of  the   presence  of,  invert  sugar,  starch,  dextrin  and 

I  (T  S  I>r|<l  Air  .  Itmll  M.  IKM.  Il-Hl .  M,  lUO;  M,  UNO;  14.  If«l; 
It.  S.  l)»pl    AgT  ,  Pi>cm»r»'  /•»«,  «Tt,  l«l.«. 
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gums  which  prevented  crystallization.  Now  it  has 
been  estimated  that  approximately  17,000,000  gallons 
of  sorghum  syrup  were  produced  in  the  U.  S.  during 
the  year  1900,  and  since  that  time  the  industry  has 
grown  larger  in  certain  localities.  It  has  also  been 
estimated  by  one  farmer  who  has  grown  sorghum 
for  50  years,  that  the  average  cost  of  production  of 
15,000  gallons  of  syrup  yearly  is  about  19  cents  per 
gallon. 

Of  course  there  are  by-products  in  this  manufacture 
which  may  be  utilized,  such  as  seed  from  the  sorghum 
cane  for  the  production  of  alcohol  and  some  planters 
claim  that  sorghum  seeds  are  worth  as  much  for  feed- 
ing purposes  as  an  equivalent  amount  of  Indian  corn. 
The  fodder  or  roughage  may  also  be  saved  and  used 
as  a  food  for  cattle;  however,  very  little  success  has 
been  obtained  by  feeding  this  to  horses  and  mules  on 
account  of  the  exceedingly  rough  nature  of  the  blades, 
which  causes  sore  mouth.  The  value  of  the  seeds 
is  due  to  the  high  percentage  of  starch  which  gives 
them  high  food  value.  There  is  a  custom  in  certain 
sections  of  North  Carolina  of  feeding  these  cane 
seed-heads  to  hogs  and  it  is  claimed  that  a  row  of  cane 
will  furnish  as  much  food  from  the  seeds  as  a  row  of 
corn  the  same  length.  It  will  be  seen,  therefore,  that 
sorghum  is  not  only  a  source  of  syrup  but  also  a  source 
of  cattle  and  hog  food  which  makes  it  equivalent  to 
corn,  a  fact  which  should  not  be  overlooked,  especially 
at  this  time  when  food  and  food  products  are  so  scarce. 
The  advantage  of  cane  over  an  equivalent  amount  of 
corn  may  be  seen  to  be  the  amount  of  syrup  obtained 
from  the  stalk  since  corn  stalks  are  not  utilized  and 
when  this  fact  is  taken  into  consideration  along  with 
the  fact  that  cane  may  be  planted  closer  together  it 
will  be  seen  that  cane  is  worth  approximately  twice  as 
much  as  corn. 

The  syrup  produced  will  furnish  a  source  of  all  the 
so-called  dark  invert  syrups  and  it  is  also  possible 
to  produce  the  light  syrup  by  passing  the  dark  through 
a  "Char"  filter.  The  use  of  this  material  will  make  it 
possible  to  obtain  equivalent  sugar  units  at  approxi- 
mately 7  5  per  cent  of  the  cost  when  compared  with 
invert  syrups  made  from  cane  sugar.  The  only  draw- 
back to  this  source  is  that  the  syrup  is  generally  used 
up  locally  and  no  centralized  market  exists  for 
its  purchase;  however,  the  demand  for  this  ma- 
terial should  warrant  the  establishment  of  such  a 
market. 

To  test  out  sorghum  along  with  other  commercial 
invert  syrups  a  representative  10-gallon  sample  was 
taken  at  random  from  1200  gallons  made  at  Barnes- 
ville,  Georgia,  during  October,  1916,  and  an  average 
analysis  on  this  material  is  given  herewith: 

.•\nalysis  of  Surghvm  Syrup 

Acidity 
Reducing     Gums  and  as 

Solids     Ash         Sucrose      Sugars       Extractive    Tartaric 
Percentages 74.6,1     2.82  40.00         28.42  4.03  0.79 

This  sample  was  made  from  a  variety  known  as  Texas 
ribbon  cane  by  grinding  in  a  three-roller  mill,  straining 
the  juice  through  a  piece  of  burlap  and  allowing  this 
to  run  immediately  onto  an  evaporator  heated  by  a 


wood  fire.  No  control  was  attempted;  as  far  as  could 
be  seen,  the  only  means  of  determining  the  finishing 
point  was  by  the  break  in  the  bubbles  formed  in  the 
boiling  syrup.  This  point,  along  with  the  heat  of  the 
fire,  was  controlled  at  will  by  a  so-called  syrup  maker 
who  had  been  making  syrup  for  the  past  thirty  years. 

The  amounts  of  reducing  sugars  and  sucrose  may  be 
varied  by  following  out  suggestions  given  by  A.  Hugh 
Bryan  in  the  Bulletin'  just  referred  to;  however,  for 
general  information  it  might  be  well  to  state  that  these 
methods  depend  on  the  fact  that  sucrose  is  inverted 
in  the  presence  of  certain  acids  and  enzymes.  The 
general  procedure  is  to  add  very  little  lime,  or  none  at 
all,  in  defecating  the  syrup  but  to  allow  the  natural 
acidity  to  cause  further  inversion  in  the  sucrose  con- 
tent when  the  syrup  is  cooked.  This  process  may  be 
augmented  by  warming  up  the  juice  in  an  auxiliary 
tank  before  evaporation,  in  which  case  inversion  is 
increased.  Some  makers  allow  the  cane  to  remain  in 
the  field  for  twenty-four  hours  or  more  after  cutting, 
which  procedure  may  be  taken  for  its  worth.  The 
fact  remains  that  the  high  ash  value  of  finished  sorghum 
syrup  will  not  allow  of  inversion  so  that  this  process- 
must  be  attended  to  at  the  source  and  it  is  felt  that  by 
proper  selection  of  the  variety  planted  along  with 
suitable  control  of  the  juice  before  evaporation  a 
product  may  be  made  which  will  be  a  satisfactory 
substitute  for  the  invert  sugars  of  commerce.  This 
last  statement  is  borne  out  by  the  fact  that  sorghum 
had  to  be  given  up  as  a  source  of  cane  sugar  because 
it  was  possible  to  obtain  but  little  crystallization  when 
the  syrup  was  allowed  to  stand. 

It  is  interesting  to  note  that  the  gums  in  sorghum 
syrup  were  composed  largely  of  starch  and  dextrin 
which  will  prevent  crystallization  when  taken  with  the 
percentage  of  reducing  sugars  present. 

A  sample  was  exposed  for  six  weeks  without  crystal- 
lization and  at  the  end  of  that  time  it  showed  approxi- 
mately 15  per  cent  of  water.  Of  course  some  of  this 
was  held  mechanically  by  the  skin  which  formed  on 
the  surface  and  which  was  broken  from  time  to  time 
but  the  moisture  content  will  always  compare  favorably 
with  light  syrups.  This  same  sample  was  still  soft 
and  pliable  without  showing  signs  of  crystallization 
at  the  end  of  four  months. 

The  best  grade  of  sorghum  syrup  should  be  made 
from  the  natural  juice  of  the  several  varieties  of 
sorghum  cane,  by  extraction  or  expression  and  subse- 
quent evaporation.  No  alkali  nor  alkaline  salts  should 
be  used  to  defecate  the  juice.  The  finished  syrup 
should  contain  at  least  70.00  per  cent  of  total  sugars, 
not  more  than  5.P0  per  cent  starch  and  gummy  matters, 
and  not  more  than  3.00  per  cent  of  ash  (mineral 
matter).  The  acidity  of  such  material  cannot  well 
exceed  0.8  per  cent,  due  to  acids  naturally  present 
in  the  cane  juice  and  calculated  as  tartaric.  The 
color  and  taste  should  be  large  factors  in  judging  this 
material. 

544  Park  Avknus 
Brooklyn.  Nkw  York 
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VINEGAR  INVESTIGATION  menters.     After    this    time,    the    fermented    first    and 

A  STUBY  OF  THE  CHANGES  THAT  CIDER  UNDERGOES  second  pressings  were  mixed  in  a  ratio  of  about  9:1, 

DURING    FERMENTATION    AND    PROLONGED  respectively;     i.    e.,    8947     gallons    of    each    of     the 

STORAGE  AND  ITS  SUBSEQUENT  CON-  first  pressings,  and  2,105  gallons  of  the  second  press- 

VERSION    INTO     VINEGAR    IN  ■             ^his    mixture    constituted    the    cider    vinegar 

ROTATING  GENERATORS  .Z_,      ,    ■        .,        ^     ^.              ,     •   ,    ,        ,          ,     ""'^'^' 

stock,  being  the  starting   material  for  the  subsequent 

By  B.  G.   Hartman  and  L.  M.  Tolman  „          .•                  ^t^i             .       ,                                _       . 

_  operations.     The    stock    was    aged    for    one    month, 

Received  May  / ,  1 9 !  /  ....                                      °                                                   ' 

and  was  divided  into  two  parts.     One  part  was  cleared 

INTRODUCTION  K         u  J      u        •  j   ^i  ,  /-, 

on  beechwood  shavings  and  the  other  part  was  filtered 
In  the  fall  of  191 3,  the  Bureau  of  Chemistry  started  through  paper  pulp.  The  time  occupied  for  clearing 
an  investigation  of  cider  vinegar  made  by  the  use  of  ^as  about  twelve  days.  The  cleared  and  filtered  stocks 
a  certain  type  of  rotating  generator.  Analyses  of  ^ere  then  pumped  into  the  generators,  ten  genera- 
cider  vinegars  made  by  this  process  show  a  decidedly  tors  for  each  portion.  The  generators  were  of  the 
low  content  of  non-sugar  solids  and  it  was  mainly  rotating  type.  They  consisted  of  a  rectangular 
for  the  purpose  of  determining  the  reason  for  this  that  tank  of  about  480  gallons  capacity,  for  holding  the 
the  investigation  was  made.  stock,  and  a  cylindrical  drum  filled  with  beechwood 
The  work  was  conducted  at  -Medina,  X.  Y.,  and  shavings.  The  drum  dipped  into  the  cider  to  the 
extended  over  a  period  of  two  years.  During  this  time  depth  of  about  one-third  of  its  diameter,  and  revolved 
the  process  was  under  the  personal  supervision  of  one  ^.gry  slowly  through  the  stock  in  the  tank,  about  i'/j 
of  the  authors  and  no  opportunity  was  neglected  to  turns  in  24  hours.  The  heat  of  acetificaiion  caused 
make  the  investigation,  in  its  various  stages,  entirely  sufficient  circulation  of  air  to  furnish  the  oxvgen  re- 
authentic.  In  the  course  of  the  work  about  70  sam-  q^jred  for  the  life  of  the  acetic  bacteria.'  In  this  mode 
pies  were  collected  and  analyzed.  In  order  that  no  ^f  generating  it  is  not  necessary  to  prepare  a  feed, 
question  could  be  raised  as  to  the  authenticity  of  the  the  stock  being  generated  without  the  addition  of 
samples,  the  various  containers  (fermenters,  clearing  vinegar.  In  Table  I  the  average  temperature  of  the 
tanks,  generators,  etc.)  were  washed  with  a  part  of  generator  room,  the  temperature  in  the  generators, 
the  material  in  the  nature  of  a  test  run,  in  identically  ^^d  the  acidity  for  the  cleared  stock  are  given.  Prac- 
thc  same  manner  as  in  the  investigation  proper.  The  tically  the  same  conditions  prevailed  for  the  filtered 
various  products  of  this  test  run  were  analyzed  and  stock- 

found  to  agree  very  well  in  chemical  composition  with  Xablb  i— gbnbrator  record  op  tub  Clearso  Stock 

the  corresponding  products  of  the  investigation  proper.  End  of       1st       2nd       3rd     4th  wc«k 

rpv        r       ■*.  1  i    J  A  I'A  c    *i TEMPERATtJRB:     Generator  Room 58°         60°  54°       .  55°  F. 

The   fruit   used   represented   a   good   quality   of   the  in  Generators 75»       84°       68°       62°  K. 

usual   run   of   western    New   York   apples   for   Vinegar      acidity  as  Acetic:  g.  per  lOo  cc 3.0       5.0       6.i       6.5 

making,  Baldwins  and  Greenings  predominating.     The  The  time  required   for  generating  the  cleared  and 

starting   materials  comprised  two  lots  of   20,000  gal-  filtered    stocks    was    about    27    days.     The    vinegars 

Ions  each  of  first  pressing  and  one  lot  of  2,500  gallons  were  then  pumped  into  tanks  filled   with   beechwood 

of   second   pressing  juice.     These   lots   were   obtained  shavings  where  they  were  allowed  to  clear  for  about  one 

from  practically  the  same  stock  so  that  little  differ-  month,  when  they  were  drawn  od  into  storing  tanks, 

encc  in  their  chemical  composition  was  expected.  After   storing   for   about   seven    months,    the   vinegars 

PROCESS  were  finally  cleared  on  beechwood  shavings. 

^pv      f     •■                   .    ,         1    »i      c     1                 11  From   this  description,   it   is   evident   that,   for   the 

1  he   fruit    was   grated   and   the   finely   ground   pulp  .                                          ■         .         t     1 

_   .  •     .    1    .      .     ,       ,•                        ■       »!.            ,.  manufacture   of    vinegars   bv    the    practice   described. 

subjected    to    hydraulic    pressure    in    the    customary  .          .        ,       •              "^               ,,        •     „ 

„                Tu      •    •               •       r          .u                    11  the    time    required    is    about    two    years.     Practically 

manner.     The  juice  running  from  the  presses  had   a  ^        .                       ■          '    ,           .       l       l 

.„         .           riiou         iLi         1            .1  the  entire  process  is  conducted  in  cosed  vessels  whereby 

temperature  of  about  50    F.  and  had  a  pleasant,  clean  .       .         ,        ,                .    . 

.   „,        rp,         •  ,  ,              u     4^                11                 ,          c  evaporation  is  reduced  to  a  minimum. 

taste.     The   yield    wa.s   about    170   gallons   per   ton   of  "^                                    .              ,        ,               .                 . 

■    .      rp.          1   I       »   n,                                       AA        »  The  loss  through  shrinkage  for  the  two  hrst  pressini; 

apples.      The  solids  at  the   various  pressures  did   not  .           *                   '^                                          , 

_     ■      -r          .!.•         ..                        1-   u^    1  luiccs    during    fermentation    and    storage    was    iibout 

vary   much;  if  anything,  there   was  a  slight  decrease  J                       s                                                   »> 

.1.        ,' ,         ,,                                     J    1     ,  .1.-                 I  ^.S  per  cent  on  the  average.     An  attempt  was  made 

in  the  solids  as  the  pressure  increased,  but  this  was  not  o   3  y                               .               ,     .         ,         ,                       , 

„  „•„.     »      'pu                                        I   •    •     r    _     .     -  to  determine   the  shrinkage  during  the  other  singes  of 

consistent.      1  he    juice    was    pumped  into  fermenters  **              ''                    %            . 

t                   11                   ••           I    11         1  ,     r            .  manufacture,  but  no  satisfactory  results  were  obtained, 

of  20,000  gallons  capacity  and  allowed  to  ferment  spon-  '                 .    .           ,  •        ,                  , 

»              1         .pi                                                 r^        .1.       •    •  1  he    pomace    remaininE    after    ihc    second    pressinij 

taneously.      1  he    pomace    remaining    after    the    juice  hv^iu»..v     vh.        ••«                                       1            » 

had   been   removed   was  firm  and  dry.     This  pomace  J""^*^   ''''^   removed   showed   a   sugar   content    of    ,.4 

was  stored  in  heaps  for  about  three  days  and  then  re-  P"  '^"^"^  »"'•  '»"  ""-''^''^y  (f^  '«»''^'  »/  "  ^5  P«r  cent. 

1      ■»,      .  .,        ,  ,.,•         c       .            1      .1  The  sediments   remainini;  after  the   fermented   culers 

pressed  without  the  addition  tif  water  under  the  same  «.       iv-i          i    •.         ^ 

f,-               .11-1                          l^     •        .L       »     •  ■  hnd  been  stored  one  year  had  u  yellow  color  .inu  con- 

tondilions  as  the   first  pressings.      During  the  storing  .  "         .           .. 

•    ,  ,,                        I.         1     •           c  c            .   »•  tamed   dead   yeast  cells,  hacten.i,   .ind  sm.ill  amounts 

period  the  pomiue  showed  signs  of  fermentation,  evi-  v.      ,«.                 '.„,,,,          ,             ,     . 

.lenccd   by  a  rise  in  temperature  in  the  center  of  the  "f    '""'"'"   ""^   '''^'^^'-     ,'"    '^"'"'^:    "    """'>'-'"^*   "^   '^"^ 

heap.     The    se.-.,nd    pre.ssing    juice,    which    amounted  '"-•''""^•"l^  "^  the  two  juices  are  given: 

to  about  one-ninth  of  the  total  available  juice  of  the  „                   ^*"i"  '*  __   n..^  ^.   mn  .-^ 

'  CoMnMiTtott  or  HaM«*wT»:  Oa*m  WMi   100  ».c. 

apple,   was   fernicntcd  spontaneously.      Both   the   first  cui*.     SoiMt      A«b   Total  lv>i  !Mui>i*  IM\   tuotuM*  ino> 

and  second  pressing  juices  after  completing  fcrnirntn-      Loj  ' *«•♦      j«  *       jj -J^       J  J^|  *  [?•  J  |JJ- 

lion  were  aged  for  about  one  year  in  the  original  fer-  avmaoii  .    \'i      m  s       o.jj       o  .'t              "  ■'             "  ■'« 
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Since  the  material  from  which  the  sediments  were  ob-  Bureau.     This  is  especially  true  of  the  sucrose  content 

tained  was  approximately  20,000  gallons  in  each  case,  and,  in  a  less  degree,  of  the  non-sugar  solids  and  fixed 

it  appears  from  Table  II  that  about  4    mg.  of    phos-  acids.      The   discrepancies   are   explained   by   the   fact 

phoric  acid  as  P:Os  and    10    mg.  of  ash  per   100  cc.  that  the  Bureau  samples  were  sterilized  for  one  hour 

juice  were  removed  during  fermentation  and  storing.  at    180  to   190°   F.   and   analyzed   about  four  months 

„        ,„    „  ,,  .  after  the    Medina  samples   were   analyzed.     Analyses 

Tabls  III — Composition  of  Vinegars  prom  the  Individital  Generators  -^ 

. Cleared  Stock ■ Filtered  Stock •  made  at  Medina  and  the  Bureau  of  second  pressings 

Acid  as  Acid  as  show  the  same  discrepancies  as  noted  above  and  are 

Solids     Alcohol     Ash        acetic      Solids     Alcohol     Ash        acetic  '^ 

G.  per         %  by     G.  per      G.  per     G.  per       %  by      G.  per       G.  per  due    tO    the    Same    CauSeS. 

100  cc.     volume     100  cc.      100  cc.      100  cc.     volume      100  cc.      100  cc.  ~    ,,        ttt       ,  •  frr  ■  ,■  , 

1.19       0.08       0.32       6.48       1.21       0.18       0.32       6.60  Table   IV   shows   quite   a   difference   in  solids,   non- 

1.26       0.08       0.31       6.45       1.36       0.08       0.31       6,60  sugar  soHds  and  fixed  acids  between  the  vinegar  stock 

1   21  0  28         0  32         6  60  1.44         0.20         0.32         6.48  °  ° 

i!23       0^30       o'.3i       6^69       j*)       °-2|       ^.32       6.43  proper  and  the  theoretical  composition  of  the  vinegar 

1.32       0.26       0.32       6.69       i;37       0^33       o.'3!       6.42  stock.     This  difference  is  duc  to  changes  during  stand- 

1.22         0.63         0.32  6.30  1.38         0.35         0.31  6.45  ■  ,      r  ,       •  j 

1.22       0.41       0.32       6.60       1.49       0.03       0.34       6.39  ing  bctore  analysis  was  made. 

1:27       0:04       oii       6:69       1:38       6:68       0:33       6:57  FIRST  PRESSING  JUICES— There  is  no  material  differ- 

Av    i~24       o~^       o~32       6~57       i~39       oT?       o~32       6~54  cnce  in  chemical  composition  between  the  two  juices. 

(See  Table  IV.) 
In  order  to  obtain  an  idea  of  the    composition    of  second  pressing  juiCE^Table  V  shows  the  differ- 

the  vinegars  from  the  individual  generators,  a  sample  ence    in    composition    between    the    first    and    second 

was  taken  from  the  spigot  of  each  generator  just  be-  pressing  juices: 

fore    drawing   off   into   the   run-off   tanks.  Table  V— Composition  of  1st  and  2nd  Pressings 

The  average  composition  of  the  vinegars  from  the  pressing: 1st  2nd 

,.     .  ,        ,  .  r    •   1  11         'i!      ii      i        f  Alcohol,  per  cent  by  volume 0.07  2.25 

individual  generators  agrees  tairly   well   with   that  or  soiids,  grams  per  100  cc 14,98  8.74 

,,  -.  .  £      ..  _/r4._i-Tjr_.  Sugars  as  invert  sugar  before  inversion,  grams  per  100  cc.  II  ,92  5.45 

the  composite  Vinegars  from  the  run-off  tanks.      How-  sucrose,  grams  per  100  cc 0,24  0.10 

ever,  there  is  some  variation  among  the  vinegars  from  ^3°h°;'g'ji"s'per''Too'c".'. .".". '*"'.".■: :::::::::::::::::    oil  o.l? 

the  generators  of  the  same  set.  Totii  p^os.  mg,  per  loo  cc,  .,,      27,4  32.7 

°  Fixed  acid  as  raalic,  grams  per  100  cc 0.57  0. /4 

From  Table  IV  it  will  be  seen  that  there  is  quite  a  Volatile  add  as  acetic,  grams  per  lOO  cc 0.02  0,26 

difference  in   chemical   composition  between   the   "ist  It  is  reasonable  to  assume  that  the  juice  still  remain- 
Pressing    Juices"    analyzed    at    Medina    and    at    the  ing  in  the  fresh  pomace,  after  the  removal  of  the  first 

Table  IV — Composition  of  Juices.  Finished  Vinegars  and  Intermediary  Products;     Results  in  Grams  per  100  Cc.  except  where  Otherwise  Noted 

Sugars 
as  Invert  Sugar 


'  S  S 


2& 


10,35 
9,90 
9,39 

11,92 


9,01 
8,90 
8.61 
11.53 


Sp.  Gr. 
Date      15.6°  C.  SjS>  S^ 

JmcE.  1st  Pressing:  Sampled    15.6°  C.  <;         « 

from  Press 10/22/13   1.0620      ....    15,63 

from  Press 10/23/13   1,0595      ,,,,    15,23 

composite,  analyzed  Medina 10/24/13   1,0585     0,05    14.83 

composite,  analyzed  Bureau 10/24/13   1.0592     0,07   14,98 

fermented 12/3/13  0.99870  7,58     1.78 

fermented,  stored 11/23/14  0.0998207.40     1.58 

from  Press 10/24/13   1,0581      ,,.,    14,67 

from  Press 10/28/13   1,0584     0,01    14.67 

composite,  analyzed  Medina 10/28/13    1.0574      

composite,  analyzed  Bureau 10/28/13    1.0579     0,29   14,83 

fermented 12/3/13  0,99843  7.59     1.66 

fermented,  stored 11/23/14  0.99820  7.38     1.54 

Juice.  2nd  Pressing: 

from  Press 10/27/13   1.0341      2,10 

composite,  analyzed  Medina 10/27/13   1.0325     2.54 

composite,  analyzed  Bureau 10/27/13    1.0334     2.25 

fermented 12/3/13   1.0058     5.25 

fermented,  stored 11/23/14   1.0053     5.45 

Vinegar  Steele:      1st  and  2nd   Press-  12/  7/14  0,99849  7,00 

ings,  miied 1/5/15  0.99850  7.01 

Vinegar  Stock: 

cleared ....       5.75 

filtered 1/  5/15  0.99860  7.01      1.51 

Vinegar: 

cleared  stock 1/31/15   1.0156    0.20     1.26 

filtered  stock 1/30/15   1.0150    0.18      1.34 

Cleared  Vinegar: 

cleared  stock 3/1/15   1.0152     0.20      1.30 

filtered  stock 3/1/15   1.0159     0.17      1.43 

Vinegar,  stored: 

filtered  stock 10/2/15   1.0159     0.04     1.32 

cleared  stock 10/4/15    1.0155     0.06     1.20 

SUMMARY 

Juice,  analyzed  Bureau:    composite, 

1st  Pressing 10/24/13   1.0592     0.07   14.98 

composite,  2nd  Pressing 10/27/13   1.0334     2.25     8.74 

Juice,  fermented,  stored: 

1st  Pressing 11/23/14  0.99820  7.40     1.58 

2nd  Pressing 11/23/14  1.0053     5.45     2.13 

Vinegar  stock:  theoretical ....       7,20     1,62 

proper 12/7/14  0,99849  7,00     1,51 

Vinegar,  filtered  stock 1/30/15   1,0150     0,18     1,34 

Cleared  Vinegar 3/1/15    1.0159     0.17      1.43 

Vinegar,  stored:  filtered  stock 10/3/15   1.0159     0.04      1.32 

(*)  Determined  in  distillate,  (a)  On  i 

(t)  Determined  by  difference.  (6)  Cc. 


8.86 
8.85 
8,74 
2.72 
2.13 
1.51 


1.30 


5.28 
5.45 
0.20 


w       Z      > 

2.05  3.23   .... 

1.81   3.52    .... 

2.30  3.14  .... 
.  0.24  2,82  ,,., 
i  ....  1.72  .... 
S  ....  1.55  None 
.  3,20  2,46  ,  ,.. 
,  3.02  2,75  ,  ,,. 
.    2.86   

0.58  2.72  .... 
)  ....  1.61  .  ... 
1   ....    1.51   None 


5.28   ....    0.10  3.59    .... 

5.44   ....   0.15  3.42   .... 

5.56   .,,.   0.10  3.19   .... 

0.22  0.00  2.52   .... 

0.09    ....  2.04  None 

0,03   ....  1.48  None 

0.03   ....  1.48  None 


12.51 
11.81 
11.81 
12,17 


12.38 
12.08 
11.62 
12.14 


0.69 
0.70 
0.67 
0.59 
0.80 
0.83 
0.63 
0.64 
0.74 
0.64 
0.82 
0,82 

1.07 


sw   tS 


<  < 


o 


0,09  0.59   

0,07  0,62    

0,02  0,65    

0,02  0,57  0,33  34,0  27.4    

0,43  0.32  0.32  32.5  26.5  0.25  0.040   

0.47  0.31   0.33  35.4  26.5  0.26  0.028  0.046 

0.30  36.0   

0.01   0.63    

0.02  0.72   

0,02  0.62  0.32  33.4  26.7    

0.48  0.29  0.32  33.0  27.5  0.26  0.040   

0.48  0.29  0.33  34.6  27,7  0.26  0.020  0.058 

0,25  0,79  0,37    

0,26  0.85  0,39   

0,26  0,74  0,37  37,0  32,7    

1.01  0.35  0.36  35,0  31,6  0,24  0.350   

1.02  0.34  0.39  38.0  31.7  0.25  0.193  0.074 
0.49  0.24  0.33  35.0  25.8  0.25  0.041  0.044 
0.47  0.25  0.33  34.6  26.0  0.25  0.046  0.044 


0.03 
0.09 
0.04 
0.03 
0.07 
0.08 
0.12 


1.55  None 
2.04  None 
1.58  None 
1.48  None 
1,27  0,27 
1,35  0,28 
1,20  0,33 


1.03 

0.83        0.47  0,31   0,33  35,4  26,5  0.26  0,028  0,046 

1.47         1.02  0.34  0.39  38,0  31,7  0.25  0.193  0.074 

0.89        0.53  0.31  0.34  35.3  27.6  0.25  0.041  0.036 

0.78        0.49  0.24  0.33  35.0  25.8  0.25  0.041  0.044 

6.45(»)   6.37  0.07  0,32  31,6  22.0  0.25  0.073  0.035 

6.47(*)  6.41  0.07  0.32  33.2  23.6  0.25  0.076  0.035 

6.47(*)  6.44  0.03  0.30  34.4  23.7  0.24  0.083  0.033 


lined  indirectly,  in  all  vinegars  determined  directly. 
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pressing,  has  practically  the  same  composition  as  the  age  in  acetic  acid  is  in  part  accounted  for  by  the  forma- 
first  pressing  juice  proper  and  that  the  increase  in  the  tion  of  esters  (0.8  g.  ethyl  acetate  =  i .  i  g.  acetic 
non-volatile  constituents  is  due  to  a  concentration  of  acid)  so  that  the  real  loss  of  acetic  acid  during  the  en- 
material  through  evaporation  of  water  and  alcohol  tire  process  is  a  trifle  less  than  3  per  cent.  This  cal- 
during  the  storing  of  the  pomace  before  pressing.  culation  does  not  take  thfe  concentration  during  aceti- 
This  concentration  was  figured  to  be  about  15  per  fication  into  account  as  it  was  impossible  to  determine 
cent.     There  is  a  marked  loss  of  alcohol  and  acetic  acid  this  shrinkage. 

during  storing  of  pomace — about   23   per  cent  of  the  fixed   acids — The   loss   of   fixed   acids   will   be   dis- 

total  alcohol  and  acetic  acid.  cussed  later. 

The  analyses  of  the  two  juices  and  their  fermented  ash — The  analysis  does  not  show  a  loss  of  ash  dur- 

products  are  so  much  alike  that  it  will  suffice  to  con-  ing  fermentation  and  storing.     That  there  is  a  slight 

fine  the  discussion  to  either.      This  is  also  true  of  the  loss  during  this  period  was  discussed  in  connection  with 

two  final  vinegars.      In  order  to  afford  a  more  intelli-  Table   II.      During   the   storing   of   the   vinegar  there 

gent  presentation  of  the  material  to  be  used,  the  data  is  an  appreciable  loss,  about  6  per  cent, 

essential  to  the  discussion  are  assembled  in  the  summary  total  P2O5 — Although  there  is  only  a  slight  decrease 

of  Table  IV.  in    P2O5    during    alcoholic    fermentation    and    storing 

DISCUSSION  OF  RESULTS  (probably  due  to  assimilation  as  food  during  the  growth 

In  the  following  discussion  of  the  analytical  results  °^  ^^e  yeast),  there  is  an  appreciable  loss  of  this  in- 

and  the  changes  which  take  place  during  the  process,  gredient  during  the  acetification,  about  12  per  cent. 

the  influence  which  the  second  pressing  juice  has  upon  pentosans,    or    their    equivalent,    increase    about 

the  composition  of  the  vinegars  has  been  disregarded.  ^°°  P^r  cent  during  the  acetification   and  storing  of 

This  was  done  for  the  sake  of  convenience.  ^^^  vinegar.      The  increase  in  the  reducing  substances 

ALCOHOL— The    fermentation    was    very    complete,  reported  as  sugars  is  very  likely  due  to  these  so-called 

The    small    amount    of    copper    reducing    substances  pentosans. 

(0.03  g.  per  100  CC.)  reported  as  invert  sugar  is  proba-  T^b'-e   VI— Chemical   Composition    01.   THE   Fi.NAL   ViNBCARS 

,  ,          .                                                       _,,                •       ,1           1          i-                        1  Results  in   grams  per   100  cc.  except  where   otherwise  noted 

bly    due    to   pentosans.     Theoretically   the    fermented  Stock:                                 Filtbrbd                Clsareo 

and  stored  juice  should  contain  6.2  g.  of  alcohol  per  Specific  gravity  at  15.6°  C./i5.6°  c...         1.0193                    1.01531 

_  .     ,  .                           ,                              ^              ,,           ,  Alcohol,  per  cent  by  volume 0.03         0.05             0.05         0.06 

loo  CC.     Of  this  amount,  6.  2  g.  are  accounted  for,  there  Glycerin 0.23       0.24          0.24       0.2s 

,      .                                     .    ,             c      \      u    \  Solids 1.31         1.32             1.19         1.22 

being  no  apparent   loss  of   alcohol.  Sugars  as  invert  Sugar: 

GLYCERIN  remains  fairly  constant  during  the  entire  ^VJ^^^^n:::::::..:./.:.    o.W       o.W          Vu       Vu 

rirnrp<;«;  Non-sugar  solids 1.19                              1.10 

i^iui-coa.  Volatile  reducing  substances 0.33                                0.34 

NON-SUGAR     SOLIDS The     total     reduction      of     non-  Polarization    direct    at    27°    C,    un-            ,  „„  „                            „„„.. 

.                                                                  .                  ....  diluted.  200  mm.  tube — LO'V.                       — 0.9°  V. 

sugar  solids  during  the  process  (from  juice  to  finished  Total  acid  a?  acetic 6.47       6.46          6.62       6.64 

\    ■         ,         .        o                       ^         r\c   ^t--                       J.UJ.  Volatile  acid  as  acetic 6.44                                6.58 

Vinegar)  is  about  58  per  cent.     Of  this  amount  about  Fixed  acids  as  maiic 0.03       0.03          0.05       0.06 

four-fifths    occurs    during    fermentation    and    storing  1!.^^^!'"'"''*^.T"': ::::::    "■^.083''"         "'^oo^t""' 

of    the    cider    and    one-fifth    during    acetification    and  ^^I^L^nx  6.25V.::::::::::;:;;    o.oSi"*°o.033        o.o?.i*^.o32 

.storing  of  vinegar.     Of  the  total  loss,  about  one-third  i.ead  precipitate. medium                 medium 

"                      "                                                          '                                         .  Alcohol  precipitate 0.19         0.20              0.21          0.20 

is     accounted     for     through     the     conversion      of     malic  Polarization  of  alcohol  precipitate O                                     0 

...            ,.            .,,.,                                            ....  Color,  Brewer's  scale.  Vi  in.  ceU 4.0                                  4.0 

acid  into  lactic  acid  during  fermentation,  and  oxidation  Pcr  cent  color  removed  (fuller's  earth).          25                                    25 

,  ,.  J       1       •  .c       »•  rL,  .     ■  A.sh 0.30         0.30  0.30         0.31 

of    malic    acid    during    acetification.     The    remaining  Alkalinity,  cc.  .v/io  add  per  loo  cc: 

,,  .     ,                      I           .^.^    -L     i     J     i                  •     'i    i"             f  soluble  ash                     34.4          34.6              34.4         34.8 

Iwo-thirds  may  be  attributed  to  precipitation  of  pec-  insoluble  asti ;....::. :: 6.o        5.6            5.8        6.0 

line    anrl    trnmi:    pViipflv  Total  PiOi.  mg.  per  100  cc 23.0  23.7  21.8  22.3 

tins  ana  gums  cnieiiy.  soiubic  p.o..  mg  per  too  cc 10.2       11.2  10.2       10.4 

VOLATILE     REDUCING     SUBSTANCES     do     nOt     OCCUr     in        I^nsoluhle  IW..  mg.  per  100  cc U^        'o'o04  'o'o04      'o'o04 

the  juice  or  in  the  fermented  juice.     They  appear  for      chlorine  (ci) o.ooi  o.ooi 

■"  .  .  '  ,         ■'        '^'^  Potassium  o>ide  (KiO) 0.156  0.162 

the  first  time  in  the  vinegar  so  that  it  may  be  said      Sudium  oxide  iNmoi 0.008  o.oo.» 

that  they  are  the  product  of  acetification.     The  vola-  CB'ici'uni'o"icic''"cao)*. ..'.".".':::::::.'  o:oi4                          o;oio 

•  •1                 t         •                    1      1                                                     1         ■              .1.  Silica  (S'lCh)                                                 ..         0.0010                                         0.0008 

tile    reducing    substances   increa.sc    during    the    ageing      MaUc  acid   .  .  0.032       o.ws        0.043     0.04s 

of  the  vinegar.  .succimc  «id.V.-  0.007       0.0,0        0.0,2     0.0,0 

VOLATILE     ACID     AS     ACETIC-Bascd     OH     the     alcohol  T.nnm^.m,eo,or,n_g^^^^^^^                                           0.022           0.022       0.024 

and  acetic  acid  content  of  the  vinegar  stock,  the  vine- 
gar produced  should  theoretically  have  contained  7 .  7  Tabic  VI  presents  the  chemical  compositions  of 
g.  of  acetic  acid  for  100  cc,  whereas  only  6.  4  g.  of  actual  the  final  vinegars.  The  organic  luid  constituents  are 
acetic  acid  are  accounted  for,  or,  during  acetification,  interesting  because  they  give  an  idea  of  the  destructive 
there  is  an  apparent  loss  of  17  per  cent  acetic  acid.  processes  which  take  place  during  alcoholic  fcrmcnla- 
During  darifu  ation  and  storing  of  the  vinegar  there  lion  and  acetification.  The  decrease  of  fixed  acids  dur- 
is  a  loss  of  about  1  per  cent  acetic  acid,  so  that  the  ing  fermentation  and  storing  is.  in  the  main,  due  to 
total  loss  of  at  elii- acid  during  the  entire  process  nmounis  the  breaking  down  of  malic  acid  into  lactic  acid  and 
lu  approximately  18  per  cent  of  the  total  available  carbonic  acid.  The  lactic  aci.l  found  in  the  final 
M-elic  acid.  This  is  a  very  good  yield.  In  practice  vinegar  made  from  the  filtered  •stock  is  o.  j,»  g.  per 
he  loss  of  acetic  ncid  during  acetification  is  placed  100  cc.  Assuming  that  this  lactic  ocid  wos  formed 
,ii  i,\  per  cent,  it  being  figured  that  i  per  cent  alcohol  from  malic  only,  it  follows  that  about  0..14  r.  malic 
l.y  volume  will  yiel.l  0.8  g.  of  acetic  acid.      The  short-  acid  was  destroyed  to  form  lactic  ocid.      Unfortunately. 
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the  malic  acid  was  not  determined  in  the  juice.  How- 
ever, from  the  alkalinity  of  the  water-soluble  ash  and 
the  fixed  acidity  of  a  juice,  it  is  possible  to  calculate 
the  total  malic  acid  approximately.  To  do  this,  it 
must  be  assumed  that  the  fixed  acidity  in  an  apple 
juice  is  due  principally  to  malic  acid.  Calculated 
in  this  manner,  the  two  lots  of  juices  originally  con- 
tained approximately  0.46  and  0.45  g.  combined,  and 
0.34  and  0.40  g.  free  malic  acid,  respectively,  or  about 
0.83  g.  total  malic  acid,  average  for  the  two  juices. 
Accordingly,  the  fermented  and  stored  cider  contained 
approximately  0.49  g.  of  total  malic  acid.  The  final 
vinegar  contained  about  0.040  g.  of  total  malic  acid. 

CONCLUSIONS 

From  the  figures  given  above  it  is  apparent  that: 
(i)    During   fermentation   a  large  part  of  the   malic 

acid    of   the   apple   juice   is   destroyed   to   form   lactic 

acid. 

(2)  During  acetification  the  remaining  malic  acid 
is  almost  entirely  oxidized. 

(3)  The  fixed  acid  in  the  vinegar  is  chiefly  lactic 
acid. 

Other  points  of  interest  concerning  the  organic 
acid  constituents  are  the  presence  of  acetates  in  the 
vinegar  and  indications  of  minute  amounts  of  formic 
acid,  as  shown  by  Fincke's  method. 

Concerning  the  ash  constituents,  it  is  noted  that  75 
per  cent  of  the  ash  consists  of  potassium  carbonate. 

METHODS    OF    ANALYSIS 

Wherever  possible,  the  methods  approved  by  the 
Association  of  Official  Agricultural  Chemists  were 
employed. 

MALIC  ACID  was  determined  by  the  method  of 
C.  von  der  Heide  and  H.  Steiner.' 

SUCCINIC  ACID  was  determined  by  the  method  of 
C.  von  der  Heide  and  H.  Steiner. - 

LACTIC  ACID  was  determined  by  the  method  of  W. 
Moeslinger.'  On  account  of  the  presence  of  appreciable 
amounts  of  acetates  in  the  vinegars,  the  method  was 
modified  to  remove  the  acetates.  This  was  accomplished 
by  the  addition  of  2  cc.  of  concentrated  hydrochloric 
acid  after  distilling  off  the  volatile  acids  and  evapora- 
ting to  a  small  bulk,  adding  water  and  again  evapora- 
ting, repeating  this  operation  three  times  before  pro- 
ceeding with  the  determination  of  the  lactic  acid. 

ACETATES — The  acetates  were  determined  in  the 
residue  from  the  volatile  acid  determination.  To  the 
residue  in  the  distilling  flask,  5  cc.  of  a  20  per  cent  phos- 
phoric acid  solution  were  added  and  the  distillation 
continued  until  15  cc.  of  distillate  required  not  more 
than  3  drops  of  A'^/10  alkali  for  neutralization.  The 
acidity  of  the  distillate  was  determined  by  titration 
and  calculated  as  acetic  acid. 

Recognition  is  due  to  Mr.  E.  H.  Berry,  of  the  Chicago 
Laboratory,  for  assistance  rendered  in  the  analyses  of  a 
number   of   the   samples. 

Dbp.^rtment  up  Agriculturb 

Bureau  of  Chbuistry 

Chicago.  Illinois 


'  Z.  Sahr.  Cenussm..  17  (1909).  .107. 

t  Ibid..  17  (1909),  291. 

*Ibid..  t  (1901),  1123,  Barium  Chloride  Method. 
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HISTORICAL 

The  statements  found  in  the  literature  regarding 
the  characteristic  acids  of  the  various  fruits  are  most 
diverse.  This  is  probably  due  in  many  cases  to  the 
inaccuracy  of  the  methods  used  for  their  identifica- 
tion and  determination,  although  it  is  quite  possible 
that  variations  in  the  kind  of  acid  present  may  some- 
times occur  in  the  same  variety  of  fruit  when  grown 
under  differing  conditions.  The  method  which  has 
generally  been  used  for  the  determination  of  both 
citric  and  malic  acids  in  fruit  juices  depends  on  the 
precipitation  of  the  acids  in  the  form  of  calcium  or 
barium  salts  and  the  separation  of  these  by  means  of 
their  differing  solubilities  in  water  and  alcohol.  The 
separations  obtained  in  this  way  are  usually  far  from 
sharp  and  may  readily  lead  to  errors. 

The  burden  of  evidence  in  the  literature  seems  to 
indicate  that  tartaric  acid  is  not  an  ingredient  of  fruit 
juices  except,  of  course,  of  grape  juice.  W.  Kaupitz'* 
and  R.  Kayser^  claim  to  have  found  tartaric  acid  in 
raspberries,  but  their  statements  are  contradicted  by 
numerous  authors.'"'  Kunz'  reports  citric  acid  as 
the  acid  of  raspberries.  Kunz  and  Adam'  state  that 
strawberries,  raspberries,  elderberries,  currants,  cran- 
berries and  peaches  contain  citric  acid  but  no  malic 
nor  tartaric.  They  find  that  citric  acid  is  the  pre- 
dominating acid  of  huckleberries,  gooseberries  and 
apricots  but  state  that  malic  acid  is  also  present. 
Tartaric  acid  was  not  found  by  them  in  these  fruits. 
Krzizan  and  PlahF  and  Krzizan''  found  citric  acid  only 
in  raspberries.  Kayser-  reports  citric  as  the  principal 
acid  of  raspberries,  but  found  malic  and  tartaric  acids 
also.  Jorgensen'  found  citric  as  the  predominating 
acid  of  raspberries  and  huckleberries  with  a  small 
amount  of  malic,  and  in  raspberries  traces  also  of  suc- 
cinic but  no  tartaric:  elderberries  were  found  to 
contain  only  citric.  Hempel  and  Friedrich"  report 
the  examination  of  four  samples  of  raspberry  juice. 
The  first  contained  much  citric  acid  and  a  not  inconsid- 
erable amount  of  malic.  The  second  contained  about 
equal  amounts  of  both  acids,  while  the  other  two  con- 
tained much  malic  acid  with  traces  only  of  citric. 
Keim"  found  both  malic  and  citric  acids  in  cherries. 
W.  Nacken'^  found  citric  and  malic  acids  in  huckle- 
berries, Mach  and  Portele"  in  cranberries.  Accord- 
ing to  Stolle'*  cranberries  (Vaccinium  oxycoccus)  con- 
tained only  glyoxylic  acid,  while  Aparin"  reports  only 
citric  acid. 

From  the  work  of  the  authors  just  quoted,  Windisch 
and  Schmidt,"  from  whose  paper  these  references 
are  taken,  draw  the  following  conclusions:  Citric 
and  malic  acids  are  the  characteristic  acids  of  fresh 
fruit  juices,  excluding  grape  juice.  Succinic  acid  is 
found  in  small  quantities  in  fresh  fruit,  especially  in 
the  unripe  condition,  but  tartaric  acid  does  not  occur 
in  other  fruits  than  grapes.  In  berries,  in  general, 
citric  acid  predominates  and  most  berries  contain,  in 
addition,  malic  acid  in  very  small  quantities.     Of  the 

•  Numbers  refer  to  bibliography  on  page  767. 
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stone  fruits,  in  cherries  and  plums  malic  predominates,  Reineclaude,  Mirabelle  and  Orleans  plums,  pears  and 
if  it  is  not  present  exclusively.  The  question  of  the  apples  is  due  to  citric.  Muttelet,"  on  the  contrary,  re- 
acids  of  peaches  and  apricots  must  be  left  open,  the  ports  the  predominating  acid  of  cherries  as  malic  with 
widespread  assumption  that  these  fruits  contain  no  citric  and  only  undeterminable  traces  of  tartaric, 
malic  acid  as  the  predominating  acid  being  shaken  He  states  that  strawberries,  raspberries  and  red  and 
by  the  researches  of  Kunz  and  Adam.  In  seed  fruit,  black  currants  contain  citric  acid,  with  traces  only 
such  as  the  apple  and  the  pear,  malic  acid  predom-  of  tartaric  and  no  malic.  Warcollier'"  found  no  tar- 
inates  or  is  almost  exclusively  present  except  for  tannic  taric  acid  in  either  apples  or  pears.  Paris^'  reports 
acid.  The  total  acidity  of  berries  should,  therefore,  the  presence  of  citric  acid  and  a  small  amount  of  malic 
be  expressed  as  anhydrous  citric  acid  and  of  cherries  acid  in  strawberries.  He  finds  no  oxalic,  tartaric 
and  seed  fruits  as  malic  acid.  salicylic  or  benzoic  acids. 

In    addition   to   the   statements   summarized    above  Jorgensen^   reports    malic   as   the   principal    acid   of 

by  Windisch  and  Schmidt,  a  number  of  other  articles  cherries.      He  found  no  tartaric  acid  and  only  found 

on  the  fruit  acids  have  appeared  which  are  of  interest  traces  of  succinic  and  citric.     Roux  and  Bonis"  state 

principally  because  of  the  diversity  of  the  statements  that   malic   acid   predominates  in   cherries   but   report 

made.     Truchonand   Martin-Claude"  report  tartaric  also  citric  and  tartaric  acids. 

acid  in  strawberries,  black  currants,  quinces,  apricots,  Scurti    and    Plato-'    report   the    acidity    of    oranges 

unripe  cherries  and  in  traces  also  in  green  gage  plums.  ^s    due   to    citric    and    malic    acids.     The    same    acids 

No  tartaric  acid  was  found  in  white  currants,   pears  were  found  by  Borntrager  and  Paris=*  in  pomegranates. 

and  apples.     They  report  citric  acid  in  apricots  and  In  addition  to  the  foregoing,  the  presence  in  many 

in  faint  traces  in  unripe  cherries  although  it  was  not  fruits  of  salicylic,  benzoic  and  formic  acids  has  been 

found  in  ripe  cherries.     Chauvin,  Joulin  and   Canu'*  reported,    but    with   the   exception   of   benzoic   acid  in 

state    that    the    acidity    of    black    currants,    cherries,  cranberries,  these  have  never  been  reported  except  in 

quinces,  strawberries,  raspberries  and  apricots  is  due  exceedingly  small  amounts  and  they  have  no  place  in 

to  tartaric  acid,  while  that  of  red  and  white  currants,  the  present  consideration.      For  more  convenient  refer- 

Table  I — The  Acids  oi"  Fruits:     Results  Reported  by  Previous  Writers 

Fruit                                       Author  Date         Reference  .\cids  Reported 

Apple Truchon  &  Martin-Claude  1901      Ann.  ckim.  anal..  6,  8i  No  tartaric 

Apple Chauvin,  Joulin  &  Canu  1908     A/on.  sci.  69,  449  Citric 

Apple Warcollicr  1911      Ann.  fals.,  i,  48S  No  tartaric 

Apricot Truchon  &  Martin-Claude  1901      Ann.  chim.  anal..  6,  85  Tartaric  and  citric 

Apricot Kunz  &  Adam  1906  Z.  Nahr.  Cenussm..  12,  670  Citric  predominates;  some  malic,  no  tartaric 

Apricot Chauvin,  Joulin  &  Canu  1908     A/on.  sri.  69,  449  Tartaric 

Cherry Keim  1891  Z.  anal.  Chtm..  30,  *0l  Malic  and  citric 

Cherry Truchon  &  Martin-Claude  1901  Ann.  rhim.  anal,  6,  85  Tartaric  and  traces  of  citric  in  unripe  cherries 

No  citric  in  ripe  cherries 

Cherry Kunz  &  Adam  1906  Z.  yahr.  Genussm,  12.  670  Malic 

Cherry JCrgensen  1907  Z.  \ahr.  Cenussm.,  IS,  HI  Malic;  no  tartaric:  traces  only  succinic  and  citric 

Cherry Chauvin,  Joulin  &  Canu  1908  A/on.  si  i..  69,  449  Tartaric 

Cherry Muttelet  1909  Ann.  fals.,  2,  t83  Malic:  no  citric:  mere  traces  tartaric 

Cherry Roux  &  Bonis  1909  Ann. /als..  i,  ISO  Malic  predominates:  citric  and  tartaric  present 

Cranberry: 

(Small  American) Scheelc  ....  Crell's  .Inn..  10  Citric 

(Vaccinium) 
( MooHbcerc) 

IMoosbccrc) Stolle  1900  Z.  Ver.  Zuckerind.  (N.  F.),  87,  609  C.lvoxylic 

(Moosbecre) Aparin  1904  Z.  Nahr.  Cenussm.,  B,  25t  Citric 

(Mountain  Cranberry)..    Mach  &  Portele  1890  Landw.  Vers.-Sla.,  M,  69  Citric  and  malic 
(V.  vids  tdaea) 

(Prcisclbccre) Kunz  &  Adam  1906  Z.  Sahr.  Cenussm.,  IS,  670  Citric,  no  malic  nor  tartaric 

Currant: 

(Black) Truchon  &  Murtin-CIaude  1901  Ann.rhim.anal.i,85  Tartaric 

(White) Truchon  &  Martin-Claude  1901  Ann.  {him.  anal  ,%,  85  No  tartaric 

Kunz  &  Adam  1906  Z.  Sahr    Cenussm.  It,  670  Citric:  no  malic  nor  tartaric 

(Black) Chauvin,  Joulin  &  Canu  1908  A/on.  jri.  69,  449  Tartaric 

(Red  and  White) Chauvin.  Joulin  8c  Canu  1908  .V/on.  jfi.,  69,  449  Citric 

(Red  and  Black) Muttelet  1909  Ann.  fah.  t,  383  Citric,  trace*  only  tartaric:  no  malic 

Klderberry Kunz  ih  Adam  1906  Z.  Sahr.  Cenussm  .  H.  610  Citric,  no  malic 

Gooseberry Kunz  &  Adam  1906  Z.  Nahr.  Cenussm.  It,  610  Citric  predominates:  some  malic:  no  tartaric 

Huckleberry Nacken  189.S  Forschuntsber  aher  Lebensmillet.  I,  ,1.S0     Citric  and  malic 

Huckleberry Kunz  &  Adnm  1906  Z.  \ahr.  Cenussm,  It,  6Ht  Citric    predominatct.      small    amount    malic,    no 

tartaric 

Huckleberry lOrgenscn  1907  Z.  .Sahr.  Cenussm  .  It,  2*1  Citric,  small  amount  malic 

Orange Scurti  St  Plato  1909  .Sloj.  st>er.  atrar   ilol  .  41,  4.'S6  Citric  and  malic 

Peach Kunz  &  Ailani  1906  /.  S'ahr.  Cenussm..  IS,  670  Citric,  no  malic  nor  tartaric 

Pear Truchon  (b  Martin  Claude  1901  Ann.  thtm.  anal  .  %,  85  No  tartaric 

Pear Chauvin.  Jniilin  Ai  Canu  1908  .tfon.  >.  i.,  (9,  449  Citric 

Pear Warcollirr  1911  Ann.  fah  ,  t,  *8\  No  tartaric 

Pineapple Kayser  1909  ;;.  affenl.  Chem  .  10,  187  Citric,  no  malic  nor  tartaric 

Plum: 

(C.rren  Cage) Truchon  K  Martin  Claude  1901  Amm.  thim    anal  .  t.  85  Trace  tartaric 

K.rri-n  Cage) Chauvin.  Joulin  (d  Canu  190H  Afiin    in  ,  (9,  449  Citric 

PoiMcKtanate liornlrAgrr  ft  Parii  IH98  Z    S'ahr   (.Vnaiim  .  \58  Citric  pmlominalrs.  malic  al«3  prewnl 

Uuinii'    Truchon  ft  Martin  Claude  1901  Ann.  , him.  anal  .  t,  85  Tartaric 

Hiiil try W.  Kalipilr  I9(X)  /'darifi.  /rnir  .  «l,  A47  Tartaric 

Kii.pl.irry K.  Kuni  \<ll)5  /.    alltem.  .-^^lerr.  Apolh-Ver,  U,  H'>       Citric,  no  iii  . 

I<u..pl,.try Kunz  ft  Adiini  19(w,  /    uHrrm    ili/rrr    .4  f.rf*  ■  IVr  ,  64.  1 187      Ciliic,  nn  m  . 

I(.i.|ibrrry Krzisali  ft  I'lahl  I9(H.  /    ,\nhr.C<muttm..U.}05  Citric,  no  in  .                                 ,pir.rnl 

Kimpl.rrrv K.  Kriiian  I9(K,  Zotenllhem..lt,M!  Cilri.     i...  .n 

Ka.pberry K.  Kay.rr  1906  Z.  ojftnl.  Chtm,  It.  ISi,  191  Clin.    .                                                                           -.lartc 

l<a<pbrrrv                                    llnnprl  ft  Fiirdri.h  1906  Z.  Sahr.  Ctmussm,  IS.  12i  lit                                                                           ...lie 

^nd  <ial> 

»rd  \    .: ,  .        

kii.plirriy O.  jarienncn  1907  /.  ,Va*r.  (.Vmniim  .  II,  .Ml  Cllrl. .  |iim.  ii.alU  .  «  liltk  iuaIk 

ha.|>l..iry Cbauvin,  Joulin  ft  Canu  I90H  A/on    i,i..  69.  449  Tartaric 

K»*l'l">iy Mullrlel  |9(>>i  Ann    fu/i  .  S,  .t8A  Clltli,  no  malic,  liacn  nnir  lartarir 

.Sli.iwl.rrry Truchon  ft  , Martin  Claude  1901  Ann    .him    anai  .  •,  R>  Tarlattr 

Straobrrry Paris  190.'  Chem  V.ll  .  t»,  H8  Cllrli.  mk.II  ainmint  malic 

Hirawberrjr Kuns  ft  Adam  1906  X  aij(/ai  Aii/rr    .4  M*.  In  ,  44,  187       (.  iiri. .  ■•••  iikIk.  no  larioiir 

.SlraKbrrrv Chauvin.  Joulin  A  Canu  1908  Afoa    i.i  ,  M,  449  T«ii«.., 

Hirawl.rrrv  M..lf,lri  ftW  Ann.  faU.,  t.  St.\  .  -l.      l.   l..t.... 
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ence,  the  statements  found  in  the  literature'  regarding 
the  presence  of  malic,  citric  and  tartaric  acids  in  fruits 
are  presented  in  tabular  form  in  Table  I.  Table  II 
contains  a  summary  of  what  appear  to  be  the  most 

Table    II — Summary    op    Most    RsLtABLB    Statements    by    PREvions 

Writers  on  the  Acids  of  Fruits 
Fruit  Predominating  Remarks 

Cherries  Malic  acid  Otlier    acids,    if    present,    only    in    traces 

Cranberries  Citric  acid  Benzoic  acid  present  to  the  extent  of  0.04 

to  0.05  per  cent:  other  acids,  if  present, 

only  in  traces 
Currants  Citric  acid  Other  acids,  if  present,  only  in  traces 

Huckleberries      Citric  acid  Some  malic  acid 

Raspberries  Citric  acid  Other  acids,  if  present,  only  in  traces 

Strawberries        Citric  acid  Other  acids,  if  present,  only  in  traces 

reliable  statements  by  previous  writers  regarding 
the  acid  contents  of  the  more  common  fruits. 

EXPERIMENTAL    WORK 

Methods  for  the  quantitative  determination  of 
malic  acid  were  suggested  by  Yoder-'  in  igii  and 
later  by  Dunbar  and  Bacon."  These  methods  de- 
pend on  the  increase  in  the  optical  rotation  of  solu- 
tions of  malic  acid  when  treated  under  definite  condi- 
tions with  uranyl  acetate.  Citric  acid  when  present 
does  not  interfere  with  the  determination  but  special 
treatment  is  required  in  the  presence  of  tartaric  acid 
for  the  reason  that  the  optical  rotation  of  the  latter 
acid  is  also  increased  by  treatment  with  uranyl  ace- 
tate. The  most  favorable  limits  for  the  determina- 
tion of  malic  acid  by  the  optical  method  are  between 
0.2  per  cent  and  2.5  per  cent  of  malic  acid.  The 
error  within  these  limits  seldom  amounts  to  more  than 
5  per  cent  of  the  malic  acid  present  when  solutions  are 
clear  enough  to  be  polarized  without  difficulty. 

In  the  case  of  dark-colored  solutions,  however, 
much  difficulty  is  sometimes  encountered  in  making 
the  polarizations  and  it  is  then  necessary  to  resort 
to  the  use  of  bromine  as  a  bleaching  agent.  When 
bromine  is  used  the  error  may  be  somewhat  higher 
than  that  stated  above.  The  polariscopic  method  is 
entirely  applicable  to  the  determination  of  malic  acid 
in  fruit  juices  which  are  not  highly  colored  and  it  is 
also  applicable,  but  with  less  accuracy,  to  colored 
juices  in  which  the  use  of  bromine  as  a  bleaching 
agent  is  necessary.  In  the  latter  case  the  error  is 
always  in  the  same  direction,  the  amount  of  malic  acid 
found  being  less  than  that  actually  present. 

The  determination  of  the  malic  acid  content  of 
several  varieties  of  apples  and  other  fruits  generally 
regarded  as  containing  malic  acid  only,  showed  in 
many  cases  a  remarkably  close  agreement  between 
the  malic  acid  determined  by  the  polariscopic  method 
and  that  calculated  from  the  total  acidity  found  by 
titration  with  standard  alkali.  This  seemed  to  indicate 
that,  contrary  to  the  usual  idea,  malic  acid  exists  in 
these  fruits  almost  entirely  in  the  uncombined  condi- 
tion. In  view  of  these  results  it  seemed  worth  while 
to  determine  the  amount  of  malic  acid  present  in  all 
the  common  fruits. 

A  determination  of  the  citric  acid  content  of  these 
fruits  was  also  considered  desirable.  A  method  for 
this  determination  has  been  described  by  Pratt. ^' 
It  depends  on  the  precipitation  of  the  acid  as  barium 
citrate,  its  conversion  to  acetone  by  oxidation  with 
potassium  permanganate  in  acid  solution,  and  the 
distillation  and  collection  of  the  acetone  in  Denig^s' 


reagent  from  which  it  may  be  precipitated  in  weigh- 
able  form  by  boiling.  This  method  at  first  gave 
promise  of  considerable  accuracy  and  it  was  conse- 
quently used  for  the  determination  of  citric  acid  in 
most  of  the  fruits  examined. 

A  more  extended  study  of  the  method  led  to  the 
conclusion,  however,  that  it  cannot  be  relied  upon. 
The  most  favorable  limits  for  the  determination  are 
given  as  from  0.05  to  0.15  g.  of  citric  acid.  A  series 
of  IS  determinations  was  made  using  water  solutions 
of  pure  citric  acid  containing  from  0.06  to  0.15  g. 
of  the  acid  and  distilling  directly  without  previous 
precipitation  as  barium  citrate.  The  percentage  re- 
covered in  this  series  varied  from  72.2  per  cent  to 
101.9  per  cent,  averaging  84.3  per  cent.  Two  other 
solutions,  containing,  respectively,  0.4  and  0.2  g. 
of  citric  acid,  were  treated  exactly  as  described  in  the 
method  including  precipitation  as  barium  citrate.  The 
percentages  of  citric  acid  recovered  were,  respectively, 
44  per  cent  and  166  per  cent.  It  was  found  also  that 
the  presence  of  both  malic  and  tartaric  acids  inter- 
fered very  seriously  with  the  determination  as  will 
be  evident  from  the  figures  given  in  Table  III.     Even 

Table  III — Showing  Influence  of  Malic  and  Tartaric  Acids  on  the 

Determinatio.v  of  Citric  Acid  by  the  Pratt  Method 

Grams  .\cid  Present  Citric  .\cid  Per  cent      Treatment 

Citric         Mahc       Tartaric       Grams  found  Recovery      (see  below) 

0.25  0.375  0.282  11,1  A 

0.30  0.60  0.484  161  A 

0.20  0.60  0.294  147  A 

0.30         0.30  0.307  102  A 

0.075        0.50  0.090  120  B 


wider  variations  were  obtained  in  duplicate  determina- 
tions of  citric  acid  made  on  fruits.  These  figures  seem 
to  confirm  the  statement  of  Jorgensen'  that  the  quan- 
titative determination  of  citric  acid  by  means  of  its 
oxidation  with  potassium  permanganate  in  acid  solu- 
tion is  impracticable.  It  may  be  said,  however, 
that  a  paper  has  recently  been  published  by  J.  J. 
Willaman  describing  a  "Modification  of  the  Pratt 
Method  for  the  Determination  of  Citric  Acid."^' 
According  to  the  author,  this  modified  method  if 
followed  rigidly  will  give  much  more  satisfactory  re- 
sults than  the  original.  The  writers  have  not  as  yet 
had  an  opportunity  to  test  the  modified  method. 

In  view  of  the  unsatisfactory  nature  of  the  results 
obtained  with  known  solutions  no  reliance  has  been 
placed  on  the  values  for  citric  acid  obtained  by  the 
Pratt  method  in  the  fruits  examined,  but  qualitative 
conclusions  have  been  drawn  as  to  the  presence  or 
absence  of  citric  acid.  Where  no  precipitate  or  only  a 
very  slight  one  was  obtained,  it  was  concluded  that  no 
citric  acid  was  present,  while  a  large  precipitate  was 
taken  to  indicate  the  presence  of  the  acid. 

Since  the  completion  of  the  work  reported  in  this 
paper,  a  modification  of  Stahre's'"  pentabromacetone 
method  for  citric  acid  has  been  published  by  Kunz,'" 
This  method  is  applicable  in  the  presence  of  malic 
and  tartaric  acids  and  has  been  applied  to  the  de- 
termination of  citric  acid  in  fruit  juices  and  similar 
products  by  Dunbar  and  Lepper"  with  very  satisfac- 
tory results. 

Most  of  the  fruits  examined  were  obtained  through 
the  cooperation  of  the   Bureau  of   Plant   Industry  of 


Aug.,  1917 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


765 


the  U.  S.  Department  of  Agriculture  which  also  classi- 
fied the  fruits.  Thanks  are  especially  due  to  Messrs. 
A.  V.  Stubenrauch  and  C.  P.  Close  of  that  Bureau 
for  their  assistance  in  this  work.  In  some  cases, 
where  only  one  or  two  samples  of  a  particular  fruit 
were  examined,  they  were  purchased  in  the  local 
market  without  classification. 

The  method  followed  in  preparing  the  fruits  for 
analysis  was  approximately  the  same  in  all  cases. 
The  flesh  only  of  stone  and  seed  fruits  was  squeezed 
by  hand  through  a  cloth  bag  to  obtain  the  juice.  In 
the  case  of  berries,  the  whole  fruit  was  treated  in  this 
way.  Cherries  were  squeezed  without  pitting,  but  the 
stone  was  not  crushed.  Analyses  were  made  imme- 
diately on  the  freshly  expressed  juice. 

The  total  acidity  of  the  juice  was  determined  usually 
on  5  g.  samples  by  titration  with  iV/io  sodium  hydrox- 
ide, using  phenolphthalein  or  a  solution  of  azolitmin 
on  a  spot  plate  as  the  indicator  according  to  the  color 
of  the  juice  under  examination.  Malic  acid  was  de- 
termined by  the  method  given  below.  This  is  the 
method  originally  described  by  Dunbar  and  Bacon^^ 
modified  by  the  use  of  alcohol  for  the  precipitation 
of  pectins,  as  described  by   Pratt  :'^ 

Place  a  weighed  amount  of  the  fruit  juice,  generally  100  g., 
in  a  500  cc.  beaker.  With  vigorous  stirring  add  about  two  or 
three  times  the  volume  of  95  per  cent  alcohol.  This  throws  out 
the  pectins  usually  in  such  form  that  after  standing  a  few  min- 
utes they  may  be  gathered  into  a  coherent  mass.  Decant  the 
liquid  through  a  filter  and  wash  the  precipitate  twice  with  95 
per  cent  alcohol.  Evaporate  the  combined  filtrates  in  a  current 
of  air  on  the  water  bath  to  about  75  cc.  After  cooling,  make 
up  the  solution  to  100  cc.  in  a  measuring  flask,  using  10  to  15 
cc.  ol  95  per  cent  alcohol  and  distilled  water.  The  tempera- 
ture when  the  volume  is  finally  made  up  to  the  mark  should  be 
close  to  that  at  which  the  polariscopc  readings  are  to  be  taken. 

Treat  about  25  cc.  of  the  solution  so  obtained  with  powdered 

Tabi.8  IV — Acid  Contbnt  op  Applss  (Rbsults  in  PgRcnNTACKs) 


Lab. 

No. 
F  21870 
F  22518 
F  22519 
F  22520 
F  22521 
F  2254.1 
F  22517 
F  22542 
F  22710 
F  22779 
F  227HO 
F  22781 
F  24082 
F  2408.1 
F  24084 
F  227W 
I.  SI282-Dl)ncl 
F  24085  Florr 
F  24OTO 


UlISCRIPTION 

Iliildwins 

Miiidcn  nliiih:  grctn 
Kiirly  Ripe:  Krccn 
{'.ruvcnsUiii    vriin 
Kinimrd    piikid  7   5    11 
Kinniinl    |>ickcfl  7/25,  II 
Swccl  HoHKh:  Krccn 
Sweet  HoiiKh:  picking  ripe 
UnclassilUd  (Sour) 
Tompkins  Kinit 
Tolniun 

le  RcKmalard 
Vxtco, 


■  <lc  TunU 

■  <le 


niB 


NorthHeld  Keiiuty  Cruli 


/  Sweel  Cider 


Total 
Acid 
(o) 
0.57 
1.68 
1.09 
1.27 
0.80 
0.72 
0.21 
0.13 
0.62 
0.41 
0.16 
0.61 
0.28 
0.31 


I. II 
1.81 
0.S6 
0.54 

0 .  yt 

0.49 


Malic 

Acid 
(*) 
0.60 
1.68 
1.02 
1.21 
0.65 
0.75 
0.11 
0.08 
0.52 
0.45 
0.22 
0.58 
0.36* 
0.45* 
1.22* 
0.61 
0.73 
1 .  23» 
1. 49* 
0.57 
0.52 
0.4.1 
0.50 


Analyst 

Itxl 
Dunbar 
Dunbar 
Dunbar 
Dunbar 
Dunbar 
Dunbar 
Dunbar 
Dunbar 
Dunbar 
Pratt 
Pratt 
Pratt 
jolin»on 
lohnnon 
Johnson 
Dunbiir 
Treullmrdt 
Johnson 
I  oh  men 
Dunbar 
Dunbar 


Dunbar 
John.on 
)  lUperin 


F  22992 
F  24050 

(II   Maryland  Kiperlmcnt  Station,  Colleur  Park.  Md.      (2 
.Station.  C.rneva.  N.  V.      (3)  Bxpcrimcnt  Farm,  Arlington,  Va. 
•    Tent  (or  lilric-  aeld.  nrgallvc. 

(a)  lly  tllrulion  (us  malic  acid),      (ft)  Dy  uranyl  acetate  method. 

Ta»I.K     VI  —  ACIn     C'l>NTKNT     op     Ct'illiANTII     (RRRKI.T!!     IN     PutCXNTAOItl) 

Analvsin      F.  F.  Flligerald  and  P.  R.  Dunbar 

Total        Malic        Citric     Add  nihcr 
l.ab.  Arid  Acid  Acid     than  Malic 

No.  Vapiktv  (0)        '    (A)  (>)  (J) 

F  24051 
F  24054 
F  24051 
F  24056 
F  24057 


North  .star 

Cherry 

While  Transparr 

Prince  Albert 

l,ond<Hi  .Market 


2.07 
1.9H 
3.. 17 


2.o; 

1. 98 
2.69 


uranyl  acetate,  adding  enough  of  the  salt  so  that  a  small  amount 
remains  undissolved  after  2  hours.  Two  and  one-half  grams 
of  lu-anyl  acetate  will  usually  be  sufficient,  except  in  the  pres- 
ence of  large  amounts  of  malic  acid.  In  case  all  the  lu-anitun 
salt  dissolves  more  should  be  added.  Allow  the  mixtiu-e  to 
stand  for  three  hours,  shaking  frequently.  Filter  through  a 
folded  filter  until  clear  and  polarize  if  possible  in  a  200  mm. 
tube.  If  the  solution  is  too  dark  to  read  in  a  200  mm.  tube, 
a  i(X)  or  50  mm.  tube  may  be  used.  It  is  desirable,  however, 
to  use  the  longest  tube  possible  in  order  to  reduce  the  error  of 
the  determination. 

Treat  the  remainder  of  the  original  solution  with  powdered 
normal  lead  acetate  until  no  further  precipitation  results.  Cool  in 
an  ice  bath  and  filter  through  a  folded  filter  until  clear.  Warm 
the  filtrate  to  room  temperature  and  add  a  small  crystal  of  lead 
acetate  to  determine  whether  the  precipitation  is  complete. 
If  no  further  precipitate  results,  remove  the  excess  of  lead  com- 
pletely with  anhydrous  sodium  sulfate,  filter  until  clear,  and 
polarize.  Solutions  which  are  sufficiently  clear  and  contain 
less  than  10  per  cent  of  sugar  may  be  polarized  directly  without 
treatment  with  lead  acetate. 

Polarize  at  rootn  temperature  with  white  light,  taking  care 
that  all  solutions  are  polarized  at  the  same  temperature.  Make 
at  least  six  readings  in  each  case  and  take  an  average  of  these. 
In  this  work  a  standard,  Lippich  type,  triple  field  saccharimeter 
was  used,  the  light  being  furnished  by  an  electric  bulb  placed 
behind  a  ground-glass  plate.  Calculate  all  readings  to  the  basis 
of  a  200  mm.  tube.  Multiply  the  algebraic  difference  between 
the  two  readings  by  0.036.     The  product  will  equal  the  weight 

[  CH5COOH       'j 
of  malic  acid   •,    |  ,•   in  grams  per  100  cc.  of  tlie  solu- 

[ CHOHCOOH  J 
tion  as  polarized. 

In  the  case  of  clear,  light-colored  fruit  juices  which  are  easily 
polarized,  the  preliminary  treatment  with  alcohol  may  be  omitted. 
Polarize  one  portion  of  the  sample  directly  without  any  treat- 
ment whatever.  Treat  another  portion  with  uranyl  acetate 
and  then  polarize.  Calculate  the  weight  of  malic  acid  present 
from  the  difference  between  tlie  readings  as  described  above. 

Tablb  V — Acid  Contbnt  op  Chbrribs  (RBsi'tTS  in  Pbrcbntagcs) 


'  22505 
'  22508 
'  2.1979 
•  2.1981 
'  23982 
'  24033 

'  24035 
'  24036 
'  24037 
'  24038 

■  21039 
'  24040 

■  240.^2 
'  240M 
'  .'4(>(>4 
'  24(>(.1 
'  24<1(.(. 
'  24(K.7 

241K.8 


Varibty 
California  Napoleon 
(Royal  Anne) 
Black  Republican 
Ulack  RepubUcan 
Unclassified 
Unclassified 
lTnclas.sificd 
Uncla.ssifie<l 
(Red-sweet) 
California  Wax  (?) 
Unclassified  (Redsour) 
Red  Heart  (.>) 
Unclassified  (Cal.  Red) 
Carnation 

Moiitniorency  (N.  Y.) 
Schmidt  (N.  Y.) 
Winds 
Mont  II 


1. 01 

0.97 
0.87 
2.01 
1.32 
1.44 

1.00 
0.56 
1.54 
0.85 
0.80 
0  81 
1.31 
0.6.1 
0.82 
0.93 
0.56 

Mav  Duke  1 .  10 

Farly  Richmond  1 .  16 

Unclassified  (Mallard-wild)  1.03 


Malic 
Acid 

(6) 


0.76  (<n 

0.62  (<f) 

1.99  «ft 

1.21  (<i) 

1.30  (<0 

1.08  Absent 

0..56  Alwent 

1.52  Absent 

0.82  AbMDt 

0.83  Atwent 

n.86  Absent 

1 .  33  Aboeni 

0.61  Absent 

0.85  Absent 

0.91  Absent 

0.63  Alisent 

0.99  Absent 

1   08  Absent 

O  03  AttKut 


Filigerald 

and 

Duobar 


a)  lly  liiratiou  (as  malic). 
.  I  Uualilalive  lest. 


VII-  Aim  Contbnt  op  C.>K>»«*«RaiB>  (Kb»ult»  in  raacBxTAoaa) 


F  2.'514 

V  24058 
F  -Movj 
F  .•40<v(l 
F  240<.l 
F  2406; 

V  1*01^ 


Varibtv 
Unclassified 
Uupbrallon 
Downint 
lloiiihloM 
l.a.lv  l-ophal 
ihaulMUijua 
mtwiiini 


(a) 
2.6.1 
1.72 
2  24 
2  62 
1.8.1 
I  82 
2.00 


(^) 

2.08 

0  .50 

1  t>9 
I  24 
O  .50 

0  28 

1  1; 


Prwrnt 
IVpornl 
I'tTscnl 
I^trsent 
lYrsenl 
Prrsent 
l*rTsfnl 


1/) 

0  64 

1  24 
1.20 
I  44 
I  15 
1  55 
O  88 


Analyst 
(iM  MU) 
Clark 

PIIM*nM 

and 

l>unb*r 


Dy  titration  (as  citric  add),     (M  lly  uranyl  acetate  milhod. 
Uualllatlve  lest.  (d)  KiprtHed  u  dlric  add. 


(•I  lly  lllralinn 
(0   UualltatiTe  li 


if)  lly  uranyl  •cvlale  awtlmd. 
(i>  lisptewosl  as  dtf4c  ncM. 
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Lab.  No. 
F  22733 
F  22734 
F  22753 
F  22754 
F  22776 

F  22768 
F  22773 
F  22738 
F  22741 
F  22748 
F  22750 
F  22737 
F  22731 
F  22732 
F  22755 
F  22735 
F  22736 
F  22749 
F  22772 

F  2276i 
F  22784 
F  23001 
F  22774 
F  22762 
F  22785 
F  22767 
F  22763 
F  22775 
F  22777 
F  22786 
F  23000 
F  22744 
F  22998 
F  23002 
F  22740 
F  22742 
F  22745 
F  22739 
F  22743 
F  22751 
F  22752 
F  22764 
F  22766 
F  22769 
F  22770 
F  22771 
F  22999 


Variety 

Kiedcr 

Kicffer 

Kicffcr 

Kieffer 

KicfTer 

Kicfler 

Le  Conte 

Idaho 

liartlctt 

Bartlctt 

Hartlctt 

Bartlctt 

Bartlett 

.\ngoulcme 

AnKOuleme 

.\iigoulcmc 

Seckel 

Seckel 

Seckel 

Seckel 

Seckel 

Winter  Nelis 

Winter  Nelis 

Winter  Nelis 

Winter  Nelis 

Clairgeau 

Clairgeau 

Clairgeau 

Anjou 

.\njou 

liaster 

Easter 

Easter 

Beurre  Hardy 

Pound 

Pound 

Like  Gray  Doyenne 

Like  Gray  Doyenne 

Like  White  Doyenne 

Probably  Sheldon 

Sheldon 

Florclla 

Cornice 

Jones 

Laraartine 

Fitzwater 

Rceder 

Glout-Morceau 


Table  VIH — Acid  Coj 


Source 
Anacostia,  D.  C. 
Sandy  Springs,  Va 
New  Jersey 


N.  Yakii 


,  Wash. 


N.  Y.  State  Expt.  Sta. 

N.  Y.  State  Expt.  Sta. 

New  York 

California 

California 

New  York 

District  of  Columbia 

Vienna.  Va. 

New  York 


Alexandria,  \^a. 

New  York 

N.  Y.  State  Expt.  Sta. 


N.  Yakima,  Wash. 
California 
Monterey,  Cal. 
N.  Y.  State  Expt.  Sta 
Santa  Clara,  Cal. 
N.  Yakima,  Wash. 
N.  Yakima,  Wash. 
Monterey.  C%1. 


Boston,  Ma 


California 


Ne 


York 


Californis 
Near  Dist.  of  Col. 
Santa  Clara,  Cal. 
Santa  Clara,  Cal. 
Santa  Clara,  Cal. 
N.  Y.  State  Expt.  Sta. 
N.  V.  State  Expt.  Sta. 
N.  V.  State  Expt.  Sta. 
N.  Y.  State  Expt.  Sta. 


iTENT  OP  Pears 
Total  .\cid 
by  Titration 
(as  Malic) 
0.50 
0.48 
O.SS 
0.50 
0.37 
0,48 
0.28 
0.21 
0.30 
0.35 
0.34 
0.26 
0.36 
0.19 
0.  15 
0.21 
0.18 
0.20 
0.19 
0.06 
0.23 
0.17 
0.16 
0,  11 
0.25 
0.10 
0.08 
0.10 
0.21 
0.27 
0.19 
0,22 
0.  14 
0.16 
0.17 
0.14 
0.17 
0.23 
0.19 
0.19 
0.17 
0.14 
0.16 
0.23 
0.25 
0.11 
0.26 
0.21 
0.10 


(Results  in  Percentages) 


sialic  .\cid 
by  Uranyl 
Acetate  Method 
0.  14 
0.09 
0.10 
0.14 
0.30 
0.04 
0.09 
0.00 
0.03 
0.02 
0.11 
0.00 
0.46 
0.27 
0.26 
0.33 
0.24 
0.21 
0.30 
0.09 
0.26 
0.25 
0.20 
0.21 
0.29 
0.09 
0.11 
0.14 
0.  19 
0.34 
0.21 
0.34 
0.22 
0.14 
0.19 
0.21 
0.18 
0.35 
0.16 
0.21 
0.19 
0.  11 
0.24 
0.  18 
0.33 
0.03 
0.26 
0.27 
0.  19 


Citric  .\cid 
Qualitative 

Test 
Present 
Present 
Present 
Present 
Present 
Present 
Present 
Present 
Present 
Present 
Present 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
.\bsent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
.•\bsent 
.Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 


.\cids  other  than 

Malic  (expressed 

as  Citric) 

0.34 

0.37 

0.43 

0.34 

0.07 

0.42 

0.18 

0.20 

0.26 

0.32 

0.22 

0.25 


Analyst 
D.  S.  Pratt 
D.  S.  Pratt 
J.  M.  Johnson 
J.  M.  Johnson 
J.  M.  Johnson 
J.  M.  Johnson 
J.  M.  Johnson 
J.  M.  Johnson 
D.  S.  Pratt 
D.  S.  Pratt 
D.  S.  Pratt 
D.  S.  Pratt 
D.  S.  Pratt 
D.  S.  Pratt 
D.  S.  Pratt 
J.  ^L  Johnson 
D.  S.  Pratt 
D.  S.  Pratt 
D.  S.  Pratt 
J.  M.  Johnson 
J.  M.  Johnson 
J.  M.  Johnson 
J.  ^L  Johnson 
J.  M.  Johnson 
J.  M.  Johnson 
J.  M.  Johnson 
J.  \L  Johnson 
J.  M.  Johnson 
J.  M.  Johnson 
J.  M.  Johnson 
J.  M.  Johnson 
J.  M.  Johnson 
J.  M.  Johnson 
D.  S.  Pratt 
J.  M.  Johnson 
J.  M.  Johnson 
D.  S.  Pratt 
D,  S.  Pratt 
D.  S.  Pratt 
D.  S.  Pratt 
D.  S.  Pratt 
D.  S.  Pratt 
D.  S.  Pratt 
J.  M.  Johnson 
J.  M.  Johnson 
J.  M.  Johnson 
J.  M.  Johnson 
J.  M.  Johnson 
J.  M.  Johnson 


Table   IX — .\cid  Content  of   Plums   (Results  in   Percentages) 


Lab. 
No.  Variety 

F  24074  

F  24086  Burbank 

F  24087  Abundance 


Source    - 
Local  market 
[  Expt.  Farm. 
t  Arlington.  Va. 


Acid 

Co) 
0.69 

1.33 
1.12 


NCLASSIFIBD: 

(Large  red)  Local  market 
(Japanese  red)  Local  market 

(Purple)  Local  market 

(Red)  Local  market 

(Large  white)  Local  market 

(Small  red)  Local  market 


Acid 

(ft) 
0.65 
1  .24 
1.04 

0 .  36 

1.60 

2.39* 

1.60* 

1.51 

0.88 


Analyst 
F.  F.  Fitzgerald 
J.  M.  Johnson 
J.  M.  Johnson 


D.  S 


Pratt 
S.  Pratt 
S.  Pratt 
S.  Pratt 
S.  Pratt 
S.  Pratt 


iBLE  X — AciD  Content  of  Miscellaneous  Fruits  (Results  in  Per- 
centages) 
Total     Malic 
.ab.  Acid        Acid     .    .  ._ 

No.  Fruit  (Titration)     (c)         (li) 

22791     Banana  0.26(a)    0.24      .... 

24098    Cantaloupe  0.18(6)    none     

Cranberries  2.80(a)    0.56 

Cranberries  2.65(a)    0.71 

24103    Peaches  0.51(0)    0.49 


(») 


Present 
Present 
(  Probably  j 
i  absent       j 


isre  lexl) 

Pratt 

Johnson 

Pratt 

Pratt 

Johnson 


'  Test   for   tartaric    and    citric 


♦  Test    for    tartaric    acid,    negatii 
acids,  negative. 

(a)  By  titration  (as  malic),     (b)  By  uranyl  acetate  method. 

The  Pratt  method  for  citric  acid  previously  de- 
scribed was  also  applied  in  most  cases,  but,  as  already 
stated,  only  qualitative  conclusions  were  drawn  there- 
from. No  attempts  were  made  to  determine  volatile 
acids,  salicylic,  formic  or  benzoic  acids,  as  these  are 
well  known  to  be  present  only  in  minute  quantities, 
except  in  the  case  of  cranberries,  which  may  contain 
benzoic  acids  in  amounts  up  to  0.05  per  cent.'' 

The  results  obtained  are  presented  in  Tables  I\' 
to  X,  inclusive.  These  represent  the  work  of  the 
following  analysts:  R.  F.  Bacon,  D.  S.  Pratt,  C.  W. 
Clark,  J.  M.  Johnson,  F.  F.  Fitzgerald,  E.  L.  P.  Treu- 
thardt  and  P.  B.  Dunbar.  As  will  be  seen  from  a  study 
of  the  tables,  a  very  close  agreement  was  found  in 
many  cases  between  total  acid  as  malic  determined 
by  titration  and  total  malic  acid  found  by  the  optical 
method.  In  some  cases,  when  such  agreement  was 
discovered,  no  examination  for  citric  acid  was  made. 

This  agreement  is  especially  noticeable  in  apples 
and  cherries.  It  seems  evident  that  in  these  fruits, 
at  least  in  most  cases,  the  acidity  is  due  to  malic  acid 


F  22792    Persimmon.  Japanese  0.09(a)  0.09 

F  22756    Pomegranate                 4.52(4)  none 

Quince,  unripe              0.90(a)  1.00 

F  24028    Raspberries,  red            1.51(6)  0.03 

F  24097    Watermelon                   0.05(a)  0.20 

(a)  As  malic  acid. 

ic)  By  uranyl  acetate  method 


Present  4 

Absent 

Present  1 

Absent 
(6)  As  citric  acid. 
^d)  Qualitative  test. 


Johnson 

Pratt 

Pratt 

Johnson 

Johnson 


alone,  and  that  this  acid  is  present  only  in  the  free 
condition.  The  old  method  of  reporting  combined 
malic  acid  in  fruit  as  calculated  from  the  alkalinity 
of  the  ash  appears,  therefore,  to  be  based  upon  an 
incorrect  assumption.  It  is  interesting  to  note  also 
that  the  acidity  of  unripe  apples,  as  well  as  of  ripe 
apples,  is  due  entirely  to  malic  acid  and  that  no  com- 
bined malic  acid  is  present.  This  will  be  seen  in  Table 
I\'.  The  Maiden  Blush,  Early  Ripe,  Gravenstein  and 
Kinnard  apples,  all  of  which  were  picked  green,  show 
a  very  close  agreement  between  total  acidity  expressed 
as  malic  and  total  malic  acid.  This  is  not  true  of  the 
Sweet  Bough  apple,  but  the  low  acidity  of  this  apple 
makes  it  probable  that  the  percentage  error  in  both 
determinations  is  rather  high. 

The  results  obtained  in  the  examination  of  pears, 
which  are  shown  in  Table  VIII,  are  most  interesting. 
It  will  be  seen  that  with  few  exceptions  the  varieties 
which  are  named  first  in  the  table,  Kieffer,  Le  Conte, 
Idaho  and  Bartlett,  contain  little  or  no  malic  acid, 
while  citric  acid  is  shown  lo  be  present.     One  sample  of 
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Bartlett  pears,  F.  22737,  appeared  to  contain  only 
malic  acid,  while  one  sample  of  Kieffers,  F.  22776, 
contained  a  predominating  amount  of  malic.  No  ex- 
planation is  offered  of  these  exceptions.  All  the  other 
varieties  of  pears  examined  contained  no  citric  acid, 
the  acidity  being  due  apparently  in  most  cases  to  malic 
acid  alone.  Here  again,  the  close  agreement  between 
total  acidity  as  malic  and  total  malic  acid  is  very  ap- 
parent in  many  varieties. 

The  acidity  of  plums,  like  apples  and  cherries,  ap- 
pears to  be  due  entirely  to  malic  acid  which  is  probably 
present  for  the  most  part  in  the  free  state.  Currants 
always  contain  citric  acid  and  may  or  may  not  con- 
tain malic  acid.  Gooseberries  contain  large  amounts 
of  malic  acid  and  also  give  strong  reactions  for  citric 
acid. 

In  the  case  of  the  samples  reported  in  Table  X,  only 
one  or  at  most  two  of  each  variety  were  examined.  It 
is  consequently  impossible  to  draw  general  conclusions 
from  these  results.  In  the  samples  of  persimmons 
and  bananas  examined,  malic  acid  probably  occurred 
alone.  The  pomegranate  contained  no  malic  acid  but 
apparently  only  citric,  and  this  is  also  true  of  the 
cantaloupe.  Malic  acid  predominated  in  the  water- 
melon, quince  and  peach,  while  citric  was  probably 
absent.  The  cranberries  contained  both  acids  while 
the  red  raspberries  contained  citric,  with  malic,  if 
present  at  all,  only  in  traces.  The  acid  of  the  apricot 
has  not  been  positively  identified,  but  the  evidence 
seems  to  be  that  tartaric  or  perhaps  dextromalic  acid 
is  present  in  this  fruit  for  the  reason  that  a  positive 


Xahr. 
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increase  in  polarization  was  obtained  on  treating  it 
with  uranyl  acetate.  The  acid  of  the  huckleberry  has 
not  been  positively  identified,  traces  only  of  malic 
acid  having  been  found,  with  no  citric.  Some  samples 
of  blackberries  appeared  to  contain  only  citric  acid, 
some  contained  malic  acid  in  traces  with  no  citric, 
while  others  gave  no  reactions  for  either  malic  or 
citric. 

The  conclusions  reached  regarding  the  acids  of  the 
fruits    examined    have    been    collected    in    Table    XI. 

Table   XI — Stjmmary  of  the   Acids  Foisd  in  the  Fruits  Examined 

As  will  be  noted  in  the  text,  apricots,  blackberries  and    huckleberries 

were  also  studied  but  de&nite  results  on  their    acid  contents 

were  not  obtained. 

Friht  Acids  Focnd 

Apple  Malic  only  ' 

Banana  Probably  malic  only 

Cantaloupe  Malic  none — probably  all  citric 

Cherry  Malic  only 

Cranberry  Citric  probably  predominates — malic  also  present 

Currant  Citric  probably  predominates — malic  sometimes  present 

Gooseberry  Malic  and  citric 

Peach  Probably  malic  only 

Fear  Malic  only  in  some  varieties;  citric  probably  predominates 

in  others  with  small  amounts  of  malic 

Persimmon  Probablv  malic  only 

Plum  Malic  only 

Pomegranate        Probably  all  citric — no  malic  nor  tartaric 

Quince  Malic  only — no  citric 

Raspberry  (red)  Probably  citric  only — malic,  if  present,  in  traces  only 

Watermelon         Malic,  no  citric 

These  generalizations  are  not  put  forward  as  final. 
It  is  possible  that  later  work  may  modify  them  in 
some  particulars.  Undoubtedly  traces  of  acids  other 
than  those  here  considered  occur  in  many  fruits  and 
it  is  possible  that  these  may  sometimes  be  found  in  im- 
portant quantities.  The  results  obtained  on  pears 
emphasize  the  danger  of  drawing  general  conclusions 
as  to  the  acid  content  of  fruits  from  the  analysis  of  a 
limited  number  of  varieties  or  even  of  a  limited  num- 
ber of  samples.  It  is  believed,  however,  that  the  gen- 
eral conclusions  drawn  from  those  cases  in  which  a  con- 
siderable number  of  samples  were  examined  are  correct. 

Department  op  Agrici'lti're 

Bureau  op  Chemistry 

Washington,  D.  C. 


THE  DETERMINATION  OF  NITRATE  IN  SEWAGE  BY 
MEANS  OF  ORTHO-TOLIDINE 

By   Karli:    B.    I'liKi.rs   anp    II     I.    Siloi  n 
Received  April  3.  1917 

The  determination  of  nitrate  in  sewage  and  sewage 
effluents  has  been  the  subject  of  extensive  invostiua- 
tions  out  of  which  no  wholly  satisfactory  methods 
have  as  yet  been  evolved.  The  classic  method  of 
Schulzc-Tiemnn'  (reduction  to  nitric  oxide  by  moans 
of  acid  ferrous  chloride)  is  probably  the  most  ac- 
curate method  available,  hut  is  too  coniplic.itcd  for 
routine  procedure.  The  phenol-sulfonic  acid  method, 
as  developed  by  Hill,'  which  K'^'t's*  such  boauliftil  re- 
sults with  potable  waters  low  in  chlorine,  is  not  avnil- 
ablc  for  use  with  sewaRos  on  account  of  the  inter- 
fering action  of  chloridos.  Various  rothiction  meth- 
ods depending  upon  the  action  of  nascent  hydro(jen 
in  cither  acid  or  nlknlino  solution,  have  from  time 
to  lime  been  proposed.  Reduction  may  l>e  complete, 
1.  «.,  to  ammonia  or  merely  to  nitrite,  either  of  which 

<  Tleman C.arlnrr.    "llamllMKh    ilrr    t'Dleriurhrn    unit     llrurthriliinf 
<lrr  \V«Mrr."  4ih  lid  .  1805 
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is  capable  of  accurate  determination  by  a  simple 
procedure. 

Tieman-Gartner  early  pointed  out  the  possible 
errors  of  both  acid  and  alkaline  reductions.  Reduc- 
tion in  acid  solution,  using  a  two-metal  pair  such  as 
copper  and  zinc,  has  found  general  adoption  in  Eng- 
land, while  in  the  United  States  alkaline  reduction 
with  aluminum  according  to  Hazen  and  Clark'  has 
been  adopted  as  the  standard  procedure.^  In  addi- 
tion to  being  time-consuming,  this  procedure  has 
never  been  wholly  satisfactory  and  does  not  yield 
uniformly  accurate  results  even  in  the  hands  of  ex- 
perienced workers.  Certain  methods  depending  upon 
the  nitration  of  organic  compounds,  analogous  to  the 
phenol-sulfonic  acid  method,  have  been  proposed 
from  time  to  time.  Among  these  may  be  mentioned 
the  brucine  method  of  Noll'  and  the  narcotine  method 
of  McRac*  Both  of  these  methods  involve  rather 
intense  color  changes  which  are  more  or  less  affected 
by  the  actual  manipulation,  especially  as  regards  the 
concentration  of  acid  and  temperature  of  reaction, 
and  do  not  lend  themselves  to  close  color  comparison. 
These  have  not  been  generally  adopted. 

Ortho-tolidine  was  first  employed  in  the  qualita- 
tive detection  of  minute  quantities  of  free  chlorine 
and  hypochlorite  by  one  of  the  writers  in  connection 
with  a  court  case  in  which  the  presence  or  absence 
of  residual  available  chlorine  was  a  matter  in  dispute. 
EUms  and  Hauser'  made  the  first  detailed  study  of 
the  quantitative  aspects  of  this  test  and  offered  cer- 
tain suggestions  relative  to  the  reaction  involved. 
The  test  has  since  come  into  quite  general  use  in 
connection  with  the  treatment  of  water  supplies  by 
hypochlorite  or  free  chlorine. 

Since  the  color  change  in  ortho-tolidine  is  probably 
due  to  oxidation  and  may  be  induced  directly  by  free 
chlorine,  it  occurred  to  us  that  this  reaction  might 
be  made  use  of  indirectly  in  the  estimation  of  nitrate. 
The  direct  application  of  an  acid  solution  of  ortho- 
tolidine  to  a  water  containing  nitrate  does  not  pro- 
duce an  appreciable  color  even  in  the  presence  of 
chlorides.  If,  however,  the  water  be  evaporated  to 
dryness,  the  acid  tolidine  solution  added,  and  concen- 
trated sulfuric  acid  subsequently  added,  there  is,  first, 
liberation  of  chlorine  from  the  chlorides  by  reaction 
with  the  nitric  acid,  and,  secondly,  the  characteristic 
oxidation  of  ortho-tolidine  by  the  liberated  chlorine. 
A  similar  color  change  will  take  place  even  in  the 
absence  of  chlorides,  but  it  has  been  found  that  in 
this  case  the  reaction  is  not  consistent  and  the  resulting 
color  is  much  more  dependent  upon  conditions  of 
technique.  While  there  has  been  no  careful  study 
of  the  reactions  involved  in  these  color  changes,  the 
results  of  our  investigation  lead  us  to  believe  that 
we  are  dealing  in  the  one  case  with  the  direct  oxida- 
tion by  chlorine  and  in  the  other  with  nitration  possi- 
bly accompanied  by  a  certain  amount  of  simultaneous 
oxidation.     Since  this  color  test  is  found  to  be  favored 

'  Chem.  News,  64  (1891).  162. 

'  A.  P.  H.  A.,  "Standard  Methods  of  Water  Analysis,"  1917,  p.  24. 

»  Z.  angew.  Chtm.,  1901,  p.  U17. 

«  Am.  J.  Pub.  llye..  19  (1909),  307  (N.  S..  Vol.  5). 

•This  Journal.  S  (1913).  915. 


by  the  presence  of  chlorides,  it  has  been  studied  in 
further  detail  as  a  possible  method  of  nitrate  deter- 
mination in  sewages.  y 
The  following  technique  has  been  developed  and  is 
recommended: 

REAGENTS 

(i) — Sodium  hydrate  and  sodium  chloride  solution. 
Dissolve  5  g.  sodium  hydrate  and  i.sg.  sodium 
chloride;  make  up  to  loo  cc. 

(2) — Ortho-tolidine  solution.  Dissolve  0.4  g.  o-toli- 
dine'  in  loo  cc.  N  hydrochloric  acid. 

(3) — Sulfuric  acid,  specific  gravity  i .  84,  nitrate- 
free. 

(4) — Standard  nitrate  solution.  Dissolve  0.72  g. 
pure  potassium  nitrate;  make  up  to  one  liter.  Take 
10  cc.  and  dilute  to  100  cc.  Of  this  solution  i  cc.  is 
equivalent  to  o.oi  mg.  of  nitrogen  as  nitrate. 

(5) — Potassium  dichromate  solution,   N/40. 

PROCEDURE 

To  25  cc.  of  the  sample  in  a  50  cc.  Erlenmeyer  flask, 
add  0.5  cc.  of  the  NaOH-NaCl  solution.  Boil  for 
about  one-half  minute,  cool,  and  make  up  to  volume, 
or  make  up  to  weight.^  Put  i  cc.  of  the  supernatant 
liquid  in  a  3  in.  evaporating  dish  and  evaporate  to 
dryness  on  a  water  bath.  If  sample  is  suspected  to 
contain  more  than  10  p.  p.  m.  of  nitrate  use  a  propor- 
tionately smaller  amount  of  supernatant  liquid;  if 
less  than  i  p.  p.  m.  use  10  cc.  Add  0.2  cc.  of  the 
tolidine  solution  and  mix  the  liquid  with  the  residue 
by  means  of  a  stirring  rod:  it  is  important  not  to  add 
more  than  0.2  cc.  of  this  solution,  otherwise  the 
mixture  will  be  too  dilute  when  the  sulfuric  acid  is 
added.  After  it  is  well  mixed,  add  0.5  cc.  of  concen- 
trated sulfuric  acid,  allowing  it  to  flow  gently  down 
the  sides  of  the  dish.  Do  not  mix.  After  5  minutes 
wet  the  sides  of  the  dish  with  the  liquid.  After  half 
a  minute  dilute  with  about  5  cc.  of  distilled  water. 
Pour  the  contents  into  a  flat-bottom  test-tube  or  a 
pill  bottle,  make  up  to  10  cc.  and  mix.  Compare 
with   the   standards   immediately  or  within   5  minutes. 

Standards  may  be  made  up  at  the  same  time  and  in 
the  same  manner  from  the  standard  nitrate  solution 
or  permanent  standards  may  be  prepared  from  the 
dichromate  solution.  The  following  values  have  been 
found  to  match  satisfactorily  in  our  work,  but  as  the 
technique  and  individual  eyes  vary,  it  is  preferable 
to  prepare  these  standards  by  actual  comparison  with 
colors  produced  from  known  nitrate  values. 

Nitrogen         N/40  Potassium  Nitrogen     .V/40  Potassium 

AS  Nitrate  Dichromate  as  Nitrate         Dichromate 

Thousandth  Mg.(o)  Cc.  Thousandth  Mg.(a)  Cc. 

O.0 0.2  5.5 3.4 

0.5 0.8  6.0 3.6 

1.0 1.2  6.5 3.8 

1.5 1.6  7.0 4.0 

2.0 1.9  7.5 4.2 

2.5 2.2  8.0 4.4 

3.0 2.4  8.5 4.6 

3.5 2.6  9.0 4.8 

4.0 2.8  9.5 5.0 

4.5 3.0  10.0 5.2 

5.0 3.2  10.5 5.4 

(d)  P.  p.  m.  when  1  cc.  is  taken  for  analysis. 

'  Ortho-tolidine  is  pi-diamido-mi-diinethyl-diphenyl,  m.  p.  128.  Diffi- 
culty has  been  experienced  in  ordering  by  confusion  with  ortho-tolMidine. 
a  liquid. 

•  In  practice  we  find  that  the  half-minute  boiling  can  be  made  to  com- 
pensate exactly  for  the  added  reagent. 
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Certain  experimental  data  upon  which  this  technique 
is  based  will  be  presented  to  indicate  in  a  general 
way  the  possible  sources  of  error  and  the  reasons 
for  the  various  steps  recommended. 

It  is  necessary  to  carry  out  the  final  reaction  in 
reasonably  concentrated  solution.  The  volume  of 
this  solution  determines  the  temperature  of  the  reac- 
tion with  the  sulfuric  acid,  and  the  concentrations  of 
the  various  reacting  substances  undoubtedly  affect 
the  reaction  between  nitric  and  hydrochloric  acids. 
A  series  of  determinations  upon  a  water  containing 
5  p.  p.  m.  of  nitrogen  as  nitrate  was  carried  out  by 
evaporating  to  dryness  and  then  adding  definite 
quantities  of  distilled  water  before  proceeding  with 
the  addition  of  reagents.  The  following  results  were 
obtained: 


Water  added 0.0 

Nitrate  recovered 5.0 


0.5 
4.0 


1.0 
1.9 


It  is  obvious,  therefore,  that  the  evaporation  must 
be  carried  to  dryness  and  the  volume  of  reagents  re- 
duced to  a  minimum. 

Any  other  o.xidizing  agent  in  the  water  would  ob- 
viously influence  the  reaction  and  increase  the  apparent 
nitrate  content.  Of  the  possible  compounds  of  this 
type,  iron  and  manganese  are  the  only  ones  likely  to 
be  met  with  in  ordinary  practice.  It  is  therefore  neces- 
sary to  eliminate  these  two  metals  which  is  accom- 
plished in  the  first  step  of  the  procedure  by  a  brief 
boiling  in  the  presence  of  an  excess  of  sodium  hydrox- 
ide. The  absence  of  free  chlorine  or  hypochlorite 
must,  of  course,  be  assured.  The  importance  of  a 
fairly  complete  removal  of  iron  is  shown  in  the  follow- 
ing experiments.  To  the  original  sample  of  water 
containing  5  p.  p.  m.  of  nitrogen  as  nitrate,  ferrous 
sulfate  was  added  in  varying  quantities.  The  de- 
termination was  then  proceeded  with,  without  re- 
moving the  iron  by  precipitation.  The  following  results 
were  obtained  in  duplicate: 

p.  p.  m.  iron  added  NiTRATK  RSADINOS 

0                                    5.10  4.75 

25                                  6.00  5.75 

SO                                  6.75  6.50 

100                                  S.SO  8.00 

It  was  undertaken  at  first  to  use  ammonium  hy- 
droxide for  the  precipitation  of  iron  and  manganese. 
It  was  found,  however,  that  a  neutral  or  slightly  alka- 
line solution  of  nitrate  may  rapidly  lose  nitrate  if  it 
is  left  Jon  the  water  bath  after  becoming  dry.'  This 
eflect  is  more  notiieable  in  the  presence  of  ammonium 
salts.  If  the  solution  be  distinctly  alkaline,  however, 
and  free  of  ammonium  compounds,  no  such  loss  is 
experienced.  Thi;  following  experimental  results  il- 
lustrate this  point.  A  water  containing  5  p.  p.  m.  of 
nitrogen  was  ev:iporated  and  left  on  the  water  bath 
for  various  periods  after  complete  drying.  A  parallel 
set  of  dishes  was  treated  in  a  similar  manner  except 
that  the  solution  wa,s  made  alkaline  according  to  the 
recommended  procedure: 

NiTiATii  KKcoraaao  (Di'rucATU) 
Alkaline  Neutral 

.^  c)  5.0  5.0         5.0 

5.0  5  0  .^  0  3.5 

S.O         5.0  J. 5         2.5 

3.0         5.0  2.5         2.5 


inir 

nn  wittrr 

hudi 

.(Irr  fit VI 

m 

II  mill 

IM  min 

^^  in  In 

48  niln 

Srt 

■Ih>  ('.III. 

L.'(., 

The  addition  of  a  slight  excess  of  sodium  hydro.xide 
is  also  distinctly  advantageous  in  that  it  precipitates 
most  of  the  organic  matter  and  leaves  a  fairly  clear 
solution  for  the  determination. 

The  employment  of  an  alkaline  solution  is  also 
necessary  to  eliminate  the  slight  effect  of  a  high  nitrite 
content.  That  nitrite  does  not  interfere  under  the 
recommended  procedures  is  evidenced  in  the  follow- 
ing experimental  results: 


Sample  contained  p.  p.  m. 

NlTR.\TE 

Recovkrec 

(DlH'LICATES) 

Nitrate              Nitrite 

Alkali 

□e 

Neutral 

5.0                     0.0 

5.0 

S.O 

5.00 

5.00 

5.0                     5.0 

5.0 

5.0 

5.00 

4.75 

5.0                   10.0 

S.O 

5.0 

5.00 

4.75 

5.0                   15.0 

5.0 

5.0 

5.00 

5.00 

5.0                  20.0 

5.0 

5.0 

5.25 

5.25 

0.0                   20.0 

0.0 

0.0 

0.50 

0.60 

The  presence  of  chloride  has  been  shown  to  be  dis- 
tinctly advantageous  in  producing  a  uniform  and  con- 
sistent reaction.  The  color  produced  is  slightly  more 
intense  without  chloride  and  is  reduced  by  the  addi- 
tion of  chloride  up  to  approximately  50  p.  p.  m.  Be- 
tween this  value  and  approximately  2,000  p.  p.  m. 
the  concentration  of  chloride  does  not  affect  the  re- 
sult. Above  this  latter  figurfe  there  is  a  rapid  falling 
off  as  shown  in  the  following  experimental  results. 
The  tests  actually  made  included  a  considerable 
series  of  chloride  values  between  100  and  2,000  p.  p.  m., 
but  as  the  final  result  was  consistent  throughout  this 
range,  the  table  has  been  abbreviated  by  eliminating 
these  figures.  The  water  in  this  case  contained  2 . 5 
p.  p.  m.  of  nitrogen  as  nitrate.  The  value  given  is 
the  average  result  of  four  closely  agreeing  observa- 
tions in  each  case: 


Chlorine 

(p.  p.  1 

Nitrate  i 


20   50   too  2000  5000  10000  20000 
2.7   2.5  2.5   2.5   2.1    1.5    1  4 


The  reaction  is  a  rapid  one  and  will  be  fully  com- 
pleted within  5  minutes.  After  tliis  time  has  elapsed 
the  mixture  should  be  diluted  and  compared  promptly 
with  the  standards  because  the  color  tends  gradually 
to  disappear.  The  following  results  indicate  the  im- 
portance of  making  the  readings  within  lo  minutes 
at  the  outside: 

original  sample 
contained  p.  p.  m. 


5  10 

2.5  2.50 

5.0  4.75 

7.5  7.50 

10.0  10.00 

1.0  t.OO 


-Reading  after 
20  30 


2.25 
4.50 
7.25 
<».50 
0.85 


40        50  min. 
2.25         2.00         2.0 
4.25         4.00         3.5 
7.00         6.75 
<>.no        8.50 
0.75  


The  comparisons  thus  far  recorded  are  based  upon 
readings  against  standards  prepared  as  described  and 
under  laboratory  conditions,  u.sing  tap  water.  To 
determine  the  value  of  this  procedure  under  the  condi- 
tions of  practice  a  mixture  of  equal  parts  of  septic 
sewage  and  tap  water  was  prepared,  the  sew.iije  hav- 
ing been  stored  for  a  suflicicnt  time  to  exclude^  tha 
possibility  of  there  being  any  residual  nitrate.  Vary- 
ing amounts  of  nitrate  were  then  added  to  this  mix- 
ture and  nitrate  determinations  made  by  the  ortho- 
tolidino  method  and  by  the  standard  rcduclioni 
method.  The  results  of  this  comparative  study  are 
shown  in  the  following  tabic: 
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Sample 

0-Toi.IDlNE 

Method 

Reduction 

Method 

contained 

1 

2 

1 

2 

3           Av. 

0.0  p.  p.  m. 

0.0 

0.0 

0.27 

0.25 

0.3         0.27 

2.0  p    p.  m. 

2.0 

2.0 

2.2 

2.3 

3.2         2.6 

4.0  p.  p.  m. 

4.0 

4   0 

4.5 

4.6 

4.3         4.5 

6.0  p.  p.  in. 

6.0 

6.0 

6.5 

7.5 

6.0         6.7 

8.0  p.  p.  m. 

8.0 

8  0 

0.0 

10.0 

') .  5 

0.0  p.  p.  m. 

10.0 

10.0 

10.5 

13.0 

11.7 

This  table  emphasizes  the  fact,  to  which  attention 
has  already  been  drawn  by  Hazen  and  Clark,'  that  the 
results  of  the  alkaline  reduction  method  are  subject 
to  considerable  errors  which  are  traceable  for  the  most 
part  to  the  elimination  of  ammonia  from  the  nitrogenous 
substances  of  sewage.  The  procedure  which  is  here 
outlined  is  rapid  and  remarkably  simple  in  its  tech- 
nique and  seems  to  obviate  in  a  most  satisfactory  way 
most  of  the  objectionable  features  of  other  methods. 
In  the  range  from  i  to  lo  p.  p.  m.  of  nitrogen  as  ni- 
trate it  is  sensitive  and  reliable  to  0.5  part;  in  the 
range  o  to  i.o  parts,  to  0.05  part.  It  has  been  in 
continuous  use  at  the  Hygienic  Laboratory  during  the 
past  year  and  has  given  throughout  consistent  and  con- 
cordant results  which,  in  numerous  cases  where  com- 
parisons have  been  made,  compare  with  the  more 
laborious  standard  method  of  procedure  as  well  as 
may  be  expected  under  the  circumstances.  It  is  be- 
lieved that  the  major  part  of  the  discrepancies  noted 
represent  errors  in  the  latter  procedure. 

Treasury  Department 

U.  S.  Public  Health  .Service 

Washington.    D.   C. 


A  COMPARISON  OF  AMERICAN  AND  ORIENTAL  STORAX 

By   Stkui-u   Jorix^n 
Received  .\pril  7.  1917 

The  li(|uid  or  semi-liquid  balsam  obtained  from 
"Liqitidamhar  slyrjcijlua,"  known  in  the  United  States 
as  "sweet  gum,"  has  been  recognized  for  a  long  while 
and  samples  were  shown  at  the  Paris  E.xposition  in 
1878.  This  material  resembles  liquid  storax  of  the 
Levant  and  shows  only  a  slight  variation  in  com- 
position.-    It   generally   occurs   in   grayish   or   reddish 


Large  quantities  of  liquid  storax  have  been  imported 
from  Asia  Minor  where  it  is  gathered  from  the  "Liquid- 
ambar"  tree  {Liquidambar  Orientale),  but  scarcely 
any  imports  are  received  at  the  present  time  on  account 
of  European  conditions.  This  material  is  used  in 
pharmaceutical  preparations,  as  a  source  of  cinnamic 
alcohol  and  concentrated  essence  of  storax,  which  are 
used  in  perfumery  as  fixatives,  and  as  a  general  source 
of  cinnamic  acid  and  its  compounds.  It  is  unneces- 
sary to  go  further  into  detail  since  this  material  is 
described  elsewhere.' 

Since  the  imports  of  liquid  storax  have  been  prac- 
tically discontinued  it  has  become  necessary  to  look 
for  American  sources  and  this  article  is  simply  a 
comparison  of  the  American  and  Oriental  storax  of 
commerce,  dealing  with  the  crude  materials  as  received. 
The  analyses  of  storax  given  below  were  made  on 
samples  which  were  sold  on  the  New  York  market 
from  1912  to  1917,  showing  the  gross  adulteration  of 
this  material.  The  sample  of  "sweet  gum"  analyzed, 
was  gathered  in  Durham  County,  North  Carolina, 
during  ]\Iarch,  191  7,  and  the  genuineness  of  this  article 
can  be  guaranteed.  An  average  analysis  of  "sweet 
gum"  is  given,  which  will  vary  from  time  to  time, 
according  to  locality  and  condition, 

MF.THOn    OF    .ANALYSIS 

The  general  methods  of  analysis  used  are  given  in 
"Resins,  Balsams  and  Gum  Resins,"  by  K.  Dietrick, 
page  233,  1901. 

In  addition  to  the  above  analysis,  the  method  as 
outlined  in  Chemical  Abstracts,  2  (1908),  2845,  for 
Peruvian  balsam,  has  been  followed  out  in  some  cases, 
as  a  comparison. 

RESULTS 

The  following  values  have  been  obtained  from  the 
samples  of  crude  storax  and  "sweet  gum"  exam- 
ined: 


Material 
Storax  No 


2 

3      

-   20  3.5 

5 

6 

7 

8 

27 .  64 

') 

73   40 

10 

11 

12 

"Sweet  Glim"   

22.37 

.Analyses  of  Commercial  Storax  and  of  "Sweet  Gum" 
•        Ash 


1.66 
6!28 


0.32  5.24(a)    6.64(a)    22.86         34.76 


39.30 

24.24 

8.22 

5.41 

,S4.S 

145.0 

90.5 

25.89 

1.00 

53.35 

1.87 

80.5 

133.0 

52.5 

31.75 

14.87 

15.83 

3.60 

34.03 

12,32 

12.01 

7., 21 

52.6 

145.4 

92.8 

39.19 

21.27 

3.01 

5.19 

54.90 

18.79 

2.63 

7.69 

.59.5 

166.2 

106.7 

51. .39 

9.42 

13.22 

8.14 

60.9 

153.8 

92.9 

35.12 

2.58 

22.30 

3.73 

42.2 

148.9 

106.7 

37.34 

9.75 

16.74 

5.57 

50.3 
99.3 

115.7 
127,3 

65.4 
28.3 

54.76 

3.19 

100.4 

135.4 

35.0 

55.10 

1.65 

91.2 

134.8 

43.6 

13.65     28.02 


(a)  The 


insolubles  were  taken  on  different  portions  of  the  : 
alcohol  insoluble  on  the  same  porti< 


nplc 


i  due  to  the  varying  proportion  of  mechanical  impurities  and  the 


vould  show  a  smaller  percentage  than  the  ether  insoluble 


gray,  opaque  masses,  which  harden  with  age  and  upon 
exposure  to  the  air,  finally  becoming  very  brittle. 
The  fresh  balsam  is  a  clear,  yellow-brown,  semi-liquid 
of  the  consistency  of  honey  and  the  purified  "sweet 
gum"  also  exhibits  the  same  characteristics  although 
it  is  not  so  fluid  as  the  fresh  material.  The  hardened 
gum  is  gathered  in  certain  localities  and  without 
further  preparation  is  used  as  a  chewing  gum. 

■  Lac.  cit. 

'V.   S.    D.    1197,    19th    Ed.;   Gildemcistcr   and    Hoflmann.    "Volatile 
Oils."  1,  136;  Watts'  "Dictionary  of  Chemistry,"  1  (1874).  496. 


No  discussion  of  the  storax  analyses  will  be  at- 
tempted since  there  is  not  a  first-class  sample  in  the 
entire  lot.  It  will  be  sufficient  to  point  out  the  wide 
variations,  especially  in  Nos.  2,  ii  and  12,  which  were 
grossly  adulterated  with  colophony.  It  will  appear, 
however,  that  "sweet  gum"  compares  favorably  with 
liquid  storax,  especially  at  the  present  price  which 
ranges  from  $5.00  to  $10.00  per  pound  with  practically 

'  E.  J.  Parry,  'Food  &  Drugs"  p.  492;  II.  S.  D.  1 197,  19th  Ed.;  Gilde- 
mcistcr and  Hoffniann.  "Volatile  Oils,"  1,  136;  K.  Dietrick,  "Resins.  Balsams 
and  Gum  Resins,"  p.  225;   Watts'  "Dictionary  of  Chemistry,"  1  (1874),  497. 
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no  offerings.  Under  normal  conditions  liquid  storax 
will  average  about  $0.20  per  lb.,  but  even  then  it  is 
the  worst  adulterated  material  ever  examined  in  our 
laboratory,  being  adulterated  with  Burgundy  pitch, 
colophony,  castor  oil  and  extracted  storax.  At  So.  20 
per  pound  American  storax  cannot  compete,  unless 
some  cheap  method  of  production  can  be  worked  out; 
the  Forest  Service  is  now  busy  on  this  problem.  It  is 
believed,  however,  that  this  material  can  be  obtained 
for  $0.50  to  $1.00  per  pound  and  that  after  a  market  is 
found  the  supply  may  warrant  a  material  reduc- 
tion. 


CONCLCSIOX 

It  would  seem  that  '"sweet  gum"  may  be  used  in  the 
place  of  liquid  storax  with  good  results;  that  it  carries 
more  cinnamic  acid  than  commercial  storax;  that  the 
odor  and  fixative  properties  of  '"sweet  gum"  are  superior 
to  the  commercial  variety-  of  storax  imported  into  the 
United  States;  that  the  southern  portion  of  the  United 
States  should  furnish  all  the  storax  required;  that  the 
old  hardened  balsam  may  be  used  in  the  manufacture 
of  chewing  gum. 

Chemical  Department.  American  Tobacco  Company 
60  Franklin  Ave.nie.   Brooklyn.   N".   V. 


LABORATORY  AND  PLANT 


NITRIC  ACID  SOPHISTICATION,  A  SERIOUS 
PRODUCTION  MENACE' 

By   James    R.    Withrow 

Commercial  nitric  acid  is  shown  in  this  paper  to  be 
capable  of  sophistication  by  sodium  nitrate  or  other 
sodium  salts — an  adulteration  which  may  have  a 
serious  effect  on  production,  or  upon  yields  in  many 
chemical  operations,  and  which  may  easily  escape 
detection  when  the  strength  of  acid  is  ascertained  by 
determining  specific  gravity,  or,  in  the  case  of  sodium 
nitrate,  by  determining  NO3  content  as  well.  It 
follows  that  other  commercial  acids  may  be  subject 
to  similar  possibilities. 

Dissatisfaction  with  the  nitric  acid  return  from  the 
recovery  system  in  a  chemical  plant  in  Ohio  led  to  in- 
vestigation of  various  factors  entering  into  the  situa- 
tion. About  that  time  the  operating  chemical  engineer 
called  attention  to  the  fact,  which  he  had  just  dis- 
covered, that  the  workmen  had  been  frequently  noticing 
a  small  amount  of  a  white  material  rattling  out  of  the 
carboys  when  they  were  up-ended  to  pour  out  the  last 
of  this  nitric  acid.  The  discovery  was  made  in  a  ship- 
ment of  "Aqua  Fortis  40°  Pale."  A  "handful"  of 
the  crystals  saved  for  inspection  looked  suspiciously 
like  poorly  developed  rhombohedrons  of  sodium  ni- 
trate, though  it  was  felt  that  they  surely  must  be 
sodium  sulfate  or  acid  sulfate  from  a  "boil-over"  during 
nitric  acid  manufacture. 

A  c|uaiitative  examination  revealed  only  a  trace  of 
sulfates  while  the  nitrate  test  was  strong  even  after 
much  washing.  Subsequent  partial  analysis  showed 
S0|  1.05  per  cent  and  Na  .17. ,59  per  cent.  It  seemed 
probable,  therefore,  that  this  particular  shipment  of 
acid,  at  least,  was  saturated  with  sodium  nitrate. 
Part  of  our  unduly  high  nitric  consumption  and  poor 
recovery  couUl  be  caused  by  this  fact  if  sodium  nitrate 
were  soluble  lo  any  extent  in  the  acid.  This  seemed 
improbable  when  one  remembers  how  easily  concen- 
I  rated  acids  iirecipitatc  soluble  salts  upon  addition 
lo  the  a(|ucous  solutions  of  many  such  salts.  The  specific 
Rruvity  alone  had  been  utilized  in  checking  ship- 
ments of  acid  as  they  arrived  and  it  is  evident  that 
the  nitrometer  also  would  be  likely  lo  give  un- 
reliable results  in  such  a  case.  Titration  would, 
I'f   course,    <lele(t    adulteration    with    any    salt    btil    is 

>  Krail  lirfiirr   llir    Aliirrlran   Imltllllr  u(  Chrmiciil   Kn(inn-r>.   CIrvr 
IiikI   MrrlWln.    Iniir.   I '>  I  7 


little  used  because  of  the  common  presence  of  free 
sulfuric  acid.  We  at  once  resorted  to  evaporation  for 
residual  salt  determination  and  proceeded  to  inves- 
tigate carefully  the  whole  matter  to  see  if  our  opera- 
tion economy  difficulties  were  chargeable  to  any  ex- 
tent to  this  sodium  nitrate  content  in  the  nitric  acid. 
It  was  obvious  that  if  sodium  nitrate  were  soluble  to 
any  extent  in  nitric  acid  it  would  be  profitable  to  get 
the  desired  specific  gravity  or  even  NO3  content 
in  nitric  acid  manufacture  by  adding  sodium  nitrate, 
thus  saving  the  expense  of  sulfuric  acid,  yield  troubles, 
upkeep  and  depreciation.  At  9  cents  per  pound  at 
point  of  shipment,  the  selling  price  of  the  acid  in  ques- 
tion, the  returns  on  the  investment  should  be  reason- 
able. In  fact,  as  an  industrial  chemical  achievement 
other  discoveries  and  developments  in  nitric  acid  pro- 
duction in  recent  years  would  be  puny  in  manipulation 
saving,  alongside  of  this  method  of  "butting  up" 
nitric  acid,  and  also  as  far  as  the  ledger  is  concerned. 

The  solubility  of  sodium  nitrate  in  nitric  acid  of 
various  strengths  could  not  be  located  in  the  literature 
for  the  acid  concentration  we  were  using,  though  it 
does  exist  for  weaker  acids.'  This  work  gives  data 
which  show  that  34  per  cent  HNOj  (^5.5°  Be.)  will 
dissolve  7  per  cent  NaNOj  which  raises  the  mixture 
to  about  30°  Be. 

It  seemed  likely  thai  if  sophistication  had  been 
practiced  either  solid  sodium  nitrate  was  dissolved  in 
weak  nitric  acid,  or  in  strong  nitric  acid  which  was 
then  diluted  to  40°  Bo.,  after  the  whole  had  been 
warmed  in  each  case  and  allowed  to  cool  in  contact 
with  excess  sodium  nitrate  to  avoid  supcrsaturation; 
or,  a  saturated  solution  of  sodium  nitrate  was  added 
to  weak  nitric  acid  and  the  excess  (precipitated)  sodium 
nitrate,  if  any,  used  in  preparing  the  next  batch  of 
sodium  nitrate  solution;  or,  strong  nitric  acid  was 
added  to  saturated  or  strong  sodiuni  nitrate  solution 
and  the  mixture  diluted  to  40°  Be.  To  such  fortified 
solutions  water  or  sodium  nitrate  solution  could  be 
adiled  to  reilucc  the  specific  gravity  to  the  required 
strength  if  the  nitrate  addition  had  raised  it.  The 
use  of  solid  nitrate  would  require  heating  of  the  mix- 
ture    a  manufacturing  difliculty. 

Our  interest  was  to  right  the  troubles  arising  as  a 
result  of  this  bad  nitric  acid  and  this  was  accomplished 

'  Hmrl.  (  <>M|>/  ttni  .  IMT,  <'l  I .  A  SHdrll  "SolulMliltra  u(  Inar(«ntc 
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in  part  by  changing  the  source  of  acid.  No  exhaustive 
•laboratory  investigation  was  conducted  but  merely 
sufficient  work  to  insure  our  position  in  case  of  con- 
troversy, for  it  was  stoutly  maintained  by  acid-makers 
that  no  material  amounts  of  NaNOa  or  other  salts 
could  be  held  in  solution.  Though  many  data  were 
accumulated,  details  need  not  be  given,  as  they  were 
necessarily  complex  and  the  end  results  sufficiently 
emphasize  the  facts. 

THE     POSSIBIUTIES    rSING    SOLID    SODIUM    NITRATE 

Nitric  acid  of  various  strengths  was  found  to  dis- 
solve considerable  sodium  nitrate  and  this  was  facili- 
tated by  heating  the  mixture. 

Table  I  shows  data  obtained  when  a  nitric  acid 
(42°  B6.)  was  diluted  with  water  to  various  strengths 
and  the  specific  gravity  taken,  and  these  solutions 
then  warmed  to  slight  fumes  with  solid  sodium  nitrate 
and  allowed  to  cool  to  the  indicated  temperature  in 
contact  with  excess  nitrate  crystals  in  each  case. 

Table  I 

. Nitric  Acid ■ . Final  Solution . 

Gravity       Per  cent  NaNOj  Dissolved  Gravity  Temp. 

Sp.  Gr.  B^.  on   Basis  of  Acid  Taken  Sp.  Gr.        Bi.  °  C. 

1.381  40  3.24  1.401  41.5  IS" 

1.381  40  3.96  1.392  40.8  22° 

1.343  37  4.70  1.368         39.0  15° 

1.324  35.5  5.74  1.356         38.0  15° 

1.037  70.94  1.366         38.9  15° 

It  follows  from  the  general  trend  of  Curve  I,  which 
gives  the  specific  gravity  of  acid  which  will  dissolve 
the  amounts  of  NaNOa  indicated,  that  as  the  specific 


gravity  of  the  curve  falls  off  the  solubility  of  sodium 
nitrate    in    the    nitric    acid    rapidly    increases.     Curve 

II  shows  the  displacement  or  increase  in  specific 
gravity  by  solution  of  NaNOs  in  the  acids  of  different 
specific  gravities,  showing  the  great  displacement  at 
low  acid  concentrations. 

To  see  how  much  water  could  be  added  to  a  saturated 
solution  of  sodium  nitrate  in  nitric  acid  which  was 
originally  40°  B6.  without  lowering  the  final  gravity 
below  40°  B6.,  some  42°  B6.  acid  (sp.  gr.  =  1.408) 
was  diluted  to  sp.  gr.  1.381  (40°  B^.),  requiring  about 
9  per  cent  water.  Excess  sodium  nitrate  was  then 
added  and  in  30  minutes  the  sp.  gr.  was  1.40  (41.4° 
B6.).  Water  was  then  added  until  sp.  gr.  had  re- 
turned to  1. 381  (40°  B6.).  The  temperature  rose 
slightly  during  the  operation.  The  nitrate  dissolved 
at  15°  C.  was  3.24  per  cent  of  the  weight  of  the  40°  Bij. 
acid  used.  This  permitted  6.0  per  cent  water  to  be 
added  without  lowering  the  gravity  below  40°  Be., 
or    9.24    per    cent    total    addition   by    weight.     Curve 

III  shows  the  rise  in  density  and  gain  in  weight  due 


to  the  solution  of  NaNOs  in  40°  Be.  acid  and  the  fall 
in  density  and  total  gain  in  weight  upon  adding 
water. 

When  saturated  NaNOa  solution  containing  46.8 
g.  NaNOs  per  100  g.  replaced  the  water  in  the  above 
work,  and  the  HNO3  was  saturated  with  3.24  g.  NaXOj 
per  100  g.  of  the  original  40°  Be.  acid,  and  all  work  was 
conducted  at  15°  C,  not  permitting  the  temperature 
at  any  time  to  go  below  15°  C,  it  was  found  that  each 
addition  of  nitrate  solution  caused  a  separation  of 
solid  NaNOs.  Eventually  NaNOj  had  been  added 
to  the  extent  of  4.8  per  cent  of  the  40°  B6.  acid  taken, 
and  to  bring  the  sp.  gr.  back  to  40°  B^.  there  had  been 
8.3  per  cent  of  water  or  a  total  addition  of  13.1  per 
cent  of  the  weight  of  the  40°  Be.  HNO3  used  to  dis- 
solve NaNOa. 

The  dilution  of  the  NaNOa-HNOa  mixture  was 
carried  out  in  steps  which  may  be  summarized  as  follows 
at  the  end  of  each  dilution  with  its  accompanying 
NaNOa  crystals  separation. 

Table  II — HNOa  Stretching  with  NaNOj  and  Water  at   15°  C. 
Total  Addition  per  100  G.  Original  40°  B^.  HNOi 

NaNOi-HNOj    . Dilution * 

Mixture  I  II  III 

NaNOs  in  solution 3.24         3.45  4.15       4.83 

Water  in  NaNOa  solution 0.00  2.04  5.67        8.30 

Total  added  matter 3.24         5.49  9.82      13.13 

Sp.  Gr.  at  this  dilution 1.399        1.394        1.386      1.380 

B^.   equivalent 41.4°       41.0°       40.4°     40.0° 

Curve  IV  illustrates  the  gain  in  NaNOa  content 
with  falling  density  of  mixture  due  to  dilution  with 
NaNOa  solution  and  Curve  V  shows  the  rate  of  total 
gain  in  weight  by  diluting  with  NaNOa  solution. 


A  similar  series  of  results  was  accumulated  at  higher 
(ordinary)  temperature  as  more  practical  working 
conditions.  They  may  be  summarized  as  fol- 
lows: 

The  sodium  nitrate  solution  used  for  dilution  con- 
tained 48.33  g.  nitrate  per  loo  g.  solution,  and  its 
sp.  gr.  was  1.399  at  22.5°  C.  Separation  of  NaNOa 
crystals  took  place  in  each  case  upon  using  this  solution 
for  diluting  the  nitric  acid-sodium  nitrate  mix- 
ture. 

Table  III — HNOj  Stretching  with  NaNOi  and  Water  at  22.5°  C. 
Total  Addition  per  100  G.  Original  40°  Bi.  HNOi 

NaNOj-HNOi       . Dilution . 

Mixture  I  II 

NaNOs  in  solution 3.96  4.26  5.08 

Water  in  NaNOi  solution 0.00  1.95  5.53 

Total  added  matter 3.96  6.21  10.61 

Sp.  Gr.  at  this  dilution 1.392  1.388  1.381 

B*.  equivalent 40.8°  40.5°  40.0° 

Curve  VI  illustrates  the  gain  in  weight  and  rise  in 
density  at  22.5°  C.  when  NaNOa  is  dissolved  in  40° 
B6.  HNOa;  Curve  VII  illustrates  rise  in  NaNOa  con- 
centration with  falling  density   due  to  dilution   with 
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iN'Os  solution;  and  Curve  VIII  gives  rate  of  total 
j^ain  in  weight  by  this  dilution.' 

Sodium  nitrate  is  very  soluble  in  dilute  nitric  acid. 
Actual  experiment  showed  that  12.9  weight  parts 
of  42°  B^.  acid  (sp.  gr.  1.408)  plus  116. i  weight  parts 
of  water  had  a  sp.  gr.  of  1.037  at  15°  C.  This  solution 
after  saturation  by  warming  with  excess  sodium  ni- 
trate and  cooling  to  15°  C.  had  a  sp.  gr.  of  1.366 
(38.9°  Be.)  and  a  NaNOs  content  of  70.94  g.  per  100 
g.  of  original  diluted  acid.  In  other  words,  1  part  of 
42°  B^.  acid  plus  9  parts  of  water  and  7.1  parts  by 
weight  of  NaNOs  give  a  solution  of  sp.  gr.  of  1.366 
(38.9°  Be.),  or  I  lb.  of  42°  Be.  acid  would  make  17. i 
lbs.  of  this  mixture. 

Curve  IX  represents  empirically  the  falling  gravity, 
with  the  addition  of  900  per  cent  of  water  to  42° 
Be.  acid  and  Curve  X  in  the  same  way  represents 
the  rise  in  density  (gain  in  weight)  with  the  solution 


of  710  per  cent  of  NaXOa.  Curve  XI  on  behavior 
of  40°  Bd.  acid  is  drawn  in  for  comparison  of  the 
possibilities  as  the  acid  used  becomes  more  dilute.  It 
had  really  initiated  at  42°  and  is,  therefore,  so  shown, 
otherwise  it  is  identical  with  Curve  III. 

I'USSIBILITIES    USI.VG    SODIUM    NITRATE    SOLUTIONS 

ince    agitating    and    heating    are    desirable    when 

living  sodium  nitrate  in  nitric  acid  and  as  doing 
so  would  require  special  equipment,  such  equipment 
and  some  difficulties  might  be  eliminated  if  nitrate 
were  used  as  a  strong  or  saturated  solution,  instead 
of  as  a  solid. 

Using  C.  P.  nitric  acid  a  number  of  solutions  were 
prepared  of  10,  30,  40  and  50  per  cent  strength  de- 
termined by  specific  gravity  or  as  high  as  35°  Be. 
A  strong  solution  of  sodium  nitrate  was  also  prepared 
nt,  T5°.     Its  sp.  gr.  was  1.375  f^it'  '*•  contained  46.119  g. 

Mim   nitrate   per    100  g.   solution   or   6J.721    g.   per 
i:c.  of  solution.     Starting  with  the  same  volume 

iiric  acid,  10  cc.  in  each  case,  as  the  sodium  nitrate 
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solution  was  added  the  specific  gravity  rapidly  in- 
creased until  the  quantity  of  sodium  nitrate  was  some- 
what greater  than  that  of  the  nitric  acid,  when  the 
specific  gravity  changed  but  slightly,  approaching, 
but  never  reaching,  the  specific  gravity  of  the  original 
sodium  nitrate  solution.  The  highest  gravity  obtained 
was  about  39.2°  Be.,  or  1.3 71  sp.  gr.,  or  not  quite  as 
high  as  the  solution  of  sodium  nitrate  itself,  1.375  or 
39.6°  Be.  This  was  for  the  reason  that  in  every  case 
with  these  strengths  of  acid,  excess  sodium  nitrate 
crystallized  out  upon  addition  of  the  nitric  acid  or  the 
acid  acted  merely  as  a  diluent  as  far  as  specific  gravity 
of  saturated  sodium  nitrate  was  concerned. 

No  analyses  of  the  resulting  solutions  were  made 
in  these  cases.  Record  was  kept  merely  of  the  initial 
quantities  used  and  the  resulting  specific  gravities. 
Without  taking  up  space  with  the  details  of  the  data 
the  Curves  XII  to  XV  give  an  idea  of  the  tendency 
of  strong  NaNOa  solution  to  boost  the  specific  gravity 
of  the  weaker  nitric  acid  under  this  set  of  conditions. 
These  general  conclusions  were  sustained  even  when 
stronger  acid,  54.4  per  cent,  sp.  gr.  1.343,  or  37°  Be. 
was  treated  with  progressive  amounts  of  a  stronger 
solution  of  NaNOa  of  sp.  gr.  1.392  and  XaNOj  con- 
tent of  46.8  g.  per  100  g.  solution,  beginning  with  smaller 
amounts  of  nitrate  than  previously  mentioned.  It 
was  found  that  for  each  100  g.  of  acid,  5.i5g.  of  nitrate 
solution  gave  a  sp.  gr.  of  1.348.  Upon  the  addition  of 
10.2  g.  nitrate  solution,  separation  of  sodium  nitrate 
commenced  and  the  highest  specific  gravity  was  ob- 
tained, 1.352.  Progressive  additions  of  nitrate  solu- 
tion were  accompanied  by  continuous  elimination  of 
solid  sodium  nitrate  and  the  specific  gravity  fell  con- 
stantly as  may  be  seen  from  Table  IV.  No  determina- 
tion of  the  concentration  of  nitrate  in  the  resulting 
acid  mixture  was  made  but  merely  record  kept  of  the 
progressive  change  in  density  after  definite  addition 
of  nitrate  solution. 

Tadlh  IV — Srsciric  Gravity   CourAKisoKS  or  Various  MixTums  or 
HNOi   (Sp.  Gr.   1.343)  and  Sati-ratbd  NaNO.    (Sr.  Gr.   I.J'JJ) 
Sp.  Gr.  NaNOi  Solution  Tool  NaNOi  Solution 

of  Added  per  100  G.  Added  per  IIX)  G. 

Miiture  Original  HKOi  Original  HNOi 

<l.343  000.000  000.000 

•    •••  ■    --■  1.024 

S.I.SO 
10.702 
25. 4M 
52,07 
106.70 
214.23 
434.80 
766. flj 
{a\  Cryatollixation  began. 

(H  Check  on  thia  iKiint  wa»  a<  (ollnwa;  Sp  sr  1  .»,<.'  -  .  N»NOi 
aolutiun  added  per  100  g.  IINOi.  10.287.  No  cryatalllialion  rc«iillr<l  upon 
addition  of  a  aniall  cryalal  o(  NaNOi  and  allowinc  the  mliture  to  aland 
12  hr«.  at  13  lo  20°  C. 

Curve  XVI  shows  graphically  the  increases  and 
breaks  in  the  specific  gravity  caused  by  the  addition 
of  strong  NnNOi  solution  to  HNOi  under  the  above 
conilitions. 

Using  still  stronger  acid,  lo  a  strong  solution  of 
sodium  nitrate  (sp.  gr.  1.326  at  15°  C.)  containing 
40.8  g.  salt  per  100  g.  of  solution,  was  added  28  parta 
by  weight  of  42°  De.  nitric  acitl  per  131.8  part*  of 
nitrate  solution.  This  solution  was  allowed  to  stand 
48  hours  in  contact  with  a  crystal  of  sodium  nitrate. 
A  crop  of  about  4  g.  of  good  nitrate  crystnU  wo«  ob- 
tained,   thus    preventing    supcr«nturation.     The    orig- 
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inal  acid  had  a  sp.  gr.  of  1.408;  the  sodium  nitrate 
solution  a  sp.  gr.  of  1.326;  the  final  mixture  stood 
1.336  or  36.5°  B6.  at  15°  C.  This  final  solution  con- 
tained 32.6  g.  of  sodium  nitrate  per  100  g.  of  the  solu- 
tion plus  17.73  parts  by  weight  of  42°  Be.  HNO3 
and  4967  parts  of  water  exclusive  of  the  water  present 


in  the  42°  B6.  nitric  acid,  or  i  part  of  42°  Be.  HNO3 
per  1.837  parts  NaNOa  and  2.79  parts  of  water.  Curves 
XVII  and  XVIII  show  the  gain  in  both  NaNOs  and 
water,  respectively,  during  dilution  with  the  NaNOs 
solution.  The  42°  B^.  acid  used  contained  18.8  g. 
of  real  HNO3  and  the  final  product  (36.5°  B6.)  has 
a  specific  gravity  corresponding  to  83  g.  of  real  HNO3 
or  a  gain  on  this  basis  of  over  340  per  cent.  This 
apparent  gain  was  produced  b}'  adding  less  than  2.7 
lbs.  of  sodium  nitrate  per  lb.  of  original  42°  acid. 
Using  a  smaller  quantity  of  strong  acid,  to  100  g. 
of  a  water  solution  of  NaNOa  (sp.  gr.  1.393  or  41° 
B6.  at  15°)  was  added  2.56  g.  HNO3  (sp.  gr.  1.408  or 
42°  B^.).  After  standing  for  24  hours  at  room  tem- 
perature the  solution  was  cooled  to   15°  C.    and    de- 


cM**<4   A*A«V    JOLCnOM  AOOtO 
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canted  from  the  crystals  which  had  precipitated. 
The  sp.  gr.  of  the  solution  at  this  point  was  1.386, 
or  40.5°  B(5. 

The  NaNOs  content  of  a  saturated  water  solution 
of  NaNOs  is  47.430  g.  per  100  g.  of  solution.  This 
means  that  our  3900  per  cent  of  sodium  nitrate 
solution  added  to  42°  Be.  HXOj  gives  a  mixture  of 
40.5°  Bo. 


SI LFATE    AND    ACID    SULFATE    ADMIXTURE 

The  separation  of  nitrate  crystals  from  nitric  acid 
is  by  no  means  evidence  that  nitrate  had  been  mixed 
with  or  added  to  the  acid.  The  solution  of  sodium  sul- 
fate in  strong  nitric  acid  was  found  to  deposit  small 
white  crystals  which  are  clear  cut  rhombohedrons  of 
sodium  nitrate.  This  behavior  might  be  expected 
from  general  considerations  and  in  connection  with  the 
possibilities  of  the  following  equation: 

NaoSOi  +  HNO3  =  NaHSOl  +  NaNOa 

The  original  admixture  might  have  been,  there- 
fore, sodium  sulfate  and  still  have  sodium  nitrate 
separate  from  the  acid. 

Nitric  acid  (sp.  gr.  1.381,  40°  B6.)  was  found  to  dis- 
solve 12.62  g.  of  sodium  sulfate  per  100  g.  of  the  acid 
at  15°  C,  giving  a  sp.  gr.  of  1.416  or  42.6°  B6.  This 
was  diluted  with  water  in  steps  to  40°  B^.  with  results 
as  follows: 

Table  V — HNOj  Stretching  mru  NatSOj  and  Water  at  15°  C. 
Total  Addition  per  100  G.  Original  40°  B^,  HNOi 

NaiSO<-HNO»  . DauTiON . 

Mixture  I  II  III 

NaiSOi  in  solution 12.62  12.62        12.62        12.62 

Water  in  NajSO.  solution 0.00  2.31          7.91        15.15 

Total  matter  added 12.62  14.93        20.53       27.77 

Sp.  Gr.  at  this  dilution 1.416  1.410        1.392        1.374 

Bd.  equivalent 42.6°  42.2°       40.8°       39.5° 


It  was  also  found  that  the  addition  of  sodium  sul- 
fate to  40°  Be.  nitric  acid  could  raise  it  to  45°  B^. 

Sodium  acid  sulfate  separates  apparently  as  such, 
together  with  some  sodium  nitrate  when  added  to 
nitric  acid.  This  acid  of  40°  Be.  strength  was  found 
to  dissolve  12.62  g.  of  sodium  acid  sulfate  per  100  g. 
of  the  acid  at  15°  C,  giving  a  sp.  gr.  of  1.462  or  45-8° 
Be.  This  was  diluted  in  steps  with  water  to  40°  B^. 
with  the  following  results: 

Table  VI— HNOi  Stretching  with  NaHSO.  and  Watbr  at  15°  C. 
Total  per  100  G.  Original  40°  B*.  HNOj 

NaHS04-HNOj  . DiLtrriON • 

Mixture  I  II  HI 

NaHSO,  in  solution 12.62  12.62        12.62        12.62 

Water  in  NaHSOi  solution 0.00  2.89        16.36       26.68 

Total  matter  added 12.62  15.51        28.98       39.30 

Sp.  Gr.  at  this  dilution 1.462  1.455        1.412        1-382 

B<;.  equivalent 45.8°  45.4°     42.3°       40.0° 

These  results  could  very  easily  be  obtained  in  using 
the  nitre  cake  from  the  manufacture  of  nitric  acid. 
This  material  is  at  hand  and  convenient  and  is  a  drug 
on  the  market  at  present.  It  is  interesting  to  note 
that  the  solubility  of  sulfate  and  acid  sulfate  is  the  same 
in  this  strength   acid  if  equilibrium   actually  was  ob- 
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tained  in  both  cases.  Confirmatory  work  on  this  by 
different  persons  arrived  at  the  same  conclusions.  In 
spite  of  this,  however,  the  specific  gravity  is  different 
in  the  case  of  the  solutions  of  these  two  salts  and,  there- 
fore, much  more  water  can  be  added  in  the  case  of  the 
acid  sulfate  without  lowering  the  specific  gravity  below 
40°  B6. 

Curves  XIX,  Na.SO,,  and  XX,  NaHSO^,  illustrate 
clearly  the  real  danger  to  the  consumer  from  the 
presence  of  even  a  little  acid  sulfate  in  his  nitric  acid. 
Its  effect  on  the  density  is  profound  and  a  compari- 
son with  the  effect  of  NaNOa  (Curve  III  superimposed) 


is  edifying.  It  was  interesting  to  note  that  the  curve 
for  NaNOa  (HI)  lay  exactly  on  that  for  NaHSOj 
(XX)  as  though  NaNOa  went  into  solution  as  an  acid 
nitrate,  for  NaHS04  could  hardly  go  into  solution  as  a 
nitrate. 

riNA.NCI.M,    HEARING 

Enough  results  have  been  given  to  indicate  the 
possibility  of  profitable  sophistication  of  nitric  acid  and 
at  any  rate  to  warn  against  serious  loss  to  consumers. 
The  indication  of  a  few  financial  possibilities  will 
suffice  to  point  out  clearly  the  dangers  of  these  op- 
portunities for  salt  admixture  in  commercial 
acid. 

Our  contract  called  for  "Aqua  Fortis  40°  Pale" 
at  9  cents  f.  o.  b.  (9.5  cents  delivered).  The  Oil, 
Palnl  and  Drug  Reporter's  quotations,  June  10.  1016, 
were  as  follows: 

Suit  Cnkc  uuiy  •') 


The  correspond- 


Aquo  Forlis 

'        7>/r-7V. 
°       7V«-8 
°       8     -8'/. 
"       8>/.-8'/i 

Nilmte  of  Soda 
fA  in  per  cwt.  iipot 

These  arc,  of  course,  war  prices, 
ing  quotations,  June  17,  191  2,  were; 


AQUa  Forlit 
5°       .?•/•-■«'/■ 
»•       4      -4'/4 
0°       4V«-«V. 
2*       4»/t-5 


Nitrate  of  Sotln 
%2Ai  per  cwt. 


Salt  Cake 
5.<-65  per  cwt. 


\itric  acid  is  (|iii)le(l  from  a  fraction  to    a    full  cent 

r.lier  for  the  various  strengths. 

If  cost  of  nialerialH  arc  figured  in  the  case  where 
40°  B<'.  HN()|  dissolved  ,i.i4  per  cent  of  its  woijjlit 
of  NaNOi  and  then  permitted  the  addition  of  6.0 
per  cent  of  water  before  the  gravity  fell  to  .|0°  n<^. 
again,  we  reach  the  fullowing  statement: 


Buying  always  at  top  market  and  expecting  on  sale 
only  bottom  market, 

100  lbs.  40°  Be.  Aqua  Forlis  at  8',  <  c  >S   25 

3.24  lbs.  NaXOj  at  3.1  c O.IO 

6.0  lbs.  water 

Total  109.24  lbs.  40°  B^.  mixture  costing 8.35 

109.24  lbs.  40°  W.  Aqua  Forlis  at  8'/»  c  brings 9.01 

at  8  c 8.74 

Minimum  Margin  to  producer  per  100  lbs.  initial  acid 0.39 

Minimum  Excess  (dead  loss)  paid  by  consumer  at  8  c '0.49 

per  100  lbs.  purchased 0.45 

1  Excess  at  ante-bellum  prices  per  100  lbs.  purchased  at  4*/'4C.     0.40 


There  would  have  been  no  excess  paid  by  purchaser 
under  extreme  minimum  condition  at  4^/4  cents  in 
ante-bellum  times. 

In  the  case  of  the  data  w-here  40°  Bo.  acid  saturated 
with  NaNOj  permitted  the  addition  of  XaXOi  solu- 
tion to  such  an  extent  that  a  NaNOj  total  of  4.S  per 
cen\  of  the  weight  of  the  original  40°  Be.  HNOj  had 
been  added  and  an  addition  of  8.3  per  cent  of  water  or 
a  total  of  13. 1  per  cent  before  40°  Be.  was  again  reached, 
we  have  the  following  situation: 


100  lbs.  40°  B6.  Aqua  Forlis  at  8'/ 4  c 

4.8  lbs.  NaNOiat  3.1  c 

8.3  lbs.  water 

1 13.1  lbs.  40°  Bd.  mixture  costing 

1 13.1  lbs.  40°  B<!.  Aqua  Forlis  at  S'A  c.  brings 

at  8  c.  brings 

Minimum  Margin  to  producer  per  100  lbs.  initial  acid 

Minimum  Excess  (loss)  paid  by  consumer  per  100  lbs.  purchased  at  8  c. 
Minimum  Excess  at  ante-bellum  prices  per  100 lbs. purchased  at  4^'4  c. 
I  Excess  at  ante-bellum  prices  per  100  lbs.  purchased  at  4>  '4  c. 


$8.25 
0.15 

8.40 
9.33 
9.05 
0.65 
0.70 
0.05 
0  54 


Cost  of  materials  follows  for  the  case  where  42° 
HNO3  was  diluted  with  9  parts  of  water  and  then 
saturated  with  7.1  parts  of  NaNOj,  giving  a  total  of 
1 7. 1  parts  of  a  mixture  with  specific  gravity  1.366  or 
38.9°  B(: 

lOOIbs.  42°  B*.  .4«i<a  For/ij  at  81,1  c  .   $     8,50 

710  lbs.  NaNO.  at  3.1  c 22.01 

900  lbs.  water 

Total  l/IOIbs.  38.9°  B<.  mixture  costing...    .  ..       30.51 

n\0\bs.  iS°  lit.  Aqua  Forlis  alT/,c.hruit,-  ...     13?. 53 

Minimum  margin  to  pr4>ducer  per  100  lbs.  initial  acid 102.02 

Minimum  Exce-is  (loss)  paid  by  consumer  per  100  lbs.  purchased 

at  7'/4C 7.28 

Minimum  Excess  nt  ante-bellum  price.i  per  100  lbs.  purchased  at  4  c  .<   70 

This  is  a  margin  over  cost  of  materials  of  $102.03 
on  an  investment  of  S30.51,  but  it  will  be  noticed  that 
the  margin  is  really  greater  than  this  for  the  mixture 
was  38.9°  Bi'.,  and  it  could  stand  much  more  dilution 
before  it  reached  38°  Be-.,  the  acid  quoted  at  j*/* 
cents,  and  this  would  materially  increase  the  margin 
derived  above. 

The  consumer  in  purchasing  1710  lbs.  really  re- 
ceived but  loo  lbs.  of  42°  HNl^i  equivalent  to  i  jo 
lbs.  of  38°  Be.  acid  which  should  have  cost  him  I9.30 
to  $0.60  instead  of  $132.53. 

In  normal  times,  with  prices  as  qtioted,  the  margin 
over  cost  of  all  materials  wotild  be  S46.00  i>er  loo  lbs, 
of  42°  n<-.  aciil  invesleil,  and  the  consumer  would  pay 
$68.40  for  acid  whose  cost  should  not  have  been  above 
$500. 

Cost  of  materials  follows  for  the  case  where  42* 
HNOi  was  mixeil  with  1.97  parts  of  NaNDi  and  3.13 
of  water,  giving  a  solution  with  «  «j)ccific  gravity  of 
1.336  or  36.5°  He. 
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!97Jb::Na°No.a1t';r"!".'\'."f";:.;.\;:::::^                         In  ''°"    •'    published,     in    one    case*    the    manufacturer 

313  lbs.  water !'!!..!!!!!!!!  Suggested  that  it  came  from  the  "salt    cake"    used  in 

Total  610  lbs.  36.5°  Be.  mixture  costing $14.61  making  the  bottles  ill  which  the  acid  was  stored. 

610  lbs.  36'  Dii.  /lauo  Fords  at  7>/i  c.  brings $45.75  T4.    •             n     i       xu    *       j     i.^         j.-             r                           ■    i         •, 

Minimum  Margin  to  producer  per  100  lbs.  initial  acid $31.  u  .    ^*  ^^  unhkely  that  adulteration  of  Commercial  acids 

Minimum  Excess  (loss)  paid  by  consumer  per  100  lbs.  purchased  is    practiced    tO    any    extent.       Obviously    nO    reputable 

at7Vic.    $6.10  manufacturer  would  avail  himself  of  the  possibilities 

Minimum  Excess  at  ante-bellum  prices  (3»,'a  c.)  per  100  lbs.  pur-  ■     j,-       ^     ,    ■       ^,  ■                             tt                          ,                        

chased 2.80  indicated  in  this  paper.     However,  these  possibilities 

n^o+    -^f   ^o+o,;oio   (^n^    „   r       ^.v,                  u             o  must  be  kept  in  mind  by  consumers  for  even  operating 

Cost    of   materials  follows  for  the   case   where   40  ,                .  ,             ■,  ,,           ,                    . 

v^rn    „oo  ^;^^/t   „,;tv,         a           ^     m    cr,         j  employees   might   at   times  fall  to  the  temptation  to 

HNO3  was  mixed  with   12.62  parts  Na^SOj  and   15.15  .    ^^      ^,    •       •  1  1             ,  •     ^,  • 

,        .          .    .               o  r.;       1    .•  better  their  yield  record  in  this  way. 

parts  of  water,  giving  a  40    B^.  solution.  „,             ./•,•,•      ,       •      ,•    ,       ,     r 

1  he  possibilities  herein  disclosed  of  varying  amounts 

\Z^^V^^tn'^Tn^°"""'^''" *  n'™  °^  Contamination  in  commercial  nitric  acid  are  not  of 

1 2.62  lbs.  NaaSOi  at  0.7  c 0 .  09 

15.15  lbs.  water direct  financial  significance  merely,  thoughthat  phase 

Total  127.77  lbs.  40°  B^.  mixture  costing $8.34  is  serious  enough,  for  it  is  evident  that  the  presence 

127  lbs.  40°  B«. /l3«o  Fords  at  8  c.  brings $10.16        „r ,4.„     •  ^-j.  •  i        •  j 

Minimum  margin  to  producer  per  100  lbs.  initial  acid $  1.82  °^  ^^^^s  in  quantity  may  seriously  impede  processcs 

Minimum  Excess  (loss)  paid  by  consumer  per  100  lbs.  purchased  aS  Well  aS  Curtail  yields  of  Same.       This  laSt  effCCt  may 

""  *  "^ '  '  •■"  be  quite  serious  where  the  nitric  acid  failure   even   to 

Minimum  Excess  at  ante-bellum  prices  per  100  lbs.  purchased  at  ,            ^             r       e 

41/,  c 0.51  '•'^®  extent  of  a  few  per  cent  in  one  operation  may  cause 

T     .,.,                  .          T.T   TTc-/-\    /   •..           1    \                  J  ^  greatly   magnified  fall-off  in  the  finished   product, 

In  the  case  where  NaHS04  (nitre    cake)   was  used  ,       .          ,,             .          .          ,.                  ,           .;        . 

^,      .    .    ,         ^,          ,j   J                    1.  V-   V       ,.,         ■     .^u  leaving   all   question  of   quality  out  of  consideration, 

the  total  matter  added  was  much  higher  than  in  the  t^     i      ,  j   i           .  •      ,  7                             ,■ 

,       J.             ,,  ^        -.^1.     .L  1          •        ^i.             -4-  ^t  should  be  noticed  by  consumers  of   most  com- 

case  of  sodium  sulfate  without  lowering  the  gravity  ....          ,        ,     ,       ,  ,     .         ,,     . 

,,             o-n-i^i-               .......1.           J                  u  mercial  acids  such  as  hydrochloric,  sulfuric,  and  acetic, 

below   40     Be.     The   margin   to  the  producer   would  ,,,..,               •,-,••           .       .        ,                        ^, 

,              ...        ...i.      r          ^1            -^t.   j.1.                1       ir  ..  that    similar    possibilities    exist    in    these    cases.     The 

be   greater,   therefore,   than   with   the   normal   sulfate  ,■•,.,,.                 ,    ,         . 

,         ^.     ,     ,             .            .^           ,      •         J                ^1.  solubility  or  salts  m  some  of  these  is  even  greater  than 

and  particularly  so  since  nitre  cake  is  a  drug  on  the  .       ,                   .     .                    ,       .  ,                  -     ,          ,.    , 

,    ^     .              ........           J.       -J,        1             J           11  in  the  case  of  nitrates  and  with  some  of  them  little 

market  at  present  with  most  acid  makers  and  usually  .       .             .     ,      ,        ,               .^ 

.,,                 ,  ^,  or  no  inspection  is  exercised  other  than  specific  gravity 

IS  with  many  of  them.  .  ^         .       .             „,     .       .        ,       ,            .       .          ,     ," 

determinations.     Obviously  the  determination  of  the 

DISCUSSION  acid  radical  in  most  cases  would  give  little  protection 

With  these  quotations  in  mind  it  is  evident  that  it  and  titration  is  not  satisfactory  with  some  of  them, 

would  be  profitable  to  buy  42°  acid  at  the  top  price,  An  evaporation  test  for  residual  salt  would  be  the  only 

8V2  or  5  cents  in  war  or  normal  times,  respectively,  certain  single  test  to  eliminate  the  factor  under  dis- 

and  add  to  it  sodium  nitrate  or  a  strong  nitrate  of  cussion. 

soda  solution  or  either  of  the  sulfates  of  soda  in  such  The  author  wishes  to  thank  Messrs.  F.  R.  Porter, 

a  way  as  greatly  to  stretch  the  amount  of  acid  on  hand  W.  J.  Becker,  H.  Mersereau,  S.  L.  Shenefield  and  T.  A. 

by  diluting  with  water,  and  selling  at  even  the  lowest  Boyd  for  checking  data  by  laboratory  experiment  at 

quotation  for  the  particular  specific  gravity  obtained.  different  times. 

Not  as  much  salt  and  water  need  be  present  as  in  conclusion's 

the  extreme   possible  cases  cited.     The   profit   to  the  j_^j^g   strength   of   commercial   nitric   acid   cannot 

producer  and  the  loss  to  the  consumer  can  be  of  any  j,^  ^^^-^.^^  ^-^^  ^^^^^^  ^^^^  ^^^  ^p^^.^^  ^^^^i^y  ^1^^^ 

size  short  of  the  maximum.     It  has  been  shown  by  ^^^  ^^^^  ^j^^  ^^^^.^^  ^^^^.^^^  ^^^  ^^^  ^^^^^^^  ^^^^^ 

the  data  given  that  even  a  casual  boil-over  of  NaHSO,  ^^^  titration   will  be  necessary  in  addition  provided 

during  distillation  may  entail  an  unnecessary  loss  to  ^^^.^^^   ^j^^^  ^^j^^^j^   ^^-^   -^  ^^^^^  ^^  ^^  ^^^^^^  t,y 

the    consumer    by    unduly    increasing    the    producers  qualitative   tests.     It   seems    desirable   to    combine    a 

yields  at  the  expense  of  the  consumer.  ^p^^j^^  ^^^^.^^  ^^  ^q^  determination  with  an  evapora- 

Even  1  cent  per  pound  is  a  severe  raise  on  the  market  ^.^^  ^^^^  ^^^  residual  salts, 

in  the  case  of  9  cent  acid  and  may  spell  disaster  to  H-Producers  and  consumers  alike  should  inspect 

many  operations.                                                  ,    ,   .       ,  all  commercial  acids  by  an  evaporation  test. 

It  seems  likely  that  no  fraud  was  intended  in  the 

■'                                    .         .                 J        1.         r  L.\noRATORY  OF  Industrial  Chemistry 

case   which   caused  this  investigation   and,   therefore,  thb  omo  state  university 

the  name  of  the  manufacturer  has  been  withheld  even  Columbus,  omo 

in  private  conversation.      Further  deliveries,  however,  

were   refused.     It    would   seem   that   the   presence    of  DETERMINATION  OF  THE  EXPLOSIBILITY  OF  PYRITES 

the  sulfuric  radical  in  the  nitrate  separating  from  the  AS  WELL  AS  ITS  AVAILABLE  SULFUR  AND  THE 

acid  shows  either  large  amounts  of  sulfuric  acid  in  the  SULFUR  CONTENT  OF  ITS  CINDERS 

nitric  acid  or  the  results  of  a  boil-over  of  nitre  cake  or  By  c.  R.  gvzandkr 

"soup."     The   fact  that   the   acid   always   arrived   of  Received  May  16,  1917 

the  correct  specific  gravity  does  not  signify  intentional  In  buying  pyrites  as  a  source  of  sulfur  in  sulfuric 

adulteration,  for  the    final    correction   of   the   specific  acid  manufacture,  high  content  of  sulfur  in  the  ore  is 

gravity  might  be  made  by  an  employee  who  had  no  not  necessarily  a  guarantee  for  its  fitness,  since  other 

knowledge  that  a  boil-over  had  occurred.  characteristics  have  a  bearing  on  the  amount  of  sulfur 

The    presence   of    SO4    in    reagent    ("pure")    HNO3  available  for  the  production  of  sulfur  dioxide.     Thus, 

has  been  long  known  though  no  commercial  informa-  1  chem.  .Vras.  61,  289  and  301. 
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for  example,  the  explosive  property  of  some  varieties 
of  pyrites  while  rather  an  aid  to  high  efificiency  when 
the  ore  is  burned  as  fines,  is  a  great  drawback  when 
the  ore  is  to  be  burned  as  lump,  since  the  dust  caused 
by  explosion  of  the  ore  fills  up  the  interstices  between 
the  lumps  and  thus  prevents  the  free  access  of  air,  in 
consequence  of  which  combustion  is  incomplete,  the 
resulting  cinders  high  in  sulfur,  and  the  available  sulfur 
low. 

Again,  some  ores  consist  of  small  crystals  or  particles 
of  pyrites  and  sand  or  silica,  loosely  cemented  together 
Tid  readily  broken  up  during  the  process  of  combustion, 
has  forming  dust  which  may  clog  and  render  the  ma- 
terial unsuitable  as  a  lump  ore. 

These  two  qualities  are  easily  exhibited  by  heating 
a  lump  of  the  ore  on  a  clay  triangle  over  the  naked  flame 
of  a  Bunsen  burner  while  a  screen  of  fine  netting  is 
placed  over  the  lump  to  prevent  the  scattering  of  the 
small  pieces  of  ore  if  it  does  explode. 

The   quantitative  determination  of  its  explosibility 

or  crumbling  quality  is  accomplished  by  heating  the 

ore   in   a   covered   dish   at   a   high   temperature,    until 

rumbling   or   explosibility   has    ceased,    then    cooling, 

reening    and    weighing    the    ore,    originally    selected 

0  remain  on  a  certain  size  screen  while  passing  through 

1  next  larger  size.  Calling  the  total  weight  of  the 
iirnt  ore  a,  and  the  portion  that  passes  through  the 
mailer  screen  b,  the  per  cent  explosibility  or  crumbling 

of  the  ore  is  100  X  b/a.  By  the  use  of  graded  sieves, 
the  percentage  of  the  various  sizes  resulting  from  the 
explosion  may  be  determined. 

Some  authorities  claim  to  destroy  or  minimize  the 
explosive  effect  by  a  gradual  preheating  of  the  ore,  but 
the  writer's  observations  in  this  direction  do  not  con- 
firm that  statement,  possibly  because  the  exact  con- 
ditions of  a  successful  preheating  were  unknown. 
Twenty-four  hours'  preheating  at  temperatures  from 
120  to  340°  C.  (at  which  temperature  explosibility 
seems  to  commence)  has  no  apparent  effect  in  diminish- 
ing the  explosive  quality. 

Some  users  of  ore  have  offered  as  an  explanation 
for  the  explosibility  of  a  pyrites  that  its  mass  is  sub- 
ject to  an  unequal  internal  strain,  but  the  fact  that 
preheating  seems  to  have  no  effect  in  annealing  or 
equalizing  this  strain,  even  up  to  temperatures  at 
which  explosion  begins,  seems  to  speak  against  this 
theory. 

Dr.  Lunge  suggests  that  the  explosibility  is  due  to 
pockets  of  C02  gas,  the  expansion  of  which,  during 
the  process  of  combustion,  causes  the  breakage  of 
the  lump  with  more  or  less  explosive  violence.  The 
correctness  of  this  view  seems  to  be  borne  out  by  the 
fact  that  the  explosibility  diminishes  as  the  ore  is 
crushed  down  in  size,  a  process  which  naturally  would 
■nd  to  destroy  any  existing  pockets  through  cleavage. 

If  actual  values  with  reference  to  explosibility  arc 
sought  the  ore  should  be  heated  in  the  same  size  that 
it  is  to  be  used  in  the  burners,  i.  e.,  a  definite  weight 
of  ore  should  be  graded  by  screening  and  each  por- 
tion tested  separately,  for  explosibility.  But  this 
would  involve  the  use  of  a  cumbrous  laboratory  ap- 
paratus,   while   a   relative   explosibility,   ».   «.,   the   ex- 


plosibility of  the  ore  of  a  uniform  but  small  size, 
would  be  equally  as  valuable  as  a  means  of  comparison 
of  two  grades  of  ore,  while  the  laboratory  apparatus 
would  be  more  manageable. 

For  a  comparative  test,  therefore,  the  ore  may  be 
crushed  to  pass  a  '/is  but  remain  on  a  '/16  round  hole 
screen,  when,  after  heating,  what  passes  through 
the  °/i6  screen  is  explosive  ore.  This  portion  may 
now  be  graded  to  determine  dust  qualities. 

As  an  example  of  the  application  of  this  explosive  test 
the  following  cases  are  quoted. 

The  ores  tested  were  Spanish  "Perrunal"  and 
Rio  Tinto  washed  ore:  240  g.,  crushed  to  pass  a  '/u 
but  to  remain  on  a  '/15  round  hole  screen,  were  heated 
in  a  covered  agate  wash  bowl,  placed  in  a  suitable 
ring  tripod  and  heated  with  a  large  Meker  burner 
for  '/'s  hr.,  when  all  cracking  had  ceased.  After  cooling, 
the  ore  was  sifted  with  the  result  given  in  Table  I. 


Ore: 
Screen  .■Vnalysis 
On  ^  16  round-hole  Screen 

On  10-mesh  Sieve 

On  20-mesh  Sieve 

Through  20-mesh  Sieve. . . 


Table  I 
Spanish  "Perrunal" 


Lot  No. 

,    232.5 i 
3.8 


Total 236.7  g. 

Corresponding  Pbrcbntagss 

Non-explosive  Ore 98.22 

Explosive  Ore 1.78 

Total 100.00 

ExPLOStvs  Ore  Classified 

On  10-mesh  Sieve 1.60 

On  20-mesh  Sieve 0.09 

Through  20-mesh  Sieve 0.09 

Total 1.78 


Lot  No.  2 
184.8  g. 
20.8 

4.7 

7.9 


9.53 
2.15 
3.63 


Rio  Tinto  Washed 

Lot  No.  1   Lot  No.  2 

209.5  g.       182.0  g. 

9.2  40.0 

1.0  1.0 


3.1 

3.0 

222.8  g. 

226.0  g. 

94.03 
5.97 

80.6 
19.4 

4.12 
0.44 
1.41 


17.7 
0.4 
1.3 


This  goes  to  show  what  a  wide  difference  the  same 
kind  of  ore  does  exhibit  as  to  explosibility,  and  the 
same  holds  as  to  cinder  tests  which,  with  the  "Perrunal" 
ore,  vary  from  less  than  i  per  cent  for  a  non-explosive 
ore  up  to  5  and  6  per  cent  for  explosive  ore,  while  the 
Rio  Tinto  cinders  vary  from  4  to  10  per  cent,  due  to 
choking  with  dust;  these  cinder  tests  refer  to  the  ores 
burnt  as  lump  ore. 

Though  these  explosive  tests  do  not  give  absolute 
figures  they  indicate  that  one  may  reasonably  look 
for  a  difference  in  the  cinder  values  of  such  ores  when 
burned  as  lump  ore.  What  exact  relation  this  relative 
explosion  test  bears  to  the  cinder  value  is  not  known, 
since  no  systematic  determinations  have  been  carried 
out  on  separate  lots,  but,  whatever  relation  does 
exist,  it  can  be  of  only  a  local  significance,  since  a 
lump  burner  with  a  large  sectional  area  and  shallow 
depth  will  be  less  affected  by  the  dust  than  one  of 
small  sectional  area  and  greater  depth,  as  the  chances 
are  that  the  latter  will  retain  more  of  the  obstructive 
dust  than  the  former.  The  figures  in  Table  II  may 
aid  in  judging  the  fitness  of  an  ore  for  use  in  lump 
form  in  the  production  of  S0|.  It  might  happen 
that  the  difTcrcncc  in  sulfur  content  of  the  cinders 
of  an  explosive  ore  referred  to  humors  of  a  certain 
construction,  when  compared  with  what  should  be 
the  legitimate  sulfur  content  of  the  same  ore  if  it 
were  non-cxplosivc,  woulil  more  than  pay  for  the  cost 
of  crushing  the  lump  into  fines,  the  most  effective 
form  in  which  an  explosive  ore  can  be  handled. 
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That  the  size  of  the  lump  does  cause  a  difference 
in  the  explosive  test  will  be  seen  from  the  figures  in 
Table  II,  which  were  obtained  with  a  specially  selected 
explosive  "Perrunal"  ore.  The  explosibility  dropped 
from  100  to  7.71  per  cent  by  varying  the  size  of  the 
lump  from  that  of   a  hen  egg  to  that  of  coarse  fines. 

Table  II 
No.  Size  of  Ore  Exploded 

1  Lump,  hen-egg  size 100.00% 

2  Passing  1  in.,  remaining  on  »/<  in.  round  hole  Screen 89,01 

3  Passing  Vn  in.,  remaining  on  Vi«  in.  round  hole  Screen. ..      .17.42 

4  Passing  6-mesh,  remaining  on  10-mesh  Sieve 7.71 

Screen  Analysis  of  Explosive  Parts  of  Ore 

Percentages                                No.  1         No.  2         No.  3  No.  4 

On  Vn  round-hole  Screen 16.23          41.90             ...  .... 

On  10-mesh  Sieve 49.23          22.87          26.63  ... 

On  20-mesh  Sieve 16.16            8.71            4.76  6.33 

Through  20-mesh  Sieve 18.38         15.53           6.03  1.38 


Total 100.00         89.01 


37.42 


But  even  though  the  ore  is  non-explosive  or  non- 
crumbling  it  still  does  not  follow  that  it  is  economical 
as  a  source  of  sulfur,  since  its  burning  qualities  may  be 
poor,  i.  e.,  the  rate  at  which  it  gives  up  its  sulfur, 
the  rate  of  change  of  the  ore,  is  low,  or,  as  it  is  usually 
expressed,  it  burns  more  or  less  freely,  and  it  is  evident 
that,  since  the  ore  is  subject  to  the  process  of  burning, 
whatever  it  may  be,  for  a  definite  length  of  time,  the 
more  freely  burning  ore  will  have  less  sulfur  remaining 
unburnt  in  a  given  time,  than  the  ore  that  burns  more 
slowly,  if  such  a  quality  does  exist  as  an  adjunct  to 
a  lot  of  pyrites. 

Experience  has  proved  that  it  does,  and,  therefore, 
the  determination  of  the  rate  of  change  of  combustion 
and  its  application  to  the  determination  of  available 
sulfur  as  well  as  the  sulfur  content  of  the  cinders 
will  now  be  described. 

METHOD    PROPOSED 

The  method  consists  of  burning  a  convenient  amount 
of  the  ore,  crushed  to  pass  a  50-mesh  sieve,  in  a  standard 
size  dish,  under  standard  conditions  of  temperature, 
for  various  intervals  of  time,  and  determining  the 
amount  of  unburnt  sulfur  in  the  resultant  cinders, 
which  furnishes  the  data  necessary  for  the  calculation 
of  the  rate  of  change  of  the  ore. 

Since  the  combustion  of  pyrites,  like  most  other 
chemical  reactions,  is  influenced  by  temperature, 
it  is  absolutely  necessary  to  have  the  analytical  tem- 
perature conditions  constant  at  all  times.  Further, 
the  ore  which  is  used  as  a  standard  for  comparison 
should  be  a  fines  ore,  or,  a  non-explosive,  non-crumbling 
lump  ore,  of  which  the  sulfur  value  of  its  cinders  is 
also  known. 

MANIPULATION 

As  a  source  of  heat  the  author  uses  an  electric  furnace 
which  attains  a  temperature  of  1000"  F.  and  heats 
2  g.  of  ore,  crushed  to  pass  a  so-mesh  sieve  and  ac- 
curately weighed,  in  small,  thin-walled,  electro-quartz 
dishes  of  uniform  size  and  thickness.  The  ones  the  author 
uses  hold  10  cc.  and  have  a  thickness  of  wall  of  V32  in. 

Three  of  them  are  placed,  close  together,  in  a  sheet- 
iron  rack  (with  handle)  the  exact  size  of  the  furnace 
and  having  holes  which  fit  the  respective  dishes  so 
that  they  touch  the  bottom  of  the  oven  when  placed 
there.  After  15-minute  intervals  of  time,  or  longer 
if  necessary,  each  dish  is  lifted,  separately,  out  from 


the  furnace  with  crucible  tongs,  while  an  empty  dish 
replaces  it  in  the  furnace,  so  as  to  insure  that  the 
circulation  of  heat  remains  constant  as  nearly  as 
possible.  The  reaction  is  stopped  by  placing  5  g. 
XasCOj  on  top  of  the  dish  as  soon  as  it  comes  out  of 
the  furnace,  and  the  dish  is  left  to  cool. 

There  thus  results  three  samples  of  cinders,  having 
been  exposed  for  known  intervals  of  time,  say  for 
15,  30  and  45  minutes,  respectively.  The  sulfur 
content  of  each  is  determined  by  transferring  the 
dish  of  cinders  and  NaoCOa  to  a  roomy  platinum  dish, 
breaking  up  the  cake  of  cinders  with  a  flattened, 
thick,  glass  rod,  adding  5  g.  NaNOa,  mixing  and  fusing 
to  oxidize  the  sulfur. 

After  cooling,  it  is  lixiviated  with  water,  filtered, 
the  filtrate  acidified  with  excess  of  HCl  in  a  covered 
glass  dish,  CO2  boiled  off,  the  solution  evaporated  to 
dryness,  the  dry  mass  dissolved  in  water,  acidified 
with  HCl,  filtered  from  Si02,  precipitated  by  BaCU 
and  this  washed,  dried,  ignited,  cooled  and  weighed. 
From  these  weights  we  ascertain  the  sulfur  content 
which  corresponds  to  o  - —  a;  in  Equation  (i)  below. 
Whether  we  regard  the  combustion  of  the  pyrites 
merely  as  a  distillation  of  its  sulfur  content,  or  as  an 
oxidation  process  or  both,  the  reaction  may  be  treated 
as  one  of  the  first  order,  since,  even  in  the  case  of  the 
oxidation,  both  in  the  analytical  and  practical  opera- 
tion, the  burning  ore  is  continually  being  treated 
with  fresh  quantities  of  air,  in  consequence  of  which 
the  oxygen  phase  of  the  reaction  is  constant  and 
hence  only  the  sulfur  is  undergoing  change.  The 
rate  of  change  is,  therefore,  expressed  by  the  differ- 
ential equation 

(i)  ^  =  K(a  —  .v) 

at 

which  when  integrated  for  .v   =   o  and  i    =   o  becomes 


(2) 


7  '°^' 


=  K. 


Here   a   represents  the   amount   of  sulfur  in  the    2   g. 
of  ore  used. 

From  Equation  (2)  we  see  that,  since  the  amount 
of  action,  or  x,  in  a  given  time  t,  is  proportional  to  o, 
other  conditions  being  constant,  m  times  as  much  ore,  * 
or  tna  g.,  would  give  tn  times  as  much  action  or  mx 
in  the  time  /;  hence  the  logarithmic  factor  of  the  equa- 
tion becomes 

«M  rt  III  /T  Q 

or  constant. 


ma  —  mx  m{a  —  *•)  a 
Therefore,  the  value  of  K  is  independent  of  the  value 
of  a  and  so  we  may  use  the  constant  quantity  2  g. 
of  ore,  even  if  the  samples  do  not  always  carry  the 
same  amount  of  sulfur.  The  value  of  K  is  still  pro- 
portional to  the  velocity  of  the  reaction,  if  the  tem- 
perature conditions  are  constant,  or  any  other  condi- 
tions that  may  have  an  influence  on  the  reaction  are 
constant,  like  size  and  thickness  of  dishes  used  for  the 
combustion. 

As  a  sample  for  comparison  the  writer  uses  a  non-ex- 
plosive, non-crumbling  variety  of  "Perrunal"  ore 
which  gave  the  tests  noted  below. 


Aug.,  1917 

Sulfur  in 
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0.27163 
0.06351 
0  01813 


Sulfur  in  cinders.  1.0% 
=   1.01  g.  sulfur  =  a 


0.38020  1 
0. 04004 
0.03879  J 


K'"  represents  the  value  of  the  velocity  constant  when 
referred  to  common  logarithms  in  Equation  (2). 
With  reference  to  natural  logs  it  is  to  be  multiplied 
by  2.30259,  hence  K  =  2.30259  Kio  =  0.089686. 

Since  K  is  independent  of  the  value  of  a.  we  may 
refer  it  to  100  g.  of  ore  when  determining  available 
sulfur  and  cinder  sulfur,  in  preference  to  using  2  g. 
or  the  analytical  amount  used  in  determining  K. 

The  composition  of  the  cinders  is,  in  all  probability, 
a  mixture  of  Fe^Oa  and  FcaOj,  but  we  will  assume  them 
to   be    Fe203   as   sufficiently   correct   for   our   purpose. 

The  next  question  is,  then,  how  long  shall  we  have 
to  burn  100  g.  of  the  ore,  under  the  same  conditions 
of  temperature  and  so  on,  as  prevailed  when  determin- 
ing K,,  in  order  that  the  cinders  may  contain  i  per 
cent  sulfur? 

If  to  do  this,  X  g.  of  sulfur  burn  off,  the  cinders 
48 


will  be  100  —  X  + 


X,  since  for  every  4  atoms  of 


128.24 

sulfur  burnt  off,  3   atoms  of  oxygen  are  taken  up   to 
form  FeoOa,  and  we  have  the  proportion 


0.69  per  cent  sulfur  left  i 


Substituting   these    values    in    Equation 
when  using  common  logs: 


we    have, 


0.089686.  whence  I  -  48  minutes 

That  is  to  say,  48  minutes  is  the  time  to  which  we 
must  refer  the  burning  of  all  ores,  so  long  as  their 
rate  o.  ^e  or  the  value  of  K,  has  been  determined 

in  the  electric  furnace. 

If  for  some  reason  this  has  to  be  given  up,  the  value 
of   K«  will  have  to  bo  reestablished  for  the  new  con- 


ditions,   before    we    maj'    make   any   computations    as 
to  cinder  values  or  available  sulfur. 

Another  lot  of  "Perrunal"  ore  tested  as  follows: 


49.3 

per  cent 

Sulfur  in  cinder  =  2.3  per  cent 

2  g.  ore 

49.3 
100 

X 

2  =  0.9860  = 

a 

a 

Kio 

0 
0 
0 

37145 
10163 
02373 

0.02826 
0.03296 
0.03396 

Av.  Kit 
0.03239 

K^ 

= 

2.30259  K 

.  =  0.07458 

loo  g.   of  this  ore,  burning  as  above  for  48  minutes, 
would    leave    a  ■ —  .v   sulfur   for   cinders   and    we   have 


2.30259 ,       49.3        „  „.  ,„ 

-  X  =      1.37  g.  sulfur  left  in  cinders 
X  =  47.93  g.  available  sulfur 
a  =  49.30 


-^"x  1 

70.01 
Found 


0  =  2.0  per  cent  sulfur  in  cinders 
!  2.3  per  cent  sulfur  in  cinders 


The  above  value  of  Kio  is  not  in  very  good  agreement 
as  a  constant,  but  the  calculations  show  that  it  is 
near  enough  for  this  case.  Had  the  sulfur  value  of 
the  cinders  been  required  before  burning  the  ore  it 
would  have  been  a  safer  practice  to  repeat  the  analytical 
operation  with  a  view  to  obtaining  better  agreeing 
values  of  K. 

Four  analyses  are  compared  with  actual  tests  of 
the  materials  in  Table  III.  The  results  on  Xo.  4 
show  that  burnt  as  fines,  the  ore  would  have  left  only 
1-33  per  cent  sulfur  in  the  cinders,  but  on  account  of 
the  explosive  dust  and  clogging  this  rose  to  4.10 
per  cent. 

In  August  of  1908,  Carridad  lump  ore  was  burned 
at  one  set  of  burners,  giving  high  cinder  sulfur,  while 
Eustis  lump  was  being  burned  at  another  set  of  burners 
with  normal  sulfur  test  in  the  cinders.  As  it  happened 
that  men  with  less  experience  were  engaged  on  the 
Carridad  ore  it  was  not  unreasonable  to  suspect  that 
the  men,  either  from  laziness  or  ignorance,  had  not 
given  the  attention  to  breaking  ami  charging  that  they 
should,  so  the  author  tried  the  determination  of  the  rate 
of  change  of  the  two  ores,  with  the  expectation  that 


1— A  siimpli-  of  Kustia  fiw-i 
Actual  Analysis 

A— Sulfur  in  ore •*^'*5 

B^Sulfur  in  cinders 2.70^ 

Calculation  krum  A 


42.98 
100 


X  2 


((.8S96 


Tadlb   III — Comparison  or  .\ctual   Analvsss   with   C 
2 — Another  lot  of  Eustii  fines 
Acti;al  Analysis 

A — Sulfur  in  ore 44 . 0  ' 

B — Sulfur  in  cinders 2. 70' 

Calculation  mom  A 
_  *±6 
"  "  100 


X   2   -  0.8800 


ULATKD     KKSULTS 

3'-A  liustis  lump  ore 
Actual  Analysis 

Sulfurinore 41.92% 

Sulfur  in  cinders 3 .  20'*',. 

Calculation  rsoM  .\ 

_  *'■''• 
*  "     100 


X  2  -  0.8J84 


0.  19164 
OMVtM 
0 . 03468 


AvcrsKt  Kit 0.0297S 

.'.  K,  -  2..102.W  Kii  -  0.t)ft8J0 
liurnlnc   to    I'tOi   cindcra: 
l.MnS'l  ,       42.98 


48 


log 


J   -   42.98 
Km  -•  4I..«    +   { 


4H 


0.068^0 
.■lnilrr« 


-     X    41   18) 


«  ax  K,. 

15  0  .«J526  0  OJ62(> 

.10  (I.  1.^86.^  0  0181  I 

4.S  O.U4U.Sb  0.02969 

Averaxc  Kia 0.02798 

.'.  K,  -  2.^0259  Kii  -  0.06443 
llurnlnt  48  inin   tn  I'nOi  rtnderi 

■'^--Io.^.-O.0«43 


w 


*s 


0.29676 
0.124.<3 
0.0.«663 


0  O.tlHi; 
0.02761 
0  0.1021 


Avcrune  Kia 0  029296 

.     K,   -    .'..WiSM  Kia  -  ().064« 
lliiininit  48  min.  to  I'nOi  cinders 
2,.U)2.19  ,        41.92 

J  —  t   —     I  64  StiUur  In  cliulrni 
«  -  iO.m  AvftlUble  Sulftir 


.\nollicr  lot  o(  r>pla«\ 

e   liustis 

lump  ore 

Actual  Analysis 

-Sulfur  in  of« 

Sulfur  in  cinders 

4    10^ 

Calculation  rsuM 

A 

•  -  w  '^  ^  -  »»*♦• 

*       « 

Kl. 

.*             0  28714 
Kl             0  OMWJ 
i             0  04145 

0  (MIVJ 

o.cmm; 
o.on)2 

0.06746 


Avera(«  Kia 0  O.Vt2.t 

K,  -  2.\0.•.^9  Kii  -  0.o:ft.^.• 
lluinini   48  mm.   la  KsiOi  rinilsn 


12S24 

74.06  p»r  cent   I'm  >■  cinders 
1.60 
74.05 
2.16  per  i 


lUO 


44.00 
-  42  +  (j- 


48 


X   42) 


X   HH) 


M2S.24 
-  7.V84  (.  PriOi  cinders 
J()» 
li.tl 
"  2.70  per  cent  aulfur  in  cinders 


d  -  41.92 
100  —  40.28  +   (, 


48 


X  40  ;*■ 


X  100 


M2i.i4 
•  74.79  (.  FnOi  cimirt* 

m  ]  19  (wr  rem  lulfur  in  dnden 


100  —  42  IS  4-  -p. 


48 


X  42 


-  :\  94  |.  PmS  ctnderi 
1.09 

7J.94 

—  I  .t.<  p«r  rtnl  MUtuc  in  cswtsn 


ii  X  '00 


.780 
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the   suspicions    regarding    the    men's    guilt    would    be 
confirmed. 

The  results,  however,  entirely  exonerated  the  men 
from  all  blame  and  showed  the  cause  to  be  due  to  the 
poor  burning  quality  of  the  ore  itself.  At  that  time 
I  did  not  have  the  electric  furnace,  but  made  the  de- 
terminations in  one  and  the  same  dish  placed  on  a 
tripod  and  heated  with  a  small  M6ker  burner,  shielded 
from  draughts  by  a  sheet  iron  hood.  The  results 
were  as  given  in  Table  IV. 

Table  IV 


EusTis  Lirarp  Ore 
Actual  Analysis 

A — Sulfur  in  ore 45.8% 

B — Sulfur  in  cinders 3.0% 

Calcolation  from  A 


45.8 
100 


X  2 


0.3705 
0.1893 
0.0446 


Average  Kio 

.-.  K,  =  2.30259  Kio 


0.9160 

Kig 
0.02520 
0.02282 
0.02916 

0.02606 

0.06001 


Carridad  Orb 
Actual  Analysis 

A— Sulfur  in  ore 43.7^ 

B— Sulfur  in  cinders 9.7$ 

Calculation  from  \ 

=  4_3J 
"  ~     100 


X  2  =  0.8740 


0.5027 
0.3243 
0.1945 


Kio 
0.01601 
0.01435 
0.01450 


Average  Kio 0.01495 

.-.   K,  =  2.30259  Kio  =  0.03442 


(100  — X    + 
=   100  :  3 


a  —  X  =     2.18  g.  Sulfur  in  cinders 
X  =  43.62  g.  Sulfur  burnt  off 


2.30259 
a  —  x  =     7.55    g.    Sulfur 


log 


36.15 
=  43.70 
-  36.15   + 


ders 
Available      Sulfur 
burnt  off 

48        „    ,,  ,, 


2.30259  ,       45.8 
—7—  '°«  2TT8 


128.24    '-  '    ■   - 
=  76.91  per  cent  cinder 

/  =  51  minutes  =  9.80  per  cent  sulfur  in  cinders 

Again  in  November  that  same  year  some  of  this 
Carridad  ore  was  burned  as  fines  with  such  unusual 
low  sulfur  test  in  the  cinders,  compared  with  the  lump 
ore,  that  now  the  suspicion  arose  as  to  the  accuracy 
of  the  cinder  samples  or  the  cinder  test.  Again,  the 
determination  of  the  rate  of  change  of  the  fines  ore 
exonerated  the  parties  concerned,  and  placed  the 
explanation  on  the  better  burning  qualities  of  the  fines 
ore.  As  it  was  not  any  surety  that  the  flame  could 
be  adjusted  to  the  exact  conditions  prevailing  when 
the  test  of  the  lump  ores  was  made  the  preceding 
August,  I  chose  for  comparison  a  sample  of  Eustis 
fines  ore  burned  the  s.ame  month  as  the  Carridad 
fines.  The  results  are  given  in  Table  V. 
Table  V 


X  2 


0.9220 


Eustis  Fines  Ore 
Actual  Analysis 

A— Sulfur  in  ore 46.1% 

B — Sulfur  in  cinders 2 . 6% 

Calculation 

"  "  100 

(  a  —  X  Kio 

15  0.3962  0.0247 

30  0.2120  0.0214 

45  0.0675  0.0253 

Average  Ki« 0.0238 

.-.  K,  =  2.30259  Kio  =  0.0548 


Carridad  Fines 
Actual  Analysis 

A— Sulfur  in  ore 42.2% 

B — Sulfur  in  cinders 2.1% 

Calculation 


42.: 


X  2 


0.8440 


0.3628 
0.1941 
0.0621 


0.0245 
0.0213 
0.0252 


(100— X 
=   100  ; 


x)  :    (46.1  — x) 


44.22   g.   Sulfur   burnt  off 
1.88  Available  Sulfur  left 
in  cinders 


Average  Kio 0.0236 

.-.   K,  =  2.30250  Kio  =  0.0543 


1.80  g.  Sulfur  in  cinders 
40.40  g.    Available    Sulfur 
burnt  off 


20 


a  =  46.10 
2.30259  , 


0  =  4 
100  —  40.4   + 


48 


t  "  58  minutes 


128.24 
74.72  g.  cinders 

1.80 
74.72 

2.40  per  cent  sulfur 


X  100 


CONCLUSION 

It  is  well  known  that  as  regards  available  sulfur  in 
pyrites  no  method  has  hitherto  been  presented  that 
does  at  all  agree  with  practice. 

To  account  for  the  low  yield  of  available  sulfur  it 
is  the  custom  in  some  places  at  least,  to  determine  t 
such  heavy  metals  as  lead,  copper  and  zinc  and  de- 
duct from  the  total  sulfur  that  equivalent  to  sulfates 
of  these  metals,  but  even  so,  there  is  usually  no  agree- 
ment with  practical  yields  and  as  the  sulfates  of  these 
heavy  metals  are  all  decomposable  at  a  bright  red  heat, 
the  temperature  of  the  burners,  it  is  evident  that  such 
a  practice  is  faulty,  even  if  it  occasionally  should  seem 
to  agree  with  practical  results. 

The  only  reliable  method  of  arriving  at  the  available 
sulfur  content  of  a  pyrites  is,  as  has  been  shown,  the 
determination  of  the  rate  of  change  of  the  ore,  compared 
with  some  other  ore  that  works  normally  and  the  avail- 
able sulfur  of  which  is  known. 

Furthermore,  this  determination  serves  as  a  check 
upon  results  already  obtained  and  so  helps  to  place 
the  true  explanation  upon  them  instead  of  subjecting 
them  to  mere  suspicions,  which,  though  seemingly 
reasonable,  may  still  be  untrue. 

The  Merrimac  Chemical  Company 
Everett,  Massachusetts 


A    CONVENIENT     APPARATUS    FOR     ELECTROMETRIC 
TITRATION     DEPENDING     ON     THE     CHANGE    OF 
OXIDATION  POTENTIAL,  AND  ITS  APPLICATION 
TO  THE  DETERMINATION  OF  SMALL  QUAN- 
TITIES OF  CHROMIUM   IN  STEEL 
By  G.  L.  Kelley,  J.  R.  Adams  and  J.  A.  Wiley 
Received  January  17,  1917 

THE    APPARATUS 

The  apparatus  for  electrometric  titration  described 
by  Hildebrand'  and  Forbes-  and  the  modified  form  de- 
scribed by  Kelley  and  Conant'  consisted  of  a  number 
of  separate  parts,  many  of  which  were  not  well  adapted 
to  purposes  to  which  they  were  put.  In  the  present 
apparatus,  which  was  made  for  us  by  Leeds  and  North- 
rup,  the  parts  have  been  selected  to  give  the  greatest 
efficiency  for  such  work  and  are  combined  as  a  unit  in 
a  single  rugged  instrument.  The  present  instrument 
can  be  moved  about  the  laboratory  readily,  requiring 
for  its  operation  only  the  connection  of  a  plug  with  an 
electric  light  socket.  It  is  complete  in  that  it  carries 
a  potentiometer  system,  a  motor  for  the  operation  of 
the  stirrer  and  the  two  burettes  for  the  oxidizing  and 
reducing  solutions. 

ILLUSTRATION 

As  will  be  seen  in  the  illustration,  the  apparatus 
consists  essentially  of  a  wooden  box  with  a  metal  up- 
right carrying  the  motor,  burettes  and  electrodes. 
In  the  box  are  two  dry  cells,  an  adjustable  resistance 
and  a  Leeds  and  Northrup  reflecting  galvanometer 
of  the  form  known  as  Type  2400.  This  galvanometer 
is  sufficiently  sensitive  for  the  purpose  and  has  the 
further   advantage   of   a   very  short   period.     On  the 

'  J.  Am.  Chem.  Soc,  36  (1913).  869. 
'Ibid..  36  (1913),  1527. 
'Ibid..  38  (1916),  341. 
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upper  surface  of  the  box  is  a  ground  glass  plate  on  which 
the  light  from  the  galvanometer  is  thrown.  This  puts 
it  in  a  position  where  it  may  be  conveniently  observed 
by  the  operator  during  titration.  A  knob  on  top  of 
the  bo.x  permits  of  adjusting  the  zero  point  of  the  gal- 
vanometer and  one  on  the  side  controls  the  resistance. 
A  plug  and  resistance  coil,  also  on  the  side,  make  it 
possible  to  vary  the  resistance  and  so  increase  the  range 
of  potentials  over  which  the  adjustable  resistance  may 
be  made  to  operate.     The  standard  carries  the  burettes, 


the  electrodes,  and  the  motor  for  driving  the  stirrer. 
In  addition,  provision  has  been  made  for  a  reservoir 
•of  the  electrolyte  which  is  used  in  the  calomel  cell 
(a  concentrated  solution  of  potassium  or  sodium  nitrate 
and  calomel)  to  make  conveniently  possible  without 
•change  in  its  potential  the  displacement  of  the  impure 
•electrolyte  which  may  have  accumulated  in  the  tip 
of  the  calomel  electrode.  This  is  accomplished  by 
•opeiiinj;  the  stopcock  at  the  top  of  the  electrode  enough 


to  let  one  or  two  drops  pass.  A  hard  rubber  pan, 
carried  on  an  adjustable  support,  serves  to  center  the 
beaker  in  which  the  titration  is  made,  and  because  of 
stops  prevents  carrying  the  beaker  high  enough  to 
strike  the  electrodes  or  stirrer.  Two  switches  are 
mounted  on  the  box.  One  controls  the  motor  and  gal- 
vanometer light  and  the  other  throws  in  the  potentiom- 
eter circuit.  All  connections,  except  to  dry  cells,  are 
soldered  and  the  insulation  is  designed  to  make  as 
little  as  possible  trouble  from  "leaks." 

To  operate  the  instrument,  a  beaker  containing  the 
solution  to  be  analyzed  is  placed  on  the  rubber  pan, 
and  the  support  raised  and  locked  in  position.  The 
switch  controlling  the  galvanometer  light  and  motor  is 
then  closed.  The  other  switch  closes  the  potentiom- 
eter circuit  and  a  slight  turn  of  the  knob  controlling 
the  resistance  is  sufficient  to  bring  the  beam  of  light- 
from  the  galvanometer  onto  the  scale.  In  titrating 
a  series  of  solutions  at  one  time  this  latter  adjustment 
need  be  made  only  once.  During  the  operation, 
which  is  quick,  certain  and  convenient,  the  analyst 
watches  the  beam  of  light  until  a  permanent  change  of 
potential  is  noted.  The  apparatus  has  been  in  satis- 
factory daily  use  in  this  laboratory  for  several  months 
for  the  determination  of  chromium  and  vanadium  in 
steel  and  ferro  alloys. 

THE  DETERMIN.4TI0N  OF  SMALL  AMOUNTS  OF  CHROMIUM 
IN  STEEL 

Many  methods  for  the  determination  of  chromium 
in  steel  make  possible  the  determination  of  this  element 
to  within  o.oi  or  0.02  per  cent  of  the  weight  of  the 
sample.  Other  more  rapid  methods  show  variations 
amounting  to  o.io  per  cent.  In  this  paper  we  give 
figures  showing  that  determinations  may  be  made 
which  agree  within  o.ooi  per  cent  and  which  are  prob- 
ably accurate  to  nearly  this  degree.  This  has  been 
made  possible  by  the  development  of  the  instrument 
described  above.  In  a  paper  by  one  of  us'  chromium 
determinations  on  a  given  sample  are  shown  as  varying 
by  several  hundredths  of  a  per  cent.  With  this  in- 
strument and  solutions  of  the  same  strength,  these 
differences  have  been  reduced  to  o.oi  per  cent.  By 
using  more  dilute  solutions  in  the  analysis  of  samples 
containing  small  amounts  of  chromium,  the  determina- 
tions were  made  with  a  corresponding  degree  of  ac- 
curacy. 

A  standard  chromate  solution  was  prepared  of  such 
strength  that  one  liter  of  solution  contained  i  gram  of 
chromium.  Twice  crystallizing  potassium  dichromatc 
of  C.  P.  grade,  powdering  and  drying  it  at  150°  for 
several  hours  gives  a  product  from  which  solutions  may 
be  made  accurate  to  i  part  in  300.  If  it  is  desired  to 
standardize  such  a  solution  with  permanganate  to  a 
color  end-point,  the  most  convenient  procedure  is 
to  standardize  the  permanganate  by  titration  agoinst 
sodium  oxalate.  This  is  next  compared  with  ferrous 
sulfate  and  the  chromate  is  finally  titrated  by  adding 
an  excess  of  ferrous  sulfate  and  titrating  back  with 
permanganate.  Cnre  must  be  taken  to  obtain  cor- 
rections on  blank  titrations  for  all  end-points.     With- 

'Tnin  Joi'.KAi..  •  (lOlft).  JH. 
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out  such  corrections,  the  error  may  amount  to  7  to 
10  parts  in  1000,  the  figure  for  chromium  appearing 
too  low  by  this  amount.  Even  when  sodium  phos- 
phate is  used  the  correction  is  necessary.  It  has  been 
the  custom  in  this  laboratory  to  prepare  a  blank  by 
reducing  the  chromate  solution  with  SO2  in  hot  solu- 
tion, after  which  it  is  boiled  gently  for  15  min.  while 
a  stream  of  CO2  is  passed  in.  The  solution  is  then 
cooled,  diluted  to  the  proper  volume  and  permanganate 
added  gradually  to  the  first  permanent  change  in  color. 
During  the  reduction  material  reducible  by  SO;  other 
than  chromates  must  be  carefully  excluded  and  the 
presence  of  halogens  is  to  be  avoided  also  because  of 
the  action  on  the  permanganate.  Another  method  of 
finding  this  blank  consists  in  adding  a  quantity  of 
standard  ferrous  sulfate  solution  to  the  solution  of 
chromic  salt,  which  upon  titration  will  be  found  to 
have  required  an  amount  of  permanganate  too  large 
by  the  amount  of  the  correction.  The  end-point'ob- 
tained  has  a  color  which  is  described  as  blue  by  some 
and  as  gray  by  others.  It  appears  much  earlier  than 
the  first  pink  color  and  it  is  a  more  definite  point. 
This  method  of  obtaining  the  blank  is  somewhat  ques- 
tionable because  the  color  of  the  solution  of  chromic 
salts  is  noticeably  different  from  that  which  results 
from  the  reduction  of  chromates  by  ferrous  sulfate. 

If  all  titrations,  except  the  titration  of  sodium  oxa- 
late with  permanganate,  are  made  on  the  electrometric 
apparatus,  better  results  are  obtained.  On  this  ap- 
paratus one  may  titrate,  (i)  permanganate  and  ferrous 
sulfate,  (2)  chromate  and  ferrous  sulfate,  and  (3) 
chromate,  using  an  excess  of  ferrous  sulfate  with  respect 
to  the  chromate,  completing  the  titration  with  per- 
manganate and  ferrous  sulfate.  In  working  with  differ- 
ent combinations  of  oxidizing  and  reducing  reagents 
on  this  apparatus,  we  have  noted  certain  characteristic 
differences  at  the  end-point.  Allowance  must  be  made 
for  this  if  full  advantage  is  to  be  taken  of  the  accuracy 
of  which  the  instrument  is  capable.  In  titrating  a 
chromate  solution  the  addition  of  ferrous  sulfate  almost 
invariably  produces  what  Forbes  .describes  as  an 
anomalous  rise.  In  titrating  a  permanganate  solution, 
this  phenomenon  does  not  appear  with  quite  the  same 
regularity  and  is  always  less  marked.  In  titrating 
chromate,  the  change  in  potential  is  always  abrupt 
when  the  end-point  is  reached,  but  with  permanganate 
the  addition  of  as  many  as  0.2  to  0.4  cc.  of  ferrous  sul- 
fate after  the  disappearance  of  the  pink  color  often 
causes  only  a  gradual  change.  If  now  permanganate 
be  added  drop  by  drop  the  return  of  the  original  po- 
tential is  delayed  until  one  or  two  drops  cause  a  marked 
change.  One  or  two  additional  drops  of  permanganate 
are  now  sufficient  to  produce  a  pink  color.  From  this 
point  the  titration  of  the  permanganate  with  ferrous 
sulfate  closely  resembles  the  titration  of  chromates, 
in  that  no  change  occurs  until  the  end-point  is  reached 
when  the  change  is  abrupt.  .  It  has  occurred  to  us 
that  in  adding  ferrous  sulfate  gradually  to  an  excess 
of  permanganate,  a  suspension  of  manganese  dioxide 
is  built  up  which  requires  an  appreciable  excess  of 
ferrous  sulfate  for  its  reduction.  On  titrating  back 
with  permanganate,  either  the  condition  is  overcome, 


or  it  is  so  much  less  marked  as  to  have  no  appreciable 
effect  upon  the  behavior  of  the  electrodes.  It  is  our 
custom  to  add  ferrous  sulfate  in  excess  until  there  is 
a  marked  change  of  potential.  Permanganate  is 
then  added  gradually  until  the  original  potential  is 
reached  which  existed  immediately  before  the  fall 
in  potential  began  or  until  the  further  addition  of  two 
or  three  drops  causes  no  further  change.  The  drop- 
wise  addition  of  ferrous  sulfate  then  gives  a  sharp  and 
definite  end-point. 

In  connection  with  the  analyses  given  in  this  paper 
100  cc.  of  the  solution  of  chromate  containing  i  g. 
Cr  in  a  liter  was  diluted  to  1000  cc.  A  solution  of 
ferrous  sulfate  of  equivalent  strength  was  similarly 
diluted.  When  these  solutions  were  compared  their 
relation  was  found  to  be  unchanged.  These  solutions 
were  of  such  strength  that  o.i  cc.  corresponded  to 
0.001  per  cent  of  Cr  in  a  i  g.  sample  of  steel  or  to 
0.0005  per  cent  in  a  sample  weighing  2  g.  The  samples 
were  prepared  for  titration  exactly  as  described  else- 
where.' 

In  the  table  below,  we  give  analyses  for  chromium 
on  samples  of  steel  issued  by  the  Bureau  of  Standards. 
The  column  marked  "Certif.  Value"  contains  the  per- 
centage of  chromium  given  on  the  certificate:  it  is 
not  known  what  accuracy  is  claimed  for  these  figures, 
but  it  is  probably  not  greater  than  0.003  or  0.004  per 
cent.  In  the  case  of  Sample  33,  one  analyst  reports 
o.ii  and  another  0.12. 

Analyses  of  Standard  Samples  of  Steel  for  Chromium  Content 
Sample     Per  Cent  Chromium  Sample        Per  Cent  Chromium 

B.  of  S.  GramsCertif.       Found  B.  of  S.  Grams     Certif.        Found 

No.      Taken  Value  Electr.  Titr.         No.     Taken       Value  Electr.  Titr. 
10f> 2     0.005       0.007(2)  33..        2  0.11        0.113(5) 

2  0,007(2)  and  0.12 

3  0.007(0)  2  0.113(5) 
3                       0.007(7)                            3  0.113(3) 

16a 2  0.008       0.009(5)  3  0.113(7) 

2  0.009(5) 

19o 2  0.08         0.076(5)  34..        2  O.OI        0.011(5) 

2  0.076(7)  2  0.011(5) 

3  0.076(5)  3  0.011(3) 
3  0,076(3)  3  0.011(5) 

We  believe  this  to  be  the  most  sensitive  and  accurate 
method  known  for  the  determination  of  small  amounts 
of    chromium    in    complex    solutions.      Of    substances 
ordinarily  present  in  steel,  only  vanadium  interferes. 
Research  Department 
The  Midvale  Steel  Company 
Philadelphia 


THE  PHOTOMICROGRAPHY  OF  PAPER  STRUCTURE 

By  Millard  B.  Hodgson 

Received  May  16,  1917 

In  the  study  of  the  ultimate  structure  of  paper, 
much  valuable  information  can  be  obtained  by  photo- 
micrographs of  cross-sections  of  the  paper  stocks. 

Some  published  accounts  have  appeared  from  time 
to  time  illustrating  the  matting  together  of  fibers  in 
paper  stocks,  but  little  has  been  done  in  the  direc- 
tion of  a  more  intimate  study  of  the  subject,  and  the 
possibility  of  data  to  be  obtained  from  photomicro- 
graphs of  cross-sections  of  paper  has  scarcely  been 
touched  upon,  one  reason  for  the  lack  of  work  in  this 
last  direction  probably  being  the  difficulty  of  making 
cross-sections  of  paper. 

1  Loc.  cit. 
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Fig.  V — Photographic  Print  Paper 

(Velox) 

Vertical  Section    X  175 

1,  Emulsion  Layer  ^  Fixed  out) 

2,  Substratum  of  Baryta 

3,  Paper  Stock 


Fig.  I — Hot  Pressbd  Drawing  Paper 

A,  Horizontal  Section  X   88 

B,  Vertical  Section    X   1 7.1 

C,  Vertical  Section   Showing    Mark   made 
by   Ruling   Pen  with   India  Ink 


Kio,  II — Fi.AX   Paper 


Fio.  IV — Brown   W 


In  some  recent  work  on  the  penetration  of  various 
materials  into  paper  stocks  the  writer  found  it  neces- 
sary to  develop  a  technique  for  making  sections  of 
paper  stocks  as  thin  as  0.05  mm.  Considerable 
difficulty  was  exi)crionced  in  obtaining  satisfactory 
results,  hut  the  following  method  was  finally  ado])ted: 

The  jiarticular  microtome  used  was  one  made  by 
the  Spencer  Lens  Company,  of  Buffalo,  with  a  microm- 
eter adjustment,  enabling  cuts  from  o.ooi  to  0050 
mm.  to  be  made. 

The  paper  of  which  a  section  is  desired  is  mounted 
between  two  pieces  of  gelatine-coated  flint,  ordinary 
Kodak  NC  lilm  being  used,  the  gelatine  being  moist- 
ened to  cause  it  to  adhere  to  the  paper,  and  the  paper, 


held  between  the  pieces  of  film,  is  then  placed  between 
two  pieces  of  moderately  dry  castile  soap,  the  latter 
being  placed  in  the  chuck  of  the  microtome  with  the 
paper  edge  normal  to  the  razor  edge.  The  use  of  the 
gelatine  is  very  important  as  it  forms  a  firm  but  slightly 
resilient  binder  for  the  paper  and  prevents  the  tearing 
of  the  surface  fibers. 

The  microtome  blade  should  be  sharpened  on  an 
Arkansas  stone  moistened  with  kerosene.  No  type 
of  commercial  razor  hone  or  strop  should  be  used  as 
the  saw-tooth  eclge  peculiar  lo  such  sharpening  is 
fatal  to  the  cutting  of  good  sections. 

Great  care  should  be  taken  of  the  microtome  since 
this  is  ;i  determining  factor  in  iibtaining  good  or  bad 
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sections.  The  movement  should  be  kept  smooth  at 
all  times  and  the  entire  mechanism  carefully  screened 
from  dust.  The  blades  must  be  kept  sharpened  to 
an  exact  edge,  that  is,  until  under  fifty  diameters 
of  magnification  the  detectable  flaws  are  negligible. 

In  cutting,  the  micro  adjustment  is  set  for  a  0.03 
mm.  cut,  the  action  is  started  slowly,  the  cut  off 
"specimen"  being  guided  with  the  finger  tip  or  a  bit 
of  card  to  prevent  curling.  A  good  start  being  as- 
sured, the  finish  of  the  cut  is  made  in  a  quick,  steady 
manner.  About  ten  or  twenty  of  such  cuts  are  col- 
lected and  a  few  good  ones  selected  for  mounting 
with  the  aid  of  a  pocket  microscope  and  a  small  pair 
of  tweezers.  The  specimens  are  then  mounted  on 
the  usual  micro  slides  in  Canada  balsam  diluted 
with  xylol. 

Photomicrographs  of  such  sections  are  easy  to  make, 
the  best  results  being  obtained  by  the  use  of  orthochro- 
matic  plates  with  a  yellow  filter.  In  the  present  case, 
Standard  Orthonon  plates  were  used  with  the  Wratten 
G  filter,  normal  development  adjusted  to  obtain  con- 
siderable contrast  being  employed.  In  some  cases 
the  illumination  of  the  camera  system  was  totally 
direct  so  that  the  photographs  were  taken  by  light 
transmitted  through  the  specimen,  while  in  other 
cases  the  lighting  was  partially  transmitted  and 
partially  reflected  from  the  surface  of  the  paper. 

Some  of  the  results  obtained  are  shown  in  the  illus- 
trations. Fig.  I,  C,  shows  the  way  in  which  the 
mark  of  the  pen  carrying  India  ink  penetrates  the 
paper.  Fig.  Ill,  "Lily  of  the  Valley"  paper,  from 
Brazil,  shows  the  long  plant  fibers.  Figs.  V  and  VI 
are  sections  through  a  Velox  print:  this  photograph 
was  taken  by  transmitted  light  so  that  we  see  on  it 
first  the  transparent  emulsion  layer,  only  about  6/i 
thick,  then  the  baryta  substratum,  which  is  white 
by  reflected  light  but  absorbs  the  transmitted  light 
and  so  appears  black,  and  then  finally  the  paper  stock 
itself. 

Eastman  Kodak  Company 
RociiESTKR.  Nhw  York 


A  PHOTOMETER  FOR  THE  MEASUREMENT  OF  THE 
TRANSLUCENT  EFFECT  OF  PAPER 

By  C.  J'kank  Sammet 
Received  July  3,  1917 

In  a  previous  publication'  a  new  method  was  ex- 
plained for  the  measurement  of  the  translucent  effect 
of  paper.  The  instrument  therein  described,  how- 
ever, is  somewhat  complicated  and  expensive  and  has 
not  proven  entirely  practical  for  extensive  use. 

A  much  simpler  instrument  has  been  devised  for 
industrial  use  which  meets  the  necessities  of  small 
cost  of  construction  and  easy  manipulation,  and  has  the 
added  advantages  of  being  sensitive  to  very  small 
difTerences  in  translucent  effects.  It  gives  strictly 
comparable  results,  although  perhaps  not  absolute 
values. 

The  principle  of  the  method  is  that  used  in  making 
photometric  measurements.  Two  movable  standard 
white  backgrounds  are  mounted  on  a  track  (see  Fig.  I). 
In  order  to  avoid  surface  glare  they  are  inclined  from 

'  U.  S.  Dept.  Agr.,  Bureau  of  Chemislry.  Circ.  96,  1912, 


the  perpendicular  at  an  angle  of  30°  toward  the  source 
of  illumination  which  is  placed  between  and  slightly 
below  them.  The  distances  of  the  backgrounds 
from  the  zero  point  over  the  source  of  illumination 
are  read  on  scales  engraved  on  the  track,  the  scales 
reading   in    millimeters   from   o  to   300.      The   centers 
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Fio.  I 

of  the  areas  reflected  from  the  backgrounds  should 
come  directly  over  the  300  mm.  marks  when  the  back- 
grounds are  at  the  ends  of  the  scales.  Above  the  light 
and  the  zero  point  is  supported  a  specially  constructed 
prism  and  eyepiece  so  placed  as  to  reflect  the  surfaces 
of  the  backgrounds  into  adjacent  fields.  A  Lummer- 
Brodhum  prism  is  more  satisfactory,  as  it  eliminates 
the  dividing  line  between  the  fields. 

The  instrument  is  set  by  placing  the  right-hand 
block  at  the  300  mm.  mark.  The  left-hand  block  is 
then  moved  until  a  position  is  found  where  the  fields 
appear  matched  in  luminosity.  Five  readings  should 
be  made  to  determine  the  average  position.  This 
average  reading  may  be  considered  constant  for  any 
set  of  papers,  provided  the  position  of  the  light  remains 
unchanged.  The  left-hand  block  is  then  locked  in 
this  position. 

A  single  sheet  of  paper  of  which  the  translucent 
effect  is  to  be  measured  is  then  placed  over  the  left- 
hand  block.  Another  piece  is  placed  over  the  other 
block  with  black  velvet  between.  The  black  velvet^ 
absorbs  practically  all  of  the  light  which  the  paper 
transmits,  thus  allowing  only  the  light  from  the  sur- 
face of  the  paper  to  reach  the  corresponding  field  in 


Fio.  II 

the  eyepiece.  In  consequence  this  field  is  the  darker 
since  the  other  is  illuminated  by  the  light  reflected 
from  the  surface  of  the  paper  plus  that  reflected  by 
the  standard  white  background.  When  the  former 
block  has  been  advanced  toward  the  light  it  becomes 
brighter  and  finally  a  position  is  reached  where  the 
fields  appear  matched.     The  distance  this  block  has 

'  Bluck  velvet  is  sulTicienlly  black  and  the  fresh  surfaces  of  the  mag- 
nesium carbonate  blocks  sulTicienlly  white  for  the  sensitiveness  of  the  instru- 
ment to  come  far  within  the  distinction  of  differences  of  translucent  effect 
desired  by  practical  workers. 
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been  moved  is  an  expression  of  an  amount  of  light 
transmitted  by  the  paper  to  the  velvet  and  then  ab- 
sorbed. This  scale  reading  furnishes  a  basis  for  ex- 
pressing the  translucent  effect  of  paper  since  this  ef- 
fect is  dependent  upon  the  light  transmitted. 

The  essential  construction  of  the  instrument  is 
shown  in  the  photograph.  It  must  be  used  in  a  dark- 
ened room  and  for  illumination  a  frosted '  100- watt 
stereopticon  bulb  (Mazda)  is  preferable,  as  it  gives  a 
centralized  light.  One  of  materially  more  watts  is 
too  brilliant  for  accurate  work. 

The  character  of  results  obtained  is  shown  in  Table 
I,  in  which  the  papers  are  arranged  in  the  order  of 
translucent  effect  to  the  naked  eye,  and  the  original 
and  check  scale  readings  and  the  percentages  of  trans- 
lucent effects  are  recorded. 

Table  I — Resui-ts  Obtained 

Kind  of  Paper .Average  of .      Translucent  Effect 

Arranged  by  ■        1st  5  Readings  2nd  5  Readings             100(1  —  6Vo') 

Naked  Eye                         Mm.  Mm.  Per  cent 

Pergamyn 130  129  81.4 

Tissue 156  155  73.1 

Tracing 165  165  69.7 

Onionskin 211  213  50.1 

Manifold  (Green) 216  218  47.7 

Manifold  (White) 220  222  45.7 

Typewriter 233  235  39.1 

Printing 262  265  22.8 

Bible 264  265  22.3 

Bond 265  265  22.0 

Bond  (Pink) 277  277  14.7 

Printing 280  278  13. S 

Bond  (Blue) 283  283  11.0 

Writing 286  288  9.5 

It  is  difficult  for  the  naked  eye  to  distinguish  between 
green  manifold  and  white  manifold,  and  also  between 
pink  bond  and  printing.  The  instrument,  however, 
places  them  with  greater  certainty.  The  order  by 
the  naked  eye  was  confirmed  by  three  independent 
observers. 

The  backgrounds  of  magnesium  carbonate  blocks 
give  very  satisfactory  smooth,  clean,  reproducible 
white  surfaces.  Only  a  small  area  of  paper  should 
be  exposed  since  it  can  be  more  readily  held  in  close 
contact  with  the  surface  of  the  block  or  the  black 
velvet,  thus  aiding  greatly  the  sensitiveness  of  the 
instrument.  The  blocks  must  move  freely  on  the 
tracks  for  ease  of  manipulation  and  accuracy. 

Since  the  intensity  of  light  varies  inversely  as  the 
square  of  the  distance  from  the  luminous  point,  the 
reading,    on    any    paper,    substituted    in    the    formula 

ioo(i  —  — )  gives  a  value  for  comparison  of  the  ap- 

oj 
proximate  percentage  loss  of  light  due  to  absorption 
by  the   black   velvet.      In  the   formula,  a   is   the  total 
scale  reading  and  b  is  the  distance  that  the  block  is 
removed  from  zero. 

The  prisms  of  the  eyepiece  are  cut  at  45°  angles  to 
reflect  adjacent  fields  and  the  eyepiece  is  long  to 
permit  the  comparisons  to  be  made  with  the  least 
fatigue.  A  collar  of  metal  or  cardboard  may  be  placed 
on  the  eyepiece  to  shade  the  eyes  from  the  light  of  the 
bulb.  A  strip  may  be  similarly  ploccd  across  the 
track  directly  over  the  bulb,  or,  the  instrument  may  be 
'onslructcd  with  the  eyepiece  horizontal. 

In  the  mcosurcmcnl  of  the  translucent  effect  of  the 
paper  nn  exact  match  of  color  cannot  be  roalitcd  os 
llirrc  is  h  diflcrcnce  due  to  the  absorption  of  lijiht  by 


the  black  velvet.  This  difiBculty  is  overcome  by 
making  the  comparisons  through  a  colored  glass, 
either  green  or  brown,  placed  on  the  eyepiece. 

A  colored  paper  should  always  be  matched  through 
a  glass  of  its  predominating  hue. 

When  experience  is  gained  in  judging  the  luminosity 
match,  rather  than  the  color,  the  method  and  instru- 
ment give  results  which  are  satisfactory  for  all  indus- 
trial purposes.  The  instrument  should  prove  prac- 
tical because  of  its  sensitiveness,  low  cost,  and  ease 
of  manipulation  over  other  instruments. 


Crane  &  Company 
Dalton.  Mass. 


A  PRACTICAL  REVISION  OF  THE  COBALTI-NITRITE 

METHOD  FOR  THE   DETERMINATION  OF 

POTASH 

By   R.   C.   Haff'   and   E.    H.   Schwartz' 
Received  July  9.  1917 

Some  years  ago,  there  appeared  in  This  JotJRX.\L' 
the  method  for  the  determination  of  potash  by  the  use 
of  cobalti-nitrite. 

About  a  year  ago.  when  the  Security  Cement  & 
Lime  Company  began  actual  operations  with  their 
new  treater  plant  with  the  idea  of  collecting  and  selling 
the  dust  on  account  of  its  high  content  of  water-soluble 
potash,  we  were  called  upon  to  make  a  very  large 
number  of  determinations  for  potash,  not  only  on  our 
own  materials  but  on  many  other  cement  and  foreign 
materials  as  well. 

Since  many  of  these  determinations,  on  which  total 
potash  was  also  required,  were  made  along  research 
lines,  mainly,  the  more  laborious  and  very  tedious 
J.  Lawrence  Smith  method,  while  it  proved  very  satis- 
factory as  to  accuracy  of  results,  was  found  to  be  quite 
impracticable,  due  to  the  large  laboratory  force  re- 
quired and  the  time  consumed  in  getting  our  final 
results. 

Upon  receipt  of  information  that  the  cobalti-nitrite 
method  was  employed  in  the  laboratories  of  the 
Western  Precipitation  Company,  at  Los  Angeles,  Cal., 
and  in  those  of  Mr.  Charles  Catlett,  at  Staunton,  Va., 
we  decided  to  attempt  to  employ  it  at  Security  with 
the  idea  of  perfecting  it  in  a  more  uniform  laboratory 
routine,  providing  we  could  rely  upon  the  results  to 
check  satisfactorily  those  obtained  when  employing 
the  recognized  Official  methods. 

The  early  work  with  this  method  required  a  very 
great  number  of  duplicate  determinations  on  all  grades 
of  material,  and  particular  stress  was  laid  upon  the 
accuracy  and  reliability  of  "total  potash"  results, 
since  all  duplicate  results  on  raw  material  ancl  clinker, 
in  particular,  had  to  be  accurate  within  o  o:  per  cent 
K,0. 

This  method  has  been  employed  in  our  laboratory 
at  Security  for  obout  nine  months  and  has  been  found 
to  give  most  satisfiictory  results  on  "total  potash" 
when  checked  against  the  J.  LawriMue  Smith  method 
and  on  "water-soluble  potiish"  when  checked  against 
the  Oflitial  methods  oniployod  and  rciomnicndcd  by 
the  American  Olliiial   AuriiultHrttl  Chemists. 

>  Chlrl  Chenilii  anil  Auulnnl  Cbrmt't,  n«|>*rllr«l)r,  (or  Ikr  Sn-uriiy 
Crminl  ami  l.lmr  1 1> .  IU|rr>ln«n.  Mil 
'  Tlllii  )ni-»»»L.  I  (IWOW),  ?»l 
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METHOD    IN    DETAIL 

I — Weigh  out  a  2  gram  sample  of  raw  material  (or 
clinker)  or  a  o.  5  gram  sample  of  treater  dust  and  add 
to  the  former  0.5  g.  of  ammonium  chloride  and  to  the 
latter  0.25  g.  of  ammonium  chloride.  Transfer 
to  a  mortar,  mix  thoroughly  and  grind.  Transfer 
the  contents  of  the  mortar  to  a  20  cc.  platinum  cruci- 
ble, the  bottom  of  which  has  been  covered  with  a 
generous  layer  of  calcium  carbonate— about  2  grams. 
Cover  contents  of  crucible  with  about  2  grams  of  cal- 
cium carbonate  and  proceed  with  heating  and  sintering 
as  in  the  J.  Lawrence  Smith  method. 

After  the  mass  has  been  slaked  in  a  small  casserole, 
place  on  the  hot  plate  and  heat  to  boiling.  Filter  into 
a  flat-bottomed  porcelain  dish  and  wash  the  precipi- 
tate 3  or  4  times  with  very  hot  water.  Add  to  the  fil- 
trate an  excess  of  acetic  acid  (5  to  10  cc.)  and  evaporate 
on  a  steam  bath  until  no  odor  of  acetic  acid  remains. 
Take  up  with  a  little  hot  water,  using  the  precaution  to 
wash  the  sides  of  the  dish  thoroughly.  Now  add  from  10 
to  15  cc.  of  cobalt  reagent  (see  below)  and  evaporate 
on  steam  bath  to  pasty  consistency.  Remove  from 
bath  and  when  precipitate  has  cooled,  take  up  with 
about  30  cc.  of  cold  water,  breaking  up  precipitate 
thoroughly. 

Filter  through  an  asbestos  padded  Gooch  crucible 
and  wash  precipitate  once  with  cold  water. ^ 

Wash  contents  of  crucible  into  a  400  cc.  beaker  (con- 
taining an  excess  of  standard  iV/5  potassium  perman- 
ganate solution)^  with  hot  water  and  dilute  to  250 
cc. 

Place  on  steam  bath  for  about  15  minutes  or  until 
a  decided  black  color  appears.  Acidulate  with  10  cc. 
I  :  I  sulfuric  acid.  With  a  standard  pipette  (10  cc.) 
neutralize  the  excess  potassium  permanganate  with 
N/^  oxalic  acid  solution,  the  potassium  permanganate 
equivalent  of  which  has  been  determined.  When  the 
final  solution  has  cleared,  titrate  with  standard  potas- 
sium permanganate  solution. 

COBALT-NITRITE     SOLUTION (l)     Dissolve     220    g.    of 

sodium  nitrite  in  400  cc.  of  water. 

(2)  Dissolve  113  g.  of  cobalt  acetate  in  a  mixture  of 
300  cc.  of  water  and  100  cc.  of  glacial  acetic  acid. 

(3)  Mix  the  above  solutions  and  place  under  vacuum 
■over  night.  Filter  and  dilute  to  1000  cc.  Keep  the 
solution  in  a  dark  bottle.  Never  use  a  solution  over 
two  weeks  old. 

II — When  determining  "water-soluble"  potash  by  this 
method,  weigh  10  g.  of  the  material  into  a  600  cc. 
beaker,  cover  with  about  250  cc.  of  water  and  boil  for 
30  minutes.  Pour  into  a  500  cc.  flask.  Cool  to  room 
temperature.  Make  solution  to  mark.  After  shaking 
well,  filter  a  portion  of  the  solution  through  a  dry 
paper.  Draw  oflE  50  cc.  (i  gram  equivalent)  and 
place  in  a  platinum  or  porcelain  dish.  Then  proceed 
as  in  the  above  method,  beginning  with  "Add  to  the 
filtrate  an  excess  of  acetic  acid  (5  to  10  cc.)  and  evap- 
orate on  steam  bath  until  no  odor  of  acetic  acid  re- 
mains." 

*  Water  poured  from  a  beaker  causes  less  disturbance  in  the  crucible 
and  gives  belter  results. 

*  10  cc.  for  each   1   per  cent  KsO  equivalent  in  the  sample. 


ILLUSTRATION — RESULTS   ON    SAMPLE    OF    RAW    M.\TERIAL 

DATA — 20  CC.  Permanganate  originally  used; 
10  cc.  Oxalic  acid  used  to  neutralize  excess  Permanganate; 
10  cc.  O.xalic  acid  found  to  equal  11  .2  cc.  Permanganate; 
5  cc.  Permanganate  used  to  neutralize  excess  Oxalic  acid. 
Now  (20  cc.  -|-  5  cc.)  —  II . 2  cc.  (Oxalic  acid  equivalent) 

=  No.  of  cc.  of  Permanganate  used  to  complete  titration. 
Therefore    (No.  of  cc.  of  Permanganate)    X   Factor 

=  per  cent  K2O. 

CALCULATION    OF    K2O    FACTOR^ 

CaO    Factor  „  .         ,.        „  ^  , 
:   0.0056  =  X  :  0.00171,  where  A  =  KjO  factor. 

2 

Regular  .V/5  Permanganate  is  used  where  the  calcium  oxide 
factor  is  based  on  0.5  gram.  To  calculate  the  KjO  factor  to  i 
gram,  one-half  of  the  calcium  oxide  factor  must  be  used  in  the 
above  proportion. 

Security  Cement  &  Lime  Company 
Hagerstown.  Maryland 


DETERMINATION     OF     CARBONATES    IN    LIMESTONE 
AND    OTHER   MATERIALS 

By  J.  F.   Barker 
Received  May  18,  1917 

Results  obtained  in  the  determination  of  carbonates 
by  the  apparatus  herein  described  compare  favorably 
with  results  from  the  use  of  any  standard  laboratory 
method.  The  advantage  of  this  method  over  others 
is  that  no  mechanical  balance  or  scale  is  required  and 
there  are  no  long  calculations  to  be  made.  Anyone 
with  some  aptitude  for  accuracy  can,  with  this  instru- 
ment, make  as  reliable  a  determination  in  home  or 
office  as  a  skilled  chemist  in  a  well-equipped  laboratory 
using  complicated  apparatus. 

The  invention  depends  upon  the  principle  of  the 
hydrometer,  which  takes  account  of  the  law  that  when 
an  object  is  immersed  in  a  liquid  it  is  buoyed  up  by  a 
force  equal  to  the  weight  of  the  liquid  displaced  by  the 
object.  In  this  apparatus  the  carbon  dioxide  gas  set 
free  from  the  sample  decreases  the  weight;  and  the  rise 
of  the  graduation  scale  tube  above  the  water  records 
the  percentage  of  carbonates  from  which  the  gas  was 
released. 

PROCEDURE 

To  analyze  a  sample  of  limestone  for  carbonates, 
measure  out  40  cc.  of  HCl  (sp.  gr.  1.15),  using  a  small 
graduate;  pour  this  into  the  acid  reservoir  through  the 
opening  A.  With  graduated  stem  disconnected  hang 
a  lo-g.  weight  at  B.  The  hydrometer  should  then 
float  in  a  cylinder  of  water  and  be  immersed  to  some 
point  at  C.  Remove  the  lo-g.  weight  and  introduce 
pulverized  limestone  until  instrument  is  immersed  to 
exactly  the  same  point.  Now  connect  up  graduated 
stem  and  add  water  a  drop  at  a  time,  through  the 
funnel-shaped  top,  until  immersed  to  zero  point. 
Raise  hydrometer  out  of  water  and  open  stopcock  D 
until  acid  drops  slowly  into  reaction  chamber,  de- 
composing the  limestone.  As  the  reaction  proceeds 
the  instrument  rises  slowly  and  at  the  conclusion  the 
point  on  stem  at  the  surface  of  the  water  gives  the 
per  cent  of  calcium  carbonate  equivalent  to  the  carbon 
dioxide  in  the  sample.  This  figure  is  the  calcium 
carbonate  equivalent  so  often  mentioned  in  connection 
with  limestone  analyses. 
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A  Fahrenheit  thermometer  accompanies  each  instru- 
ment and  is  hung  inside  the  floating  cylinder.  Its 
reading  is  taken  before  and  after  each  determination 
to  allow  for  any  error  due  to  change  in  temperature. 
To  the  figure  for  calcium  carbonate  equivalent  add  0.5 
for  each  degree  rise,  or  subtract  0.5  for  each  degree 
fall  in  temperature  between  the  two  readings.  This 
temperature  change  need  seldom  amount  to  more  than 
a  fraction  of  a  degree. 

^  DEGREE    OF    ACCURACY 

The  following  table  of  re- 
sults illustrates  what  may 
be  expected  as  to  degree  of 
accuracy.  They  represent  all 
of  the  determinations  made 
by  one  person,  a  boy  without 
laboratory  training  and  who 
has  never  studied  chemistry. 
The  standard  method  men- 
tioned is  by  use  of  the  Parr 
carbon  apparatus. 

Calcium  Carbonate    Equivalents 
Limestone     Author's     Standard 


No. 

Method 

Method 

200 

80.0 

80.0 

201 

81.5 

81.8 

220 

78.5 

78.6 

221 

71.0 

71.1 

223 

78.5 

78.7 

224 

83.0 

84.0 

226 

82.5 

82.9 

230 

83.5 

83.2 

240 

99.5 

99.0 

244 

98.5 

98.5 

254 

97.5 

97.7 

256 

89.0 

88.9 

257 

95.5 

95.8 

Calcite 

99.5 

SOME    DETAILS 

To  those  who  care  to  exam- 
ine the  method  critically  it 
should  be  said  that  sources 
of  error  have  been  elimi- 
nated until  the  method  is  ac- 
curate to  the  degree  that  the 
graduated  stem  can  easily 
be  read:  this  means  about 
0.25  per  cent.  The  lime- 
stone can  be  weighed  to  an 
accuracy  of  0.02  g.  The 
weight  of  COj  remaining  in 
the  apparatus  tends  to  offset 
the  loss  due  to  moisture  es- 
caping with  the  gas,  but  the 
difference,  together  with  any 
other  possible  sources  of  error, 
has  been  accounted  for  in  the 
graduation  of  the  reading 
stem. 

This  graduation  was  first 
determined  theoretically  and 
then  tested  by  checking 
against  pure  cnk-itc.  Small 
'  orrcclions  were  found  necessary  and  subsctiucnt 
m.struments  have  been  so  gradu.'itcd  tlint  their  read- 
ings need  no  correction  save  for  change  in  teniperattiri' 
occurring  during  the  progress  of  the  determinntion. 
Kac'h  outfit  of  ihis  ai)par»Uis  includes  a  glass  cylinder 


nvflttoMltTltH  put 
TION  OP  I'AXniiNA 
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for  floating  the  hydrometer,  a  small  Fahrenheit 
thermometer,  500  cc.  of  hydrochloric  acid  (sp.  gr. 
1.15),  a  50  cc.  graduate,  a  small  dropping  pipette  and 
a  scoop  for  convenience  in  transferring  the  sample. 
The  manufacturer's  price  for  a  single  outfit,  it  seems 
now,  will  be  less  than  $10.00. 

APPLICATION    OF    THE    METHOD 

For  analyzing  carbonates  other  than  limestone  and 
similar  materials,  this  instrument  is  fitted  with  a 
graduated  stem  which  reads  percentage  of  carbon 
dioxide,  an  arrangement  which  greatly  extends  its 
use.  It  will  be  found  especially  suited  to  determining 
the  comparative  strengths  of  baking  powders  and  con- 
sidering speed  and  accuracy  is  more  suitable  than  any 
other  device  now  employed  for  that  purpose. 

The  method  is  adapted  for  use  in  all  chemical 
laboratories,  college,  experiment  station,  or  com- 
mercial laboratories.  However,  it  is  devised  for  use 
outside  of  chemical  laboratories,  also.  Limestone 
companies  can  employ  it  to  check  up  on  every  carload 
of  their  goods,  or  to  locate  the  stone  in  their  quarry 
most  suitable  for  grinding.  County  agricultural  agents 
will  use  it  to  keep  posted  on  the  quality  of  limestone 
being  sold  in  their  territory  and  to  determine  the  com- 
position of  local  limestone  deposits.  Many  an 
individual  farmer  or  some  member  of  his  household 
will  no  doubt  wish  to  own  the  apparatus. 

New  York  .Agricultural  Expkrimbnt  Station 
Geneva,  New  York 

CARBONATION  STUDIES:     I— A  MECHANICAL  STIRRER 
FOR  CARBONATION  DIRECT  IN  THE  BOTTLE 

By   Harrison   i;.   Patten   ano  Gerald  H     Mains 
Received  March  2^.  1017 

In  connection  with  an  attempt  to  distinguish  be- 
tween naturally  charged  or  bottle-fermented  wines, 
and  artificially  carbonated  wines,  the  need  was  felt 
for  a  machine  which  would  enable  one  to  carbonate 
direct  in  the  bottle,  and  in  a  measure  to  control  the 
purity  of  the  carbon  dioxide  gas. 

After  extended  experiments  the  machine  described 
below  was  devised.' 

A  detachable  stirring-head  enables  one  to  pass  car- 
bon dioxide  (or  other  gas)  through  a  side  tube  into  the 
bottle  containing  liquid  to  be  impregnated.  This 
liquid  is  agitated  by  tines  rotated  by  a  shaft  attached 
by  pulley  and  belt  to  u  motor.  The  cumplete 
assembly  is  shown  in  Fig.  I. 

DETAILS    OF    CONSTRUCTION 

The  stirring-head  (Fig,  II)  consists  of  a  stirrer  with 
clock  spring  tines  .1.1,  and  shaft  B  rotating  in  a  shaft- 
chamber,  F.  The  upper  end  of  the  slirrer-shafl  B 
is  fitted  with  a  pulley,  //,  serving  to  connect  it  by  belt 
to  a  source  of  power,  nnd  the  sh;ill  chamber  through 
which  B  runs  is  machined  into  a  stuftingbox  packed 
with  oil-soaked  lanipwick  which  cnn  be  screwed  tight 
to  place  by  moans  of  a  hexed  screw-collar,  ^>,  thus 
reiidering  the  joint  between  the  shaft  and  shaft- 
chamber  gas  tigltt,  .An  opening  below  the  stufhng- 
box  joint  loatls  into  the  side-tubo  J,  so  that  there  is 
free    gas   connection    between    the    sleeve    C   nnd    the 

>(<lm  II.  H  I'slcnt  \.2\t.U} 
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stirrer-shaft.  This  gas  inlet  through  /  is  connected 
with  a  pressure  gauge,  G,  and  also  with  a  union,  N, 
serving  to  connect  with  a  source  of  compressed  carbon 
dioxide  gas.  The  globe-valve  O  controls  the  admission 
of  gas. 

A  continuation  of  /  through  control-valve  L  leads  to 
exit  tube  M,  where  gas  may  be  withdrawn  as  desired. 

OPERATION 

The  apparatus  used  for  impregnating  with  carbon 
dioxide  consists  of  a  carbon  dioxide  cylinder,  pressure- 
reducing  valve,  the  stirring  apparatus  described  above, 
a  champagne  bottle,  and  a  small  motor,  as  shown  in 
Fig.  I. 

First,  the  liquid  is  placed  in  the  bottle,  and  chilled, 
if  desired. 

Attachment  of  the  stirring-head  to  the  bottle  is  made 
as  follows:  Holding  the  tines  A  A  together  they  are 
passed  through  the  central  hole  of  a  slotted  plate, 
which  then  slides  on  up  over  sleeve  C,  and  is  held 
firmly  in  place  by  a  one-hole  rubber  stopper  which 
serves  as  a  heavy  gasket  closing  air-tight  the  mouth  of 
the  bottle  when  the  standard-clamp  screws  are 
brought  up  into  the  slots  of  the  plate  (120°  apart)  and 
screwed  tight  to  place  as  shown  in  Fig.  I.  The  bottle 
with  attached  stirring-head  is  packed  in  ice  and  the 
pail  is  placed  in  position,  the  bottle  being  held  se- 
curely by  a  clamp.  (Upward  thrust  of  the  pulley  due 
to  gas  pressure  in  the  bottle  is  prevented  by  a  glass  rod 
which  acts  as  a  top-bearing.)  A  flexible  pipe  from  the 
carbon  dioxide  cylinder  is  connected  with  the  union 
N,  and  a  belt  run  from  the  pulley-wheel  H  of  the 
stirring-head  to  the  motor.  Gas  is  turned  on  by 
opening  the  cylinder-valve  and  the  globe-valve  0, 
the  motor  started  and  carbonation  continued  as  long 
as  desired  for  the  experiment.  During  the  process  of 
carbonation,  the  collar  Q  is  turned  back  sufficiently 
to  allow  free  rotation  of  the  shaft  B.  This  entails  a 
slight  gas  leak,  but  the  source  of  pressure  being  prac- 
tically infinite  by  comparison,  the  operation  of  the 
machine  is  not  affected. 

If  a  high  degree  of  purity  of  carbon  dioxide  in  the 
finished   liquid   is   desired,   control-valve   0  should   be 


Flo.  II^Detaii.  op  Stirking 
Hbad 


closed,  valve  L  opened  and  gas  allowed  to  run  out  of 
exit  tube  M.  The  valve  L  is  then  closed,  valve  0 
opened,  and  carbonation  resumed.  This  "blow-off" 
of  top  gas  from  the  bottle  sweeps  out  foreign  gases, 
especially  nitrogen  and  oxygen  collected  above  the 
liquid  and  should  be  repeated  several  times  to  secure 
the  best  carbonation. 

As  soon  as  the  carbonation  process  is  finished,  the 
collar  Q  is  screwed  down  tight  and  the  valve  0  closed. 

In  practice  we  have  found  that  with  the  packing 
used  in  the  stuffing-box  and  valves  we  are  able  to  hold 
a  pressure  of  75  lbs.  per  sq.  in.  for  several  weeks. 

Department  of  Agriculture 
Bureau  op  CHEtnsTRY.  Washinoton.  D.  C. 


A  SAMPLING  PRESS' 

By  W.    B1.AIR  CuARK' 
Received  March  16.  1917 

Any  device  used  in  the  preparation  of  samples  for 
the  ordinary  run  of  analytical  work  should  meet  each 
of  the  following  conditions  as  completely  as  possible: 
it  should  reduce  all  the  constituents  of  the  substance 
under  investigation  to  particles  of  approximately  equal 
size,  and  these  particles  should  be  fine  enough  to  be 
acted  upon  promptly  by  whatever  solvents  or  ex- 
tractive liquids  are  to  be  used  subsequently;  in  the 
process  of  reduction  no  part  of  the  sample  should  be 
lost  by  spurting  or  otherwise;  a  minimum  of  the  sample 
should  be  retained  in  the  mechanism,  and  it  should  be 
possible  to  remove  this  minimum  without  contamina- 
tion and  in  such  a  manner  that,  if  desired,  it  may  be 
added  to  the  main  bulk  of  the  sample;  the  apparatus 
should  be  capable  of  rapid  operation;  and,  finally, 
it  should  be  easily  taken  apart  for  cleaning. 

It  is  believed  that  the  press  here  described  fulfills 
these  requirements  quite  satisfactorily  as  applied  to  the 
sampling  of  roots,  tubers,  melons,  and  such  fruits  as 
are  easily  separated  from  the  seeds  and  skins,  especially 
when  the  last  mentioned  are  of  the  tough,  thick  sort. 

'  Published  by  permission  of  the  Secretary  oi  Agriculture. 
'  Biochemist.   Office  of  Cotton,   Truck  and   Forage   Crop   Disease   In- 
vestigations. 
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There  are  two  general  types  of  sampling  apparatus 
used  for  these  classes  of  materials.  One  type  reduces 
the  substance  by  cutting  or  rasping.  It  is  exemplified 
in  the  various  meat  and  vegetable  cutters  and  in 
boring  and  other  forms  of  rasps.  The  other  type 
reduces  the  sample  by  crushing.  This  ordinarily 
involves  the  use  of  some  form  of  press  in  which  the 
power  may  be  applied  through  a  lever,  a  screw,  or 
hydraulic  mechanism.  One  of  the  earliest  of  this  type 
to  combine  good  results  with  simplicity  of  construction 
and  operation  was  the  "Sans  Pareille"  pr^ss,  manu- 
factured in  France.  This,  being  a  screw  press,  is 
rather  slow  in  operation  where  many  samples  are  to  be 
prepared. 

In  the  course  of  some  work  on  sugar  beets  done 
during  the  fall  of  1913,  use  was  made  of  a  press  in 
which  the  plunger  was  actuated  by  a  lever.  This 
press  was  built  in  Austria,  and  while  in  many  ways  a 
marked  advance  over  any  other  beet  sampling  device 
which  had  come  to  the  writer's  notice,  it  possessed 
some  defects  of  design.  In  the  new  form  these  have 
been  eliminated,  it  is  hoped,  without  the  introduction 
of  any  new  faults. 

The  photographs  reproduced  in  Figs,  i  and  2  show 
the  construction  of  the  press  clearly.  The  essential 
parts  are  a  plunger  and  a  cylinder,  the  latter  having  a 
stout  sieve  bottom.  The  remainder  of  the  apparatus 
is  simply  a  supporting  framework  for  these  two  parts 
and  the  lever  which  actuates  the  plunger  as  it  is  forced 
into  or  withdrawn  from  the  cylinder.  Fig.  i  shows 
the  plunger  raised  and  the  cylinder  yoke  thrown  to 
one  side  for  charging  or  removal  of  the  cylinder.  In 
operation,  pieces  of  the  material  to  be  analyzed, 
preferably  but  not  necessarily  in  the  shape  of  cylindrical 
plugs,  are  placed  in  the  cylinder,  the  cylinder  yoke  is 
swung  into  place  under  the  plunger  and  locked,  and  the 
plunger  is  then  forced  to  the  bottom  of  the  cylinder. 
The  relative  position  of  the  parts  is  now  that  shown  in 
Fig.  2. 

By  reference  to  Figs.  3  and  4  it  will  be  observed  that 
in  reality  what  has  been  called  the  cylinder  consists 
of  two  cylinders,  one  within  the  other.  The  outer 
one,  C,  is  of  steel,  while  the  inner  one,  A,  is  made  of 
brass.  One  of  the  serious  defects  of  the  foreign-built 
press  was  the  loss  of  juice  through  the  joint  where  the 
cylinder  was  screwed  into  the  sieve  support.  By 
having  two  cylinders  fitted  snugly  together,  as  shown, 
and  by  removing  the  threaded  part  of  the  joint  to  the 
top  of  the  combination,  this  loss  has  been  completely 
eliminated.  When  the  inner  cylinder  is  screwed  down 
tightly  against  llio  sieve,  the  contact  surface  between 
the  two  cylinders  dries  not  become  even  moist  for  more 
than  '/j  to  •/«  in.  above  the  sieve,  unless  a  large  number 
of  samples  arc  run  without  stopping  to  clean  the  press. 

This  style  of  construction  also  permits  making  the 
threads  quite  coarse,  thereby  facilitating  the  quick 
separation  of  the  two  cylinders  for  cleaning.  To  the 
.tame  end  the  enlarged  parts  of  the  cylinders,  at  K 
and  /.,  should  be  knurled  or  otherwise  roxighcncd  so 
as  to  bo  readily  gripped. 

The  sieve  D,  which  is  of  steel,  shouM  have  tlio  '/n 
in.    holes   slightly   countersunk   on   one   side.      For   all 


except  the  most  refractory  materials,  which  are  to  be 
passed  through  the  press,  a  very  fine,  "mushy"'  pulp 
can  be  obtained  by  placing  a  disk  of  thin  perforated 
copper  over  the  steel  sieve,  the  latter  being  put  with  its 
countersunk  side  next  to  the  copper.  A  product 
described  in  the  trade  as  "i6-oz.  o-mesh,  perforated 
sheet  copper"  has  been  used  very  effectively.  The 
holes  in  this  are  '/«  in.  in^diameter,  and  run  24  to 
the  inch  in  both  directions.  This  fine  sieve  has  been 
used  regularly  in  the  preparation  of  Irish  potato 
samples,  and  tests  have  shown  equally  good  results 
with  sugar  beets,  sweet  potatoes,  and  apples. 

Even  with  such  a  fine  sieve  as  that  described  it  has 
not  been  found  necessary  to  remove  the  skins  from  the 
ends  of  the  plugs  in  the  case  of  any  of  the  materials 
mentioned,  although  the  nature  of  an  investigation 
may  be  such  as  to  make^the  removal  desirable  for 
other  reasons. 

Where  one  wishes  to  use  cylindrical  plugs,  they  may 
be  cut  either  with  a  cork  borer  or  with  a  butter  and 
cheese  trier.  These  implements  may  be  secured  in 
suitable  sizes  for  the  dimensions  given. 


.SaMII.IN..  I'HlIsS  WITH 
1'I.IINOHK  KaI.hKI.  and  CyU- 
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FlO».   3  AND  4— DUTAIUS  OF  CTLINDSa 


The  lower  cn<l  of  the  plunger  is  provided  with  two 
leather  washers  (Fig.  i),  held  in  place  by  a  flat-headed 
screw  countersunk  into  the  lower  washer.  These 
washers  must  be  replaced  when  worn  sufficiently  to 
let  juice  work  up  past  thorn  in  appreciable  quantity. 

The  upper  yoke  is  drilled  to  serve  .is  one  bearing  for 
the  plunger  and  also  supports  the  fulcrum  for  the  lever. 
The  cylinder  makes  a  snug  slip  ht  in  the  swinging  yoke, 
the  wing  top  set  screw  seen  in  Fig.  a  holding  it  from 
following  the  plunger  ns  the  Utter  is  withdrawn. 
This  yoke  is  of  sufficient  depth  to  hold  the  cylinder 
firmly  in  line,  .so  that  the  Utter  constitutes  a  second 
bearing  for  the  plunger.  The  top  of  the  cylinder  just 
clears  the  bottom  of  the  plunger  when  the  Utter  is 
at  its  highest  point.  When  the  cylinder  is  in  proper 
position  to  receive  the  plunger  the  yoke  is  held  secure  by 
dropping   over   its  free  end   the  cl.imp  shown  on  the 
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front  support  in  Figs,  i  and  2.  The  swinging  yoke 
is  kept  from  vertical  movement  by  pieces  of  tubing 
slipped  over  the  rear  standard,  one  below  and  one 
above  the  yoke.  These  are  clamped  with  just  suffi- 
cient tightness  by  the  lock  nut  immediately  under- 
neath the  upper  yoke.  The  tube  over  the  front 
standard  is  in  one  continuous  piece  from  the  base 
to  the  upper  yoke,  a  portion,  however,  being  cut 
away  in  such  a  manner  as  to  form  a  support  for  the 
free  end  of  the  swinging  yoke  when  the  latter  is  in 
position  for  the  operation  of  the  plunger.  The  two 
standards  are  screwed  into  the  base  and  when  the  nuts 
at  their  tops  are  drawn  tight,  the  framework  of  the 
press  is  locked  solidly  together. 

The  pulp  may  be  received  either  in  open  vessels,  as 
beakers,  or  in  wide-mouth  bottles  or  flasks.  In  any 
case,  the  top  of  the  receiving  vessel  should  be  raised 
high  enough  around  the  lower  part  of  the  cylinder  to 
insure  against  loss  from  spurting  sidewise.  In  the 
writer's  practice,  potato  samples  are  received  directly 
into  weighing  bottles  about  45  mm.  in  diameter  by  65 
mm.  high.  The  bottles  are  immediately  stoppered 
and  the  samples  thus  held  without  possibility  of  loss  by 
evaporation  until  after  weighing. 

In  some  analyses  the  pulp  is  delivered  directly  into  a 
tared  vessel  containing  the  solvent  to  be  used  for  ex- 
traction or  digestion.  A  second  weighing  then  gives 
the  amount  of  the  sample.  This  procedure  minimizes 
the  possibility  of  chemical  changes  due  to  contact 
of  the  finely  divided  sample  with  the  air.  It  also  en- 
ables the  instantaneous  inhibition  of  enzymatic  action. 

For  certain  work  in  this  laboratory  there  have  been 
desired  raw  cultures  of  finely  divided  substance, 
sterile,  except  for  such  inoculations  as  may  already 
exist  in  the  interior  of  the  material.  The  press  herein 
described  has  been  found  to  be  well  adapted  to  the 
making  of  such  culture  preparations.  The  cylinder 
may  be  removed,  wrapped  and  placed  in  the  sterilizer, 
while  the  plunger  may  either  be  treated  similarly  or  be 
sterilized  without  removal  by  immersing  its  entire 
working  portion  in  a  suitable  sterilizing  fluid.  The 
balance  of  the  press  may  also  be  readily  sprayed  with 
any  suitable  noncorrosive  liquid.  Plugs  of  the  culture 
material  are  then  prepared  with  flamed  tools  and 
slipped  into  sterile  test  tubes,  which  are  closed  with 
cotton  plugs  until  the  moment  for  insertion  of  the 
plugs  into  the  press  cylinder.  The  pulp  will,  of  course, 
be  received  directly  into  the  sterilized  tubes  or  flasks 
in  which  the  cultures  are  to  be  grown.  This  work 
has  not  been  fully  developed  as  yet,  but  preliminary 
trials  with  only  ordinary  precavitions  have  resulted 
very  satisfactorily. 

From  the  writer's  experience  with  a  number  of 
sampling  devices  it  is  believed  that  the  press  which 
has  been  described  possesses  distinct  points  of  superi- 
ority which  would  make  it  especially  useful  to  Experi- 
ment Station  chemists  as  well  as  to  others  having  much 
work  with  the  class  of  materials  to  which  it  is  ap- 
plicable. The  finely  divided  pulp  produced  by  this 
process  can  be  extracted  in  a  small  fraction  of  the 
time  required  where  the  pieces  are  merely  chopped 
or  minced  by  hand  or  in  a  vegetable  grinder. 


For  convenience  in  packing  for  transportation  the 
handle  of  the  lever  may  be  unscrewed  at  a  point  near 
the  bend.  Where  much  variety  of  analytical  work 
is  to  be  done,  it  will  also  be  found  convenient  to  have 
two  handles,  one  about  30  in.  long  for  tough,  fibrous 
roots,  and  one  not  over  15  to  20  in.  long  for  use  with 
softer  materials. 

The  press  now  being  used  by  the  writer  was  made 
at  the  Government  Navy  Yard  in  Washington  at  a 
cost  of  a^out  S55.00.  However,  it  would  not  be 
possible  for  other  than  Government  laboratories  to 
have  work  done  at  the  Navy  Yard.  As  yet  no  ar- 
rangements have  been  completed  for  the  commercial 
production  of  the  press,  but  pending  such  arrange- 
ments blue  prints  of  the  complete  working  drawings 
will  be  furnished  upon  request  from  interested  parties. 
The  materials  required  in  building  the  press  are  such 
as  may  be  found  in  stock  in  almost  any  machine 
shop. 


S.    Dlil'ARTMENT    OF    AgRICULTURS 

Bureau  of  Plant  Industry 
Washington,  D.  C. 


DETERMINATION  OF  GAS  DENSITY' 

By  Juxii's   David   Edwards 
Received  April  II.  1917 

Because  of  its  importance  in  orifice  meter  measure- 
ments, as  well  as  to  the  gas  industry  in  general,  the 
problem  of  determining  the  density  of  gases  has  been 
investigated  at  the  Bureau  of  Standards.  The  com- 
plete results  of  this  investigation  are  to  be  published 
as  Technologic  Papers  Nos.  89  and  94,  entitled  "A 
Specific  Gravity  Balance  for  Gases"  and  "Efifusion 
Method  of  Determining  Gas  Density."  The  present 
paper  presents  a  summary  of  the  results  and  conclu- 
sions of  the  work. 

The  direct  method  of  determining  gas  density  and 
the  one  capable  of  yielding  the  most  accurate  results 
is  to  weigh  in  a  closed  glass  globe  a  known  volume 
of  the  gas  at  a  definite  temperature  and  pressure. 
When  conducted  with  every  refinement  of  technique 
and  apparatus,  this  method  may  be  made  to  give 
results  accurate  to  i  part  in  10,000  or  20,000.  To 
secure  an  accuracy  of  even  a  part  in  1000,  is,  however, 
a  tedious  and  delicate  operation. 

In  order  to  secure  precise  results  with  convenience 
and  rapidity,  a  specific  gravity  balance  employing  an 
indirect  weighing  method  was  developed.  The  prin- 
ciple of  the  method  is  based  upon  the  laws  of  the  com- 
pressibility and  the  buoyant  effect  of  gas.  According 
to  Boyle's  law  the  density  of  a  gas  is  proportional  to 
its  pressure,  and  the  buoyant  force  exerted  upon  a 
body  suspended  in  a  gas  is  proportional  to  the  density 
of  the  gas  and  therefore  to  its  pressure.  Therefore, 
if  the  buoyant  force  exerted  upon  a  body  is  made  the 
same  when  suspended  successively  in  two  gases,  then 
the  densities  of  the  two  gases  must  be  the  same  at 
these  pressures;  or  the  densities  of  the  two  gases  at 

1  Published    with    the   permission   of   the    Director   of    the    Bureau   of 

Standards. 
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normal  pressure  are  in  inverse  ratio  to  the  pressures 
when  of  equal  buoyant  force. 

The  construction  of  the  specific  gravity  balance  is 
shown    in    Fig.     i.     The    central    water-jacketed    gas 


Fig.  1 — Details  of  Construction  op  Edwards  Gas-Density  Balanc 


chamber  is  closed  gas-tight  by  screw  caps,  one  of 
which  is  shown  at  the  left,  and  is  provided  with  a  gas 
inlet,  a  connection  for  attaching  a  mercury  U-gauge, 
and  a  needle  valve.      The  balance  beam  carries  on  one 
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glass  tubing.  In  operation  the  gas  chamber  is  filled 
with  air  and  the  pressure  accurately  adjusted  by 
means  of  the  needle  valve  until  the  beam  just  balances 
at  a  predetermined  point.  This  is  judged  by  observing 
the  position  of  a  pair  of  cross  lines,  on  the  end  of  the 
beam,  with  respect  to  a  fixed  mark  on  a  small  glass 
window  (shown  in  end  view).  A  small  magnifying 
glass  mounted  on  a  movable  arm  aids  in  reading  the 
position  of  the  beam.  The  operation  is  then  repeated 
with  the  gas  whose  density  is  to  be  determined.  The 
specific  gravity  of  the  gas  is  the  ratio  of  the  total 
pressure  (gauge  plus  atmospheric  pressure)  at  which 
the  beam  balances  in  the  air  to  the  total  pressure  at 
which  it  balances  in  the  gas. 

The  success  obtained  in  the  use  of  this  apparatus 
is  mainly  due  to  the  high  sensibility  afforded  by  the 
needles  which  support  the  balance  beam.  The  needles 
are  easily  adjustable  and,  in  contrast  with  a  metal 
or  quartz  knife  edge,  can  be  obtained  readily  at  low 
cost;  they  also  can  be  replaced  as  often  as  necessary. 
The  beam  is  left  on  its  support  when  not  in  use,  although 
it  may  be  removed  for  transportation.  The  balance 
is  capable  of  giving  results  accurate  to  about  0.2  per 
cent  and  requires  no  calibration. 

The  effusion  method,  which  has  been  widely  used 
for  technical  work,  is  based  upon  the  fact  that  the 
times  of  escape  of  equal  volumes  of  two  gases  under 
the  same  pressure  and  through  the  same  small  orifice 
in  a  thin  plate  are  appro.ximately  proportional  to  the 
square  roots  of  the  densities  of  the  gases.  Experi- 
ments made  at  the  Bureau  in  cooperation  with  ex- 
perienced observers  using  effusion  apparatus,  showed 
that  results  in  error  by  10  per  cent  or  more  were  not 
unusual.  In  order  to  discover  the  sources  of  error 
in  the  method,  the  theory  of  the  effusion  process  was 
investigated.  However,  the  number  of  factors  in- 
volved, such  as  the  ratio  of  the  specific  heats,  the  vis- 


?— Ci'HvxK  SiinwiNu  Tim    VARiATtoN    IN  Till   ArrAKiiNT    Srnciric 
avitihii  (Kiir>iiiiKi>  to  Am)  on  DirrimiiNT  Cariiii  ar  DaramiiNao 
with  Tim  Samk  imiricK  and  at  DirrinmNT  rmimuiiM 
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end  a  closed  j;lobc  and  on  the  other  u  pair  of  ndjusla- 
IpIc    CDunterweinlits.      At    the    center    of    the    hcnm    is 

"•unlcd  n  smull  cru.ss  arm  bearinK  at  its  cnd.s  two 
ly  .sharp  ncfdlos   which  form  the  beam  support  or 

i.tiiff  edKe;"  these  iicccllcs  rest  in  a  half  cylinder  of 


cosily,  the  thermal  comluclivity,  etc..  made  the 
problem  very  complex;  it  will  be  di»cu»i«ed  in  full  in 
another  paper, 

The  apparent  Hpeiific  Kravity  of  0  Ra*  a*  determined 
by   the  effusion   method   is   affected   by   the   character 
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of  the  orifice  used,  the  effusion  pressure  and  the  confining 
medium.  The  effect  of  different  effusion  pressures  with 
the  same  orifice  and  different  gases  is  shown  in  Fig.  2, 
where  R  is  the  ratio  of  the  apparent  specific  gravity 
to  the  true  specific  gravity  and  the  effusion  pressure  r 
is  expressed  as  the  ratio  of  the  atmospheric  pressure 
to  the  total  effusion  pressure.  Different  orifices  give 
curves  for  the  same  gas  which  are  similar  in  form  but 
have  different  values  for  the  apparent  specific  gravity. 
This  is  shown  by  the  curves  in  Fig.  3  for  six  different 
orifices  when  using  methane. 

The  results  may  be  summarized  as  follows:  In 
general,  the  deviations  are  greatest  at  the  lowest 
effusion  pressures  (highest  values  of  r)  and  a  low 
effusion  pressure  should  be  avoided;  but  it  is  not 
necessarily  true  that  the  higher  the  effusion 
pressure  the  more  nearly  correct  will  be  the 
results.  Although  there  may  be  a  pressure  at  which 
a  certain  orifice  will  give  correct  results  (i.  e.,  correct 
ratio  to  air)  with  a  certain  gas,  there  is  no  pressure  at 
which  it  will  give  correct  results  with  all  gases.  The 
combination  of  factors  which  produces  such  a  low  re- 
sult in  the  case  of  carbon  dioxide  or  methane  produces 
just  the  opposite  effect  with  hydrogen. 

Decreasing  the  diameter  of  the  orifice  or  increasing 
the  thickness  of  the  orifice  plate  tends  to  give  a  lower 
apparent  specific  gravity  with  methane  or  carbon  di- 
oxide ;  the  same  changes  give  a  higher  result  with  hydro- 
gen, as  previously  explained.  Examination  of  the 
results  obtained  with  30  orifices  shows  that  orifices 
of  the  following  characteristics  give  the  most  satis- 
factory results:  the  orifice  should  be  round  and  smooth, 
with  all  burr  and  ragged  edges  carefully  removed. 
For  apparatus  using  a  mean  effusion  pressure  ratio 
of  0.90  (with  mercury  as  a  confining  liquid)  an  orifice 
0.15  mm.  to  0.30  mm.  in  diameter  in  a  plate  0.05 
mm.  or  less  in  thickness  should  prove  satisfactory. 
For  apparatus  using  a  mean  effusion  pressure  ratio 
of  0.99  (with  water  as  a  confining  liquid)  an  orifice 
0.18  mm.  to  0.30  mm.  in  diameter  in  a  plate  0.04 
mm.  or  less  in  thickness  may  be  used.  These  limits 
are  merely  given  as  a  guide  to  aid  in  constructing 
suitable  orifices,  as  such  orifices  do  not  necessarily 
give  accurate  results,  although  they  can  probably 
be  relied  on  to  within  a  few  per  cent. 

Mercury  and  water  have  been  the  two  confining 
mediums  most  widely  used  in  effusion  apparatus. 
When  using  water,  the  gas  must  be  measured  saturated 
with  water  vapor;  and  under  these  circumstances, 
erratic  results  are  often  produced  by  condensation 
of  water  vapor  in  the  orifice.  This  trouble  is  elim- 
inated by  the  use  of  mercury.  Lower  effusion  pres- 
sures are  usually  obtained  with  water;  but  the  pressure 
should  not  be  allowed  to  fall  below  2  in.  of  water  in 
any  case,  even  at  the  end  of  the  test. 

The  effusion  method,  although  not  adapted  to  se- 
curing absolute  results,  should  prove  well  adapted  for 
control  work  or  other  uses  where  only  relative  values 
are  desired.  It  is  suggested  that  the  apparatus  be 
calibrated  for  use  with  a  gas  of  the  character  under 
test.     The    method    will    give    results    accurate    to    1 


or  2  per  cent  when  properly  carried  out  and  a  some- 
what greater  precision  can  be  secured  by  the  calibra- 
tion recommended.  Suitable  forms  of  apparatus, 
operating  directions  and  precautions  as  well  as  other 
details  will  be  found  in  the  Bureau  of  Standards, 
Technologic  Paper  No.  94. 

Bureau  or  Standards 
Washington.  D.  C. 


A  SIMPLE  IMPROVISED  APPARATUS  FOR  HYDROGEN 

SULFIDE  PRECIPITATION  UNDER  PRESSURE 

By  AuBRBV  Vail  Fuller 

Received  April  20,  1917 

The  ordinary  method  of  conducting  hydrogen  sul- 
fide precipitations  by  allowing  the  gas  to  bubble 
through  the  solution  is  at  once  time-consuming,  waste- 
ful, and  uncleanly  from  both  chemical  and  hygienic 
standpoints. 

In  order  to  obviate  these  objections  attending  the 
customary  practice,  the  writer  has  constructed  the 
apparatus  pictured. 

A  500  cc.  Kipp  generator  is 
provided  with  a  two-holed  rubber 
stopper  which  carries  a  one-way 
stopcock,  B,  and  a  small-bore 
glass  tube  about  3  feet  long  which 
terminates  at  its  upper  end  in 
the  reservoir  bulb  C,  of  about 
100  cc.  capacity  and  whose  lower 
end  extends  several  inches  below 
the  acid  level.  The  gas  outlet  is 
fitted  with  a  rubber  stopper 
carrying  a  two-way  stopcock,  A. 

The  operation  of  the  device  is  as 
follows:  the  flask  in  which  the 
precipitation  is  to  be  conducted  is 
closed  with  a  rubber  stopper  carry- 
ing two  glass  tubes,  one  of  which 
is  provided  with  a  short  length  of 
rubber  tubing  and  spring  pinch- 
cock,  the  other  being  connected 
by  means  of  rubber  tubing  to  the  gas  wash-bottle 
(not  shown). 

Cock  B  is  opened  and  the  gas  passed  through  the 
flask  in  order  to  sweep  out  the  air,  the  pinchcock  of 
course  having  been  removed. 

The  gas  is  then  shut  off,  the  pinchcock  replaced, 
and  the  two-way  cock  A  is  opened  to  the  air  until 
the  acid  level  rises  almost  to  the  tubulature,  when 
the  cock  is  turned  so  as  to  connect  the  flask  with  the 
generator,  and  cock  B  is  closed. 

The  acid  level  is  thus  caused  to  sink  in  the  reservoir 
of  the  generator  proper  and  to  rise  in  the  tube  as  shown 
in  the  figure.  When  through  using  the  generator, 
the  cock  B  is  opened  in  order  to  relieve  the  pressure, 
and  is  allowed  to  remain  open  while  the  apparatus  is 
idle. 

It  is  evident  that  with  an  effective  pressure  column 
of   I    meter  height   and  employing   i  :  3   hydrochloric 
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acid,    n   pressure   of   something   over    100   g.    per   cm', 
will  be  attained. 

The  precipitates  obtained  with  this  apparatus  ap- 
pear very  granular,  and  settle  and  filter  readily. 
Furthermore,  the  point  of  saturation  is  easily  deter- 
mined by  rotating  the  flask  and  noting  an  absence  of 
gas  bubbles  in  the  wash-bottle. 

BlOCBEMIC    DiVISIOK,    BUREAU    OP    AnIMAI,    INDUSTRY 

V.  S.  Department  op  Agriculture,  WAsmNGTON 


A  NEW  FILTER  FLASK 

By  Jos.   A.   Shaw 
Received  June  11,  1917 

Most  chemists,  I  am  sure,  have  wished  many  times 
for  a  suction  filter  flask  that  was  less  awkward  than 
the  various  forms  of  apparatus  now  in  use  for  suction 
filtering.  The  old-fashioned  side-outlet  flask  and 
the  bell  jar  and  ground  glass  plate  are  the  two  forms 
of  apparatus  most  used  at  the  pres- 
ent time  for  this  purpose.  They 
both  have  decided  shortcomings. 
It  is  believed  by  the  writer  that 
the  filter  flask  here  described  will 
overcome  most  of  these  objec- 
tions. The  idea  is  simple,  but  it  is 
believed  original  in  its  application. 
At  least  it  is  listed  in  none  of  the 
catalogs  of  scientific  apparatus  pub- 
lished at  the  present  time. 

The  flask  is  pear-shaped  with  a 
wide-mouthed  stopcock,  5,  at  the 
bottom  and  a  heavy  glass  tubing,  T, 
leading  off  to  the  suction  pump 
from  near  the  flask  mouth,  which 
is  of  a  size  suitable  to  take  the 
filtering  funnel  adjusted  with  a  No. 
5  rubber  stopper.  Owing  to  its 
shape,  this  flask  is  readily  washed  free  from  fil- 
trates and  may  be  permanently  mounted  on  an  iron 
support.  It  may  be  put  in  place  over  a  drain  in  order 
that,  if  desired,  the  filtrate  may  be  readily  discarded 
by    simply    opening    the    stopcock.     If    the    operator 


wishes,  a  three-way  cock  may  be  inserted  in  the  suc- 
tion line  to  cut  off  the  pump  and  let  air  into  the  flask 
to  facilitate  emptying  it. 

The  writer  has  found  this  design  to  be  very  satis- 
factory for  all  sorts  of  analjnical  work  requiring  a 
suction  flask,  and  it  is  believed  by  him  that  to  users 
of  this  apparatus  the  following  points  will  establish 
themselves: 

(i)  The  air  seals  are  at  least  as  good  as  those  in  the 
ordinary  type  of  filter  flask  and  are  fewer  and  very 
much  better  than  those  of  the  bell  jar  type,  for  as  soon 
as  any  grit  gets  upon  the  ground  glass  plate  the  air 
seal  between  the  jar  and  the  plate  is  at  least  partially 
spoiled. 

(2)  The  filtrate  can  be  removed  from  the  flask  with 
greater  facility  than  in  the  other  types  because  of  a 
smaller  number  of  operations. 

(3)  It  is  easier  to  wash  free  from  filtrates  than  the 
ordinary  filter  flask  and  there  is  no  great  danger  of 
contaminating  the  analysis  as  is  so  liable  to  be  done 
when  lifting  the  bell  jar  from  the  plate,  if  the  plate 
has  gotten  any  water  upon  it,  as  is  so  often  the  case 
in  routine  work.  It  may  be  mentioned  here  that  if 
the  filter  funnel  has  a  short  tube  arranged  so  that  the 
filtrate  and  wash  water  can  run  down  the  sides  of  the 
flask  it  will  be  found  that  with  most  filtrates  the  upper 
layer  of  liquid  will  be  practically  pure  wash  water, 
and  when  the  stopcock  is  opened  to  drain  the  flask 
the  wash  water  coming  down  last  will  wash  the  flask 
nearly  free  from  the  filtrate,  so  that  if  a  fine  rinsing 
jet  is  used  the  flask  may  be  washed  clean  in  many 
instances  with  as  little  as  10  cc.  of  liquid.  Lastly, 
this  flask  is  of  course  much  more  readily  kept  clean 
than  the  bell  jar  type  because  of  the  absence  of  the 
vaseline  used  to  form  the  seal  in  the  latter  piece  of 
apparatus. 

I  This  flask  can  be  obtained  from  Messrs.  Eimer  & 
Amend,  and  it  is  confidently  believed  by  the  writer 
that  it  will  satisfy  a  long  felt  want  for  a  neater,  more 
readily   manipulated  piece  of  filtering  apparatus. 

LaBOHATORV    or    riTTSDUROII    CROCIBLS    STSSL    ColiPANY 

Midland.   Pknnsvlvania 


ADDRL55L5 


THE  CHEMICAL  DEVELOPMENT  AT  BERLIN,  N.   M. 

lly      Kl.l.W.MH.     lIltNf.l.tlk 

Krrcivol  May  14,  1917 
III  1852  tin-  late  W  \V.  Brown  rstalilislictl  liiiiiscU  in  the  luin- 
lier  l>u!<incs.s  with  a  siiiall  iuiwinill  aIniiK  the  AiuIrosc<iKK>n  Uivrr 
at  Herlin,  N.  II  It  was  a  lilcuk  place,  hinh  up  in  the  White 
Miiiiiituiiis,aliiiiK  llif  I're.siilcntial  HaiiKe,  with  avery  sluirt  aiiiiunl 
.  M)wiiit{  season  ami  im  natural  resources  except  water  jxiwer  and 
'.oinc  liinlter  Neaily  all  the  liinlier  except  white  hirch  hail  lonjt 
aKo  (liNiippearecl  from  the  country  to  the  south.  Hut  Mr.  Brown 
was  a  man  of  parts  and  with  the  aid  of  his  lour  sons  his  buiincss 
Krew  and  prospered  I  lis  hunlieriiiK  operations  followed  up  the 
AndroscoKKiii  Kiver  iiiid  in  time  |)aper  mills  were  added  to  the 
(ilnnt.  In  time  also  a  snllilc  |inl|>  mill  wa.s  liuilt  on  adjoininK 
property  iiiKlcr  other  than  Brown  inunnKcmrnt.     By  the  close  o( 


the  last  ceiUiiry  Hctliii  had  Income  all  iinpuilanl  puKliicinK  center 
of  these  comiiioditic.s. 

The  class  of  iM>j  of  the  Mnssiichuiictts  Institute  of  TcchnoloKy 
included  IlnRh  Kelsca  Motirc,  who  as  a  result  of  his  studies  upon 
the  production  of  chlorine  and  soda  by  the  doctinnxwilion  of 
salt,  deviscil  an  un.snbnierKetl  dinphraRm  cell  which  was  put 
upon  the  market  in  tH>)H.  In  i8i>g  the  siillite  mill  at  Herlm.  willi 
a  view  to  KcttinK  cheaper  bleach,  installed  the  Miwrc  cell  in  the 
plant  and  the  inventor  went  there  to  put  it  into  operation. 
When  the  work  was  completeil  he  left 

At  the  end  of  u  very  lean  financial  |>eH(>d,  Mr.  Moore  in  1903 
determined  to  Ret  into  chemical  work  ctmnected  with  pulp 
makiiiK  and  blcachiiiK.  Throunh  the  unfortunate  iwint  of  view 
of  the  superintendent  of  the  sullite  mill  at  Berlin,  he  was  only 
able  to  .secure  a  (Hwition  in  the  wixkI  yard  at  very  low  wage*, 
but    while   very    unreinuiierativc,    the   potition   oflered   opjKir- 
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tunitics  for  observing  many  serious  wastes  that  were  continuously 
taking  place.  For  example,  it  was  evident  that  there  was  un- 
necessary loss  of  pulp  in  the  waste  water;  by  wiring  the  sewers  it 
was  proved  that  the  loss  amounted  to  approximately  19  tons  of 
pulp  per  day.  This  loss  was  largely  eliminated.  Again  it  was 
noted  that  the  product  ot  the  mill  was  uneven,  and  further  that 
it  was  weaker  after  a  humid  than  after  a  dry  day. 

The  unusual  character  of  the  services  rendered  by  such  a  laborer 
in  the  wood  yard  led  to  quite  a  change  in  the  personnel  of  the  mill 
force  and  Moore  fnuiUy  obtained  an  appointment  as  an  analytical 
chemist  in  the  mill;  the  value  of  a  research  chemist  was  not  so  well 
recognized  then  as  now. 

COUNTERACTING    ATMOSPHERIC    lUMIDITV 

Meanwhile,  the  weakness  of  the  pulp  after  a  humid  day  per- 
sisted. The  trouble  was  finally  traced  to  the  sulfur  kilns.  In 
the  presence  of  moisture  a  greater  quantity  of  sulfuric  acid  is 
formed  from  the  burning  of  the  sulfur  thereby  hydrolyzing  a 
portion  of  the  jmlp  to  sugars.  Precautions  which  eliminated  this 
moisture  pro\ed  partly  responsible  for  the  complete  cure  of  the 
weakness  of  the  pulp. 

The  analytical  chemist  saw  innumerable  things  to  improve, 
but  he  lacked  the  time.  He  had  introduced  chemical  control 
and  that  prevented  research.  Too  much  bleach  was  being  used, 
lor  instance,  and  caustic  soda  was  going  to  waste,  yet  he  had 
no  chance  to  work  out  the  solutions  to  the  problems.  The 
president  was  a  jjractical  man  who  knew  how  overhead  charges 
can  eat  up  profits;  and  the  idea  of  a  lot  of  chemists  fuddling  away 
in  a  laboratory  on  theoretical  problems  paid  for  out  of  the  profits 
of  the  mill  did  not  appeal  to  him,  at  first.  But  he  was  also  a  good 
business  man  who  was  not  ashamed  to  change  his  mind,  and 
finally  he  saw  clearly  that  chemical  research  is  a  function  of 
chemical  control.  The  result  was  that  Moore  at  last  secured  an 
assistant  for  the  routine  work. 

Some  time  after  this  the  Brown  interests  bought  out  the  sul- 
fite mill  and  the  duties  of  chief  chemist  of  all  the  various  enter- 
prises were  given  to  their  erstwhile  analyst. 

Chemical  control  and  the  regulation  of  the  sulfur  room  were 
but  the  beginnings  of  a  series  of  improvements  in  the  art  of 
making  sulfite  pulp.  These  were  introduced  at  dilTerent  times 
as  the  result  of  research  by  Hugh  K.  Moore  and  Robert  B. 
Wolf,  who  was  the  superintendent  of  the  mill.  The  production 
of  a  stronger  acid  made  under  refrigeration  for  cooking,  and  oper- 
ating under  lower  temperatures  than  theretofore,  produced  a 
stronger  pulp,  and  as  a  vast  destruction  of  fiber  was  avoided, 
much  less  wood  was  required  to  produce  the  same  quantity 
of  pulp.  Ocular  demonstration  of  this  was  a  goodly  mountain  of 
wood  at  the  end  of  a  season,  whereas  the  pile,  based  upon  the 
output  of  pulp  according  to  previous  figures,  should  have  been 
used  up.     Detailed  figures  are  not  given,  but  such  is  the  fact. 

So  significant  is  this  improvement  obtained  by  the  use  of  better 
acid  that  in  the  event  now  of  low  water  power  anotlier  mill  is 
shut  down  at  intervals  with  a  view  to  using  the  available  power 
for  refrigeration  rather  than  to  proceed  by  the  former  methods 
of  making  the  weaker  acid.  So  important  indeed  is  refrigeration 
in  this  and  other  processes  that  the  capacity  of  the  apparatus  in 
operation  at  Berlin  is  over  2,000  tons  of  ice  per  day. 

The  air  around  Berlin  is  clear  and  the  usual  odor  of  a  sulfite 
mill  cannot  be  noticed  until  one  gets  almost  into  the  plant,  and 
even  there  it  is  very  slight,  for  the  spent  fumes  are  recovered, 
the  SOj  saved,  and  offense  is  avoided. 

THE    BLEACH    PROBLEM 

Another  problem  was  bleach.  E.vcess  of  bleach  is  no  more 
desired  in  pulp  than  it  is  in  the  weekly  wash,  and  it  costs  money 
withal.  It  was  observed  that  the  amount  of  available  bleach 
required  increased  as  its  content  of  chlorate.  The  plotted  lines 
on  graphs  show  very  clearly  a  tendency  toward  parallelism  be- 
tween the  available  bleach  required  and  the  chlorate  in  the 
bleach.       The     production     of   the   chlorate    was    avoided    by 


refrigeration.  By  complete  chemical  control  of  the  bleaching 
process  from  start  to  finish  the  minimum  quantity  of  chlorine 
is  employed,  the  color  control  is  absolute  afid  the  resultant  fiber 
far  stronger  than  that  produced  by  rule-of-thumb  methods. 

Karly  in  1907,  through  an  accident  in  the  mill,  Mr.  Moore  lost 
three  fingers  of  his  right  hand,  and  during  his  convalescence 
addressed  himself  to  a  problem  that  had  been  tea,sing  him  for  a 
long  time,  and  which  seriously  affected  the  appearance  and  con- 
sequently the  value  of  the  pulp.  The  finished  product  showed 
no  less  than  10,000  specks  per  square  foot,  and  with  the  aid  of 
his  left  hand  and  some  helpful  assistance,  he  proceeded  to  work 
with  his  microscope.  Bark,  rosin,  coal,  hair,  cement  and  the 
almost  innumerable  other  things  that  may  and  do  constitute 
specks  required  long  and  patient  classification  before  they  were 
recognized.  Proper  precautions  in  factory  practice  and  devices 
of  remarkable  ingenuity  overcame  everything  except  the  specks 
consisting  of  minute  jiarticles  of  bark,  and  these  finally  gave  way 
to  improvements  in  cooking  in  the  digesters  and  to  a  special 
bleaching  process.  Specks  were  reduced  from  10,000  per  sq.  ft. 
to  15  or  20  per  sq.  ft. 

The  sequel  to  these  improvements  is  that  the  entire  capacity 
of  the  mill  is  devoted  to  making  bleached  pulp  of  an  unusually 
fine  and  strong  quality. 

CAUSTIC    SODA    SAVINGS 

Another  problem  at  Berlin  was  the  saving  of  the  caustic  soda, 
which  theretofore  ran  down  the  river.  The  separation  of  salt 
and  problems  of  evaporation,  involving  higher  temperatures  as 
concentration  increases,  were  full  of  troubles  which  were  finally 
met  by  the  design  of  new  evaporators  in  which  the  liquor  is 
introduced  into  the  last  effect  and  proceeds  against  the  steam 
instead  of  with  it.  These  are  the  patented  Moore  evaporators, 
which  now  work  with  great  success,  and  give  a  product  which  is 
very  pure  and  even. 

The  same  interests  have  a  great — in  fact  the  largest  in  existence 
— sulfate  pulp  mill  at  La  Tuque,  Canada,  in  which  kraft  pulp  is 
made  for  kraft  paper;  used  for  wrapping  automobile  tires  and  other 
objects  requiring  a  sturdy  wrapper  and  also  employed  for  making 
twine  and  for  use  in  furniture  in  the  place  01  cane.  The  greatest 
technical  trouble  in  connection  with  this  process  lay  in  the 
evaporation  of  the  waste  pulp  liquors  from  which  the  soda  must 
be  regained.     Intense  foaming  is  characteristic  of  such  liquors. 

The  usual  method  of  evaporation  is  to  employ  revolving 
discs  which  dip  into  the  liquor  and  are  heated  by  furnace  gases 
while  covered  with  a  film  of  it.  The  evaporated  liquor,  which 
contains  45  per  cent  soda  and  lignin  compounds,  polymerizes 
at  high  temperatures  and  becomes  gummy.  This  is  run  through 
a  revolving  drum  for  incineration  by  means  of  hot  gases  from  the 
smelting  furnaces.  The  black  ash  comes  out  of  the  lower  end  of 
the  inclined,  revolving  incinerator  upon  the  floor.  It  is  then 
mi.xed  with  more  sodium  sulfate  and  smelted  in  the  furnace  with 
the  formation  of  the  sodium  sulfide.  During  evaporation  and  char- 
ring in  the  incinerator,  the  soda  from  the  black  licjuor  is  liable  to 
form  rings  around  the  inside  of  it  which  act  as  a  dam.  This  holds 
back  the  lignin  liquor  on  one  side  of  the  dam  while  on  the  other  is 
molten  soda  and  black  ash.  When  this  ring  breaks  the  mix- 
ture of  molten  alkali  and  black  liquor  explodes.  If  the  ring 
forms  near  the  end,  accidents  are  likely  to  occur.  The  cure  of 
the  trouble  was  accomplished  only  by  working  out  an  entirely 
new  method  of  evaporation  through  the  employment  of  Stefan's 
law  of  radiant  heat,  which  is  developed  as  follows: 

B.  t.  u.  per  sq.  ft.  per  min.  radiated  heat 

=  2.66  X  io-"(T!*— T,«). 

By  the  use  of  radiant  heat  (which  is  projected  without 
imparling  heat  to  the  medium  through  which  it  travels)  and  with 
an  entirely  original  design  of  apparatus,  all  under  constant  con- 
trol, remarkable  results  are  obtained. 

By  this  method  a  far  greater  amount  of  soda  is  recovered 
as  NaiCOj  and  Na^S,  particularly  as  the  sulfide.     There  are  no 
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revolving  discs,  no  accidents  and  there  is  no  revolving  incinerator 
drum  and  no  black  ash.  Where  formerly  large  quantities  of 
fuel  were  required,  1600  available  H.  P.  is  obtained  from  the 
operation,  the  labor  of  many  men  is  saved  and  the  product  is 
increased  and  improved. 

A  new  application  of  a  certain  grade  of  sulfate  pulp  was  worked 
out  at  Berlin  by  Mr.  Parker  on  the  mechanical  side  and  Mr. 
Moore  and  his  associates  on  the  chemical  side.  This  is  a  very 
strong,  water-tight  and  machinable  pipe  made  at  present  chiefly 
in  4  in.  sizes.  It  is  of  about  the  weight  of  hardwood,  takes 
beautiful  threads  and  withstands  400  lbs.  pressure  to  the  sq.  in. 
It  forms  an  ideal  conduit  for  electric  wires  and  the  entire  output 
is  sold  ahead  for  an  indefinite  time. 

At  the  La  Tuque  sulfate  pulp  mill  a  saving  is  also  made  of 
large  quantities  of  turpentine  obtained  from  digesters  during  the 
process  of  cooking.  This  is  equal  to  the  best  gum  turpentine, 
except  for  a  slight  odor. 

THE     SEMI-COMMERCIAL     PLAN    OF    TESTING     NEW    PRODUCTS 

So  far  we  have  been  dealing  with  the  pulp  and  paper  industry 
and  incidentally  with  the  caustic  soda  plant.  The  beginning  of 
this  in  igog  was  the  l)eginning  of  a  method  of  chemical  develop- 
ment that  is  now  the  practice  in  the  introduction  of  every  new 
product.  The  chemical  director  was  ready  to  produce  caustic 
soda  and  asked  for  an  appropriation  of  Sioo.ooo  to  begin.  This 
was  refused,  but  S5.000  was  appropriated  for  a  test  plant.  The 
test  plant  succeeded  and  then  the  works  were  built  which  have 
since  been  greatly  enlarged.  The  method  was  correct  and  now 
every  new  product  is  worked  out  on  a  semi-commercial  scale  be- 
fore a  permanent  plant  is  built.  The  term  semi-commercial, 
however,  needs  a  little  explanation.  It  involves  often  the  ex- 
penditure of  large  sums  and  it  always  signifies  a  more  or  less  im- 
provised layout  of  sufficient  capacity  to  turn  out  the  material 
in  marketable  quantity.  I'ntil  this  is  so  adjusted  that  it  not 
only  runs  smoothly  Init  pays  for  itself,  the  process  is  regarded 
:is  not  yet  complete  and  general  building  and  construction  opera- 
tions are  not  begun.  In  the  developments  which  are  recorded 
below,  some  are  in  the  commercial  stage,  some  are  semi-com- 
mercial in  its  large  or  completed  sense  and  are  in  operation  while 
more  adequate  housing  is  in  preparation,  and  some  are  at  the 
inception  of  the  semi-commercial  phase. 

UTILIZINO    WASTE    CHLORINE 

Hy  i<)i()  the  establishment  was  apparently  well  balanced,  the 
caustic  soda  industry  established  and  everything  running  full. 
Hut  a  demand  arose  fur  sulfite  pulp  bleached  more  on  the  side 
of  yellow  than  of  blue.  In  the  largest  sulfite  pulp  mill  in  the 
world  (which  the  Herlin  plant  is)  the  amount  of  chlorine  re- 
leased by  such  a  change  in  product  is  very  great.  The  new  prob- 
lem was  to  utilize  it.  This  was  partly  solved  by  lending  the 
hydrcjgeii  and  the  chlorine  from  a  number  of  electrolytic  cells 
.iccording  to  the  rci|uireiiient  into  a  small  apparatus  in  which  they 
ire  combined  to  form  livflrochloric  acid. 

Still  there  was  chlorine  In  spare,  owing  to  the  growing  instal- 
lations for  the  increased  demand  fi>r  bleached  pulp  and  the 
contracts  for  caustic  sikIo. 

We  shall  note  first  a  great  plant  in  prm-ess  of  construction  and 
past  the  semi-coininenial  stage,  for  uiakiiig  dry  bleach  by  11  new, 
I'ontimious  prwess  This  i.s  under  M  K.  Moore's  patent  and 
provides  ati  iiinorphous,  dry  powder,  free  from  lumps,  with  the 

iibstanlial  elimination  of  chlorates  and  iniprovcuienl  in  keep- 
ing c|ualities.  The  jiroccss  consist.>i  of  coiistuiit  agitation  of 
lime  at  a  temperature  below  frrrzing  in  the  prcicncc  of  chlorine 

ind  is  iliily  dr.scribrd  in  the  I'niird  States  Patent  No.  i.isj.fKi.s, 
r.sued  <  Ktciber  S,  lOi.V 

One  of  the  carlv  chlorinntioii  prndiirts  win  chloroform  from 
.icrtone  and  at  pre.><eut  it  in  said  that  about  fm  per  cent  of  that 
lonsiinu-il  in  the  ruitr<l  St»tr<i  \t  made  at  Herlin      TliroiiKli  tJiP 

letivity  "(  the  Hrrliu  MilN  >itiifl  of  i'lirnii'it<i,  roprcinllv  of  ('.rorgc 


Richter,  further  developments  have  taken  place,  based  upon  the 
utilization  of  excess  chlorine.  As  typical  of  these  developments 
the  manufacture  of  carbon  disulfide  was  begun.  This  product, 
while  sold  as  such  in  part,  forms  also  the  starting  point  for  the 
manufacture  of  carbon  tetrachloride  and  sulfur  chloride.  Pro- 
cesses for  ethylene  trichloride  and  acetylene  tetrachloride  are 
past  the  laboratorj^  stage,  as  are  also  those  for  a  number  of  other 
chlorinated  products. 

FEATURES   IN    COLTISE    OF    DEVELOPMENT 

A  semi-commercial  plant  is  under  construction  for  making 
liquid  SO2  and  this  is  to  be  followed  by  another  for  liquid  chlorine. 
Another  now  under  way  is  for  the  production  of  glucose  from  saw- 
dust and  bark,  available  from  the  original  lumber  mills  which 
are  in  active  operation :  this  contains  an  extension  for  working 
the  remainder  over  into  oxalic  acid.  An  additional  extension 
to  the  semi-commercial  scale,  planned,  but  not  yet  erected,. is  to 
carry  the  glucose  over  into  alcohol  or  to  lactic  acid. 

As  soon  as  labor  is  available  a  semi-commercial  plant  will 
be  erected  for  the  production  of  synthetic  formic  acid.  Another 
process  that  is  promising  but  not  yet  ready  for  the  semi-com- 
mercial tryout  is  the  fixation  of  nitrogen,  of  which  400,000  lbs. 
are  daily  available  from  tlie  sulfite  mill.  A  semi-commercial 
plant  is  installed  for  waste  liquor  recovery  from  which  the  con- 
centrate is  shipped  for  core  compounds,  road  binders,  to  tannin 
extractors,  and  small  amounts  to  perfumery  manufacturers.  A 
kyanizing  plant  for  ties  using  mercuric  chloride  has  been  in 
operation  for  some  time  and  plans  are  ready  to  begin  with  tin 
tetrachloride  as  soon  as  this  is  feasible. 

EFFECT   OF   REFRIGERATION    ON    H^T>R0GENAT10N 

With  the  frequent  use  of  refrigeration  first  in  the  laboratory 
and  later  on  a  large  scale  in  practice,  a  situation  was  finally  met. 
in  which  for  purposes  of  research  a  lower  temperature  was 
needed  than  was  conveniently  available.  In  connection  with  a 
problem  that  Mr.  Moore  was  working  out  in  conjimction  with 
Professor  Mulliken  of  the  MassachiLsetts  Institute  of  Technolog>", 
ethane  was  wanted  for  refrigeration,  but  was  not  to  be  obtained. 
Sabatier  and  Sendercns  had  shown  how  it  might  be  produced  by 
the  catalysis  of  hydrogen  with  ethylene  or  acetylene  and  by 
following  the  French  savants  closely  they  obtained  exactly  the 
yields  prescribed.  The  yield  is  far  from  rich,  however,  and  the 
method  gave  little  promise  of  sufficient  ethane  for  the  purposes  of 
the  investigation.  While  discussing  this.  Mr.  Moore  remarked 
that  ethylene  was  endothermic.  and  that  it  had  more  heat  than  the 
same  amount  of  carbon  and  hydrogen  has  Why.  then,  add  more 
heat?  All  the  extra  heat  must  go  ofl  with  the  ethane  as  it  is 
made.  Why  not  cool  it  instead  of  heating  it?  The  .irfrument 
seemed  sound  enough  to  neglect  the  question  as  to  whether 
Ssibatier  and  Senderens  had  warmed  things  up  as  a  result  of  re- 
search or  from  sheer  chemical  habit;  and  they  proceeded  to  r«- 
frigexale  with  salt  and  ice.  which  was  the  only  means  they  had 
handy  The  result  was  surprising  Thcv  iiicrc.iscd  the  yield 
over  i(xi.(xK>  times  that  of  S;d)aticr  and  Sendercns  and  the  only 
reason  why  they  did  not  ohtuin  more  was  l)ccausc  the  water  over- 
flowc<l  the  gasometer.  There  was  no  trouble  alxiul  gettiug  all 
the  ethane  they  needed  from  that  time  forth  A  thrnnomrter 
in  a  test  tube  iusertc<l  while  the  hytlrogenution  was  taking  place 
showed  over  i.sd'  C   despite  the  salt  and  n-c. 

.■\nolher  conclusion  reached  from  this  cNiH-riuient  i*  tlmt  Mmie 
of  the  |K>i.Hons  of  nickel  <il>srrved  bv  Sabotiei  are  due  to  ovrtheat- 
iiig  from  its  own  reaction  It  is  but  a  short  step  finm  the  hvdro- 
gcnntion  of  gases  to  the  hydrogriiiition  of  oil*,  und  Mr  Mmirx; 
addre.ssctl  himself  to  the  lullrr  pioblrni  with  siRn.-*!  s\ioi~eM 
Since  all  detiiili  <•(  the  oil  hanlruini;  pno'TX  «'  dr\rK>|>r<l  and 
curried  out  at  llnlin  hii\r  lnlrlv  l>reti  brinight  out  in  the  (vitent 
suit  now  peniliug.  wr  sluill  rrtiud  unlv  a  few  nolci  The  pnH-e».« 
is  in  rllet-t  11  filler  of  uukrl  ovide  rrducrd  to  nivkrl  livdtidr  wiUi 
hydrogen  undrt  tii;id  lrm|>cnilu»r  otntriil      The  oil  is  atomiicd 
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over  the  catalyst  by  a  revolving  arm  so  that,  for  a  given  moment 
of  time,  so  much  of  the  catalyst  as  rests  upon  the  segment  of  the 
bed  just  underneath  the  arm  gives  up  part  of  its  hydrogen, 
thus  hydrogenating  the  oil  in  contact  with  it.  Hydrogen  is  con- 
stantly sweeping  through  all  the  rest  of  the  catalyst,  which  has 
the  effect  of  revivifying  it.  As  the  oil-spraying  arm  revolves, 
the  sector  in  which  oil  is  in  process  of  hydrogenation  is  con- 
stantly moving.  The  same,  of  course,  also  holds  true  of  that  part 
of  the  catalyst  filter  bed  which  is  being  revivified. 

The  plant  is  of  a  very  highly  developed  semi-commercial 
nature  with  a  capacity  of  30,000  lbs.  daily. 

CHEMICAL   CONTROL    IN    PLANTS 

The  entire  works  in  all  departments  are  under  constant  chem- 
ical control,  being  intense  in  the  sulfite  pulp  and  chemical  works 
and  less  observable  in  the  lumber  and  paper  mills  which  we 
shall  not  even  undertake  to  describe.  An  interesting  feature  of 
the  sulfite  mill  is  the  automatic  analysis  of  the  flue  gases  as 
worked  out  by  Moore.  The  apparatus  collects  the  gases  from 
flues  and  boilers  and  from  mains,  cools  and  compresses  to  a 
pre-determined  pressure  and  temperature,  measures  out  a  given 
volume,  analyzes  it  by  absorption,  remeasures  at  the  same  pres- 
sure and  temperature,  records  analysis,  empties  itself  and  begins 
again.  It  can  be  regulated  to  any  frequency  desired.  In  this 
mill  they  average  one  gas  analysis  each  every  4  or  5  minutes. 
The  apparatus  is  entirely  automatic  and  the  records  are  very 
plain  and  clear.  A  large  number  of  these  in  different  portions  of 
the  plant  automatically  keep  data  on  the  gas  from  one  operation 
to  another. 

These  automatic  analyses  constitute  a  part  of  the  "chemical 
graphics"  of  the  mill,  the  purpose  of  which  is  to  form  a  picture  of 
the  chemical  operation  which  may  be  understood  by  tlie  men  at 
work.  Kor  instance,  the  big  digesters  at  the  sulfite  mill  are  54 
ft.  high  and  20  ft.  in  diameter.  They  are  operated  at  75  lbs. 
pressure  at  the  top.  Of  course  the  process  may  not  be  watched 
as  in  a  test  tube,  but  recording  thermometers  and  pressure  gauges 
may  be  installed,  and  this  is  done.  Every  15  minutes  the  tem- 
peratures are  read  and  the  workman  looks  up  on  a  chart  to  de- 
termine the  corresponding  steam  pressure.  He  reads  also  the 
gauge  pressure  and  the  computed  steam  pressure  subtracted  from 
the  gauge  pressure  gives  the  gas  pressure.  Now  SO2  is  the  gas 
with  which  tliey  arc  cooking,  and  the  plotted  chart  prepared  in 
the  laboratory  and  set  as  the  standard  picture  or  graph  of  the 
reaction,  shows  just  where  the  computed  steam  pressure  and  the 
gas  pressure  should  cross,  so  as  to  obtain  the  best  results.  The 
workman  also  plots  from  his  readings  and  if  the  picture  is  right, 
well  and  good.  But  if  the  picture  is  wrong;  if,  for  instance,  the 
plotted  lines  showing  the  computed  steam  pressure  and  the  gas 
pressure  cross  too  soon,  then  the  cooking  is  incorrectly  done, 
steam  is  wasted  and  the  quality  is  inferior.  This  system  enables 
the  man  in  the  mill  to  know  whether  the  temperature  is  adequate 
for  the  reaction  or  not  and  if  not  to  make  it  so,  and  it  gives  him 
knowledge  and  control  of  the  process  right  through  the  reaction. 

COOKING    PULP   SCIENTIFICALLY 

Cooking  pulp  is  not  a  simple  operation,  and  when  it  was  done 
by  rule-of-thumb,  six  men  could  close  down  the  great  works  by 
going  on  strike.  Now,  with  pre-determined  graphs,  the  per- 
sonal equation  in  the  cooking  has  been  eliminated.  There  are 
production  charts,  bleach  charLs,  humidity  records,  etc.;  indeed 
over  1350  graphs  are  daily  recorded  in  the  sulfite  mill  alone. 
A  considerable  force  of  clerks  collect  figures  and  carry  them  to  the 
office  where  they  are  averaged  for  each  variable,  calculated, 
plotted  and  finally  studied.  Then  every  six  months  they  have  a 
"scrap  day,"  on  which,  after  a  conference,  the  usele.ss  curves  are 
discarded. 

RESEARCH    FACILITIES 

The  research  laboratorj'  of  the  company  now  houses  nineteen 
chemists  and  is  about  to  be  enlarged  to  over  twice  its  present 


size.  It  contains  a  considerable  amount  of  small  scale  iron 
apparatus  and  a  few  testing  devices  of  too  general  use  to  have 
place  in  local  testing  laboratories  in  the  various  works.  A 
fleeting  impression  of  the  laboratory  is  of  a  busy  but  cheerful 
place.  There  is  greater  indulgence  in  mathematical  habits  of 
thought  than  some  of  us  are  accustomed  to,  for  calculus  is  used 
like  arithmetic.  The  chief  assistant  is  George  Richter,  who 
bids  fair  to  let  us  hear  more  of  him  some  day.  Another  valued 
assistant  who  has  been  of  distinguished  aid  by  his  clear  vision  of 
the  mathematics  of  what  happens  is  W.  B.  van  Arsdel. 

ADMINISTRATIOK   OP   MU.LS 

The  Berlin  Mills  with  its  subsidiaries,  the  Brown  Corporation 
and  the  Burgess  Sulfite  Fibre  Company,  is  still  a  family  affair, 
although  the  founder,  Mr.  W.  W.  Brown,  died  several  years 
ago.  His  four  sons  now  in  control  are  Messrs.  H.  J.  Brown, 
President;  O.  B.  Brown,  Vice-President  and  Treasurer;  W.  R. 
Brown,  in  charge  of  woods;  and  D.  P.  Brown,  in  charge  of  the 
La  Tuque  mill. 

A  few  notes  on  the  administration  of  the  property  may  be  of 
interest.  The  establishment  is  run  on  a  3-shift,  8-hr.  basis. 
The  highest  current  wages  are  paid.  On  Sundays  there  is  a 
general  shutdown  for  repairs.  A  company  store  is  maintained 
in  competition  with  village  stores.  A  health  and  accident  fund 
is  maintained  in  which  any  man  working  in  the  mills  may  join, 
and  which  is  supplementary  to  the  workingmen's  compensation 
laws.  Officers  are  elected  by  the  men  insured  Full  wages  are 
thus  provided  for  those  who  are  injured  or  ill  and  the  surplus 
is  returned  annually  in  dividends.  Besides  the  obhgations  of 
superintendents  and  managers,  there  is  a  safety  committee  ap- 
pointed from  among  the  men  to  report  all  points  of  danger  and 
need  of  repair  for  safety's  sake.  District  nurses  are  maintained. 
A  large  Y.  M.  C.  A.  was  provided  for  under  the  will  of  the  late 
W.  W.  Brown.  In  every  mill  there  is  a  smoking  room  where 
men  may  gather  for  rest  and  recreation.  A  large  baseball  field 
is  available  and  in  active  use  in  season  for  factory  and  forest 
workers.  Any  man  that  wants  to  can  "see  Mr.  Brown."  In 
the  woods,  the  company  does  not  "cut  clean,"  except  where  neces- 
sary, so  that  reforestation  is  in  large  part  continuous. 

WATER   POWER 

There  is  about  30,000  horse  power  developed  at  Berlin  Falls 
of  which  the  Brown  interests  use  the  major  portion  and  a  large 
news  mill  of  the  International  Paper  Company  the  rest.  This 
power  may  be  increased  by  a  proposed  engineering  undertaking 
that  will  not  disturb  existing  industries.  At  La  Tuque  1 10,000 
H.  P.  is  already  developed  which  will  be  increased  to  160,000  on 
completion  of  a  new  dam,  while  further  up  the  river  there  is  still 
more  available  to  the  Brown  interests,  bringing  the  total  up  to 
about  200,000  H.  P. 

CONCLUSION 

In  the  Berlin  Mills  we  have  an  example  of  the  birth  and  growth 
of  an  important  chemical  center  from  a  sulfite  pulp  miU,  pre- 
viously operated  under  rule-of-thumb  methods.  Aside  from 
water  power,  mostly  needed  in  the  lumber,  pulp  and  paper  in- 
dustries already  established,  there  was  nothing  to  invite  clieraical 
development.  There  was  no  coal,  no  limestone,  no  pyrites, 
nothing  except  a  great  pulp  mill  that  was  behaving  badly. 
Wliat  happened  was  that  a  chemist  witli  the  gift  of  vision  and 
creative  genius  came  there  and  in  tlic  course  of  time  was  backed 
by  capital  in  the  hands  of  genuine  administrative  ability. 

In  all  the  developments  there  has  hardly  been  a  single  lucky 
strike.  Every  improvement  has  been  based  upon  natural 
laws  that  were  at  once  both  known  and  neglected.  The  men  who 
did  it  were  awake.  How  many  of  us  go  our  ways,  sleeping? 
The  whole  establishment  is  the  answer  made  to  difficulties  by 
well-trained  scientific  ability  of  the  first  rank  coupled  with 
capital  in  the  hands  of  administrators  of  the  first  rank. 
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THE  PROFESSIONAL  STATUS  OF  THE  CHEMIST' 

By  Raymond  F.  Bacon 

"Ahead  of  us  are  problems  still  more  crucial  and  complex;   their  solutions 

Imay  perhaps  be  neither  individualistic  nor  collectivistic,  but  they 

must  be  applications  of  a  policy  scientifically  conceived." 

The  success  of  many  of  our  most  important  industries  can 
only  be  attributed  to  the  centralized,  coordinated  work  of  opera- 
tion with  chemical  research,  and  it  is  generally  conceded  that 
the  accomplishments  of  industrial  research  have  eventuated  in 
the  recognition  by  our  manufacturers  of  the  essentiality  of  the 
chemist. 

The  results  of  an  investigation  carried  out  by  me  last  fall 
revealed  the  fact  that  certain  of  our  research  laboratory  forces 
have  been  increased  from  250  to  400  per  cent  in  the  last  ten 
years,  and  that,  since  August  1914,  the  staffs  of  a  number  of 
the  largest  laboratories  have  been  enlarged  from  25  to  100 
per  cent.  One  great  American  corporation  now  employs  about 
500  men  who  have  been  trained  as  chemists.  In  the  principal 
research  laboratory  of  this  organization  62  researchers  are  now 
at  work,  whereas  in  191 4  only  30  were  employed  and  in  1906 
but  17.  At  least  five  other  organizations  have  60  or  more  re- 
search chemists.  However,  the  growth  of  the  appreciation  of 
research  by  American  industrialists  is  inadequately  indicated 
by  the  number  of  research  chemists  employed  at  various  periods. 
There  are  numerous  instances  where  the  research  work  has  only 
kept  pace  with  the  extent  of  the  operations  involved,  although 
these  companies  have  grown  partly  because  they  have  constantly 
endeavored  to  progress  with  the  advancement  in  knowledge. 
Their  present  conception  of  original  investigation  as  a  necessary 
accompaniment  of  manufacturing  in  no  way  differs  from  that 
which  they  held  a  decade  ago.  It  is,  accordingly,  impossible 
to  measure  their  appreciation  of  research  by  the  extent  of  the 
facilities  set  apart  for  the  purpose  rather  than  by  the  degree 
with  which  the  organizations  are  imbued  with  the  investigative 
idea. 

In  addition  to  research  chemists,  three  other  general  classes 
of  chemically  trained  men  are  engaged  in  the  service  of  industry. 
I  refer  to  analytical  chemists  engineer-chemists  (properly,  ap- 
plied physical  chemists)  and  chemical  engineers.  The  two  last 
mentioned  are  frequently  confused,  and  the  industrialist  does 
not  usually  draw  a  decided  distinction  between  the  analyst  and 
plant,  or  engineer,  chemist  as  to  preliminary  training.  Strictly 
speaking,  from  the  manufacturer's  viewpoint,  the  chemists  in 
his  employ  arc  either  research  or  analytical. 

AN    INDI'STRIAI,    .MTKAISAt    OF    THE    ClIIiMICAI,    TKAININC. 
OF   TO-DAY 


■d  ideut     k'mhI  idc 


id  Kooil 


There  exists  a  diversity  of  opinion  among  the  directors  of  cor- 
poration laboratories  of  this  country  regarding  both  the  industrial 
usefulness  of  present-day  chemical  instruction  nnd  the  defects 
of  academic  training;  in  chemistry  In  orclcr  to  dcinonstratc 
the  actuality  of  this,  I  shall  summarize  the  results  of  an  inquiry, 
preliminary  in  nature,  which  was  initiated  during  the  past  win- 
ter, as  to  whether  American  industrialists  arc  satisfied  with  the 
training  of  the  yoiuig  ihemlsts  who  have  l>ecn  taken  into  their 
cmjiloy  during  the  past  three  years.  In  prcsctiting  these  con- 
clusions, it  is  necessary,  both  because  of  the  large  scope  o(  the 
■tibjcct  and  lieraiisc  the  quotation  of  individual  instances  would 
Ik  ofTcii.Hivc,  to  prfH-erd  in  a  spirit  of  brond  generalization,  and 
the  validity  of  these  generic  applications  will  lie  deiH-iidrnt 
upon  their  contcxtural  rcu.ionablGiic'i'i. 

The  rcsultx  of  this  preliminary  invrstigntion  arc  ilhiminiiting 

■  An  addrru  drilvrrrd  l.rfnrr  tlir  New  York  Sfrlloii  n(  Ihr  Ain«rlc*n 
t  hrlnimt  Smlrlv  on  May   11.   1'Ji; 


of  the  improvement  over  the  conditions  which  obtained  in  fac- 
tory laboratories  six  years  ago.  From  the  repUes  received  in 
response  to  my  questionnaire,  approximately  30  per  cent  of  the 
chief  chemists  and  research  directors  expressed  no  real  dissatis- 
faction with  the  chemical  training  of  to-day.  These  officials 
conceded  that  a  perfect  training  could  hardly  exist,  and  indi- 
cated that  very  much  depended  upon  the  traits  of  character  of 
the  young  graduate,  independent  of  the  training.  They  thought 
that  our  large,  well-equipped  institutions  of  learning  gave  their 
chemical  students  fundamental  knowledge  which  constituted 
a  sort  of  inventory  with  which  the  men  began  work ;  but  they 
pointed  out  that  it  was  largely  a  question  of  active  optimism 
and  continuity  of  effort  of  the  man  in  the  position,  coupled, 
perhaps,  with  the  selection  of  subject  of  work,  and  that  accord- 
ingly some  gifted  yoimg  men,  with  verj'  little  academic  train- 
ing, often  accompUshed  fully  as  much. 

It  may  be  interesting  to  know  that  the  college  graduates  in 
our  steel  works  laboratories,  both  analytical  and  research,  are 
regarded  in  general  as  well  qualified.  In  fact,  one  chief  chemist 
who  had  employed  25  young  chemists  since  the  beginning  of 
the  European  war,  stated  that  these  men  had  "a  more  intimate 
knowledge  of  general  conditions"  in  such  plants  "than  those  of 
five  years  ago."  In  another  domain  of  industr>-,  the  laboratory 
director,  an  employer  of  45  chemists,  regarded  the  training  of 
the  men  received  into  his  department  as  "sufficient  for  the 
purpose."  To  quote  further  from  his  communication,  the 
"training  at  the  present  time  appears  to  be  very  good,  but.  of 
course,  many  men  are  taking  the  courses  who  are  not  fitted 
by  natiu'e  and  temperament  to  make  a  success  of  applied  chem- 
istry." Several  chief  chemists  agreed  that  "if  a  man  does  not 
do  satisfactory'  work  in  industrial  chcmistr>',  it  is  more  his  fault 
than  the  shortcoming  of  the  training  he  has  received."  A 
prominent  manufacturing  chemist  who  requires  twice  the  num- 
ber of  chemists  employed  five  years  ago,  reported  that  he  had 
noticed  no  difference  in  the  training  of  young  chemists  during 
the  past  three  years,  but  that  "Hke  all  human  beings,  some  are 
more  efficient  than  others  and  some  have  taken  better  advantage 
of  their  opportunities  than  others."  This  industrialist  retains 
only  the  diligent,  earnest  and  loyal  laboraton,-  employees.  The 
teclinical  director  of  a  large  oil  refinery  endorsed  the  satisfac- 
tory nature  of  present-day  chemical  training,  but  alluded  to 
the  failure  of  chemists  to  win  for  themselves  leading  positions 
in  their  respective  industries;  he  accounted  for  this,  in  a  measure, 
by  the  experienced  deficiency  in  "sticking  qualities;"  "young 
men  expect  rapid  promotion,  and.  if  such  is  not  forthcoming  ot 
once,  they  leave  our  employ  in  the  hope  of  finding  a  more  rapid 
advancement  elsewhere."  Still  another  technologist,  the  super- 
visor of  12  researchers,  gave  the  opinion  that  "the  quality  of  the 
men  has  improved  greatly  in  tlie  last  five  years  and  their  knowl- 
edge of  theoretical  chemistry  is  greater,  but  they  arc  vcr>'  much 
lacking  in  even  semi-practical  work,  having  no  knowledge  of 
even  the  smallest  form  of  industrial  iipparntus,"  Mis  new 
cheniioal  employers  therefore  serve  an  apprenticeship— a  pro- 
cedure which  has  l>ccome  so  general  in  manufacturing  chemistry 
that  it  will  l)c  considered  at  more  length  later.  Kinally.  mention 
may  l>e  made  here  of  the  comploint  of  those  dim-tors  who. 
while  entirely  satisfied  with  the  adequacy  of  our  cheniical 
curricula,  receive  fewer  applications  for  iHwitions  fnmi  well- 
trained  chemists  than  they  did  three  yean  aKO-  <'*i>e  employer 
of  38  chemists  stutetl  that  the  de-iirable  ty|>c»  of  invrntisator 
sccmeil  to  lie  seized  Iwfore  RnuluatitMi  by  the  "war  Iwhic*." 
"who  offer  higher  salaries  than  the  chemical  Industrie*  not  work- 
ing for  exixirt  wouUI  pay  normally  "  It  ha»  licfomc  incrru«ngljr 
dinictilt  for  Mich  miuiiiduturrf*  to  l.vatr  the  nun  irmiirr<l  for 
filling  vacoiicirs  crnitrd  by  advuiufincnt  o(  the  tnnnl>ri«  of  their 
RtalTs. 

On  the  otiHi   li m.!    ihr  iiiiiiiirv  trvnilr.l  the  fuct  that  about 


THE  JOL'RXAL   OF  INDUSTRIAL   A  X  D  ENGIXEERIXG  CHEMISTRY       Vol.  9.  No.  8 


70  per  cent  of  the  heads  of  important  industrial  laboratories  are 
dissatisfied  over  the  type  of  instruction  that  in  many  cases  is 
offered  young  men  who,  after  graduation,  enter  i)lant  labora- 
tories in  positional  capacities.  There  is  dissatisfaction  with 
the  methods  that  are  taught  and  with  the  neglect  of  the  time 
factor  in  conducting  analyses — dissatisfaction  also  with  the 
omission  of  chemical  literature  from  the  course  of  study,  with 
the  failure  to  give  instruction  of  a  practical  nature  in  chemical 
apparatus,  and  with  the  neglect  to  teach  some  sense  of  propor- 
tion in  distinguishing  between  accuracy  and  practical  accuracy. 
Then,  too,  those  directors  who  have  given  the  subject  careful 
deliberation  point  to  the  lack  of  resourcefulness  and  optimism 
in  the  average  graduate  of  to-day,  and  advise  that,  wherever 
possible,  young  men  be  selected  for  training  in  chem- 
istry. 

One  great  corporation,  which  now  employs  70  chemists,  re- 
plied that  the  young  graduates  taken  into  its  laboratories  dur- 
ing the  last  several  years  did  not  fully  meet  requirements.  The 
opinion  of  the  head  of  the  research  department  of  this  company 
is  the  outcome  of  thoughtful  consideration  during  the  last  dec- 
ade, and  is  supported  in  general  by  the  findings  of  the  Sub- 
Committee  on  Research  in  Industrial  Laboratories  of  the  Com- 
mittee of  One  Hundred  on  Scientific  Research  of  the  American 
Association  for  the  Advancement  of  Science;'  it  is  therefore 
presented  in  full. 

"They  are  nearly  all  deficient  in  the  fundamentals,  especially 
quantitative  analysis;  they  have  not  received  in  the  university 
the  thorough  drilling  in  analysis  which  its  importance  warrants, 
and,  as  a  result,  it  is  necessary  to  put  the  young  men  through  an 
extended  drill  in  the  general  analytical  laboratory  lasting  for 
six  months  to  a  year  before  reliable  work  can  be  obtained  from 
them.  Obviously  it  would  facilitate  matters  if  this  drill  were 
given  in  the  university.  We  believe  more  time  should  be 
devoted  in  the  university  to  the  making  of  complete  analyses 
of  natural  substances;  as,  for  instance,  a  heavy  metal  sulfide, 
such  as  pyrites,  and  a  silicate,  such  as  feldspar,  everything 
present  being  determined  quantitatively. 

"Another  criticism  which  can  be  made  of  the  average  young 
chemist  is  that  he  is  lacking  in  a  knowledge  of  chemical  litera- 
ture. In  many  cases  he  knows  few  chemical  books  and  journals 
and  may  not  even  know  the  standard  books  on  analysis.  His 
ideas  on  where  to  find  methods  for  his  work  are  often  vague, 
and  consequently,  when  he  gets  into  difficulties,  as  all  chemists 
will,  he  is  unable  to  work  himself  out.  It  may  be  remarked  that 
lack  of  knowledge  of  chemical  literature  occurs  probably  most 
often  with  men  from  the  smaller  colleges. 

"It  is  suggested  that  it  would  be  profitable  to  pay  more  at- 
tention to  teaching  the  student  to  work  out  his  own  methods 
of  analysis;  for  instance,  if  he  were  given  a  sample  of  clay  for 
complete  analysis  and  required  to  locate  the  method  for  himself, 
he  would  be  better  prepared  to  meet  a  similar  situation  when  it 
occurred  outside  of  the  university  walls,  as  it  certainly  will  a 
year  or  two  later.  \Vc  appreciate  that  this  method  of  instruction 
is  used  to  .some  extent,  but  we  believe  that  the  average  student 
does  not  get  enough  of  it." 

This  contention  is  corroborated  by  the  experience  of  many  other 
managers  of  research  departments.  One  of  the  real  i^ersonali- 
tics  in  industry  remarked  that, 

"The  young  men  of  to-day  do  not  have  a  thorough  training 
in  analytical  chemistry,  the  desired  laboratory  accuracy,  nor 
do  they  seem  to  think  closely  along  strictly  chemical  lines." 

Another  director  replied  that, 

"It  has  been  our  observation  that  those  universities  that  aim 
to  give  broad  training  in  the  fundamentals  of  chcmistr>',  and 
that  neglect  no  department  of  analytical  work,  turn  out  men 
who  more  quickly  become  valuable  to  us  in  research  work  than 
do  institutions  that  endeavor  to  specialize  in  producing  so-called 
chemical  engineers." 

However,  in  such  highly  specialized  industries  as  the  manu- 
facture  of   aniline   colors,   somewhat   different,    and   preferably 
more  elaborate,  training  is  expected.     It  is  the  united  opinion 
that  in  such  an  industry  every  chemist  who  is  to  do  more  than 
'  Sec  Bacon,  5dVii.-c.  N.  S..  48  II9I7).  .14. 


routine  work  should  have  had  a  thorough  training  in  research 
work;  in  other  words,  the  man  with  the  bachelor's  degree  is 
unsatisfactory  unless  he  be  given  the  research  training  under 
factory  guidance,  and  obviously  the  man  with  the  experience 
of  a  Ph.D.  is  the  type  most  wanted.  From  the  viewpoint  of 
the  coal  products  industrialist  our  universities  are  most  weak 
in  the  direction  of  the  various  allied  branches  of  science  and  engi- 
neering. For  example,  men  are  needed  who  are  well  grounded 
in  electrochemistry,  physical  chemistry,  physics  and  the  engineer- 
ing subjects,  and  who  at  the  same  time  are  conversant  with  the 
fundamentals  of  organic  chemistry,  so  they  can  apply  their 
specific  knowledge  to  the  development  of  this  industry.  As 
explained  by  an  expert  in  dyes,  much  of  the  time  spent  in  indus- 
trial chemistry  as  well  as  in  certain  lines  of  analytical  chemistry 
does  not  bear  the  fruit  it  would  if  devoted  to  the  study  of  the 
fundamental  lines  of  the  above  allied  subjects.  "The  most 
practical  thing  which  the  university  can  do  for  its  students  is 
to  ground  them  thoroughly  in  the  theory  of  chemistry  and  at 
the  same  time  give  them  some  insight  into  the  fundamentals 
of  the  above-mentioned  subjects." 

Of  course,  it  is  essential  that  every  chemist  learn  the  manipula- 
tion peculiar  to  chemistry,  but  it  is  questionable  if  this  cannot 
be  done  in  less  time  than  most  institutions  take  for  it.  It  seems 
to  be  the  opinion  of  the  men  engaged  in  manufacturing  organic 
chemistry  that  the  industry  itself  can  train  the  man  best  in 
industrial  chemistry  providing  he  has  some  groundwork  upon 
which  reliance  can  be  placed  and  that  this  groimdwork  should 
be  taught  in  the  university.  One  thing  is  certain:  the  industrial- 
ists in  that  field  arc  demanding  that  the  chemist  be  able  to  con- 
duct investigations,  and  every  student  should  be  made  to  realize 
that  he  must  have  graduate  work  to  give  him  training  which  is 
absolutely  essential  to  his  success. 

Another  group  of  research  directors  holds  firmly  to  the  view 
that  character  and  natural  ability  are  of  infinitely  more  conse- 
quence than  training,  and  that  in  regard  to  the  latter  by  far 
the  most  important  part  is  that  received  after  entering  industrial 
work.  That  is,  each  important  branch  of  industry  demands 
its  own  special  type  of  chemist  and  consequently  no  course 
of  university  training  can  cover  all  the  requisite  ground.  Most 
of  the  profitable  work  in  industry  is  the  outcome  of  intimate 
contact  with  factor^'  practice  and  manufacturing  difficulties, 
and  one  of  the  most  valuable  assets  that  a  young  chemist  can 
possess  is  the  ability  to  get  close  to  factory  workmen  and  secure 
their  cooperation.  This  group  accordingly  regards  the  young 
chemist  as  undertrained,  not  so  much  in  chemistry,  but  in  the 
every-day  affairs  in  industrial  practice,  and  considers  the  young 
graduate  most  useful  who  possesses  a  sense  of  how  to  do  things 
in  a  direct  way  ("factory  sense"),  which  is,  of  course,  resource- 
fulness. The  difficulty  experienced  is  in  knowing  how  to  select 
the  right  man  for  the  place. 

One  of  our  leading  manufacturers,  himself  a  chemist,  informed 
me  that  he  had  never  found  a  chemist  who  had  sufficient  train- 
ing to  take  up  his  particular  line  of  work,  and  that  factory  train- 
ing was  invariably  necessary  before  the  young  graduate  became 
sufficiently  efficient  to  earn  his  salary.  This  technologist  did 
not  approve  of  the  methods  in  use  in  teaching  chemistry  in  this 
country:  "Our  system,  with  perhaps  one  or  two  exceptions,  is 
like  teaching  the  grammar  of  a  foreign  language  exclusively 
without  teaching  the  language.  The  student  knows  all  about 
the  language  excepting  how  to  talk."  This  is,  no  doubt,  an  ex- 
treme view,  for  my  inquiry  shows  that  it  is  far  from  being  repre- 
sentative, but  it  is  the  outcome  of  a  varied  experience  and  there- 
fore merits  mention.  The  general  opinion  among  manufacturers 
who  are  alone  in  a  field  of  industrial  chemistry  or  who  are  en- 
gaged in  a  highly  specialized  branch  thereof,  is  that  it  would 
be  expecting  too  much  of  the  universities  to  ask  them  to  supply 
trained  men.  As  one  chemical  director  has  expressed  this  con- 
dition,  "If  the  man  has  a  good  university  training,  and  has 
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learned  to  think  for  himself  and  use  inherited  common  sense, 
we  usually  can  make  a  pretty  good  industrial  chemist  out  of 
him  in  a  year  or  two."  This  director  has,  in  fact,  even  gone  to 
the  extreme  of  placing  men  with  no  chemical  training  in  charge 
of  chemical  operations  because  of  their  ability  to  exercise  inde- 
pendent thought  and  to  act  wisely  in  an  emergency;  of  course, 
he  has  always  supplemented  such  men  by  others  with  chemical 
training,  in  order  to  reply  to  chemical  queries  as  they  arise  and 
not  obligate  those  in  charge  to  ascertain  the  answers  themselves 
at  a  great  waste  of  time. 

Supplemental  laboratory  training  for  young  graduates  is 
a  general  practice  in  the  explosives  industry.  One  com- 
pany has  found  that  university-trained  chemists  are  satisfac- 
tory after  six  or  eight  months  training  in  its  own  laboratories, 
while  in  the  chemical  department  of  another  corporation  the 
newer  men  usually  work  under  chemists  who  have  had  several 
years'  experience  in  both  research  and  in  the  adaptation  of  lab- 
oratory processes  to  works  operations.  "If  a  man  has  a  good 
grounding  in  chemistry  and  is  the  right  kind  of  man.  we  put  him 
under  older  men  in  the  laboratory  to  help  in  their  investigations, 
and  he  in  time  becomes  able  to  carry  on  research  himself,  that  is, 
if  he  has  the  right  kind  of  brains  for  that  kind  of  work." 

The  following  system  of  training  is  in  operation  by  a  com- 
pany which  manufactures  over  40  products  and  employs  about 
60  chemists: 

The  carefully  selected  young  graduates  are  first  placed  in 
the  routine  laboratory,  the  head  of  which  eventually  transfers 
the  most  capable  chemists  to  the  research  laboratory.  There 
are  always  a  number  of  investigations  in  progress  in  the  research 
laboratory,  and  one  of  the  relatively  new  men  is  placed  in  charge 
of  a  process  undergoing  development.  If  he  "makes  good" 
under  the  general  supervision  of  the  research  director,  he  later 
becomes  superintendent  of  a  plant  erected  for  the  purpose  of 
applying  the  process.  The  method  of  getting  into  a  new  line 
of  manufacture  is  as  follows:  a  process  is  tested  out  with  ordinary 
laboratory  apparatus,  and  then,  if  the  yields  and  prospects  are 
stich  that  it  is  decided  to  go  into  that  line  of  manufacture,  a 
small  plant  is  Iniilt.  A  small  amount  of  material  is  made  in 
this  way,  and  then  the  apparatus  is  improved  upon  according 
to  the  judgment  of  the  man  in  charge,  until  finally  it  is  got  into 
working  shape.  It  may  then  have  a  capacity  of  only  a  few 
ounces  or  a  few  pounds  per  day.  This  equipment  is  then  used 
by  the  engineering  department  as  a  basis  of  design  for  a  com- 
mercial plant.  The  first  commercial  unit  itself  is  usually  made 
on  a  small  scale,  and  in  as  cheap  a  building  as  possible,  and  is 
expanded  and  elaborated  as  experience  indicates.  In  other 
words,  the  processes  and  equipment  are  the  products  of  slow 
but  steady  evolution,  and  the  desired  type  of  works  chemist 
also  results  from  this  systematic  development.  When  taken 
into  the  company's  employ,  the  chemists  are  not  competent  to 
do  anything  but  assist,  but  they  are  advanced  to  positions  of 
leadership  as  rapidly  as  they  arc  fully  able  to  hold  the  jobs — • 
at  least,  that  is  the  aim. 

l''inally,  reference  should  be  made  in  this  section  to  the  recom- 
mendation of  a  chemical  works  manager  of  wide  experience. 
In  his  opinion,  some  provision  should  be  made  in  our  cducn- 
tional  system  for  the  trnining  of  boys  during  the  high  school 
period  in  such  technical  subjects  that  they  will  be  fitted  for 
positions  as  "Chemists'  Apprentices,"  if  such  a  term  may  lie 
used.  Hy  chemists'  apprentices  is  meant  boys  who  have  had 
the  equivalent  of  a  high  school  course  dcvotc<l  almost  exclusively 
to: 

Atilliinchi'.  IhriiiiKli  lilniirnliiry  AlBchru 
KlFtiiFiiiiiiy  l'liy«l<'^ 
l^lriiinttiiry  Clirmislry 
Hlriiiniliiry  Mr.'liiinlr> 
A  lltlli-  Mrrhnnlrdl  DtuKlni 

CcinaMrrulilr  Maiinol  'I'rulnlni.  raprdally  WikmI  WoiKIiik  anO  Maililnr 
Tnol  Work  n(  I  he  •iniplrr  xiri 


"We  like  to  provide  most  of  our  chemists  with  one  or  more 
of  such  apprentices.  Bj'  so  doing  we  enormously  increase  the 
output  of  the  trained  chemist  and  at  the  same  time  we  train 
up  a  valuable  corps  of  assistants,  who,  for  some  piu-poses,  are 
more  satisfactor>'  than  the  college  graduate.  W'e  fully  appre- 
ciate that  the  educational  problem  involved  is  pm-ely  a  local 
problem;  for,  according  to  this  plan,  each  community  must 
shape  its  technical  high  schools,  or  trade  schools,  according  to 
the  needs  of  the  industries  of  that  particular  section." 

the  selection  and  training  of  students  for  industrial 
research' 

"Our  schools  are  called  upon  now.  not  to  record  and  systematize. 

but  to  instil  the  active  germ  of  a  conscious,  creative  evolution." 

Research  leading  to  the  discovery  of  new  ideas  requires  not 
only  intellect  and  training,  but  also  initiative  or  genius;  it  can 
come  only  from  an  individual  who  possesses  unusual  intuition 
and  insight.  It  follows,  therefore,  that  there  is  a  scarcity  of 
men  gifted  with  the  genius  for  industrial  research,  and  that  it 
requires  much  experience  in  selecting  suitable  men  and  in  train- 
ing them  to  the  desirable  degree  of  efficiency,  after  ha\-ing  de- 
termined the  particular  qualities  required. 

It  is  considered  advisable,  in  view  of  the  experience  of  Amer- 
ican manufacturers."  that  in  the  beginning  of  his  senior  year 
the  chemical  student  should  branch  more  or  less  to  a  special 
study  of  the  line  of  industrial  work  with  which  he  anticipates 
he  will  later  be  associated.  Those  students  possessing  me- 
chanical aptitude  and  those  gifted  for  research  work  should  be 
carefully  selected  with  a  view  of  suggesting  specialization. 
Generally  speaking,  students  qualified  upon  the  completion  of 
their  undergraduate  work  to  become  engineers  and  research 
chemists,  should  be  advised  to  devote  two  or  three  years  to 
post-graduate  study  with  the  object  in  view  of  qualifying  them 
for  service  in  specific  branches  in  the  domain  of  chemical  indus- 
tr>'.  These  chosen  students  should  be  advised  against  accept- 
ing positions  of  an  isolated  nature. 

Important  qualifications  in  industrial  research  are  the  fol- 
lowing: 

Adequate  traioiuK- 
Scicntilic  acumen.' 
.Active  optimism.* 
Intellectual  honesty. 
I'nselfishncss.*  1 

Tact.  J 

Creative  power  • 
lixactiludc.' 
Intrepidity  • 

Some  directors  of  research  place  active  optimism  above  scholar- 
ship, for  they  maintain  that,  without  it,  little  that  is  novel 
will  be  accomplished  except  by  accident.  One  is  more  likely 
to  grant  that  knowledge  may  .sometimes  1)C  a  detriment  to  a  re- 
searcher imbued  merely  with  n  need  of  soUHng  new  problems. 
However,   the   determinable   nature  of   scholarship   inducxrs  its 

'  Ha«ed  in  part  upon  |liicon»  report  in  S.im.r.  N.  S  .  IS  .WITl.  .M 
'  Thi»  statement  i»  mnde  on  the  Imniii  o(  the  inquiry  tciHwtwl  upon 

in  the  preceding  section  n«   well   ns   from   the  retulla  o(   |»rrM>n«l   ol>»erv«. 

lion. 

•  F.«peclnlly  talrnt  tor  olwervmion  «nd  the  (ill  ot  detluniiK  v.und 
conclusioni  from  work.  Such  krenneu  i>  rbararlrtiitic  o(  "Ixim  chcnilsU" 
and  scicntiftU  in  general. 

'  Thi«  includea  ho|>eful  jwrlinaclly.  rnlhu«ia«m.  conftdence  and  •««(• 
reliance. 

•  Active  nplinii«ln    and   cortprralion    umioiic    .nulirifd  rr»r«i.hrr«  con- 

•  lllUle    Ihe    l>a»i.    ol    .u.rr..    in    .vUmall.     ■r.r.l.Il         Ur.i-AI.l.rl.    .ho    UTt 
acllvety  nplinllslic  ate  invallatilv  mm  ..<  -v,i,i->'l,v  «ii.l  lifn.r  l..\.l(T 

•  This  i..ii.isl«  largely  o(  in-  "'v  aii.l  in.lglll.  A 
l|UHliAr«l  rrsrarcher    whi»  |mMe»M-«  n                                       ^    •  clt-»l«»l 

'  Sound  Indgnienl.  ihoroughiir.  ••  V  «n  e.iwnnienlalKw 

and  knowledge 

•  ThI.  i.  o(  especial  >alue  dnnng  the  Industrial  des-rlopmrnl  of  the 
results  of  research. 


Scholarship 
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primary  consideration  in  this  place.  It  is  scarcely  necessary 
to  mention  that  in  no  other  human  endeavor  do  the  personal 
traits  protrude  so  much  as  in  concerted  research;  but  the  suc- 
cessful administration  of  research  always  presupposes  the  ut- 
most faith  in  human  nature,  and  it  frequently  requires  some  time 
for  a  display  of  optimism,  poise,  or  fair  play  to  become  evident 
among  qualified  research  chemists,  especially  when  they  are 
engaged  on   separate  problems. 

The  important  requisites  for  industrial  research  are  frequently 
given  no  consideration  by  manufacturers,  who,  in  endeavoring 
to  select  a  research  chemist — particularly  their  first  researcher — 
are  likely  to  regard  every  chemist  as  qualified  for  investigatory 
work.  The  supply  of  men  capable  of  working  at  high  efficiency 
as  researchers  is  well  below  the  demand,  and  chemists  having 
the  requisites  and  spirit  of  the  investigator  are  indeed  difficult 
to  find  even  by  those  experienced  in  the  direction  of  research. 
All  research  professors  know  that  the  location  of  a  skilled  private 
assistant — one  who  possesses  not  only  originality,  but  also 
sound  judgment  and  intellectual  honesty — is  not  easy,  because 
it  frequently  involves  the  gift  of  prophecy  on  the  part  of  the 
searcher.'  It  has  been  truly  said  that  the  "seeds  of  great  dis- 
coveries are  constantly  floating  around  us,  but  they  take  root 
only  in  minds  well  prepared  to  receive  them." 

On  account  of  the  extraordinary  technologic  importance  of 
new  ideas,  particular  emphasis  should  always  be  laid  upon  find- 
ing and  supporting  brilliant  researchers.  Such  individuals 
can  best  be  found  in  the  universities.  The  function  of  the 
university  is  to  work  with  the  beneficent  idea  of  increasing  the 
sum  of  human  knowledge,  and  among  its  most  valuable  products 
are  those  who  will  work  for  the  exercise  of  the  investigative 
instinct  and  the  pleasure  of  overcoming  difficulties. 

The  examination  of  the  training  necessary  for  those  proposing 
to  take  up  industrial  research  which  is  common  with  all  scien- 
tifically trained  men,  is  too  exten.sive  a  subject  to  be  discussed 
here.  It  is,  however,  appropriate  to  consider  those  subjects 
to  which  it  seems  desirable  for  the  prospective  researcher  to 
devote  specific  attention;  reference  is,  of  course,  had  to  sub- 
jects other  than  those  required  by  the  average  student  of  the 
sciences  as  distinguished  from  their  industrial  application,  but 
the  assumption  is  not  made  that  what  is  desirable  for  research 
work  should  not  also  be  available  for  all. 

Research  men  in  the  service  of  our  industries  frequently  pos- 
sess adequate  training  and  scientific  acumen,  but  fail  in  their 
ability  to  use  it.  There  is  no  question  that  the  chemical  graduate 
of  to-day  is  most  noticeably  deficient  in  resourcefulness.  A 
qualified  research  chemist  who  possesses  initiative  is  usually  a 
creator,  but.  owing  to  the  neglect  of  existing  difficulties  in  chem- 
ical pedagogy,  the  present-day  graduates  of  our  schools  of  chem- 
istry are  too  often  deficient  in  inspiration,  ingenuity  and  insight. 
The  failure  to  provide  adequate  and  systematic  instruction  in 
chemical  literature  is  illustrative  of  this  contention. 

Before  commencing  laboratory  work  upon  any  problem,  it  is 
obviously  necessary  to  digest  intelligently  the  important  contri- 
butions which  have  been  made  upon  the  subject  and  to  take 
advantage  of  what  other  workers  have  done  in  the  same  field. 
The  average  graduate  is  usually  almost  helpless  when  attempting 
to  do  this  and  consequently  requires  close  supervision.  The 
main  difficulties  are: 

(a)  He  does  not  know  how  to  go  about  it;  he  does  not  know 
where  to  look  as  the  most  probable  source;  and  he  is  not  familiar 
with  the  standard  treatises  and  important  journals. 

(6)  He  fails  to  analyze  the  subject  into  its  factors  and  hence 
generally  looks  for  topics  which  are  too  general.  Because  he 
does  not  find  any  reference  to  the  problem  as  a  whole,  as  he  has 
it  in  mind,  he  assumes  that  nothing  has  been  done  upon  it  and 
that  there  is  nothing  in  the  literature  which  will  be  of  aid  to  him 
in  the  investigation.  Were  he  to  separate  his  subject  into  its 
'  Sec  discussion  in  ^cienct,  N.  S.,  11  (1915).  319. 


essential  parts  and  then  to  consult  the  literature  on  each  factor, 
he  would  find  considerable  information  which  he  otherwise 
would  miss. 

(c)  He  does  not  critically  digest  the  articles  under  examina- 
tion, but  often  he  makes  only  a  few  discormected  quotations 
and  fails  to  interpret  the  work  done. 

The  solution  is  to  be  found  in  the  provision  in  the  chemical 
curriculum,  preferably  in  the  junior  year,  of  a  course  of  lectures 
(one  hour  per  week)  on  the  literature  of  chemistry,  with  par- 
ticular reference  to  the  character  of  the  writings  and  the  status 
of  the  authors.  The  purpose  of  this  course  should  be  to  present 
a  general  survey  of  the  voluminous  literature  and  to  impart  an 
accurate,  systematic  working  knowledge  of  chemical  bibliog- 
raphy. A  concurrent  seminar  (at  least  two  hours  per  week) 
should  be  devoted  to  indexing  and  tracing  chemical  literature,  to 
the  cultivation  of  an  acquaintanceship  with  authorities,  and  to 
the  solution  of  bibliographic  problems.  This  training  should 
continue  through  the  senior  year  in  order  that  it  could  be  put 
into  practice  in  thesis  work. 

Pedagogic  attention  should  also  be  given  to  the  arrangement 
of  a  course  of  study  in  the  principles  of  technical  reporting  and 
in  the  criteria  of  literary  excellence  in  the  preparation  of  reports 
of  researches  and  i)rofessional  reports  The  completion  of  such 
a  subject,  with  its  accompanying  analysis,  practice  and  criticism, 
would  usefully  supplement  the  training  received  in  chemical 
bibliography  and  would  develop  a  capability  which  is  much 
needed  by  chemical  graduates. 

It  may  be  noted  in  passing  that,  during  the  academic  year 
1914-15,  distinct  courses  in  chemical  literature  and  in  technical 
reporting  were  established  at  the  University  of  Pittsburgh. 
Much  success  has  attended  this  pedagogic  innovation.  Train- 
ing in  chemical  literature  for  juniors  has  been  provided  at  the 
University  of  Illinois  since  1913,  and  there  has  been  observed 
a  marked  difference  in  the  ability  of  the  seniors  to  handle  litera- 
ture with  discrimination. 

The  chemical  graduate  of  to-day  is  also  deplorably  deficient 
in  resourcefulness  in  planning  research.  While  this  is  an  ex- 
tensive subject,  a  research  student  may  be  trained  in  correct 
methods  of  attack,  namely: 

AM.\LVTICAL  METHODS — -Almost  all  investigations  require 
analytical  control.  In  no  feature  of  chemical  work  is  there 
more  apparent  an  inability  to  use  the  analytical  training  which 
the  young  chemist  has  received. 

PLANNING  THE  INVESTIGATION — -Resourcefulness  in  separa- 
ting a  problem  into  its  essential  factors  and  in  clearly  grasping 
the  interrelationship  of  these  factors  is  most  important.  Too 
many  men  desire  to  start  in  at  once,  hoping  thus  to  solve  the 
problem  at  the  first  attempt.  This  tendency  could  be  over- 
come by  instruction  in  "methods  of  research." 

APPARATUS — Unfamiliarity  with  apparatus,  both  labora- 
tory and  plant,  is  a  marked  weakness  in  the  average  graduate. 
While  cleverness  in  this  respect  is  doubtless  innate,  and  not  made, 
it  should  be  possible  to  give  the  undergraduate  some  training 
in  the  use  of  his  mental  equipment  in  designing  and  planning 
apparatus  which  is  to  accomplish  definite  desired  results. 

THE    STATUS   OF   THE    CHEMICAL   CONSULTANT 
"Our  chemical  house  must  be  in  order." 

At  the  present  time  the  practice  of  chemistry  savors  of  a  pro- 
fession, but  it  has  not  become  a  well-defined  and  established 
profession.  Indeed,  some  consider  it  doubtful  whether  it  can 
attain  a  higher  standard  until  the  cloak  of  legislative  protection 
has  been  thrown  around  it.  It  is  true  that  our  chemical  organ- 
izations can  endeavor  to  protect  the  public  against  impostors 
and  unqualified  consultants,  but  their  power  is  limited  and 
eventually,  according  to  this  viewpoint,  it  will  become  neces- 
sary for  the  public  to  resort  to  the  legislature  for  protection.     It 
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is  contended  that  chemical  liberaUty  has  opened  the  doors  to 
merely  interested  and  even  ignorant  persons — a  condition  which 
can  be  remedied  only  by  legislation. 

The  actual  profession  of  the  consulting  chemist  should  re- 
quire very  careful  preparation  by  one  who  seeks  to  enter  it; 
but  while  many  may  have  occasion  to  consult  him,  compara- 
tively few  can  determine  the  qualifications  of  learning  and  skill 
which  he  possesses.  This  is  the  basis  of  the  argument  that  re- 
liance should  therefore  be  placed  upon  the  assurance  given  by  a 
license,  issued  by  an  authority  competent  to  judge  in  that  re- 
spect, that  he  has  the  requisite  training. 

The  wisdom  underlying  the  statutes  requiring  a  definite  pre- 
liminary education,  supplemented  by  special  study  at  accredited 
schools,  as  qualifications  precedent  to  the  application  for  license 
to  practice  medicine,  dentistry,  or  pharmacy,  cannot  be  ques- 
tioned. The  legislation  of  the  several  states  of  the  United  States 
in  this  respect  has  been  approved  by  the  courts  in  holding  those 
statutes  constitutional  which  prohibit  the  practice  of  those  pro- 
fessions by  unlicensed  persons.  The  profession  of  the  chemist, 
of  inestimable  importance  to  society,  has  not,  however,  found 
a  place  in  our  legislatures. 

While  the  chemist  does  not  have  to  deal  with  the  influences 
upon  which  health  and  life  depend,  he  has  been  active  in  the  pro- 
tection of  public  health,  of  vital  moment  in  modem  govern- 
ment, and  it  is  therefore  surprising,  perhaps,  that  society  has 
not  taken  advantage  of  the  right  to  prescribe  rules  of  conduct 
for  the  chemist  which  would  attempt  to  conduce  to  the  general 
welfare.  But  the  condition  may  be  explained  by  the  fact  that, 
logically,  as  it  now  exists,  the  chemical  profession  is  constituted 
of  varied  specialists  and  assistants  responsible  thereto,  and  it 
is  a  well-established  principle  of  law  that — 

"In  all  those  employments  where  peculiar  skill  is  requisite, 
the  one  who  offers  his  services  is  understood  as  holding  himself 
out  to  the  public  as  possessing  the  degree  of  skill  commonly 
possessed  by  others  in  the  same  employment." 

Then,  too,  as  in  the  case  of  the  engineer,  the  great  majority  of 
chemists  are  definite  employees  whose  qualifications  have  been 
passed  upon  by  the  organizations  they  serve  and  which  are  re- 
sponsible therefor,  and  admittedly  the  skill  and  knowledge 
possessed  by  these  representatives  are  not  for  the  determina- 
tion of  society  in  general.  Important  elements  of  this  nature 
serve  to  difTerentiate  the  status  of  the  non-consulting  chemist 
from  that  of  the  general  medical  practitioner.  The  question 
when  a  chemist  becomes  a  specialist  or  expert  will  never  be  one 
of  law,  l)ut  one  of  fact  for  his  own  determination  and  for  the 
recognition  of  his  employers  or  colleagues;  but  when  he  holds 
himself  out  as  a  consulting  specialist  in  some  subject  of  chemis- 
try, he  assumes  the  obligation  to  use  that  degree  of  skill  which 
such  an  expert  should  necessarily  possess  in  the  opinion  of  the 
profession.  Statutory  liccn.sure  would  therefore  appear  to  be 
unnecessary.  The  reasoning  in  this  contention  is  predicated 
upon  the  law  relating  to  the  liability  of  the  medical  specialist. 

The  fact  that  tlierc  have  been  so  few  damage  suits  involving 
<  'insulling  chemists  is  a  monument  to  the  general  high  integrity 
I  if  the  chemical  profession.  Indeed,  the  rarity  of  chemical 
(luackcry  is  convincing  testimony  that  there  is  no  moral  need 
for  legislative  protection  of  the  public.  Society  must,  however, 
look  to  professional  organizations  of  the  ty|x:  of  the  American 
Instilnle  (if  Clieniical  Ivnginccra  to  raise  constanllv  the  ethical 
and  sciiiilific  staiidiinls  of  chemical  consultants,  disrouraKing 
and  pr<iliibitiMK  unprofessional  conducl.  Ni>  one  shoidd  l>c  rc- 
gartluil  us  a  chemical  rnginccring  consultunt  until  lie  can  qualify 
for  membership  in  the  American  In.stitiitc  of  Chemical  linginccrs,' 

<  It  I1  not  coiilrndrit  tlial  every  rliriiiUiil  rnniiirrt  ■liniilil  l>r  riprrtrd 
111  «rrk  mrnilirrihlp  In  ihr  Amrrlran  Inalllulr  •>(  Clirnilcal  I{n(lnrrr<,  bul 
It  U  rmiioimlily  iiinlntiainril  that  ev«ry  uiic  who  holil<  liiiiurU  nut  ••  11  con. 
•iillinu  rlirinlrul  pii|liirrr  •liiiiilil  In  alilr  to  c<ini|ilv  with  the  itaniUrd 
v<ti>MI<lircl  liy  Hint  nriiinl>ailf>o  and  that  Ihia  <|ualinraili>n  •lioiild  In  im- 
I'l.iyrd  Imally  In  cnnnrrlliin  ollb  «lp»rt  and  nplnlnn  rvldrnr*. 


and  it  is  highly  desirable  that  an  institute  of  analysts  also  be 
established,  in  order  to  advance  the  cause  of  analytical  chemis- 
try and  to  give  the  analyst  such  standing  before  the  community 
as  will  justify  the  complete  recognition  of  his  profession  by 
municipal,  state  and  federal  authorities  in  pubhc  works. 

Those  engaged  in  the  practice  of  chemistry  have  become  con- 
scious of  their  work  as  a  social  service  and  their  devotion  to  this 
work  is  intensified  by  the  recognition  that  they  are  imited  in  a 
sort  of  invisible  brotherhood.  It  is  therefore  a  natural  result 
that  their  personal  pride  in  individual  achievements  has  become 
so  elevated  by  consciousness  of  class  that  it  has  been  converted 
into  an  abiding  professional  pride.  The  industrial  chemist 
has  been  obhged  to  contend  with  infinite  diversity  of  institution 
and  with  empiricism,  but  the  introduction  of  scientific  methods 
is  providing  a  new  center  of  interest  for  him  as  well  as  for  the 
organization  which  he  serves. 

Mellon  Institute  op  Industrial  Research 
University  of  Pittsburgh.  Pittsburgh,  Pennsvlvania 
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Trinitrotoluene,  although  long  known  to  chemists,  is  com- 
paratively new  in  the  field  as  a  militar>'  explosive,  and  for  brev- 
ity is  designated  by  various  trade  names,  such  as  "Trotyl," 
"Tritol,"  "Trinol,"  "Tolite,"  "Trilit,"  and  commotdy  known 
as  TNT. 

Picric  acid  or  trinitrophenol  was,  and  is  still,  used  to  a  large 
extent  as  the  principal  explosive  of  this  class,  under  the  names 
of  "Lyddite"  and  "Shimose."  Picric  acid  and  TNT  belong 
to  the  "brisant"  or  shattering  class,  and  are  used  largely  in  the 
manufacture  of  shells,  torpedoes,  mines,  and,  either  alone  or  as 
components,  in  detonators  or  "exploders."  The  chief  disad- 
vantage in  the  use  of  picric  acid  is  its  tendency  to  form  ver>' 
sensitive  picrates  with  the  metals  of  shells,  etc.,  and  necessi- 
tates strict  specifications  for  these  materials. 

TNT  has  several  advantages  over  picric  acid,  vis.: 

(i)  Inertness  towards  heavy  metals,  in  direct  contrast  to  the 
picric  acid,  although  caustic  potash  or  sixla  will  form  com- 
pounds with  TN'T  which  will  cause  it  to  explode  at  even 
160°  C. 

(2) — Lower  fusion  temperature,  which  allows  pouring  to  be 
done  at  81°  C.  or  lower,  while  picric  acid  requires  a  temi>cra- 
ture  of  us  to  120°  C. 

(3) — Stability  in  storage;  it  can  be  stored  indefinitely  without 
change  in  composition. 

(4) — Insensitiveness  to  shock  of  impact  or  tiring,  so  that  it 
can  be  safely  handled  and  transported.  A  rifle  bullet  fired 
through  a  case  of  TNT  has  no  explosive  effect,  and  covering 
with  either  sand  or  water  has  no  cITcct  on  shattering  force. 

The  velocity  of  detonation  is  less  than  picric  acid:  7io<i  me(en 
per  second  against  7600. 

The  expansive  force  test  shown  in  the  'Trausol  Icud  bUick" 
inclliod  gives  for  TNT  318  cc.  against  nS  for  picric:  these  figures 
may  vary  with  <li(Tcrcnt  grades  of  niulrrial,  uiui  are  mcrrly 
cited  for  coiiipari.MUi. 

The  lower  expan.sivc  or  shuttrriuK  foicc  is  in  «>inc  instances 
advantaKeoiis;  for  rxaiiiplr.  a  shell  blown  in  very  small  pieces 
wii;  not  have  the  diiuislroiii  cITecl  pnxluce*!  if  the  fraimenU 
are  larger. 

l'»r<l  in  dcloiiators,  TNT  rrplucc.*  the  ninrr  c\|>cii<.ivr  mcrctiry 
fulminate;  f.  f  ,  in  a  No  ;  cap  onitaiiiing  i  >  r.  of  ful- 
minate, 0.7  g.  o(  TN'f  "'ll  1.  ..l...-r  ,.    I  .•    ,.f  (.tliiiiniilr 
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TNT  is  also  used  as  component  of  many  explosive  mixtures, 
having  greater  effect  if  combined  with  compounds  like  chlorates 
and  nitrates,  which  furnish  oxygen  for  complete  combustion  of 
the  TNT,  which  is  decidedly  lacking  in  oxygen,  and  when  ex- 
ploded alone  gives  a  dense  black  smoke. 

INSPECTION 

TNT  is  on  the  market  in  two  grades,  primarily,  crude  and 
refined.  The  crude  has  not  been  recrystallized  from  solvents, 
while  the  refined  has.  Of  these  two  grades,  there  may  be 
several  other  grades  based  on  the  melting  point  (M.P.)  or  usually 
the  solidification  point  (S.P.). 

The  crude  TNT  is  the  more  common  in  the  T.  S.  and  when 
purchased  by  foreign  governments  is  shipped  crude  and  cither 
refined  or  blended  with  other  substances.  The  greater  bulk 
of  TNT  made,  up  to  very  recently,  has  been  shipped  crude, 
probably  only  three  plants  in  the  U.  S.  manufacturing  the  re- 
fined grade  in  any  quantity.  In  the  different  plants  the  product 
is  obtained  in  lots  of  approximately  2200  lbs.  each,  called  "runs." 

The  specifications  usually  call  for  containers,  such  as  cases 
or  kegs,  which  hold  from  60  to  100  lbs.,  are  lined  with  oiled 
paper,  and  numbered  as  to  shipment,  "run"  and  case.  The  in- 
spector may  be  expected  to  check  the  weights,  and  take  samples 
for  analysis. 


Samples  should  represent  amounts  of  4000  lbs.,  and  for  con- 
venience a  composite  sample  from  two  runs  is  often  taken. 
The  cases  are  selected,  opened,  the  samples  taken  from  differ- 
ent parts  of  the  case,  mi.xed,  and  three  i-lb.  bottles  filled:  one 
each  for  buyer,  seller,  and  referee,  the  latter's  bottle  being 
sealed  by  the  buyer's  inspector. 


COLOR  should  be  light  yellow,  for  crude,  cream  for  refined. 

Comment — The  color  changes  rapidly  when  exposed  to  strong 
light,  sunlight  changing  it  from  yellow  to  orange  in  15  to  20 
minutes,  although  usually  the  deeper  shades  of  yellow  are  not 
an  indication  of  impurity.  The  brownish  grades  should  be  in- 
spected, though  not  necessarily  condemned  in  the  crude  grade 
without  confirmatory  tests. 

In  the  refined  grade  the  color  may  vary  with  tlie  solvent  used  in 
recrystallizing,  but  should  usually  be  of  a  light  cream,  melting 
to  a  clear  light  brown,  not  darkening  appreciably  at  100°  C. 
for  2  hours. 

FINENESS — For  crude,  90  per  cent  shall  pass  through  a  10- 
mesh  sieve.  For  refined,  99  per  cent  shall  pass  through  a  12- 
mesh  sieve.  For  exploders,  all  shall  pass  through  a  30-mesh 
sieve. 

Comment — The  crude  may  contain  frequently  7  to  8  per  cent 
of  lumps  larger  than  specified,  but  usually  is  O.  K.,  always  being 
sieved  before  packing,  and  the  lumps  forming  on  the  sides  of 
the  crystallizing  tub  have  been  allowed,  intentionally  or  acci- 
dentally, to  get  into  the  sieved  product. 

MOISTURE  shall  not  be  more  than  o.  10  per  cent  for  crude  or 
refined  (some  specifications  allow  0.15  per  cent)  and  shall  be 
determined  by   drying  2  g.  over  sulfuric  acid  for  24  hours. 

Comment — The  method  is  efficient  and  will  remove  as  much  as 
30  per  cent  moisture  in  the  time  specified. 

ACIDITY — There  must  be  no  acidity.  This  determination  is 
made  by  shaking  10  g. ,  melted,  with  100  cc.  boiling  distilled 
water,  allowing  to  cool,  pouring  off  the  water  extract  into  a 
flask,  and  reserving;  the  operation  is  repeated  with  50  cc.  water, 
adding  the  second  extract  to  the  first.  The  combined  extraction 
is  titrated  with  .V/20  caustic  alkali,  using  pheiiolphthakin  as 
indicator. 


Other  specifications  less  definite  are  as  follows:  Shake  5  g. 
with  100  cc.  of  distilled  water  in  a  100  cc.  graduated  cylinder 
one  minute,  add  blue  litmus  paper  and  stand  30  minutes,  with 
occasional  shaking.  The  paper  must  not  show  any  acid  reac- 
tion at  the  end  of  this  time. 

One  specification  allows  0.03  per  cent  acid  calculated  as  sul- 
furic. 

Comment — The  method  of  the  first  specification  seems  better, 
although  any  sodium  bicarbonate  washing  (not  used  at  present) 
will  give  acid  reaction  at  this  point,  whereas  methyl  orange 
will  give  only  the  mineral  acids.  The  litmus  paper  shows  acidity 
with  phenolic  compounds  as  well  as  acids,  but  if  the  determina- 
tion is  carried  out  as  specified,  there  will  be  no  color  to  the  litmus 
paper,  it  having  been  completely  bleached,  and  any  acid  reac- 
tion is  more  or  less  doubtful.  The  method  may  be  modified 
as  follows:  Shake  5  g.  with  400  cc.  distilled  water  i  minute, 
filter,  stand  5  minutes  and  add  the  litmus  paper;  any  acid  reac- 
tion will  be  detected  in  2  minutes.  The  litmus  might  be  used 
instead  of  titrating  in  the  first  method. 

INSOLUBLE  MATTER  must  not  excccd  0.15  per  cent,  as  de- 
termined by  boiling  10  g.  with  150  cc.  of  95  per  cent  alcohol, 
collecting  on  weighed  Gooch  crucible,  washing  with  not  more 
than  150  cc.  of  95  per  cent  alcohol,  drying  at  95°  C.  i  hour  and 
weighing. 

Some  specifications  call  for  benzene  as  the  solvent  and  allow 
o.  I  per  cent  for  refined,  o.  15  per  cent  for  medium,  and  0.2  per 
cent  for  crude. 

Comments — The  method  is  efficient. 

Turbidity  in  the  wash  water  is  one  cause  for  high  insoluble 
matter,  and  another  is  allowing  the  TNT  to  stand  too  long  in 
the  lead-lined  wash  tanks,  the  acid  attacking  the  lead  and  form- 
ing lead  salts. 

ASH  IN  CRUDE  TNT  must  not  exceed  o.  10  per  cent,  determined 
by  igniting  i  g.  in  a  platinum  crucible,  allowing  to  burn  slowly 
and  igniting  completely,  precaution  being  taken  to  prevent  loss 
of  ash. 

Comments — The  sample  should  be  heated,  ignited  directly 
with  the  flame  and  allowed  to  burn  without  first  melting;  if 
melted  and  then  heated  further  the  sudden  combustion  will 
expel  it  from  the  crucible. 

The  size  of  the  sample  should  be  about  2  g.,  taking  into  con- 
sideration the  low  percentage  of  ash  present. 

The  residue  called  "insoluble  matter"  might  be  conveniently 
used  for  the  ash  determination. 

Some  specifications  called  for  sulfated  ash,  probably  to  avoid 
loss  of  potassium  or  sodium  salts  during  ignition. 

ASH  IN  REFINED  TNT  for  exploders  must  be  less  than  0.05  per 
cent. 

NITROGEN — Crude  TNT  must  not  contain  less  than  18.00 
per  cent  nitrogen  determined  by  the  Dumas  combustion  method. 

Refined  TNT  must  not  contain  less  than  18.2  nitrogen  de- 
termined by  the  Dumas  combustion  method. 

Comments — The  Dumas  method,  standard  for  nitrogen,  re- 
quires little  comment,  results  being  very  satisfactory,  although 
it  is  necessary  to  make  determinations  on  a  substance  of  stand- 
ard nitrogen  content. 

The  method  requires  from  I'/'a  to  2  hours,  and  unless  the 
chemist  possesses  several  furnaces,  not  very  many  determinations 
can  be  made  daily. 

For  the  nitrogen  determination  on  many  organic  compounds, 
the  Gunning-Arnold  method  or  modification  of  it  has  been 
used.  The  only  modifications  reported  to  be  satisfactory  for 
trinitrotoluene  or  other  nitro  compounds  are  the  zinc-dust  re- 
duction by  W.  C.  Cope,  U.  S.  Bureau  of  Mines,  and  the  use  of 
nitron  as  reagent,  by  W.  C.  Cope  and  J.  Barub,  J.Am.  Chem. 
Soc,  39  (1914).  504-'4- 
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The  nitrogen  determination  is  important,  although  if  the 
melting  point  or  solidification  point  is  up  to  specifications,  the 
nitrogen  is  seldom  below. 

In  many  instances  it  is  common  practice  to  average  several 
samples  for  the  determination  of  nitrogen. 

DIPHENYLAMINE  TEST — Crude  TNT  shall  contain  no  products 
which  will  give  the  nitric  acid  reaction  with  a  sulfuric  acid  solu- 
tion of  diphenylamine.  The  determination  is  made  by  shaking 
with  50  cc.  distilled  water  in  a  graduated  glass  stoppered  cylinder, 
standing  15  minutes,  filtering  and  testing  a  few  drops  of  the  fil- 
trate by  adding  to  the  diphenylamine  solution.  No  nitric 
acid  reaction  should  be  obtained. 

Comments — The  blue  color  characteristic  of  this  reaction  is 
readily  recognized  and  the  test  is  extremely  delicate. 

Care  must  be  taken  that  vessels  are  free  from  traces  of  nitric 
acid  or  nitrates. 

Since  other  oxidizing  agents,  such  as  chlorine,  chlorates, 
bromates,  etc.,  will  respond  to  this  test,  it  is  of  more  value, 
as  a  negative  test,  and  fairly  positive,  because  the  oxidizing  agents 
mentioned  are  not  likely  to  be  found  in  trinitrotoluene.  A 
pale  blue  color  is  not  confirmative;  the  color  should  be  deep 
blue. 

MELTING    POINT 

The  MELTING  POINT  of  Crude  TNT  must  be  75.5°  C.  or 
higher. 

Note — This  is  the  mean,  some  specifications  calling  for  a  melt- 
ing point  of  74.5°  C,  others  76.5°  C. 

Medium  TNT  must  have  a  melting  point  of  79.5°to8i.5°C. 

Refined  TNT  for  exploders  must  melt  from  80  to  81 .5°  C. 

Comments — Methods  for  obtaining  melting  points  are  not 
usually  given  in  the  specifications,  but  it  is  absolutely  necessary 
that  a  definite  procedure  and  definite  apparatus  be  agreed  upon. 
The  following  points  should  be  taken  into  consideration:  cali- 
bration and  stem  correction  of  thermometers,  size  of  tubes, 
amount  of  substance  taken,  degrees  of  melting  at  which  reading 
is  to  be  taken,  rate  of  melting  and  vessel  or  liquid  to  be  used 
as  bath. 

The  following  is  given  by  II.  H.  P.  Humphries,  Kngineer: 

APPARATUS  AND  METHOD — .'\  beaker  of  1500  cc.  capacity 
should  be  filled  'i\  full  with  distilled  water,  heated  by  an  adjus- 
table Hunscn.  arranged  with  a  mechanical  stirrer  with  tlie  center 
of  the  blade  level  with  the  thermometer  bulb,  clearing  it  by  ',  j  in. 
The  thermometer  should  be  graduated  in  tenths  of  a  degree, 
and  lowered  so  that  the  bulb  is  ' /j  the  height  of  the  beaker  from 
the  bottom  and  1  inch  from  the  side. 

Tubes  should  lie  nwidi-  froni  Ihin-wallcd  6  in.  X  ' /j  in  lest 
tubes  drawn  out  into  '  ir,  in  internal  diameter,  cut  into  ,(  in. 
lirigths,  and  scaled  at  one  end. 

.Set  stirrer  going  and  heal  until  the  temperature  is  about  i.")"  C. 
liclow  the  melting  point.  Meanwhile  introduce  a  ',  <  to  •  «  in. 
loluMin  of  the  powdered  sample  (previously  dried  at  suitable 
temperature)  into  a  tulie  aufl  tap  and  tamp  down  gently.  At- 
tach the  lube  to  tin-  llurniomeUT  by  a  r\ibber  ring  so  that 
the  center  of  the  inlumn  of  material  is  level  with  the 
<  inter  of  the  thermomeU'r  bulb,  and  replace  tlK-rmomelcr  as 
liifore.  Reduce  the  heat  s<^  that  the  temperature  rises  1"  in 
-•  or  .»  miiuites.  The  slower  rate  shiiuld  be  adopted  if  several 
deterniiiintions  are  made  iit  the  same  time. 

/?f(i(/i«/!.i    -Note  the  teinpeniturc  when 

(a)  The  first  Kl<>l»ile  of  melted  material  is  observed, 

ih)   The  inateriiil  is  half  molten  and  half  iiinnelted, 

i>)  The  nu-ltiuK  is  complete  and  the  clear  li(|ut<l  is  olitniiicd 
III  the  tube 

Record  llirse  reiidiiins  and  call  l/>l  the  niicorrecleil  iiirltiiiK 
iMiiiit 


CORRECTED  MP. — Correct  the  readings  for  exposed  mercurv- 
stem  as  follows:  while  the  thermometer  is  registering  approx- 
imately the  melting  point,  place  a  drop  of  melted  diphenylamine 
on  the  stem  and  allow  to  flow  down.  For  a  small  distance 
above  the  water  surface  the  diphenylamine  will  remain  molten; 
above  this  it  will  solidify.  Note  the  point  separating  the  solid 
from  melted  diphenylamine. 

Then,  if  N  =  No.  of  degrees  of  mercury  stem  exposed  above 
this  point. 

Ta  =  Surrounding  air  temperature  and  Tm  =  Melting  point 
the  correction  is,  N(Tm  —  Ta)  X  0.000154. 

Add  this  correction  to  the  recorded  temperatiu-e  (6)  for  the 
corrected  M.P. 

The  grading  of  the  TNT  being  almost  entirely  dependent  upon 
this  determination,  the  method  should  be  carefully  followed. 

Comments — The  tubes  above  mentioned  seem  too  large  in 
diameter,  and  a  tube  i  mm.  or  less  in  diameter  would  give  a 
result  closer  to  the  real  melting  point. 

One  quarter  inch  of  substance  is  sufficient,  because  the  higher 
the  column,  the  more  difficult  it  is  to  decide  when  half  is  melted 
completely  since  this  compound  does  not  always  melt  in  one 
place  in  the  tube,  but  often  at  the  top  and  bottom  simultaneously 
and  it  is  left  to  the  operator's  judgment,  at  which  point  the 
reading  is  to  be  taken. 

The  three  readings  are  usually  taken  as  a  check  on  each  other. 

SOLIDIFYING    POINT 

The  uncertainty  of  the  M.P.  is  avoided  to  a  great  degree,  when 
tlie  solidifying  point  is  determined.  Only  one  set  of  specifica- 
tions gives  the  method  which  is  given  by  E.  M.  Weaver,  Brig.- 
General  U.  S.  A.  and  Chief  of  Coast  Artillery,  in  his  book 
"Notes  on  Military  Explosives." 

METHOD- — Place  zoo  to  250  g.  TNT  in  a  dry  porcelain  dish  of 
15  cm.  diameter  and  500  cc.  capacity.  Melt  below  90°  C,  re- 
move heat  and  stir  with  thermometer.  The  temperature  falls 
gradually  until  TNT  begins  to  crystallize,  when  it  rises.  Con- 
tinue stirring  until  the  highest  temperature  is  reached:  this  is 
the  solidifying  point. 

Comments — This  determination  is  more  apt  to  give  consistent 
results,  and  is  simple  enough  so  that  the  different  operators 
usually  check  closely. 

It  is  more  accurate,  since  a  larger  sample  is  used,  and  tlic  point  of 
taking  the  reading  more  certain  tlian  in  the  M.P.  determination. 

The  above  method  is  followed,  without  adhering  to  the  siie 
or  form  of  dish.  The  majority  of  chemists  use  smaller  dishes, 
test  tubes  and  beakers  witliout  varying  results. 

Although  the  M.P.  and  S.P.  are  generally  considered  the  same, 
tliere  is  some  dilTerencc,  rejwrts  from  different  chemists  showing 
the  S.P.  to  be  in  some  instances  higher  and  in  otlicrs  lower  than 
the  M.P.     Some  rejiort  identical  results  for  the  two. 

The  writer  has  noted  that  where  the  M.P.  was  higher  the  TNT 
had  been  dried  at  jo"  C,  and  where  lower,  the  undried  Siimplc 
had  been  u.scd.  Eurlher  evidence  is  nivessiiry  for  a  decision 
on  this  point. 

STABILITY  TESTS  arc  not  usiiiilly  rciiuircd  on  cnulc  matrnal. 
although  some  specifications  have  rc<|uirod  it  on  rcfinctl.  as 
follows. 

The  siibslancc,  about  ,(  g  .  is  placeil  in  a  (.  in  test  tube  hnving 
a  strip  of  iMitassium  iodide  st;itch  paper  '.ii-i>cn<Ictl  on  a  ijlavs 
hook  which  pusses  lhrn\iKh  Ihc  slop|>cr.  The  tulw  with  ct>n- 
tents  is  placed  in  a  batli  aiul  lieatc«l  to  65"  C.  for  frvini  i.s  to  .10 
minutes  (dcpcmliiig  on  sinvification).  No  blue  ctJor  sliowinx 
presence  of  nitrous  iici«l  should  develop  ' 

VaMNWOIII  iMITITt'TI  »»  TllCUNULOoT 

I'lmmi'iiun.  I**. 
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AGRICULTURAL  MACHINERY  AND  IMPLEMENTS  IN  USE 
IN  PALESTINE 
The  British  Commissioner  in  Eg>'pt  has  forwarded  a  memo- 
randum on  the  subject  of  agriculture  and  supplies  in  Palestine, 
of  which  the  following  extract  is  given  in  the  Board  of  Trade 
Journal:  In  the  neighborhood  of  Jerusalem  a  good  deal  of 
scientific  dry  fanning  is  carried  on,  the  ground  being  kept  loose 
by  continual  tillage.  The  Arabs  do  not  use  harrows,  but  the 
Jewish  colonists  have  introduced  the  harrow  and  American 
pulverizers  with  very  beneficial  results.  The  ploughs  chiefly  in 
use  in  Palestine  are  the  primitive  Arab  ploughs  and  the  German 
ploughs  used  throughout  the  German  and  Jewish  colonies. 
British  ploughs  are  said  to  be  too  heavy  and  the  shape  not  quite 
suitable.  In  the  orangeries  and  other  plantations,  American 
ploughs  are  used  exclusively  and  the  American  zig-zag  harrows 
are  also  employed.  The  use  of  the  American  disc  harrow  is 
common  and  the  American  harvesters  are  in  fairly  general  use 
even  among  the  Arabs,  while  the  Jews  employ  American  binders. 
A  hoc  made  in  Philadelphia  has  been  fairly  widely  introduced, 
but  sowing  drills  are  rare.  In  the  Jaffa  orange  district,  the  irri- 
gation of  the  new  groves  is  effected  by  means  of  pumps  operated 
by  oil  engines  which  were  first  introduced  by  the  Jews.  Most 
of  these  engines  are  of  British  make  (3  to  8  H.  P.)  and  it  is  esti- 
mated that  there  are  about  300  of  them  in  the  orange  groves. 
There  is  a  great  shortage  of  spare  parts.  The  water  is  raised 
by  small  bore  (4  in.)  tubes  sunk  vertically  into  the  sand  strata 
to  a  de])th  of  between  40  to  60  m.,  the  water  rising  to  a  height 
of  12  m.  in  the  pipes.  The  pumps  raise  from  25  to  40  cu.  m. 
per  hour.  In  1915,  the  above-mentioned  engines  were  trans- 
formed into  charcoal  gas  engines,  as  no  supplies  of  oil  were  avail- 
able. Of  the  pumps  employed,  from  80  to  90  per  cent  are  of 
local  manufacture,  mostly  at  the  two  factories  in  Jaffa  (one  of 
which  is  German,  the  other  Jewish)  where  there  are  a  number 
of  good  Jewish  mechanics. — A.  MacMii.i.an. 


ENGINE  FOR  MOTOR  PLOUGHS 
A  new  type  of  twin-cylinder,  two-stroke  cycle  engine  which 
Messrs.  Fetters  (Ltd.),  of  Yeovil,  have  designed  for  use  in  motor 
tractors  and  ploughs  is  of  10  to  12  B.  H.  P.,  the  cylinders  having 
a  bore  of  4'/\  in.  and  a  stroke  of  4'/2  in-  A  feature  of  interest 
in  this  engine  is  that  the  fuel  oil,  consisting  of  ordinary  paraffin, 
is  not  admitted  into  the  crank  chamber,  as  is  usual  with  two- 
stroke  engines,  but  is  injected  direct  into  the  cylinder  with  the 
fresh  air  at  the  end  of  the  firing  cycle.  On  starting,  the  engine 
runs  for  two  or  three  minutes  on  a  small  quantity  of  petrol, 
but  afterwards  works  with  paraffin.  The  ignition  is  by  high- 
tension  magneto,  and  a  throttle  governor  is  provided.- — M. 

DESULFURING  PETROLEUM 
In  the  course  of  an  interesting  paper  on  "Sulfur  in  Petroleum 
Oils,"  read  recently  before  the  Institute  of  Petroleum  Technolo- 
gists, London,  Dr.  F.  Molhvo  Perkin  said  that  Messrs.  Lucas, 
Palmer,  and  himself  had  devised  a  desulfurizing  process  which 
was  as  yet  in  its  initial  stages.  It  consisted  in  the  treatment 
of  the  oil  at  high  temperatures  with  gaseous  ammonia.  The 
oil  may  be  either  in  the  liquid  or  gaseous  state.  If  the  oil  is 
liquid,  the  pressure  must  be  kept  sufficiently  high  to  prevent  the 
oil  gasifying  at  the  temperature  to  which  it  is  subjected.  On 
the  other  hand,  the  temperature  should  be  sufficiently  high  to 
cause  the  ammonia  to  dissociate.  When  the  oil  is  treated  in 
the  form  of  vapor,  it  is  passed  through  a  heating  system  together 
with  the  ammonia  before  being  condensed.  It  has  been  found 
that  sulfuretcd  hydrogen  is  given  off  from  oils  containing 
sulfur  when  treated  in  this  way. — M. 


THE  ANALYSIS  OF  SPICES 
The  Oil  and  Color  Trade  Journal,  51  (1917),  1308,  quoting 
from  a  Swiss  contemporary,  gives  the  following  methods  for  the 
determination  of  water  and  essential  oils  in  spices.  For  the 
estimation  of  water,  10  grains  of  the  powdered  substance  are 
weighed  out  and  60  cc.  of  oil  of  turpentine,  perfectly  free  from 
water,  added.  The  mixture  is  distilled  rapidly  so  that  the  dis- 
tillation should  take  only  about  10  to  12  minutes,  the  distillate 
being  collected  in  a  50  cc.  centrifuge  tube  to  within  i  cc.  of  the 
graduation  mark.  The  receiver  is  sealed,  centrifuged  for  15 
minutes  and  then  placed  in  a  water  bath  at  15°  C.  The  amount 
of  separated  water  is  then  read  off.  It  is  claimed  that  this 
method  gives  the  true  amount  of  moisture,  as  distinct  from 
"volatile  matter."  The  fat  and  essential  oil  are  determined  by 
weighing  out  10  grains  and  placing  the  sample  in  a  desiccator 
for  6  hrs.  The  sample  is  then  exhausted  with  ether  which  has 
been  dried  over  calcium  chloride.  The  ether  is  then  distilled 
away  at  a  low  temperature  at  the  rate  of  one  drop  per  second 
from  a  tared  flask  until  no  more  comes  over.  Ether  vapor  is 
then  removed  by  a  current  of  air  and,  on  cooling,  the  residue 
is  weighed.  This  is  returned  as  fat  and  essential  oil.  This  resi- 
due is  then  steam-distilled  until  250  cc.  are  collected.  The 
residue  left  after  this  distillation  is  dissolved  in  40  cc.  ether,  and 
the  ether  driven  off  on  a  water  bath,  and  what  is  left  behind 
weighed.  This  is  calculated  as  fat  and  deducted  from  the  pre- 
vious result  which  gives  the  amount  of  essential  oil. — M. 

DETERMINATION   OF    FREE    ALKALI    IN   PETROLEUM 
SOAP 

According  to  K.  Charitschkow,  says  Oil  and  Color  Trade 
Journal,  51  (1917),  1707,  the  usual  methods  of  dissolving  in 
methyl  alcohol  and  titrating  with  normal  acid  or  of  dissolving 
in  water,  treating  with  barium  chloride  and  titrating  the  filtrate 
fail  to  give  concordant  results  in  consequence  of  the  hydrolysis 
or  alcoholysis  which  takes  place.  He,  therefore,  proposes  to 
treat  the  aqueous  solution  with  copper  sulfate  or  iron  alum, 
dissolve  the  naphthalene  salt  in  benzine,  and  determine  the 
residue,  oxide  of  iron  or  copper,  expressing  the  result  as  free 
alkali.  In  filtering,  it  is  advisable  to  use  an  elutriator  or  to 
treat  the  soap  solution  with  aniline  sulfate,  quinoline,  etc.,  in 
presence  of  benzine.  The  method  is  claimed  to  be  appUcable 
to  all  soaps. — M. 

BRITISH  BOARD  OF  TRADE 

During  the  month  of  May,  the  British  Board  of  Trade  re- 
ceived inquiries  from  firms  in  the  United  Kingdom  and  abroad 
regarding  sources  of  supply  for  the  following  articles.  Firms 
which  may  be  able  to  supply  information  regarding  these  things 
are  requested  to  communicate  with  the  Director  of  the  Com- 
mercial Intelligence  Branch,  Board  of  Trade,  73  Basinghall  St., 
London,  K.  C. 


CUBMICALS: 

Alum  powder 
Calcium  permanganate 
Potassium  perman§;anate 
Powdered  red  i 


Aeroplane  cloth  (linen) 
Air-tight  stoppers  for  jars 
.Asbestos,  pulp  and  powder 
Asbestos,  corrugated  for  roofing 


Saponified  stearine  (for  matches)  Asbestos,  yarn  for  braiding  electrical 

Soda  cables 

Sodium  nitrate  (20  tons)  Bone-black 

Sodium  nitrite  „  l.  u    #      r     j-       i.   ^«i 

Sodium  permanganate  »«>■•=  AmAAs  for  feeding  bottles 

Sulfur,  ground  for  matches  Dairy-  churns,  glass 

„  Gloss  balls  for  mineral  water  bottles 

Machinery  and  Plant  for:  ^,       ,  ,  ■        , 

.       ,,    ■      ,  Glass  for  making  gla.ss  paper 

cutting  out  sewing  fabric  gloves  ,         ,      l.       . 

making  sealing  wax  Impalpable  glass 

fixing    metal    lids    to    small    glass  Needles,  flexible 

Paper,  blue,  for  match-boxes 
Pipe-cleaners 


making  wood-pulp  jars 
making   veneered   wood 


boot-lace  tagging 


Stoneware  jars  (7  lb.) 


— M. 
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TUNGSTEN  FILAMENTS 

A  peculiar  way  of  preparing  tungsten  filaments  which  are 
ductile  in  spite  of  being  squirted,  was  described  by  Dr.  W. 
Bottyer  before  the  December  meeting  of  the  Bunsen  Gesellschaft. 
The  process  is  due  to  Messrs.  O.  Schaller  and  Orbig,  and  mem- 
bers of  the  Society  were  able  to  watch  the  process  in  the  works 
after  the  meeting.  The  metallic  powder  is  mixed  with  2  per 
cent  of  thoria  and  kneaded  into  a  paste  with  the  addition  of  a 
binding  agent;  a  thread  is  then  squirted.  The  thread  is  first 
preheated  and  then  rapidly  heated  up  to  2,400  or  2,600°  C, 
the  object  being  to  make  the  crystallization  of  the  metal 
more  rapid  than  the  passage  of  the  wire  through  the  hot  zone. 
The  first  apparatus  used  for  this  delicate  operation  had  the 
dimensions  of  several  meters;  the  actual  apparatus  is  now  a  few 
centimeters  in  height.  The  resulting  wire  is  said  to  contain 
crj'stals  several  meters  in  length,  though  only  a  few  hundredths 
of  a  millimeter  in  thickness;  the  cross-section  of  the  wire  comes 
out  octagonal  rather  than  circular.  There  are  very  few  joints 
in  a  wire  while  the  first  tungsten  wires,  it  will  be  remembered, 
were  really  thin  rods  built  up  of  very  short  sections.  A  re- 
crystallization  of  the  filament  after  long-continued  use  of  the 
lamp  is  said  not  to  occur.  Why  the  thoria  favors  crj-stalliza- 
tion  in  so  remarkable  a  way  is  not  as  yet  understood. — M. 

COLD    WORK  ON  BRASS  ALLOYS 

A  point  apt  to  be  overlooked,  says  Practical  Engineer,  55 
(1917),  220,  in  handling  brass  alloys  was  mentioned  in  a  paper 
on  "Brass  and  Other  Copper  Alloys  Used  in  Marine  Engineering" 
read  before  the  Institute  of  Marine  Engineerb  by  Mr.  J.  T. 
Milton.  The  lecturer  said  that,  although  valuable  properties 
were  given  to  these  brass  alloys  by  cold  work,  such  as  increase 
of  strength  and  elastic  limit,  it  must  not  be  forgotten  that  the 
ductility  is  much  reduced  at  the  same  time.  When  brass  is 
subjected  to  much  cold  work,  it  is  liable  to  spontaneous  fracture. 
Cases  are  not  unknown  of  condenser  tubing  spontaneously 
cracking  longitudinally  and  of  cold-rolled  brass  rods  being  found 
split  after  being  stored  for  some  time.  Such  occurrences  are 
sometimes  called  "season  cracking."  The  cause  is,  to  some 
extent,  obscure,  but  the  fact  that  it  occurs  shows  how  unwise 
it  would  be  to  rely  upon  what  may  be  termed  an  artificial 
strength  produced  by  cold  rolling  for  articles  in  which  a  failure 
would  cause  disaster.  This  is  sometimes  not  sufficiently  realized 
by  engineers  who  think  they  are  securing  a  better  article  by 
specifying  stringent  conditions  of  high  tensile  strength  and  high 
elastic  limit  which  can  bo  obtained  only  by  cold  rolling. — M. 

THE  INDIAN  RAW  HIDE  TRADE 

According  to  an  official  statement  issued  by  the  Govcnunent 
of  India,  the  lucrative  Indian  trade  in  raw  hides  had,  for  several 
years  before  the  war.  passed  largely  into  German  hands.  Firms, 
consisting  of  Germans  and  with  German  trade  connections, 
centered  and  formed  an  effective  ring  for  the  control  of  trade  in 
Indian  hides.  Before  the  war,  Germany  held  a  predominant 
position  in  the  cow-hide  trade  of  Calcutta,  the  chief  port  of 
shipment  for  this  trade  in  India.  Italy,  Austria-Hungary  ami 
Spain  were  the  next  largest  buyers;  but,  while  hides  taken 
by  Germany  and  Austria  averaged  about  ')'/i  lbs.  in  weight, 
those  taken  by  Italy  and  Spain  were  from  ,s'/j  to  6  lbs.  Since 
the  outbreak  of  the  war,  through  the  eliminiition  of  Germany 
and  Austrian  business,  the  most  notable  movements  of  the  trade 
have  been  (i)  the  .irx'  per  cent  increase  of  the  trade  with  Italy 
and  {1)  the  growth  of  the  trade  with  the  t'liitcd  Stairs  which 
has  taken  hides  aviTaging  tl'/i  ll>s.  The  t'liitcd  Kingdom  has 
increased  its  takings  (average  weight  ul>oiit  \i  lt)S.  net)  hut  its 
shore  of  the  trode  was  ttitl  only  6  per  cent  of  the  total  in 
iqH-if>. — M. 


COAL-TAR  RESEARCH 

Development  of  the  coal-tar  color  research  scheme  at  Hudders- 
field,  England,  says  the  Dyer  and  Calico  Printer,  will  be  greatly 
stimulated  by  the  decision  of  the  local  authority  to  proceed  at 
once  with  the  extension  of  the  Technical  College  premises. 
Research  work  has  been  pushed  forward  energetically  since  the 
scheme  was  launched  but  the  need  for  more  accommodation 
existed  even  at  that  time  and  since  then  has  grown  more  urgent. 
All  the  necessary  preparations  were  made  at  the  time  for  the 
erection  of  modem  laboratories  and  the  work  of  actual  con- 
struction was  sanctioned  at  the  last  meeting  of  the  Town  Council. 
The  extension  of  the  present  premises  is  to  be  general  but  the 
council  has  specifically  stated  that  the  section  for  coal-tar  color 
chemistry  will  be  proceeded  with  first.  This  scheme  has  re- 
ceived a  great  measure  of  support,  not  only  locally,  but  from  aU 
parts  of  the  country  and  subscriptions  were  promised  from 
many  quarters. — M. 


JAPANESE  EXPORTS  AND  IMPORTS 

During  1916  the  exports  from  Japan  included  the  following 
products;  the  unit  of  quantity,  unless  otherwise  stated, 
is  1000  kin  (i  kin  equals  1.3  lbs.):  camphor  5,574.  valued  at 
$3,014,400;  vegetable  isinglass  2,786,  valued  at  $1,214,640; 
matches  41,222,000  gross,  valued  at  $10,129,440;  menthol 
crystals  386,  valued  at  $1,157,280;  sulfur  137,812,  valued  at 
$2,983,680.  Camphor,  isinglass,  menthol  and  sulfur  showed 
increases  both  in  quantity  and  value  while  the  quantity  of 
matches  was  less  but  the  value  greater  than  for  the  previous 
year. 

The  following  table  shows  how  the  imports  of  manufactured 
articles  have  decreased  since  the  outbreak  of  the  war,  while 
those  of  raw  materials  have  made  vast  increases.  The  values 
given  are  for  the  last  three  years. 

ART.CI.B  1914  1915  1916 

Rawcotton $218,975,000  $217,316,000  $276,009,000 

Para  rubber 2.147.000  3,432.000  7.146.000 

Hemp 7.939,000  8.423.000  9,124.000 

Wool 14.784.000  80.584.000  33,507.000 

Leather 1,952.000  1,908.000  2.781.000 

Pulp 4.574.000  5.978.000  9.017.000 

Anilinedyea 2.741.000  2.828.000  3.382.000 

Iron  ore 8.047.000  7.949.000  16.721,000 

Iron  bar 24.144.000  19.793.000  57.546.000 

Iron  tube 4.130.000  1.380,000  3.467,000 

Zincore 2.950.000  2.910.000  7.463.000 

Total $292,383,000     $352,501,000     $426,163,000 

For  convenience  tlie  value  of  the  amount  imported  alone  is 
given  above,  but,  owing  to  the  rise  in  price  of  Uie  various  articles, 
there  are  some  which  have  decreased  in  quantity  yet  increased 
in  value,  c.  g.,  aniline  dyes  imported  in  I")i4  were  cstimatetl  at 
4,85i,o(x>  kin  and  in  1915  1,429,000  kin  while  in  1916  the  amount 
was  527,000  kin.     Other  imports  show  the  same  trend. — M. 

GREASE  RECOVERY  FROM  SEWAGE 

Gratifying  results,  says  Chemical  Tradr  Journal.  60  11917), 
382.  have  attended  the  octivities  of  the  CoriKiralion  of  Brad- 
ford. England,  in  the  work  of  the  recovcr>-  of  gmisc  from  the 
city's  sewage,  Mr,  F,  Ogden  Whitclcy  jMiints  out  in  his  report 
tliat  last  year  it  was  cstiinutcd  to  raise  f^oo.rnxi  from  grroM 
but  the  receipts  have  actually  aniouiilrd  to  f4<n>.orxi.  and  it  is 
estimated  that  J.vso.ikki  will  t>c  provided  from  this  wnircr  in  the 
coming  year  in  addition  to  fjs.i«»i  from  the  sale  of  manure 
made  from  the  precipitated  sludiir  after  the  urease  has  l)c«n 
extracted.  A  substantial  saving  h«<  alw  Itccn  made  as  rrfards 
the  chemicals  usc<l  in  the  pkkxvi  of  precipitation.  In  norma] 
times,  sulfuric  acid  was  used  for  this  purixwc  but  large  supplies 
of  this  chrniicul  arc  now  rrquurd  for  the  Kovrrnmrnt  and  the 
llradforil  CoriHWution  have  made  lonf  purrhoscn  oi  nitcr-cakc 
to  take  its  place.-   M. 
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CASE-HARDENING   BY  BORON 

At  the  spring  meeting  of  the  Iron  and  Steel  Institute  held  in 
London,  Professor  N.  Tschischewsky  contributed  a  paper  on 
case-hardening  of  iron  by  boron.  The  author  remarked  that 
the  fact  that,  on  the  cooling  of  iron-boron  alloys,  the  boron 
is  not  wholly  combined  in  the  form  of  borides  of  iron,  a  pro- 
portion being  left  in  the  form  of  a  hard  solution,  suggests  the 
possibility  of  case-hardening  steel  by  boron,  in  a  similar  way 
to  the  case-hardening  of  iron  by  carbon.  Alloys  of  boron  with 
iron  are  so  hard  that  they  can  scarcely  be  treated  on  an  emery 
wheel,  and  the  technical  application  of  case-hardening  by  boron 
may  be  a  feasible  industrial  operation  The  use  of  boron  is  not 
perhaps  suitable  for  armor-plates,  because  of  its  comparative 
scarcity,  but  for  some  machine  parts  and  generally  speaking 
where  much  wear  occurs,  boron  can  be  applied  with  success; 
while  annealing  is  required  to  confer  the  necessary  hardness  on 
articles  case-hardened  by  carbon,  boron  confers  hardness  without 
the  need  for  any  special  heat  treatment.  Experiments  had  been 
carried  out  by  filling  holes  drilled  in  cubes  of  soft  iron  with  fine 
amorphous  boron  or  with  powdered  ferro-boron,  the  holes  being 
closed  with  stoppers  of  the  same  iron,  pressed  home  by  means 
of  a  hydraulic  press.  After  heating  for  two  hours  at  950°  the 
boron  had  penetrated  the  iron  to  the  depth  of  i  mm.  Cementa- 
tion by  powdered  ferro-boron  proceeds  more  easily  and  more 
rapidly  than  with  amorphous  boron.  Case-hardening  at  a 
lower  temperature  yields  an  alloy  containing  less  boron  and  not 
so  hard  and  brittle. — M. 


TESTING  ACETYLSALICYLIC  ACID 

When  incinerated,  acetylsalicylic  acid  should  leave  no  ash. 
During  the  process,  it  should  form  no  caramel,  nor  give  off 
the  odor  of  burning  tartaric  acid,  nor  the  characteristic  odor  of 
burning  quinine.  The  test  for  free  salicylic  acid  should  be 
applied  as  follows:  A  dilution  of  four  drops  of  ferric  chloride 
solution  1:5  in  20  cc.  of  distilled  water  is  first  prepared. 
Into  this,  0.5  g.  of  acetylsalicylic  acid  is  dropped.  No  violet 
color  should  appear  during  the  first  minute  of  contact.  The 
melting  point  should  be  taken  thus:  An  oil  (paraffin)  bath 
should  be  used  and  two  thermometers — one  to  register  the  heat 
of  the  bath,  the  other  to  carry  the  capillary  tube  of  acetylsalicylic 
acid.  The  flame  is  regulated  so  that  the  temperature  of  the  bath 
rises  1°  C.  per  minute.  When  this  reaches  125°  C,  the  other 
thermometer  carrying  the  tube  is  introduced.  Under  these 
conditions,  the  melting  point  should  be  132°  C.  The  statement 
of  Codex  that  the  melting  point  is  135°  C.  seems  incorrect. 
Tsakalotos  has  previously  shown  that  acetylsalicylic  acid  is 
very  sensitive  to  decomposition  by  heat.  By  the  above  method, 
it  is  exposed  to  a  high  temperature  for  a  relatively  short  time. 
At  the  present  time,  says  the  Pharmaceutical  Journal  quoting 
from  Pharm.  Chim.,  much  of  the  acetylsalicylic  acid  of  French 
commerce  is  adulterated  or  impure.  The  author,  who  writes 
in  the  above-quoted  journal,  states  that  he  has  met  a  specimen 
of  "so-called"  aspirin  which  consisted  of  a  mixture  of  approxi- 
mately 46  parts  magnesium  sulfate,  46  parts  lactose,  and  8  parts 
of  undetermined  salicylic  products. — M. 


AGRICULTURAL  IMPLEMENTS  FOR  PORTUGAL 

If  there  is  any  surplus  of  agricultural  implements,  says  the 
Times  Trade  Supplement  No.  14,  34,  available  for  export  to  one 
of  the  allies  after  home  requirements  have  been  met,  manu- 
facturers of  these  goods  would  do  well  to  tuni  their  attention 
to  the  Portuguese  market.  In  any  case,  some  preliminary  cultiva- 
tion of  the  market  might  be  made  now  with  a  view  to  reaping 
the  benefit  as  soon  as  circumstances  allow.  Increased  cost  of 
farm  labor  is  inducing  Portuguese  landowners  to  adopt  more 
modem  methods  with  the  result  that  up-to-date  farm  imple- 
ments are  being  eagerly  sought.  Formerly  Germany  headed 
the  list  as  supplier  of  these  articles.  Now  a  local  industry  of 
some  importance  has  been  developed  and  this  supplies  much 
of  the  simpler  and  cheaper  farming  tools  and  implements. 
Still,  pitchforks,  manure-forks,  sickles,  hoes,  scythes,  sheep- 
shears,  corn-knives,  hay-knives,  and  hay-forks  could  be  sold  in 
Portugal,  also  small  tractors,  ploughs,  harrows,  harvesters, 
threshing  machines,  hay-baling  presses,  manure-spreaders  and 
feed-grinders.  It  is  suggested  that  the  best  method  of  selling 
is  to  establish  a  central  warehouse  in  charge  of  expert  salesmen, 
as  the  average  Portuguese  farmer  requires  to  see  an  article 
before  he  decides  to  purchase.  Descriptive  matter  is  of  little 
use  without  actual  samples. — M. 


SPUN  GLASS  AS   INSULATING  MATERIAL 

Spun  glass,  says  a  contemporary,  has  been  used  witli  success 
in  Germany  as  an  insulating  material  to  cover  steam  pipes. 
The  method  of  installation  is  to  wind  the  spun  glass  loosely 
around  the  pipes,  between  rings  of  asbestos  placed  at  intervals, 
the  insulation  being  then  inclosed  in  asbestos  braid  and  sailcloth 
and  painted  over  with  paint  or  tar.  The  spun  glass,  consisting 
of  fine  glass  threads,  makes  a  loose,  light  and  porous  wadding 
which  adds  little  to  the  weight  of  the  pipes  and  makes  a  good 
insulating  material  because  of  the  presence  of  air  between  the 
threads.  It  is  not  affected  by  the  vibration  of  the  pipes,  by 
high  temperatures,  steam,  water  or  acids,  and  retains  its  insula- 
ting power  indefinitely. — M, 


REMOVAL  OF  PITCH  FROM  SULFITE  PULP 

The  following  abstract  from  an  article  by  K.  H.  Knadsen 
appeared  in  the  Journal  of  Chemical  Industry.  The  precise 
cause  of  the  trouble  experienced  from  the  presence  of  resin  in 
sulfite  pulp  has  not  yet  been  determined,  but  the  evidence 
points  to  the  fact  that  it  is  not  necessarj'  to  remove  the  whole 
of  the  resin  from  the  pulp  provided  that  it  can  be  evenly  dis- 
tributed. A  pulp  with  a  low  resin  content  may  cause  trouble, 
whereas  one  with  higher  content  may  be  satisfactory.  The 
deleterious  effects  of  resin  are  especially  noticeable  in  the  manu- 
facture of  thin  paper  and  occasionally  the  resin  gives  rise  to 
considerable  trouble  in  the  bleaching  of  the  pulp;  the  bleaching 
process  seems  to  favor  the  agglomeration  of  tlie  resin  particles. 

The  author  states  tliat  he  has  examined  a  number  of  bleached 
pulp  sheets  containing  resin  spots  and  has  always  found  sulfur 
and  lime  present  in  these  spots.  Further  examination  showed 
that  the  mineral  matter  in  these  spots  consisted  of  calcium 
monosulfite  and  silica.  This  points  to  the  fact  that  the  calcium 
monosulfite  must  have  been  embedded  in  the  resin  since  it 
could  not  have  resisted  oxidation  during  the  12  or  15  hrs.  in  the 
bleaching  beater.  It  would  then  appear  that  the  clotting  is 
produced  mechanically  by  cumulative  cohesion  due  to  the 
slow  rotation  of  the  warm  pulp.  Hence,  more  pronounced 
clotting  will  occur  in  the  beater  with  pulps  containing  a  greater 
number  of  resin-coated  particles.  It  is  probable  that  the  trouble 
can  be  best  remedied  during  the  digestion  of  the  chips.  At  the 
mill  in  which  this  investigation  was  made,  the  resin  content 
of  the  pulp  was  fairly  constant  between  0.8  and  0.9  per  cent 
and  gave  little  trouble.  On  one  occasion,  however,  trouble 
was  foun^d  to  occur  in  the  bleaching  beaters  and  no  remedy  could 
be  found  for  it  until  the  pulp  was  removed  from  the  digesters, 
when  the  liquor  was  lighter  in  color  than  usual ;  this  completely 
overcame  the  difliculty.  The  author  believes  that  it  is  of  the 
greatest  importance  to  prevent  as  far  as  possible  the  separation 
of  crystalline  deposits  in  the  digester,  since  the  calcium  mono- 
sulfite crystals  appear  to  facilitate  the  separation  of  the  resin 
particles,  particularly  if  the  wood  has  not  been  properly  seasoned. 
— M. 
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CALENDAR  OF  MEETINGS 

American  Pharmaceutical  Association — Annual  Convention, 
Indianapolis,  August  26  to  September  i,  191 7. 

American  Chemical  Society — Annual  Meeting,  Boston,  Sep- 
tember 10  to  13,  1917. 

National  Exposition  of  Chemical  Industries  (Third)— Grand 
Central  Palace,  New  York  City,  September  24  to  29, 
1917. 

Technical  Association  of  the  Pulp  and  Paper  Industry — Joint 
Meeting  with  the  Technical  Section  of  the  Canadian  Pulp 
and  Paper  Association,  Holyoke,  Mass.,  September  27  to 
29,  1917. 

American  Electrochemical  Society — Autumn  Meeting,  Pitts- 
burgh, October  3  to  6,  191 7. 

National  Paint,  Oil  and  Varnish  Association — Annual  Conven- 
tion, Chicago,  October  8  to  10,  1917. 

American  Institute  of  Mining  Engineers — Annual  Meeting,  St. 
Louis,  October  8  to  13,  1917. 


BOSTON  MEETING 
AMERICAN  CHEMICAL  SOCIETY 

The  55th  General  Meeting  of  the  American  Chemical  Society 
will  be  held  in  the  buildings  of  the  Massachusetts  Institute  of 
Technology,  Charles  River  Road,  Cambridge,  Mass.,  September 
II  to  13,  1917.  The  Northeastern  Section  has  been  requested 
by  the  Directors  to  omit  the  usual  annual  banquet  and  ex- 
cursions, and  to  arrange  a  program  characterized  by  simplicity 
and  seriousness,  and  bearing  as  fully  as  possible  on  questions 
concerning  the  activities  of  chemists,  both  in  the  government 
service  and  in  the  industries  during  the  war. 

Society  Headquarters  will  be  at  the  Hotel  Lenox,  corner  of 
Boylston  and  Exeter  Streets,  Boston.  The  use  of  the  Engi- 
neers' Club,  corner  Arlington  Street  and  Commonwealth  Avenue, 
will  be  extended  to  all  members  of  the  Society. 

Registration  will  be  conducted  at  the  buildings  of  the  Massa- 
chusetts Institute  of  Technology,  except  on  Monday,  September 
10th,  when  it  will  be  held  at  the  Hotel  Lenox. 

CHAIRMEN    OH    LOCAL   COMMITTEES 

Executive:  H.  P.  Talbot,  Massachusetts  Institute  of  Tech- 
nology, Cambridge,  Ma.ss. 

Finance:     A.  D.  Little,  93  Broad  St.,  Boston. 

Registration:     K.  L.  Mark,  Simmons  College,  Brookline,  Mass. 

Entertainment:  R.  S.  Williams,  Massachusetts  Institute  of 
Technology,  Cambridge,  Mass. 

Press  and  Publicity:     R.  W.  NelT,  22  India  Sq.,  Boston. 

Entertainment  nf  Ladies:     Mrs.  A.  I).  Little. 

(GENERAL    PROC.RAM 
Mr>NI>AY,    SKPTRUnKR     IOTII 

Afternoon:    Council  MrctiiiK.     Iwiginccrs'  Club. 

P.renini:        Dinner  to  ilir  (.H until  nt  Ihr  llnninrcra'  Club  (tcnilrrcd  by  the 

NorlhcoBlrrn  Srction), 

Ttkoiiav.   Siiptiimukh    llTII 
Morntnt:      Ccncrul    MictiuK   "f    the    Society   nt   the    Mauarhuiirtla    Inili- 

tute   ot    TcrhniilnKy.      AitdrrM   o(    Welcome,    by    Dr.    R.    C. 

Maclnuriii.  I'miilenl   MuiuiK'husrllii  Institute  of  TechnoloKV. 

Keanunnc.   I.v    luliua  Stietlilr.   I're»i<lrnt   American  Chemical 

Society. 
Afltrnoon:    C.enernl  Cnntrtcmr  on  Cheminlrv   nntl   Chrmiitlrv  in   Warfitre. 

opened  liy   l>r.   William  II     NichoN.  (.  huirniaii  of  C<imnii(tee 

on  Chrnii.iil,.  Council  ol  Nutronul  Dclrusc.  and  Dr    Marsinn 

T.      lloKerl,     Chairman     Chnuwtry     Committee,      National 

Keaearch  Council. 
Ilvrnint:        llurlior  triii  to  Hotel  Ptmbrrlon,  vrlirre  an  informal  ahorc  dinner 

unil  anifikcr  will  he  held. 

Wlll>NKai>AV,    SHrTKMnilR     l.'TIi 

Mnrnint:       Confereiu  e<  iil  Divialona 
Afltrnoon:     Illviaionul  Mrrtiniia 

l-rtnint:        l>realdenl'.  Addrraa.  Ilnntinnton  Hall.  Ho|era  llulldinn.  Maaaa 
chuaetia   Inatilnle  of  Technoloiy 

TninaiiAV,  SKrTKtinKM    I  itn 
.Worninji.'       Diviaional  Mrrllnia. 
A/lnnoon:    Diviaional  Mertinga. 


DIVISIONAL    PROGRAMS 

The  usual  meetings,  including  the  annual  election  of  officers, 
will  be  held  by  all  the  Divisions,  and  by  the  Rubber  Chemistry 
Section,  with  the  following  special  program: 

PHYSICAL,    INORGANIC    AND     ORGANIC     DIVISIONS     may    hold    a 

joint  conference  on  Wednesday  morning,  September  12th. 

DIVISION  OF  INDUSTRIAL  CHEMISTS  AND  CHEMICAL  ENGINEERS. 

Conference  on  "The  Industrial  Chemist  in  War  Time,"  on  Wed- 
nesday, September  12th.  A  Metallurgical  S>Tnposiiun  in  charge 
of  Prof.  W.  A.  Whitaker  of  the  University  of  Kansas,  LawTcnce, 
Kan.,  he  announces  that  contributions  of  papers  are  solicited : 
titles  of  papers  (with  absts.)  should  be  senthira  early  in  August. 

DIVISION  OF  ORGANIC  CHEMISTRY  will  hear  and  discuss  the  re- 
port of  the  Committee  on  "The  Supply  of  Organit  Chemicals 
for  Research  During  the  War,"  by  the  Chairman,  C.  S.  Hudson. 

DIVISION  OF  PH.^RMACEUTICAL  CHEMISTRY.  Conference  on 
"Pharmaceutical  Chemistn.'  and  the  Future,"  opened  by  L.  F. 
Kebler.  The  Secretary  of  the  Division  wishes  to  call  the  atten- 
tion of  the  members  to  the  fact  that  papers  on  the  composition 
of  plant  drugs  or  any  of  their  constituents,  the  composition  of 
volatile  oils,  etc.,  are  appropriate  to  the  program  of  this  division. 
Papers  on  pharmacological  testing  should  also  be  presented  to 
this  division. 

THE  FERTILIZER  DIVISION  will  have  papers  of  unusual  interest 
dealing  with  the  fertilizer  situation  of  to-day  in  relation  to  the 
chemical  methods  employed  in  the  analysis  of  fertilizers,  sampling 
of  fertilizers,  etc.  A  conference  where  the  papers  previously 
read  will  be  freely  discussed  and  general  conditions  affecting  the 
fertilizer  business  from  a  chemical  standpoint  will  close  the 
meeting. 

BIOCHEMICAL  DIVISION  plaus  include  for  Wednesday  a  special 
program  concerning  "Enzymes  and  Their  Action." 

DIVISION  OF  WATER,  SEWAGE  AND  SANITATION  will  hold  a  Con- 
ference on  "Sanitation  in  Warfare." 

PAPERS  FOR  THE  MEETING 

.^11  titles  for  papers  should  be  in  the  Secretary's  hands  on  or 
liefore  August  27th;  or  in  the  hands  .if  the  secretaries  of  divisions 
on  or  before  August  25th,  with  the  exception  that  titles  of  papers 
should  reach  the  Secretary  of  the  Division  of  Industrial  Chemists 
and  Chemical  Engineers  on  or  before  .\uRust  21st. 

THE    DIVISION   OP    INDUSTRIAL   CHEMISTS   AND   CHEMICAL    ENC.I- 

NEERS  have  voted  that  tlie  titles  of  all  papers  sh;ill  be  sent  to 
the  Secretary  of  the  Division,  which  title  should  be  accompanied 
by  an  abstract;  that  any  title  sent  without  ati  abstract  shall  not 
be  printed  in  the  program,  and  that  the  time  limit  for  the  pre- 
sentation shall  be  5  minutes,  unless  special  armngcmcnts  are 
made  with  the  Secretary  of  the  Division. 

By  vole  of  the  Council  no  papers  may  be  presented  at  the  merlint, 
lilies  for  which  are  not  printed  on  the  final  prof^ram. 

"By  Title"  should  be  placed  on  the  annniitu-emcnt  of  any 
paper  where  the  author  is  to  be  absent,  so  that  nicnil>crs  may 
understand  in  advance  that  the  pai>cr  will  not  l>c  read 

ADDRESSES   OF    DIVISIONAL    SKCKKTARIKS 
/t(ri.lil<Nraf  and  Food  Cllrm»lry:     C.len   P.   Maaon.    11.   J.   HHna  Co.. 
riltahurih.  Pa. 

/Iiofnfi.df  CItrmiilry:      I    K    I'helpa.  Ilurrau  of  Chrmiatry.  \Vaahin(1a«. 

FrrKtiur  Ctttmiitry:  V.  H  Carpenter.  VIrilnta  Cattilina  Cbemtcal  Co., 
Hichmond.  Va. 

/aifMiiriaf  t'krmiili  ind  I  lum%,al  Imtintett:  S.  II.  Saliabury.  Jr.. 
Northampton.  I'a 

(iriaai.  Chtrnxlry:     II.  I..  Hiaher.  Cidiimbla  |inW«r>itr  New  \  ork  Uly. 

fkormanMlual  t  hemttlt',:  <;*arie  IV  |lr«l.  Clwinlalry  llntliUat. 
Inlveiailv  of  lllinoia.  ITrbana.  III. 

/■Ayii.dl  .!•.<  Imwtani.  Cktmtilry:  Karl  U  MWartl.  ."O  l^itwell  St.. 
Canibridicr,  Moaa. 

Ualrr.  Vra-acr,  and  yaniHlinn:      II    P.  Cotton.  l«o»  >M   <".rx>vr  I  llr.  Pa 

Allsrl^Al.■T^  or  papkhs 
Every  mcinlKT  prrM-nltnu  «  |>a|Kr  is  r«t4tir»tr^l  to  wml  «"  «b- 
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stract  to  Prof,  Allen  Rogers,  Pratt  Institute,  Brooklyn,  N.  Y., 
Chairman  of  the  Society's  Press  and  Publicity  Committee.  A  copy 
of  the  abstract  should  be  retained  by  the  member  and  handed 
to  the  secretary  of  the  special  division  before  which  the  paper 
is  to  be  presented  in  Boston,  or,  better,  sent  in  advance  of  the 
meeting  to  R.  W.  Nefl,  22  India  Sq.,  Boston,  Mass.  Short 
abstracts  will  be  printed  in  Science. 

HOTELS 
Members  are  advised  to  make  reservations  well  in  advance, 
since  the  meeting  comes  at  a  time  when  the  Boston  hotels  are 
crowded.  For  special  information  write  to  the  Chairman  of  the 
Committee  on  Registration,  Prof.  K.  L.  Mark,  Simmons  Col- 
lege, Boston. 

FINAL    PROORAM 

The  final  and  complete  program  will  be  sent  on  or  about 
September  5th  to  all  members  signifying  their  intention  of  attend- 
ing the  meeting,  to  the  secretaries  of  sections,  to  the  Council,  and 
to  all  members  making  special  request  therefor  to  the  Secretary's 
office. 

AUTUMN   MEETING,  AMERICAN  ELECTROCHEMICAL 
SOCIETY,  PITTSBURGH,  OCTOBER  3  TO  6,  1917 

The  provisional  program  for  the  Pittsburgh  meeting  of  the 
American  Electrochemical  Society  to  be  held  October  3  to  6, 
1917,  with  headquarters  at  the  William  Penn  Hotel,  has  been 
announced.  The  final  program  will  be  distributed  with  the 
September  Bulletin  (Sept.  15)  of  the  Society. 

PROVISIONAL    PROGRAM 

Wednesday,  October  3rd 
To  promote  general  acquaintance  among  the  members  previous  to  the 
Meeting,  those  arriving  on  Wedne-sdav  wilt  be  taken  in  automobiles  from 
Headquarters.  William  Penn  Hotel,  to  the  Oakmont  Country  Club.  An 
informal  Dinner  at  the  Club  will  be  followed  by  a  meeting  of  the  Board 
of  Directors. 

TnuRSDAY,  October  4th 
Morning:      Meeting  at  William  Penn  Hotel  for  reading  and  discussion  of 

papers. 
Afternoon:    Optional  excursions  to  various  industrial  plants  in  the  Pitts- 
burgh district. 
Evening:       Illustrated  lecture,  followed  by  an  informal  reception,  light  re- 
freshments and  dancing. 

Friday.  October  5th 
Morning:      Papers  and  discussion  on  electrochemical  products. 
Afternoon:    Optional    excursions    to    the   various   industrial   plants    in    the 

Pittsburgh  district. 
Evening:       Subscription  Dinner  at  the  William  Penn  Hotel,  with  special 
entertainment  features. 

Saturday,  October  6tii 
All-day  excursion  on  special  train  to  several  industrial  plants   (special 
entertainment   for  ladies   as   it   is   thought   this  excursion    would     be     too 
strenuous  for  them). 

LOCAL    COMMITTEES 

The  following  Pittsburgh  members  are  in  charge  of  various 
local  committees:  General  Arrangements  and  Finance,  C.  G. 
Schluederberg,  chairman  of  local  section;  Excursion,  Prof. 
L.  C.  Tumock;  Entertainment,  Prof.  Fred.  Crabtree;  Publicity, 
Philo  Kemery;  Papers,  R.  E.  Zimmerman;  Membership, 
S.  L.  Goodale;  and  Hotel,  P.  M.  Lincoln.  Mrs  Fred.  CrabUee 
is  chairman  of  the  local  committee  to  care  for  visiting  ladies. 


AMERICAN  INSTITUTE  OF  CHEMICAL   ENGINEERS 

NINTH  SEMI-ANNUAL  MEETING 

BUFFALO,  JUNE  20-22,  1917 

The  ninth  semi-annual  meeting  of  the  American  Institute  of 
Chemical  Engineers  convened  in  Buffalo  at  the  Hotel  Statler 
at  9.30  A.M.  F.  A.  Lidbury,  Chairman  of  the  Local  Committee, 
called  the  meeting  to  order  and  introduced  Mr.  David  C.  Howard, 
1st  Vice-President  of  tlie  Buffalo  Chamber  of  Commerce,  who 
welcomed  the  members  of  the  Institute  to  Buffalo.  Mr.  Howard 
spoke  of  the  importance  of  the  chemical  industries  of  Buffalo; 
within  a  radius  of  i  mile  2,000,000  tons  of  pig  iron  arc  produced 
annually.  He  also  urged  the  greater  utilization  of  the  Niagara 
water  power.  President  G.  W.  Thompson  then  took  the  chair 
and  responded  to  Mr.  Howard's  welcome. 


The  Council  reported  having  held  foin-  meetings  since  the 
last  meeting.  Consideration  had  been  given  to  the  best  means 
of  securing  cooperation  of  members  with  the  National  Govern- 
ment. A  subscription  of  S500  had  been  made  to  the  Liberty 
Loan.  Consideration  had  also  been  given  to  the  best  means 
of  seciu-ing  a  more  general  adoption  of  the  Metric  system  of 
weights  and  measures.  During  the  discussion  of  this  subject 
it  was  brought  out  that  the  chemical  industries  could  readily 
adopt  the  Metric  system  but  that  difficulty  would  be  met  with 
in  Mechanical  Engineering  and  Machine  Shop  practice.  A 
committee  was  appointed  to  investigate  and  report  as  to  how 
far  the  general  introduction  of  the  Metric  system  is  feasible 
at  the  present  time. 

The  Secretary  reported  the  issue  of  Bulletin  14  and  an  early 
issuance  of  Vol.  9  of  the  Transactions. 

The  membership  of  the  Institute  at  present  is  270,  consisting 
of  one  honorary  member,  229  active  members  and  40  juniors,  a 
total  increase  of  20  during  the  year.  The  deaths  of  E.  R.  Taylor 
and  G.  M.  MacNider  were  announced. 

The  Treasurer  reported  a  balance  on  hand  of  $4 170. 

Dr.  A.  C.  Langmuir,  Chairman  of  the  Membership  Com- 
mittee, reported  the  election  of  13  candidates  for  active  mem- 
bership, 8  for  junior  membership  and  the  transfer  of  3  from 
junior  to  active  membership.  Five  applications  for  active 
membership  had  been  denied  on  account  of  insufficient  ex- 
perience in  chemical  engineering  work. 

Dr.  L.  H.  Baekeland,  Chairman  of  the  Committee  on  Patents, 
reported  that  during  the  war  no  action  could  be  taken  toward 
improving  the  patent  laws,  with  the  exception  of  the  efforts 
being  made  for  temporarily  suspending  the  patent  laws  of  the 
United  States  for  the  manufacture  of  certain  products  heretofore 
imported  from  Germany. 

Professor  Jas.  R.  Withrow,  Chairman  of  the  Committee  on 
Chemical  Engineering  Education,  reported  that  the  Secretary 
of  War  lu-ged  the  necessity  of  maintaining  our  educational 
work  diu'ing  the  war.  The  committee  suggested  that  Chemical 
Engineering  students  be  given  instruction  in  some  elementary 
subjects  of  military  importance  such  as  pontoon  bridge  build- 
ing and  other  field  work. 

The  Committee  on  Meetings  reported  in  favor  of  holding  the 
winter  meeting  in  St.  Louis  early  in  December.  By  vote  of 
the  Institute  this  selection  was  confirmed. 

A  committee,  consisting  of  Prof.  Jas.  R.  Withrow,  Dr.  Chas. 
S.  Palmer,  Dr.  Wm.  P.  Mason,  Messrs.  David  Wesson  and  P. 
Kingsbiny,  was  appointed  to  draft  resolutions  to  be  sent  to 
Secretary  Baker,  urging  that  chemical  engineers  and  chemists 
be  permitted  to  remain  in  the  industries  as  their  work  is  es- 
sential to  the  maintenance  of  the  production  of  military  supplies. 
It  was  pointed  out  during  the  debate  that  tlie  services  of  many 
chemists  will  be  needed  by  the  War  Department  even  in  the 
trenches.  All  members  of  the  Institute  were  ready  to  offer 
their  services  to  the  Government  and  many  members  are  actively 
cooperating  in  many  capacities. 

The  following  telegram  was  sent  to  Secretary  Baker: 

The  American  Institute  of  Chemical  Engineers  in  Con- 
vention, HulTalo,  N.  Y.,  desires  to  emphasize  the  importance 
to  the  mihtary  effectiveness  of  the  United  States  of  Chemical 
Engineers  and  Chemists  being  permitted  to  remain  in  our  in- 
dustries as  only  tiy  so  doing  can  our  military  supply  production 
be  maintained  and  increased  as  required.  Every  member  present 
expressed  a  sincere  desire  to  be  of  service  to  his  country  in  the 
most  effective  manner.    Full  resolutions  will  follow. 

The  following  resolution  was  drawn  up  by  the  committee  and 
sent  to  the  President  and  to  the  Secretary  of  War: 

We,  the  members  of  the  American  Institute  of  Chemical 
Engineers,  in  Convention  assembled  at  Buffalo,  N.  Y.,  June  22, 
19 1 7,  desire  to  offer  you  our  services  in  any  capacity  in  which 
you  may  see  fit  to  call  upon  us  in  the  present  national  emergency. 
We  know  that  it  is  your  desire  to  reduce  to  a  minimum  any 
injury  to  the  industries  of  our  country  by  the  indiscriminate 
drafting  into  ordinary  military  service  of  such  skilled  help  as 
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chemists  and  chemical  engineers.  Some  manufacturers  having, 
perhaps,  productive  units  small  in  capacity,  have  not  as  yet 
been  disposed  to  initiate  claims  for  protection  against  the  virtual 
destruction  of  their  business  either  through  voluntary  or  draft 
enlistment  of  their  chemical  help. 

The  chemical  industries  of  the  country  are  both  directly  and 
indirectly  indispensable  as  a  source  of  military  supplies.  A 
large  part  of  modern  efficiency  in  many  industries  is  dependent 
upon  adequate  chemical  engineering  and  analytical  control. 
Skilled  chemists  are  the  result  of  years  of  training  and  experience 
in  connection  with  chemical  phenomena,  and  the  efficiency  of 
such  chemists  is  similar  to  the  efficiency  of  skilled  naval  officers, 
who  have  also  had  years  of  training  and  experience  to  develop 
them  for  their  responsibilities. 

We  urge  upon  you,  therefore,  to  avoid  the  errors  which  in  the 
earlier  stages  of  the  war  were  committed  by  all  combatant 
nations  in  weakening  their  industrial  operations  by  taking  tech- 
nical men  from  the  industries  without  due  consideration  as  to 
the  relative  needs  of  those  industries. 

We  feel  it  our  duty  to  ask  of  you  that  all  manufacturers  and 
producers  using  chemical  means  of  manufacture  or  control  be 
required  to  list  with  designated  officials  for  exemption  considera- 
tion all  employees  as  follows: 

A.  All  employees  engaged  in  production  and  its  direct  control. 

B.  All  other  members  of  the  organization.  These  latter  to 
be  grouped  as  follows: 

1.  Key  men  in  the  organization. 

2.  Men  highly  desirable  but  not  vital  to  the  industry. 

3.  All  other  employees  of  organization  not  engaged  in  pro- 
duction. 

With  the  data  thus  at  hand  the  Government  will  be  able  to 
protect  itself  against  any  stalling  of  industry  that  might  jeopar- 
dize a  speedy  prosecution  of  a  successful  war.  We  do  not  wish 
to  be  understood  as  wishing  in  any  way  for  exemption  in  such 
industries  as  are  connected  with  luxuries  merely  or  are  in  no 
way  connected  with  essential  military  cfTectiveness,  though 
serious  attention  must  be  given  to  the  possibility  of  wrecking 
national  etTectiveness  by  the  withdrawal  of  such  key  men  as 
chemists  from  most  of  our  industries. 

We  urge  that  a  suitable  badge  or  other  system  be  devised  for 
the  social  protection  of    len  exempted  for  their  industrial  service. 

We  also  request  that  the  Government  urge  or  assign  to  a  con- 
tinuation of  their  college  studies  a  sufficient  number  of  engi- 
neering and  particularly  chemical  students,  so  that  the  Govern- 
ment and  industrial  service  will  not  be  denied  this  necessary 
yearly  influx  of  young  chemists  and  engineers. 

We  are  gratified  to  fuid  that  the  number  of  chemists  and 
chemical  engineers  who  have  volunteered  for  admission  to  the 
Ordnance  Corps  and  other  departments  where  their  chemical 
experience  can  be  of  direct  benefit  in  military  service  has  been 
in  excess  of  the  requirements.  We  know  that  this  is  the  spirit 
which  animates  all  of  the  chemists  and  chemical  engineers  of 
the  country.  We  know  that  they  want  to  be  where  they  can 
be  of  the  greatest  service. 

They  l)elicve  that  their  greatest  power  of  service  is: 

First,  in  the  industries  on  which  the  success  of  the  war  directly 
depends. 

Second,  in  such  departments  of  the  military  service  where 
their  knowledge  of  noxious  gases  will  enable  them  to  be  of  help 
in  the  prevention  of  loss  of  life  and  in  the  repair  and  maintenance 
of  efiuipment. 

When  they  are  not  needed  in  either  of  the  above  classified 
departments  of  service,  they  are  willing  to  do  any  kind  of  work 
and  lay  down  their  lives  if  need  be. 

A  very  interesting  and  instructive  paper  on  "Some  Machinery 
Employed  in  the  Manufacture  of  Glue"  was  read  by  A.  Lowcn- 
stcin,  of  Chicago.  I'rof.  Ivdward  Bartow,  of  the  University 
of  Illinois,  read  the  third  paper  on  "Treatment  of  Sewage  by 
Aeration  in  the  Presence  of  Activated  Sludge."  Professor 
Hiirtow  reported  i)rogress  in  filtering  iiiul  drying  the  sludge  on 
a  commercial  .scale  and  at  a  low  cost.  Samples  of  the  moist 
and  dry  sludge  were  shown.  About  1 100  lbs.  of  the  dry  sludge 
were  obtained  |ier  iiiillion  gallons  of  sewage.  The  content  of 
nitrogen  was  from  .}..s  to  6.3  per  cent.  The  cost  of  drying  the 
sludge  was  estimated  iit  f  j.oo  to  $5.50  and  the  value  of  the  dried 
sliiilge  from  fo.(M>  to  f  i,s  >«)  |>cr  ton. 

Dr.  Cliiis.  ,S.  Piiliner  rend  11  paper  on  "Intensive  Chemical 
prepiiriilion"  in  which  lie  urged  the  importance  of  more  ex- 
tended courses  in  Chemistry  being  olTcred  in  high  schmils  and 
preparatory  .schiMils  so  that  the  Kcneriil  public  would  lie  more 
Inli'lllgeiit  III)  cliriiiical  topics 


.\fter  luncheon,  members  of  the  Institute  and  their  guests 
were  given  an  automobile  trip  around  the  city  through  the  many 
beautiful  boulevards  and  parks.  The  automobiles  had  been 
furnished  by  members  of  the  Engineers'  Club  of  Buffalo,  and 
were  under  the  direction  of  Mr.  David  Bell,  of  the  Pierce- Arrow 
Automobile  Company. 

The  party  was  then  driven  to  the  plant  of  the  Buffalo  Foundry 
&  Machine  Co.  At  this  plant  a  considerable  number  of  large 
pieces  of  chemical  equipment  in  course  of  construction  were 
shown,  including  stills,  kettles,  evaporators,  etc.  The  method 
of  construction  of  each  piece  of  apparatus  was  clearly  shown  as 
the  pieces  were  not  fully  assembled.  Each  visitor  was  fur- 
nished with  a  printed  pamphlet  giving  a  description  of  each 
piece  of  apparatus  shown.  Especial  interest  was  shown  in  the 
very  large  castings  being  made. 

The  party  was  then  taken  to  the  plant  of  the  Larkin  Co. 
where  a  great  variety  of  interesting  manufacturing  operations 
were  inspected.  These  were  shown  not  only  by  direct  inspec- 
tion but  also  by  moving  pictures  in  the  commodious  theatre  of 
the  Larkin  Co.  After  Ught  refreshments  had  been  served,  the 
party  returned  to  the  hotel. 

During  the  Wednesday  evening  session  a  paper  was  presented 
by  Glenn  H.  Pickard  on  "The  Manufacture  of  Linseed  Oil." 
This  paper  dealt  principally  with  modifications  of  the  standard 
practice  and  their  effect  upon  the  economics  and  quality  of  the 
oU. 

A  paper  on  "Trade  Wastes  Disposal"  was  then  read  by  Mr. 
H.  P.  Eddy.  This  paper  dealt  with  the  disposal  of  trade  wastes 
in  a  general  way.  The  discussion  of  this  paper  took  up  the  dis- 
posal of  tannery  wastes,  the  destruction  of  the  anthra.x  bacillus 
by  means  of  chlorine,  and  the  taste  developed  in  waters  by  the 
introduction  of  chlorine. 

Thursday  was  spent  at  the  Canoe  Club,  beautifully  situated 
on  the  Canadian  side  of  Lake  Erie.  The  party  left  Buffalo  at 
10  A.M.  on  the  excursion  steamer  for  Crystal  Beach.  A  launch 
took  tlie  party  to  the  Canoe  Club.  Immediately  on  arrival  a 
session  of  the  Institute  was  held  in  the  spacious  dancing  hall 
on  tlie  pier. 

Two  papers  were  read  by  Prof.  James  R.  Withrow:  "The 
Elevation  of  Sulfuric  Acid  and  Other  Liquids"  (by  O.  R.  Sweeney 
and  James  R.  Withrow)  gave  the  results  of  .some  interesting  ex- 
periments on  using  steam,  for  tlie  elevation  of  sulfuric  acid 
instead  of  compressed  air,  and  "Conservation  of  Sulfuric  Acid" 
emphasized  the  importance  to  tlie  agricultural  interests  of  on 
adequate  supply  of  sulfuric  acid  for  the  pro<luction  of  fcrtiliicrs. 
Much  dilute  sulfuric  as  well  as  nitric  acid  is  being  allowed  to  go 
to  waste  in  the  munition  industries  because  of  the  lack  of  concen- 
tration plants.  This  acid  could  very  advantageously  be  used 
in  the  fertilizer  industry.  A  very  interesting  discussion  developed 
on  the  various  means  of  producing  sulfuric  acid. 

After  luncheon  some  of  the  members  tinik  advantage  of  the 
good  breeze  and  fair  weather  and  enjoyed  a  sail  on  I^iWc  Eric. 
Others  spent  the  afteriio<jn  in  technical  or  other  discus-sions  on 
the  veranda  of  tlie  Canoe  Club  or  took  w;Uks  along  the  iKuch. 
After  dinner  at  the  Club  another  scs.sion  wius  held  on  the  pier. 
Hugh  K.  Moore  read  a  pajn-r  on  "The  Chcnuc.il  Engineering 
As|)cct  of  Kenovatiiig  a  Sulfide  Mill  "  MciiiIk-is  wric  very  much 
interested  in  the  many  and  ditVicull  problems  which  were  .suc- 
cessfully overcome  in  renovating  this  mill  aud  placing  it  on  • 
successful  o|>eriiting  basis  .\ftcr  di.icu.'uion  of  tlii.s  pii|>er  the 
party  returned  by  launch  to  Crystal  Bench  and  thou  by  sicumer 
to  BiifTuhi. 

Friday  mnrning  a  biisinc.-w  scwion  was  held  at  Hotel  St.itirr 
The  Comiiiittrc  on  MectiiiK""  irportcd  in  (uvor  of  iirr.itii;iii);  .> 
dinner  or  hIIut  siH-ial  function  during  the  Third  CIk-iiiumI 
lixpoailion  in  New  York  cliiring  the  week  ul  SrptrmlKT  ulU 

St.  Louis  WHS  chosen  ax  the  |ilnce  for  the  winter  mrrtiiiK.  the 
date  to  be  ciirlv  in  Pccciul)er      A  coiMidcrable  numltrr  of  in- 
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teresting  chemical  and  metallurgical  plants  could  be  visited  in 
and  around  St.  Louis. 

The  papers  of  the  Syrapositim  on  Potash  were  then  read. 
The  paper  by  J.  C.  W.  Frazer,  W.  W.  Holland  and  E.  Miller 
of  the  Johns  Hopkins  University  on  "A  New  Metliod  for  the 
Recovery  of  Salts  of  Potassium  and  Aluminum  from  Mineral 
Silicates"  gave  the  results  of  experiments  in  which  finely  ground 
feldspar  was  treated  with  caustic  soda  solution  at  200  to  300°  C. 
One  molecule  of  SiOj  was  extracted  from  the  feldspar.  The 
resulting  product  is  readily  acted  upon  by  dilute  acid  producing 
a  salt  of  potassium,  the  silica  and  aluminum  remaining  undis- 
solved. On  treating  this  residue  with  sulfuric  acid,  aluminum 
sulfate  would  be  produced,  the  silica  being  filtered  off.  The 
caustic  soda  is  regenerated  by  treatment  with  lime  and  can  be 
used  again.  As  a  very  pure  silica  is  obtained  by  this  process 
as  well  as  aluminum  sulfate  and  potash  salts,  it  may  prove  profit- 
able even  after  the  war. 

The  paper  on  "Potash  from  Waste  Liquors  of  Beet  Sugar 
Factories"  by  H.  E.  Zitkowski  was  then  read.  This  paper  gave 
an  analysis  of  the  total  amount  of  potash  in  the  sugar  beets  pro- 
duced in  the  United  States.  A  considerable  amount  of  the 
potash  is  being  utilized  at  present  as  a  constituent  of  cattle  food 
or  fertilizers  in  various  forms.  The  waste  waters  contain  both 
nitrogen  and  potash.  The  method  at  present  being  experimented 
upon  consists  in  evaporating  the  waste  water  and  incinerating  to 
recover  the  potash. 

The  jjaper  on  "The  Possibilities  of  Developing  an  American 
Potash  Industry,"  liy  Richard  K.  Meade,  gave  a  general  dis- 
cussion of  the  various  methods  being  used  and  more  particu- 
larly the  methods  by  which  potash  is  recovered  as  a  by-product 
in  the  cement  and  iron  and  steel  industry.  The  very  interesting 
conclusion  was  reached  that  about  two-thirds  of  the  requirement 
of  the  American  market  could  be  supplied  from  this  source. 

A  short  paper  on  "The  Potash  Industry  of  Canada"  was  read 
by  E.  B.  Biggar,  of  the  Canadian  Chemical  Journal.  In  the 
course  of  the  discussion  the  problem  of  evaporation  of  dilute 
solutions  was  taken  up  by  Hugh  K.  Moore  and  the  methods 


in  use  in  California  for  the  recovery  of  potash  from  kelp  were 
given  at  considerable  length  by  H.  O.   Chute  of  Los  Angeles. 

After  luncheon  the  party  proceeded  by  automobile  to  Niagara 
Falls  stopping  at  the  Curtiss  aviation  field  to  observe  aeroplane 
flights.  At  Niagara  Falls  the  gorge  ride  was  taken  in  a  special 
car  after  which  the  party  proceeded  by  the  automobiles  to  Goat 
Island  where  light  refreshments  were  served  and  then  returned 
by  automobile  to  Buffalo. 

Friday  evening  the  subscription  dinner  was  held  at  the  Hotel 
Statler.  About  60  covers  were  laid,  the  dinner  being  a  joint 
dinner  of  the  Buffalo  Engineering  Society  and  the  American 
Institute  of  Chemical  Engineers.  President  G.  W.  Thompson 
acted  as  toastmaster.  Maximilian  Toch  gave  a  good  many 
interesting  instances  of  important  war  service  rendered  by  Amer- 
ican chemists.  At  the  conclusion  of  his  remarks,  he  proposed 
a  toast  to  President  Wilson  which  was  heartily  responded  to. 

Professor  A.  W.  vSmith  of  Case  School  of  Applied  Science 
spoke  of  the  war  service  rendered  by  the  schools  and  colleges. 
Professor  Wm.  P.  Mason,  of  Rensselaer  Polytechnic  Institute 
was  introduced  as  the  water  expert  who  would  speak  on  pro- 
hibition as  a  war  measure.  F.  A.  Lidbury  was  introduced  as 
the  newly  elected  president  of  the  Buffalo  Engineering  Society, 
and  spoke  of  the  attempt  being  made  in  Buffalo  of  having  but 
one  technical  society,  including  in  its  membership  all  branches  of 
engineering  as  well  as  chemists  and  chemical  engineers. 

Mr.  David  C.  Howard  who  had  welcomed  the  Society  to 
Buffalo  was  then  called  upon  to  say  a  fitting  parting  word. 
The  dinner  ended  with  the  singing  of  The  Star  Spangled  Banner. 

Saturday  morning  a  few  of  the  members  visited  the  plant  of 
the  J.  P.  Devine  Co. 

The  attendance  at  the  meeting  was  excellent  throughout, 
about  100  being  present  at  the  various  sessions.  The  entire 
meeting  was  marked  by  a  patriotic  spirit  of  desire  to  be  of  the 
greatest  service  to  the  country  and  Government  during  the  pres- 
ent crisis. 


Cooper  Union 
July   11,   1917 


J.  C.  Olsen,  Secretary 


NOTL5  AND  CORRL5PONDLNCL 


ON  THE    SUBSTITUTION    OF   PERCHLORIC    ACID    FOR 

CHLORO-PLATINIC  ACID  IN  THE  DETERMINATION 

OF   POTASSIUM 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

Your  recent  editorials  in  This  Journal  prompt  me  to  suggest 
that  the  chemist,  himself,  may  directly  aid  in  the  conservation 
of  our  platinum  supply,  by  tlic  .substitution  of  perchloric  acid 
for  chloro-platinic  acid  in  tlie  determination  of  potassium. 
I  have  made  inquiries  in  regard  to  the  reliability  of  this  method 
and  find  that  it  is  coming  into  general  use  quite  rapidly.  Among 
my  informants  are  a  number  of  the  instructing  staff  of  the 
Massachusetts  Institute  of  Technology,  and  several  soap  and 
fertilizer  manufacturers  who  are  using  the  perchloric  acid  method 
in  preference  to  the  more  expensive  platinum  method.  This 
question  of  cost  is  well  brought  out  when  it  is  noted  that  the  cost 
of  chloro-platinic  acid  for  the  determination  of  one  gram  of 
potassium  is  approximately  jSS.cxj  at  the  current  market  price, 
while  the  cost  of  sufficient  perchloric  acid  for  the  same  determina- 
tion is  slightly  over  3  cents.  Including  the  loss  of  platinum, 
cost  of  recovery,  and  the  money  tied  up  in  a  small  bottle  of 
this  reagent,  it  is  seen  that  the  platinum  method  is  overwhelm- 
ingly more  expensive  than  the  perchlorate  method. 

It  should  also  be  borne  in  mind  that  the  German  Fertilizer 
Chemists  have  adopted  the  method  as  official.  It  is  to  be  re- 
gretted that  our  own  soil  and  fertilizer  methods  are  so  slow  in 
being  revised. 


Mr.  P.  L.  Hibbard  recently  published  the  results  of  an  in- 
vestigation on  the  two  methods  in  This  Journal,  and  made 
an  error  in  the  price  of  the  acid.  The  following  quotations  from 
a  chemical  supply  house  make  this  evident : 

"No.  1  Perchloric  acid  C.  P.  (60%) 

5  pounds $33.00 

1  pound 7  .  20 

1  ounce 0.75(o) 

(a)  As  this  is  for  experimental  purposes,  only  one  order  for  this  amount 
will  be  filled.' 

Mr.  Hibbard's  conclusions  are  not  entirely  borne  out  by  my 
experience  in  regard  to  tlie  ease  of  manipulation  and  the  length 
of  time  required,  as  I  find  the  perchlorate  method  quite  rapid. 
Clarence  Scholl  published  an  article  in  the  Journal  of  the  Amer- 
ican Chemical  Society,  36  (1914),  2085,  whicli  confirms  my  ex- 
perience. 

Batavia,  n.  y.  Howard  C.  Walker,  jrd 

THE  CHEMICAL  COMPOSITION  OF  COMMERCIAL 

GLUCOSE  AND  ITS  DIGESTIBILITY— A 

REJOINDER 

Probably  no  paper  that  has  appeared  in  recent  numbers  of 

This  Journal  has  aroused  a  greater  amount  of  unfavorable 

discussion  among  a  certain  class  of  its  readers  than  the  one  in 

the  November  is,sue  of  1916,  upon  "The  Chemical  Composition 

of  Commercial  Glucose  and  Its  Digestibility,"  by  J.  A.  Wesener 

and  G.  L.  TeUer. 
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One  of  the  first  difficulties  experienced  in  reading  the  paper 
of  Wesener  and  Teller  is  that  of  reconciling  the  experimental 
part  of  their  paper  with  the  final  "Summary  and  Conclusions." 
The  inconsistencies  between  these  two  parts  are  so  pronounced 
that  the  reader  is  forced  to  suspect  that  "Summary  and  Con- 
clusions" has  no  connection  with  the  rest  of  the  paper,  but  is 
only  a  sort  of  tag  which  can  be  attached  or  detached  at  the 
authors'  pleasure.  This  suspicion  has,  indeed,  considerable 
outside  evidence  for  substantiation. 

The  "Summary  and  Conclusions"  of  Wesener  and  Teller's 
paper  was  presented,  exactly  as  printed  on  pages  1019  and  1020 
of  Vol.  8  of  This  Journal,  before  a  meeting  of  the  Illinois 
State  Food  Standards  Commission,  which  was  held  in  Chicago 
in  June,  1916.  This  meeting,  according  to  the  statement  by 
its  Chairman,  was  called  by  one  of  the  large  producers  of  com- 
mercial glucose  for  the  purpose  of  revising  the  standards  of  cer- 
tain foods  "so  that  there  might  be  a  more  liberal  use  of  corn 
syrup,  commercial  glucose,  in  them."  Wesener  and  Teller 
were  two  of  the  witnesses  to  appear  at  this  hearing.  For  some 
unknown  reason  these  authors  neglected  to  add  to  their  paper, 
when  printed  in  This  Journal,  the  customary  note  that  it  had 
been  previously  presented  either  by  summary  or  title.  What- 
ever the  reasons  may  be  for  this  omission,  the  fact  remains 
that  four  months  before  its  publication  in  This  Journal,  the 
"Summary  and  Conclusions"  of  Wesener  and  Teller's  paper  was 
printed  verbatim  in  the  American  Food  Journal  (July,  1916, 
pp.  300  and  301). 

It  is  curious  to  note  that  after  the  publication  of  Wesener 
and  Teller's  paper  in  This  Journal,  "Summary  and  Conclusions" 
was  again  detached  and  once  more  printed  in  the  Atncrican 
Food  Journal  (December,  1916,  p.  623),  this  time  with  the  rather 
naive  Editorial  Statement  that  it  was  reprinted  through  the 
courtesy  of  The  Journal  of  Industrial  and  Engineering  Chemistry. 
This  attachable  and  detachable  tag,  through  the  courtesy, 
no  doubt,  of  \iut  American  Food  Journal  in  which  it  first  appeared, 
has  also  been  reprinted  in  various  other  trade  publications. 

The  main  thesis  which  Wesener  and  Teller  attempt  to  es- 
tablish is  that  when  used  as  a  food  commercial  glucose  "pound 
for  pound  of  dry  weight,  will  furnish  at  least  as  much  energy 
as  does  cane  sugar."  But  in  studying  the  authors'  experi- 
ments to  demonstrate  this,  the  reader  is  first  puzzled  to  know 
whether  raw  or  refined  cane  sugar  is  meant.  The  dry  matter 
of  commercial  glucose,  according  to  the  authors'  own  analysis, 
contains  about  0.5  per  cent  of  mineral  matter  and  this  might 
seem  to  indicate  that  they  had  in  mind  a  raw  cane  sugar  con- 
taining an  equivalent  amount  of  mineral  impurities.  The 
reference  (p.  loii)  which  the  authors  make  to  the  molecular 
equivalents  of  cane  sugar  and  dextrose  shows,  however,  that 
pure  sucrose  or  refined  sugar  was  the  intended  basis  of  comparison 
and  this  helps  to  explain  the  efforts  of  the  authors  to  conjure 
away  the  mineral  impurities  of  conunercial  glucose  in  their 
"Summary  and  C(in(  liisions."  In  the  experimental  part  of 
tlieir  pai)er  (p.  1010}  we  find  for  example,  r)  34  per  cent  of  ash 
in  the  liquid  glucose,  while  in  the  detachable  "Summary  and 
Conchisiiins"  on  |).  1010,  this  amount  dwindles  tn  "a  trace" 
and  then  to  "mere  traces."  Half  a  per  cent  of  ash  inthetlry 
mutter  of  cane  sugar  is  regarded  by  refiners  as  somelliinK  more 
than  "mere  traces."  There  is  a  device  in  nuisic  by  which  dis 
cordant  tones  are  sonu-timrs  made  to  diminish  in  intensity  until 
they  completely  vanish,  but  it  has  remained  for  the  aulliurs 
to  employ  the  diminuemlo  as  u  method  <if  chemical  research. 

But  it  is  in  the  fallacious  conclusions  which  the  authors  draw 
from  llirir  fermentation  experiments  that  wr  arc  chiclly  con- 
cerned Tlic  error  due  to  the  ciiiploymriit  of  impure  yeasts  In 
scpaiMlim;  fermentable  from  lion  feruietiliible  carlMihydratc* 
has  long  bien  recognized.  The  aniliori  st.ile  tlirinselvrs  that 
"the  amount  of  gas  ordinarily  produced  from  5  g.  of  cane  •sugar, 
when   IS  g.  of  coiiiprcsHed  yra>tt  were  u«mI,  varied  from   imo 


to  HOC  cc."  or  in  other  words,  a  variation  of  some  4.5  per  cent. 
Herzfeld  found  malto-dextrin  to  be  completely  fermented  by 
yeast,  w^hereas  Brown  and  Morris  found  the  dextrin  and  malto- 
dextrin  of  starch  conversion  to  be  unfermented  by  a  pure  culture 
of  Saccharomyces  cereviseae  but  to  be  strongly  attacked  by 
Saccharomyces  etlipsoideus  and  Saccharomyces  Paslorianus.^ 
The  percentages  of  dextrin,  maltose  and  dextrose  which  Wesener 
and  Teller  calcvdate  from  results  obtained  with  ordinary  bakers' 
yeast  have  absolutely  no  scientific  value.  These  authors  ver>' 
correctly  express  their  percentages  in  Table  i,  as  apparent 
percentages  but  in  the  detachable  "Summary  and  Conclusions" 
tlie  qualifying  adjective  apparent  has  for  some  reason  been 
omitted. 

Still  more  unconvincing  is  the  experimental  evidence  by 
which  the  authors  attempt  to  disprove  the  existence  of  iso- 
maltose  or  gallisin  in  the  unfermentable  residues  of  commercial 
glucose.  It  has  long  been  known  that  the  unfermentable  resi- 
dues from  the  acid  or  diastatic  conversion  of  starch  could  be 
largely  hydrolyzed  into  dextrose  by  means  of  acids  and  it  is 
somewhat  strange  that  Wesener  and  Teller  failed  to  mention 
the  work  of  previous  investigators  along  this  line.  If  they 
had  carefully  reviewed  the  literature  upon  the  subject  they 
would  have  discovered  why  heating  the  unfermented  residues 
of  commercial  glucose  with  hydrochloric  acid  never  produces 
complete  conversion  of  the  products  into  dextrose. 

The  authors,  for  example,  in  their  experiments  witli  pan- 
creatin  and  takadiastase  (p.  1015,  Table  9),  after  boiling  the 
unfermented  matter  of  commercial  glucose  with  2.5  per  cent 
hydrochloric  acid,  neutralizing  and  again  fermenting,  obtained 
a  non-protein  organic  residue  of  0.440  g.  from  6  g.'  of  commercial 
glucose  in  case  of  pancreatin  and  0.380  g.  from  6  g.  of  commercial 
glucose  in  case  of  taka-diastase — results  which  are  equivalent  to 
7.33  and  6.33  per  cent,  respectively,  of  the  original  glucose 
or,  when  calculated  to  a  moisture-free  b;isis.  about  9  and  8  per 
cent,  respectively,  of  the  commercial  glucose  solids.  A  parallel 
fermentation  experiment  upon  5  g.  of  sucrose  gave  a  final  non- 
protein organic  residue  of  0.09  g.  or  i.S  per  cent.  Wesener 
and  Teller  state  that  the  remaining  unfermented  matter  of  their 
glucose  experiments  in  their  opinion  "may  be  justly  attributed 
to  organic  acids  produced  in  one  or  both  of  the  fermentations." 
If  we  take  the  1.8  per  cent  of  residue  in  the  sucrose  cxiwrimcnt. 
as  the  amount  of  organic  acids,  glycerol,  etc..  etc..  formed  by  the 
action  of  yeast,  there  still  remains  over  5  per  cent  of  matter' 
unaccounted  for.  It  is  difficult,  therefore,  to  understand  the 
statement  of  the  authors  (p.  loi.s^  "that  all  the  pnxlucts  of 
glucose  are  accounted  for  and  that  there  does  not  remain  any 
substance  which  was  a  constituent  of  the  glucose  and  which 
cannot  by  tlie  process  used  be  converted  into  substances  fer- 
mentable by  yeast."  If  Wesener  and  Teller  had  only  consulted 
the  previcms  work  of  Gatterbaucr  they  might  have  spared  them- 
selves the  necessity  of  making  so  unwarranted  an  iL"«niinp- 
tion. 

Galtcrbauer*  obtained  from  the  unfermentable  ri-sidiic  of 
a  sample  of  commercial  glucose,  by  purification  with  akxihol 
and  ether,  a  preparation  of  so-called  Kallisin.  which,  after  fer- 
menting away  the  traces  of  <lexlrosc  and  maltose,  gave  a  well 
characterizeil  osa/.one.  ciirrespoiidiiig  to  the  foriiiiitn.  C.iH«tN,(^«, 
of  a  disacoharide.  The  osone  from  this  prepar.ition  was  hyilro- 
>  I'l.r  n  review  o(  Ihcc  r»|iriliiirnlii  »«■  SykM  »ml  l.lns.  "Tl>c  I'rindpin 
uml   ITucti.rnf  Ilrrwini:  "  IMT.  |>     r^->. 

■  Mv  ullrilliitll  hi»  Ix-rll  i-<lllr<l  In  a  •llthl  rmH  In  Ihi*  raUiitalian 
The  6  iir«m«  were  litkrii  l>y  mUlnkr  from  llir  <UI«  llvrn  «l  llir  l-.p  <•'  T«I>1« 
').  C>U-tilali<in  o(  lllc  rr«uU«  l«>  4  H  (taim  tUicxiac  mxild  Imtr.w  Ihc  un- 
tr.mcniolilc  noil  (irolrlil  .iruaillr  tr.l.liic  In  «  17  p«f  t»nl  •(id  '  «.'  I»<T  c»lll. 
rcMHTlivclv.  nt  Ihc  ntlllnal  «lil.-.»<'.  <H  •Unit  II  p«-  CTBl  *nA  10  \irt  cull. 
rmlM-cllvclv.  n(  Ihr  cniiimrrrial  ulll.-o^'  •.ilM«, 

'  Arlimllr  »•  7  l>»r  cfiil  nn  the  l>a<l<  »l  Ihc  avnacr  o(  Ihc  Aturra  u 
cnlTCClcil  III  Ihc  alKivc  (initnolc 

«  I'nr  a  review  ot  llall.rt.aiicf  .  --.l  "'  u  ..  I..1I.....  IVt  Sl«rl.». 
•uolier.  '  Itll.  p.  tl. 
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lyzed  with  hydrochloric  acid  into  dextrose.  The  disaccharide 
thus  corresponds  in  properties  to  the  unfermentable  sugar 
isomaltose. 

Gatterbauer  then  attempted  to  hydrolyze  his  preparation 
of  gallisin  directly  into  dextrose  by  heating  100  cc.  of  a  14.7 
per  cent  solution  with  50  cc.  of  0.75  per  cent  hydrochloric  acid 
for  three-quarters  of  an  hour  upon  the  water  bath,  but  a  small 
percentage  of  material  failed  to  undergo  hydrolysis.  Instead 
of  assuming,  however,  that  all  his  products  were  accounted  for, 
Gatterbauer  next  tried  the  effect  of  using  stronger  acid  when 
he  found  that  he  was  further  away  from  complete  hydrolysis 
than  he  was  before.  Reversion  of  the  dextrose,  which  had  been 
formed,  had  taken  place,  and  gallisin,  or  isomaltose,  was  being 
regenerated.  The  complete  hydrolysis  of  the  unfermentable 
residues  of  starch  conversion  into  dextrose  by  means  of  hydro- 
chloric acid  was  thus  shown  to  be  impossible,  for  the  reaction, 
as  first  pointed  out  by  Wohl,'  in  1890,  is  reversible.  Ost-  has 
also  shown  that  with  Sacchse's  method  of  hydrolysis  with  2.5 
per  cent  hydrochloric  acid,  the  theoretical  factor  of  0.90,  for 
converting  dextrose  to  starch,  is  several  per  cent  too  low  on  ac- 
count of  the  formation  of  reversion  products.  Wesener  and 
Teller,  by  boiling  the  unfermented  residues  of  commercial  glu- 
cose with  2.5  per  cent  hydrochloric  acid,  were,  therefore,  pro- 
ducing the  very  compound  or  compounds,  whose  existence 
they  have  attempted  to  explain  away.  The  statement  of 
these  authors  in  their  detachable  "Summary  and  Conclusions" 
(p.  1020)  that  "tlie  claim  for  the  presence  in  glucose  of  un- 
fermentable reducing  bodies  as  reversion  products  brought  about 
by  the  action  of  the  acids  at  a  high  heat  is  untenable,"  is  thus 
contradicted  by  their  own  experiments.  * 

But  the  strangest  perversion  of  the  paper  by  Wesener  and 
Teller  upon  "The  Chemical  Composition  of  Commercial  Glucose 
and  Its  Digestibility"  is  the  one  contained  in  the  final  word  of 
the  title,  for  in  their  long  list  of  experiments  they  have  not  sub- 
mitted a  single  one  which  has  any  bearing  upon  digestibility. 
To  draw  conclusions,  as  the  authors  have  done,  from  fermenta- 
tion experiments  as  to  the  digestibility  of  commercial  glucose 
is  hardly  permissible.  Indeed,  if  we  assume  the  combined  action 
of  amylolytic  enzymes  and  yeasts  to  correspond  to  the  process 
of  animal  digestion,  the  only  conclusion  which  can  be  drawn 
from  Wesener  and  Teller's  experiments  is  tliat  commercial  glu- 
cose contains  over  10  per  cent  of  indigestible  matter.  The  au- 
tliors  employed  diastase  and  pancreatin  to  help  hydrolyze  the 
carbohydrates  of  commercial  glucose  into  fermentable  sugars, 
yet  the  action  of  such  enzymes,  according  to  the  authors'  own 
experiments,  was  far  from  complete.  There  always  remained 
a  considerable  amount  of  unfermentable  matter  which,  in  the 
two  experiments  with  malt  diastase  (p.  1013,  Table  4),  was 
15.4  and  16.4  per  cent  and,  in  the  experiments  with  pancreatin 
and  taka-diastase  (p.  1015,  Table  9)  was  15.3  and  9.5  per  cent, 
respectively,  of  the  original  commercial  glucose.  In  order  to 
make  tliis  unfermentable  and  hence  apparently  indigestible 
matter  fermentable  the  authors  boiled  the  filtered  sohition  for 
two  and  one-half  hours  with  2.5  per  cent  hydrochloric  acid  and 
then,  after  neutralizing,  fermented  again  with  yeast.  The 
question  natiu"aUy  suggests  itself,  if  the  combined  action  of 
diastatic  enzymes  and  yeasts  be  accepted  as  indicative  of  di- 
gestibility, what  operation  in  the  digestive  tract  of  the  animal 
corresponds  to  the  treatment  witli  boiling  2.5  per  cent  hydro- 
chloric acid?  The  percentage  of  hydrochloric  acid  in  the  gastric 
juice  of  man  is  less  than  0.5  per  cent,  while  tlie  temperature  of 
the  human  stomach  is  over  60  centigrade  degrees  below  the 
boiling  point.  The  authors  state  (p.  1013)  that  the  heating  with 
2.5  per  cent  hydrochloric  acid  was  performed  "in  the  usual  man- 
ner, followed  in  determining  starch."  The  method  of  Sacchse, 
however,  is  an  analytical  and  not  a  physiological  process,  and 
the  results  obtained  by  this  method  arc  no  more  an  indication 
'  Wohl.  Ber..  1890,  2084. 
«Ost.  Ch(m.  Ztt:  19.  1501. 


of  digestibility  than  the  conversion  of  cellulose  into  fermentable 
dextrose  is  an  indication  of  the  digestibility  of  sawdust. 

In  the  final  paragraph  of  the  detachable  "Summary  and  Con- 
clusions," Wesener  and  Teller  make  the  following  statement: 
"The  fact  that  commercial  glucose,  when  it  is  treated  with  dias- 
tase and  then  subjected  to  yeast  fermentation,  is  almost  wholly 
converted  into  alcohol  and  carbon  dioxide,  goes  to  prove  that 
it  consists  of  products  that  are  wholly  assimilable."  But  ac- 
cording to  the  authors'  experiments  "commercial  glucose  when 
it  is  treated  with  diastase  and  then  subjected  to  yeast  fermenta- 
tion" leaves  an  unfermentable  residue  of  over  lo  per  cent. 
If  commercial  glucose  from  such  results  be  considered  to  be 
"almost  wholly  converted"  then,  by  a  simple  use  of  the  already 
familiar  diminuendo,  we  may,  perhaps,  arrive  at  the  conclusion 
"that  it  consists  of  products  that  are  wholly  assimilable." 

In  a  paper  professing  to  deal  with  the  digestibiUty  of  com- 
mercial glucose  it  is  strange  that  no  mention  was  made  of  the 
results  obtained  by  feeding  commercial  glucose  to  bees.  Some 
years  ago  commercial  glucose  was  advertised  extensively  for  the 
winter  feeding  of  bees,  but  the  experience  of  bee-keepers  with 
this  new  substitute  for  cane  silfear  was  most  unfortunate.  If 
attempts  were  made  to  coerce  the  bees,  by  withholding  other 
supplies  of  food,  they  would  feed  upon  the  glucose,  but  would 
then  sicken  and  dip.  Experiments  conducted  by  the  U.  S. 
Department  of  Entomology,  upon  the  digestibility  of  various 
sugars  by  bees,  also  showed  that  bees  would  sicken  and  die  of 
dysentery  if  restricted  to  a  diet  of  commercial  glucose. 

The  conclusion  of  Wesener  and  Teller  that  when  used  as  a 
food  commercial  glucose  "pound  for  pound  of  dry  weight  will 
furnish  at  least  as  much  energy  as  does  cane  sugar,"  is  accord- 
ingly contradicted  by  their  own  experiments.  The  combined 
action  of  diastatic  enzymes  and  yeast,  without  the  outside  help 
of  boiling  hydrochloric  acid,  was  able  to  ferment  cane  sugar  almost 
completely,  yet  under  similar  conditions  was  able  to  ferment  only 
between  8o  and  90  per  cent  of  the  dry  solids  of  commercial 
glucose.  What  enzymes  and  yeast  do  not  ferment  and  what 
honey  bees  reject  may  possibly  be  completely  assimilated  in 
the  digestive  tract  of  man,  but  most  food  chemists  will  retain 
their  doubts  upon  this  point  until  more  conclusive  e.xperiments 
than  those  of  Wesener  and  Teller  are  forthcoming. 

The  New  York  Sugar  Trade  Laboratory       C.    A     Brow.nE 
80  South  St.,  New  York 
June  8,  1917 


A   REPLY  TO  THE  ABOVE  "REJOINDER" 

Manuscript  of  a  rejoinder  by  C.  \.  Browne  to  our  paper 
"The  Chemical  Composition  of  Commercial  Glucose  and  Its 
DigestibiHty,"  which  appeared  in  This  Journal,  November, 
19 16,  is  before  us  for  reply. 

Willi  reference  to  C.  A.  Browne's  statement  of  our  appearing 
before  the  Illinois  State  Food  Standards  Commission,  June, 
1916,  and  reading  a  brief  on  "The  Chemical  Composition  of 
Commercial  Glucose  and  Its  Digestibility"  we  beg  to  state  that 
this  is  correct.  At  that  time  we  had  finished  our  work,  and  as 
many  witnesses  appeared  before  the  Illinois  State  Food  Standards 
Commission,  we  confined  our  brief  almost  entirely  to  the  con- 
clusion of  our  article.  The  American  Food  Journal  published 
the  proceedings,  for  the  most  part,  in  detail.  Then  when  our 
article  was  finally  published  in  This  Journal,  the  American 
Food  Journal  again  made  it  a  point  to  review  our  article  and 
publish  an  extract  of  it. 

REPLY   TO    CRITICISMS 

I — Our  critic  endeavors  to  put  it  forth  as  a  fault  that  the  body 
of  our  somewhat  lengthy  paper  and  detailed  report  of  investi- 
gations is  accompanied  by  a  brief,  comprehensive  and  readable 
summary   of   work   done   and   conclusions   indicated   by   same. 

2 — He  criticises  and  later  attempts  to  ridicule  our  statement 
that  "In  this  respect,  glucose,  pound  for  pound  of  dry  weight 
will  furnish  at  least  as  much  energy  as  does  cane  sugar." 
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3 — He  states  without  logical  proof  that  certain  conclusions 
drawn  from  some  of  our  fermentation  experiments  are  fallacious 
and  without  scientific  foundation. 

4 — Passing  by  a  large  and  very  pertinent  part  of  our  work 
without  mention,  misstating  other  portions  and  setting  up  doubt- 
ful evidence  from  other  sources  in  opposition  to  our  findings, 
he  attempts  to  lead  his  readers  to  believe  that  our  claim  for  the 
absence  from  commercial  glucose  of  a  reversion  product  of  such 
a  nature  that  it  cannot  be  utilized  by  the  human  body  is  without 
foundation. 

5 — Apparently  unfamiliar  with  physiological  processes  and 
unable  to  understand  the  meaning  of  points  which  are  very  clearly 
demonstrated  by  our  work,  he  contends  that  not  a  single  one  of 
our  experiments  had  any  bearing  upon  digestibility. 

6 — He  recites  a  story  about  glucose  and  the  honey  bee,  which 
is  interesting  but  of  no  importance  in  this  cormection. 

Going  over  our  work  critically  after  having  laid  it  aside  and 
almost  forgotten  it  for  several  months,  we  fail  to  find  in  our 
summary  and  conclusions  anything  which  is  foreign  to  what  we 
should  expect  to  find  in  a  summary  and  conclusions  to  an  article 
of  this  kind.  We  would  not  expect  the  average  reader  of  a 
scientific  journal  to  follow  through  a  lengthy  article  of  nearly 
a  dozen  pages  when  the  essence  of  the  article  could  be  condensed 
into  about  one-tenth  of  that  space,  and  we  certainly  would  lay 
ourselves  open  to  severe  criticism  if  we  prepared  an  article  of 
this  kind  and  did  not  accompany  it  with  a  brief  and  readable 
summary.  On  the  other  hand,  the  entire  body  of  the  report 
and  details  of  experiments  described  therein  appear  necessary 
to  give  a  logical  foundation  for  the  conclusions. 

The  cane  sugar  used  in  all  experiments  described  in  this  paper 
and  referred  to  in  our  conclusions  was  a  good  grade  of  granulated 
sugar.  Reference  to  otlier  matters  which  have  to  do  with  this 
statement  will  be  fully  dealt  with  in  a  later  paragraph. 

Our  critic  states  that  our  quantitative  experiments  witli 
mixed  yeast  have  no  scientific  value  because  different  species 
of  yeast  act  upon  different  sugars  differently.  We  were  quite 
familiar  with  the  fact  that  not  all  sugars  are  fermented  to  the 
same  extent  and  in  the  same  manner  by  different  species  of 
saccharomyces,  and  referred  to  that  in  our  article.  This  is 
clearly  due  to  the  fact  that  some  species  do  not  contain  enzymes 
which  arc  alile  to  split  up  certain  sugars  into  the  simpler  fer- 
mentable gluco.ses,  as,  for  instance,  maltose  is  not  fermented 
by  yeasts  which  do  not  contain  the  enzyme  raaltasc.  The 
compressed  yeast  in  these  experiments  was  such  as  has  been 
developed  for  the  use  of  tlie  baking  trade  for  the  purpose  of 
fermenting  the  very  products  witli  which  we  have  to  deal  in 
our  experiments.  Hy  lliousands  of  experiments  in  bread-making 
and  fermentation  extending  over  a  period  of  many  years,  we 
have  found  these  yeasts  to  be  very  constant  in  action,  and  they 
contain  an  abundance  of  all  enzymes  nece.s.sary  to  produce 
complete  fermentation  of  dextrose,  maltose  and  cane  sugar. 
If  we  had  used  for  our  experiments  u  single  species  of  yeasts, 
which  might  or  might  not  have  possessed  all  of  these  qualities, 
our  results  would  have  been  open  to  critici.sni.  It  is  quite 
natural  that  there  should  be  some  variation  in  the  results  ob- 
tained from  cane  sugar  from  day  to  day,  for  by-product.^  are 
known  to  be  formed.  It  is  no  unconunon  thing  for  the  analytical 
chemist  to  find  it  ncicssary  to  use  iimtrol  ex|ii'riinents  in  the 
riirryitig  nut  of  his  aiialylical  work,  ami  it  was  found  in  ripeiittil 
test.s  that  when  there  was  an  Increased  or  decreased  priHluctiou 
of  Kus  from  cane  sugar,  there  wu.1  a  correspiituling  increa.sc  or 
dcrrca.sc  of  the  amount  of  xx-i  prtHhiced  from  priMJucts  rctultiiiK 
from  the  hydrolysis  of  <itarcli  when  frrmrntrd  luider  sinuliir 
condition.H. 

A-i  to  whether  or  not  the  rr>iults  olilainiil  from  hiuIi  (crint'tila 
lion  trils  hiivr  uiiv  Miriitlfie  value  ilrprnds  upon  the  piu|Misr 
to  which  they  are  applied.  Keidly  we  would  have  rx|K-ct(-d 
our  critic  t<i  enter  intii  u  fliM-u<i<iion  of  this  nicthiMl  o(  itnnlyiiis 
with  <ionir  ithow  nf  intrrr<il,  in^lcud  of  tmilng  it  u.iidc  an  Kiviiig 
rr<iull<t  which  are  nf  no  wirtltiru-  value,  for  it  it  one  |Miinl  in  the 


article  which  he  is  fully  competent  to  discuss.  The  method  of 
calculation  has  been  applied  to  other  kinds  of  analysis,  but 
we  believe  its  use  in  this  connection  with  these  methods  of 
fermentation  to  be  quite  new  and  novel  and  of  value  as  furnishing 
about  the  only  practicable  means  of  determining  the  amounts 
of  these  different  bodies  in  the  presence  of  each  other. 

Throughout  the  entire  criticism  we  find  no  reference  whatever 
to  parallel  experiments  carried  on  between  glucose  and  various 
starches  and  starch-containing  food  products,  although  these 
formed  a  considerable  part  of  the  experimental  work  described 
in  our  paper  and  the  results  obtained  from  these  comparative 
experiments  formed  the  basis  of  our  point  in  the  paper  that  the 
so-called  gallisin  is  like  similar  products  which  are  produced 
by  the  action  of  diastase,  the  result  of  a  step  in  the  conversion 
of  starch  to  maltose.  It  was  found  in  these  experiments  that 
when  well-cooked  starch  of  a  half  dozen  varieties  was  fermented 
under  the  combined  action  of  yeast  and  enzymes  like  pancreatin 
and  taka-diastase,  there  was  always  produced  a  quantity  of 
unfermentable  reducing  bodies,  just  the  same  as  we  find  in  com- 
mercial glucose.  It  was  found  also  in  such  instances  that  the 
amount  of  reducing  sugars  in  glucose  steadily  decreased  until 
they  were  reduced  in  some  instances  from  8  to  less  than  i  per 
cent,  calctUated  as  dextrose,  and  that  the  unfermented,  non- 
reducing  carbohydrates  of  a  dextrin  nature  were  continually 
converted  into  new  reducing  bodies  just  the  same  as  starch 
itself.  It  was  found  that  when  various  starches  were  acted  upon 
by  2.5  per  cent  hydrochloric  acid  at  a  temperature  of  boiling 
water,  in  comparison  witli  glucose,  under  the  same  conditions, 
there  was  a  deficiency  in  the  theoretical  amount  of  dextrose 
obtained  from  the  starch,  amounting  to  2  or  3  per  cent  of  the 
dry  matter,  and  allowing  for  tlie  partially  hydrolyzed  condition 
of  the  glucose,  tlie  same  deficiency  (neither  more  nor  less^l 
was  apparent  for  the  glucose.  It  is  inconceivable  that  we  should 
have  obtained  results  of  tliis  kind  if  the  glucose  had  contained 
a  reverted  product,  having  tlie  characteristics  by  which  gallisin 
is  described.  If  our  critic  had  read  correctly  the  results  of 
experiments  shown  in  Table  9,  to  which  he  refers,  he  would 
have  found  it  to  be  true,  as  we  clearly  stated  in  the  p;u^graph 
which  follows  that  table,  that  in  case  of  Uie  glucose  organic 
acids  were  present  from  the  preceding  fermentation,  which  were 
held  there  by  the  alkali  used  to  neutralize  the  solution  before 
fermentation,  and  that  these  organic  acids  formed  a  consider- 
able part  of  the  organic  matter  still  present.  In  tlie  case  of 
cane  sugar  no  such  accumulation  of  organic  acids  existed,  bc- 
cau.se  the  cane  sugar  comparison  was  a  fresh  fermentation. 
The  ash  clearly  shows  that  it  did  not,  like  tlie  glucose  liquid, 
contain  the  considerable  amount  of  salt  resulting  from  tlic  neu- 
tralized mineriU  acid  used  for  the  hydrolysis.  He  would  also 
have  seen  that  the  amount  of  residue  shown  from  the  >:Iu.  •-. 
was  from  4  S  grams  and  not  from  h  grams  of  glucose,  as  hr  ^t  .'.' 
Taking  the  total  organic  acidity  of  the  liquor  rcniainiiii;  .iIIli 
the  first  fermentation  and  counting  the  acidity  produccil  i« 
acetic  acid,  or  us  succinic  acid,  suflicicnt  organic  mutter  would 
be  derived  from  this  source  to  inukc  up  the  cxccm  over  that  ob- 
tained in  the  first  and  second  frrniciitation  of  cane  xuKar.  It 
was  clearly  shown  in  this  and  other  c\i>crimcnt<  on  ghici-xc, 
hydroly/id  with  hvdriKliloric  ucid.  as  well  ns  on  the  «tArchcs 
inciitioiu'd  above,  that  no  rrducing  Ixxlic?*  rcmuiiirtl  after  (ct 
mriiting  the  pro«luct»  of  the  hydmlvni*.  «i«l.  thcrrfurr.  that 
no  pr<Hluct  .Huch  0.1  gallisin  wiw  present  or  wa.<  prtiducr«l 

The  work  of  (lUttrrbaiicr  atul  other  author*  to  which  the 
critic  rrfrrn.  doci  not  up|>rur  to  contain  anvlhins  which  A\* 
proves  our  fiiutingM  Ctiillcrlmiirr's  work  duc.i  not  »ccm  to  W 
by  any  inctm  coiulusivr  rilhrr  us  to  the  idnititv  o(  the  IhxIv 
or  an  to  its  formation  uiulrr  the  inuuIiHoih  to  which  Ilrxiwnr 
rcfcm,  and  Wichrlhuin.'  in  rlminR  the  paragraph  in  which 
hr  diti-uiv*  that  work,  statm  that  the  qucntiim  u(  galliMn  in 
>  "»«i  .Sttrk'iurkw."  \%\»,  P  «;. 
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still  undecided.  Gatterbauer's  osazone  was  produced  from  an 
admittedly  impure  product,  and  Browne  himself  states  else- 
where:' "The  fact  that  maltose  in  presence  of  impurities  gives 
an  osazone  of  the  same  melting  point  greatly  lessens  the  value 
of  the  osazone  test  for  isomaltose." 

It  is  well  recognized  by  those  who  have  given  attention  to 
dietetics  that  all  sugars  capable  of  being  fermented  by  yeast 
into  alcohol  and  carbon  dioxide  can  be  completely  digested  and 
utilized  as  a  source  of  energy  by  the  human  body.  It  thus 
follows  that  other  carbohydrates  which  can  be  converted  into 
fermentable  sugars  by  enzymes  normally  present  in  the  human 
body  can  also  be  completely  utilized  by  it  as  an  article  of  food. 
It  is  a  well  recognized  fact  that  starch  when  properly  cooked  and 
brought  into  a  condition  suitable  for  the  action  of  the  enzymes 
of  the  body  is  practically  all  digested.  Such  authoritative 
works  as  the  Encyclopedia  Brilannica,  in  an  article  based  as 
stated,  upon  a  compilation  of  about  one  thousand  actual  di- 
gestion experiments,  puts  the  digestibility  of  starch  and  sugars 
at  98  per  cent  and  of  carbohydrates  of  corn  meal  at  99  per 
cent.  Our  critic  makes  some  facetious  remarks  about  our  not 
having  reviewed  the  literature,  but  he  has  himself  apparently 
overlooked  a  very  important  piece  of  literature  on  the  digesti- 
bility of  commercial  glucose,  and  fails  to  mention  the  article 
by  Sansum  and  Woodyatt  on  "The  Use  of  Phlorhizinized  Dogs 
to  Determine  the  Utilizable  Carbohydrates  of  Glucose."^  In 
this  article  they  compared  the  digestibility  of  pure  d-glucose 
with  the  dry  matter  of  commercial  glucose  when  administered 
to  dogs  which  had  been  completely  phlorhizinized,  and  by 
means  of  which  it  is  possible  to  show  the  utilisability  of  food 
products  administered  to  the  animals  thus  treated,  by  measuring 
the  total  yield  of  sugar  in  the  urine  of  the  animal  to  which  it 
was  administered.  In  this  paper,  the  authors,  from  a  very  con- 
servative interpretation  of  the  results  of  their  several  experi- 
ments, put  the  digestibility  of  the  dry  matter  of  commercial 
glucose  as  at  least  95.48  per  cent  that  of  pure  d-glucose. 

It  is  our  opinion  on  reviewing  the  details  of  their  tabulated 
results  that  it  would  be  entirely  fair  to  accept  tlie  digestibility 
of  one  as  100  per  cent  that  of  the  other,  for  such  is  clearly  shown 
in  at  least  3,  and  possibly  4,  out  of  5  trials.  In  one  of  the  five 
trials,  (/-glucose  was  administered  subcutaneously  and  the  results 
were  abnormally  high.  This  would  be  expected  in  that  d- 
glucose  is  a  natural  blood  sugar  and,  therefore,  would  not  have 
the  opi)ortunity  of  undergoing  changes  in  the  circulation,  such 
as  would  take  place  in  the  gastro-intestinul  tract  when  it  is  fed 
by  the  mouth.  It  is,  therefore,  our  opinion  that  this  trial  should 
not  be  included  in  arriving  at  the  average  of  the  digestibility. 
In  all  other  instances  the  foods  were  administered  by  the  mouth, 
and  in  one  of  these  the  results  for  commercial  glucose  was  com- 
paratively low,  such  as  would  indicate  it  to  be  due  to  some  ab- 
normal cause.  Both  of  these  abnormal  results  were  included 
in  the  averages  given  by  the  authors.  If  they  had  been  omitted, 
the  averages  for  commercial  glucose  would  have  been  even 
slightly  above  that  for  pure  d-glucose. 

Browne  in  his  criticism  makes  some  reference  to  the  winter 
feeding  of  glucose  to  honey  bees,  which  he  endeavors  to  connect 
with  the  digestibility  of  that  article.  We  fail  to  understand  in 
what  manner  it  has  any  bearing  upon  the  question.  We  are 
not  fully  able  to  understand  just  why  the  range  and  nature  of 
the  digestive  power  of  the  honey  bee  has  any  important  bearing 
upon  the  digestibility  of  food  for  man.  We  know  very  well 
that  beefsteak  or  bread  and  butter  or  baked  potatoes  arc  not 
nmch  sought  after  by  honey  bees  except  for  the  small  amount  of 
saccharine  matter  or  moisture  which  might  be  extracted  from 
them,  and  we  well  know  that  no  apiculturist  would  think  of 
attem])ting  to  give  these  to  his  bees  to  utilize  for  their  winter 
food.  We  think  it  very  probable  that  the  large  amount  of  dex- 
*  "Haiulbook  of  Sugar  Analysis."  6rst  edition,  first  thousand,  page  707. 
'  Jour.  Biol.  Chem.,  36,  No.  I.  Jan.,  1916. 


trins  in  commercial  glucose  would  not  make  it  exactly  an  ideal 
food  for  the  honey  bee,  although  we  know  that  some  honeys 
contain  a  considerable  quantity  of  dextrin.  Through  the  kind- 
ness of  the  America}!  Bee  Journal,  we  have  a  report  of  some  letters 
published  in  that  journal  on  winter  feeding  of  glucose  to  honey 
bees,  and  it  was  the  opinion  expressed  in  those  letters  that  many 
of  the  bees  which  ate  of  the  glucose  became  affected  with  dysen- 
tery. There  does  not  appear  to  have  been  any  systematic  study 
made  as  to  the  cause  of  this,  but  it  was  suggested  in  one  of  the 
letters  that  the  glucose  contained  too  much  acid.  The.se  letters 
were  published  in  1879  when  the  glucose  industry  was  in  its 
infancy  and  at  that  time  sulfuric  acid  was  used  as  a  hydrolyzing 
agent,  and  sodium  bisulfite  was  also  used,  and  we  know  that 
should  the  glucose  have  retained  any  sulfur  dioxide,  this  would 
have  been  very  detrimental  to  the  delicate  digestive  organs  of 
the  honey  bee.  At  all  events,  the  data  at  hand  does  not  make 
it  a  very  strong  argimicnt  for  any  purpose,  and  we  are  very 
much  surprised  that  a  man  who  is  familiar  with  the  chemistry 
of  sugar,  commercial  glucose  and  honey,  should  have  attempted 
to  make  use  of  it  in  this  connection. 

Our  statement  that  "In  this  respect,  glucose  pound  for  pound 
of  dry  weight  will  furnish  at  least  as  much  energy  as  does  cane 
sugar"  was  made  advisedly  after  a  careful  consideration  of  all 
points  which  to  our  minds  were  in  any  way  involved  in  it.  We 
were  not  urunindful  of  the  fact  that  commercial  glucose  contains 
as  a  part  of  its  dry  substance  a  small  quantity  of  protein  and 
mineral  matter.  We  also  understood  thoroughly  that  when 
cane  sugar  and  a  part  of  the  constituents  of  commercial  glucose 
undergo  hydrolysis,  certain  molecular  changes  take  place  which 
make  these  of  different  caloric  value  when  used  as  a  sourc;e  of 
energy  for  the  animal  economy,  and  because  of  these  changes 
a  slightly  lesser  amount  of  dry  matter  in  the  commercial  glucose 
is  over-balanced  by  a  slightly  greater  amount  of  caloric  value 
of  energy,  which  because  of  the  complex  nature  of  the  molecule 
(polysaccharid)  have  a  greater  concentration  than  does  the 
simpler  and  more  completely  hydrolyzed  d-glucose  into  which 
they  are  finally  converted. 

We,  therefore,  have  made  use  of  the  composition  of  commercial 
glucose  as  found  in  our  analyses  in  connection  with  the  well- 
known  caloric  value  of  each  constituent  part,  and  from  these 
have  found  the  caloric  value  of  the  whole  and  have  compared  it 
with  the  caloric  value  of  cane  sugar  in  the  manner  shown  below ; 
Comparative  Caloric  Value  op  Commercial  Glucose  and  Cane  Sugar. 
Glucose  Constituents     Per  cent     Caloric  Value     Calories  per  Gram(a) 

Destrose 14.5  54.1  3743 

Maltose 19.6  774  3950 

Dextrins 46.3  1904  4112 

Total 80.4  '3221  ' 

Calculated  to  Cane  Sugar. .    100  4006  3955 

Cane  Sugar  energy  in  per  cent  of  Glucose  energy,  98.7  per  cent 
(a)  Chemic    der    menschlicben    Nahrungs-  und    Cenussmiltel,    II  Band. 
Scite  284. 

It  thus  appears  that  from  the  standpoint  of  energy,  we  still 

have  a  slight  margin  in  favor  of  the  dry  matter  of  commercial 

glucose,  even  after  allowing  for  the  small  amounts  of  protein  and 

mineral  matter  present. 

The  Columbus  Laboratories  J.   A.   WesenER 

31   N.  State  St..  Chicago  /^,     x      -■- 

July  10.  1917  G.  L.  Teller 


CEMENT  MILL   POTASH     CORRECTION 

In  the  article  under  the  above  title  [Tins  Journal,  9  (1917), 
646]  the  following  corrections  should  be  made: 

Page  647,  3rd  table,  first  line  of  3rd  col.,  "KjO  (Total)  i  .ii%'' 
should   read   "K2O  (Total)  11.33%-" 

Page  650,  I  St  col.,  last  word  of  fourth  line  imder  center  head 
"Effect  of  Soil  Admixture" — "soluble"  should  read  "insolu- 
ble." 

R.  J.  Nestell  .\nd  E.  -Anderson 


Aug.,  191; 
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WASHINGTON  LETTER 


By  Paul  Wooton,  Metropolitan  Bank  Building,  Washington.  D.  C. 


Just  how  far  the  pending  reorganization  of  the  Council  of 
National  Defense  will  affect  its  Committee  on  Chemistry  headed 
by  Dr.  Wm.  H.  Nichols,  and  the  Chemistry  Committee  of  the 
National  Research  Council,  of  which  Marston  T.  Bogert  is 
chairman,  is  problematical.  Dr.  Nichols  is  very  certain  that 
nothing  will  be  done  which  will  result  adversely  to  the  efficiency 
of  his  committee. 

While  there  has  been  much  caustic  criticism  of  the  Council 
of  National  Defense  emanating  from  Capitol  Hill,  the  severe 
criticism  heard  in  Washington  is  confined  to  that  source.  There 
is  some  talk  among  those  friendly  disposed  toward  the  Council, 
of  loss  of  efficiency  due  to  the  multiplicity  of  committees.  Some 
complaint  is  being  made  by  those  connected  with  industries 
that  all  ill-advised  policy  of  secrecy  appears  to  be  in  effect. 
Information  which  should  be  reaching  American  industries  is  not 
being  given  out  freely,  it  is  said,  while  such  fragmentary  facts 
as  do  become  known  are  made  the  basis  of  incorrect  conclusion. 
This  poUcy,  which  seems  to  pervade  the  entire  Defense  Council, 
is  based  on  the  fear  that  data  useful  to  the  enemy  will  become 
known.  Zeal  in  this  direction  seems  to  have  become  almost 
an  obsession  and,  as  a  result,  much  of  the  constructive  work  of 
many  of  the  committees  is  not  reaching  the  public,  thereby 
making  the  real  worth  of  the  Council  less  appreciated. 

The  work  of  the  chemical  committees  is  of  a  nature  to  make 
necessary  a  greater  degree  of  secrecy  than  should  apply  to  most 
of  the  subdivisions  within  the  Council  of  National  Defense. 
Prof.  Bogert  stated  that  there  was  none  of  the  activities  of  his 
committee  during  the  past  month  which  would  admit  of  dis- 
cussion. Dr.  Nichols  declared  that  several  of  the  major  activi- 
ties of  his  committee  are  reaching  such  a  stage  that  it  will  be 
possible  to  discuss  them  in  the  near  future. 

Chemists  in  Washington  were  surprised  recently  when  an 
official  statement  was  issued  by  the  Treasury  Department 
which  said:  "Experts  of  the  Internal  Revenue  Bureau  have 
discovered  a  process  for  the  fermentation  of  a  sugar  solution 
whereby  glycerine  is  produced  in  such  large  quantities  that  it 
can  be  recovered  commercially."  Dr.  Arthur  D.  Adams,  in 
charge  of  the  laboratory  of  the  Internal  Revenue  Bureau,  de- 
clined to  comment  on  the  reported  di.scovcry  while  Treasury 
officials  stated  that  details  are  withheld,  that  they  may  not 
reach  Germany.  Chemists  here  are  not  inclined  to  attach 
great  importance  to  the  alleged  discovery.  They  express  doubt 
that  anything  new  has  been  found.  Dr.  Nichols'  committee 
has  made  some  investigations  along  this  same  line.  In  the  course 
of  this  investigation,  this  description  of  nulomoline,  which  is  a 
type  of  invert  sugar,  was  obtained:  "It  is  suitable  as  a  substi- 
tute for  glycerine.  It  is  a  water-white  liquid,  but  congeals 
into  a  white  amorphous  mass  due  to  the  precipitation  of  dex- 
trose. This  change  does  not  alter  its  chemical  properties.  A 
second  grade  is  manufactured,  which  has  no  precipitate  and  re- 
mains as  a  clear  liquid.  It  has  found  large  use  in  the  following 
products:  textiles,  flexible  fibers,  patent  medicines,  soft  drinks, 
tobacco,  confectionery,  antiphlogistic  pastes,  tooth  pastes, 
printers'  rollers,  embalming  fluid,  oil-proof  cement,  crown 
corks,  flexible  leather,  book  bindings,  flexible  glue,  coated  paper, 
stamping  ink,  asbestos  packing,  puncture-proof  compounds 
and  anti-freeze  mixtures." 

With  the  necessity  becoming  greater  for  increasing  the  pro- 
duction of  toluol,  it  is  tiie  opinion  of  Dr.  Nichols  and  his  com- 
mittee that  this  product  should  be  stripped  from  illuminating 
gas.  It  is  tielievcd  that  this  can  be  done  practically  in  most 
of  the  gas  plants  of  the  country.  In  order  that  toluol  may  be 
extracted,  it  is  necessary  in  many  cases  to  obtain  technical 
changes  in  the  regulations  governing  the  cpiality  of  gas.  This 
will  retiuire  the  cooperation  of  the  public  utilities  commissions. 
There  is  reason  to  believe,  however,  that  little  difficulty  will  be 
eiicountcretl  in  securing  permission  to  remove  the  toluol  from 
illuminating  gas.  ICxpcrls  on  this  subject  from  the  C.eological 
Survey  and  the  Huieati  of  Standards  testified  befiire  the  public 
utilities  conunis-iion  of  Trenton  at  u  recent  hearing  on  the  siibici-t. 

Ivxperiments  lonking  to  the  production  of  substitutes  for 
platimnu  have  lldoded  the  clietnical  division  of  the  Miircau  iif 
Standards  with  rii|Uests  for  official  tests.  The  Bureau  is  will 
ilig  to  trv  out  il<vtli)ped  substitutes  pri>vidrd  it  is  given  full 
information  in  regaril  to  their  composition  and  what  is  claimed 
for  them.  Dr.  \V.  !•'.  I  lillebrand,  in  charge  of  the  chemical  division 
of  the  Hurraii  nf  Standards,  believes  there  is  little  hope  for  a 
snlisfartory  substitute  for  platimnu  for  use  in  the  manufacture 
of  chemical  ware  unless  it  is  composed  of  metals  of  tlir  platinum 
group  combined  with  gold  In  this  ciinnrction.  it  is  of  iiitcre.tt 
III   know    thjit   the   CiinicKie   Cicopliysical  I.nbonilory  is   iisinK 


much  gold  ware  to  take  the  place  of  platinum.     Since  the  gold 
will  not  stand  high  temperatiu-es,  the  substitution  is  only  partial. 
Many  of  the  chemists  at  the  Bureau  of  Standards  have  been 
diverted  to  war  problems. 

In  addition  to  the  work  being  done  by  the  chemical  commit- 
tees on  the  iron  pyrite  and  manganese  problems,  specialists  in 
the  service  of  the  United  States  Geological  Survey  and  of  the 
Bureau  of  Mines  have  been  very  busy  on  these  problems.  The 
most  encoiu-aging  results  are  being  obtained.  Domestic  sup- 
plies of  both  of  these  minerals  are  being  developed  at  a  faster 
rate  than  had  been  anticipated.  In  fact,  the  point  has  been 
reached  where  the  country  could  supply  its  own  needs  if  it  should 
become  imperative  to  do  so. 

Hope  of  obtaining  any  important  volume  of  pyrites  from 
Spain  has  been  abandoned.  While  there  are  large  reserves 
of  practically  pure  sulfur  at  the  wells  in  Calcasieu  parish,  Louis- 
iana, and  at  Freeport,  Texas,  as  has  been  established  positively 
by  the  recent  visit  to  tliose  properties  of  P.  S.  Smith,  of  the 
Geological  Survey,  it  is  the  desire  to  conserve  the  supplies  of 
pure  sulfm-  as  far  as  possible.  Since  the  question  of  transporta- 
tion enters  so  importantly,  especially  at  this  time,  into  the  pjTite 
situation,  efforts  are  being  bended  toward  the  development  of 
suppUes  as  near  as  possible  to  the  point  of  consumption.  Par- 
ticularly effective  work  has  been  done  in  tliis  connection  by 
the  Bureau  of  Mines.  The  saving  of  coal  brasses  from  the 
mines  of  the  Middle  West  is  expected  to  add  importantly  to 
the  supply  obtainable  in  tlie  immediate  vicinity  of  various 
sulfur-consuming  industries. 

To  add  to  the  encouragement  caused  by  the  rapidly  increas- 
ing production  of  manganese  from  domestic  sources,  is  an  an- 
nouncement by  the  Geological  Survey  of  important  conclu- 
sions with  regard  to  the  occurrence  of  manganese.  With  the 
establishment  of  more  definite  geological  information  as  to  the 
formations  best  suited  to  the  deposition  of  manganese,  pros- 
pecting can  be  carried  on  much  more  intelligently.  Owing  to 
tlie  fact  that  manganese  deposits  usually  are  near  the  surface 
and  reciuire  only  the  simplest  forms  of  mining  and  treatment 
equipment,  the  production  could  be  increased  greatly  in  a  very 
short  time,  once  geologists  are  able  to  narrow  prospecting  down 
to  the  areas  most  favorable  to  the  occurrence  of  the  mineral. 

In  carrying  out  his  desire  that  tlie  Bure;iu  of  Chemistry  be 
of  the  greatest  possible  assistance  to  tlie  nation  in  the  present 
emergency,  Carl  L.  Alsbcrg,  the  chief  of  the  Bureau,  is  directing 
intensive  efforts  along  a  number  of  lines.  Some  of  the  most 
important  work  being  done  by  this  Bureau  may  not  even  be 
mentioned,  but  \vith  very  active  work  being  conducted  in  an 
effort  to  relieve  the  tin  plate  shortage;  to  make  available  sup- 
plies of  much  needed  chemicals  at  lower  prices;  in  obtaining 
preferential  transportation  orders  covering  freight  movements 
of  food  containers  and  supplies,  certain  highly  desired  cul- 
tures of  micro-organisms;  in  arranging  for  closer  cooijcr-ation 
with  the  States  Relation  Service;  in  stimulating  the  manufac- 
ture of  certain  rare  chemicals,  in  investigating  the  pnxUiction 
of  industrial  alcohol  and  fat  recovery  from  garbage  dis|M>sal, 
the  Bureau  has  been  a  particularly  busy  place  during  the  lust 
month.  The  fact  that  the  Bureau  has  been  able  to  take  ad- 
vantage of  the  volunteer  services  of  a  nimibcr  of  chemists 
has  added  materially  to  its  capacity. 

Many  offers  of  ciKiperation  have  come  to  the  Bureau  as  a  re- 
sult of  its  announcement  concerning  the  manufacture  of  phthalic 
acid  aiul  jihthalic  anhv<lri<le.  The  annotmcenu-nt  tells  of  the 
perfecting,  on  a  lulwiratory  scale,  by  the  Bureau  of  Chemistry. 
of  a  new  priH-ess  for  the  mannfactiuo  of  these  com|Hiunds. 
Since  the  |)r(H'ess  was  developeil  in  the  l.ilMiralory  and  has  not 
been  reproduced  upon  a  technical  scale,  the  cx>o|>cration  of 
mamifacturers  was  sought  in  the  priMluction  of  these  com- 
poimds  on  a  commercial  basis.  The  cxiH-nscs  of  the  technical 
installation  and  of  the  labor  and  maleri.ds  arc  to  l>r  Iximr  by 
the  manufacturer.  The  chemists  of  the  Bureau  will  a.-uist  with 
expert  advice.  The  right  to  |>ublish  the  data  obtained  from 
the  resulting  experiments  is  rc.scrvc<l  by  the  Bureau. 

The  lliircau  of  Chemistry  joined  in  the  rct><minendiition  of 
the  Conunittee  on  Conservation  of  Tin  Plate  of  June  _\n  to  the 
effect  lli.it  certain  of  the  rest  fictions  on  the  iiw  of  tin  pUtc 
could  be  removed.  The  tin  plate  situation  has  )>cttere<t  to  the 
extent  that  it  has  l>chcvr<l  the  uw  of  tin  omlaincrs  for  non- 
|H-rish.ilile  fiMwl  may  be  rr-s\iinc»l  The  tcslriction  rrt-oni- 
mendril  on  the  use  of  tin  containeri  for  noii  fixxl  jinxtucUi. 
such  as  tobacco  anil  t.ilcum  jMiwdrr.  trinains  in  force. 
July  IK.  l«i.' 
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PERSONAL  NOTL5 


Prof.  Alfred  H.  White,  head  of  the  department  of  chemical 
engineering  at  the  University  of  Michigan,  recently  accepted  a 
commission  as  captain  in  the  Ordnance  Department.  His 
headquarters  are  at  Washington,  D.  C,  and  his  duty  will  prob- 
ably be  to  assist  in  the  organization  of  the  munitions  production, 
particularly  the  part  containing  explosives,  although  it  is  under- 
stood his  work  will  not  be  confined  entirely  to  that  particular 
field.  According  to  later  information,  the  investigation  of  the 
large  number  of  gasoline  "discoveries"  recently  brought  to  the 
attention  of  government  officials,  has  been  turned  over  to  Capt. 
White. 

The  executive  committee  of  the  Michigan  Gas  Association, 
at  a  recent  meeting  in  Grand  Rapids,  decided  to  discontinue 
their  two  scholarships  at  the  University  of  Michigan  this  year 
as  the  instructor.  Prof.  Alfred  H.  White,  is  in  the  military  service. 

L.  F.  Nickell,  formerly  of  Washington  University,  St.  Louis, 
is  now  with  the  Monsanto  Chemical  Company,  of  St.  Louis. 

Mr.  William  Hoskins,  of  Chicago,  has  been  appointed  a 
member  of  the  Western  branch  of  the  Naval  Consulting  Board 

Mr.  L.  W.  Bahney  has  left  the  Sheffield  Scientific  School, 
Yale  University,  to  accept  a  position  as  metallurgical  engineer 
with  the  Scovill  Manufacturing  Co.,  Waterbury,  Conn. 

Mr.  Burr  A.  Robinson  has  resigned  as  assistant  secretary  of 
the  American  Institute  of  Mining  Engineers  to  go  into  industrial 
work,  and  Prof.  G.  A.  Roush,  of  Lehigh  University,  has 
succeeded  him  as  managing  editor  of  the  Institute's  monthly 
bulletin. 

The  U.  S.  Civil  Service  Commission  announces  the  open  com- 
petitive examination  of  an  Assistant  Metallurgical  Chemist  (male), 
salary  $1000  to  $1500  a  year.  Junior  Gas  Chemist  (male),  salary 
$1200  to  $1500  a  year,  on  August  22,  1917. 

Dr.  Chas.  S.  Venable,  Massachusetts  Institute  of  Technology, 
1917,  has  been  elected  associate  professor  of  chemistry  in  the 
University  of  Virginia. 

Dr.  Duncan  MacRae,  Massachusetts  Institute  of  Technology, 
1917,  is  now  a  member  of  the  research  staff  of  the  Westinghouse 
Company,  at  the  laboratories  in  Bloomfield,  N.  J. 

Vasco  E.  Nunez,  formerly  of  Arthur  D.  Little,  Inc.,  and 
now  with  the  Nashua  Gummed  &  Coated  Paper  Co.,  Nashua, 
N.  H.,  has  been  appointed  chairman  of  the  Abstracts  Com- 
mittee of  the  Technical  Association  of  the  Pulp  and  Paper  In- 
dustry, to  succeed  Prof.  John  D.  Rue,  on  duty  as  captain  in  the 
Ordnance  Officers'  Reserve  Corps. 

The  Committee  on  Standard  Specifications  for  Purchase  of 
Wood,  of  the  Technical  Association  of  the  Pulp  and  Paper 
Industry,  completed  by  recent  appointments,  is  as  follows: 
{Chairman)  C.  P.  Winslow,  Forest  Products  Laboratory;  O.  L. 
E.  Weber,  Watab  Pulp  &  Paper  Co.,  Sartell,  Minn.;  W.  R. 
Wheaton,  Pulpwood  Co.,  Appleton,  Wis. 

Dr.  J.  Ehrlich  is  now  chief  chemist  of  the  Verona  Chemical 
Co.,  at  North  Newark,  N.  J. 

Mr.  Arthur  Nash,  of  Chicago,  has  accepted  a  position  in  the 
development  department  of  the  E.  I.  du  Pont  de  Nemours 
Company,  and  is  located  at  Wilmington,  Del. 

The  Board  of  Directors  of  the  American  Electrochemical 
Society  invested  S2 ,000.00  of  the  Society's  funds  in  the  Liberty 
Bond  Loan. 

H.  M.  Deavitt,  analytical  and  consulting  chemist,  with  offices 
in  the  Rookery  Building,  209  So.  La  Salle  St.,  Chicago,  has 
been  elected  a  director  of  the  Mechanics  and  Traders  State 
Bank  of  Chicago. 

The  Fall  meeting  of  the  Technical  Association  of  the  Pulp 
and  Paper  Industry  will  take  the  form  of  a  joint  convention 
with  the  Canadian  Technical  Association,  to  be  held  at  Holyoke, 
Mass.,  September  27  to  29,  1917,  with  headquarters  at  the  Hotel 
Nonotuck.  The  Committee  of  Arrangements  consists  of 
(Chairman)  Henry  P.  Carnith,  of  the  American  Writing  Paper 
Company;  George  E.  Williamson,  Strathmore  Paper  Company, 
Mittineague;  Raymond  S.  Hatch,  Crocker-McEIwain  Com- 
pany; W.  L.  Nixon,  Chemical  Paper  Manufacturing  Company; 
and  L.  M.  Yoerg,  Carew  Manufacturing  Company,  South 
Hadley  Falls.  The  first  two  days  of  the  meeting  will  be  occu- 
pied with  the  official  program  for  the  presentation  and  discussion 
of  technical  papers  and  committee  reports;  the  third  day  will 
be  reserved  for  unofficial  visits  to  mills  situated  at  a  distance 
from  Holyoke.  Mr.  Yoerg,  of  the  committee,  has  given  out 
tlie  statement  that  those  attending  the  Holyoke  meeting  will 
find  themselves  within  easy  distance  of  no  less  than  thirty 
well-known  paper  mills. 


It  is  announced  that  the  executive  committee  of  the  Ramsay 
Memorial  Fund,  after  prolonged  and  careful  consideration,  have 
resolved  to  aim  at  raising  5500,000  and  to  devote  that  sum  to 
two  objects,  (i)  Provision  of  Ramsay  Research  Fellowships, 
tenable  where  the  necessary  equipment  can  be  found,  (2)  estab- 
lishment of  a  Ramsay  Alemorial  Laborator>'  of  Engineering 
Chemistry  in  connection  with  University  College,  London. 

The  English  Ramsay  Memorial  Fund  Committee  has  re- 
quested Dr.  Chas.  Baskerville,  professor  of  chemistry  at  the 
College  of  the  City  of  New  York,  to  act  as  the  American  repre- 
sentative on  the  Committee  and  to  organize  the  American 
Committee.  The  work  of  the  committee  is  to  collect  a  fund  as  a 
memorial  to  the  late  Prof.  Sir  William  Ramsay,  the  income  from 
which  is  to  be  used  for  promoting  chemical  teaching  and  re- 
search. The  American  Ambassador  at  the  Court  of  St.  James, 
Dr.  Walter  H.  Page,  has  accepted  the  vice-presidency  of  the 
fund.  The  English  Committee  has  felt  that  the  work  of  Sir 
William  Ramsay  was  of  such  great  importance,  and  his  friend- 
ship of  such  wide-spread  limits,  that  other  countries  should  have 
the  privilege  of  participating  in  the  memorial.  Dr.  Baskerville 
is  organizing  the  American  Committee  and  is  requesting  repre- 
sentatives of  the  Universities,  the  Industries  and  Research 
Organizations  to  become  members  of  the  committee. 

The  president  of  the  British  Board  of  .Trade  has  established 
a  special  department  of  the  board  for  the  temporary  control 
of  the  dye  industry,  the  object  of  which  is  to  further  develop  that 
industry  in  Great  Britain.  The  department  will  be  under  the 
direction  of  Sir  Evan  Jones,  with  the  official  title  Controller  of 
Dyes. 

Dr.  H.  K.  Benson,  professor  of  industrial  chemistry  at  the 
University  of  Washington,  has  accepted  a  position  as  research 
chemist  with  the  American  Nitrogen  Products  Co.,  until  October 
ist,  when  he  will  return  to  his  school  work.  He  is  located  at  La 
Grande,  Wash.,  where  he  will  conduct  research  work  relating  to 
the  manufacture  of  nitrogen  products  from  the  air  by  means  of 
electricity. 

The  U.  S.  Civil  Service  Commission  announces  the  appoint- 
ment of  Mr.  H.  C.  Pritham  as  explosives  chemist  in  charge  of  the 
technical  force  at  the  Frankford  Arsenal.  This  selection  by  the 
Commission  is  from  an  examination  of  February. 

F.  R.  W^eaver,  formerly  of  Chicago,  111.,  has  been  detailed  as 
ordnance  officer  at  the  Frankford  Arsenal,  Philadelphia. 

Prof.  Joseph  S.  Ames,  of  Johns  Hopkins  University,  chairman 
of  the  commission  of  scientists  sent  to  England  and  France  by 
the  Advisory  Commission  of  the  Council  of  National  Defense, 
returned  to  New  York  City  on  June  26th  and  left  directly  for 
Baltimore.     Prof.  Ames'  special  subject  was  on  aeronautics. 

We  learn  from  Science  that  Prof.  Haller  has  been  elected 
honorary  president  of  the  newly  organized  French  Society  of 
Industrial  Chemistry. 

Union  College  has  conferred  the  doctorate  of  science  on 
William  Pitt  Mason,  professor  of  chemistry  in  the  Rensselaer 
Polytechnic  Institute. 

John  E.  Bucher,  professor  of  chemistry  at  Brown  University, 
has  lieen  given  the  degree  of  doctor  of  science  by  that  university. 

Bowdoin  College  has  conferred  the  doctorate  of  science  on 
A.  H.  Sabin  (class  of  1876),  consulting  chemist  of  the  National 
Lead  Co.  and  lecturer  in  New  York  University. 

The  Engineering  Council,  a  department  of  the  United  Engi- 
neering Society  and  recently  created  as  a  medium  of  cooperation 
between  the  four  national  engineering  societies,  held  its  organiza- 
tion meeting  on  Jime  27th.  The  by-laws  of  the  United  Engi- 
neering Society  prescribe:  "The  Council  may  speak  authorita- 
tively for  all  member  societies  on  all  public  questions  of  a  com- 
mon interest  or  concern  to  engineers."  The  Council  is  com- 
posed of  twenty-four  members,  five  being  appointed  by  each 
of  the  four  founder  societies  and  four  by  the  llnited  Engineering 
Society.  At  the  organization  meeting  the  following  officers 
were  elected:  President,  I.  N.  HoUis;  Vice-Presidents,  H.  W. 
Buck  and  G.  F.  Swain;  Secretary,  Calvert  Townley;  Executive 
Committee,  the  four  officers  named,  with  P.  N.  Moore  and  D.  S. 
Jacobus.  The  unanimous  desire  to  help  the  Government 
prosecute  the  war  resulted  in  a  resolution  instructing  the  Execu- 
tive Committee  to  cooperate  with  the  Government  in  procuring 
the  services  of  engineers,  and  also  in  the  appointment  of  a  com- 
mittee consisting  of  Messrs.  H.  W.  Buck,  A.  M.  Greene,  Jr., 
and  E.  B.  Kirby,  to  consider  the  best  means  of  utilizing  the 
inventive  ability  of  members  of  the  founder  societies. 
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Dr.  John  F.  Norton  has  resigned  his  position  as  assistant 
professor  of  chemistry  of  sanitation  at  the  Massachusetts 
Institute  of  Technology,  to  accept  a  position  as  assistant 
professor  of  bacteriology  at  the  University  of  Chicago.  Dr. 
Norton  has  an  S.B.  degree  from  the  Massachusetts  Institute  of 
Technology,  1906,  and  a  Ph.D.  degree  from  the  University  of 
Chicago,  191 1.    He  will  be  at  his  new  address  after  September  15. 

Prof.  Leverett  Mears,  head  of  the  department  of  chemistry, 
Williams  College,  Williamstown,  Mass.,  died  on  June  22,  1917. 

We  note  from  Science  that  Miss  Amy  Walker,  Smith  College, 
has  been  appointed  research  assistant  in  the  chemistry  of  foods 
at  the  Massachusetts  Institute  of  Technology,  under  the  Ellen 
H.  Richards  Fund,  for  the  year  1917-1918.  Prof.  A.  G.  Wood- 
man will  direct  the  work,  and  it  is  proposed  to  study  chemical 
changes  (with  special  reference  to  the  nitrogen  compounds) 
which  take  place  when  fish  decomposes  before  and  after  heating 
at  relatively  high  temperatures.  This  question  is  of  particular 
interest  in  the  sardine  industry. 

Will  H.  Coghill  has  been  appointed  consulting  metallurgist 
in  the  cooperative  work  of  the  Oregon  Bureau  of  Mines  and 
Geology  and  the  U.  S.  Bureau  of  Mines. 

Henry  N.  Thomson  has  resigned  as  metallurgist  for  the  United 
Verde  Copper  Co.,  and  is  engaged  in  consulting  practice  at 
918  So.  Kingsley  Drive,  Los  Angeles,  Cal. 


Dr.  H.  C.  Sherman,  professor  of  food  chemistry  at  Columbia 
University,  New  York  City,  has  accompanied  the  Red  Cross 
Mission  to  Russia  in  the  capacity  of  food  expert.  He  will 
probably  be  gone  for  four  months.  The  mission  is  under  the 
chairmanship  of  Dr.  Frank  Billings  of  Chicago. 

At  a  meeting  held  at  the  Institute  of  Chemistry,  London,  on 
Friday,  April  28th,  the  President  and  Council  presented  a  silver 
rose  bowl  to  Mr.  Richard  B.  Pilcher,  Registrar  and  Secretar>',  in 
appreciation  of  25  years  faithful  service. 

Stillwell  &  Gladding,  Inc.,  announce  the  removal  of  their 
offices  and  laboratories  to  their  new  building,  95-97  Front 
Street  (near  Wall  Street),  New  York  City. 

The  New  York  City  Municipal  Civil  Service  Commission  has 
announced  an  examination  for  junior  chemists,  applications  for 
which  will  be  received  at  Room  1400,  Municipal  Building,  New 
York  City,  until  August  9  at  4  p.m.  For  further  particulars 
apply  or  write  to  the  Municipal  Civil  Service  Commission,  at 
the  above  address. 

Dr.  H.  D.  Dakin,  who,  with  Dr.  Alexis  Carrel,  has  charge 
of  the  military  hospital  being  constructed  and  equipped  by  the 
Rockefeller  Foundation  on  the  grounds  of  the  Rockefeller 
Institute  of  Medical  Research,  New  York  City,  returned  from 
France  to  New  York  City  on  June  26.  Dr.  Dakin  went  to 
France  in  April  to  consult  with  Dr.  Carrel 
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On  July  16,  19 1 7.  a  conference  was  held  at  the  V .  S.  Customs 
House,  New  York  City,  between  representatives  of  the  Depart- 
ment of  Commerce,  the  manufacturers  of  fertilizers  and  of 
sulfuric  acid,  and  the  importers  of  pyrites,  concerning  ways 
and  means  of  relieving  the  pyrites  situation.  The  result  of 
the  conference  was  tlie  appointment  of  a  committee  to  cooperate 
with  the  Department  of  Commerce  in  securing  from  the  British 
Government  licenses  for  the  importation  of  pyrites.  The  com- 
mittee consists  of  Henry  Howard,  chairman  of  the  executive 
committee  of  the  Manufacturing  Chemists'  Association;  Horace 
Bowker,  of  the  National  FcrtiHzer  Association;  and  A.  H.  Strong, 
representing  the  importers. 

The  General  Filtration  Company,  Inc.,  Rochester,  N.  Y., 
have  issued  a  new  Filtros  booklet  which  supersedes  the  previous 
booklet.  This  new  catalogue  contains  considerable  detailed  in- 
formation on  the  manufacture,  composition,  chemical  and 
physical  properties,  shapes,  grades,  uses  and  applications  of 
Filtros,  an  artificial  porous  stone  used  for  filtration  purposes. 

The  Research  Laboratory  of  Chicago  has  been  recently  in- 
corporated, stock  $50,000,  by  W.  S.  Shaw,  (Manager)  H.  Mc- 
Cormack,  A.  G.  Wackenreuter,  of  Chicago,  G.  S.  Rice,  of  Petosky, 
Mich.,  F.  S.  Howse,  of  Boston,  and  (President)  K.  C.  Klipstein, 
of  New  York.  This  Illinois  corporation  will  carry  on  research 
work  in  the  development  and  exploitation  of  chemical  i)rocesses 
and  also  expects  to  manufacture  some  pharmaceutical  and 
photographic  chemicals. 

Dr.  Alexis  Carrell,  in  conjunction  with  Dr.  H.  I).  Dakin, 
has  evolved  a  comparatively  new  and  revolutionary  metliod 
for  treating  infected  wounds,  using  a  derinite  hypochlorite 
solution.  The  method  for  the  preparation  of  this  so-called 
Dakin  Solution  was  worked  out  by  G.  Ornstein  for  the  Klectro- 
HIe;iching  Gas  Co.  The  nictliod  consists  in  enclosing  liquid 
chlorine  in  (|uan(ilies  of  exactly  5  g.  in  glass  tubes,  sc;ilcd  at 
one  end,  of  K  to  9  mm.  outside  diameter  and  8  to  9  in.  long, 
and  then  sealing  the  other  end  of  the  tube  by  drawing  it  out 
to  a  point.  All  of  these  tubes  before  they  are  allowed  to  go 
out  of  the  laboratory  are  tested  under  increased  pressure  by 
heating  tlu-m  to  a  temperature  of  75  °  C.  which  raises  tlie  pressure 
of  the  liquid  chlorine  from  a  pressure  at  ordinary  temperatures 
of  8(1  to  90  lbs.  to  over  .(.so  lbs.  jier  sq.  in.  The  glass  tubes  will 
stand  this  immense  pressure  although  their  walls  are  only  Vi 
to  •/(  mm.  thick.  The  method  of  breaking  the  ampoule  with 
liquid  chlorine  in  the  alkali  solution  lias  been  recently  improved 
by  a  simple  device  The  glass  liottle  in  which  the  solution 
is  prepared  is  now  ciDsed  by  a  rubber  stopper,  to  the  l>ottom  of 
which  is  fastened  a  short  piece  of  rubber  lulling  by  means  of  11 
short  piece  of  glass  rod.  The  ainpnide  is  fastened  with  its 
butt  in  the  open  end  of  the  rubber  tubing  so  that  the  |>ii|nteil 
rml  points  dowtiwiinl,  iiml  the  iunpiiuir  is  sus|>eiided  penduhim- 
like  in  the  bottle  ciiiitiiiniiig  the  alkali  solution.  The  MIeetro. 
Itleaehing  (■as  Co  has  reeeMtly  completed  arrangements  with 
the  pluinnaceiitical  tirm  of  Johii.son  \'  Jolin.son,  New  llnnis- 
wick.  N.  J  ,  for  the  tnurketing  of  this  new  drvrlopinrtit  in  the 
li(|nid  ehlorinr  lield 


The  Chemical  Industry  Kxhibition  Association,  of  Tokyo, 
Japan,  will  hold  a  chemical  industry  exposition,  open  also  to 
foreign  manufacturers,  at  that  city,  beginning  September  20 
and  lasting  for  sixty  days.  The  list  of  advisers  of  the  exposition 
includes  the  name  of  Jokichi  Takamine  and  other  well-known 
names. 

The  organization  of  the  National  Aniline  &  Chemical  Co., 
the  great  dyestuff  merger,  has  been  perfected  by  the  election 
of  the  following  officers  and  directors:  Wm.  H.  Nichols,  Sr., 
chairman  of  the  board;  J.  F.  Schoellkopf,  president;  W.  Beckers, 
ist  vice-president;  I.  V.  Stone,  2nd  vice-president  and  treasurer; 
C.  P.  Hugo  Schoellkopf,  3rd  vice-president;  Wm.  T. 'Miller,  stvre- 
tary.  The  directors  of  the  company  include  the  foregoing  officers, 
except  Secretary  Miller,  and  the  following:  J.  F.  Schoellkopf,  Jr., 
Eugene  Meyer,  Jr..  Chas.  J.  Thurnauer,  Henry  Wigglesworth, 
J.  M.  Goetschius.  T.  M.  Rianhard,  W.  N.  Mcllravy,  H.  H.  S. 
Handy  and  E.  L.  Pierce. 

The  Handbook  on  "Hoisting  Machinery  for  Industrial 
Works,"  issued  by  the  Shepard  Electric  Crane  &  Hoist  Com- 
pany, Montour  Falls,  N.  Y.,  has  just  come  olT  the  press  and  is 
ready  for  distribution.  The  book  contains  descriptions  of 
hoists  for  varied  purposes,  supplemented  with  cuts  giving 
valuable  dimensional  data. 

A  fire,  on  July  9,  in  the  aniline  dye  and  chemic:il  plant  of  the 
Seydel  Manufacturing  Co.,  Jersey  City,  N.  J.,  caused  a  loss  of 
between  $40,000  and  $50,000. 

The  main  factory  of  the  Montcalm  Chemical  Works,  Indian- 
apolis,   Ind.,    was   recently    destroyed    by    fire,    estimated    loss 

56o,<KX). 

A  recent  fire  in  the  Midvale  Chemical  Company  plant.  Bay- 
way,  Elizabeth,  N.  J.,  was  caused  by  a  luik  in  an  aniline  still 
in  the  reduction  plant.  The  loss  is  estimated  at  from  $50,000 
to  $75,000. 

A  $30,<xx)  fire  occurred  on  July  S  "t  the  iilaiit  of  the  Federal 
DycstulTs  Company.  Kingsixirt.  Tenn  The  lire  thrcatcncil 
to  assume  large  pro|H>rtions,  but  w.is  confined  to  one  of  tlir 
plant  units. 

Martin  Diaz  dc  Cossio,  of  ltiirc<-lo!iu,  S|>ain,  announces  the 
existence  of  an  imjMirtant  S|>anish  market  for  all  chemical 
(iroducts,  iiriigs  and  colors,  manufactiiretl  in  the  l'nite<l  St.itrs 
lie  says  that  the  nianufiictiucr  or  exixirtrj  who  will  cst.ihli'.li  .1 
Barcelona  depot,  enabling  ininieiliutr  drhverv  of  the  pimliiets 
wanted  as  the  Germans  did  in  1014  will  have  the  Ktralrst 
chances  fiir  the  confidence  and  the  Mile  of  his  product'  To 
facilitate  this  operating  svstriii.  Mr  ile  Covnio  is  issuitii;  a 
munthly  review  of  cheinical  tirtMliicts,  thrtebv  giviMi:  to  .\nicxican 
ex|Mirtets  and  priMlucets  an  idea  of  the  Hiuvclon.i  niaikrt  Ho 
also  annoutues  th.it  lie  will  admit  coiisiKiinirnls  .'I  .ill  diiins. 
ilye.s  anil  chrmical  |>riMliuls  Kiviiii;  .iiitliiiiir:itii<ii  !.■ 
these  consigninetils  ■><>  |>ri  cent  of  the  value  of  Ihi 
from  .to  to  r~i  days,    ir.oidiiii;  to  tin-  tir.itii  01   li'...  ( 

pliicing  it. 
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By  R.  S.  McBride.  Burea 

NOTICE — Publications  for  which  price  is  indicated  can  be 
purchased  from  the  Superintendent  of  Documents,  Government 
Printing  OfiBce,  Washington,  D.  C.  Other  publications  can 
usually  be  supphed  from  the  Bureau  or  Department  from  which 
they  originate.  Commerce  Reports  are  received  by  all  large 
libraries  and  may  be  consulted  there,  or  single  numbers  can  be 
secured  by  application  to  the  Bureau  of  Foreign  and  Domestic 
Commerce,  Department  of  Commerce,  Washington.  The  regu- 
lar subscription  rate  for  these  Commerce  Reports  mailed  daily  is 
$2.50  per  year,  payable  in  advance,  to  the  Superintendent  of 
Documents. 

BUEBAU   OF   STANDARDS 

Glasses  for  Protecting  the  Eyes  from  Injurious  Radiations. 
W.  W.  CoDLENTZ  AND  W.  B.  Emerson.  Technologic  Paper 
93.  14  pp.  The  object  of  the  present  paper  is  to  give  the  gen- 
eral characteristics  of  certain  newly  developed  glasses  some- 
times used  for  protecting  the  eye  from  radiant  energy,  espe- 
cially from  the  infra-red  or  so-called  heat  rays.  Because  of 
the'difficulty  in  reproducing  the  same  color  in  different  melts, 
no  attempt  is  made  to  give  specific  data  on  the  transmission 
for  a  given  thickness  of  glass.  The  data  given  are  representa- 
tive of  an  extensive  group  of  glasses  available  for  protecting 
the  eye  from  (i)  the  ultra-violet.  (2)  the  visible,  and  (3)  the 
infra-red  rays. 

The  Standardization  of  Bomb  Calorimeters.  Circular  No.  11, 
3r(l  Kdition,  issued  June  23,  1917. 

Specification  of  the  Transparency  of  Paper  and  Tracing 
Cloth.  Circular  No.  63,  ist  Edition,  issued  May  17,  1917.  "In 
response  to  the  demands  of  several  Government  departments 
and  of  dealers  in  tracing  cloth,  the  Bureau  has  developed  and 
adopted  a  standard  method  for  specifying  the  transparency  of 
paper  and  tracing  cloth. 

"The  purposes  of  the  present  circular  are  to  (i)  state  definitely 
the  form  of  the  specification,  (2)  explain  its  significance,  (3) 
describe  the  apparatus  and  method  of  test,  and  (4)  give  general 
information  and  instructions  to  applicants  for  tests  in  terms  of 
this  specification." 

Properties  of  the  Calcium  Silicates  and  Calcium  Aluminate 
Occurring  in  Normal  Portland  Cement.  P.  H.  Bates  and 
A.  A.  Klein.  Technologic  Paper  78,  36  pp.,  issued  June  9. 
Paper,  25  cents. 

Temperature  Measurements  in  Bessemer  and  Open-Hearth 
Practice.  CiEoRCU  K.  Burgess.  Technologic  Paper  91,  27 
pp.,  issued  May  8.     Paper,  5  cents. 

"It  is  tlie  object  of  this  paper  to  demonstrate  that  in  so  far 
as  casting  tem])eratures  of  furnaces,  steel  ingots,  and  similar 
operations  involving  the  temperature  of  streams  of  iron  and  steel 
are  concerned,  well-known  pyrometric  methods  may  easily  be 
applied  with  a  relatively  high  degree  of  accuracy  if  certain  re- 
cently determined  corrections  arc  made  and  precautions  taken. 
Greater  but  not  insurmountable  difficulties  will  be  encountered 
in  the  case  of  open-hearth  furnace  temperatures,  while  for  those 
of  the  converter  type  a  ready  solution  docs  not  seem  practicable." 

Measurement  and  Specification  of  the  Physical  Factors 
which  Determine  the  Saturation  of  Certain  Tints  of  Yellow. 
Irwin  G.  Priest  and  Ciiauncey  G.  Peters.  Technologic 
Paper  92,  11  pp.,  issued  June  30.  Paper,  5  cents.  "Frequent 
and  persistent  demands  have  been  made  on  the  Bureau  of  Stand- 
ards to  draft  a  form  of  specification  which  would  be  suitable  to 
define  rigorously  in  law  a  limiting  value  of  what,  in  common 
parlance,  may  be  called  the  'color,'  the  'depth  of  color,'  the 
'strength  of  color.'  or  the  'yellowness'  of  butter  and  oleomar- 
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garine.  More  specifically  stated,  it  is  desired  to  define  a  line 
of  demarcation  between  the  paler  tints  of  yellow  and  those  of 
a  more  pronounced  color. 

"The  purposes  of  this  paper  are: 
1 — To  outline  the  rational   principles   which   should  govern 
the  formulation  of  such  a  specification. 

2 — To  present  and  exjjlain  the  form  of  specification  recom- 
mended by  the  Bureau,  together  with  the  methods  and  apparatus 
used  to  make  the  necessary  measurements  for  testing  in  terms 
of  the  specification. 

"An  attempt  will  be  made  to  present  the  subject  in  such  a  way 
as  to  make  it  intelligible  to  interested  persons  who  may  have 
little  or  no  previous  knowledge  of  the  scientific  principles  or 
the  technique  involved." 

Effusion  Method  of  Determining  Gas  Density.  Jiinil's 
David  Edwards.  Technologic  Paper  94,  28  pp.  Paper,  10 
cents.  "Although  no  results  of  high  accuracy  can  be  expected 
from  apparatus  of  the  effusion  type,  yet  it  should  serve  well 
for  approximate  results  or  for  work  where  relative  values  only 
are  needed,  as  in  control  work. 

"It  has  been  shown  that  the  apparent  specific  gravity  de- 
termined by  this  method  can  be  varied  within  rather  wide  limits 
by  changing  the  conditions.  However,  by  tlie  observance  of 
certain  precautions  in  the  construction  and  use  of  the  apparatus, 
it  is  possible  to  secure  results  accurate  to  about  2  per  cent.  The 
greatest  precision  is  obtained  where  the  physical  properties  of 
the  gas  tested  show  the  least  differences  from  those  of  air.  Some 
further  increase  in  accuracy,  and  particularly  in  reliability,  can 
be  gained  by  standardizing  the  apparatus  as  recommended." 

An  "Average  Eye"  for  Heterochromatic  Photometry,  and  a 
Comparison  of  a  Flicker  and  an  Equality-of-Brightness  Photom- 
eter. E.  C.  Crittenden  and  V.  K.  Richtmver.  Scientific 
Paper  299,  27  pp.,  issued  May  26.     Paper,  5  cents. 

Emissivity  of  Straight  and  Helical  Filaments  of  Tungsten. 
W.  W.  CoblENTz.  Scientific  Paper  300,  17  pp.,  issued  June  8. 
Paper,  5  cents. 

Wave  Lengths  of  the  Stronger  Lines  in  the  Helium  Spectrum. 
Paul  W.  Merrill.  Scientific  Paper  302,  8  pp.,  issued  June  18. 
Paper,  5  cents.  "Wave  lengths  of  21  of  tlie  stronger  helium 
lines  have  been  accurately  measured  by  interference  methods. 
Nine  of  them  were  compared  directly  with  the  standard  cadmium 
line. 

"The  possibility  of  eliminating  the  effect  of  apparent  varia- 
tion of  interferometer  tliickness  with  wave  length  is  noted. 

"The  Kayscr  and  Runge  formula  for  spectral  series,  based 
upon  three  consecutive  lines,  will  not  reproduce  accurately 
even  the  next  member  in  any  one  of  the  six  helium  series." 

Calculation  of  the  Constants  of  Planck's  Radiation  Equation: 
An  Extension  of  the  Theory  of  Least  Squares.  Harry  M. 
KoKSEK.  vSciuntific  Paiier  304.  17  pp..  is.<ued  June  29.  Paper. 
5  cents. 

Luminous  Radiation  from  a  Black  Body  and  the  Mechanical 
Equivalent  of  Light.  W.  W.  Coblentz  and  W.  B.  Emerson. 
Scientific  Paper  305,  11  pp.  Paper,  5  cents.  "This  paper 
gives  some  applications  of  the  curve  of  visibility  of  radiation 
for  the  average  eye  (125  observers)  to  radiation  problems. 

"The  most  reliable  data  now  available  indicate  tliat  the  value 
of  the  luminous  equivalent  of  radiation  of  maximum  luminous 
efficiency  is  of  the  order  of: 

1  watt  =  617  lumens  =  49.1  candles. 

I  lumen  =  0.00162  watt  of  luminous  flux. 

".Among  other  data   tliis  paper  gives  the  determination   of 
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the  radiant  luminous  efficiency  of  a  vacuum  tungsten  lamp, 
the  value  being  1.42  per  cent  when  operated  at  1.23  watts  per 
candle." 

GEOLOGICAL  SURVEY 
A  Comparison  of  Paleozoic  Section  in  Southern  New  Mexico. 
N.    H.    DarTon.     From    Shorter    Contributions    to    General 
Geology,   1917,  pp.  31-35.     Published  May  29,   1917. 

Wasatch  Fossils  in  So-Called  Fort  Union  Beds  of  the  Powder 
River  Basin,  Wyoming,  and  Their  Bearing  on  the  Stratigraphy 
of  the  Region.  Carroll  H.  Wegemann.  From  Shorter 
Contributions  to  General  Geology,  1917,  pp.  57-60.  Published 
May  29,  1917. 

Ground  Water  in  San  Simon  Valley,  Arizona,  and  New  Mexico. 
A.  T,  SCHWENNESEN.  With  a  Section  on  Agriculture,  R.  H. 
Forbes.  From  Contributions  to  the  Hydrology  of  the  United 
States,  1917,  pp.  1-35.  Published  May  7,  1917.  This  was 
prepared  in  cooperation  with  the  Arizona  Agricultural  Experi- 
ment Station. 

Graphite.  Henry  G.  Ferguson.  Bulletin  666-L.  7  pp. 
The  following  table  shows  the  imports  and  domestic  output  of 
crystalline  graphite  for  the  year  1916; 

Quantity 
(short  tons)       Value 

Imports(o);    Ceylon 24,972     $6,013,362 

Other  countries 7,188  920,369 


ND    PrODUCBD    in    the 

1916 

Quantity 
(short  tons) 


Uomestic  Production. 


Total  A vailabub  Supply 37 ,  626       7 ,  848 .479 

Per  cent  represented  by  Domestic  Production 14.6  11.7 

(a)  From  records  of  the  Department  of  Commerce. 

"During  1914  and  1915  the  imports  from  Ceylon  were  less 
than  normal,  owing  chiefly  to  the  high  freight  rates  and  scarcity 
of  ships.  The  sharp  increase  in  the  value  of  the  Ceylon  graphite 
imported  in  1916  is  due  largely  to  the  fact  that  because  of  the 
conditions  mentioned  only  the  higher-grade  material  was  im- 
ported. 

"Domestic  flake  graphite  of  a  grade  suitable  for  crucible  use 
has  increased  greatly  in  price  during  the  last  two  years.  The 
prices  paid  at  the  mines  for  the  highest-grade  product,  in  cents 
a  poimd,  have  been  as  follows;  191 1  and  1912,  6  to  7;  1913, 
6  to  8;  1914,  6Vj  to  8;  1915,  7  to  10;  1916,  10  to  16. 

"Average  prices  of  crystalline  graphite  of  all  grades,  including 
(lust  as  well  as  flake,  have  been  as  follows: 

PrICHS  OP  Ckystallink  Crapiiitb.  1911-1916 
(IN  Cunts  a  Poi'nd) 

Ceylon  Domestic  Ceylon  Domestic 

...   4.3        5.3      1914 4.5      S.i 

...      4.1         5.3       1915 6.4       5.9 

...   4.9        5.0       1916 12.0      8.4 


1911. 
1912. 
1913. 


"Amorphous  graphite  is  suitable  for  all  purposes  for  which 
graphite  is  used,  except  the  manufacture  of  crucibles.  As  it 
<loes  not  enter  to  any  large  degree  into  the  nianufaclure  of  muni- 
tions, the  war  has  not  greatly  alTccU-d  cither  i)rice  or  produc- 
tion. Moreover,  iirtilicial  graphite  and  crystalline  graphite 
in  particles  too  small  for  crucible  inannfactMre  are  adapted 
to  practicidly  nil  uses  to  which  natural  aniorphnus  graphite 
can  be  put,  and  the  reserves  of  nnior]>luiiis  graphite  are  there- 
fore less  important.  The  uses  of  amorphous  grajihite  vary 
greatly  with  the  purity  of  the  substance  mined.  I'or  paint  and 
foundry  facings  a  high  degree  of  purity  is  not  essential,  but  for 
lllliiicants,  pencils,  ami  electric  jinrimses  high  griiile  nialorinl 
is  necessary.  The  better  grades  of  anuirplious  graphite  are  im- 
ported from  Mexico  and  Chosen,  niul  the  ini|H)rls,  like  thoK 
of  cry.stiillinc  grapliite.  gl^ntly  exceed  the  domestic  output. 
The  sharj'  decrra.ie  in  iMi)Hirtatii>ii  In  i'»\s.  shown  in  the  follow- 
Ing  table,  wuH  due  chielly  to  the  disturbed  conditions  in  Ntcxico, 
but  also  t<i  iJFcrea.scd  inqHirts  from  Cliosrn,  owing  to  higli  freight 
ratcH  and  scarcity  "f  -.hips 


Total  Available  Supply 13,458 

'er  cent  represented  by  Domestic  Production 19.5 


Value 

$345,732 
20,723 


"Graphite  in  large  quantities  is  manufactiured  at  Niagara 
Falls,  N.  Y.,  by  the  International  Acheson  Graphite  Company, 
which  utilizes  electric  power  generated  at  the  Falls.  The 
bulk  graphite  produced  by  this  company  in  1915  was  reported 
as  2,542  short  tons,  and  in  1916  as  4,199  tons.  This  represents 
only  the  graphite  that  would  come  into  competition  with  natural 
graphite  and  does  not  include  graphitized  products  that  do  not 
compete  with  natural  graphite.  The  material,  most  of  which 
is  made  either  from  anthracite  or  from  petroleum  coke,  comes 
from  the  furnace  in  an  earthy,  incoherent  condition  and  is 
utilized  mainly  in  lubricants  and  paints  and  for  foundry  facings, 
boiler-scale  preventives,  and  batterj'  fillers. 

"Besides  the  graphite  products  that  enter  into  competition 
with  natural  graphite,  there  are  a  large  number  of  graphite 
products  for  which  only  artificial  graphite  is  adapted.  Chief 
among  these  are  graphite  electrodes,  tlic  demand  for  which 
has  greatly  increased  during  the  last  two  years  on  account  of 
the  remarkable  gro^Tth  in  certain  electrochemical  industries. 
The  extent  of  this  growth  is  indicated  by  the  statement  that 
during  1915  the  number  of  electric  steel  furnaces  in  operation 
in  this  country  increased  78  per  cent." 

Geology  and  Water  Resources  of  Big  Smoky,  Clayton,  and 
Alkali  Spring  Valleys,  Nevada.  Oscar  E.  Meinzer.  Water 
Supply  Paper  423,  153  pp.  This  contains  a  report  on  numerous 
water  and  soil  analyses. 

Barium  and  Strontiiun.  James  M.  Hill.  Bulletin  660-W. 
3  pp.  "Since  the  beginning  of  the  war  a  barium  chemical  in- 
dustry has  been  established  in  the  United  States  to  supply  barium 
carbonate,  nitrate,  chloride,  chlorate,  hydrate,  and  binoxide, 
which  were  formerly  imported  from  Germany.  In  1915  this 
industry  consumed  10  per  cent  of  the  output  of  domestic  barite, 
but  the  consumption  in  1916  was  apparently  somewhat  larger. 
The  barium  chemicals  have  a  wide  variety  of  ap))lications.  jK-rhaps 
the  most  important  of  which  are  the  use  of  barium  binoxide 
in  the  preparation  of  hydrogen  i>eroxide.  that  of  b.irium  chloride 
as  a  water  softener,  and  that  of  various  salts  in  the  manufacture 
of  optical  glass. 

"The  production  of  108,547  short  tons  in  IQ15  was  over  twic« 
as  large  as  that  of  1914,  and  in  1916  the  output  was  again  doubled. 
The  value  of  the  1916  output  was  over  Sl.000.000—  a  ligtire  never 
attained  before. 

"Strontium  siilts,  chiefly  the  nitrate,  arc  employed  to  niukr 
'red  fire,"  which  is  of  wide  use  at  this  time  not  only  for  signal 
lights  on  battle  fronts  but  for  railway  signals  to  pn>motc  the 
safe  han<lling  of  trains  at  night.  It  is  estimated  that  prior  to 
i<)i4  about  3,000  tons  of  strontium  nitrate  were  used  annuiilly 
m  the  manufacture  of  such  "flares'  or  'Costcn'  and  'Hcngal' 
lights  and  fireworks.  Since  1015  the  demand  has  iniTrnsed 
considerably. 

"Before  the  war  celestite  (stn>ntium  sulfate)  anil  stroiitianitc 
(strontium  carlKiiuite)  were  itnjxirled  from  Ocnuany,  England 
and  Sicily.  During  1914  and  1915  linglish  »-clcstilc  wn.«  nluninrtl 
by  uumufacturers".  but  late  in  1915  the  ex|M>rtulion  of  Mmntium 
ores  was  emlmrgwd  by  England 

"Apparently  United  Stales  nianiifactuirro  nrr  now  using  do 
niestic  orcH  ctinlaiiiiiig  oidv  ."t.s  jht  cx-iit  o(  strontium  Milfntr 
though  thev  prrfrr  not  to  iim-  uiiilrrialv  ot  l.iwrt  ttM\t  than  i)l 
|K'r  crni" 

Cl«)r  «nd  CIny  Product!.     Ji;rn;iiM>s  Mii«iilkt»in      Hullriui 

(.(.(.  T       t  PI' 
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Notes  on  the  Geology  and  Iron  Ores  of  the  Cuyuna  District, 
Minnesota.  E.  C.  Harder  and  A.  W.  Johnston.  Bulletin 
660-A,  from  Contributions  to  Economic  Geology,  191 7,  Part  I, 
pp.  1-26.  Published  June  7.  "The  preliminary  report,  of 
which  the  present  paper  is  an  abstract,  is  being  published  by 
the  Minnesota  Geological  Survey;  the  more  complete  report 
will  be  published  by  the  United  States  Geological  Survey." 

The  Rarer  Metals.  Frank  L.  Hess.  Bulletin  666-U, 
13  pp.  This  separate  covers  a  discussion  of  antimony,  arsenic, 
bismuth,   nickel,    tungsten,   molybdenum,    vanadium     and   tin. 

"The  fact  that  a  large  production  of  some  mineral  has  been 
made  in  one  year  does  not  necessarily  imply  that  it  can  be  re- 
peated under  the  impetus  of  great  need.  In  estimating  the 
possible  production  of  any  mineral  for  any  period,  a  proper 
weighing  of  the  attending  circumstances,  the  statistics  of  pro- 
duction of  preceding  years,  and  a  knowledge  of  the  deposits 
themselves  are  all  necessary,  and  these  statements  probably 
apply  more  forcibly  to  the  metals  used  in  alloy  steels  than  to 
others,  for  these  metals  occur  in  vastly  less  quantities  than  coal, 
iron,  copper,  or  the  other  common  metals,  and  the  individual 
deposits  are  smaller  and  much  less  widely  distributed  and,  un- 
like those  of  copper  or  iron,  are  in  very  few  places  concentrated 
from  lean  into  richer  deposits. 

"Comparatively  restricted  markets  and  lack  of  knowledge 
concerning  these  metals  themselves  and  of  the  minerals  in  which 
they  occur  have  prevented  prospecting  for  them  until  within  the 
last  few  years,  so  that  as  a  rule  developments  of  such  deposits 
are  small. 

"The  subjects  briefly  discussed  here  with  reference  to  their 
availability  as  war  supplies  are  treated  more  fully  in  Mineral 
Resources  and  other  publications  of  the  United  States  Geological 
Survey,  especially  those  for  recent  years." 

COMMERCE   REPORTS— JUNE,   1917 

A  detailed  survey  of  the  petroleum  prospects  of  Argentine 
has  shown  four  well  defined  oil  fields  besides  numerous  doubtful 
localities.  Efforts  are  being  made  to  increase  the  oil  production 
sufllciently  to  meet  the  present  critical  fuel  situation  there. 
(P.  841) 

Graphite  has  been  discovered  in  Mysore  Province,  India, 
in  what  is  believed  to  be  a  paying  deposit.     (P.  843) 

Use  of  saccharine  and  other  artificial  sweetening  products 
has  been  permitted  in  France  for  the  period  of  the  war.  Since 
1902,  its  use  in  France  has  been  prohibited.     (P.  847) 

There  has  been  a  great  increase  in  the  demand  for  Japanese 
bleaching  powder,  both  in  Japan  and  abroad.     (P.  854) 

I'istiniates  by  the  Geological  Survey  place  the  quantity  of 
platinum  in  the  United  States  as  i  ,000,000  troy  ounces,  and  the 
annual  requirements  as  165,000  ounces.  With  the  expected 
increase  in  the  production  of  Colombia,  Russia  and  the  United 
States,  and  a  decreased  consumption  in  the  dental  and  jewelry 
business,  it  is  believed  that  the  requirements  of  the  chemical 
industries  can  be  met.     (P.  866) 

There  has  been"  a  great  increase  in  the  output  of  iron  ore 
from  the  mines  in  Manchuria,  which  contain  principally  low- 
grade  ore  (30-40  per  cent  iron)  with  occasional  masses  of  high- 
grade  ore  (60-70  per  cent  iron).  An  ore  separation  plant  is  to 
be  installed  for  concentrating  the  poor  ore.     (P.  871) 

Deposits  of  wolframite  are  reported  from  several  points  in 
BrazQ.     (P.  878) 

A  cement  factory  is  being  erected  in  Buenos  Aires,  with  a 
capacity  of  3000  barrels  per  day.     (P.  882) 

Imports  of  camphor  crude,  refined  and  synthetic,  into  the 
United  States  have  far  exceeded  those  of  previous  years. 
(P.  886) 

By  a  rapid  tanning  process  recently  discovered  in  Australia 
it  is  claimed  that  sole  leather  can  be  tanned  in  seven  days,  and 
other  skins  in  much  less  time,  yielding  products  much  stronger 
than  normal.     (P.  890) 


Production  of  plantation  rubber  in  French  Indo-China  has 
greatly  increased  and  that  of  wild  rubber  has  decreased 
(P.  891) 

A  detailed  description  of  the  sisal  industry  in  East  Africa  is 
given.     (Pp.  917-25) 

Grease,  valued  at  nearly  $400,000,  was  recovered  from  the 
sewage  of  Bradford,  England ;  this  was  derived  from  the  wool 
scouring  establishments.  It  is  useful  for  leather  dressing,  etc. 
(P.  1014) 

The  "British  Engineering  Standards  Committee,"  formed  in 
1901  and  originally  consisting  of  seven  members,  has  grown  to 
an  organization  with  a  main  committee  of  22  members,  with  64 
sectional  committees  and  subcommittees  including  a  total  mem- 
bership of  over  500.  It  contains  representatives  of  all  technical 
and  trade  organizations  possibly  interested  in  engineering  stand- 
ardization.    (P.  1040) 

In  a  process  for  treating  empty  tin  cans  in  Hornsey,  England, 
the  tin  is  simply  burned  off  by  waste  flue  gases,  with  no  attempt 
at  recovery  of  the  tin.  The  steel  scrap  is  then  ready  for  delivery 
to  the  steel  works,     (p.  1045) 

In  the  United  States  there  were  in  1916,  756  plants  making 
cottonseed  oil,  and  1 1 2  plants  engaged  in  manufacturing  other 
edible  vegetable  oils,  from  peanuts,  mustard  seed,  kapok, 
rape,  sunflower  seed,  soya  beans,  walnuts,  corn,  copra,  palm 
kernels,  and  olives.  A  great  increase  in  the  domestic  cultiva- 
tion of  soya  beans  and  peanuts  is  expected.     (P.  1060) 

In  Sweden  the  consumption  of  gas  and  electricity  at  the 
usual  rate,  for  both  private  and  commercial  use,  has  been  re- 
stricted to  60  per  cent  of  the  normal  with  30  per  cent  additional 
permitted  at  greatly  increased  rates.     (P.  1073) 

Efforts  are  being  made  in  Trinidad,  British  West  Indies,  to 
increase  the  use  of  banana  flour  as  a  substitute  for  wheat.  Flour 
equal  to  about  25  per  cent  of  the  weight  of  the  bananas  is  ob- 
tained.    (P.  1 106) 

Production  of  glycerine  in  Japan  has  greatly  increased  as  a 
result  of  Government  subsidy.     (P.  1123) 

In  order  to  increase  the  consumption  in  France  of  vegetable 
fats  and  oils,  it  is  proposed  that  the  Academy  of  Medicine  issue 
statements  regarding  their  high  nutritive  value  and  the  desira- 
bility of  using  them  to  conserve  the  supplies  of  animal  fats. 
(P.  1 139) 

The  most  important  new  industry  developed  in  Venice  the 
past  year  is  that  of  spinning  glass  for  commercial  uses.  The 
spun  glass  is  marketed  in  three  forms — hanks  of  straight  spun 
glass  fibers,  known  as  "glass  cotton;"  masses  of  curled  fiber 
called  "glass  wool;"  and  sheets  or  pods  of  felted  material.  Its 
principal  use  at  present  is  for  electrical  insulation.  It  is  made 
of  soda  glass,  free  from  lead.  etc.     (P.  1 156) 

A  large  modern  tannery,  with  a  weekly  capacity  of  3000  cow- 
hides and  100,000  sheep  skins,  is  being  erected  in  Hongkong. 
Chinese  tan  bark  will  be  used.     (P.  11 70) 

The  American  demand  for  Abyssinian  civet  (used  as  a  basis 
of  perfumes)  has  greatly  increased.  The  civet  cats  are  raised 
in  large  numbers  in  Abyssinia.      (P.  1181) 

Special  Sopplbments  Issued  During  the  Month 
Netherlands— 90  Cuba — 25o 

Statistics  op  Exports  to  the  United  States 
Swansea.  Wales — P.  1134  Amsterdam — Sup.  9o 

Nickel  sulfate  Cinchona  bark 

Nickel  ammonia  sulfate  ^°'^°'\  butter 

Copper,  rcKulus  and  scale  ^9P^'  B"*^ 

tr-j         1  I.  J  Diamonds 

Hides,  sheep,  salted  Drugs 

Tin  plate  Chemicals 

Hides 
CuBA-Sup.  25.  Ka^r 

Asphalt  Linoleum 

Beeswax  Magnesite 

Hides 
Molasses 
Copper  Ore 
Iron  Ore 
Manganese  Ore 


Sugar 


ntial  Oils 
Paint 
Potash 
Quinine 
Rags 
Rubber 
Tin 
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Elements  of  Industrial  Chemistry.  By  Allen  Rogers,  in 
charge  of  Industrial  Chemistry,  Pratt  Institute,  Brooklyn, 
N.  Y.  An  abridgement  of  Manual  of  Industrial  Chem- 
istry written  by  forty  eminent  specialists  and  edited  by 
Allen  Rogers.  117  illustrations.  New  York;  D.  Van  Nos- 
trand  Co.,  1916.     8  vols,     viii  +  513  pp.     Price,  $3.00,  net. 

The  express  purpose  of  this  book  is  to  meet  the  needs  of  teachers 
who  do  not  have  sufficient  time  in  their  courses  to  use  more  ex- 
tended treatises.  This  work  is  therefore  a  handy  sized  compila- 
tion from  the  author's  well-known  Manual  which  contains  so 
many  excellent  chapters.  "The  endeavor  has  been,  in  arranging 
this  condensation,  to  treat  the  subjects  covered  in  a  general 
manner  orJy,  thus  eliminating  as  much  of  the  detail  as  possible 
in  order  that  the  fundamental  principles  might  be  more  clearly 
set  forth." 

The  49  chapters  of  the  Manual  are  condensed  to  27  in  this 
volume.  The  subjects  included  are:  General  Processes  (mean- 
ing by  that  engineering  operations  such  as  grinding,  distilla- 
tion, etc.);  Water;  Fuels;  Sulfuric  Acid;  Nitric  Acid;  "Elements 
and  Inorganic  Compounds;"  Ceramics;  Pigments;  Fertilizers; 
Illuminating  Gas;  Coal-Tar;  Petroleum;  Wood  Distillation; 
Oils,  Fats  and  Waxes;  Lubricating  Oils;  Soap  and  Glycerine; 
Essential  Oils;  Resins  and  Gums;  Varnish;  Sugar;  Starch  and 
Glucose;  Beer,  Wine  and  Liquor;  Textiles;  Dyestuffs  and  Their 
Application;  Paper;  Explosives;  Leather. 

The  book  makes  a  pleasing  appearance  and  is  of  handy  size, 
though  heavy.  It  is  not  bound  well  enough  to  wear  as  a  student 
text.  The  back  of  the  review  copy  is  already  split.  Good  paper, 
however,  is  used  throughout  and  the  cuts  and  half-tones  are 
clean-cut  and  distinct.  Many  of  these  are  reduced  from  the 
Manual.  References  to  the  literature  would  have  been  a  wel- 
come addition,  for  the  students  who  use  this  text  are  really  ad- 
vanced men,  the  Manual  being  too  clumsy  for  vigorous  class  use. 

Any  one  who  takes  the  trouble  to  write  an  industrial  chemistry 
deserves  to  be  absolved  from  all  criticism.  It  even  seems  un- 
grateful to  call  attention  in  the  best  of  spirit  to  any  errors  or 
lapses,  for  no  teacher  of  chemistry,  unless  he  has  been  himself 
a  manufacturer,  can  understand  the  weight  of  the  task  entailed 
by  such  a  writing.  The  teacher  with  manufacturing  experience 
will  detect  at  once  many  of  the  doubtful  matters  in  all  such 
books,  tliough  no  one  could  have  enough  experience  to  detect 
all  of  them.  It  will  be  necessary  to  call  attention  in  this  review 
to  only  enough  of  these  items  to  warn  teachers,  not  broadly 
experienced  industrially,  that  they  must  not  accept  implicitly 
«very  impression  from  industrial  chemistry  texts. 

It  is  pleasant  to  see  transportation  of  solids,  liquids  and 
gases  added  to  the  usually  enumerated  engineering  operations 
in  the  chapter  on  "General  Processes."  It  seems  a  pity,  how- 
ever, to  apjjcar  to  stress  special  types  of  evaporators  which  are 
comparatively  little  used  and  omit  more  current  ones  altogcllicr. 
The  "type  of  column  still  in  common  u.se,"  p.  23,  is  really  (luitc 
rare,  for  it  is  of  very  low  cfTiciency  (especially  its  return  cooler), 
and  as  drawn  would  not  even  separate  benzol  from  water,  us 
the  reviewer  bus  g(H>d  rca.son  to  know  from  the  experience  of 
having  many  years  ago  received  a  column  with  only  a  single 
"downcoininer"  pipe  nut  scaled.  In  the  drawing  iti  c|ue.stion 
all  "down  comnier"  pipes  are  un.sealed  and  such  a  culiiinn  could 
not  be  operated.     It  wiiiild  intcrinittcntly  fliKxI  and  blow. 

One  wonders  at  the  exehisivc  mention  of  Icadplatinum  sulfuric 
conccnlnition  except  "in  I'itiKlnnd."  I>n  we  not  also  in  this  coun- 
try have  otiicr  types?  ICiKhtccn  years  ago  the  reviewer  worked 
on  one  In  I'liiladclpliiii  that  used  no  platinum.  Cliargiiig  "pot 
.tills"  for  iiitiir  .11  id  «illi  merely  Jjijt)  lbs.  of  nitrate  once  or 


twice  in  24  to  27  hrs.  probably  would  have  ruined  the  allied  cause. 
Five  to  six  thousand  pounds  per  8-hr.  turn  is  the  more  modern 
achievement.  Too  much  space  is  given  to  the  Skoglund  con- 
denser and  no  mention  made  of  more  recent  and  efficient  de- 
velopments. These  umnentioned  developments  in  this  and  the 
sulfuric  acid  industry  in  the  last  five  years  through  the  use  of 
high  silicon  irons  and  siUca  ware  are  among  the  great  achieve- 
ments of  chemical  engineering. 

The  chapter  on  "Elements  and  Inorganic  Compounds"  is 
an  alphabetized  dictionary  into  which  has  been  condensed  several 
chapters  of  the  Manual.  It  partakes  of  the  same  fault  as  a  similar 
chapter  in  the  Manual,  in  that  it  gives  astonishingly  small  space 
to  that  most  highly  organized,  in  a  chemical  engineering  sense, 
of  all  our  chemical  industries  and  one  of  our  most  important  as 
well,  namely,  the  Solvay  Soda  process,  and  gives  over  twice 
the  space,  as  is  done  in  aU  the  classics  that  have  gone  before, 
to  the  Le  Blanc  process  which  is  not  in  operation  in  this  country, 
a  thing  also  now  true  of  the  crj'olite  process.  This  brevity  in 
considering  the  Solvay  process  is  not  done  to  save  detail  to  make 
room  for  more  fundamental  material  as  the  preface  might  make 
one  believe,  for,  in  the  same  chapter,  pages  are  literally  wasted 
on  a  catalog  of  substances  practically  by  mere  name  without 
any  fundamental  industrial  principle  or  information  attached. 
For  example,  there  are  such  paragraphs  as:  "Caesium.  This 
is  one  of  the  rare  elements  and  is  of  no  commercial  value."  A 
similar  admission  is  made  in  the  case  of  many  other  substances 
such  as  barium, ^erbium,  gadolinium,  germanium,  indium,  neo- 
dymium,  osmium,  samarium,  scandium,  tellurium,  thallium, 
and  thulium.  In  addition,  many  more  of  such  materials,  which 
are  as  unused  industrially,  are  not  so  marked  and  thus  give  the 
impression  that  they  are  so  used.  A  large  portion  of  this  chap- 
ter, by  far  the  largest  in  the  book,  is  not  industrial  chemistry 
at  all  but  simply  general  or  inorganic  chemistry,  of  the  char- 
acter of  the  paragraph  "Cerium.  This  element  is  found  in  the 
mineral  cerite  and  forms  both  cerous  and  eerie  salts." 

It  seems  too  bad  to  leave  out  even  the  names  of  so  many 
of  the  successful  clilorine  and  NaOH  cells  in  use  all  over  the  coun- 
try, while  giving  a  whole  page  to  the  Acker  cell  that  is  not  in 
operation  at  all. 

In  discussing  wood  distillation,  destructive  distillation  is  mixed 
up  and  condensed  badly  with  steam  distillation  of  chipped  wood 
for  turpentine,  throughout  the  whole  paragraph  on  this  subject. 
Contrary  to  the  impression  one  would  receive  here  tlie  distilla- 
tion of  "packed"  sawdust  may  some  day  solve  the  waste  saw- 
dust problem  if  distillation  can  do  so  at  all.  l{lectricity  is  a 
laboratory,  and  not  a  factory  method  of  heating  wood  retorts. 
The  saving  of  one  distillation  in  making  gray  acetate  by  a  frac- 
tionating device  on  the  ovens  is  not  used  as  stated.  It  has 
never  been  a  success  In  American  sized  units,  though  much  money 
has  been  needlessly  wasted  upon  it,  when  such  a  result  CDuld  have 
been  predicted  on  thermal-chemical  grounds  This  chapter 
on  wood  distillation  partakes  throughout  of  tJic  errors  of  Uic 
chapter  on  this  subject  in  the  Manual,  which  incorrectly  states 
tiic  hardwood  practice  and  tlicn  gratuitously  assumes  that  this 
practice  will  apply  also  to  soft  wo<xl,  which  it  does  not.  Then 
the  somnolent  steam  distillation  turi>cnlinc  nppuratus,  and 
methods,  are  scattcrc<l  through  this  ni.ilcriiil  giving  the  im- 
pression that  they  apply  to  hurdwixMl  and  soltwiHxl  alike. 
Evaporating  puns  for  acetate  arc  not  made  of  copper  as  stated. 
This  would  be  a  nccdic.t'*  cx|>ensc.  Mcfhunicol  stirring  devices 
are  also  not  u«c<i  and  certainly  not  nccrs.«aty  to  prevent  stickins 
to  the  pan,  if  one  has  operatives  who  know  how  to  twil  acetate 
li«luor.     WikhI  alctihol  reliniiiK  over  iodine,  inclitllio  sodium  or 
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P2O6  could  hardly  be  classed  as  refinery  methods.  Even  the 
lime  distillation  is  not  necessary,  and  the  unsatisfactory  CaCU 
separation  of  acetone  is  probably  never  used.  Copper  stills 
and  HCl  are  rarely  used  in  America  in  making  acetic  acid  from 
calcium  acetate,  but  iron  stills  and  sulfuric  acid,  when  the  prod- 
uct is  70-75  per  cent  and  not  50  per  cent  as  with  IICl.  The  lack 
of  smoothness  in  operation  stated  to  occur  when  H2SO4  is  used 
is  not  the  experience  of  the  reviewer. 

These  citations,  some  of  which  are  obviously  a  matter  of 
opinion,  merely  serve  to  indicate  the  difficulty  and  breadth  of  the 
field  covered  by  the  teacher  of  industrial  chemistry,  and  what  a 
pathetically  fatal  policy  it  is,  in  so  many  of  our  schools  of  tech- 
nology, which  ignores  entirely  the  labor  of  keeping  even  partially 
informed  in  this  field,  and  crushes  the  vitality  of  its  specialist 
teacher  of  industrial  chemistry  by  saddling  upon  him  the  dis- 
traction of  elementary  classes  as  well. 

As  a  teachable  book  this  volume  is  divided  into  convenient 
sized  chapters.  It  is  a  distinct  advance  on  its  predecessors  in 
that  it  is  more  American  than  they,  while  giving  due  credit  to 
foreign  processes.  For  a  book  of  such  a  character  it  is  remark- 
ably free  from  errors. 

James  R.  Withrow 

Explosives.  By  Arthur  Marshall.  Second  Edition,  \"ol.  I, 
History  and  Manufacture.  8vo,  407  pp.  and  77  illus- 
trations. P.  Blakiston's  Sons  &  Co.,  Philadelphia,  1917. 
Two  volumes,  $16.00  (not  sold  separately). 
The  first  edition  of  this  book  was  issued  in  1915  as  a  volume 
of  624  pages.  The  second  edition  is  now  being  issued  in  two 
volumes,  the  extent  of  the  enlargement  being  somewhat  indicated 
by  the  description  above.  The  order  of  treatment  of  topics 
follows  that  of  the  first  edition,  wherein  the  author  has  designated 
his  topics  as  "Parts"  and,  in  his  treatment  of  them,  divided  each 
"Part"  into  several  chapters,  but  these  topics  are,  in  the  new 
edition,  preceded  by  an  introductory  chapter  dealing  with  general 
characteristics,  which  is  of  the  nature  of  a  resum^  of  Brunswig's 
"Explosives;"  there  is  intercalated  between  the  "Parts"  on  the 
"Nitric  Esters  of  Glycerin"  and  "Smokeless  Powders"  of  the 
first  edition,  a  "Part"  on  "Nitro-Aromatic  Compounds;"  and 
the  volume  ends  with  the  "Part"  on  "Blasting  Explosives"  from 
which  the  chapter  on  "The  Choice  of  a  High  Explosive"  has 
been  dropped  in  order  that  it  may  be  treated  more  fully  in 
Volume  II,  which  was  expected  to  be  published  in  June. 
The  extent  of  the  revision  may  be  gauged  not  only  by  the  addi- 
tions noted  but  also  by  the  facts  that  Part  I,  "Historical,"  is 
increased  six  pages;  II,  "Black  Powder,"  five;  III,  "Acids," 
seven;  VII,  "Smokeless  Powders,"  eleven;  and  VIII,  "Blasting 
Explosives,"  three  pages  over  the  space  devoted  to  the  same  top- 
ics in  the  first  edition,  while  all  of  the  chapters  appear  to  have 
been  revised. 

The  call  for  a  second  edition  so  soon  after  the  publication  of  the 
first,  coupled  with  the  large  price  exacted  for  this  work,  is  a  gauge 
of  the  value  at  which  it  is  appraised.  This  edition  has  been  re- 
vised from  the  standpoint  of  the  necessities  developed  by  the 
Great  War,  and  the  means  by  which  they  have  been  satisfied. 
It  is  dedicated  to  David  Lloyd  George  and  adorned  with  an  ex- 
cellent photograph  of  the  Prime  Minister.  In  view  of  this,  and 
of  the  frankness  with  which  information  regarding  the  fixation 
of  nitrogen,  the  methods  for  the  production  of  nitrosubstitution 
explosives,  and  the  manufacture  and  properties  of  smokeless  pow- 
ders is  set  forth,  one  who  has  been  placed  under  the  seal  of  secrecy 
in  piping  times  of  peace  appreciates  the  sound  common  sense 
of  the  Premier  in  allowing  these  additions  and  revisions  to  the 
new  edition  to  appear.  Referring  in  his  preface  to  the  effects 
of  the  Great  War,  Marshall  says  tliat,  although  it  has  completed 
its  second  year,  it  "has  not  caused  the  introduction  of  any  very 
novel  explosives,  despite  sensational  statements  of  some  journal- 


ists. Certain  aspects  of  the  manufacture  of  explosives  have, 
however,  become  of  greater  importance,  and  have,  therefore, 
been  treated  in  greater  detail  in  this  edition."  Before  the  war, 
nitric  acid  made  from  air  could  hardly  an>'where  compete  with 
that  manufactured  from  sodium  nitrate,  but  the  blockade  of 
Germany  has  altered  this.  Thus  does  history  repeat  herself, 
for  in  the  Napoleonic  wars,  England  cut  off  the  supply  of  potas- 
sium nitrate  from  India  to  France  and  caused  a  great  develop- 
ment of  the  French  saltpetre  industry.  The  blockade  has  also 
caused  Germany  to  pay  more  attention  to  chlorate  and  per- 
chlorate  explosives  and  those  made  with  liquid  oxygen." 

The  author  has  been  favored  by  the  appearance  of  "Les  Poudres 
et  Explosifs"  by  L.  Vennin  and  G.  Chesneau,  which  contains  a 
systematic  account  of  all  classes  of  explosives  both  organic  and 
inorganic,  and  he  has  drawn  freely  upon  this  work  in  his  descrip- 
tions of  French  explosives  and  methods.  In  his  list  of  sources, 
while  German,  French  and  English  journals  and  publications 
are  cited,  no  mention  is  made  of  the  several  publications  of  the 
American  Chemical  Society,  but  he  does  make  considerable  use 
of  the  publications  of  the  U.  S.  Bureau  of  Mines.  In  presenting 
the  book  he  says:  "I  have  spared  no  trouble  to  make  the  work  as 
reliable  and  useful  as  possible  to  those  engaged  in  making  and 
dealing  with  the  explosives  used  in  this  titanic  strug>;le,  and  I 
hope  that  in  this  way  I  have  assisted  shghtly,  in  spite  of  the  fact 
that  I  am  detained  far  from  the  principal  theatres  of  war  (at 
Naini  Tal,  India).  There  are,  of  coiu'se,  some  matters  in  con- 
nection with  explosives  which  cannot  be  published." 

The  author  has  done  his  work  well  but  this  may  not  be  said 
of  printer  and  proof-reader,  for  while  the  book  has  been  planned 
in  good  form  and  is  printed  on  heavy  glazed  paper,  which  serves 
to  bring  out  the  illustrations  admirably,  there  is  much  evidence 
of  haste  in  broken  and  tvu-ned  letters,  irregular  impressions, 
omissions  and  bad  spacing.  There  are  numerous  examples 
on  pages  273-278.  A  glaring  example  of  bad  proof-reading 
occurs  in  the  marginal  legend  on  page  337  where  ether-alcohol 
appears  as  "etherealcohol." 

Charles  E.  Munroe 

The  Microscopic  Examination  of  Steel.  By  Henry  Fay. 
18  pp.  and  55  illustrations.  John  Wiley  &  Sons,  Inc.,  New 
York,  1917.     Price,  $1.25  net. 

It  is  stated  in  the  preface  of  the  book  that  this  material  was 
originally  issued  by  the  Ordnance  Department,  U.  S.  A.,  and 
represented  the  results  of  investigative  work  carried  on  at  the 
Watertown  Arsenal.  It  was  intended  for  the  exclusive  use  of 
inspectors.  It  is  not  to  be  considered  as  a  textbook,  but  is 
meant  to  present  a  mere  outline  of  metallographic  methods 
illustrating  typical  examples. 

The  text  matter  is  somewhat  sketchy,  but  is  very  concisely 
stated.  Some  exception  might  be  taken  to  tlie  author's  defini- 
tion of  troostite,  and  a  few  minor  criticisms  might  be  made, 
but  as  a  whole  the  book  would  be  of  value  in  the  hands  of  those 
who  know  how  to  use  the  material.  So  little  has  been  published 
in  listed  form  regarding  ordnance  material  that  it  is  to  be  re- 
gretted that  the  author  did  not  cover  the  ground  in  a  more  de- 
tailed way  and  did  not  offer  more  examples. 

The  autlior  touches  upon  the  various  conditions  in  which 
steel  occurs  (slowly  cooled,  rapidly  cooled,  annealed),  upon  the 
occurrence  of  non-metallic  impurities,  examination  of  the 
macrostructurc,  and  upon  heat  treatment,  gi\'ing  a  few  examples. 
The  methods  of  polishing  and  etching  arc  outlined,  and  a  short 
bibliography  is  given. 

The  book  is  well  worth  while  for  tlie  really  excellent  photo- 
micrographs which  it  contains,  covering  a  fairly  wide  range  of 
material  and  treatment. 

Ralph  H.  Sherry 
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IHOBOAinC  CHSMICAL8 

AceUte  of  Ume 100  Lbi.         5 .  25 

^am.  lump  ammonia 100  Lbs.         4.50 

Aluminum  Sulfate,  high-grade Ton        75.00 

Ammonium  Carbonate,  domestic Lb.  10> 

Ammonium  Chloride,  white Lb.  14' 

Aqua  Ammonia,  26^.  drums Lb  8' 

Arsenic,  white Lb. 

Barium  Chloride Too 

Barium  Nitrate Lb. 

Barytes.  prime  white,  foreign Too 

Bleaching  Powder,  35  per  cent 100  Lbs. 

Blue  Vitriol Lb. 

Borax,  crystals,  in  bags Lb. 

Boric  Acid,  powdered  crystals Lb, 

Brimstone,  crude,  domestic Long  Too 

Bromine,  technical,  bulk Lb. 

Calcium  Chloride,  lump,  70  to  75%  fused Ton 

Caustic  Soda.  76  per  cent .Lb. 

Chalk,  light  precipitated Lb. 

China  Clay,  imported Ton 

Feldspar Ton 

Fuller's  Earth,  foreign   Dowdered Ton 

Glauber's  Salt,  in  bbis 100  Lbs. 
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Hydrocblonc  Acid,  commercial.  18" Lb. 

Hydrochloric  Acid    C.  P     cone.  22° Lb 
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Lead  Acetate,  white  crystals Lb. 

Lead  Nitrate L») 

Litharge,  American , ,  .Lb 

Lithium  Carbonate Lb 

Magnesium  Carbonate,  U.  S.  P Lb 

Magnesite,  "Calcined" Too 

Nitric  Acid,  36° Lb. 

Nitric  Acid  42° Lb. 

Phosphoric  Acid,  sp.  gr.  1.710 Lb 

Phosphorus  yellow Lb. 

Plaster  of  Paris BbL 

Potassiu 

Potassium  Bromide  (granular) 100  Lbs  1.00       @       1.10 

Potassiu 
Potassiu 
Potassiu 
Potassiu 
Potassiu 
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Potassiu 


4Vl 

@ 

4V 

18 

00 

@ 

30 

00 

8 

00 

& 

55. OC 

15 

00 

75 

@ 

85 

1 

00 

@ 

1 

.05 

iVi 

@ 

I'/l 

Bichromate,  casks Lb. 

Bromide  (granular) 100  Lbs 

Carbonate,  c.lcined.  80  ®  85% Lb. 

Chlorate,  crystals,  spot Lb. 

Cyanide,  bulk,  98-99  per  cent Mixture 

Hydroxide.  88  @  92% Lb. 

Iodide,  bulk Lb. 

Nitrate Lb. 

Permanganate,  bulk Lb 

Quicksilver,    flask 75  lbs 

Red  Lead.  American,  dry Lb. 

Salt  Cake,  glass  makers' Ton 

Silver  Nitrate Or. 

Soapstooe  in  bags Ton 

Soda  Ash.  58%,  in  bags 100  Lbs. 

Sodium  Acetate Lb. 

Sodium  Bicarbonate,  domestic 100  Lbs. 

Sodium  Bichromate Lb. 

Sodium  Chlorate Lb. 

Sodium  Fluoride,  commercial Lb. 

Sodium  Hyposulfite 100  Lbs. 

Sodium  Nitrate.  95  per  cent,  spot 100  Lbs. 

Sodium  Silicate,   liquid,    40°    Bi ISO  Lbs. 

Sodium  Sulfide,  60%.  crysUls.  in  bbis Lb. 

Sodium  Bisulfite,  powdered Lb. 

Strontium  Nitrate Lb. 

Sulfur,  Bowers,  sublimed 100  Lbs. 

Sulfur,  roll 100  Lbs. 

Sulfuric  Acid,  chamber,  66°  Bi Ton 

Sulfuric  Acid,  oleum  (fuming) Too 

Talc.  American  white Ton 

Terra  Alba.  American.  No.  1 100  Lbs. 

Tin  Bichloride.  50° 100  Lbs. 

Tin  Oxide Lb. 

White  Lead.  American,  dry Lb. 

Zinc  Carbonate Lb. 

Zinc  Chloride,  commercial Lb 

Zinc  Oxide.  American  process  XX Lb. 

OBQANIC  CHBMICAL8 

Acctanliid,  C.  P.,  in  bbIs Lb. 

Acetic  Acid,  56  per  cent,  in  bbIs Lb. 

Acetic  Acid,  glacial.  99'/i%.  in  carboys Lb 

Acetone,  drums Lb. 

Alcohol,  denatured.  180  proof Gal. 
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Alcohol,  grain.  188  proof Gal. 

Alcohol,  wood.  95  per  cent,  refined Gal. 

AmylAcetate Gal. 

Aniline  Oil Lb. 

Benzoic  Add.  ex-toluol Lb. 

Benzol.  90  per  cent Gal. 

Camphor,  refined  in  bulk,  bbls Lb. 

Carbolic  Acid.  U.  S.  P.,  crystals,  drums Lb. 

Carbon  Bisulfide Lb. 

Carbon  Tetrachloride,  drums,  100  gals Lb. 

Chloroform Lb. 

Citric  Acid,  domestic,  crystals Lb. 

Creosote,  bcechwood Lb. 

Cresol.  U.  S.  P Gal. 

Dextrine,  com  (carloads,  bags) 100  Lbs. 

Dextrine,  imported  potato Lb. 

Ether,  U.  S.  P.,  1900 Lb. 

Formaldehyde,  40  per  cent Lb. 

Glycerine,  dynamite,  drums  included Lb. 

Oxalic  Acid,  in  casks Lb. 

Pyrogallic  Acid,  resublimed  bulk Lb. 

Salicylic  Acid Lb. 

Starch,  cassava Lb. 

Starch,  com  (carloads,  bags)  pearl 100  Lbs. 

Starch,  potato Lb. 

Starch,  rice Lb. 

Flour,  sago Lb. 

Starch,  wheat Lb. 

Tannic  Acid,  commercial Lb. 

Tartaric  Acid,  crystals Lb. 

OILS,  WAXES.  BTC. 

Beeswax,  pure,  white Lb. 

Black  Mineral  Oil,  29  gravity Gal. 

Castor  Oil,  No.  3 Lb. 

Ceresin,  yellow Lb. 

Com  Oil,  crude Lb. 

Cottonseed  Oil.  crude,  f.  o.  b.  mill GaL 

Cottonseed  Oil.  p.  s.  y Lb. 

Menhaden  Oil.  crude  (southern) Gal. 

Neat's-loot  Oil.  20° Gal. 

Paraflin,  crude.  1 18  to  120  m.  p Lb. 

Paraffin  Oil,  high  viscosity Gal. 

Rosin,  "F"  Grade,  280  lbs BbL 

Rosin  Oil,  first  run Gal. 

Shellac,  T.  N Lb. 

Spermaceti,  cake Lb. 

Sperm  Oil.  bleached  winter.  38° Gal. 

Spindle  OU.  No   200 Gal. 

Stearic  Acid,  double-pressed Lb. 

Tallow,  acidless Gal. 

Tar  OU.  distilled Gal. 

Turpentine,  spirits  of Gal. 


BIETALS 

Aluminum,  No.  1,  ingots Lb. 

Antimony,  ordinary Lb. 

Bismuth,  N.  Y Lb. 

Copper,  electrolytic Lb. 

Copper,  lake Lb. 

Lead,  N.  Y Lb. 

Nickel,  electrolytic Lb. 

Platinum,  refined,  soft Oz 

Silver Oi. 

Tin.  Straits Lb. 

Tungsten  (WO>) Per  Unit 

Zinc.  N.  Y Lb. 


FEBTILIZEB  MATBBIALS 

Ammonium  SuKate 100  Lbs. 

Blood,  dried,  f.  Ob   Chicago Unit 

Bone.    4  and    50,    ground    raw Too 

Calcium  Cyanamid Unit  of  Ammonia 

Calcium  Nitrate,  Norwegian 100  Lbs. 

Castor  Meal Unit 

Fish  Scrap,  domestic,  dried,  f.  o.  b    works Unit 

Phosphate,  acid.    1 6  per  cent Ton 

Phosphate  rock,  f.  o.  b.  mine; 

Florida  land  pebble.  68  per  cent Too 

Tennessee.  78-80  per  cent Ton 

Potassium  "muriate."  basis  80  per  cent Too      3 

Pyrites,  furnace  sire,  imported Unit 

Tankage,  high-grade,  f.  o.  b.  Chicago Unit 
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EDITORIALS 


CHEMISTS  ENLISTED  IN  THE  ARMY  AND  NAVY 

We  cannot  urge  with  too  much  emphasis  the  im- 
portance of  the  following  announcement: 

All  chemists  enlisted  in  the  Army  and  Navy  (if  they  have  not 
aheady  done  so)  are  requested  to  send  their  names,  together 
with  the  military  unit  to  which  they  are  assigned,  to  the  Secre- 
tary of  the  Society  as  soon  as  they  have  the  information  them- 
selves. This  is  done  in  order  that,  so  far  as  possible,  the  military 
establishment  may  be  kept  informed  of  chemists  in  its  employ, 
in  order  that  they  may  be  assigned,  so  far  as  possible,  to  chemical 
service  if  it  is  in  the  country's  interest  so  to  assign  them.  Such 
assignment  can  be  made  only  by  the  War  and  Navy  Departments, 
and  it  is  intended  to  keep  them  informed  of  the  men  available. 

Members  should  remember  that  the  Secretary  of  the  Society 
has  no  power  of  assignment,  and  it  is  useless  to  write  him  asking 
when  they  will  be  so  assigned. 

It  is  becoming  more  evident  every  day  that  chemical  service 
will  be  necessary,  and  it  is  expected  that  the  War  and  Navy 
Departments  will  deem  it  wiser  to  assign  trained  men  fitted  for 
this  service  to  the  work  if  information  can  be  given  them  on 
request. 

^°^  505  Chas.  L.  Parsons,  Secretary 

Washington.  D.  C. 

CHEMISTS  AND  WAR  SERVICE 

We  journeyed  to  Washington  recently,  not  with 
the  expectation  of  securing  official  statements  as  to 
the  governrrient  attitude  toward  chemists,  but  in 
the  belief  that  a  brief  sojourn  in  near-official  atmos- 
phere might  enable  reasonable  inferences  which  would 
be  of  interest  to  chemists.  These  are  here  given  for 
whatever  they  are  worth. 

First — It  is  clear  that  no  special  exemption  of 
chemists  as  a  class  will  be  made. 

Second — 'Many  young  chemists,  from  both  the  uni- 
versities and  the  industries,  have  already  volunteered. 

Third — The  draft  is  bringing  many  chemists  into 
war  service. 

Fourth — It  is  heartening  to  know  that  the  true 
value  of  the  services  of  drafted  chemists  seems  to  be 
appreciated  in  government  circles,  and  that  the  fullest 
possible  use  will  be  made  of  such  men  as  chemists. 
It  yet  remains  to  be  seen  what  the  official  attitude 
will  be  toward  drafted  chemists  who  are  absolutely 
essential  to  certain  industries  contributing  directly 
to  government  needs.  For  example,  one  firm  has 
had  eight  of  its  research  chemists  drafted.  This 
firm  is  manufacturing  large  quantities  of  alka- 
loids necessary  for  hospital  supplies.  Is  this  line  of 
manufacture  to  be  totally  disrupted?  We  believe 
not.  Common  sense  must  prevail  in  the  adjustment 
of  such  cases  and  there  is  abundant  evidence  that 
wise  solutions  of  these  problems  will  be  found,  though  in 
the  momentary  rush  they  may  seem  to  be  overlooked. 

Fifth — The  knowledge  gained  by  the  recent  census 
of  chemists,  embracing  fully  fifteen  thousand  replies, 
has  been  carefully  classified  and  is  now  available  to 
the  government  in  whatever  form  desired.  This  work, 
so  prompt  in  its  compilation  and  so  thorough  in  its 
classifications  is  considered  in  Washington  a  model 
of  its  kind. 


AVIATION  AND  THE  CHEMIST 

Like  a  flash  this  nation  became  convinced  that  it 
could  deal  an  effective  blow  in  the  war  against  Ger- 
many by  an  overwhelming  production  of  men  and 
machines  for  aeronautic  service  on  the  battlefields  of 
Europe.  Reflecting  this  conviction  Congress,  with  a 
rapidity  hitherto  unequalled,  voted  an  initial  sum  of 
8640,000,000  for  this  purpose.  Engineers  and  manu- 
facturers are  cooperating  to  bring  America's  unique 
talent  for  standardized  manufacture  to  its  very  high- 
est efficiency  for  unlimited  aeroplane  output.  Haste 
is  all-important,  and  therefore  the  best  of  present 
practice  will  be  utilized.  However,  the  possible 
prolongation  of  the  war,  whose  close  no  one  can  now 
foretell,  emphasizes  the  necessity  of  intensive  research. 
Certainly  at  the  close  of  the  war  the  world  will  face 
a  new  era  in  transportation.  The  advent  of  the  aero- 
plane in  every-day  life  will  be  at  hand.  Here  then 
lies  a  field  of  research  in  which  chemists  must  play  a 
great  part. 

With  this  feeling  at  heart,  yet  possessed  of  little 
technical  knowledge  as  to  the  problems  involved,  we 
interviewed  recently  Mr.  Leon  Cammen,  Vice-Presi- 
dent of  the  American  Aeronautical  Society.  With- 
out hesitation  he  affirmed  that  in  the  future  develop- 
ment of  the  aeroplane  the  research  chemist  will  be  the 
greatest  factor.  Without  attempting  to  give  the  full 
details  of  that  interview,  but  with  the  hope  of  being 
able  to  impart  some  of  the  deep  conviction  which 
prompted  his  earnest  call  to  the  chemists,  some  of  the 
problems  he  discussed  are  here  presented. 

In  general,  the  materials  entering  into  aeroplane 
construction  are  subjected  to  two  unusual  conditions: 
first,  extreme  vibration,  a  condition  which  will  be- 
come more  and  more  accentuated  as  greater  possibili- 
ties of  speed  are  realized;  second,  sudden  and  extreme 
changes  of  temperature  due  to  rapid  ascent  or  de- 
scent. 

As  to  particulars,  there  is  needed  an  ideal  "dope"  for 
impregnation  of  the  fabric,  Irish  linen.  To  be  ideal, 
this  material  should  make  the  fabric  water-proof,  air- 
proof,  fire-proof,  or  at  least  slow-burning,  should  give 
low  visibility,  prevent  deterioration  and  be  non- 
poisonous;  some  now  in  use  are  poisonous  and  the 
drippings  seriously  affect  the  aviators. 

Another  problem  is  the  drying  of  all  wood  used  in 
construction.  Air-drying  requires  at  least  nine  months; 
kiln-drying  is  not  successful  as  the  wood  is  thus  in- 
jured by  the  outside  being  drier  than  the  inside. 
Vacuum  drying  has  been  attempted,  but  so  far  without 
much  success.  An  ideal  impregnating  medium  for 
the  wood  is  needed,  not  to  prevent  rotting  but  the 
disintegration  resulting  from  rapid  changes  of  tempera- 
ture, whereby  the  juices  of  the  wood  freeze,  expand 
and  weaken  the  cells. 

An  ideal  means  is  needed  to  prevent  rusting,  one 
which  can  be  applied  after  the  machine  is  built.  Nickel- 
plating  has  not  proved  successful;  the  varnish  makers 
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have  had  before  them  heretofore  no  such  conditions  of 
vibration  and  sudden  changes  of  temperature.  In- 
deed the  whole  subject  of  rusting  has  never  been  sys- 
tematically studied  from  the  standpoint  of  these  con- 
ditions. 

Much  study  is  needed  in  the  field  of  light  alloys. 
Those  with  aluminum  as  a  base  disintegrate  under  the 
intense  vibration  and  stresses  in  high  altitudes.  Why? 
We  should  know.  A  more  thorough  knowledge  of 
magnesium  alloys  is  desirable,  both  those  with  alu- 
minum and  those  with  other  metals,  while  interesting 
possibilities  might  be  developed  through  a  thorough 
study  of  beryllium  alloys.  Are  the  properties  of 
aluminum  alloys  affected  by  occluded  gases?  For 
such  studies  more  refined  methods  are  needed  for  the 
determination  of  the  presence  and  amount  of  occluded 
gases. 

As  to  lubricants,  the  behavior  of  such  types  as 
castor  oil  under  the  temperature  conditions  in  ques- 
tion, calls  for  investigation.  What  is  the  best  method 
for  testing  and  what  should  be  the  standard  specifica- 
tions for  so  important  a  factor  in  aeronautics? 

In  connection  with  the  ignition  system  a  wide  field 
of  research  is  open  for  the  study  of  spark  discharge 
from  the  chemical  standpoint.  Better  insulating  ma- 
terial for  spark  plugs  should  be  developed;  at  present 
mica  and  porcelain  are  used.  This  is  considered  the 
weakest  feature  of  present-day  motors. 

Much  of  the  advance  in  aeronautics  has  been  em- 
pirical. Further  progress  can  be  best  assured  by  the 
application  of  the  strictest  methods  of  scientific  re- 
search. It  is  through  this  medium  that  such  wonder- 
ful advances  have  been  made  in  the  steam  turbine 
during  the  past  decade.  For  the  full  grasp  of  the  many 
problems  here  awaiting  solution,  chemists  must  be- 
come familiar  with  the  principles  of  aviation.  Suc- 
cess in  the  solution  of  these  problems  carries  with  it 
the  promise  of  rich  reward  and  is  now  invested  with 
the  halo  of  patriotic  service. 


PERMANENT  PROGRESS 

It  is  our  priviit'm'  to  write  this  editorial  on  a  rocky 
cliff  in  Maine  overlooking  beautiful  Lake  Megunticook 
with  its  encircling  mountains.  On  the  same  spot 
during  the  two  previous  summers,  we  wrote  two  series 
of  editorials,  each  of  which  was  connected  by  a  slender 
thread  of  continuity,  and  through  the  courtesies  of 
the  occasion  given  the  conventional  term — presidential 
.iddrcss.  The  present  environment  has  led  us  to  read 
igain  those  addresses.  While  thinking  of  the  two 
ureal,  gatherings  of  chemists  soon  to  lake  place,  the 
Annual  Meeting  of  the  American  Chemical  Society 
in  Boston  and  llu'  Third  National  Exposition  of  Chem- 
ical Inihislries  in  Now  York  City,  we  arc  disposed  to 
(|uote  briefly  from  those  addresses  and  to  sketch  in 
general  outline  the  developments  whicli  have  taken 
place  tncanwiiile  laying  no  claim  to  any  special  gift 
i)f  prc)i)hecy  or  to  any  particular  share  in  their  accom- 
plishment, but  simply  for   the   purpose  of   review. 


A  year  ago  we  wrote:  "The  dynamic  center  of  this 
movement  is  the  American  Chemical  Society  which  now 
consists  of  8136  members,  a  net  growth  of  more  than 
1000  during  the  year  just  ended.  This  splendid 
growth  is  not  only  a  tribute  to  the  energetic  activities 
of  our  efficient  secretary,  but  is  an  evidence  of  in- 
creased activity  in  chemistry  and  of  a  quickened 
realization  of  the  need  of  the  strongest  possible  national 
organization."  If  the  explanations  of  that  growth 
were  correct  it  should  prove  inspiring  to  the  members 
of  the  Society  at  the  Boston  Meeting  to  know  that 
during  the  past  twelve  months  the  growth  of  the 
previous  year  has  been  doubled,  as  shown  by  the  fol- 
lowing letter  received  from  Secretary  Parsons:  "You 
will  be  glad  to  know  that  the  mark  which  I  have 
been  striving  for  has  been  reached.  On  the  morning 
of  August  2,  191 7,  the  membership  of  the  American 
Chemical  Society  passed  the  10,000  mark."  We 
will  not  betray  the  confidence  of  the  Secretary  by 
disclosing  the  mark  which  he  has  set  for  the  end  of  the 
year  19 18;  suflSce  it  to  say  that  the  limit  of  growth 
has  not  yet  been  approached. 

A  year  ago  we  wrote:  "If  we  are  to  proceed  promptly 
and  intelligently  with  the  development  of  a  diversi- 
fied and  comprehensive  chemical  industry  we  must 
know  the  detailed  character  and  amounts  of  chemical 
importations."  Until  recently  the  movement  to  se- 
cure such  knowledge  was  characterized  by  much 
effort  and  a  woeful  lack  of  results.  Fortunately, 
however,  through  the  cooperation  of  the  chemical 
industries  with  the  government  the  work  is  now 
well  under  way,  and  it  is  safe  to  state  that  we  will 
soon  enter  upon  a  new  era  in  the  development  of  our 
industries  insofar  as  such  development  can  be  guided 
by  accurate  and  fully  itemized  statistics  of  im- 
ports. 

Two  years  ago,  confessedly  with  much  hesita- 
tion, we  urged,  for  our  country's  welfare,  the  accumula- 
tion of  greater  supplies  of  sodium  nitrate,  pending  the 
construction,  in  case  of  war.  of  plants  for  the  adequate 
manufacture  of  nitric  acid  from  the  air.  The  nation 
has  skated  on  very  thin  ice  as  far  as  concerns  a  marked 
increase  in  supplies  of  sodium  nitrate,  but  the  response 
of  the  general  public  to  appeals  for  development  of 
air-nitrogen  fixation  plants  was  immediate,  as  evidenced 
by  the  $20,000,000  appropriation  by  Congress  (or 
the  purposes  not  only  of  munitions  but  also  of  agricul- 
ture. Plans  now  under  way  for  the  expenditure  of  a 
part  of  this  appropriation  give  ample  assurance  of 
protection  to  this  country  and  will  constitute  a  lasting 
testimonial  to  the  resourcefulness  of  the  American 
chemist. 

Again,  two  years  ago,  we  wrote  concerning  the  up- 
building of  the  needed  dyestuff  industry:  "We  must, 
us  a  people,  meet  the  expense  by  giving,  for  a  reasonable 
time,  that  measure  of  protection  which  will  effect  a 
union  of  capital  and  scicntilic  skill  under  no  undue 
stress  of  unfair  foreign  interference."  Following  the 
lead  of  the  New  York  Section  a  reasonohlc  protective 
tariff  and  iin  elTectivc  anti-dumping  clause  were  tirgcd. 
Both  policies  arc  now  accomplished  federal  lci;islalion. 
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The  prompt  response  to  the  need  of  anti-dumping 
legislation  fully  justified  the  confidence  expressed 
two  years  ago:  "I  badly  misjudge  the  temper  of  our 
people  and  their  spirit  of  fair  play,  which  is  the  essence 
of  democracy,  if,  given  opportunity  to  understand 
this  situation,  they  do  not  speedily  set  about  to  correct, 
through  their  representatives  in  Congress,  this  serious 
defect  in  national  legislation  by  the  enactment  of  an 
efifective  'anti-dumping'  clause."  No  more  conclusive 
proof  could  be  given  of  the  justice  of  the  contention 
that  a  protective  tariff  was  necessary  for  the  upbuilding 
of  this  industry  than  the  fact  that  such  legislation 
was  enacted  by  a  Congress  in  which  the  majority 
party  was  committed  to  the  doctrine  of  "Tariff  for 
Revenue  Only,"  and  in  the  midst  of  a  presidential 
and  congressional  campaign.  Fortunately,  assurance 
has  been  given  that  the  one  blotch  which  marred  this 
legislation,  a  feature  which  operated  solely  for  the 
benefit  of  the  German  manufacturers  at  the  risk  and 
expense  of  the  American  industry,  will  in  due  course 
of  time  be  removed.  The  union  of  capital  and  scien- 
tific skill  resulting  from  this  legislation  has  effected 
a  development  which  gives  assurance  that  the  American 
dyestuff  industry  has  now  become  a  permanent  national 
asset. 

Two  years  ago  we  wrote  concerning  the  approaching 
First  National  Exposition  of  Chemical  Industries: 
"This  assemblage  has  in  it  great  potentialities  which, 
if  realized,  may  have  far-reaching  influence  in  the 
rapid  promotion  of  hitherto  undeveloped  lines  of 
chemical  industry."  To  those  who  were  present  at 
the  two  expositions  since  held,  the  first  a  marked  suc- 
cess, the  second  far  greater  than  the  first,  there  can  be 
no  question  of  the  powerful  stimulus  thereby  afforded. 
Skeptics  have  been  changed  to  enthusiasts.  The  third 
exposition  will  soon  be  held  and  its  still  greater  scope 
is  already  assured.  The  successful  chemical  exposition 
can  be  considered  purely  an  American  product  and 
its  growth  is  merely  illustrative  of  the  growth  of  the 
American  chemical  industries. 

A  year  ago  we  wrote:  "An  educational  campaign 
is  getting  under  way  in  the  daily  press  and  in  periodical 
literature  which  will  eventually  result  in  the  arousal 
of  our  people  to  a  full  comprehension  of  the  value  of 
chemistry  as  a  national  asset."  The  volumes  of 
clippings  received  by  the  chairman  of  the  Press  and 
Publicity  Committee  show  how  prompt  the  response 
of  the  press  has  been  to  the  efforts  to  bring  chemistry 
closer  home  to  our  people.  Untiring  work  has  been 
done,  chiefly  by  Chairman  Allen  Rogers  and  by  Mr. 
Ellwood  Hendrick  of  the  Committee.  As  the  year 
has  advanced,  the  usefulness  of  this  campaign  has  been 
continuously  enhanced  by  the  increasing  number  of 
Local  Section  Press  and  Publicity  Committees,  which 
have  cooperated  closely  with  the  National  Com- 
mittee. 

Surely  any  picture  of  chemistry  as  it  exists  in  America 
to-day  forms  a  joyful  contrast  to  that  of  two  years  ago. 
What  of  the  coming  year?  There  is  much  to  be  done. 
Working  amidst  the  surroundings  of  war,  new  conditions 
must  be  faced,  new  problems  solved.  The  times  call 
for    broad-minded    thought    and    the    utmost    effort. 


The  personal  conferences  at  the  two  meetings  this 
month  should  point  the  way  and  should  prove  a  source 
of  inspiration  for  "full  speed  ahead." 


FINANCIAL  SUPPORT  FOR  THE  NATIONAL  RESEARCH 
COUNCIL 

At  the  request  of  the  President  of  the  United  States, 
the  National  Research  Council  has  been  engaged 
during  the  past  year  in  mobilizing  the  research  forces 
of  the  nation.  It  has  been  an  enormous  task,  to  which 
many  of  the  most  brilliant  workers  of  the  country 
have  given  their  undivided  time.  The  work  has 
gradually  and  logically  centered  at  Washington,  and 
the  research  forces  of  the  country  are  now  quickly 
available  to  any  department  of  the  government. 
Development  has  proceeded  to  the  point  where  this 
organization  can  be  truly  considered  a  going  machine, 
forming  a  connection  between  the  research  workers 
of  the  country-at-large  and  the  government,  and  serving 
as  a  valuable  coordinating  influence.  With  the  pre- 
liminary work  now  accomplished,  its  full  value  will 
be  more  and  more  nearly  attained  with  each  succeed- 
ing day. 

For  the  continuance  of  the  work,  however,  funds 
will  be  necessary.  Up  to  the  present  its  operations 
have  cost  the  government  absolutely  nothing:  office 
rent,  stationery,  postage,  clerical  assistance,  etc.,  have 
been  provided  by  private  contributions,  and  the  time 
of  members  of  university  staffs  has  been  contributed 
by  the  respective  institutions.  For  so  important  a 
body  such  an  existence  is  too  precarious.  If  the 
government  needs  war  material  it  pays  for  it  and  a 
willing  citizenry  furnishes  the  funds  through  taxation. 
Are  the  brains  of  our  scientific  men  less  valuable  in 
this  crisis  than  coal  or  cotton?  As  an  American 
citizen  we  hope  that  Congress  before  adjournment 
will  supply  adequate  funds  for  the  carrying  on  of  the 
work  of  the  National  Research  Council  on  the  most 
intensive  and  extensive  scale  possible.  We  are  un- 
willing to  believe  that  the  government  of  the  United 
States  is  so  pauperized  that  it  must  depend  on  "the 
passing  of  the  hat"  or  that  it  is  willing  to  continue  to 
draw  further  upon  the  seriously  impaired  incomes  of 
our  universities  in  order  that  the  salaries  of  the  men 
engaged  in  this  work  may  be  met. 


PLATINUM  CONSERVATION  IN  FRANCE 

The  movement  for  conservation  of  platinum  supplies 
for  scientific  and  industrial  purposes  continues  to 
spread.  Secretary  Parsons  has  received  from  M.  A. 
Valeur,  General  Secretary  of  the  French  Chemical 
Society,  the  following  extract  from  the  minutes  of  the 
General  Assembly  of  that  Society  on  July  13,  1917: 

"La  Soci^tc  chimique  dc  France  s'associe  au  voeu  fornmli 
par  la  Societe  chimique  americaine.  d^conseillant  I'emploi  du 
platine  dans  la  bijouterie  et  dans  la  joaillerie  dc  fajon  que  ce 
mi^tal  ]niis.se  ctre  r^ser\'6  exclusivement  pour  Ics  usages  scien- 
tifiques  et  indiistriels. 

"Cctte  motion  est  adoptee  k  I'unanimit^." 
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NITRATE  5UPPLY  COMMITTLL  RLCOMMLNDATIONS  ON 

5YNTHLTIC  NITRIC  ACID  FOR  THL  GOVLRNMLNT 

WITH  RLPORT5  ON  VARIOUS  MLTHOD5 


NITROGEN  FIXATION  FOR  AMERICA 

The  fixation  of  atmospheric  nitrogen  in  the  United 
States,  pursuant  to  the  Congressional  appropriation 
for  that  purpose,  is  now  assured  at  an  early  date. 
In  the  following  pages  there  are  published  by  per- 
mission of  the  Secretary  of  War,  official  documents 
in  regard  to  this  subject. 

From  the  very  outset  the  paramount  idea  in  the 
minds  of  all  connected  with  this  work  has  been  the  need 
of  the  country  for  nitrogenous  fertilizers  by  the  quickest 
Tid  cheapest  method  possible.  The  need  of  indepen- 
i  nee  in  nitric  acid  production  for  munitions  was 
naturally  always  to  the  fore,  but  the  developments 
of  the  war  during  the  past  twelve  months  made  more 
and  more  improbable  any  danger  of  a  hostile  cutting 
off  of  supplies  of  sodium  nitrate  from  Chile. 

A  great  advantage  of  the  process  adopted  lies  in  the 
fact  that  a  large  plant  can  be  built  near  the  fertilizer 
consumption  center,  thus  minimizing  transportation 
charges  in  the  distribution  of  the  output;  at  the  same 
time  numerous  smaller  plants  can  be  erected,  if  desired, 
in  any  part  of  the  country  in  connection  with  plants 
now  manufacturing,  or  contemplating  the  manufacture- 
of,  explosives. 

Furthermore,  the  ijroduct  is  obtained  in  the  form  of 
ammonia.  This  is  the  most  valuable  primary  product 
for  the  production  of  fertilizer  material  whether  it  be 
issued  in  the  form  of  ammonium  sulfate  or  ammonium 
phosphate.  Should  it  be  deemed  advisable  to  put 
out  the  fertilizer  in  the  form  of  ammonium  phosphate, 
no  patents  can  interfere,  as  Section  124,  "Nitrate 
Supply,"  of  The  National  Defense  Act  gives  the  Govern- 
ment authority  to  condemn  patents  for  this  purpose. 
However,  there  is  no  reason  at  present  to  believe  that 
any  such  condemnation  will  be  necessary. 

We  beg  to  extend  to  the  General  Chemical  Com- 
pany, and  particularly  to  Dr.  Wm.  H.  Nichols,  the 
Chairman  of  its  Executive  Committee,  unfeigned  ap- 
preciation of  the  patriotic  spirit  which  led  that  Com- 
pany to  tender  the  nation  its  process  for  the  fixation 
of  atmospheric  nitrogen,  a  process  which  promises  to 
produce  ammonia  at  less  cost  for  plant  or  production 
than  by  the  famous  German  Haber  process.  The 
Government  may  u.sc  tlic  process  without  recom- 
pense; for  the  manufacture  of  fertilizers,  however,  a 
royalty  is  asked  amounting  to  only  a  small  fraction 
of  that  which  would  be  re(|uired  under  other  com- 
mercial processes  for  nitrogen  fixation.  Heartiest 
congratulations  to  the  skilled  chemical  engineers  of 
the  General  Chemical  Company  whose  brilliant 
scientific  work  has  triumphed  over  all  difficulties! 

Like  appreciation  is  due  the  Nitrogen  Products 
Company,  and  Mr.  Edward  E.  Arnold,  the  President 
of  that  Company,  whose  process,  though  not  to  be 
utilized  at  present  on  a  commercial  basis,  was  tendered 
in  the  same  patriotic  .spirit,  and  upon  the  same  terms 
a.",  that  of  the  General  Chemical  Company.    -Editok 


A  STATEMENT  OF 

THE  ACTION  TAKEN  AND  CONTEMPLATED 

LOOKING   TO   THE   FIXATION   OF   NITROGEN' 

Pursuant  to  Section  124,  "Nitrate  Supply."  of  the  .4ct  of  Congress  approved 
June  3.  1916.  generaliy  known  as  "The  National  Defense  Act." 

Division  T.  Ordnance  Office.  War  Department 
August  21.  1917 

The  National  Defense  Act,  in  its  Section  124,  pro- 
vided for  a  supply  of  nitrogenous  materials  by  author- 
izing and  empowering  the  President  to  make  or  cause 
to  be  made  such  investigation  as,  in  his  judgment,  might 
be  necessary  to  determine  the  best,  cheapest,  and 
most  available  means  for  the  production  of  nitrates 
and  other  products  for  munitions  of  war  and  useful 
in  the  manufacture  of  fertilizers  and  other  useful  prod- 
ucts— this  by  water  power  or  any  other  power  as 
might  be  best  and  cheapest — to  designate  for  the  ex- 
clusive use  of  the  United  States  such  water  power 
sites  as  in  his  opinion  might  be  necessary  to  construct 
and  operate  dams,  etc.,  or  other  means  than  water 
power  as  in  his  judgment  might  be  best  and  cheapest 
for  the  generation  of  power  and  for  the  production  of 
nitrates  as  above;  also  to  procure  by  condemnation 
or  otherwise  any  lands,  rights-of-way,  materials, 
minerals,  and  processes,  patented  or  otherwise.  It  was 
provided  by  this  Act,  that  "the  products  of  such  plants 
shall  be  used  by  the  President  for  military  and  naval 
purposes  to  the  extent  that  he  may  deem  necessary, 
and  any  surplus  which  he  shall  determine  is  not  re- 
quired shall  be  sold  and  disposed  of  by  him  under  such 
regulations  as  he  may  prescribe." 

The  primary  step  required  under  these  provisions 
of  law  was,  therefore,  an  investigation  to  determine 
the  best,  cheapest  and  most  available  means  for  the 
production  of  the  desired  nitrogenous  materials, 
or  "nitrates." 

With  this  purpose  in  view,  the  President  of  the 
National  Academy  of  Sciences  in  co6peration  with  the 
American  Chemical  Society,  and  at  the  request  of 
the  Secretary  of  War,  appointed  a  committee  con- 
sisting of  the  following  scientists  and  engineers: 

ARTIIVK    a.    NoVUS.  CllAkLR9    II.    IIURTT         Tll«ODt>l>K     W.    RiCIIAkM 

Warkun   IC.   I.nwis        liLiiiu  TiioHitoN 

Lko  H.   Uakkiilani) 

Gano  Dunn  Miciiarl  I.   I'uriN         Willh  R.  Whitnmv 

In  addition  to  this  commillcc's  investigations, 
special  agents  were  appointed  to  accjuire  all  possible 
further  information.  These  agents  had  access  to  some 
quite  unusual  sources  of  information,  and  collcctcil 
data,  including  detailed  records  of  the  costs  of  various 
processes  employed  at  home  and  abroad,  whiclt  have 
been  most  instructive,  but  which-  on  account  of  the 
sources  fron)  which  they  were  obtained  and  the  condi- 
tions under  which  they  were  jjivcn — cannot  be  made 
public. 

>  rulilMir.l  l.y  |>rtml»inn   ■.(  Ihr  W^t  nrpntlmrnl 
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One  of  these  agents  was  Mr.  Eysten  Berg,  who 
visited  Europe  and  submitted  a  report.  Another 
of  these  agents  was  Dr.  Charles  L.  Parsons,  Chief 
Chemist  of  the  Bureau  of  Mines,  Interior  Depart- 
ment, who,  in  the  course  of  his  investigations,  visited 
the  noted  plants  of  Italy,  France,  England,  Norway, 
and  Sweden  during  the  fall  of  1916,  and  was  able  to 
give  in  his  reports  a  most  valuable  summary  and  com- 
parison of  recent  progress  and  conditions  in  the  nitro- 
gen-fixation industry  at  home  and  abroad,  elaborated 
by  extensive  statistics  of  a  confidential  nature. 

In  his  reports,  Dr.  Parsons  laid  special  emphasis 
upon  the  rapid  development  in  the  United  States  of 
processes  for  the  direct  synthesis  of  ammonia  from 
nitrogen  and  hydrogen,  for  its  synthesis  through  the 
formation  of  cyanides  as  an  intermediate  product, 
and  for  the  oxidation  of  ammonia  to  nitric  acid.  He 
called  attention  to  the  process,  developed  by  the  Gen- 
eral Chemical  Company,  for  the  synthesis  of  ammonia 
by  the  direct  combination  of  nitrogen  and  hydrogen 
at  lower  pressures  than  those  previously  deemed  neces- 
sary and  contemplated  by  the  Haber  patents,  and  to 
the  facts  that  this  process  had  been  in  successful  use 
on  a  large  experimental  scale  and  that,  indeed,  one 
unit  thus  in  use  was  larger  than  those  supposed  to  be 
in  use  in  Germany.  He  showed  that  this  American 
company  had  also  developed  and  brought  to  a  com- 
mercial basis  a  method  of  producing  the  mixture  of 
nitrogen  and  hydrogen  required  for  the  synthesis  to 
ammonia  at  a  cost  lower  than  any  theretofore  attained 
in  this  country  or  probably  even  in  Germany,  and  that 
this  company  had  progressed  so  far  that  it  had  already 
made  plans  for  a  commercial  plant  using  this  process. 
Dr.  Parsons  also  obtained  from  the  General  Chemical 
Company  a  tentative  proposal  of  an  agreement  where- 
by that  company  would  grant  to  the  Government  of 
the  United  States  the  use  of  its  processes  and  designs 
for  apparatus  for  the  synthesis  of  ammonia  and  for 
the  oxidation  of  ammonia  to  nitric  acid,  upon  the  fol- 
lowing very  liberal  terms — without  compensation  of 
any  kind  for  products  to  be  used  exclusively  for  muni- 
tions of  war,  and  with  a  royalty  upon  products  to  be 
used  for  fertilizers. 

Dr.  Parsons'  reports  also  contained  a  summary  of 
recent  developments  in  the  Cyanide  process  and  a 
confidential  statement  from  the  Nitrogen  Products 
Company  of  their  estimated  costs  by  that  process, 
together  with  an  offer  of  unrestricted  use  of  their  patents 
upon  such  processes,  without  any  compensation  for 
use  in  the  manufacture  of  munitions  of  war,  and  sub- 
ject to  a  royalty  of  $5.00  per  ton  of  fixed  nitrogen 
for  use  of  their  processes  for  the  production  of 
fertilizer. 

He  was  also  able  to  report  that  under  a  cooperative 
arrangement  between  the  Bureau  of  Mines  and  the 
Semet-Solvay  Company  a  small  plant  for  the  o.\ida- 
tion  of  ammonia  to  nitric  acid  had  been  constructed, 
and  was  progressing  successfully;  also  that  an  experi- 
mental plant  for  the  same  purpose  was  being  operated 
by  the  General  Chemical  Company  and  had  developed 
some  new  features,  thus  showing  that  satisfactory 
progress  was  being  made  in  this  country  toward  the 


solution  of  the  difficulties  involved  in  the  construction 
and  operation  of  such  a  plant  upon  a  large  scale. 

Finally,  Dr.  Parsons  stated  his  belief  that  the  pro- 
cesses using  large  quantities  of  power  would  be  in  this 
country  displaced  by  these  newer  processes  which  re- 
quire comparatively  little  power,  and  he  recommended 
that  the  Government  build  a  moderate  sized  plant 
for  production  of  ammonia  by  synthesis,  and  under- 
take active  experimentation  with  the  Cyanide  process. 

With  the  object  of  securing  an  opinion,  based  upon 
a  comprehensive  view  of  all  the  facts  collected  by  the 
several  agencies,  the  Secretary  of  War  appointed  the 
following  "Committee  on  Nitrate  Supply:" 

Brig.-Gen.  William  Crozier.  Chief  of  Ordnance.  U.  S.  Army.  War  Department 

Rear  Admiral  Ralph  Earle.  Chief  of  Bureau  of  Ordnance.  Navy  Department 

Brig.-Gen.  Wm.  M.  Black.  Chief  of  Engineers.  U.  S.  Army.  W'ar  Department 

Mr.  F.  W.  Brown.  Bureau  of  Soils.  Department  of  Agriculture 

Dr.  Leo  H.  Baekeland.  Yonkers.  N.  Y. 

Mr.  Gano  Dunn.  43  Exchange  Place.  New  York 

Dr.  Charles  H.  Herty.  35  East  41st  St..  New  York 

Dr.  William  F.  Hillebrand.  Bureau  of  Standards.  Department  of  Commerce 

Dr.  Arthur  A.  Noyes.  Institute  of  Technology.  Boston.  Mass. 

Dr.  Charles  L.  Parsons.  Bureau  of  Mines.  Interior  Department 

Dr.  Willis  R.  Whitney,  Schenectady.  N.  Y. 

This  committee  gave  careful  consideration  to  all  the 
information  available,  and  duly  weighed  the  several 
purposes  stated  by  the  language  of  the  Act,  recom- 
mending the  following  action: 

I — That  the  Government  negotiate  with  the  Gen- 
eral Chemical  Company  for  the  right  to  use  its  syn- 
thetic ammonia  processes. 

II — That,  contingent  upon  satisfactory  result  of 
such  negotiations,  there  be  set  aside  from  the  $20,000,- 
000  appropriated,  such  sum,  estimated  as  about 
$3,000,000  as  should  be  necessary  to  build  a  plant  to 
produce  by  that  process  about  60,000  pounds  of  am- 
monia per  24-hour  day;  location,  southwest  Virginia 
preferably. 

Ill — That,  out  of  the  same  appropriation,  S6oo,ooo, 
or  as  much  more  as  needed,  be  set  aside  for  building 
a  plant  for  producing  by  oxidation  of  ammonia  about 
the  equivalent  of  24,000  pounds  of  100  per  cent  nitric 
acid  per  24-hour  day. 

IV — That  the  War  Department  proceed  at  the  earli- 
est practical  date  with  the  construction  of  the  oxida- 
tion plant  and  contingent  upon  satisfactory  arrange- 
ments with  the  General  Chemical  Company  with  the 
construction  of  the  synthetic  ammonia  plant  also. 

V — That  the  Government  negotiate  with  the  Nitro- 
gen Products  Company  with  the  view  to  a  contract 
for  the  right  to  use  that  company's  patents  and  pro- 
ceed with  experimentation  looking  toward  the  indus- 
trial development  of  the  Bucher  process  for  production 
of  ammonia  through  cyanide;  and  that  contingent 
upon  satisfactory  arrangement  as  above  a  sum  not 
over  $200,000  be  allotted  out  of  the  Nitrate  Supply 
appropriation. 

VI — That  out  of  the  $20,000,000  Nitrate  Supply 
appropriation  $100,000  be  allotted  for  active  investi- 
gation of  processes  for  the  industrial  production  of 
nitrogen  compounds  useful  in  the  manufacture  of 
explosives  or  fertilizers — this  under  supervision  of  the 
War  Department. 
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VII — That  in  order  to  increase  the  production  of 
ammonia  and  toluol  the  government  promote  the  in- 
stallation of  by-product  coke  ovens  by  directing 
priority  in  production  and  transportation  of  materials 
and  parts. 

VIII — That  the  decision  as  to  more  extensive  in- 
stallation of  nitrogen  fixation  processes  and  water- 
power  development  in  connection  with  them  be  post- 
poned until  the  plants  above  recommended  are  in 
operation  or  until  further  need  arises. 

IX — That  while  the  preceding  recommendations  in- 
clude all  the  measures  that  can  now  judiciously  be 
taken  for  the  fixation  of  ammonia  it  is  the  opinion  of 
the  Committee  that  the  immediate  accumulation  and 
the  permanent  maintenance  of  an  ample  reserve  not 
less  than  500,000  tons  of  Chile  saltpeter  is  the  measure 
most  urgently  necessary. 

The  foregoing  report  having  met  with  general  ap- 
proval, the  Secretary  of  War  has  directed  the  Chief 
of  Ordnance  of  the  Army  to  proceed  to  carry  out  the 
first  six  of  the  recommendations  of  the  Nitrate  Supply 
Committee  and  has  announced  that  for  the  present 
the  consideration  of  development  of  large  water-power 
installations  which  had  been  begun  by  the  Inter- 
departmental Board  (Secretaries  Baker,  Lane  and 
Houston)  appointed  by  the  President  would  be  sus- 
pended. 

The  outstanding  feature  of  this  program  for  action 
is  the  construction  of  the  synthetic  ammonia  plant 
using  the  General  Chemical  Company's  process  which 
was  largely  developed  by  their  engineer,  Mr.  Frederick 
dejahn.  As  has  been  indicated,  this  process  has  al- 
ready had  trial  upon  a  sufficient  scale  to  demonstrate 
its  practicability  and  to  indicate  as  most  probable  its 
ability  to  produce  ammonia  at  a  very  favorable  price. 
In  fact,  in  the  search  of  the  Nitrate  Supply  Committee 
for  the  best,  cheapest  and  most  available  means  for 
the  production  of  nitrates  and  other  products  that  would 
be  of  use  in  the  manufacture  of  munitions  and  in  the 
manufacture  of  fertilizers,  this  process  appeared  to 
give  more  promise  of  affording  relief  from  dependence 
upon  foreign  nitrates  for  the  defense  of  the  country 
and  more  promise  of  a  reduction  in  the  cost  of  the 
nitrogenous  constituent  of  fertilizer  than  others.  Fur- 
thermore, this  process  is  one  which  can  be  put  into 
operation  in  a  much  less  time  than  would  be  required 
to  develop  such  a  large  water-power  as  would  be 
needed  for  other  prominent  processes  available.  This 
process  gives  as  its  primary  product  ammonia  which 
may  be  used  directly  as  a  constituent  of  fertilizer  or 
which  can  be  converted  into  ammonium  sulfate  or 
ammonium  phosphate  in  the  same  manner  as  ammonia 
'  <m  any  other  source  may  be  so  converted.  Pro- 
cs  for  such  conversion  are  known  and  appear  to 
uirc  no  S])ecial  development  under  this  particular 
The   cost   of   ammonia   is   expected    to   he   c|uitc 

'  by  this  process,  and  will  not  be  increased  when  the 
iiionia  is  used  for  munitions  manufacture  by  any 
incnts  whatever  for  the  rights  to  the  processes, 
alisfactory  agreement  to  this  effect  having  been 
If  with  the  General  Chemical  Company.  That 
Same  agreement  provides  that  insofar  as  the  General 


Chemical  Company's  processes  shall  be  used  in  the 
manufacture  of  products  for  fertilizers  a  royalty  of 
$5  per  ton  of  2,000  lbs.  of  fixed  nitrogen  in  any  form 
shall  be  paid.  This  extremely  liberal  arrangement 
will  add  but  a  very  small  amount  to  the  cost  of  pro- 
ducing the  nitrogenous  portion  of  the  fertilizer,  amount- 
ing to  a  charge  of  something  less  than  25  cents  per  ton 
of  the  usual  mixed  fertilizer.  From  the  tentative 
offer  of  the  Nitrogen  Products  Company  it  is  expected 
that  there  will  be  formally  ratified  a  like  liberal  agree- 
ment for  the  use  by  the  Government  of  that  company's 
processes.  There  thus  appears  at  this  time  to  be  no 
necessity  for  the  President  to  exercise  the  rights  granted 
by  the  Act  for  the  acquisition  of  necessary  processes 
by  condemnation,  all  that  it  has  been  considered  neces- 
sary to  use  having  been  freely  granted  upon  liberal 
terms. 

The  Ordnance  Department  of  the  Army  is  proceed- 
ing as  energetically  as  possible  with  the  work  entrusted 
to  it,  has  made  arrangements  for  taking  over  orders 
at  cost  which  the  General  Chemical  Company  had 
placed  for  apparatus  for  a  considerable  size  plant  for 
their  own  use  and  thus  gains  considerable  headway 
upon  much  of  the  apparatus,  as  well  as  favorable  prices; 
the  prominent  engineering  and  construction  firm, 
the  J.  G.  White  Engineering  Corporation,  has  been 
engaged  for  the  remaining  engineering  work  and  the 
actual  construction;  the  plans  for  apparatus  are  es- 
sentially complete,  and  designs  for  all  of  the  buildings 
are  very  nearly  completed  as  a  result  of  work  done 
by  the  engineers  of  the  General  Chemical  Company. 
There  is  thus  at  the  present  time  every  reason  to 
expect  that  notwithstanding  the  extreme  difficulty  and 
expense  involved  in  any  large  construction  work  at 
this  time  the  plant  will  be  not  unduly  delayed. 

The  construction  of  the  oxidation  plant  is  a  less 
extensive  work,  and  its  commencement  is  being  post- 
poned for  a  short  time  in  order  to  reap  the  full  ad- 
vantage of  the  important  experimental  work  being 
carried  on  by  the  General  Chemical  Company,  the 
Semet-Solvay  Company,  and  the  Bureau  of  Mines. 


PROCEEDINGS  OF  THE  NITRATE  SUPPLY  COMMITTEE 

Washi.ngton,   D.   C. 
May  II,  191  7 
The     Nitrate     Supply     Commiltcc,    constituted     as 
follows, 

Brig-Gen.  Williain  Cro/icr.  Chief  nf  Onlimnce.  V.  S.  Arniv.  War  nr|>vlment 

Rear  Admiral  Ralph  ICnrlc.  Chief  of  Biiteau  of  t)nlimmf .  N'avy  IVpanmeni 

Brig.-C.en.  Wni.  M.  lUack.  Chief  of  linuiiieern.  V.  S.  Armv.  War  Ilrpartnient 

Mr.  V.  W.  Brown.  Kiirejiu  of  .Soils.  Pepartment  of  AKricullure 

Dr.  Leo  II.   lluekelan<t.  Vonken.   New  York 

Mr.  Gano  Ounn.  4.<  Kichaniie  Pluee,  New  York 

Dr.  Charles  11.  Ilerly.  .VS  Ija.it  ^lii  St  .  New  York 

Dr.  \Vm.  I'.  Ilillehrand.  Bureau  of  Stanilanls.  Depaitment  of  Commerce 

Dr.  Arthur  A.  Noyes.  Institute  of  Technology.  Boston.  M»m 

Dr.  Charles  L.  Parsons.  Bureau  of  Mines.  Interior  Department 

Dr.  Willis  R.  Whitney.  ScheneclaiW.  N    Y. 

and  appointed  by  the  Secretary  of  War  to  succeed 
and  continue  the  work  of  a  former  committee  which 
was  appointed  by  the  National  Academy  of  Sciences 
at  the  request  of  the  War  Department,  met  al  lo 
o'clock  A.M.,  at  the  call  of  General  Croxier. 
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All  of  the  members  were  present  excepting  General 
Black,  who  was  represented  on  the  Committee  by 
Colonel  Charles  Keller  of  the  Corps  of  Engineers. 
Colonel  C.  B.  Wheeler,  Ordnance  Department,  also 
sat  with  the  Committee  and  took  part  in  its  proceed- 
ings, General  Crozier  presiding  at  the  meeting  but 
not  voting.  The  authority  for  General  Crozier  to 
call  the  Committee  together  and  the  object  of  the 
meeting  is  indicated  by  the  following  letter  of  the 
Secretary  of  War: 

War  Department 

Washington,  April  14,  1917 
Brigadier-General  William  Crozier, 
Chief  of  Ordnance,  U.  S.  Army, 

Member  Nitrate  Supply  Committee 

Sir:  Referring  to  my  letter  of  March  9th  last  appointing 
you  a  member  of  tlie  Nitrate  Supply  Committee,  I  desire  that 
you  shall  act  in  calling  the  Committee  together  at  appropriate 
times,  for  necessary  action,  and  that  you  shall  convey  to  it  such 
communications  as  I  may  have  to  make. 

The  Committee  should  now  be  called  together  as  soon  as 
practicable  for  the  purpose  of  considering  the  reports  and  rec- 
ommendations concerning  the  process  which  should  be  adopted 
for  the  manufacture  of  nitrates,  which  reference  to  the  possibility 
of  harmonizing  the  various  views  and  reaching  a  common  con- 
clusion in  regard  to  as  many  of  the  recommendations  as  possible. 
Respectfully, 
(Signed)  Newton  D.  Baker,  Secretary  of  War 

After  a  preliminary  statement  by  the  chairman, 
the  Committee  proceeded  to  the  matter  in  hand  and 
considered  previous  reports  and  recommendations 
concerning  the  process  which  should  be  adopted  for 
the  manufacture  of  nitrates  which  included  the  fol- 
lowing papers: 

I- — Report  on  nitrate  supply  presented  to  the  Sec- 
retary of  War  by  the  Committee  on  Nitrate  Supply 
of  the  National  Academy  of  Sciences  and  of  the  Na- 
tional Research  Council,  dated  January  20,  1917. 

II — Preliminary  report  to  the  Ordnance  Depart- 
ment of  the  War  Department  on  the  nitrogen  indus- 
try with  recommendations  regarding  the  methods  to 
be  used  by  the  United  States  Government  in  procuring 
the  necessary  nitric  acid  required  for  munitions  by 
the  War  and  Navy  Departments  by  Charles  L.  Parsons, 
Chief  Chemist,  Bureau  of  Mines,  Department  of  the 
Interior,  January  27,  1917   {see  p.  833,  this  issue). 

Ill — Rejiort  on  the  nitrogen  industry  by  Eysten 
Berg,  C.E.,  dated  January  15,  1917. 

IV — Report  on  the  nitrogen  industry  by  Charles 
L.  Parsons,  Chief  Chemist,  Bureau  of  Mines,  De- 
partment of  the  Interior,  dated  April  30,  1917.  This 
latter  report  included  an  offer  of  the  General  Chemical 
Company  granting  to  the  Government  under  certain 
conditions  the  right  to  use  its  synthetic  process  for 
the  production  of  ammonia,  etc.,  and  also  an  offer 
of  the  Nitrogen  Products  Company,  granting  to  the 
Government  under  certain  conditions  the  right  to  use 
the  so-called  Bucher  process  for  the  production  of 
sodium  cyanide  and  ammonia  {see  p.  83g,  this 
issue). 

After  a  deliberate  and  careful  consideration  of  all 
the  matter  and  information  at  the  disposal  of  the 
Committee,  it  submits  the  following  as  its  action. 


The  Committee,  appreciating  the  offer  of  the  Gen- 
eral Chemical  Company,  recommends: 

I — That  the  Government  enter  into  negotiations 
to  acquire  the  rights  to  use  the  synthetic  ammonia 
process  of  that  company. 

2 — That  contingent  upon  satisfactory  arrangements 
with  the  General  Chemical  Company,  out  of  the 
$20,000,000  nitrate  supply  appropriation,  such  sum 
as  may  be  needed,  now  estimated  at  $3,000,000,  be 
placed  at  the  disposal  of  the  War  Department  to  be 
used  in  building  a  synthetic  ammonia  plant,  employ- 
ing the  said  process  of  the  General  Chemical  Com- 
pany, and  of  a  capacity  of  60,000  pounds  of  ammonia 
per  24-hour  day,  said  plant  to  be  located  in  a  region 
where  land,  water,  coal,  and  sulfuric  acid  are  cheaply 
available,  where  good  transportation  facilities  exist, 
and  where  the  proposed  new  powder  plant  of  the  Gov- 
ernment can  be  properly  located.  In  the  opinion  of 
this  committee  all  of  these  conditions  just  enumerated 
are  best  fulfilled  by  a  location  in  southwest  Virginia 
or  contiguous  region. 

3 — That  out  of  the  $20,000,000  Nitrate  Supply  ap- 
propriation an  amount  now  estimated  at  $600,000, 
or  as  much  as  may  be  needed,  be  placed  at  the  dis- 
posal of  the  War  Department  to  be  used  in  building 
a  plant  for  the  oxidation  of  ammonia  to  nitric  acid  and 
the  concentration  of  nitric  acid,  of  a  capacity  equiva- 
lent to  24,000  pounds  of  100  per  cent  nitric  acid  in  a 
24-hour  day,  said  plant  to  be  located  in  the  neighbor- 
hood of  the  aforesaid  synthetic  ammonia  plant  and 
the  proposed  new  powder  plant  of  the  Government. 
4 — That  the  War  Department  proceed  at  the  earliest 
practical  date  with  the  construction  of  the  oxidation 
plant  and  contingent  upon  a  satisfactory  arrange- 
ment with  the  General  Chemical  Company,  also  with 
the  Synthetic  Ammonia  plant,  and  that  the  Govern- 
ment give  such  priority  orders  as  will  secure  from  con- 
tractors prompt  delivery  of  the  materials  and  rapid 
construction  of  the  structure  and  machinery  needed 
for  these  plants. 

The  Committee  appreciating  the  offer  of  the  Nitro- 
gen Products  Company  granting,  in  this  country, 
to  the  Government  under  certain  conditions  the  right 
to  use  the  so-called  Bucher  process  for  the  production 
of  sodium  cyanide  and  ammonia  recommends: 

5 — That  a  form  of  contract,  drawn  with  the  advice 
of  the  legal  authorities  of  the  Government,  such  as  to 
give  that  company  no  guarantee  or  exclusive  rights 
in  the  process,  or  in  its  future  development,  beyond 
those  which  the  company's  own  patents  give  to  it, 
be  entered  into  with  the  Nitrogen  Products  Company, 
and  that  experimentation  looking  toward  the  indus- 
trial development  of  the  Bucher  process  for  the  pro- 
duction of  ammonia  be  at  once  proceeded  with.  And 
further  that,  contingent  upon  a  satisfactory  arrange- 
ment with  the  Nitrogen  Products  Company,  a  sum  not 
to  exceed  $200,000  be  allotted  for  this  purpose  out  of 
the  $20,000,000  nitrate  supply  appropriation. 

6 — That  out  of  the  $20,000,000  nitrate  supply  ap- 
propriation $100,000  be  made  available  for  the  active 
prosecution  of  investigations  of  processes  for  the  in- 
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dustrial  production  of  nitrogen  compounds  useful  in 
the  manufacture  of  explosives  of  fertilizers,  and 
that  these  investigations  be  planned  and  supervised 
by  the  War  Department. 

-—That  in  order  to  increase  the  production  of  am- 
monia and  toluol,  the  Government  promote  the  instal- 
lation of  by-product  coke  ovens  by  directing  that 
priority  be  given  in  the  production,  delivery  and  trans- 
portation of  the  materials  and  parts  needed  m  their 
construction. 

8— That  the  decision  as  to  more  extensive  installa- 
tion of  nitrogen  fixation  processes  and  water  power 
development  in  connection  with  them,  be  postponed 
until  the  plants  above  recommended  are  in  operation 
or  until  further  need  arises. 

o—While  the  preceding  recommendations  include 
all\he  measures  that  can  now  judiciously  be  taken  for 
the  fixation  of  nitrogen  and  the  oxidation  of  ammonia, 
it  is  the  opinion  of  the  Committee  that  the  immediate 
accumulation  and  the  permanent  maintenance  of  an 
ample  reserve,  not  less  than  500,000  tons  of  Chile 
saltpeter,  is  the  measure  most  urgently  necessary. 

There  being  no  further  business  before  it,  the  Com- 
mittee then,   at   6.15   p.m.,   adjourned  to   meet   at  the 

call  of  the  Chairman.  . 

William  Crozier,  Chairman 

Brigadier-General.  Chief  of  Ordnance,  U.  S.  A. 
RALPH    EARLE  ChARLKS    KeL^LER^^ 

CUiefofo"drcrv.S.N.  Corps  of  Engineers,  U.  S.  A, 

F    W    BROWN  Wm.   F.  Hillebrand 

Leo  H    Baekeland  Arthur  A.  Noyes 

GAKODUNK  CHARLES    L.    PARSONS 

CHARLES    H.     HKRTV  WiLLIS    R.     WhITNEV 


PRELIMINARY  REPORT  TO  THE    ORDNANCE    DEPART- 
St  OF  THE  WAR  DEPARTMENT  ON  THE   NITRO- 
GEN    INDUSTRY   WITH   RECOMMENDATIONS    RE- 
GARDING THE   METHODS  TO  BE  USED  BY  THE 
UNITED  STATES  GOVERNMENT  IN  PROCURING 
THE  .  NECESSARY    NITRIC    ACH)    REQUIRED 
FOR  MUNITIONS  BY  THE  WAR  AND 
NAVY  DEPARTMENTS 
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(Ml  ronfiJrnlwl  daia  .nduding  drIaiUd  toils  omilUd) 

By  CiiAKi.119  L.  Parsons.  Chief  Chemist 

Bureau  of  Mines,  Deportment  of  the  Interior 

January  27.  1917 

HrioadiivR  GiCNERAi,  \Vn.i.iAM  Crozier, 

Chief  of  Ordnance,  War  Department 
Sir:     Since  giving  you  in  a  letter  bearing  .late  of  June  6 
,9,6.  .ny  personal  opinion  on  the  nitrate  sUnal.on,  based  a 
that  time  on  an  incomplete  study,  1  have  made  a  -ry  care  ul 
study  of  the  processes  nse.l  throughout  the  world  for  the  pro- 
hKlLn  of  nitric  aei.l.  an.l,  .n  the  employ  of  the  War  Depart- 
ment. 1  have  made  a  trip  to  Italy.  I'ranee,  IC.gland.  Norway  and 
Sweden,  visiting  .nany  planus  producing  mlr.c  ac.d.     1  have 
had  conferences  with  leading  engineers  in  those  conutr.es  on  the 
situation.     II  will  re.,uire  snn.e  weeks  still  to  .uake  n>y  co.nplete 
report,  with  full  detailed   estin.ates    and   costs,  on  the  var.ous 
processes  en.ploved  as  applied  to  American  cond.lK.ns.  but  the 
details  of  these  processes  are  now  sufr.ciently  ...  hand  to  warrant 
formulating  .ny  couelusiou.s  as  to  the  proper  pro.e.lure  to  be 
foUowed 


The  conclusions  are  based,  by  your  instructions,  on  the  maximum 
requirements  for  munitions  purposes  of  the  United  Stales  Govern- 
ment of: 

In  Time  of  Peace   20,000  tons  of  nitric  add 

In  Time  of  War. 180.000  tons  of  nitric  add 

With  these  quantities  as  a  maximum  and  a  sufficient  supply  of 
sodium  nitrate  in  storage  to  meet  the  requirements  of  the  Govern- 
ment for  a  period  of  6  months  to  i  year,  no  serious  emergency 
problem  confronts  the  Government.  The  increase  in  the  output 
of  ammonia  from  by-product  coal  since  1915.  if  oxidized  to 
nitric  acid,  is  alone  more  than  sufficient  to  meet  this  requu-e- 
ment  The  oxidation  of  ammonia,  including  that  produced 
from  the  destructive  distillation  of  coal,  presents  no  senous 
difficulties,  and  the  necessary  plants  using  the  emergency  pro- 
cedure adopted  in  Germany  could,  in  case  of  need,  be  quickly 
installed  to  meet  the  Government  requirements.  Such  instaUa- 
tion  would  involve  much  cruder  procedure,  such  as  lower  effi- 
ciency of  oxidation  and  absorption  of  the  nitrous  oxides  in  soda 
lye  than  would  be  adopted  after  careful  experimentaUon  and 
experience  in  the  operation  of  the  most  efficient  plants,  but  ,t 
would   nevertheless   furnish   the   country   with   the   mtnc   ac.d 

'^Tnmy  opinion  the  foUowing  methods  include  the  only  ones 
which  need  to  be  considered  in  the  final  choice  of  the  procedure 
to  be  employed  by  the  Government  in  providing  a  source  of 
nitrate  supply.  There  are  many  other  proposed  methods 
modification  of  methods,  and  investigations  under  ^'=^>  •  ^vit 
they  have  proved  either  inappUcable  when  tried  industnaUy 
or  thev  have  not  been  sufficiently  tried  on  a  practical  seal,  to 
warrant  Uie  Government  in  considering  them  m  this  first 
Tna^ysi  .  Some  of  them  may  later  be  successfully  developed 
and  research  on  the  fixation  of  nitrogen  should  be  continuously 
carried  on  under  Government  auspices. 

FoUowing  are  the  methods  considered  herein; 

I-Nitric  acid  mav  be  obtained  directly  from  the  air.  with  no 
raw  material  except' that  contained  therein  by  direcUy  burnmg 
the  nitrogen  and  oxygen  of  the  atmosphere  by  means  of  the 
electric  arc.  . 

II-Nitric    acid    may    be    obtained   from    the    ox.dat.on    of 

ammonia. 

The  processes  to  be  considered  are:  ,.      ., 

(A)  ARC  PROCESS,  i.i  which  nitrogen  and  oxygen  are  directly 
burned  to  nitric  oxide  under  the  influe.ice  of  Uie  electnc  arc. 

(B)  HABKR  PROCESS,  in  which  nitroge.1  and  hydrogen  are 
directly  combined  to  form  ammonia. 

(C)  cvANAMiD  .-RocESS,  in  which  carhou  a„d  li.ne  are  tu^t 
heated  in  an  electnc  fur.iacc  to  form  calc.u...  c.rb.de.  The 
carb  de  is  then  treated  with  pure  nitrogen  to  for.n  cyanam.d 
and  in  turn,  the  cyana.nid  ,s  hydroly.ed  by  steam  .n  spec.al 
autoclaves  to  produce  am.no.i.a. 

(D)  BY-PRODUCT  AMMONIA,  obuiued  as  a  by-product  m  so- 
callS  by-product  coke  ove..s  by  the  destructive  d.st.llaUon  of 
bituminous  coal.  ... 

,1.)  cvan.dk  process,  not  yet  commercially  developed  but 
,...„  nrouiise  of  cheap  combined  nitrogen.     This  pro- 

::::^;::ir       rr;:  o.m.l.at. .f  u.trogeu,  carbon,  and 

"^..  to  form  so.lm...  cyamde  by  hca.,.,g  together  an  mt^ate 
mixture  of  carbon,  soda  a.sh,  and  .n.ro.en  u.  the  prc.sc.cc  of 
finclv  divided  iio.i.  ,      ,     .,    , 

All  of  the  prmesscs  pr.«l..c...K  ..m.no.iia  invoUx  the  further 
ox  dat ...  of  t  .nt  a..,..,.mia  t.,  ..J.ric  aci.l.     The  «......o.u:.  .nay  l>e 

o  id  d  by  .ueans  of  heate.I  (elcC.cally  or  ...hcr>v.sc^  P  a  .nu.u 
by  telui,.g  as  large  a  surta.-c  as  poss.ble  ..f  glow..,g  p.at.num 

Srrropcr.nixt..rc..f '-, ^':^^^^'t^;;^ 

the  ..itroge..  i..  the  ...n.no.na  burns  to  ...tr.c  ox.de  1  he  ..Klhod, 
to  Ih;  co..si.U-.od  for  the  ox.dati..n  of  a.i.mon.a  arc; 
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(a)  osTWALD-BARTON  METHOD,  HOW  Used  ill  France  and  Eng- 
land; and  probably  also  in  Germany. 

(6)  FRANK  CARD  METHOD,  now  Used  to  produce  100,000  tons 
of  concentrated  nitric  acid  in  Germany,  and  experimentally 
installed  with  modifications  in  two  small  plants  in  this  country. 

((-)  The  oxidation  in  solution  of  ammonia  or  dicyanamid  to 
ammonium  nitrate,  as  yet  carried  out  only  in  an  experimental 
installation  in  Sweden,  and  being  installed  in  two  plants  now  in 
process  of  erection — one  near  Goteborg,  Sweden,  and  the  other 
and  larger  plant  near  Berlin,  Germany. 

THE  ABC  PROCESS 

The  arc  process  was  the  first  commercial  process  to  be  de- 
veloped for  the  fixation  of  nitrogen.  It  is  now  installed  in 
southern  Norway,  employing  250,000  kilowatts  of  electricity 
developed  from  the  cheapest  large  installation  of  hydroelectric 
power  in  the  world.  This  is  the  only  large  installation  of  the 
arc  process,  but  small  installations  of  an  experimental  nature 
have  been  made  in  other  countries. 

By  the  arc  process,  nitric  acid  is  produced  by  the  direct  com- 
bination of  the  oxygen  and  the  nitrogen  of  the  air  to  form  a  dilute 
gaseous  mixture  of  nitric  oxides  with  air.  The  nitric  oxide  is 
converted  into  nitric  dioxide  and  is  absorbed  in  water  in  immense 
granite  towers  to  form  nitric  acid.  The  method  is  one  of  the 
most  inefficient  known  as  regards  production  in  relation  to  power 
consumed.  Nevertheless,  on  account  of  the  very  cheap  horse 
power  available  in  Norway  and  the  fact  that  the  raw  materials 
cost  nothing  and  are  always  at  hand,  nitric  acid  can  there  be 
produced  by  the  arc  process  at  a  cost  less  than  by  any  other 
commercial  process. 

Incidental  to  the  production  of  nitric  acid,  a  large  excess  of 
heat  is  developed,  which  can  be,  and  is  in  part,  converted  into 
steam,  which  may  be,  and  is,  used  for  concentrating  the  weak 
nitric  acid  obtained  in  the  absorption  towers  to  the  strong  acid 
required  for  munition  works.  The  excess  of  steam  is  so  large 
that  many  other  methods  for  its  application  have  also  been 
devised.  As  the  labor  costs  also  are  low,  when  once  under  way 
the  operation  goes  on  almost  automatically.  As  the  formation 
of  nitric  acid  is  direct  and  involves  only  the  nitrogen  and  oxygen 
of  the  air  and  water  as  raw  materials,  no  complicated  processes 
involving  intermediate  products  are  necessary,  as  is  more  or 
less  the  case  with  all  other  processes. 

In  spite  of  these  manifest  advantages,  however,  it  appears 
to  be  the  general  opinion  of  the  European  engineers  with  whom  I 
came  in  contact  that  even  w'ith  the  cheap  horse  power  enjoyed 
by  the  Norwegian  plants,  they  might  have  had  to  discontinue 
their  operations  except  for  the  stimulus  given  by  the  present 
European  war.  Even  as  it  is,  the  Norsk  Hydro  Company,  oper- 
ating the  arc  plants  at  Notodden  and  Rjukan,  has  been  obliged  to 
install  large  ammonia-producing  plants  in  order  that  they  might 
convert  their  nitric  acid  to  ammonium  nitrate  and  thus  render 
it  transportable  to  markets  where  it  was  needed. 

The  cost  of  horse  power  used  for  the  production  of  nitric  acid 
in  Norway  is  less  than  $5.00  per  horse-power  year.  The  best 
estimates  in  my  possession  indicate  that  with  horse  power  at 
%io  per  horse-power  year,  the  cost  of  finished  strong  nitric  acid 
at  the  plant  would  be  as  cheap  as  by  any  otlier  process  now  in 
operation.  However,  the  low  cost  of  producing  nitric  acid  by 
the  arc  process  is  outweighed  by  so  many  other  disadvantages 
that,  in  my  opinion,  the  process  is  entirely  inapplicable  to  the 
uses  of  the  United  States  Government,  and  this  opinion  appears 
to  be  shared  by  all  who  have  given  careful  thought  to  the  sub- 
ject. The  cost  of  installing  the  Arc  process  is  high  and  it  involves 
tlie  use  of  an  amount  of  horse  power  that  seemingly  is  not  avail- 
able on  tlie  American  continent  within  reach  of  the  points  where 
the  nitric  acid  would  have  to  be  used. 

Nitric  acid  is  not  economically  transportable.  As  strong 
nitric  acid   it  can  be  transported   only  if  tank  cars  made  of 


aluminum  can  be  obtained,  and  aluminum  is  a  metal  that,  for 
this  purpose,  has  many  disadvantages  besides  cost.  The  nitric 
acid  might  be  transported  mixed  with  sulfuric  acid  in  iron  tank 
cars,  but  this  involves  the  erection  of  large  sulfuric  acid  factories 
near  to  the  nitric  acid  plant  and  a  large  addition  in  freight  rates. 
Freight  rates  on  such  nitric  acid  as  is  transported  are  very  high 
and  must  always  remain  high  on  account  of  the  dangers  in- 
volved. 

Nitric  acid  does  not  readily  lend  itself  to  the  production  of 
fertilizer  material,  although  it  may  be  neutralized  with  limp 
to  form  calcium  nitrate  or  with  ammonia  to  form  ammonium 
nitrate — both  of  which  may  be  transported  and  either  of  which 
might  be  used  as  a  fertilizer.  However,  calcium  nitrate  and 
ammonium  nitrate  are  not  applicable  to  the  manufacture  of 
the  mixed  fertilizers  that  are  demanded  by  the  American  farmers. 
The  great  difficulty  that  has  faced  the  Norwegian  plants 
from  the  beginning,  namely,  a  market  for  their  products,  would 
in  peace  times  be  a  serious  obstacle  to  the  operation  of  a  large 
arc  plant  in  the  United  States.  An  arc  plant  at  its  best  involves 
the  use  of  2.33  horse-power  years  per  ton  of  weak  nitric  acid. 
This  means  that  a  water  power  development  of  at  least  50,000 
horse  power  would  be  necessary  for  the  peace  requirements 
of  the  Government,  and  a  development  of  440,000  horse  power 
would  be  required  for  war  purposes.  These  figures  are  minimum 
figures  on  the  basis  of  the  relatively  high  efficiency  reached  in 
Norway.  No  installation  should  be  considered  by  the  Govern- 
ment of  less  than  75,000  horse  power  for  peace  requirements  or 
550,000  horse  power  for  war  requirements.  If  the  Arc  process 
is  to  be  used  it  would  also  be  advisable  to  arrange  for  the  pro- 
duction of  explosives  at  the  point  where  the  arc  plant  was 
located.  This  would  of  course  involve  the  transportation  of 
all  other  raw  materials  needed,  such  as  benzol,  toluol,  alcohol, 
acetone,  glycerine,  sulfuric  acid,  cotton,  and  other  materials 
too  numerous  to  mention,  to  the  plant  and  the  transportation 
of  the  finished  explosives  therefrom  to  the  place  of  consumption. 
As  these  materials  are  highly  combustible  and  for  the  most  part 
carry  high  freight  rates,  it  has  been  found  necessary  the  world 
over  to  locate  the  plants  intended  for  the  production  of  munitions 
near  to  the  point  where  the  munitions  are  likely  to  be  con- 
sumed. 

An  arc  plant  of  sufficient  size  to  meet  the  requirements  of  the 
Government  in  time  of  war  would  probably  have  to  remain  idle 
for  the  main  part  during  times  of  peace,  owing  to  the  difficulty 
of  disposing  of  the  nitric  acid  that  the  plant  would  produce  if  in 
operation.  On  account  of  the  large  amount  of  horse  power 
required  and  the  consequent  extent  of  the  necessary  plant  and 
tower  absorption  capacity,  the  cost  of  installing  an  arc  plant 
to  meet  the  war  time  requirements  of  the  Government  would  be 
several  times  the  total  appropriation  made  for  the  purpose  by 
Congress. 

ADVANTAGES 

I — Cheapest  cost  of  nitric  acid'  if  power  can  be  obtained  at 
Sio  per  horse-power  year  or  less,  and  if  the  power  is  efficiently 
utilized  in  a  large  plant  run  continuously  to  capacity. 

2 — Large  amount  of  waste  heat  available  for  producing  steam 
for  the  concentration  of  nitric  acid  and  for  other  purposes. 

3 — Free  raw  material. 

4 — Direct  production  of  nitric  acid  without  intermediate 
products. 

5 — Small  amount  of  labor  involved. 

DISADVANTAGES 

I — Large  amount  of  horse  power  required  per  ton  of  nitric 
acid — at  least  500,000  horse  power  for  the  Government  require- 
ments. 

that  it  is  the  cheapest  form  of  combined  nitrogen 
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2 — Greater  dilution  of  nitric  acid  when  first  produced — ■ 
30  to  35  per  cent  acid  as  against  50  to  55  per  cent  acid  by  other 
processes. 

3 — Large  cost  of  installation  both  for  horse  power  and  for 
plant — probably  four  times  the  present  Government  appropria- 
tion to  meet  the  Government's  war-time  requirements. 

4 — Three-fourths  of  plant  probably  idle  in  time  of  peace, 
"with  consequent  large  idle  investment  involved. 

5 — Nontransportability  of  the  nitric  acid  produced. 

6 — Difficulties  of  disposing  of  the  nitric  acid  not  needed  for 
munitions. 

HABER  PROCESS 

The  Haber  process  is  the  chief  process  now  used  in  Germany 
for  the  production  of  ammonia.  Ammonia  may  be  oxidized 
to  nitric  acid.  The  process  has  grown  very  rapidly  in  the  last 
three  years.  It  was  first  commercially  installed  in  Germany  in 
1913  with  a  plant  capacity  of  30,000  tons  of  ammonium  sulfate. 
Seemingly,  it  actually  produced  in  that  year  some  20,000  tons  of 
ammonium  sulfate.  This  grew  to  60,000  tons  in  1914;  150,000 
tons  in  1915;  and  300,000  tons  in  1916,  and  it  is  authoritatively 
stated  that  with  new  works  now  under  construction  by  the 
Badische  Company,  the  1917  output  of  ammonia  by  the  Haber 
process  will  be  equivalent  to  over  500,000  tons  of  ammonium 
sulfate. 

The  Badische  Company,  which  owns  the  Haber  plants  and 
process,  has  developed  the  industry  without  government  aid 
other  than  the  sale  of  its  product,  and  appears  to  be  very  certain 
as  to  the  ability  of  this  process  to  compete,  when  the  war  is  over, 
with  all  other  processes  for  the  fixation  of  nitrogen  and  also 
with  Chile  saltpeter  in  the  fertilizer  markets.  On  the  other 
hand,  the  cyanamid  industry  in  Germany  has  been  developed 
during  the  war  with  the  aid  of  government  subsidies.  The 
Badische  Company  had  developed  in  Germany  an  arc  process 
known  as  the  Schoenherr  process  which  is  a  close  competitor 
of  the  Birkeland-Eydc  process  developed  in  Norway.  The 
Badische  Company  and  the  Norsk  Hydro  Company  pooled  their 
interests  and  the  Schoenherr  process  was  installed,  together 
with  the  Birkeland-Eyde  process,  at  Rjukan,  Norway.  The 
two  are  now  working  together  side  by  side  in  Rjukan,  and  are 
owned  by  the  Norsk  Hydro  Company — the  Badische  Company 
having  sold  their  interests  in  the  arc  process  as  soon  as  they  had 
devtlo|)(d  the  Haber  process. 

By  the  Haber  process,  nitrogen  from  the  air  and  hydrogen 
obtained  from  water  arc  directly  combined  to  form  ammonia 
under  the  influence  of  finely  divided  iron.  The  production 
and  purification  of  hydrogen  made  either  l)y  the  reducing  action 
of  coal  or  iron  upon  steam  involves  one  of  the  chief  items  of  cost 
in  the  Halxr  process.  The  fact  that  the  combination  of  nitrogen 
and  hydrogen  takes  place  at  temperatures  above  500"  C.  and 
at  [irtssures  of  125  to  150  atmospheres  involves  some  danger 
and  many  other  technical  difficulties  which  have,  however, 
seemingly  been  overcome  in  Germany.  The  technical  control 
of  the  Haber  ))rocess  is  of  such  great  importance  and  requires 
so  high  a  degree  of  traniing  and  skill  that  it  is  reported  if  the 
Badische  people  were  to  lose  their  present  technical  staff  of 
experts,  familiar  with  the  process,  many  months  would  be  n- 
quired  to  train  another  staff  capable  of  applying  the  priness  in 
practice. 

The  I  label  process  is  iimI  ;it  present  in  use  outside  of  Gennaiiy 
on  account  of  the  lack  of  detailed  information  regarding  plant 
ciinstruction  and  operation  an<l  also  owing  to  the  very  large 
royalty  demanded  by  the  Badische  Company  for  its  \ise  by  other 
concerns.  It  is,  however,  n\ore  Ihan  probable  that  the  Badische 
Company  will  itself  install  and  develop  the  process  outside  of 
Germany  when  the  war  is  ended. 

Trustworthy  information  rexurdiiig  the  costs  of  production 
<if  ainnioiiia  bv  the  llalier  process  indicates  that  pure  anhydrous 


ammonia  can  be  produced  in  liquid  condition  for  a  cost  slightly 
less  than  4  cents  per  pound.  It  is  improbable  that  any  arrange- 
ment could  be  made  for  the  United  States  Government  to  use 
the  Haber  process  pending  the  conclusion  of  the  European  war. 
It  is  probable  that  when  the  war  is  ended,  the  Haber  process 
will  be  installed  or  will  be  available  for  installation  in  the  United 
States.  It  is  the  cheapest  process  for  the  production  of  sjmthetic 
ammonia.  It  is  independent  of  cheap  power — the  power  bemg 
a  small  fraction  of  its  cost.  If  desirable,  it  could  be  readily  in- 
stalled in  moderate  sized  units  in  connection  with  ammonia 
oxidizing  plants  at  any  munitions  plant. 

ADVANTAGES 

I — Cheap  artunonia. 

2 — Ammonia  in  water-free  liquid  condition  ready  for  im- 
mediate oxidation  without  purification. 

3 — Availability  of  raw  material  (air,  water,  and  coal). 

4 — Possibility  of  erecting  comparatively  small  plants  wherever 
needed. 

5 — Easy  availability  of  product  for  transportation  and  for 
fertilizer. 

DISADVANTAGES 

I — Inability  to  procure  technical  details,  use  of  method, 
and  trained  technical  force  without  the  assistance  of  the  Badische 
Company,  except  as  the  result  of  many  months  and  probably 
years  of  experimentation.  This  is  largely  owing  to  the  difficult 
engineering  problems  involved  in  the  use  of  pressures  as  high  as 
150  atmospheres  and  temperatures  of  500°  to  600°  C. 

2 — High  repair  and  renewal  costs. 

3 — Undoubtedly  high  royalty  that  would  be  demanded  if  the 
Government  were  to  install  and  operate  this  process  itself. 
Inability  to  come  to  terras  with  the  Badische  Company  as  to 
the  use  of  its  patents  is  reported  to  have  been  the  sole  reason 
for  the  non-adoption  of  this  method  by  two  large  American 
corporations  and  one  Norwegian  corporation. 

4 — -Patents  and  processes  controlled  in  .\merica  by  one 
corporation. 

CTANAMID  PROCESS 

The  Cyanamid  prcKess  has  been  developed  in  many  parts  of 
Europe,  but  in  the  Western  Hemisphere  only  at  Niagara  Falls, 
Ontario,  Canada.  It  requires  cheap  power  for  its  successful 
operation  and  has  obtained  its  greatest  development  owing 
to  the  fact  that  it  requires  only  about  one-fifth  the  horse  power 
per  ton  of  fixed  nitrogen  per  year  that  is  required  by  the  arc 
process.  In  other  words,  from  a  definite  horse  power  installa- 
tion tlie  Cyanamid  process  produces  about  five  limes  the  amount 
of  conibinod  nitrogen  that  is  produced  by  means  of  the  arc 
process 

The  raw  materials  required  are  coal  for  lime  burning,  anthracite 
coal  or  coke  for  the  production  of  calcium  carbide,  limestone 
essentially  free  from  magnesia,  fluorspar,  and  nitrogen  obtained 
from  li<iuid  air.     The  process  involves: 

First,  the  priKluction  of  calcium  carbide  in  a  large  electric 
furnace  from  lime  and  coke  or  anthracite  cojil. 

Second,  the  fine  grinding  of  this  calcium  carbide  out  of  contact 
with  air,  and  the  heating  of  a  portion  of  the  ground  niass  to  a  red 
heat  to  start  the  absorption  of  the  nitrogen  which  is  then  added, 
as  long  as  it  is  taken  up  by  the  carbide,  to  form  cyunaniid. 
The  cyanamid  is  in  turn  ground  and  given  a  siK-cial  treatment 
to  remove  acetylene  gas  in  order  to  avoid  explosions  later. 
The  cyanamid,  mixed  with  siNlium  carlKinatc  and  lime,  is  then 
treated  with  steam  in  large  autiH-laves  to  convert  the  nitrugrn 
of  the  cyanamid  into  annnonia  gaii'  1'lie  pnKcsK  will  thus  l>c 
seen  to  involve  a  nunil>cr  of  steps  and  to  be  somewhat  com- 
pliculed. 
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CaO  +  3C  =  CaCj  +  CO 

CaC  +  N2  =  CaCNi!  +  C 

CaCNj  +  3HjO  =  2NH3  +  CaCO, 

The  cost  of  ammonia  from  cyanamid,  with  power  at  $8  per 
hor.se-power  year  in  a  plant  to  be  constructed  by  the  Govern- 
ment, would  cost  I  to  2  cents  per  pound  more  than  by  the 
Haber  process.  On  the  other  hand,  royalties  for  using  the 
Cyanamid  process  would  undoubtedly  be  less.  The  technical 
problems  involved  are  understood  by  many  engineers  both  in 
this  country  and  abroad,  the  manufacture  of  calcium  carbide 
and  cyanamid  being  established  in  many  plants,  and  the  basic 
patents  having  only  some  4  years  more  to  run.  Peculiarly 
favorable  conditions  exist  for  its  installation  in  certain  sections 
of  the  South.  If  a  hydroelectric  plant  is  to  be  installed  by  the 
United  States  Government,  and  the  electrical  power  so  de- 
veloped must  be  used  for  the  fixation  of  nitrogen,  the  cyanamid 
process  has  advantages  over  all  other  processes  now  developed 
and  should  be  adopted  as  the  best  means  of  utilizing  hydro- 
electric power  for  the  fixation  of  nitrogen. 

In  Germany  in  19 13  there  were  produced  30,000  tons  of 
cyanamid.  The  growth  has  not  been  so  rapid  as  in  tlie  case 
of  the  Haber  process  although  the  process  has  been  subsidized 
by  tlie  German  Government  to  assist  in  its  development.  How- 
ever, the  191 7  German  production  will  be  not  far  from  400,000 
tons.  The  cyanamid  interests  in  Germany  have  also  endeavored 
to  induce  the  German  Government  to  establish  a  nitrogen 
monopoly  which  will  insure  the  continuation  of  the  cyanamid 
industry  in  Germany  in  competition  with  the  Haber  process  and 
ammonium  sulfate  from  coke  ovens  after  the  war.  The  German 
nitrate  monopoly  has  not  been  established  by  the  Reichstag 
chiefly  owing  to  the  opposition  of  the  owners  of  the  Haber 
patents. 

Ground  cyanamid  is  a  very  dusty,  disagreeable  product  and 
in  order  to  be  used  for  fertilizer  has  to  be  treated  with  oil  or  by  a 
special  granulating  process  that  controls  the  dust  and  enables 
the  material  to  be  more  successfully  used  as  a  fertilizer. 
Cyanamid  should  be  and  probably  is  an  excellent  fertilizer  if 
applied  directly  to  the  soil.  It  has  not,  however,  found  favor 
with  American  fertilizer  manufacturers  and  is  not  well  suited 
as  an  addition  to  the  mixed  fertilizer  demanded  by  American 
farmers.  It  is,  however,  successfully  used  in  Europe  where 
much  cheaper  labor  enables  the  farmer  to  spread  his  fertilizer, 
if  desirable,  one  constituent  at  a  time.  To  meet  the  Govern- 
ment's requirements  of  20,000  tons  and  180,000  tons  of  nitric 
acid,  through  the  medium  of  cyanamid,  would  require  the  con- 
tinuous use  of  1 1 ,000  horse  power  and  99,000  horse  power, 
respectively. 

If  cyanamid  is  to  be  converted  into  the  most  popular  form  of 
fertilizer  material,  namely,  ammonium  sulfate,  it  would  cost 
approximately  i  cent  per  pound  to  convert  the  nitrogen  present 
into  the  form  of  ammonia  before  it  could  be  absorbed  to  form 
sulfate.  It  is  the  necessity  of  converting  the  combined  nitrogen 
into  ammonia,  if  the  cyanamid  process  is  used  as  a  source  of  nitric 
acid,  that  makes  up  a  considerable  portion  of  the  difference  in 
cost  between  cyanamid  ammonia  and  Haber  ammonia. 

ADVANTAGES 

I — Most  available  method  if  hydroelectric  power  is  to  be  used. 

2 — Moderate  horse  power  requirements. 

3 — Ready  transportability. 

4 — Product  salable  in  time  of  peace  for  fertilizer. 

DISADVANTAGES 

I — Number  of  operations  and  plant  installations  required 
to  produce  nitric  acid,  viz.,  carbide,  cyanamid,  ammonia  from 
cyanamid,  ammonia  oxidation,  and  nitric  acid  concentration. 

2 — Patents  and  processes  controlled  in  America  by  one 
corporation. 


i — Process    an   extremely    dusty    and    disagreeable   one,    in- 
volving unpleasant  conditions,  if  not  hardships,  on  the  labor. 
4 — Large  labor  factor  involved. 
5 — Comparatively  high  cost. 

BY-PRODUCT  AMMONIA 

The  nitrogen  stored  up  through  the  medium  of  plant  life  of 
past  ages  as  a  constituent  of  bituminous  coal  is  in  part  recovered 
as  ammonia  when  bituminous  coal  is  converted  in  by-product 
ovens  into  coke.  This  source  of  ammonia  is  to-day  the  chief 
source  of  combined  nitrogen  in  all  countries,  including  Ger- 
many. Ammonia  produced  by  the  destructive  distillation  of 
coal  when  pure  is  the  same  as  any  other  ammonia  and  can  be 
readily  oxidized  to  nitric  acid. 

The  recovery  and  utilization  of  ammonia  in  by-product  coal 
has  been  recognized  by  economists  for  decades  to  be  one  of  the 
most  important  developments  for  conserving  the  wealth  of  the 
nation.  In  Germany  two-fifths  of  the  coal  used  is  carbonized 
in  by-product  coke  ovens,  and  all  of  the  coke  produced  is  pro- 
duced in  plants  fitted  for  the  recovery  of  by-products  including 
ammonia.  In  this  country  less  than  one-tenth  of  the  bituminous 
coal  burned  is  coked  in  by-product  ovens.  Of  the  coke  pro- 
duced in  America,  over  one-half  is  still  produced  in  bee-hive 
ovens  in  which  the  gas,  ammonia,  and  all  other  by-products  are 
ruthlessly  destroyed.  There  has  been  nevertheless  a  rapid 
increase  in  the  installation  and  operation  of  by-product  ovens 
and  an  increase  in  ammonia  production  that  would  not  have 
been  thought  possible  2  years  ago.  By  the  end  of  the  present 
year,  we  will  be  producing  at  least  115,000  tons  of  ammonia 
per  annum — an  equivalent  of  450,000  tons  of  ammonium  sulfate. 
Six  thousand  tons  of  this  ammonia  in  time  of  peace,  or  55,000 
tons  in  time  of  war,  would  meet  the  Nation's  requirements  of 
nitric  acid  for  military  piu-poses,  as  estimated  by  the  War  De- 
partment. The  growth  of  our  ammonia  production  from  by- 
product coke  has  been  extremely  rapid  and  is  still  on  the  in- 
crease. More  than  fifty  million  dollars  worth  of  by-product 
coke  ovens  have  been  contracted  for  within  the  past  12  or  13 
months  and  are  now  completed  or  in  process  of  erection. 

The  installation  of  the  by-product  coke  process  means  a  larger 
supply  not  only  of  ammonia  but  also  of  benzol,  toluol,  phenol, 
naphthalene,  and  other  products  absolutely  essential  for  muni- 
tions purposes  and  required  in  time  of  peace  for  our  present  and 
future  dyestuffs  industry.  Benzol,  toluol,  and  phenol  are  only 
secondary  in  importance  to  an  ample  supply  of  nitric  acid  for 
war  purposes. 

The  use  of  the  by-product  coke  process  also  means  the  pro- 
duction of  large  quantities  of  gas  for  power  purposes.  Indeed, 
if  tlie  destructive  distillation  of  coal  is  conducted  in  special 
producer-gas  ovens  the  output  of  ammonia  can  be  increased 
five-  to  six-fold,  and  power  comparable  with  cheap  hydroelectric 
power  can  be  obtained  at  the  same  time.  This  method  is  now 
utilized  in  Germany  on  an  immense  scale  for  producing  cheap 
power  and  increased  ammonia  output. 

That  bituminous  coal  used  should  be  treated  in  by-product 
ovens  is  recognized  the  world  over.  It  is  becoming  increasingly 
practicable  to  do  this,  and  the  consumption  of  coke  for  domestic 
purposes  as  well  as  for  the  production  of  iron  and  steel  is  rapidly 
increasing.  The;  general  use  of  coke  instead  of  coal  throughout 
tlie  country  would  do  away  with  the  smoke  nuisance  and  all  of 
its  concomitant  loss  to  property.  It  would  produce,  besides 
other  by-products,  approximately  i  ,000,000  tons  of  ammonia 
in  this  country  alone.  The  day  is  far  off  before  this  highly 
desirable  result  will  be  reached,  but  it  should  none  the  less  be 
striven  for.  Already  legislation  abroad  requires  the  use  of  coke 
instead  of  bituminous  coal  for  certain  industrial  purposes.  By- 
product coke  ovens,  however,  cannot  be  installed  by  the  United 
States   Government    for    the    purpose   of   producing   ammonia. 
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The  ammonia  should  be  simply  a  by-product  incidental  to  the 
production  of  coke  for  industrial  purposes.  Under  war  condi- 
tions, however,  the  output  of  ammonia  from  by-product  coke 
ovens  could,  by  Government  regulation,  be  greatly  increased. 
This  has  been  accomplished  in  Germany,  the  by-product  coke 
ovens  furnishing  Germany  to-day  with  over  one-third  of  the 
nitrogen  consumed  in  that  country.  Germany  has  had  an  in- 
crease from  100,000  tons  to  154,000  tons  of  nitrogen  from  this 
source  since  the  war  began.  The  possibilities  for  an  increase  in 
America  are  much  greater  than  in  Germany. 

Ammonia  from  by-product  ovens  has  to  be  purified  before  it 
can  be  oxidized  for  nitric  acid.  The  cost  of  purification  is,  how- 
ever, very  small  and,  where  purification  apparatus  is  installed 
at  the  original  ammonia  absorption  plant,  adds  but  a  small 
fraction  of  a  cent  a  pound  to  the  cost  of  crude  ammonia  liquor. 

The  use  of  by-product  ammonia  for  the  production  of  nitric 
acid  for  munitions  purposes  has  the  great  advantage  that  it  is 
already  available  and  that  tlie  plants,  being  situated  in  numerous 
parts  of  the  country,  could  furnish  ammonia  to  several  small 
oxidizing  plants.  Accordingly,  the  country's  source  of  muni- 
tions supply  would  not  be  at  any  one  place  and  subject  to  capture 
and  destruction. 

The  use  of  by-product  ammonia  has  the  great  disadvantage 
that  the  present  selling  price  of  ammonia  from  by-product  coke 
is  high  and,  unless  considerable  price  concessions  could  be  ob- 
tained by  the  Government,  it  could  not  afford  to  utilize  this 
source  of  raw  material  for  nitric  acid.  The  actual  cost  of  pure 
ammonia,  considered  as  a  by-product  from  the  coking  of  bitu- 
minous co:\l,  is  much  less  than  by  any  other  method  now  pro- 
ducing this  substance. 

CYANIDE  PEOCESS 

The  Cyanide  process  is  not  yet  a  commercial  success  and  for 
that  reason  alone  perhaps  should  not  be  included  here.  It  has, 
however,  such  possibilities  that  I  feel  called  upon  to  discuss  it. 

From  a  chemist's  standpoint  the  process  is  to-day  a  success. 
There  is  no  difficulty  whatever  in  the  chemical  reactions.  When 
sodium  carbonate,  ground  coke,  or  carbon  in  any  form  in  contact 
with  finely  divided  iron  are  heated  to  redness  and  nitrogen  or 
even  air  passed  through  the  mass,  nitrogen  in  quantity  is  fixed 
as  sodium  cyanide.  The  reaction  takes  place  readily.  No 
power  factor  of  any  consequence  is  involved  and  it  appears 
certain  that  if  the  mechanical  difficulties  are  solved,  nitrogen 
will  be  fixed  in  this  form  cheaper  than  by  any  other  known 
synthetic  process. 

There  arc  also  large  quantities  of  waste  nitrogen  available  in 
connection  witli  the  sodium  carbonate  plants  of  the  country 
where  the  sodium  curbonalc  required  would  also  be  available, 
and  there  arc  large  amounts  of  nitrogen  that  could  be  obtained 
without  cost  in  a  sufficiently  pure  condition  at  the  wood  pulp 
plants  using  the  sulfite  process. 

When  the  sodium  cyanide  is  once  formed  it  can  l)e  readily 
converted  into  ammonia  as  is  the  case  with  cyanamid,  but  tlie 
process  has  the  advantage  that  in  the  conversion  the  sodium 
carbonate  can  be  recovered  to  be  used  over  ngaiii.  The  iron 
can  al.so  be  repeatedly  used  in  the  process.  Small  installations 
arc  now  working  successfully  in  the  country  but  the  mechanical 
difliciiltics  of  production  on  a  large  scale  arc  yet  to  be  solved. 
I'our  larKC  American  corporations  arc  engaged  on  the  problem 
with  ample  funds  fur  its  solution. 

The  process  has  the  further  advantage  that  it  would  also 
iniike  ilieaply  available  cyanide  which  is  so  greatly  needed  by  our 
milling  iiicliiulrirs. 

NITRIC  ACID  FEOH  AMMONIA 

All  imicfsMs  liir  the  svntlictic  pnidiiilioii  of  nitric  acid,  except 
the  Arc  |)ro<css.  involve  the  cixidiitioii  of  iimmonia.  The  pro- 
cesses cnninierciiilly  in  use  involve  the  direct  oxidation  of  animo- 
niii  giis  ill  (111-  presence  of  iiir  in  contact  with  metallic  platinum. 


In  Germany,  according  to  the  latest  published  figures,  ap- 
proximately 100,000  tons  of  nitric  acid  are  annually  produced 
through  the  Frank  Caro  process,  which  involves  passing  mixtures 
of  ammonia  and  air  through  electrically  heated  platinum  net9 
of  80  to  100  mesh.  The  platinum  is  heated  to  a  dull  red  heat 
and  serves  as  a  catalytic  agent  under  whose  influence  the 
ammonia,  instead  of  burning  to  nitrogen  and  water,  as  normally 
would  be  the  case,  causes  the  nitrogen  to  form  nitric  oxide. 

In  the  Kaiser  process,  also  used  in  Germany,  the  air  is  heated 
before  its  mixture  with  the  ammonia,  and  under  these  conditions 
it  is  claimed  that  no  electric  heating  of  the  platinum  net  is  neces- 
sary. The  Kaiser  process  does  not  appear  to  have  reached  any 
large  commercial  development. 

The  Landis  process  installed  in  a  small  experimental  plant  at 
Warners,  N.  J.,  passes  the  gas  downward  through  the  net  in- 
stead of  upward,  as  is  customary  in  the  Frank  Caro  process, 
and,  according  to  the  Landis  patents,  cools  tlie  gases  before  they 
are  allowed  to  come  in  contact  with  tlie  net  instead  of  heating 
them  as  is  done  in  the  Kai.ser  process.  The  platinum  net  pro- 
cess is  also  understood  to  be  installed  in  a  small  plant  in  Long 
Island  City  and  is  being  installed  in  Syracuse,  X.  Y.,  by  the 
Semet-Solvay  Company  in  cooperation  with  the  Bureau  of 
Mines. 

The  Ostwald-Barton  process  first  developed  at  Villevord, 
Belgium,  and  brought  there  to  a  commercial  success  at  the  time 
of  tlie  opening  of  the  war,  is  now  installed  in  two  large  plants — 
one  at  Angouleme,  France,  and  tlie  otiier  at  Dagenham,  England. 

The  principle  of  the  process  is  essentially  that  originally 
patented  by  Ostwald,  but  the  catalyzer  is  distinctly  different 
from  that  used  by  him  although  it  consists  of  metallic  platinum. 
The  details  of  the  preparation  of  this  catalyzer  are  kept  secret, 
but  it  is  known  to  have  a  very  small  cross-section  and  is  placed 
at  the  end  of  a  60-mm.  tube  so  that  the  products  of  combustion 
passing  through  the  tube  heat  the  mixed  ammonia  and  air  by 
radiation  as  they  approach  the  catalyzer.  By  tliis  means  no 
external  heat  is  necessary.  The  reaction  when  once  started 
continues  without  interruption  for  weeks.  It  is  simply  neces- 
sary, by  means  of  blowers,  to  force  the  mixture  of  ammonia  and 
air  tlirough  the  catalyzer. 

The  present  commercial  efficiency  and  output  by  the  Ostwald- 
Barton  process  is  higher  than  by  any  other  concerning  which 
exact  figures  have  been  obtained.  It  is  higher  than  the  published 
figures  for  the  Frank  Caro  process,  but  as  figures  for  tliat  pnx-css 
have  been  published  only  on  a  minimum  basis,  it  is  impossible 
to  state  whether  as  high  an  cfliciency  of  conversion  and  aipacity 
of  catalyzer  has  been  reached  by  Uiat  process  as  by  tlie  Ostwald- 
Barton. 

The  processes  for  the  oxidation  of  ammonia  are  seemingly 
free  from  any  complicated  patent  situation.  The  Kuro|icans 
engaged  in  ammonia  oxi<lation  admit  freely  tliat  they  lia\x  no 
important  patent  rights  to  sell,  but  they  claim  that  Uicy  ho\x 
plans,  specifications,  and  details  of  processes,  the  ptirchnsc  of 
which  would  be  chca()er  than  the  necessary  cxpcrinicntation  to 
work  out  the  details. 

By  the  oxidation  of  ammonia,  nitric  oxiile  gases  are  obtained 
of  much  higher  concentration  than  thiwc  priKiiiccd  by  tJic  Arc 
process.  Accordingly,  much  less  tower  space  is  necessary  for 
tlieir  absorption  and  nuicli  stronger  acids  can  lie  directly  ob- 
tained by  concentration.  Although  i"  the  Arx-  pnKC.«  the  con- 
centration of  JO  to  .vs  i>cr  cent  nitric  aci<l  to  stniag  aeid  is  re- 
quired, in  the  oxidation  pnvcs«  .111  lu-iil  of  j»  to  j,s  \tcT  cent 
strrngth  is  easily  obtained  direcllv  (mm  the  towrr-i,  and  the 
concentration  thereof  is  ,iicordiii>;lv  a  siinpli-i   in.iller 

OXIDATION  or  AMMONIA  IN  SOLUTION 

A  method  has  l>eeii  dcvrlu|>cd  in  Swrdrn.  details  of  which  ore 
unknown,  for  the  oxidation  of  aninuinia  or  cyanamid  direct  to 
ammoniiiiii    nltmtc   in  wtlutiun.      The  uninioniuin  nitrate  can 
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then  be  easily  concentrated  by  evaporation  and  can  be  con- 
verted to  nitric  acid  if  desired.  The  process  seems  worthy  of 
very  careful  consideration  and  will  be  in  commercial  operation 
this  coming  .summer — a  plant  being  now  in  process  of  erection 
near  Gothenburg,  Sweden.  A  second  and  much  larger  plant  is 
also  being  erected  near  Berlin,  Germany. 

As  cyanamid  is  not  necessarily  converted  into  ammonia,  as 
any  form  of  ammonia,  such  as  Haber  or  coal-tar  ammonia,  can  be 
directly  used,  and  as  no  heating  of  any  kind  is  required,  it  is 
claimed  that  this  process  will  produce  ammonium  nitrate  much 
cheaper  than  any  other.  It  is  particularly  important  because 
nitrate  itself  is  becoming  one  of  the  most  important  of  all  ex- 
plosives, and  the  many  complicated  reactions  necessary  for  its 
manufacture  would  be  avoided  if  this  process  becomes  a  com- 
mercial success,  as  the  engineers  engaged  in  its  exploitation 
confidently  expect.  The  fact  that  the  German  engineers  have 
seen  lit  to  install  a  large  plant  near  Berlin  speaks  well  for  the 
probability  of  its  successful  application. 

THE   NITROGEN   SITUATION 

Without  going  into  full  details  of  the  nitrogen  situation  in 
this  preliminary  report,  a  short  summary  of  some  of  its  most 
important  features  appears  to  be  desirable.  The  subject  will  be 
treated  at  greater  length  and  with  definite  data  in  the  final  report. 

The  present  conditions  are,  of  course,  abnormal.  Importa- 
tions of  sodium  nitrate  into  Germany  have  been  entirely  cut  off, 
and  Germany  consumed  a  large  fraction  of  the  output  of  the  Chile 
mines  before  tlie  war.  The  importations  of  sodium  nitrate  into 
the  United  States  have  doubled,  owing  to  the  tremendous  amount 
of  munitions  being  manufactured  for  export.  The  importations 
of  sodium  nitrate  into  the  allied  countries  have  also  greatly 
increased,  owing  to  war  demands.  The  production  of  synthetic 
nitrogen  in  Germany  and  the  increase  in  the  production  of  by- 
product nitrogen  in  Germany  have  much  more  than  offset  the 
lack  of  Chilean  importations.  The  following  summary  of  condi- 
tions in  Germany,  taken  from  the  Frankfurter  Handelsblall  of 
May  29,  1916,  is  significant. 

German  Consumption  of  Nitrogbn.   1915,  in  Mbtric  Tons 

Sulfate  of  Ammonia 460.000  tons  eq.  92.000  metric  tons  Nitrogen 

Norwegian  Nitrate  of  Lime..     35,000  tons  eq.     4.500  metric  tons  Nitrogen 

Cyanamid .30.000  tons  eq.     6.000  metric  tons  Nitrogen 

Ammonia — Haber  Process.. .      20.000  tons  eq.     4.000  metric  tons  Nitrogen 

Total 106.500  metric  tons  Nitrogen 

plus  Nitrate  of  Soida 750.000  tons  eq.  1 16.000  metric  tons  Nitrogen 


German  Production  op  Nitrogen.   1917.  in   Metric  Tons 

Sulfate  of  Ammonia 700.000  tons  eq.  140.000  metric  tons  Nitrogen 

Norwegian  Nitrate  of  Lime..  .... 

Cyanamid 400.000  tons  eq.     80.000  metric  tons  Nitrogen 

Ammonia — Haber  Process..  500,000  tons  eq.  100.000  metric  tons  Nitrogen 

Total 320.000  metric  tons  Nitrogen 

Total  in  tons  of  2000  lbs 352.000 

Nitrate  of  Soda None 

In  spite  of  having  more  than  half  of  her  nitrogen  supplies  cut 
off  by  the  war,  Germany  has  greatly  increased  her  nitrogen  out- 
put, increasing  her  own  production  of  nitrate  resources  from 
ii6,ooo  short  tons  to  352,000  short  tons  of  nitrogen.  This  has 
been  made  necessary  not  simply  or  chiefly  for  war  munitions  but 
largely  for  agricultural  needs,  Germany's  population  being 
dependent  now  on  its  own  food  supplies  which  in  turn  are  greatly 
increased  by  nitrogenous  fertilizer. 

Conditions  in  the  United  States  in  case  of  a  war  which  cuts  us 
off  from  foreign  countries  would  be  far  different.  We  are  a 
food-exporting  country  and  the  larger  part  of  our  fertilizer  is 
used  on  tlie  cotton  crop,  the  growth  and  exportation  of  which 
would  be  greatly  curtailed.  A  comparatively  small  part  of  our 
fertilizer  requirements  are  used  on  food  crops,  and  being  a  food- 
and  cotton-exi)orting  nation  our  nitrogen  requirements  for 
agricultural  purposes  would  largely  decrease  instead  of  increase. 


Even  in  the  case  of  the  present  war,  which  has  increased  foodstuffs 
exportation  but  decreased  cotton  production,  the  fertilizer  con- 
sumption of  the  country  has  decreased  rather  than  increased. 
This  would  be  much  more  the  case  if  our  people  were  cut  off 
entirely  from  food  and  cotton  exportation. 

In  view  of  the  fact  that  Germany  has  invested  millions  of 
dollars  in  synthetic  nitrogen  plants  which  will  continue  to  pro- 
duce synthetic  nitrogen  after  the  war;  that  Germany  is  pro- 
ducing more  than  twice  the  amount  of  combined  nitrogen  that 
she  formerly  imported  in  the  form  of  Chilean  saltpeter;  that 
accordingly  the  German  market  for  Chilean  saltpeter  will  be 
essentially  non-existent  after  the  war;  that  the  present  large 
American  and  allied  consumption  for  munitions  will  cease;  and 
that  during  the  war  the  American  production  of  ammonia  from 
by-product  coke  ovens  has  increased  to  a  point  in  excess  of  our 
apparent  normal  consumption,  it  seems  certain  that  the  price 
of  combined  nitrogen  for  industrial  and  agricultural  purposes 
must  greatly  decrease  when  the  war  is  over.  This,  I  think, 
is  recognized  and  expected  by  all  of  those  engaged  in  the  pro- 
duction of  combined  nitrogen. 

In  view  of  the  facts  above  enumerated,  it  is  evident  at  once 
tliat  the  peace  time  requirements  of  the  Government  for  nitric 
acid  could  be  supplied  from  coal-tar  ammonia  with  little  effect 
on  the  market  for  the  material  and  practically  no  effect  on  the 
country's  nitrogen  resources.  It  seems  equally  certain  that 
in  the  case  of  such  a  war  by-product  ammonia  could  furnish 
180,000  tons  of  nitric  acid  per  year  for  at  least  one  or  two  years 
without  seriously  affecting  the  Nation's  agricultiu-e.  This  is 
particularly  important  when  it  is  remembered  that  over  60  per 
cent  of  the  nitrogenous  material  used  in  fertilizer,  consisting  of 
organic  nitrogen  from  cottonseed  meal,  tankage,  dried  blood, 
etc.,  would  not  be  decreased  at  all  but  would  rather  be  increased 
through  the  cutting  off  of  exports  of  cottonseed  meal. 

Furthermore,  it  is  well  known  that  several  of  our  largest 
corporations  are  engaged  in  active  plans  for  installing  synthetic 
nitrogen  plants  of  various  kinds  to  meet  their  own  industrial 
requirements  and  that  in  all  probability  the  Haber  process  will 
enter  into  active  industrial  competition  for  our  ammonia  markets 
in  American  plants  as  soon  as  the  war  is  over.  Plants  for  the 
oxidation  of  ammonia  can  be  quickly  erected  in  crude  form  as 
they  were  erected  and  utilized  in  Germany,  should  the  need 
arise. 

I  accordingly  feel  that  no  serious  emergency  problem  confronts 
the  United  States  that  could  not  be  met  witli  reasonable  celerity 
in  time  of  war,  and  that  our  first  problem,  after  securing  a  reason- 
able reserve  of  Chilean  saltpeter,  is  to  familiarize  ourselves  with 
tlie  most  efficient  method  for  the  oxidation  of  ammonia  and  to 
train  tlie  necessary  men  to  construct  and  operate  ammonia 
oxidation  plants. 

COST  OF  NITRIC  ACID 

The  cost  of  nitric  acid,  per  se,  whether  as  weak  nitric  acid  or  as 
concentrated  nitric  acid,  is  lowest  by  the  arc  process  with  hydro- 
electric power  delivered  to  the  furnace  at  a  cost  of  $10  per  horse- 
power year,  or  less.  The  difficulties  of  its  transportation,  the 
large  amount  of  power  required,  and  other  economic  reasons, 
as  already  explained,  make  the  arc  process  inapplicable  to 
American  conditions. 

The  cost  of  nitric  acid  obtained  by  the  oxidation  of  pure 
ammonia  is  independent  of  the  source  of  the  ammonia  and  must 
therefore  depend  upon  the  cost  of  ammonia  gas  in  the  gas  holders 
ready  to  be  passed  to  the  oxidizing  ajiparatus. 

COST  OF  AMMONIA 

The  cost  of  ammonia  has  at  the  present  time  no  relation  to  its 
selling  price.  The  actual  cost  of  collecting,  absorbing,  and 
purifying  ammonia  from  the  gases  developed  by  the  destructive 
distillation  of  bituminous  coal — in  other  words,  the  cost  of 
ammonia  considered  as  a  by-product  is  less  than  by  any  other 
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process.  The  selling  price  of  by-product  ammonia  is  entirely 
a  question  of  competition  with  other  nitrogenous  products  and 
has  been  fixed  in  the  past  almost  wholly  by  the  market  price  of 
sodium  nitrate  with  which  it  enters  into  competition.  Even 
should  ammonia  be  placed  on  the  market  by  the  Haber  process 
at  a  price  as  low  as  4  cents  per  pound,  by-product  ammonia  will 
still  be  sold  in  competition  therewith  at  a  profit  to  the  producer. 
Its  cost  price  is  largely  a  matter  of  bookkeeping.  Its  selling 
price  will  in  the  future  as  in  the  past  depend  upon  the  com- 
petition of  other  sources  of  combined  nitrogen.  The  Haber 
process  can  produce  and  is  producing  ammonia  synthetically 
cheaper  than  any  other  synthetic  process  now  industrially  ap- 
plied.    The  Cyanamid  process  stands  next  in  order. 

If  mechanical  difficulties  now  confronting  the  cyanide  process 
are  solved,  it  will  produce  ammonia  cheaper  than  either  the 
Haber  or  the  Cyanamid  process  and  in  close  competition  with  the 
actual  costs  of  saving  by-product  ammonia.  The  details  of 
costs  by  all  of  the  above  methods  will  be  considered  in  the  final 
report. 

SUMMARY  OF  CONCLUSIONS 
(See  final  conclusions  in  supplemenlary  report) 
I— The  Government  should  obtain  its  nitric  acid  by  the 
oxidation  of  ammonia.  It  should  begin  the  erection  of  an 
ammonia-oxidation  plant  of  moderate  capacity  at  an  early  date 
in  order  to  train  men  and  obtain  experience  in  the  most  efficient 
method  of  procedure. 

II— The  Government  should  proceed  slowly  in  the  matter 
of  the  erection  of  plants  for  the  production  of  ammonia,  as 
developments  in  the  cyanide  process  and  the  availability  of  the 
Haber  process  may  render  valueless  witliin  a  short  time  any  large 
expenditure  for  the  production  of  cyanamid.  This  is  doubly 
true  in  view  of  the  fact  that  present  appropriations  are  not 
nearly  sufficient  to  install  water  power  and  erect  the  nitrogen 
fixation  plants  necessary  to  meet  the  Government  Requirements 
as  estimated  by  the  Ordnance  Department. 
The  adoption  of  the  above  procedure  involves: 
I— Purchase  by  the  Government  of  a  reserve  supply  of  sodium 
nitrate  of  at  least  200,000  tons. 

2 — The  purchase  of  ammonia  on  the  open  market. 
3 — The  reservation  of  a  supply  of  platinum. 
As  platinum  is  an  essential  for  the  oxidation  of  ammonia  and 
of  the  utmost  importance  in  the  production  of  sulfuric  acid  and 
other  supplies  required  for  munitions;  as  there  are  no  platinum 
reserves  in  the  United  States  save  a  small  amount  obtained  m 
the  electrolytic  purification  of  copper,  gold,  and  silver  ores; 
and  as  platinum  is  one  of  the  precious  metals  with  a  value  above 
that  of  gold  I  especially  recommend  that  legislation  be  asked 
which  will  conserve  the  platinum  obtained  each  year  by  the 
United  .States  mints,  putting  it  in  the  vaults  if  necessary  and 
issuing  treasury  notes  against  it  as  in  the  case  of  gold.  1  lati- 
num  would  then  be  available  for  immediate  use  in  case  of  need 
for  the  i)n.(luction  of  nitric  acid  by  the  oxidation  of  ammonia 
and  for  llie  production  of  sulfuric  acid  so  important  in  case  of 
war  This  platinuiii  would  be  available  without  cost  to  the 
Govcrnnunt  and  could,  if  desired,  be  used  as  a  reserve  for  cir- 
culation, because  even  if  applied  to  the  purposes  above  men- 
tioned there  would  be  comparatively  little  actual  loss  of  the 
metal  itself. 

4-  The  construction  of  a  hydroelectric  plant  only  if  the  Arc 
or  Cyanamid  process  is  to  be  uscrl.  The  oxidation  of  ammonia 
requires  very  Utile  power  and  the  llaber,  Cyanide,"aiid  By- 
product Ammonia  proccs.scs  arc  all  indcpciuleiit  of  cheap  power 
cost.  The  .Uvelopinnit  of  water  power,  however,  caiiiuit  but 
be  of  briiefil  to  the  eminlry  even  if  it  is  not  used  for  the  fixation 
of  nitrogen. 

I  seriously  doubl  wlulher  liydroelietrie  power  will  be  iieccs 
sury  or  desirable  three  years  from  now  for  the  most  etlicicnt 
process  of  lixiiiK  nitrogen,  an.l  acc.irdingly  I  deem  it  unwise  to 
install   Mich   hydroelectric    power   at    grent   cost    with    the   sole 
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purpose  of  producing  nitrogen.  If,  however,  such  water  power 
can  be  utilized  by  the  Government  in  the  production  of  certain 
ferro  alloys  absolutely  essential  for  ordnance  and  other  muni- 
tions; can  be  sold  to  commercial  companies  who  will  take  upon 
themselves  the  financial  risk  involved  in  the  erection  of  plants 
for  nitrogen  fixation,  under  guarantee  of  cheap  ammonia  to  the 
Government;  or  can  be  sold  during  peace  tunes  to  companies 
requiring  power  for  purposes  which  would  allow  instant  req- 
uisition of  the  power  by  the  Government  in  time  of  war  without 
handicapping  the  supplies  of  other  needed  war  material,  the 
development  of  such  hydroelectric  power  would  be  highly 
desirable. 


REPORT  ON  THE  NITROGEN  INDUSTRY 

By  Charles  L.  Parsons.  Chief  Chemist 

Bureau  of  Mines.  Department  of  the  Interior 

AprU  30.  1917 

Brigadier-General  William  Crozier, 
Chief  of  Ordnance,  War  Department 
Sir:     In    ray   preliminary    report   of   January    27.    I    recom- 
mended : 

I_That  the  Government  should  obtain  its  nitric  acid  by 
the  oxidation  of  ammonia  and  should  shortly  begin  the  erection 
of  an  ammonia  oxidation  plant  of  moderate  capacity  to  train 
men  and  to  obtain  experience  in  the  most  efficient  method  of 
procedure. 

II — That  the  Government  should  proceed  slowly  in  the 
matter  of  the  erection  of  plants  for  the  production  of  ammonia, 
as  ■■development  in  the  Cyanide  process  and  the  avaUability 
of  the  Haber  process  may  render  valueless  within  a  short  time 
any  large  expenditure  for  the  production  of  cyanamid." 

In  connection  with  these  recommendations,  I  further  recom- 
mended that  the  Government  purchase  a  reserve  supply  of  sodium 
nitrate  of  at  least  200,000  tons,  and  that  arrangements  be  made 
for  the  reservation  of  a  supply  of  platinum.  These  last  two 
recommendations  have  already  been  adopted  and  arc  progressing 
toward  fulfillment. 

A  small  plant  for  the  oxidation  of  ammonia  erected  at  S>Ta- 
cuse,  N.  v.,  is  progressing  successfully;  another  exi>crimental 
oxidation  plant  at  Laurel  Hill,  L.  I.,  has  developed  other  new 
features.  At  Syracuse,  two  new  forms  of  apparatus  for  the 
oxidation  of  ammonia  are  ii.nv  being  tried  out  ^Mie  of  which, 
if  successful,  will  do  away  entirely  with  the  use  of  platinum  in  the 
production  of  nitric  acid  Whether  or  not  this  will  be  accom- 
plished is  doubtful,  but  desirable.  The  main  i»inl  Ls  Uiat  Uie 
preliminary  arrangement  for  the  plant  for  the  oxidation  of 
ammonia  is  progressing  rapidly  and  satisfactorily. 

At  the  time  mv  preliminary  report  was  written.  I  felt  even 
more  confidentlv  than  I  was  willing  to  express  thai  Uie  Haber 
process  and  Cvanidc  pr.K-ess  w..ul.l  Ik-  shortly  available  for  the 
use  of  this  country  and  would  largely,  if  not  entirely,  displace 
Uie  Arc  and  Cyanamid  processes,  which  require  large  electrical 
development  and  a  corresiMJiidingly  large  exi>cmliturv. 

Development  has  been  rai)id  during  the  last  two  months. 
A  Synthetic  Ammonia  proi-css  and  a  Cyanide  pn».xss  have  now 
reached  a  state  of  development  where  I  .1111  picp.ii.d  t.>  rcconi 
mend  delinitc  action  by  the  Goverimient 

OENBRAL  OBKMIOAL  OOMPAHT  PBOCI8S 
During  the  p.ist  four  vcars.  the  C.eiicr.il  Chemical  Conuwnv. 
working  01.  the  basis  that  it  shoiil.l  be  |H.ssible  to  dexxlop  cmli 
lions  inulcr  which  the  svnthetu-  pr.xliictioti  of  ammonia  by  the 
direct  combination  of  nitrogen  and  liyilmgcn  should  lake  pluct; 
111  lower  pressure.-,  than  those  deemed  nrvcs-saty  by  Ihc  HalKr 
patents,  has  uchievcl  success.  This  prm-ess  has  Iwcn  in  »iuix.« 
fill  oiH-ralion  on  a  large  cx)wrimriital  mmIc  with  scvrrwl  small 
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units  for  ammonia  production  and  one  unit  larger  than  those 
supiJOsed  to  be  used  in  Germany. 

The  General  Chemical  Company  has  also  developed  and 
brought  to  a  commercial  basis  the  production  of  a  mixture  of 
nitrogen  and  hydrogen  from  coke,  air,  and  water  which  will 
yield  hydrogen  at  a  cost  lower  than  heretofore  obtained  in  this 
country  and  probably  lower  than  that  obtained  in  Ger- 
many. 

Complete  engineering  plans  have  been  prepared  and  bids 
obtained  on  the  main  items  of  construction  so  that  the  erection 
of  a  plant  for  the  synthetic  production  of  ammonia  can  be  pro- 
ceeded with  without  delay.  The  company  itself  would  have 
already  had  a  plant  in  operation  save  for  the  present  high  con- 
struction costs  and  other  difficulties  incident  to  operations  at 
the  present  time. 

The  General  Chemical  Comjiany  feels  that,  so  far  as  its  own 
relations  to  the  nitrogen  industry  arc  concerned,  sound  business 
policy  would  call  for  delay  in  the  construction  of  a  plant  until  the 
war  is  over.  Many  of  the  difficulties  facing  the  General  Chemical 
Company,  however,  do  not  apply  to  the  Government,  such  as 
inability  to  secure  the  raw  material  and  quick  mechanical  con- 
struction. 

For  some  months  I  have  known  that  the  General  Chemical 
Company  was  working  on  this  Synthetic  Ammonia  process  but 
only  recently  has  it  been  possible  to  obtain  detailed  information. 
The  outbreak  of  the  war  convinced  the  oflficials  of  the  General 
Chemical  Company,  headed  by  Dr.  William  H.  Nichols,  Chair- 
man of  the  Board  of  Directors,  that  they  should  place  at  the 
disposal  of  the  Government  the  results  of  their  investigations. 
Accordingly,  when  the  Bureau  of  Mines  requested  information 
regarding  the  present  status  of  their  operations,  a  preliminary 
conference  was  arranged  in  Washington  on  April  4.  As  a  result 
of  the  information  then  obtained,  arrangements  were  made  for  a 
meeting  in  your  office  with  representatives  of  the  General 
Chemical  Company  on  April  14. 

After  this  conference.  Dr.  Nichols  offered  the  free  use  of  the 
process  devised  by  the  General  Chemical  Company  to  the 
Government  and  the  full  help  of  the  General  Chemical  Com- 
pany in  installing  and  operating  the  process.  Arrangements 
were  made  for  a  visit  to  the  experimental  plant  of  the  General 
Chemical  Company  and  for  a  further  conference  in  New 
York. 

On  April  20,  Col.  C.  B.  Wheeler,  Col.  C.  C.  Keller,  Dr.  A.  A. 
Noyes,  and  myself  visited  the  plant  and  saw  it  in  operation. 
On  the  same  day  a  meeting  was  held  at  the  office  of  the  General 
Chemical  Company  at  which  the  plans  for  the  proposed  plant 
were  exhibited  and  a  proposed  agreement  between  the  General 
Chemical  Company  and  the  Government  handed  to  me  for  de- 
livery to  you.  The  original  of  this  offer  is  now  in  your  hands 
and  a  copy  is  attached  hereto.  Estimates  on  construction  and 
on  operation  were  also  submitted. 

These  estimates  are  presented  in  detail  under  the  promise, 
however,  that  they  would  be  carefully  guarded.  Detailed 
estimates  are  attached  both  for  a  plant  of  60,000  pounds  of 
ammonia  per  day  and  for  a  smaller  plant  of  15,000  pounds  per 
day. 

It  is  estimated — ^I  believe  conservatively — that  even  under 
present  conditions  a  30  ton  per  day  plant  can  be  built  for  an 
expenditure  of  ;53,ooo,ooo  and  can  be  operated  at  a  cost  of  not 
to  exceed  4  cents  per  pound  of  ammonia  produced,  allowing 
fs.oo  per  ton  of  product  for  repairs  and  i2'/2  per  cent  of  the 
cost  of  the  plant  for  interest  and  depreciation.  It  is  believed 
that  the  charges  for  repairs,  interest,  and  depreciation  arc 
excessive,  as,  together,  they  comprise  more  than  50  per  cent 
of  tlie  total  cost  of  the  ammonia  production.  In  the  estimates 
$3.00  per  ton  of  product  is  allowed  for  general  expenses  and 
overhead  charges. 

It  is  estimated  that  a  smaller  plant  of  at  least  7 ','2  tons   per 


day  capacity  can  be  built  at  the  present  time  for  approximately 
Si, 100,000,  including  land  and  buildings.  Such  a  plant  would 
yield  2,700  tons  of  ammonia  per  year — equivalent  to  8,700  tons 
of  96  per  cent  nitric  acid,  assuming  85  per  cent  recovery.  Such 
a  plant  would  require  about  500  horse  power. 

After  examining  the  process  in  some  detail  and  giving  great 
weight  to  the  standing  of  the  General  Chemical  Company  and 
to  the  statements  of  its  officers  and  engineers — than  whom  there 
are  none  better  fitted  to  judge  of  the  situation — I  recommend 
the  following: 

That  an  initial  plant  to  produce  60,000  pounds  of  ammonia 
per  .day  be  immediately  constructed. 

To  this  end  I  recommend: 

I — That  the  War  Department  set  aside  the  sum  of  $3,500,000. 

2 — That  an  agreement  with  the  General  Chemical  Company 
be  consummated  whereby  the  process  be  accepted  by  the  Govern- 
ment for  its  own  use,  together  with  the  services  of  the  requisite 
engineers  already  trained  by  the  General  Chemical  Company 
for  use  in  construction  and 

3 — That  an  agreement  be  reached  whereby  a  definite  or  at 
least  a  maximum  royalty  per  ton  of  fixed  nitrogen  produced 
be  paid  to  the  General  Chemical  Company  if  sold  for  non- 
government use. 

4 — That  this  initial  plant  be  constructed  at  some  point  to  be 
selected  by  the  War  Department  in  southwest  Virginia,  or 
adjoining  territory  in  West  Virginia,  reasonably  near  to  the 
sulfur,  sulfuric  acid,  and  coal  supplies  of  that  region  and  so 
situated  near  to  plenty  of  good  water  that  an  ammonia  oxida- 
tion plant  and  a  powder  plant  may  later  be  erected  near-by. 

CYANIDE  PROCESS 

The  Cyanide  process,  too,  has  greatly  developed  in  the  last 
few  months  as  anticipated  in  my  preliminary  report. 

Since  that  report  appeared,  the  scientific  details  of  the  process 
have  been  published  by  Prof.  J.  E.  Bucher  in  the  Journal  of 
Industrial  and  Engineering  Chemistry,  9  (191 7),  233.  The 
president  of  the  Nitrogen  Products  Company,  Mr.  Edward  E. 
Arnold,  who  6  months  ago  declined  to  go  on  record  as  to  the  future 
of  the  process,  now  unequivocally  states  that  he  considers  the 
process  a  certain  commercial  success  and  a  probable  competitor 
with  any  other  process  for  the  production  of  fixed  nitrogen.  A 
copy  of  his  letter  to  me  in  reply  to  my  request  for  information 
as  to  the  present  state  of  the  process  is  attached  hereto. 

The  Nitrogen  Products  Company  is  operating  two  experi- 
mental plants  by  the  Cyanide  process — one  at  Saltville,  Va., 
in  a  coal-fired  furnace  and  one  at  Niagara  Falls  in  an  electric 
furnace.  Col.  WTiceler  of  the  Ordnance  Department  and  Dr. 
J.  K.  Clement  (on  my  behalf  for  the  Bureau  of  Mines)  visited 
the  Saltville  plant  on  April  6.  Col.  C.  B.  Wheeler,  Col.  C.  C. 
Keller,  Dr.  A.  A.  Noyes,  and  myself  visited  the  plant  at  Niagara 
in  company  with  Mr.  Arnold  on  Saturday,  April  21. 

Estimates  of  the  cost  of  fixed  nitrogen  by  the  Cyanide  process 
presented  for  the  use  of  the  Committee  by  the  Nitrogen  Products 
Company  are  attached.  At  my  request,  Mr.  Arnold,  president 
of  the  company,  also  submitted  a  proposal  for  the  use  of  the 
Cyanide  process  by  the  Government.  The  otTer  made  by  the 
Nitrogen  Products  Company  is  essentially  the  same  as  that 
made  by  the  General  Chemical  Company. 

The  process  is  offered  free  to  the  Government  for  its  own  use 
to  any  extent,  both  in  time  of  peace  and  in  time  of  war. 

After  careful  examination  of  this  process.  I  am  not  convinced 
that  it  has  yet  reached  a  point  where  plant  installation  should 
begin,  as  I  believe  a  few  months  experimentation  will  add 
greatly  to  the  efficiency  of  the  furnace  proposed. 

It  is  my  belief,  however,  that  the  process  will  become  an  im- 
portant factor  in  the  world's  nitrogen  market;  that  it  may  be- 
come a  strong  competitor  even  of  other  processes  on  account  of 
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the  simplicity  of  its  operations  and  the  low  cost  of  plant  con- 
struction; and  that  a  furnace  which  I  believe  I  see  in  embryo  can 
be  developed  which  will  be  much  more  efficient  than  either  of 
those  now  used. 

The  process  is  so  promising  that  I  recommend: 

I — That  active  experimentation  on  a  large  scale  be  con- 
ducted. 

2 — That  a  sum  not  to  exceed  $200,000  be  set  aside  for  this 
purpose. 

With  this  amount  available  I  feel  confident  that  this  process 
can  be  put  upon  a  commercial  basis;  that  it  will  become  a  real 
competitor  in  the  production  of  ammonia  for  nitric  acid  and  of 
nitrogenous  material  for  fertilizer. 

I  believe  this  investigation  should  begin  without  delay  and 
that  as  soon  as  practicable  a  small  experimental  plant  be  erected 
at  Saltville,  Va.,  where  a  large  supply  of  nitrogen,  soda,  and  coal 
is  available.  The  present  plant  of  the  Nitrogen  Products  Com- 
pany can  probably  be  utilized  in  connection  therewith. 

SVMMABY  OF  EECOMMENDATIONS 

I — That  $3,500,000  be  made  available  to  build  an  initial  plant 
which  will  produce  60,000  pounds  of  ammonia  per  day  by  the 
synthetic  ammonia  process,  as  offered  by  the  General  Chemical 
Company. 

II — That  the  offer  of  the  General  Chemical  Company  be  ac- 
cepted with  some  subsidiary  arrangement  whereby  a  maximum 
royalty  per  ton  of  nitrogen,  when  the  product  is  to  be  used  for 
commercial  purposes,  shall  be  inserted. 

Ill — That  the  construction  of  the  initial  plant  be  started  at 
once  at  some  point  to  be  selected  by  the  War  Department  in 
southwest  Virginia  or  adjoining  territory  in  West  Virginia, 
reasonably  near  to  the  sulfur,  sulfuric  acid,  and  coal  supplies 
of  that  region.     The  plant  should  be  so  situated  that  it  is  near 


to  plenty  of  good  water  and  that  the  land  is  available  for  the 
later  erection  of  an  ammonia  oxidation  and  nitric  acid  concentra- 
tion plant.  It  should  be  so  located  that  a  powder  plant  may 
be  later  erected  near-by. 

IV — That  a  sum  not  to  exceed  $200,000  be  set  aside  for  active 
experimentation  on  a  large  scale  on  the  Cyanide  process. 

V — That  experimentation  on  the  Cyanide  process  be  con- 
ducted at  Saltville,  Va.,  where  nitrogen,  soda,  and  coal  are 
available  and  where  the  present  plant  of  the  Nitrogen  Products 
Company  may  be  studied  and  utilized. 

ESTIMATES  ON   CONSTKUCTION  AND  OPESATING  COSTS 

In  order  that  the  recommendations  made  above  may  be  con- 
sidered in  comparison  with  the  older  processes  now  operating 
on  a  large  scale,  I  beg  to  submit  herewith  a  table  summarizing 
confidential  data  obtained  from  books  of  many  companies  bear- 
ing upon  the  cost  of  nitrogen  production. 

Data  per  Ton  op   Nitrogen — by    the   .\rc.  Cya-nasod.   Habbr  and 
General  Chemical   Company  Processes 

Arc  Cyanamid  Habbr  Gen.  Cbbm.i 

Product 35%  HNOi  NHi  NH.  NHi 

Power  required 10.5  3.2  0.2  0.2 

Investment 51410(o)  $440(o)  $540  $J0O 

Operating  costs' 170  150(6)  119  97 

Product 96%  HNOj  96%  HNO»  96%HNOi  96%HNOi 

Power 10.8                   2.3  0.3  0.3 

Investment" $1550  $670  $570  $530 

Operating  costs' 220  270  339  217 

1  Estimates  on  General  Chemical  Co.  process  are  based  on  present 
war  time  construction  costs.     All  others  on  normal  prices. 

!  Amortization  for  cyanamid  as  charged  by  operating  companies. 
Amortization  for  Haber  20%  of  plant  cost  for  repairs,  interest,  deprcciatioa. 
Amortization  for  .Vrc  and  ModiBed  Haber  12ViVc  interest  and  depreciation. 
$5.00  per  ton  of  product  for  repairs. 

"  Except  for  Arc  process,  includes  ammonia  plant  as  ^ven  .\,  power 
additional  $10,  oxidation  and  absorption  $140;  concentration  $40;  steam 
plant.  $40. 

*  Except  for  Arc  process,  includes  ammonia  costs  as  given;  oxidation 
$50;     concentration    $70.     No   allowance    made    for    unoxidized    ammonia. 

(o)   Power  plant  investment  reckoned  at  $100  per  horse  power. 

(6)  Cvanamid  production  $I2J.  ammonia  from  cvan.imid  $28.  total 
$150. 
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THE  INFLUENCE  OF  SUPERIMPOSED  ALTERNATING 

CURRENT  ON  THE  ELECTRODEPOSITION  OF 

NICKEL 

By  S.  A.  Tucker  and  H.  Gsorgs  Loescu 

Received  June  2.  1917 

The  electrolyte  generally  used  for  nickel-plating 
is  a  solution  of  nickel  ammonium  sulfate,  neutral  or 
slightly  acid  with  a  weak  acid  such  as  boric,  tartaric 
or  citric;  it  may  also  contain  alkali  salts  of  these  acids. 
Nickel  deposits  formed  in  nickel  ammonium  sulfate 
electrolytes  are  harder,  smoother  and  more  durable 
than  those  from  chloride  electrolytes.' 

Since  the  solubility  of  nickel  ammonium  sulfate 
(soluble  in  12  parts  of  water  at  20°  C.  and  in  5  parts 
water  at  50°  C.)  limits  the  concentration  of  nickel 
in  the  electrolyte  and  prevents  the  use  of  high  current 
density,  rapid  plating  solutions  have  been  introduced 
which,  on  account  of  their  greater  conccntrntion  of 
nickel  salt,  can  be  worked  at  ix  higher  current  density. 
The  solution  of  O.  1'.  Watts,'  consisting  of  la  parts 
of  nickel  sulfate,  i  part  nickel  chloride  antl  1  part 
of  boric  acid,  can  be  worked  at  a  density  of  aoo  to 
300  amp.  per  sq.  ft.  at  70°  C.  Hogabooni,  in  the 
'discussion  of  this  paper,  says  that  what  is  known  ns 
white  nickel  deposit  cannot  be  obtained  in  hot   solu- 

>  K.  P.  Keru  and  I'.  P.  I'abian.  School  of  Minn  Quatlnly.  No  4.  I*,  34J. 
•  Trans    Am    Ktnlruthtm.  Sot  .  tf  (1916).  .193. 


tions,  as  the  white  in  the  deep  parts  has  a  tendency 
to  turn  yellow,  and  that  fast  nickel-plating  is  not 
entirely  satisfactory,  since  the  solution  becomes  alka- 
line so  rapidly  that  it  gives  a  dull  deposit.  As  soon 
as  the  solution  becomes  alkaline,  the  deposit  becomes 
dull,  while  if  the  solution  is  on  the  acid  side,  the  de- 
posit is  usually  brittle  and  does  not  adhere. 

The  use  of  nickel  ammonium  sulfate  as  the  electro- 
lyte necessitates  the  use  of  impure  anodes,  for  anodes 
of  pure  nickel  do  not  corrode  properly  but  become 
passive,  causing  changes  in  the  composition  of  the 
bath  and  the  addition  of  nickel  in  the  form  of  a  solu- 
ble nickel  salt  to  bring  up  the  concentration  of  nickel 
in  the  depicted  bath. 

0.  W.  Urown'  has  shown  that  in  nickel  ammonium 
sulfate  electrolyte,  electrolytic  nickel  anodes  dissolve 
very  poorly  and  rolled  anodes  are  no  belter  than  elec- 
trolytic anodes;  cast  anoiles  dissolve  with  higher  cur- 
rent efliciency,  ami  smooth  cast  anodes  dissolve  with 
poorer  efficiency  than  cast  anodes  roughened  in  acid; 
the  presence  of  copper  in  a  nickel  anode,  rather  than 
being  a  detriment,  seenis  to  bo  advantageous  in  al- 
lowing a  higher  anode  current  density  to  be  used. 

To  cause  good  anode  corrosion,  commercial  nickel 
anodes   may  contain  iron,  tin  and  carbon.     Calhane 

>  Ttami.  Am    KIt.lrotktm.  Sot..  «  (1903).  •«. 
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and  Gammage'  analyzed  commercial  anodes  from  two 
different  sources  and  found  7 .  57  and  7.52  per  cent  iron 
in  them  with  92  per  cent  nickel;  the  metal  deposited 
from  these  anodes  contained  from  0.07  to  0.75  per 
cent  iron.  Mathers^  gives  the  following  composi- 
tion of  commercial  anodes:  Ni  95,  Sn  2.5,  Fe  i .  o, 
impurities  i .  5  per  cent. 

The  objections  to  the  use  of  commercial  cast  nickel 
anodes  have  been  well '  summarized  by  Mathers. 
In  the  ordinary  nickel  bath,  iron  is  deposited  on  the 
cathode  along  with  nickel  and  part  of  it  is  oxidized 
by  the  air  to  a  basic  salt  which  goes  into  the  sludge. 
Ammonium  citrate  prevents  sludge  formation.  The 
analysis  of  dried  sludge  (using  ferro-nickel  anodes) 
gave  39  per  cent  FeaOa  and  8  per  cent  sulfate.  If 
the  cathode  reaches  into  this  sludge,  the  finished  plate 
has  a  frosted  appearance  similar  to  a  deposit  on  im- 
properly cleaned  work.  Many  commercial  deposits 
contain  3  per  cent  or  more  of  iron,  when  the  anodes 
contain  6  to  8  per  cent  Fe.'  The  rest  of  the  iron 
goes  into  the  sludge.  Ammonium  citrate  keeps  all 
the  iron  in  solution  and,  therefore,  gives  a  deposit 
containing  approximately  as  much  iron  as  was  in  the 
anode;  e.  g.,  from  an  anode  with  6.49  per  cent  iron  a 
deposit  containing  6.23  per  cent  iron  was  obtained 
when  citrate  was  in  the  bath,  and  when  no  citrate 
was  present  the  deposit  contained  only  3.31  per  cent. 
The  presence  of  iron  in  the  deposit  is  one  of  the  chief 
causes  of  the  dark  or  bluish  color. 

Obviously  the  use  of  pure  nickel  anodes  is  desira- 
ble, provided  they  could  be  made  to  corrode  properly. 
With  pure  anodes  better  color  of  deposit  is  obtained, 
greater  range  of  conditions  without  dark  or  bad  deposi- 
tion is  possible  and  the  composition  of  the  bath  is 
more  easily  maintained  constant.  Baths  using  pure 
nickel  anodes  and  a  chloride  such  as  nickel  chloride 
to  secure  anode  corrosion  has  been  tried  out  and 
advocated.^ 

It  was  thought  by  the  authors  of  this  paper  that 
pure  nickel  anodes  could  be  made  to  corrode  properly 
in  ammonium  sulfate  solution  without  the  addition 
of  other  chemicals  by  superimposing  an  alternating 
current  on  the  direct  current  during  electrolysis. 

The  corrosion  of  nickel  anodes  in  nickel  ammonium 
sulfate  solution  was  studied:  (1)  when  D.  C.  alone,  (2) 
when  both  D.  C.  and  A.  C,  (3)  when  A.  C.  alone 
passed  through  the  solution.  The  current  efficiencies 
at  anode  and  cathode  were  determined  in  each  case 
by  the  loss  in  weight  of  anode  and  the  gain  in  weight 
of  cathode,  respectively,  a  copper  coulombmeter  in 
the  circuit  measuring  the  coulombs  used. 

The  nickel  anodes  used  were:  roughened  cast  nickel, 
smooth  cast  nickel,  rolled  nickel,  and  electrolytic 
nickel  (courtesy  of  International  Nickel  Company). 
Analysis  of  the  commercial  case  anodes  showed  the 
following  composition:  nickel  91-87,  iron  6.10,  and 
carbon  i .  63  per  cent.  The  rolled  nickel,  tested  quali- 
tatively, showed  the  presence  of  a  small   amount  of 

>  J.  Am.  Chm.  Soc.  29  (1907),  1268. 
'  7>onj.  Am.  Electrochem.  Soc.  29  fl916).  383. 
•    Bancroft,  Ibid.,  9  (1906),  217. 

•See  Mathers,  Loc.  cit.;  Bancroft,  Loc.  cit.;  L.  D.  Hammond,  Trans. 
Am.  Electrochem.  Soc,  September,  1916. 


carbon  and  iron.  The  electrolytic  nickel  contained 
99.8  per  cent  nickel.  The  effective  anode  area  was 
5  to  6  sq.  in. 

Copper  cathodes  were  used  (5  sq.  in.  effective  area): 
these  were  cleaned  in  nitric  acid,  washed  in  hot  and 
then  cold  water,  dipped  in  alcohol  and  dried  over  a 
flame,  cooled  and  weighed.  After  the  completion  of 
a  run  the  cathodes  and  the  anodes  were  washed  in 
hot  and  then  cold  water,  dipped  in  alcohol,  dried  over 
a  flame,  cooled  and  weighed. 

A  neutral  solution  of  C.  P.  nickel  ammonium  sul- 
fate, 75  g.  per  liter,  was  used  as  the  electrolyte.  A 
fresh  sample  of  electrolyte  was  used  in  each  experi- 
ment. The  electrodes  were  suspended  in  the  bath 
1  in.  apart. 

I DIRECT    CURRENT    ALONE 

The  cells  (300  to  350  cc.  capacity)  containing  the 
different  anodes  were  connected  in  series  in  a  circuit 
containing  an  ammeter,  copper  coulombmeter,  and 
variable  resistance.  The  anode  and  cathode  efficien- 
cies at  different  current  densities  were  determined. 
The  results  are  given  in  Table  I. 

Table  I — Results  with  Direct  Current  Alone 
Current  Densities  given  in  Amperes  per  sq.  ft. 
Time  of  Run,  1   hour.     Efficiencies  in  Percentages 
Current 
Run  Density  Efficiency        Character 

Nickel  Anode       No.    Anode  Cathode  Anode  Cathode     OF  Deposit 
Roughened  Cast...  .    1  5.76       3.60     102.43     98.92     Good 

2  11.50       9.60       94.76     99.38     Good 

3  17.10      14.30       82.50     95.04     Slightly   burned 

4  19.00     19.00       86.00     97.45     Burned 
Smooth  Cast 1  5.76       3.60       57.51     95.61     Good 

2  11.50  9.60  62.23  91.55  Good 

3  17.10  14.30  42.30  83.98  Good 

4  19.00  19.00  53.70  79.67  Slightly  burned 
Rolled 1  3.60  3.60  5.01  87.30  Good 

2  7.80        9.60  1.76      76.70     Good 

3  10.80      14.30         3.55     69.70     Good 

4  19.00     19.00  1.38     75.00     Good 
Electrolytic: 

Sandblasted....    1  8.90  8.90  27.40  92.90  Good 

2  16.40  16.40  8.92  70.30  Good 

Smooth-ground.    I  8.90  8.90  50.60  99.60  Good 

2  16.40  16.40  26.50  69.20  Good 

ROUGHENED  CAST  NICKEL  ANODE — This  anode  was 
roughened  in  nitric  acid  (i  :  i)  and  washed  in  hot 
and  then  cold  water.  At  5.76  amp.  per  sq.  ft.  the 
corrosion  is  102.43  per  cent:  the  excess  over  100  per 
cent  is  due  to  the  mechanical  separation  of  anode 
particles  during  the  corrosion.  At  17.  i  amp.  per 
sq.  ft.  the  anode  efficiency  dropped  to  82.50  per  cent 
and  at  19  amp.  per  sq.  ft.  rose  to  86.00  per  cent;  this 
increase  in  efficiency  of  Run  4  over  Run  3  may  be 
attributed  to  mechanical  disintegration  of  the  anode, 
since  corrosion  of  nickel  anode  decreases  with  increase 
of  current  density.  Considerable  sludge  formed 
during  each  run. 

SMOOTH  CAST  NICKEL  ANODE- — This  anode  was 
ground  smooth  on  a  carborundum  wheel.  The  slight 
increase  in  anode  efficiency  in  Run  2  over  Run  i  is 
due  perhaps  to  increased  surface  caused  by  previous 
corrosion  in  Run  i.  The  anode  was  re-smoothed  on 
a  carborundum  wheel  and  Run  3  was  made,  resulting 
in  anode  corrosion  of  42.30  per  cent.  In  Run  4,  the 
efficiency  rose  again.     Sludge  formed  in  each  run. 

ROLLED  NICKEL  ANODE — In  Run  I  the  rolled  nickel 
had  a  smooth  surface.  At  the  low  D.  C.  of  3.6  amp. 
per  sq.   ft.   the   corrosion   was   very   poor,   only    5.01 
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per  cent.  In  Run  2  the  anode  efficiency  decreased. 
The  anode  was  then  dipped  in  nitric  acid  (i  :  i), 
washed  with  hot  and  then  cold  water,  and  used  in 
Run  3,  this  treatment  causing  the  anode  efficiency  to 
rise.  In  Run  4  the  efficiency  dropped  again.  The 
solution  after  each  run  was  clear  and  acid  to  litmus 
paper.  It  is  to  be  noticed  that  the  effect  of  using 
rolled  anodes  is  to  decrease  the  cathode  current  effi- 
ciency. 

ELECTROLYTIC  NICKEL  ANODE — The  corrosion  of 
electrolytic  nickel  when  sand-blasted  and  when  ground 
smooth  was  studied  under  the  influence  of  the  con- 
tinuous current.  After  each  run  the  anodes  were 
brown,  the  solutions  clear,  and  the  deposits  good. 
Rapid  gassing  occurred  at  both  anodes,  more  so 
in  Run  2  than  in  Run  i.  There  was  slight  gassing 
at  the  cathodes  in  Run  i,  which  increased  considera- 
bly in  Run  2. 

Curiously,  the  sand-blasted  anode  gave  much 
lower  efficiency  than  the  smooth  anode,  which  is  con- 
trary to  what  one  would  expect,  since  the  sand-blasted 
anode  exposes  actually  a  greater  surface  than  the 
smooth  anode. 

II EFFECT     OF     SUPERPOSITION     OF    A.  C.    ON    D.  C. 

The  apparatus  arrangement  shown  in  Fig.  I  was 
used  at  first.  The  A.  C.  used  throughout  was  taken 
from  a  110  volt  lighting  main  of  60  cycles  per  second. 
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In  llic  diagram  only  the  A.  C.  Hows  through  the 
I  circuit  when  switches  T  and  N  arc  closed  and  M  and 
[  S  are  open.  When  M  and  S  are  closed  and  T  and  N 
I  open,  only  D.  C.  flows.  With  5  and  7' clo.se d  and  M 
I  and  N  open,  both  A.  C.  and  D.  C.  flow  through  the 
circuit. 

Any  change  in  resistance  obtained  by   means  of  R 

and   Rv  afTccts  llio   value  of  both  the   D.  C.   and  the 

A.  C.  at  the  same  time.     Thus  the  alternating  current 

and  therefore  the  A.  C.  voltage  drop  across  each  cell 

I     could    be    increased    by    decreasing    the    resistance    in 


the  circuit  only  to  a  certain  extent,  beyond  which  the 
value  of  the  D.  C.  would  rise  to  a  current  density 
unsuitable  for  nickel-plating. 

After  a  few  runs  were  made  with  this  arrangement,  it 
was  abandoned  and  the  flexible  set  up  shown  in  Fig.  II 
was  used,  the  A.  C.  and  the  D.  C.  being  connected  in 
multiple.  By  this  arrangement  the  alternating  cur- 
rent could  be  regulated  by  resistance  Ri,  without 
affecting  the  direct  current.  By  means  of  resistance 
i?2  the  continuous  current  of  proper  density  was  ob- 
tained. The  voltage  across  the  cells  was  taken  (i) 
with  a  D.  C.  voltmeter  when  both  A.  C.  and  D.  C. 
were  flowing;  (2)  with  the  D.  C.  voltmeter  when  D.  C. 
alone  flowed  in  the  circuit;  and  (3)  with  an  A.  C. 
voltmeter   when   the    A.  C.    alone    flowed. 

The  voltage  readings  are  but  indicative  and  not  ac- 
curate, due  to  variations  caused  by  anode  impuri- 
ties, anode  idiosyncrasies  and  changes  in  distance 
between  electrodes. 

The  current  density  of  the  continuous  current  in 
all  the  runs  was  kept  at  or  about  8.70  amp.  per  sq. 
ft.  while  the  density  of  the  alternating  current  was 
varied.      The  results  are  given  in  Table  II. 

Table  II — Results  with  Aitbrnating  Current  Sufbrfosbd  on  Direct 

Current 

Current  Densities  Given  in  .\mperes  per  sq.  ft. 


Time  of 

Run. 

1  hr.. 

except  those  marked  *  which 

were  2  hrs. 

Current 

VOLTS- 

Per  Cent 

Run 

Density 

A.C. 

DC 

A.C. 

Efficiency 

Nickel  Anode 

No. 

D.C. 

A.C. 

SkD.C 

.    (a) 

(6) 

Anode 

Cathode 

Roughened  Cast 

I 

8.70 

4.35 

2.52 

2.57 

1.17 

108.20 

105.00 

2 

8.10 

8.70 

2.49 

2.60 

1.22 

112.00 

102.60 

3 

8.70 

14.40 

2.25 

2.40 

1.25 

107.40 

102.50 

4 

8.70 

20.80 

2.33 

2.72 

1.55 

111.20 

101.50 

,S 

14.40 

44.64 

2.30 

2.90 

3.10 

123.30 

100.20 

6 

14.40 

66.25 

0.95 

1.50 

4.00 

121.00 

102.70 

Smooth  Cast . . . 

I 

9.95 

7.33 

1.50 

1.70 

0.50 

84.33 

96.73 

2 

9.50 

7.85 

1.50 

1.65 

0.55 

91.50 

93.00 

i 

8.70 

14.40 

2.40 

2.60 

1.25 

99.80 

102.90 

4 

8.70 

28.80 

2.40 

2.50 

1.85 

101.20 

98.00 

.S 

14.40 

44.64 

2.60 

3.05 

3.10 

103.30 

101.00 

6 

14.40 

66.25 

1.00 

1.50 

4.00 

118.00 

100.50 

Rolled 

1 

9.95 

7.33 

2.95 

3.05 

0.75 

2.83 

76.00 

7 

10.30 

8.78 

3.10 

3.20 

0.85 

3.59 

75.50 

?. 

12.00 

17.30 

3.10 

3.20 

1.30 

9.05 

88.20 

4 

8.70 

20.80 

2.70 

3.11 

1.60 

22.10 

84.00 

.S 

8.70 

24.50 

2.65 

3.00 

1.60 

88.30 

98.70 

ft 

8.70 

28.80 

2.30 

2.90 

2.10 

94.50 

97.20 

7 

8.70 

28.80 

2.20 

2.92 

1.97 

98.00 

100.70 

« 

14.40 

44.64 

2.50 

3.15 

2.90 

101.20 

100.80 

9 

14.40 

66.25 

1.00 

3.10 

4.00 

105.40 

101.00 

10 

8.70 

41.80 

1.72 

2.85 

2.52 

100.50 

101.50 

Electrolvtic: 

Sand-blasted.... 

1 

8.9J 

52.4 

1.50 

2.85 

3.10 

104.-50 

99.60 

2* 

8.93 

50.4 

0.90 

1.40 

4.10 

109.60 

Smooth-ground 

1 

8.93 

52,4 

1.67 

2.72 

2.60 

105.00 

99.40 

2* 

8.93 

50.4 

0.80 

1.20 

2.60 

110  80 

ROUGHENED  CAST  NICKEL  ANODE — A  Comparison  of 
the  results  with  this  anode  and  those  in  Table  I  shows 
plainly  that  the  A.  C.  superimposed  on  the  D.  C. 
causes  increased  corrosion  which  is  more  pronounced 
the  higher  the  density  of  the  A.  C.  and  hence  the 
higher  the  A.  C.  voltage  across  the  cell.  In  ull  the 
runs  there  was  slight  gassing  at  both  electrodes. 
Considerable  sludge  formed  during  a  run. 

SMOOTH  CAST  NICKEL  ANODE — Here  the  increase  in 
corrosion  of  the  anode  duo  to  superimposing  A.  C. 
on  D.  C.  is  marked.  With  D.  C.  alone  (see  Table  I) 
at  a  density  of  11.50  amp.  per  sq.  (t.  the  corrosion 
was  62.13  PC"  eent.  With  both  A.  C.  and  D.  C.  the 
corrosion  rises  quite  rapidly  with  increase  of  the  den- 
sity of  the  A.  C.  till  at  66  35  amp.  per  sq.  ft.  the  cor- 
rosion is  118.00  per  cent.  The  surface  of  the  anode, 
however,  becomes  rougher  after  each  run  and  odds  its 
effect  also.  There  was  slight  gassing  at  both  elec- 
trodes during   each   run,   and    the    greater   the   corro- 
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Current  Used  i 


Cell  1 
Electrolytic  Nickel 
Rough        Smooth 


Tablb  III— -Results  with  Alternating  Corren 
— A;  1.30  amperes  and  1  hour .    . — 


Cell  2 
Rolled  Nickel 


Cell  3 


-B;  0.25  amperes  and  1  hr.  3  min. 


Cell  1 


Copper  Coulombmeter  Electrolytic  Nickel 


Cell  2 
Rolled  Nickel 


Cell  3 
Copper  Coulombmeter 


Current  Density 
amperes  per  sq.  ft. 


V«lts  across  Cell 2.1-2.2 

Weight    in  Grams:  Before;  69.3116 

After..  69.2923 

'  Loss  in  Weight  (Grams) ...  0.0193 

Efficiency,  per  cent 1.37 

Per  amp.  hr.     Cu  =   1.182 
Peramp.hr.     Ni   =  1.085 


22  5 

Rough 
5  sq.  in. 

Smooth 

5 
sq.  in. 

sq.  in. 

37 
sq.  in. 

sq,in. 

sq.  in. 

5  sq.  in. 

sq.  in. 

37,4 

37 

,4 

8.32 

5,06 

(Gas) 

7.2 
(Gas) 

7.2 
(Gas) 

7.2 
(Gas) 

2.1 

2 

1 

0.4-0,5 

0.4-0.5 

0.4-0.5 

0.4-0,5 

61.0270 

76.5214 

69,2923 

78,5865 

28,2047 

33.1838 

61.0127 

76.4935 

28.2047 

iS 

1838 

61.0127 

76,4935 

69,2897 

78,5842 

28,2029 

33,1819 

61.0072 

76.4775 

0,0121 

0 

0132 

0,0143 

0.0279 

0.0026 

0,0023 

0.0018 

0.0019 

0.0055 

0.0160 

0,931 

1.815 

2.1-2.2 
78.5935 
78,5865 

0,0070 

0,496 

1.182  X  1.30  =   1.636  per  1.3  amp.  hr. 

1,085  X  1.30  =  1,411  per  1.3  amp.  hr. 


sion,  the  greater  was  the  amount  of  sludge  which 
formed.  In  Fig.  Ill  anode  efRciency  is  plotted  against 
density  of  the  A.  C. 

ROLLED  ANODE — The  corrosion  of  the  anode  is 
slightly  increased  at  low  densities  of  the  A.  C.  Then 
the  corrosion  rises  rapidly  as  the  density  increases 
from  17.30  amp.  per  sq.  ft.  The  solution  after  each 
run  was  clear  and  the  deposit  was  good.  There  was 
slight  gassing  at  both  electrodes  during  the  runs  in 
which  the  anode  corrosion  was  high.  With  low 
anode  corrosion  there  was  rapid  gassing  at  the  anode 
and  little  or  no  gassing  at  the  cathode.  The  percentage 
corrosion  against  the  density  of  the  A.  C.  is  plotted  in 
Fig.  III. 


/fO 

rno 

^th 

^ 

Co 

,t  Nickel^^Anode^ 

Ground    -J 

h^^ 

^ 

- 

Si 

/ 

^' 

^J 

^Nickel    An< 

i 

/ 

^   70 

/ 

Fii, 

■^     Tl 

T 

Cor 

rosior 

1      t 

v/// 

7 

^ 

f    -^n 

/ 

\r 

n  D-^ 

n*  JO 

r 

/ 

/ 

»* 

\^  1     1     1     I     1     1     1     1     1     1     1 

Current  JJensity  ofA.C-  -amperes  persq-ft-  \ 

/ 

7 

2 

7 

3, 

0 

A 

0 

s 

d 

6 

0 

TO 

The  rolled  anode  after  continued  corrosion  pre- 
sented a  rougher  surface.  The  following  run  was 
made  after  the  above  runs,  which  shows  that  the 
nature  of  the  electrode  surface  had  changed: 


Time  Cur.  Dens. 

1  hr ;.      16.40 


3.55 


Anode  Efl. 
14.10% 


Cath.  Eff. 
95.80% 


According  to  previous  runs  (Table  I)  the  anode 
efficiency  was  only  3.55  per  cent  at  10.80  amp.  per 
sq.  ft.  and  1.38  per  cent  at  19  amp.  per  sq.  ft. 

After  this  run  the  rolled  anode  was  tried  out  in  the 
following  experiment: 

Time    Current  Density     Volts  D.  C,       A,  C,  Anode 

Hrs.         D,  C.         A.  C.     A.  C.  &  D,  C.    Volts       Volts     Efficiency 
2  8,93  50,40  0.80  1,50         3,00  117.80 

According  to  a  previous  run  (Table  II)  at  an  A.  C. 
density  of  66.25  amp.  per  sq.  ft.  the  anode  corrosion 
was  105.40  per  cent.     The  nature  of  the  anode  sur- 


face is  therefore  an  important  factor  in  the  corrosion 
of  the  anode. 

After  this  last  run  the  rolled  anode  presented  a 
blackish  brown  surface  which  was  to  a  greater  or  less 
degree  the  case  in  all  the  runs  made  with  D.  C.  alone 
and  with  A.  C.  superimposed  on  D.  C.  This  state- 
ment is  applicable  to  all  the  nickel  anodes  used. 

ELECTROLYTIC  NICKEL  ANODE — Here,  as  in  all  the 
other  cases,  the  effect  of  the  A.  C.  on  the  D.  C.  was 
to  increase  the  anode  corrosion  greatly.  The  voltage 
as  read  by  a  D.  C.  voltmeter  when  A.  C.  and  D.  C. 
are  flowing  was  less  than  that  when  D.  C.  alone  passed. 
The  corrosion  of  the  smooth  anode  was  slightly  greater 
than  that  of  the  sand-blasted  anode,  but  not  markedly 
so.      In  either  case  the  corrosion  was  over  100  per  cent. 

In  Run  2,  at  a  slightly  less  A.  C.  density  than  in 
Run  I,  the  corrosion  of  both  anodes  is  several  per  cent 
greater  than  in  Run  i,  showing  that  the  surface  of  the 
anodes  had  changed  somewhat  during  Run  i. 

Ill ALTERNATING   CDRRENT  ALONE 

It  was  thought  best  to  study  any  changes  that  might 
be  brought  about  by  the  use  of  alternating  current 
alone.      The  results  are  shown  in  Table  III. 

In  Cell  I,  containing  the  electrolytic  anodes, 
there  was  slight  gassing  throughout  the  run  at  the 
roughened  electrode.  There  was  no  gassing  at  the 
smooth  electrode,  a  few  bubbles  forming  on  the  sur- 
face. In  Cell  2,  containing  the  rolled  nickel,  slight 
gassing  occurred  throughout  the  run  at  both  elec- 
trodes. 

In  the  copper  coulombmeter  no  visible  action  was 
observed.  The  electrodes,  however,  lost  weight,  the 
efficiency  of  corrosion  of  one  of  them  being  0.93  per 
cent,  while  the  efficiency  of  the  other,  which  exposed 
about  twice  the  area  of  the  first,  was  1.81  per  cent. 

The  rolled  nickel  anodes  lost  about  the  same  amount, 
viz.,  0.86  per  cent  and  0.94  per  cent,  respectively. 

The  rough  electrolytic  nickel  lost  more  than  any 
of  the  nickel  electrodes,  its  efficiency  being  1.37  per 
cent,  while  the  smooth  electrolytic  nickel  gave  the 
lowest  efficiency  of  o.  50  per  cent. 

The  results  obtained  with  a  lower  current  density, 
Table  II IB,  show  a  decreasing  corrosive  effect  upon 
the  electrodes. 

CONCLUSIONS 

I — With  the  direct  current  alone,  corrosion  at  the 
anode  decreases  with  increase  of  current  density. 

II — A.  C.  superimposed  on  D.  C.  greatly  increases 
the  anode  corrosion  with  all  varieties  of  anode  and 
this  effect  increases  with  the  A.  C.  current  density. 
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III — The  increased  corrosion  at  the  anode  raises 
the  current  efficiency  at  the  cathode,  particularly  with 
rolled  nickel  anodes. 

IV — Corrosion  in  general  with  direct  current  or 
with  superimposed  A.  C.  is  markedly  affected  by  the 
mechanical  nature  of  the  metal. 

V — Alternating  current  alone  has  but  slight  corrosive 
effect  at  the  anode. 

Electrochemical  Laboratory,  Havemever  Hall. 
Colombia  University,  New  York  City 


PURIFICATION  OF  SEWAGE  BY  AERATION  IN  THE 
PRESENCE  OF  ACTIVATED   SLUDGE— IH' 

By  Edward  Bartow 

The  results  obtained  in  experiments  on  the  purifica- 
tion of  sewage  by  aeration  in  the  presence  of  activated 
sludge  at  the  Sewage  Experiment  Station  of  the  Illi- 
nois State  Water  Survey  at  the  University  of  Illinois, 
have  been  given  in  previous  articles  in  This  Journal. '^ 
The  removal  of  ammonia,  and  the  development  of 
nitrate  nitrogen  have  been  discussed.  The  process 
has  been  shown  to  be  essentially  bacteriological.  By 
analysis  of  the  sludge,  and  by  cultures  of  wheat,  the 
sludge  has  been  shown  to  be  valuable  as  a  fertilizer.  Ex- 
periments in  concrete  tanks  operating  on  the  fill-and- 
draw  plan  have  shown  that  sludge  can  be  built  up 
rapidly  without  seeding  from  other  sludges.  During 
the  building-up  process  the  increase  of  the  nitrogen 
and  phosphorus  content  of  the  sludge  is  very  rapid. 
The  necessity  for  oxygen  has  been  shown  by  the  in- 
crease of  carbon  dioxide  and  the  decrease  of  oxygen 
in  the  effluent  air.  Since  the  previous  articles  were 
written,  a  large  amount  of  experimental  work  has 
been  done  in  many  plants'  in  this  country  and  in 
England.  It  would  be  impossible  to  mention  them 
all  in  an  article  of  this  length,  so  that  we  shall  confine 
ourselves  almost  entirely  to  the  work  done  at  the 
Sewage  Experiment  Station  of  the  Illinois  State  Water 
Survey  at  the  University  of  Illinois. 

CONSTRUCTION     AND     OPERATION     OF    CONTINUOUS-FLOW 
PLANT 

The  continuous-flow  plant  which  was  put  in  opera- 
tion during  the  summer  of  1916  was  expected  to  handle 
200,000  gallons  of  sewage  and  sludge  per  day  and  was 
built  in  a  septic  tank  designed  by  Prof.  A.  N.  Talbot 
in  1897  for  the  City  of  Champaign,  The  tank  was  re- 
constructed for  the  activated-sludge  process.  The 
plant  contains  a  screen  chamber  and  pumping  pit,  a 
grit  chamber,  an  aerating  chamber,  a  settling  chamber, 
.r  blower  room  and  a  laboratory  containing  sludge- 
drying  apparatus  (sec  Fig.  I).  A  sludge-drying  bed 
.md  a  pond  into  which  the  effluent  from  the  process 
may  be  discharged  arc  also  provided.  The  sewage  is 
drawn  from  the  main  outlet  sewer  from  the  City  of 
Champaign,  The  daily  flow  is  estimated  to  be  from 
1,000,000  to  1,500,000  gallons,  though  in  wet  weather, 
owing  to  seepage  into  the  sewers,  the  amount  of  flow 
i«  greatly  increased.  The  manhole  nearest  the  septic 
tank  was  modified  to  serve  as  n  screen  chamber  and 

>  Kra<l  nt  llic   lliinato  Mrrtlni  of  Ihe  Amrrlciin  Inatlluls  o(  Chemical 
Knxlnccni,  June  21),  IVI7. 

•  Tiim  JoimHAL,  7  (I'il  V.  .<l«;  •  (I'Mft).  I.\  17,  onil  Mft. 


suction  pit  for  the  pumps.  A  screen  with  vertical 
bars  spaced  with  '/4-in.  openings  prevents  coarse 
material  from  reaching  the  pumps.  A  grit  chamber 
34  ft.  long  with  2  compartments,  each  one  foot  wide, 
was  provided  to  catch  the  heavy  material.  This  was 
later  discarded,  owing  to  modifications  in  the  plant 
which  will  be  described  later.  The  sewage  flows 
from  the  grit  chamber  into  the  aeration  chamber,  a 
rectangular  concrete  tank  17  X  36'/:  ft.  in  plan  and 
9V2  ft.  deep.  A  greater  depth  would  have  been  de- 
sirable, but  using  an  old  tank,  it  was  impossible  easily 
to  obtain  it.  The  aeration  chamber,  after  allowances 
are  made  for  baffling  and  sloping  bottom,  has  a  capacity 
of  36,000  gallons.  It  is  divided  longitudinally  by  3 
baffles  into  4  compartments  through  which  the  sewage 
flows  a  distance  of  about  140  ft.  The  lower  part  of 
each  compartment  has  sides  sloping  toward  the  cen- 
tral part  to  a  channel  V2  in-  wide  and  4  in.  deep,  and 
extending  the  length  of  the  compartment.  Above  the 
channel,  Filtros  plates  are  supported  on  T-bars  em- 
bedded in  concrete.  The  channel  below  the  Filtros 
plates  was  divided  into  sections  for  six  Filtros  plates 
each,  with  the  expectation  that  each  set  of  plates 
would  be  separated  from  all  the  others  and  that  the 
supply  of  air  to  each  set  could  be  regulated  by  an  air 
pipe  and  valve.  It  was,  however,  found  impossible  to 
regulate  independently  the  air  for  each  set  of  plates. 

The  aeration  chamber  was  calculated  to  treat  144,000 
gallons  of  sewage  and  sludge  daily,  if  aerated  during 
a  period  of  6  hrs.,  170,000  gallons  if  aerated  5  hrs.,  and 
216,000  gallons  if  aerated  4  hrs.  From  70,000  to  85,- 
000  gallons  of  sludge  were  pumped  back  into  the  aera- 
tion chamber,  for  each  100,000  gallons  of  sewage  added. 
The  calculation  for  the  capacity  of  the  chamber  was, 
therefore,  reasonably  accurate.  From  the  aeration 
chamber,  the  mixed  sewage  and  sludge  passes  to  a 
settling  chamber  6  X  10V2  ft.  in  plan  and  11  ft.  deep, 
at  its  lowest  point,  having  a  capacity  of  3,700  gallons. 
If  the  sewage  and  sludge  flowed  through  all  parts  of 
the  settling  chamber  it  would  have  a  retention  period 
of  24,  31  and  37  minutes,  with  a  flow  through  the 
aeration  chamber  of  4,  5  and  6  hrs.,  respectively.  In 
order  to  assist  the  settling  of  the  sludge  the  liquid 
passes  down  into  the  center  and  up  around  the  edge  of  a 
hollow  frustrum  of  a  pyramid  and  overflows  into 
drains  which  entirely  surround  the  settling  chamber. 

From  Ihe  settling  chamber  the  cfllucnt  flows  over  a 
weir  and  is  cither  returned  to  the  sewer  or  discharged 
into  a  pond,  formed  by  two  dams  thrown  across  the 
abandoned  bed  of  a  stream.  This  pond  covers  about 
o.  I   of  an   acre   and   has  a   maximum  depth  of  3   ft. 

The  sludge  is  withdrawn  from  the  .sellling  chamber 
by  an  air-lift  and  can  be  discharged  at  the  place  whore 
the  raw  sewage  enters  the  aeration  chamber  or  bo 
diverted  for  oxperimentol  purposes  or  discharged  into 
the  sewer.  Air  is  supplied  for  aeration  and  (or  the 
air-lift  by  a  rotary  positive  pressure  blower,  having 
a  rated  capacity  of  300  cu.  (t.  per  minute,  driven  by 
a  is-H.  P.  electric  motor.  The  air  is  filtered  through 
cheesecloth  spread  over  a  box  having  sides  of  wire 
netting,  and  i.s  measured  through  a  Vcnturi  meter. 

The  plant   wii-i  operated  from   Moy   :,s  to  jtine   11, 


846 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY       Vol.  9,  No.  9 


19 16,  when  it  was  shut  down  to  repair  leaks  due  to 
faulty  concrete  work.  Much  care  should  be  taken 
in  order  to  make  the  concrete  air-tight,  or  cast-iron  or 
metal  frames  as  used  at  Milwaukee  and  Cleveland 
should  be  used.  The  plant  was  again  put  in  opera- 
tion on  July  II,  and  operated  continuously  until 
October  22.  The  amount  of  sewage  added  during 
weekly  periods  varied  from  61,000  to  177,600  gallons 
per  day.  Approximately  2  cu.  ft.  of  air  per  gallon 
of  sewage  was  necessary  to  obtain  stable  effluents. 
Undoubtedly  better  results  could  be  obtained  with 
increased  settling  capacity,  and  a  steeper  slope  from 
the  vertical  sides  to  the  extreme  bottom  of  the  cham- 
ber. The  actual  period  of  flow  through  the  settling 
chamber  as  determined  by  tests  with  fluorescein  and 
with  salt  when  the  rate  of  pumping  was  133,900  gal- 
lons per  day,  was  found  to  be  20  minutes  instead  of 
34  minutes  as  calculated.  A  large  chamber,  or  two 
chambers  possibly,  with  an  arrangement  for  aeration 
between  them,  would  undoubtedly  increase  the  capacity 
of  the  plant. 

For  further  experiments  the  plant  was  modified 
by  cutting  out  the  grit  chamber  and  inserting  a  short 
box,  into  which  the  sewage  was  pumped.  The  box 
is  4  ft.  9  in.  X  II  in.  in  plan  and  10  in.  deep  and  has 
a  V-shaped  weir  at  the  end  for  measuring  the  sewage. 
One-quarter  of  the  aeration  chamber  was  cut  off 
from  the  remainder  for  a  sludge-aerating  tank.  This 
decreased  the  length  of  flow  in  the  aeration  chamber 
to  105  ft.  The  plant  was  again  started  January  17, 
191 7,  and  has  been  in  operation  continuously  until 
the  present  time,  June   12,    1917. 

COMPARISON     OF     METHODS     OF    AIR    DIFFUSION 

An  important  feature  of  the  activated-sludge  process 
is  the  method  of  air  diffusion.  In  the  original  experi- 
ments air  was  introduced  into  the  sewage  in  bottles 
through  small  glass  tubes.  The  relatively  large  bub- 
bles delivered  by  this  method  made  it  appear  feasible 
that  better  air  diffusion  to  break  up  the  air  stream 
into  smaller  bubbles  might  be  productive  of  increased 
efficiency,  and  thus  become  an  important  feature  in 
reducing  the  cost  of  the  process.  In  the  first  contin- 
uous system  experiments  conducted  at  Manchester  by 
Ardern  and  Lockett,'  a  series  of  perforated  pipes 
placed  at  4  in.  intervals  and  fixed  at  a  depth  of  12  in. 
below  the  surface  was  used.  In  subsequent  experi- 
ments Ardern  and  Lockett  used  porous  tile  similar 
to  those  used  by  Fowler  and  Mumford  in  connection 
with  other  work  on  the  clarification  of  sewage  by 
means  of  specific  organisms.  Ardern  and  Lockett 
reported  that  a  comparison  of  the  results  with  those 
obtained  with  pipe  diffusers  showed  advantages  in 
favor  of  porous  tile.  This  was  demonstrated  in  three 
sets  of  experiments  using  (i)  an  excessive  amount  of 
air  on  a  strong  sewage,  (2)  an  average  amount  of  air 
on  a  dilute  sewage,  and  (3)  a  minimum  amount  of  air 
on  a  dilute  sewage.  At  Salford''  a  roughing  filter  was 
converted  into  an  activated-sludge  tank  and  the  air 
pipes  of  the  filter  were  used  for  diffusers.  The  outlets, 
I   in.    in  diameter,    were   placed  8  in.  apart  on  the  top 

'  J.  Soc.  Chem.  Ind.,  S3  (1914),  523-39,  1122-4. 

^  Suneyor.  «6  (1914),  681-2;  /.  Soc.  Chem.  Ind.,  33  (1914),  1124-30. 


and  sides  of  the  pipes.  Effluents  within  the  require- 
ments of  local  conditions  were  obtained.  Fowler' 
described  an  arrangement  devised  originally  by  Jones 
and  Atwood,  which  consists  of  a  series  of  nozzles,  one 
in  each  square  yard  of  the  aeration  tank.  The  scheme 
was  not  satisfactory  because  deposits  of  sludge  formed 
around  each  nozzle.  In  this  country,  Filtros  plates 
were  first  used  for  air  diffusion  in  a  small  tank  in  the 
laboratory  of  the  Illinois  State  Water  Survey,  and 
have    since    been    used   rather    generally    in    America. 

Much  has  been  written  and  various  opinions  expressed 
regarding  kinds  of  air  diffusers.  Hammond,^  in  April 
1916,  after  visiting  five  working  plants,  stated  that  air 
distribution  troubles  had  been  rather  general  and  that 
he  believed  that  pipe  grids  were  more  satisfactory  than 
porous  diffusers.  Hammond  states  that  the  use  of 
porous  diffusers  has  been  largely  from  theoretical 
rather  than  practical  reasons. 

Hatton,'  after  various  experiments,  reports  that 
Filtros  plates  were  the  most  satisfactory  medium  he  has 
found  for  air  diffusion,  but  that  they  should  be  of  uni- 
form porosity,  should  be  properly  installed,  and  all 
oil  and  dust  should  be  excluded  from  the  air  passing 
through  them.  Wooden-block  diffusers  give  good 
diffusion  with  least  frictional  loss.  The  bubbles  are 
smaller  than  those  obtained  by  Filtros  plates.  The 
experiments,  however,  are  insufficient  to  warrant  their 
adoption  for  working-scale  installations.  Further- 
more, the  deterioration  is  apparently  rapid. 

Pearse  and  Richardson,  in  a  recent  report'  on  the 
activated-sludge  process  for  handling  Packingtown 
trade  waste,  state:  "At  the  present  time  Filtros  plates 
offer  the  most  satisfactory  air  distribution.  Although 
the  cost  of  maintenance  may  be  somewhat  higher 
than  the  perforated-pipe  grids,  we  believe  the  distri- 
bution is  better  and  the  size  of  air  bubbles  is  much 
smaller  with  consequent  increase  of  efficiency.  The 
basswood  plates,  now  being  tested  in  Milwaukee, 
produce  a  remarkably  fine  air  bubble,  insuring  a  con- 
siderable reduction  in  the  use  of  air.  The  life  of  bass- 
wood  plates  is  at  present  very  uncertain  because  of 
possible   decay." 

The  statements  by  various  authorities  concerning 
the  use  of  diffusers  were  so  decidedly  at  variance  that 
we  were  led  to  make  some  comparisons  of  different 
diffusers  in  service  under  identical  conditions.  The 
four  reinforced  concrete  tanks  used  in  former  experi- 
ments and  described  in  a  previous  paper'  were  remod- 
elled and  each  fitted  with  a  different  air  diffuser  (see 
Fig.  II).  The  tanks  operate  on  the  fill-and-draw 
system  and  are  3  ft.  2  in.  square  and  8  ft.  deep.  At 
each  filling  350  gallons  of  sewage  were  added. 

One  tank  {A)  was  fitted  with  a  system  of  perforated 
pipes  having  perforations  one-twenty-fifth  of  an  inch 
in  diameter  placed  2  in.  apart  and  staggered  at  an  angle 
of  45°  from  the  top  of  the  pipes.  There  were  about  40 
holes  in  the  pipes  or  4  to  each  square  foot  of  surface 

'  J.  Inst.  San.  Ennrs.,  March  and  April.  1916. 
'  Eng.  News,  76  (1916).  798-801. 
"  Eng.  and  Contr..  U  (1915),  104-8. 

«  "The    Activated-Sludge    Process   for    Handling  Packingtown  Trades 
Wastes."  Sanitary  District  of  Chicago,  1917. 
*  Loc.  cit. 
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-Summary  op  Results  (Parts  per  Million)  Obtained  in  the  Comparison  op  Eppiciency  of  Methods  op  Aeration  Measured  in  Terms  op 
Ammonia  Nitrogen.  Nitrate  and  Nitrite  Nitrogen.  Oxygen  Consumed,  Turbidity  and  the  Accumulation  op  Sludge 


Ammonia  Nitrogen     Nitrate  and  Nitrite  Nitrogen 


Pbriod 
1917 
Mar.  27  to  Apr.  1 

Sew- 
age 

..     21 
.  .       17 

.  .      16 

Apr.  12  to  17 

Apr.  17  to  22 

Apr.  22  to  27 

Apr.  27  to  30 

..      26 

..     21 

..     25 

22 

Average  Reduction'. . . . 
or  Percentages 

..     21 

age 
0.9 
4.7 


20 


4.0 
4.7 
4.5 
0  3 
0.0 
0.1 
0.0 


10       71 


71 


1.7      1.9 


3.9 
6.1 
5.9 
6.8 
15.0 
25.8 
23.8 
12.6 


3.9 
6.3 
7.2 
10.2 
16.9 
26.0 
24.7 
13.6 


Oxygen  Consumbd 

Sew-  . EfiluenU . 

age  A  B  CD 
58  26  19  20  22 
46  21  18  15  14 
50  26  24  19  26 
55     32     26     25      16 


52     21      22     20      19 
.  .      60     58     62     63 


Sew- 
age 
282 
317 
190 
248 
306 
309 
268 
274 


48     39     46     46 


13      10     11      II 
95     96     96     96 


Results  April  12-30  after  Actitattd  Sludge  was  Formed 

Average  Reduction 24     24     23  0         0        1.7     0.3     0.1      17.8      19.4       55     32     26     25      16       283 

or  Percentages 0       4      100     100        ..  ..      41      53     54     70 

A,  tank  with  perforated  pipes;  B,  wooden  blocks;  C,  fine  Filtros  plates;  D  coarse  Filtros  plates. 


98     98     98     98 


Per  Cent  Sludge 
' — Effluents — s 


14  14  12  12 

18  21  18  18 

26  29  25  28 

29  35  34  31 

38  37  44  39 

35  33  36  33 


38     37     44     39 


area.  The  bottom  of  the  tank  is  sloped  from  the  cen- 
ter and  sides  at  an  angle  of  45°,  thus  forming  two 
V-shaped  channels  of  equal  size,  i  ft.  in  depth,  running 
entirely  across  the  tank. 

The  bottom  of  the  second  tank  (B)  was  hoppered 
from  all  four  sides  and  a  concrete  container  for  wooden- 
block  air  diflusers  was  placed  in  the  bottom  of  the 
hopper.  The  container  was  patterned  after  one  de- 
signed by  NordelU  and  used  at  Milwaukee  in  the 
Nordell  aerating  tank.  The  container  is  a  one-piece 
casting  2  ft.  8  in.  long,  i  ft.  8'/i6  in.  broad,  and  5  in. 
thick  with  a  receptacle  for  the  blocks  i  ft.  3'/i6  in.  by 
2  ft.  3  in.  in  plan,  '/<  in.  deep  at  the  edge,  and  1V4 
in.  deep  at  the  center.  The  wooden  blocks  rest  upon 
a  series  of  thirteen  ridges,  i  V2  in.  wide  and  Vi  in.  high 
that  run  across  the  receptacle,  leaving  a  V4  in.  space 
underneath  for  the  air  to  circulate.  The  surface  of 
the  container  was  cast  on  a  curve  so  that  the  tendency 
of  the  wooden  blocks  on  swelling  would  be  to  wedge 
themselves  more  firmly  into  position.  The  basswood 
blocks  used  in  our  experiments  were  very  kindly  fur- 
nished us  by  T.  Chalkley  Hatton.  They  were  V2  in. 
thick,  6  in.  long  and  2V8  in.  wide.  At  first  difficulty 
was  experienced  in  keeping  the  blocks  in  position  be- 
cause of  the  excessive  swelling  that  took  place  when 
they  were  placed  under  water  and  also  because  they 
became  soft  and  spongy.  Many  of  the  blocks  be- 
came so  curved  and  twisted  that  they  were  discarded. 
It  was  found  necessary  to  place  strips  of  heavy  gal- 
vanized iron  on  edge  between  each  row  of  blocks 
for  reinforcement  and  to  close  up  certain  joints  with 
oakum. 

Filtros  plates  of  different  porosity,  kindly  furnished 
by  the  General  Filtration  Co.,  were  placed  in  two  of 
the  tanks  (C  and  D).  Three  plates  were  used  in  each 
tank,  covering  one-third  of  the  area  and  forming  the 
bottom  of  a  trough  with  sides  sloping  at  an  angle 
of  45°.  The  plates  of  the  third  tank  (C)  were  marked 
"fine,"  because  on  the  basis  of  dry  rating  these  plates 
passed  5 . 8  cu.  ft.  of  air  per  minute  per  square  foot 
under  a  water  pressure  of  2  inches.  When  saturated 
with  water  and  passing  2  cu.  ft.  of  air  per  minute 
they  showed  a  resistance  on  a  water  gauge  of  1 1 . 4 
to  11.8  in.  The  fourth  tank  (D)  was  equipped  with 
plates  marked  "coarse"  w'hich,  on  the  same  basis, 
passed  12  cu.  ft.  of  air  per  minute  per  sq.  ft.  When 
passing  2  cu.  ft.  of  air  per  minute  these  plates  regis- 
tered a  resistance  of  8.  8  to  9.  6  in.  of  water  pressure. 

The  tanks   were   operated  during  three  periods  of 

^  Annual  Report  of  Sewerage  Commission  of  Milwaukee  (1916). 


15,  20,  and  3  5  days,  respectively.  Each  of  the  tanks 
was  operated  in  three  aeration  periods  daily  of  510, 
300,  and  270  min.  with  a  2-hour  allowance  between 
the  periods  for  settling,  emptying  and  filling.  The 
same  amount  of  air  as  measured  by  ordinary  gas 
meters  was  added  to  each  tank.  All  conditions  were 
maintained  as  nearly  identical  as  possible.  The 
sewage  was  pumped  from  the  main  sewer  just  outside 
the  city  limits  of  Champaign  and  accordingly  was 
fresh.  It  was  a  fairly  strong,  domestic  sewage  with 
no  trade  wastes.  No  activated  sludge  was  added 
to  the  tanks  at  the  beginning  of  any  of  the  series  of 
tests. 

Samples  of  sewage  were  taken  as  the  sewage  was 
being  pumped  into  the  tanks  and  samples  of  effluents 
were  collected  at  the  close  of  each  aeration  period 
after  the  sludge  had  been  allowed  to  settle  for  30  min- 
utes. The  methods  of  analysis  were  those  given  in 
the  1917  edition  of  "Standard  Methods  for  the  Ex- 
amination of  Water  and  Sewage  of  the  American 
Public  Health  Association." 

The  third  series  of  tests,  which  lasted  35  days, 
was  the  most  satisfactory  (see  Table  I).  There  was 
no  sludge  present  at  the  beginning  and,  owing  to  the 
length  of  the  test,  at  times  some  of  the  e.xcess  of  the 
accumulated  sludge  was  wasted.  No  accurate  com- 
parison of  the  sludge  accumulation  at  the  end  of  the 
series  can  be  made.  The  maximum  amount  of  sludge 
was  reached  last  in  the  tank  with  perforated  pipes. 
Removal  of  turbidity  and  oxygen-consuming  capacity 
was  practically  the  same  in  all  tanks.  Measured  in 
terms  of  removal  of  ammonia  nitrogen  and  in  pro- 
duction of  nitrate  nitrogen  the  tanks  with  Filtros 
plates  were  decidedly  superior.  Ammonia  nitrogen 
was  entirely  removed  in  the  tanks  with  Filtros  plates 
after  17  days.  Owing  to  rains,  nitrate  nitrogen  was 
present  in  the  raw  sewage  during  the  early  part  of  the 
series  and  continued  to  increase  in  the  tanks  contain- 
ing Filtros  plates,  reaching  about  25  p.  p.  m.  Prac- 
tically all  of  the  nitrate  nitrogen  disappeared  from  the 
other  tanks.  The  poor  results  from  the  tank  with 
wooden  blocks  were  probably  caused  by  the  develop- 
ment of  a  hole  in  the  tank,  which  prevented  the  forma- 
tion of  finely  divided  bubbles.  The  stability  to  methyl- 
ene blue  was  tested  on  and  after  the  eleventh  day 
and  all  effluents  from  the  tanks  containing  Filtros 
plates  were  stable  for  10  days  at  20°  C.  Most  of  the 
effiuents  from  the  other  tanks  were  unstable.  Nearly 
30,000  gallons  of  sewage  were  treated  in  each  tank 
with  3 . 2  cu.  ft.  of  free  air  per  gallon.     The  sludges  in 
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the  tanks  with  Filtros  plates  settled  better  and  after 
removal  at  the  end  of  the  series,  had  specific  gravi- 
ties of  I.  01 3  and  1.022,  compared  with  1.006  for  the 
sludges  from  the  other  tanks. 

The  results  obtained  from  these  comparative  tests 
indicate  the  superiority  of  Filtros  plates  as  air  diff  users 
over  perforated  pipes,  such  as  were  used  in  our  tests 
under  the  conditions  maintained.  The  wooden  blocks 
were  difficult  to  handle  though  this  was  caused  in 
part  by  the  faulty  design  of  our  containers.  Even 
in  the  time  they  were  used,  there  was  evidence  of 
considerable  deterioration.  From  the  results  ob- 
tained we  could  distinguish  little,  if  any,  difference 
between  the  coarse  and  fine  grades  of  Filtros  plates. 
With  air  free  from  dust  and  oil  there  should  be  little 
trouble  experienced  from  clogging  of  plates. 

DEWATERING    OF    ACTIVATED    SLUDGE 

Satisfactory  purification  of  sewage  has  been  ob- 
tained by  us  and  by  many  others,  but  before  the  method 
can  be  considered  an  unqualified  success  a  practical 
and  economical  method  of  drying  the  sludge  must  be 
found.  Various  methods  have  been  tried  by  different 
investigators,  but  we  have  at  the  risk  of  duplication 
experimented  with  many  of  these  methods.  Although 
drying  on  sand-beds  had  been  tried  at  Cleveland, 
and  we  had  ourselves  tried  it,  we  thought  wise  to  re- 
peat the  experiments  on  better  constructed  beds  than 
were  used  in  our  previous  work.  The  experiments 
were  not  successful.  Owing  to  the  large  amount  of 
moisture  in  the  sludge,  98  to  99  per  cent,  the  solid 
matter  obtainable  from  a  foot  depth  of  sludge  would 
be  only  from  one-quarter  to  one-half  an  inch,  according 
to  the  residual  moisture  content.  It  was  also  diffi- 
cult to  separate  the  sludge  and  sand.  The  fertilizer 
obtained  was  more  or  less  impure  and  of  decreased 
value.  The  sand  beds  used  were  one-hundredth  of 
an  acre  in  area  and  divided  into  five  compartments. 
Underdrains  were  overlain  with  10  in.  of  coarse  gravel 
and  8  inches  of  sand.  The  beds  were  provided  with 
a  canvas  cover  supported  on  a  framework  so  that  they 
could  be  protected  during  storms.  One  compart- 
ment was  allowed  to  dry  after  a  single  filling,  another 
after  two  fillings,  and  another  after  three  fillings.  In 
no  case  were  the  results  sufficiently  satisfactory  to 
warrant  the  use  of  sand  beds  for  the  drying  of  the  sludge 
,'ind  the  production  of  a  commercial  fertilizer. 

Experiments  with  a  filter  press  with  leaves  8'/j 
in.  square  operating  on  a  fairly  concentrated  sludge 
were  also  unsatisfactory.  It  has  thus  far  been  impossi- 
ble for  us  to  obtain  a  cake  of  good  consistency.  Further 
experiments  are  to  be  tried  with  the  hope  that  better 
results  can   be  obtained. 

Through  the  courtesy  of  the  Koering  Cyaniding 
Company,  of  Detroit,  a  rotary  filter  wa.s  placed  at  our 
disposal.  This  style  of  filter  is  used  satisfactorily 
in  filtering  slimes  in  extrncting  gold  and  silver  by  the 
cyaniding  process.  The  apparatus  consists  of  a  cylinder 
of  Filtros  plates  supported  on  a  perforotcd  steel 
cylinder  outside  of  which,  ot  a  distance  of  about  one 
inch,  is  a  solid  steel  outer  shell.  The  material  to  be 
(iltcred   is   forced   into   the  interior  of  the  rylitulcr  of 


Filtros  plates,  the  cylinder  is  revolved  and  a  cake  of 
sludge  is  built  up  on  the  inside  of  the  plates.  The 
liquid  filters  through  the  plates  into  the  space  between 
the  cylinders.  Air  pressure  can  be  exerted  from  the 
interior  to  dry  the  cake,  and  from  the  exterior  to  loosen 
it.  The  plates  can  be  cleaned  by  back-flushing  with 
water.  The  first  trial  with  a  comparatively  heavy 
and  not  very  fresh  sludge  did  not  give  satisfactory 
results.  The  quick-opening  door  could  not  stand 
the  pressure.  Another  trial  will  be  given  as  soon  as 
the  door  can  be  replaced. 

Mohlman'  reported  experiments  with  two  small 
centrifuges,  one  of  the  low-speed  basket  type  and  the 
other  of  the  high-speed  bottle  type.  The  basket  of 
the  low-speed  machine  was  8  in.  in  diameter  and  6  in. 
deep.  The  periphery  was  perforated  with  numerous 
holes  V16  in.  in  diameter.  When  the  holes  were  cov- 
ered with  a  strip  of  muslin  cloth,  approximately 
one  gallon  of  98  per  cent  moisture  sludge  was  put  into 
the  centrifuge  and  after  15  minutes,  700  g.  of  91  per 
cent  moisture  sludge  were  obtained.  The  high-speed 
bottle-type  machine  reduced  the  moisture  from  98 
to  92  per  cent  in  3  minutes.  Mohlman  stated  that  in 
order  to  be  economical  there  should  be  an  automatic 
arrangement  for  removing  the  cake.  The  most  suc- 
cessful apparatus  of  this  type  is  the  Schafer-ter  Meer 
centrifuge  described  by  Hammond.^  This  machine 
is  said  to  be  very  efficient  but  was  too  expensive  for 
us  to  obtain  for  experimental  work. 

At  Cleveland,  Pratt  and  Gascoigne'  used  a  laundry 
centrifuge  with  a  26  in.  basket,  lined  with  a  '/<  in. 
wire  mesh  inside  of  which  was  a  canvas  bag.  In  the  best 
run,  when  the  basket  revolved  at  about  1200  r.  p.  m., 
60  gallons  of  97.5  per  cent  moisture  sludge  was  added 
in  about  25  minutes  and  in  2  hours  the  moisture  con- 
tent was  reduced  to  84  per  cent.  The  time  required 
would  seem  to  make  this  process  impracticable. 

Working  on  the  assumption  that  the  principle  used 
in  drying  of  china  clays  or  that  used  in  the  cream 
separator  might  be  applicable,  a  modified  basket-type 
centrifuge  and  a  modified  cream  separator  were  tired. 
The  holes  of  an  8-in.  basket-type  centrifuge  were  cov- 
ered with  a  strip  of  rubber  packing.  The  best  results 
were  obtained  with  1500  r.  p.  ni.,  which  was  the  lim- 
iting speed  of  the  machine.  This  would  seem  to  in- 
dicate that  the  process  would  give  efficient  results 
if  carried  on  at  an  increased  speed,  but  would  yield  an 
cffiuent  that  must  be  returned  with  the  sewage  to  the 
aeration  chamber.  A  series  of  tests  was  made  with  a 
cream  separator,  the  bowl  of  which  was  modified,  by 
removing  the  inner  disks  and  discharging  the  clarified 
liquid  about  an  inch  from  the  center  of  the  bowl  at 
the  top.  The  sludge  added  at  the  top  dropped 
to  the  bottom  of  the  bowl,  and  the  liquid  was  thrown 
out  over  the  rin).  Sludge  cakes  containing  from 
8s  to  86  per  cent  of  moisture  were  obtained  by  the 
cream  separator  in  0  to  8  minutes,  which  encourngcd  us 
to  obtain  a  special  machine  for  further  experiments. 

A  specially  designed  centrifuge  was  purchased  from 

>  ThciU.  I'liivrrallr  "I  IlllnnU.  Junr.  lOIA. 
•  R»t-  Snt.  Tl  (1916).  800. 
*nU..l%  (1916).  IW4. 
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the  Tolhurst  Machine  Works,  of  Troy,  New  York. 
This  machine  is  12  in.  in  diameter,  9V2  in.  high  and 
at  a  speed  of  1800  r.  p.  m.  exerts  a  centrifugal  force 
of  550  lbs.  According  to  its  concentration,  from  10 
to  25  gallons  of  the  sludge  are  added  and  10  lbs.  of 
cake  obtained.  The  sludge  cake  contains  about  88 
per  cent  moisture.  The  space  underneath  the  rim  con- 
tains 0.158  cu.  ft.  Owing  to  the  small  size  of  the 
machine  and  to  the  fact  that  the  material  must  be 
scraped  out,  the  time  of  cleaning  is  longer  than  would 
be  required  for  a  larger  machine  with  an  opening  in 
the  bottom,  so  that  a  large  machine  could  undoubt- 
edly have  been  filled  and  emptied  more  rapidly  than 
the  small  laboratory  machine.  We  have  found  it 
entirely  possible  to  fill  and  empty  the  small  machine 
4  times  in  one  hour.  Calculating  that  the  same  rate 
could  be  used  with  a  40-in.  machine  having  46  times 
the  capacity,  we  could  obtain  in  each  filling  460  lbs. 
of  sludge  of  88  per  cent  moisture,  equivalent  to  55 
pounds  of  dry  material.  One  40-in.  machine  would, 
therefore,  deliver  the  equivalent  of  2200  lbs.  of  dry 
material  in  a  working  day  of  10  hrs.  On  the  supposi- 
tion that  one-half  ton  of  dry  material  will  be  obtained 
from  1,000,000  gallons  of  sewage,  one  machine  would 
dewater  the  sludge  from  2,000,000  gallons  of  sewage 
per  day.  The  cost  of  the  40-in.  machine  at  present 
is  only  $750  and  the  power  to  run  it  is  small  enough  to 
make  the  process  appear  practical  for  preparing  sludge 
cake  for  a  dryer. 

The  actual  cost  of  dewatering  will  depend  upon  the 
amount  of  water  that  can  be  removed  by  the  centri- 
fuge, the  size  of  dryer  and  the  amount  of  coal  re- 
quired for  removing  the  residual  water.  A  drying  test 
using  220  lbs.  of  88  per  cent  sludge  cake  made  by  the 
John  P.  Devine  Co.  indicates  that  the  dewatering 
process  can  be  made  practical. 

The  author  desires  to  acknowledge  his  indebtedness 
to  the  members  of  the  staff  of  the  Illinois  State  Water 
Survey,  and  especially  to  J.  F.  Schnellbach,  F.  L. 
Mickle,  W.  D.  Hatfield,  and  E.  Greenfield  for  their  in- 
terest and  assistance  in  carrying  out  the  experimental 
work. 
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INTRODUCTION 

The  present  methods  for  the  analysis  of  Turkey-red 
oils  have  proven  to  be  inadequate  for  the  routine  work 
of  this  laboratory  where  several  such  analyses  have 
to  be  made  every  day.  The  determinations  of  impor- 
tance in  such  products  are  the  percentages  of  total 
fat  and  of  combined  sulfuric  anhydride.  The  methods 
usually  employed  for  total  fat  are  (i)  to  extract  with 
ether,  or  (2)  to  decompose  with  acid  and  to  measure 
the  volume  of  the  oil  which  separates.  Both  methods 
were  found  unsuitable  for  our  purposes;  besides  other 
reasons,  the  former  was  too  tedious,  and  the  latter 
consumed  too  much  time. 

The  present  method  for  the  determination  of  com- 
bined   sulfuric    anhydride    requires    two    gravimetric 


analyses,  and,  because  of  its  length,  its  application 
for  factory  control  is  limited.  It  was  noted,  however, 
that  this  determination  afforded  an  excellent  means  of 
judging  and  controlling  the  manufacture  of  sulfated 
products,  as  is  illustrated  by  the  following  case.  A 
commercial  Turkey-red  oil,  which  was  at  first  passed 
as  satisfactory,  was  found  on  analysis  to  contain  40 
per  cent  less  bound  SO3  than  it  should  have.  As  a 
result,  the  oil  was  retested  in  a  practical  way,  and  found 
to  be  faulty  in  many  respects.  The  cause  of  the 
trouble  was  later  traced  to  hot  weather,  which  caused 
the  temperature  of  the  unwashed  sulfated  oil  to  rise 
during  the  night. 

To  insure  uniformity  in  shipments,  this  laboratory 
has  made  it  a  practice  to  estimate  the  amount  of  fat 
bound  as  soap,  and  the  amount  present  as  free  fatty 
acids;  the  former  was  determined  by  titrating  a  water 
solution  of  the  sample  with  H2SO4  in  presence  of  methyl 
orange,  and  the  latter  by  titrating  the  alcoholic 
solution  with  NaOH  in  presence  of  phenolphthalein. 
It  occurred  to  the  writer  that  it  might  be  possible  to 
saponify  completely  the  rest  of  the  fat  by  ordinary 
means.  A  few  experiments  proved  that  such  was  the 
case,  and  this  fact  was  utilized  to  develop  a  new 
method  for  the  determination  of  fat.  A  short  method 
for  combined  SO3  and  ammonia  was  also  worked  out 
at  the  same  time. 

By  our  new  procedure,  we  are  able  to  determine, 
within  a  reasonable  length  of  time,  not  only  total  fat 
and  sulfuric  anhydride,  but  also  ammonia  and  caustic 
soda.  Furthermore,  this  method  makes  it  possible  to 
estimate  from  the  data  obtained  for  the  other  tests  the 
amount  of  fat  present  as  soap,  as  free  fatty  acids  and 
as  esters,  lactones,  etc.;  the  only  additional  test  re- 
quired is  for  free  fatty  acids,  which  is  determined  as 
mentioned  above. 

PRESENT    METHOD    FOR    FAT 

The  technical  procedure'  for  the  determination  of  fat 
in  Turkey-red  oils,  Monopole  oils,  Sulfo  Textol  oils, 
etc.,  is  to  decompose  with  acid  a  sample  contained  in  a 
special  flask  having  a  long  neck  graduated  in  cc,  and 
to  boil  the  contents  until  the  oil  is  clear.  The  latter 
is  then  brought  within  the  graduation  on  the  flask  by 
pouring  in  a  saturated  salt  solution.  The  per  cent 
fat  is  then  calculated  from  the  volume  of  the  oil  and  its 
specific  gravity  which  is  assumed  to  be  0.945  at  room 
temperature. 

This  method  presents  many  difficulties;  for  example, 
during  the  heating,  the  oil  which  spreads  on  the  surface 
of  the  water  prevents  the  latter  from  boiling  freely,  and, 
unless  the  flask  is  vigorously  and  constantly  agitated, 
the  contents  are  likely  to  spout  out.  Holde'  says: 
"A  disadvantage  of  the  method  is  the  fact  that  the 
layers  do  not  completely  separate,  the  deviation  in 
results  being  as  much  as  i  per  cent."  Another  source 
of  error  is  that  the  contraction  of  the  contents  in  the 
flask  on  cooling  leaves  behind  a  film  of  oil  which  is  not 
taken  into  account.  Finally,  it  has  lately  been 
almost  impossible  to  obtain  a  flask  of  this  type  that 
will  not  break  on  heating. 

A  modified  method  is  to  heat  the  contents  of  the 

1  "Examination  of  Hydrocarbon  Oils."  D.  Holde.  1915  edition,  pp. 
409  and  410.     English  tr.inslation  by  K.  Mueller. 
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flask  on  the  steam  bath  over  night,  or  until  the  oil  is 
clear.  Hot  salt  solution  is  then  added  and  the  flask 
is  immersed  in  the  steam  bath  for  an  hour,  or  until  the 
oil  column  becomes  clear.  The  last  procedure,  if 
carefully  carried  out,  gives  fairly  good  results  and  was 
used  to  check  our  data. 

NEW    METHOD    FOR    FAT 

For  our  purpose,  we  may  consider  that  commercial 
Turkey-red  oil  consists  of  the  following  substances: 
(a)  ammonia  or  soda  salts  of  the  acids  HOC17H32.CO2H, 
HOSO3C17H32.CO2H,  and  polymerized  acids;  (6)  un- 
changed castor  oil,  lactones,  etc.  Benedict  and  Ulzer' 
state  that  sulfo-ricinoleic  acid  is  not  decomposed  on 
boiling  in  alkaline  or  neutral  solutions,  but  is  easily 
decomposed  into  ricinoleic  and  sulfuric  acid  by  boiling 
with  dilute  mineral  acids. 

The  determination  of  fat,  as  developed  in  this 
laboratory,  is  carried  out  in  two  steps:  (i)  a  solution 
of  the  oil  is  titrated  with  N/2  H2SO4,  in  presence  of 
methyl  orange,  and  the  alkalinity  is  calculated  in 
mgs.  KOH  per  g.  of  sample;  (2)  in  another  sample  the 
saponification  value  of  the  unsaponified  oil  is  de- 
termined in  the  usual  manner.  The  sum  of  the  two 
results  divided  by  the  acid  number  of  the  original 
castor  oil  fatty  acids  gives  the  per  cent  fat. 

In  case  of  samples  whose  acid  numbers  are  not 
known,  the  average  value  of  190  is  assumed.  The  acid 
numbers  of  castor  oil  fatty  acids,  as  calculated  from 
the  saponification  values  given  by  Lewkowitsch,^  lie 
between  i86  and  194,  or  an  average  of  190.  In  assum- 
ing this  figure,  therefore,  the  maximum  error  is  about 
2  per  cent  of  the  fat,  and  since  most  commercial 
Turkey-red  oils  contain  about  50  per  cent  fat,  the 
average  maximum  error  due  to  this  assumption  is 
around  i  per  cent. 

The  success  of  this  method  depends  obviously  upon 
the  complete  saponification  of  the  oil,  and  upon  the 
accuracy  with  which  the  alkali  bound  as  soap  can  be 
determined.  The  saponification  is  carried  out  in  the 
usual  manner  by  heating  with  N/2  alcoholic  NaOH, 
save  that  the  heating  is  prolonged  to  45  minutes. 
Check  analyses  are  easily  obtained. 

The  alkalinity  necessary  for  the  fat  calculation  must 
be  that  which  corresponds  to  the  soda  (or  potash)  soap 
only  and  not  to  the  ammonium  soap,  as  the  latter 
acts  like  fatty  acids  during  the  saponification,  and 
consequently  the  fat  corresponding  to  the  ammonium 
soap  is  allowed  for  in  the  saponification  value.  To 
this  end,  the  solution  is  heated  with  a  measured  amount 
of  standardized  NaOH,  boiled  to  expel  ammonia, 
and  then  titrated  with  N/2  HjSO<  in  presence  of 
niclhyi  orange.  With  a  little  experience,  the  end- 
point  offers  no  difTiculty,  and  check  analyses  corre- 
sponding to  0.2  per  cent  fat  are  easily  obtained. 

Even  where  no  ammonia  is  present,  it  is  best  to 
proceed  in  this  manner,  in  preference  to  titrating  the 
original  solution  directly,  that  is,  without  the  addition 
of  alkali.  The  boiling  with  excess  alkali  serves  as  a 
blank  on  tiic  saponification  test,  and  avoids  errors  due 

>  "Atialyic  <trr  I'rilr  "  llrncillrl  unil  Ulnr,  p.  .148. 
'  "Cheiiilcnt    Terlitinlniiy    bikI    AnnlynU   i>t   Olla.    Pnia    hihI    Wairt." 
Ltwkowttiich.  p.  641, 


to  the  partial  saponification  of  the  sulfo  group,  which 
occasionally  occurs  with  some  Turkey-red  oils. 

In  case  the  sulfated  oil  was  entirely  neutralized  with 
ammonia,  a  negative  alkalinity  will  be  obtained  after 
expelling  the  NH3,  i.  e.,  the  alkalinity  will  be  less 
than  the  amount  of  alkali  added.  This  is  due  to  the 
fact  that  the  NH3  in  the  ammonium  salt  of  sulfo- 
ricinoleic  acid  is  displaced  by  XaOH  on  boiling;  this 
displacement,  which  is  quantitative,  also  occurs  dur- 
ing saponification,  and  evidently  must  be  subtracted 
from  the  saponification  value.  Such  products  can 
still  be  analyzed  by  this  method  with  good  results, 
as  shown  in  the  table  on  page  852  by  Sample  i,  which 
was  entirely  neutralized  with  ammonia. 

The  reliability  of  the  fat  determination,  calculated 
from  the  alkalinity  and  saponification  values,  may  be 
judged  by  comparing  the  percentage  of  fat  thus 
determined  (Col.  Ill)  with  the  fat  found  by  the  flask 
method  (Col.  II).  Col.  IV  gives  the  per  cent  yield 
in  fat  as  obtained  in  large  commercial  batches,  the 
fat  being  determined  according  to  the  new  method. 
The  average  yield  was  95.7  per  cent,  which  compares 
very  favorably  with  the  theoretical  yield  of  96  per  cent. 

AMMONIA 

To  determine  ammonia,  two  samples  are  analyzed 
for  alkalinity;  in  one,  the  alkalinity  is  determined  as 
described  above,  and  in  the  second,  it  is  similarly 
determined  except  that  the  boiling  with  caustic  soda  is 
omitted.  The  diS'erence  between  these  two  determina- 
tions is  evidently  due  to  the  ammonia,  and  may  be 
used  to  calculate  it.  This  is  much  simpler  than  the 
usual  method  of  distilling  with  excess  NaOH,  and 
absorbing  the  ammonia  in  standardized  acid.  The 
results  obtained  by  this  method  were  very  good, 
and  are  tabulated  in  Cols.  VI  and  VII;  where  ammonia 
is  reported  as  present,  known  amounts  were  added 
either  to  commercial  batches  or  to  laboratory  samples. 

PRESENT    METHOD    FOR    SOj 

Sulfo-ricinoleic  acid  on  boiling  with  dilute  mineral 
acids,  as  already  mentioned,  decomposes,  giving  as 
one  of  the  products,  free  sulfuric  acid.  The  usual 
method  for  determining  combined  S0|  is  to  boil  the 
oil  with  hydrochloric  acid.  The  fatty  matter  is  then 
extracted  with  ether  and  the  total  SOj  is  determined 
in  the  water  layer  as  BaS04.  In  another  sample  the 
SOj  bound  to  alkali  is  determined  by  washing  the  oil 
dissolved  in  ether  with  concentrated  salt  solution, 
and  analyzing  the  latter  for  H2SO4.  The  difference 
between  these  two  gravimetric  analyses  gives  the  com- 
bined SOj.     The  following  is  a  much  simpler  method. 

NEW    METHOD    FOR    SOi 

The  oil  is  treated  with  a  measured  amount  of  stand- 
ardized HjSOi,  boiled  until  the  decomposition  is  com- 
plete, and  finally  ncutrnlizcd  with  standnrdiicd  alkali 
in  presence  of  methyl  orange. 

The  following  changes  take  place  during  the  boiling: 
2NnSO,OC,7H„.CO,Na  -♦-  H,SO,  -f  aH,0 

-  Nn,SO,  +  jNaHSO,  -f-  jHOC„H„.CO,H 
After  heating,  t  ho  original  acidit  y  of  the  solution,  in  so  far 
as  methyl  ornngo  is  nffei  ted,  is  decreased  by  the  forma- 
tion of  Glnuber's  salt,  and  is  increased  by  the  NaHSOi. 
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I                                        II  III  IV  V  VI  VII                 VIII  IX     . 

Per  Cent  Fat  Per  Cent  Add  Value  Per  Cent  NHi  Per  Cent  Bound  SOj 

Sample                           Appearance                         Flask  New  Yield  of  New       Gravimetric  New 

^°/,.               „        of  Water  Solution                Method  Method  (a)  Fatty  Acids  Added  Method          Method  Method 

1(6)                Opalescent(e) 73.5  73.7  95.3  188  1.81  1.81                 5.78  5(3 

2  OpalcscentW 77.0  77.1  96.0  188  None 

3  White  Emulsion 73.8  74.2  35. 7  188  None  ^' \->  409 

4  White  Emulsion 78.5  78.3  96.3  188  None 

5(c)  Clear  Soluble 36.6  36.0  95.4                       188  0.740  0.733              2.04              187 

6W  ClearSoluble 32.6  32.1  95.5                       188  0.375  0.385               1.75               1.64 

7(d)  Opalescent 82.5  83.0                ..                        188  None 

8  Opalescentte) 60.1  59.0                 ..  Assumed  190  ...  0.364 

9  Opalescent(«) 68.5  69.0                 ..  Assumed  190  ...  None 

10  ClearSoluble 40.4  40.1                ..  Assumed  190  ...  None 

(o)  Average  yield  95.7%;  theory  96.0%.      (b)  Neutralized  entirely  with  ammonia,      (c)  Neutralized  partly  with  ammonia, 
(d)  Sulfated  castor  oil  soap.     («)  Changes  to  white  emulsion  on  standing  or  on  warming. 

The  net  change  in  acidity,  which  is  given  by  the  titra-  indistinct.      Double  the  amount  of  caustic  should  be 

tion,    is    equal    to    the    difference    between    the    total  used  for  concentrated  samples. 

alkalinity  due  to  the  soap  and  the  acidity  due  to  the  The   acid   value   of  the  castor   oil  fatty   acid   being 

NaHS04.      The  total  alkalinity  of  the  original  sample  known  (i88)  the  fat  was  calculated  as  follows: 

is  obtained  as  above.      Hence,  th.e  acidity  corresponding  22.3+45.4 

to  NaHSO.,,  or  combined  SO3,  can  be  calculated.      It  ^"■'  "         ^88         "  ^^^  ^^  "°* 

is  to  be  noted  that  80  parts  SO3  is  equivalent,  in  this  combined   sulfuric  anhydride— Eight   grams  were   gently 

case,  to   56.1   parts  of  KOH.      Cols.  VIII  and  IX  give  boiledforonehour  with  25  cc.  of  standardized  HjSO,  solution  in  a 

the  results  obtained  by  the  gravimetric  method   and  ^oo  cc.   Erienmeyer  flask,  provided  with  a  condenser  as  for 

our  present  method,  respectively.  saponification.     The     flask     was     frequently     shaken.     Before 

disconnecting,  the  condenser  was  washed  out  with  water  by  a 

PROCEDURE  spray  from  a  wash  bottle.     The  sample  was  then  titrated  with 

Below  is  given  in  detail  the  analysis  of  a  Turkey-red  caustic  soda.     The  end-point  wrs  best  observed  by  adding  e.xcess 

oil    which    was    partially    neutralized    with    ammonia.  alkali  and  finishing  the  titration  with  acid.     It  took  21.15  cc. 

The  solutions  required  are:  standardized  N/2  H2SO4,  °^  ^^^  ''"'^1'  to  neutralize  the  excess  acid;  the  titer  of  the  alkali 

N/2  NaOH,  and  approximately  N/2  alcoholic  NaOH.  ^^^  =4  48  and  of  the  acid  31-4  ('"  the  calculation,  it  should  be 

All  titrations  were  made  in  presence  of  methyl  orange,  ^^^^  *"  "'"^  ^^t  the  acid   is  partly   neutralized  by  the  alkali 

,           ^,          .       .    J.      .    J  in  the  oil,  which,  in  this  case,  is  equivalent  to  46.5  mg.  KOH). 
unless  otherwise  indicated. 

„       ^                                   •  L   J  ■   *  Combined  SO-i 

TOTAL  ALKALINITY — Ten  grams  were  weighed  into  a  250  cc.  ,  v  « v  \  s 

Erienmeyer  flask,  balanced  on  a  scale  sensitive  to  5  mg.   (all  =  f — '■ ^^^-^ ^  +  46.51-7—     =    1.87   percent 

weighings  were  made  in  this  manner),  150  cc.  water  added,  and 

.  ,        .,      »T,      TT<.^        -T-,       .•/  r      ,-  ■,  CONCLDSIONS 

titrated   with   N/2    H2SO4.     The   titer  of   the   acid   was   27.02 

mg.  KOH,  and  the  titration  required  17.2  cc.  I — Turkey-red   oils   and  similar   products   are   com- 

17.2  X  27.02  pletely  or  nearly  completely  saponified  by  N /2  alcoholic 

Total  alkalinity  =  =  46.5  mg.  KOH  per  g.  NaOH 

ALKALINITY  AFTER  NHj  WAS  VOLATILIZED — Eight  grams  Were  II — Alkali    bound    as    soap    can    be    determined   by 

dissolved  in  100  cc.  water  in  a  500  cc.  beaker,  25  cc.  N/2  NaOH  titrating  its  solution   with  acid  in  presence  of  methyl 

added,  and  gently  boiled  until  litmus  paper  no  longer  indicated  orange. 

ammonia   (about  one-half  hour).     Water  was  added  and  the  HI — It   is    feasible    to    calculate   the   combined    SOj 

alkali  titrated  with  NI2  H2SO4.     The  titer  of  the  caustic  was  from  the  increase  in  acidity  due  to  the  splitting  of  the 

27.30  mg.  KOH,  the  acid  27.02,  and  it   took   31.85    cc.    of   the  sulfo  group 

'''""  '"'■  .^^^  titration.  IV— Based  on  these  fundamentals  a  rapid  method  has 

Alkahmty  without  ammonia  ,  ^        ,         ,      ,        ,  ,,•  ^    ,     •,  i_  1         j 

...  s/        „  been  developed  whereby  sulfated  oils  can  be  analyzed 

31.85    X   27.02  —  25    X  27.30  -v/^u  rri  -J  ^-JLJ  jr 

= =  22-3  ™g-  KOH  tor  fat,  ammonia  and  caustic  soda  bound  as  soap,  and  for 

„,,,.,  ,  ..         ,.,  .  c  c  i.      sulfuric  anhydride  in  the  form  of  sulfo-ricinoleic  acid. 

Should  the  sample  contain  a  high  percentage  of  fat  ■' 

(shown  by  the  high  viscosity  and  also  by  the  fact  that  Acknowledgments  are  due  to  Dr.  F.  Sonneborn  and 

such  samples  give  with  warm  water  white  emulsions)      to  Dr.  F.   W.   Breth    of  this  laboratory,  for  valuable 

double  the  amount  of  caustic  soda  should  be  used.  suggestions  and  corrections. 

From  the   above   data,   the   ammonia   was   calculated  Laboratory  L.  Sonneborn  Sons.  Inc. 

New  York  City 

as  follows:  

Ammonia  =  46.5  —  22.3  =  24.2     mg.   KOH,    or,    0.733    per 
cent  NH,.  THE  DETERMINATION  OF  TANTALUM  IN  ALLOY 

SAPONIFICATION   VALUE — Eight   grams   were   weighed   into   a  STEELS 

250  CC.   Erienmeyer  flask  provided  with  a   long  glass  tube  to  By  G.  L.  Keluky.  F.  b.  Myers  and  C.  B.  Ilunowoktu 

serve  as  a  reflux  condenser,  and  25  cc.   N/2  alcoholic  NaOH  Received  June  21.  1917 

added.  The  flask  was  heated  on  a  steam  bath  for  45  minutes,  fhe  number  of  methods  so  far  published  for  the  de- 
neutral  alcohol  added,  and  excess  NaOH  titrated  with  N/2  termination  of  tantalum  in  steels  is  small.  Most  of 
acid  in  presence  of  phenolphthalein.  The  blank  took  23.4  these  deal  with  the  determination  of  the  element  in 
cc.  of  acid,  the  titration  required  9.95  cc,  and  the  titer  was  ,  ,  ,  ,  ,  ^  ■  j-  ,.  tu.,j„  „  „;i„i,i„ 
'           ^  ^•'  a  carbon  steel  and  do  not  indicate  methods  available 

(214 q  os)  2702  ^o'"  tise  with  steels  of  a  more  complex  character.      The 

Saponification  value '■ g —  =  45-4  mg-  KOH  methods  outlined  below  may  be  used  for  the  determina- 

The  alcoholic  caustic  should  be  filtered  to  remove  tion  of  tantalum  in  steels  containing  nickel,   cobalt, 

carbonate.     The  titration  should  be  carried  out  im-  aluminum,    chromium,    vanadium    and    tungsten    in 

mediately   after   saponification,    as   otherwise   the   ab-  addition   to  other   elements   usually   present   in  steel, 

sorption   of    CO;   from   the   air    makes   the    end-point  Titanium  interferes. 


Sept.,  1917 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


PROCEDURE    IN    THE    ABSENCE    OF    TUNGSTEN 

The  weight  of  the  sample  should  be  i  g.  for  2  to  s 
per  cent  tantalum  steels,  2  g.  for  those  containing  o.  5 
to  2  per  cent  and  up  to  10  g.  for  lower  percentages. 
The  sample  is  best  dissolved  in  i:  i  hydrochloric  acid 
with  heat,  and  evaporated  to  dryness.  The  residue 
is  treated  with  hot  dilute  HCI,  boiled  for  a  few  minutes, 
and  the  solution  filtered.  Both  the  filtrate  and  the 
residue  on  the  filter  paper  are  to  be  saved.  The  fil- 
trate is  next  evaporated  to  small  volume,  during  which 
process  the  iron  is  oxidized  by  the  addition  of  a  small 
amount  of  nitric  acid  to  the  boiling  solution.  When 
the  bulk  has  been  reduced  to  a  point  where  the  solu- 
tion has  a  syrupy  consistency,  50  cc.  of  concentrated 
hydrochloric  acid  are  added  and  the  evaporation  re- 
peated. On  cooling,  the  iron  may  be  extracted  from 
the  solution  with  ether.  The  aqueous  layer  is  then 
boiled  to  remove  dissolved  ether  and  treated  with  a 
slight  excess  of  ammonia  to  precipitate  the  tantalum. 
If  more  than  traces  of  chromium  and  vanadium  are 
present,  after  extraction  with  ether,  the  solution  should 
be  evaporated  with  15  cc.  of  sulfuric  acid  (sp.  gr. 
1 .  58)  until  fumes  appear.  It  is  then  carefully  diluted 
with  hot  water  to  a  volume  of  300  cc,  and  20  cc.  of  a 
solution  of  silver  nitrate  (i  g.  in  i  liter)  and  3  g.  of 
ammonium  persulfate  added,  after  which  it  is  further 
boiled.  This  oxidizes  the  chromium  and  vanadium 
to  chromate  and  vanadate,  in  which  state  they  do 
not  interfere  with  the  determination.  Ammonia  in 
slight  excess  is  then  added  as  above  and  the  solution 
boiled  again.  The  precipitate  in  any  case  will  contain 
all  of  the  tantalum  and  aluminum  which  was  in  solu- 
tion, together  with  variable,  but  generally  small 
amounts  of  chromium,  vanadium  and  manganese.  The 
solution  is  filtered  and  the  precipitate  after  washing 
is  combined  with  the  insoluble  residue  collected  in 
the  first  filtration.  The  precipitates  are  ignited  in  a 
platinum  crucible  at  a  moderate  temperature  in  order 
to  avoid  making  the  subsequent  solution  of  aluminum 
and  chromium  difficult.  Two  to  five  grams  of  fused 
potassium  acid  sulfate  were  then  added  and  the  whole 
fused  several  minutes  at  a  moderate  temperature. 
The  fused  mass  is  then  leached  with  hot  i  :  i  hydro- 
chloric acid  and  filtered.  SiOj  and  TaiOs  are  collected 
on  the  filter  paper.  This  residue  is  now  ready  for  igni- 
tion in  a  weighed  platinum  crucible.  The  residue  in 
the  crucible  is  treated  with  a  few  drops  of  concentrated 
HjS04  and  2  to  s  cc.  of  hydrofluoric  acid  to  remove 
silica.  After  evaporating  the  sulfuric  acid  and  igni- 
ting, the  residue  is  weighed  as  TajOs.  The  factor  is 
0.82. 

PROCEDURE    WHEN    TUNGSTEN    IS    PRESENT 

The  size  of  the  sample  is  as  descritied  above.  Solu- 
tion is  made  in  i  :  i  hy<lr()chloric  acid  which  is  oxid- 
ized while  hot  by  the  dropwisc  addition  of  nitric  acid. 
Tiic  .solution  is  then  diluted  with  4  volumes  of  water 
and  boiled  for  several  minutes.  The  tungslic  oxide 
is  then  filtered  out  and  washed  thoroughly  with  water 
containing  a  little  hydrochloric  iicid.  The  wash  waters 
and  filtrnlcs  arc  combined  and  evaporated  until  the 
solution  has  a  syrupy  consistency.  Fifty  cc.  of  con- 
ccntrale<l   HCI  arc  then  added  and  the  evaporation  re- 


peated. At  this  point  the  ferric  iron  is  extracted 
with  ether  and  the  aqueous  layer  saved.  During  the 
preceding  evaporation  there  will  usually  be  no  separa- 
tion of  either  SiOe  or  TajOs,  but  if  such  a  separation 
does  occur  the  precipitate  should  be  filtered  out  and 
treated  like  the  tungstic  oxide  precipitate. 

The  precipitate  of  tungstic  oxide  should  be  washed 
into  a  beaker,  and  water  and  ammonia  added  to  dis- 
solve the  tungstic  compounds.  The  residue  which 
may  contain  Ta  and  traces  of  Fe,  W,  Cr,  etc.,  is  col- 
lected on  a  filter  paper  and  saved. 

The  aqueous  layer  left  after  the  ether  extraction 
is  boiled  to  remove  the  ether,  15  cc.  of  sulfuric  acid 
(sp.  gr.  1 .  58)  added,  and  the  solution  evaporated. 
until  fumes  appear.  The  object  is  to  remove  chlorides. 
The  solution  is  next  carefully  diluted  to  a  volume  of 
300  cc.  with  hot  water  and  20  cc.  of  a  solution  of  silver 
nitrate  (i  g.  in  i  1.)  and  3  g.  of  ammonium  persulfate 
added.  Boiling  one  or  two  minutes  oxidizes  Cr,  V 
and  Mn.  Ammonia  then  precipitates  an  impure 
hydrated  tantalic  oxide  as  described  above,  leaving 
most  of  the  chromium  and  vanadium  in  solution. 
After  boiling  a  few  minutes,  it  is  allowed  to  settle,  and 
filtered.  This  precipitate  is  combined  with  the  in- 
soluble residue  left  after  dissolving  the  tungstic  oxide 
in  ammonia.  The  procedure  from  this  point  is  ex- 
actly as  described  under  the  procedure  in  the  absence 
of  tungsten  except  that  the  residue  of  Ta^Os  and  SiOj 
obtained  by  leaching  the  bisulfate  fusion  with  hydro- 
chloric acid  may  in  this  case  contain  a  little  tungstic 
oxide.  Therefore,  after  washing  it  with  acid  and 
water,  it  should  be  covered  with  a  dilute  solution  of 
ammonia  and  finally  washed  with  water.  Ignition 
followed  by  treatment  with  hydrofluoric  and  sulfuric 
acids  gives  TajOj. 

It  is  to  be  noted  that  the  precipitate  obtained  in 
the  manner  described  above  contains  Cb^Oj  if  this  is 
present.  At  this  writing,  it  is  not  generally  of  interest 
to  know  separately  the  percentages  of  Ta  and  Cb 
present  in  a  sample  of  steel,  but  where  such  informa- 
tion is  desirable  separation  must  be  made  by  the 
known  methods  by  work  on  the  residue  described  in 
this  paper  as  TajOj. 

EXPERIMENTAL 

A  sample  of  ferro-tantalum  was  analyzed  by  the 
method  given  by  Arnold  and  Ibbotson.  A  portion  of 
this  sample  which  contained  3.5  per  cent  of  Al  be- 
sides about  70  per  cent  of  Ta,  was  covered  with  hydro- 
fluoric acid  in  a  platinum  dish  and  nitric  acid  added 
drop  by  drop.  When  the  alloy  was  completely  dis- 
solved the  solution  was  evaporated  to  perhaps  half 
of  its  former  volume.  At  this  point  10  cc.  of  sulfuric 
acid  (sp.  gr.  1.58)  were  added  and  the  solution  again 
evaporated  slightly.  This  gave  a  solution  which  re- 
mained clear  several  days  on  diluting  with  wntcr. 
By  calculation  based  upon  the  weight  of  the  ferro-alloy 
taken,  the  strength  of  the  solution  was  found  to  be 
such  that  25  cc.  contained  0.0105  g,  of  tantalum.  To 
test  our  method  50  and  100  cc.  portions  of  this  solu- 
tion were  added  to  j-g.  portions  of  plain  cnrbon, 
nickclchronuum  and  high-speed  steels,  the  latter  con- 
taining 4  per  rent  of  cliromiuni,  3  per  cent  of  vonadium. 
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and  14  per  cent  of  tungsten.  Acid  to  dissolve  the  steel 
was  then  added  and  the  analyses  made  as  described 
above.  The  analytical  results  which  we  obtained  in 
testing  our  method  are  given  in  the  table  below: 

Determination  of  Tantalum   in   the   Presence   op   Certain  op  the 

Constituents  of  Alloy  Steels 

50  and  100  cc.  portions  of  ferro-tantalum  solution  added  to  2  g.  samples 

of  steel 

Per  Cent  Tantalum 
Kind  op  Steel  No.     Added       Found 

Plain  Carbon 1  1 .  05  1 .  06 

2  2.10         2.05 

Chromium-Nickel  Steel 1  1.05         1.03 

2  2.10         2.10 

Cliromium- Vanadium-Tungsten  Steel 1  1 .  05  1 .  00 

2  1.05  1.09 

3  2.10         2.05 

4  2.10         2.27 

Research  Department,  Midvale  Steel  Company 
Philadelphia 


NOTES  ON  THE  ANALYSIS  OF  ALLOYS  OF  NICKEL  AND 
ZIRCONIUM 

By  G.  L.  Kelley  and  F.   B.  Myers 
Received  June  14,  1917 

It  recently  became  necessary  in  this  laboratory  to 
develop  a  convenient  works-laboratory  method  for 
the  analysis  of  an  alloy  of  the  following  approximate 
composition: 

Carbon O.I  to    0.5  per  cent  Aluminum 0.5  to  lO.O  per  cent 

Nickel 70  0  to  90.0  per  cent  Zirconium 2.0  to  18.0  per  cent 

Iron 2.0  to    6.0  per  cent  Tungsten 0.5  to  10.0  per  cent 

Silicon 2.0  to    8.0  per  cent  Manganese 0.1  to    0.3  per  cent 

An  outline  of  the  method  used  is  given  in  this  paper. 

Dissolve  one  gram  of  the  material,  preferably  of  a 
fineness  to  pass  a  40  mesh  sieve,  in  40  cc.  of  hydro- 
chloric acid  to  which  20  cc.  of  nitric  acid  have  been 
added;  then  evaporate  the  solution  with  20  cc.  of 
sulfuric  acid  (sp.  gr.  i .  58)  until  SO3  fumes  appear. 
On  diluting  with  water  the  salts  dissolve.  Filtering 
separates  nearly  all  of  the  tungsten  as  WOs  and  the 
silicon  as  SiOs,  the  zirconium  appearing  almost  en- 
tirely in  the  filtrate. 

Ignite  the  precipitate  in  a  weighed  platinum  cruci- 
ble. The  first  weight  gives  the  weight  of  Si02,  WO3 
and  impurities.  Then  treat  the  residue  with  hydro- 
fluoric and  sulfuric  acids  to  remove  SiOj,  which  is 
determined  by  the  loss  in  weight:  fuse  the  residue  which 
now  remains  with  sodium  carbonate,  leach  with  water 
and  filter.  The  residue  from  leaching  is  generally 
very  small  and  should  be  ignited  in  the  original  cruci- 
ble and  its  weight  subtracted  from  the  weight  of  the 
crucible  contents  after  the  removal  of  SiOj;  this  gives 
the  weight  of  WO3.  If  extreme  care  is  to  be  used  in 
the  determination  of  the  tungsten,  this  residue  should 
be  fused  with  KHSOj,  leached  in  dilute  HCl  and  pre- 
cipitated with  ammonia.  Under  these  circumstances 
iron,  aluminum  and  zirconium  are  precipitated  free 
from  sodium  compounds  which  may  contaminate 
the  first  residue.  Upon  ignition  a  corrected  residue  is 
obtained  to  be  subtracted  from  the  weight  of  impure 
WO3.  When  such  care  is  not  necessary  the  residue 
may  be  fused  with  KHSO4  and  leached  with  the  fil- 
trate from  the  WO3  precipitate. 

By  following  the  procedure  as  outlined  above,  the 
filtrate  from  the  WO3  contains  in  solution  all  of  the  iron, 
nickel,  aluminum  and  zirconium.  The  solution  should 
be  made  up  to  a  convenient  volume,  such  as  200  cc, 
and  one-half  taken  for  the  iron  determination. 


To  determine  the  iron,  make  the  solution  alkaline 
with  ammonia  and  boil  or  heat  near  the  boiling  point 
for  a  short  time;  filter  and  wash  the  precipitate. 
Transfer  the  bulk  of  the  precipitate  to  a  beaker 
and  wash  the  paper  by  running  through  it  a  small 
amount  of  dilute  sulfuric  acid.  Add  enough  sulfuric 
acid  to  the  beaker  to  dissolve  the  precipitate  and  an 
excess  equivalent  to  10  cc.  of  acid  (sp.  gr.  1.58). 
Then  pass  the  solution  through  a  Jones  reductor  and 
determine  the  iron  by  titration  with  KMn04. 

To  the  other  half  of  the  solution  add  ammonia  in 
excess,  and  remove  the  nickel  by  electrolysis.  The 
presence  of  this  small  amount  of  iron  and  aluminum 
does  not  seem  to  interfere,  but  in  doubtful  cases,  the 
nickel  may  be  dissolved  in  hydrochloric  acid,  evap- 
orated with  sulfuric  acid,  diluted  and  the  iron  and 
aluminum  precipitated  with  ammonia;  any  iron  and 
aluminum  found  in  this  way  should  be  dissolved  in  a 
small  amount  of  acid  and  added  to  the  original  elec- 
trolyte which  now  contains  all  of  the  iron,  aluminum 
and  zirconium.  The  ammoniacal  solution  of  nickel 
is  now  free  from  the  elements  just  named  and  is  avail- 
able for  analysis  by  electrolysis  or  by  the  precipita- 
tion of  its  nickel  content  with  dimethylglyoxime. 
In  the  event  of  using  the  latter  procedure,  one-tenth 
of  the  solution  is  sufficient  for  the  purpose. 

Boil  the  solution  containing  Al,  Fe  and  Zr  until 
nearly  all  of  the  ammonia  has  been  driven  ofiF;  then 
allow  it  to  settle  and  filter,  washing  the  precipitate 
with  water.  The  precipitate  contains  Al,  Fe  and  Zr. 
After  transferring  the  precipitate  to  a  beaker,  dissolve 
in  a  minimum  quantity  of  hydrochloric  acid;  then  add 
solid  KOH  in  excess  to  precipitate  iron  and  zirconium, 
and  leave  aluminum  in  solution.  Boil  the  mixture 
for  one  minute,  allow  to  settle  and  filter,  washing  the 
precipitate  with  water.  The  filtrate  contains  the 
aluminum;  make  this  solution  acid  with  HCl  and  then 
barely  ammoniacal;  boil  a  few  minutes,  filter  and 
wash.  Then  dissolve  the  precipitate  in  HCl  and  add 
7  to  10  cc.  of  sulfuric  acid  (sp.  gr.  1.58);  evaporate 
the  solution  until  fumes  appear;  cool,  dilute  and 
filter  to  remove  SiOs.  Again  add  ammonia  in  slight 
excess  and  after  brief  boiling  remove  the  A1(0H)3 
by  filtration;  ignite  and  weigh  as  AI2O3. 

Dissolve  the  precipitate  of  iron  and  zirconium 
hydroxides  which  was  separated  from  the  aluminum 
in  HCl  (1:1)  and  re-precipitate  with  ammonia  while 
boiling.  The  ignited  precipitate  contains  FeiOs  and 
ZrOo.  Convert  the  iron  found  by  titration  into  FejOj 
and  subtract  its  weight  from  the  weight  of  Fe^Os  and 
ZrOj.     This  gives  the  weight  of  ZrOj. 

If  manganese  is  to  be  determined,  weigh  1.5  g.  of 
the  material  instead  of  i  g.;  then  determine  manganese 
in  one-third  of  the  filtrate  from  the  tungstic  oxide. 
For  this  purpose  add  ammonia  and  ammonium  persul- 
fate  to  the  solution  before  boiling.  Wash  and  dissolve 
the  precipitate  in  nitric  acid  with  the  addition  of  a 
little  sodium  sulfite  or  hydrogen  peroxide  to  aid  solu- 
tion. The  manganese  is  then  ready  for  oxidation  by 
sodium  bismuthate  and  determination  by  the  various 
known  methods. 

Research  Department 
Midvale  Steel  Company.  Philadelphia 
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A  METHOD  FOR  FRACTIONATING  FATS  AND  OILS 

By  Armin  Seidbkbero 
Received  June  30,  1917 

Only  a  limited  number  of  the  glycerides  of  fats  and 
oils  have  so  far  been  isolated  and  in  the  case  of  no  fat 
or  oil  have  all  its  glycerides  been  identified.  The  im- 
portance of  securing  a  more  complete  knowledge  of 
the  glycerides  of  the  fats  and  oils  is,  however,  very 
great  both  in  a  strictly  scientific  sense  as  well  as  in 
effecting  a  more  adequate  identification  of  the  various 
members  of  this  class  of  substances.  Owing  to  our 
lack  of  this  knowledge  the  identification  of  individual 
fats  or  oils  must  depend  on  a  number  of  empirical 
constants  which,  for  any  one  substance,  often  vary 
within  very  wide  limits.  While  it  is  thus  ordinarily 
possible  to  identify  a  pure  fat,  the  detection  of  even 
comparatively  large  amounts  of  a  foreign  added  fat 
cannot  always  be  accomplished  with  certainty. 

METHOD    FOR    THE    ISOLATION    OF    THE    GLYCERIDES 

j  A  number  of  methods  for  separating  the  glycerides 
in  fats  and  oils  have  been  tried  but  no  comprehensive 
scheme  whose  application  is  sufficiently  wide  exists. 
Chevreul,  Krafft'  and  others  tried  the  fractional  dis- 
tillation of  the  glycerides  under  vacuo.  It  is,  however, 
according  to  Boemer,^  possible  to  distil  only  those 
containing  fatty  acids  with  less  than  14  carbon  atoms; 
where  glycerides  with  fatty  acids  having  a  larger 
number  of  carbon  atoms  are  present,  decomposition 
occurs.  Heise'  isolated  the  first  mixed  glyceride, 
oleodistearin,  by  precipitating  the  ethereal  solution 
of  mkdnyi  fat  with  alcohol.  Holde*  and  Okada' 
separated  different  fractions  of  fat  dissolved  in  ether 
or  ether-alcohol  by  lowering  the  temperature.  Boemer,' 
who  made  some  very  exhaustive  researches  into  the 
less  soluble  glycerides  in  beef  and  mutton  tallow  and 
in  lard,  isolated  these  by  dissolving  the  fat  in  2  to  3 
times  its  volume  of  ether,  benzol  or  chloroform  and 
separating  out  3  to  4  fractions  by  lowering  the  tempera- 
ture or  by  adding  alcohol.  Fractions  within  5°  C. 
of  each  other  were  combined  and  taken  up  in  an  amount 
of  solvent  which  would  just  take  all  the  substance 
into  solution  on  warming,  but  which,  on  cooling,  al- 
lowed most  of  it  to  separate  out  again.  This  was  con- 
fined 20  to  30  times  until  no  substance  was  left  in 
ilntion.  Boemer  and,  in  fact,  the  other  investiga- 
as  well,  with  the  exception  to  some  extent  of 
M  iiisen,'  were  not  successful  in  isolating  the  more 
soluble  glycerides.  The  less  soluble  glycerides  that 
were  secured  were  not  obtained  in  amounts  that  even 
approximated  quantitative  proportions.  Even  after 
32  crystallizations  from  ether,  Duffy'  did  not  succeed 
in  obtaining  an  entirely  pure  glyceride  from  2000  g. 
of  tallow,  altiiough  the  sul>stance  isolated  amounted 

,    to  only  8  g. 
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SOLUBILITY    OF    GLYCERIDES 

With  very  few  exceptions,  the  usual  solvents  for  fats 
and  oils,  such  as  ethyl  ether,  benzol,  chloroform,  car- 
bon disulfide,  etc.,  do  not  show  any  marked  differ- 
ences in  their  solvent  action  on  the  various  glycerides. 
Tristearin  and  tripalmitin,  although  entirely  soluble 
in  ether  in  the  warm,  are  somewhat  less  soluble  in  the 
cold — less  so  than  other  glycerides.  However,  there 
are  no  data  based  on  quantitative  measurements. 
Alcohol,  to  some  extent,  exerts  a  selective  solubility  on 
some  of  the  glycerides,  those  of  the  lower  fatty  acids 
and  of  the  unsaturated  fatty  acids  being  more  soluble 
in  it  than  those  of  the  saturated  higher  fatty  acids. 
Thus,'  while  tributyrin  and  tricaproin  are  readily  sol- 
uble in  cold  absolute  alcohol,  tripalmitin  and  tristearin 
are  almost  insoluble  in  this  medium  in  the  cold.  The 
solubility  of  all  the  glycerides  in  alcohol  decreases 
with  dilution.-  Arnold^  found  in  a  number  of  fats 
and  oils  that  the  iodine  number  of  the  alcohol-soluble 
portion  was  higher  than  that  of  the  part  that  did  not 
go  into  solution,  showing  that  the  glycerides  contain- 
ing unsaturated  acids  are  more  readily  soluble  in  alco- 
hol than  those  containing  the  saturated  acids.  David- 
sohn  and  Wrage,*  however,  have  secured  some  results 
that  lead  them  to  conclusions  that  do  not  entirely 
bear  this  out.  A  large  amount  of  work  on  the  critical 
temperature  ■  of  dissolution  by  Crismer,'  Valenta,' 
Allen,'  Ces^ro'  and  others  indicates  that  as  the  tem- 
perature decreases  the  solubility  of  the  glycerides 
in  alcohol,  and  in  other  solvents  as  well,  becomes  less 
and  that  this  is  most  marked  with  the  glycerides  of 
the  saturated  higher  fatty  acids.  In  general,  it  may 
be  said  that  the  solubility  of  the  glycerides  in  alcohol, 
as  in  other  solvents,  decreases  with  an  increase  in  the 
number  of  C-atoms  of  their  fatty  acids  and  that  those 
containing  unsaturated  fatty  acids  show  a  somewhat 
greater  solubility  than  those  containing  saturated 
fatty  acids  with  an  equal  number  of  carbon  atoms. 
The  fatty  acids,  themselves,  although  more  readily 
soluble,  show  similar  relative  solubilities  when  com- 
pared with  each  other.  This  is,  of  course,  what  is 
generally  the  case  in  homologous  series  and  in  com- 
pounds formed  from  them. 

GENERAL    DISCUSSION 

Due  to  the  very  large  number  of  glycerides  and  to 
the  very  slight  differences  in  solubility  existing  between 
them,  it  seems  impossible  to  secure  any  precipitant 
or  solvent  that  will  separate  the  glycerides  sharply 
from  each  other.  The  conditions  of  insolubility  must 
be  graded  so  finely  that  the  very  slight  differences 
existing  between  the  glycerides  will  to  some  extent 
be  approximated.  Neither  by  the  very  slow  lowering 
of  the  temperature  of  a  solution  containing  the  glyc- 
erides nor  by  the  very  slow  addition  of  a.  precipitant 
such  as  alcohol  to  their  solution  is  it  possible  to  attain 
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this  object  with  the  needed  refinement.  In  fact,  in 
the  latter  case,  since  certain  of  the  glycerides  are  dis- 
tinctly soluble  in  alcohol,  this  medium  would  not  serve 
to  throw  them  out  of  the  increased  volume  of  solution 
formed  by  its  addition.  If  a  dilute  alcohol  is  chosen 
there  is  even  less  possibility  of  adjusting  conditions 
with  the  minute  delicacy  needed. 

OUTLINE    OF    METHOD 

The  requirements  for  securing  the  requisite  refine- 
ment in  the  gradation  of  the  solubility  conditions 
can  be  much  more  readily  attained  when  an  exactly 
opposite  procedure  is  pursued,  viz.,  if  from  an  alcohol- 
ether  solution  of  the  glycerides,  first  the  ether  and 
then  the  alcohol,  be  removed  very  gradually.  This 
may  be  accomplished  by  aspirating  air  by  means  of 
the  water  pump  through  the  solution  of  the  glycerides 
in  an  appropriate  alcohol-ether  mixture.  At  first 
mainly  ether  with  a  small  amount  of  alcohol  is  suc- 
tioned off,  but  after  all  the  ether  has  been  removed 
the  alcohol  continues  to  go.  At  the  reduced  pressure 
produced  by  the  suction  of  the  water  pump  the  tem- 
perature of  the  liquid  drops  considerably  (to  about 
S°  C),  at  which  point  the  differences  in  the  solubili- 
ties 6f  the  various  glycerides  are  much  accentuated. 
The  removal  of  the  solvents  can  be  graded  to  progress 
with  any  desired  degree  of  refinement  by  adjusting 
the  speed  of  the  suction  produced  by  the  water  pump. 
Throughout  the  process  a  very  thorough  agitation  of 
the  solution  is  secured.  In  this  way,  by  the  very  grad- 
ual removal  of  minute  amounts  of  the  solvents  in  the 
general  order  of  their  solvent  action  on  the  glyc- 
erides, accompanied  by  an  equally  gradual  lowering 
of  the  temperature,  the  many  nearly  related  points 
of  comparative  insolubility  of  the  various  glycerides 
are  approached  so  slowly  that  their  separation  can  be 
secured  to  some  extent. 

At  first,  of  course,  the  more  insoluble  glycerides 
are  thrown  out  of  solution,  but  as  the  ether, 
and  finally  the  alcohol,  is  aspirated  off,  the 
other  glycerides,  soluble  in  the  latter  medium, 
gradually  come  down  as  well.  Naturally  there  is 
no  one  point  at  which  any  one  glyceride  is  entirely 
precipitated.  However,  the  largest  part  usually  does 
come  down  within  fairly  narrow  limits.  The  condi- 
tions are  somewhat  similar  to  those  met  with  in  the 
fractional  distillation  of  nearly  related  liquids.'  One 
can  expect  to  secure  a  glyceride  only  in  its  pure  state 
with  repeated  fractionations  after  having  combined 
similar  fractions.  The  conditions  are  complicated 
by  the  ready  solubility  of  the  glycerides  in  each  other 
and  by  their  formation  with  the  solvent  at  times 
of  colloid  or  emulsoid  solutions.  It  is  of  course  neces- 
sary to  regulate  conditions  so  that  the  latter  is  avoided. 
Besides  ether  and  alcohol  or  ether,  alcohol  and  water, 
any  other  combination  of  solvents  may  be  chosen  such 
that  those  having  the  greatest  solvent  action  are  also 
the  more  volatile. 

EXPERIMENTAL 

GENERAL  PROCEDURE — Since  by  the  methods  so 
far  proposed  it  has  been  possible  to  isolate  only  the 

'  Young,  "Fractional  Distillation."  1903,  Chapter  7.  p.  114. 


less  soluble  glycerides  of  fats  and  oils,  the  writer  un- 
dertook the  isolation  of  the  more  soluble  glycerides 
of  a  sample  of  tallow  according  to  the  method  de- 
scribed. To  loo  g.  tallow  were  added  looo  cc.  of  a 
mixture  of  50  parts  ether  and  50  parts  absolute  alco- 
hol, warmed  slightly  and  then  allowed  to  cool.  A 
heavy  white  residue  formed  which  was  filtered  ofif 
as  Residue  A.  Through  the  filtrate  from  this,  air 
was  aspirated  by  the  suction  of  the  water  pump;  the 
solution  became  turbid  at  about  650  cc,  but  suction 
was  continued  until  a  heavy  precipitate  had  formed, 
which  was  filtered  off  as  Residue  B.  The  filtrate 
from  this  amounted  to  about  450  cc.  and  the  suction 
on  it  was  continued  until  it  had  been  reduced  to  200 
cc.  On  allowing  to  stand,  the  turbid  liquid  separated 
into  two  liquid  layers.  The  lower  one,  which  had  a 
very  decided  yellow  color,  was  separated  by  means 
of  a  separatory  funnel  as  Residue  C.  Suction  on  the 
upper  layer  was  continued  until  it  was  reduced  to 
100  cc;  it  became  only  slightly  turbid:  it  was  evap- 
orated on  the  water  bath,  but  since  only  a  very  slight 
residue  was  left  this  was  discarded. 

Each  one  of  the  above  residues  was  now  again 
taken  up  in  a  mixture  of  ether  and  alcohol:  Residue 
A  in  a  500  cc.  mixture  of  10  parts  absolute  alcohol 
and  90  parts  ether  (since  only  small  amounts  of  alco- 
hol-soluble glycerides  were  present);  Residue  B  in 
300  cc.  of  a  mixture  of  40  parts  absolute  alcohol  and 
60  parts  ether  (since  this  contained  a  larger  propor- 
tion of  the  alcohol-soluble  glycerides);  and  Residue  C 
after  evaporating  the  alcohol  and  ether  with  which 
it  had  previously  formed  a  solution,  in  a  100  cc.  mix- 
ture of  40  parts  95  per  cent  alcohol,  10  parts  water 
and  50  parts  ether  (since  here  the  amount  of  the  less 
soluble  glycerides  was  slight).  Through  each  of 
these  solutions  air  was  now  aspirated  and  in  each  case 
3  to  4  fractions  were  secured.  The  melting  points 
of  these  fractions  were  taken  and  those  within  5°  C. 
of  each  other  were  combined  and  dissolved  again  in 
mixtures  of  alcohol  and  ether  or  of  alcohol,  water  and 
ether  proportioned  according  to  the  number,  quantity 
and  solubility  of  the  glycerides  which  could  be  expected 
to  be  present.  These  were  again  fractionated  and 
recombined  as  above  until  the  various  fractions  from 
any  one  solution  gave  identical  melting  points.  The 
separation  of  the  solid  residue  was  usually  accom- 
plished by  pouring  both  residue  and  liquid  upon  a 
filter  paper  and  drawing  off  the  liquid  by  means  of 
suction,  stirring  toward  the  end  with  a  glass  rod  so 
that  as  much  as  possible  of  it  was  expressed. 

Most  of  the  more  soluble  glycerides  would  of  course 
be  contained  in  Residue  C,  but  some  would  also  be 
in  the  end  fractions  from  Residues  A  and  B.  Residue 
A  was  fractionated  into  four  parts  having,  respec- 
tively, the  melting  points,  57°,  56°,  55°  and  44°  C. 
Residue  B  was  fractionated  into  three  parts  having, 
respectively,  the  melting  points  50°,  45°  and  35°  C. 
On  combining  the  similar  end  fractions  from  these, 
other  fractions  with  the  following  melting  points 
were  secured:  52,  45,  40,  38,  34,  32,  30,  27,  25,  24,  22, 
18  and  15°  C.  These  were  again  recombined  and  re- 
fractionated  and  those  having  a  melting  point  below 
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25°  C.  combined  with  Residue  C,  which  was  now 
fractionated  according  to  the  procedure  outlined, 
usually  from  a  mixture  consisting  of  either  50  parts 
ether  and  50  parts  95  per  cent  alcohol  or  50  parts 
ether,  40  parts  95  per  cent  alcohol  and  10  parts  water. 
Those  fractions  that  were  nearly  related  in  melting 
point  were  combined  and  refractionated.  This  was 
continued  until  after  fractionating  the  lower  melting 
point  fractions  eleven  times  and  the  higher  melting 
point  fractions  seven  times  two  distinct  yields  were 
secured  which  seemed  on  further  fractionation  to  be 
pure  compounds. 

To  identify  a  glyceride  the  constants  usually  deemed 
necessary  are:  melting  point,  saponification  number, 
neutralization  number  of  the  fatty  acids  (average 
molecular  weight)  and  the  iodine  number.  In  order 
to  obviate  the  possibility  that  the  substance  under 
examination  is  not  a  mixture  of  several  glycerides, 
it  is  necessary  to  determine  one  of  the  constants, 
preferably  the  melting  point,  on  several  fractions. 
If  all  the  fractions  have  the  same  constant  the  sub- 
stance may,  according  to  Boemer,'  be  considered  a 
pure  glyceride.  Another  indication  that  the' substance 
is  not  a  mixture  can  be  obtained  by  observing  whether 
all  or  practically  all  of  it  is  precipitated  at  one  point 
during  the  suction  instead  of  gradually. 

HIGHER    MELTING    POINT    YIELD 

The  higher  melting  point  yield  from  Residue  C 
amounted  to  only  0.9S  g.  and  gave  the  following 
constants: 


Observed  Determinations 
I  2     Average 

I  ting  Point  (Corrected)    44.0     44.4       44.2 

line  Number 27.0     26.7        26.9 

.oniGcation  Number...    187.4      187.4 

utralization  Number. .    197.7      ....      197.7 


Calculated 

■  Known  Constants 

for  Oleodistearin 

44-44.6 

28.6 

189. .5 

197.9 


On  fractionating  the  material  into  three  fractions 
these  were  found  to  have  melting  points  (corr.); 
44.6,  44.0,  44.4°  C.  The  substance,  although  the 
results  for  the  iodine  number  were  slightly  low,  may 
be  regarded  as  the  glyceride  oleodistearin. 

This  glyceride  has  been  isolated  by  Heise-  from 
mkdnyi  fat  and  kokuni  butter.  According  to  Fritz- 
wciler,'  it  also  occurs  in  cocoa  butter,  and  according 
III  Klimont*  in  Borneo  tallow.  It  has,  however,  not 
1  .  yet  been  isolated  from  beef  or  mutton  tallow.  In 
ippearancc  it  is  a  white  solid  substance  forming  small 
I  lystals. 

LOWER    MELTING    POINT    YIELD 

'i'lic  lower  melting  point  yield  secured  from  Rcst- 
iluc  C  amounted  to  approximately  ao.6  g.  and  gave 
llic  following  constants: 


Calculated 

i»r  Known  ConjttantH 

(or  l)ialco|iulinltin 

v/.  1 

I9A.  I 

loi.: 


olinrrvecl  Uctcrnilnationn 
I  2     Average 

MrlliiiK  Point (Indiitlnct)       10  (o  12 

lofline  Number Si. 2       SO. 6       ,V).9 

Saiionlfication  Number..     197.6     196.(1     19A.8 
Ncuiruliiutiou  Number..    202.7     204.8     20.1.8 

Since   the   melting  point   wm  not  sharp   the  iodino 
miinbcr  was  dclermincd  on  four  frnrlions  of  this  ma- 

'  Z.  Nilhr.  (.'rriMiini  .  It  (1907),  90. 

•  Arh   kait   Cttutiih  .  ISOS,  ]71. 

•  Manalth.,  1(04,  9.>9:  KOt,  Mk\. 


terial  with  the  following  results:  50.7°,  51.8°,  50.6°, 
50.3°.  The  agreement  in  itself  is  sufBciently  satis- 
factory to  stamp  the  material  as  a  pure  glyceride. 
However,  there  is  a  considerable  deviation  in  this 
iodine  number  from  that  required  by  theory  for  dioleo- 
palmitin,  to  which  the  other  constants  correspond 
quite  closely  and  to  which  also  the  observed  iodine 
numbers  approach  nearer  than  to  any  of  the  other 
glycerides,  except  dioleostearin,  that  can  occur  in 
tallow.  The  glycerides  present  in  any  fat  are  depen- 
dent, of  course,  upon  the  fatty  acids  to  be  found  in  the  fat 
which  in  this  instance  are  stearic,  palmitic  and  oleic  acids. 
This  deviation  in  the  iodine  number  may  be  explained 
on  one  of  two  grounds.  It  may  be  due  to  the  admix- 
ture of  another  glyceride  with  a  lower  iodine  number. 
However,  the  number  of  fractions  having  practically 
identical  constants  would  hardly  justify  this  assump- 
tion. On  the  other  hand,  it  is  possible  that  the  long- 
continued  passage  of  air  through  the  solutions  containing 
this  substance  or  its  frequent  exposure  to  heat  when 
the  solvent  was  evaporated  off  may  have  affected  the 
unsaturated  bond.  This  is  borne  out  in  some  respects 
in  the  literature  and  may  also  explain  the  indistinct 
melting  point.  Thus  Lewkowitsch'  reports  oxidation 
of  the  fatty  acids  on  blowing  air  through  various  fats 
and  oils  at  an  elevated  temperature  and  Fahrion' 
states  that  the  fatty  acids  are  affected  by  heat.  The 
error  due  to  this  cause  may  possibly  be  avoided  by  re- 
moving the  oxygen  from  the  air  before  aspirating  it 
through  the  solution.  In  order  to  obviate  all  possi- 
bility of  confusion  with  dioleostearin  the  saturated 
fatty  acid  of  the  substance  was  fractionated  from  an 
appropriate  alcohol-ether  mixture  according  to  the 
general  procedure  outlined  for  the  glycerides.  In 
this  way  a  saturated  fatty  acid  was  secured,  three 
fractions  of  which  had  the  melting  points  (corr.): 
62.0°,  61 .  8",  62.  2°  C.  The  melting  point  of  palmitic 
acid  is'  62.6°  C. 

It  may  therefore  be  stated  that  the  substance  is 
dioleopalmitin  which  has  been  affected  to  some  ex- 
tent so  that  it  does  not  add  on  the  theoretical  quantity 
of  iodine.  At  room  temperature  it  is  a  yellowish 
liquid,  but  on  solidifying  becomes  almost  white  in 
color. 

Besides  the  two  glycerides  which  were  isolated 
from  Residue  C,  some  material  remained.  Although 
this  was  not  identified,  it  probably  consisted  of  a  mix- 
ture of  the  two  glycerides  that  were  isolated.  There 
was  no  evidence  of  the  presence  of  triolein  and  there- 
fore the  dioleopalmitin  may,  in  all  probability,  be  con- 
sidered the  glyceride  present  in  tallow  which  is  most 
soluble  in  ordinary  solvents. 

OLEIN-FREK    RESIDI'K 

No  attempt  was  made  to  fractionate  completely 
Residues  A  and  B.  It  is,  however,  of  interest  to  add 
that  it  was  possible  to  secure  about  ij  R.  of  olcin-free 
glycerides  from  these  two  residues  after  four  re-frao- 
tionations.  The  iodine  nnnibcr  of  thi.-J  material  was 
zero  and  it  showed  only  a  very  faint  flame  test  accord- 

I  Anol^M.  IM».  m:. 

'Cktm    /!(.  11  (1907),  4.U 

•  I.ewkoMlKrIi.  "OlU.  l'*t<  «nil  Watra."  Mh  IM.,  I,  |>    n* 
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ing  to  Kreis  and  Hafner.^  These  two  investigators^ 
considered  it  impossible  to  secure  an  olein-free  glyceride 
by  crystallization  from  alcohol,  ether,  chloroform  or 
other  solvents.  Boemer'  secured  olein-free  substance 
only  after  numerous  crystallizations  and  then  only 
in  comparatively  small  amounts. 

DETECTION  OF  TALLOW  IN  BUTTER  FAT 

The  readiness  with  which  this  comparatively  large 
amount  of  olein-free  substance  was  secured  led  the 
writer  to  make  comparisons  between  the  different 
quantities  that  could  be  isolated  in  this  way  from 
various  other  fats.  From  the  results  obtained  it  was 
indicated  that  by  standardizing  conditions  the  method 
could  be  adopted  to  detect  the  addition  of  certain 
foreign  fats  to  butter  fat  in  quantities  that  could  not 
be  ascertained  by  means  of  the  usual  analytical  con- 
stants. Thus  to  5  g.  of  butter  fat  was  added  a  mix- 
ture of  80  parts  ether  and  20  parts  95  per  cent  alcohol, 
so  that  the  combined  volume  amounted  to  75  cc. 
This  was  reduced  by  suction  to  55  cc.  and  the  resulting 
precipitate  filtered  off.  This  precipitate  was  again 
dissolved  in  a  mixture  of  70  parts  ether  and  30  parts 
95  per  cent  alcohol  to  a  total  volume  of  50  cc.  By 
suction  this  was  reduced  to  30  cc,  the  resulting  pre- 
cipitate again  filtered  off  and  weighed:  it  amounted  to 
3.8  per  cent.  When  the  same  sample  of  butter  fat 
containing  20  per  cent  added  tallow  was  subjected 
to  this  procedure  a  residue  amounting  to  9.9  per  cent 
was  obtained.  The  Reichert-Meissl  number,  which 
is  the  constant  most  characteristic  for  butter  fat, 
was  in  the  above  instances,  respectively  36.8  for  the 
pure  butter  fat  and  26.9  for  the  butter  fat  containing 
20  per  cent  added  tallow.  The  latter  figure  is  still 
well  above  the  minimum  for  butter  fat,  which  runs  as 
low  as  22  and  at  times  is  even  less.*  In  the  case  of 
the  residues  the  difference  caused  by  the  20  per  cent 
added  tallow  amounts  to  106  per  cent  of  the  original 
amount;  in  the  case  of  the  Reichert-Meissl  number  it 
amounts  to  only  27  per  cent.  It  is  the  intention  of 
the  writer  to  make  further  investigations  of  the  amount 
of  residue  to  be  secured  under  standardized  conditions 
from  representative  samples  of  butter  of  undoubted 
purity. 

SUMMARY 

The  method  consists,  essentially,  in  dissolving  a 
fat  or  oil  in  two  or  more  solvents,  one  or  more  of  which 
is  at  the  same  time  more  volatile  and  exerts  the  greater 
solvent  action  on  the  glycerides.  First,  mainly,  this 
solvent  is  very  gradually  removed  by  aspirating  air 
through  the  solution,  after  which  the  remaining 
solvent  is  removed  in  the  same  way.  This  is  accom- 
panied by  a  considerable  lowering  of  the  temperature. 
Due  to  the  slow  decrease  in  temperature  and  to  the 
gradual  removal  of  the  solvents  until  none  is  left, 
the  various  glycerides  by  degrees  come  out  of  solution 
in  the  order  of  their  insolubility  in  the  solution  remain- 
ing. At  the  same  time  it  must  be  pointed  out  that  all 
of  any  one  glyceride  does  not  come  down  entirely  at 

'  Z.  Nahr.  Cenussm..  7  (1904),  655. 

'  Ber.,  36  (1903).  1123. 

'  Ibid. 

«  Lewkowitsch,  "Oils.  Fats  and  Waxes,"  5th  Ed.,  2,  p.  823. 


a  definite  concentration  and  that  in  order  to  secure  a 
chemically  pure  product  the  fractionation  after  combin- 
ing like  fractions  must  be  repeated  as  often  as  necessary. 
The  substance  may  then  be  secured  in  amounts  ap- 
proximating its  quantitative  presence  in  the  fat. 
The  theoretical  conditions  resemble  in  many  respects 
those  existing  during  the  fractional  distillation  of  a 
mixture  of  liquids.  Two  of  the  more  soluble  glycerides 
of  tallow  were  isolated  by  this  method  and  an  instance 
given  of  how  a  wider  and  more  accurate  knowledge 
of  the  glycerides  in  the  various  fats  and  oils  would 
prove  valuable  not  only  from  a  scientific  standpoint 
but  also  in  the  detection  and  identification  of  adulter- 
ants. 

Chemical  Laboratory.  Bureau  op  Foods  &  Drugs 
Department  of  Health,  City  of  New  York 

THE  THERMAL  VALUES  OF  THE  FATS  AND  OILS 
n— THE  SULFURIC  ACID  OR  MAUMENE  NUMBER 

By  J.  W.  Marden  and  M.  V.   Dover 
Received  June  25.  1917 

INTRODUCTORY    AND    HISTORICAL 

The  sulfuric  acid  or  Maumen^  reaction  has  been  a 
subject  of  comment  ever  since  Maumen6,  in  1882,* 
observed  that  heat  was  evolved  when  concentrated 
sulfuric  acid  was  mixed  with  various  oils.  Because 
the  rise  in  temperature  was  found  to  be  different  for 
different  oils,  this  thermal  value  has  been  used  to  some 
extent  for  identification  and  detection  of  adultera- 
tion. The  drying  oils  give  a  higher  rise  in  tempera- 
ture than  the  non-drying,  the  temperature  change  ap- 
parently depending  upon  the  degree  of  unsaturation 
of  the  oil.  Archbutt^  suggests  the  following  procedure 
for  the  determination  of  the  Maumene  number.  A 
200  cc.  beaker  is  packed  into  a  larger  beaker  with  cot- 
ton filling  the  space  between  the  two.  This  is  used 
as  the  calorimeter.  Fifty  grams  of  oil  are  weighed 
into  the  inner  beaker,  a  thermometer  is  immersed  in 
the  oil  and  the  temperature  accurately  read.  Ten 
cc.  of  concentrated  sulfuric  acid  at  the  same  tempera- 
ture as  the  oil  are  pipetted  into  the  oil.  The  mix- 
ture is  stirred  and  the  maximum  temperature  observed. 
The  difference  between  the  initial  and  final  tempera- 
ture expressed  in  degrees  Centigrade  is  considered 
the  Maumen6  number. 

In  spite  of  the  fact  that  various  modifications  of 
appj-ratus  and  various  devices  for  stirring  the  mix- 
ture of  oil  and  acid  have  been  suggested,  there  is  much 
dispute  as  to  the  value  of  this  test  for  analytical  work 
because  only  the  arbitrary  rise  in  temperature  has 
been  t.iken  with  no  regard  to  the  varying  heat  capaci- 
ties of  the  oils,  apparatus,  etc.  In  order  that  the 
Maumtne  test  be  used  on  an  oil,  the  apparatus  must 
first  be  standardized  with  a  sample  of  known  purity 
and  experiments  must  always  be  conducted  under 
exactly  similar  conditions.  Furthermore,  it  has  been 
observed  that  the  rise  in  temperature  depends  upon 
the  concent\ation  of  sulfuric  acid  used  in  the  experi- 

'  Compl.  renu  ,  38  (1882),  572. 

'  A  very  excellent  and  complete  historical  discussion  of  this  method 
is  by  Lewkowitsch,  "Chemical  Technology  of  the  FaU  and  Oils."  1  (1909). 
384,  The  Macmillaii  Company,  New  York. 
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ment.  Thomson  and  Ballantyne^  observed  that  when 
acid  between  the  concentrations  of  95  and  99  per  cent 
was  used,  that  if  the  rise  in  temperature  with  oil  was 
divided  by  the  rise  in  temperature  with  the  same 
weight  of  water  and  same  volume  of  acid,  the  value 
obtained  was  a  constant.  This  value,  multiplied  by 
100,  they  called  the  "specific  temperature"  reaction. 
This  would  mean  that  the  Maumene  number  is  di- 
rectly comparable  to  the  heat  of  dilution.  There 
seems  to  be  some  doubt  on  this  point. ^ 

The  heat  of  bromination  has  already  been  deter- 
mined by  one  of  the  authors'  in  terms  of  calories  per 
gram  of  oil  and  it  seemed  possible  that  the  sulfuric 
acid  number  could  also  be  determined  quickly  and 
accurately  in  somewhat  the  same  way.  A  simple  and 
dependable  method  for  the  determination  of  this  value 
based  upon  an  accurate  calorimetric  method  should 
be  of  worth  to  the  analyst.  For  this  purpose  an  in- 
expensive apparatus  has  been  devised  and  the  Mau- 
mend  numbers  have  been  determined  in  terms  of 
calories  per  gram  of  oil  for  about  twenty  of  the  com- 
mon fats  and  oils.  Also  the  variation  in  the  quantity 
of  heat  liberated  by  the  interaction  of  sulfuric  acid  of 
various  concentrations  and  olive  oil  has  been  deter- 
mined. The  specific  heats  of  a  series  of  oils  are  given 
at  the  end  of  this  paper. 

APPARATUS    AND    STANDARDIZATION 

It  was  necessary  to  use  two  calorimeters  in  this 
work.  The  apparatus  used  for  the  determination 
of  the  thermal  reactions  of  the  oils  (Fig.  I)  consisted 
of  a  Dewar  tube  of  1000  cc.  capacity,  fitted  with  a  cork 
and  hard  rubber  stopper  which  held  a  large  test  tube 
in  which  the  oil  and  acid  were  mixed,  and  stirrer  as 
shown  in  the  figure.  A  smaller  calorimeter  (Fig.  II) 
built  upon  the  same  principle  with  a  100  cc.  Dewar 
tube  was  used  for  the  determination  of  the  specific 
heats  of  the  oils,  which  it  is  necessary  to  know  in 
order  to  calculate  the  thermal  value. 

Table  I — Hbat  of  Dilution  • 

SuLPiiBic  Acid   (BrOnslid) 

Mols  water  Calorics 

per  mole  HjSOi  of  llcat 

1      6.710 


1.5 8.7yo 

2      10.020 


3      11.640 

4      1 2 . 8.30 


5      13.710 

6      14.370 


9     15.580 

IS      16.660 

19     16.830 


Tahle  II— Specific  Heats  of 
DiLUTHi)  Sulfuric  Acid  {Biron) 
Mols  Water  Specific 

per  mole  HiSO«  Heat 

0 0.3352 

0.4856 0.3786 

I 0.4408 

2 0.4628 

3 0.5012 

4 0.5420 

5 0.5805 

6 0.6152 

7 0.6475 

8 0,6776 

9 0.7020 

10 0.7231 

II 0.7412 

12 0.7584 

13 0.7717 

14 0.7837 

15 0.7948 

16 0.8041 

17.  .'. 0.81.'2 

18 0.8203 

19 0.8277 

20 0.83.19 


Both     calorimeters    were    standardized     using    the 
heat  of  dilution  of  sulfuric  acid  which  has   been   accu- 
I'ly  determined  by  Hronslcd*  (see  Table  I). 


I  J.  Soc.  Chim.  Inil..  18(1,  234. 
'  Shrrmnn,  Dnntliicr  nnil  Kolinaln 


To  standardize  the  large  calorimeter  (Fig.  I),  500 
g.  of  water  were  weighed  into  the  Dewar  flask  D, 
about  40  cc.  of  concentrated  sulfuric  acid  were  ac- 
curately weighed  into  the  test  tube  T,  and  10  cc.  of 
water  weighed  in  the  pipette  P.  This  was  hung  in 
the  tube  T,  until  the  whole  system  had  come  to  con- 
stant temperature,  the  water  in  the  Dewar  tube  be- 
ing stirred  with  the  wire  stirrer  5,  all  the  time 
the  experiment  was  in  progress.  When  the  tempera- 
ture became  constant  the  water  in  the  pipette  P  was 
forced  by  means  of  a  rubber  bulb  into  the  acid  and 
P  was  withdrawn.  The  mixture  of  acid  and  water 
in  T  was  stirred  with  the  wire  stirrer  S'.  The  pipette 
P  was  again  accurately  weighed.  From  the  weight 
of  the  acid,  the  concentration  of  which  was  accurately 
known,  the  heat  liberated  was  calculated.     The  num- 
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ber  of  calories  liberated  in  the  reaction  divided  by  the 
temperature  rise,  minus  the  heat  capacity  of  the  di- 
luted sulfuric  acid  and  the  500  g.  of  water  in  D,  gives 
the  heat  capacity  or  water  equivalent  of  the  apparatus. 
The  specific  heat  of  tlie  diluted  sulfuric  acid  was 
obtained  from  the  work  of  Biron'  (soc  Tabic  II). 
The  licat  capacity  of  the  mixture  of  oil  and  acid  was 
found  to  be  the  same  as  the  sum  of  the  heat  capacities 
of  eadi.  The  specific  licats  of  the  oils  used  in  ligtiring 
the  heat  capacity  of  the  acid-oil  mixture  arc  jjiveii 
in  Table  VI. 

The  small  calorimeter  (FiR.  II)  was  calibrated  in 
exactly  the  same  way  as  the  larger  calorimeter:  50  g. 
of  water  were  wciKlied  into  the  100  cc.  Dewar  flask 
/),  I  R.  of  water  run  into  the  small  tube  T,  and  a  small 
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pipette,  P,  which  when  calibrated  delivered  0.840  g. 
of  95.1  per  cent  sulfuric  acid,  was  hung  in  the  small 
tube  until  the  whole  system  had  come  to  constant 
temperature.  The  acid  was  then  allowed  to  mi.v 
with  the  water,  the  pipette  was  removed  and  the  mix- 
ture of  acid  and  water  stirred  with  the  wire  stirrer 
S'.  The  water  in  the  tube  D  was  stirred  during  the 
whole  time  of  the  experiment  by  means  of  the  wire 
stirrer  S,  both  stirrers  being  moved  vertically  by 
means  of  a  motor. 

The  strength  of  the  sulfuric  acid  used  in  these  ex- 
periments was  determined  both  by  weight  titrations 
and  by  specific  gravity.  The  heat  capacities  of  the 
two  calorimeters  were  also  found  by  weighing  the 
parts  and  calculating  the  water  equivalent  from  the 
specific  heats;  in  each  case  these  values  checked  well. 
The  temperature  change  in  all  determinations  was 
noted  each  minute  and  the  total  rise  in  temperature 
was  calculated  in  the  same  way  as  it  is  found  at  pres- 
ent in  the  calorimetric  determination  of  coal.^ 

SULFURIC   ACID   NUMBER  IN   CALORIES   PER   GRAM    OF    OIL 

This  determination  is  made  in  exactly  the  same 
way  as  the  experiment  just  described  for  determina- 
tion of  the  heat  capacity  of  the  apparatus,  except  for 
the  fact  that  the  oil  in  question  is  placed  in  the  pipette 
instead  of  water  (Fig.  I,  P),  as  in  the  former  determina- 
tion. After  the  pipette  containing  the  oil  has  hung 
in  the  reaction  test  tube  (Fig.  I,  T)  for  a  sufficient 
length  of  time  to  allow  the  whole  apparatus  to  have 
come  to  the  same  temperature,  the  oil  is  run  into  the 
acid  and  the  rise  in  temperature  observed  in  the  usual 
manner.  The  quantities  used  here  give  an  excess  of 
acid  for  the  amount  of  oil  taken.  The  rise  in  tem- 
perature, multiplied  by  the  heat  capacity  of  the  ap- 
paratus, oil  and  acid,  gives  the  total  heat  liberated 
in  the  reaction.  This  number,  divided  by  the  weight 
of  oil,  gives  the  calories  per  gram  of  oil. 

Tadlk  III — Heats  of  Reaction  op  Oils  with  Excess  of  95.10  Per 


Resi 
Oil, 

Turpentiue 

Sandalwood 

cent  SULt 
Us  in  Calories 

..   270 
..    181.2 
..    155 
..    138.4 

..    1,13.3 
130 

URIC 

per  C 
No 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Acid 

ram  of  Oil 
Oil 

Peanut 

.      89 . 5 
.      89.5 

86.2 

Cod  Liver 

China  Wood 

Olive  II 

Olive  III 

.      85.0 
81 .0 

Castor 

Raw  Linseed 

..    116.6 

..    115(0) 
.  .    102 
..    100.4 

Sperm 

Neafs-foot 

Cocoaiiut 

.      76.8 

.      67.0 

36.1 

Sesame 

Liquid  Petroleum. .  . 

.      Nil 

(d)  Found  to  have  been  adulterated  with  mineral  oil. 

The  values  in  Table  III  were  all  run  in  duplicate 
and  checked  to  within  less  than  0.5  per  cent.  This 
table  shows  a  wide  variation  in  amount  of  heat  libera- 
ted by  the  various  oils  and  the  values  are  in  the  same 
order  of  magnitude  as  the  corresponding  iodine  numbers. 

The  fact  that  an  excess  of  acid  was  used  in  these  ex- 
periments is  shown  in  Table  IV.  When  the  amount 
of  acid  is  cut  in  half  the  thermal  value  is  lowered  only 
about  5  per  cent. 

Table  IV — Thermal  Value  of  Olive  Oil  with  Varying  Weights  of 
95.10  PER  cent  HiSOi 

Grams  of  Acid 72  54  36 

Thermal  Value  (Calorics  per  g.  Oil) 86.2         83.3         82.2 

The  effect  of  varying  the  strength  of  acid  used  in 
the  above  experiments  is  clearly  shown  in   Table  V. 

"  This  Journal,  5  (1913),  527. 


It  is  obvious  that  the  thermal  value  varies  considera- 
bly with  the  concentration  of  the  a,cid.  At  a  concen- 
tration of  95  per  cent  acid  a  variation  of  one  per  cent 
would  cause  a  difference  of  5  or  6  calories  in  the  thermal 
value  of  olive  oil. 

Table  V — Effect  of  Change  of  Concentration  of  HsSOj  upon  Thermal 
Value  op  Olive  Oil 

Concentration  of  HiSOi 95. 1%  90.6%  82  7% 

Thermal  Value  (Calories  per  g.  Oil) 86.2  60.0  40.7 

SPECIFIC    HEATS    OF    FATS    AND    OILS 

The  specific  heats  of  the  fats  and  oils  (Table  VI) 
were  determined  in  a  manner  exactly  similar  to  that 
in  which  the  heat  capacity  of  the  small  calorimeter 
was  determined  except  that  50  g.  of  the  oil  in  ques- 
tion were  put  into  the  Dewar  flask  instead  of  water. 

Table  VI — Specific  Heats  of  Oils.  Fats  and  Waxes 

Temperature 
Substance  Specific  Heat  of  DetermioatioQ 

Beeswax  (o) 0.499  (L)  65''-100'' 

(6) 0.429  (L)  —21°-     3° 

Castor  Oil  (o) 0.434  (L)  6" 

(6) 0.498  20°-  30° 

China  Wood  Oil 0.438  20°-  30° 

Cocoanut 0.511  20°-  30° 

Cod  Liver  OU 0.452  20°-  30° 

Cottonseed  Oil 0.474  20°-  30° 

Lard 0.483  20°-  30° 

Lard  OU 0.50     (S)  

Linseed  Oil  (Boiled) 0.441  20°-  30° 

Linseed  Oil  (Raw) 0.474  (S)  

Menhaden  Oil 0.474  (S)  

Mineral  Oil  (a)  (Liquid  Petroleum)  0.50    (S)  

((>) 0.416  20°-  30° 

Neafs-foot  Oil 0.457  20"-  30° 

Olive  Oil  (n) 0.471  (L)  6.6° 

(6) 0.493  (S)  

(c) 0.475  20°-  30° 

Paraffin  Oil  (Wax) 0.69     (K)  0°-  20° 

Peanut  Oil 0.490  20°-  30° 

RapeSeedOil 0.469  20°-  30° 

Sesame  Oil 0.478  20°-  30° 

Sperm  Oil 0.463  20°-  30° 

Turpentine  Oil 0.42     (K)  18° 

(L)  Lewkowitsch,  Loc.  cii. 

(S)  Sherman,  Danziger  and  Kohnstamm,  Lac.  cii. 

(K)  Kaye  and  Laby,  "Physical  and  Chemical  Constants."  Longmans. 
Green  &  Co..  New  York  (1911). 

CONCLUSIONS 

I — A  method  has  been  proposed  for  the  calorimetric 
determination  of  the  sulfuric  acid  number  of  the  fats 
and  oils. 

II — This  method  is  simple  and  accurate  to  0.5 
per  cent.  If  the  same  weights  of  acid,  oil,  and  water 
are  always  used  the  heat  capacity  of  the  entire  system 
can,  under  ordinary  conditions,  be  considered  constant. 
With  this  value  once  determined  the  process  is  no  more 
complicated  or  tedious  than  the  ordinary  coal  calori- 
metric determination.  The  rise  in  temperature  mul- 
tiplied by  the  heat  capacity  of  the  system  divided  by 
the  weight  of  oil  gives  the  sulfuric  acid  number  in 
calories  per  gram  of  oil.  A  single  determination  does 
not  take  over  one-half  hour. 

Ill — Results  are  given  for  this  calorimetric  value, 
using  95. 10  per  cent  sulfuric  acid. 

IV — It  has  been  shown  that  varying  the  concen- 
tration of  the  acid 'largely  affects  the  results.  If  this 
test  is  to  be  used,  therefore,  some  standard  concen- 
tration of  acid  should  always  be  employed. 

V— A  variation  in  the  amount  of  acid  used  has  but 
little  effect  on  the  thermal  value  provided  there  is  no 
change  in  the  concentration. 

VI— The  specific  heats  of  a  series  of  fats  and  oils 

have   been    determined.     There   is   little   variation   in 

the  specific  heats  of  the  oils  examined. 
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THE  DETERMINATION  OF   FAT   IN  CERTAIN  MILK 
PRODUCTS' 

By  C.  K.  Fra.vcis  and  D.  O.  Morgan 
Received  May  19,  1917 

Many  methods  based  on  the  Babcock  test  have 
been  proposed  for  use  on  ice  cream,  milk  powders, 
etc.,  but  have  not  received  the  endorsement  of  the 
Association  of  Official  Agricultural  Chemists,  which 
is  in  charge  of  the  methods  recognized  by  the  various 
courts.  The  Official  Method  of  the  Association  of 
Official  Agricultural  Chemists  for  the  determination 
of  fat  in  the  products  mentioned,  is  known  as  that  of 
Roese-Gottlieb,  and  is  based  on  the  use  of  ether  or 
some  other  substance  having  the  power  to  dissolve 
fats.  Objections  are  made  to  the  method  because 
a  special  and  somewhat  expensive  apparatus  is  neces- 
sary, and  it  appears  that  lower  results  are  obtained 
when  working  on  powders  and  semi-liquid  prepara- 
tions. 

A  number  of  the  more  recent  methods  for  the  de- 
termination of  fat  were  tested  by  applying  them  to 
malted  milk  and  powdered  milk,  but  the  most  en- 
couraging were  those  in  which  sulfuric  acid  was  used. 
It  appears  that  large  quantities  of  acid  were  necessary 
to  remove  the  carbohydrates.  Considerable  sugar 
was  found  in  some  samples,  and  when  this  and  other 
organic  matter  was  carbonized  the  separation  of  the 
fat  from  the  black  mass  was  poor,  and  in  many  ex- 
periments no  fat  was  obtained.  Owing  to  the  ex- 
treme affinity  of  the  sulfuric  acid  for  water  and  carbo- 
hydrates, the  action  of  this  acid  on  powders  and  semi- 
liquid  preparations  was  severe,  and  often  excessive 
carbonization  resulted.  After  this  had  once  occurred 
the  addition  of  more  sulfuric  acid  appeared  to  have 
no  effect.  In  an  effort  to  separate  the  fat,  other  sub- 
stances were  added  to  the  milk-acid  mixture.  The 
presence  of  small  quantities  of  nitric  acid  appeared 
to  influence  the  reaction,  and  as  the  preliminary 
tests  seemed  to  meet  with  success,  the  method  as 
herein  described  was  developed. 

PREPARATION    OF    SAMPLES 

ICE  CREAM — Some  special  precautions  are  necessary 
in  order  to  obtain  a  representative  sample  of  ice  cream. 
Usually  a  good  sample  may  be  collected  in  the  factory 
directly  from  the  freezer  by  withdrawing  small  por- 
tions on  a  large  spoon  from  different  parts  of  the  con- 
tainer and  from  the  blades  of  the  stirrer.  When  the 
'Team  is  firmly  frozen  in  a  packer  or  can,  a  butter 

■  1  or  thief  should  be  used;  the  trier  should  be  thrust 
into  the  cream  from  top  to  bottom  at  least  three  times 
and  the  separate  portions  combined  into  one  sample. 
If  the  cream  has  become  soft  in  the  container  it  will 
be  necessary  to  stir  it  well  with  a  spoon  or  paddle 
before  sampling. 

If  the  ice  cream  is  not  to  be  analyzed  at  once,  or 

■■    10  be  forwarded  to  a  laboratory  at  a  distance,  it 

lid  lie  allowed  to  melt  at  room  temperature  and  a 

ill   (|uanlily   of   bichloride   of   mercury   adilcd   as   a 

preservative.  If  a  tablet  is  used  it  shoiild  be  finely 
pulverized    and    thoroughly    mixed    with    the    sample, 
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using  one-fourth  of  a  tablet  for  every  quart  of  ice 
cream. 

The  representative  sample,  if  in  good  condition, 
should  be  allowed  to  melt  at  room  temperature,  but 
if  the  fat  has  separated,  it  is  necessary  to  heat  to 
about  50°  C.  If  the  sample  is  sour  or  contains  much 
curd,  a  few  cc.  of  ammonia  may  be  added.  The 
melted  sample  should  be  thoroughly  mixed  by  pouring 
from  one  vessel  to  another  and  approximately  lo 
cc.  of  the  uniform  sample  removed  at  once  with  a 
large  bore  pipette  and  9  g.  quickly  weighed  into  a 
30  per  cent  cream  test  bottle. 

j  EVAPORATED  MILK — Mix  as  Under  ice  cream  and 
weigh  4.5  g.  of  the  sample  into  a  30  per  cent  cream 
test  bottle.  If  the  sample  is  in  a  diluted  form,  use 
a  9  g.  sample.  In  the  case  of  sweetened  condensed 
milk,  warm  slightly  by  immersing  in  warm  water 
before  mixing. 

MALTED  MILK  AND  DRIED  MILK — Mix  the  entire 
sample  thoroughly  and  quickly  weigh  4.5  g.  into  a 
small  beaker.  Transfer  to  a  30  per  cent  cream  test 
bottle  with  the  aid  of  the  least  possible  amount  of 
hot  water.  If  the  sample  has  a  low  fat  content, 
as  in  the  case  of  dried  skimmed  milk,  a  10  per  cent 
milk  test  bottle,  or  a  skimmed  milk  test  bottle,  should 
be  used. 

DETERMINATION    OF    FAT 

ICE  CREAM  AND  EVAPORATED  MILK — Prepare  a  mix- 
ture of  equal  parts  of  glacial  acetic  and  sulfuric  acids, 
and  add  to  the  sample  4  to  3  cc.  of  the  mixture  at  a 
time,  mixing  thoroughly  after  each  addition,  until 
a  dark  brown  color  develops.  Add  concentrated 
nitric  acid,  i  to  2  drops  at  a  time,  and  shake  thoroughly 
after  each  addition  until  the  action  of  the  acid  has 
subsided,  or  excessive  foaming  may  result.  After 
two  or  three  such  additions,  the  number  of  drops  may 
be  increased  to  5  or  6  if  the  precautions  to  prevent 
excessive  foaming  are  observed.  When  a  light  yellow 
color  results,  immerse  the  bottle  in  boiling  water  for 
3  to  4  minutes,  or  until  the  dark  brown  color  returns. 
Then  centrifuge  for  5  minutes  at  1200  r.  p.  m.,  fill 
nearly  to  the  neck  with  hot  water,  and  centrifuge  an 
additional  2  minutes.  Bring  the  (at  column  into  the 
scale  portion  of  the  neck  with  more  hot  water  and 
centrifuge  for  another  minute,  reduce  the  meniscus 
with  glyraol,  and  multiply  the  reading  by  2  for  9  g. 
samples  and  by  4  for  4.5  g.  samples. 

MALTED  MILK — Prepare  a  mixture  of  sulfuric  and 
nitric  acids  (20  cc.  of  11:504  to  1  cc.  HNOj)  and  add 
to  the  samiilc  i  to  1.5  cc.  at  a  time,  shaking  thoroughly 
after  each  addition  until  a  light  yellow  color  results 
(this  ordinarily  rcciuires  about  15  to  30  cc.  «>f  the 
mixture).  Immerse  in  boiling  water  until  n  dark 
brown,  almost  black,  color  develops.  Now  add  a  mix- 
ture of  sulfuric  and  nitric  acids  (10  cc.  of  H,S04  to 
2.S  cc.  of  HNOj),  1  cc.  at  a  time,  shaking  thoroughly 
after  each  addition,  until  a  light  rod  color  has  devel- 
oped and  st.irtcd  to  darken.  Immerse  again  in  boiling 
water  until  the  dark  brown  color  returns.  Centrifuge 
for  5  minutes,  fdl  nearly  to  the  base  of  llic  neck  with 
hot    water   and  centrifuge    2   minutes.     Rai.sc  the  fat 
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column  into  the  scale  portion  of  the  neck  with  more 
hot  water  and  centrifuge  i  minute.  Reduce  the  me- 
niscus with  glymol  and  multiply  the  reading  by  4. 

DRIED  MILK — Add  Concentrated  sulfuric  acid,  5  to 
6  cc.  at  a  time,  until  a  dark  brown,  almost  black,  color 
develops.  Prepare  a  mixture  of  sulfuric  and  nitric 
acids  (10  cc.  of  H2SO4  to  2.5  cc.  of  HNO3),  and  add 
0.5  cc.  at  a  time,  shaking  thoroughly  after  each  addi- 
tion, until  a  clear,  light  red  color  results  (this  requires 
ordinarily  5  to  6  cc.  of  the  mixture).  Immerse  in 
boiling  water  until  the  dark  brown  color  returns, 
add  more  of  the  mixture  until  the  light  red  color  is 
produced,  and  again  immerse  in  the  boiling  water 
until  the  dark  brown  color  appears.  Centrifuge  s 
minutes  and  proceed  as  for  malted  milk. 

DISCUSSION    OF    RESULTS 

The  results  obtained  by  this  method  on  different 
products  have  been  compared  with  those  obtained  by 
the  Roese-Gottlieb  method,  as  indicated  in  the  ac- 
companying table. 

Comparative  Tests — Percentages  of  Fat 

Roese-Gottlieb  Authors' 

Sample                                            Method  Method 

Ice  Cream 7.7              ...  ...             ... 

Ice  Cream 7.58         7.68  7.7            7.7 

Unsweetened  Evaporated  Milk 7.93          7.90  8.0            8.0 

Sweetened  Condensed  Milk 9.35         9.35  10.0          10.0 

Malted  MUk 7.26         7.14  7.4            7.4 

Dried  Skim  Milk 1.36          1.29  1.2            1.2 

It  appears  that  our  method  gives  uniformly  higher 
results  than  the  Roese-Gottlieb  method.  In  every 
case  a  good  separation  of  fat  was  obtained  free  from 
particles  of  carbon  and  bubbles.  It  is  important  that 
the  nitric  acid  be  added  with  care  and  an  excess  avoided; 
too  much  nitric  acid  may  cause  the  formation  of  a 
large  quantity  of  gas,  the  gas  bubbles  continuing  to 
rise  for  some  time  and  producing  a  froth  which  in- 
terferes with  the  reading  of  the  fat  column.  The 
action  of  the  acid  is  more  rapid  when  added  to  the 
warm  mixture,  and  it  is  suggested  that  the  bottle  be 
immersed  in  warm  water  while  the  acid  is  being  added. 

SUMMARY 

A  method  for  determining  fat,  including  treatment 
of  the  samples,  in  such  dairy  products  as  ice  cream, 
evaporated  milk,  malted,  dried  skim  milk  and 
similar  milk  products,  is  described.  The  procedure 
is  similar  to  that  followed  when  using  the  well  known 
Babcock  test,  but  in  place  of  sulfuric  acid,  mixtures  of 
glacial  acetic,  sulfuric  and  nitric  acids  are  prescribed. 
The  fat  is  separated  and  read  in  a  Babcock  bottle. 

Chemical  Department 
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Stillwater.  Oklahoma 


APPLICATION  OF  THE   CRYOSCOPIC  METHOD  FOR 
DETERMINING  ADDED  WATER  IN  MILK' 

By  J.  T.  Keister 
Received  May  31,  1917 

Beckmann  and  Jordis^  determined  the  freezing  point 
of  different  samples  of  normal  milk  and  found  that 
the   freezing   points   varied   from — 0.55  to — 0.56°  C. 

*  rublished  by  permission  of  the  Secretary  of  Agriculture;  read  at  the 
meeting  of  the  American  Chemical  Society,  New  York  City,  September 
25  to  30,  1916. 
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Later  J.  Winter'  reported  results  of  similar  work 
and  found  the  freezing  point  to  vary  from  — 0.54 
to — 0.57°.  The  freezing  points  determined  by  Bordas 
and  Genin'  showed  for  normal  milk  as  great  variation 
as  — 0.44  to  — 0.56°  C.  Hamburger'  found  that 
the  freezing  point  of  "fore"  milk  and  "strippings" 
differed.  Pins^  states  that  evening's  milk  showed  a 
slightly  higher  freezing  point  than  morning's  milk, 
although  his  findings  were  not  confirmed  by  Abati 
and  Sohn'  who  found  no  difference.  Van  Eck*  showed 
that  too  low  temperature  of  the  freezing  bath  and 
excessive  supercooling  of  the  milk  raised  the  freezing 
point.  Stroecklin'  found  that  the  acid  content  and 
the  freezing  point  of  the  sour  milk  could  not  serve  as  a. 
means  of  accurately  calculating  the  freezing  point 
of  the  fresh  milk.  Koeppe,*  Van  Raoult,'  Reicher,"* 
Henderson  and  Meston"  and  others  have  published 
results  of  freezing-point  determinations  of  milk  where 
results  are  reported  quite  similar  to  those  recorded  in 
the  work  mentioned  here.  Monier-Williams''  showed 
that  the  presence  of  fat  is  without  influence  in  the 
determination  of  the  freezing  point.  He  concludes 
further  that  neither  the  proportion  of  total  milk 
solids  nor  the  non-fatty  solids  exerts  any  influence. 

The  most  striking  fact  found  by  an  examination  of 
the  results  of  the  freezing-point  determinations  of 
milk  in  the  literature  is  the  slight  variation  in  readings 
made  by  the  different  investigators.  No  determina- 
tion of  any  constituent  of  milk  has  given  such  closely 
agreeing  values  as  the  freezing  points  recorded  in  the 
literature  by  the  different  experimenters.  The  range 
in  temperature  is  from — 0.54  to — 0.57  °C.,  in  general. 
Hence,  the  value  of  this  determination  for  detecting 
added  water  in  milk  is  evident.  One  of  the  chief 
difficulties  encountered  in  the  interpretation  of  the 
results  of  milk  analysis  is  to  distinguish  between  rich 
milk  containing  a  small  amount  of  added  water  and 
naturally  thin  milk.  The  freezing-point  determinations 
appear  to  serve  as  an  index  for  making  this  distinction 
in  almost  everj'  case. 

The  freezing  point  of  milk  is  evidently  controlled 
by  substances  in  solution.  Substances  like  fat  exert 
no  influence  on  the  freezing  point  and  as  fat  is  the 
most  variable  constituent  of  milk  the  most  widely 
varying  factor  is  removed.  On  this  point  the  majority 
of  observers  have  agreed,  though  there  are  some  con- 
flicting statements.  It  has  been  shown  that  the 
freezing  point  is  independent  of  breed,  age  of  cow, 
period  of  lactation  or  quantity  of  milk.  It  is  also 
claimed  that  substances  which  are  in  colloidal  condi- 
tion, such  as  albuminoids,  affect  the  freezing  point 
either  not  at  all  or  to  a  very  slight  extent.     In  any 

'  Compi.  rend..  121  (1895),  696;  123  (1896),  1298;  124  (1897),  777. 
'Ibid..  123  (1896),  425. 

•  Mon.  sci.,  666  (1897),  462. 

•  Dissertation,  Leipzig,  1910. 

<■  MiUhzeitune.  28  (1899).  177. 

•  Chem.  Weckblad..  12  (1914),  108. 
'  Ann.  Sals..  «  (1911),  232. 

•  Jahr.  Kindrrhfilk..  47  (1898),  398. 

•  Chem.  Wcekblad..  11  (1914),  206. 
>'  Ibid..  11  (1914).  323. 

"  Proc.  Roy.  See.  Queensland.  24  (1913),  168. 

■'  Report  Local  Govt.  Board  Pub.  Health  (Great  Britain),  Food  Re- 
port 22  (.1914). 
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Table  I — Analysis 


Milking 
Time 
Noon 

P.M. 

Noon 


Point  op  Milk  op  iNDivronAL  Cows 
Per  cent    Per  cent  Fat   Per  cent      Per 
Total    Roese-Gottlieb  Solids- 


Grade  Holstein 3 

Holstein 4 


.-)  mos. 
5  wk-s. 

2 'A  mo 


Gr.ide  Holste 


1  m> 

I'A 


Holstein 10 


Part  Jersey 13 

Part  Durham 14 

Part  Jer.sey 1  .S 

Part  Jersey 16 


Milk 
Lbs. 

9.9 

8.4 
11.8 
15.2 
12.5 
15.0 

7.1 
10.0 
13.2 
17.2 
10.4 
13.2 
14.8 
18.1 
17.6 
15.0 
24.8 

18.0 
10.0 
13.0 
13.5  12.96 

26.1  12.58 
21.0  11.95 

30.2  11.59 
1 1  approx.  12.61 

7  14.17 

5  15.90 

11.67 


Solids 
12.16 
11.85 
11.49 
12.72 
12.21 
12.16 
11.27 
11.45 
12.32 
11.55 
11.36 
11.50 
13.40 
12.68 
11.46 
11.12 
10.85 
10.62 
13.84 
12.89 
12.31 
12.32 


Herd  Milk 12.63 

Herd  Milk  with  5  per  cent  added  water 12.07 

Herd  Milk  with  8  per  cent  added  water 1 1 .  66 

Market  Milk — 0.549 


Method 
3.49 
3.31 


3.18 
3.54 
3.63 
3.24 
3.41 
2.32 
3.47 
4.20 
4.17 
3.46 
3.40 
3.14 
3.11 
4.99 
4.05 
3.31 
3.62 
4.12 
4.01 
3.46 
3.07 
4.43 
4.65 
6.80 
3.87 
3.89 
3.66 
3.46 


not-Fat 
8.67 


8.95 
8.98 
7.63 
7.83 
9.08 
9.14 
8.04 
8.03 
9.20 
8.51 
8.00 
7.72 
7.71 
7.51 
8.85 
8.84 
9.00 
8.70 
8.84 
8.57 
8.49 
8.52 
8.18 
9.52 
9.10 
7.80 
8.73 
8.41 
8.20 


cent 
Ash 
0.79 
0.86 
0.80 
0.67 
0.72 
0.71 
0.73 
0.69 
0.71 
0.67 
0.67 
0.72 
0.70 
0.71 
0.75 
0.72 
0.72 
0.69 
0.73 
0.72 
0.69 
0.74 
0.63 
0.71 
0.69 
0.72 
0.72 
0.76 
0.74 
0.69 
0.73 


Freezing  Point  in  *  C. 
Milk  with  .4.dded  Diff- 

Milk  Water  {5%)     erence 

— 0.553  

—0.551  

—0.544  

— 0.558  

— 0.544  

— 0.547  

—0.552  

— 0.558  

— 0.548  

— 0.563  

—0.548  

— 0.560  

—0.570  

—0.559  

—0.563  

— 0.550  

—0.559  

— 0.555  

—0.559  

— 0.559  — O, 

—0.553  —0 


.562 
—0.541 
—0.574 
— 0.566 
—0.576 
—0.546 
—0.557 
— 0.552 
— 0.550 
—0.563 
— 0 . 534 

.514 


—0.534 
—0.541 
— 0.522 
—0.524 


0.029 
0.021 
0.025 
0.029 

o!632 
0.035 
0.024 
0.033 


case,  as  the  molecular  weight  of  these  substances  is 
very  high  their  relative  effect  upon  the  freezing  point 
would  be  very  small.  The  only  constituents,  there- 
fore, that  exert  any  appreciable  influence  upon  the 
freezing  point  of  milk  are  lactose  and  the  soluble  salts, 
which  later  are  composed  largely  of  the  chlorides  of  the 
alkali  metals.  In  this  connection  it  should  be  noted 
that  there  appears  to  be  a  more  or  less  constant  rela- 
tion between  the  amounts  of  lactose  and  sodium 
chloride  present  in  the  milk.  When  there  is  any  in- 
crease of  lactose  a  decrease  of  sodium  chloride  is 
found,  and  vice  versa.  Therefore,  there  is  a  tendency 
for  any  influence  exerted  on  the  freezing  point  by  these 
substances  to  be  balanced.  This  is  shown  by  the  work 
of  L.  W.  Ferris  of  this  laboratory  in  a  separate  paper 
under  the  title  "The  Detection  of  Added  Water  in 
Milk  by  Means  of  a  Simplified  Molecular  Concentra- 
tion Constant,"'  the  investigation  being  made  at  the 
same  time  and  upon  the  same  samples  as  were  used 
in  the  freezing-point  measurements  here  reported. 

Another  factor  which  exerts  an  influence  upon  the 
freezing  point  of  milk  is  the  per  cent  of  acid  in  the 
sample  which,  if  present  in  considerable  amount, 
might  lead  to  erroneous  conclusions,  as  with  increased 
acidity  of  the  milk  an  increased  depression  or  lowering 
of  the  freezing  point  takes  place.  Therefore,  it  is 
necessary  to  make  the  test  on  samples  before  any  con- 
siderable amount  of  acid  has  developed  if  confidence  is 
to  be  placed  in  the  results. 

Fn  the  work  recorded  here  the  samples  of  milk 
wore  authentic  and  represent  portions  from  complete 
milkings,  both  morning  and  evening,  in  every  case 
except  cows  Nos.  i  and  2,  which  were  milked  morning, 
noon  and  evening.  The  freezing  points  of  the  separate 
samples  were  determined  as  recorded  in  the  tables  and 
the  maximum  variations  of  the  freezing  points  of  milks 
from  indiviilual  cows  arc  shown. 

The  freezing  point  figures  in  Table  I  represent  the 
mean  of  two  and  sometimes  of  three  readings,  the  usual 

'  To  Bppcnr  In  noil  hvir  n(  Tiii»  JnirnNAL. 


range  in  variation  of  readings  on  the  same  sample  being 
o.ooi  to  0.003.  It  should  be  noted  that  Samples  3, 
5,  7,  8  and  16  represent  the  lowest  grade  or  thinnest 
milk  that  could  be  found,  having  in  mind  when  ob- 
taining them  the  difficulty  encountered  in  ordinary 
milk  analysis  in  distinguishing  between  naturally  thin 
milk  and  rich  milk  containing  small  amounts  of  added 
water.  The  results  of  these  five  samples  are  shown  not 
to  give  abnormal  freezing-point  figures. 

To  obtain  accurate  results,  it  is  very  necessary  to 
control  the  amount  of  supercooling.  As  a  result  of 
some  experiments  on  the  effect  produced  by  different 
degrees  of  supercooling,  it  was  found  that  by  reducing 
the  supercooling  to  the  extent  of  approximately  0.5° 
the  freezing  point  was  lowered  approximately  and 
uniformly  0.01°.  The  results  are  recorded  in  Table  II. 
The  samples  used  in  these  experiments  were  fresh 
market  milk. 

Tablh   II — Tim   Eppbct  on   tiik   Frbezino   Point  of   Fresh   Mauckt 
Milk   op    Dipkkrknt    Dsoreks   op   Supercooling 
Freezing 
Point 


Test 


Degrees  of 
Supercooling 
1 0.9    to  1.05 


1.0    to  1.1 

1.0 

1.3    to  1 . 4 

1.00  to  I  .  1 


—0.553 
— O.S53 
—0.552 
— O.S52 
—0.552 
—0.553 
— 0.553 

—  0.559 

-  0.556 

-0.551 
—0.551 
— O.5.S0 


Degrees  of 

Supercooling 

0.5  toO.6 

0.5  to  0.7 
O.S  too. 6 
0,5  toO.6 

0.5  (0O.6 


— 0.542 
—0.545 
—0.545 
— <1 ,  563 
— n  564 
—0.563 
—0 .  564 
— 0.568 
— 0.570 
— O  570 
—0,556 
--0.5J6 


Diffrrmft 
°  C. 
0  Oil 
U.OOg 
0.007 
0.011 
0,012 
0.010 
0,009 
0.009 
0.014 


As  the  amount  of  acidity  developed  in  milk  has  been 
found  to  influence  its  freezing  point,  a  few  determina- 
tions were  made  on  milks  in  which  diflcrcnt  degrees 
of  souring  had  developed.  The  results  of  these  deter- 
minations arc  recorded  in  Table  III.  The  samples 
used  in  tliesc  experiments  were  pastcurired  market 
milk  of  presumably  normal  composition,  except  in  the 
case  of  Sample  ,\  which  shows  the  presence  of  added 
water.  These  results  show  that  the  frceiinK  point  is, 
on  an  average,  lowered  approximately  o.oo.?"  for 
each   o.oi    per  cent  increase  of  acidi'v       Tlw-   iliMirr-; 
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here  recorded  represent  the  mean  of  two  and  sometimes  raised  i  or  2°  and  all  ice  crystals  were  melted.     These 

of  three  readings,  the  range  of  variation  in  readings  of  operations  were  repeated  and  the  freezing  point  taken 

the  same  samples  being  o.ooi  to  0.00,3°.  '   two   or  three  times.     The  freezing  point   of  recently 

TABLEIII-EPP.cToP.^c,mTvuPo^•THEFRu.^,^•GPo,NTOFPASTEURIZB«  ^°''^^    distilled    water   is    determined    in    exactly    the 

Market  Milk  Same  manner  as  in  the  case  of  milk;  the  difference 

Sample    ''acm'              "'pofn"'^     FVeTztntpcL  ^""?? c'-aT"""  between  the  reading  obtained  on  distilled  water  and 

No.      "sLa^t"^             _o°s«         D"''°Acid       0.01%  of  Acid  that  on  milk  represents  the  freezing  point  of  the  Sample. 

oils               — 0^548  It  is  necessary  to  check  up  the  freezing  point  of  dis- 

0.42                       —0.637                   0.092                       0.0030  ..,,     ,           .         r                   ^i                i-    i..            ■    ^• 

2 0.15                —0.539  tilled  water  frequently  as  slight  variations  occur  due  to 

0.18                     — 0.548  1.                •      it.        1 

0.34               —0.602             0.063                0.0037  Changes  in  the  glass. 

3 0.18  —0.496 

o;24                      —0522  DISCUSSION 
o!27                      — o!536                  0.040                      0.0044 

* Q-}^              -Z^sls  SUPERCOOLING — As  alreay  stated,  it  is  very  neces- 

2?2                ~?  JIf             „  ^o.                 r.  .,„.,,  sary  to  control  the  supercooling  in  order  to  obtain  con- 

U.40  — 0,636  U.0o4  0.0027 

5 0.16               —0.541  cordant   results.     The   results   of   experiments   to   de- 

0.18                  — 0.546  ^         .        ^,  .      ,              i     ^     ,,                    ... 

0.22               — 0.564            0.023                0.0038  termmc  this  demonstrate  the  necessity  of  keeping  the 

amount   of   supercooling   uniform   and   within   narrow 

DESCRIPTION  OF  APPARATUS  limits  and  further   emphasize   the  importance  of  uni- 

The  apparatus  used  consisted  of  an  ordinary  Beck-  formity  and  proper  control  of  conditions  in  all  work 

mann  thermometer  graduated  to  o.oi  °  divisions  and  a  °f  ^^is   character.      This   was   also  proved  by   Bordas 

sample  tube  made  from  tubing  about  22  mm.  in  diam-  and  Genin  in  their  report  of  work  on  the  freezing  point 

eter   and    1.5   mm.   thick.     The   entire  tube  is   about  °f  nii'k.     It  should  be  stated  that  experience  with  the 

19  cm.  long  and  has  the  upper  length  of  about  3.5  ^or™  of  apparatus  used  by  the  writer  showed  that  a 

cm.  widened  to  30  mm.  diameter  to  carry  a  stopper  supercooling  of    about  i  to  1.2°  was    the  most  satis- 

which    serves    to    hold    the    Beckmann    thermometer  factory  and  the  results  recorded  in  this  paper  repre- 

and  the  usual  wire  stirrer.     This  tube  below  the  collar  sent  readings  made  with  an  average  supercooling  of 

was  fitted  into  a  large  test  tube  to  allow  the  smallest  approximately  1.1°.     Readings  made  with  milk  when 

amount  of  air  space  between  the  walls.     A  piece  of  thin  the    supercooling    was    about     0.5     to    0.6°    were    not 

walled  rubber  tubing  was  fitted  over  the  top  of  the  outer  satisfactory  because  of  the  tendency  of  the  mercury 

tube,  making  a  tight  joint  at  the  shoulder  of  the  inner  column  to  dart  up  and  down  and  not  remain  stationary. 

tube.     A  glass  jar  of  approximately  two  quarts  capacity  as  when  a  greater  amount  of  supercooling  was  allowed. 

held  the  freezing   mixture,  the  jar  being  wrapped  in  I*  may  be  safely  stated,  therefore,  that  it  is  not  neces- 

cotton  or  other  material  to  assist  in  maintaining  low  sary  in  case  of  milk  to  keep  the  amount  of  supercooling 

temperature   and   a  box   of  suitable   dimensions   with  down  to  the  least  possible  amount  so  long  as  uniform- 

an  opening  in  the  top  through  which  the  thermometer  ity  is  maintained.        An  amount  of  supercooling  of   i 

passed,  provided   with  a  sliding   shelf  in   the   box   at  to  1.3°  was  used  in  this  work  since  it  seemed  to  give 

proper  point  for  the  easy  removal  of  jar.     A  stand  held  the  best  working  conditions  and  also  concordant  re- 

the  thermometer  in  position  and  a  lens  aided  accurate  suits. 

readings.  acidity — It  was  found  that  an  increase  of  acidity 

from  o.is  per  cent,  which  is  about  the  average  figure 

PROCEDURE  r         r        1.         -11       ..                                       ^          i.-    i.    •                       ■            t 

for  fresh  milk,  to  0.24  per  cent,  which  increase  is  not 
Fifteen  to  twenty  cc.  of  the  sample  of  milk  pre-  at  all  unusual,  lowered  the  freezing  point  about  0.25 
viously  cooled  nearly  to  the  freezing  point  were  placed  to  0.3  per  cent  which  approaches  the  amount  of  lower- 
in  the  tube.  To  obtain  a  temperature  of  - — 4°  C,  a  ing  produced  by  the  presence  of  5  per  cent  of  added 
freezing  mixture  of  shaved  ice  and  salt  was  prepared  water  (see  Table  I).  This  same  effect  was  found  to  be 
in  the  proportions  of  40  to  50  g.  of  salt  :  900  to  1000  produced  with  samples  preserved  with  formaldehyde, 
g.  of  ice  mixed  with  sufficient  water  to  fill  all  air  spaces.  Therefore,  a  sample  of  milk  in  which  a  considerable 
Thethermometer  was  placed  in  the  sample,  and  the  tube  amount  of  acid  has  developed  or  which  is  preserved 
lowered  into  the  freezing  mixture  so  that  all  of  the  with  formaldehyde  and  containing  a  small  percentage 
milk  was  below  the  surface  of  the  freezing  bath.  When  of  added  water  might  easily  pass  as  normal  milk  by 
the  mercury  column  was  I  °  below  the  true  freezing  point  the  freezing-point  test.  A  too  rapid  stirring  of  the 
the  sample  was  stirred  gently  at  the  rate  of  two  strokes  sample  while  freezing  must  be  avoided  to  prevent  the 
per  second  to  break  up  any  ice  particles  formed,  generation  of  heat.  Our  experience  is  in  accordance 
Too  rapid  stirring  must  be  avoided  to  prevent  the  with  that  of  other  observers  on  this  point,  viz.,  the 
generation  of  heat  mechanically.  A  rapid  rise  of  the  stirring  should  be  so  regulated  as  to  reduce  the  amount 
mercury  column  was  noted.  The  highest  point  it  of  heat  generated  to  a  minimum  and  at  the  same  time 
reached  was  slightly  above  the  freezing  point.  Then  be  suflBcient  to  break  up  any  ice  crystals  as  they  are 
slow  uniform  stirring  was  continued  until  the  mercury  formed.  By  rapid  stirring  a  rise  of  0.01°  or  more  in 
remained  stationary  for  one  minute  when  the  reading  the  freezing  point  may  easily  be  effected.  A  rate  of  one 
was  taken.  The  thermometer  and  tube  were  then  re-  or  two  strokes  of  the  stirrer  per  second  is  most  satis- 
moved  and  warmed  with  the  heat  of  the  hand  or  in  factory,  which  condition  is  determined  largely  by  the 
water  at  40°  C.  until  the  temperature  of  the  sample  behavior  of  the  mercury  column. 
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CONCLUSIONS 


I — The  freezing-point  figure  of  milk  is  the  most 
constant  one  yet  obtained  and  the  safest  basis  upon 
which  to  draw  conclusions  as  to  the  presence  or  ab- 
sence of  added  water. 

II- — The  freezing-point  figures  on  the  milks  of  six- 
teen individual  cows  examined  show  that  the  pres- 
ence of  5  per  cent  added  water  can  be  detected  in  the 
majority  of  cases  by  this  method  and  in  any  case 
place  the  sample  in  the  suspicious  class. 

Ill — The  presence  of  water  added  to  fresh  milk  in 
excess  of  5  per  cent  can  be  detected  with  certainty  by 
the  freezing-point  measurement.  The  use  of  sufficient 
formaldehyde  for  preservation  was  found  to  lower  the 
freezing  point. 

IV — It  is  essential  that  the  test  be  applied  only  to 
reasonably  fresh  milk  as  the  presence  of  acidity  to  the 
extent  of  0.1  per  cent  beyond  the  normal  for  fresh 
milk  (0.15  per  cent)  counteracts  the  amount  of  de- 
crease in  the  freezing  point  depression  produced  by  the 
presence  of  approximately  5  per  cent  of  added  water. 

V- — The  method  is  practical  in  milk  control  work  in 
that  the  test  need  be  applied  only  to  samples  of  doubtful 
character. 

Dairy  Laboratory  and  Laboratory  of  Food  Control 
Bureau  ot  Chbmisiry.  Washington.  D.  C. 


INSOLUBLE  PHOSPHORIC  ACID  IN  ORGANIC  BASE 

GOODS 

By  E.  O.  Thomas 

Received  June  2,  1917 

The  Official  Method'  for  the  determination  of  the 
citrate-insoluble  phosphoric  acid  in  fertilizers  while 
giving  all  the  available  phosphoric  acid  in  acid  phos- 
phate does  not  give  all  of  the  available  in  certain 
classes  of  organic  materials.  However,  when  this 
same  material  is  batched  into  a  complete  fertilizer 
more  available  phosphoric  acid  (or  what  is  the  same 
thing,  less  insoluble  phosphoric  acid)  is  obtained, 
due  to  a  relatively  larger  amount  of  citrate  solution 
acting  on  the  material.  Particular  reference  is  here 
made  to  base  goods  made  by  acidulating  garbage 
tankage  without  any  addition  of  phosphate  rock. 
By  the  Official  Method  this  material  ranges  from 
o.QS  per  cent  to  1.80  per  cent  insoluble  phosphoric 
acid.  That  the  Official  Method  does  not  give  the 
true  available  phosphoric  acid  in  this  material  is  shown 
by  the  following  experiments.  A  sample  of  this  base 
goods  containing  17.82  per  cent  moisture  showed  by 
the  Official  Method  i .  56  per  cent  insoluble  phos- 
phoric acid;  by  increasing  the  amount  of  citrate  solu- 
tion used  per  2.0  g.  of  ba.sc  the  results  in  Table  I 
were-  obtained. 

Tiiat  the  Official   Method  gives  all  of  the  available 

iilumphoric   ttcid   in   acid   phosphate  is  shown   by   the 

(Tabic  I)  on  two  samples  of  acid  phosphate. 

1  omplclc  fertilizer  made  on  the  following  formula 

no  phosphatic  material  but  base  goods   (Table 

lid  acid   phosphate   No.    2   (Tabic  1)  gave  the  re- 

I  lout.  A.o.  A.C..  1,  No.  *.  r«rt  2.  p.  4. 


suits  given  in  Table  I  on  insoluble  phosphoric  acid 
when  deviating  from  the  Official  Method. 

500  lbs.  Base  Goods  (1.56%  Insol.  PiOj) 
900  lbs.  Acid  Phosphate  No.  2  (0.12%  Insol.  PiOi) 
520  lbs.  Kanona  Nitrogene 
80  lbs.  Muriate  of  Potash 

The  calculated  amount  of  insoluble  phosphoric 
acid  in  the  complete  fertilizer  mixture  is  0.44  per  cent, 
or  0.09  per  cent  more  than  that  found.  As  the 
Official  Method  is  shown  to  take  care  of  all  the  avail- 
able  phosphoric  acid   in   acid   phosphate    it  is  fair  to 

Table  I — Results  on  2-Gram  Samples  with  Varying  .\mounts  op 

Neutral  Ammonium  Citrate  Solution,  GRA\nTv.   1,09 
(100  Cc.  Neutral  Ammonium  Citrate  Solution  Used  in  Official  Method) 
Cc.  Neutral 

Ammonium  Per  cent  Insoluble  Phosphoric  Acid  (PsOi) 

Citrate  Base  Acid  Phosphates  Complete 

Solution  Goods  No.  1  No.  2  Fertilizer 

100  1.56  1.41  0.12  0.35 

133  1.44  1.44  0.09  0.28 

200  1.38  1.35  0.10  0.26 

400  1.05  1.42  0.08  0.28 

800  0.88  1.37  0.08  0.20 

1200  0.80  

1600  0.70  

assume  that  this  gain  of  cog  per  cent  available  is 
derived  from  the  500  lbs.  of  base  goods,  or  a  gain  to 
the  buyer  of  0.36  unit  of  available  phosphoric  acid 
per  ton.  Leaving  out  of  consideration  the  other  ma- 
terials in  this  mixture,  of  the  2.0  g.  taken  for  analysis, 
0.5  g.  is  base  goods  which  is  acted  on  by  100  cc.  of 
citrate  solution;  i.  e.,  the  ratio  of  2.0  g.  base  goods 
to  400  cc.  citrate  solution.  The  insoluble  phosphoric 
acid  found  in  the  br.se  goods  using  400  cc.  citrate  solu- 
tion (Table  I)  was  1.05  per  cent,  a  gain  in  available 
of  0.51  per  cent  over  that  found  by  the  Official 
Method. 

By  following  all  details  of  the  Official  Method,  except 
the  using  of  100  cc.  of  N/io  normal  citric  acid  in  place 
of  the  100  cc.  ammonium  citrate  as  suggested  by 
Rudnick,'  this  sample  of  base  showed  1.78  per  cent 
insoluble  phosphoric  acid.  Using  100  cc.  2  o  per  cent 
citric  acid  to  replace  the  ammonium  citrate  this  same 
base  showed  1.15  per  cent  insoluble.  This  latter 
figure  is  comparable  with  that  obtained  when  using 
400  cc.  citrate  solution  in  the  digestion,  namely,  1  05 
per  cent,  and  is  also  comparable  with  the  figures  ob- 
tained when  this  garbage  base  is  batched  (pis.,  in  com- 
plete fertilizer,  Table  I)  not  to  exceed  500  lbs.  to  the 
ton.  As  shown  in  Table  I,  there  is  a  gain  of  o.,?6 
per  cent  available  phosphoric  acid  per  ton  of  base 
goods  when  this  material  is  batched  at  the  rate  of 
500  lbs.  per  ton  of  complete  fertilizer  and  the  Official 
Method  is  used.  This  gain  of  0.36  per  cent  plus 
the  I.  IS  per  cent  found  when  using  the  2.0  per  cent, 
citric  acid  solution  gives  1.51  per  cent  insoluble 
phosphoric  acid,  very  close  to  the  amount  found  by 
the  Official  Method,  pis.,  i  .  56  per  cent. 

CONCLUSION 

The  Official  Method  for  the  determination  of  citrate- 
insoluble  phosphoric  acid  gives  the  true  value  of  acid 
phosphate,  but  some  modification  should  he  used 
for  the  analysis  of  materials  of  the  character  of  .icid- 
ulatcd  garbage  tankage. 

814  Paol-Oalm-Oiiiiinwoou  Bdiuumo 
NoaroLic.  VmaiNiA 
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LABORATORY  AND  PLANT 


DISCONTINUOUS  EXTRACTION  PROCESSES 

Uy  L.  F.  Hawley" 
Received  May  8.  1917 

The  operation  by  which  a  soluble  substance  is  re- 
moved from  an  accompanying  insoluble  material  by 
washing  with  a  suitable  solvent  is  a  common  and  im- 
portant operation  in  chemical  industrial  processes; 
the  terms  lixiviation,  leaching,  percolation,  extrac- 
tion, diffusion,  filtration,  decoction,  decantation,  wash- 
ing and  others  are  applied  in  different  industries  to 
the  same  general  operation  and  on  account  of  this 
•varied  nomenclature  there  seems  to  be  a  lack  of  ap- 
preciation of  the  fact  that  the  fundamental  principle 
is  the  same  in  each  of  these  operations,  whatever 
name  is  applied  to  it. 

Most  of  us  have  a  hazy  idea  that  in  such  an  operation 
several  separate  washings  with  fresh  solvent  will  re- 
move more  soluble  material  than  a  single  washing 
with  the  same  total  amount  of  solvent,  or  that  a 
multiple  extraction,  in  which  the  same  solvent  is  used 
in  proper  order  on  several  charges  of  material,  is  more 
efficient  than  repeated  washings  with  fresh  solvent, 
but  when  we  are  asked  why,  in  what  way,  or  especially, 
how  much,  the  answer  is  not  forthcoming.  In  certain 
single  cases,  as  a  result  of  long  experience,  we  may 
be  able  to  give  satisfactory  answers,  but  the  general 
case  has  not  been  developed,  so  far  as  is  known  to  the 
writer.  The  following  discussion  is  for  the  purpose 
of  developing  the  general  case  and  giving  a  quanti- 
tative treatment  of  the  subject. 

THE  SIMPLEST  CASE — In  Order  to  simplify  the  con- 
ditions to  a  point  where  a  mathematical  treatment 
is  readily  possible  we  will  first  assume  an  ideal  case 
in  which  the  original  material  to  be  treated  consists 
of  small  particles  of  an  impermeable,  insoluble  sub- 
stance, wet  with  a  strong  solution  of  the  substance  to 
be  extracted;  these  conditions  would  be  well  met  by 
a  mass  of  small  glass  beads  wet  with  a  strong  salt  solu- 
tion, i.  e.,  containing  only  as  much  of  the  solution  as 
would  remain  behind  after  draining.  If  a  mass  of 
this  kind  is  shaken  with  a  certain  amount  of  water 
and  as  much  as  possible  of  the  water  is  then  drained 
off,  how  much  of  the  original  salt  remains  with  the 
beads?  In  this  particular  example  it  is  easy  to  con- 
ceive that  after  shaking 'with  the  water  a  weaker 
solution  is  formed  and  that  the  concentration  of  the 
part  drained  off  is  the  same  as  the  concentration  of  the 
part  remaining;  therefore,  the  portion  of  the  salt  re- 
maining on  the  beads  after  such  a  treatment  depends 
only  on  the  relation  between  the  volume  of  solution 
drained  off  and  the  volume  of  the  solution  retained. 

SOLVENT  RATIO — If,  for  instance,  s  volumes  of  solu- 
tion are  drained  off  and  one  volume  is  retained,  then 
'/e  of  the  salt  is  removed  and  Ve  remains  with  the 
beads.  This  ratio,  volume  removed  :  volume  retained,  is  of 
fundamental  importance  in  considering  any  extraction 
problem  and  will  hereafter  be  called  the  solvent  ratio, 

^  Chemist  in  Forest  Products,  Forest  Products  Laboratory,  Madison. 


and  designated  by  a.     With  any  solvent  ratio  a,  a 

a 

single  washing  will  remove  of  the  original  solu- 

«  +  I  I 

ble   substance   present,  leaving  behind  .     If  the 

a  -f-  I 

amount  of  solvent  retained  is  known,  then  the  amount 

of  soluble   material   removed  can   be   computed  from 

the  amount  of  solvent  removed. 

SUCCESSIVE  TREATMENTS  WITH  FRESH  SOLVENT 

By  carrying  this  same  conception  a  little  farther, 
the  amount  of  soluble  material  remaining  after  two 
or  more  successive  treatments  with  the  same  amount 


of  solvent  can  be  computed.      If 


a  +  1 
after  one  treatment  with  solvent  ratio  a  then 


is  left  behind 


left  after  two  such  treatments. 


(a  +  i)2 
after  3,  etc' 


(a  -f  1)5 

Table  I  is  computed  from  these  formulas  and  gives 
the  percentage  of  soluble  material  removed  after 
different  numbers  of  treatments  with  varying  solvent 
ratios.  The  total  volumes  of  the  resulting  solutions 
are  also  shown  for  comparison;  these  volumes  are  ex- 
pressed in  terms  of  the  amount  of  solvent  retained. 

Table   I — Percentage    Extraction  with   Different  Solvent  Ratios 

AND  Different  Numbers  of  Treatments:  Repeated  Washings 

WITH  Fresh  Solvent* 

'  Per       Volume^  " 

cent            of          Per  Vol.  Per  Vol.  Per  Vol. 

Solvent                    Ex-         Soln-     cent         o!  cent           of  cent  of 

Ratio                   tracted     tion     Extr.  Sol.  Extr.  Sol.  Extr.  Sol. 

1 50.00          1        75.00         2  87.50         3  93.75  4 

2 66.67           2        88.89           4  96.30           6  98.76  8 

3 75.00          3        93.75          6  98.44          9  99.61  12 

4 80.00         4       96.00         8  99.20  12  99.84  16 

5 83.33          5        97.22  10  99.54  15  99.92  20 

6 85.71          6       97.96  12  99.71  18  99.96  24 

7 87.50          7        98.44  14  99.81  21  99.98  28 

8 88.89          8       98.76  16  99.86  24  99.98  32 

9 90.00         9       99.00  18  99.90  27  99.99  36 

10 90.90        10       99.17  20  99.92  30  99.99  40 

*  Just  previous  to  the  publication  of  this  paper  the  writer's  attention 

was  called  to  a  similar  table  in  "Cyaniding  Gold  and  Silver  Ores."  Julian 
and  Smart,  Chapter  31. 

Table  I  shows  the  correctness  of  the  common  notion 
that  in  washing  with  a  limited  amount  of  solvent 
it  is  better  to  wash  several  times  with  small  portions 
than  once  with  the  whole  amount;  besides  this  the  re- 
sults which  can  be  obtained  with  different  amounts  of 
solvent  and  different  methods  of  application  are  shown 
quantitatively.  For  instance,  6  volumes  of  solvent, 
if  used  in  one  treatment,  may  give  only  85.  7  per  cent 
extraction  (solvent  ratio  6),  but  if  used  in  two  equal 
parts  separately  will  give  93.75  per  cent  (solvent 
ratio  3),  or  in  three  parts,   96.29    (solvent   ratio   2). 

1  See  Ostwald's  "Foundations  of  Analytical  Chemistry"  sections  on  the 
Theory  of  Washing  Precipitates  and  on  Adsorption  Phenomena.  Ostwald 
says  that  his  similar  formulas  "do  not  agree  at  all  with  observed  facts" 
on  account  of  the  adsorption  phenomena  which  were  not  considered  in  their 
calculation  but  he  is  speaking  of  analytical  results  where  00.01  per  cent 
might  be  a  large  error.  In  commercial  extraction  where  00.1  per  cent 
might  be  a  negligible  discrepancy  between  calculated  results  and  observed 
facts  the  effect  of  adsorption  would  not  seriously  interfere  with  the  accuracy 
of  the  formulas.  Finely  divided  analytical  precipitates  would  also  show- 
adsorption  phenomena  to  a  much  greater  degree  than  would  the  coarser 
granular  or  fibrous  materials  commonly  used  in  extraction  processes. 
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Even  more  striking  examples  are  that  4  volumes  of  is  shown  in  the  following  table,  which  traces  the  course 
solvent  in  4  equal  parts  give  a  better  extraction  (93.  75  of  the  operation  from  the  time  of  starting  with  fresh 
per  cent,  solvent  ratio  1)  than  10  volumes  used  all  materials  until  the  results  become  practically  constant 
at  once  (90.9  per  cent,  solvent  ratio  10),  and  that  8  when  a  solvent  ratio  of  2  is  used  in  a  series  of  two  ex- 
volumes  in  4  parts  give  the  same  results  (98.76  per  tractions: 

cent,   solvent  ratio    2)   as   16  volumes  in  two  parts    (sol-  table  II-Table  Showing  detailed  Co^se  of  Extraction  «  Series. 

vent    ratio    4).'  Two  Treatments.     Solvent  Ratio  2 

Cell  Before         Added  After 

MULTIPLE    EXTRACTION  ^°-                                       ^^^^         Solvent       Beads            Solvent 

1 100.00  0  33.33  66.67 

^,  .  ,  ,  ,  ,       .,  .  2 100.00         66.67  55.56  (111.11) 

These  simple  cases  have  served  to  clarify  our  views  2 55.56  o  is. 52  37.04 

J,    ^,         ^  11      i    •        J  1  ..>)  J     11      1  4.  <-■     ')  3 100.00         37.04         45.68  (91.36) 

of  the  terms      retained  solvent      and     solvent  ratio  3 45.68  0  15.23  30.45 

,  J     i       ...1.  £C    •       i  J  4 100.00         30.45         43.48  (86.97) 

and   we  can   now  proceed  to  the   more  emcient   and  4 43.48         0  14.49  28  99 

more     complex    process    of     multiple    extraction.     It  5::::::::::;::::::    'wIm       ^V       t^ij?          ^fi'.el' 

can  be  readily  seen  from  the  consideration  of  the  re-  5 '9?-22       ^*n^*       *?,-^?„,  ^      ^illD^s 

■'  6 42.89  0  14.30(a)         28.59(6) 

suits   of   any   series   of   repeated    washings   with   fresh  7 loo.oo       28.59       42.86(c)       (85.72)(<i) 

solvent,  as  shown  in  Table  I,  that  as  the  number  of  ,  ,           ...            ,  .      ax  +  i     ...       (ax  +  \)a 

...                        ,               ,                .                ,     ,                   ,  ,  (a)  =  X.    (b)  =  ax.   (c)=  -      ,    .  ■  (d)   =                 —  =  1  —  x 

washings   increase   the    solvent   is    used   less   and  less  "  -r  i                o  -r  i 

efficiently,  i.  e.,  the  same  amount  of  solvent  removes  j^   ^^-^   t^^le  the   figures  represent   percentages   of 

less  and  less  salt.     For  instance,  when  using  enough  g^j^^  ^^^  p^,.  ^^^t  being  the  amount  in  a  fresh  charge 

solvent  each  time  so  that  the  solvent  ratio  is  4,  wash-  ^f  ^^^^^      p^,^  instance,   100  per  cent  in  the  column 

ing   No.    I   removes   80  per  cent;  washing   No.    2,    16  beaded    "Beads"    signifies    a    fresh    charge    of    beads, 

per  cent;  No.  3,  3-2  per  cent;  No.  4,  0.64  per  cent.  ^.j^ile  0.0  per  cent  in  the  "Solvent"  column  indicates 

After    these    last   washings   the   solution   contains   so  ^^^3^  solvent.     After  the  first  treatment  of  fresh  beads 

httle  of  the  salt  that  it  could  very  evidently  be  used  ^-^^  j^esh  solvent  33-33  per  cent  of  the  original  salt 

to  better  advantage  as  solvent  on  a  fresh  charge  of  remains  on  the  beads  and  66.66  per  cent  are  removed 

beads   than   as   a   finished   solution.     By   means   of   a  ^-^^    ^he    solvent.     This    solvent    containing    66.66 

procedure    whereby    the    weaker    solutions    are    used  p^^  ^^^^  ^f  the  salt  on  a  charge  is  added  to  a  fresh 

over    again,    either    on    new    charges    of    the    original  charge  of  beads  (100  per  cent  salt)  and  by  mi.xing  and 

material  or  on  charges  which  have  been  already  ex-  draining  off   Va   (55-5   per  cent)   of  the  total    166.66 

tracted   by  stronger  solutions,   the   final  solution  can  p^^  ^^^^  remains  behind  on  the  beads  while  V,  (m.  i 

be  obtained  in  much  more  concentrated  form  than  by  p^^  cent)  is  removed  in  the  solvent  drained  off.     The 

using  the  fresh  solution  only  once;  i.  e.,  the  solvent  ^^^^^  containing   55.5  per  cent  salt  are  now  treated 

IS  used  more  efficiently.  ^^^^    ^^^^^    solvent    which    removes    37.04    per    cent, 

The  most  rational  method  of  applying  the  solvent  j^^^j^g    ^g    .,   p^^  cent.     In  this  wav  the  extraction 

to    obtain   this    effect    is    according   to   the    counter-  j^    continued,    the    figures   in  italics  representing   the 

current  principle,  in  which  each  lot  of  solvent  is  used  amount  of  salt  left  on  the  beads  after  two  washings 

on  charges  of  beads  containing  successively  more  and  ^^^  ^^^  ^g^^es  in  parentheses  representing  the  amount 

more  salt  and  in  which  each  charge  of  beads  is  treated  removed    from   the   system   in   the   solvent    after   the 

with    solvents    containing    successively    less    and    less  ^^^^^^    washing.     It    will    be    noted    that    these    two 

salt.     Another  way  of  considering  the  counter-current  ^g^^^es  gradually  become  smaller  until  they  are  prac- 

principle  is  that  each  lot  of  solvent  progresses  in  one  ^-^^^^^  constant  at  about    14.30  per  cent  and  85.  72 

direction,  meeting  charges  of  beads  which  have  been  p^^  ^^^^^  respectively,  and  since  together  they  repre- 

treated  fewer  and  fewer  times  until  it  finally  treats  ^^^^  ^^^^  ^^^1  disposition  of  the  100.00  per  cent  of  salt 

a  fresh  charge,  is  fully  concentrated,  and  is  removed  ^^^j^^  ^^.^j^  ^.^^^  fresh  charge  of  beads  they  will  finally 

from  the  system,  while  each  charge  of  beads  progresses  ^^^^^  ^  ^-^-^  ^^  ^^,^^-^y^  ^y^^  ^^^  ^f  ^^^  t^o  ^i,l  ^c  xoo.  00. 

in  the  other  direction,   meeting  solvents   which   have  j^  j^  ^^^  possible  to  determine  the  value  of  both  these 

been   used    fewer   and   fewer   times   until   finally   it   is  ^^^^^^^  .^  ^^^^^  ^^  ^^^  5^,^^^^  ratio  a. 

rated  with  fresh  solvent,  is  completely  washed,  and  ,,    ,                      ,     ,    ^     ,,    .  ,    •    .1     i      j    ■        ,<   j 

,  ,          ^.           ^            nr        11                 1            .  If  the  amount  of  salt  finally  left  in  the  beads  IS  called 

■  moved  from  the  system.     We  will  now  endeavor  to  .          ...          ,     .        ,     •      ■     «•     r.       ., 

,       ,        ..      ,          1          u'  u       11                  .1                  .  X,  then  the  salt  in  the  solution  drained  off  after  the 

Icvelop  the  formulas  which  will  express  the  amount  '                 .             .          ,           •     1                .t         c 

,       ,    ,  ,           ^     .   ,                  ,  .               .           ,        ^       .■  treatment  is  <j.v,  since  the  ratio  between  these  hgurcs 

"f  soluble  material  removed  by  varying  solvent  ratios  ,             '    ,             _,          ,.,•./» 

,                          ,           f  »       »         »               J-       ,     .u-  IS  the  solvent  ratio  a.     The  solution  drained  off  con- 

nd  varying  numbers  of  treatments,  according  to  this  .       ,  ,    ,           ,      ,     ,             r  1      j         j  .t. 

,                 ,       •     ■   ,  taininc  ax  is  added  to  11  fresh  charge  of  beads  and  the 

untcr-currcnt  principle.  '"..                      .,                ,         i.i.-. 

total  salt  in  the  mixture  is  then  ax  +  i;  by  the  trcat- 

DEVKLO..MENT    OF    FORM u LAS— Thesc    formulas    are  ^^^^t   „,i^  ^^^„„t   i^  di^.id^.j   i„   ^,,.„  p^rts.   that   rc- 

morc  difficult  to  work  out  on  account  of  the  fact  that  ,„„i„i„g  ,,„  the  beads  and  that  drained  off.  which  are 

n  the  start  with  fresh  .solvent  and  fresh  material  the  ^^  ^^^,,  ^,^^^  as  i  :  <i;  that  is.  the  part  remaining  on 

suits    are    different    from    those    obtained    after    the 

irocess   has   been   in  operation   for  some   time.     This      the    beads    is ; —  {nx  4    t)    and    the  part   drained 

a  +  I 

I  II  will  not  lie  nrcr^iury  lo  i-unaliler  lllr  ruw  In  which  iini-iiual  purlloni  ,} 

.1  •.olvcnt  are  ii.rd  I.c.immc  the  nmihcniailcliun  Irll  ui  thai  It  I    \    y   +        off     is    (o*    +    \)-       Hut    in  tilis   laltCF   figure,  thC 

-   A  condlnnt.  xyi  In  n  nmslniMiii  when  *   »  y  —   i  utid.  thrrrfiirr.  with  <'    "T"    I 

"   •lime  liiliil  iimiMint  <>(  mlvrnt  piiiml  norlliinn  give  lirllcr  rr«iU<  Ihnn  the  ...          ....          .       .           ■         ■ 

..nr  niiiiiLrr  nf  nne<|iml  |«.rlloii.  ailUMinl    of   Salt   Ml    the    hnal    SOlutlOn    IS   OlSO    I  X,  80 
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that  (ax  +  1)   =   I  ■ —  x;  clearing    of   fractions, 

a  +  I 

a'x  +  a  =  a  ■ —  ax  -j-  i  ■ —  x,       or,  a;  =  1 . 

0=  +  a  +  I 

In  a  multiple  extraction  with  two  treatments  in  series 

the  amount  of  unextracted  salt  is  then  -;; and 

a-  +  a  +  I 

.the    amount    of    extracted    salt    is    2 JlJL when 

a-  +  a  +  I 

a  =  the  solvent  ratio. 

In  the  same  way  the  amount  of  salt  extracted  by 
multiple  extraction  with  3,  4,  or  more  treatments 
in  series  can  be  expressed  in  terms  of  the  solvent 
ratio.  The  details  of  the  development  of  the  formulas 
need  not  be  repeated  and  the  results  only  will  be  given. 
For  a  series  of  3  treatments  the  unextracted  salt  is 

,  for  4  treatments , 

a'  +  0-  +  a  +  1  a^  +  a'  +  a^  +  a  +  i' 

etc. 

Table  III  shows  the  percentage  extraction  obtain- 
able with  different  solvent  ratios  and  different  number 
of  treatments,  as  computed  from  these  formulas. 

Tablb  III — Pbkcentage  Extraction  with  Different  Solvent  Ratios 
AND  Different  Numbers  of  Treatments.     Multiple  Extraction 
r Number  of  Treatments* . 

Solvent 

Ratio  12  3  4  5  6 

1 50.00     66.67     75.00     80.00     83.33     85.71 

2 66.67     85.71     93.33     96.77     98.42     99.21 

3 75.00     92.31     97.50     99.17     99.73     99.91 

4 80.00     95.24     98.82     99.71     99.93 

5 83.33     96.77     99.36     99.87     99.97 

6 85.71     97.67     99.61     99,94        

7 87.50     98.24     99.75     99.96        

8 88.89     98.63     99.83     99.98        

9 90.00     98.90     99.88     99.99        

10 90,90     99,10     99.91        ..  

♦Number  of  treatments  must,  of  course,  be  integral  but  solvent  ratios 
may  be  fractional.  The  results  obtainable  with  fractional  solvent  ratios 
may  be  determined  by  substitution  in  the  formulas  or  by  inspection  and 
interpolation  in  the  tables.     It  should  be  noted  that  with  solvent  ratios  less 

than  unity  the  value  of    ■—— — — r^p — ,  — 55  =   1  —  a:  i.  t..  how- 

ever many  treatments  are  given  with  a  solvent  ratio  of.  say.  0,8  not  less 
than  1  — "0.8  =  0.2  of  the  original  soluble  material  will  be  left  unextracted. 
This  is  the  only  instance  where  the  mathematical  conception  of  the  per- 
centage extraction  as  a  function  of  the  solvent  ratio  seems  to  apply  directly 
to  continuous  extraction;  continuous  extraction  may  be  considered  as  dis- 
continuous extraction  in  an  infinite  number  of  cells  and,  therefore,  even  in 
theoretically  perfect  continuous  extraction,  the  solvent  ratio  must  be  unity 
or  greater  Uhe  amount  of  solvent  drawn  from  the  system  must  be  equal  to 
or  greater  than  the  amount  left  on  the  extracted  material)  in  order  to  obtain 
complete  recovery  of  soluble  material. 

In  these  cases  of  multiple  extraction  the  amount  of 
solvent  in  the  final  solution  is  proportional  to  the  sol- 
vent ratio  only  and  is  not  affected  by  the  number  of 
treatments  and,  therefore,  the  following  examples 
can  be  derived  from  the  table.  Three  volumes  of 
solvent  in  s  treatments  give  better  extraction  (99.73 
per  cent)  than  6  volumes  in  3  treatments  (99.61  per 
cent).  Two  volumes  of  solvent  in  6  treatments  in 
series  give  better  extraction  (99.21  per  cent)  than  4 
volumes  in  3  treatments  (98.82  per  cent),  or  than  10 
volumes  in  2  treatments  (99.10  per  cent).  Other 
examples  can  be  figured  out  in  the  same  way. 

COMPARISON      OF      ilULTIPLE      EXTRACTION       WITH      RE- 
PEATED   WASHINGS    WITH    FRESH    SOLVENT 

With  these  two  tables  showing  the  results  obtain- 
able in  extraction  by  repeated  washings  with  fresh 
solvent  and  by  multiple  extraction,  respectively,  we 
are  now  in  position  to  make  comparisons  between  these 
two  methods.     For  convenience  in  making  the  com- 


parison, Table  IV  is  prepared  which  is  simply  a  com- 
bination of  Tables  II  and  III. 

This  table  shows  plainly  the  advantages  of  multiple 
extraction  in  the  way  of  removing  a  greater  propor- 
tion of  the  soluble  material  per  unit  of  solvent  used. 

EXTRACTION    OF    MATERIAL    XOT    WET    WITH    SOLVENT 

The  foregoing  conclusions  were  all  obtained  on  the 
assumptions:  (i)  that  the  soluble  substance  was  al- 
ready in  solution  before  the  extraction  process  was 
started,  and  (2)  that  the  material  to  be  extracted  was 
wet  with  the  amount  of  solution  normally  retained 
after  draining.  There  are  several  instances  in  com- 
mercial practice  where  both  these  assumptions  would 
hold  but  there  are  many  instances  where  neither 
would  hold  and  we  will  now  develop  the  formula  for 
multiple  extraction  and  for  repeated  washings  with 
fresh  solvent,  similar  to  the  preceding,  except  that 
the  original  material  will  be  assumed  dry  and  with 
the  soluble  substance  in  solid  form.  A  concrete  case 
would  be  a  mass  of  glass  beads  whose  surfaces  were 
encrusted  with  a  layer  of  salt  or  which  were  uniformly 
mixed  with  finely  ground  salt.  In  this  case  another 
assumption  must  be  made  in  order  to  make  the  re- 
sults capable  of  simple  mathematical  treatment,  viz., 
that  all  the  salt  is  dissolved  during  the  first  treat- 
ment with  solvent. 

SOLVENT  RATIOS — Extraction  under  this  second 
set  of  conditions  will  give  results  the  same  as  under 
the  first  set  of  conditions,  except  that  when  the  beads 
are  treated  with  solvent  for  the  first  time  part  of  the 
solvent  added  will  be  retained  and  the  solvent  ratio 
will  be  less  than  when  the  same  amount  of  solvent  is 
added  to  wet  beads.  After  the  first  treatment,  how- 
ever, the  beads  will  be  wet  and  just  as  much  solvent  as 
is  added  will  be  drained  off.  The  solvent  ratio  for 
the  first  treatment  will,  therefore,  be  different  from 
that  for  the  other  treatments.  For  instance,  if  a  mass 
of  dry  beads  is  treated  three  times  with  fresh  solvent, 
each  time  with  twice  as  much  solvent  as  the  beads 
retain  after  draining,  the  solvent  ratio  will  be  i  for 
the  first  treatment  and  2  for  the  other  two  treatments;* 
and  only  5  of  the  6  volumes  of  solvent  used  will  be 
found  in  the  final  solution,  the  other  1  volume  being 
retained  by  the  beads.  Or  in  multiple  extraction,  if 
twice  as  much  solvent  is  used  as  is  retained  by  the 
beads  the  solvent  ratio  will  be  i  in  the  first  treatment 
the  beads  receive  and  2  in  the  other  treatments,  how- 
ever many  there  may  be. 

'  This  is  not  the  most  efficient  way  to  use  6  volumes  of  solvent  in  three 
extractions,  since  better  extractions  can  be  obtained  by  dividing  the 
solvent  into  three  such  parts  that  the  solvent  ratio  is  the  same  each  treat- 
ment (see  footnote  p.  867).  For  instance,  if  2'/)  volumes  are  used  in  the 
first  treatment  and  I'/j  volumes  in  each  of  the  others,  the  solvent  ratio 
would  be  8/3  for  each  treatment  and  the  unextracted  salt  would  be  C/'s)'  = 
5  2  per  cent;  while  with  solvent  ratios  of  I.  2  and  2.  respectively,  for  the 
three  treatments  the  unextracted  salt  would  be  V's  X  ',1  X  '/i  =  ^/u  = 
5.55  per  cent.  But  these  differences  are  very  small,  especially  with  high 
solvent  ratios,  or  large  number  of  extractions  and  in  order  to  make  the 
results  comparable  with  multiple  extractions  equal  amounts  of  solvent 
will  be  used  for  each  extraction  instead  of  dividing,  so  as  to  give  equal 
solvent  ratios.  In  multiple  extraction  the  relative  amounts  of  solvent  used 
in  different  treatments  cannot  be  controlled  because  fresh  solvent  is  used 
only  for  the  last  treatment  of  a  charge  and  the  previous  treatments  can  use 
only  this  same  amount  over  again. 
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PERCENTAGE  RECOVERY  AND  VOLUME  OF  EXTRACT  WITH    DIFFERENT    SOLVENT    RATIOS   AND  DIFFERENT  NUMBER  OF 

TREATMENTS 
Table  IV — Material  Saturated  with  Solvent  at  Outset 
X  =  Multiple  Series  Extraction,     y  =  Repeated  Fresh  Solvent  Extraction 
I  Treatment          2  Treatments                 3  Treatments  4  Treatments  S  Treatments  6  Treatments 

''  '  Vol.     Per  cent  ' x ,     ^ v •     ' x ^     . y~ 


of  Sol-  Recovery  Vol.        % 

vent  X  and  y  Sol.     Rec. 

1  50.00  1   66.67 

2  66.67  2  85.71 

3  75.00  3  92. .51 

4  80.00  4  95.24 

5  83.33  5  96  77 

6  85.71  6  97  67 

7  87.50  7  98  24 

8  88.89  8  98.63 

9  90.00  9  98.90 
.   10  90.90  10  99.10  20  99.17 


Vol. 


Sol.  Rec. 

2  75.00 

4  88.89 

6  93 . 75 

8  96.00 

10  97.22 

12  97.96 

14  98.44 

16  98.76 
99.00 


Vol.   % 
Sol.  Rec. 

1  75.00 

2  93.33 

3  97.50 

4  98.82 

5  99.36 

6  99.61 

7  99.75  21 

8  99 .  83   24 

9  99.88   27 
10  99.91 


Vol. 


Sol.  Rec.  Sol. 

3   87.50 

6  96.30 

9  98 . 44 

12  99.20 

15  99.54 

18  99.71 

99.81 

99.86 

99.90 

30  99.92 


Rec. 

80.00 
96.77 
99.17 
99.71 
99.87 
99.94 


Vol.  % 

Sol.  Rec. 

4  93.75 

8  98.76 

12  99.61 

16  99.84 

20  99.92 

24  99.96 


.  %  Vol.   % 

Rec.  Sol.  Rec. 

83.33  5  96.88 

98.42  10  99.59 

99.73  IS  99.90 

99.93  20  99.97 


%  Vol.  % 

Rec.  Sol.  Rec. 
85.71   6  98.44 

99.21  12  99.87 

99.91  18  99.98 


99.96  28  99.98 
99.98  32  99.98 
36  99.99 


1  Treatment 

Volume  Per  cent  . ; 

of  Ex-  Recovery  Vol. 


2  Treatments 


Table  V — Material  Not  Saturated  with  Solvent  at  Outset 
Multiple  Series  Extraction,     y  =  Repeated  Fresh  Solvent  Extraction 

3  Treatments  4  Treatments  S  Treatments 


6  Treatments 


0 
50.00 
66.67 
75.00 
80.00 
83 .  33 
85 . 7 1 
87.50 
88.89 
90.00 


75.00 
88.89 
93.75 
96.00 
97.22 
97.96 
98.44 
98.77 
99 .  00 


Vol.        %  Vol. 

Ext.  Rec.  Ext. 

1  50.00  0 

3  83.33  1 

5  91.66  2 

7  95 . 00  3 

9  96.67  4  . 

11  97.62  5 

13  98.21  6 

15  98.61  7 

17  98.89  8 

19  99.09  9 
Solvent  ratio  is  a 


ol.  %       Vol 

xt.  Rec.     Ext. 

2  75.00      0 

5  94.44       I 

8  97.92      2 

11  99 . 00      3 

14  99.44       4 

17  99.66       5 

99.71      20  99.78      6 

99.81      23  99.85       7 

99.86     26  99.89      8 

99.90     29  99.92      9 

—  1  on  the  first  treatment. 


87.50 
96.30 
98.44 
99.20 
99.54 


0  3 

93.75  7 

98.76  11 
99.61  15 
99.84 
99.92 
99.96  27 
99.98  31 
99.98  35 


Vol.  % 
Ext.  Rec. 
87.50 
98.15 
99.48 
15  99.80 
19  99.91 
23  99.95 
27  99.97 
99.98 
99.99 


%  Vol.  %       Vol.   %  1 

Rec  Ext.  Rec.  Ext.  Rec.  1 

0      4  93.75   0  0 

96  88   9  99.38   1  98.44 

99.59   14  99.87   2  99.86 

99.90  19  99.96   3  99.97 

99.97   


Rec. 
96.88 


*  For  all  treatments  after  the  first, 

FORMULAS — With  these  conclusions  in  regard  to 
the  solvent  ratios  when  extracting  dry  material,  the 
formulas  expressing  the  percentage  extraction  under 
varying  conditions  can  be  developed  just  as  was 
done  for  wet  material.  The  details  need  not  be  worked 
out  again  and  the  results  only  will  be  given.  In  re- 
peated treatments  with  fresh  solvent  where  the  sol- 
vent ratio  is  a  —  i  for  the  first  treatment  and  a  for 
the  other  treatments,  the  formula  expressing  the 
amount    of    unextracted    soluble    material    after    one 


treatment  is  ~;   after    2   treatments 
ments 


3  treat- 


a{a  +  i) 
etc.     In   multiple  extraction   where 


the  solvent  ratio  is  o  —  i  for  the  first  treatment  and 
a  for  the  other  treatments,  the  amount  of  unextracted 

salt  after  one  treatment  is  -;  after  2  treatments,  — ; 
a  a^ 

after  3  treatments,  —  ;  etc. 
a' 

Table  V  gives  the  computations  from  these  formulas 
for  different  solvent  ratios  and  different  numbers  of 
treatments,  that  is,  it  gives  a  comparison  between  re- 
peated washings  with  fresh  solvent  and  multiple  ex- 
traction when  the  original  material  is  not  saturated 
with  the  solvent  on  the  start. 

The  figures  in  Table  V  show  relationships  similar 
to  those  of  Table  IV  and  the  general  conclusions  on 
the  advantages  of  multiple  extraction  hold  here  also. 
As  a  general  comparison  between  Tables  I\'  and  V 
it  can  be  said  that,  under  similar  conditions  as  to 
the  amount  of  original  solvent  used  and  number  of 
treatments,  a  somewhat  less  complete  extraction  but 
a  greater  concentration  of  solution  is  found,  when  the 
original   material  is  not  saturated   with  solvent. 

OTHER    METHODS    OF    MANIPULATION 

In  the  foregoing  it  has  been  intimated  perhaps  that 
I  he  solvent  ratio  was  variable  at  will  by  simply  vary- 
ing the  amount  of  solvent  used  on  a  charge  of  material, 


but  in  practice  it  has  been  found  that  the  amount  of 
solvent  used  per  charge  is  determined  largely  by  the 
character  of  the  material  to  be  extracted,  the  most 
practicable  amount  being  about  that  much  required 
just  to  cover  the  charge  (to  fill  the  interstices  between 
the  solid  particles).  If  much  more  than  this  amount 
is  used  that  portion  of  the  solvent  above  the  charge 
is  not  used  efficiently  and  tends  to  be  less  concentrated 
than  that  in  contact  with  the  charge.  If  much  less 
than  this  amount  is  used  the  upper  part  of  the  charge 
not  in  contact  with  solvent  is  not  as  thoroughly  ex- 
tracted as  the  lower  part  of  the  charge.  Therefore, 
in  practice  the  solvent  ratio  is  fixed  within  fairly 
narrow  limits  since  the  two  terms  of  the  ratio  volume 
drained  off  (volume  required  to  cover  minus  volume 
retained  after  draining)  and  volume  retained  after 
draining  both  depend  upon  the  nature  of  the  material 
to  be  extracted. 

TWO  CONSECUTIVE  TREATMENTS  WITH  FRESH  SOL- 
VENT-— The  same  general  effect  on  concentration  of 
solution  and  on  percentage  of  complete  extraction  as  is 
obtained  by  changing  the  solvent  ratio  may  be  ob- 
tained, however,  by  changing  the  method  of  applying 
the  solvent  without  changing  the  solvent  ratio.  In 
certain  cases  where  the  value  of  the  recovered  product 
is  high  and  the  cost  of  the  recovery  process  after  ex- 
traction is  relatively  low  in  comparison  with  the  cost 
of  extraction  or  in  cases  where  the  insoluble  part  of 
the  charge  is  the  valuable  part,  it  might  be  desirable 
to  increase  the  percentage  recovery  of  soluble  ma- 
terial at  the  expense  of  decreased  concentration  of 
solution  without  increasing  the  omount  of  extracting 
apparatus.  These  results  can  be  brought  about  by 
giving  each  charge  two  treatments  with  fresh  solvent 
instead  of  only  one,  as  has  been  the  case  in  the  methods 
previously  studied.  The  concentrations  of  the  solu- 
tions are  practically  the  same  a,'?  thiwo  obtoined  by 
doubling  the  solvent  ratio,  but  the  perccnt.-«ge  recov- 
ery is  better  in  all  cases,'  as  shown  in  Tabic  VI. 

■  For  Ihr  •iinir  imxin  thm  Iwn  (rralmrnl'  rarh  aiilh  nne  vnltinn  o( 
flmh  ttolvcnl  In  l>e(tcr  (haii  onr  Irvatmrnt  with  a  Hinittle  voltim*  (»r«  p  MA^ 
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Table  VI — Percentage  Extraction  when  Every  Charge  is  Washed 
Twice  with  Fresh  Solvent 
^- —Number  Treatments  Per  Charge • 


1** 75.00 

2 88.89 

3 93.75 

4 96.00 

5 97.22 

6 97.96 

7 98.44 


llIT 

es  fc 

ach  Sou 
2  8t3* 

ent  Used- 
3 

3  &  4* 

91 

hV 

95 

00 

96 

97 

98.15 

98 

55 

99 

47 

99 

81 

99 

93 

99 

57 

99 

89 

99 

97 

99 

99 

99 

83 

99 

96 

99 

99 

99 

92 

99 

99 

99 

96 

99 

98 

used   ii 

1   on 

ore 

reatmen 

than 

1  &  2* 

85.71 

96.00 

98.36 

99.17 

99.53 

99.70 

99.80 
♦Every  alternate  lot  of  solvent  is  used 
the  previous  lot. 

**With  the  same  solvent  ratio  the  volume  of  solution  is  twice  as 
greatin  this  case  as  in  the  case  where  every  charge  is  washed  only  once  with 
fresh  solvent.  as;in  Table  III. 

The  formulas  from  which  the  table  was  prepared 
are  shown  below. 

Number  Solvent 
of  Used 

Treat-  Number 

ments  Times  Fraction  Unextracted 

2  I  l/(a!  +  2<j  +  1) 

3  1  &  2  l/(o>  +  3o'  +  20  +  I) 

4  2  l/(a<  +  4a'  +  40=  +  2o  +  1) 

5  2  &  3  I/(a«  +  5o«  +  7as  +  4a2  +  2o  +  D 

6  3  I/(o»  +  6a>  +  lla'  +  8o'  +  4as  +  2o  +  1) 

7  3  &  4  1/Ca'  +  7a«  +  16a'  +  15a<  +  8a>  +  4o«  +  2a  +  1) 

These  denominators  form  a  series  in  which  any  term 
A„'  =  AA„_i  +  AA„_2  +  I  and  the  following  ar- 
rangement also  shows  their  series  relationship  : 

(a  +  D' 

(a  +  1)>  — a 

(a  +  1)'  — 2a(a  +  1) 

(a  +  l)s  — 3a(a  +  1)' 

(a  +  1)«  — 4a(o  +  1)>  +  a2 

(a  +  D'  —  5oCa  +  D*  +  3a=Ca  +  1) 

(a  +  0'  —  6o(a  +  1)»  +  6aHa  +1)" 

<:a  +  1)»  —  7aCo  +  1)»  +  lOa^a  +  1)>  —  a» 

This  method  of  treatment  is  really  a  combination 
of  ordinary  multiple  extraction  with  repeated  wash- 
ings with  fresh  solvent  and  the  results  are  naturally 
a  mean  between  these  two  simple  methods  of  extrac- 
tion. 

ONE  TREATMENT  WITH  FRESH  SOLVENT  FOR  EVERY 

TWO  CHARGES — The  Opposite  case,  where  high  concen- 
tration of  solution  is  desired,  even  at  the  expense  of 
incomplete  extraction  or  longer  series  of  extraction, 
can  be  obtained  by  treating  only  every  alternate 
charge  of  material  with  fresh  solvent,  every  other 
alternate  charge  getting  its  final  treatment  with 
solvent  which  has  been  used  once  before;  in  this  way 
two  charges  of  extracted  insoluble  material  are  re- 
moved from  the  system  for  every  one  lot  of  solvent 
removed.  Table  VII  shows  the  results  obtained  by 
this  method  of  manipulation.  The  data  in  Table  VII 
were  obtained  from  the  formulas  listed  below  this 
table. 

Of  course,  these  two  methods  of  manipulation  can 
also  be  carried  out  as  well  on  material  not  wet  with 
solvent  at  the  outset  (see  p.  868),  but  it  is  not  thought 
worth  while  to  include  the  results  obtained  under 
such  conditions  as  they  show  only  the  same  general 
relationship  between  "wet"  and  "dry"  extractions 
as  has  already  been  mentioned  on  p.  869. 

APPLICATION    TO    COMMERCIAL    CONDITIONS 

For  the  mathematical  treatments  an  ideal  case 
was  assumed  in  which  the  insoluble  portion  of 
the  original  material  does  nof  prevent  the  complete 
dissolving  of  the  soluble  portion  or  the  complete  in- 
termingling of  the  solution  added  and  the  solution 
already  present,  its  only  effect  being  to  prevent  the 
complete  draining  off  of  the  solution.  Such  condi- 
tions are  closely  approached  in  the  concrete  examples 


Table  VII — Percentage  Extraction  by  One  Treatment  with  Fr 
Solvent  for  Every  Two  Charges 

Number  Times  Each  Solvent  Used . 

Sol-  3  4  5  6  7  8 

vent  ' Number  Treatments  Per  Charge » 

Ratio  1  &  2(a)  "  " -  -    .. 

1(6) 42.86 

2 65.22 

3 76.36 

4 82.57 

5 86.39 

6 88.92 

7 90.71 

8 92.03 

9 93.04 

10 93.83 

(a)  Every  alternate  charge  gets 
charge. 

\b)  With  the  same  solvent  ratio  the  volume  of  solution  is  only  one-half 
as  great  as  in  the  case  where  every  charge  gets  one  treatment  with  fresh 
solvent  (Table  III)  and  only  one-fourth  as  great  as  in  Table  VI. 

Number  Solvent 

of  Used 

Treat-  Number 

ments  Times  Percentage  Unextracted* 


2 

2  &  3(a) 

3 

3  &  4(a) 

4 

45 

83 

47.50 

48.48 

49.07 

49.43 

71 

93 

76.30 

79.55 

82.00 

84.03 

K3 

97 

88.43 

91.62 

93.79 

95.37 

89 

89 

93.61 

96.05 

97.49 

98.41 

93 

12 

96.09 

97.89 

98.81 

99.35 

95 

04 

97.42 

98.76 

99.37 

99  69 

96 

27 

98.18 

99.21 

99.63 

99.84 

9/ 

10 

98.66 

99.47 

99.77 

99.91 

97 

68 

98.98 

99.63 

99.85 

99.94 

98 

10 

99.20 

99.73 

99.90 

99.96 

less  treatment  than  the  previous 


2(0'  +  2a  +  \) 

'  *  2       ^         2(a»  +  2a'  -I-  3a  -f  1) 
9  4  4o'  +  Ta  +  2 

2(a<  +  2a>  +  4a»  -f-  4a  -|-  1) 

■,&3        5  °'  -f  9a'  +  9a  -f  2 

•  2(a'  -f  2a'  +  4a'  -f  7a'  -|-  5a  -1-  1) 

5o'  +  16a'  -t-  lla  -I-  2 

2(a'  +  2o'  -I-  4a«  +  8o'  +  lla'  -|-  6a  -t-  1) 
g*  +  14a»  +  25a'  -H  13a  -t-  2 

■'  '         2(a'  +  2o«  +  4a»  -|-  8a<  -(-  15o'  +  16o'  -f  7a  -h  1) 

6a'  +  30a'  +  36a'  +  \Sa  +  2 

*  2(o« -|-2ai -t- 4a« -t- 8a»-t-  16a< -t- 26a' -I- 22a' -I- 8a -f  1) 

*  These  numerators  form  a  series  in  which  any  term  equals  the  previous 
term  plus  the  second  previous  term  multiplied  by  a  or  A„  =  A„__i-i-AA„ 2. 

These  denominations  are  a  series  in  which  any  term 
An  =  A" — '  -f-  An—  1  +  AAu — 2,  or  the  series  can  also  be 
expressed  as  follows  to  show  the  relationship  between 
the  various  terms. 

01  =  a  -f  1 

aj  =  (a  -I-  D' 

aj  =  (a  -I-  1)»  —  a' 

04  =  (o  -f  1)«  — 2a'(o  +  1) 

a,  =  (a  -1-  1)'  — 3a'(o  +  1)' 

a.  =  (o  -(-  !)•  —  4a'(a  -I-  1)'  -f  a* 

a-,  =  (a  +  D'  —  5a'(a  +  1)«  +  3a<(a  -I-  1) 

a»  =  (a  +  1)>  — 6a'(a  -|-  1)>  +  6a<(a  +  1)« 

a.  =  (a  -f  1)»  —  7o'(a  +  \)>  +  10a«(o  +  1)»  —  a" 

of  glass  beads  wet  with  a  solution  of  salt  or  encrusted 
with  solid  salt  if  the  treatment  with  solvent  is  accom- 
panied by  thorough  mixing,  such  as  might  be  accom- 
plished by  boiling  or  mechanical  agitation.  These 
conditions  could  also  be  approximated  in  any  commer- 
cial process  in  which  the  soluble  substance  is  held  at 
or  near  the  surface  of  the  particles  of  the  original  ma- 
terial to  be  extracted,  but  when  the  soluble  substance 
is  distributed  evenly  throughout  each  particle  and 
the  particles  are  large,  then  the  ready  dissolving  of 
the  soluble  substance  is  hindered  and  the  theoretical 
extraction  might  not  be  obtained.  In  this  case,  how- 
ever, the  soluble  substance  protected  from  action  of 
the  solvent  by  the  large  size  of  the  particle  really  has 
no  effect  in  the  process  whatever  and  should  not  be 
considered  in  any  study  of  the  course  of  the  extrac- 
tion. For  instance,  if  lo  per  cent  of  the  soluble 
substance  is  completely  protected  from  action  of  the 
solvent  the  course  of  the  extraction  will  still  be  ac- 
cording to  the  mathematical  formula,  except  that  the 
theoretical  limit  of  possible  extraction  is  now  90  per 
cent  of  the  actual  soluble  material  present  instead 
of  100  per  cent;  that  is,  all  figures  are  reduced  by  10 
per  cent. 

If  there  is   no   agitation   of  the  solid   charge  itself. 
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but  only  circulation  of  the  solvent,  as  by  boiling,  it  is 
possible  that  by  packing  together  of  parts  of  the  charge 
and  by  the  flow  of  solvent  through  channels  around 
the  packed  portions  a  certain  proportion  of  the  charge 
would  never  be  acted  upon  by  solvent.  This  part  of 
the  charge  unacted  on  by  solvent  would  affect  the 
course  of  the  extraction  in  exactly  the  same  way  as  the 
soluble  substance  near  the  center  of  the  large  parti- 
cles, i.  e.,  the  mathematical  formulas  would  apply 
but  all  the  figures  would  be  reduced  by  a  percentage 
equal  to  the  percentage  of  the  total  charge  not  reached 
by  the  solvent.  If,  however,  certain  portions  of  the 
charge  not  reached  by  the  solvent  during  the  first 
application  of  solvent  to  the  charge  are  reached  dur- 
ing later  applications,  then  the  course  of  the  extrac- 
tion does  not  follow  the  formulas.  But  it  is  believed 
that  this  action  takes  place  only  to  a  very  small  ex- 
tent in  commercial  processes  and  it  can  be  safely  as- 
serted that  any  commercial  extraction  process  in  which 
such  action  of  the  solvent  does  occur  is  in  general  an 
inefficient  process,  inefficient  because  it  requires  a 
number  of  separate  treatments  to  effect  the  complete 
solution  which  might  better  be  obtained  in  a  single 
treatment  with  longer  time  or  with  some  other  im- 
proved condition. 

This  method  of  looking  at  the  operation  of  an  ex- 
traction process  shows  the  advantages  to  be  obtained 
by  keeping  the  solutions  from  the  different  treatments 
very  well  separated;  imperfect  draining  of  the  solvent 
from  a  charge  before  applying  the  next  solvent  is 
equivalent  to  decreasing  the  solvent  ratio  (because 
the  solvent  ratio  varies  inversely  as  the  amount  of 
solvent  left  in  the  charge)  and  decreased  solvent 
ratio  means  decreased  yields,  other  conditions  being 
the  same. 

In  certain  cases  the  extraction  process  is  run  in  a 
manner  that  may  be  called  semi-continuous,  that  is, 
each  charge  is  boiled  or  otherwise  agitated  with  its 
particular  lot  of  solvent  while  shut  off  from  the  rest 
of  the  system  (discontinuous),  then  all  the  extractors 
are  connected  together  and  one  pumping  serves  to 
force  the  solvent  from  each  extractor  to  the  next  in 
series  (continuous  in  that  the  solvent  is  being  pumped 
in  at  the  same  time  it  is  being  drawn  off).  This  method 
of  moving  the  solvent  may  be  the  result  of  an  attempt 
at  economy  (in  making  one  pumping  take  the  place 
of  several)  or  it  may  be  in  imitation  of  the  continuous 
method  of  extraction. 

Whatever  the  origin  of  this  method,  it  is  very  faulty; 
the  economy  in  pumping  is  false  economy  and  the 
simultaneous  movement  of  the  different  solvents, 
which  is  advantageous  in  continuous  extraction,  is 
here  actually  disadvantageous.  The  main  reason 
for  the  poor  results  of  this  method  lies  in  the  fact 
that  the  only  way  to  obtain  a  high  solvent  ratio  (and 
correspondingly  high  per  cent  extraction)  is  to  drain  off 
one  lot  of  solvent  as  completely  as  possible  before  ap- 
plying the  next  lot.  It  can  readily  be  seen  that  if  one 
lot  of  solvent  is  use<l  to  force  out  another  lot  there  is 
certain  to  be  mixing  of  the  two  solvents  in  the  process 
(aside  from  the  necessary  mixing  due  to  the  old  solvent 
which   is   naturally   retained   by   the  solid   part  of  the 


charge);  in  very  long  narrow  extractors  this  mixing 
might  be  negligible,  but  in  any  apparatus  of  commer- 
cially practicable  size  and  shape  the  mixing  would  be 
serious.  Any  mixing  of  this  sort  has  the  same  effect 
as  decreasing  the  solvent  ratio,  that  is,  it  decreases 
the  percentage  extraction.' 

APPLICATION    TO    EXPERIMENTAL    WORK 

Another  important  use  for  this  conception  of  ex- 
traction will  be  found  in  the  simplification  of  experi- 
mental work  on  new  extraction  processes;  with  the 
formulas  and  tables  at  hand  it  may  no  longer  be  neces- 
sary to  run  complete  tests  in  series  extraction  in  order 
to  determine  how  many  treatments  and  how  much 
solvent  are  necessary.  Instead,  a  single  experimental 
treatment  will  determine  the  solvent  ratio  and  per- 
centage extraction  and  from  these  figures  it  should  be 
possible  to  compute  the  results  from  different  number 
of  treatments.  The  effect  of  variations  in  methods  of 
treatment,  in  time,  pressure,  temperature,  etc.,  can 
also  be  determined  as  well  in  a  single  extraction  as  in 
a  series  and  then  the  results  can  be  expanded  to  any 
length  series  by  use  of  these  formulas. 

For  instance,  suppose  that  in  treating  a  certain 
material  with  solvent,  i  volume  of  solvent  was  retained 
and  4  volumes  were  drained  off;  if  80  per  cent  of  the 
soluble  substance  were  found  in  the  4  volumes  of  solu- 
tion then  no  change  in  time,  pressure,  or  other  fac- 
tors would  be  necessary  for  perfect  extraction  and  the 
results  obtainable  from  various  numbers  of  treatments 
in  series  could  be  found  from  Table  III,  solvent  ratio 
4.  If,  however,  only  72  per  cent  were  found,  it  would 
indicate  that  7  2/80  =  90  per  cent  would  be  the  maximum 
that  could  be  expected  under  such  conditions  of  ex- 
traction, however  long  a  series  were  used.  If  some 
change,  such  as  an  increase  of  pressure,  gave  76  per 
cent  in  first  treatment  with  fresh  solvent  and  with 
solvent  ratio  4,  then  76/80  =  95.0  per  cent  would 
be  the  maximum  that  could  be  expected  with  the  new 
conditions  of  pressure;  that  is,  the  maximum  in- 
crease in  yield,  due  to  the  increase  in  pressure,  would 
be  5.0  per  cent.  The  yields  obtainable  with  varying 
numbers  of  treatments  can  be  determined  from  Table 
III  by  using,  respectively,  90  per  cent  and  95  per  cent 
of  the  yield  percentages  given  in  that  tabic. 

CONCLUSION 

A  mathematical  conception  of  the  process  of  discon- 
tinuous extraction  has  been  developed  by  means  of 
which  the  relative  yields  (total  and  per  unit  of  solvent) 
obtainable  by  various  methods  of  extraction  are  theo- 
retically determined.  This  conception,  if  applicable 
in  practice,  will  be  useful  in  the  study  of  commercial 
processes  and  in  the  siniplilication  of  experimental 
work  on  extraction. 
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AN  INVESTIGATION  OF  THE  WET  THIOGEN  PROCESS' 

By  A.  E.  Wells 
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In  the  last  several  years,  the  Bureau  of  Mines  has 
devoted  considerable  study  to  various  proposed 
methods  for  eliminating  or  recovering  sulfur  dioxide 
from  smelter  smoke.  Among  these  has  been  included 
a  critical  study  of  the  Wet  Thiogen  Process.  The 
results  of  the  investigations  on  this  process  are  given 
in  U.  S.  Bureau  of  Mines  Bulletin  133,  "The  Wet 
Thiogen  Process  for  Recovering  Sulfur  from  Sulfur 
Dioxide  in  Smelter  Gases,"  by  A.  E.  Wells. 

The  Wet  Thiogen  Process  is  based  on  the  fact  that 
when  barium  sulfide,  either  in  finely  divided  water 
suspension  or  in  solution,  is  added  to  a  solution  of 
sulfur  dioxide,  the  following  reaction  takes  place: 

2BaS  +  3SO2  =  2BaS03    +  3S 
°'"'  2BaS  +  3SO2  =  2BaS203  +  S. 

In  carrying  out  the  process,  the  gases  are  first  cooled 
and  cleared  of  all  dust  and  fumes,  then  passed  through 
an  absorption  tower  in  which  the  sulfur  dioxide  is 
absorbed  in  water  or  mother  liquor.  To  the  solution 
of  sulfur  dioxide  is  added  powdered  barium  sulfide, 
when  the  reactions  given  above  take  place. 

The  precipitate  containing  the  sulfite,  thiosulfate, 
and  sulfur  is  settled,  and  the  mother  liquor  is  returned 
to  the  absorption  tower.  The  settled  precipitate  is 
then  filtered  and  dried.  The  elemental  sulfur  and  one- 
half  the  sulfur  from  the  thiosulfate  is  distilled  and  the 
sulfur  vapors  are  condensed.  The  residue,  consisting 
of  barium  sulfite  or  sulfate  is  then  reduced  to  the 
sulfide,  which  is  returned  to  the  operation  as  a  pre- 
cipitant. 

In  the  investigations  of  the  Bureau,  all  the  opera- 
tions involved  in  the  process  were  studied,  both  on  a 
laboratory  scale,  and  on  a  scale  that  may  be  con- 
sidered semi-commercial,  and  the  technical  possibilities 
of  the  process  were  determined. 

In  the  experiments  concerning  the  absorption  of 
sulfur  dioxide  in  water  or  mother  liquor,  the  gases, 
cooled  to  about  250  C.  and  containing  from  3.5  to 
10  per  cent  sulfur  dioxide,  were  caused  to  ascend  at  a 
velocity  of  about  2  ft.  per  second,  through  a  tower 
containing  for  40  ft.  of  its  height  a  checkerwork  of 
wooden  blocks.  This  checkerwork  caused  the  de- 
scending stream  of  the  solvent  to  be  broken  up  into 
thin  sheets  or  drops  and  allowed  intimate  contact  of 
the  gases  with  the  solvent. 

It  was  demonstrated  in  these  experiments  that  with 
water  as  the  absorbing  agent,  it  is  possible  to  obtain  a 
high  extraction  of  the  sulfur  dioxide,  and  at  the  same 
time  obtain  solutions  which  will  contain  within  10 
per  cent  of  the  amount  of  sulfur  dioxide  that,  theoreti- 
cally, the  solution  could  contain  in  equilibrium  with  the 
gas  concentration,  i.  c,  the  concentrations  may  be 
within  10  per  cent  of  the  theoretical  saturation  values. 
These  theoretical  saturation  values  are  obtained  by 
calculation,  applying  the  Law  of  Partial  Pressures  to 
the  values  obtained  with  a  pure  gas  and  given  in 
Landolt-Bornstein's  "Physikalisch  Chemische  Tabel- 
len,"  4th  ed.,  page  597. 

'  Author's  abstract  of  Bureau  of  Mines  Technical  Paper.  133. 


With  the  mother  liquor  as  an  absorbing  medium,  it  is 
possible  to  obtain  solutions  containing  30  per  cent  more 
SO2  than  is  theoretically  possible  in  water,  and  at  the 
same  time  retain  the  greater  portion  of  the  sulfur 
dioxide.  The  concentrations  obtained  in  these  tests 
were  within  10  per  cent  of  those  obtained  in  a  small 
glass  absorption  tower  by  the  engineers  of  the  Thiogen 
Company  in  some  earlier  tests. 

From  these  absorption  tests,  it  was  evident  that  for  a 
commercial  operation,  the  percentage  of  SOo  in  the 
gases  should  be  at  least  5  per  cent,  and  the  absorbing 
liquor  should  be  cool,  i.  e.,  less  than  25°  C;  otherwise 
the  volume  of  solution  to  be  handled  for  a  given 
amount  of  sulfur  dioxide  absorbed  would  be  very  large. 
Furthermore,  a  fairly  constant  concentration  of  the 
sulfur  dioxide  in  the  gases  is  necessary  if  saturated 
solutions  and  a  high  absorption  of  the  sulfur  dioxide 
are  to  be  obtained  at  the  same  time. 

On  adding  barium  sulfide  to  the  sulfur  dioxide 
solution,  either  in  dry  pulverized  condition,  in  water 
suspension  or  in  solutions,  in  amounts  equivalent  to 
effect  the  reactions  given  above,  the  reactions  were 
found  to  take  place  immediately.  The  principal 
barium  product  was  the  thiosulfate  rather  than  the 
sulfite.      Thus  the  main  reaction  was: 

2BaS  +  3SO2  =  2BaS203  -\-  S. 
If  sufficient  barium  sulfide  had  been  added  to  com- 
bine with  most  of  the  SO2,  there  were  very  few  barium 
salts  left  in  solution,  and  the  specific  gravity  of  the 
solution  did  not  go  above  1.03.  With  a  large  excess  of 
SO2  in  solution  after  the  BaS  had  reacted,  there  was  a 
re-solution  of  some  of  the  barium  as  thiosulfite. 

The  best  practical  method  for  incorporating  the 
barium  sulfite  was  found  to  be  by  making  an  emulsion 
of  the  BaS  in  a  portion  of  the  sulfur  dioxide  solution 
and  stirring  this  emulsion  into  the  bulk  of  the  solution 
in  an  agitator  tank. 

The  precipitate  settled  readily,  if  the  mother  liquor 
contained  a  slight  excess  of  SO2  after  precipitation. 
If  this  solution  after  precipitation  contained  an  excess 
of  BaS  [or  Ba(SH)2  +  Ba(0H)3],  the  precipitate  was 
slimy  and  settled  rather  slowly. 

In  the  larger  scale  tests,  a  settling  capacity  equivalent 
to  the  volume  of  solution  being  precipitated  in  20 
minutes  was  ample  for  satisfactory  settling.  The 
overflow  of  supernatant  liquor  contained  some  light 
flakes  of  sulfur  which  did  not  increase  in  the  cycles 
nor  interfere  in  the  pumps  or  absorption  towers.  The 
settled  precipitate  did  not  contain  more  than  50  per 
cent  water. 

This  precipitate  was  dewatered  still  further  on  a 
canvas  filter  using  vacuum.  In  large  scale  operations 
no  difficulty  would  be  experienced  in  reducing  the 
moisture  in  the  precipitate  to  about  25  per  cent,  in  a 
standard  filtering  apparatus.-  using  moderate  suction 
or  pressure. 

The  ease  and  efliciency  with  which  the  settling, 
decantation  and  filtering  operations  are  carried  out  are 
dependent  largely  on  the  condition  under  which  the 
precipitation  takes  place.  Thus,  it  is  necessary  that 
the  sulfur  dioxide  content  of  the  solution  coming  from 
the  tower  shall  be  fairly  constant,  or  the  attention  of  an 
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attendant  will  be  necessary  to  see  that  the  solution 
is  not  too  acid  or  too  alkaline  after  precipitation. 

The  further  drying  of  the  precipitates  preliminary 
to  the  distillation  of  the  sulfur  must  be  effected  by 
steam  coils  or  by  a  special  type  of  drying  furnace  in 
which  there  would  be  no  danger  of  overheating,  with 
attendant  loss  of  sulfur. 

In  the  distillation  operations,  it  was  found  that  the 
sulfur  began  to  distil  rapidly  at  180°  C.  and  from  that 
temperature  up  to  450°  C,  the  boiling  point  of  sulfur, 
the  rate  of  distillation  would  depend  upon  the  rapidity 
with  which  the  vapors  were  removed  from  the  retort 
as  well  as  the  temperature. 

In  all  cases,  whether  the  precipitate  consisted  of 
2BaS203  +  S  or  whether  a  considerable  proportion  of  the 
precipitate  2BaS03  +  3S  was  also  present,  the  sulfur 
was  completely  distilled  at  450°  C.  The  distilled  and 
condensed  sulfur  was  practically  pure.  The  residual 
product  from  the  distillation  was  barium  sulfite  and 
sulfate. 

In  the  reduction  of  the  barium  sulfite  or  sulfate,  by 
mixing  the  residue  with  carbon,  coke  or  coal  and 
heating  to  a  temperature  between  750  and  1200°  C, 
there  was  some  tendency  for  the  formation  of  small 
amounts  of  the  oxides  and  carbonates  of  barium. 
When  the  reduced  material  was  used  as  a  precipitate 
these  reacted  very  slowly  with  the  SO2  in  the  dilute 
solutions  from  the  absorption  towers.  Therefore, 
they  became  "inert"  substance,  diluting  the  active 
BaS,  and  increasing  in  amount  in  each  cycle  of  opera- 
tions. 

If  the  reduction  was  effected  in  a  direct  fired  furnace 
where  the  products  of  combustion  passed  over  the 
material,  the  proportion  of  these  inert  compounds 
was  greater  than  if  the  reduction  was  brought  about  by 
carbon  of  high  purity,  quickly,  at  a  high  temperature. 
and  in  a  furnace  externally  heated. 

The  use  of  a  coal  containing  a  high  percentage  of 
ash  also  adds  "inert"  substances  to  the  reduced  ma- 
terial in  each  cycle,  and  therefore  as  pure  carbon  as 
possible  is  desirable  as  reducing  agent. 

The  oxide  or  carbonate  can  be  connected  to  the 
sulfite  by  agitation  with  a  strong  sulfur  dioxide  solu- 
tion, or  to  the  sulfate  by  treatment  with  sulfuric  acid. 
When  reductions  are  effected  in  a  direct  fired  furnace, 
probably  10  per  cent  of  the  material  would  have  to  be 
treated  with  strong  sulfur  dioxide  solution  or  sulfuric 


acid  in  each  cycle  to  keep  the  barium  as  sulfite  in 
sulfate  to  be  reduced  again  to  the  sulfide. 

If  coal,  high  in  ash,  is  used  as  reducing  agent,  and  the 
amount  of  insoluble  matter  increases  to  a  certain 
amount,  it  will  be  necessary  to  leach  the  entire  amount 
of  reduced  material,  getting  the  BaS  into  reduction 
and  discarding  the  insoluble  material. 

With  the  addition  of  these  supplementary  operations, 
it  is  believed  that  the  technical  operation  of  the  pro- 
cess can  be  carried  out  successfully  for  the  recovery 
of  sulfur  from  sulfur  dioxide  in  waste  smelter  gases. 
The  indications  are  that,  at  least  in  some  localities,  the 
process  can  be  applied  on  a  commercial  scale  which 
will  allow  the  production  of  sulfur  at  a  cost  of  about 
$12  per  ton. 

WEIGHING  BURETTE  FOR  LIQUIDS 
By  W.  Ed.  Burkbard 
Received  July  9.   1917 

The  weighing  burette  illustrated  below  has  been 
found  very  valuable. 

The  capacity  which  determines  the  diameter  of  the 
burette  is  governed  by  the  material  to  be  analyzed. 


A' 


i^ 


Bufterre 

fOff 


I 


All  Joints 

antf 
Conn^ctians 

fo  S^  ^roo^ 

The  cup  A  is  used  to  prevent  fuming  while  weigh- 
ing, etc.  B  is  made  preferably  for  oleum  or  other  ma- 
terial that  would  caufc  spattering.  In  case  of  "oleum 
over  20  per  cent"  the  water  into  which  the  acid  is  to 
be  run  has  a  layer  of  neutral  fine  Glauber's  salt 
crystals.  By  keeping  the  tip  of  B  in  the  crystals  all 
spattering  is  avoided.  The  attachment  is  left  in  the 
solution  while  titrating. 

Crniikal  CnuMicAL  Company 

llAVONNB    WOKKS.     HaVONNK.     N.     J 
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THE  VAPOR  PRESSURE  AND  VOLATILITY  OF  SEVERAL 

HIGH-BOlLlNG  METALS     A  REVIEW' 

lly  John  JoiiNaTuN 

Krcciveil  July  19.  1917 

Tlir  ({iirslioii  as  In  llic  vapor  |)rcs.siirr  of  ii  iiutal  at  a  K>v<-'ll 

tc-iiipcraturc     or  its  ImiliiiK  lioiiit  at  a  parliciilar  prissuic     often 

uiisrs,  a.-,  a  kiiowU'(lK<'  of  this  properly  is  vuluahlc  in  coiuicctioti 

with   a   iiumlicr  of  proMcins.     Kiit   tlic  somewhat  scaiilv  data 

to  l)c  found  in  the  litrratiirc  refer,  for  nny  one  metal,  to  a  small 

>  rrmenlrtl  n(  tlir  Syitiposliim  on  llic  CbemUtry  unit  MrtntlurKy  of 
/Inc.  .Mlh  Mcctini  Amfrlcan  Clicmlciil  Soclrly,  Kanau  Clly.  April  10  to 
II    I9|7 


number  of  pressures,  and  in  many  cnse.s,  to  u  siiikIc  vaixu  prrs- 
sure  only  -thai  of  one  atmosphere;  therefore  in  order  to  niiccrtain 
the  vapor  pressure  nt  any  particular  tcini>crature  one  niu.st  in 
Kcncral  plot  the  curve  and  c\lrai>olate  This  pr<K-c<lurc  tukcs 
time  and  troiililc  and  is  moreover  not  fcasitilc  when  only  one 
point  on  the  curve  has  been  determined  l>y  experiment;  inorr 
can  lie  learneil,  us  we  shall  see.  I>v  iilottuiK  at  one  lime  the 
uvailalile  data  for  all  the  ineluls  hitherto  invest iKiitc<t,  for  by 
so  doini:  wc  can  set  up  e(|iiatioiis  which  enable  us  to  calculate 
the  va|Hir  pressure  at  any  tem|>eratnre  with  as  much  crrlointy 
OS  is  inlieieiit  in  the  exi>rrimrntal  tevults  «>n  acctnint  of  the 
Kreativ    increa.sed    availability    ami    usefulness   of    llir    data    us 
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rearranged  in  this  way,  in  comparison  with  their  present  form, 
it  seemed  worth  while  to  publish  a  brief  note  on  the  matter. 
More  accurate  experimental  data  than  we  now  possess  would 
be  highly  desirable;  but  the  figures  presented  in  the  table, 
which  at  least  give  the  order  of  magnitude  of  the  vapor  pressure 
at  the  several  temperatures,  will  suffice  for  many  purposes. 

Search  of  the  literature  has  revealed  very  few  investigators 
who  have  made  direct  observations  of  the  vapor  pressure  of 
metals  of  high  boiling  point.  The  earliest  of  these  is  Barus,' 
who  worked  with  zinc,  cadmium  and  bismuth  (as  well  as  some 
other  substances).  He  heated  the  metal  in  a  closed  crucible 
provided  with  a  connection  to  a  vacuum  pump  and  with  a 
reentrant  tube  in  which  the  thermoelement  to  measure  the  tem- 
perature was  placed;  his  criterion  of  boiling  was  that  the  tem- 
perature observed  should  vary  with  variations  in  pressure. 
Barus  realized  clearly  tliat  his  results  leave  something  to  be 
desired,  and  considered  that  his  boiling  temperature  would  tend 
to  be  too  high,  particularly  at  the  lower  pressures.  His  original 
data  follow: 


from  the  surface  may  be  taken  with  fair  approximation  as  the 
boiling  point." 

A  current  of  gas,  either  hydrogen  or  nitrogen,  was  passed 
through  the  apparatus;  when  nitrogen  was  employed,  the  tem- 
perature readings,  though  concordant  in  similar  experiments, 
were  always  considerably  higher  (50  to  100°)  than  those  ob- 
tained in  a  hydrogen  atmosphere.  Greenwood  attributes  this 
effect  to  the  ease  with  which  hydrogen  permeates  the  crucible 
walls,  removing  and  diluting  the  column  of  heavy  vapor;  but 
considers  "that  the  values  observed  in  hydrogen  approximate 
more  closely  to  tlie  boiling  points  of  the  metals  at  atmospheric 
pressure." 

In  a  later  paper  Greenwood'  describes  similar  experiments  at 
pressures  less  than  one  atmosphere.  At  these  low  pressures,  there 
were  no  noteworthy  differences  between  the  results  obtained  in  hy- 
drogen and  in  nitrogen;  ebullition  was  quite  sharply  defined 
(in  general  more  clearly  than  at  atmospheric  pressure)  and  the 
results  of  individual  experiments  showed  a  very  satisfactory 
concordance.     He    also    made    a    few    observations,    following 
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the  corresponding  boiling  points. 

Berthelot^  made  a  series  of  determinations  of  the  boiling 
point  at  atmospheric  pressure  of  zinc  and  cadmium  by  a  method 
similar  to  that  used  by  Barus;  the  individual  determinations 
differ  by  several  degrees,  the  mean  result  being  920°  for  zinc 
and  778°  for  cadmium.  The  method  followed  by  Fery'  was 
such  that  accurate  results  could  hardly  be  expected;  he  gives 
1040°  for  the  boiling  point  of  zinc  and  2100°  for  that  of  copper. 

The  procedure  adopted  by  Greenwood*  is  in  principle  the 
same  as  that  followed  by  Barus.  The  metal  was  confined  in  a 
long  graphite  crucible,  lined  where  necessary  with  pure  magnesia; 
the  temperature  was  taken  as  that  of  the  wall  of  the  crucible,  as 
measured  on  an  optical  pyrometer. 

"The  measurements  of  the  boiling  points  were  carried  out  by 
slowly  raising  the  temperature  of  the  crucible  and  observing  the 
siu'face  of  the  metal  from  above  tlirough  an  absorbing  glass. 
At  first  the  surface  of  the  molten  metal  remains  perfectly  still, 
but  as  the  boiling  point  is  approached  a  slight  agitation  of  the 
surface  is  observed  which  soon  becomes  vigorous.  In  the  case 
of  the  metals  studied,  the  difference  between  the  temperature 
indicated  when  a  gentle  agitation  is  first  apparent  and  that  at 
which  the  ebullition  has  become  so  violent  that  globules  of 
metal  arc  being  ejected  from  the  top  of  the  tall  crucible  does  not 
exceed  100°.  By  taking  the  boiling  point  as  the  temperature 
at  which  ebullition  becomes  decided,  quite  concordant  results 

were    obtained    in    different    experiments From    a 

study  of  a  large  number  of  metals  in  this  manner,  it  appears 
probable  that  the  temperature  at  which  the  vaporization  be- 
comes sufficiently  rapid  to  cause  a  decided  projection  of  drops 

'  C.  Barus.  Bull.  V.  S.  Geological  Survey.  108,  1893;  Phil.  Mae..  J9 
(1890).  141. 

'  D.  Berthelot.  Compl.  rend..  131  (1900).  380.  He  also  refers  to  several 
earlier  determinations  of  these  two  boiling  points,  but  these  have  now  only 
historical  interest. 

•  Ann.  chim.  phys.,  17)  28  (1903).  428.  He  also  gives  results  for  a 
brass  containing  63  Cu  :  37  Zn. 

*  "An  Approximate  Determination  of  the  Boiling  Points  of  Metals," 
Proc.  Roy.  Soc.  London  (A).  S2  (1909).  396. 


Metal                 P  I  Metal        p        1          Metal         p        t 

Zinc 6.3  1120  Lead 0. 14  1320  Chromium     1          2200 

11.7  1230  0.35  1420  _.                    „   ,,    ,„,„ 

21.5  1280  1.0  1525"'° 2Hi?Z2 

53  1510  6.3  1870                          ?-35  2100 

Magnesium...      1  1120  11.7  2100                           l"     2270 

Bismuth 0.13  1200  .,                     ,  ,  „„„  „                      .    ,,    ,„.„ 

0  34  1310  Alummum     1  1800  Copper 0.13    1980 

i;o     .420  Manganese   1         1900  li*  i^^g 

11.7     1950  Silver 0.14   1660  m;.i,.|  ,  j±na 

16.5     2060  "  "   •-">"  •'*"" 

Antimony 1         1440 


essentially  the  same  procedure,  at  higher  pressures  where  the 
boiling  temperatures  were  low  enough  to  admit  of  this.  Green- 
wood's original  data,  most  of  which  represent  the  mean  of  several 
observations,  are  brought  together  in  Table  II. 

Heycock  and  Lamplough-  record  the  foUovdng  observations, 
but  give  no  description  of  the  procedure  adopted: 

Boiling  Point  Cadmium  Zinc 

At  1  atmosphere  pressure 765.9       905. 7°C. 

Change  per  mm.  at  760  mm 0.12         0.133°C. 

The  vapor  pressure  of  arsenic  has  been  determined  recently 
by  Gibson'  and  by  Preuner  and  BrockmoUer*  by  direct  measure- 
ment by  means  of  a  quartz  manometer  constructed  on  the 
principle  of  the  Bourdon  gauge ;  their  results,  which  agree  satis- 
factorily, are  given  in  Table  III. 

Table  III — Experimental  Data  on  the  Vapor  Pressure  op  .\rsenic; 
Pressure  in  Mm..  Centigrade  Temperature 

Gibson  Prsunsr  and  Brockm^llbr 


26.0   469.4 

31.6   476.3 

50.9    488.3 

67.4   499.9 

96.2    512.3 

131.6   526.4 

269.9    557.4 

334.1    568.9 
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334  
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430 

580 

586 

600 

Von  Wartenberg'  has  published  observations,  made  by  the 
dynamic  method,  on  the  vapor  pressure  of  high-boiling  metals 
at  temperatures  at  which  the  vapor  pressure  of  the  metal  is 
very  small.  The  essential  feature  of  this  method  is  to  pass  a 
measured  volume  of  gas  over  the  metal,  kept  at  the  desired 
temperature,  and  determine  the  loss  of  weight  of  the  metal. 
From  these  observations  the  vapor  pressure  at  that  temperature 
can  readily  be  calculated  on  the  basis  that  the  actual  partial 

»  "The  Influence  of  Pressure  on  the  Boiling  Points  of  Metals,"  Proc. 
Roy.  Soc.  London  (/I).  83  (1910).  483.  His  other  papers  (Trans.  Faraday 
Soc.  7  (1911).  151;  Z.  physik.  Chem..  76  (1911).  484;  Z.  Eleklrochem..  IB 
(1912).  319)   merely  recapitulate  the  results. 

«  Proc.  Chrm.  Soc.  38  (1912),  4;  Chem.  News.  105  (1912).  66. 

•  Dissertation,  Brcslau.  1911, 

•  Z.  physik.  Chem..  81  (1913),  167. 
»  Z.  Eleklrochem..  19  (1913).  482, 


Sept.,  191 7 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


87s 


pressure  of  the  metal  in  the  gas  stream  is  equal  to  its  vapor 
pressure,  a  basis  which  can  be  secured  by  proper  experimenta- 
tion, provided  always  that  the  vapor  density  is  known.  His 
mean  results,  expressed  in  atmospheres  and  degrees  centigrade, 
follow : 
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1.05  X 

10-'          808 

1.90  X  10-i 
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7.40  X   10-» 
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1.08  X   10-3 
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5.  10  X   10-3 

1435 
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1  In  another  paper  (Z.  EUklrochem..  19  (1913).  489)  Von  Wartenberg 
points  out  that  the  vapor  pressure  of  silver  is  twice  as  great  in  presence 
of  oxygen  as  in  an  indifferent  gas.  and  attributes  this  to  the  temporary 
formation  of  oxide  which  decomposes  again  at  lower  temperatures:  by  this 
means  one  may  get  a  considerable  sublimate  of  silver  at  1303°.  Similar 
elTects  have  been  observed  with  tungsten. 


Moreover,  he  concluded  that  the  vapor  pressures  of  both  copper 
and  platinum  are  less  than  lo""^  atmosphere  at  1360°,  and 
found  that  of  tin  to  be  appreciable  though  he  was  unable  to 
calculate  it  because  the  vapor  density  of  tin  is  not  known. 

The  vapor  pressure  of  three  high-boiling  metals  has  been 
investigated  recently  by  Langmuir'  and  by  Langmuir  and 
Mackay,^  who  measured  the  rate  of  loss  of  weight  of  a  wire 
maintained  at  a  definite  temperature  in  an  exceptionally  good 
vacuum;  from  these  results  the  vapor  pressures  were  calculated 
by  means  of  a  formula  derived  on  the  basis  of  the  kinetic  theory 
of  gases  and  the  Clausius-Clapeyron  equation.  The  metals 
studied  were  platinum,  molybdenum  and  tungsten;  the  calcu- 
lated boiling  points  at  two  pressures  are  subjoined. 


Boiling  Tempbraturg^Absolutb 

Pressure,  mm.          Platinum          Molybdenum  Tungsten 

10-«                         1740                       2020  2600 

760                          4180                       3890  5100 


Thus  these  three  metals  have  boiling  points  at  far  higher  tem- 
peratures than  the  more  common  metals  which  we  are  here 
considering,  so  in  what  follows  we  shall  not  deal  further  with 
them.' 

Quite  recently  Egerton*  has  published  determinations  of  the 
vapor  pressures  of  zinc,  cadmium  (and  mercury)  at  temperatures 
at  which  the  vajjor  pressure  is  very  small  (o.ot  mm.  and  smaller) ; 
the  mc-lhod.  originally  used  liy  Knudsen'  for  mercury,  depends 
jipoii    tin-   kinetic   How   of   molecules   through   small   apertures. 

Tabli!  IV — Vapok  Phkssuri!  in  Mm.  and  Decksbs  Cuntigkaus  or 

C  ADMIVU   AND  ZiNC,  ACCORDING  TO    BgBRTON 

Cadmium  Zinc 
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169  1.9  X  10-' 

178  3.6 

189  8.5 

198  2.7  X  10-< 

210  5.3 

222  1.0  X  10-" 

229  1.5 

240  2.9 

250  4.7 

260  8.0 

272  1.3  X   10-' 


(  P 

257  1.2  X  10-« 

268  1.7 

280  4.2 

291  8.4 

312  2.1  X   10-> 

331  5.2 

341  7.7 

363  1.8  X  10-" 


The  rale  of  flow,  through  an  aperture  of  known  "resistance," 
of^thc  vupor  of  the  iiictui,  kept  at  constant  temperature,  was 
measured,  whence,  on  the  basis  of  the  kinetic  theory,  the  corre- 
:>|i(iiiilin|{  vapor  presNUre  can  lie  calculated  Ilis  mean  results 
.ippciir  in  Table  IV. 

'  I'hys.  Rn..  1  (1913),   l."» 
'Ibid.,  i  (1914).  377. 

•  The  efinittlonH  li»  tile  rcjipccttvc  vupur  prcuurc  curvet.  »•  Riven  in  Ihe 
-orlKlniil.  follow: 

I'l.r  PI  :  \o%  p  -  -  •27S«0'7'  —  1.26  Ion  7"  +  14.09 
Mu  log  p  -  -38600  r  —  1.26  log  T  +  17.3.S4 
W   :  log  p  -  —47440  T  —  0.9    log  T  +  IS, 50? 

•  fhil.  Mat .  11  (1917).  33. 

'  .41111.  /'Ayii*..  If  (IWW).  179. 


REDUCTION    OF   THE   DATA 

The  experimental  results  as  a  whole  are  not  so  accurate  as 
one  would  wish  to  have  them,  and  it  is  difficult  to  estimate  the 
uncertainty  which  attaches  to  them.  Von  Wartenberg  con- 
siders that  Greenwood  erred  in  choosing  as  his  final  values 
those  observed  in  hydrogen,  and  that  the  true  boiling  point, 
i.  e.,  the  temperature  at  which  the  liquid  is  in  equilibrium  with 
a  pressure  of  one  atmosphere  of  its  own  vapor  should  lie  higher 
even  than  that  observed  in  nitrogen.  In  any  case  we  must 
take  the  results  as  they  are,  remembering  merely  that  they  are 
approximate;  but  for  many  purposes  this  is  ample.  The  ex- 
perimental data,  if  they  are  to  be  useful,  must  be  reduced;  this 
was  accomplished  in  the  following  way: 

The  slope  of  the  vapor-pressure  cur^-e  at  any  point  is  given 

dlnp        AH 
by  the  relation  =  -—-,  where  AH  is  the  heat  of  vaporiza- 

ttx  Ki^ 

tion  per  mole  at  the  absolute  temperatiu'e  T.  If  we  integrate  this 
on  the  assumption'  that  AH  is  independent  of  T  (an  assumption 
which  in  many  cases  is  not  seriously  in  error)  we  obtain  as  the 

—  AH 

equation  to  the  curve.  In  p  =    -|-  constant  (i) 

RT 

which  is  of  the  form,  log  p  =  — A(i/T)  +  B  (2) 

or,  looo/r  =  — A'  log  p  +  B'  (3) 

where  A'  =  ic)oo/.4,  and  B'  =  A'B  =  loooB/A. 

Accordingly,  if  we  plot  values  of  log  p  against  the  corresponding 

values  of   i/T,  the  graph  will  be  a  straight  line  if  the  above 

assumption  holds,  and  nearly  linear,  alUiough  the  assumption 

does  not  hold  rigorously;  in  any  case  the  curve  thus  obtained 

is  such  that  we  may  interpolate  readily  and  even  extrapolate 

with  some  degree  of  safety. 

The  actual  data  for  each  metal  were  plotted  on  a  large  scale 
in  this  way,  and  the  points  were  found  to  lie  as  close  to  a  straight 
line  as  would  be  expected;  accordingly,  the  best  straight  line  was 
drawn  tlirough  each  series  of  points.  The  graphs  are  reproduced 
in  Fig.  I,  from  which  it  is  manifest  tliat  the  inclination  (and 
hence  .1 '  in  Ivquation  3)  decreases  regularly  as  we  pass  from 
metals  of  lower  to  metals  of  higher  boiling  point.  We  are 
tlierefore  justified  in  assuming,  for  the  purpose  of  the  present 
approximation,  that  the  A'  values  for  those  metals  for  which 
only  a  single  determination  was  made,  would  follow  the  same 
regular  sequence.  The  values  of  .-1 '  derived  from  the  curves 
were  plotted  against  the  resiK-ctive  boiling  points,  and  by  inter- 
polation at  the  appropriate  tein|R;ratures,  values  of  A'  for  the 
other  metals  were  deduced  and  the  corres|K>nding  lines  drawn 
(not  reproduced  in  Fig.  I).  From  the  curves  values  of  i.T 
for  a  series  of  rounded  values  of  p  were  read  by  inspection, 
whence  the  corresponding  values  of  /  (i.  e.,  llic  boiling  tempera- 
ture centigrade)  arc  readily  derived;  the  latter  arc  tabulated  in 
Table  \'  for  all  of  the  metals. 

As  regards  the  accuracy  of  these  ligurcs  little  can  Ik  stated, 
except  that  they  are  probably  as  gtxHl  as  the  origiiuil  data. 
The  extrapolation  which  we  have  made  implies  that  there  is  no 
melting  nor  inversion  within  the  tcmiicraturc  range,  but  the 
error  caused  by  the  fact  that  other  forms  do  ap|>rar  is  not  scrimi!!, 

'  It  would  undoulitrdly  l>c  llirntclicnily  more  corrrct  to  Kuumt  lliat 
A//  -  A//o  +  aT.  an  uiumplinn  which  lr*il<  tn  the  r<)uatlon  log  f  - 
— .4i  7"  +  fli  4-  Clog  7".  The  uw  of  thU  equalioii.  which  l<  much  more 
troublcMme  to  work  with  than  Ihe  «lmiiler  one.  I>  here  hanllT  warraolwl 
by  leuxiin  ol  Ihe  unc«rlainlv  cil  Ihe  dula,  murexvei  II  ran  rrailily  l<«  •liowa 
Ihal  C  in  lew  lllaii  unllv  (01  Ihc  mrlaU  which  elve  mnnoalomir  rapon. 
tu  a  ctin»ri|uence  <■(  wl^ch  Ihe  term  (' lot  I' would  vatv  t<ul  liMir  Ihronghoul 
llle  lanije  of  leni|ielalum  and  Ihetelore  Ihe  re«nlt«  would  didtt  »My  IUtl» 
from  llio»e  ilerivrd  (torn  Ihe  tiinpler  cqualton  Hoc  etaraple.  Kgvrtoa 
FvprevveM  hit  result*  fi>r  cadmium  anil  tine  rT«|>rcllvely  by  th«  equatlooa 

Ine  f  -      i^vM  r  +  ir  .^9»      o  .^  log  r 

\„i  f   -  1    r.    ;■    »    10.944    -  OJ  log  r 

but  Ihev  »re  trptolii' <-.!  >,'a,Wlv  well  by  Ihe  •Implet  fnem  ol  rtiuailoa. 
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because  for  a  metal  the  heat  of  fusion  or  of  inversion  is  very  small 
compared  to  the  heat  of  vaporization.  In  any  case  the  figures 
tell  us  the  order  of  magnitude  of  the  vapor  pressure  of  the  pure 


point  at  one  atmosphere.  The  position  of  arsenic  is  anomalous, 
presumably  because  of  the  fact  that  its  vapor  is  at  these  tem- 
peratures polyatomic,  wherefore  AH  is  not  constant  and  conse- 


Tadle  V — Approximate  Boiling  Temperatures*  (Centigradk)  op 
Metals  at  Various  Pressures 
Melting 

Tempera-  * p  in  mm.  mercury . 

Metal                                turc     IO-«  10-»    lO-i     I          10  50     100     760 

Cadmium 321        220     270     330     410     500     590     630     780 

Zinc 419       290     350     420     500     610  700     750     920 

Maznfsium 651        380     440     520     620     750  860     920   1120 

Thallium 302       500     570     660     770     910  1030   1090   1300 

Bismuth 271        540     620     720     840     990  11.W    1200   1440 

Antimony 630       540     620     720     840     990  1130   1200   1440 

Lead 327       620     710     820     960   1130  1290   1360   1640 

Aluminum 630       730     830     950  1090  1280  1440  1520  1800 

Manganese 1225        790     890  1020   1170   1360  1530    1610   1900 

Silver 960       920   1030   1160   1.120    1520  1700    1780  2090 

Chromium 1510       980   1090   1230   1400   1610  1800   1890  2200 

Tin 232      1010   1130   1270   1440   1660  1850    1940   .260 

Copper 1083      1080    1200   1340   1520   1740  1930  2030  2350 

Nickel 1452      1100   1220   1370   1550   1780  1970   2070  2400 

Iron 1520      1130   1250   1400   1590    1820  2010  2110  2450 

Arsenic 830       220     260     310     360     430  490     510     610 

*  I.  e..  the  temperature  at  which  the  vapor  pressure  is  10~'  mm.,  etc. 


Table  VI^Values,  for  the  Several  Metals,  of  the  Coefpicie.nts  in 

the   FOR.MULAB   AND   OF   THE    HEAT   OF    VAPORIZATION     AH  PER  MoLE 

log  p  =  -—A/T  +  B  1000/r  =  A'  \oe  p  +  B' 

METALt  A              B  A'                  B'  AH  =  4.579.4 

Arsenic 6670     10.47  0.150         1.570  30500 

Cadmium 5460       8.04  0.183          1.473  25000 

Zinc 6290       8.14  0.159          1.294  28800 

Magnesium 72.50       8.09  0.138         1.116  33200 

Thallium 8850       8.50  0.113         0.961  40500 

Bismuth 9010       8.12  0.111          0.902  41300 

Antimony 9010       8.12  0.111          0.902  41300 

Lead 9900       8.05  0.101          0.813  45400 

Aluminum 11500       8.41  0.087          0.732  52600 

Manganese 12300       8.55  0.081          0.694  56300 

Silver 14300       8.97  0.070         0.628  65500 

Chromium 14900       8.91  0.067          0.597  68200 

Tin 15100       8.83  0.066         0.583  69000 

Copper 16400       9.14  0.061         0.557  75000 

Nickel 16700       9.12  0.060         0.547  76500 

Iron 17000       9.10  0.059         0.537  77800 

t  The  figures  for  the  metals  named  in  italics  are  derived  from  a   single 
observation  only. 


metal,  and  suffice  for  many  practical  purposes;  it  is  probable 
that  the  boiling  temperatures  given  are  minimum  values;  con- 
versely that  the  vapor  pressures  as  calculated  from  the  formulae 
are  maximum  values. 


quently  the  simple  equation  does  not  apply  so  well.  Attention 
is  drawn  to  the  constancy  of  the  values  of  B  (which,  however, 
show  an  undoubted  trend);  from  which  it  is  evident  that  one 
could  get  a  fair  idea  of  the  vapor  pressure  of  a  metal  at  any 


'      LOG      /i 

Fig.  I — The  Vapor  Prbssurb  of  the  Several  Metals;  Gsaphs  of  Log  p  against  1000 /T 
The  Circles  Rbprsssnt  the  Points  Determined  Experimentally 


In, Table  \"I  are  brought  together  the  respective  values  of  .4, 
B  (Equation  2),  A'  and  B'  (Equation  3)  as  derived  from  tlie 
graphs,  for  each  of  the  metals;  by  means  of  these  one  can  readily 
calculate  the  vapor  pressure  at  any  desired  temperature  or  the 
boiling  temperature  under  any  specified  pressure.  This  table 
also  gives  approximate  values  of  the  molar  heat  of  vaporization, 
derived  from  A;  for,  by  comparison  of  Equations  (i)  and  (2), 
it  is  obvious  that  AH  =  2.303  RA  =  4.579.1  calories.  Here 
again  therefore,  we  observe  that  the  values  of  A  are  such  that 
there  is  a  parallelism  between  heat  of  vaporization  and  boiling 


temperature    if   it   has   been   determined   at   a   single    temper- 
ature. 

REMARKS  ON  VAPOR  PRESSURE  AND  VOLATILITY  OF  METALS 

The  values  given  in  Table  V  or  calculable  from  the  appropriate 
formula,  refer  only  to  the  pure  metal.  The  vapor  pressure  of  a 
metal  in  solution  will  always  be  smaller,  depending  upon  its 
actual  concentration,  or  belter  its  effective  mole  fraction,  in  the 
solution.  When  i/n  of  the  total  moles  present  are  moles  of  X, 
the  mole  fraction  of  X  is  in,  and  its  partial  vapor  pressure  is 


Sept.,  191 7 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


877 


i/ra  of  that  of  pure  X  at  the  same  temperature;'  but  it  is  to  be 
borne  in  mind  that  the  mole  fraction  is  not  necessarily  given 
by  the  gross  molecular  proportion  of  A'  in  the  mixture,  for  part  of 
it  may  be  present  in  other  molecular  species,  e.  g.,  as  a  compound. 

It  has  been  argued  that  a  better  separation  of  two  metals 
(e.  g.,  of  zinc  and  cadmium)  by  distillation  could  be  achieved 
by  regulating  the  pressure;"  but  within  the  practicable  range  of 
temperature  there  is  little  advantage  to  be  gained  in  this  way 
unless  it  should  happen  that  there  is  a  change  in  constitution 
of  the  mixture  (e.  g.,  the  formation  of  a  compound,  the  un- 
mixing of  a  solution,  or  vice  versa)  within  this  range,  for, 
when  a  mixture  of  a  specified  composition  and  constitution  is 
distilled  at  a  series  of  temperatures,  the  degree  of  separation 
achieved  in  each  case  depends  upon  the  ratio  of  the  vapor  pres- 
sure of  zinc  to  that  of  cadmium;  but  between  500  and  1000° 
this  ratio  ranges  only  from  about  V?  to  Vi.  so  that  there  would 
be  no  substantial  advantage  in  conducting  the  distillation  of 
mixtures  of  these  two  metals  at  one  temperature  rather  than  at 
another.  On  the  other  hand,  in  cases  where  the  metals  form  a 
compound,  a  much  better  separation  would  be  possible  by  distil- 
ling at  a  temperature  below  the  dissociation  point  of  this  com- 
pound than  at  a  higher  temperature;  nevertheless  such  a  course 
may  not  be  practicable  because  of  the  slowness  of  distillation  at 
the  low  temperature  requisite. 

For  a  given  temperature  the  amount  of  material  volatilized 
and  carried  by  a  current  of  indifferent  gas  can  be  calculated  very 
easily  from  the  vapor  pressure;  but  this  estimate  will  usually 
exceed  the  actual  amount  because  (i)  of  lack  of  purity,  (2)  of 
incomplete  saturation.  Both  these  factors  are  likely  to  be  met 
with  in  practice;  thus  Welch  and  Duschak'  found  the  vapor 
pressure  of  As-^Os  in  a  typical  flue  dust  to  be  only  about  one-half 
of  that  of  pure  AsjOa  at  the  same  temperature,  and  that  the 
flue  gas  was  not  even  saturated  with  respect  to  the  flue  dust 
which  it  carried.  The  completeness  of  saturation  depends, 
other  things  being  equal,  upon  the  rate  of  volatilization  under 
the  particular  conditions;  this  rate  is  very  much  greater  in  a 
very  good  vacuum  that  it  is  in  an  atmosphere  of  indifferent 
gas,*  and  dcjicnds  very  markedly  upon  the  excellence  of  the 
vacuum  maintained.'  Thcic  have  been  numerous  experiments 
on  tlie  volatilization  of  metals  in  a  vacuum;'  these  we  shall 
briefly  review. 

•  This  is  absolutely  true  in  many  cases,  and  is  true  as  n  first  approxima- 
tion in  all  cases.  With  respect  to  this  whole  question  see  papers  on  the 
vapor  pressures  of  amalgams  by  J.  H.  Hililebrand.  J.  Am.  Chem.  Soc,  36 
(1913).  501;  by  Ilildebrand  and  Eastman.  Ibid..  36  (1914),  2020;  37  (1915). 
2452;  also  Ilildebrand.  Ihid  .  38  (1916).  1452  In  how  (ar  the  above  con- 
siderations apply  to  solid  solutions  is  open  to  question;  there  is  reason  for 
believing  that  the  above  rule  does  not  apply  to  X  when  the  proportion  ot 
.Y  present  in  a  solid  solution  is  very  small, 

•  And  it  hius  been  implied  that  this  could  be  done  by  rCRulatiiie  the 
pressure  of  some  indilTerent  gas. 

'  "The  Vapor  Pressure  of  Arsenic  Trioxide."  Bureau  of  Mines.  Technical 
faptr.  81,  iyi5. 

•  The  fact  that  the  rate  of  volatilization  is  much  less  in  an  atmosphere 
of  inililTerent  gas  than  i«  talun  is  the  basis  of  the  nitroKcn-filled  tungsten 
lamp,  for  by  Ihis  means  the  filament  may  be  run  at  a  hlKher  temperature 
and  conseqncnlly  with  increased  efficiency,  without  unduly  shorteniuR  its 
life. 

'Nair  and  Turner.  J.  Chem.  Soc,  lOS  (1913).  1524.  obscrvinx  that  the 
amount  of  xinc  volatilized  Is  much  diminished  by  imperfection  of  the 
v.icuum,  delermined  the  amnunis  of  zinc  (and  cadmium)  volalilir.ed  in  30 
tiiinuto  under  various  pressures  of  air,  hydrogen  and  carbon  nionoslde, 
.ind  ascertained  in  earli  case  the  teniperoture  required  under  their  conditions 
lor  complete  volollliratlon  nf  a  given  amount  of  metal  in  M)  niin  As 
one  woulil  expect,  this  lem|irtiilure  is  lowest  in  a  vacuum,  successively  higher 
for  hyilrugcn,  carbon  nionnii<le,  air.  and  for  any  one  gas  increases  with  the 
pmsurt.     Tbclr  obscrvalloiu  for  zinc  in  air  at  several  pressures,  follow 

p 0         3       20       30       80     200     60O  mm 

Temp,  required 4«)     300     620     660     680     720     840"  C. 

Incldentallv  Ihry  observed  Ihul  at  HWI"  ilnc  oiidlles  very  slowly  In  quiesctnt 
uir.  probably  becauie  (he  air  is  displaced  by  the  heavier  zinc  va|<«r;  in 
moving  air  oxidation  Is  rapid 

•  Willi  respect  tu  this  whole  qiiratlon.  particularly  on  lis  thporcllcal 
side,  see  recriil  papers  bv  l.angmulr.  «.  |..  J  Am.  Chtm.  .Six  .  S«  (IVItt). 
;;49.  where  numerous  irferrn-r.  ate  given. 


Demarfay'  observed  the  occturence  of  vaporization  in  vacuo 
in  periods  of  24  to  48  hours  as  follows:  Cd  at  160°,  Zn  at  184°, 
Sb  and  Bi  at  293°,  Pb  and  Sn  at  360°;  and  similar  obser\-ations 
were  recorded  by  Krafft.=  Later  KxaSt  and  Bergfeld'  investi- 
gated the  lowest  temperature  at  which  they  could  observe  metal 
to  vaporize  in  a  cathode-ray  vacuum  in  the  course  of  a  few 
hours,  with  the  following  results:  Cd,'  150°;  Zn,  iSo°;  Bi, 
270°;  Pb,  335°;  Ag,  680°;  Au,  1070°.  Reference  to  the  several 
formulae  as  given  above  shows  that  pt  the  above  temperatures 
the  vapor  pressure  of  each  metal  was  of  the  order  io~^  mm., 
thus  adding  another  instance  of  the  actuality  of  such  very  small 
vapor  pressures. 

By  taking  advantage  of  these  differences  one  may  achieve  a 
more  or  less  complete  separation  of  two  metals :  the  completeness 
of  the  separation  depends  upon  the  ratio  of  the  partial  vapor 
pressures  of  the  two  metals  in  the  mixture,  a  ratio  which,  as  we 
have  seen,  does  not  vary  markedly  with  change  of  the  pressure 
(or,  of  course,  temperature)  at  which  distillation  is  performed. 
Tiede  and  Fischer*  showed  that  lead  could  be  separated  from 
tin  by  heating  in  a  vacuum.  Berry.'  on  heating  mixtures  of 
zinc  and  magnesium  in  a  well  evacuated  bent  glass  tube,  found 
that  both  zinc  and  magnesium  distil  off,  leaving  the  compound 
MgZn2;  and  also,  at  a  somewhat  higher  temperature,  that  this 
compound  distils  unchanged.  In  another  paper'  he  states  that 
copper  and  cadmium  heated  in  vacuum  at  600°  can  be  separated 
quantitatively;  that  cadmium  and  magnesium  volatilize  to- 
gether; and  that  the  distillate  from  mixtures  of  magnesium  and 
lead  at  680°  contains  only  traces  of  lead.  Vialay  has  patented* 
a  process  of  separating  zinc  and  aluminum  from  their  alloys  by 
heating  the  alloy  slowly  to  1200°,  in  a  thin  layer,  preferably  in  a 
vacuum. 

Groves  and  Turner'  record  a  series  of  experiments,  the  main 
results  of  which  follow.  Zinc  when  heated  in  vacuo  begins  to 
volatilize  appreciably  at  375°;  from  60:40  brass  volatilization 
of  zinc  is  appreciable  at  520'',  from  70:30  brass  at  550°.  \^'hen 
brass  is  heated  in  vacuo  at  1080°  the  zinc  is  quantitatively  re- 
moved in  half  an  hour.  An  alloy  of  zinc  and  iron  at  500°  loses 
only  zinc,  and  that  very  slowly;  at  600°  some  iron  conies  over 
wiUi  the  zinc.  Their  further  observations  on  volatilization 
in  vacuo  can  be  summarized  as  follows: 

I — No  appreciable  loss  of  weight  occurs  after  heating  at  1 100" 
in  vacuo  for  half  an  hour  with  Cu-Al.  Cu-Ni.  Cu-Sn.  Cu-Fc. 

II — Quantitatively  separable:  Cu-Bi,  Cu-Pb  in  45  min.  at 
1100°;  Cu-Zn  in  30  min.  at  iioo";  Fc-Zn  at  500°.  but  at  1000° 
more  than  half  tlic  iron  had  volatilized;  I'b-Sn. 

Ill — Excess  of  more  volatile  niclal  removed.  IcaviiiR  a  com- 
pound; Au-Zn,  leaving  AuZn;  Cu-Sb.  Icav-inR  Cu»Sb;  Au-Cd. 
leaving  AuCd;  Mg-Zn,  leaving  MgZns 

I\' — More  volatile  metal  is  completely  rcmovctl:  Cu-As. 

V — Two  (or  more)  metals  volatilise  together:  from  Ag-Zn 
mixtures  little  silver  comes  over  at  (hk>°,  but  more  and  more 
nt  higher  temperatures;  Ag-I*b;  Pb-Zn;  Zn-Cd. 

In  a  later  paper'"  Thoriicycroft  mid  Turner  present  remits 
on  tlic  rate  of  volatilization  in  a  vucimiii  of  copiier/inc  alloys 
ranging  from  7.s-io  per  cent  Cu.  They  found  that  alloys  con- 
taining more  than  40  jkt  cent  are  quantitatively  separable  by 
this  means,  but  that  a  little  cop|)er  is  nls»  volatili/e«l  from  the 

'  r.'mfl.  tend  .  66.   18V 

•  /ter     36  llW.ll.  lf.'«l 

•  Ihid  .  36  (190.M.  :\* 

«  Langmilir.  I'rM    Sal    And  .   3   (1»IJ).  141.  wa«   able  <■•  ■•<■  "  >  -  •. 
porizatinn  of  Cd  al  Ml* 

•  TIede  and  Fischer,  fet  .  44  (1911).  IJII 

•  A    I    Herry.  />.>.    R"y  S,h.  I^odot  (Ay  66  (l«W),  6: 
'  A    J.  Merry,  fr.x    (•■<».  I'hil.  .s.h  .  IT  ll«l21.  31 

•  A    II    Vialay    I'lrnch  pal    ♦3».1»«.  July  31,  1»IJ;  C    A  .  6.  .'»*» 

•  f.rovea  and  Turner,  .».   Ckem.    ,v«r  ,    161    at)  }\     383;   al»   Tunwr. 
J    Inn    M/la/i.  T  d-Jl.'),  103, 

'•  J  /all  Utialt.  16  (l"»13).  srhlcll  I  ha»»  Iwrn  al>t*  IP  •»•  only  Id  ab- 
•tract  (f.  A..  6.  3548) 
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alloys  carrying  less  than  40  per  cent  Cu.  Some  work  on  the 
vapor  pressure  of  zinc  from  brass  was  done  by  Hansen'  and  by 
others,'  the  several  results  being  tolerably  concordant. 

There  are,  moreover,  scattered  observations  on  volatilization 
of  metals  at  atmospheric  pressure.  Bengaugh  and  Hudson'  and 
Bassett*  present  results  on  the  rate  of  loss  of  zinc  from  brass  at 
various  temperatures.  Rose'  made  experiments  on  the  estima- 
tion of  zinc  in  coinage  bronze  by  volatilization;  he  found 
that,  though  only  o.i  per  cent  of  the  zinc  volatilized  at 
1200°  in  two  hours,  a  period  of  two  hours  at  1375°  sufficed  to 
remove  all  but  0.3  per  cent  of  the  zinc,  this  volatilization  being 
accompanied  by  a  loss  of  about  0.2  per  cent  of  the  tin  and  copper. 
Again,  in  the  process  of  refining  zinc  by  distillation  it  has  been 
observed  that  other  metals,  notably  lead,"  tend  to  come  over 
with  the  zinc  unless  the  distillation  is  conducted  slowly. 

Butts',  has  discussed  the  vaporization  of  cai)pcr  in  wire-bar 
furnaces,  and  cites  data  which  indicate  that  this  occurs  to  an 
appreciable  e.\tent  at  1120°.  Mostowitsch  and  Pletneff*  made 
e.xperiments  on  the  volatility  of  gold  in  atmospheres  of  various 
gases,  and  state  that  it  is  not  appreciably  volatile  at  1400°  in  an 
atmosphere  of  oxygen,  nitrogen,  carbon  monoxide  or  carbon 
dioxide  but  that  in  hydrogen  volatility  is  noticeable  at  1250°; 
the  latter  elTect  they  attribute  to  the  formation  of  an  unstable 
compound,  but  an  alternative  explanation  may  be  that  offered 
by  Greenwood'  to  account  for  the  lower  boiling  points  in  hy- 
drogen observed  by  him. 

The  various  observations  summarized  above  are  in  general 
harmony  with  what  one  would  expect  from  the  vapor  pressure, 
altliough  they  could  not  have  been  predicted  precisely  from  a 
knowledge  of  the  vapor  pressure  alone.  There  are  two  ob- 
servations to  which  I  wish  to  revert  for  a  moment — those  namely 
of  Groves  and  Turner  and  of  Thorneycroft  and  Turner,  who 
found  that  some  iron  or  copper  came  over  with  the  zinc  when  the 
respective  binary  alloys  were  distilled  under  certain  circum- 
stances, the  temperature,  however,  corresponding  to  a  very 
small  vapor  pressure  of  the  less  volatile  metal.  This  may  be 
accoimted  for  in  two  ways,'"  which  in  essence  do  not  differ 
materially :  ( i )  that  the  particles  of  vapor  of  the  less  volatile  metal 
are  entrained  by  the  blast  of  zinc  vapor  just  as  the  gas  from  the 
vessel  to  be  exhausted  is  entrained  by  the  blast  of  mercury  vapor 
in  the  condensation  pump;"  (2)  that  when  all  the  zinc  particles 
surrounding  a  given  iron  (or  copper)  particle  have  vaporized, 
tlie  iron  particle  is  left  unattached,  and  so  is  carried  over  into  the 
distillate.  This  question  could  readily  be  elucidated  by  making 
series  of  experiments  with  mixtures  containing  different  (small) 
proportions  of  iron  (or  other  metal)  in  which  the  rate  of  distilla- 
tion is  varied  within  wide  limits.  In  any  case  this  observation 
shows  that  one  cannot  with  safety  deduce,  from  the  calculated 
partial  pressure  of  the  components,  the  composition  of  the 
distillate  except  when  the  rate  of  distillation  is  very  small — ^in 
other  words,  the  theory  applies  strictly  only  to  static  conditions. 
Nevertheless  a  knowledge  of  the  vapor  pres.sure  of  metals  is  a 
prerequisite  to  any  intelligent  treatment  of  the  volatility  of  metals. 

SUMMARY 

The  data  in  the  literature  on  the  vapor  pressure  and  volatility 
of  metals  have  been  reviewed  and  collated,  and  thus  made  more 

'  Proc.  Am.  Inst.  Metals.  1912,  111. 

•  Collated  by  GiUett:  "Brass  Furnace  Practice."  Bur.  of  Mines,  Bull. 
73  (1914).  126. 

'  J.  Inst.  Metals.  4  (1910),  101.         '  This  Journal,  4  (1912),  164. 

»  T.  K.  Rose.  J.  Soc.  Chem.  Ind..  33  (1914),  170;  C.  A..  8,  1722. 

•See  German  patent  No.  286.557,  Aug.  12,  1915;  Metall  and  En.  12 
(1915),  350,  where  means  to  obviate  this  in  a  process  of  clectrothermic 
distillation  are  described. 

'  A.  Butts,  Mel.  and  Chem.  Eng..  16  (1917),  84. 

■  Mostowitsch  and  Plctncfl,  J.  Russ.  Met.  Soc.  191S,  410;  through 
Met.  and  Chem.  Ens..  16  (1917),  153.     • 

"  Sec  supra,  p.  874. 

>"  It  is,  of  course,  possible  that  the  compound  of  zinc  with  copper  or 
iron  has  an  appreciable  vapor  pressure  and  distils  as  such. 

"  See  Langmuir.  "The  Condensation  Pump;  an  Improved  Form  of 
High  Vacuum  Pump."  Cen.  Elec.  Review,  1916,  1060. 


readily  available.  Formulae  are  given  by  means  of  which  the 
vapor  pressure  at  any  temperature  can  be  calculated  with  an 
accuracy  in  the  result  not  inferior  to  that  of  the  original  data; 
and  the  temperatures  corresponding  to  a  series  of  pressures  are 
tabulated. 
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DISCUSSION 

N.  T.  BACON  criticized  the  statement  that  every  substance 
has  same  vapor  pressure  at  any  temperature.  This  is  the  theory 
on  which  Nernst  has  built  much  of  his  work,  but  Mr.  Bacon's 
study  has  led  him  to  believe  it  false.  Instead,  he  beUeved  that 
each  substance  had  a  critical  temperature,  below  which  it  could 
not  exist  in  gaseous  form,  being  the  counterpart  of  the  tem- 
perature above  which  it  cannot  exist  in  liquid  form. 

In  conversation  a  few  months  ago,  Dr.  Irving  Langmuir  had 
at  first  denied  this,  but  when  asked  what  the  concentration  of 
platinum  vapor  would  be  at  0°  C,  he  calculated  it  out  by 
extrapolation  and  found,  as  a  result,  a  value  so  small  that  several 
hundred  thousand  worlds  would  have  been  required  as  the 
space  proportion  for  a  single  molecule. 

As,  to  maintain  a  vapor  pressure  in  any  space,  enough  mole- 
cules must  be  present  to  maintain  equal  pressure  in  all  dimen- 
sions, theoretically  a  minimum  of  three  is  required  for  the  unit 
of  space  under  consideration.  Any  smaller  number  could  be 
looked  upon  as  merely  sporadic  particles,  like  particles  of  dust, 
of  which  it  would  be  difficult  to  postulate  whether  they  were  in 
solid,  liquid,  or  gaseous  condition. 

Either  would  necessarily  acquire  something  like  gaseous 
velocity  by  contact  with  other  molecules  in  any  atmosphere, 
until  tliey  finally  dropped  under  gravity  or  adhered  to  the 
walls  by  adsorption.  This  theory  is  built  on  the  idea  that  the 
old  assumption  is  false,  that  all  molecules  are  perfectly  elastic. 
Now  that  we  recognize  atoms  as  having  a  multiplicity  of  parts, 
it  is  easy  to  see  how  by  distortion  of  these,  from  a  normal  form 
by  collision  with  some  other  particle,  the  kinetic  energy  of  a 
molecule  might  be  transformed  into  heat.  We  know  very  little 
of  the  temperature  of  gaseous  molecules,  except  as  manifested 
by  their  kinetic  energy,  but  if  heat  is  being  continuously  with- 
drawn through  the  walls  of  a  system,  the  higher  temperatures 
resulting  from  collisions  with  the  wall  will  be  cut  down  first, 
and  thus  the  secondary  equilibrium  disturbed,  which  might  have 
resulted  in  throwing  back  the  molecule  by  local  overheating. 

Some  of  Dr.  Langmuir's  experiments  seem  to  indicate  this, 
though  he  has  not  interpreted  them  so,  for  he  has  noted  that  as 
the  temperature  approaches  that  of  liquid  air,  molecules 
of  one  kind  after  another  cease  to  be  reflected  from  the  walls 
and  form  adsorption  films  on  the  walls. 

This  is  just  what  should  happen  by  the  theory  of  a  critical 
temperature  of  each  gas.  This  does  not  mean  that  there  would 
be  no  molecules  of  each  kind  left  in  the  atmosphere,  but  rather 
that  no  vapor  saturation  pressure  remains. 

A  new  definition  of  saturated  vapor  tension  seems  called  for. 
It  has  been  defined  as  the  condition  of  equilibrium  between 
the  gaseous  and  liquid  phases,  so  tliat  for  each  molecule  im- 
pinging on  the  liquid  surface  and  condensing  there,  a  fresh  one  is 
driven  ofl  by  the  resulting  latent  heat.  This  postulates  a 
liquid  phase,  whereas,  in  many  cases,  when  saturation  is  pro- 
duced by  condensation  or  cooling,  the  saturation  must  resiUt 
solely  from  an  oversupply  of  gaseous  molecules.  As,  for  many 
substances,  the  vapor  tension  as  calculated  by  extrapolation 
would  not  be  sufficient  to  maintain  a  single  moleciUe  in  the 
volume  of  the  apparatus  employed,  is  it  not  obvious  tliat  this 
cannot  serve  as  a  satisfactory  hypothesis  to  explain  chemical 
phenomena  even  though  tlie  system  based  on  it  agrees  pretty 
well  with  observed  phenomena? 
PEACE  Dale,  R.  I. 
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PART  I— HISTORICAL  AND  BIBLIOGRAPHICAL 

By  E.  Lawson  Lomax 

In  submitting  to  the  Members  of  the  Institution  the  following 
papers  on  "Pyrogenesis  of  Petroleum,"  we  have  endeavored  in 
a  general  way  to  illustrate  the  various  stages  through  which 
development  has  taken  place. 

The  subject,  however,  is  so  vast  that  it  is  impossible  ade- 
quately to  deal  with  it  in  a  single  evening,  but  we  hope  at  some 
future  date  to  have  the  honor  to  present  to  you  in  greater  detail 
some  of  the  features  of  the  particular  processes  or  types  of 
processes  which  are  being  worked  at  the  present  time. 

The  products  of  the  pyrogenetic  treatment  of  petroleum  may 
be  divided  into  four  general  classes,  viz.,  permanent  gas,  il- 
luminating oils,  aromatic  hydrocarbons,  and  volatile  fuels 
for  internal-combustion  engines.  These  classes  also  represent 
roughly  the  lines  on  which  development  has  taken  place. 

Although  the  manufacture  of  permanent  gas  is  of  secondary 
importance  to  us  as  an  Institution,  the  earliest  work  on  the 
pyrogenesis  of  petroleum  was  started  with  this  end  in  view, 
and  it  is  as  well  briefly  to  refer  to  the  pioneer  work  on  the  sub- 
ject. The  use  of  illuminating  gas  made  from  oil  was  proposed 
as  early  as  1792  by  Murdock,  and  in  1805,  as  well  as  in  1821, 
Henry(2a)  described  the  gas  obtained  by  cracking  animal  oils, 
fats  and  waxes,  noticing  the  formation  of  ethylene.  Between 
these  two  dates,  John  Dalton(io),  in  1809,  carried  out  the  first 
scientific  investigation  on  the  pyrogenetic  decomposition  of 
hydrocarbons  by  subjecting  ethylene  and  methane  to  the  action 
of  electric  sparks. 

It  is  evident  that  about  this  time  the  question  of  the  produc- 
tion of  gas  from  oil  occupied  the  attention  of  inventors  and 
scientists,  for  a  few  years  later,  in  1825,  we  have  the  classic  dis- 
covery of  benzene  by  I''ara(lay(3a)  in  the  products  obtained  by 
action  of  heat  upon  oil,  during  the  course  of  which  work  he  also 
noticed  the  presence  of  imsaturated  hydrocarbons  which  are 
very  reactive  to  sulfuric  acid. 

The  work  of  Dalton  on  the  decomposition  of  ethylene  and 
methane  by  electric  sparks  inspired  later  workers  on  the  same 
lines  such  as  Marchand(4n),  Magnus(5a),  Quet(7a),  Hoff- 
mann and  Bufr(8a),  and  IJe  \Vilde(i2a),  who  all  worked  on  the 
decomposition  of  ethylene  by  heat,  and  described  some  of  the 
products  of  the  reactions. 

In  1866-67,  the  famous  French  chemist,  Bcrthelot  (13a,  14a, 
i^a)  published  the  results  of  a  brilliant  series  of  researches  on 
the  action  of  heat  on  various  hydrocarbons.  He  showed  that 
acetylene  heated  alone  in  a  closed  space  at  the  temperature  at 
which  glass  softens,  is  decomposed,  fonning  liquid  hydrocarbons, 
97%  of  the  acetylene  having  clisappcared  at  the  end  of  30  minutes. 
In  the  presence  of  coke,  acetylene  is  decomposed  almost  wholly 
to  carbon  and  hydrogen,  and  in  the  presence  of  iron,  half  of  the 
hydrogen  is  released  in  a  free  state  with  the  fonnation  of  cm- 
pyreumatic  hydrocarbons,  the  reaction  proceeding  more  rapidly, 
and  at  lower  temperature.  When  acetylene  is  mixed  with  other 
gases,  such  as  hydrogen,  methane,  ethane  or  carbonic  oxide, 
the  reaction  proceeds  more  slowly,  and  ethylene  is  formed. 

He  also  showed  that  the  action  is  reversible  at  higher  tempera- 
tures. Under  the  same  conditions:  ethylene  gave  ethane, 
acetylene  and  tarry  products;  ethane  gave  ethylene;  ethylene 
and  hydrogen  in  ecpial  parts  gave  ethane,  and  at  dull  red  heat 
equilibrium  was  established  between  ethylene,  hydrogen  and 
ethane;  acetylene  and  ethylene  in  equal  parts  gave  as  principal 
product  a  body  which  was  either  nn  isomer  or  identical  with  cro- 
toiiylcnc;  acetylene  ami  benzene  in  equal  parts  gave  naphthalene. 

At  Ihi.i  temperature,  which  he  presumed  to  be  600  to  7(k>'*  C, 
hydrocarbons  react  by  direct  nlTinity,  and,  starting  with  the  low- 
est hydrocarbon,  all  the  members  of  the  series  can  be  synthesized. 

In  a  later  paper  he  gives  the  results  of  pa.ssing  various  hydro- 
carbons tlir<uigli  a  porcelain  tube  heatcil  to  bright  redness: 
benzene  gave  dlphenyl,  cliryseiie  and  a  resinous  bcHly,  but  no 
antlirucene  or  naphlhaleiie;  toluriie  gave  benzene,  unaltered 
toluene,  niiplitli.ilene  In  large  (|uantity.  a  crvslalline  hydrcHMrlHin 
volatile  at  jyn"  C.,  a  large  portion  of  a  liquid  liyiirocarbon 
wliirh  he  calleil  brnzyle,  also  anthracene  and  bodies  iinalogiitis 
to  clirysene;  ben/ene  and  ethylene,  mixed,  gave  styrolenr, 
Iiaphttialene  and  antliracrne;  styroletie  gave  brnzetlc  niid  ai-elvl- 
cnr;  styrolene  and  hydrogen  mixed  gave  lienzcnc  and  ctlivlenc; 
iilyruleiie  and  ethylene  mixed  gave  principally  iiaphllialnir  und 
ioinc   benzene;   slyrolrne   and   bcii/enc   niixeil   gave   principally 


anthracene,  also  naphthalene  and  di  phenyl;  benzene  and 
naphthalene  mixed  gave  anthracene;  diphenyl  gave  benzene 
and  chrysene.  Xylene  gave  toluene  as  principal  product,  also 
benzene,  naphthalene,  anthracene  and  unchanged  xylene; 
cumolene  gave  toluene  and  xylene  in  large  quantities — also 
benzene,  cumolene,  naphthalene,  anthracene,  chrysene  and 
benzerythrene  in  smaller  amounts.  The  results  of  this  work 
stand  to  the  present  day,  the  whole  study  being  worthy  of  the 
great  author. 

Shortly  before  this,  the  attention  of  the  oil  industry  was 
directed  to  the  question  of  increased  production  of  illuminating 
oils  by  "cracking,"  an  operation  which  was  accidentally  dis- 
covered in  1 86 1,  owing  to  the  carelessness  of  a  stillman,  who 
built  a  strong  fire  under  his  still,  and  left  it  running,  intending 
to  return  in  about  an  hour.  He  did  not,  however,  return  till 
about  four  hours  later,  when  he  found  the  still  running  a  light 
colored  distillate  of  lower  specific  gravity  than  that  which  was 
passing  when  he  left.  Experiment  showed  that  a  portion  of  the 
distillate  had  condensed  upon  the  upper  cooler  part  of  the  still, 
and,  dropping  back  on  to  the  hot  residue  was  decomposed  into 
lower-boiling  constituents. 

This  discovery  had,  however,  to  some  extent  been  anticipated 
by  Silliman  in  1855(60),  who  advanced  the  theory  that  several 
of  the  products  of  distillation  of  petroleum  were  results  of 
heat  and  chemical  change  during  distillation.  The  discovery- 
led  to  a  large  amount  of  technical  and  scientific  work  on  the 
increased  production  from  petroleum  of  illuminating  oil,  which 
at  that  time  was  the  most  valuable  product  obtained. 

In  1865,  Young  (3)  took  out  a  patent  for  increasing  the  >neld 
of  burning  oils  by  distillation  under  a  pressure  of  about  ;o 
lbs.,  which  was  followed  in  1866  by  that  of  Vincent  and  others(4). 
in  which  the  vapors  were  partly  cooled  at  the  still-head,  the 
condensates  being  allowed  to  fall  back  on  the  hot  residues; 
and  a  provisional  patent  in  1869  by  Scot  and  MacIvor(7). 

In  the  meantime,  the  question  was  being  discussed  by 
Hirsch(i7a),  Silliman (i 8a),  and  Peckham(i9n),  from  a  tlieoretical 
standpoint;  an  account  of  his  process  was  published  by  Young 
in  i867(i6a),  which  was  followed  in  1871-73  by  tlie  famous 
researches  of  Thorpe  and  Young(2ia)  on  the  effect  of  distilling 
solid  paraflin  tmder  pressure,  together  with  a  description  of 
products  formed  boiling  below  200°  C,  these  products  consisting 
of  paraffins  and  olefincs  as  follows:  amylene,  pentanc,  hcxylene, 
hexane,  heptylene,  heptane,  oclylene,  octane,  nonylene,  nonanc, 
undecylene,  undecane  and  possibly  capo'lidcnc,  but  with  no 
trace  of  benzene. 

An  interesting  item  in  connection  willi  this  research  was 
communicated  to  us  by  your  Past  President,  Sir  Bovcrton 
Redwood,  to  the  effect  that  it  is  not  generally  known  Uiat  this 
research  of  Thorpe  ami  Young  was  carrietl  out  with  a  \Hcw  to 
determining  what  actually  took  place  during  distillation  as 
carried  out  according  to  Young's  Patent  of  1865(3^ 

In  1864  and  1865,  VohUiixi.  iia)  describes  the  treatment  of 
heavy  petroleum  residues  by  passing  them  through  hot  tuln-s 
packed  with  lime  or  iron  filings,  in  order  to  obtain  burning  oils. 

Previous  to  this,  attempts  had  been  made  to  utilize  the  tars 
formed  in  the  manufacture  of  oil-gas  for  the  production  of 
aromatic  hydriKarbons. 

In  i860,  a  patent  with  this  end  in  view  was  taken  out  by 
"I,c  Six-iit^  pour  r6clairagc  au  Gaz,"ti)  followed  by  that  of 
Hreitenlohiier(2)  ill  1863.  while  in  1862.  Vei(lu>>i)  dcscril>cs 
the  production  of  aromatic  hydriK-arlMUis  by  pa.-.sing  |x-trolcuin 
residues  through  iron  tubes  lieated  to  7011  to  Sixi"  C. 

I"  '^Ti.  JacobsciU-\M)  slunved  that  by  the  condcn.'uition  of 
allylene  and  acflylene  the  seven  l>cn/cnc  iiomnloi:!"--;  prr-^rnt  in 
coal-tar  can  be  formed,  and  ill  the  same  vent.  I  ' 

that  no  phenol  or  cresol  is  formed  in  miikii: 
confirmed  in  iSSi  by  kiulnrwi  v  ■ ;  ■       A  v. 
I.ieberiiiaim  and  HiirgU'fxO,  ati<l 
published,    iiliiiost     siiniillann': 
the    |ir>HliK'tioii    of    aromatic    I. 
residin-'t.   by   paiMiig   llirm   iIuimikIi   nd  li"i    lul-c 
packingt      Lctny    claimrd    ptiorily    for    Ihrsr    pr 
inalii'  iivdi.H  .iib.iiis.  (rum  l>cn»ol  to  nnthrtioriir.  "' 
by  .\!  who  claims  that  innnv  of  the  111. m.    ...ini'lcx 

hvdi  forinr<l    bv    oindniMtion,    with    rlimination 

of  hv!  i.  -  C.II,.  +  .\\\, 

III  iS;'j.  riiiniriij'xil  publi«lictl  rrvilt*  of  rrxrutchc*  on  the 
pyrogrnrtic  Itrnlinriil  of  Anirncan  oiU,  Mnting  (hat  ihr  drfTtc 
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of  saturation  of  the  resulting  products  varies  with  the  tempera- 
ture, pressure  and  time  of  reaction.  He  isolated  acetylene, 
butylene,  crotonylene,  benzene,  styrolene  and  bodies  similar 
to  naphthalene  and  acenaphlhene. 

In  1884,  Grcville  Williams  described  (34a)  and  took  out  a 
patent(io)  for  a  process  for  separating  aromatic  hydrocarbons 
from  the  tar  produced  during  the  manufacture  of  oil-gas,  and 
aJmost  simultaneously,  Armstrong  and  MilkT(35a)  published 
the  results  of  their  well-known  investigation  on  the  liquid  ob- 
tained by  the  compression  of  oil-gas,  followed  two  years  later 
by  the  examination  of  the  gas  itself  and  of  the  tar  deposited 
prior  to  compression.  In  these  investigations  they  isolated 
benzene,  toluene,  xylenes  (0-,  m-  and  p-),  mcsitylene,  pseudo- 
cumene,  naphthalene,  crotonylene,  isoallylcthylene,  ethylene, 
propylene,  amylene,  hexylene.  and  heptylene,  with  only  traces 
of  paraffins  and  naphthenes,  and  also  showed  that  the  unsaturated 
compounds  are  easily  polymerized,  the.se  hydrocarbons,  when 
freshly  made,  being  volatile  in  steam.  They  stated  that  at  the 
higher  temperatures  required  for  oil-gas  manufactiu-e,  normal 
paraffins  are  completely  decomposed  into  olefmes,  acetylenes, 
benzenes,  etc.,  and  that  it  is  not  improbable  that  the  benzenes 
are  products,  in  a  direct  line,  of  the  action  of  heat  on  the  paraffins, 
and  not  built  up  from  hydrocarbons  of  the  acetylene  series. 

In  1885,  Redwood(36(i)  described  the  manufacture  of  aro- 
matic hydrocarbons  from  Russian  ostalki  as  carried  out  by 
Nobel  Bros.,  by  means  of  which  benzene,  najAthalene  and 
anthracene  were  obtained,  while  in  the  same  year.  Hirzel(i4) 
secured  a  patent  for  the  production  of  aromatic  hydrocarbons 
by  passing  petroleum  vapors  through  a  retort  packed  with  porous 
material  and  healed  to  red  heat,  which  is  apparently  the  first 
attempt  at  pyrogenation  in  the  vapor  phase  as  distinct  from  the 
vaporization  and  pyTOgenation  in  the  same  retort.  A  patent 
was  also  brought  out  by  the  Riebecksclie  Montanwerke(i6) 
in  which  it  was  claimed  that  by  distilling  oil  under  a  pressure 
of  3  to  6  atmospheres,  the  yield  of  light  oils  was  increased  and 
the  residues  could  be  used  for  the  preparation  of  lubricants. 

Nikiforoff's  well-known  patent (17)  in  which  the  oil  was 
decomposed  in  two  stages,  the  first  stage  being  at  a  tempera- 
ture of  525  to  550°  C.  in  cast-iron  retorts,  and  the  second  at 
700  to  1200°  C.  under  a  pressure  of  two  atmospheres  in  retorts 
similar  to  those  employed  in  the  Pintsch  gas  process,  was  brought 
out  in  1886,  claim  being  made  for  a  12%  yield  of  benzol  as  well 
as  other  aromatic  hydrocarbons(52a),  and  in  the  same  year, 
Burns(i8)  took  out  a  patent  for  a  process  in  which  the  oil- 
vapor  from  a  special  still  was  decomposed  in  retorts  packed  with 
scrap  iron  and  coke. 

The  American  chemists,  Norton  and  Andrews(37a),  studied 
the  action  of  heat  on  hexane,  isohcxane  and  pentane.  Hexane 
decomposed  at  a  bright-red  heat  gave  ethylene,  propylene, 
butin  (butadiene),  amylene,  hexylene  and  benzol  as  well  as 
small  quantities  of  saturated  hydrocarbons  boiling  between 
100  and  160°  C.  Treated  at  550°  C,  hexane  was  not  decom- 
posed; at  600°  C.  there  was  no  formation  of  gas,  but  the  re- 
covered hexane  contained  traces  of  unsaturated  compounds, 
while  at  700°  C.  decomposition  with  the  evolution  of  gas  took 
place  and  propylene,  butylene,  amylene,  hexylene  and  butin 
(butadiene)  were  formed,  but  no  benzene.  Isohexane  de- 
composed at  bright-red  heat  gave  ethylene,  propylene,  butylene, 
amylene,  hexylene  and  butin  (butadiene).  Normal  pentane 
decomposed  at  bright-red  heat  gave  ethylene,  propylene,  butin 
(butadiene)  and  traces  of  other  unsaturated  hydrocarbons. 
Day(38fl)  showed  that  ethylene  begins  to  decompose  when 
heated  at  350°  C,  and  that  when  heated  at  400°  C.  for  a  sufficient 
time,  it  is  entirely  decomposed,  with  the  formation  of  methane, 
ethane  and  liquid  products,  while  Norton  and  Noyes(3ga) 
showed  that  at  low  red  heat,  ethylene  gives  benzol,  naphthalene, 
propylene,  butylene,  di-vinyl,  methane,  ethane,  carbon  and 
possibly  anthracene,  the  di-vinyl  being  similar  to  tlie  crotonylene 
identified  by  Armstrong  and  Miller  and  the  butin  of  Norton 
and  Andrews. 

Kriimer  and  B6ttcher(40(i),  in  1887,  stated  tliat  aromatic 
hydrocarbons  are  formed  by  superheating  aliphatic  hydro- 
carbons or  by  heating  them  under  pressure  but  that  under 
the  same  condition  naphthenes  are  not  formed. 

Studying  metliods  of  increasing  yields  of  illuminating  oils 
from  petroleum,  I,isenko(4in)  found  that  when  petroleum  is 
distilled,  it  is  not  only  split  up  into  its  constituents,  but  certain 
parts  of  the  higher-boiling  fraction  are  decomposed  into  bodies 
of  lower  boiling  point,  the  yield  of  these  varying  with  the  time  of 
heating.  By  heating  residues  from  Caucasian  petroleum  at 
434  to  501  °  C,  the  yield  of  kerosene  was  increased  by  3,o'','c. 

Benton(i9)  took  out  a  patent  for  this  purpose  in  which  the 
oil  was  heated  in  a  coil  at  371  to  537°  C.  under  a  pressure  of  500 
lbs.  per  sq.  in.,  and  then  led  into  an  evaporating  chamber  con- 
nected with  a  condenser;  in  1889,  Redwood  and  Ucwar(2o) 
patented  their  well-known  process  for  increasing  the  yield  of 
light  oils  from  residues  by  distillation  and  condensation  under 


pressure.  This  process  gave  very  good  results  while  it  was 
worked.  It  was  designed  with  a  view  to  increasing  the  yields 
of  kerosene  from  Russian  oil,  and  thus  decreasing  the  amount 
of  ostatki  produced,  which  was  then  somewhat  of  a  drug  on 
the  market,  but  the  employment  of  ostatki  as  a  fuel  came  into 
prominence  about  this  time,  and  it  became  as  valuable  as  the 
kerosene  which  was  produced  from  it,  and  so  the  process  was 
abandoned  for  the  time  at  least. 

The  demand  for  a  motor-fuel  to  replace  petrol  had  not  yet 
arisen,  so  the  work  in  the  next  decade  was  confined  to  the  pro- 
duction of  aromatic  hydrocarbons,  and  to  scientific  investigations 
of  the  products  formed  by  pyrogenetic  treatment  of  petroleiun 
hydrocarbons,  the  researches  being  carried  out  on  both  simple 
hydrocarbons  and  mixtures  thereof. 

In  1892(430)  and  again  in  1894-95(500),  Lewes  published 
the  results  of  his  investigations  on  the  decomposition  of  ethylene, 
ni  which  he  states  that  if  ethylene  is  passed  through  a  tube 
heated  to  800  to  900°  C.  it  is  decomposed  to  acetylene  and  meth- 
ane: sQHt  =  2C2H2  -I-  zCHj.  If  the  products  are  main- 
tained in  the  heat  zone,  the  acetylene  is  polymerized  to  benzene; 
on  raising  the  temperature  to  1000°  C.  the  benzene  gives  naph- 
thalene, which  on  further  heating  to  1100°  C.  is  decomposed  to 
acetylene,  which  in  turn  breaks  down  to  carbon  and  hydrogen. 
At  900°  C,  ethane  gives  up  hydrogen  with  the  formation  of 
ethylene.  He  also  showed  that  aromatic  hydrocarbons  are 
present  in  the  tar  formed,  as  well  as  possibly  normal  hexane, 
hexylene,  normal  heptane,  heptylene,  and  nonane. 

Boissieu(44(])  showed  that  mazout  on  dry  distillation  yielded 
aromatic  hydrocarbons;  Dvorkovitz(47a)  also  showed  that  in 
the  manufacture  of  oil-gas  large  amounts  of  aromatic  hydro- 
carbons were  obtained,  and  in  1894,  Noyes,  Blinks  and  Mory(48a) 
examined  oil-gas  produced  at  750  to  1000°  C,  finding  in  the  gas, 
ethylene,  propylene  and  a  compound  CiHe  which  gave  a  crystal- 
line tctrabromidc,  and  in  the  tar,  small  amounts  of  the  benzene 
homologues,  but  large  amounts  of  naphthalene  and  some  an- 
thracene and  chryseue.  Tocher(49a)  in  the  same  year  showed 
that  in  oil-gas  produced  at  500  to  600°  C,  unsaturated  hydro- 
carbons predominate  in  both  the  gas  and  the  liquid  formed, 
but  at  higher  temperatures,  the  gaseous  products  are  ethylene, 
methane  and  hydrogen. 


Fig.  1 — RsDwooD  and  Dewar  Process 

Haber  and  his  colleagues  in  1896-97(530)  stated  that  at 
600  to  8qo°  C,  hexane  gives  amylene,  methane  and  benzene, 
with  a  little  ethane  and  very  little  carbon  and  hydrogen,  the 
olefine  being  always  the  bigger  hydrocarbon.  Trimethylcthylcne 
under  the  same  conditions  also  gives  benzene,  therefore  the  ben- 
zene is  not  a  direct  product  of  hexane  but  is  due  to  polymeriza- 
tion of  acetylene.  Benzene  decomposed  at  900°  C,  giving  di- 
phenyl.  At  900  to  1000°  C,  the  products  are  mainly  methane, 
ethylene,  hydrogen,  carbon  and  tar. 

Worstall  and  Burwell(57o)  in  1897  decomposed  crude  hep- 
tane and  octane  at  900°  C.,  obtaining  the  same  class  of  products 
in  both  cases:  1.  e.,  gas,  liquid  hydrocarbons,  tar  and  graphitic 
coke.  The  tar  contained  benzene,  toluene,  xylenes  (0-,  hi-  and  p-), 
naphthalene,  anthracene,  phenanthrene  and  chrysene,  with 
unchanged  heptane  or  octane,  but  no  paraffins,  naphthenes  or 
acetylenes.  They  stated  that  at  bright-red  heat  all  hydrocarbons 
of  the  formula  CnH^n  +  2  gave  the  same  products. 

Zaloziccki(58a)  in  the  same  year  found  that  petroleums 
heated  in  a  sealed  tube  to  not  over  250°  C,  undergo  intra- 
molecular changes;  j.  e.,  isomerization  of  the  hydrocarbons  other 
than  those  of  the  paraffin  series. 

Pamfilow(59n)  obtained  aromatic  hydrocarbons  from  petro- 
leum by  passing  it  through  a  coiled  tube  at  a  temperature 
below  that  required  for  making  oil-gas,  and  Boleg(6oa)  showed 
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that  by  distilling  hydrocarbons  under  3  to  6  atmospheres  pres- 
sure, the  yield  of  light  products  is  increased. 

During  this  period  several  patents  were  registered  for  the 
production  of  aromatic  hydrocarbons  from  petroleum  and 
petroleum  residues  by  Hlawaty  and  Friedmann(2i),  Dvorko- 
vitz(24).  Smith(26),  Young(27),  Dvorkovitz(28),  Mei!de(32), 
and  MefTert(33). 

The  processes  of  Meikle  and  Meffert  are  the  first  in  which  is 
mentioned  the  use  of  steam  in  the  retorts  along  with  oil,  although 
the  subject  had  been  investigated  previously  by  Coquillion 
and  Henrivaux(42a).  Several  patents  also  were  taken  out  for 
the  manufacture  of  oil-gas  and  lighter  products  from  petroleum 
by  Laing(22),  Yeadon  and  Adgie(23),  Laing(25),  Horsfall(29), 
the  Soc.  Internationale  de  Procedes  A.  Siegle(3o),  Siegle(3i), 
and  Ragosin(34). 

In  the  meantime,  Engler  and  his  pupils  had  commenced  a 
series  of  researches  on  the  origin  of  petroleum,  some  of  the  work 
of  which  bears  directly  on  pyrogenesis. 

In  1893,  Engler  and  Singer(45a)  obtained  solid  parafiBn 
of  m.  p.  49  to  51°  C,  by  the  dry  distillation  of  fish  oil,  and, 
in  1897,  Engler(54a),  by  distilling  animal  fats  under  pressure, 
obtained  oils  containing  little  nitrogen,  which  were,  however, 
of  light  gravity  and  low  boiling  point,  and  did  not  account  for 
the  oils  of  high  gravity,  molecular  weight  and  boiling  point 
found  in  petroleum.  He  proposed  to  ascribe  the  production 
of  these  higher  compounds  to  the  gradual  polymerization  of 
the  lower  ones,  and  gave  instances  of  small  increases  of  specific 
gravity  on  standing. 

In  the  same  year,  along  with  Lehmann(55a),  he  examined 
the  products  of  the  distillation  of  fish  oil  under  pressure,  identi- 
fying the  olefines  from  hexylcne  to  nonylene,  paraffins,  benzene, 
toluene,  metaxylene,  mesitylene  and  pseudo-cumene,  while 
the  presence  of  napluhenes  was  not  conclusively  proved.  In 
another  paper  he  showed,  in  conjunction  with  Jezioranski, 
Griining  and  Schneider,  that  the  residues  from  the  distillation 
of  petroleum  boiling  above  200°  C,  decomposed  on  heating  in 
open  vessels  or  under  pressure,  giving  the  lower  members  of  the 
paraffin  and  olefine  scries  from  C»  to  do,  along  with  aromatic 
hydrocarbons  and  some  naphthcnes,  but  when  heated  in  vacuo 
distilled  without  decomposition.  Later,  in  1906,  Engler  and 
Rosncr(74a)  examined  the  gas  produced  in  the  cracking  of 
Baku  crude  oil,  finding  it  to  consist  mainly  of  methane,  ethane, 
hydrogen,  and  unsaturated  hydrocarbons. 

Kriinier  and  Spilker(62a),  in  1900,  gave  the  results  of  dis- 
tilling Haku  residues  at  450°  C.  under  20  atmospheres  pressure, 
light  oils  being  formed,  and  in  1901,  Edelcanu(63a)  obtained 
aromatic  hydrocarbons  by  superheating  certain  fractions  from 
Roumanian  crude  oil,  while  t5inger(65o),  in  1903-04,  showed 
that,  with  Roumanian  petroleum,  cracking  takes  place  at  as  low 

ka  temperature  as  200  to  300°  C. 
Ipatiev,  in  1904(690),  stated  that  in  the  distillation  of  petro- 
leum imdcr  pressure,  at  the  higher  pressures  the  evolved  gases 
become  continually  poorer  in  hydrogen,  in  spite  of  the  higher 
Ituiperatures  required  to  maintain  the  higher  pressures.  The 
I)ressurcs  employed  in  his  work  were  from  1 20  to  340  atmospheres. 

Collie,  in  1906(710),  submitted  ethylene  to  the  action  of  a 
silent  electric  discharge,  obtaining  a  liquid  which  was  a  mixture 
of  high-boiling  hydrocarbons,  with  hydrogen  remaining,  while 
Jackson  and  I.awric(72a)  submitted  acetylene  to  a  high-frequency 
fliscluirge  obtaining  a  solid  polymer  of  benzene  which,  on  heating, 
gave  methane,  hydrogen  and  a  volatile  oil.  In  the  same  year, 
Pring  and  IUitton(73(i)  stated  that  carbon  and  hydrogen  united 
directly  at  18.50°  C,  methane  and  acetylene  being  formed. 

Hone  and  Coward,  in  19^)8(78(1),  working  on  the  thermal 
decomposition  of  iiiethane,  ethane,  ethylene  and  acetylene, 
refuted  this  statement  anil  slated  that  at  high  temperatures 
only  nulhanc  was  formed.  They  also  stateil  that  although 
acetylene  is  the  principal  product  of  the  decomposition  of  ethylene 
at  low  teiuperatiMes,  yet  J.ewcs's  eqiiation(43(i)  is  wrong,  but 
that  when  acetylene  is  the  principal  product  in  the  clecomposi- 
tioii  there  is  always  a  marked  secondary  forinalion  of  aromatic 
hydrocarbons.  Above  HrKi"  C.  they  supposed  the  primary  elTcct 
to  be  the  elimiiialion  of  hydrogen  with  a  simiiltnneous  loosening 
or  (llssoltition  of  the  lioiid,  giving  rise  to  residues  such  as  CH|, 
■'CIlj  and  CM,  which,  however,  can  have  only  a  (ngilivr  cx- 
istenrc.  and  may  siil)se<|iieiitly  fn)  form  HjC — CHj.  MjC  ■■CIIi 
and  lie  CII,  (h)  break  down  directly  to  cat bon  and  hydrogen, 
or  (f)  be  directly  hydroKeiii/ed.  A  study  of  this  piiper  in  de- 
tail is  well  worth  the  time  spent  on  it. 

In  191".  l'rinK(8i(i)  repeated  the  experiments  of  I'ring  and 
}|iitton(73ii).  showing  tlinl  carbon  and  hydrogen  coinbinrd  ut 
all  teiniH-ratlires  above  i  imi"  C,  thut  above  i.SS'i"  C.  the  percent- 
agr  of  methane  begins  to  increase  with  temperature,  and  above  this 
teiiiperatnre  arrlylene  is  decoiiiposrd  to  ethyUnr  an<l  meth.ine 

Later,  in  191 1.  I'ling  and  I''airlle(9iii)  Khowrd  that  ill  addition 
to  inetliaiie  and  iiretylene  the  formation  of  ethylene  liax  Iktii 
detected  between   ijoo  anil   1400"  C. 


THE    USE    OF    CATALYSTS 

In  1897,  Sabatier  and  Senderens  showed  that  if  ethylene  is 
passed  at  300°  C.  over  finely -divided  nickel  (made  by  reducing 
the  oxide  by  heating  in  a  current  of  hydrogen,  and  cooling  in 
the  same  atmosphere),  the  issuing  gas  is  mainly  methane  with 
10  to  50'^  of  hydrogen,  and  at  lower  temperatures  ethane  is 
also  formed.  This  peculiar  property  of  finely  divided  nickel 
and  other  metals  was  further  investigated  by  these  two  scientists, 
and  they  showed  in  1899(610)  that  by  passing  acetylene  and 
hydrogen  over  finely  divided  nickel,  copper,  iron  or  cobalt  at 
moderately  low  temperatures,  liquid  hydrocarbons  containing 
paraffins,  olefines  and  aromatic  hydrocarbons  are  formed,  to- 
gether with  ethylene  and  ethane,  the  proportion  of  liquid  products 
formed  increasing  with  the  temperature,  and  that  an  increase 
in  the  proportion  of  acetylene  used  increased  the  amount  of 
benzene  formed.  Later  they  showed  that  when  a  mixture  of 
ethylene  and  hydrogen  was  passed  over  finely  divided  metals, 
similar  products  were  formed.  The  same  reaction  was  tried 
with  platinum  black  with  similar  results,  but  spong>-  platinum 
was  found  not  to  be  so  reactive.  They  also  showed  that  by  vary- 
ing the  ratios  of  the  gaseous  hydrocarbons  and  the  hydrogen 
the  character  of  the  liquid  products  could  be  changed.  In 
1905(700)  they  showed  that  at  160°  C,  benzene  is  hydrogenized 
by  catalysts,  such  as  finely  divided  nickel,  etc..  to  cyclo-hexane, 
and  that  by  passing  cyclo-hexane  over  the  same  materials  at 
270  to  280°  C,  it  is  reduced  to  benzene.  The  results  of  this  work 
of  Sabatier  and  Senderens  excited  the  interest  of  other  investi- 
gators, and  in  1906,  Ipatiev(75a)  showed  that  ethylene, 
when  heated  in  a  sealed  tubeat  400  to  450°  C.  with  finely-divided 
iron  or  copper,  readily  polymerized,  but  at  higher  temperatures 
much  methane,  ethane  and  hydrogen  are  also  formed,  while, 
in  presence  of  an  excess  of  hydrogen,  methane  is  the  chief 
product. 

When  benzene  derivatives  are  heated  with  dry  hydrogen  in 
presence  of  iron,  copper  or  aluminum  at  400  to  450°  C.  Ipatiev 
stated  that  the  benzene  nucleus  is  not  hydrogenized  even  at 
very  high  pressures  (220  atmospheres),  but  that  in  presence  of 
nickel  it  is  slowly  but  quantitatively  converted  into  cylco- 
hexane. 

In  1907,  Kuznetzov(76a)  stated  that  methane,  ethane,  ethylene 
and  acetylene  are  decomposed  into  their  elements  by  passing 
over  red  hot  finely-divided  aluminum. 

Mailhe(79o),  in  1908,  used  finely-divided  nickel,  copper,  iron 
or  cobalt  to  bring  about  molecular  cleavages.  Above  250°  C, 
benzene  was  decomposed  to  carbon  and  methane  and  cyclo- 
hexane  to  benzene  and  methane. 

In  1910,  Ostromislenski  and  Buryanads(82.i).  working  on 
Russian  crude  petroleum,  showed  that  in  presence  of  nickel 
at  600  to  700°  C.,  it  breaks  down  completely  to  gas  and  coke, 
the  gas  consisting  of  72  to  75 '"o  hydrogen,  and  the  remainder 
being  saturated  paraffins,  while  naphtha  in  presence  of  iron- 
gauze  breaks  down  to  acetylene,  which  polymerizes  to  benzene. 
Ipatiev  and  Dowgelewitsch,  in  1911(890!.  found  that  hexanc 
and  cyclo-hexane.  passed  through  an  iron  tul>e  heated  to  (150  to 
700°  C  were  decomposed,  the  reaction  being  accelerated  by 
aluminum.  The  products  of  the  reaction  contained  paraffin.s, 
olefines  and  hydrogen,  but  no  aromatic  hydrocarbons.  I'ndcr 
high  pressure,  hexane  decomposed  with  explosive  violence,  but 
cyclo-hexane  under  high  pressure,  and  in  prcscni-c  of  alumina, 
gave  olefines.  cyclo-paraflins  and  iK-nzcnc  derivatives,  the  forma- 
tion of  inclhyl  cyclo-pentanc  taking  plact-  only  in  presence 
of  catalysts.  In  the  same  year.  Zclinski(<><T<Jt  showed  that 
palladium  black  reduces  cyclo-hexane  and  methyl  oyclo-hcx.>iic 
to  benzene  and  hydrogen,  and  toluene  and  hydrogen.  rcs|xH:- 
tively.  The  reaction  commences  at  170°  C.  and  pnx-eecls 
rapidly  at  2ix)  to  3(x>'' C.  Xodi-hydnv  or  tctra-hydro  (lrri\-nti\TS 
were  fonneil.  .\t  100  to  iio^C.  in  presence  of  hyilrogrn.  the 
reversi"  action  takes  place.  Ilexaiio.  cyclo-pentanc  unti  methyl 
cyclo-pcntnnc  arc  not  acted  on  lielow  .vxi     C      Cvclo-hcxene. 

prepared    from   cyclo-hexanol.    acts   more   rr ■"%      iriving 

benzene   and    hydrogen,    while    a    cycio  hrv  '    from 

iiKlo-cyclo-hcxane  gave  lien/ene  and  a  new  cy.  'pper. 

silver  and  magnesium  were  inactive  uiuUr  llu->  .  ■ 

In     1911- 1. •.    I'bbolohdr.    St.    rhilippide    and    W 
studied    the   effects  of   fuller's  r.irlh.   tinburnccl    L 
alumina  anil  nickel  on  iH-trolcum.  in  a  ciirnn*     '  ■ 
or   nitrogen.     I>ecom|»>silioii    giviiiK    ris*-    1 
than  by  heatiiig  the  oil  ;>1'>"''   ""•■nrrr.l  with 
nickel  at  .vi'"  C.  kiuihii   .•  ..  ■  ...h 

while  in  the  sainc  vr.ii  .1    .if 

cutnlysls  such  as  cliv.  1    "id 

mrlailic  oxiiUs  .m  lli<-  f..iinin..ii  m  ,>,ii.m.  mn  u.-in  ■...h  .,i  |ii,!li 
tem|HT«tuirs  .mil  |Mr.surr!t 

Smith  uiiil  I.r«,.nk.  in  iqi}(94ii^,  rtc«Til>e«l  Ihc  infltienrr 
of  lemiH-ratiire  mid  oontiniird  hcnt  on  the  (omintion  of  di- 
iihriivl  from  Iwiurnr  The  |)cii»rnr  was  |«tvvrtl  lhi<nii;h  an 
Iron  liilw  hralril  from  (»»•>  to  !i<x>'  C  .  i>ii<l  various  oxiilrs  were 
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used  as  catalysts,  but  they  soon  became  coated  with  carbon. 
Yields  up  to  59%  diphenyl  were  obtained. 

In  1912,  also,  Zelinski  and  Herzenstein(96a)  showed  that 
by  passing  a  mixture  of  cyclo-he.\ane  and  ethyl  cyclo-pcntane 
over  palladium  black  at  300°  C,  till  no  further  hydrogen  was 
evolved,  the  methyl  cyclo-pentane  could  be  recovered  unchanged, 
the  cyclo-hexane  being  converted  to  benzene,  thus  showing 
selective  catalysis;  similar  results  were  obtained  with  fractions 
from  Baku  naphtha. 

Jones,  in  1915(1130),  heated  various  hydrogenated  aromatic 
hydrocarbons  in  presence  of  porous  porcelain:  at  500°  C,  cyclo- 
hexane  gave  benzene  and  higher  olefmes,  ethane,  methane, 
ethylene,  hydrogen,  traces  of  acetylene  and  unchanged  cyclo- 
hexane;  at  530°  C,  methyl  cyclo-hexane  gave  similar  products 
to  cyclo-he.xane ;  at  420°  C.,  1,4-dihydronaphtlialene  gave 
naphthalene,  hydrogen,  methane,  and  traces  of  higher  olefines 
and  ethylene,  and  at  530°  C,  1,2,3,4-tetrahydronaphthalene 
gave  naphthalene,  benzene,  higher  olefines,  methane,  ethane, 
ethylene  and  hydrogen. 

In  the  same  year,  Tchitchibabin(i22a)  stated  that  the  effect 
of  heat  on  acetylene  in  the  presence  of  different  catalysts  con- 
sists of  three  principal  processes:  (i)  Local  decomposition  of 
the  acetylene  into  carbon  and  hydrogen,  accompanied  by  polym- 
erization into  aromatic  hydrocarbons;  (2)  condensation  to  solid 
hydrocarbons,  similar  to  cuprene;  (3)  hydrogenation  of  acetylene 
and  aromatic  hydrocarbons  with  fonnation  of  hydrocarbons 
of  the  paraffin,  olefine  and  cyclic  series. 

Zelinski,  in  1915(1300),  stated  that  in  cracking  petroleum  for 
aromatic  hydrocarbons  improved  yields  of  benzene  and  toluene 
are  obtained  by  using  alumina  and  titanium  oxide  as  catalysts. 

Slater,  in  1916(1310),  found  that  while  several  surface-catalysts 
increased,  silica  retarded  the  velocity  of  decomposition  of 
methane. 

This  scientific  investigation  of  the  effects  of  catalysts  on  the 
decomposition  of  hydrocarbons  naturally  reacted  on  the  tech- 
nical side  of  the  subject,  and  since  1906  many  processes  for  the 
production  of  light  spirits  by  the  action  of  catalysts  have  been 
patented. 

Day,  in  1906(36),  proposed  to  distil  oils  under  pressure  in 
the  presence  of  hydrogen,  or  an  absorbable  hydrocarbon,  and 
a  catalyst,  such  as  palladium  black  or  spongy  platinum,  in  order 
to  produce  light  saturated  oils. 

In  1908,  Sabatier(39)  took  out  his  first  patent  on  the  treat- 
ment of  oil  in  presence  of  catalysts,  in  order  to  obtain  from 
heavy  oils  or  lamp  oils  a  spirit  boiling  below  150°  C.  The  vapors 
of  the  heavy  oils  are  passed  over  finely-divided  metals  at  400° 
C,  or  dull  red  heat,  and  the  product  from  this  reaction,  which 
consists  mainly  of  unsaturated  hydrocarbons,  is  then  hydrogen- 
ated in  presence  of  finely-divided  metals  at  150  to  300°  C. 

Phillips  and  Bulteel,  in  1909(43),  patented  a  process  for  the 
production  of  light  oils  from  heavier  mineral  oils  by  heating  in 
presence  of  hydrogen  or  hydrogenized  gases  and  a  catalyst  such 
as  powdered  nickel,  a  rapid  gyratory  motion  being  imparted 
to  the  mixture  of  oil-gas  and  catalyst  as  it  entered  the  retort. 

Hausman  and  Pilat,  1909(45),  specified  the  use  of  oxides, 
peroxides,  or  salts  of  metals  capable  of  acting  as  oxygen-carriers, 
in  the  decomposition  of  petroleum  or  hydrocarbon  vapors. 

Planes,  Ltd.,  and  Thompson,  1913(68),  proposed  to  crack 
petroleum  or  other  heavy  hydrocarbons  by  heating  in  a  cracking 
still  with  a  catalyst  such  as  finely-divided  nickel,  and  hydrogen 
or  piu-ified  water-gas,  and  with  violent  agitation  during  the  opera- 
tion. The  distillation  is  effected  at  about  300°  C,  and  under 
a  pressure  of  5  to  100  lbs.  per  sq.  in.  It  is  mentioned  that  the 
heavy  hydrocarbon  is  first  purified  from  asphalt,  sulfur,  and 
other  catalytic  poisons. 

Franke,  1913(73),  also  specified  the  use  of  pyrophoric  metals 
such  as  iron,  nickel,  chromium,  and  platinum,  together  with 
hydrogen  given  off  from  the  oil  diuring  cracking. 

Gross,  1913(75),  proposed  the  use  of  metallic  oxides,  hydroxides 
or  basic  salts  in  the  preparation  of  isoprene  by  the  pyrogcnetic  de- 
composition of  turpentine,  copper  oxide  being  instanced  as  suitable. 

Hall,  1913(78),  took  out  a  patent  for  the  production  of  motor- 
spirit  from  heavy  hydrocarbons  by  heating  the  vapors  under 
pressure  in  the  presence  of  a  catalyst  capable  of  affixing  hydro- 
gen, allowing  the  vapors  to  expand  and  deposit  carbon,  and  then 
condensing  them.  The  temperature  specified  is  600°  C.  and 
upwards,  pressure  5  atmospheres  and  the  catalysts,  metals 
such  as  nickel,  cobalt,  silver,  palladium,  chromium  or  man- 
ganese, or  their  oxides. 

Holcgreber(79),  in  a  patent  of  1913,  stated  that  benzene  is 
obtained  from  the  vapors  of  petroleum  or  its  distillates  by  pass- 
ing them,  together  with  hydrogen,  through  a  tube  containing 
catalytic  materials  heated  to  180  to  300°  C.  Acetylene  is  said 
to  be  first  formed  and  then  polymerized  to  benzene.  Suitable 
catalysts  are  iron,  copper,  zinc,  aluminum,  nickel,  cobalt,  silver 
and  platinum  or  mixtures  thereof. 

The  use  of  hydrogen  and  nickel  as  a  catalyst  for  converting 


the  imsaturated  products  from  the  cracking  of  oils  into  saturated 
aliphatic  hydrocarbons  was  claimed  in  1913  by  Sommer(82) 
and  also  by  the  Steaua  Romana  Petroleum-Ges.  (84).  Valpy 
and  Lucas,  in  1913(86),  patented  a  process  in  which  a  mixture 
of  oil  and  steam  is  brought  into  contact  with  a  heated  catalyst, 
such  as  nickel  or  other  metal  or  metallic  oxide.  The  production 
of  the  catalysts  was  the  subject  of  a  fvui:her  patent  in  1914(99), 
these  being  made  by  heating  a  powdered  metallic  oxide  or  mix- 
ture of  oxides  with  organic  compounds  of  the  metal.  In  a  later 
specification  the  uses  of  permanent  gas  partly  saturated  with 
ammonia  gas  are  covered.  The  oil  to  be  cracked  is  distilled 
in  a  separate  still,  and  the  vapors  are  passed  through  a  cracking 
tube,  packed  with  the  catalyst,  and  heated  to  550  to  600°  C. 
The  cracked  vapors  pass  through  fractionating,  condensing 
and  stripping  plant.  Part  of  the  uncondensed  gas  now  passes 
through  an  ammonia  saturator  under  a  slight  pressure  to  the 
still,  where  it  is  sprayed  over  the  surface  of  the  oil.  This  helps 
to  carry  the  oil  vapor  as  fast  as  it  is  formed  to  the  cracking  tube, 
and  incidentally  reduces  the  temperature  of  distillation  of  the 
oil.  It  is  claimed  that  a  portion  of  the  ammonia  is  dissociated, 
forming  nascent  hydrogen,  which  in  the  presence  of  the  catalyst 
hydrogenizes  a  portion  of  the  unsaturated  hydrocarbons  formed, 
and  appears  also  to  arrest  the  separation  of  carbon.  The  am- 
monia has  yet  a  further  action  in  that  it  tends  to  produce  a  sulfur- 
free  spirit,  even  when  an  oil  containing  5  to  6%  of  sulfur,  such 
as  Mexican  oil.  is  employed.  A  commercial  unit  erected  at 
Dagenham  has  been  in  intermittent  use  for  the  past  two  years, 
about  50  tons  of  oil  having  been  run  through  it.  The  authors 
have  had  the  pleasure  of  examining  a  sample  of  refined  spirit 
produced  in  this  plant  which  had  been  made  about  eighteen 
months,  and  found  it  completely  free  from  the  usual  obnoxious 
polymerization  products.  It  had  a  smell  which  was  not  so 
pronouncedly  cracked  as  some  of  these  spirits,  a  comparatively 
low  unsaturated  content,  and  was  quite  "water- white."  The 
plant  is  very  simple  in  action  and  is  very  easily  controlled.  A 
cracking  plant  to  produce  2,000,000  gallons  of  spirit  per  year, 
including  "crackers,"  distilling  and  refining  plant,  and  gas 
producer  plant  for  heating  stills,  crackers,  etc.,  would  cost  about 
£50,000. 

Sabatier  and  Mailhe,  1914(93),  decomposed  heavy  hydrocarbons 
by  passing  them  over  a  network  of  wires  heated  electrically 
from  500"  C.  to  red  heat,  and  subsequently  converted  the  un- 
saturated compounds  produced  into  saturated  hydrocarbons  by 
hydrogenation  over  finely-divided  metals  at  200  to  300°  C. 

Hirschberg,  1914(96),  proposed  to  use  the  voluminous  chro- 
mium oxide  obtained  by  calcining  the  chromium  salts  of  volatile 
bases,  such  as  ammonium  chromate,  as  a  catalyst  for  the  conver- 
sion of  heavy  hydrocarbons  into  lighter  hydrocarbons. 

White.  1914(98),  obtains  light  spirit  from  mineral  oils  and 
residues  by  bringing  them  in  the  liquid  state,  without  steam  or 
water,  onto  quicklime  or  quicklime  containing  carbon,  at  400 
to  650°  C.  Herber,  1914(111),  proposed  distilling  oil  mixed 
with  lime  in  the  presence  of  water  or  steam  to  produce  lighter 
hydrocarbons.  Porges  and  others,  1914(103),  used  iron  oxide 
or  the  oxide  of  another  metal  capable  of  forming  several  oxides 
as  catalyst,  passing  over  it  oil- vapors  and  steam  at  500  to  600° 
C,  the  catalyst  when  exhausted  being  regenerated  by  heating 
in  a  current  of  air  or  oxygen. 

Sabatier  and  Mailhe,  1914(109),  converted  crude  petroleum 
into  volatile  hydrocarbons  boiling  below  150°  C,  by  passing  it 
over  a  heated  catalyst  composed  of  finely-divided  metals,  or 
metallic  oxides  (iron  oxide)  or  salts  capable  of  reduction  to  metals, 
mixed  with  a  neutral  refractory  substance  free  from  silica  (mag- 
nesia, alumina,  graphite),  and  an  agglutinant  free  from  silica 
(glue,  dextrine,  starch).  When  the  catalyst  became  coated 
with  carbon,  it  was  regenerated  by  a  current  of  steam,  and  then 
reduced  by  hydrogen.  In  a  further  patent(ii6)  the  catalytic 
agent  is  maintained  at  a  temperature  of  300°  C.  by  an  electric 
current. 

Higgins  and  Preston,  1914(115),  heat  heavy  hydrocarbons 
under  a  pressure,  to  such  a  temperature  that  the  least  volatile 
constituent  is  vaporized,  and  then  the  vapor,  either  alone  or 
mixed  with  hydrogen,  is  passed  through  a  catalytic  medium, 
such  as  a  mixture  of  nickel  oxide  and  pumice  stone,  and  con- 
densed in  contact  with  the  medium. 

Low,  1916(132),  converts  high-boiling  oils  into  low-boiling 
ones  by  spraying  them  by  means  of  hydrogen  against  a  heated 
plate,  having  a  surface  of  catalytic  material. 

ACTION    OF   METALLIC    HAHDES 

The  well-kno\vn  reaction  of  Friedel  and  Crafts  has  formed  the 
basis  for  a  number  of  experiments  on  the  decomposition  of 
hydrocarbons.  In  1877,  Abel  (8)  patented  a  process  in  which 
hydrocarbons  are  treated  with  aluminum  chloride  (anhydrous) 
or  other  metallic  chlorides  at  100  to  600  °  C,  whereby  petroleum  is 
converted  into  light  oils,  and  naphthalene  into  benzene  and  toluene. 

In   1881,  Gustavson(3i(2)   treated  hydrocarbons  obtained  by 
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fractionating  American  Hgroin  or  Caucasian  kerosene  by  dis- 
solving in  them  aluminum  bromide,  and  then  passing  a  stream 
of  hydrobromic  acid  through.  The  hquid  separates  into  two 
layers;  the  lower,  being  always  appro.ximately  the  same,  points 
to  the  formula  AlBrs.CiHs.  This  layer  is  decomposed  at  120° 
C,  giving  gaseous  hydrocarbons.  The  upper  layer  consists  of 
unsaturated  hydrocarbons  and  simple  homologs. 

Heusler(5i(z),  in  1896,  stated  that  unsaturated  hydrocarbons 
are  polymerized  to  saturated  hydrocarbons  by  aluminum  chlo- 
ride, and  at  the  same  time  sulfur  is  removed;  in  1902,  Aschan(64a) 
showed  that  at  low  temperatures  defines  are  polymerized  to 
naphthenes  in  the  presence  of  anhydrous  aluminum  chloride. 

Engler(85a),  in  1910.  in  his  researches  on  the  composition  of 
lubricating  oils,  states  that  amylene  heated  under  pressure  gives 
methane  and  hydrogen,  but  with  anhydrous  aluminum  chloride 
it  gives  a  natural  lubricating  oil,  which  on  further  heating  gives 
paraffins,  naphthenes  and  olefines,  while  solid  paraffins  give 
liquid  paraffins  and  olefines  under  heat  and  pressure. 

Ipatiev  and  Routala,  in  I9i3(98a),  showed  that  if  ethylene 
I-  heated  with  anhydrous  zinc  chloride  under  a  pressure  of  20 
itmospheres  polymerization  takes  place  at  275°  C,  olefines, 
paraffins  and  naphthenes  being  formed.  In  the  presence  of 
anhydrous  aluminum  chloride,  polymerization  takes  place 
at  a  lower  temperature,  but  less  naphthenes  are  formed. 

In  the  same  year  a  patent  was  taken  out  by  the  Continental 
Caoutchouc  and  Gutta  Percha  Co. (69)  for  the  production  of 
mineral  oils  of  low  boiling  point  from  those  of  high  boiling  point 


ethylene  he  obtained  satirrated  paraffins  ranging  from  isopentane 
to  nonane,  amylene  and  hexylene;  and  naphthenes  from  nono- 
naphthene  to  pentadecanaphthene.  The  fractions  boiling  above 
250°  C.  were  poorer  in  hydrogen  than  pol>Tnethvlene  compounds. 
In  the  case  of  isobutylene,  hydrocarbons  were  formed  which 
reacted  with  nitrating  acid  and  potassium  permanganate,  but 
were  insoluble  in  concentrated  sulfuric  acid  (sp.  gr.  1.84),  and  were 
probably  aromatic  hydrocarbons.  Ethylene  does  not  polj-m- 
erize  at  600°  C.  under  atmospheric  pressure.  He  suggests 
that  the  ethylene  hydrocarbons  are  probably  produced  by 
polymerization  of  ethylene  itself  or  from  polymethylene  com- 
pounds by  fission  of  the  ring ;  and  saturated  hydrocarbons  by 
the  hydrogenation  of  closed-chain  hydrocarbons  with  fission 
of  the  ring,  or  by  fission  of  the  side  chain  from  poljTnethylene 
nuclei. 

Meyer  and  Tanzen,  in  1912(950),  passed  equal  volumes  of 
acetylene  and  hydrogen  through  two  tubes  consecutivelv.  the 
first  heated  to  640  to  650°  C.  and  the  second  to  about  800°  C. 
In  the  tar  formed,  they  identified  phenanthrene,  acenaphthene, 
styTene   and   w-hexylene. 

Staudinger,  Endle  and  Herold,  in  1913(990),  by  passing  iso- 
prene  through  a  tube  heated  to  750"  C,  obtained  50%  of  tar 
containing  benzene,  toluene,  naphthalene,  methylnaphthalene, 
anthracene,  chrysene  and  also  butadiene,  methane  and  carbon; 
at  400°  C,  the  isoprene  was  mainly  unattacked,  but  small 
quantities  of  terpenes  and  amylene  were  obtained;  from  600 
to  700°  C.  the  product  was  mostly  unsaturated  hydrocarbons; 


Fio.  2 — Lucas  On,- 
by  heating  the  high-boiling  fraction  with  a  catalyst  such  as 
ainmiiunn  chloride,  with  or  without  mercuric,  ferric,  vanadium, 
or  other  chloride  or  with  aluminum  in  a  stream  of  dry  hydro- 
chloric acid  gas.  In  the  same  year  a  patent  on  similar  lines  was 
granted  to  Ciray(8o).  who  cracked  oils  by  healing  them  with 
anhydrous  aluminum  chloride,  ferric  chloride  or  other  metallic 
(  hloridc  at  temperatures  not  hishtr  than  the  final  boiling  point 
if  the  product  desire<l.  lMir  naphtha  the  temperature  was 
(."S  to  .iso"  I".,  and  for  kerosene  500  to  6(x)°  !•'.,  the  cracking 
being  efrectecl  in  a  still  littcfl  with  stirring  blades. 

Ill    1914  and    1915,   McAfi<(ii4,  118,  11711)   took  out  several 

piiteiits  for  the   prepariitioii  of  motor  spirits  from  heavy  oils, 

I  liming  large  yields  of  water-white,  swccl-sinelling.  saturated 

iTipoiinds  of  lr)w  boiling  points.     The  dried  heavy  oil  is  dis- 

illi'd  with  unliydroiis  aliimituim  chloride  in  a  still  fitted  with 

a  stirrer,  nt  a  temperature  of  *,rtr>  to  550°  !•'.   (.'6i)  to  288°  C). 

It  is  diflicult  to  sec  on  what  grounds  these  latter  patents  were 

obtained,  as  the   process,   cheinicnl  agent,  and  conditions  had 

been  specially  and  specifically  mentioned  in  prior  patents. 

KliCKNT  WOHK  (IN  Tim  TllIiKMAI.  PKCOMI'OSITION  OI'  lIVI>RnCARnON<) 

Khnritclikov,  in  1910(8,1(1),  subjected  residues  boiling  above 
^7""  t^".  from  lliikii  iiiul  (•ro/ni  oil  to  ciaeking,  and  olitnined, 
respectively,  25  and  18.9%  of  prmliicts  boiling  below  270"  C, 
in  each  ease,  together  with  a  very  fluid  residue  reseinbling  solar 
oil.  Ill  191 1.  Ipatiev(8H(i)  showed  lliiit  by  heiitiiiK  ethylene 
and  isobutylene  in  an  iron  tube  under  11  pressure  of  70  atinos- 
Iilirrrs,  rapid  polyiiirri/iitidiijtook  place  at  .180  to  4c«i"  0       I'roni 


Craccino  Plant 
from  700  to  750°  C,  aromatic  hydrocarbons  began  to  be  formed, 
and  above  800°  C.  the  product  consisted  mainly  of  aromatic 
hydrocarbons. 

Jones  and  Wheeler,  in  1914(103111,  by  distilling  bitiiniinous 
coal  IH  vacuo  at  temperatures  up  to  430°  C  .  obtained  altout 
''■5^/1  of  tar,  which  consisted  of  about  .sn^i  volatile  1h-Iow  31x1* 
C,  and  a  pitch  boiling  above  3iki°  C.  The  oils  volatile  In-low 
300°  C.  consisted  of  ethylenic  hydr<H-arb»ins  of  indeterminate 
comiiosition.  for  the  most  part  richer  in  carbon  than  the  mono  de- 
fines (Citlljn)  equal  to  40  to  ^o'",  ;  iiaphtluiiesand  li{|uid  paniflins, 
the  former  in  excess,  about  4<i'";  ;  aromatic  livdnx-ailxins.  iil>out 
7'r  (apparently  homologs  of  na|ilitlialeiic,  iiaphtlinlenc  itscK 
not  being  detected),  ntui  n  siiiuJI  quantity  of  solid  jKiraflin. 
Hen/ene.  antlirni-cne,  carbon  bisiillidr  and  solid  aromatic 
liydriK-arbons  were  al>s<Mit. 

S<'rnagiotto  in  the  sjinie  yciir(io4(i\  by  trrating  methyl 
alcohol  with  phosphorus  |icnlachloridr.  obtaineil  olrlincs  and 
naphthenes.  t.  r..  com)ioiin<ls  of  the  lieneral  formula  Callm, 
hut  no  ethylene,  which  is  .strong  cviilrncc  of  the  fiiRitiNx  ex- 
istence of  nascent  radicals  -CHi.  as  siiKRr'ted  by  Bone  and 
Coward  (78(1). 

Kittman.  iqi4(i(i.sii.  infNi),  disciisir.'i  (he  thc«>ry  of  equilibria 
involved  in  the  cmckinK  of  oils. 

IVtroni,  I9i4(ii>7.i1,  siibiecird  onidi   r  Molriimand 

its  priHliicts  to  de>itriu'live  distillation  ••  ilic  hydro- 

carlioiis.      In    the   .same   year.    Meyri     .  iiii)    found 

fn-  and  />-xylriir.  n    and  ^iiirthyi-naphiKiirni    .mil  hvdrn  de- 
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rivatives  of  naphthalene  in  tar  obtained  from  acetylene;  in  all, 
23  compounds  pre.sent  in  ordinary  coal  tar  were  detected. 

In  1 9 1. 5,  a  large  amount  of  experimental  work  was  carried 
out,  but  it  is  worthy  of  note  that  the  source  of  the  large  portion 
of  it  was  the  United  States,  for  obvious  reasons,  the  investiga- 
tions of  European  workers  having  been  directed  into  other 
channels.  This  work  of  the  American  investigators,  although 
of  great  interest  from  a  technical  standpoint,  has  not  advanced 
the  real  knowledge  of  pyrogenesis  to  any  great  extent,  being  too 
empirical. 

Whitakcr  and  Alcxanderd  12a)  showed  that  temperature 
and  rate  of  flow  determine  the  properties  of  oil-gas  made  from 
kerosene,  higher  temperatures  and  lower  rates  of  flow  increasing 
the  rate  of  decomposition,  and  that  proportion  of  free  hydrogen 
formed. 

Brooks  and  others(ii4o,  119a)  showed  that  the  olefine  con- 
tent of  gasoline  prepared  from  heavy  hydrocarbons  decreased 
as  pressiu'e  of  preparation  increased,  up  to  a  maximum  of  200 
lbs.  per  sq.  in.,  and  then  remained  constant;  and  that  the  per- 
centage of  gasoline  increased  to  280  lbs.  per  sq.  in.  and  then  de- 
creased. The  temperature  of  working  was  600  to  700°  C. 
Working  at  100  lbs.  pressure,  aromatic  hydrocarbons  were  formed 
which  they  suggested  were  derived  from  petroleum  hydrocarbons 
containing  the  phenyl  group. 

Bjerregaard(i  i5«)  passed  crude  petroleum  and  kerosene 
through  an  iron  coil  at  pressures  ranging  from  275  to  1400  lbs. 
per  sq.  in.  and  temperatures  from  340  to  440°  C.  and  then  ex- 
panded into  vessels  kept  at  20  to  30  lbs.  per  sq.  in.  Yields  of 
low-boiling  oils  depended  on  rate  of  feed  and  pressure.  At 
these  low  temperatiu'es  no  aromatic  hydrocarbons  were  found. 

Rittman,  Twomcy  and  Egloff(ii6a)  stated  that  the  per- 
centage of  aromatic  hydrocarbons  in  cracked  oil  could  be  esti- 
mated from  the  specific  gravity  of  the  fractions  obtained  when 
following  specified  directions. 

Steme(i  i8a)  examined  the  condensate  from  carbureted  water- 
gas,  finding  it  to  consist  of  75.9%  paraffins,  1.6%  defines  and 
22.5%  aromatic  hydrocarbons. 

Ellis  and  WelIs(i2oa),  in  discussing  the  properties  of  gasoline 
made  by  cracking  kerosene,  pay  attention  to  the  high  specific 
gravity,  iodine  absorption  and  refractive  index  and  find  that  the 
polymer  deposited  on  standing  decompo.ses  on  distillation,  even 
under  a  vacuum  of  6  to  10  mm.,  stating  also  that  the  polymerized 
products  react  with  sulfur  and  sulfur  chlorides,  and  that  the  gas 
produced  gives  with  chlorine  a  liquid  product. 

Rittman,  Byron  and  Egloff(i2ia)  subjected  aromatic  hydro- 
carbons to  cracking  in  the  vapor  phase  under  various  conditions 
and  found  that  general  reaction  may  be  indicated  as  follows: 

higher  benzene  homologues slower  homologues >■  benzene 

>■  (diphenyl) >- naphthalene >■  anthracene,     the     reverse 

reactions  being  negligible. 

Ostromislenski(i23fl)  stated  that  the  pyrogenetic  decomposi- 
tion of  homologues  of  di-pentane  at  500  to  600°  C.  yields  homo- 
logues of  isoprene,  and  that  of  saturated  hydrocarbons  and  such  as 
contain  one  double  linking,  yields  erythrene,  but  not  its  homo- 
logues. Erythrene  may  be  obtained  from  almost  any  hydro- 
carbon containing  not  fewer  than  four  carbon  atoms  in  the 
molecule. 

In  1916,  Friedmann(i43a)  showed  that  very  pure  normal 
octane  heated  in  a  sealed  tube  at  280°  C.  gives  fractions  boiling 
at  118  to  127°  C.  Whitaker  and  Leslie(i34a),  following  up 
Whitaker  and  Alexander's  work(ii2a),  studied  the  effect  of  the 
addition  of  hydrogen  in  making  oil-gas,  the  concentrations  being 
approximately  1H2  :  i  oil-gas,  and,  2H2  :  i  oil-gas.  The  ab- 
sorption of  hydrogen  is  greater  the  higher  the  concentration, 
the  higher  the  temperature,  and  the  lower  the  rate  of  oil  feed. 
The  formation  of  methane  is  greater  the  higher  the  temperature. 

Davies(i33n)  obtains  gasoline  practically  free  from  unsaturated 
hydrocarbons  from  high-boiling  petroleum  oil  by  mixing  the 
vaporized  oil  with  superheated  steam,  and  passing  the  mixture 
under  pressure  through  tubular  cracking  apparatus  packed  with 
iron  or  steel  shavings.  The  best  conditions  for  experiment  were 
found  to  be:  100  lbs.  pressure  per  sq.  in.,  10  lbs.  steam  per 
gallon  of  oil,  steam  superheated  to  at  least  600°  C.  and  cracking 
temperature  650  to  675  °  C. 

Zanetti(i35a)  subjected  the  propane  (97%)-butane  (3%) 
fraction  from  natural  gas  to  cracking.  At  atmospheric  pressure 
and  up  to  750°  C,  no  aromatic  hydrocarbons  were  obtained, 
but  ethylene,  butylene,  etc.,  and  hydrogen,  the  percentage  of 
hydrogen  being  greater  the  higher  the  temperature.  The  un- 
saturated bodies  rose  to  a  maximum  at  750°  C,  and  then  de- 
creased, benzene  and  toluene  being  found  in  the  tar  produced. 
Above  750°  C,  nickel  and  iron  gauze  inhibited  the  production 
of  aromatic  hydrocarbons,  and  favored  the  production  of  carbon 
and  hydrogen. 

Brooks  and  Humphrey (142a)  stated  that  benzene  homologues 
are  present  in  the  high-boiling  distillates  of  petroleum,  basing 
their  conclusions  on  cracking  experiments  carried  out  on  Jen- 


nings and  Oklahoma  residues  at  temperatures  not  exceeding 
420°  C.  and  pressures  not  e.xceeding  100  lbs.  per  sq.  in.,  in  which 
they  obtained  small  quantities  of  benzene  homologues,  also  on  the 
fact  that  Oklahoma  oil  heated  with  aluminum  chloride  gave  the 
same  results,  as  did  a  synthetic  phenyl-paraffin,  made  by  con- 
densing pure  benzene  with  chlorinated  paraffin  wax  in  presence 
of  aluminum  chloride;  this  on  cracking  gave  benzene  homologues, 
whereas  paraffin  itself  did  not  give  them.  They  claim  that  the 
temperatures  used  were  too  low  to  admit  of  the  decomposition 
of  hydrocarbons  to  acetylene  with  subsequent  polymerization. 
The  work  of  Rittman,  Twomey  and  Egloff(i32a,  136a,  137a, 
138a,  139a,  140(1,1410,  144a,  I45a)may behereconvenientlyclassed 
together  as  having  a  bearing  on  the  much-lauded  Rittman  vapor- 
phase  cracking-process.  Most  of  this  work  is  relative  to  the  con- 
ditions governing  the  production  of  aromatic  hydrocarbons  from 
petroleum.  They  show  that  the  maximum  production  of  benzene 
takes  place  when  the  production  of  toluene  and  xylene  have 
decreased,  i.  e.,  at  higher  temperatures,  and  that  at  the  same 
time  naphthalene  begins  to  be  produced,  arguing  from  this 
that  naphthalene  is  formed  by  the  decomposition  of  monocyclic 
bodies.  At  ordinary  jiressures,  higher  temperatures  were  re- 
quired for  the  production  of  aromatic  hydrocarbons  than  when 
under  increased  pressure,  but  even  at  low  temperatures,  i.  e., 
450  to  600°  C,  some  aromatic  hydrocarbons  are  produced. 
Under  pressures  of  11  to  14  atmospheres,  and  temperatures 
from  600  to  650°  C,  alkyl  and  alkylene  derivatives  of  naphthalene 
give  benzene  and  toluene,  their  formation  being  assumed  to 
take  place:  (i)  by  direct  decomposition  of  methyl  naphthalene; 

(2)  by   formation   and   subsequent   decomposition   of   xylenes; 

(3)  by  synthesis  from  acetylene  and  allylene,  the  three  reactions 
occurring  either  successively  or  simultaneously.  Paraffin  wax 
at  atmospheric  pressure  and  a  temperature  of  500°  C.  gave  no 
aromatic  hydrocarbons,  but  at  150  lbs.  per  sq.  in.  and  a  tempera- 
ture of  600°  C,  appreciable  yields  of  benzene,  toluene  and  xylene 
were  obtained,  as  well  as  liquid  paraffins.  Kerosene  was  sub- 
jected to  the  action  of  various  catalysts  in  the  liquid-vapor 
phase,  yields  of  cracked  oils  from  the  various  catalysts  being 
given. 

Vignou(i48a)  distilled  coal  at  400,  600,  850,  1000  and  1200° 
C,  and  analyzed  the  gases  produced.  Unsaturated  hydro- 
carbons (ethylene,  acetylene,  etc.)  are  all  distiUed  below  600° 
C,  and  are  absent  above  this  temperature.  Methane  and 
paraffins  are  very  abundant  up  to  800°  C,  but  then  disappear; 
from  800  to  1000°  C,  hydrogen  predominates,  but  then  falls 
ofT,  and  at  the  highest  temperature  carbon  monoxide  is  foimd. 

De  Montmollin(i47«)  examined  the  "ethylene-petrol"  formed 
by  the  action  of  phosphoric  acid  on  ethylene,  finding  it  to  be  a 
complex  mixture  of  hydrocarbons,mainly  polymethylene  (cyclo- 
hexane  homologues),  together  with  unsaturated  aud  saturated 
aliphatic  hydrocarbons  and  aromatic  hydrocarbons.  Di-iso- 
propyl  (b.  p.  58  to  59°  C),  di-methyl  diethyl  methane  (b.  p. 
86  to  87°  C.),  hexahydrometaxylene,  and  hexahydroparaxylene 
were  isolated  in  a  state  of  purity,  and  hexahydrocumene,  hexa- 
hydrocymene,  decanaphthene,  dodecanaphthene  and  tetra- 
decanaphthene  were  identified. 

Oil-gas  produced  in  cracking  solar  oil  for  motor-spirit,  when 
passed  through  sulfuric  or  phosphoric  acids,  is  polymerized, 
giving  a  mixture  of  liquid  hydrocarbons;  this  product  was  ex- 
amined by  one  of  the  authors  in  1913  and  found  to  consist  of 
a  mixture  of  polymethylene  hydrocarbons,  together  with  un- 
saturated hydrocarbons  of  the  terpene  or  polyterpene  series, 
which  had  pronounced  siccative  properties.  It  is  hoped  that 
an  opportimity  will  arise  for  a  further  examination  of  this  product. 

Fischer ( 1 46(1)  treated  naphthalene  with  4%  powdered  alu- 
minum chloride  in  a  sealed  tube  for  3  hours  at  330°  C.  About 
40^c  was  converted  into  liquid  hydrocarbons  which  analysis 
showed  to  have  a  composition  intermediate  between  naphthalene 
and  dihydronaphthalene. 

Gurvitch(,i49")  treated  freshly  rectified  amylene  with  floridin, 
the  amylene  being  polymerized  to  di-amylene;  carbon  and 
alumina  also  affected  the  polymerization. 

RECENT    PATENTS   ON    OIL    CRACKING 

The  demand  for  volatile  hydrocarbons  for  use  as  fuel  in 
internal-combustion  engines  in  late  years,  and  the  question  of 
obtaining  an  increascti  production  by  the  utilization  of  fractions 
from  crude  petroleum  of  otherwise  less  value,  has  undoubtedly 
stimulated  the  activities  of  engineers  and  diemists  in  finding 
a  solution  of  the  problem,  and  over  60  patents  with  this  end  in 
view  have  been  taken  out  since  1906. 

Cowpcr-Coles,  in  1906(35),  was  apparently  the  first  inventor 
who  worked  specially  for  a  product  adapted  for  use  in  internal- 
combustion  engines,  the  method  of  production  being  to  pass 
paraffin  oil  vapors  through  a  series  of  small  tubes  heated  to  about 
1700°  F.  (926°  C). 

In  1908,  Noad  and  Townsend(4o)  proposed  to  decompose 
oil  and  water  in  liquid  form  in  the  presence  of  each  other  and  of 
highly  heated  iron  in  the  form  of  scrap  or  the  like,  claim  being 
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made  that  the  iron  acted  as  catalytic  agent.  This  patent  was 
taken  over  by  the  New  Oil  Refining  Process,  and  was  followed 
by  several  others  under  these  names  in  191 1  and  following 
years(5i,  53,  59,  74),  in  which  claims  were  made  for  other  pack- 
ings in  the  retorts,  and  for  temperatures  of  1000  to  1200°  F. 
(538  to  649°  C).  In  the  process  as  worked,  the  retorts  were 
horizontal  iron  tubes  about  12  ft.  long  and  9  in.  in  diameter, 
and  9  tubes  were  built  in  one  battery.  These  retorts  were  packed 
with  iron  turnings  rolled  into  the  form  of  cartridges,  fitting 
loosely  into  the  tubes  to  facilitate  removal.  The  retorts  were 
heated  by  oil  or  gas  burners,  the  gas  for  the  latter  being  produced 
in  the  process,  and  the  temperature,  about  600°  C,  was  kept 
under  recorded  pyrometric  control.  The  oil  and  water  were 
fed  into  the  retorts  by  separate  pipes  in  the  proportion  of  about 
4  parts  oil  to  i  part  water.  On  dropping  into  the  retorts  they 
were  instantly  vaporized,  and  the  vapors  thus  formed  were 
quickly  removed  from  the  sphere  of  action  by  means  of  an  ex- 
hauster, passing  first  through  a  dephlegmator  where  the  heavier 
products  were  condensed,  and  then  to  a  water-cooled  condenser, 
where  the  main  fraction  of  the  cracked  oil  was  collected.  The 
gas,  still  charged  with  light  spirit,  was  passed  through  scrubbers 
to  recover  these  bodies,  and  finally  i?lto  a  gas  holder  for  use  as 
fuel  in  the  plant.  The  condensed  cracked  oil  and  spirit-laden 
scrubber  oil  were  passed  through  tojjping  stills  to  remove  all 
spirit,  and  were  then  mixed  with  the  heavy  condensates  from  the 
first  dephlegmator  to  be  returned  through  the  retorts.  Solar 
oil  was  the  crude  material  used  in  the  plant,  and  also  as  scrubber 
oil,  the  quantity  used  in  the  scrubbers  each  day  being  so  ar- 
ranged that  it  was  equivalent  to  the  quantity  required  in  the 
converters  next  day.  The  spirit  from  the  topping  still  was 
refined  with  sulfuric  acid  and  alkali,  and  then  steam-distilled 


through  dephlcgmators,  giving  a  water-white  motor-spirit, 
a  solvent  or  i)aint  spirit  with  flash-point  over  73°  I",  and  a  resi- 
due suitable  for  varnish,  rubber  substitute,  etc.  The  yields 
of  finished  products  obtained  from  the  original  solar  oil  employed 
were:  motor-spirit  40^^,  paint  or  solvent  spirit  13%,  varnish 
substitute  13%,  gas  30%,  carbon  and  loss  4%.  In  this  process 
the  spirit  produced  had  tlic  inherent  defects,  and  also  the  good 
qualities,  of  cracked  spirits,  l)iit  difficulties  were  encountered 
in  the  working  on  a  large  scale,  and  after  sonic  months  of  opera- 
tion the  process  was  finally  abandoned. 

In  1908,  Testelin  and  I<enard(4i)  patented  a  process  in  which 
IH'trolciim  is  sprayed  into  a  coil  heated  to  4<x-)  to  450°  C.  under  a 
pressure  of  .5  atmospheres  by  a  steam  injector,  and  then  the 
vapors  thus  formed  arc  passed  through  a  red  hot  coil  filled  with 
Imriit  clay. 

VVassnier,  in  1909(44),  subjected  oil  vapors  to  the  action  of 
an  elcclrically-lieatcd  conductor,  so  as  to  decompose  them, 
while  Adams,  in  i9if)(48).  cracked  kerosene  and  similar  oils 
by  bringing  them  into  contact  with  an  incandescent  electric 
heater,  the  oil  being  heated  as  far  as  possible  by  direct  contact. 
Hiirke,  in  1911(49),  distilled  heavy  |K;trolotun  at  low  pressure, 
and  condensi-d  it  at  a  pressure  of  7cx)  g.  to  3,s  kg.  per  sq.  cm. 
LofTer,  in  1912(52,  ,57,  67),  converts  heavy  hydrocarbons  into 
light  livdrocarlions  by  distilling  under  pressure  of  an  inert  gns 
at  temperatures  not  cxcreding  410"  C;  the  pressure  used  is 
in  to  ri  atmospheres  and  mixed  vapors  from  the  still  may  be 
further  di-ci>mp<ised  by  passing  (lirough  a  chamber  heated  by 
Steam  or  electrically. 

(ireeTislrcet(.s.s,  s'l,  ij8)  passes  heavy  hydrocarbon  oils  mixed 
with  steam  by  an  alomi/er  throiiKh  a  contiminiis  coil  of  pipe, 
free  from  obstructions,  about  icki  ft  long  and  I'/j  In.  diameter, 
kept  at  cherry  red  temprrature,  the  oil  and  ttram  ticing  sup- 
plieil  at  .^1)  and  loi  lbs.  i«t  sq  in  ,  res|H'Ctivcly.  The  prtxlucts 
'"•  led   throuKli  fractional  londenMTs,   the  trniiH-ratnrc  of  the 


last  one  being  just  above  100°  C.  and  the  Ught  vapors  passing 
from  this  are  condensed  The  coil  becomes  coated  internally 
with  a  smooth  layer  of  magnetic  oxide. 

Lamplough(5S)  proposes  to  convert  heavy  hydrocarbons  into 
Ught  hydrocarbons  by  bringing  the  heavier  oil,  together  with 
water  or  steam,  into  contact  with  nickel  in  a  retort  which  is 
maintained  at  a  dull  red  heat  or  thereabouts,  more  or  less  pres- 
sure being  maintained  in  the  retort,  and  20  to  60  parts  of  water 
being  used  to  100  parts  of  oil.  He  claims  he  has  found  that 
nickel  has  the  valuable  property  of  facilitating  the  conversion 
into  light  hydrocarbons,  and  that  it  maintains  its  surface  clean 
and  active,  not  requiring  such  frequent  cleaning  as  iron. 

In  this  process,  Lamplough  used  an  iron  coil  which  had  inside 
it  a  fairly  close-fitting  rod  of  nickel,  which  metal  was  considered 
to  facilitate  the  conversion.  At  the  same  time  the  vapors  were 
exposed  to  a  larger  siu-face  of  iron  than  of  nickel,  and  it  seems 
probable  that  this  influence  would  be  in  ratio  to  the  surface 
exposed,  and  since  metallic  nickel,  as  distinct  from  reduced 
nickel,  has  no  catal>'tic  action  in  the  true  sense  of  the  word, 
probably  more  of  the  cracking  effect  is  due  to  the  iron  than  the 
nickel. 

One  of  the  authors  some  years  ago  carried  out  comparative 
experiments  using  an  iron  tube  packed  with  (i)  iron,  (2)  nickel, 
and  (3)  quartz,  but  could  find  no  difference  in  action  whatever, 
an. inert  material  such  as  quartz  giving  as  large  a  conversion  as 
either  nickel  or  iron.  Is'o  difference  either  could  be  found  be- 
tween the  products  in  either  experiment. 

Ellis(6o)  was  granted  a  patent  for  the  cracking  of  heavy  oils 
by  injecting  them  through  nozzles  into  a  chamber  filled  with 
fire-brick,  alumina,  or  other  refractory  material,  and  at  the  same 
time  injecting  sufficient  air  for  the  combustion  of  a  portion  of 
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the  oil.     The  working  pressm  i^  50  lbs.  iK-r  sq.  in.  and 

the  refractory  material  was  coaled  uilh  a  layer  of  catalytic  ma- 
terial. 

Turner (6 1 1  passed  oils,  with  water,  through  primary  coils 
at  60  lbs.  pressure  and  at  4<ki  to  8on°  F.,  then  passing  the  re- 
sulting va|)ors  under  pressure  through  secondary  coils  at  tcm|>cra- 
tures  from  1000  to  i4(mi°  F.  and  finally  into  vessels  of  larger 
diameter  to  cause  tarry  and  carbonaceous  matters  to  be  de- 
posited.    The  vapors  were  cooled  tmder  onlinary  prcs.sure 

In  The  Standard  Oil  Co.  (Burton!  i)rtxxss((>3.  loi.  113.  117). 
petroleum  residues  arc  distilled  for  the  production  of  low-lxiiling 
hydrocarbons  of  the  paralfin  scries  at  a  tcmix-ralurc  of  6.so  to 
850°  F.,  the  whole  plant  iH-ing  maintained  at  n  pressure  of 
4  to  5  atmospheres  by  means  of  valves  placed  at  the  outlet  of 
the  condenser.  This  process  is  apparently  U-ing  worked  to 
a  large  extent  in  the  I'nited  States,  but  it  is  dinicult  to  sec  on 
what  grounds  the  patent  has  U-cn  granted.  Pislillalion  under 
pressure  was  practiced  by  Yinmg(3).  but  he  did  not  condense 
under  pressure,  whereas  kedwiHxl  and  l)ewaru<>>  In'lh  distilled 
and  condensed  under  pressure,  iust  as  is  cl.nmed  by  the  Hiirton 
process,  with  the  exception  that,  in  1889,  there  w.i.s  not  the  de- 
mand for  motor-spirit,  and  so  the  nini  of  the  oriRinators  of  the 
process  was  the  increased  prixliictiiMi  of  kerosene.  The  identical 
apparatus  deviscil  by  KedwiMnl  and  IVwar  would  do  the  same 
work,  in  exactly  the  Siime  w.iv.  that  the  Uurtun  pr<>i-css  i»  doing 
at  the  present  day. 

I<enaril(fts\  in  KJ13.  proixiscd  lo  c<fli\Trl  iirtroleum  unit  uthrr 
hydrocartmns  into  products  of  lower  iMiilinR  (mints  by  forrinn 
them  in  the  liquid  -.tur  llitoiigh  :i  coil  of  tubiUB.  the  lirst  part  of 
which  is  kept  at  a  Iciiiix-iatiire  nUive  the  IxiilinK  ix'int  of  the 
|>rtroleiitu,  wliilr  tlir  -,.-.i>iid  |viirl  is  >ix>lr<l.  a  ptcwirr  in  cxcfM 
of  the  va|Mir  pn-.Miu'  of  the  oil  l>rin»;  nmiiitainni  Ihrotighout 
the  coil  Tin-  liiiiixnilnrr  maintained  !>■  from  4110  to  450*  C., 
and  the  ptevsiiie  is  411  to  50  atnuwphrrrs. 
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Von  GroeIing(7 1)  distilled  and  cracked  hydrocarbons  by  passing 
the  vapors  from  a  still  through  externally-heated  cracking 
tubes,  where  they  meet  a  descending  stream  of  hydrocarbons. 
The  operation  is  conducted  under  slight  pressure  and  at  tempera- 
tures from  350  to  500°  C. 

Moeller  and  'W'olterick(77)  converted  crude  or  heavy  oils  into 
light  oils  by  mixing  their  vapors  with  highly  superheated  steam 
(at  700  to  800°  C.)  of  substantially  atmospheric  pressure  and 
passing  the  mixture  over  coke  at  dull  red  heat  (600  to  800°  C). 

Hal](78,  87,  8g,  92,  102,  105,  119,  123)  has  been  one  of  our 
most  prolific  inventors  in  the  line  with  which  we  are  dealing,  and 
his  process,  modified  from  time  to  time  as  experience  has  been 
gained,  is  one,  probably  the  most  successful,  of  those  being 
worked.  It  is  hardly  necessary  for  me  to  describe  this  process 
fully,  as  less  than  two  years  ago  the  inventor  himself  gave  you 
a  full  description.  Briefly,  however,  in  the  process  as  at  present 
worked,  the  oil  to  be  treated  is  passed  through  a  continuous 
coil  of  about  600  ft.  of  cold-drawn  tubing  of  i  in.  internal  di- 
ameter, at  temperatures  and  pressures  which  vary  according 
to  the  desired  product.  The  oil  fed  in  at  the  cooler  end  of  the 
retort  is  gradually  heated  and  vaporized,  the  speed  of  the  vapors 
being  about  3000  to  6000  ft.  in  the  latter  portion  of  the  coil, 
and  where  the  temperature  is  highest.  At  the  exit,  the  vapors 
are  suddenly  expanded  into  a  tube  of  much  larger  diameter, 
down  to  atmospheric  pressiu'e.  Here,  an  appreciable  rise 
in  temperature  is  experienced  without  external  aid,  due  partly 
to  transformation  of  the  kinetic  energy  of  the  high  velocity  of 
the  gases  into  heat,  and  partly  to  the  disruption  of  the  molecules 
of  the  oil.  It  is  at  this  point  that  most  of  the  cracking  takes 
place,  and  a  little  graphitic  carbon  is  formed.  The  vapors 
now  pass  through  a  series  of  dcphlegmators.  built  on  the  Raschig 
principle.  In  the  first  of  these,  a  little  soft  spongj'  carbon  and 
pitch  separate  out,  in  the  second  a  heavy  residue  free  from 
pitch,  and  in  the  third  a  very  light  mobile  residue.  The  vapors, 
cooled  now  to  about  100°  C,  pass  to  compressors,  which  having 
already  expanded  the  gas  on  exit  from  the  converter  tubes  down 
to  atmospheric  pressure,  now  compress  the  wet  vapors,  which 
are  cooled  and  stored  under  a  pressiu'e  of  50  to  75  lbs.  per  sq.  in. 

A  peculiar  reaction  has  been  noticed  in  these  compressors 
when  working  for  motor-spirit.  As  a  rule,  when  gases  are  com- 
pressed, the  temperature  rises,  but  in  the  case  of  these  gases, 
the  temperature  falls  slightly  after  compression,  which  fall  can 
be  caused  only  by  chemical  combination,  or  polymerization  of 
some  of  the  lighter  hydrocarbons,  as  it  is  well  known  that  some 
of  the  hydrocarbons  produced  in  cracking  oil  polymerize  very 
readily  even  at  ordinary  temperatures  and  pressures.  By  re- 
running the  residues  from  the  second  and  third  dcphlegmators, 
yields  of  70' ^  motor-.spirit  from  the  original  oil  used  have  been 
obtained.  In  working  for  motor-spirit,  the  temperature  at  the 
exit  of  the  tubes  is  about  550  to  600°  C,  a  temperature  which 
requires  varying  between  these  limits  according  to  the  oil  being 
cracked,  but  when  once  the  optimum  temperature  for  any  par- 
ticular oil  has  been  decided,  this  temperature  can  be  most  rigidly 
adhered  to,  variations  of  ±5°  C.  being  the  extremes  over  periods 
of  several  hours  working.  This  complete  control  of  the  tempera- 
ture is  a  very  important  consideration  in  a  process  of  thermal 
decomposition,  as,  at  the  temperatures  employed,  the  thermal 
coefficient  is  very  high,  and  comparatively  small  variations  give 
rise  to  very  divergent  results.  This  is  a  point,  by  the  way,  to 
which  many  inventors  have  failed  to  pay  sufficient  attention. 
The  rate  of  feed  of  oil  to  the  tubes  is  also  very  carefully  regulated 
by  means  of  meters,  being  checked  to  ^5'i;  of  the  feed  per  hour. 

Hall's  plant,  with  very  small  alterations,  is  eminently  adapted 
for  the  production  of  aromatic  hydrocarbons  from  petroleum, 
an  installation  consisting  of  eight  converters  with  the  necessary 
compliment  of  dcphlegmators,  compressors,  condensers  and 
tanks  having  worked  on  these  lines  daily  for  about  eleven  months 
with  complete  success,  a  spirit  having  been  produced  in  good 
yields  containing  up  to  18.5%  benzene,  17.5' i  toluene  and 
6.0%  xylenes,  which  is  very  easily  refined,  the  refined  products 
containing  only  traces  of  paraffin  or  naphthenes,  e.  g.,  from  i  to 
2%  on  the  finished  product.  When  working  for  aromatic  hydro- 
carbons, the  temperatures  and  pressures  employed  are  neces- 
sarily higher  than  when  working  for  motor-spirit,  being,  respec- 
tively, 750°  C.  and  105  to  1 10  lbs.  per  sq.  in.,  but  these  tempera- 
tures and  pressures  arc  as  easily  controlled  as  when  working  at 
the  lower  ones.  It  might  be  argued,  that  when  working  with 
tubes  of  this  diameter  and  under  these  severe  conditions  of 
cracking,  there  is  a  liability  of  the  tubes  becoming  choked  with 
carbon.  This  difficulty  was  certainly  encountered  at  first, 
but  has  been  overcome,  and  it  is  now  quite  common  for  a  nest  of 
tubes  to  run  over  250  hours  without  cleaning,  and  then  only  a 
few  of  the  tubes  rcciuire  to  be  replaced  by  clean  ones,  and  the 
nest  can  be  restarted  immediately.  The  high  speed  at  which 
the  vapors  pass  through  the  tubes  causes  a  scouring  action, 
which  carries  any  carl)on  formed  through  to  the  expansion 
tubes  and  dcphlegmators,  whence  it  is  very  easily  removed. 
A  fairly  large  amount  of  gas  of  high  calorific  value  (1350  B.  t.  u.). 


and  having  a  distinct  commercial  value,  is  necessarily  formed 
when  cracking  for  aromatic  hydrocarbons.  Incidentally  it  may 
be  mentioned  that  the  aromatic  hydrocarbons  contained  in  the 
spirit  produced  can  be  very  easily  estimated  by  simple  modi- 
fications of  the  James  and  Coleman  tests,  determinations  by 
which  agree  ver>'  closely  with  the  results  obtained  by  fractiona- 
tion to  pure  products.  In  the  higher  boiling  portions  of  the 
spirit,  i.  e.,  those  boiling  between  150  and  250°  C.,  naphthalene 
is  formed  and  has  been  isolated  in  a  pure  state  and  identified, 
while  it  is  very  probable  that  its  derivatives  are  also  present. 

Graefe  and  Walther(88)  transformed  heavy  hydrocarbons  into 
hghter  ones  by  distilling  under  a  pressure  of  20  to  30  atmospheres 
in  an  autoclave.  This,  however,  hardly  seems  to  have  much 
prospect  of  success  on  a  large  scale. 

Sbedlock  and  The  Optime  Motor  Spirit  SjpdicateCgi),  for 
the  production  of  motor-spirit  from  heavy  oils,  emulsify  the 
heavy  oils  with  water  by  means  of  resin,  soap  or  other  emulsi- 
fying agent,  and  then  heat  the  emulsion  under  pressure  at  about 
500  to  900°  F.  in  presence  of  iron  or  steel  shavings  or  other 
catalyst.  The  oil  before  emulsification  is  treated  to  remove 
sulfur  and  pilch.  We  understand  that  this  process  is  being  worked 
in  this  country,  but  do  not  know  with  what  success. 

Gray  (94)  passes  oil  through  a  bath  of  molten  metal  kept 
at  a  high  enough  temperature  to  cause  cracking. 

Fenchelle  and  Perkin(ioo)  have  patented  a  process  in  which 
heavy  hydrocarbons  are  converted  into  lighter  hydrocarbons, 
by  heating  them  in  the  liquid  state  to  500  to  600°  C,  under  a  pres- 
sure of  50  to  60  atmospheres.  The  liquid,  still  under  pressure, 
is  then  cooled  to  about  150°  C,  and  allowed  to  escape  at  a  lower 
pressure  into  a  chamber,  in  which  the  lower  hydrocarbons  vaporize 
simultaneously.  The  invention  is  applicable  to  liquefied  hydro- 
carbons such  as  naphthalene  and  paraffin  wax.  In  this  process 
it  is  claimed  that  by  treating  in  the  liquid  phase  in  this  manner 
very  little  carbon  is  depo.sited,  and  from  all  accounts  a  very  fair 
amount  of  success  has  been  met  with  in  the  experimental  stage. 

By  Bacon  and  Clark(io8),  petroleum  hydrocarbons  having 
a  boiling  point  of  about  250°  C.  and  upwards  are  decomposed 
and  distilled  under  a  pressure  of  100  to  300  lbs.  per  sq.  in.,  the 
heat  being  applied  at  such  rate  as  to  give  a  minimum  yield  of 
18%  gasoline  boiling  below  150°  C. 

Snelling(iio,  I28(/)  states  that  by  heating  low-grade  crude 
oils,  aliphatic  oils,  paraffin  wax,  rod  wax,  kerosene,  lubricating 
oils,  fuel  oils,  tarry  still  residues,  etc.,  in  a  closed  vessel  to  such  a 
temperature  that  the  vapors  evolved  produce  an  added  pressure 
of  preferably  600  to  800  lbs.  per  sq.  in.,  a  product  resembling  high- 
grade  Oklahoma  crude  oil  is  obtained,  which  on  distillation  yields 
gasoline  up  to  20^^  and  kerosene  up  to  40'^/c.  The  still  is  prefer- 
ably filled  between  one-fifth  and  one-half  its  cubic  capacity. 

Marks  and  Iroline  Co.  (120)  use  the  same  process  as  Snelling, 
reference  being  directed  to  his  patent. 

Bacon,  Brooks  and  Clarke(i2i)  convert  petroleum  oils  boiling 
above  250°  C.  into  products  boiling  below  200°  C,  by  submitting 
them  to  a  combined  dislilliug  and  cracking  operation,  in  a  vertical 
tubular  retort  at  a  temperature  of  350  to  500°  C.  and  pressure 
of  60  to  300  lbs,  per  sq,  in.  The  particles  of  tar  and  coke  pro- 
duced sink  to  the  bottom  of  the  retort  and  are  removed, 

Dubbs(i22)  mixes  petroleum  with  water  under  pressure  and 
then  vaporizes  the  mixture  under  pressure.  The  pressure  is 
then  relieved,  and  the  vaporized  mixture  discharged  into  a  heated 
chamber  in  the  form  of  fine  spray.  The  resulting  vapors  are 
subsequently  condensed. 

Washburn  and  New  Process  Oil  Co.  (124)  transform  petroleum 
products  of  specific  gravity  0.794  to  0.901  into  products  of 
specific  gravity  not  exceeding  0.777,  by  heating  with  water  in  a 
retort  at  340  to  510°  C,  and  condensing  the  vapors  under  a 
pressure  of  3  to  5  atmospheres,  which  is  maintained  both  within 
the  retort  and  condenser.  In  this  case  also  it  is  diflicult  to  under- 
stand how  a  patent  has  been  obtained  in  face  of  the  prior  patents 
of  Young(3),  Redwood  and  Dewar(2o)  and  the  numerous 
patents  of  the  Standar<i  Oil  Co. 

Hall(i25,  126)  obtains  lower  boihng  distillates  from  heavy 
oils,  oil  residues  and  bitumens  by  distillation  at  475  to  490°  C, 
in  vertical  retorts,  mixed  with  equal  or  larger  quantities  of 
coke. 

Palmer(i3o)  increases  the  yield  of  volatile  hydrocarbons 
from  petroleum  residues,  by  digesting  them  under  pressure  of 
the  evolved  vapor  (60  to  400  lbs.  per  sq.  in.)  at  a  temperature 
above  200°  C,  but  below  that  at  which  substantial  carboniza- 
tion takes  place,  and  without  the  addition  of  steam,  the  heating 
being  continued  until  the  greater  portion  of  the  residue  is  con- 
verted into  more  volatile  compounds,  which  are  separated  when 
the  pressure  is  relieved. 

Wells(i3i)  decomposes  hcaN-y*  oil  vapors  by  conducting  them 
into  a  bath  of  molten  lead,  which  is  heated  to  about  480  to 
540°  C.  and  is  violently  agitated  by  mechanical  means. 

The  Rittman  process  for  the  manufacture  of  gasoline  and 
benzene-toluene  from  i)ctroleinn  and  other  hydrocarbons,  which 
has  been  so  largely  boomed  in  America,  has  been  recently  granted 
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letters  patent  in  England(i33).  The  investigations  which 
led  to  this  discovery,  and  its  large-scale  development  were  under 
the  direct  auspices  of  the  U.  S.  Bureau  of  jSIines.  which  tends 
to  show  how  much  importance  is  attached  to  this  subject  in 
that  country.  It  was  no  doubt  also  influenced  by  the  abnormal 
price  which  had  to  be  paid  for  toluene  about  12  months  ago. 
As  finally  adapted  for  commercial  purposes,  the  benzene-toluene 
plant  consists  of  six  furnaces,  each  heated  by  22  gas  burners 
and  containing  2  rows  of  5  vertical  cracking  tubes  (11 '/a  ft. 
long  and  8  in.  in  diameter).  To  each  tube  is  fitted  a  separate 
condenser  and  the  oil  supply  for  each  tube  is  separate.  Carbon 
deposited  on  the  walls  of  the  converter  tubes  is  removed  by 
wiping-chains  attached  spirally  to  a  rotating  rod  passing  up 
the  center  of  the  tube,  and  is  collected  in  special  carbon  pots 
by  means  cf  scrapers  at  the  bottom.  The  cleaning  device  re- 
quires to  he  removed  and  cleansed  every  few  days. 

-Pressure  relief  voJve 
-Oil  Unk 
.Gauge 
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l''i>r  the  preparation  of  benzene- toluene  tin-  rate  of  feed  to 
each  tube  is  1,5  k""""s  I>er  hour  and  for  Kiisoline  30  gallons  i)er 
hour.  Teinpt-ralnres  of  about  7(mi°  C.  and  pressures  of  about  150 
lbs.  per  sq.  in.  are  employed.  The  reactions  are  found  to  be 
practically  inilepeiident  of  the  kind  of  oil  used,  althouKh  solvent 
naphthas  and  light  oil  distillates  from  coal  tar  and  water-Ka.s 
tara  Kive  greater  yields  of  licnzcne-toluenc  than  is  olitaiiied 
frriMi  prtroieuni  products,  and  are  ea.sier  to  handle. 

A  large  amount  of  ga"*  of  high  calorific  value  (i<mk>  to  1400 
K.  t.  u  per  cu.  ft.)  is  obtained,  iiinrc  than  Miflicient  a.s  fuel  when 
the  l>lanl  is  run  for  beii/ene-toluenc,  but  not  siinicicnt  for  thi.s 
purpose  U'lieii  ruiuiing  for  gasoline. 

The  following  yields  from  |>etrolcum  are  claimed  in  the  l)cn/.enc- 
toluetic  process:  (1  to  H',',  Ijcn/clic,  6  to  H''.'„  toluene,  .|  to  6','r 
xylenes,  fi  to  8'';,  KU-iolinc,  a.s  to  jn',;,  creosote  oil  and  pitch 
fineludniK  higher  aromatic  hvclriKarlHins  and  lubricatitig  oil), 
3  to  s'  I  carlioM  :in<l  .\>,  to  fKi'^,  gaa  of  the  original  oil;  and  when 
working  for  gasoline:  j.s  to  ,v>'  #>  gasoline  with  711  to  T,\'"r  residuum 
above  n,ii°  C.  which  is  available  for  re-running. 


The  cost  of  installation  based  on  a  unit  of  4  tubes  is  £i,:46 
per  tube,  which  includes  building  and  equipment,  but  not  the 
cost  of  storage-tanks  or  apparatus  for  treatment  of  products. 

It  has  long  been  known  that  aromatic  hydrocarbons  can  be 
produced  from  certain  types  of  petroleum,  a  process  having 
been  patented  as  early  as  i860  for  their  recovery  from  oil-gas 
made  from  petroleum,  but  Rittraan  claims  that  it  has  never 
before  been  demonstrated  that  they  can  be  produced  in  con- 
siderable quantities  from  any  type  of  oil.  In  the  early  part 
of  1915,  however,  they  were  being  produced  in  this  country 
by  the  Hall  process,  which,  if  not  prior  to  the  Rittman  process 
(which  is  very  probable),  was  at  least  abreast  with  it,  for  it 
was  not  until  much  later  that  in  this  country  at  least  we  began 
to  hear  so  much  of  the  "new"  discovery  emanating  from  America. 
Studying  the  plant  itself  from  the  published  photographs  and 
sketches,  it  appears  to  be  rather  a  cumbersome  affair,  several 
of  the  details  striking  one  as  not  being  quite  sound.  The  tubes 
used  in  the  process  are  most  unwieldy,  and  it  is  difficult  to  under- 
stand how  the  vapors  passing  through  can  be  at  all  evenly 
heated,  in  spite  of  the  central  cleaning  rod  which  gives  the 
retort  an  annular  form.  Oil-vapors  are  bad  conductors  of  heat, 
and  tubes  of  an  inch  diameter  are  more  correct  theoretically 
from  this  standpoint  at  least. 

It  is  claimed  that  absolute  command  over  the  operating  con- 
ditions is  possible  by  causing  the  reactions  to  take  place  in  the 
gaseous  or  vapor-phase.  This  term  gaseous  or  vapor-phase 
has  been  used  as  a  hook  upon  which  to  hang  a  whole  series  of 
claims,  whereas  numerous  prior  inventors  have  worked  on, 
and  specifically  mentioned  that  condition.  One  fails  to  see 
how  'absolute  command  over  the  operating  conditions"  can 
be  claimed,  when  such  crude  methods  of  temperature-measure- 
ments as  the  naked  eye,  supplemented  by  periodic  checks  by 
pyrometers,  are  employed.  It  is  well  known  that  temperature- 
variations  of  an  amount  impossible  to  recognize  by  the  naked 
eye,  cause  enormous  differences  in  the  character  of  the  products 
evolved  at  these  high  temperatures,  and  these  variations  can- 
not be  averaged  up  as  to  their  effects.  No  cracking  process 
can  be  completely  successful,  unless  equable  temperature  con- 
ditions are  maintained.  The  design  of  the  furnace  containing 
the  retorts  can  hardly  be  conceived  to  aid  in  this  matter,  since 
wide  differences  must  necessarily  exist  in  different  parts  of  it. 
The  operation  of  changing  the  cleaning  rods  must  take  some 
time,  as  this  portion  of  the  apparatus  cannot  be  easily  handled 
while  hot,  and  thus  the  operations  cannot  be  nearly  continuous. 
Intermittent  cooling  and  heating  of  the  brickwork  and  tubes 
must  also  be  detrimental  to  them.  It  might  be  mentioned 
here  that  in  the  New  Oil  Refining  Process  particular  attention 
was  paid  to  the  question  of  cleaning  the  tubes,  which  were 
arranged  in  such  a  way  that  a  whole  battery  of  9  tubes  could 
be  cleaned  while  hot,  the  entire  operation  from  shutting  off  of 
oil  and  water  to  starting  again  taking  about  20  minutes.  An- 
other point  which  strikes  one  is:  how  is  the  stufling-box  of  the 
stirrer  rod  kept  tight  at  700°  C.  and  150  lbs.  pressure? 

The  cost  of  the  installation  appears  almost  prohibitive.  Taking 
a  unit  plant  consisting  of  60  tubes,  the  cost  would  be  £68.760 
and  this  on  the  benzene-toluene  process  would  handle  about 
iS,(xxi  American  gallons  of  oil  i)cr  day.  With  the  Hall  process 
a  plant  capable  of  handling  10,000  American  giUlon.s  of  oil 
per  day  would  cost  about  £12,000. 

The  analysis  of  the  spirits  produced  in  the  Rittman  process 
as  to  aromatic  hydrocarbon  content  is  carried  out  in  a  most 
empirical  manner,  and  deiK-nds  on  the  si)ccific  gravity  of  frac- 
tions obtained  by  two  fractionations  through  a  ,s-in  Hcmpcl 
column,  the  second  series  on  which  the  determination  is  made 
being  cut  at  95°,  uo"  and  150°  C.  It  was  then  .assumed  tliat 
other  bodies  present  with  the  aromatic  hydriK-arUiiis  jKis-scsscd 
an  approximative  value  as  Ix-low: 

Tcinpcruturc  Smctric  C.havitv  or 

.LulC'ut  Aroniatlr  liydrocwlmn       Non-AromaUc 
.QS^C.  0.880  0.720 

120"  C.  0.871  0.7J0 

1S0»  C.  0  86'»  0.760 

and  a  calculutioirfrom  the  determinod  siKvific  gravity  (aking 
the  alKjvc  figures  was  used.  In  the  dccoiniKisition  of  (X'trolcum 
at  varying  lemiH-ratiires  it  is  well  known  that  the  pn'iMntions  of 
constituents   in    the    priHlucts   vary   vrrv   con- 1  '  .1    if 

more  than  two  classes  of  ImhIics  arc  inescnt.  'ion 

ns  to  the  gravity  of  the  non  aromatic  it>n>ilituriit  ilOy 

hold  Roml,  In-ing  o|H-n  to  vaiiation  witlun  «i>li  Imni  .  Ihc 
iH-nrene-toIuenc  spirit  prixlMCcd  in  the  Kiltnian  punx-ss  contain.* 
considerable  nuantitirs  of  nonaronmtic  ImhIics  unaltackrd  by 
strong  sulfuiic  acid,  and  for  Ihc  production  of  liiniliotolucnc 
from  the  lolurnc  fraction,  s|iciial  mclhixls  have  to  l>r  drvinc*!. 
The  spirit  priMluce<l  by  the  Mull  pnHT«  on  the  other  hand  con- 
tains only  minute  Inuxs  of  nonaromalic  hcnlics  iiiiattnckrd 
by  strong  sulfuric  ucid,  and  the  toluene  pro»lucc«l  \*  »»  ouily 
iiitrateil  as  coal  tar  toluene. 
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PART  II~GENERAL  CONSIDERATIONS 

By  A.   E.   DuNSTAS  and  F.   B.   TholB 

Although  the  origin  of  the  term  cracking  is  due  to  petroleum 
practice,  yet  the  investigation  of  the  pyro-analysis  and  pyro- 
synthesis  of  hydrocarbons  goes  back  to  the  days  of  the  great 
chemist,  John  Dalton(io),  who,  in  1809,  decomposed  methane 
and  ethylene  by  means  of  electric  sparks.  It  might  possibly 
be  urged  that  this  decomposition  is  scarcely  analogous  to  the 
cracking  of  a  heavy  hydrocarbon,  but  in  point  of  fact  the  com- 
plexity of  this  latter  process  is  so  great  and  the  multiplicity  of 
its  products  are  so  confusing  that  the  study  of  the  subject  must 
necessarily  proceed  from  the  starting  point  of  the  simplest 
possible  reactions.  Only  in  this  way  can  one  throw  light  on 
one  of  the  most  intricate  problems  that  ever  confronted  the 
chemist. 

To  the  mind  of  Berthelot(i3(7,  14a,  15a)  the  pyrogenetic  de- 
composition of  hydrocarbons  resolved  itself  into  simple  polym- 
erization or  else  condensation  with  loss  of  hydrogen.  Moreover, 
he  contended  that  each  change  was  reversible,  so  that  at  any 
particular  temperature  an  equilibrium  could  be  established 
between  a  complex  series  of  decomposing,  polymerizing  or  con- 
densing hydrocarbons,  together  with  free  hydrogen  and  carbon. 
In  the  case  of  the  four  simple  hydrocarbons  Berthelot  considered 
that  the  following  reactions  took  place : 


Methane:  2CHi 
Ethane:  C.H» ; 
Ethylene    CjHi : 


■  CiHi  -I-  3Hi.  and.  2CH. ; 
;  C1H4  +  H..  and.  2CiH.  — 
;  CjH.  +  Hi.  and.  2C2H.  5: 


=»  CjH.  +  H. 

:  2CH<  +  C-Mi  +  Hs 

i  C.H.  +  CjHj 


It  will  be  seen  that  Berthelot  ascribed  to  acetylene  a  most 
important  role  in  the  pyrogenetic  phenomena  as  it  always 
appears  cither  as  an  intermediate  or  a  final  product.  It  is  a 
well-known  precursor  of  the  aromatic  hydrocarbons,  and  its 
chemically  reactive  nature  fits  it  to  he  the  "generateur  fonda- 
mentel  des  cardures  pyrogenees."  When  acetylene  was  heated 
to  a  dull  red  heal,  Berthelot  obtained  from  it  benzene,  styrolene, 
naphthalene  and  retene:  3C2H2  =  CeHs  (benzene),  4C5H2  = 
CjH,  (styrolene),  gC.Hj  =  CisHis  (retene).*  At  a  bright  red 
heat  it  was  decomposed  into  its  elements. 

While  Berthelot's  views  must  be  regarded  as  crude  and  in- 
sufficiently based  on  experimental  evidence,  yet  the  credit  of 
putting  forward  for  the  first  time  a  well-articulated  theory  of 
pyrogenesis  is  undoubtedly  his. 

Work  on  the  hnes  laid  down  by  Berthelot  was  vigorously 
pursued.  The  acetylene  theory  was  violently  attacked  on  the 
ground  that  it  was  difficult  or  impossible  to  isolate  that  hydro- 
carbon in  the  products  of  pyrogenesis.  Thorpe  and  Young(2ia), 
Armstrong  and  Miller(35a),  and  Haber(53<i)  considered  that 
the  first  steps  were  the  elimination  of  hydrogen  and  the  pro- 
duction of  olefines  and  methane,  without  any  intermediate 
production  of  acetylene: 

2C6He  =   CuHio   -I-  H: 
Diphenyl 
CHjCCHjj.CHj  =  CH3(CHi)!CH  =  CHi  +  CH< 
Hexane  Amylene 

A  paper  of  capital  importance  was  contributed  in  1908  by 
Bone  and  Coward(78a)  on  the  thermal  decomposition  of  methane, 


moderate  temperatures.  (2;  The  thermal  decomposition  of 
the  other  three  hydrocarbons  is  not  so  obviously  a  surface  effect ; 
it  originates  and  is  propagated  in  the  body  of  the  gas.  (3) 
Acetylene  is  produced  when  ethylene  suffers  decomposition, 
but  is  not  formed  during  the  heating  of  ethane  or  methane. 
(4)  At  comparatively  low  temperatures  acetylene  polymerizes 
quite  easily,  yielding  cyclic  hydrocarbons,  mainly  of  the  aromatic 
type;  consequently  whenever  ethylene  is  a  primary  product  of 
pyrogenesis,  acetylene  will  appear  intermediately,  polymerizing 
at  once  into  benzene  and  its  congeners;  the  optimum  tempera- 
ture for  this  polymerization  is  between  600  and  700°;  at  1000° 
there  is  little  evidence  of  this  phenomenon.  (5)  Acetylene  and 
ethylene  combine  with  hydrogen  at  moderate  temperatures 
yielding  ethane;  this  reaction,  however,  ceases  to  be  effective 
at  1000°.  (6)  One  of  the  principal  factors  in  operation  at 
temperatures  of  800°  and  higherjs  the  direct  hydrogenation  of 
"nascent  radicles"  such  as  CH:=,  CH2  =  ,  CHj-.  for  which 
molecular  fragments  must  be  postulated  a  free  although  mo- 
mentary existence  during  the  dissolution  process;  this  assump- 
tion undoubtedly  accounts  for  the  presence  of  the  large  amounts 
of  methane  which  are  always  produced  during  any  cracking 
operation.*  (7)  In  the  cases  of  ethane  and  ethylene,  it  may 
be  supposed  that  the  primary  effect  of  high  temperature  is  to 
bring  about  an  elimination  of  hydrogen,  with  a  simultaneous 
loosening  of  the  Unkings  between  the  carbon  atoms,  giving  rise 
to  the  residues  CH2=  and  CH=.  These  residues  can  have 
only  a  fugitive  existence  and  may  (a)  unite  to  form  CH2  =  CHj 
or  CHHHiCH;  (6)  decompose  yielding  carbon  and  hydrogen; 
or  (c)  be  reduced  to  methane;  thus: 


-CH3) 


2CH.= 


H, 


(  CiH.  -I-  H.  (a) 

i  2C  +  3H.  (») 

(  -t-  H.  =  2CH.      (c) 


■  CiHj  -I-  H, 
2C  -I-  2Hi 
.  -(-  2Hi  =  2CH, 


(8)  In  the  case  of  acetylene,  the  main  primary  effect  is  probably 
polymerization,  but  the  possibilities  of  dissolution  must  also  be 
borne  in  mind: 

CH^CH     1   ^    ->rH—  ».  (  2C  -f-  Hj  <«) 

Acetylene   )  *^    ^>-"—  ^  (  -|-  3H»  =  2CH«  (i) 

(9)  Berthelot's  theory  of  the  attainment  of  equilibrium  be- 
tween dissolution  and  recombination  is  not  borne  out  by  experi- 
mental evidence. 

THE   THERMOCHEMISTRY   OF    SOME    PYROGENIC    REACTIONS 

It  will  readily  be  appreciated  that  the  majority  of  the  reactions 
which  proceed  during  pyrogenesis  are  either  unkno\vn  or  else 
complicated  by  side  and  consecutive  changes  It  is,  therefore, 
very  diflicult  to  trace  the  distribution  of  energy  during  cracking. 
Taking  some  of  the  simplest  operations  described  by  Bone  and 
Coward,  it  is  possible  to  discover,  by  means  of  well -recognized 
thermochemical  data,  the  concomitant  energy-relationships: 


Reaction 

Ci  -f-  2Hj  =  CHi  +  X  cal. 

3C2H!  =  C.H.  +  X  cal. 

CiH.  =  CiH.  -f  Hj  -I-  X  cal. 

CM,  =  2C  -I-  3H!  -I-  I  cal. 

C2H.  -f  H2  =  2CH.  +  X  cal. 

C.H.  =  CiH.  +  CH.  +  X  cal. 
Propane 

CjH.  +  3Hj  =  2CH.  +  X  cal. 

C1H4  =  CtH.  -1-  H-  -(-  I  cal. 

CiH.  -f  2H.  =  2CH.  +  X  cal. 

C.H.  =  20  -f  2H.  -i-  X  cal. 

C.Hi.*  =  C.Hio  +  CH.  -1-  X  c.n 
Hcxanc  Amylene 

2C.H.  =  CuHio  -t-  Hj  -t-  X  cal. 
Diphenyl 

C.Hi.  =  C.Hii  -f  3H,  +  *  cal. 
Hcxahydrobenzcne 
*  A  typical  "cracking"  reaction. 


Intrinsic  Energy 
0  -I-  0  =  (—21.750)  -I-  xcal. 
3(-|-47,770)   =  12.510  +  x  cal. 
(—28.560)  =  2710+0-1-1  cal. 
(—28.560)  =  0  -f  0  -I-  «  cal. 
(-28.560)  +0  =  2  (—21.750)  -1-  x  < 
(—35.110)  =  2710  +  (—21.750)  + 


'  cal. 


47.770  +  0  =  2(— 21.750)  +  x  cal. 
2.710  =  47.770  +  0  +  xcal. 
2.710  -)-  0  =  2(— 21.750)  +  x  cal. 
2,710  =  0  -f  0  -(-  xcal. 
(—57.600)  =  (—12.500)  +  (—18.900)  +  x  cal. 

2(11,300)   -  33.500  +  0  +  *  cal. 

( — 16.600)  =4.100  +  0  +  1  cal. 


Value  op  x 

Conclusion 

Calories 

AS  TO  Reaction 

+   21.750 

Exothermic 

+  130.800 

Exothermic 

—  31,270 

Endothermic 

—  28.560 

Endothrrmic 

+    14.940 

Exothermic 

—  16.070 

Endothermic 

+  91.270 

Exothermic 

—  45.860 

Endothermic 

+  46.210 

Exothermic 

+      2.710 

Exothermic 

—  27.200* 

Endothermic 

—   10.900 

Endothermic 

ethane,  ethylene  and  acetylene.  Their  main  conclusions  may 
be  briefly  summarized  as  follows:  (i)  Methane  is  exceedingly 
stable;  it  decomposes  almost  exclusively  into  its  elements,  and 
this  decomposition  is  in  all  probability  reversible  at  all  tempera- 
tures; the  dissociation  is  in  the  main  a  sitffacc  phenomenon  at 

entific  imagination  to  visualize 


It  will  be  noticed  that  those  reactions  which  proceed  by  ab- 
sorption of  hydrogen  are  in  the  main  exothermic,  i.  <•.,  the  prod- 
ucts formed  have  a  less  content  of  intrinsic  energy  than  their 
generators;  in  other  words,  they  are  relatively  more  stable. 

•  Bone's  thcorj-  is  of  interest  in  considering  the  possibilities  ot  hydro- 
generation  during  cracking,  .\pparcntly  much  ol  the  hydrogen  would  be 
utilized  in  the  generation  of  methane. 
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A  genuine  cracking  process  such  as  is  exemplified  in  the  equation 
C3H8  =  CH4  +  C2H, 
is  endothermic,  seeing  that,  in  part,  relatively  unstable  molecules 
(the  olefines)  are  being  formed.  It  must  be  borne  in  mind  also 
that  these  unsaturated  products  have  a  proportionally  greater 
heat  of  combustion,  e.  g.. 

Ethane.  CiH*.  possesses  heat  of  combustion  =  370.440  cal. 

Less,  H2.  possesses  heat  of  combustion  =     68,357  cal. 

302 . 1 83  cal. 
Ethylene  C2H4  possesses  heat  of  combustion  =  383,350  cal. 

i.  e..     Excess  over  (CzHe— Hi)  =     31 ,  167  cal. 

From     the     Nernst     quotation     Q 


where 


Rr-.'"  XogeK, 
dt 

Q  is  the  heat  of  reaction,  R  the  gas  constant,   T  the  absolute 
temperature  and  K  the  equilibrium  constant,  it  is  possible  to 


calculate  the  temperatiu-e-coefficient 


(^^.log^)  01 


f  the  velocity 


of  reaction. 

In  general  the  temperature-coefficient  is  surprisingly  constant, 
for  it  has  been  found  that  for  most  chemical  reactions  the  velocity 
is  very  approximately  doubled  for  a  rise  of  10°  C.  To  quote  a 
few  examples: 

Coefficient 
Reaction  Velocity  Constants  for  10° 

AsH.  =  As  +  3H  Km  =  0.00035;  Km?  =  0.0034  1.23 

HiOi  =  HiO  +  0  Ko  =  0.0120;  K.o  =  0.0180  1.5 

2NO  =  Ni  +  Oi  K.M  =  39.63;  K,n7  =  191800  1.17 

Inversion  of  Cane  Sugar  Ku  =  0.765;  Km  =  35.5  3.6 

There  are  certain  consequences  of  changes  of  temperature  and 
pressiu'e  on  equilibrium  which  must  be  borne  in  mind. 

Le  Chatelier  has  enunciated  a  general  law  which  may  be 
stated  as  follows:  When  one  or  more  of  the  factors  determining 
an  equilibrium  is  altered,  the  equilibrium  becomes  displaced  in 
such  a  way  as  to  neutralize,  as  far  as  may  be,  the  effect  of  the  change. 

Thus,  consider  the  change  C  +  2H2  =  CH<  -f  21,750  cal. 
Heat  is  set  free  during  the  synthesis  of  methane,  consequently 
if  heat  is  admitted  to  the  system,  the  equilibrium  is  displaced 
in  such  a  direction  that  heat  is  absorbed,  i.  e.,  the  dissociation 
of  methane  sets  in.  Similar  considerations  from  the  point  of 
view  of  pressure  change  will  be  discussed  later. 

THE    INFLUENCE    OF   TEMPERATURE    ON    CRACKING 

It  is  evident  from  the  work  of  Bone  and  Coward  in  particular, 
and  of  all  previous  workers  in  general,  that  at  the  highest  possible 
temperatures  there  is  complete  dissolution  of  a  hydrocarbon  into 
its  elements  In  other  words,  chemical  affinity  ceases  to  act 
when  the  atomic  vibrations  reach  a  certain  limiting  value.  This 
phenomenon  holds  good  in  some  cases  at  quite  low  temperatures, 
as  witness  the  dissociation  of  arsenic  hydride  and  hydriodic  acid. 

The  temperature  at  which  cracking  begins  depends  mainly 
on  the  molecular  weight  and  the  constitution  of  the  oil;  speaking 
broadly,  the  more  complicated  the  molecule,  the  more  readily 
it  undergoes  dissolution,  and  further,  the  more  unsaturated  and 
labile  the  compound,  the  more  easily  it  disintegrates.  It  has 
been  shown  above  that  the  velocities  of  chemical  changes  are 
profoundly  afTected  by  changes  in  temperature.  It  is,  therefore, 
easily  credible  that  the  most  extraordinary  differences  in  the 
nature  of  the  products  may  be  ot)servcd  if  the  working  tempera- 
ture is  even  slightly  altered,  for  one  particular  reaction  may  be 
so  damped  or  accelerated  as  to  mask  entirely  the  progress  of 
other  parallel  or  simultaneous  changes. 

The  theorem  of  lierthelot  and  Thomson  that  a  chemical  rc- 
actifpii  tends  to  proceed,  giving  rise  to  products  that  occasion 
the  greatest  development  of  heat,  nnist  always  be  borne  in  mind. 
This  theorem  means  that  reactions  are  propagated  of  them.selvcs 
if  more  stable  bodies  are  formed  imder  the  conditions  of  tetnpcrn- 
tiire  and  pressure  which  obtain  during  the  experiment.  Hut  it 
should  be  remembered  that  the  changes  which  go  on  during  crack- 
ing arc  not  necessarily  those  which  would  spontaneously  go 
forward  to  completion.  Many  exothermic  reactions  doubtless 
do  go  on  to  the  end,  but  the  endothermic  processes,  such  as  the 
pyrounalysis  of  ethane  iCMU  C.lli  +  Ht  =■  3i,27i>culorics),  can 
be  maintained  only  by  the  absorption  of  a  large  supply  of  energy. 

Not  only  does  alteration  in  teniiK-ruture  affect  the  speed  of 
the  various  reactions  but  also  most  profoundly  does  it  alter  the 
nature  of  the  products.  In  the  tnajority  of  coiiunercial  cracking 
•ysteni"!  it  has  been  foiuid  lli.il  whereas  at  moderate  tem|>crn- 
tures  l(i>(ii  j<x>")  the  Irndeiicv  is  for  the  formation  of  a  iiiixturr 
of  paraffins  and  olclines,  at  higher  teni|irratureN  ((inn  7(ki°) 
the  effect  is  the  generation  of  aromatic  eonipoiMids. 

I'rom  the  large  number  of  ex|i«-riments  recorded  in  the  tabular 
niallrr  on  pp  H<><i  to  Hijs.  inclusive,  it  will  be  of  intercut  to  "itudy 
II  few  exiiinplrs. 

The  effect  of  lem|H-raturc-chaiigcs  on  the  velocity  of  the  dc- 
coiiiptiNition  of  ethane  may  be  briefly  itiimitiariretl  thm:  I'p 
to  675°  decomposition  is  <ilaw,  f>  hoiir?i  being  iirriled  to  eliminate 
q8%  of  the  hydioearboii.     At   Kiki"  the  reaction  was  so  rapid 


that  5  minutes  sufficed  to  transform  the  same  percentage.  At 
1000°  still  less  time  was  required,  while  at  1x4010  ii45°thegas 
barely  survived  a  single  passage  through  the  tube. 

Vignon(i48a)  distilled  coal  at  various  temperatures  and 
analyzed  the  gases  produced:  at  400  to  600°  there  were  formed 
acetylene  and  ethylene;  at  600  to  800°,  methane  and  other 
paraffins;  at  800  to  1000°,  much  hydrogen. 

Staudinger(99a)  and  his  co-workers  heated  isoprene  to  a 
variety  of  temperatures:  at  400°,  the  products  were  amylene, 
terpenes  and  unattacked  isoprene;  at  600  to  700°,  the  products 
were  unsaturated  hydrocarbons;  at  700  to  750°,  aromatic  hydro- 
carbons appeared;  at  750°,  the  tar  contained  benzene,  toluene, 
naphthalene,  methyl  naphthalene,  anthracene  and  chrysene, 
while  hydrogen,  butadiene,  methane  and  carbon  were  also  pro- 
duced ;  at  800°,  the  products  were  entirely  aromatic.  Staudinger 
considers  that  the  isoprene  condenses  to  form  hydroaromatic 
compounds,  which  ultimately  at  high  temperature  lose  hydrogen, 
generating  benzenoid  hydrocarbons. 

Zanetti(i35a)  cracked  a  mixture  of  97*^^  propane  and  3% 
butane,  derived  from  natural  gas:  at  750°,  there  were  formed 
in  the  main  ethylene,  butylene  and  hydrogen:  CjHs  =  C.H4  -|- 
[CHd;  CH2  -f  CH2  =  C2H4;  C.H.o  =  CHg  -I-  Hj.  Above 
750°,  benzene,  toluene,  and  other  aromatic  bodies  were  found 
to  be  present.  The  higher  the  temperature,  the  greater  was  the 
proportion  of  free  hydrogen.  It  is  noteworthy  that  as  Zanetti's 
material  was  low  in  molecular  weight  and  high  in  stability  a 
greater  degree  of  temperature  was  needed  for  this  cracking. 

Rittman(i2ia.  132a,  1361!,  137a,  139(1,  140(1,  141a.  144a.  145a), 
to  whose  credit  much  interesting  work  must  be  put,  considers 
that  "gasoline"  formation  begins  at  about  400°,  and  approaches 
a  maximum  at  500  to  550°.  The  greatest  content  of  aromatic 
hydrocarbons  occurs  between  650  and  700°.  These  optimum 
temperatures  are  naturally  functions  of  the  nature  of  the  oil. 
the  pressure,  the  size  and  shape  of  the  reactive  space  and  the 
rate  of  feed. 

Rittman  uses  the  Nernst  formula  to  calculate  the  reaction 
velocities  of  a  large  number  of  possible  and  impossible  changes 
at  various  temperatures.     For  example: 


Keeo 

C  +  2Ht  =  CHi 0.077 

CjHt  =  C1H4  -f  Hi 0.027 


Kts*  Kt»a 

0.012  0.003 

0.094  1.28 


Against  this  last  result  must  be  urged  the  objection  that  Bone 
and  Coward  found  that  ethylene  is  produced  to  a  less  and  less 
extent  as  the  temperature  rises,  the  percentage  of  this  gas  after 
one  minute  being  at  675°  24,  at  810°  11,  at  1000"  7,  and  at 
1 140°  nil. 

Such  reactions  as  7C,oHn  =  loC.Hj  +  9H5,  6C7H1  =  7C,H,  -f 
3Hj,  and  7C»Hio  =  8C;Hs  +  3Hj,  which  are  quoted  by  Rittman, 
are  frankly  impossible  from  molecular  kinetic  considerations, 
for  the  last  case  presupposes  that  collision  Ix-twecn  seven  similar 
molecules  are  occurring  simultaneously.  It  is  pos,sible  that 
Rittman  is  writing  this  equation  as  the  sum  total  of  a  number  of 
conseciuivc  reactions,  in  which  case  the  velocity  constants  cal- 
culated by  him  represent  only  the  slmoest  in  a  series  of  several 
superimposed  rates. 

Ipalicv(8H(),  89(j)  finds  that  cyclo-hexane  is  much  more  re- 
.sistant  to  heat  than  the  open-chain  hexane.  The  increased 
stability  of  ring  systems  is,  of  course,  well  known,  and  in  this 
connection  it  is  interesting  to  note  that  the  cracking  process 
which  is  worked  at  the  highest  temperature,  pie.,  cracking  coal 
into  coal  gas.  produces  a  tar  which  is  prolilic  in  comiHJunds 
which  contain  complicated  conden.sed  rings.  At  (x>o  to  -,c»rt', 
Ipatiev  found  that  both  hexane  and  its  cyclic  analogs  yield 
olefinic,  but  no  aromatic  comiiounds.  In  the  presence  of  aliiinina 
and  under  high  pressures,  cyclo-hexane  at  .siki"  gives  rise  to  olefines. 
polyinethylenes,  benzene  and  saturated  (xily  nuclear  hvdnx-iirlx>ns 
Some  methyl  cyclopcntaneis  also  formed  an  interesting  example 
of  the  great  stability  of  the  five-mcinlH-rcd  ring  The  same  author 
found  that  cthylcne(7,S(i)  and  iso  butylene  were  caiwbic  of 
polymerizing  at  quite  low  teni|>eratiires  1  t.So  to  4o<i"\  whin  at 
70  atmospheres  pressure.  priHliicing  par.iffins,  olefines  and  cvclo- 
paruffins.  together  with  high  boiling  products  of  un  tin.Mluralcd 
nature. 

R.  Meyer  (95a,  iiiii)  re|>cated  some  of  Hcrthelot's  work, 
and  in  particular  showed  that  acetylene,  at  (<4i<''.  dilulrd  with 
hydrogen,  gave  11  tar  rich  in  light  oils,  but  at  high  tetn|>crn- 
lures  one  abundant  in  hvdriK-arlHins  of  very  high  molreiiUr 
weight.  Mr  obtained  priHliuls  varying  fioiu  l>cn/cnc  to  llunrmr 
and  chrysene 

The  cracking  of  |>ctioleiini  with  the  object  «(  pioilucing  mo- 
malic  hvdriK-arlMins  has  come  greatly  to  the  front  rr<-riitlv,  and 
in  particuliir  in  those  countries  wrlinr  Mip;-'"  ■  ■•'  ■'  '«i  c«ikc 
oven  tar  are  relatively  st-anty      l.iiiige.  1!.  iity  on 

coal-tar,  rather  Muffii  iil  stich  iiltcinpts  to  1  md  its 

huniologiirs,  but  he  fails  to  rrali;c  that  at  i.....  -  .....  n.i  v<- every 
IHwsiblr  sourer  nf  new  niatrrinl  for  the  manulnciurr  ol  high  ct- 
plosivrs  shoiilij  W  exploited 
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Faiail»y 


Armstrong  itnd 
Miller 


I'tiorpc  ar 
Younj; 


CHBONOLOQICAL  EESUME  OF  LITEEATUEE  OF  PYEOGENE8IS 


Observer 

Matkri/ 

Diiltori 

clhjlene 

Marcband 

Buff    and 

Hot- 

mann 

Magnus 

De  Wilde 

., 

liertheloi 

acclyU.u 

acetylenes  hydro- 
gen and  other 
diluents 

acetylene  +  hydro- 
gen 

styrolenc 

ethylene 
ethane 
ethylene -f  hydro 

gen 
aeetylenc  +  ethy- 

lene 
acetylene  -4-  ben 

zene 
acetyleuc-f  napli- 

thalene 
benzene 


benzene +elhy 
lene 

etyrolene 

styrolene  + hydro- 
gen 

blyrolene  + ethy- 
lene 

styrolene-f  ben 
zene 

bcnzene  + naph- 
thalene 

anthracene 

toluene 


V.  high 

bright  red  heat 
dull  red 

not  stated 
electric  s|)nrk>: 
dull  red 


Presslrk 
not  stated 


bright  red 


bright  r«(l 


xylene 


liquid   from  com- 
pressed oil  gas 


tar  and  lii]uid  due 
to  compression 
uf  ^as  from 
above  experi- 
ment 


repealed  distilla- 
tion uf  paraOin 
wax  (4-IJ  M.l'.) 


paraflin  oils 


C-i-CH, 
C  +  CU. 
C  +  CH, 

liquid  product*^ 
CjHj  +  Hj 

C-,H,,  CjH,.  C,Hc  I 

styrolenc  ] 

free  hydroi^en  almost  en- 
tirely 
H„  C.H;,  and  tar 
slower  decomposition 


questionable. 


athighei  temp.  CH,  would 
be  formed. 


C.H;.  C.  H-i  and  tar  with 
naphthalene 


H>,  C.H,.  C.Hfi  :uul| 
niiphthalcnc  I 

H,.  C>H„  CiHc  audi 
niiphtbaiene  ) 

(liphunyl  +  H^,  chijsenc 
•mm]  ipam,  DO  naphtha- 
Ittn-  or  anthracene 

CfiHc.  C;Hrt.  naphthalen. 
:iiwl  poi^sibly  clirysenc 

btyroleue,  anthracene 
and  napbthalene 

CfiHe  +  QH. 
CeHfi+C.H, 

CcH6+ naphthalene 

anthracene,  naphthalene 

and  diphenjrl 
anlhracene+  hydrogen 

benzene  and  chrjsene 

benzene,  tolnene  <C%). 
nnphthalene,  diben- 
zyl.    anthracene    and 

chrysene 
chiefly  toluene,  benzene. 
xylene,      naphthalene 
and  anthracene 

benzene  (^^mall  amount), 
toluene,  xylene,  cu- 
iiiene.  napbthalene, 
anthracene  and  chry- 
sene 

chiefly  benzene 

divinyl,  oletines.  acety- 
lene!>.  benzene,  'hex- 
oylenc'(hexineCfiH,o). 
no  paralUns 

irolymcrizable  hydrocar- 
bons, benzenes,  tolu- 
ene, xylene. niesitylene. 
pseudo  •  cumene  and 
Miiphthalene.  crotony- 
lene,  olefini-s  up  to 
n  heptylene.  Traces 
of  paraflins  and  naph- 
thalene 


equilibrium  set  up. 
llO  %  yield. 


ti!y  2  %  of  original  ga< 

remained. 


**  strong  heat  "         not  slated 


olefines  and  small 
amount  o(  paraffins, 
in  fractions  up  to  100  . 
no  benzene 

100  200  fraction  gave 
olefines  and  paraflins 
to  nonene  and  nony- 
lene 

C,H,.C.H«.CiH,o.CflH,o. 
and  CfiHfi.  styrolene, 
naphthalene 


1  ^rampcrminutethrough 
35  cm.  porcelain  lube. 


iniptest  cases  ol  crack- 
ing. No  carbon  or 
hydrogen  set  free. 


dc;^reeo(  f^turaiionof  pro* 
ducts  varies  with  tem- 
perature, pressure  and 


Tring  and 
Uutlon 


heavy  pcUoIf 


bripht  red 


carbon     and     hy-         ISjC' 
droHcn 


aromatic  hydrocarbons 
CH.amlC.H, 


products  in  oil  from  com- 
pressed rint>rh  gas. 
acetylene  denied  by  Bone. 


Sept.,  1917 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


No.ves,Blink«* 
Mory 


Ipatiev 


Knglei  lunl  On 


Kngli.,  nnd 
RchnriHir 


Ipi>li( 


paraffin  oils 

turprntinc 

ethylene 


CHBONOLOOICAL  RESUME  OF  LITEBATUBE  OF  PYBOOENESIS  iConlinuei 

Products 

Proportion  of  methane 
rises.  Acetylene  de- 
composes to  ethylene 
and  methane 

C^H„  CH,.  Hj  and  ole- 
lines 


Temperature 

Pressure 

Catalyst 

1100' 

15.50= 

500'-600° 

800 

.. 

soc-ooo- 

not  staled 

none 

1000° 

,, 

1100' 

'JOO- 

oil  gas  making 

,, 

CH<  and  C2H1  which 
polymerized  lo  C^U^ 

naphthalene 

C.-Hj  and  C  and  Hj  ly 
decomposition  of  naph- 
thalene 

H.j  +  C>H, 

aromatic  hydrocarbons 
in  the  tar  and  possibly 
hexane  and  ht-xylone, 
heptane  and  heptytene 

CiHe.  C^Hiand  propylene 
in  ^as :  aromatics 
(chiefly  napbthaJcne, 
also  anthracene  and 
chrysene)  in  tar 

polymers 


liifih     tomiwiii 

— 

C,H„  CH„  H..  and  poly 

inrc 

mers 

C,H,4H, 

(excess) 

— 

CH,  and  polymers 

C.H,  t  H. 

(eieess) 

— 

nickel  pow- 
der 

CH,.  CHe 

CcH..  +  H., 

400^-450- 

'.'20  almosph. 

iion,     cop- 
per   or 
alum'um 

product  contains  no  cy- 
clohexane 

.. 

cyclobexai 

„e 

.. 

l.M  almosph. 

nickel 

cyclohcxane     (quantita  ■ 
live  yield)                      [ 

CoHg.  Bj,  parallins  and  : 
olefines                         ) 

Englcr;( 
jnann 

ndLch 

n  h  oil 

'listillcil    under 
prcshiirc 

150  ;iliiiosph. 

none 

solid      parunin,      M.Pl. 
4r-  51  .  olcfincj,  Iwn 

rtsidiuifroiii  pel- 
rolruiM  l;.r.  + 
•Jllli 


pHrolcnn 


wilh. 
pics- 


Clackcd   for 
burning  oils 


(>  alDiosph. 
TOiilmosph 


;; 

iiobtityUnc 
flhyUnr 

MM) 

()<llnni>.li 

fn«ki 

di)i«ntene 

inn    iioo< 

■  ■|irn  rliniM  hj 

cm  Itnnv 
Km.  inn   ci 

.Iro 
n<lr 

cno-7nn 

pflrnlr.im 
naphtha 

— 

AI.O. 
none 


/.ene  and  its  homo- 
loguus;  nonaphthenes 
proved 

li^hth^'droiAibonswhrch 
polynieii/.c  into  hcnx- 
lei-  boilies 

ulctines.  naphthenes  and 
aromatic  hydrocai- 
bons,\\btl6t  tlip  residue 
becomes  poorer  in  hy- 
dro;; en 

olefines    and      paraffins  . 
from    C    to   Cfl.  ben 
Eenc    and    its    homo- 

lORlICS 

similar  r«tuUt  lo  aboTs     j 

below  250"  C.  rapid  poly 
mcrisalion  to  luirunins. 
olerlnea  and  cyclopa 
i.itrms  :  above  *J.W 
IbriT  iH  formed  a  ran|{o 
of  bodies  {KXirrr  in  by 
diogcn.  liMtiov  Uo 
latcd  pamlhn  from 
pi'ntAitr  to  nonanr. 
amTlone  and  heiylcnv. 
c^cioparatnn    from   C. 

■trumutic  hydixKarbon 
better  yield  of  aromatir 

bydtocarbons 
doM  not  poljtnerttf 


...mem-   viM 
lhrenr» 


rtb\l 


Mrrrr       and 


)f<iytbivne(dl\lny)| 

t  1  J  biiUdtrnr 
cokr    nnd    j:**   (••ntiiT-ly 
^Aliiialcdl 

r,ll,  ««hich  )tidymrrlK»« 
lo  iK'narnc* 

*'t  ftnil  r>'%yl*n«,  aand/l 
ni0th,<i )  naphOiat*nr 
itnd  irdiicvNl  naphtha 
Uiir*  m  xhr  tar  tn 
ciiin|tiiMnd«  wbkh  an> 
ptrtcnt  in  Ihi*  tAr  air 
|irrw>nl  in  unllnaiy 
chmI  Ust 


See  Bone  and  Coward. 


sv^  lione  and  Coward. 


tends  to  an  o^iiilibrium. 


dpjdt  varies  between  400 
and  450=  C. 


reversibility. 


olf  ftnr4  art  probably  pro* 
diiiTd  by  nolymrnia 
tinn  of  ('lh,\bnr  01  •<i* 
f.ion  of  p«\lMiirth>lenr 
rin;;«.pAraninibtliydlo 
tj'cnation  of  *  yrlic  com 
l»ound«,  01  !•>  li>«)tmot 
nido-chain  liotn  p<»l> 
melhylriK  niirlriis. 


892 


THE  JOURNAL  OF  INDUSTRIAL   AND  ENGINEERING   CHEMISTRY        Vol.  9,  No.  9 


Observer 

Wbitaker     and 
Alexander 


CHHONOLOGICAL  EESUME  OF  LITERATUBE  OF  PYEOGENESIS  (Coviinufd) 
Material  Temperature        Pressure         Catalyst  Products 

gas  contained  96%  H^  at 
teed    o(     30  cc.    per 
minute.     Carbon    and 
HaonlyattecdotlOcc. 
per  minut** 
gas  contained  -5*2%  illu- 
roiDants 
vaiiouscon-        3%  to.20%.vieldoihii;hlt 
tact  sub-  unsaturated     gasoline 

stuncPK  (28%      absorbed      bj 

sulphuric  acid) 
4.M  11)^.  none  yield     ot     Kasolinc     in- 

cre.osed  witb  pressure 
up  to2.')01bs.  and  then 
decreased.  Unsatura- 
tion  decreased  as  pres- 
sure increased  up  lo 
230  lbs. 


kerosene       (150'^- 

290°  n.p.) 


800" 

Tenaa    solar    oil        400<'-600 
(sp.  gr.  -8802) 

Oklahoma    ve-         not  stated 
ducedoil  (sp.gr. 

•ST.-i) 


Rittman       and 
F.Rloff 


Brooks  and 
Humphrey 


production  of  aromatic 
hydrocarbons  is  ascribed 
m  the  fission  ot  high- 
t>oiliDR  phenylatedconi- 
pounds  and  not  to 
polymerization  of  ace- 
tylene. 


middle  tiir  oili 


Egloll  &  Twomey 


Egloff 


Egloff  A  Twomej 


Whitaker     and 
Leslie 


Anschiit2 


I  pat  lev  and 
Dowgelewitscb 


Norton    and 
Andrews 


paraffin  wax 

synthetic  "  phenyl 
parathn  " 

high  boiling  petro- 
leum mixed 
with  super- 
hcated  steam 

paraffin  wax, 
M.P.  47 


gas  oil 
gas  oil 


kerosene  mixed 
with  hydrogen 


cyclo-hcxane 
n-hexane 


»-pentane 
cihylcni 


not  stated 


.Jennings  and  Ok-         420' 
lahoma  oil  B.P- 


not  stated 


600^ 
.■iOO'-GOO'' 


neutral     tar     oil,        650" 
l!;0°-325» 

600' 
650' 

petroleum  600'-700'' 


4.50-600' 

750' 
800° 
621  = 


723° 
825= 


.500' 
bright  red 

550° 
600° 

700° 

bright  red 
blight  red 

350' 
400° 


not  stated 


100  lbs. 
not  stated 


aluminium 
rhloride 


aluminiun 

chloride 

iron    shav 


atmospheric 

150  lbs. 

14  atmosph. 

14 
U 
atmospheric 


atmospheric  not  stated 


atuio-ipherio-          alununa 

high  pressure 

not  staled  not  slated 


yield  of  benzene  and 
toluene  depends  on 
the  proportion  of  the 
oil  cooling  below  200°. 
The  heavier  oils  are 
unsuitable  for  cracking 

small  amounts  of  ben- 
zene and  toluene  and 
i»i-xylene 


no      aioniatic       hydro- 
carbons 
benzene  and  toluene 

gasoline  almost  free 
from  unsaturated  com  - 
pounds 


heavy  petroleum  contains 
phenylated  compounds 
causing?. 3.  fluorescenc«. 


no      aromatic       hydro.         Uitlman  plant. 

carbons 
uromatic  hydrocarbons 


degree  of  unsaturation 
increased  to  700  and 
then  declined 

benzene,  '  tolueiir  anil 
xylene 

naphthalene 

anthiucene 

absorption  of  H^  is 
gieaterasthe  lempeia 
ture  and  concentration 
increases :  methane  is 
formed  more  readily 
at  higher  temperalure.-> 


piuiillins,    oletines    and 

hydrogen  ;      no      aro- 

matics 
explosion  occure 
olefines,    cyclo-parallins 

and  benzene 
oletinis     to      hexylene. 

benzene   and     butin  : 

small       amount       of 

paiafhns 
no  action 
no    gas ;    traces  of   un- 

saturated  bodies 
olefines     to      hexylene ; 

butin  small ;    no  ben- 
zene 
ol>line3  10  hexylene  and 

bulin 

ethylene,  propylene  and 

crythrene 
trace  of  decomposition 
inelhane.    ethane      and 

liquid  pioducts 


causes    for   benztne  and 
I     toluene  formation  : 
( 1 1  direct  decomposition  of 

methyl  naphthalene. 
fjj  formation  and  decom- 
;      position  ot  xylene. 
1(31  polymerization     of 
acetylene   and   melhyl- 
'     acetylene. 


toiinatioD  of  eoniple* 
hydrocarbons  is  due  lo 
condensation  and 
elimination  of  Ha 
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IZ,   OF  INVU. 

b  I  KIAL 

Obsbrvbr 

CHRONOLOGICAL  RESUME  OF  LITEI 

Material               TemperaTofe        Pressure 

Letny 

residues       irom 
Baku  pctioleum 

red  heat 

Gustavbon 

Lisenko 

Engler    and 
Rosnei" 

Amencan  ligroin, 
Caucusian  kero- 

residues       from 

petroleum 
Baku     crude     oil 

gas 

1,200' 

434=-50P 

not  stated 

NikifoioEf 

double      cracking 
of      heavy     oil 
(Baku) 

325-530 
700^-1.200^ 

atmospbtric 
2  atmosphert 

Zelinski 

cyclo-hexane 

methyl     cyclo- 
hexane 

cyclo-hexene 

(ex     cyclo-hex- 

anol) 
cyclo-bexcne     (ex 

i  0  d  0    cycle- 

hexane) 

170^ 
20O'-30O° 

uot  stated 

Zelinski     a  n  il 
Herzenstein 

oyclo-bexane  and 
methyl      cyclo- 
pcntane 

Baku     naphtha 
(102=-104  ) 

300 

not  stated 

Dobrochotov 

Baku     naphtha 
(103^-105°) 

■• 
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wood  ct 
coal 


palladiun 


palladiun 


benzeneand  bomolocues. 
naphthalene,  phenan- 
threne  and  anthracene 

methane  and  simple  ole- 

tines 

increased  yield  of  kero- 
sene 

mainly  defines,  hydro- 
gen, methane  and 
ethane 

1*2%    yield     of    crude 
benzol 


liegins  Co  decompose 
benzene  and  hydrogen 
toluene    and  hydrogen  ; 
no  tmceof  diof  tetra- 
bydro-derii-ativcs      o( 
cyclo-hexane 
benzene  and  hydrogen 


benzene  and  a  new  cyclo- 
hexene 


Hj,  benzene  and  un- 
changed methyl  cyclo- 
pentane 

toluene  and  methyl 
cyclo-hexane.  probably 
cyclo-pentane    deriva 


cyclo-hexan 


■ 

toluene      and       product 
similar      to      -^lartinK 
material    of     previous 
experiment  bv  Hei^en 
stem 

atmospheric 

porous 
porcelain 

hydrogen,  meibnnc  eth- 
ane, olefines,  benzene 

Pamphilov 
Kedwood 


methyl  cyclo- 
hexane 

500"-5I0 
530^ 

1-i  di-hydro- 

420' 

naphthalene 

I.  2,  3,  4,  tetra- 

530' 

hydro  naphtha- 

lene 

inazout 

dry  dielilla- 
tlon 

oil  vapoui»  from 
heavy  oil 

704 '-871' 

superheated  pctio- 
leum 

not  stated 

petroleum  vapour 

dull  red 

ostatki 
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The  thermal  decomposition  of  petroleum  into  aromatic  com- 
pounds occurs  at  temperatures  considerably  in  excess  of  those 
needed  for  simple  cracking,  and  in  consequence  much  more  serious 
losses  occur  in  the  shape  of  carbon  and  fixed  gases.  Paraffin 
hydrocarbons  at  these  temperatures  are  almost  completely  de- 
composed. The  desired  products  are  not  the  primarj'  results 
of  cracking;  they  are  obtained  from  them  by  further  decomposi- 
tions and  syntheses.  Accompanying  them  are  other  charac- 
teristic bodies,  usually  classed  under  the  heading  of  unsaturated 
hydrocarbons,  but  which  are  far  more  reactive  than  the  simple 
defines.  Butadiene  is  a  typical  example  of  the  compound,  and 
it  was  identified  by  Berthclot,  Armstrong  and  Miller,  and 
Thorpe  and  Young.  The  presence  of  these  highly  active  products 
renders  the  working  up  of  the  aromatic  hydrocarbons  a  little 
difficult  until  experience  shows  how  they  may  best  be  eliminated. 

Summing  up,  therefore,  the  effects  of  temperature  on  petro- 
leum distillates  of  the  nature  of  solar  oil  it  may  be  said  that 
(i)  temperatures  up  to  500  to  600°  yield  in  the  main  a  mixture  of 
defines  and  paraffins;  (2)  temperatures  circa  700°  yield  a  mixture 
of  defines,  diolefines  and  aromatic  hydrocarbons,  with  little 
paraffins;  (3)  temperatures  circa  1000°  yield  mainly  permanent 
gases  (much  methane)  and  a  tar  similar  to  coal-tar,  in  that  both 
contain  aromatic  hydrocarbons. 

THE  EFFECT  OF  PRESSURE  ON  CRACRtNG 

Considering  any  reversible  reaction,  it  is  found  that  on  in- 
creasing the  pressure  at  constant  temperature,  the  equilibrium 
is  displaced  in  the  direction  in  which  the  volume  diminishes. 
This  is  but  a  special  case  of  Le  Chatelier's  law,  that  when  one 
or  other  of  the  factors  which  determine  an  equilibrium  is  altered, 
this  equilibrium  is  displaced  in  such  a  way  as  to  neutralize,  as 
far  as  possible,  the  effect  of  the  change.  This  law  must  be 
borne  in  mind  whenever  any  change  in  temperature  or  pressiu'e 
is  contemplated. 

Again  taking  as  an  example  the  reaction  C  -f  2Hj  =  CH«  -|- 
18,900  calories,  it  is  obvious  that  since  this  change  proceeds 
from  left  to  right  with  a  diminution  of  volume,  the  formation  of 
methane  will  be  accelerated  by  increase  in  pressure.  Similarly, 
since  this  same  reaction  is  exothermic,  increase  of  temperature 
will  retard  the  formation  of  methane. 

In  general  terms,  it  will  be  seen  that  increased  pressure  favors 
synthesis  or  combination,  while  diminished  pressure  promotes 
analysis  or  dissociation.  If  cracking  were  merely  a  gas  proposi- 
tion, one  would  undoubtedly  crack  under  a  lowered  pressure,  and 
at  high  temperature — in  other  words,  adopt  gas  works  practice. 

A  further  point  that  must  be  borne  in  mind  depends  on  the 
effect  of  pressure  on  concentration,  for  a  reaction  proceeds  with 
a  velocity  depending  on  the  concentration  of  the  reacting  sub- 
stances and  their  products. 

Consider  the  reaction  CjHn  =  CjH4  -|-  H;.  If  the  hydrogen 
is  maintained  within  the  sphere  of  operation,  the  reaction  will 
attain  a  position  of  equilibrium  when  certain  limiting  concen- 
trations of  the  gases  arc  reached;  addition  of  more  hydrogen 
will  bring  about  reduction  of  the  ethylene  until  the  balance  is 
readjusted.  Removal  of  hydrogen  will  cause  the  complete  dis- 
solution of  the  ethane. 

The  two  equilibria  discussed  in  this  section  are  interesting  in 
that  they  show  how  irreconcilably  are  the  demands  made  by  the 
chemist  who  desires  to  produce  the  maximum  yield  of  light 
spirit,  and  the  minimum  of  carbon,  from  a  given  oil.  On  the 
one  hand,  increasing  pressure  promotes  the  hydrogenation  of 
carbon  and  other  unsaturated  compounds,  while  on  the  other 
hand,  the  primary  dissolution  of  a  paraflSn  into  the  lower  olefine 
is  inhibited. 

On  surveying  the  literature,  it  is  found  that  the  general  effect 
of  excessively  hi;;h  pressures  is  to  bring  about  reactions  at  low 
temperatures,  which  otherwise  would  require  much  more  drastic 
heating.  These  reactions  are  mainly  in  the  nature  of  polymeriza- 
tions, for  Ipatiev  obtained  from  ethylene  at  400°  and  70  atmos- 
pheres pressure  a  very  wide  range  of  complex  hydrocarbons  and 
Egloff  and  Twomey(i4ia)  similarly  obtained  aromatic  com- 
pounds from  paraffin  wax  at  a  lower  temperature  by  employing 
a  higher  pressure. 

It  may,  therefore,  be  concluded  that  high  pressure  favors 
complex-building  and  reduction.  Some  technical  processes  of 
the  two-phase  type  make  use  of  high  pressure  to  maintain  the 
necessary  cracking  temperature. 


Moissan  first  noticed  that  when  acetylene  is  brought  into 
contact  with  a  variety  of  freshly  reduced  metals,  it  decomposes 
with  incandescence  producing  liquid  hydrocarbons,  among 
which  is  benzene.  In  1899,  Sabatier(6ia)  passed  a  mixture  of 
acetylene  and  hydrogen  over  reduced  nickel,  and  obtained  a 


complete  reduction  to  ethane.  This  reaction  was  considered 
by  its  eminent  discoverer  to  be  explicable  on  the  ground  that 
reduced  nickel  formed  an  unstable  hydride,  and  this  substance 
yields  atomic  or  nascent  hydrogen  to  the  acetylene.  The  nickel 
can  be  regarded  as  a  catalyst  of  hydrogenation.  but  it  would  be 
anticipated  that  this  metal  should  be  capable  of  combining  with 
hydrogen  already  in  a  state  of  combination;  in  other  words  it 
should  react  as  a  catalyst  of  dehydrogenation,  and  in  point  of 
fact  it  does  so.  Many  examples  have  already  been  given  which 
show  that  at  sufficiently  high  temperatures  all  hydrocarbons  are 
decomposable  into  products  of  lower  molecular  weight.  In  the 
presence  of  catalysts  this  change  can  be  accomplished  at  a  lower 
temperature,  and,  therefore,  with  a  greater  degree  of  ease  and 
less  loss. 

When  acetylene  is  passed  over  reduced  nickel  at  250°  C, 
carbon,  hydrogen  and  liquid  hydrocarbon  result.  These  latter 
bodies  on  being  hydrogenated  over  nickel  at  200  to  300°  yield 
saturated  paraffinoid  and  cylco-parafiinoid  products.  Sabatier 
actually  obtained  from  acetylene  replicae  of  Pennsylvanian, 
Baku  and  Galician  petroleum,  and  somewhat  boldly  endeavored 
to  explain  from  his  results  the  occurrence  of  natural  oil  on  the 
assumption  that  beds  of  reduced  metal  exist  in  the  terrestrial 
stratification. 

While  the  hydrogenation  of  such  unsatiu-ated  hydrocarbons  as 
are  present  in  cracked  oils  offers  the  most  attractive  prospects, 
it  must  be  borne  in  mind  that:  (i)  catalysts  are  very  readily 
poisoned  by  traces  of  sulfur  compounds,  arsenic  and  the  halo- 
gens; (2)  excess  of  free  hydrogen  must  be  employed;  (3)  relatively 
low  temperatures  are  needed — the  activity  of  the  catalysts  is 
greatly  reduced  or  even  entirely  inhibited  at  temperatures  higher 
than  400°;  (4)  the  best  catalyst  is  nickel;  cobalt  and  iron  are 
much  inferior,  while  copper  begins  to  be  effective  at  about  400°; 
and  (5)  a  catalyst  accelerates  a  reversible  change  in  either  sense 
of  the  reaction. 

VARIOUS  CATALYSTS — In  most  cracking  processes  there  will 
be  some  deposition  of  carbon.  It  is,  therefore,  of  interest  to 
observe  any  specific  instance  where  carbon  has  been  found  bene- 
ficial catalytically. 

COKE — Bone  and  Coward  point  out  that  sugar  charcoal  pro- 
motes the  reaction  C  -|-  2H2  =  CH,.  Smith  and  Lewcock(94fl) 
find  that  coke  accelerates  the  formation  of  diphenyl,  and  Slater 
similarly  agrees  that  this  catalyst  is  effective  in  the  decomposi- 
tion of  methane. 

REDUCED  NICKEL— Zanetti  finds  that  this  substance  at  high 
temperature  inhibits  the  formation  of  aromatic  hydrocarbons, 
but  obviously  the  specific  catalytic  action  of  this  element  is 
inoperative,  except  possibly  as  a  catalyst  of  dehydrogenation. 
A  similar  result  was  observed  by  Ostromislenski(82a).  Ipatiev 
reduced  benzene  to  cyclo-hexane,  and  showed  the  reversibility 
of  the  reaction.  He  also  reduced  ethylene  to  ethane,  while, 
of  course,  Sabatier  has  accomplished  a  great  number  of  such  re- 
actions. 

ALUMINA  AND  FLORIDIN — These  compounds  have  been  used 
by  Gurvitch(i49a),  and  even  at  atmospheric  temperature  and 
pressure  they  possess  the  power  of  polymerizing  amylene  into 
diamylcne.  Ipatiev  has  also  used  alumina  in  the  polymeriza- 
tion of  ethylene  to  aromatic  compounds. 

ALUMINUM      CHLORIDE      AND      OTHER      ANH\T)ROUS      METALLIC 

HALOIDS — Humphrey(i42a)  converted  various  heavy  petroleum 
residues  into  aromatic  compounds,  using  aluminum  chloride, 
and  McAfee  has  patented  a  cracking  process  which  depends 
on  the  same  catalyst.  Aluminum  bromide  has  been  used  by 
Gustavson(3ifl).  Both  Aschan(64a)  and  Ipatiev(98a)  have 
polymerized  olcfines  at  relatively  low  temperatures  in  the  same 
way.  It  should  be  borne  in  mind,  however,  that  the  free  hydrogen 
haloids  are  quite  energetic  in  polymerizing  unsaturated 
hydrocarbons,  so  that  it  is  not  impossible  that  at  least  some  of 
the  activity  of  these  metaUic  chlorides  is  due  to  hydrolytic  forma- 
tion of  hydrogen  chloride.  This  is  borne  out  by  the  work  of 
Egloff  and  Moore(i44a).  Most  chemists  appear  to  regard  the 
reactivity  of  aluminum  chloride  as  being  due  to  the  formation 
of  intermediate  additive  compounds,  followed  by  their  scission 
and  the  building  up  therefrom  of  new  compounds. 

OTHER  MATERIALS — The  iron  tubes  and  retorts  in  which 
cracking  proceeds,  masses  of  metallic  substance,  shavings,  blocks 
of  metallic  oxides,  and  the  like  have  been  used  as  catalysts. 
It  is  a  very  moot  point  whether  any  of  these  bodies  exerts  a 
specific  action.  In  all  probability  their  application  depends 
on  this  general  advantage  of  surface.  Too  much  importance 
can  hardly  be  assigned  to  these  quasi-catalytic  effects  due  to 
surface-action.  To  quote  only  a  few;  there  are  the  Welsbach 
mantle,  the  Bone-Coward  furnace,  the  contact  process  for  sulfuric 
acid,  and  colloidal  palladium  hydrosds.     Whether  the  surface 
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acts  purely  physically  as  an  adsorptive  medium,  or  whether 
there  are  formed  loosely-held  complexes,  is  entirely  a  matter  of 
opinion. 

It  must  always  be  remembered  that  a  catalyst  in  a  reversible 
reaction  equally  catalyzes  the  reverse  change.  For  example, 
consider  the  formation  of  methane  from  its  elements  C  +  2H;  = 
CH4.  Whatever  catalyzes  the  synthesis  of  methane  will  also 
catalyze  its  analysis.  At  any  given  temperature,  a  condition  of 
equilibrium  tends  to  obtain,  and  the  catalyst  simply  accelerates 
the  establishment  of  this  condition. 

THE  MECHANISM  OF  PYROGEN'Esis — -The  Opinion  that  Berthelot 
so  ably  sets  forth  relating  to  the  formation  of  condensation  or 
polymerization  products  appears  diametrically  opposed  to  any 
final  views  of  the  mechanism  of  cracking,  since  simplification 
and  dissolution  are  the  objects  of  this  operation.  Yet  the  op- 
position is  of  degree  rather  than  of  kind,  for  Berthelot  made 
use  of  temperatures  and  conditions  which  lead  to  pyrosynthesis 
following  upon  pyroanalysis. 

The  swing  of  the  pendulum  led  to  the  theory  of  nascent  radicles, 
which  was  handled  so  skilfully  by  Bone  and  Coward,  and  which 
from  the  point  of  view  of  the  coal-tar  chemist  appears  so  in- 
evitable. But  is  it  necessary  to  postulate  so  profound  a  dis- 
solution in  the  customary  cracking  operation?  Without  doubt 
at  temperatures  approaching  1000°  C.  such  a  radical  break-up 
of  organic  molecules  is  possible  and  probable,  but  are  we  to  con- 
template this  inter-atomic  disruption  at  temperatures  so  low 
as  500°? 

The  answer  to  this  question  is  both  in  the  negative  and  the 
affirmative.  Given  a  definite  hydrocarbon  with  which  to  start, 
and  conditions  of  temperature  and  pressure  not  drastic,  there  is 
no  reason  to  go  further  than  the  views  of  Thorpe  and  Young 
and  of  Haber,  who  suggest  that  a  simple  scission  takes  place: 
Cr,Hn  =  C5H10  +  CH<.  This  theory  is  supported  by  the  work 
of  Ipatiev,  Norton  and  Andrews  (37a)  and  Zanetti.  It  must  be 
recognized,  however,  that  to  accomplish  this  step  in  a  hetero- 
geneous mixture  would  be  impossible,  since  each  compound  needs 
an  optimum  temperature  for  this  simple  cleavage. 

Consider  the  next  step,  predicating  that  the  chosen  paraffin 
has  split  into  olefme  and  simple  paraffin.  The  latter  will  prob- 
ably not  crack  further,  since  its  stability  is  greater  than  that  of 
its  generator.  What  will  be  the  fate  of  the  olcfine?  A  diligent 
search  among  the  literature  will  show  that  at  quite  moderate  tem- 
peratures and  in  the  presence  of  all  sorts  of  catalysts  and  quasi- 
catalysts,  olefines  are  extremely  reactive.  For  example,  from 
isobutylene,  Ipatiev  obtained  paraffins,  olefines  and  cyclo- 
paraffins.  Aschan  found  that  at  low  temperature,  polymeriza- 
tion to  cyclo-paraffins  look  place,  while  Gurvitch  obtained  di- 
amylene  from  the  sim|)le  okfine.  On  the  other  hand,  Engler 
discovered  profound  decomposition  into  carbon,  hydrogen  and 
methanes.  Quite  a  number  of  recent  patents  propose  to  make 
isoprcne  and  crythrcne  by  the  thermal  decomposition  of  un- 
saturated hydrocarbons,  and  here  we  have  yet  another  possi- 
bility of  pyrosynthesis.  What  is  the  mechanism  of  this  variety 
of  reactions?  EnglerCSsa)  considers  that  the  olefines  condense 
with  elimination  of  hydrogen,  to  form  an  artificial  lubricating  oil. 

Heating  this  body,  there  result  paraffins,  naphthcncs  and  un- 
saturated compounds.  Further,  that  defines  yield  polyolefines, 
which  are  degraded  in  quite  a  similar  manner  by  the  effect  of 
heat.  It  is  a  well-known  fact  that  most  simple  olefines,  even 
with  sulfuric  acid  treatment,  yield  the  bl-molecular  polymer, 
e.  g.,  amylcnc  produces  di-amylene. 

Assume  then  thai  the  olefines  as  a  preliminary  stage  polymerize 
or  condense  with  elimination  of  hydrogen.  The  next  step  in 
the  argument  is  due  to  Ostromislenski,  who  last  year  showed 
that  dipentcnc  yields  isoprcne  when  heated  to  400  to  6(X3° 
(CioHk,  =  iCjHi)  and  dihexane  produces  dimethyl  erythrene. 
Further,  the  higher  olefines  break  down,  as  shown  in  the  equation: 
CHi  -  CH    -  ClhlltR >■  CHi  -  CH  —  CH  -  CHi  +  RH 

BKYTIIRUNI!   APPUARS  TO   III!   AN   ALMOST   L'NIVBKSAL   PRODUCT   IN 
Tlin    CRAlKINli    1)1'    PBTROI.HUM 

Frylhrcnc  was  isolated  by  Hcrlhelot.  Armstrong  and  Miller, 
Noycs  and  Mi)ry(,i9(i,  48(0,  Norloii  and  .\ndrews,  and  has  tx-cn 
observed  by  the  present  authors  in  an  investigation  dealing  with 
the  compounds  present  in  spirit  produced  by  the  Hall  process. 
Curiously  rnougli  isoprene  ils»-lf  has  never  been  identified  in 
the  priiilucis  from  petroleum.  Apparently  one  must  have  n 
complex  diolcfine  as  a  primary  product. 

A  slight  vuriiilioii  from  the  above  theory  i*  due  lo  Ipatiev, 
who  MigKest!)  that  etlivleiie  itself  may  lio  a  starting  point  (or  the 
formation  of  higher  olelinc-s  liy  n  process  of  |>olymeri7alion  It  i« 
unlikely,  however,  that  this  is  more  than  a  contributory  factor  to 
the  main  primary  scission  at  low  tciniicraturr>i.  More  plausllilc  ii 
the  same  author's  view  that  polymrlliylciics  are  11  primary 
l>r(Kluct  lifter  tlic  prcliminiiry  break  up.     Thui, 


Heptane.  CHj  —  CHi  —  CHs  —  CHj  —  CHj  —  CHi  —  CH. 


•Hexylene.  CHj  —  CHi  —  CH2  —  CHi  —  CHj  =  CHj  -i-  CH. 

I  CHi     CH; 

Cyclo-hexane.  CHi/^  j>CH« 

CHi     CHs 


In  this  case  it  must  be  borne  in  mind  that  ring  formation  is 
unlikely  unless  five  or  more  carbon  atoms  are  present  in  the 
homocatenary  hydrocarbon,  which  is  the  starting  out  material. 

Ipatiev's  view,  therefore,  is  by  no  means  incompatible  with 
the  theory  outlined  above,  and  it  leads  to  interesting  consequences. 

Given  the  presence  of  free  hydrogen,  the  scission  of  this  cyclo- 
paraffin  ring  would  lead  to  the  production  of  saturated  homo- 
catenary  hydrocarbons,  and  further,  the  side  chains  of  cyclo- 
paraffin  might  well  split  off,  yielding  paraffin : 

CH: 
ChX^CHj 

+ 


CH2 

CH. 
ChX^CH  —  CH. 

CH-lv^CH. 


CH. 

CHi'^^NcH. 

-i-  C4H.. 
CH.lv/CH.       Buume 

CH. 


What  a  large  range  of  polymerization  is  possible  may  be 
gathered  from  the  summary  given  by  Lebedev(i5oa).  This 
chemist  recognizes  five  types  of  product : 

(1)  Via  ethylene:   to  styrolene.  R — CH  =  CHj 

(2)  tostilbene.  R— CH=CH— R 

(3)  Via  acetylene  to  benzene  and  its  homologues 

(4)  1  10  allcne  to  cyclo  butene 

C5)    Via  crythrcne  to  cyclo  hexane 

The  following  scheme  will  serve  roughly  to  illustrate  the 
behavior  of  a  paraffin  cracked  at  the  lowest  possible  temperature. 


i 


Lower  FarafEos 


i        i        1        i 

Cvdo-DarafBns       Lower  Olefines  Erythrene       Hydrojen  &  Carboa 

\  \  \  \ 

ParaiCns  (fUimately)  I'artljr  Partly 

Kthylenca  Polyracriie*  Mclhanc 

The  effects  of  a  rise  in  temperature  on  the  primary  products 
must  now  be  considerable.  The  acetylene  theory  of  Hcrthclot. 
although  it  has  been  widely  aci-epted  in  the  past  as  the  most 
likely  explanation  of  the  formation  of  aromatic  hydnvnrlMin.s, 
appears,  in  the  light  of  Hone's  work,  to  play  only  a  subsidiary 
part,  as  indeed  Armstrong  and  Miller  coutcndctl  in  iSS<>  As- 
suming that  the  primary  pro<lucts  arc  paraffin  and  olcfine,  it 
is  necessary  to  trace  out  the  ultimate  fate  of  each  Obviously, 
given  a  sufficiently  high  tcmi>craturc.  InUh  will  conic  into  the 
sphere  of  reaction  The  paraffin  will  split  into  still  simpler 
paraffins  and  olefines,  therefore,  the  Ix-havior  of  oK-fiiics  only 
needs  to  lie  considered  .M  some  point  or  other,  cthvlrm-  will 
l>c  encountered  as  the  ultimate  olcfine.  Methylene  itself  may 
have  a  transitory  existence  lithylcnc  gives  rise  to  ai-ctylcnc 
as  a  main  product  at  tcmiKratiircs  iivcraKiuK  SI"  'o  .s>><'"  Al 
higher  tcmixratiircs  cthvUiie  is  progrcssivolv  nunr  iiul  more 
unstable  The  acetvlenc  priHliu-ed  will  nl  <mi.  .  nttnr  i^olyineriic 
or   be   lediiccd    by   free   liydroKcii   lo  clln  h.iiic       It 

thus  apiicars  that   the   role  of  acetylclir  ■'       "ow 

then  is  the  (Kcurrcncf  of  aromatic  hvdriH  .i:  •  vpUnHHi? 

Ill  the  first  place,  the  theory  of  the  ti.MiMi"i>  rxiMciicc  of 
nascent  railicles  l)CCoiiic«  iiicrc«»iii«ly  iiniHiitaiit  «■«  the  cracking 
temperature  riw;*.  ,     , 

The  followiiiK  K-hcme  (p   »g«)  »how»  some  <y\  the  |t«K>il>ililici. 
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PIydrocarbon 


Diolefincs    Hydrogen 


In  the  presence  of  an  appropriate  catalyst,  reduced  nickel  in 
particular,  Sabatier  considers  that  the  molecular  scission  into 
nascent  radicles  goes  on  at  much  lower  temperatures,  such  as 
350°.  If  hydrogen  be  present  in  excess,  then  these  molecular 
fragments  will  tend  to  be  reduced,  atid  consequently  paraffin 
will  be  produced.  On  the  other  hand,  at  higher  temperatures, 
and  in  the  absence  of  hydrogen,  he  finds  that  carbon  and  hydro- 
gen are  the  end-products.  Even  the  more  stable  cyclic  hydro- 
carbons behave  in  a  similar  manner,  benzene  as  an  example 
mainly  being  degraded  to  methane. 

Now  it  has  been  pointed  out  that  the  role  of  the  catalyst  is 
not  to  initiate  a  reaction,  but  to  hasten  the  final  equilibrium, 
and  hence  what  happens  at  a  low  temperature  with  the  aid  of 
reduced  nickel  may  well  proceed  at  higher  temperatures  in  its 
absence. 

Yet  another  well-defined  reaction  undoubtedly  comes  into 
play  in  pyrosynthesis,  more  particularly  at  high  temperatures, 
and  that  is  the  condensation  of  two  or  more  molecules,  with 
accompanying  elimination  of  hydrogen,  thus: 

SCiHi  =       C.oH.         +  Hi 
Naphthalene 
(This  equation  probably  represents  only   the   summation   of   several 
consecutive  reactions.) 

2C7H8  =    Ci.Hio  -1-  3H! 

Toluene  Anthracene  or  Phenanthrene 

2C«H6  =     C.iHio     +  Hj 
Benzene     Diphenyl 

This  point  is  borne  out  by  the  experiments  of  Jones  and 
Wheeler(io3a),  who  assume  in  coal  the  existence  of  hydrogenated 
aromatic  nuclei,  such  as 


This  "compoimd"  at  temperatures  circa  400°  loses  hydrogen: 

""[CO]""  ^""[00]"'" 

>.       RH  -f-  I         ]    +  xH 

n  point  of  fact  at  this  temperature  dihydronaphthalcne  does 
ose  hydrogen: 

CH 


CHi 
CH. 


+  H. 


An  interesting  side  issue  is  that  Jones  and  Wheeler  isolated 
heptacosane,  Cj7H6r„  in  coal  substance,  so  that  from  this  stand- 
point the  destructive  distillation  of  coal  for  coal-gas  is  a  cracking 
operation. 

A  final  point  on  the  mechanism  of  cracking  may  here  be 
emphasized.  Starting  on  the  one  hand  with  acetylene  at  a 
moderate  temperature,  and  using  reduced  nickel,  Sabatier  has 
synthesized  fair  imitations  of  American,  Caucasian  and  Galician 
oils.  On  the  other  hand,  by  employing  higher  temperatures, 
a  number  of  chemists  have  obtained  from  the  same  gas,  compounds 
identical  with  those  occurring  in  coal  tar  and  of  the  highest 
complexity.     Does  it  n6t  appear  that  the  nature  of  the  material 


to  be  cracked  has  little  influence  on  the  final  products?  Taking 
a  concrete  case,  naphthalene  has  been  identified  from  the  fol- 
lowing sources: 

Source  Observbr 

Acetylene.  CiHi Berthelot,  Meyer  &  Fricke.  Bone  &  Coward 

Benzene.  C«H« Berthelot 

Oil-Gas  Tar Armstrong  &  Miller 

Cracked  Paraffin  Oil Prunier 

Cracked  Turpentine Tocher 

Ethylene.  CiH< Lewes.  Bone  &  Coward.  Norton  &  Noyes 

Oil-Gas  Tar Noyes  &  Mory 

Cracked  Petroleum  Residues  Engler 

Cracked  Petroleum  Residues  Rittman 

Cracked  Baku  Petroleum. . .  Letny 

Cracked  Baku  Ostatki Redwood 

Ethane.  CiH« Bone  &  Coward 

Acetylene,  CjHj-t- Hydrogen  Meyer  &  Tanzen 

Isoprene Staudinger 

Cracked  Lignite    Oils Salzmann  &  Wichelhaus 

Cracked  Coal-Tar  Oils  and 

Petroleum Liebermann  &  Burg 

Any  ParafBn  Hydrocarbons  Worstall  &  Burwell 

THE    CHEMICAL    NATURE    OF    THE    PRODUCTS    FROM    CRACKED    OILS 

As  has  been  indicated  in  the  preceding  pages,  cracked  oil 
will  contain  paraffins,  cyclo- paraffins,  olefines,  diolefines  and 
aromatic  hydrocarbons,  the  relative  amounts  of  these  depending 
on  the  experimental  conditions  under  which  the  oil  has  been 
cracked.  A  detailed  investigation  of  the  products  obtained  under 
varying  conditions  is  in  progress  by  Mr.  Lomax  and  ourselves, 
but  some  of  the  preliminary  results  obtained  may  be  briefly 
mentioned. 

GASEOUS  PRODUCTS — The  gas  produced  by  cracking  oil  con- 
tains hydrogen,  gaseous  paraffins,  olefines,  and  diolefines,  to- 
gether with  small  amounts  of  the  vapors  of  volatile  liquid 
products.  Mr.  I.omax  has  examined  the  gas  produced  by  a  com- 
paratively low  temperature  process,  cooled  by  passage  through 
tubes  surrounded  by  ice  and  salt,  then  through  solar  oil  cooled 
by  the  same  means,  and  finally  passed  into  cooled  bromine.  The 
unsaturated  components  of  the  gas  were  absorbed  with  avidity, 
and  the  resulting  bromides  submitted  to  fractional  distillation 
in  a  vacuum.  A  liquid  fraction  of  comparatively  low  boiling 
point  was  obtained  which,  on  redistillation  at  ordinarj'  pressure, 
was  found  to  consist  mainly  of  ethylene  dibromide  mixed  with 
smaller  amounts  of  propylene  and  butylene  dibromides.  A 
well-defined  portion  of  high  boiling  point  was  also  obtained, 
which  solidified  on  cooling,  and  on  recrystallization  from  alcohol 
gave  white  leaflets  melting  at  114°  C,  whose  analytical  figures 
corresponded  with  the  formula  CiH8Br4,  indicating  the  presence 
of  erythrene. 

LIQUID  PRODUCTS — The  liquid  products  obtained  by  cracking 
oil  are  usually  produced  with  one  of  two  objects:  either  as  a 
source  of  motor-spirit,  or  as  a  source  of  aromatic  hydrocarbons 
such  as  benzol  and  toluol.  In  the  first  case  the  cracked  oil  is 
distilled  at  a  suitable  temperature,  the  entire  distillate  being  used 
as  motor-spirit  after  suitable  refining.  In  the  second  case  suit- 
able fractionation  is  employed  in  order  to  obtain  (a)  a  light  motor- 
spirit  nearly  free  from  aromatic  hydrocarbons;  (6)  an  "aromatic 
fraction"  boiling  approximately  between  70  and  170°  C,  and, 
therefore,  consisting  largely  of  benzol,  toluol  and  solvent  naphtha; 
and  (f)  a  heavy  residue  containing  no  hydrocarbons  which  it 
would  be  worth  while  to  isolate. 

The  distillate  in  either  of  these  cases  is  conveniently  referred 
to  as  "cracked  spirit,"  and  its  composition  varies  in  the  propor- 
tion though  not  in  the  nature  of  its  constituents. 

The  properties  of  a  cracked  spirit  are  familiar  to  most  of  the 
members  of  this  Institution.  The  spirit  is  usually  yellow,  the 
color  developing  on  keeping,  and  the  odor  most  characteristic, 
resembling  somewhat  that  of  coal-gas  (since  this  consists  partly 
of  water-gas  carbureted  by  cracked  oil).  The  large  jiroportion 
of  olefines  and  diolefines  present  render  difficult  the  refining  of 
the  spirit  by  sulfuric  acid  since  these  combine  with  approxi- 
mately their  own  weight  of  acid,  great  heat  and  discoloration 
also  resulting.  As  the  pronounced  odor  of  the  spirit  is  the  in- 
trinsic odor  of  the  mono-  and  diolefines  (especially  of  the 
latter),  a  product  as  sweet-smelling  as  natural  petrol  cannot  be 
obtained  without  complete  removal  of  these  substances.  Apart 
from  the  odor,  the  diolefines  possess  the  curious  and,  from  the 
motor-spirit  point  of  view,  highly  undesirable  property  of  yield- 
ing in  storage  a  viscous  yellow  liquid  which  is  sparingly  soluble 
in  the  light  spirit,  and  partly  separates  as  a  heavy  oil.  On 
heating,  this  thick  oil  decomposes  with  almost  explosive  violence, 
yielding  a  hard  resinous  residue.  The  supernatant  spirit  also 
produces  an  explosion  when  distilled,  owing  to  the  decomposition 
of  this  oil.  It  is  uncertain  at  present  whether  this  viscous  oil 
is  a  polymeride  or  an  ozonide  derived  from  the  diolcfine;  it  is 
probably  a  mixture  of  several  substances  of  different  chemical 
natures. 
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The  diolefines  appear  to  be  produced  to  a  greater  extent  in  The  residue,  after  measuring,  is  then  shaken  with  cold,  slightly 
cracked  spirits  made  at  a  fairly  high  temperature  than  in  those  fuming  sulfuric  acid  till  no  further  absorption  results.  The  opera- 
obtained  by  low-temperature  cracking,  and  moreover  predom-  tions  are  conveniently  carried  out  in  a  stoppered  burette,  and 
inate  in  the  low-boiling  fractions  of  the  cracked  oil.  Fractions  the  two  absorptions  indicate  olefines  (with  diolefines)'  and 
rich  in  diolefines  are  converted  almost  entirely  on  keeping  into  aromatic  hydrocarbons  respectively.  The  residual  spirit  is 
explosive  resinous  products.  The  lower  boiling  fractions  of  a  mixture  of  paraffins  and  cyclo-paraffins.  If  fractions  of  fairly 
cracked  spirit  are  polymerized  with  evolution  of  heat  by  sulfuric  definite  boiling  point  are  so  analyzed,  the  nature  of  the  paraffins 
and  hydrochloric  acids  and  by  anhydrous  aluminum  and  ferric  in  this  residue  will  be  known,  and  a  specific  gravity  determination 
chlorides,  products  of  a  terpene-like  odor  and  character  being  will  thus  indicate  the  relative  proportions  of  paraffin  and  cycle- 
produced.  Sodium  also  induces  slow  polymerization  to  an  oil  paraffin.  A  few  series  of  such  analyses  may  be  of  interest: 
of  high  boiling  point  and  not  unpleasant  odor. 

Several  cracked   spirits  have  been   fractionally  distilled,   and  '^~^^'^r°''  f'^B  ^'  f  'd  T^*°\  °'  "^'■»'^«'  Spirit"  intended  as  a 

the  fractions  boiling  up  to  80°  shaken  with  bromine  water  till  „     _    "f-*^^  °,„  ^''^^- ^°  „,»?  ",.'.„ 

this  was  no  longer  decolorized.     The  bromine  derivatives  have  ^     .1     T.^'      .?",  ^°  "  ^  °l,  ^^'^'^  ^P""'"  '°^  ^^°'°'  ^"'^ 

been  purified  by  distillation  and  analyzed,  and  prove  the  pres-  ^      t-racked  bpint    for  Motor  Fuel, 

cnce  of  erythrene,  amylene,  hexylene.  and  heptylene.  Percentages:                                                                 .\       B         C 

The  portion  of  a  cracked  spirit  boiling  between  70  and  170°  ^°(o;*ft„^°°';^J'n^'f'«^"'/""*^ '^"'^  { ''    *^'^     '* 

alwavs  contains  benzol,   toluol,   and   xylol.     After  removal   of  ,             " ""     J",,",  -j  ^ 

olefines  and  diolefines  by  means  of  sulfuric  acid,  these  hydrocar-  UrZL'flcHld'romH^onT} *^    ''-^      ' 

bons  can  be  isolated  in  the  form  of  nitro-derivatives.  Residue  (Parajfi„s  and  Cyclo-paraMns) 0     --4  0     7S 

The  composition  of  a  cracked  spirit  can  be  most  readily  de- 
termined by  shaking  a  known  volume  with  excess  of  cold  concen-  Under  existing  conditions,  the  bibliography  of  pyrogenesis, 
trated  sulfuric  acid  which  dissolves  olefines  and  diolefines.  If  while  too  extensive  for  publication  with  full  titles,  etc.,  in  these 
the  proportion  of  diolefines  is  considerable,  the  violence  of  the  pages  is  so  important  and  essential  to  the  foregoing  text,  that 
action  may  be  moderated  by  shaking  first  with  80%  acid,  which  we  have  as  a  compromise  reduced  it  to  the  subjoined  index  of 
removes  most  of  the  diolefines,  but  only  a  small  part  of  the  olefines.  the  literature  of  the  subject. 

CHRONOLOaiCAL  INDKX  OF  PATENTS 
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DISCUSSION 

SIR  BOVERTON  REDWOOD  said  that,  in  view  of  the 
amount  of  attention  devoted  at  the  present  time  to  the  subject, 
it  would  be  safe  to  predict  that  a  large  number  of  investigators 
would  owe  a  deep  debt  of  gratitude  to  the  talented  and  indus- 
trious authors  of  the  paper  to  which  the  members  had  just  hs- 
tened.  Further,  it  might  be  said  that  the  Institution  of  Pe- 
troleum Technologists  had  taken  important  action,  entitling 
it  to  credit,  by  arranging  for  the  placing  on  record  of  so  com- 
prehensive an  account  of  the  evolution  of  the  process  of  cracking, 
and  of  the  principles  underlying  it.  The  subject  was,  all  would 
agree,  one  of  entrancing  interest,  as  well  as  of  great  industrial 
importance,  and  he  thought  that  a  careful  study  of  the  paper 
might  lead  to  further  developments  of  an  entirely  unsuspected 
nature.  This  paper  would,  therefore,  form  a  most  valuable 
permanent  record  of  an  authoritative  character  for  future 
study.  The  speaker  was  precluded  from  discussing  the  relative 
merits  of  the  process  with  which  his  name  was  associated  and 
of  other  methods  of  achieving  the  same  results.  He  thought 
also,  that  as  a  measure  of  precaution  he  ought  to  disclaim  ac- 
quiescence even  in  the  views  of  the  authors  on  that  particular 
point,  however  much  he  might  or  might  not  agree  with  them. 
At  any  rate  he  could  safely  say  that  his  old  friend.  Professor 
Dewar,  and  himself  had  been  born  too  soon.  No  one  was  in 
a  better  position  than  Mr.  Lomax  and  his  associates  authorita- 
tively to  speak  of  the  results  obtained  by  the  working  of  the 
Hall  process  "somewhere  in  England,"  for  a  period  of  nearly 
a  year,  on  a  practical  scale,  for  the  manufacture  of  toluene. 
He  would,  however,  like  to  add  his  own  personal  testimony  to 
what  had  been  so  well  said  as  to  the  efiicicncy  of  that  method  of 
obtaining  aromatic  hydrocarbons  from  petroleum.  Although 
the  inventor  of  the  process  was  an  American  citizen,  a  subject 
of  the  United  States,  the  speaker  nevertheless  felt  proud  that 
his  process  was  practically  worked  out  and  brought  to  a  success 
in  this  country;  and  that  it  was  being  most  successfully  worked, 
and  was  giving  admirable  results  at  a  time  when,  according  to 
published  statements,  the  workers  at  the  Rittman  process, 
under  the  aegis  of  the  United  States  Bureau  of  Mines,  were  still 
grappling  with  difTicultics  which  in  this  country  had  been  en- 
countered at  an  earlier  stage,  and  had  already  been  successfully 
overcome. 

DR.  M.  B.  BLACKLER  said  that  a  monumental  work 
had  been  produced  by  the  authors  on  a  subject  which,  to  his 
mind,  would  Ix'come  of  great  economic  importance  in  the  near 
future.  Cracking  could  be  considered  from  two  points  of  view: 
(i)  the  production  of  aromatic  hydrocarbons,  and  (2)  the  pro- 
duction of  motor-fuel  for  internal-combustion  engines.  He  did 
not  believe  that  when  aromatic  hydrocarbons  became  the  servants 
of  peace,  the  production  of  these  bodies  from  petroleum  by  the 
cracking  process  would  have  an  economic  value,  but  he  was  cer- 
tain that  this  process  was  going  to  be  of  great  assistance  in  the 
production  of  fuel  for  the  future  requirements  of  the  high-speed, 
internal-combustion  engine.  In  a  process  of  this  description, 
where  molecules  of  a  complex  nature  were  subjected  to  high 
pressure,  and  passed  through  heated  lubes  at  the  velocity  of 
an  express  train,  it  was  necessary  to  choose  conditions  which 
ofTered  the  maximum  results  for  the  purpose  in  view,  namely  to 
produce  a  spirit  which  could  be  placed  on  the  market  at  an 
economic  price.  So  far  as  the  speaker's  experience  carried  him 
he  could  agree  with  Dr.  Duiistan's  view  that  in  the  action  de- 
scribed the  heavier  hytlrocarbons  were  broken  down  mainly  into 
three  distinct  classes  -parafTins,  olefines,  diolefines,  with  smaller 
quantities  of  aromatic  hydrocarbons  and  heterocyclic  hydro- 
carbons, and  varying  quantities  of  gas.  From  the  econoniio 
point  of  view  it  was  the  fliolcfmes  which  affected  the  utility  of 
the  fuels  produced.  Crude  cracked  spirits  possessed  an  alrocimis 
odor,  ami  in  a  longer  or  shorter  time,  deposited  heavy  material 
of  a  gummy  consistency,  which  was  detrimental  to  its  use  in  the 
ordinary  carbureter.  Before  placing  cracked  spirits  on  the 
market,  it  would,  therefore,  he  necessary  to  tlevelop  a  prmess 
which  would  economically  eliminate  the  diolefines,  which  were 
prone  to  pulymerizatioii,  while  still  leaving  the  whole  of  the 
olcfines  present  in  the  crude  spirit.  The  usual  method  of  puri 
ficutinn  was  to  use  some  strong  chemical,  like  sulfuric  ucid, 
which  acted  not  oidy  on  the  diolefines  but  on  the  olefines  also, 
and  it  w^)s  impossible  to  restraiii  it  in  such  a  way  that  it  would 
act  on  the  diolefines  only  In  aililition  to  the  iiimecessarv  loss 
cativd  by  this  metliorl  of  purification,  a  certain  residuinn  of 
diolefines  was  always  left  behind,  which  changed  after  the  ma- 
terial had  been  standiuK  soinr  time,  and  Ihr  spirit  then  de|H>sited 
"gum."  and  developrd  an  objeitioiiable  odor.  It  was  thought 
thot  if  some  definite  chemical  or  chemicals,  not  iiri-rssarily 
strong,  could  be  diwovered.  whi>  h  wmilil  have  n  selective  action 
on  the  liodirs  that  were  <iliKhllv  more  unsiituratcd  (the  <liolefine<i) 
than  nn  the  other  tnisntiiralrd  liodirs  prrsrnt  (olrfines  and  tiro 
inalics).  it  might  be  poHsibIc  to  drvrlop  a  priKTHji  which  wotdd 


rid  the  cracked  spirit  of  the  undesirable  diolefines,  and  leave 
behind  olefines  and  saturated  bodies  which  would  not  imdergo 
change.  He  was  not  in  a  position  to  give  details,  but  that  pro- 
cess had  been  worked  out,  and  it  had  been  found  that  it  was 
possible  to  eliminate  the  whole  of  the  diolefines  from  the  crude 
spirit,  leaving  behind  a  colorless,  odorless  product,  containing 
olefines  and  paraffins,  together  with  small  quantities  of  aromatic 
hydrocarbons  and  polymethyleues;  then,  no  matter  how  long 
this  product  was  kept,  it  would  not  undergo  any  change.  If, 
however,  the  process  were  not  conducted  with  sufficient  care, 
and  small  quantities  of  dioletines  remained  in  the  finished  prod- 
uct, a  change  did  take  place  after  four  or  five  months'  standing 
and  there  was  a  gradual  deposition  of  gummy  matter,  and  an 
objectionable  odor  developed  in  the  spirit.  In  a  complex  pro- 
cess such  as  that  under  review,  no  matter  how  temperature 
and  pressure  were  controlled,  it  was  impossible  to  guarantee 
that  a  certain  percentage  of  the  obnoxious  diolefines  would  not 
be  obtained,  and  in  the  majority  of  cases  6 108*^0  would  be  present. 

A  peculiar  property  of  the  spirit  obtained  by  the  cracking 
process,  which  would,  in  the  speaker's  opinion,  influence  the  fuel 
question,  was  that  these  spirits,  unlike  petrol,  mixed  with  alcohol. 
It  had  been  previously  determined  that  alcohol  mixed  with  a 
certain  quantity  of  benzene  was  an  excellent  fuel  for  a  petrol 
engine.  The  speaker  felt  sure,  therefore,  that  in  the  future, 
when  the  supply  of  petrol  became  insufficient  for  the  world's 
demand,  cracked  spirit  obtained  from  heavy  hydrocarbons 
would  be  mixed  with  alcohol  in  proportions  up  to  so'^J,  and  used 
as  fuel  for  high-speed  internal-combustion  engines.  An  inter- 
esting point  is  the  boiling-point  of  such  a  mixture.  When 
purified  cracked  spirit  boiling  from  35  to  220°  C.  was  mixed 
with  an  equal  quantity  of  alcohol,  90%  of  the  mixture  boiled 
below  100°  C. 

DR.  F.  M.  PERKIN  remarked  that  the  question  of  cracked 
spirit  was,  as  Dr.  Blackler  had  stated,  one  of  an  economic  char- 
acter entirely.  If  at  the  present  time  oil  could  be  cracked  in 
such  a  way  as  to  produce  hydrocarbons  of  the  benzene  series, 
such  as  benzol,  toluol,  etc.,  this  would  be  better  than  cracking 
it  in  any  other  way.  It  was  known  that  cracking  at  such  very 
high  temperatm-cs  as  would  be  necessary  caused  very  much 
larger  quantities  of  gas  to  be  produced,  and  there  was  also  the 
great  difficulty  of  the  deposit  of  carbon.  Personally,  he  was 
not  a  believer  in  the  Rittman  process,  where  a  chain  had  to  be 
kept  constantly  swirling  round  in  order  to  remove  the  carbon 
into  receiving  pots  below,  and  where  the  working  pressure  was 
something  like  150  lbs.  In  the  Hall  process,  the  principle  was 
quite  different;  there  it  was  a  question  of  expanding  into  a 
chamber  to  get  rid  of  the  carbon,  and  in  that  case  there  was  no 
great  difficulty  in  getting  up  high  temi)eralures.  He  had  had  no 
experience  in  trying  to  crack  mineral  oils  to  get  the  hydrocarbon 
aromatic  series;  in  fact,  he  had  never  attempted  to  do  it.  But 
as  the  process  by  Fenchclle  and  himself  had  been  mentioned, 
he  would  say  that  in  that  case  the  conditions  of  working  were 
such  as  to  give  a  less  proportion  of  carbon  than  probably  any 
other  process — simply  for  the  reason  that  the  oil,  during  the  whole 
time  that  it  was  passing  through  the  process,  was  kept  in  a  liquid 
condition.  The  pressure  upon  the  oil,  no  matter  what  the  tem- 
perature might  be.  was  always  so  high  that  the  oil  never  reached 
its  critical  temperature,  and  never,  therefore.  pa.s.>.ed  into  the 
form  of  vapor.  Under  these  conditions  there  was.  of  course, 
less  possibility  of  complete  decomposition  into  cartuin  and  hydro- 
gen than  happened  in  other  cases.  He  might  say.  from  an  ex- 
perience ranging  over  about  eighteen  months,  on  a  fair  sired 
plant,  dealing  with  about  i.io  gallons  per  hour,  the  tulx-s  em- 
ployed, whicli  were  moderately  narrow,  had  been  chokc<l  with 
carbon  on  only  two  or  threv  tx-casions.  and  in  these  insliinces 
largely  by  trying  exiicriments  for  which  the  plant  was  not  in- 
tended, l-'or  example,  an  attempt  had  In-en  made  to  crack  gircii 
oil  of  the  gas  works,  which,  of  course,  contained  hvdnx-arUins 
of  the  benzene  series,  and  large  quantities  of  naphthalene  and 
anthracene,  which  immeiliately  wanted  t<>  break  up  into  carl>on 
and  other  imdcsircd  products.  In  dealing  with  <iiduiary  fuel 
oil,  containing  practically  no  aromatic  hydtiK-iirl)<>ns.  there  wa.t 
no  great  difficulty  in  obl.iining  |K-trol  Hut  there  iirosr  the  sjimc 
difficulty  as  obtaine<l  in  other  proccs,>«rs.  no  matter  what  the 
pr(K-css  was:  the  Ktnnmy  diencs  and  trieiie-  and  the  like  wore 
produced.  The  next  problem  was.  in  what  ptop<itlion  wcrr 
these  going  to  be  formed'  Was  it  (M.^siblr  to  renvivc  thciii  with 
1' ;  of  sulfuric  acid,  or  woulil  it  Im-  iie<ivv.irv  to  add  s,  f<  or  10'"^ 
to  get  rill  of  them'  I'uither.  wlnii  it  was  MipixiM-il  thrv  hail 
been  removed,  were  thev  going  to  le  form  UKaiii  in  aNnit  u 
year's  lime'  That  w.i'.  the  iliflicullv  Tlieie  iniKht  l<r  only 
J  or  \' ,  of  these  gum  fornung  hvdiii  atlnm"..  which  on  cmnplclr 
or  partial  removal  gave  a  U-aiitiful.  clr.in  looking  pcttol  I'rr 
i|tiently,  however,  if  this  wa.n  itorcd  f"t  a  vrar  or  riKlitevii  month* 
tlie  "gum"  would  have  fomtrtl  imitin  If  the  hvdt»>-atlH>n<i 
were  to  l>c  iivil  immediately  after  their  first  ptirification,  would 
the  guniiiiv  Mib<lani'ro  actually  W  Ihrrr  niiil  clog  (he  val\T'«, 
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say  in  the  ascent  of  a  stiff  hill,  or  other  critical  occasion,  or 
were  they  formed  again  only  by  prolonged  storage?  As  a  matter 
of  fact  they  formed  very  much  more  rapidly  in  sunlight  than  in 
the  dark.  He  thought  that  the  cracked  petrol  should  be  used 
within  six  weeks  of  its  purification.  That  had  been  a  difTicully 
in  the  case  of  a  good  many  processes  hitherto,  and  although  the 
speaker,  like  Dr.  Dunstan  and  his  confreres,  and  Dr.  Blacklcr 
and  Mr.  Lucas,  had  done  a  large  amount  of  experimental  work, 
the  difficulty  of  keeping  out  the  gummy  products  had  not  been 
overcome,  though  he  was  confident  that  it  would  be  got  over  in 
due  course.  He  did  not,  however,  agree  that  the  cracked  oils 
had  an  unpleasant  odor;  he  rather  liked  the  smell  of  them.  The 
public  had  to  remember  that  when  they  were  dealing  with  cracked 
oils,  they  were  not  dealing  with  petrol  as  obtained  from  the 
oilfields;  it  was  not  the  same  product;  it  had  a  different  smell, 
just  as  a  eau  de  Cologne  varied  in  smell  from  oil  of  lavender. 
Undoubtedly,  in  due  course  the  right  process  would  be  evolved 
for  purifying  these  cracked  oils,  and  the  work  of  the  authors  would 
go  a  very  long  way  to  forward  that  achievement.  The  wonderful 
bibliography  would  form  a  standard  in  the  annals  of  the  Institu- 
tion of  Petroleum  Technologists.  Dr.  Dunstan's  equations  were 
of  inestimable  value.  It  was  only  by  combination,  each  student 
learning  from  others,  and  not  being  afraid  to  let  others  know 
what  was  Ijcing  done,  that  the  industry  would  go  ahead. 

MR.  A.  D.  LUCAS,  who  spoke  next,  had  little  criticism  to 
offer  on  what  had  been  said.  He  could  speak  only  as  an  engineer, 
and  not  as  a  chemist.  The  explanation  of  the  processes  of  crack- 
ing had  been  extremely  thorough  and  complete,  and  what  he  had 
to  say  related  more  to  the  practical  side  of  the  question  than 
to  the  theory.  One  point  in  particular  occurred  to  him.  Dr. 
Perkin  had  referred  to  the  formation  of  gummy  products  with 
time,  due,  he  presumed,  to  some  form  of  polymerization.  Now, 
a  point  on  which  there  bad  been  very  little  literature  and  very 
little  experimental  work  was  the  rate  of  cooling  after  the  crack- 
ing temperature  had  been  reached.  The  speaker  believed  that 
the  particular  atom  of  carbon  appearing  in  a  final  radicle  like 
CHj  or  CH4,  as  the  case  might  be,  was  not  in  that  radicle  from 
the  moment  it  was  formed  up  to  the  time  it  was  subsequently 
isolated.  Probably  it  took  several  forms,  at  one  time  CHj 
and  at  another  time  CHi,  until  it  finally  settled  down.  The 
first  time  an  olefine  was  formed  in  the  process  of  cracking  from 
paraffin,  it  repeatedly  broke  up  and  re-formed  again  before  it 
took  its  final  form.  If  that  were  so,  the  rate  at  which  it  was 
cooled  after  breaking  u()  the  original  oil,  whatever  that  was,  must 
have  a  great  influence  on  the  final  product.  He  had  found  by 
actual  experiment  that  if  gases  were  allowed  to  remain  at  a  cer- 
tain temperature  for  a  considerable  period,  and  cooled  slowly, 
the  products  were  quite  different  in  many  respects  from  those 
which  would  be  obtained  with  sudden  cooling;  in  other  words, 
sudden  expansion  after  heating  would  give  totally  different 
results  from  those  obtainable  by  cooling  at  the  same  pressure 
as  the  vapor  issued  from  the  cracking  tube. 

In  regard  to  the  effect  of  catalysis,  the  speaker  quite  agreed 
with  what  the  authors  had  said,  and  in  all  probability  the  term 
"catalysis"  was  a  convenient  one  for  covering  a  multitude  of 
sins;  in  nine  cases  out  of  ten  the  catalyst  did  not  act  as  a  catalyzer 
at  all.  It  might  possibly,  however,  have  a  selective  occlusion 
effect.  .\  particular  catalyst  might  pick  up  and  hold  dissociated 
vapors,  and  bring  them  under  such  conditions  that  they 
reconstituted  themselves  into  more  or  less  saturated  or  semi- 
saturated  bodies.  Having  been  so  formed,  these  were  removed 
mechanically  from  the  surface,  which  thus  became  available  for 
occluding  further  radicles,  which  again  associated  together,  and 
were  in  turn  removed  mechanically  from  the  surface  of  the  cata- 
lyzer. The  reason  the  speaker  considered  that  there  must  be 
some  such  effect  as  he  had  described  was  that  he  had  used  a 
catalyzer  made  in  a  somewhat  peculiar  way,  mechanically. 
This  catalyzer  was  not  in  the  true  sense  spongy,  but  it  was 
mechanically  spongy,  and  had  the  property  of  absorbing  petrol 
like  cotton  wick.  It  consisted,  however,  of  such  hard  material 
that  it  might  be  cut  with  a  knife,  and  show  an  absolutely  metallic 
section.  It  was  not  a  catalyzer  like  finely-divided  nickel:  it 
was  much  coarser,  but  was  extremely  efficient  as  a  catalyzer. 
Its  catalyzing  properties  decreased  when  it  was  first  used,  but 
after  a  time  they  began  to  rise  until  they  reached  the  top  of  the 
curve  where  they  were  most  efficient,  and  from  that  they  de- 
scended very  slowly  and  steadily.  There  was  no  evidence  of 
deterioration,  mechanical  or  otherwise,  but  after  the  catalyzer 
had  been  in  use  some  time  it  was  found  that  on  heating  it  cer- 
tain compounds  issued  from  the  catalyzer  body.  He  was  not 
suflicienl  of  a  chemist  to  say  what  those  compounds  were,  but 
there  was  distinct  evidence  of  some  modification  of  the  nature 
of  the  catalyzer,  and  these  compounds  apparently  entered  into 
its  reactivities.  He  had  in  his  laboratory  samples  of  oil-products 
carefully  prepared,  in  1912,  both  by  the  Lamplough  process 
and  the  New  Oil  Company's  process:  the  bottles  could  be  turned 
upside  down,  open,  and  the  oil  products  would  not  flow  out. 


MR.  W.  J.  A.  BUTTERFIELD  wnshed  to  add  his  thanks 
to  those  already  accorded  to  the  authors,  and  in  particular  to 
Mr.  Lomax  for  the  magnificent  and  invaluable  bibliography, 
in  which  he  could  see  no  omissions,  unless  at  one  point,  viz., 
about  1890,  when  the  American  gas  engineers  and  chemists  were 
doing  a  lot  of  work  on  the  cracking  of  oils  in  connection  with 
carbureted  water-gas  plant  (see  the  Progressive  Age  and  the 
American  Gaslight  Journal  of  that  period).  A.  H.  Elliott  showed 
as  early  as  1885  (.4m.  Chem.  J.,  6,  248;  that  carbureted 
water-gas  tar,  as  then  made,  was  largely  composed  of  aromatic 
hydrocarbons,  since  he  foimd  2.6  to  2.9%  of  anthracene  in  it. 
At  a  rather  later  date,  when  a  carbureted  water-gas  plant  was 
introduced  into  this  country,  opportunity  was  afforded  of  study- 
ing the  cracking  of  heavy  oils  in  that  plant.  It  was  easy  to  work 
such  plant  to  produce  liquid  products  consisting  almost  wholly 
of  aromatic  hydrocarbons.  In  "The  Chemistry  of  Gas  Manu- 
facture," first  published  in  1895,  he  had  described  a  liquid  he 
had  examined  in  1893  as  "a  pale,  clear  liquid,  obtained  by  vigorou-- 
scrubbing  of  carbureted  water-gas  after  the  grosser  matter^ 
have  been  deposited  in  the  purifiers  and  other  apparatus.  1 1 
had  a  specific  gravity  of  about  0.89,  and  contained  30  to  35'  , 
by  volume  of  benzene.  This  liquid  only  yielded  about  5%  of 
pitch,  but  much  naphthalene."  He  thought  a  valuable  lesson 
might  be  learned  from  some  of  the  earlier  experiences  with  a  car- 
bureted water-gas  plant,  in  the  cracking  of  oils,  for  present 
application  in  the  cracking  of  them  for  the  production  in  par- 
ticular of  aromatic  hydrocarbons.  If  the  United  States  authori- 
ties, instead  of  sticking  to  the  advice  of  the  academical  staff 
of  the  Bureau  of  Mines,  had  gone  to  some  of  the  highly  expe- 
rienced gas  engineers,  and  chemists  of  the  States  for  an  opinion 
on  the  Rittman  system,  a  great  deal  less  money  would  have 
been  wasted  on  it.  In  that  method  of  cracking  a  wide  tube 
was  employed,  8  inches  in  diameter,  and  there  was  compara- 
tively little  surface-action.  Radiation,  of  course,  could  have 
no  effect  on  a  real  gas,  but  passing  through  that  tube  were  par- 
ticles of  liquid  in  the  form  of  spray,  and  undoubtedly  the  radiant 
heat  from  the  sides  of  the  tube  acted  on  those  particles  in  a  totally 
different  manner  from  the  contact  heat  of  a  hot  substance.  A 
much  larger  proportion  of  carbon  was  produced  in  cracking  liquid 
particles  by  radiation  in  that  way.  That  had  been  the  expe- 
rience in  coal-gas  retorts,  where  the  difference  in  the  tarry  products 
between  retorts  partially  and  fully  filled  was  very  noticeable. 
In  conclusion,  he  would  like  to  call  attention  to  the  question 
put  by  the  authors  towards  the  close  of  the  paper:  "Does it  not 
appear  that  the  nature  of  the  material  to  be  cracked  has  little 
influence  on  the  final  products?"  In  this  connection  he  con- 
gratulated himself  that  some  twenty  years  ago  he  had  written 
to  the  same  effect  when  referring  to  the  composition  of  the  oils 
deposited  from  oil-gas  and  carbureted  water-gas,  mz.,  "The  com- 
position of  the  deposited  oils  is  less  dependent  on  the  kind  of 
oil  used  in  the  manufacture  of  the  gas  than  on  the  heat  employed 
in  the  production."  The  authors'  work  had  led  them  to  the 
same  conclusion. 

MR.  E.  H.  CUNNINGHAM  CRAIG  wished  to  ask  one 
question.  These  cracking  processes  had  taken  place  with  the 
idea  of  producing  either  a  motor-spirit  or  the  carbon-ring  com- 
pounds. He  would  be  glad  to  know  what  conditions  the  authors 
considered  most  favorable  for  the  formation  of  the  maximum 
of  methane.  He  presumed  that  a  high  temperature  would  be 
best,  with,  probably,  very  little  pressure.  It  was  possible  that 
some  people  might  at  some  time  want  to  obtain  a  maximum  of 
methane  as  pure  as  possible,  while  not  concerned  in  any  way 
with  the  formation  of  motor-spirits,  gummy  or  otherwise,  or 
carbon-ring  compounds. 

DR.  A.  E.  DUNSTAN  then  replied  to  the  discussion.  He 
had  been  much  interested  in  hearing  Dr.  Blackler's  account  of 
the  effect  of  alcohol  in  reducing  the  boiling  point  of  cracked  spirit 
mixtures.  With  regard  to  gumming,  he  wondered  whether  the 
various  speakers  on  this  point  would  incline  to  the  view  that 
ozonides  were  produced.  The  effect  of  sunlight  rather  suggested 
that  this  was  the  case,  and  if  so,  when  the  dienes  and  trienes 
were  removed,  further  deposits  of  gummy  matter  were,  as  Dr. 
Blackler  had  pointed  out,  unlikely.  He  had  no  experience  of 
any  ca.se  where  a  simple  olefine  could  be  turned  into  a  gummy 
body  by  the  effect  of  light  and  oxygen;  it  might,  of  course,  be 
possible,  but  he  was  not  aware  of  it.  With  regard  to  the  separa- 
tion of  diolefines  and  olefines  in  the  laboratory,  \vith  the  ordinary 
reagent,  as  Dr.  Blacklcr  would  know,  the  reactivity  of  the  two 
classes  of  compound  was  not  so  very  different:  whatever  removed 
the  diolefine  would  remove  the  olefine.  He  could  only  presume, 
therefore,  that  Dr.  Blacklcr  made  use  of  some  special  method, 
possibly  of  the  contact  action  type,  which  produced  the  effect. 
With  regard  to  maximum  methane  production,  the  speaker  would 
be  inclined  to  heat  the  oil  to  about  1000°  C.  in  the  presence  of 
ample  hydrogen. 


Sept.,  1917 


TEE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


903 


CURRLNT  INDUSTRIAL  NLW5 


COPPER,  ALUMINUM,    ZINC   AND  IRON  WINDINGS 
FOR    DYNAMOS 

According  to  an  article  in  Engineering,  103  (191 7),  441,  Prof. 
R.  Richter  has  recently  experimented  on  the  comparative 
merits  of  the  above  metal  windings  for  dynamos  with  these 
results.  Taking  copper-wire  winding  as  a  standard,  the  loss  of 
efficiency  to  a  dynamo  with  windings  of  aluminum  is  from  1.5 
to  2  per  cent,  with  zinc  wire  3  to  6  per  cent,  and  with  iron  wire  8  to 
12  per  cent.  Against  this,  he  finds  that,  at  pre-war  prices  of 
metal,  a  dynamo  with  aluminum  windings  will  be  3  per  cent 
cheaper  than  one  with  copper  windings,  while  those  with  zinc 
or  iron  windings  would  be,  respectively,  50  and  62  per  cent  more 
expensive.  He  concluded  by  saying  that  this  may  lead  to  the 
more  extensive  use  of  aluminum  in  Germany  for  electro-motors, 
etc.,  as  he  expects  that  the  production  could  be  increased  to 
any  required  extent.  What  justification  he  has  for  these  last 
remarks  is  not  stated. — A.  MacMillan. 

REMOVING  RUST  FROM  IRON  PLATES 

As  a  result  of  experiments  recently  carried  out  at  the  Con- 
solidated Gold  Field  Laboratory,  South  Africa,  Mr.  F.  W. 
Watson  has  published  an  account  of  an  easy,  cheap  and  effective 
method  of  removing  iron  oxide  from  corroded  and  pitted  iron 
plates.  Previous  practice  on  the  Rand  has  been  to  remove  this 
mechanically  cither  by  hammers,  chisels  or  sand-blast.  WTiile 
largely  efficient,  each  of  these  methods  is  liable  to  leave  traces 
or  nodules  of  rust,  especially  at  the  bottom  of  the  pitting,  and 
these  nodules  prevent  the  covering  of  paint  adhering  to  the  iron 
and  form  nuclei  for  further  corrosion.  The  method  evolved 
consists  in  applying  to  the  surface  of  the  iron  a  mixture  of  finely 
crushed  sodium  thiosulfate  and  sodium  chloride  in  the  propor- 
tions of  two  parts  of  the  former  to  one  of  the  latter.  The  mixture 
is  prepared,  then  wetted  (just  sufficient  to  be  cohesive)  and 
applied  to  the  iron  plate.  If  time  be  no  object,  the  moist  mixture 
can  be  left  till  the  plate  is  clean,  but  the  action  is  much  more 
rapid  if  the  mixture  is  scraped  ofT  every  2  or  3  hrs.  and  the 
iron  scrubbed  thoroughly  with  a  wire  brush,  applying  water 
at  the  same  time.  The  treatment  is  repeated  till  the  plate  is 
clean.  Usually  a  period  of  24  hrs.  is  sufTicient  for  a  badly 
corroded  plate.  The  liberation  of  hydrochloric  acid  takes  place 
slowly  and  its  action  on  the  metallic  iron  appears  to  be  slight. 
When  the  plate  is  thoroughly  clean,  it  is  washed  well  and  dried 
quickly.  A  coating  of  paraffin  is  at  once  applied  to  protect  the 
surface  against  atmospheric  action.  The  metal  is  then  ready 
for  the  application  of  paint  or  other  protective  covering. — M. 

SULFATE  OF  AMMONIA  IN  INDIA 
According  to  Gas  World,  66  (ii;i7).  cj,  Dr.  11.  II.  Mann, 
Agricultural  Chemist  to  the  Government  of  Uombay,  points 
out  that  sulfate  of  ammonia  is  one  of  the  materials  which  has 
promise  of  very  large  development  in  India.  The  quantity 
available  can  be  largely  increa.sed  by  i-stablishing  coke  ovens 
in  connection  with  the  collieries  or  iron  works,  and  it  is  reported 
that  the  Tata  Inm  and  Steel  Works  will  be  shortly  u  considerable 
source  of  supply.  Hven  now,  Hengal  supplies  it.self  with  this 
material  and  exported  about  Ho<>  Ions  in  1015.  In  Madras, 
the  material  has  an  established  position,  while  in  Hombay  the 
future  of  no  other  artificial  iiiaiiMre  is  so  promising.  It  is  lieing 
used  chiefly  in  mixture  with  other  tnainirrs  fur  tea  and  otlier 
plant iiiK  cropji,  and  this  use  will  probably  extend  considerably 
in  the  near  future,  especially  in  siiKar  Krowing  eountrirs.  V.x- 
pcrinientM  have  proved  that,  in  the  black  xuil  arras  nf  India, 
iiulfate  (if  ammonia  can  be  sutisfiu-lorily  U!ir<l  as  a  top  dressing 
for  siiKiir  lime,  and,  niixril  with  other  artificial  maniirrii,  it 
lia'i  Kivcii  iviilUiit  iiMilts  with  many  K.irilrn  i-t<i|.s      M. 


ALCOHOL  FROM  ACETYLENE 
Theoretically  the  preparation  of  alcohol  from  acetylene  looks 
very  easy.  By  hydrogenation  the  acetylene,  C;Hi,  can  be 
converted  into  ethylene,  C2H4,  which  is  transformed  into  ethyl 
sulfuric  acid  by  means  of  stilfuric  acid;  hydrolysis  then  trans- 
forms the  ethyl  sulfuric  acid  into  alcohol,  CjHsOH.  But  neither 
this  direct  way  nor  various  indirect  processes  appeared  for  a 
time  to  prove  technically  profitable  and  so  the  manufacture  of 
alcohol  from  calcium  carbide,  which,  on  treatment  with  water, 
yields  acetylene,  seemed  to  remain  a  problem.  Within  the 
last  few  years,  however,  several  German  chemical  works  have 
taken  patents  on  the  preparation  of  alcohol  from  acetylene 
by  means  of  acid  mercury  salts  of  aldehydes  which  differ  from 
their  alcohols  by  a  deficiency  of  two  atoms  of  hydrogen. 
Whether  and  how  far,  says  Engineering,  the  preparation  and 
hydrogenation  of  these  aldehydes  is  at  present  being  utihzed 
in  Germany,  we  do  not  know.  The  alcohol  department  of  the 
Swiss  Government,  in  March,  granted  a  concession  for  the 
manufacture  of  7,000  tons  of  alcohol  (more  later)  per  year  from 
calcium  carbide  to  the  Elektrizitatswerk,  Lonza,  of  Gampel 
and  Basle,  Switzerland.  The  works  are  to  be  opened  within 
18  months  and  are  to  supply  at  least  2,500  tons  of  alcohol  to  the 
Government.  The  new  works  are  to  be  erected  at  Bisp,  sotpe 
miles  up  the  Rhone  east  of  Gampel.  The  process  of  the  Lonza 
Company  consists  in  passing  vapors  of  acetaldeliyde  mixed 
with  an  excess  of  hydrogen  over  finely  divided  nickel  (catalyst). 
Water  and  alcohol  are  formed,  the  former 'is  frozen  out  and  the 
excess  of  hydrogen  gas  reacts  again  with  aldehyde  vapor.  The 
Swiss  patent,  on  which  the  process  is  based,  is  not  yet  available 
ill  Ivngland. — M 

TAR  VARNISH  FOR  IRON-WORK 
The  South  .\frican  correspondent  of  the  Iron  and  Coal  Trades 
Revie^v  recommends  from  personal  experience  the  following 
prescription  for  tar  varnish  for  preserving  iron-work:  Heat 
about  100  gallons  of  tar  to  a  low  boiling  point  and  add  100  lbs. 
of  freshly  slaked  lime  sifted  over  the  top  and  then  worked  down. 
Boil  the  mixture  until  it  becomes  pasty.  Let  it  settle  for  a  few 
minutes  and  then  add  20  lbs.  of  tallow  and  5  lbs.  of  [wwdercd 
resin.  Stir  until  thoroughly  mixed  and  all  the  ingredients  arc 
dissolved;  then  allow  to  cool.  The  mixture  should  not  be 
raised  to  a  higher  temperature  than  ioo°  F.  Should  the  prepara- 
tion be  too  thick,  it  can  be  thinned  down  with  paraflTin  or  naphtha. 
This  gives  a  beautiful  finish  like  a  stove  enamel.  The  works  in 
which  this  is  used  are  situatcti  right  on  the  edge  of  the  sea  and 
the  soutlieast  winds  eat  away  iron-work  vcr>'  quickly.  All 
gasholders,  galvanized  iron  roofs  and  galvanized  sides  of  build- 
ings are  painted  two  coats  with  this  tar  varni.sh  and  then  white- 
washed over  this,  which  thoroughly  protects  them  from  the 
weather  and  salt  air.  The  vaniish  is  elastic  and  will  stop 
corrosion.  .\  similar  mixture  wa.s  u.scd  with  excellent  resnlt.s 
for  coating  the  girders  of  all  the  briilges  on  a  railway  in  the 
north  of  luigland  -M. 

PREVENTION  OF  LEAKAGE  THROUGH  CEMENT 
To  sto|)  leakage  through  cement,  sucli  as  tunnel  walU,  clean 
tlic  walls  thoroiiglily  and  piiiiit  with  a  solution  (-nitsistiiii;  n( 
8',',  lbs.  of  zinc  siilf.itr  dis,solvc<l  in  a  gallon  of  water.  The  line 
sulfate  will  act  on  the  lime  in  the  ccinriil  riirnting  calcium 
sulfate  and  zinc  hydrate.  Aiiothrr  uietliixl  ii  to  uw  one  part 
water  lilass  (sodium  silicate)  to  five  |>urL«  of  water  nnd  apply  n 
coat  with  a  brush;  this  is  allowed  to  dry  for  alxiut  six  hour* 
and  another  coal  is  applied,  rr)>eatinK  until  four  roat-i  have  Itecn 
put  on,  with  not  over  jo  houni  lictwrrn  the  »|iplirati»ik<i  of  (he 
separate  ooiiK      M 
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NATURAL   GAS   AS  A  BOILER  FUEL 

The  outbreak  some  years  ago,  says  Engineering,  103  (1917), 
428,  of  a  gas  jet  at  Neucngamme,  near  Hamburg,  caused  a 
temporary  stir.  We  thought  that  the  gas  had  afterwards 
exhausted  itself,  but  we  find  that  the  gas  has  been  caught,  and, 
being  mainly  methane  and  not  suitable  for  being  mixed  with 
illuminating  gas  in  percentages  exceeding  15  per  cent,  has  been 
used  as  a  fuel  in  the  Hamburg  Waterivorks  at  Rothenburgot. 
Twenty-four  of  the  boilers  there  are  fired  with  the  gas  which  is 
introduced  under  a  head  of  from  10  to  40  cm.  of  water.  The 
gas  supply  being  unreliable,  the  grates  were  not  interfered  with, 
so  that,  in  emergency  cases,  a  return  to  coal  fuel  could  be  effected. 
To  check  the  air  supply  through  the  grate,  the  latter  is  kept 
covered  with  a  layer  of  slag.  In  three  years,  August  1913  to 
August  1916,  the  pumping  works  used  18,800,000  cu.  m.  of 
this  gas,  the  gas  consumption  being  0.66  cu.  m.  per  horse  power 
hour,  and  15  cu.  m.  of  gas  for  raising  100  cu.  m.  of  water  to  a 
height  of  j3  meters.  It  is  estimated  that  the  use  of  the  gas 
saved  22,400  tons  of  coal.  In  Torda,  Hungary,  natural  gas 
was  adopted  as  domestic  fuel  last  autumn  after  having  been 
utilized  in  four  factories,  the  municipality  and  the  natural  gas 
company  having  entered  into  a  contract  under  which  the  com- 
pany supplied  the  apparatus  and  cormections. — M. 


BEET  SUGAR  MANUFACTURE  IN  JAPAN 
The  British  Attach^  at  Yokohama  reports  that  a  company 
with  a  capital  of  5,000,000  yen  ($2,500,000)  has  been  formed  to 
manufacture  beet  sugar  in  Corea.  The  Company  intends  to 
erect  a  mill  at  Kokai-do  or  Hsian-do  at  a  cost  of  1,800,000  yen 
($900,000).  It  is  estimated  that  the  mill  will  consume  90,- 
000,000  kin  (69,230,770  lbs.)  of  beets  per  year,  and  will  produce 
12  per  cent  of  sugar.  A  second  factory  will  be  built  later. 
Relative  to  the  application  made  by  a  sugar  manufacturing 
company  in  Pyongyang,  it  is  reported  that  official  permission 
has  been  granted  and  that,  to  begin  with,  a  sugar  refinery  will 
be  set  up  at  Pyongyang  at  a  cost  of  1,800,000  yen  ($900,000). — M. 


THE  FRENCH  SAFFRON  MARKET 

At  Marseilles,  says  the  Oil  and  Color  Trades  Journal,  51 
(1917).  1 87 1,  this  industry  enjoys  considerable  prosperity  and 
comprises  ten  large  factories  doing  good  business  with  the  south 
of  France.  Saffron  is  obtained  from  Gatinais,  the  French 
colonies,  Spain  and  the  Levant.  The  latter  origin,  being 
stronger,  is  very  popular.  At  present,  however,  it  is  not  to  be 
got.  Saffron  is  sold  in  leaves  and  in  powder  form.  Leaves  are 
most  preferred  as  they  do  not  lend  themselves  to  adulteration. 
Morocco,  however,  .supplies  a  similar  product  which  has  both 
the  taste  and  perfume  of  saffron.  At  present,  the  factories  are 
provided  with  fairly  satisfactory  stocks  of  the  raw  material, 
but  a  deficit  is  feared  for  the  coming  season  as  the  cultivation  . 
has  been  greatly  neglected  since  the  outbreak  of  hostilities. — M. 


THE  WORLD'S  CENTRE  FOR  PAPER  AND  PULP 

That  Canada  is  rapidly  ijeconiing  the  world's  centre  for  the 
manufacture  of  pulp  and  paper  is  indicated  by  recent  figures. 
For  the  year  ended  July  1916,  the  exports  of  paper  amounted 
to  $21,678,868  in  value,  of  which  88  per  cent  went  to  the  United 
States  and  5.2  per  cent  to  the  United  Kingdom.  The  total  is 
an  increase  of  31  per  cent  over  the  figures  for  the  previous  year. 
Taking  the  situation  as  a  whole,  tlie  total  exports  of  paper  and 
pulpwood  for  the  fiscal  year  ended  July  19 16,  were  valued  at 
$40,865,266,  of  which  the  United  States  received  87  per  cent 
and  the  United  Kingdom  5  per  cent.  The  increase  over  the 
previous  year  was  27  per  cent.  The  exports  of  pulpwood 
from  the  Province  of  Quebec  alone  for  the  past  year  exceeded 
$4,000,000  in  value. —  M. 


THE  DYE  INDUSTRY 

The  rapidity  with  which  the  dye  industry*,  says  the  Chemical 
Trade  Journal,  60  (191 7),  528,  has  been  developed  in  England 
and  in  America  has  been  something  of  a  surprise  to  the  Swiss 
makers  and  doubtless  to  the  Germans  as  well.  It  is  recognized 
that  the  former  monopolists  will  have  a  formidable  competition 
to  face  when  the  war  is  over,  and  money  is  being  set  aside  with 
the  hope  of  meeting  it  with  a  prospect  of  success. 

A  report  just  issued  by  the  Basel  Chamber  of  Commerce 
and  quoted  in  the  Manchester  Guardian  mentions  that  the  re- 
cently formed  German  cartel,  which  includes  not  only  the  two 
old  main  groups  but  also  the  more  important  of  the  other  firms, 
has  a  capital  which  the  stock  market  values  at  ?2oo,ooo,ooo, 
and  that  it  is  likely  to  fight  hard  to  regain  its  position  in  neutral 
markets. 

In  the  meantime,  both  Entente  and  German  makers  have  made 
amalgamation  offers  to  Swiss  firms,  but  it  has  been  decided  that 
none  of  these  will  be  accepted  during  the  war,  if  at  all.  Swiss 
makers  have  found  it  difficult  to  increase  their  comparatively 
small  production  of  synthetic  indigo  owing  to  difficulties  in 
obtaining  the  requisite  raw  materials,  but  they  state  that  a  Man- 
chester company  is  putting  a  good  quality  on  the  market  and 
another  English  concern  is  making  large  quantities  of  commoner 
qualities  and  selling  them  cheap.  The  Basel  Chamber  considers 
that  the  days  of  very  high  prices  for  dyes  are  gone. 

The  British  Government  has  established  a  special  temporary 
department  of  the  Board  of  Trade  to  deal  particularly  with 
matters  relating  to  the  encouragement,  organization  and,  so 
far  as  necessar>',  the  regulation  of  the  dye  industry.  Sir  Ewan 
Jones  has  been  appointed  Commissioner  and  will  act  in  close 
consultation  with  the  various  dye-making  and  dye-using  in- 
terests concerned.- — M. 


EFFECT  OF  AMMONUCAL  LIQUOR  ON  CONCRETE 

A  gas  liquor  tank,  says  the  Journal  of  Chemical  Industry, 
quoting  from  Zeit.  Chem.,  showed  signs  of  leaking.  The  liquid 
which  escaped  contained  ammonia,  free  and  fixed,  much  cal- 
cium and,  as  acid  radical,  thiosulfuric  and  Ihiocyanic  acids.  The 
ammonium  salts  in  the  liquor  had  attacked  the  lime  in  the  con- 
crete, forming  soluble  calcium  salts.  Coating  the  inside  of  the 
tank  with  materials  such  as  tar  is  only  partly  effective,  as  it  is 
difficult  to  avoid  the  development  of  cracks.  A  suitable  lining 
to  the  tank  is  to  be  preferred — lead,  iron,  or  glass  being  suggested. 
Zinc  is  not  a  suitable  material.  Where  iron  is  used  it  is  recom- 
mended to  keep  the  atmosphere  of  the  tank  free  from  air  and  so 
avoid  rusting.     For  this  purpose  coal  gas  is  recommended. — M. 


MOTOR  SPIRIT  FROM  KEROSENE 
According  to  a  contemporary,  demonstration  of  the  Freeman 
process  of  transforming  illuminating  oil  into  motor  spirit  was 
given  recently  at  Chesham,  England,  by  the  inventor,  W.  N. 
Freeman.  The  process,  it  is  claimed,  is  exceedingly  simple, 
being  accomplished  in  a  series  of  stills  without  the  aid  of  chem- 
icals or  of  resorting  to  the  usual  destructive  cracking  process. 

I'rom  ordinary  lamp  oil,  the  inventor  produces  a  motor 
spirit  described  as  of  exceptional  purity  and  homogeneity,  as 
may  be  judged  by  the  fact  tliat  between  the  first  and  last  frac- 
tions distilled  there  is  a  dilTerence  of  only  5.4°  Baume  as  com- 
pared with  a  difference  of  over  25  °  Baum6  in  the  highest  quality 
motor  spirits  in  the  English  market. 

The  percentages  of  motor  spirit  produced  by  the  Freeman 
process  vary  with  the  quality  of  the  kerosene  treated,  but  the 
maximum  limits  are  stated  to  be  approximately  60  per  cent  in 
volume  By  this  new  method,  it  is  claimed  that  as  many 
as  24  different  petroleum  products  can  be  produced  at  the  same 
time,  the  cost  of  transformation  being  insignificant. — M. 


Sept.,  1917 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


905 


SWEDISH  SUBSTITUTE  FOR  BENZOL 

The  difficulty  of  obtaining  benzine,  says  Oil  and  Color  Trade 
Journal,  51  (19 17),  2043,  has  been  spurring  on  inventors  to 
find  some  good  substitute  in  all  parts  of  the  world.  In  Sweden, 
where  benzine  has  been  very  scarce  for  the  past  twelve  months, 
use  is  being  made  of  sulfite  alcohol  (to  which  benzol  has  been 
added)  as  a  carbureting  material  for  explosion  motors.  Benzol, 
in  turn,  having  become  scarce  (in  fact,  it  can  hardly  be  obtained), 
Mr.  Rustiger,  a  Swedish  engineer,  thought  of  adding  to  the 
sulfite  alcohol  some  substitute  of  benzol,  which  he  has  now  found 
in  acetylene;  5  to  6  kilos  of  carbide  of  calcium  are  added  to  100 
kilos  of  sulfite  alcohol  in  which  the  carbide  is  then  dissolved 
at  92°.  The  mixture  seems  to  have  given  excellent  results, 
and  the  carbureting  medium  can  be  used  in  motor  cars  without 
any  alteration  being  made  in  the  driving  mechanism.  Mr. 
Rustiger,  who  has  patented  his  invention,  is  convinced  that, 
in  normal  times,  sulfite  alcohol  could  even  compete  with  ben- 
zine.— M. 


MINERAL  OUTPUT  IN  CANADA 

From  the  report  on  the  mineral  resources  and  statistics  of 
Canada  drawn  up  for  the  Department  of  Mines,  we  see  that 
the  war  has  stimulated  the  production  of  nickel,  copper,  zinc, 
iron  and  steel,  molybdenum  and  also  of  chromite  and  magnesite, 
while  the  dearth  of  skilled  labor  has  impeded  progress. 

The  gold  production  for  1916  was  926,963  oz,,  valued  at 
519,162,025,  showing  an  increase  on  1915. 

The  output  of  silver  was  25,669,172  oz.  against  26,625,950  oz. 
for    t9i5. 

The  production  of  copper  has  increased  during  the  last  three 
years,  the  figures  for  1915  and  1916  being  100,785,150  lbs.  and 
119,770,414  lbs.  respectively. 

The  output  of  nickel  was  82,953,640  lbs.  as  compared  with 
68,308,657  lbs.  for  the  previous  year. 

The  ores  from  the  Cobalt  and  Temiskaming  district  in 
northern  Ontario  contain  4  to  10  per  cent  cobalt,  2  to  8  per 
cent  nickel,  15  to  40  per  cent  arsenic  and  from  500  to  5000  oz. 
silver  to  the  ton.  Sulfur  and  lead  in  these  ores  are  absent. 
The  production  of  cobalt  (metal,  oxide,  etc.)  amounted  toS4i,- 
839  lbs.  in  1916. 

The  amount  of  pig  iron  produced  was  1,169,257  short  tons; 
to  this  must  be  added  28,625  tons  of  ferro-metals  made  in  electric 
furnaces. 

The  value  of  asbestos  produced  stands  highest,  although  in 
bulk  the  year  1913  gives  higher  figures;  from  1,822,461  tons  of 
asbestos  rock  sent  to  the  mills,  112,832  tons  (6.3  per  cent)  of 
asbestos  fiber  were  recovered. 

Other  mineral  products  in  1916  were: 
Tons  Tons 

Coal 14,461,678     Pyritci. .   .104,411      Niturul  C.u  2.^.2.18..'SAg  cii.  It 

Gypium...         341,618     Quaru  .    I.1.S,803     Petrolcupi   .         198,123  bbLi. 
MagncsiU.  53.413     Salt . .    .      I.M.fXK)      Zinc 23..tlS.n.tO  ll». 

— M. 


GELATINE 

A.H  is  well  known,  says  the  Monthly  Trade  Krvim',  the  miuui 
fucturc  of  ghu-  is  one  of  the  oldest  industries  in  Japan.  .\  <lc 
vcl(>|iMK-iit  ill  this  iiuliislry  is  now  re|Mirteil  llie  jirodiictioii 
of  Kclatinc,  Wluii  the  war  broke  out  iiiul  the  iinpKrliitinn  of 
this  iirticle  was  ni.i<li'  iiiipossililc  or  very  dinicuU,  rxperts  were 
sent  iibroad  to  study  the  matter  with  the  result  (hut  a  home 
industry  hiis  imw  been  established  tiirniiiK  nut  a  Kclatiiie  product 
i-c|uiil  to  the  forciitn  one  It  is  believed  Unit,  in  11  few  yriirs, 
the  Japiiiirsr  Kelatiiic  industry  will  have  expiiiulrd  to  such  11 
ilrxrrr  as  to  iiiiike  further  im|K>rUi  uniicresiinry  and  it  is  ninin- 
taiiiril  (hat  in  .t  or  6  ycnni  n  conalderahlc  exiiort  nf  Kelutiiie 
CUM  be  cxpcclrd. — M. 


GLYCERINE  SUBSTITUTES  IN  GERMANY 

As  German  pharmacists  have  been  prohibited  from  selling 
glycerine  except  when  ordered  by  a  physician,  numerous  formulae 
for  substitutes  have  from  time  to  time  been  published.  The 
following  information  regarding  certain  German  substitutes 
(some  of  which  are  proprietary  preparations)  is  taken  from 
Pharm.  Zlg.,  62  (1917),   105: 

(1)  A  2  per  cent  solution  of  gelatine  mixed  with  an  equal  volume  of 
glycerine. 

(2)  Mucilage  of  quince  seed  to  which  boric  add  and  alcohol  are  added. 

(3)  Salep  mucilage. 

(4)  .\lgin.  a  mucilage  made  by  macerating  laminaria  stalks  with  solu- 
tion of  sodium  carbonate. 

(5)  Carvien.  a  proprietary  preparation  of  unknown  composition. 

(6)  An  aqueous  solution  containing  21  per  cent  magnesium  chloride 
and  40  to  50  per  cent  glucose.  It  does  not  dry  but  is  used  for  certain  tech- 
nical purposes. 

(7)  A  concentrated  solution  of  a  potassium  salt  of  a  glycosaccharic 
acid  or  lactic  acid  or  an  acid  allied  to  one  of  these. 

(8)  A  solution  consisting  of  calcium  chloride,  potassium  lactate  and 
mucilage. 

(9)  A  5  per  cent  quince  seed  mucilage  to  which  10  per  cent  of  glycerine 
is  added. 

(10)  Glycol. 

(11)  Lempellin.  a  carrageen  mucilage  with  borax  and  formaldehyde. 

(12)  Mollphoras.  a  concentrated  solution  of  sucrose  and  invert  sugar: 
it  is  said  to  be  an  efficient  substitute. 

(13)  Novo-glycerine.  a  gelatine  solution. 

(14)  Perglycerio. 

(15)  Protol.  a  glycerine  prep.vcd  biologically. 

— M. 


CAMPHOR  REFINING  AT  FORMOSA 
The  British  .Xtt.iche  at  Yokohama  has  for\vardcd  an  extract 
from  the  local  press  from  which  it  appears  that  with  a  view 
to  exporting  camphor  in  a  finished  state,  it  is  proposed  to  erect 
a  camphor  refinery  in  Formosa  to  treat  the  whole  of  the  output 
of  the  island,  and  that  a  company  with  a  capital  of  $1,000,000 
is  to  be  formed  in  Formosa  with  this  object.  The  camphor 
produced  in  Formosa  has  hitherto  been  shipped  to  foreign 
countries  in  its  raw  state  with  the  exception  of  a  portion  which 
was  refined  at  Kob6.  The  output  in  Formosa  this  year  was 
11,616,000  lbs.,  and  the  receipts  accruing  tliercfrom  valued  at 
$3,165,000. 

Intlications  are  evident  Uiat  the  price  of  camphor  is  grad- 
ually showing  an  upward  tendency  on  the  international  market, 
and  the  receipts  may  even  amount  to  $3,400,000.  The  de- 
mand for  camphor  is  increasing  both  on  the  Japanese  and 
the  foreign  market  with  the  progress  of  the  war. 

In  Formosa  all  possible  measures  arc  being  taken  to  encour- 
age the  planting  of  camphor  trees.  In  recent  years,  many 
young  trees  have  been  planted,  but  during  the  next  30  years 
it  will  be  impossible  to  utilize  these  for  industri.d  purposes. 
On  the  other  hand,  old  trees  arc  gradually  diminishing  and  some 
anxiety  is  manifested  as  to  the  welfare  of  the  industry.  Tlic 
shipments  to  the  United  States  I,ist  year  amounted  to  528,000 
lbs.  each  month,  and  uiuler  a  new  contract  the  monthly  sliip- 
mcnts  after  .April  i   will  lie  incrciscd  to  i,o.s»i.tx>o  lb--      M 


ALIZARINE   DBLPHINOL 

Hritish  Dyes,  l.til  ,  wcie  m-cntlv  abio  t«  iinnouncc  the  intrt»- 
dmtiiiii  to  the  color  m.irket  <•(  Hritish  made  indnnthrrnr  blur 
under  the  name  of  •chlor  anihrcnc  blur  '  They  are  now  in  a 
position  to  iiiinotiiu-e  the  intrixUirtion  o(  "alirnriiir  delphinol." 
a  blue  acid  dyeslulT  for  wih>I  and  silk  which  l>clinnr>  I"  the  Mine 
chrmical  KToup  as  chlorunthreiic  blue  unit  (rxscsscs  rqiially 
distinctive   ((ualitirs 

It  is  iiitctrstiin;  lo  note,  suyi  Chrmual  Tritd/  JoHrmU.  60 
(1917V  480.  that  a  ilvrsturt  of  this  ty|K-  has  hitherto  Iwtn  manu- 
factiirrd  by  our  Crtnian  lirm  only,  iillhntiiih  the  patent  ri«hta 
Ia|>sc(l  some  years  uro    -M 
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ALCOHOL  FROM  WOOD-PULP  LYES 

An  account  of  a  discovery  in  Konigsberg,  Germany,  was  re- 
cently published,  dealing  with  a  method  for  the  production  of 
alcohol  from  the  lyes  of  the  wood  pulp  industry.  The  discovery, 
it  is  stated,  has  been  tested  with  excellent  results.  To  produce 
the  pulp  the  wood  is  treated  with  sulfite  of  soda.  This  gives 
lyes  which  have  hitherto  not  been  utilized. 

The  removal  of  these  lyes  was  both  troublesome  and  ex- 
pensive, as  they  could  not  be  let  off  into  the  rivers  without  pre- 
vious purification.  Their  saccharic  acid  content  was  found  to 
pollute  the  water  and  poison  the  fish  during  the  summer  months 
when  the  water  was  low.  Pulp  and  paper  factories  had  there- 
fore to  erect  great  purifying  plants  or  at  least  collecting  basins 
in  which  lyes  could  first  be  purified  before  being  let  off.  The 
sugar-containing  sulfite  lyes — so  much  waste — are  now  by  the 
new  process  converted  into  industrial  alcohol. 

The  Government,  recognizing  the  immense  economic  im- 
portance of  the  discovery,  has  taken  the  matter  in  hand  and 
quite  a  number  of  works  are  to  be  established  in  the  vicinity 
of  wood  pulp  factories.  In  tliis  way  it  is  hoped  to  obtain  400,- 
000  or  500,000  h.  liters  of  alcohol  for  industrial  purposes.  The 
results  already  obtained  at  Konigsberg  have  given  indications 
that  these  figures  may  be  even  exceeded.  The  state  possesses 
the  patent  and  will  probably  monopolize  the  alcohol  manufac- 
ture with  a  view  to  securing  a  good  and  constantly  increasing 
source  of  revenue.  —M. 

CHEMICAL  MANUFACTDIiE  IN  FRANCE 

As  regards  dichromate,  France  had,  before  the  war,  been  de- 
pendent on  England  and  Germany;  some  3,000  tons  of  dichromate 
were  imported  annually.  The  new  works  at  Ponthierry  com- 
pete with  England  and  make  500  kg.  sodium  dichromate  per 
day.  This  sodium  salt  does  not  crystallize  well,  being  more 
soluble  than  the  potassium  salt,  and  was  first  used  as  a  concen- 
trated solution,  but  a  crystalline  product  is  now  obtained. 

According  to  the  Industrie  Chimiqiie,  potassium  permanganate 
is  made  at  Chateau-Ponsue  at  the  rate  of  100  kg.  per  day,  and 
the  output  is  to  be  much  increased.  The  same  works  also  manu- 
facture golden  sulfide  of  antimony  which  had  been  prepared 
in  a  small  scale  in  the  north  of  France.  Another  chemical  in- 
dustry of  northern  France — that  of  potassium  carbonate  and 
other  potassium  salts  from  the  residues  of  molasses  distilleries, 
has  been  taken  up  at  Choisy. — M. 


A  NEW  REAGENT  FOR  ALDEHYDES 

Fazi,  in  an  Italian  contemporary,  gives  the  details  of  a  new 
reagent  for  aldehydes,  which  allows  the  detection  of  the  most 
minute  quantities  of  a  number  of  these  compounds.  It  will 
detect  0.0078  mg.  of  benzaldehyde,  0.019  i"g-  of  vanillin,  or 
0.006  mg.  of  furfural.  It  will  not,  however,  effect  more  than 
a  group  separation  so  that  it  can  hardly  be  said  to  detect  given 
aldehydes. 

The  reaction  is  as  follows:  To  the  aldehyde  in  chloroform 
solution,  two  or  three  drops  of  a  chloroformic  solution  of  ace- 
naphthene  are  added  and  then  with  care  i  cc.  of  concentrated 
sulfuric  acid.  A  green  ring  changing  to  red-violet  is  formed 
in  the  presence  of  the  aldehyde.  If  the  tube  is  shaken,  the  sul- 
furic acid  is  colored  green  and  then  red-violet. 

This  reaction  is  sufficient  to  discriminate  between  aromatic 
and  aliphatic  aldehydes  since  the  latter  do  not  give  any  colora- 
tion. Formic  and  acetic  aldehydes,  for  example,  give  white 
precipitates  which  consist  of  condensation  products.  Aldoses 
and  carbohydrates  containing  an  aldehyde  groui)  which  yield 
furfural  or  aromatic  aldehydes  on  treatment  with  cold  concen- 
trated sulfuric  acid  also  yield  the  reaction.  In  the  case  of  lac- 
tose (sugar  of  milk)  the  green  color  appears  at  the  end  of  a 
few  minutes  and  passes  to  violet  in  about  40  minutes.  Maltose 
reacts  more  slowly  than  lactose.— M. 


PRODUCTION  OF  PLATINUM 

The  British  Consul  at  Ekaterinburg  reports  that  notwith- 
standing the  high  price  of  platinum,  the  production  of  the 
metal  on  the  Urals  during  1916  showed  a  further  decrease. 
The  total  output  amounted  to  86,508  oz.  as  compared  with  118,- 
709  oz.  in  1915.  The  production  in  1913  and  1914  was  158,- 
084  oz.  and  156,755  oz.,  respectively,  while  in  1909  no  less  than 
214,042  oz.  were  produced. 

The  chief  causes  of  the  decline  are  the  shortage  of  labor,  the 
difficulty  of  obtaining  spare  parts  for  dredgers  and  the  exhaustion 
of  the  richer  alluvial  deposits.  The  report  goes  on  to  say  that 
no  doubt  new  alluvia  will  be  found  when  extensive  prospecting 
is  resumed,  but  there  is  nothing  to  indicate  an  improvement  in 
the  production  of  platinum  in  the  near  future,  at  any  rate, 
during  the  war.  It  is  highly  probable  the  output  for  1917  will 
be  less  than  for  1916. — M. 

OLIVE  OIL  PRODUCTION  IN  PORTUGAL 

The  Diaris  do  Goi'erno,  Lisbon,  of  May  24,  publishes  a  state- 
ment issued  by  the  Portuguese-Ministry  of  Finances  from  which 
it  appears  that  the  1916-17  production  of  olive  oil  in  Portugal 
amounted  to  16,150,149  liters,  and  stocks  of  oil  on  March  30 
amounted  to  18,279,976  liters. — M. 


EXPERIMENTS  IN  SUBSTITUTES 
It  is  reported  by  a  German  contemporary  that  a  use  has 
been  found  for  the  troublesome  weed  couch-grass  (qucckc, 
trilicum  repens),  which,  it  .says,  in  the  spring  contains  sugar,  as 
well  as  elements  of  rubber,  triticine  (which  resembles  starch) 
and  also  mannik,  a  nutritive  element  in  manna  resembling  sugar. 
It  is  now  recommended  by  scientists  that  couch-grass  should 
be  used  for  food  after  being  dried,  chopped  and  ground.  It 
may  be  used  for  soups  and  for  vegetable  and  flour  dishes.  An 
analysis  shows  the  following  results  for  couch-grass  hay:  4.93 
per  cent  digestible  albumen,  i  .33  per  cent  fat,  45.44  per  cent 
carbohydrates,  giving  a  fodder  equal  in  value  to  the  best  clover 
hay.— M. 


BRITISH  BOARD  OF  TRADE 

During  the  month  of  June  the  British  Board  of  Trade  re- 
ceived inquiries  from  firms  in  the  United  Kingdom  and  abroad 
regarding  sources  of  supply  for  the  following  articles.  Firms 
which  may  be  able  to  supply  information  regarding  these  things 
are  requested  to  communicate  with  the  Director  of  the  Com- 
mercial Intelligence  Branch,  Board  of  Trade,  73  Basinghall  St., 
London,  E.  C. 

Arsenate  of  potash 

Ceiling  aud  tabic  lamps,  burning  paraffin  and  petroleum  oil 

Gas  helmets  for  chemical  works 

Gear  wheels,  up  to  2  in.  in  diameter,  in  steel  and  gun  metal  (or  war 

purposes 
Ink  powders,  blue  black,  red,  gr«en 
Lubricating  rings,  split.  S'/a  in.  inside.  >,'i  in.  wide 
Motor  car  engines,  adapted  to  use  paraffin 
Plant  for  manufacture  of  artificial  silk 
for  making  alpargatas  soles 
for  making  carbon  papers 
automatic,  for  making  vesta  matches 
.     for  blowing  large  glass  globes  into  moulds 
for  printing  reel  charts 

for   manufacture  of   waterproof   and   other  tubes    (pirns,   etc.) 
from  wood  pulp 
Marc.isite  frames  for  hand  bags 
Marble-dust 

Photo. frames,  electro-plated,  to  retail  from  18  c. 
Portable  clockwork  fans  Silver  mounts  for  purses 

Potassium  permanganate  Small  steam  turbines  (less  than  1   h.  p-) 

Rubber  sponges  Tags  for  boot  and  corset  laces 

Spurred  rye  (ergot  of  ryel         Tobacco  pipes  (meerschaum) 

— M. 
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CALENDAR  OF  MEETINGS 

American  Chemical  Society — Annual  Meeting,  Boston,  Sep- 
tember 10  to  13,  1917. 

National  Exposition  of  Chemical  Industries  (Third) — Grand 
Central  Palace,  New  York  City,  September  24  to  29, 
1917. 

Teclinical  Association  of  the  Pulp  and  Paper  Industry — Joint 
Meeting  with  the  Technical  Section  of  the  Canadian  Pulp 
and  Paper  Association,  Holyoke,  Mass.,  September  27  to 
29,  1917. 

National  Wholesale  Druggists  Association — Annual  Convention, 
ChicaKO.  October  i  lo  4,  191 7. 

American  Electrochemical  Society — Autumn  Meeting,  Pitts- 
burgh, October  3  to  6,  191 7. 

National  Paint,  Oil  and  Varnish  Association — Annual  Conven- 
tion, Chicago,  October  8  to  10,  1917. 

American  Institute  of  Mining  Engineers — Annual  Meeting,  St. 
Louis,  October  8  to  13,  1917. 


THE  CHEMICAL  SOCIETIES  IN  NEW  YORK  CITY 
I917  I918  SEASON— BDMFORD  BALL,  THE  CHEMISTS'  CLUB 

October  5 — American  Chemical  Society. 
October   19 — Society  of  Chemical   Industry. 
November  9 — American  Chemical  Society. 
November  23 — Society  of  Chemical  Industry. 
December  7 — -American  Chemical  Society.     Joint  Meeting  with 
Society    of    Chemical    Industry   and    American 
Electrochemical  Society. 
January    18 — Society    of    Chemical    Industry.     Pcrkin    Medal 

Award. 
I-'ebruary  S^American  Klcctrochemical  Society.     Joint  Meeting 
with    American    Chemical  Society   and   Society 
of  Chemical  Industry. 
March  8 — .\mericaii  Chemical  Society.     Nichols  Medal  Award. 
March  22 — -Society  of  Chemical  Industry. 

April   12 — Society  of  Chemical   Industry.     Joint  Meeting  with 
American   Electrochemical  Society  and  American 
Chemical  Society. 
May  10 — American  Chemical  Society. 
May  24— Society  of  Chemical  Industry. 
June  7 — American  Chemical  Society. 


DECENNIAL  INDEX  TO  CHEMICAL  ABSTRACTS 
The  first  volume  of  the  Decennial  Index  to  Chemical  .-Vbstracts 
is  ready  for  distribution  and  will  be  mailed  with  the  September 
20  issue  of  Chemical  Abstracts  to  all  subscribers  whose  remittance 
is  received  in  the  Secretary's  ofTicc  by  September  10,  A  notice 
hius  been  sent  to  all  subscribers  that  it  is  iniportaMt  that  prompt 
payment  be  made. 

To  members  who  subscribed  before  January  1,  1917,  the  price 
of  llie  Index  is  Sio.ixi.  To  memlicrs  who  subscribed  after 
January  1,  1917.  the  price  is  Sij.tx).  To  uU  others  subscribinK 
ofter  May  in,  1917,  the  price  is  fij.oo  a  volume,  without  dis- 
count of  any  kinil.  Additional  pontaxe  of  50  cents  to  Canada 
•  itid  Si. so  to  foreign  cutiiilries  should  accompany  the  rctnitlaiicc. 
There  will  In-  an  ad<lilic>iial  cliarKC  of  is  cents  for  poslaKC  to 
iiieiiibers  whose  remilliiiues  ;ire  not  received  by  S«-ptembcr  10, 
sti  that  their  I'lrsl  vuliiim-  can  be  mailed  with  the  September  20 
issue.  The  three  additional  volumes  will  l>c  mailed  as  is.sucil, 
Ihe  last  our  prnli.ililv  in  llie  latter  part  of  191H. 

CilAs.  I,.  I'AKiuiNs,  Secretary 


THIRD  NATIONAL  EXPOSITION  OF  CHEMICAL  INDUS- 
TRIES, GRAND  CENTRAL  PALACE,  NEW  YORK 
WEEK  OF  SEPTEMBER  24,  1917 

The  Third  National  Exposition  of  Chemical  Industries  which 
opens  on  September  24th  in  the  Grand  Central  Palace,  New 
York,  will  be  the  largest  exposition  of  its  kind  ever  held  at  any 
place  in  the  world.  It  will  occupy  three  floors  of  the  Grand 
Central  Palace,  and  have  about  350  exhibitors  (for  list  see  page 
908). 

PROGRAM  OF  ADDRESSES  AND  MOTION  PICTURES 
Monday.  September  24 
Afltrnoon:    Opening  Addresses; 

Dr.  C.  H.  Herty.  Chairman  Exposition  .\dvisory  Committee. 
Dr.  Julius  Stieglitz.  President  .-Vmerican  Chemical  Society. 
Dr.  C.  G.  Fink.  President  .■\racrican  Electrochemical  Society. 
Dr.  G.  W.  Thompson.  President  American  Institute  of  Chemical 
Engineers. 

Evening:       Motion  Pictures: 

Hydraulic  Power  Development.* 

Making  a  Giant  Steam  Turbine  (General  Electric  Company). 

(a)    Handling  Pig  Iron. 

(6)     Filling  the  Cupola  and  Pouring  Castings. 

{c)     Machinery  and  .\ssembling  the  Castings. 
Generation  of  Electric  Power.' 
Transmission  of  Electric  Power.' 
The  Fixation  of  Atmospheric  Nitrogen  by  Electricity  at  Niagara 

Falls  and   Feeding   the  Soil   with  the   Products'   (.\mencan 

Cyanamid  Company). 
The   King  of  the   Rails  or  The  Evolution  of    Transportation* 

(General  Electric  Company). 

Tuesday.  September  rs 

Afternoon:    Motion  Pictures: 
Carpet  Weaving.* 

Manufacture  and  Use  of  Wool  and  Its  Products.* 
Cotton  as  a  Source  of  Wealth — Growing  and  Manufacturing  Its 

Products.* 
The  Manufacture  of  Leather  and  Its  Products.' 

(a)    Tanning. 

(/')     Working  up  Leather. 

U)     Manufacturing  of  Shoes. 
The  Manufacture  of  Glass.' 
Lecture:     Dr.    .-Mexander    Silverman,    of    the    I'niversity    of    Pittsburgh. 

"Glass  Manufacture." 

Evening:       Addresses: 

Dr.   M.  T.   Bogert,  Chairman  Chemical  Committee.  National 
Research  Council. 

"The  Operation  and  Work  of  the  National  Research  Council 
for  the  National  Weal." 

Dr.  F.  W.  Taussig.  Chairman  U.  S.  Tariff  Commission. 

"The  Tariff  Commission  and  Its  Operation." 

Dr.    Grinnell    Jones.    Technical    Expert    to    V.   S.   Tariff   Com- 
mission. 

"The  Tariff  Commission  and  Its  Operation  with  Reference  to 
the  Chemical  .Schedule." 

Motion  Pictures: 

Pruduclion  of  Spelter  and  Manufacture  of  Lead  Products. 
lul     Mining  Xinc  and  Lead  Ore  in  Oklahoma 
(ft)    Smelling  for  Lead  and  Zinc  at  Joplin  and  Henrietta. 
(r)     Production  of  Suttlimcd  Lead  Pigment  from  the  Ore  bv 

the  Fume  Process, 
(d)    Manufacture  of  Carbonate  of  Lead  for  Paint  ri(ment. 
(r)     Manufacture    of    Lead    Paints.    Dekcriptivc    DiscuxMon, 
John  K.  MucGrcgor.  Assistant  General  Sales  Manager, 
Eagle- Picher  Lead  Co. 

WltDNUSnAV.   Skptrmiikr    2<> 

Afternoon:    Meeting  of  the  Technical   Association  of   Pulp  and    Paper  In- 
dustry. 
Motion  Pictures 
Manufacture  of  l.inen  lli>ml  I'aprr  ' 
The  Cordage  Industry  ' 


Mn 


iif  Pi 


The  .Soap  Induslry  ' 

The   Manufacture  of  Perfumes:'  "The  .Spiiil  of  the  Flowri 
I'.tenine:        .\lii>»Kssi:s 

Mr    W    S    Kii-H    \  , 

"The  Drvrh.i.ni,  - 
Dr.  L  II  llackrl  . 
"The  Future  <>l  11. 
M0T1..N  PicTuai,- 
Thr  l  <>,.l,  Coke  and  Ily-Producls  liidunlrv  (The  llarretl  Cv 


.1   Ml 


'  M" 


<dUle  as  a  PertlUMr. 

t\m»t   t  i>«f««jr). 
I  ..I  »ml   llermtiaet  l.akM 


,        M  M.ur  ..  liiir  ,,(  riri.»T..I  Hix>rin(<  and  Olhrt  I'rmlurts 
The   I'ellulrum   lllduilry      Shoolinn  the  l.aVe  View   Giioher 
I  I  reel.         •  .'  reels.         '  .^  r»eU  '  4  leelm  '  .t  rv«U . 
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Thursday.  September  27 

Symposium  on  National  Resources  for  Chemical  and  Allied 
Industries. 

Mr.  C.  H.  Crawford.  Assistant  to  President.  Nashville,  Chatta- 
nooga &  St    Louis  Ry. 

Mr.  V.  V.  Kelscy.  Chemist-Industrial  Agent,  Carolina.  Clinch- 
field  &  Ohio  Ry. 

Dr.  T.  P.  Maynard.  Mineralogist-Geologist.  Central  of  Georgia 
Railway. 

Dr.  K  A.  Schubert,  Mineralogist-Geologist.  Norfolk  &  Western 
Railway. 

Mr.  J.  H.  Watkins.  Geologist.  Southern  Railway. 

Meeting  of  the  American  Institute  of  Chemical  Knginecrs. 
Motion  Pictures; 
The  Metal  Industries: 

1.  Silver. 5  "The  Treasure  of  the  Incas." 

2.  Gold.*  "The  Basis  of  Business." 


reel. 


Friday,  September  28 
Motion  Pictures: 
Asbestos  as  Fire  Protection.' 
Building  of  Roads  and  Their  Maintenance*  {DuPont  de  Nemours 

Company). 
Farming  with  Dynamite  (DuPont  de  Nemours  Company). 
The  Sugar  Industry.* 
The  Flour  Industry.' 
Meeting  New  York  Section.  American  Chemical  Society. 

Saturday,  September  29 
Motion  Pictures: 

The  Manufacture  of  Portland  Cement. » 
Triumph    of    the    Ultramicroscope.'    Seeing    Invisible    Colloid 

Particles. 
The  Milk  Industry.* 
Preparation  of  Condensed  Milk.* 


'  2  reels. 


'  3  reels. 


LIST  OF  EXHIBITORS  AT 
Complete  as  Fur 
Abb^  Engin^^tTing  Company 
Abb^.  Paul  O. 

Ackerman  Company.  H.  R..  Inc. 
Ainsworth  &  Sons.  Wm. 
Alberenc  Stone  Company 

Aniline  Products,  Inc. 
an  Bitumastic  Enamels  Company 
Chemical  Mfg.  Company.  Inc. 
an  Chcmicul  Society — Alabama  Section 
an  Coal  &  Byproducts  Coke  Company 
an  Cyanami<l  Company 
American  LaFraucc-  Fire  Engine  Company.  Inc. 
American  Metal  Company,  Ltd. 
1  Synthetic  Dyes.  Inc. 
I  Synthetic  Color  Company 
an  Steel  Package  Company 
American  Transformer  Company 
Amalgamated  Dye  &  Chemical  Company 
Anaconda  Copper  Mining  Company 
Angel.  H.  Reeve.  &  Company.  Inc. 
Anti-Hydro  Waterproofing  Company 
Apex  Chemical  Company,  Inc. 
Arkcll  Safety  Bag  Company 
Armstrong  Cork  Company 
Arnold,  Hoflman  &  Company 

Badger,  E.  B..  &  Sons  Company 

Baker.  J.  T.,  Chemical  Company 

Barber  Asphalt  Paving  Company.  Inc. 

Barrett  Company.  The 

Bausch  &  Lomb  Optical  Company 

Beach-Russ  Company 

Beckers,  Wm.  Aniline  &  Chemical  Company 

Benzol  Products  Company 

Bethlehem  Foundry  &  Machine  Company 

Blakiston's.  P.,  Son  &  Company 

Bloede  Company,  Victor  G. 

Boyer  Oil  Company 

Brassard  Company,  Inc. 

Bristol  Company.  The 

Brown  Instrument  Company 

Buffalo  Foundry  &  Machine  Company 

Buttcrworth  Judson  Corporation 

Caico  Chemical  Company 

Campbell.  John,  &  Company 

Canadian  Chemical  Journal 

Carborundum  Company.  The 

Carolina.  Clinchfield  &  Ohio  Railway 

Carrier  Engineering  Corporation 

Castner  Electrolytic  Alkali  Works 

Celite  Company  of  America 

Celluloid-Zapon  Company 

Central  DyestufF  &  Chemical  Company 

Central  of  Georgia  Railway 

Central  Scientific  Company 

Chemical  Catalog  Company 

Chemical  Company  of  America.  Inc. 

Chemical  Construction  Company 

Chemical  Pump  &  Valve  Company 

Chile  Exploration  Company 

Chromos  Chemical  Company 

Clark's  Iron  Foundry 

Clen7.all  Machine  Company  of  America 

Condensite  Company  of  America 

Consolidated  Gas,  Electric  Light  &  Power 

Company 
Crandall  Pettee  Company 
Contact  Process  Company 
Coors  Chemical  Porcelain  Company 
Corning  Glass  Works 
Corn  Products  Refining  Company 
Crane  Company 

Crescent  Color  &  Chemical  Works,  Inc. 
Consolidated  Color  &  Chemical  Company 
Day  Company.  J.  H. 
De  Laval  Separator  Company 
Denver  Fire  Clay  Company 
Detroit  Chemical  Works 
Detroit  Range  Boiler  Company 
Devine  Company.  J.  P 
Diamond  State  Fibre  Company 
Dorr  Company.  The 
Dow  Chemical  Company.  The 
Downingtown  Mfg.  Company 
Dracger  Oxygen  Apparatus  Company 
Draper  Manufacturing  Company.  The 
DuPont,  E.  I.,  de  Nemours  &  Company 
Duriron  Castings  Company 
Dye  Products  Chemical  Company 
Edison.  Thomas  A.,  Inc. 
Eimer  &  Amend 

Electro- Bleaching  Gas  Company 
Electron  Chemical  Company 
Electrolytic  Zinc  Company,  Inc. 
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Elmore.  G.  H. 

Elyria  Enameled  Products  Company 

Empire  Chemical  Company 

Equithcrm  Control  Corporation 

Everlasting  Valve  Company 

Fleisher  8c  Company.  W.  L..  Inc. 

Foote  Mineral  Company.  Inc. 

Foundation  Company.  The 

Foxboro  Company.  The 

Franco  Swiss  Dyes.  Inc. 

Freeport  Sulphur  Company 

Fuller  Engineering  Company 

Garrigues.  Chas.  F..  Company 

Geisenheimer  &  Company 

General  Bakelite  Company 

General  Chemical  Company 

General  Ceramic  Company 

General  Electric  Company 

Gencr.al  Filtration  Company    Inc 

Glens  Falls  Machine  Works 

Gordon  Engineering  Corporation 

Goulds  Manufacturing  Company.  The 

Greiner,  Emil.  Company.  The 

Guernsey  Earthenware  Company 

Hardinge-Conical  Mill  Company 

Harrison  Safety  Boiler  Works 

Hayward  &  Company.  S.  F. 

Hellenic  Chemical  &  Color  Company 

Hemingway,  Frank.  Inc. 

Hepworth  Company.  S.  S. 

Hercules  Engineering  Corporation 

Herold  China  &  Pottery  Company 

Hood.  B.  Mifnin  Brick  Company 

Hooker  Electrochemical  Company 

Hoskins  Manufacturing  Company 

Houston  Real  Estate  &  Loan  Company 

Huff  Electrostatic  Separator  Company 

Hunter  Dry  Kiln  Company 

Huyck.  F.  C.  &  Sons 

Imperial  Color  Works.  Inc. 

Imperial  Dyewood  Company.  Inc. 

Independent  Chemical  Company 

Industrial  Filtration  Corporation 

International  Equipment  Company 

International  Glass  Company 

Janney,  Steinmetz  &  Company 

Jewell  Polar  Company 

Kalbfleisch  Corporation 

Kelly  Filter  Press  Company 

Kewaunee  Manufacturing  Company 

Keystone  Fibre  Products  Company,  Inc. 

King  Chemical  Company 

Klett  Manufacturing  Company.  Inc. 

Klipstein,  A.,  &  Company      ^ 

Knoxville  Board  of  Trade 

Koppers  Company.  H. 

Laboratory  Supply  Company.  The 

Lead  Lined  Iron  Pipe  Company 

Leeds  &  Northrup  Company 

Lehigh  Car  Wheel  &  Axle  Works 

Lehigh  Foundry  Company.  The 

Lehigh  Stoker  Company.  The 

Life  Saving  Devices  Company 

Little.  Arthur  D..  Inc. 

Lumraus,  Walter  E-.  Company.  The 

Lungwitz.  Emil  E. 

Lunkenheimer  Company 

Luzerne  Rubber  Company 

McCready  Publishing  Company 

Macbeth-Evans  Ghiss  Company 

Machinery  Utilities  Company 

Madera  Bros..  Inc. 

Manufacturers  Record 

Marden.  Orth  &  Hastings  Company,  Inc. 

Matthieson  Alkali  Works 

Merck  &  Company 

Metallurgical  8i  Chemical  Engineering 

Metz.  H.  A,.  Laboratories 

Metals  Disintegrating  Company,  Inc. 

Mine  &  Smelter  Supply  Company 

Monarch  Manufacturing  Works 

Monsanto  Chemical  Works 

Moore  &  Simonson 

Mott    J,  L  .  Iron  Works 

Moulton  Engineering  Corporation 

Multi-Metal  Separator  Screen  Company 

Nash  Engineering  Company 

Nashville,  Chattanooga  &  St.  Louis  Railway 

National  Aniline  &  Chemical  Company 

National  Gum  &  Mica  Company 

New  Process  Chemical  Company 

Newport  Chemical  Works.  Inc. 


CHEMICAL  INDUSTRIES 
ON  August  22,    1917 

New   York    Revolving   Portable   Elevator 

Niagara  Alkali  Works 

Nitrogen  Products  Company 

Norfolk  &  Western  Railway 

Norton  Company 

Obex  Company.  The 

Ohio  Pottery  Company 

Oliver  Continuous  Filter  Company 

Palo  Company.  The 

Paper.  Inc. 

Paper  Mill  &  Wood  Pulp  News 

Penn.  Salt  Manufacturing  Company 

Pfaudler  Company,  The 

Philadelphia  Quartz  Company 

Pneumercator  Company.  Inc. 

Pratt  Engineering  &  Machine  Company 

Precision  Instrument  Company 

Precision  Thermometer  &  Instrument  Company 

Process  Engineers.  Ltd. 

Product  Sales  Company.  The 

Prest-o  Lite  Company.  Inc. 

Provost  Engineering  Corporation 

Pyrolectric  Instrument  Company 

Quigley  Furnace  Specialties  Company 

Raritan  Copper  Works 

Raymond  Bros.  Impact  Pulverizer  Company 

Research  Corporation 

Research  Laboratory  of  Chicago 

Roessler  &  Hasslacher  Chemical  Company 

Ruggles-Coles  Engineering  Company 

Schaar  &  Company 

Schaeffer  &  Budenberg  Manufacturing  Company 

Schaum  &  Uhlinger,  Inc. 

Schutte  &  Koerting  Company 

Scientific  Equipment  Company 

Scott  &  Company.  Ernest 

Semet-Solvay  Company 

Seydel  Manufacturing  Company.  The 

Sharpies  Specialty  Company.  The 

Shriver  &  Company 

Sidio  Company  of  America,  The 

Solvay  Process  Company 

Southern  Railway  System 

Sowers  Manufacturing  Company 

Squibb.  E.  R..  &  Sons 

Sparks,  John  C. 

St.  George  Chemical  Company 

Stamford  Manufacturing  Company.  The 

Standard  Aniline  Products.  Inc. 

Standard  Emarex  Company 

Stevens-Aylsworth  Company 

Stokes.  F.  J..  Machine  Company 

Sturtevant  Mill  Company 

Sweetland  Filter  Press  Company 

Swenson  Evaporator  Company 

Tank  Equipment  Company 

Takamine  Laboratory,  Inc. 

Taylor  Instrument  Companies 

Tenn.  Coal.  Iron  &  Railroad  Company 

Textileather  Company 

Textile  Colorist 

Textile  Worid  Journal 

Thermal  Syndicate.  Ltd..  The 

Thwing  Instrument  Company 

Toch  Bros. 

Tolhurst  Machine  Works 

Trade  News  Service 

Uehling  Instrument  Company 

United  Filters  Corporation 

United  Gas  Improvement  Company 

United  Lead  Company 

United  Slates  Cast  Iron  Pipe  &  Foundry 

Company 
United  States  Magnesite  Corporation 
United  States  Smelting  Company,  Inc. 


Wallace  &  Tiernan  Company.  Inc. 

Warner  Chemical  Company 

Warner  Klipstein  Chemical  Company 

Warren  Webster  &  Company 

Werner  &  Pflciderer  Company 

West  Texas  Mica  Company 

Weslinghouse    Electric   &    Manufacturing, 

Company 
Whitall  Tatum  Company 
Williamsburg  Chemical  Company.  Inc. 

npany 
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NOTL5  AND  CORRL5PONDLNCL 


TWO  LETTERS  ON  FULLER'S  EARTH  AND  ITS  VALUA- 
TION FOR  THE  OIL   INDUSTRY 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

While  the  article  entitled  "Fuller's  Earth  and  Its  Valuation 
for  the  Oil  Industry,"  which  appeared  in  the  June  1917  issue  of 
This  Journal,  contains  some  interesting  information  which  is 
substantially  correct  as  far  as  it  goes,  it  appears  to  the  writer 
that  Mr.  Richert  has  not  given  the  American  fuller's  earth 
producers  the  consideration  to  which  they  are  entitled. 

A  more  liberal  consideration  of  the  subject  would  acknowledge 
the  excellent  results  obtained  by  American  producers  from  the 
systematic  and  scientific  manner  in  which  they  have  developed 
domestic  fuller's  earth  resources. 

The  sample  designated  as  "A"  in  Mr.  Richert's  article,  being 
of  unknown  origin,  no  practical  information  can  be  derived  from 
the  data  pertaining  to  it,  except  that  this  earth,  as  a  type,  could 
not  be  successfully  utilized  in  operations  on  a  commercial  scale. 

The  importation  of  German  earth  has  never  acquired  any 
commercial  significance  in  this  country,  while  on  the  other  hand 
some  of  our  domestic  earth  has  been  exported  to  Germany,  where 
refiners  of  edible  oils  have  used  it  with  satisfactory  results. 
From  a  practical  point  of  view  therefore,  consideration  of  Ger- 
man earth  is  superfluous,  and  the  subject  may  be  confined  to  the 
investigation  of  the  domestic  and  English  earths.  The  English 
earth  examined  by  Mr.  Richert  was  apparently  of  standard 
quality,  as  the  results  obtained  are  normal.  The  domestic 
earth,  judging  from  the  results  obtained,  was  not  at  all  rep- 
resentative of  the  domestic  product  that  is  being  offered  by 
American  producers  at  the  present  time.  The  impression  created 
by  Mr,  Richert's  article,  namely,  that  the  English  earth  is  much 
superior  to  domestic  earth,  should  t,hcrcforc  be  corrected. 

Since  about  1880,  when  fuller's  earth  was  first  used  in  the 
refining  of  edible  oils,  its  use  has  increased  steadily.  Earth 
imported  from  lingland,  because  of  peculiar  satisfactory  prop- 
erties, l)ecame  accepted  as  the  standard  and  a  very  large  pro- 
portion of  the  earth  used  in  the  refining  of  edible  oiLs  has  been 
of  English  origin.  The  importation  of  English  earth  reached  its 
maximum  in  1914,  but  has  fallen  off  considerably  since. 

The  high  price,  .shortage  and  irregularity  of  the  supply  of 
I'^nglish  earth  naturally  stimulated  American  enterprise  and  the 
production  of  domestic  earth  lias  developed  remarkably.  For  a 
number  of  years  .American  deposits  of  fuller's  earth  have  been 
known  which  furnished  earth  equal  and  in  some  cases,  superior, 
in  bleaching  (luality,  to  the  finest  English  earth.  The  domestic 
earth,  however,  was  objectionable  on  account  of  the  high  per- 
centage of  oil  which  was  retained  by  the  earth  in  the  filter  press 
and  also  on  account  of  the  tendency  to  heat  and  even  ignite  when 
compressed  air  was  blown  llirnuKh  the  press  in  the  process  of 
emptying  the  |)ress.  The  amount  of  oil  retained  by  English 
cartli  in  best  commercial  practice  is  fre<|Uently  claimed  to  be 
as  low  as  8  per  cent,  but  a  more  average  figure  would  be  ii  to 
15  |)er  cent.  With  domestic  earth  of  the  past,  tlie  rclcnliiiu  has 
been  as  high  as  ,^o  per  cent  and  gcncrully  not  below  20.  The 
greatest  objection  to  the  use  of  domestic  eurlh,  however,  was 
its  so  calleil  "pyroplioric"  niiturc  or  its  tencleucy  to  fire  when 
blown  There  is  iiii  duubl  of  liie  fact  that  if  the  domestic  earth 
could  have  been  blown  in  the  same  nianner  as  English  earth,  the 
percentage  of  oil  retained  would  have  been  materially  reduced 

In  order  to  overcome  these  objectionable  features,  very 
tlioioiigh  investigations  have  been  made,  and  considerabU- 
rxprrimenlal  work  has  been  done  by  both  producers  and  users 
of  fuller's  earth.  Some  gfades  of  earth  which  have  (ailed  to 
respond  to  treatment  have  been  alinndonrd,  while  cdorts  have 
been  cnnrrntrnted  ii|>on  tliii<ic  which  have  sihown  mn<it  prumiac. 


Methods  of  milling,  grinding  and  dr>-ing  have  been  studied  and 
varied  with  gratifying  results.  Methods  of  using  the  earth  in 
actual  practice  have  been  investigated.  Some  domestic  earths 
may  now  be  treated  in  exactly  the  same  manner  as  English  earth 
with  equally  satisfactory  results;  others,  under  certain  condi- 
tions, require  special  treatment.  A  large  Texas  producer  has 
invented  a  process  for  washing  the  earth  in  the  press  with  hot 
water,  which  is  claimed  to  reduce  the  retention  of  oil  several 
per  cent  below  the  best  results  obtained  with  English  earth. 

The  American  fuller's  earth  industry  is  passing  through  a 
period  of  transition  and  conditions  have  changed  materially  from 
what  they  were  only  a  year  ago.  Domestic  fuller's  earth  now 
being  offered  to  the  trade  is  the  result  of  sound,  scientific  in- 
vestigation; it  is  in  many  ways  equal,  if  not  superior,  to  the 
standard  English  earth  and  its  use  has  become  so  firmly  estab- 
lished that  it  is  doubtful  that  English  earth  will  ever  resimie  the 
important  position  in  the  oil  industry  that  it  occupied  previous 
to  the  war. 

In  making  these  remarks,  it  has  been  the  aim  of  the  writer 
not  to  direct  unfriendly  criticism  to  the  article  wxitten  by  Mr. 
Richert,  but  merely  to  correct  any  erroneous  impressions  which 
may  have  been  made  by  drawing  general  conclusions  from  the 
data  presented  by  Mr.  Richert. 

WAHI.-IIENIUS  Institute  R.   J.   QONN 

Chicago.  July  16.  1917 


Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

In  reply  to  Mr.  Quinn's  criticism,  I  wish  to  state  that  the 
article  entitled  "Fuller's  Earth  and  Its  Valuation  for  the  Oil 
Industry,"  was  written  merely  to  describe  a  cheap  and  quick 
method  of  determining,  in  the  laboratory,  tlic  efficiency  and 
economy  of  fuller's  earth.  The  data  presented  were  selected 
out  of  a  list  of  numerous  earths  with  the  point  in  view  of  showing 
that  bleaching  power  and  absorption  value,  considered  with  the 
price  of  the  raw  materials,  fix  the  economical  value  of  the  earths. 

.\t  the  time  of  writing  tlie  article,  November  1916.  the  relative 
merits  of  English  and  American  earths  had  not  entered  my  mind; 
on  tlie  other  hand,  up  to  that  time  I  had  not  found  a  single 
.\merican  earth  that  would  economically  compare  with  the 
standard  ICnglish  earth. 

That  the  domestic  product,  offered  by  American  producers 
(1/  the  present  time,  is  in  many  ways  equal  if  not  su|H'rior  to  the 
standard  Ivnglish  earth  is  pronounced  evidence  of  the  rapid 
progress  of  the  .American  industry. 

roHTSMoiTTii.  v.\  Thkodork  G    Richkrt 

.Siicu^t  4   loi: 

REVISION  OF  COBALTI-NITRITE  METHOD  FOR  DETER- 
MINATION OF  POTASH     CORRECTION 

The  above  nuntiotud  article  appe.irid  in  This  Ji>l  knai..  9 
I  1917).  785,  Referring  to  page  786,  first  paragmph.  and  after 
the  sentence  beginning.  'Tiansfor  to  a  mortar,  mix  thoroughly 
and  grind,"  the  following  should  be  inserted: 

"Now  add  4  g  calcium  carbonate  to  contents  of  mortiir  and 
further  mix  and  grind" 

R     C     \\^VV  ANIl  V.     H     SCIIWARTI 

A  NEW  FILTER  FLASK     CORRECTION 
In  my  article  prmlrd  iiiidrt   tlir  alxivr  title.  Tins  JiUrnal. 
Q  (t')i7),  79.1,  the  i'  I  m    mcaMimncnl  at   the   lop  of  drawing 
should  inclmic  ■•nl\  the  shiulrd  he.wy  f/.m  >itif  tube  V,  instead  of 
extcndinit   ui  shown   fioiii  ihr  end  of  that  tut)c  to  .U 

Jon   A   SilAW 
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WASHINGTON  LLTTLR 


By  Paul   Wooton,  Metropolitan  Bank  Building.  Washington,  D.  C. 


Kvetits  in  which  chemists  are  interested  moved  rapidly  in 
Washington  during  the  last  month.  The  "Chemical  Alliance" 
was  incorporated.  The  ceramic  industry  received  important 
recognition  by  the  Bureau  of  Mines  when  one  of  the  three  ex- 
periment stations  authorized  for  establishment  this  year  was 
assigned  exclusively  to  ceramic  work.  The  government  bureaus 
handling  matters  of  interest  to  the  chemical  industries  and  the 
committees  of  the  Council  of  National  Defense  and  of  the 
National  Research  Council  have  effected  their  evolution  to  a 
war  footing  and  are  progressing  much  more  rapidly  with  their 
work.  The  pyrite  and  manganese  situations  reached  critical 
stages,  to  say  nothing  of  the  many  other  interesting  matters  that 
developed  during  the  month. 

Dr.  W.  11.  Nichols,  chairman  of  the  Committee  on  Chemicals, 
of  the  Council  of  National  Defense,  feels  that  he  has  taken  one 
of  the  most  important  steps  since  he  Vias  been  directing  the 
affairs  of  the  committee  in  perfecting  the  Chemical  Alliance. 
The  need  for  such  an  organization  was  accentuated  by  the  policy 
of  the  Department  of  Commerce  with  regard  to  the  allotment 
of  the  imports  of  certain  minerals.  The  organization,  which  is 
constructed  on  the  lines  of  the  Textile  Alliance,  is  incorporated 
under  the  laws  of  Connecticut.  \V.  H.  Nichols  is  president; 
Horace  Bowker,  vice-president;  and  J.  D.  Cameron  Bradley, 
secretary  and  treasurer.  The  Executive  Committee  consists  of 
Henry  Howard,  Horace  Bowker,  J.  D.  Pennock  and  R.  R. 
Grasselli.  The  active  members  of  the  Alliance  are  limited  to 
twcnty-iivc,  but  ample  latitude  will  be  given  for  the  afliliation 
of  associate  members.  The  Alliance  is  composed  of  sections 
corresponding  to  the  organization  of  the  Committee  on  Chemicals. 
It  was  necessary,  however,  to  add  a  pyrite  section  which  is  com- 
posed of  .\.  R.  Ledoux,  New  York.  Chairman;  Horace  Bowker, 
New  York;  C.  F.  Burroughs,  Baltimore;  Henry  Howard,  Boston; 
and  F.  H.  Nichols,  New  York. 

The  object  of  the  organization  is  stated  to  be:  To  promote 
in  all  lawful  ways  the  common  interest  of  its  members  and  to 
secure  the  advantages  to  be  obtained  by  mutual  cooperation; 
to  acquire  and  disseminate  information  concerning  trade  con- 
ditions at  home  and  abroad  credits  and  other  matters  of  interest; 
and  to  promote  the  interests  of  the  chemical  industry  in  all  its 
branches. 

That  the  country  be  given  the  opportunity  to  use  every  chemist 
of  military  age  in  a  capacity  where  he  can  give  the  maximum 
of  service  has  called  forth  very  active  efforts  during  the  past 
month  on  the  part  of  the  Chemistry  Committee  of  the  National 
Research  Council,  the  Technological  Division  of  the  Bureau  of 
Mines  and  the  Secretary  of  the  American  Chemical  Society. 
Despite  the  sjjirit  of  cooperation  which  is  actuating  War  De- 
partment officials  it  is  very  evident  that  the  draft  machinery 
neither  lends  itself  to  an  adjustment  which  will  permit  of  high 
efliciency  in  differentiating  between  men  (nor  to  rapidity  of 
action  in  obtaining  detail  to  positions  adapted  to  their  particular 
training).  In  order  that  drafted  men  may  be  certain  of  assign- 
ment to  duties  where  they  can  be  of  greatest  service  will  re- 
quire constant  vigilance  on  the  part  of  outside  agencies,  as  has 
been  demonstrated.  It  is  in  this  work  that  Dr.  M.  T.  Bogert. 
chairman  of  the  Chemistry  Committee,  and  Dr.  Charles  L. 
Parsons,  secretary  of  the  American  Chemical  Society,  have  been 
particularly  active  during  recent  weeks.  In  their  efforts  in  this 
connection  they  are  being  handicapped  by  an  evident  lack  of 
compliance  with  the  following  course  of  procedure  which  was 
recommended  by  the  .American  Chemical  Society: 

"If  enlisted  in  any  capacity,  inform  the  Secretary  of  the  Society 
by  postal  card  of  the  company,  regiment,  and  corps  in  which 
you  are  enrolled,  in  order  that  a  record  may  be  kept  of  the  fact 
and  the  War  Department  advised  from  time  to  time  of  chemists 
in  the  army  should  their  services  as  chemists  be  required." 

The  demand  for  chemists  for  military  service  is  increasing 
rapidly.  In  order  that  the  already  overtaxed  industry  may  be 
disturbed  as  little  as  possible  it  is  the  desire  to  fill  these  places 
with  chemists  of  military  age.  It  is  apparent  that  this  will  re- 
quire the  cooperation  of  the  individual  chemist  if  the  plan  can 
be  worked  out  as  effectually  as  is  the  hope.  Some  chemists  are 
not  reporting  or  calling  any  attention  to  their  profession,  it  is 
understood,  because  they  believe  their  chance  of  obtaining 
commissions  and  advancement  is  greater  in  the  line  of  the  army 
than  in  the  specialized  service.  It  is  believed  by  those  in  close 
touch  with  the  War  Department  that  this  is  a  mistaken  con- 
clusion. There  is  going  to  be  a  good  chance  of  securing  com- 
missions for  chemists.     In  addition  to  this,  however,  there  is 


the  more  important  duty  that  men  with  special  qualifications 
serve  where  they  can  do  greatest  good.  The  gas  work  is  being 
widened  rapidly  and  chemists  are  needed  urgently.  Just  at  this 
time  there  is  an  urgent  need  for  chemists  to  undertake  important 
scientific  work  in  France.  This  demand  will  continue  to  increase 
as  the  number  of  American  soldiers  at  the  front  is  augmented. 
The  Ordnance  Division  of  the  War  Department  also  is  in  need  of 
chemists;  the  manufacture  of  a  variety  of  chemical  products, 
the  testing  and  analysis  of  materials,  and  the  general  inspection 
and  control  of  these  products  as  well  as  foodstuffs  will  call 
for  a  very  large  number  of  men  in  the  chemical  profession. 

When  carefully  collected  information  indicated  to  Van.  H. 
Manning,  the  director  of  the  Bureau  of  Mines,  that  the  lack  of 
progress  in  the  ceramic  industry  is  due  almost  entirely  to  lack 
of  technical  knowledge,  he  decided  to  give  aid  in  the  way  of  a 
government  experiment  station.  Two  years  ago  Congress 
authorized  the  establishment  of  ten  mining  experiment  stations, 
three  of  which  were  to  be  established  each  year.  The  three 
first  stations  went  to  Butte,  Tucson  and  Fairbanks.  One  of 
the  second  three  has  been  awarded  to  the  iron-mining  district 
of  Lake  Superior,  another  will  be  assigned  to  the  petroleum 
industry  and  the  third  goes  to  the  ceramic  industry.  The  fact 
that  this  latter  industry  should  have  received  such  prompt 
consideration,  when  the  demand  for  the  stations  is  so  great, 
is  regarded  as  the  best  indication  that  the  importance  of  ceramic 
activities  is  at  last  being  appreciated. 

The  ceramic  station  will  be  located  at  Columbus,  Ohio.  It 
will  be  in  charge  of  R.  T.  Stull,  who  is  a  widely  known  ceramist. 
An  agreement  has  been  signed  whereby  the  School  of  Ceramics 
of  the  Ohio  State  University  will  give  valuable  assistance  to 
the  station.  This  will  enable  Dr.  Stull  to  have  the  advice  and 
assistance  of  such  well-known  ceramists  as  Prof.  Edward  Orton 
and  Prof.  Arthur  vS.  Watts.  As  20  per  cent  of  the  value  of  ceramic 
ware  is  represented  by  the  fuel  consumed,  one  of  the  first  prob- 
lems that  will  be  attacked  at  the  new  station  will  be  the  pre- 
vention of  fuel  waste. 

Wide  divergence  of  opinion  as  to  the  best  policy  to  pursue 
with  regard  to  the  importation  of  iron  pyrites  and  manganese 
has  led  to  strenuous  activities  on  the  part  of  those  interested. 
One  group  is  anxious  to  secure  a  large  allotment  of  tonnage  so 
that  imports  may  be  increased  decidedly  and  reser\-es  built  up. 
Those  contrarily  minded  believe  that  as  few  vessels  as  possible 
should  be  kept  in  this  trade  so  that  the  shipping  may  be  re- 
leased for  more  important  uses  and  more  encouragement  can 
be  extended  to  the  domestic  industries.  The  matter  is  being 
considered  by  the  Shipping  Board  and  other  governmental 
agencies. 

In  the  controversy  which  has  been  raging,  it  is  pointed  out, 
on  the  one  hand,  that  the  average  delay  to  shipping  that  is  di- 
verted from  Gibraltar  to  Huelva,  Spain,  to  take  on  pyrites,  is 
10  days.  With  the  cstal)lishinent  of  a  reserve  of  food  and  equip- 
ment for  our  armies  and  those  of  our  allies  being  limited  by  the 
lack  of  shipping,  it  is  argued  that  pyrite  should  be  imported  only 
for  the  needs  that  can  not  be  met  by  local  production.  This 
is  met  fiy  the  contention  that  the  delay  to  shipping  is  insignificant 
in  comparison  with  the  harm  that  would  be  done  vital  industries 
and  retardation  of  crops  that  would  result  from  an  eleventh- 
hour  attempt  to  stimulate  mining  enterprises  that  in  themselves 
would  call  forth  vast  sums  of  capital  and  huge  expenditures  of 
labor  that  are  much  needed  in  other  directions. 

The  same  argument  is  applied  to  the  manganese  situation. 
The  condition  with  regard  to  that  valuable  alloy  metal,  however, 
is  more  acute,  as  two  months  are  required  to  make  the  round 
trip  voyage  to  Brazil,  and  from  the  fact  that  it  enters  more 
immediately  into  materials  needed  for  the  prosecution  of  the  war. 
In  addition,  it  is  declared  that  the  prospect  of  securing  within 
the  I'nited  States  supplies  sufficient  for  domestic  needs  is  not  as 
good  as  is  the  case  with  pyrite. 

It  is  admitted  by  all  concerned  that  the  controversy  just  at 
this  time  is  most  unfortunate  as  the  prospect  of  securing  more 
ships  for  these  imports  is  discouraging  the  investment  of  capital 
in  domestic  development.  It  is  believed  that  a  medium  course 
can  be  arrived  at.  which,  by  intelligent  variation,  will  be  for  the 
best  interest  of  the  nation  as  a  whole. 

Commandeering  liy  the  government  of  three  ships  engaged  in 
the  sulfur  trade  between  Louisiana  and  Atlantic  coast  points  has 
brought  forth  a  vigorous  protest  from  Dr.  Nichols  of  the  Com- 
mittee on  Chemicals.  Wliile  the  matter  is  being  considered  by 
the  iiroper  authorities.  Dr.  Nichols  is  using  every  effort  'o  in- 
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duce  other  vessels  to  enter  the  trade.  It  is  feared  that  such 
action  will  tend  to  discourage  Great  Britain  in  her  efforts  to 
aid  in  supplying  the  deficiency  in  the  pyrite  supply. 

The  work  of  the  Internal  Revenue  Bureau's  laboratory,  which 
has  been  described  in  an  official  announcement  as  a  discovery 
of  a  process  for  securing  glycerine  from  sugar,  has  been  referred 
to  the  Food  Administrator. 

Dr.  Nichols  reports  that  decided  progress  is  being  made  in 
the  matter  of  stripping  illuminating  gas.  The  matter  is  also 
being  urged  by  the  War  Industries  board.  Many  municipal 
utilities  commissions  have  consented  to  a  change  of  standard 
which  will  permit  the  removal  of  the  toluol  from  their  illuminating 
gas. 

War  work,  which  now  occupies  practically  all  of  the  time  of 
Dr.  W.  F.  Hillebrand  and  his  associates  at  the  Bureau  of  Stand- 
ards, is  being  accelerated  by  the  fact  that  they  are  now  occupying 


the  Chemistrj'  Building.  The  new  edifice  is  one  of  the  best 
equipped  for  chemical  research  in  the  countrj-. 

Most  of  the  work  being  done  in  the  chemical  division  of  the 
Bureau  of  Standards  is  of  such  a  nature  that  comment  on  it 
would  be  of  value  to  the  enemy.  While  many  additional  mem- 
bers have  been  added  to  the  chemical  staff,  it  has  become  prac- 
tically impossible  to  continue  much  of  the  regular  work  of  the 
division.  Time  has  been  found,  however,  in  which  to  take  up 
the  examination  and  analysis  of  reagents,  which  is  to  be  con- 
ducted in  cooperation  with  the  American  Chemical  Society. 
An  agent  of  the  Bureau  of  Standards  will  pay  a  visit  in  the  near 
future  to  all  manufacturers  of  reagents  to  gather  the  data  neces- 
sary to  the  conduct  of  the  research. 

The  Bureau  is  about  to  take  up  a  special  study  of  platinum 
metals  and  their  alloys  with  each  other.  The  work  on  chemical 
glassware  and  porcelain  has  been  completed.  The  conclusions 
reached  will  be  presented  at  the  Boston  Meeting  of  the  American 
Chemical  Society. 


PERSONAL  NOTL5 


Dr.  Charles  K.  Francis,  for  the  past  seven  years  chemist  and 
professor  of  petroleum  technology  in  the  Oklahoma  Agricul- 
tural and  Mechanical  College,  has  resigned  to  become  chief 
chemist  for  the  Cosden  Oil  Co.,  Tulsa,  Okla. 

Dr.  Raymond  Freas  has  been  appointed  adjunct  professor 
of  chemistry  in  the  University  of  Virginia. 

Dr.  Hardee  Chambliss,  chemical  director  of  the  Commer- 
cial Acid  Co.,  St.  I.ouis,  has  been  commissioned  Major  in  the 
Ordnance  Section  of  the  Officers'  Reserve  Corps. 

Mr.  K.  E.  Fickett,  of  the  department  of  chemistry  of  Wash- 
ington University,  has  been  with  Hildreth  &  Co.,  engineers  of 
New  York  City,  for  a  part  of  the  summer.  His  work  has  been 
the  inspection  of  pig  iron  for  one  of  the  allied  governments. 

Mr.  H.  J.  Brownlee,  formerly  with  the  Redmanol  Chemical 
Products  Co.,  has  enlisted  with  the  Kngineers'  Corps  of  Kansas 
City. 

T.  Dale  Stewart,  instructor  in  chemistry  at  the  University 
of  Chicago  during  the  past  year,  goes  to  the  I'nivcrsity  of  Cali- 
fornia as  instructor  in  organic  chemistry. 

Dr.  G.  O.  Wcndt,  instructor  in  chemistry  at  Rice  Institute 
during  the  past  year,  has  been  appointed  instructor  of  quan- 
titative analysis  at  the  University  of  Chicago. 

Wm.  D.  Turner,  associate  in  chemistry  at  tile  University  of 
Chicago,  goes  to  the  Missouri  School  of  Mines,  RoUa,  as  as- 
sistant professor  of  chemistry. 

Prof.  K.  V.  McCollum  has  resigned  his  position  as  professor 
of  agricultural  chemistry  at  the  University  of  Wisconsin,  to  take 
charge  of  the  (le|)artmtnt  of  cliiinislry  of  the  new  school  of 
hygiene  and  public  licillh  establislied  by  the  Rockefeller  I'ounda- 
lion  in  connection  with  the  medical  school  of  Johns  Hopkins 
University. 

Prof.  lidward  G.  Maliin,  of  Purdue  University,  has  taken 
charge  of  inetallographic  work  in  the  laboratory  of  Scars,  Roe- 
buck &  Co.,  until  scliool  opens  this  fall. 

Mr.  Arthur  I,.  Israel,  of  Chicago,  is  serving  as  Captain  in  the 
yuarterniaster's  OJTicc.  Stmlheastcrn  Department,  Charleston, 
vS.  C. 

Mr.  I/.  }',.  Warren,  for  eiKlit  years  associate  chemist  in  the 
chemical  laboratory  of  the  American  Medical  Association,  has 
resigned  his  pnsitlon  to  take  cliarge  of  the  research  laboratories 
of  the  New  York  plant  of  Wm    U.  Warner  iSr  Co. 

Mr.  George  ]).  llogaliouM,  formerly  with  the  International 
Silver  Co.,  Meriden,  Conn  ,  has  joined  the  research  forces  of 
the  Scovill  MunufacturiuK  Co  ,  Wntcrbury,  Conn. 

Dr.  II.  H.  Niirlli,  lUSsiKMiite  profr««nr  of  chcmi-itry,  Rutgers 
College,  has  recently  resigned  his  po<iition  in  order  to  liciiinic 
itirrrlnr  of  the  Kesrarrh  l,alioratorir<i  of  the  York  Metal  & 
Alloy  Co..  York,  Pa 


Mr.  Forest  Rutherford,  for  many  years  superintendent  of 
reduction  works  for  the  Copper  Queen  Consolidated  Mining 
Company,  Douglas,  Ariz.,  severed  his  connections  with  the 
company  on  June  i  and  will  establish  himself  as  a  consulting 
metallurgical  engineer. 

Peter  MacHwan,  editor  of  the  Chemist  and  Dni^gisl,  died 
suddenly  at  Highgate,  England,  on  May  16,  aged  sixty.  Mr. 
MacEwan  joined  the  editorial  staff  of  the  Chemist  ami  Pruggisl 
in  1885,  becoming  editor  in  1899,  a  position  he  filled  with  con- 
spicuous success. 

Dr.  Leon  I.  Shaw,  of  the  department  of  chemistry  of  North- 
western University,  has  been  advanced  to  the  position  of  assis- 
tant professor  of  chemistry  on  leave  of  absence  for  one  year 
for  service  with  the  I'nited  States  Government.  He  has  re- 
ceived the  appointment  of  First  Lieutenant  in  the  Ordnance 
Officers'   Reserve   Corps. 

Mr.  J.  C.  Mooar  has  been  appointed  acting  manager  of  the 
Atlanta  Sales  Office  of  the  Pratt  Engineering  &  Machine  Co., 
owing  to  the  absence  on  account  of  illness  of  Uie  manager  of  the 
office,  Mr.  J.  B.  Jacoway. 

Dr.  Carl  L.  Alsberg,  Bureau  of  Chemistry,  Washington,  D.  C, 
and  Prof.  E.  F.  Ladd,  of  North  Dakota,  have  been  elected 
to  the  Committee  to  Revise  the  Scope  of  the  Association  of 
American  Dairy,  Food  and  Drug  Officials. 

Ivdward  M.  Beck,  vice-president  and  general  manager  of  the 
Akron  Varnish  Company,  and  one  of  the  best  varnish  research 
chemists  in  this  country,  died  recently  in  a  Cleveland  hospital, 
at  forty-four  years  of  age.  He  had  jiatented  a  number  of 
processes  for  varnish  numufacture,  and  luul  s|)ent  four  years  in  the 
study  of  the  chemistry  of  varnish  in  the  largest  plants  of  Ger- 
many. 

Mr.  Fred  W.  Padgett,  research  fellow  in  oil.  gns  and  gasoline 
at  the  llniversily  of  Pittsburgh  for  the  past  four  years,  has  been 
ap])ointed  associate  profes,sor  of  chemistry  in  the  I'nivcrsity 
of  Oklahoma,  where  he  will  develop  a  research  department  in 
oil,  gaS  and  ga.soline. 

The  .\merican  Ccnimic  Society  inchidcd  Rochester.  N.  V  . 
in  the  itinerary  of  their  .Annual  Summer  Nlecting  On  July  10. 
thirty  one  mcinlK-rs  of  the  S<H-icty  visitc<l  the  plant  of  The 
Pfaudler  Company,  in  Lincoln  Park,  and  >vemMnductc«l  thmiiKh 
the  works  liy  Dr.  W  J  Zimnirrli.  chief  clicmi-it.  ami  other 
officers  of  the  Company.  Tliis  plant  was  of  p.irliciilar  inlrrrst 
to  the  visitors,  as  The  Pfaudler  Compaiiv  is  .irdilcil  with 
having  originated  the  pri>ccss  of  fusiuu  "lilass"  riiamrU  into 
large  slet-l  tanks,  ;itiil  lliiit  KiH-hrstcr  plant  is  said  to  l«c  the 
largest  in  the  world  drvnlrd  lo  such  work  The  party  then  nmde 
a  trip  to  the  Tavlm  Instiiinirul  Companies'  (actorv.  after 
which  they  were  again  the  guests  o(  The  I'fiiudln  Company 
at  a  luurlu-oii  at  the  Powers  Hotel,  with  E  G  Mitirr.  ptvsidcnt 
and  genrr.d  manaKcr  of  the  Company,  noting  as  h<«t  After 
a  visit  lo  the  pl.nit  of  the  I'cnnsylvaniu  Feldspar  Com|i«ny, 
Ihc   party   disbandnl 
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Professor  Abraham  Henwood,  presiding  officer  of  the  Phila- 
delphia Section,  A,  C.  S.,  has  been  granted  the  degree  of  Doc- 
tor of  Science  by  Muhlenberg  College. 

Prof.  Kristian  Birkeland,  of  the  University  of  Kristiania, 
the  eminent  Norwegian  engineer,  who,  in  conjunction  with  Dr. 
Sam  Eyde,  developed  the  well-known  Birkeland-Eyde  nitrogen 
fixation  process,  died  in  Tokyo  on  June  18,  at  49  years  of  age. 

A  Committee  on  Industrial  Fatigue  has  been  organized  under 
the  Advisory  Commission  of  the  Council  of  National  Defense, 
with  the  following  membership:  Dr.  Thomas  Darlington, 
New  York,  Chairman;  Prof.  Frederic  S.  Lee,  Columbia  Uni- 
versity, Executive  Secretary;  Prof.  R.  E.  Chaddock,  Columbia 
University;  Prof.  Raymond  Dodge,  Wesleyan  University; 
Dr.  D.  L.  Edsall,  Harvard  Medical  School;  Mr.  P.  .S.  Florence, 
Columbia  University;  Miss  Josephine  Goldmark,  National  Con- 
sumers League;  Prof.  E.  G.  Martin,  Leland  Stanford  University; 
Dr.  J.  W.  Schereschewsky,  Public  Health  Service;  Dr.  Ernest 
L.  Scott,  Columbia  University.  The  committee  is  investiga- 
ting munition  factories  and  other  industrial  establishments 
that  are  manufacturing  war  supplies,  with  the  view  of  showing 
how  avoidable  fatigue  may  be  eliminated  and  how  the  greatest 
output  of  the  necessities  of  war  may  be  secured  compatible  with 
the  maintenance  of  the  working-power  of  the  workers. 

Mr.  O.  J.  D.  Thomas,  for  the  last  four  years  in  charge  of 
the  technical  work  of  the  Canadian  Brake  Shoe  Company, 
Sherbrooke,  has  been  appointed  chemist  in  charge  of  the  new 
research  laboratory  of  the  E.  B.  Eddy  Company,  Hull,  Que. 

The  Annual  General  Meeting  of  the  Society  of  Chemical 
Industry  was  held  in  The  University  Buildings,  Birmingham, 
England,  July  18  to  20,  1917.  The  nominations  to  oflices  are; 
President,  Prof.  Henry  Louis;  Vice-Presidents,  Dr.  Charles 
Carpenter,  Mr.  John  Gray,  Mr.  A.  R.  Ling,  Prof.  R.  F.  Ruttan, 
and  Mr.  J.  T.  Wood;  Ordinary  Members  of  Council,  Mr.  A.  G. 
Bloxam,  Mr.  W.  J.  Rces,  Mr.  Edwin  Thompson  and  Prof. 
James  Walker. 

Dr.  William  Bullock  Clark,  eminent  geologist,  and  professor 
of  geology  in  Johns  Hopkins  University,  died  suddenly  from 
apoplexy  on  July  27,  at  his  summer  home  at  North  Haven, 
Maine,  aged  fifty-six  years. 

John  W.  Herbert,  of  New  Jersey,  has  assumed  his  new  duties 
as  general  manager  of  the  Federal  Dyestuff  &  Chemical  Com- 
pany's plant  at  Kingsport,  Tenn.  He  is  also  chairman  of  the 
board  of  directors. 

Dr.  Martha  Tracy,  of  the  Philadelphia  Section,  A.  C.  S.,  has 
received,  in  course,  the  degree  of  Doctor  of  Public  Hygiene 
from  the  University  of  Pennsylvania. 

Dr.  Henry  Kraeraer  will  succeed  the  late  Dr.  Julius  O.  Schlot- 
terbeck  as  professor  of  pharmacognosy  of  the  College  of  Pharmacy 
of  the  University  of  Michigan.  Dr.  Kraemer  has  been  for  twenty 
years  professor  of  botany  and  pharmacognosy  at  the  Philadel- 
phia College  of  Pharmacy.  He  has  been  the  editor  of  the 
American  Journal  of  Pharmacy  for  nearly  twenty  years,  and  is 
the  author  of  several  standard  text-books  on  botany  and  kindred 
subjects. 

Mr.  Albert  F.  Ganz,  professor  of  electrical  engineering  at 
Stevens  Institute  of  Technology,  and  a  member  of  the  American 
Electrochemical  Society  since  November,  1908,  died  at  his-home 
in  Hobokcn,  N.  J.,  on  July  27,  1917.  Prof.  Ganz  made  many 
valuable  scientific  and  commercial  tests  and  investigations,  and 
was  well  known  in  the  electrical  world. 

Mr.  A.  W.  Ganger  has  resigned  as  secretary  of  the  Pittsburgh 
Section,  A.  C.  S.,  and  has  been  granted  a  leave  of  absence  by  the 
Bureau  of  Mines  to  accept  a  commission  as  first  lieutenant  in  the 
Sanitary  Engineering  Corps  of  the  U.  S.  military  forces.  Mr. 
Gauger  has  been  connected  with  the  Bureau  of  Mines  in  Pitts- 
burgh as  a  gas  chemist.  He  is  the  third  officer  of  the  Pitts- 
burgh Section  to  receive  a  military  commission. 

The  Informal  Congress  and  Re-union  of  the  American  and 
Canadian  ICngineers  and  Architects  of  Norwegian  birth  or  de- 
scent will  be  held  at  Chicago  Xorske  Klub,  September  27  to  29, 
1917.  Address  correspondence  to  Joachim  G.  Giaver,  chairman 
of  Committee  on  Arrangements,  Railway  Exchange  Building, 
80  E.  Jackson  St.,  Chicago. 


Mr.  W.  Rabak,  formerly  instructor  in  the  chemical  depart- 
ment of  the  University  of  Nebraska,  has  accepted  a  position 
in  the  laboratory  of  the  American  Medical  Association. 

Mr.  A.  W.  Phillips,  formerly  superintendent  of  the  Aetna 
Explosive  Company's  guncotton  plant  at  Gary,  Ind.,  and 
for  the  past  year  general  superintendent  of  the  Aetna  Chemical 
Company's  Canadian  smokeless  powder  plant  at  Drummond- 
ville,  P.  Q.,  has  resigned  that  position  to  accept  the  superin- 
tendency  of  the  synthetic  acetone  plant  of  the  Canadian  Electro- 
Products  Company  at  Shawinigan  Falls,  Quebec.  R.  A.  Lock- 
erby,  operating  superintendent  at  the  Drummondville  plant, 
succeeds  Mr.  Phillips. 

Thomas  C.  Craven,  formerly  of  Madero  Brothers  Company, 
has  been  elected  president  of  the  Keystone  Chemical  Supply 
Company,  of  Philadelphia,  to  succeed  C.  H.  Scarborough. 

Mr.  Leo  P.  Nemzek,  chief  chemist  for  several  years  at  the 
plant  of  John  Lucas  &  Co.,  Inc.,  Gibbsboro,  N.  J.,  has  joined 
the  staff  of  Harrisons,  Inc.,  as  paint  expert. 

As  a  war  measure  the  new  office  of  assistant  director  of  the 
Bureau  of  Mines  has  been  created.  Mr.  Frank  de  Wolf,  director 
of  the  Geological  Survey  of  Illinois,  has  been  selected  for  this 
post  and  will  assist  Director  Manning  in  the  administration 
of  the  extensive  mineral  deposit  survey  of  the  Bureau  of  Mines, 
with  especial  supervision  over  mineral  supplies  for  war  needs. 
The  Illinois  Survey  has  loaned  Mr.  de  Wolf's  services  to  the 
government  for  a  period  of  three  months,  with  salary  and  ex- 
penses paid. 

The  largest  Safety  and  Sanitation  Congress  and  Exposition 
ever  held  will  take  place  at  the  Grand  Central  Palace,  New  York 
City.  September  10  to  15,  191 7,  under  the  auspices  of  the  National 
Safety  Council  and  the  American  Museum  of  Safety.  Thousands 
of  safety  devices  and  demonstrations  of  accident  prevention 
will  be  on  view  at  the  Exposition,  which  will  cover  three  floors 
of  the  Palace  and  be  open  to  the  public  for  a  week. 

Dr.  Charles  F.  Chandler,  emeritus  professor  of  chemistry  of 
Columbia  University,  has  been  dangerously  ill  at  his  summer 
home  in  New  Hartford,  Conn.  Word  received  August  i8th 
stated  that  he  was  improving  rapidly  from  a  serious  operation 
and  that  it  was  thought  he  would  be  able  to  sit  up  the  following 
week. 

A  get-together  meeting  will  be  held  by  the  Technical  Asso- 
ciation of  the  Pulp  and  Paper  Industry  at  the  Third  National 
Exposition  of  Chemical  Industries,  Grand  Central  Palace, 
New  York  City,  on  September  26,  the  day  before  the  opening 
of  their  Fall  Meeting  at  Holyoke,  Mass.  The  invitation  from 
the  management  of  the  Exposition  was  accepted  by  the  Asso- 
ciation at  their  Spring  Meeting  in  Neenah,  Wis.  The  Exposi- 
tion authorities  have  offered  free  headquarters  and  meeting  rooms, 
with  every  facility  for  the  comfort  and  convenience  of  the 
members. 

The  Technical  Association  of  the  Pulp  and  Paper  Industry 
will  hold  its  Ninth  Meeting  at  Holyoke.  Mass.,  September  27  to 
29,  1917,  with  headquarters  at  Hotel  Nonotuck.  The  conven- 
tion will  open  on  "Thursday  morning.  September  27,  at  the 
Knights  of  Columbus  Hall,  with  an  address  of  welcome  by  the 
mayor  of  the  city,  followed  by  responses  for  the  Association. 
President  Carruth  will  then  deliver  an  address  reviewing  the 
work  of  the  Association,  after  which  the  reports  of  officers  and 
committees  will  be  presented  and  discussed.  The  afternoon 
session  will  open  with  a  paper  by  Prof.  H.  O.  Keay,  of  McGill 
University,  on  "An  Investigation  of  Stresses  in  Digester  Shells." 
Other  papers  for  this  session  include,  "A  Review  of  Different 
Processes  for  Causticizing  Sodium  Carbonate  Liquors  and  the 
Separation  of  the  Sludge,"  by  Martin  L.  Griffin,  Oxford  Paper 
Co.,  Rumford,  Me.,  and  "Some  Observations  on  the  Retention  of 
China  Clay  by  Paper  Pulp,"  by  Dr.  Otto  Kress  and  G.  C.  Mc- 
Naughton,  Forest  Products  Laboratory,  Madison,  Wis.  In  the 
evening  a  banquet  will  be  served  at  the  Hotel  Nonotuck,  with 
Arthur  C.  Hastings,  president  of  the  American  Writing  Paper 
Co.,  as  toastmasler.  The  program  for  Friday,  September  28, 
provides  a  round  of  visits  to  the  numerous  paper  mills  of  Holyoke, 
South  Hadlcy  Falls  and  vicinity.  Saturday,  September  29, 
will  be  devoted  to  an  automobile  tour  of  the  papermaking  centers 
in  the  Berkshire  Hills.  Members  who  wish  to  concentrate  their 
visits  of  inspection  to  particular  mills  should  communicate  with 
the  chairman  of  the  Mill  Visiting  Committee,  Wm.  L.  Nixon, 
Chemical  Paper  Manufacturing  Co.,  Holyoke.  If  in  doubt  on 
any  point  concerning  railroad  arrangements,  communicate  with 
the  chairman  of  the  Transportation  Committee,  George  E. 
Williamson,  Strathmore  Paper  Co.,  Mittineague,  Mass. 
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INDUSTRIAL  NOTES 


The  Barrett  Company,  Frankford,  Philadelphia,  have  given 
a  contract  for  the  erection  of  a  one-story  reinforced  concrete 
building,  to  cost  about  §40,000,  for  the  manufacture  of  coal-tar  by- 
products. 

It  is  reported  from  England  that  the  discovery  of  a  new 
method  of  nitrogen  fixation  from  the  air  has  been  made  by  a 
British  subject  and  that  a  plant  for  the  manufacture  of  nitroge- 
nous products  from  this  nitrogen  is  in  process  of  construction 
at  Manchester,  England,  and  should  be  working  within  six 
months.  National  considerations  preclude  details  being  given 
at  present,  but  it  is  believed  that  with  this  process  nitrogen 
can  be  "fixed"  anywhere  in  England  at  a  very  low  cost  and  with 
the  highest  efficiency  ever  achieved  by  any  nitrogen  fixation 
process.  The  International  Nitrogen  &  Power  Co.,  8  Waterloo 
Place,  London,  hold  the  exclusive  rights  to  work  the  process 
in  Great  Britain. 

Sarco  Company,  Inc.,  of  New  York,  have  received  orders  for 
temperature  regulators  for  each  of  the  sixteen  cantonment 
camps,  as  well  as  for  the  Selfridge  Aviation  Field,  near  Mount 
Clemens,  Mich.,  and  the  League  Island  Navy  Yard  at  Phila- 
delphia. 

According  to  The  Chemical  Technology  the  third  balance 
sheet  of  the  Nippon  Dyestuff  Manufacturing  Company  shows 
a  total  loss  of  about  30,000  yen.  The  Government  subsidy, 
however,  is  about  120,000  yen. 

A  new  celluloid-like  product  called  "Satolite"  has  been  in- 
vented by  Mr.  S.  Sato,  assistant  professor  in  Sendai  University, 
and  The  Satolite  Company  has  been  established  with  a  capitol 
of  2,000,000  yen  (about  Si, 000,000).-  Satolite  is  a  galalith  made 
of  glucine  of  soya  bean  coagulated  by  formaline.  It  is  said  to 
be  produced  much  cheaper  than  ordinary  celluloid  and  to  have 
more  merits  in  its  use  than  the  latter.  The  factory  is  to  be  built 
at  Mukojima  and  the  actual  manufacturing  will  begin  this 
autumn. 

The  Grassclli  Chemical  Company,  Cleveland,  O.,  has  entered 
the  manufacture  of  high  explosives  by  the  incorporation  under 
Ohio  laws  of  the  Grasselli  Powder  Company,  a  §5,000,000  con- 
cern, which  will  take  over  the  .\mcrican  High  Explosives  Co., 
the  Burton  Powder  Co.,  and  the  Cameron  Powder  Manufac- 
turing Co.  Mr.  Job  Burton,  of  Pittsburgh,  now  president  of  the 
Burton  Powder  Co.,  will  be  the  president  of  the  new  organiza- 
tion. 

It  is  stated  in  the  New  York  Journal  of  Commerce  and  Com- 
mercial Bulletin  of  July  30th,  that  a  simple  process  for  manu- 
facturing nitric  acid  direct  from  coal  gas,  or  other  gases,  by  com- 
pression and  subscciuent  explosion,  has  been  applied  in  Germany 
with  success.  Experiments  conducted  before  the  war  by  Prof. 
Haeus.ser  on  waste  gases  from  coke  ovens  demonstrated  its 
practicability  and  the  method  has  since  been  developed  to  meet 
war  conditions.  Further  details  are  given  in  the  above 
reference. 

The  du  Pont  Company  have  formally  announced  their  en- 
trance into  the  dye  industry,  and  it  is  expected  that  the  dye  plant 
being  built  at  Dcepwater  Point,  N.  J.,  adjoining  the  Company's 
chemical  department,  will  be  ready  for  business  in  a  few 
months. 

The  du  I'ont  Company  announce  the  opening  of  their  dye- 
stufT  sales  department  for  New  ICnglancI,  at  Turk's  Head  Build- 
ing, Providence,  K.  I.,  with  George  M.  Snow,  manager,  and 
Charles  H.  Hudson,  assistant  manager. 

The  Nitrogen  Fixation  Corporation  has  been  incori>oratcd  in 
New  York  by  Messrs.  J.  F.  A.  Comstedt,  J.  R.  Rubin  and  S.  M. 
Weil,  with  a  capital  of  ( 1  ,o<in,noo,  to  manufacture  chemicals  and 
allied  sproinltirs. 

Accorditig  to  the  Nrue  l-'rcir  I'rfsse  there  have  been  Kteal  de 
vclnpnieiits  in  the  Austrian  chemical  iiultistry  during  the  war 
Calcium  nitrntr  and  nitric  lu-iil  arc  new  indiistriri.  foiiiidrd  on 
the  iitili/alion  of  iiitroKcn  front  the  air.  Sulfuric  iiriil  plants 
have  been  cxtnidi-cl  and  new  factories  set  up  for  the  nianufac- 
lurr  of  bcn/.cnc.  tutiirnr,  glycerin,  acetone  and  rhlorinr. 


Manufacturing  will  begin  immediately  in  the  new  belt  fac- 
tory of  the  Chas.  A.  Schieren  Company,  of  New  York  City, 
built  as  an  addition  to  its  tannery'  at  Bristol,  Tennessee.  The 
buildings  are  entirely  completed  and  the  equipment  of  ma- 
chinery is  being  installed  for  the  manufacture  of  the  machine 
belts,  the  greater  portion  of  which  will  be  shipped  to  southern 
plants.  A  working  force  suffcient  to  produce  24,000  lineal 
feet  of  belting  daily  will  be  employed  at  the  start  and  gradually 
added  to,  as  skilled  help  can  be  secured,  until  the  ftUl  capacity 
of  the  plant,  50,000  feet  daily,  is  reached. 

Charles  Engelhard,  30  Church  St.,  New  York  City,  is  now 
producing  a  new  Pyrometer  tube,  corresponding  to  the  Mar- 
quardt  Mass  imported  tubes. 

The  Solvay  Process  Company,  Syracuse,  N.  Y.,  have  issued 
a  new  edition  of  their  Blue  Book  entitled  "Solvay  Alkali," 
owing  to  the  popularity  of  the  preceding  edition  as  a  ready 
reference  book.  The  book  deals  with  the  various  forms  and 
uses  of  alkali  and  contains  notes  on  alkalimetr\-  and  various 
chemical  and  commercial  tables  useful  to  the  consumer. 

With  a  view  to  the  development  of  the  British  chemical  in- 
dustry after  the  war,  in  consequence  of  the  capture  of  the  Ger- 
man trade,  the  Council  of  the  Liverpool  University  Committee 
has  formed  an  advisory  committee  consisting  of  four  members 
of  the  chemical  staff  of  tlie  University  and  six  members  repre- 
senting Brunner-Mond,  Gossages,  Crosfields,  Salt  Union,  United 
Alkali,  Lever  Brothers,  and  Castner-Kellner. 

The  Research  Corporation,  organized  under  the  laws  of  New 
York  State  and  under  the  auspices  of  the  Smithsonian  Institu- 
tion, announces  the  establishment  of  an  annual  fellowship  open 
to  general  competition  for  the  purpose  of  encouraging  and 
assisting  scientists  in  the  prosecution  of  their  investigations. 
The  competition  for  the  first  scholarship  is  to  be  decided  before 
December  ist  by  a  jury  consisting  of  the  presidents  of  the 
National  Academy  of  Sciences,  the  American  Chemical  Society 
and  the  Research  Corporation,  and  the  secretary  of  the  Smith- 
sonian Institution.  The  fellowship  runs  for  one  year,  but  may 
be  extended  by  the  Corporation  for  two  renewals  of  one  year 
each,  in  exceptional  cases,  upon  the  recommendation  of  the 
jury.  To  the  successful  competitor  the  Corporation  offers  an 
honorarium  of  ?2,500  and  their  assistance  in  securing  the 
lirivilege  of  laboratories  specially  adapted  for  the  particular 
work.  Discoveries  or  inventions  which  the  fellow  may  make 
are  to  be  deemed  his  personal  property.  The  Research  Corpora- 
tion was  organized  as  custodians  of  the  Cottrell  patents  on  the 
electrical  precipitation  of  suspended  particles,  the  prolits  from 
which  must  be  applied  to  the  advancement  of  scientific  research 
and  investigation. 

The  Senate,  on  August  lotli,  passed  the  Pittnian  Bill  authoriz- 
ing the  exploration  for  and  the  disposition  of  pota.sh  and  other 
chemical  resources  in  Scarlcs  Lake,  California,  and  other  j-Kirtions 
of  the  public  domain.  The  bill  provides  that  the  Secretary* 
of  the  Interior  shall  be  authorized  under  rt'giilations  to  be 
I)rcscribcd  by  him  to  grant  to  applicants  a  prosix-cting  permit 
which  shall  give  the  exclusive  right  to  prtisiK-ct  for  chlorides, 
sulfates,  carbonates,  borates,  silicates  or  nitrates  of  ixitassium. 
or  borates,  carbonates  or  nitrates  of  sodium,  or  borates  of  calcium 
or  associated  salts  in  "lands  of  the  United  States  not  known  to 
contain  valuable  deposits  of  the  kinds  above  desiTilicd."  for  a 
period  of  not  exceeding  two  years,  provided  that  the  area  .shall 
not  exceed  2.560  acres.  Should  such  discoveries  be  made  the 
pcrmittcr  shall  1m;  entitled  to  a  iK)tetit  of  (140  acrrs.  The  bill  also 
contains  provisions  for  leasing  the  proiK-rties  Every  lease  shall 
reserve  to  the  President  the  right  to  li\  the  prii-c  of  minerals 
extracted  and  sold  from  the  leased  premises  nn<l.  during  war- 
time, to  secure  their  distribution  and  use  wholly  within  Unitetl 
States  territory.  On  /Xugusl  1  jth.  S  iiator  llu-iliug.  a  nirnil>rr  of 
the  Committee  on  Public  1. anils,  altiukcd  the  bill,  viying  in  part. 
"The  long  and  short  of  it  is  that  this  nniriulnunt  sinipiv  wipes 
out  the  policy  of  conserving  for  the  ]>cople  of  the  United  States 
the  known  niining  fields  bv  giving  them  out  ■>iiU  "i  1'  .1'  and 
giKS  back   to  the  old   discredited   jHiluy   th.ii  ihc 

countn-  a  few  years  ago  bv  )KTniillinK  nien  t"  ■  i\x 

a    (latent    f<ir    valuable   dejMwHs"     The   Scn:ii'  dc- 

cliiie<l  111  reconsider  its  vote  and  the  Hill,  at  this  wiituiii.  '*  l>cforc 
the  House  where  it  is  cxj>cctrd  to  pass.  prolMblv  with  some 
amendments. 
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GOVLRNMLNT  PUBLICATIONS 


By  R.  S.  McBride,  Biirea 

KOTICE^Publications  for  which  price  is  indicated  can  be 
purchased  from  the  Superintendent  of  Documents,  Government 
Printing  Office,  Washington,  D.  C.  Other  pubHcations  can 
usually  be  supplied  from  the  Bureau  or  Department  from  which 
they  originate.  Commerce  Reports  are  received  by  all  large 
libraries  and  may  be  consulted  there,  or  single  numbers  can  be 
secured  by  application  to  the  Bureau  of  Foreign  and  Domestic 
Commerce,  Department  of  Commerce,  Washington.  The  regu- 
lar subscription  rate  for  these  Commerce  Reports  mailed  daily  is 
$2. 50  per  year,  payable  in  advance,  to  the  Superintendent  of 
Documents. 

CONQRESSIONAL  COMMITTEES 

Leasing  of  Oil  Lands.  Public  Lands  Committee  of  the 
Senate.  172  pp.  Available  only  through  members  of  Congress. 
This  is  Parts  i  to  3,  inclusive,  of  the  report  on  Senate  Bill  45, 
as  developed  in  hearings  of  April  13  to  June  20,  in  reference  to 
promotion  of  mining  of  coal,  phosphate,  oil,  gas,  potassium, 
and  sodium  on  public  domain. 

Salvarsan.  Committee  on  Patents  of  the  Senate.  52  pp. 
Available  only  through  members  of  Congress.  This  pamphlet 
reports  on  hearings  on  Senate  Bill  2178,  "Suspending  during 
present  emergency  all  rights  arising  out  of  any  patent  granted 
by  United  States  upon  any  compound  or  medicine  of  which 
salvarsan  is  a  constituent  part"  and  on  Senate  Bill  2363,  "Author- 
izing Secretary  of  War  or  Secretary  of  Na\'y  to  manufacture  for 
use  of  army,  navy,  or  the  people  of  United  States  any  drug, 
medicine,  or  other  remedy  or  device  which  is  protected  by 
patent  or  patents,  trade-mark  or  trade-marks,  and  which  can- 
not be  procured  at  reasonable  price  within  United  States." 

Nitrate  of  Soda.  Appropriations  Committee  of  the  House  of 
Representatives.  26  pp.  A  report  of  hearing  before  sub- 
committee on  Senate  Joint  Resolution  3 1  to  appropriate  $10,000,- 
000  for  purchase  of  nitrate  of  soda  for  use  as  fertilizer,  including 
statements  of  David  F.  Houston  and  Ellison  D.  Smith. 

Niagara  River  Water  Power.  Foreign  Affairs  Committee 
of  the  House  of  Representatives.  Report  of  hearings  on  Senate 
Joint  Resolution  13  on  "Diversion  of  Water  from  Niagara 
River,"  including  statements  of  Newton  D.  Baker  and  others. 
May  25  to  June  6.  Two  parts,  a  total  of  93  pp.  ALso,  Report 
to  accompany  House  Joint  Resolution  109,  i  page,  dated  June 
26;  numbered  House  Report  87. 

COUNCIL  OF  NATIONAL  DEFENSE 
Organization  of  the   Coimcil  of  National  Defense.     26  pp. 
This   pamphlet   shows   the   personnel,    committees,    and   inter- 
relations of  parts  of  the  Council.     Issued  June  11. 

Medicines,  Antiseptics,  Disinfectants,  etc.  27  pp.  Is- 
sued June,  191 7.  This  is  Part  2  of  a  list  of  staple  medical  and 
surgical  supplies  selected  to  meet  war  conditions  by  the  Com- 
mittee on  Standardization  appointed  by  the  Council  of  National 
Defense. 

FEDERAL  TRADE  COMMISSION 
News-Print  Paper  Industry.  Unnumbered  pamphlet.  162 
pp.  Paper,  10  cents.  Issued  June  13.  This  contains  a  general 
description  of  the  news-print  paper  industry,  jobbers'  commis- 
sions and  margins  of  gross  profit,  cost  and  profits  of  manufac- 
ture, supply  and  demand  factors,  evidence  of  violations  of  anti- 
trust laws,  and  statistical  data  of  interest.  This  report  and  let- 
ter of  transmittal,  with  the  final  report  of  the  commission  is  also 
available  as  Senate  Document  49. 

Book-Paper  Industry.  Senate  Document  45.  ii  pp.  This 
is  a  preliminary  report  only. 


I  of  Standards.  Washington 

Report  on  Beet  Sugar  Industry  in  United  States.  House 
of  Representatives'  Document  158.  164  pp.  Paper,  20  cents. 
This  report  covers  a  5-year  period,  ending  with  the  season  of 
1913-1914. 

NATIONAL  ACADEMY  OF  SCIENCES 

Annual  Report  for  Calendar  Year  1916.  94  pp.  Paper,  10 
cents.  Also  available  as  Senate  Document  707  of  Second  Ses- 
sion of  64th  Congress. 

NATIONAL  MUSEUM 

Remarkable  Occurrence  of  Calcite  in  Silicified  Wood.  Edgar 
T.  Wherry.  Separate  No.  2200  from  Proceedings  of  the  U. 
S.  National  Museum,  Vol.  53  (June  i,  1917).  4  pp.  and  3 
plates. 

PUBLIC  HEALTH  SERVICE 

Biological  Products.  Anony.mous.  "Public  Health  Reports," 
32,  903-6  (June  8).  This  is  a  report  including  a  list  of  es- 
tablishments licensed  for  the  propagation  and  sale  of  viruses, 
serums,  to.\ins,  and  analogous  products. 

Mechanical  Fans.  Their  Use  to  Increase  the  Efficiency  of 
Ftimigating  Gases.  S.  B.Grubbs.  "Public  Health  Reports,"  32, 
699-702  (May  11).  "There  are  practical  difficulties  to  the 
routine  use  of  fans  during  fumigation,  but  if  these  are  overcome 
the  procedure  will  be  of  considerable  value.  Electric  fans 
are  often  found  in  the  living  quarters  of  vessels  or  in  buildings, 
and  when  possible  these  should  be  used  when  such  places  are 
fumigated." 

WATERTOWN  ARSENAL 

Report  of  Tests  of  Metals  and  Other  Materials.     Unnumbered 
publication.     328    pp.     and    numerous     plates.     Cloth,    Si. 00. 
This  is  a  report  for  the  fiscal  year,  1915,  on  the  tests  made  at 
the  Watertown  Arsenal  of  metals  and  other  materials. 
OEOLOQICAL  SURVEY 

Tujigsten  Minerals  and  Deposits.  Fr.\nk  L.  Hess.  Bulletin 
652,  73  pp.  Paper,  25  cents.  "An  attempt  is  made  to  gather 
into  this  bulletin  the  known  general  facts  about  tungsten,  the 
minerals  in  which  it  is  found,  the  kinds  of  deposits  from  which 
these  minerals  have  been  obtained,  and  other  information  which 
will  answer  as  many  as  possible  of  the  questions  asked  the  Surv-ey, 
and  to  show  by  illustrations,  colored  and  uncolorcd,  the  appear- 
ance of  typical  specimens  of  the  various  tungsten  minerals. 
The  purpose  has  been  to  make  this  paper  of  interest  and  use  to 
the  prospector  and  miner,  and  also  to  those  who  have  no  par- 
ticular knowledge  of  minerals." 

Sand-Lime  Brick  in  1916.  Jefferson  Middleton.  Mineral 
Resources  of  the  United  States,  1916,  Part  II,  pp.  5-6.  Pub- 
lished May  31.  2  pp.  "The  sand-lime  brick  industry  made 
considerable  progress  in  1916.  Both  the  quantity  and  the  value 
of  the  material  sold  showed  large  increase  compared  with  1915, 
the  value  reaching  its  maximum  and  exceeding  that  of  1913, 
the  previous  year  of  maximum  value,  by  $235,748,  or  19  per 
cent.  This  industry,  in  common  with  others,  suffered  consider- 
ably from  scarcity  of  labor;  otherwise  the  output  in  1916  would 
probably  have  been  even  larger.  The  prospects  for  1917  ap- 
pear to  indicate  that  the  output  and  value  for  19 16  will  be  ex- 
ceeded." 

Geology  and  Ore  Deposits  of  the  Mackay  Region,  Idaho. 
Joseph  B.  Umpleby.  Professional  Paper  97,  115  pp.  Paper, 
35  cents. 

Zinc.  C.  E.  SiebEnthau.  Bulletin  666-V,  4  pp.  The  follow- 
ing table  shows  the  increase  in  spelter  production  and  in  exports 
of  zinc  and  brass  and  their  manufactures  by  six-month  periods 
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during  the  war.  The  first  war  demands  were  for  spelter  and 
■  htut  zinc,  the  exports  of  which  averaged  between  10,000  and 
i;,,rioo  tons  a  month  up  to  the  middle  of  19 16.  During  the  last 
half  of  igi6  and  the  first  three  months  of  1917  the  exports  were 
nearly  doubled,  averaging  over  21,000  tons  monthly.  The  ex- 
ports of  brass  grew  rapidly,  being  four  times  as  large  in  the  last 
:  ix  months  as  they  were  in  the  first  six  months  of  19 15,  and  almost 
'luuljling  the  monthly  rate,  in  the  first  three  months  of  1917. 
I  liL-  exports  of  manufactures  of  zinc  and  brass  and  also  of  car- 
iriilges  grew  rapidly,  being  now  about  seven  times  as  great  as 
ni  the  first  six  months  of  1915. 

The  fact  that  this  great  consumption  of  munitions  has  had  no 
more  effect  on  the  price  of  spelter  than  to  raise  it  to  13  cents 
for  a  short  time  in  November  and  December,  1916,  seems  to 
indicate  that  the  zinc-smelting  capacity  has  been  brought  up 
to  the  point  where  it  is  able  to  meet  every  demand.  In  fact, 
it  has  been  suggested  that  there  has  been  some  overproduction 
of  spelter  and  that  stocks  have  probably  accumulated.  Be 
that  as  it  may,  it  is  not  likely  that  there  can,  under  present  con- 
ditions, be  any  further  material  decline  in  the  price  of  spelter, 
for  that  would  probably  so  reduce  the  output  of  sphalerite  con- 
centrates from  the  sheet  ground  of  the  Joplin  region  as  to  react 
upon  the  price  of  spelter,  causing  it  to  rise  again. 

Spelter  Pkoducsd  in  United  States  and  Zinc  and  Brass  Exported 
1914-1917 
^~ Exports  of  Zinc  and  Brass . 


Spelter 
produ 


•    Spelter 
and  sheets 
domestic 
foreign  & 


(short  tons)  (short  tons)   tons) 

1914 
Jan.-June.  175,058 
July-Dec. 177,991 

1915. 
Jan.-June.216.532 
July-Dec.. 272.987 

1916. 
Jan. -Jun.. 316,452 
July- Dec. 35 1,004 

1917. 
Jan.-Mar 


Old 

Brass  brass 

(short  (short  (short 

tons)    tons) 


Value  of 
manufac- 
tures of  zinc 
and  brass 
including 
cartridges 

$3,841,237 
6,712,225 

25,070.587 
43,154.056 


Total 
■alue  of 
exports 


f6,337,4I6 
17,162,383 


64.049       1.909  6.1,464  1,252     83.821,780  138,670.854 


BUREAU  or  THE  CENSUS 

Manufacture  of  Glass.  13  pp.  This  and  the  following  tliree 
pamphlets  arc  part  of  a  series  issued  as  a  result  of  the  1914 
quinquennial  "Census  of  Manufactures."  Statistics  are  pre- 
sented in  three  sections:  (i)  Summary  and  analysis,  which 
gives  general  data  for  the  industry;  {2}  special  statistics  of  ma- 
terials, products,  and  methods  of  manufacture;  and  (3)  State 
tables,  giving  summaries  for  1904,  1909,  and  1914  in  comparison, 
as  well  as  detailed  figures  for  1914. 

Paper  and  Wood  Pulp,  fniiumbcrcd  pamphlet.  19  pp. 
(See  preceding  abstract.) 

Flour-mill  and  Grist-mill  Products,  llnnunibercd  pamphlet. 
20  pp.      (See  second   preceding  abstract.) 

Sugar  Industry.  I 'MMiiinlnrcd  pamphlet.  13  pp.  (See  third 
prec<ditig  patnplilil.) 

BUREAU  or  riSBERIES 

Mortality  of  Fishes  on  West  Coast  of  Florida.  II.\ki>bn  V . 
Tavi.or.  Uociiincnt  848.  .24  jip.  Paper,  5  cents.  This  re- 
|«)rt  of  the  results  of  un  invcstiKution  of  excessive  mortality 
of  fi.slies  ill  this  locality  in  the  late  full  of  1916  includes  a  dis- 
Cll.ssion  of  tile  possible  causes,  some  of  wliicli  reliite  to  the  chem- 
ical ctiaraclcr  of  tin-  w;itrrs  at  that  time. 

BUREAU  or  LABOR  ITATISTICB 

Industrial  Poisons  Used  or  Produced  In  Manufacture  of 
Exploiives.     Ai.ici:  IIamii.Ths       Itiilli'tin  ix'i       \.\\  pp      I'.iixr, 

i,S   (Tilts      This   pnlilK.il IrsirilKs   the   pliyMoloKicul   aitioii 

of  poiHons,  the  |>r<Kessrs  of  niaiiiiliu'tiirc  involved,  mid  the  nirth 
(ids  for  prevnitioii  or  tmilniriil  of  induHtriul  imisoiiiiiK  cnara  in 
till-  ixplosivrs  iiiilu^try. 


BUREAU  OF  MINES 

Sandstone  Quarrying  in  the  United  States.  Oliver  Bowles. 
Bulletin    124.     130   pp.     Paper,    25  cents. 

The  Mining  Industry  in  the  Territory  of  Alaska  During  the 
Calendar  Year,  1915.  Sixmner  S.  Smith.  Bulletin  142,  58  pp. 
Paper,  10  cents. 

Answers  to  Questions  on  the  Flotation  of  Ores.  Olr^r  C. 
Ralston.  Technical  Paper  149,  23  pp.  Paper,  5  cents.  "So 
rapidly  is  the  art  of  flotation  advancing  that  any  complete 
treatise  on  the  subject  is  likely  to  be  out  of  date  by  the  time  it 
is  printed  However,  as  the  Biureau  of  Mines  is  continually 
receiving  inquiries  regarding  a  number  of  more  or  less  practical 
questions  that  are  seemingly  not  answered  with  sufficient  clear- 
ness in  the  existing  literature,  attempt  is  made  in  this  paper  to 
answer  such  questions  as  are  more  pertinent  and  important. 
Answers  to  some  of  the  questions  are  to  be  found  in  the  litera- 
ture of  flotation,  but  the  majority,  possibly  because  they  are 
decidedly  practical,  seem  to  have  been  overlooked  or  left  un- 
answered. This  paper  does  not  attempt  to  discuss  the  theories 
put  forth  to  account  for  the  facts  accumulated  by  the  many  ex- 
periments with  flotation  nor  does  it  attempt  to  describe  in  de- 
tail flotation  plants  nor  the  procedure  in  different  mills.  Rather 
it  seeks  to  answer  questions  that  are  apt  to  be  asked  by  persons 
who  wish  to  know  the  possibility  of  successfully  applying  flota- 
tion to  a  given  ore  or  mixture  of  ores." 

The  treatment  is  by  answering  24  specific  questions  of  general 
interest. 

Motor  Gasoline.  Properties,  Laboratory  Methods  of  Testing, 
and  Practical  Specifications.  H.  W.  Dean.  Technical  Paper 
166,  20  pp.  Paper,  5  cents.  "The  present  paper  is  intended 
to  aid  the  public  in  becoming  generally  acquainted  with  methods 
of  testing  gasoline,  in  the  hope  that  a  sufficiently  wide  applica- 
tion of  the  principles  set  forth  will  result  in  perfecting  specifica- 
tions as  satisfactory  as  those  used  in  transactions  involving 
many  other  commodities." 

BUREAU  OF  STANDARDS 

Standardization  of  Bomb  Calorimeters.  Circular  11.  3rd 
Ed.      Issued  June  .'3. 

Standard  Samples:  General  Information.  Circular  25.  6th 
lid.  Issued  June  20.  This  revision  has  several  minor  chang<es 
and  additions;  it  describes  the  system  of  issuing  standard  sam- 
ples of  materials,  and  gives  rules  for  ordering. 

DEPARTMENT  OF  AGRICULTURE 
Experiments  in  the  Determination  of  the  Digestibility  of 
Millets.  C.  1".  LANdwiiKTiiv  am>  A.  1).  IIolmhs.  Bulletin 
525.  Contribution  from  the  States  Relations  Service.  9  pp. 
Paper,  5  cents.  Published  April  7.  This  is  n  report  of  studies 
of  the  digestibility  of  millet  in  relation  to  its  use  as  focxl  .ind  is 
of  interest  to  investigators  and  students  of  huninn  nutrition. 

Validity  of  the  Survey  Method  of  Research.  W.  J.  Spillman. 
Bulletin  529.  Coiitribulioii  from  the  Office  of  Panii  Miinuge- 
incnt.  15  pp.  I'aper.  5  ifiils.  Published  .\pril  5.  .\  study 
of  the  accuracy  of  farm  records  obtained  in  farm  miuiaKcnicnt 
investigations. 

The  Results  of  Physical  Tests  of  Road-Building  Rock  in  IQ16, 
Including  all  Compression  Tests.  I'kIi'vksT  llrniiARH  and 
Frank  II.  Jack.son,  Jr.  Biillrtin  537.  Contribution  from  Xhe 
Office  of  the  Public  Kouds  and  Kunil  MnginecrinK.  3i  pp  Pa|Kr, 
3  cents.  Published  April  i\.  Thi.i  is  a  supplement  to  IVpart- 
inriit  Hullctin  370.  niul  is  of  iiitere.il  lo  roiid  cnKinecn  and  con- 
tractors. 

Detection  of  Lime  Used  as  a  Neulraliier  in  Dairy  Products. 
II.  J.  Wk'IIMAnn  IVp.irtiiiriit  Hullrtin  514.  Cnnlnlnition 
from  the  lliirriiii  of  Chrniisiry  IJ  pp  Pii)mt,  3  rents  This 
litillrljii  will  lie  useful  lo  officials  of  State  dairy  uui  food  dc- 

))atliiiriit!i 
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Timber  Storage  Conditions  in  the  Eastern  and  Southern 
States  with  Reference  to  Decay  Problems.  C.  J.  Humphrey. 
Bulletin  510.  Contribution  from  the  Bureau  of  Plant  Industry. 
43  PP-  aifl  numerous  plates.  Paper,  20  cents.  Describes 
causes  of  decay  in  stored  timber  and  suggests  methods  of  pre- 
vention. 

Crossties  Purchased  and  Treated  in  1915.  Arthur  M. 
McCrEight.  Bulletin  549.  Contribution  from  the  Forest 
Service.  8  pp.  Paper,  5  cents.  A  compilation  of  statistics 
on  the  number  of  crossties  purchased  in  the  United  States  during 
191S  by  the  steam  and  electric  roads,  and  electric  light,  heat, 
and  power  companies. 

A  Comparison  of  Several  Classes  of  American  Wheats  and 
a  Consideration  of  Some  Factors  Influencing  Quality.  L.  M. 
Thomas.  Bulletin  557.  Contribution  from  the  Bureau  of  Plant 
Industry  and  the  Office  of  Markets  and  Rural  Organization. 
28  pp.  Paper,  5  cents.  Of  interest  to  grain  and  food  inspectors, 
and  millers  generally.  Partial  surx'ey  of  the  results  of  investi- 
gations involving  milling  tests  with  wheat  and  baking  tests  with 
flour. 

Chemical  Studies  of  the  Efficiency  of  Legumes  as  Green 
Manures  in  Hawaii.  Alice  U.  Thompson.  Bulletin  43, 
Hawaii  Agricultural  Experiment  Station.  26  pp.  Paper, 
5  cents.  Presents  data  giving  the  results  of  the  first  year's 
experiments  to  determine  the  relative  efficiency  of  various  species 
of  legumes  on  different  soil  types. 

Yearbook  of  the  Department  of  Agriculture.  783  pp.  and 
numerous  plates.  Cloth,  $1.00.  This  report  for  the  calendar 
year,  1916,  includes  two  articles  of  some  chemical  interest,  as 
follows : 

(i)  Some  American  Vegetable  Food  Oils,  Their  Sources 
and  Methods  of  Production.     H.  S.  Bailey. 

(2)  Importance  of  Developing  Our  Natural  Resources  of 
Potash.     Frederick  W.  Brown. 

Chemical  Testing  of  Milk  and  Cream.  RoscoE  H.  Shaw. 
I'nnumbered  publication  from  the  Bureau  of  Animal  Industry. 
42  pp.     Paper,  10  cents;  issued  May  loth. 

A  Study  of  Methods  of  Estimation  of  Metabolic  Nitrogen. 
E.  B.  Forbes,  C.  E.  Mangels  and  L.  E.  Morgan.  "Journal 
of  Agricultural  Research,"  9,  405-411  (June  18). 

Toxicity  of  Various  Benzene  Derivatives  to  Insects.  William 
Moore.  "Journal  of  Agricultural  Research,"  9,  371-381 
Qune  11). 

Season,  and  Water  on  the  Bacterial  Activities  of  the  Soil. 
J.  Iv.  Greaves,  Robert  Stewart  and  C.  T.  Hirst.  "Journal 
of  Agricultural  Research,"  9,  293-337   (May  28). 

Effect  of  Decomposing  Organic  Matter  on  the  Solubility  of 
Certain  Inorganic  Constituents  of  the  Soil.  Charles  A.  Hensen. 
"Journal  of  Agricultural  Research,"  9,  253-268  (May  21). 

Relation  of  the  Transformation  and  Distribution  of  Soil 
Nitrogen  to  the  Nutrition  of  Citrus  Plants.  I.  G.  McBetii. 
"Journal  of  Agricultural  Research,"  9,  183-251  (May  14). 

Composition  of  Citrus  Leaves  at  Various  Stages  of  Mottling. 
Charles  A.  Hensen.  "Journal  of  Agricultural  Research," 
9.  157-165  (May  7). 

Yearbook  of  the  U.  S.  Department  of  Agriculture,  1916. 
783  pp.  169  plates  and  figures.  Clotli,  Si. 00.  Obtainable 
free  only  through  members  of  Congress.  This  yearbook  con- 
tains the  annual  report  of  the  Secretary  of  Agriculture  and  33 
miscellaneous  articles.  These  articles  will  later  be  available 
as  separates. 

The  Sanitary  Control  of  Tomato-Canning  Factories.  Burton 
J.  Howard  and  Charles  H.  Stephenson.  Department  Bulle- 
tin 569.  Contribution  from  the  Bureau  of  Chemistry.  29 
pp.     Paper,  5  cents.     Issued  June  25. 


Carbon  Disulfide  as  an  Insecticide.  W.  E.  Hinds.  Farmers' 
Bulletin  799.  21  pp.  This  is  a  revision  of  Farmers'  Bulletin 
145- 

Utilization  of  Ash.  W.  D.  Sterrett.  Department  Bulle- 
tin 523.     Contribution  from  the  Forest  Service.     52  pp.    Paper, 

15  cents      Of  interest  to  manufacturers  of  wood  products. 
Variation   in   the    Chemical    Composition   of   Soils.     W.    O. 

Robinson,  L.  A.  Steinkoenig  and  William  H.  Fry.  De- 
partment Bulletin  551.     Contribution  from  the  Bureau  of  Soils. 

16  pp.  Paper,  5  cents.  Issued  June  26.  The  report  includes 
complete  analyses  of  45  samples  of  soils  from  four  soil 
provinces. 

The  Determination  of  Bacteria  in  Ice  Cream.  S.  Henry 
Ayers  and  W.  T.  Johnson,  Jr.  Department  Bulletin  563. 
Contribution  from  the  Dairy  Division,  Bureau  of  Animal  In- 
dustry. 16  pp.  Paper,  5  cents.  The  results  of  experiments 
indicate  that  bacteria  are  distributed  quite  evenly  in  commer- 
cial ice  cream. 

DEPARTMENT  OF  COMMERCE 

List  of  Publications.  This  list  is  the  15th  Edition,  revised  to 
May  8,  1917.  indicating  all  of  the  publications  now  available 
for  distribution. 

BUREAU  OF  FOREIGN  AND  DOMESTIC  COMMERCE 

Substitutes  for  Tin  Cans:  How  to  Offset  any  Possible 
Shortage.  Unnumbered  leaflet,  4  pp.,  issued  in  cooperation 
with  the  Bureau  of  Standards. 

Markets  for  Paper,  Paper  Products,  and  Printing  Machinery 
in  Cuba  and  Panama.  Robert  S.  Barrett.  Special  Agents 
Series  132,  44  pp.  Paper,  5  cents.  This  is  the  first  of  a  series 
of  reports  on  paper  and  printing  supplies  which  is  planned  to 
cover  countries  of  Latin  America.  The  booklet  gives  a  brief 
review  of  market  conditions  with  respect  to  these  commodities, 
detailed  discussion  of  imports  of  paper,  a  description  of  printing 
machinery  now  on  hand,  and  the  prospects  for  increasing  sales 
from  United  States. 

Cane  Sugar  Industry.  Anonymous.  Miscellaneous  Series 
No.  53.  462  pp.  Paper,  50  cents.  This  report  covers  a  de- 
tailed study  of  agricultural,  manufacturing  and  marketing 
conditions  of  the  sugar  industry  in  Louisiana,  Cuba,  Porto 
Rico,  and  Hawaii 

COMMERCE  REPORTS— JULY,  I917 

The  British  Ministry  of  Munitions  has  formulated  rigid 
regulations  requiring  licensing  for  the  manufacture,  use,  and 
sale  of  sulfuric  acid.     (P.  4) 

Efforts  are  being  made  to  encourage  the  cultivation  of  sugar 
beets  in  England.     (P.  6) 

Special  courses  in  coal-tar  chemistry  have  been  established 
at  the  Technical  College  at  Huddersfield,  England,  where  the 
large  dye  factory  of  British  Dyes,  Ltd.,  is  located.  (P. 
40) 

A  potash  mine,  similar  to  the  Stassfurt  deposits,  has  been  dis- 
covered in  Abyssinia:  it  is  claimed  that  there  are  850,000 
tons  of  55  per  cent  potash.  A  railway  and  plant  are  being  con- 
structed.    (P.  246) 

The  output  and  consumption  of  copper  ore  in  Japan  shows  a 
marked  increase.     (P.  175) 

The  output  of  manganese  ore  from  Brazil,  in  1916,  was  over 
500,000  tons,  as  compared  with  180,000  tons  in  1914.  (P. 
262) 

Among  the  chemicals  required  in  Italy,  which  may  be  furnished 
by  the  United  States,  are:  Oleic  acid,  oxalic,  salicylic  and  sul- 
furic acids,  sodium  carbonate,  sodium  and  potassium  silicates, 
ammonium  salts,  and  copper  sulfate.     (P.  302) 
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Efforts  are  being  made  to  increase  the  use  of  peat  for  fuel  in 
Switzerland.     (P.  324) 

A  $20,000,000  plant  for  refining  nickel  ore  is  to  be  erected 
in  the  Sudbury  district,  Canada.      (P.  326) 

Coal  gas  is  being  used  extensively  in  England  as  a  substitute 
for  gasoline  for  motor  bus  fuel.      (P.  337) 

Chinese  wood-oil  varnish  is  made  from  tung  oil,  by  heating 
vrith  a  ferruginous  clay,  and  native  red  lead.  The  varnish  is 
used  for  waterproofing  silks,  pongees,  etc.     (P.  180) 

An  electric  power  rolling  mill  is  to  be  installed  in  connection 
with  the  electric  furnace  steel  plant  at  Stavanger,  Norway. 
(P.  342) 

Special,  Sijpplements  Issued  During  ths  Month 
Spain —  1 46  Argentina — 38fl 


Statistics  of  Exports  to  the  United  States 
Canada — 263  London — 293 

Rubber 


Switzerland— 17o 
Costa  Rica — 24a 
Dutch  West  Indies — 27a 
Guatemala — 29a 
Panama— 35a 


Uruguay — 47a 
China — 526  and  52c 
French  Indo-China- 

AUSTRALIA — ^Oa 


-54a 


The  Spanish  Government  has  taken  over  the  platinum  and 
potash  deposits  in  Spain,  but  has  not  yet  done  any  extensive 
work  upon  them.      (Supplement   15a) 


Wood  alcohol 

Paper 

Coal 

Coke 

Calcium  acetate 

Sulfuric  acid 

Calcium  carbide 

Gum  chicle 

Senega  root 

Fertilizers 

Hides 

Leather 

Rubber 

Aluminum 

Asbestos 

Copper 

Copper  ore 

Ferro  alloys 


Wood  pulp 


Drugs 
Gelatin 
Glue 
Hides 

Artificial  alk 
Aniline  dyes 


Tin 

Hides 

Indigo 

Spain — Sup.    156 

Copper 

Hides 

Iron  ore 

Pyrites 

CosTA  RjCA — Sup.  24a 

Gold 

Hides 

^langanese  ore 

Rubber 

Sugar 

Argentina — Sup.  38a 

Bones 

Quebracho  extract 

Glycerine 

Guano 

Hides 

Rubber 

Uruguay — Sup.    47a 

Bones 

Blood 

Glue  Stock 

Hides 

Rubber 


Dutch  West  Indies — 
Sup.  27a 

Aloes 

Divi  divi 

Hides 

Mangrove  bark 

Salt 

Sugar 

Fustic 

Logwood 

Panama— Sup.  35a 

Balata 

Gold 

Hides 

Ipecac 

Manganese  ore 

Rubber 

Tagua  nuts 

Tallow 

Australia — Sup.  6O0 

Copper 

Coke 

Copra 

Gold 

Hides 

Nickel  matte 

Chrome  ore 

Manganese  ore 

Oleostearin 

Tin 


BOOK  RLVILW5 


The  Founder's  Manual.     A  Presentation  of  Modern  Foundry 
Operations  for  the  Use  of  Foundrymen,  Foremen,  Students 
and  Others.     By  David  W.  Payne.     676  pp.     245  illustra- 
tions.    D.  Van  Nostrand  Co.,    19 17.     Price,  $4.00. 
The  author's  plan  has  been  to  summarize  information  con- 
tained  in   separate    publications   which   have   appeared   in   the 
proceedings  of   various   associations,  and    in  the  scientific  and 
trade  journals. 

Chapters  i  to  7,  inclusive,  pp.  i  to  240,  consist  of  reference 
tables  covering  the  fields  of  mathematics,  mechanics,  etc.,  taken 
largely  from  standard  handbooks  on  civil  engineering  and 
mechanical  engineering.  The  remainder  of  the  book  treats 
of  the  properties  of  cast  iron  as  infiuenccd  by  its  composition, 
the  composition  of  iron  required  for  various  uses,  and  the  mixing 
of  iron,  based  on  chemical  analysis.  Methods  of  testing  and 
analyzing  cast  iron  are  given.  The  effect  of  the  structure  of 
iron  upon  its  physical  properties  is  discussed.  The  manufacture 
of  malleable  cast  iron  and  of  steel  castings  is  described.  General 
foundry  practice  and  foundry  accounts  are  treated,  and  the  book 
closes  with  a  pig  iron  directory,  showing  the  average  composition 
of  the  pig  irons  made  at  the  various  furnaces  in  the  United  States. 
The  book  as  a  whole  is  what  it  i)urports  to  be,  viz.,  a  summary 
of  useful  information,  rather  than  a  treatise  of  which  the  author's 
own  experience  and  ideas  form  any  material  part. 

From  a  chemist's  and  metallurgist's  standpoint  one  might 
disagree  with  the  statement  on  page  241.  which  implies  that 
cementit  is  found  in  iron  only  in  the  presence  of  manganese, 
chromium,  etc.,  or  on  page  242,  that  the  atomic  weight  of  pig 
iron  is  54.5.  One  might  also  wonder  why,  on  pages  104  to  106. 
space  is  given  to  tables  concerning  brick-lined  well  construction. 
The  book  is  a  compilation,  the  contents  of  which  will  be  useful. 

Jamhs  I).   Hanpy 

Standard  Methods  of  Chemical  Analysis.  Ivditcd  by  WiLFKiiD 
W.  Scott,  Kcsearch  ClicMiisl.  C>cticral  Chemical  Co.  xxxi  -J- 
M<.\  pp.  D.  V'nn  Nostrand  Co.,  New  York,  KJ17  Price. 
?6,(K)  net. 

This  book  was  written  in  collaboration  with  II  A  Kaker, 
I-.  1:.  Hartoii,  I".  V,  Itrcycr,  II  S.  Cliirk.  \V.  O.  Derby.  \V.  V 
DocrlliuKcr.  D.  K  I'rcnch,  II.  A.  Gardner,  A  H.  Gill,  V.  V.. 
Ilulo,  H.  H.  Hickman,  W.  B.  Ilicka,  R.  K.  Mcndc,  J.  C.  Olscn. 
U.  S.  Owens,  W.  I,.  Snvcll  and  J.  A.  SchaclTrr.  According  to 
the   preface,  aiuistancc  win  hIhd  rciiilere<l   liv   \V    .S    Allen,   V,. 


Bedtel,  A.  W.  Betts,  J.  M.  Cratty,  C.  W.  Ferguson.  F.  A.  Gooch, 
T.  T.  Gray,  N.  F.  Harriman  and  Allen  Rogers. 

Part  I,  with  496  pages,  treats  of  the  qualitative  detection  and 
quantitative  determination  of  all  the  common  elements  and  some 
of  the  less  common  ones  such  as  cerium,  glucinum.  iridium, 
palladium,  osmium,  ruthenium,  tantalum,  thorium,  columbium 
and  zirconium.  Part  II,  witli  277  pages,  contains  chapters  on 
special  subjects:  acids,  oils,  fats,  waxes,  paints,  cements,  alloys, 
coal,  illuminating  gas,  and  a.ssaying.  Part  III  contains  45  pages 
of  specific  gravity  tables,  conversion  factors  and  other  useful 
data;  the  Centigrade  and  Fahrenlieit  scales  arc  compared  from 
— 200°  to  -{-1000°  C.  at  5°  inter%'als;  the  number  of  acres  in 
a  hectare  is  given  as  well  as  the  number  of  grams  in  an  apothe- 
caries' ounce  (to  6  significant  figures)  and  the  heats  of  formation 
and  of  combustion  of  substances  like  amylene.  allylenc  and 
crotonylene  are  shown. 

The  aim  of  the  book,  as  staled  in  the  preface,  is  to  give  care- 
fully selected  methods  of  technical  analysis  in  suflicient  detail 
to  enable  one  with  only  an  elementary  knowledge  of  chemistry 
to  follow  the  directions.  Measured  by  this  standard.  Part  II 
is  very  well  done.  The  methotls  given  there  are  certainly  tcdi- 
nical  methods  and  they  have  been  written  up  by  men  Uioroughly 
conversant  with  this  sort  of  chemical  work,  liach  writer  has 
written  his  special  chapter  according  to  his  own  ideas  and  although 
the  methods  of  treatment  are  often  quite  difTcrcnt  and  the  literary 
styles  vary  markedly,  it  is  clear  that  this  part  of  the  lH»k  is 
typical  of  the  methods  in  comniun  use  in  this  country.  Fre- 
quent reference  is  made  here  to  the  useful  bulletins  published 
ot  Washington.  On  occount  of  the  indei>cndent  way  in  which 
this  part  of  the  book  was  written,  there  is  considciablc  rc|)elilion 
which  could  have  been  saved  if  .suitable  cross- references  had 
been  used.  There  is.  moreover,  very  little  thai  is  new  in  thU. 
or  in  any  other  part  of  the  book. 

In  Part  I  the  elements  arc  cousidcrc<l  in  ulplml>clical  i>nlcr. 
First  of  all  the  ofomic  weight,  si>ccific  gravity,  mclling  point, 
boiling  iKiint  and  characteristic  i>xidr»  arc  given  Next  i-.Mnc» 
a  discussion  of  the  chnractrristic  icactions  by  nicaiw  o(  which 
the  (|ualilativc  tests  arc  made  l-'ollowing  Ihi'  me  n)elho«l,«  for 
preparing  suitable  solutions,  nietluxls  of  sopatatinK  the  cicnimt 
from  interfering  elements  and  finally  gravinirtnc  and  volu- 
metric luetluxN  arc  dc!«cril>r<l  for  the  determination  of  the  cle- 
ment The  editor  states  that  "IcnRthv  cx|x>>iition.  theoretical 
disscrlulion    iinil    cxi>crin<rnlnl    tlata    ntc    p<ir|>««clv    .noidcH" 
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but  he  has  attempted  in  all  cases  to  make  the  chemistry  of  the  reac- 
tions imderstood  and  there  is  a  liberal  use  of  chemical  equations. 

The  material  in  Part  I  is  borrowed  very  largely  from  other 
well-known  textbooks  and  in  many  cases  proper  credit  is  not 
given.  Thus  credit  is  in  one  case  given  to  an  eminent  chemist, 
but  the  directions  used  arc  copied  literally  from  those  worked 
out  by  another  chemist  some  thirty  years  later. 

The  alphabetical  arrangement  does  not  always  work  out  satis- 
factorily. Similar  elements,  such  as  barium,  calcium  and 
strontium  are  widely  separated  from  one  another.  This  also 
necessitates  a  great  deal  of  repetition  which  would  be  avoided 
by  any  system  of  bringing  related  elements  together. 

The  editor  has  very  carefully  avoided  reference  to  the  modern 
theory  of  solutions.  Thus  he  explains  the  failure  of  magnesium 
hydroxide  to  precipitate  upon  the  addition  of  ammonia  in  the 
presence  of  ammonium  chloride  in  two  different  ways,  in  differ- 
ent sections  of  the  book.  At  one  place  it  is  stated  that  the 
magnesium  remains  in  solution  because  the  ammonium  chloride 
furnishes,  by  hydrolysis,  sufficient  hydrochloric  acid  to  dis- 
solve magnesium  hydroxide  and  in  another  place  the  non-pre- 
cipitation of  the  magnesium  is  said  to  be  due  to  the  formation 
of  a  soluble  double  salt.  There  is  no  hint  regarding  the  effect  of 
ammonium  ions  upon  the  ionization  of  ammonium  hydroxide. 

The  methods  chosen  in  Part  I  are,  for  the  most  part,  very 
good  ones.  As  a  rule,  the  directions  are  given  in  good  English, 
but  here  and  tliere  are  evidences  of  inexcusable  carelessness, 
«'.  «.,  there  are  too  many  instances  of  a  plural  noun  and  a  singular 
verb  being  used  togetlier;  sodium  hydroxide  is  sometimes  called 
by  this  name  but  at  otlier  times  it  is  merely  "caustic"  or  "sodium 
hydrate."  At  one  place  the  following  sentence  occurs:  "The 
cooled  mass  is  digested  with  water  to  remove  soluble  sot'ium 
compounds  among  which  is  silica."  At  another  place  "fluor- 
spar" is  called  "feldspar."  On  page  550,  it  is  stated  that  bis- 
muth subnitrate  can  be  used  instead  of  sodium  bismuthate  in 
the  volumetric  determination  of  manganese.  Passing  hydrogen 
sulfide  into  a  solution  is  called  "gassing"  and  a  precipitate  is 
sometimes  "copped  out"  from  a  beaker.  On  page  25,  this 
phrase  occurs:  "When  all  is  in  solution  and  the  color  has  changed 
to  a  straw."  At  one  place,  1.5  milligrams  of  silver  chloride  are 
said  to  dissolve  in  a  liter  of  water  but  farther  on  in  the  book  it 
is  claimed  that  this  substance  is  "almost  absolutely  insoluble." 

The  appearance  of  tlie  book  is  excellent  and  there  are  com- 
paratively few  misprints.  The  book  will  be  welcomed  in  every 
technical  library  and  will  doubtless  have  a  good  sale. 

William  T.  Hall 

The  American  Fertilizer  Hand  Book.      Ware  Bros.   Co.,   Pub- 
lishers, Philadelphia,  1917.     Price,  Si.oo. 

The  purpose  of  this  volume  is  to  furnish  a  standard  reference 
book  and  directory  of  the  Commercial  Fertilizer  Industry  and 
allied  trades.  It  contains  a  complete  list  of  the  fertilizer  manu- 
facturers of  the  United  States,  showing  location  and  capacity 
with  other  information  relating  to  the  nature  of  their  business; 
a  classified  directory  of  the  allied  fertilizer  trades,  a  directory 
of  the  cottonseed  oil  mills,  and  a  directory  of  the  packers  and 
Tenderers  arranged  by  states. 

The  book  contains  very  complete  statistics  covering  produc- 
tion, imports,  consumption  and  prices  of  fertilizer  ingredients 
for  the  past  year,  and  the  consumption  of  fertilizers  by  states 
for  the  years  1909  to  1916  inclusive.  In  addition  there  are  a 
number  of  interesting  articles  pertaining  to  different  phases 
of  the  industry,  which  are  of  special  interest  at  the  present  time. 
As  a  reference  book  this  volume  is  very  valuable  for  those 
engaged  in  the  fertilizer  or  allied  industries,  and  the  publishers 
are  to  be  congratulated  for  the  production  of  this  valuable  com- 
pilation. 

The  book  is  printed  on  good  paper,  neatly  bound  and  has  a 
convenient  thumb  index. 

F.  B.  Carpenter 


Manual  for  the  Essence  Industry.  By  Erich  Walter,  iii  -f 
427  pp.,  32  figures.  John  Wiley  &  Sons,  New  York,  1916. 
Price:     Cloth,  S4.00. 

This  book  is  devoted  to  the  explanation  of  the  principles  in- 
volved in  transferring  an  agreeable  taste  or  flavor  to  beverages 
and  certain  foods,  with  a  description  of  the  methods  of  manu- 
facture employed  in  this  art.  It  embraces,  therefore,  a  wide 
variety  of  subjects,  including  the  raw  materials  from  which 
the  flavoring  constituents  are  obtained,  the  methods  of  isolat- 
ing tlie  flavoring  essence,  and  a  description  of  the  apparatus 
and  methods  used  for  this  purpose.  It  also  gives  specific  direc- 
tions for  manufacturing  a  great  number  of  beverages,  both  alco- 
holic and  non-alcoholic,  as  well  as  the  essences  used  in  con- 
fectionery, cooking,  and  in  cosmetics,  and  in  addition  the  color- 
ing matters  used  in  foods  and  beverages  are  also  dis- 
cussed. 

As  a  large  part  of  the  book  is  devoted  to  formulae,  the  descrip- 
tive part  necessarily  treats  of  the  subjects  discussed  in  quite 
a  general  manner  so  that  the  book  is  valuable  rather  on  account 
of  tlie  breadth  of  its  scope  than  the  completeness  with  which 
any  branch  of  the  subject  is  treated.  The  work  does  not  con- 
tain a  bibliography  or  references  to  original  sources  of  information 
so  that  it  is  adapted  to  the  use  of  those  who  know  little  about 
the  subject  and  not  to  the  student  of  a  particular  branch. 

P.    C.    MclLHINEV 

Laboratory  Manual  of  Bituminous  Materials.  By  Prevost 
Hubbard,  Assoc.  American  Society  Chemical  Engineers; 
Chemical  Engineer;  Chief,  Division  of  Road  Material  Tests 
and  Research,  Office  of  Public  Roads  and  Rural  Engineering, 
United  States  Department  of  Agriculture,  xi  -|-  153  pp. 
7  tables  and  39  illustrations.  John  WUey  &  Sons,  Inc.,  New 
York.     Price,  Si. 50  net. 

Although  the  author  states  in  the  introduction  that  the 
"manual  is  primarily  intended  as  a  laboratory  guide  for  the  stu- 
dent of  highway  engineering,"  the  treatise  will  be  found  of 
value  as  a  text  for  students  in  industrial  chemistr>',  chemists  in 
laboratories  of  companies  manufacturing  bituminous  materials, 
and  engineers  and  chemists  connected  with  state,  country  and 
municipal  highway  departments. 

From  the  standpoint  of  the  student  of  chemistry  or  highway 
engineering,  the  book  covers  concisely;  classification  and  re- 
fining of  all  types  of  bituminous  materials  used  in  highway  engi- 
neering; details  of  methods  of  making  all  of  the  tests  usually 
employed  for  the  determination  of  physical  and  chemical  proper- 
ties of  oils,  tars  and  asphalts;  and  a  discussion  of  the  limitations 
and  interpretations  of  the  results  of  tests. 

The  highway  chemist  and  engineer  will  find  the  manual  of 
especial  value  in  drafting  specifications  for  bituminous  ma- 
terials to  be  used  in  different  methods  of  construction  and  main- 
tenance, as  the  author  has  tlioroughly  presented  and  discussed 
the  several  groups  of  tests  which  should  form  the  basis  of  such 
specifications.  A  careful  study  of  Part  III  on  "Characteristics 
of  the  More  Important  Bituminous  Materials"  should  enable 
the  highway  engineer  to  interpret  specifications  intelligently 
and  to  correlate  tlie  results  of  the  use  of  bituminous  materials 
in  order  to  advise  those  responsible  for  the  drafting  of  specifica- 
tions wherein  the  requirements  should  be  modified  in  order  to 
secure  the  bituminous  materials  most  suitable  for  the  different 
types  of  construction  and  maintenance. 

The  manual  covers  methods  of  testing,  qualitative  and  quanti- 
tative analyses,  and  the  apparatus  used  therewith,  with  such 
careful  attention  to  detail  and  such  clearness  of  presentation 
that  students  and  instructors  of  highway  engineering  and  indus- 
trial chemistn,-  now  have  at  hand  an  ideal  textbook  for  their 
guidance. 

Arthur  H.  Blanchard 
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WHOLESALE    PRICES    PREVAILING    IN    THE    NEW    YORK    MARKET    ON     AUG.    20 


INORGANIC  CHEMICALS 

Acetate  of  Lime 100  Lbs. 

Alum.    Atnmoniii,  lump 100  Lbs. 

Aluminum  Sullatc,  higb-grade Ton 

Ammonium  Carbonate,  domestic Lb. 

Ammonium  Chloride,  white Lb. 

Aqua  Ammonia.  26°,  drums Lb 

Arsenic,  white Lb. 

Barium  Chloride Ton 

Barium  Nitrate Lb. 

Barytes.  prime  white,  foreign Ton 

Bleaching  Powder,  33  per  cent 100  Lbs. 


•iol. 


.Lb. 


Salt  Cake,  glass  makers' Ton 

Silver  Nitrate Ot, 

Soapstone ,  In  bags Ton 

Soda  Ash.  58%,  in  bags 100  Lbs. 

Sodium  Acetate Lb. 

Sodium  Bicarbonate,  domestic 100  Lbs. 

Sodium  Bichromate Lb. 

Sodium  Chlorate Lb. 

Sodium  Fluoride,  commercial Lb. 

Sodium  Hyposulfite 100  Lbs. 

Sodium  Nitrate.  9S  per  cent,  soot 100  Lbs. 

Sodium  Silicate,   liquid,   40°    Bt 100  Lbs. 

Sodium  Sul6de.60%,  crystals.  In  bbls Lb. 

Sodium  Bisulfite,  powdered Lb. 

Strontium  Nitrate Lb, 

Sulfur,  flowers,  sublimed 100  Lbs. 

Sulfur,  roll 100  Lbs. 

Sulfuric  Acid,  chamber.  66°  B< Ton 

Sulfuric  Acid,  oleum  (fuming) Ton 

Talc.  American  while Ton 

Terra  Alba    American.  No.  1 100  Lbs. 

Tin  Bichloride,  50° 100  Lbs. 

Tin  Oxide Lb. 

White  Lead,  American,  dry Lb, 

Zinc  Carbonate Lb, 

Zinc  Chloride,  commercial ..Lb 

Zinc  Oxide,  American  process  XX Lb. 

OBQANIO  CHKMICALB 

&cetanllid,  C.  P..  in  bbls Lb. 

Acetic  Acid.  56  per  cent.  In  bbls Lb. 

Acetic  Acid   glacial.  99>/i%.  in  carboys Lb 

Acetone,  drums Lb. 

Alcohol,  denatured,  1 80  proof Gal. 


5.25 

® 

5.50 

4.50 

& 

4.75 

70.00 

@ 

75.00 

80.00        @     90.00 


Blue  Vit 

Borai.  crystals,  in  bags Lb. 

Boric  Acid,  powdered  crystals Lb. 

Brimstone,  crude,  domestic Long  Ton 

Bromine,  technical,  bulk Lb, 

Calcium  Chloride    lump,  70  to  75%  fused Ton 

Caustic  Soda.  76  per  cent 100  Lbs. 

Chalk    light  precipitated Lb. 

China  Clay    imported Ton 

Feldspar Ton 

Puller's  Earth,  foreign,  powdered Ton 

Glaubers  Salt,  in  bbls 100  Lbs. 

Greei.  Vitriol,  bulk 100  Lbs. 

Hydrochloric  Acid,  commercial    18° Lb. 

Hydrochloric  Acid   C.  P  ,  cone.  22° Lb. 

Iodine,  resublimed Lb. 

Lead  Acetate,  white  crystals Lb, 

Lead  Nitrate Lb 

Litharge,  A  merican Lb 

Lithium  Carbonate Lb. 

Magnesium  Carbonate.  U.  3.  P Lb 

Magnesite,  "Calcined" Tod 

Nitric  Acid.  36° Lb. 

Nitric  Acid,  42° Lb. 

Phosphoric  Acid.  sp.  gr.  1.710 Lb 

Phosphoru",  yellow Lb. 

Plaster  of  Paris Bbl. 

Potassium  Bichromate,  casks Lb, 

Potassium  Bromide,  granular Lb. 

Potassium  Carbonate,  Calcined.  80  ®8S% Lb. 

Potassium  Chlorate,  crystals,  spot Lb, 

Potassium  Cyanide,  bulk.  98-99  per  cent Lb. 

Potassium  Hydroxide.  88  ®  92% Lb. 

Potassium  Iodide,  bulk Lb. 

Potassium  Nitrate Lb. 

Potassium  Permanganate,  bulk Lb 

Quicksilver,    flask 75  Lbs 

Red  Lead.  Ameiican,  dry Lb. 


28  00 

& 

30  00 

1.50 

(^ 

2.00 

9>/, 

@ 

10 

7»/4 

(H 

8Vi 

13 

0) 

l3Vi 

55.00 

<S 

60.00 

55 

@ 

60 

30.00 

@ 

32.00 

8.75 

@ 

9.00 

4>/i 

@ 

4V 

18.00 

@ 

30.00 

8.00 

@ 

15.00 

55.00 

75 

@ 

85 

1.00 

@ 

1.05 

I'/i 

@ 

1V< 

1'/ 

@ 

2 

3.50 

@ 

3.55 

16 

@ 

16',', 

60.00        @    65.00 


2.25 
1.70 


2.30         @       2.40 


4  00 

115.00 

13 

22.00 

52>'« 
1 0 .  00 
3.90 

10>/i 
2.45 
161,/j 


3'A 

@ 

3 

6V. 

@ 

7 

28 

© 

30 

3.05 

@ 

3.45 

2.85 

& 

3.25 

30.00 

& 

32.00 

40,00 

& 

50.00 

10.00 

@ 

12.00 

16'/. 
16'/. 


Alcohol,  grain,  188  proof Gal.  4.02 

Alcohol,  wood,  95  per  cent,  refined Gal,  1 ,  00 

Amyl  Acetate Gal.  4 .  00 

Aniline  OU Lb.  27Vt 

Benzoic  Acid,  ex-toluol Lb.  3.00 

Benzol,  90  per  cent Gal.  51 

Camphor,  refined  in  bulk,  bbls Lb.  84i/> 

Carbolic  Acid,  U.S.  P.,  crystals,  drums Lb,  42 

Carbon  Bisulfide Lb,  7 

Carbon  Tetrachloride,  drums.  100  gals Lb.  16>/i 

Chloroform Lb.  60 

Citric  Acid,  domestic,  crystals Lb.  72 

Creosote,  beechwood Lb.  1 .  90 

Cresol.  U.  S.  P Gal.  1 .  25 

Dextrine,  corn  (carloads,  bags) 100  Lbs.  6. 35 

Dextrine,  imported  potato Lb.  15 

Ether,  U.  S    P.,  1900 Lb.  31 

Formaldehyde.  40  per  cent Lb.  16 

Glycerine,  dynamite,  drums  included Lb.  63  . 

Oxalic  Acid    in  casks Lb.  46 

Pyrogallic  Acid,  resublimed,  bulk Lb.  3.80       i 

Salicylic  Acid Lb.  1 .  40 

Starch,  cassava Lb. 

Starch,  corn  (carloads,  bags)  pearl 100  Lbs.  5.05 

Starch,  potato Lb.  12'/i 

Starch,  rice Lb.  10 

Starch  :  sago  flour Lb.  6 

Starch,  wheat Lb.  5»/. 

Tannic  Acid,  commercial Lb.  80 

Tartaric  Acid,  crystals Lb.  80 


OILS,   WAXES,  ETC. 

Beeswax,  pure,  white Lb. 

Black  Mineral  Oil,  29  gravity Gal. 

Castor  Oil,  No.  3 Lb. 

Ceresin,  yellow Lb, 

Corn  Oil,  crude Lb. 

Cottonseed  Oil,  crude,  f .  o.  b.  m<U GaL 

Cottonseed  Oil.  p.  8.  y Lb. 

Menhaden  Oil,  crude  (southern) Gal. 

Neat's-foot  Oil,  20° Gal. 

Paraffin,  crude,  1 18  to  120  m.  p Lb. 

Paraffin  Oil,  high  viscosity Gal, 

Rosin,  "F"  Grade,  280  lbs BbL 

Rosin  Oil.  first  run Gal. 

Shellac,  T   N Lb. 

Spermaceti,  cake Lb. 

Sperm  Oil,  bleached  |  winter,  38° Ga], 

Spindle  Oil,  No   200 Gal. 

Stearic  Acid,  double-pressed Lb. 

Tallow,  acidless Gal. 

Tar  Oil   distilled GaL 

Turpentine,  spirits  of Gal, 

METALS 

Aluminum,  Ne.  1,  ingots Lb 

Antimony,  ordinary Lb, 

Bismuth,  N.  Y Lb, 

Copper,  electrolytic Lb, 

Copper,  lake Lb. 

Lead.  NY Lb. 

Nickel,  electrolytic Lb, 

Platinum,  refined,  soft Oi. 

Silver Ol. 

Tin,  Straits Lb. 

Tungsten  (WOi) : Per  Unit 

Zinc,  N,  Y Lb, 

FERTILIZER  MATERIALS 


4.04 
1.02 
4.25 


.2.00 
1.30 
6.40 


16'/, 
63'/. 


15        @ 

—         @ 

1.75 

7'/,   e 

29>/i   d 

5.85 

35 

58 


12 
6'/, 
6'/. 


65 

13'/. 


1.03 
15'/, 


50 
16V« 


27t/i 


271/.  @ 

28 

lOV.  @ 

11 

55        @ 

56 

105.00 

86>/. 

62'  .  @ 

62V« 

23  00  @      23 

.50 

8'/.  & 

8t/« 

Ammonium  Sulfate 100  Lbs. 

Blood,  dried,  f.o.  b    Chicago Unit 

Bone,    4  and    50,    ground   raw Ton 

Calcium  Cyanamid Unit  of  Ammonia 

Calcium  Nitrate,  Norwegian 100  Lbs. 

Castor  Meal Unit 

Fish  Scrap,  domestic,  dried,  f.  o.  b    works Unit  i 

Phosphate,  acid.    16percent Ton       15.00 

Phosphate  rock,  f.  o.  b.  mine: 

Florida  land  pebble,  68  per  cent Ton  3   15 

Tennessee,  78-80  per  cent Ton  5  SO 

Potassium  "muriate."  basis  80  per  cent Ton      340,00 

Pyrites,  furnace  size,  imported Unit 

Tankage,  high-grade,  f.  o.  b.  Chicago Unit        6.30 


32.00      @      35.00 


0      6.00 
@   350.00 
nominal 
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ANNUAL  MLLTING  AMERICAN  CHEMICAL  SOCIETY 


The  spacious  buildings  of  the  Massachusetts  In- 
stitute of  Technology  in  their  new  and  beautiful 
setting  on  the  banks  of  the  Charles  River  in  Cam- 
bridge, Mass.,  constituted  a  symbolical  environment, 
in  this  new  period  of  chemistry  in  America,  for  the 
Fifty-Fifth  Meeting  of  the  American  Chemical  Society, 
which  was  held  from  September  10  to  13,  191 7.  In 
spite  of  the  unusual  demands  made  upon  chemists 
at  this  time,  the  registration  exceeded  seven  hundred, 
and  it  was  the  unanimous  sentiment  that  a  fresh  and 
vitalizing  stimulus  had  been  gained  from  this  convention 
for  all  branches  of  chemical  activity.  Three  features 
stood  out  preeminent  as  characteristic  of  the  meeting: 
first,  the  intense  loyalty  and  patriotism  of  chemists; 
second,  their  eagerness  to  learn  in  what  ways  they  might 
possibly  be  of  assistance  to  the  government;  third,  the 
woeful  shortage  of  chemists  in  every  line  to  meet  the 
present  intensified  demand. 

On  Monday  afternoon,  September  10,  the  Council 
of  the  Society  met  in  the  rooms  of  the  Engineers'  Club, 
sixty-eight  Councilors  being  present.  The  Committee 
on  Constitutional  Amendments  regarding  modifica- 
tions in  the  method  of  election  of  the  President  and  the 
creation  of  a  Board  of  Control  reported  informally. 
As  a  result  of  the  discussion  which  followed,  the  Com- 
mittee was  enlarged  to  five  members  and  continued 
for  the  purpose  of  reporting  to  a  later  meeting  of  the 
Council.  It  was  voted  that  a  Code  of  Ethics  for 
the  Society  is  not  desirable.  To  the  proposal 
that  the  Society  should  unite  with  other  national 
bodies  in  the  formation  of  a  national  organization  of 
technical  societies,  the  Council  expressed  its  apprecia- 
tion of  the  invitation  and  of  its  desire  to  cooperate  in 
every  way  possible  with  the  other  scientific  societies 
on  any  matter  pertaining  to  national  welfare;  neverthe- 
less, it  was  felt  that  the  present  well  organized  activities 
of  the  Society  would  be  hampered  by  a  formal  union 
such  as  was  proposed. 

Dr.  E.  G.  Love  was  re-elected  Treasurer  for  a  three- 
year  term.  Dr.  W.  A.  Noyes  having  tendered  his 
resignation  of  the  office  of  Editor  of  the  Journal  of 
the  American  Chemical  Society,  Dr.  A.  B.  Lamb,  of 
Harvard  University,  was  unanimously  elected  to  this 
office.  Mr.  E.  J.  Crane  and  Dr.  Chas.  H.  Herty  were 
also  unanimously  re-elected  Editor  of  Chemical  Ab- 
stracts and  Editor  of  the  Journal  of  Industrial  and 
Engineering  Chemistry,  respectively. 

To  serve  upon  the  committee  advisory  to  the  Pres- 
ident of  the  Society  on  national  affairs,  Drs.  B.  C. 
Hesse  and  M.  C.  Whitaker  were  elected  from  the 
Councilors-at-Large. 

The  Council  unanimously  recommended  to  the 
Society  the  election  to  honorary  membership  of 
Professor  Victor  Grignard  of  the  University  of  Nancy, 
France,  now  a  Major  in  the  French  Army  and  serving 
on  a  commission  to  this  country. 

The  invitation  of  the  Cleveland,  Ohio,  Section  to 
hold  the  next  Pall  Meeting  in  that  city,  was  accepted. 


The  time,  place  and  desirability  of  holding  a  Spring 
Meeting  was  referred  to  the  Directors. 

A  hearty  vote  of  thanks  was  passed  in  appreciation 
of  the  courtesies  extended  by  the  Massachusetts  In- 
stitute of  Technology  and  members  of  the  various  Local 
Committees  whose  efficient  labors  added  so  materially 
to  the  success  of  the  meeting  and  the  comfort  and 
pleasure  of  the  members. 

Immediately  after  adjournment  the  Council  was 
entertained  at  dinner  at  the  Engineers'  Club  by  the 
Northeastern    Section. 

After  dinner  the  meeting  of  the  Directors  was  held. 

At  the  General  Meeting,  on  Tuesday  morning,  which 
filled  to  overflowing  the  large  lecture  room  of  the 
Chemistry  Department,  Prof.  H.  P.  Talbot,  Chair- 
man of  the  Local  General  Committee,  in  gracious 
words  welcomed  the  Society  and  introduced  Dr.  R. 
C.  Maclaurin,  President  of  Massachusetts  Institute 
of  Technology. 

ADDRESS  OF  WELCOME 

By  Richard  Cockburn  Maclaurin 
President  Massachusetts  Institute  of  Technology 

It  must  always  be  an  honor  to  welcome  the  American  Chem- 
ical Society:  it  is  especially  so  to  me  under  present  circumstances 
of  place  and  time.  I  am  sure  that  all  my  colleagues  at  Tech- 
nology share  my  gratification  that  you  are  meeting  within  the 
walls  of  these  buildings  that  have  been  so  recently  dedicated  to 
the  great  cause  of  science.  It  seems  especially  appropriate 
that  you  should  meet  in  Cambridge,  longer  than  any  otlier  city 
in  the  country  a  centre  of  intellectual  effort  and  influence.  Your 
meeting  here  wUl  recall  to  your  minds  the  long  line  of  great  teach- 
ers and  thinkers  who  have  made  this  city  of  Cambridge  famous, 
and  you  will  think  with  sympathy  of  the  immense  influence  that 
has  radiated  therefrom  throughout  the  length  and  breadth  of 
the  land.  It  may  link  you,  too,  in  imagination  to  the  older  Cam- 
bridge and  through  the  associations  of  that  historic  university 
to  the  intellectual  accomplishments  of  Europe  as  a  whole.  Hap- 
pily for  men  of  science  they  are  subject  less  to  intellectual  isola- 
tion and  consequently  to  intellectual  provincialism  than  are 
most  other  men.  In  the  field  that  you  cultivate  you  simply 
must  know  much  of  what  is  going  on  in  other  parts  of  the 
world.  In  this  sense  you  men  of  science  are  necessarily  inter- 
nationalists. 

Happily,  however,  no  man  is  merely  a  scientist.  As  healthy 
human  beings,  men  of  science  are  keenly  alive  to  all  the  grave 
issues  of  life,  and  so  to-day,  all  are  taking  sides  in  the  greatest 
of  all  moral  issues — that  raised  by  the  war.  Of  course  I  have 
no  tliought  of  discussing  these  issues,  but  it  would  be  absurd 
when  we  are  meeting  at  one  of  the  greatest  crises  of  our  national 
history,  to  pass  by  the  greatest  of  all  the  questions  of  the  day. 

It  would  indeed  be  peculiarly  absurd  because  there  are  so 
many  questions  raised  by  the  war  that  seem  full  of  significance 
to  all  who  think  seriously  of  the  great  work  that  your  society  is 
doing  and  will  do.  I  venture  to  hope,  therefore,  that  when  you 
get  down  to  business  you  will  give  serious  consideration  at  this 
meeting  to  tlie  problems  of  the  war  that  are  related  to  tlie  work 
of  the  chemist.  Tlic  man  in  the  street  may  not  pay  much  atten- 
tion to  the  proceedings  of  your  society,  but  none  the  less  it  is 
probably  true  tliat  no  body  of  men  similarly  as,sociated  is  capable 
of  contributing  so  much  to  the  solution  of  the  great  problems 
that  the  war  presents  as  are  the  chemists.  I  need  hardly  refer 
to  the  possibilities,  nay  the  actual  achievements,  in  the  opera- 
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tions  of  the  war.  Much  is  being  done  by  the  members  of  your 
society,  the  best  of  it  quietly  and  without  being  heralded  in 
the  press,  so  that  it  will  probably  not  be  till  the  war  is  over  that 
the  public  learns  of  the  actual  accomplishments  of  American 
chemists  in  the  field  that  I  have  indicated.  When  the  story  is 
told  it  will  add  luster  to  the  name  of  American  science. 
(•'After  all,  however,  it  is  in  the  beneficent  paths  of  peace  that 
the  labors  of  the  chemist  do  their  greatest  and  most  lasting  good. 
We  cannot  see  the  dawn  of  peace  yet,  but  we  can  see  that  when  it 
comes  it  will  bring  pressing  problems  to  the  man  of  science  and 
particularly  to  the  chemist.  Indeed  some  of  the  problems  are 
pressing  urgently  now.  Think  only  of  one  of  them — What  can 
be  done  to  offset  the  prodigious  cost  of  war?  Congress  has  al- 
ready appropriated  billions  for  war  purposes  and  of  course  that 
is  only  the  beginning.  How  is  such  a  load  of  debt  to  be  carried? 
Clearly  only  by  spending  less  and  earning  more.  Every  patriotic 
citizen  to-day,  whatever  his  calling,  should  be  preaching  and 
practising  the  doctrine  of  economy — the  absolute  necessity  for 
avoiding  all  needless  expenditure,  which  is  only  another  word 
for  waste. 

This  must  be  done  everywhere — in  our  households,  in  our  busi- 
ness, in  our  government — -and  few  can  render  so  much  service  in 
saving  waste  as  the  chemist.  You  must  rub  this  into  the  minds 
of  all  who  are  in  a  position  to  make  changes,  and  rub  it  in  by 
particular  instances  and  not  merely  by  general  statements.  I 
could  name  a  single  invention  made  in  the  last  few  years, 
and  scarcely  heralded  at  all  by  the  newspapers,  that  means  the 
saving  of  over  a  hundred  millions  annually  to  the  people  of  this 
land.  Doubtless  you  could  name  similar  instances  and  you 
see  of  course  that  it  does  not  take  many  such  improvements  to 
pay  for  even  so  costly  a  war  as  this. 

There  is,  however,  more  to  be  done  than  to  avoid  waste :  there 
is  the  development  of  countless  new  ways  of  earning  more.  I 
need  not  refer  in  this  presence  to  the  practically  infinite  possi- 
bilities of  the  great  science  that  you  represent,  possibilities 
resting  not  on  the  Ijaseless  fabric  of  a  dream,  but  on  the  solid 
rock  of  scientific  knowledge.  To  make  these  possibilities  actual 
we  must  have  two  things,  first,  a  large  supply  of  competent  and 
well  trained  men;  and,  second,  appreciation  on  the  part  of  men 
of  business  of  the  possibilities  of  science.  Happily  we  are  get- 
ting both,  although  of  course  there  is  still  room  for  improvement. 
In  such  matters  an  ounce  of  experience  is  worth  many  tons  of 
speculation,  and  so  I  may  be  permitted  to  refer  to  the  recent 
experience  of  this  Institute  in  the  field  that  I  have  just  indicated 
Wc  have  been  much  encouraKcd.  not  only  by  the  rapidly  in- 
creasing numbers  who  arc  taking  chemistry  for  a  profession, 
but  what,  of  course,  is  of  far  more  imi)ort,  by  their  cjuality. 
And  we  have  been  particularly  encouraged  by  our  experience 
in  conducting  chemical  education  in  cooperation  with  nianii- 
facturing  concerns  in  various  states  of  the  Union.  Wc  have 
been  dealing  of  course  with  a  selected  group,  but  wc  have  no 
reason  to  suppose  that  there  arc  not  many  other  concerns  with 
an  e<iual  appreciation  of  the  value  of  sound  scientific,  training 
to  business  enterprise  and  an  equal  readiness  to  cooperate  with 
scientific  workers. 

May  I  add  that  I  sec  great  good  in  such  cotipcration,  not  only 
to  business  l>ut  to  science.  It  will  Imng  about,  I  think,  among 
men  of  science,  more  appreciation  of  the  scope  and  intellectual 
interest  of  practical  problems.  There  has  been  too  nnicli  nion- 
osticism  in  sciciuT,  too  inucli  al(H>fnc.s.s  from  the  afluirs  of  riaily  life, 
toil  miirh  liioking  down  on  tlir  world  a.s  from  anotlirr  sphere, 
liven  in  the  field  "f  cliriiiistry,  itself,  the  reliitton.s  between  so- 
called  "purr"  clirinistry  and  so  called  "applied"  chemistry  have 
been  (iftentinics  r.ir  (roni  ideal.  And  the  ciHipcration  of  which 
I  have  spoken  will  also  liring  about,  1  lio|>r,  u  Ktcntcr  apprecia- 
tion iitnong  liiislncHs  men  of  the  value  to  luisitiess  of  the  scien- 
tific method  unci  spirit. 

When   this  appreciation  lircoiiirs  Kenrrul.  the  virtmv  will  br 


complete.  We  have,  I  think,  good  grounds  for  looking  forward 
to  a  time  when  science  will  be  cultivated  by  the  minds  best 
adapted  for  its  progress  and  under  circumstances  that  make 
for  its  steady  improvement.  The  day  will  dawn  when  there 
will  be  none  of  the  niggardliness  and  littleness  in  the  support 
of  scientific  research  that  marked  the  earlier  generations,  and 
that  still  are  too  much  with  us.  We  may  look  forward  with 
confidence  to  an  era  of  great  accomplishment,  not  merely  in 
the  application  of  science  to  the  so-called  "practical"  problems, 
but  within  the  strict  realm  of  science  itself.  It  should  go  with- 
out saying  that  these  two  things  should  move  forward  together, 
each  helping  the  other  and  with  full  appreciation  of  the  import- 
ance of  both.  And  I  feel  sure  that  one  of  the  great  instruments 
for  bringing  about  this  splendid  development  will  be  the  Amer- 
ican Chemical  Society,  whose  members  I  have  the  pleasure  of 
welcoming  to-day. 

In  behalf  of  the  Society,  President  Stieglitz  thanked 
Dr.  Maclaurin  for  his  hearty  welcome  and  assured 
him  that  the  American  Chemical  Society  had 
thoroughly  organized  its  forces  and  stood  ready  to  aid 
the  Government  in  every  way  possible.  He  also 
pointed  out  tremendous  strides  which  the  chemical 
industries  have  taken  during  this  war  period,  and  spoke 
with  strong  confidence  of  the  future  of  chemistry  in 
this  country. 

The  Society  adopted  unanimously  the  recom- 
mendation of  the  Council  that  Prof.  Victor  Grignard 
be  elected  an  honorary  member  of  the  Society. 

Dr.  Arthur  L.  Day,  Director  of  the  Geophysical 
Laboratory,  Washington,  D.  C,  aroused  the  enthu- 
siasm of  the  meeting  by  his  portrayal  of  the  activities 
of  his  laboratory  in  meeting  the  shortage  of  optical 
glass  so  necessary  to  the  proper  equipment  of  our 
Army  and  Navy  with  periscopes,  range  finders,  field 
glasses,  etc.  His  account  of  the  rapidity  and 
thoroughness  with  which  the  work  has  been  prosecuted, 
and  his  statement  that  next  month  the  output  will 
be  45,000  lbs.,  furnished  another  stirring  illustration 
of  the  ability  with  which  chemists  have  met  the  sudden 
calls  upon  their  resourcefulness. 

Professor  Grignard  having  arrived  during  the  ad- 
dress by  Dr.  Day,  President  Stieglitz  stated,  after  the 
close  of  the  address,  that  he  desired  to  inform  Professor 
Grignard  oflRcially  of  his  election  to  honorary  member- 
ship in  the  Society.  Professor  Grignard  was  invited 
to  the  platform,  and  President  Stieglitz  addressed  him 
as  follows: 

"Professor  drigniud,  it  is  my  valued  privilege  os  I^sidcnt 
of  the  American  Chemical  Society,  to  inform  you  that  in  con- 
sideration of  your  brilliant  and  fundamental  contributions  to 
chemistry,  and  especially  to  the  theory  and  exiicrinicntal  niclbods 
of  organic  chemistry,  and  in  consideration  also  of  your  invaliiahic 
.services  to  the  cause  of  freedom  and  deuiiK-racy  IhrouRh  your 
scientific  .activity  in  this  war.  the  .Aiiierican  Chemical  Society 
has  elected  you  at  its  ineetiitK  to-duy  to  bouoniry  nieml>cr»hip 
in  the  Society.  Wc  welcome  the  fact  that  wc  may  count  you  o» 
one  of  our  associates  and  trust  that  you  will  feel  yourself  quite 
at  home  with  us  as  your  devoted  fricmls  ami  admircru  " 

Professor  Grignard,  speaking  in  his  native  tongue, 
cxprc8.sed  his  deep  appreciation  of  the  honor  which 
had  boon  conferred  upon  him,  which  honor,  however, 
l»c  considered  as  bestowed,  not  upon  him  personally, 
but  as  an  honor  to  France  which  had  given  to  chcmiatry 
such  illustrious  men  as  Lavoisier.   Oumaji,   Hcrthciol. 


924 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY       Vol.  9,  No.  10 


and   many  others,   and   also  as  a  tribute  to  our  ally 

.  with  whom  we  are  now  standing  shoulder  to  shoulder 

in  the  common  cause  of  the  world's  struggle  for  liberty. 

Continuing  the  program,  Dr.  E.  C.  Kendall  of  the 
Mayo  Clinic,  Rochester,  Minnesota,  gave  a  paper  on 
"The  Isolation  and  Identification  of  the  Iodine-Con- 
taining Compound  which  Occurs  in  the  Thyroid." 

Special  interest  attached  to  the  Tuesday  afternoon 
General  Session  because  of  the  direct  bearing  of  the 
program  on  the  many  questions  connected  with  the 
war  situation.  The  first  speaker  was  Dr.  William  H. 
Nichols,  Chairman  of  the  Committee  on  Chemicals 
of    the    Council    of    National    Defense. 

ADDRESS 

By  William  H.  Nichols 
Chairman  Committee  on  Chemicals,  Council  of  National  Defense 

It  cannot  be  impressed  too  frequently  or  too  strongly  on  the 
minds  of  the  American  people  that  the  war  on  which  we  have 
entered  is  one  which  will  require  the  faithful  services  and  in- 
telligent cooperation  of  every  loyal  citizen  of  the  Republic,  male 
and  female,  until  tlie  very  end.  No  half-way  measures  will 
suffice.  We  are  pitted  against  a  power  which  has  been  pre- 
paring for  many  years  and  which  did  not  strike  until  its  prepara- 
tions were  complete.  With  that  thoroughness  for  which  the 
German  people  are  deservedly  noted,  assisted  and  guided  at 
every  step  by  a  highly  intelligent  Government,  which,  for  many 
years,  knew  what  it  was  aiming  to  accomplish,  and  intended  to 
be  ready  for  any  eventuality,  there  was  probably  nothing  which 
could  be  foreseen  by  human  intelligence  which  was  not  pro- 
vided for  when  the  Belgian  frontier  was  crossed.  While  this 
was  true  in  all  fields  it  was  particularly  true  in  the  field  of  chem- 
istry, which  was  proved  to  be  in  many  ways  the  most  important 
science  made  use  of  in  the  titanic  struggle.  Many  of  those 
present  will  remember  the  striking  lecture  of  Dr.  Bernthsen, 
delivered  during  the  8th  International  Congress  of  Applied 
Chemistry  to  an  audience  which  packed  the  hall  in  its  eagerness 
to  learn  the  last,  and  to  many  the  first,  word  on  the  fixation  of 
atmospheric  nitrogen.  Probably  no  one  among  them  realized 
the  enormous  influence  which  the  process  described  was  so  soon 
to  have  on  the  fate  of  the  world.  We  had  been  accustomed 
to  consider  that  nitrogen  fixation  was  practically  dependent 
upon  the  electric  arc  and  involved  the  consumption  of  enormous 
electrical  energy.  Dr.  Bernthsen's  exposition  of  what  is  known 
as  the  "Haber  Process"  was  so  clear  and  so  skillful  that  e_ven 
those  who  gave  it  only  a  passing  thought  could  see  the  great 
potentialities  of  employing  hydrogen  instead  of  oxygen  in  the 
fixation  process.  Since  the  date  of  the  delivery  of  that  lectiu'e 
in  1912,  tlie  production  in  Germany  of  nitric  acid  and  ammonia 
in  its  several  forms  has  become  colossal  and  it  may  be  safe  to 
say  that  without  the  process  alluded  to  the  war,  from  the  Ger- 
man side,  would  long  ago  have  languished  from  scarcity  of  ex- 
plosives, and  the  fields  have  become  barren  from  lack  of  nitro- 
gen. It  is  conceivably  not  too  much  to  infer  that  the  war  was 
not  launched  until  the  way  was  clear  for  the  production  of  nitro- 
gen compounds  after  the  vast  accumulated  stores  of  Chilean 
nitrate  had  become  exhausted.  This  is  one  instance  of  many 
which  might  be  cited  to  show  tlie  extreme  preparedness  of  tlie 
German  nation.  From  my  own  knowledge  I  can  say  that  by 
comparison,  the  English  and  French  were  unprepared,  both  in 
men  and  equipment,  and  this  was  thoroughly  understood  by 
tlieir  enemies.  As  for  Russian  preparation,  it  was  carefully 
looked  after  in  Berlin. 

While  the  beginning  of  the  war  found  England  and  France 
not  only  unprepared  but  almost  stunned  by  the  suddenness 
of  the  shock,  they  lost  no  time  in  getting  under  way.  At  first 
many  mistakes  were  made,  and  many  steps  taken  which  had  to 


be  retraced,  but  fortunately  no  vital  errors  were  committed. 
As  a  result  of  the  gigantic  program  laid  down,  covering  every 
phase  of  preparedness,  these  countries  found  themselves  able  to 
,  supply  the  vast  armies  which  they  organized,  with  every  arti- 
cle, to  the  last  detail,  needed  to  make  them  effective.  This 
offers  one  of  the  most  extraordinar>'  examples  of  intelligent  co- 
operation which  the  world  has  ever  seen.  It  is  little  short  of  a 
miracle. 

It  was  well  known  in  Germany  that  England  and  France 
were  but  comparatively  small  producers  of  fuming  sulfuric  acid 
or  oleum.  Not  having  a  great  dye  industry,  they  felt  little 
need  for  it  outside  of  their  explosive  requirements  and  these 
were  not  large  except  in  commercial  explosives,  used  in  mining 
and  the  like.  But  modern  warfare  cannot  be  conducted  with- 
out oleum;  and  in  a  war  like  the  present  the  quantities  used  of 
this  article  are  enormous. 

I  have  been  told  that  the  chemical  works  in  England  built 
since  the  beginning  of  the  war,  particularly  for  the  production 
of  war  chemicals,  such  as  oleum  and  nitric  acid,  covers  an  area 
of  27  square  miles.  Compared  with  anything  existing  any- 
where previous  to  this  time,  such  a  chemical  plant  is  unheard  of. 
My  informant,  who  spent  some  time  inspecting  it,  referred  more 
than  once  to  the  fact  that  a  large  proportion  of  the  labor  was 
done  by  young  women  who  were  reported  to  be  extremely  effi- 
cient. He  saw  tliera  firing  boilers  and  doing  work  of  like  heavy 
character  and  apparentlv  thriving  on  it.  These  great  chemical 
works  are  the  backbone  of  the  enormous  output  of  munitiotis 
that  has  made  the  English  artillery,  as  well  as  every  other  branch 
of  the  service,  so  efficient.  I  presume  many  of  you  are  aware 
that  the  chemical  engineer  who  superintended  the  construction 
of  these  great  plants  in  England  is  an  American. 

Hardly  less  astonishing,  and  from  many  points  of  \'iew  more 
so,  was  the  work  done  in  France.  When  the  history  of  the  war 
shall  have  been  written,  one  of  its  most  brilliant  and  inspiring 
pages  will  be  that  recounting  the  exploits  of  the  French  chemists 
and  the  marselous  increase  in  the  output  of  French  munitions. 

I  have  touched  on  these  matters  in  order  to  indicate  the  great 
task  confronting  this  country  in  organizing  its  forces.  We  have 
not  yet  a  plant  for  the  fixation  of  nitrogen,  but  I  think  I  can 
truthfully  say  that  this  is  not  the  fault  of  the  chemists.  We 
have,  fortunately,  a  large  output  of  oleum.  I  regret  to  say 
politics  continues  to  be  spelled  with  a  capital  P  while  patriot- 
ism is  too  frequently  spelled  without  it.  Up  to  the  time  when 
this  country  was  forced  to  take  part  we  may  just  as  well  admit 
that  we  as  a  people  were  living  in  a  fool's  paradise  with  little 
thought,  except  in  the  minds  of  a  few,  that  we  would  be  drawn 
into  the  whirlpool  sooner  or  later.  One  of  the  great  battle- 
cries  of  the  last  presidential  campaign,  which  had  much  to  do 
with  the  result,  was  "He  kept  us  out  of  war."  It  seemed  as  if 
the  height  of  the  ambition  of  vast  numbers  of  our  people  were  to 
keep  out  of  war  no  matter  what  it  cost  in  moral  fiber  or  self- 
respect.  To  many  who  hold  the  same  views  as  I  do,  it  was 
astonishing  that  in  view  of  what  was  taking  place  on  the  other 
side  of  the  ocean  we  did  not  in  ordinary  prudence  prepare  long 
ago  for  a  shower  in  case  the  wind  should  change  and  come  our 
way,  which  it  was  almost  certain  to  do.  The  fact  that  we  had 
not  commenced  preparing  three  years  ago  is,  to  my  mind,  the 
reason  why  we  are  in  the  war  at  all;  but  at  this  late  date  there 
is  little  to  gain  by  discussing  what  might  have  been  or  what 
should  have  been.  We  have  now  definitely  entered  and  we  are 
committed  to  do  our  part  until  the  end  and  this  part  we  pledge 
our.selves  to  make  worthy  of  our  great  Nation  and  its  traditions. 
We  are  fighting  for  great  principles  under  a  leader  who  is  able 
to  state  tliem  so  that  all  may  understand  who  will. 

Promptly  after  the  declaration  of  war  our  authorities  at 
Washington  proceeded  to  take  steps  witli  commendable  rapidity. 
They  have  been  criticized  a  great  deal  because  thc.<;e  steps  have 
not  been  more  rapid,  but  those  who  are  acquainted  with  the 
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difficulties  of  the  situation  realize  that  this  criticism  is  not  mer- 
ited. We  are  a  peace-loving  people  and  had  been  at  peace  many 
years.  There  are  a  good  many  things  which  the  ordinary  citizen 
does  not  know  and  cannot  be  told — not  that  he  cannot  be  trusted, 
but  the  intelligence  might  carry  too  far.  Ouf=  is  a  Democratic 
Government  and  no  one  man  or  group  of  men  has  had  such  pow- 
ers as  will  be  found  to  be  necessary  before  we  can  hope  to  effect 
an  organization  able  to  cope  with  the  demands  that  will  be 
made  upon  it.  Otir  organization  at  present  is,  in  my  opinion, 
temporary.  Of  course,  the  President  is  and  must  be  its  head. 
Next  to  him  is  the  Council  of  National  Defense,  composed  of 
six  members  of  the  Cabinet.  After  this  Council  comes  the  Ad- 
visory Commission  of  the  Council  of  National  Defense  and  the 
War  Industries  Board,  whose  duties  are  not  yet  clearly  defined. 
The  Advisory  Commission  is  divided  up  into  several  commit- 
tees, among  them  one  on  raw  materials.  The  Committee  on 
Chemicals  is  one  of  the  sub-divisions  of  this,  and  its  functions  are 
advisory.  Why  one  of  the  most  abstruse  of  all  the  sciences  hav- 
ing to  do  with  some  of  the  most  delicate  and  highly  refined  fin- 
ished products  should  come  under  the  head  of  Raw  Materials 
is  hard  to  see,  but  such  is  the  case.  We  chemists  are  accus- 
tomed to  being  misunderstood. 

I  was  honored  with  the  chairmanship  of  this  committee  and 
have  organized  it  along  lines  which  previous  experience  led  me 
to  believe  would  be  efficient.  The  work  has  been  divided  into 
the  following  heads:  Acids,  Fertilizers,  Alkalies,  Electro-Chem- 
icals, Coal-Tar  By-Products  (including  Ammonia),  Pyrites,  Mis- 
cellaneous Chemicals,  Phosphate  Rock. 

I  was  able  to  secure  the  services  of  men  well  known  to  the 
industry  as  chairmen  of  these  sub-divisions  and  they  in  turn 
were  fortunate  in  obtaining  many  of  the  best  men  in  the  indus- 
try for  their  special  committee  members.  In  all,  the  Chem- 
ical Committee,  with  its  sub-committees,  includes  some  thirty- 
seven  men.  These  chairmen  meet  twice  a  month  in  Washing- 
ton and  in  the  interval  are  at  work  endeavoring  to  solve  the 
problems  of  production  which  are  assigned  to  them.  I  think 
you  understand  all  the  work  of  the  Committee  on  Chemicals 
has  to  do  with  the  actual  materials,  not  with  research.  This 
latter  subject  is  in  charge  of  the  National  Research  Council,  the 
chairman  of  whose  Chemical  Committee  is  a  member  ex-officio 
of  the  Committee  on  Chemicals,  thus  keeping  both  branches  in 
close  and  constant  touch.  The  Bureau  of  Mines  is  represented 
by  its  able  director. 

The  committee  is  located  in  inadequate  ofTices  in  the  In- 
terior Building,  fortunately  adjoining  the  office  of  the  honored 
secretary  of  this  Society,  whose  services  are  thus  easily  and 
quickly  obtained  at  any  time.  f)ur  duties  are  many,  some 
merely  routine,  such  as  obtaining  information  for  various  de- 
partments, procuring  satisfactory  prices  for  articles  needed, 
keeping  in  touch  with  the  Railway  Commission  to  sec  that 
goods  move  as  freely  as  possible,  and  many  others  of  a  like  char- 
acter, which  will  occur  to  you.  In  addition  to  these  there  arc 
many  duties  of  a  more  serious  character,  requiring  much  active 
and  intelligent  work.  Generally  speaking,  the  manufacturers 
have  responded  admirably  and  there  arc  many  instances  of 
sacrifices  being  made  for  which  recognition  is  not  expected  and 
probably  will  not  be  received.  It  would  be  idle  to  slate  that 
there  are  no  exceptions,  but  every  effort  is  being  made  to  jiro- 
ducc  satisfactory  results  without  resort  to  higher  authority.  Wc 
feci  confident  that  as  the  war  progresses  the  ability  of  the  com- 
mittee will  be  found  to  be  cc|ual  to  the  problems  as  they  arise. 
If,  however,  it  slinuld  be  found  that  tliry  are  not,  wc  under- 
stand perfecllv  that  we  will  be  cx|iccte<l  to  make  room  for  those 
who  arc  belter  (lualilied.  The  main  point  is  that  our  Army 
and  Navy  nuist  lie  supplied  with  everything  that  the  cheini!tt 
can  give,  while  at  the  luinic  time  uur  industries  •tliull  l>c  inter- 
fered with  as  little  a!i  ncccfisury.  It  may  hap|>rii,  as  time  puiuics, 
that  in  <ipite  of  all  prrcaulions  the  industries  may  suffer  to  some 
extent,  but  you  ran  depend  upon  it  that  tlii<i  will  not  be  the  eaiic 


if  it  can  be  avoided  by  human  foresight.  There  must  come  a 
time  when  this  war  shall  end  and  we  should  be  constantly  pre- 
paring ourselves  not  only  to  provide  its  requirements  while  it 
lasts,  but  to  meet  conditions  as  we  find  them  at  its  termination. 
Many  theories  have  been  advanced  as  to  what  will  happen 
when  peace  once  more  blesses  our  staggering  world,  but  I  be- 
lieve we  should  so  plan  our  affairs  that  whether  expansion  or 
contraction  results,  we  shall  be  able  to  meet  either  condition 
with  a  bold  front. 

One  of  our  most  serious  difficulties  arises  from  the  imwilling- 
ness  of  the  military  authorities  to  recognize  the  wisdom  of  ex- 
empting chemists  as  a  class  from  the  draft.  Almost  from  the 
beginning  of  our  work  we  took  up  this  question  from  various 
angles,  realizing,  as  we  do.  the  vital  importance  of  keeping  chem- 
ists at  work  in  their  profession  not  only  at  the  present  time  but 
more  particularly  for  the  future.  Oiu"  civil,  mechanical,  elec- 
trical, and  other  engineers  can  be  made  good  use  of  at  the  front 
and  not  only  contribute  greatly  to  the  success  of  our  forces,  but, 
by  the  valuable  experience  obtained  in  their  profession,  can  im- 
prove themselves  for  future  service  at  home.  This  is  not  true 
of  chemists,  with  an  exception  here  and  there.  Once  in  the 
Army  and  at  the  front,  if  he  be  only  recently  out  of  college,  he 
is  lost  to  chemistry  forever.  They  are  not  slackers  and  are  just 
as  anxious  as  any  other  red-blooded  young  men  to  get  into  the 
fray,  and  tlieref  ore  I  have  believed  it  wise  not  only  to  have  them  ex- 
empted from  tlie  draft,  but  declined  in  case  they  should  enlist. 
Already  serious  trouble  has  come  to  many  of  our  chemical 
plants  and  plants  employing  chemists,  as  a  result  of  the  draft, 
and  unless  wise  provision  be  soon  made  we  can  foresee  a  condi- 
tion which  it  will  cost  months  to  rectify.  Why  should  we  not 
take  advantage  of  the  experience  of  our  English  friends  who 
have  passed  through  tliis  same  situation  and  learned  that  there 
is  a  large  class  of  men  who  can  do  more  valuable  work  behind 
the  lines  than  they  can  in  the  trenches? 

The  one  great  need  of  any  colossal  organization  is  the  complete 
coordination  of  all  its  parts.  No  one  can  claim  that  the  organ- 
ization in  Washington  has  yet  reached  this  stage  or  even  ap- 
proximated it.  Many  things  arc  done  several  times  over  and 
many  others  needed  are  not  done  at  all.  I  presume  this  condi- 
tion is  unavoidable  at  this  stage  of  our  progress,  but  it  must  not 
be  allowed  to  continue  indefinitely.  We  have  tlie  utmost  con- 
fidence that  tlie  President  and  his  advisers  can  be  relied  upon 
to  produce  tlie  required  organization  coordinated  and  articula- 
ted so  perfectly  that  it  will  work  with  giant  force  and  with  little 
friction.  This  will  come  after  politics  have  given  place  to 
patriotism,  and  this  will  happen.  I  believe,  when  the  jKopIc  of 
the  country  thoroughly  appreciate  the  fact  that  wc  arc  at  war. 
In  any  event,  I  am  .sure  the  country  can  rely  uixin  the  10,000 
chemists  of  this  Society  to  do  everything  that  lies  in  their  i>owcr 
to  see  that  the  chemistry  branch.  pi>ssibly  the  most  imiMirtant 
of  all,  is  not  found  lacking  in  either  ability  or  patrioti-sm. 

Dr.  Nichols  was  followed  by  Professor  Marston  T. 
Bogert,  Chairman  of  the  Chemistry  Committee  of  the 
National  Research  Council,  who  gave  an  account  of 
the  organization  of  the  research  workers  of  the  country 
and  a  general  outline  of  the  many  problems  coming 
within  the  purview  of  that  committee.  Wc  hope  to 
publish  this  address  in  full  in  our  November  issue. 

In  continuation  of  the  Conference,  Dr.  Roger  Adams, 
of  the  University  of  Illinois,  explained  the  unique  de- 
velopment in  that  institution  of  the  manufacture,  on  a 
small  commercial  scale,  of  rare  organic  chcnucnls. 

On  tlic  invitation  of  President  Stioglit«,  Lieutenant 
Kngcl,  of  the  French  Commission,  adtlressed  the  Society 
as  follows: 

"I  desire  first  to  rniphasitc  the  mistake  it  is  to  take  chemists 
from  where  they  arc  must  ncctlrti  ami  to  place  them  in   the 
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trenches,  as  we  did  ourselves,  and  have  lost  them  where  they  are 
most  needed,  in  the  laboratories  and  the  industries.  We  made 
this  great  mistake  at  the  beginning  of  the  war.  We  took  all 
chemists  available  and  sent  them  into  the  regiments,  mostly  the 
infantry.  Perhaps  we  lost  60  per  cent  of  our  mobilized  chemists 
below  the  age  of  40;  for  instance,  the  School  of  Chemical 
Engineering,  Paris,  has  a  casualty  list  of  35  per  cent.  At  the 
Normal  School,  in  the  scientific  department,  there  was  a  loss  of 
about  52  per  cent  in  the  first  ten  months  of  the  war.  I  cannot 
tell  you  emphatically  enough  that  we  must  in  all  of  our  allied 
nations  do  our  best  to  keep  scientific  men  where  they  are  most 
needed,  not  only  for  war  problems,  but  for  the  future  upbuilding 
of  these  nations.  In  general,  the  slowness  to  recognize  scientific 
men  by  the  military  authorities  was  because  they  did  not  realize 
for  what  they  were  needed.  For  a  long  time  they  worked  with 
the  old  methods  of  warfare  and  believed  that  all  conditions  were 
provided  for,  but  when  the  method  of  attack  changed,  as  Dr. 
Rogert  has  mentioned,  when  the  gas  attacks  came,  the  military 
authorities  saw  that  the  time  had  come  to  adapt  new  materials 
to  the  new  methods.  That  involved  an  enormous  amount  of 
work,  not  only  in  chemistry,  but  in  physics  and  all  branches  of 
engineering. 

"After  three  years  of  experience  our  scientific  departments 
are  well  and  satisfactorily  organized.  The  organization  is 
simple.  The  'Front  Laboratories,'  mainly  toxicological,  detect 
poison  in  the  water  supply,  for  example,  and  provide  chemicals 
to  neutralize  the  effect  if  possible.  These  laboratories  exist  in 
large  numbers,  one  with  every  brigade,  or  perhaps  with  every 
division,  and  are  connected  with  a  central  army  corps  laboratory. 
In  the  front  laboratory,  in  the  field,  there  is  often  not  even  a  tent, 
simply  a  box  containing  the  needed  supplies.  The  chemists  work 
in  the  mud,  on  the  ordinary  ground,  taking  samples  of  the  water, 
making  chemical  tests  for  nitrites,  nitrates  and  chlorine.  Thus 
they  discover  whether  the  water  is  pure  or  of  slight  doubt.  If 
the  latter  is  the  case,  the  sample  is  sent  to  the  army  laboratory, 
where  a  bacteriological  test  is  made.  These  army  laboratories 
are  usually  located  in  the  towns  behind  the  lines,  using  in  many 
cases  school  laboratories.  Chemical  advisers  are  connected 
with  the  general  staff. 

"At  the  rear  there  is  an  organization  located  in  the  schools 
where  new  compounds  are  studied,  also  unliurst  shells,  samples 
of  gases,  parts  of  masks,  in  fact,  any  material  which  can  be 
obtained.  Other  laboratories  take  care  of  factory  supervision. 
Chemical  manufacturers  are  producing  gases  and  explosives. 

"The  manufacture  of  explosives  is  almost  entirely  under 
government  monopoly.  Previous  to  the  war,  hunting  and  war 
powders  were  made  under  government  control.  Only  a  few 
dynamites  and  safety  powders  were  made  under  government 
control  by  supply  contractors.  The  government  is  able  thus  to 
control  entirely  the  explosive  work. 

"Speaking  of  general  problems  of  research,  I  am  interested 
to  see  what  wonderful  scientific  organization  there  is  here.  You 
have  more  laboratories  and  facilities,  more  credit  involved,  your 
field  of  activity  is  tremendous.  I  am  struck  to  see  that  in  so 
short  a  period  so  many  problems  have  been  solved.  It  is  an 
honor  to  be  able  to  say  that  you  have  solved  questions  in  a 
better  way  in  three  months  than  we  took  three  years  to  do. 
You  have  been  obliged  to  do  over  again  much  that  we  had  al- 
ready done.  From  now  on  we  hope  to  work  in  such  close  con- 
nection with  Dr.  Bogert  and  others  as  to  bring  all  data  together 
and  render  work  easier  and  avoid  duplication.  We  hope  to 
succeed  in  working  very  closely  with  you." 

In  conclusion,  Dr.  A.  A.  Noyes,  of  the  Government 
Nitrate  Supply  Committee,  spoke  of  the  findings  of 
that  committee  (published  in  detail  in  the  Septem- 
ber issue  of  This  Journal). 

Immediately  after  the  adjournment  of  the  Conference, 
more    than    400    members    enjoyed    the  boat  trip  to 


Pemberton  where  a  delightful  shore  dinner  was  served, 
immediately  followed  by  a  smoker  in  one  of  the  ad- 
joining hotel  buildings.  Great  enthusiasm  was  aroused 
by  the  singing  of  the  Marseillaise,  led  by  Dr.  L.  H. 
Baekeland.  Toward  the  close  of  the  smoker,  Profes- 
sor Talbot,  acting  as  an  informal  toastmaster,  intro- 
duced President  Stieglitz,  who  responded  for  the 
visiting  chemists  in  appreciation  of  the  many  courtesies 
extended.  Professor  Grignard  was  then  introduced 
and  spoke  with  much  feeling,  but  in  French.  For  the 
benefit  of  many  of  his  hearers  Lieutenant  Engel, 
upon  request,  gave  in  English  the  substance  of  Professor 
Grignard's  remarks,  in  which  he  concurred  most  heartily. 

"Professor  Grignard  considered  the  organization  and  ad- 
ministration of  the  American  Chemical  Society  the  best  in  the 
world.  Hitherto  Germany  had  led  in  this  regard,  but  he  felt 
that  the  Germans  had  never  possessed  the  spirit  of  democratic 
friendship  which  characterized  the  members  of  this  Society. 
France  is  now  preparing  to  imitate  the  American  Chemical 
Society  in  its  organization.  The  Chemical  Society  of  France 
consisted  formerly  only  of  distinguished  men  in  pure  science. 
As  the  chemical  industries  developed,  effort  was  made  to  form  an 
industrial  section,  but  this"  idea  was  rejected.  A  few  months 
ago  preliminary  steps  were  taken  under  the  stress  of  war  for  the 
organization  of  a  French  Society  of  Chemical  Industry.  How- 
ever, in  the  light  of  what  he  has  learned  here  as  to  the  mutually 
helpful  union  of  men  of  the  universities  and  of  the  industries,  he 
felt  confident  that  in  the  future  the  two  French  organizations 
will  be  merged  and  that  a  truly  national  organization  similar 
to  the  American  Chemical  Society  will  result.  He  hopes  to  see 
organized  an  American  branch  of  this  greater  French  Society 
so  that  joint  work  may  be  best  promoted." 

Dr.  Baekeland  followed,  speaking  in  his  happiest 
vein,  to  the  very  great  delight  of  his  hearers.  The  final 
speaker  was  Dr.  A.  D.  Little,  who  spoke  in  lighter 
vein  of  some  typical  local  chemical  exploits,  such  as 
the  extraction  of  gold  from  sea  water,  etc.  Turning, 
however,  to  the  more  serious  side,  he  pointed  out  that 
the  payment  of  the  great  national  debt  due  to  this  war 
should  result  most  largely  through  the  activities  of 
the  American  chemists.  Waste  must  be  avoided: 
waste  in  city  government,  fire  losses,  manufacturing, 
railroading;  waste  of  power,  forest  and  labor. 

Wednesday  morning  and  afternoon  were  devoted  to 
conferences  and  divisional  meetings.  A  synopsis  of 
the  conference  in  the  Division  of  Industrial  Chemists 
and  Chemical  Engineers  on  "The  Industrial  Chemist 
in  War  Time"  is  printed  in  this  issue. 

On  Wednesday  evening,  in  Huntingdon  Hall,  Boston, 
before  a  large  audience.  President  Stieglitz  delivered 
his  Presidential  Address  on  the  subject:  "The  Out- 
look for  Chemistry  in  the  United  States."  This 
address  will  be  published  in  full  in  the  Journal  of  the 
American  Chemical  Society. 

Thursday  was  devoted  to  a  continuation  of  the 
divisional  meetings,  including  the  Metallurgical 
Symposium  in  the  Division  of  Industrial  Chemists 
and  Chemical  Engineers.  The  Division  of  Water, 
Sewage  and  Sanitation  made  a  trip  to  Ayer  to  inspect 
the  United  States  Camp  located  there.  Under  the 
guidance  of  Mr.  R.  S.  Weston  they  were  given  unusual 
facilities  to  see  the  cantonment,  including  the  barracks 
and  the  excellent  water  and  sewage  disposal  systems. 
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COAL  DISTILLATION  UNDER  PRESSURE 

By  J.  H.  Capps  and  G.  A.  Hulett 
Received  May  14.  1917 

The  many  uses  of  coal  may  be  roughly  classified 
under  two  general  heads.  It  is  burned  directly  as  a 
fuel,  or  it  is  destructively  distilled  (or  "carbonized"). 
Coal  is  most  frequently  carbonized  with  either  gas  or 
coke  in  view  as  the  primary  product  of  manufacture. 

Coke  ovens  and  gas  retorts  subject  the  coal  to  widely 
different  conditions  as  regards  rate  of  heating,  dura- 
tion of  heating,  etc.,  because  the  conditions  which 
produce  the  maximum  yield  of  the  best  coke  are  differ- 
ent from  those  that  produce  the  highest  possible  yield 
of  gas.  Certain  other  conditions,  however,  such  as 
pressure  and  maximum  temperature  attained  are 
practically  the  same  in  either  case. 

In  making  gas  or  coke,  the  retort  or  oven  which 
contains  the  coal  is  subjected  to  a  temperature  of 
about  950  to  1000°  C.  while  most  of  the  volatile  matter 
is  driven  off  before  the  coal  itself  reaches  600°.  Dur- 
ing the  distillation  the  different  layers  of  coal  from  the 
retort  walls  to  the  center  vary  not  only  in  tempera- 
ture but  also  in  rate  at  which  they  are  distilled. 

In  general,  the  vapors,  after  leaving  the  coal,  enter 
regions  where  they  are  subjected  to  decidedly  higher 
temperatures  than  that  of  their  origin,  so  that  sec- 
ondary and  uncontrolled  "cracking"  takes  place, 
forming,  again,  decomposition  products,  together  with 
carbon  residues  which  separate  in  the  form  of  flakes 
or  droplets  and  float  along  with  the  vapors  until 
mechanically  caught  with  the  condensing  oils  and  water 
to  form  the  tar.  It  is  evident,  therefore,  that  the 
technical  distillation  of  coal  is  a  most  complicated 
process  from  the  standpoint  of  both  the  chemical  and 
physical  changes  which  take  place.  The  present 
work  is  a  preliminary  attempt  to  get  information  about 
the  products  which  may  be  obtained  from  a  given  type 
of  coal  and  how  these  products  vary  with  the  tempera- 
ture, pressure  and  time  or  rate  of  distillation.  Our  appa- 
ratus was  designed  with  a  view  to  avoiding  the  secondary 
"cracking"  of  the  vapors  after  they  leave  the  coal  and 
also  with  a  view  to  heating  the  whole  mass  of  coal  as 
uniformly,  as  to  time  and  temperature,  as  possible. 

If  the  first  layer  of  coal  is  heated  rapidly,  the  second 
layer  at  a  different  rate,  and  so  on,  it  is  obvious  that  the 
first  products  of  decomposition  and  distillation  of  one 
layer  will  be  mixed  with  the  later  products  of  outer 
layers  in  a  hopeless  manner.  This  situation  may  be 
improved  somewhat  by  healing  slowly  to  a  given  tem- 
perature which  is  maintained  until  the  reactions  for 
that  temperature  arc  completed,  then  heating  to  a 
higher  IcmpiTuture  and  holding  it  until  the  reactions 
for  this  new  temperature  arc  over,  and  so  on.  How- 
ever, with  a  slow  rate  of  heating  we  undoubtedly  get 
different  reactions  and  vapor  mixtures  than  when  the 
coal  is  heated  rapidly.  We  aimed  to  heat  uniformly 
and  still  at  n  fair  rale. 

Practically  all  the  work  <lonc  on  the  carboniiation 
of  coal  lias  been  at  atnuisphcric  pressure,  nave  some 
work  under  diinini.Hhcd   pressure,'  so  that  our  knowl- 

>  lliirMU  ol  Mlnra,  ItfknUal  I'aftr  140. 


edge  as  to  the  pressure  factor  is  restricted  to  a  small 
range  of  from  a  few  millimeters  to  one  atmosphere. 
We  first  attempted  to  find  out  something  about  the 
variations  with  pressure  up  to  twenty  atmospheres. 

After  much  experimentation  and  many  failures  we 
evolved  the  apparatus  described  below. 

APPARATUS 

The  retort  used  in  this  work  was  a  steel  cylinder  of 
1.9  liters  capacity  (Fig.  I,  A)  into  which  was  sealed 
(cemented)  the  neck  5  of  a  '/g  in.  walled  '/«  in.  steel 
tube.  Into  this  were  brazed  a  brass  side  tube  of 
1/4  in.  inside  diam.  and  2  in.  long,  at  E,  and  a  small 
copper  tube,  at  F,  which  led  to  the  pressure  gauge  G 
and  could  be  disconnected  at  the  union  T. 

The  "first  trap"  C  (see  detail)  was  made  from  a 
seamless,  spun-bottomed  steel  tube  of  iV«  in-  inside 
diam.  and  V16  in.  walls.  The  brass  inlet  and  outlet 
tubes  ('/4  in.  diam.)  were  brazed  in  with  silver.  The 
tube  X  was  let  down  through  the  cap  to  prevent  the 
spurting  of  condensed  liquids  across  the  trap  and  into 
the  outlet.  The  seat  of  the  cap  was  bedded  with  lead, 
which  sealed  the  tube  A'  into  the  cap  and  very  effec- 
tively and  conveniently  sealed  the  trap  itself  when  the 
top  was  screwed  into  place.  This  joint  withstood  tem- 
peratures up  to  220°  and  pressures  as  high  as  20 
atmospheres  very  satisfactorily. 

The  "second  trap"  D  was  of  glass  blown  in  our 
laboratory.  In  the  side  tube  to  the  left,  condensation 
of  the  light  oils  took  place,  whence  they  flowed  into 
the  main  (receiver)  part  of  the  trap.  The  uncon- 
densed  gases  passed  out  through  the  stopcock  H  to  be 
measured  and  sampled  for  analysis.  The  Liebig  gas 
washing  bulbs  J  were  made  in  the  laboratory  to 
contain  a  standard  acid  solution  which  would  collect 
the  ammonia  from  the  gas  as  it  bubbled  through. 
The  question  of  ammonia,  however,  was  dropped  be- 
cause sufficient  information  could  be  obtained  from  the 
analyses  of  the  coal  and  resulting  coke.  Also  the 
analyses  of  our  cokes  showed  that  a  great  part  of  the 
nitrogen  was  still  retained  after  low  temperature 
carbonization. 

The  top  of  the  neck  B  was  sealed  by  an  ordinary 
cast-iron  cap  through  the  top  of  which  a  hole  had  been 
drilled  for  the  introduction  of  the  "internal  condensa- 
tion tube"  A'.  This  was  practically  a  reflux  con- 
denser and  its  object  was  to  condense  and  return  the 
heavier  volatile  products  to  the  coal  mass  where  they 
would  have  further  chance  of  cracking.  If  we  had 
attempted  to  cool  the  neck  of  the  retort,  those  con- 
stituents would  have  flowed  down  the  hot  sides  of  the 
retort  where  cracking  would  have  occurred  with  a 
deposition  of  carbon  residue,  while,  by  the  orrange- 
ment  cm]iloyed,  the  oil  was  returned  directly  onto 
the  coal  where  cracking  took  place  on  and  at  the 
temperature  of  the  coal. 

With  gases  issuing  at  a  rapid  rftte  during  the  period 
in  which  the  condensable  products  were  given  off,  the 
cooling  surface  exposed  to  them  by  our  internal  con- 
densation tube  wa-s  undoubtedly  too  »mM  and  ita 
temperature  aho  was  probably  higher  than  the  boiling 
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point  of  the  liquid  inside,  so  that  the  condensations 
were  not  as  complete  as  are  possible  at  the  indicated 
temperatures. 

In  view  of  this  inefficiency  and  of  the  results  of  some 
subsequent  work  in  this  laboratory  which  have  not  yet 
been  published,  we  disregard,  in  this  paper,  our  data 
on  the  effect  of  this  reflux  condensation. 

The  heater  used,  L,  was  an  electric  resistance  furnace 
of  which  the  heating  element  was  a  single  spiral  of 
nichrome  "flattened  wire."  This  coil  was  cemented 
in  place  with  a  mixture  of  kie.selguhr  and  cement  and 


nichrome  resistance  ribbon  to  maintain  the  desired 
temperature  within  the  heater.  We  made  only  one 
separation  of  the  liquid  distillate  and  found  it  best  to 
have  our  first  condensation  at  such  temperature  that 
no  water  would  remain  with  the  heavy  oils  in  the  first 
trap.  For  this  purpose,  this  heater  kept  the  tem- 
perature of  the  first  trap  about  20°  above  the  boiling 
point  of  water  at  the  pressure  used. 

The  cold  water  jacket  A''  facilitated  the  lique- 
faction of  the  vapors  as  they  passed  to  the  second 
trap  and  also  prevented  the  conduction  of  heat  along 


Fio.  I — Plan  on  Apparatus  Ussd  in  Coal  Distillation  Expsrimbnts 


around  it  was  wound  sheet  asbestos  to  a  thickness  of 
'/j  in.  An  air  space  of  '/<  in-  was  left  and  then  two 
layers  of  "corrugated"  asbestos  were  wound  around 
this.  Several  wrappings  of  thick  asbestos  felt  com- 
pleted the  insulation.  In  the  bottom  of  the  furnace  the 
resistance  ribbon  was  wound  into  a  flat  spiral. 
Through  the  center  of  the  floor  a  'A  in.  hole  permitted 
a  stream  of  illuminating  gas  to  be  led  in,  in  order  to 
keep  a  reducing  atmosphere  around  the  hot  steel 
retort  during  a  run. 

The  outside  heater  M  was  constructed  of  heavy 
asbestos  cement  board  with  a  double  glass  window  in 
front.     Strung  upon  the  floor  were  four  coils  of  small 


the  brass  tube  from  the  heater  M  to  the  cement  joint 
at  0.  The  glass  tube  jacket  P,  containing  boiling 
water,  served  the  double  purpose  of  keeping  the  lead 
bedding  in  the  cap  below  its  melting  point  and  of 
acting  as  a  condenser  for  the  vapors  of  thymol  or 
aniline  in  the  internal  condensation  tube.  Tem- 
perature was  read  outside  the  retort  by  the  Pt-PtRd 
couple  Q,  insulated  in  a  glass  tube  and  placed  next 
to  the  steel  retort,  but  separated  from  the  heating  coil 
by  sheet  asbestos. 

PROCEDURE 

The  charge  of  coal  was  introduced  into  the  retort 
through  the  neck,  and  the  cap  5  screwed  firmly  into 
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place.  Then  the  short  arm  of  the  first  trap  was 
fastened  to  the  side  tube  at  E,  by  soldering  with  lead. 

The  retort  was  then  set  in  place  in  the  furnace,  the 
outside  couple  adjusted  and  the  heating  box  M  put 
in  its  place.  The  second  trap  was  now  connected  to 
the  first  trap  by  sealing  with  Khotinsky  cement  at  0. 

The  next  step  was  to  displace  the  air  in  the  ap- 
paratus with  illuminating  gas  by  alternately  evacua- 
ting at  the  cock  H,  and  admitting  the  gas  at  the 
union  T.  The  connection  at  T  was  then  made  with  the 
pressure  gauge,  the  stopcock  was  closed  and  the 
outfit  was  ready  for  a  "run." 

The  electric  current  was  from  the  A.  C.  lighting 
circuit  and  between  600  and  1000  watts  were  used, 
according  to  the  temperature  of  the  furnace  and  to 
the  rate  at  which  the  temperature  was  to  be  raised. 
Current  was  regulated  by  a  water-cooled  sliding  re- 
sistance in  series. 

The  temperature  was  raised  at  the  rate  of  about 
4  or  5  "^  per  minute  from  room  temperature  to  about 
450°  C.  (reading  of  couple,  Q)  and  from  450  to  600° 
it  was  advanced  at  the  rate  of  practically  i  °  per  minute. 
Under  these  conditions  later  experiments  with  this 
apparatus  showed  that  the  temperature  in  the  center 
of  the  coal  followed  the  temperature  outside  the 
retort  fairly  uniformly  at  about  50°  lower,  except 
at  the  stage  where  the  exothermic  reactions  are  most 
pronounced. 

Pressure  in  the  retort  was  built  up  simply  by  con- 
fining the  gases  liberated  from  the  coal.  When  the 
desired  pressure  was  reached,  the  cock  was  opened 
enough  to  let  out  gas  as  fast  as  it  formed. 

At  lo-minute  intervals,  readings  were  recorded  of 
temperature,  current  through  furnace,  pressure, 
volume  of  water  and  of  light  oil  in  second  trap.  Rate  of 
flow  of  gas  (cc.  per  min.),  and  the  total  gas  volume 
were  also  known.  Samples  of  the  gas  were  taken  for 
analysis  at  the  following  temperatures:  450°,  500°, 
550°,  and  600°  C.  If  the  rate  of  evolution  of  gas  be 
plotted  against  temperature  of  the  coal,  the  tem- 
peratures indicated  above  lie  on  the  curve,  respectively, 
at  the  points  where  it  first  begins  to  rise,  where  it 
shows  the  highest  rate  of  evolution,  where  it  begins 
to  decline  and  further  down  the  slope  at  the  end  of  the 
run. 

When  the  thermocouple  indicated  600°  the  current 
was  shut  off  and  the  pressure  let  down  to  atmospheric, 
all  gases  being  measured  as  usual.  Then  the  top 
of  the  second  trap  was  broken  off  with  a  file  scratch 
and  the  water  and  oil  withdrawn  by  means  of  a  sijihon 
pipette;  these  were  weighed  separately  and  the  oil 
sealed  in  glass  tubes  to  await  analysis.  The  first  trap 
was  next  disconnected,  opened  and  emptied  and  the 
heavy  oil  weighed  and  scaled  in  a  tube. 

When  the  retort  had  cooled  it  was  opened  at  5  by 
removal  of  the  cap.  The  coke  within  was  in  a  single 
brittle  cake  which  had  to  be  broken  into  small  enough 
bits  for  removal.  This  was  done  by  pounding  the 
cake  with  an  iron  rod  anci  shaking  out  the  broken  coke 
which  was  then  weighed,  sampled  for  analysis  and 
bollicd. 


Four  typical  coals'  were  investigated  with  this 
apparatus:  a  West  Virginia  steam  coal  (New  River), 
Pittsburgh  bituminous,  Illinois  soft  coal,  and  a  Wyom- 
ing sub-bituminous  coal.  With  the  New  River  and 
Pittsburgh  coals  twelve  runs  each  were  made — four 
at  each  of  three  different  condensation  temperatures. 
For  instance,  with  aniline  (b.  p.  184°)  in  the  internal 
condenser,  runs  were  made  at  i,  5,  10  and  20  atmos- 
pheres pressure,  all  conditions  except  pressure  being 
kept  as  nearly  as  possible  the  same  for  the  series. 
Then  another  such  series  was  made  with  thymol 
(b.  p.  230°)  boiling  in  the  condenser  and  finally  a  series 
in  which  there  was  nothing  in  the  condenser.  In  the 
case  of  the  Illinois  coal  only  two  series  were  made 
(eight  runs  in  all),  one  series  with  aniline  condensation 
and  another  with  no  condensation.  Only  six  runs 
were  made  on  the  Wyoming  coal,  one  series  with  no 
condensation  and  two  runs  (i,  and  20  atmospheres) 
with  aniline  boiling  in  the  condenser. 


We  were  most  interested  in  the  oils.  The  most 
obvious  data  on  these  are  the  variations  in  their 
amounts  due  to  changes  of  pressure. 

The  yields  of  light  and  heavy  oils  (as  percentage  by 
weight  of  the  original  coal),  when  plotted  against 
pressure,  bring  out  certain  marked  tendencies,  as 
shown  in  the  following  table  which  sums  up  the  curves 
in  Fig.  II. 

Table  I — Effects  of  Pressure  Incksase  vbou  I  to  20  .^thosthbrss 
Coal  Heavy  Oil  Light  Oil 

New  Rivfr     Decrease  from  4.82,  '°  ^■*%  Increase  from  1.-1'"^  to  2A% 

Pittsburgh     Decrease  from  8.8%  to  1.6%  Increase  from  3.75%,  to  4.8% 

J,,.      .  I  Decrease  from  5.2%  to  1.5%  Increase  at  no  condensation 

""°°"         '  Decrease  at  184° 
Wyoming        Decrease  from  5.2%  to  1.1% 

The  term  "heavy  oil"  is  applied  above  to  that 
fraction  which  condensed  during  the  run  in  the  first 
trap.  The  temperature  of  this  trap  was  slightly  above 
that  at  which  water  boils  under  the  pressure  of  the 
experiment. 

"Light  oil"  refers  to  that  fraction  which  did  not 
condense  at  the  above  temperature,  but  did  condense 
with  the  water  at  room  temperature  and  was  retained 
in  the  second  trap. 

The  decrease  in  heavy  oils  is  a  better  indication  of 
the  extent  to  which  cracking  has  taken  place  than  is 
the  increase  in  light  oils,  because  the  latter  represent 
only  a  part  of  the  products  of  cracking  of  the  heavy 
oils,  the  other  products  being  gases  and  carbon  residue. 

Also  the  increase  in  light  oil  yield  is  due  to  other 
factors  besides  cracking  of  heavy  hydrocarbons.  For 
instance,  the  partial  pressure  of  each  of  the  con- 
stituent gases  in  the  mixture  passing  over  the  con- 
densed oils  in  Trap  2,  is  increased  as  the  total  gas 
pressure  increases.  Of  these  gases  which  do  not  con- 
dense from  such  a  mixture  at  ordinary  pressures,  the 
less  volatile  will  condense  when  their  partial  pressures 
are  sufficiently  incrcoscd.  Also  wc  must  consider  the 
solubility  of  these  and  other  gases  present  in  the  con- 
densed oils  and  water  as  followinR  Henry's  Law  and 
the  weight  of  these  gases  dissolved  at  high  pressure! 

>  Then  cwiU  wrr«  rolln-lnl  anil  Mmplnl  tir  Unitiwcn  of  lb«  V.  !> 
Iliiiraii  <>r  MInra  ami  wrrf  pirwrve.l  tn  alrtlilll  mnlainm  until  iiMil 
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Table  II- 
Pb«  Cbnt  Light  On,  BonuiNO  below  170° 


•Eppect  op  Pressure  on  Composition  op  the  Oils 

:.         Per  Cent  Light  Oil  Soluble  in  NaOH      Wyoming 

.    . ■ .       , Coal 


Press  ur 

in 
atmos- 

a 
No 

New  River  Coal 

6            c 
230°       184° 

d 
No 

pheres 

con. 

con.       con. 

con. 

1 
5 
10 
20 

9.7 
38.2 
42.1 
Lost 

22.4        17.8 

38.2  38.6 

48.3  44.2 
34.8       49.2 

15.4 
29.5 
25.2 
35.2 

Pittsburgh  Coal  New  I 
c            f            g  h 

230°  184°  Aromatic  230° 

con.  con.        from  d  con. 

12.6  Lost  6.6  Lost 

19.8  25.1  7.5  31.6 

30.0  22.7  9.7  27.4 

29.4  39.1        14.7  20.8 


184° 
con. 
Lost 
34.1 
22.5 
25.8 


-ILLIN 

ois  Coal 

^er  cent  Boiling  Per  cent  Soluble 

below 

P 
1    No 

150° 

in  NaOH 

184° 

No 

184° 

con. 

con. 

con. 

con. 

9.7 

13.3 

21.1 

18.7 

19.7 

25.1 

46.4 

21.0 

25.0 

47.0 

42.4 

22.1 

17.0 

43.2 

46.2 

is  consequently  correspondingly  greater  than  at  low 
pressures. 

OIL    COMPOSITION 

The  analysis  of  these  oils  presented  a  great  many 
difficulties.  A  scheme  was  worked  out  by  which  the 
oils  were  first  subjected  to  fractional  distillation,  the 
colors,  densities  and  weights  of  all  oils  and  fractions 
being  recorded.  Cuts  were  made  at  (i)  170°  C,  (2) 
230°,  (3)  270°  and  (4)  above  270°.  Fractions  (i)  and 
(2)  were  then  analyzed  as  follows:  Bases,  pyridine, 
etc.,  were  extracted  with  20  per  cent  H2SO4;  acids 
and  phenols,  with  10  per  cent  NaOH;  unsaturated 
substances  with  concentrated  HjSOi  and  the  aromatic 
hydrocarbons  by  washing  with  dimethyl  sulfate  or 
liquid  SO2. 

Fractions  (3)  and  (4)  were  allowed  to  stand  several 
days  to  allow  any  anthracene  present  to  crystallize. 
This  was  then  separated  by  filtering  with  suction  in  a 
Gooch  crucible,  washed  with  pyridine  and  weighed. 
The  filtrates  from  this  separation  were  then  analyzed 
as  Fractions  (i)  and  (2).  Everything  not  extracted  by 
these  various  processes  was  called  "paraffin  hydro- 
carbons." 

A  tabulation  of  some  of  the  figures  so  obtained  in 
Table  II  shows  something  of  the  effect  of  pressure  on  the 
composition  of  the  oils.  These  data  are  plotted  in 
Fig.  III. 

Columns  a,  b,  c,  d,  e,  /  and  n  show  the  increase  in 
percentage  of  more  volatile  components  in  the  light 
oils  with  increasing  pressure.  Column  g  shows  the 
increase  in  cracking  the  heavier  paraffin  and  un- 
saturated hydrocarbons  with  increasing  pressure. 
Columns  h,j,  k,  I,  m  and  0  show  how  pressure  decreases 
the  amounts  of  phenols  and  "tar  acids"  in  the  oils — 
although  it  is  not  clear  to  what  this  tendency  can  be 
due. 

In  regard  to  the  oil  analysis  data,  those  on  the 
fractional  distillation  and  on  the  "per  cent  soluble  in 
NaOH"  are  probably  the  most  trustworthy  because  the 
largest  obtainable  samples  were  worked  with  and  these 
were  the  first  values  determined  in  each  oil. 


Pittsburgh  Coal  n              o 

k  I  m       Per  cent    Per  cent 

No  230°  184°     boiling    Soluble  ii 

con.  con.  con.  below  150°  NaOH 

25.0  39.2  37.5          8.75        28.0 

28.2  36.0  33.6         5.7          24.0 

36.2  32.4  25.1        12.35          9.0 

23.8  27.4  24.3        Lost         Lost 

All  oil  samples  lose  so  much  from  simple  manipula- 
tion in  tubes,  pipettes,  and  pycnometers  by  adhesion 
to  the  walls  and  by  solution  in  the  wash  liquids  that, 
with  the  (small)  samples  available,  such  a  series  of 
operations  made  considerable  error  in  the  results  but 
these  results  are  of  value  from  the  standpoint  of 
relative  changes  due  to  pressure.  In  considering  the 
data  so  far  obtained  it  seemed  best  to  fall  back  on  the 
following  simple  scheme  with  the  oils  of  the  Illinois  coal: 

We  took  the  densities  and  weights  of  the  light  oils, 
washed  out  the  phenols  and  tar  acids  with  13  per  cent 
NaOH  and  weighed  the  residues.  The  residual  oil 
was  then  fractionally  distilled,  cuts  being  made  at 
75,  100,  125,  150,  175,  200,  250  and  300°  C.  Weights 
and  densities  of  each  of  the  fractions  were  recorded. 
The  sum  of  the  fractions  boiling  below  150°  was  called 
motor  fuel. 

Curves  p,  r,  s  and  t  in  Fig.  Ill  sum  up  the  data 
on  the  fractional  distillation  and  the  phenols  and  tar 
acids  of  the  Illinois  coal  oils. 

COKE 

The  amount  of  coke  residue  left  in  the  retort  after 
this  partial  carbonization  is  notably  increased  by 
pressure,  as  the  curves  in  Fig.  IV  show.  Ordinates 
are  percentages  of  the  original  coal. 

It  is  to  be  noticed,  especially  in  the  curves  for  New 
River  and  Pittsburgh  coals,  that  practically  all  of  this 
increase  is  brought  about  by  the  first  10  atmospheres 
and  most  of  it  by  the  first  5  atmospheres. 

COKE    COMPOSITION 

The  analyses  of  these  cokes  gave  percentages  of 
"fixed  carbon,"  nitrogen,  oxygen,  sulfur,  volatile 
matter  and  hydrogen  and  also  the  calorific  ralue  in 
B.  t.  u. 

These  percentages  (on  moisture  and  ash-free  basis) 
were  plotted  against  pressure.  These  curves  in  Fig. 
V  are  summed  up  in  Table  III  in  a  tabulation  of  the 
tendencies  apparent  from  them. 

In  the  second  column  opposite  "fixed  carbon"  is 
found  "-i-  I  per  cent"  which  means  that  increase  of 
pressure  from  i  atmosphere  up  to  20  atmospheres  is 
shown  to  affect  an  increase  in  the  percentage  of  fixed 


Table  III — Coke  Inplubnces  op  Pressure 
Average  Changes  por  all  Condensation  Temperatures 


.A^Percentaoe  op  Coke 


B — Percbntagb  op  Constituents 


Fixed  C 

N.  R. 
...      +1.0 

Pgh. 

+  1.0 
—0.05 
—0.5 
—0.10 
— l.O 
+  60 

+  1.0 
—0.10 
—1.0 
—0.10 
—  1.3 
+  60 
+  0.10 

lU. 

+  1.2 

— 0.10 
—0.5 

— K25 
+  1100 
+  0.  10 

Chan 

+3.5 
—0.10 
—  1.5 

-3.5 
+  2300 

Wyo. 

—0.5 

N 

0, 

S 

VolatUe 

B.  t.  u 

H 

Fixed  C 

...      —0.05 
...      —0.25 
...      —0.10 
...      —1.0 
...      +50 
...      —0.10 

...      +1.5 

+0:5 
+  0:5 

+o!io 

3B3    in    N 

N 

0 

...     —0.05 
...      — 0.30 

+o!7 

S 

Volatile 

B.tu 

H 

....     —1.2 

'.'.'.    — oiio 

+  80' 

N.  R. 

Pgh. 

lU. 

Wyo. 

Fixed  C .  . 

+    1    10 

+    1.1 
—  2.0 

+    1.4 

—  4.5 

— 0.6 

N 

..      —  2.0 

0 

..      —12.0 

—  12.0 

—10.0 

+  8.0 

S 

..      —12.0 

— 10.0 

Volatile 

..      — lO.O 

—  9.0 

—  10.0 

+  3.0 

B.  t.  u 

H 

..     —3.0 

+   3.0 

+  3.0 

!iBs  Alone 

Fixed  C 

+   1.6 

+    1.1 
—  4.0 

+   4.0 
—  4.5 

N 

..     —  2.0 

0 

..     —15.0 

—25.0 

—30.0 

+  12.' 

S 

..     —19.0 

—  10.0 

Volatile 

..     —17.0 

— 11.0 

—28.0 
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carbon  in  the  coke  to  the  extent  of  about  i  per  cent 
of  the  coke,  etc.  Blank  spaces  indicate  that  the 
corresponding    curves    show    no    marked    increase    or 

It  must  be  borne  in  mind  that  the  absolute  values  of 
some  of  these  constituents  are  quite  small  so  that  a 
large  percentage  of  change  in  the  constituent  would 
show  as  a  very  small  change  in  percentage  of  the  coke. 
In  Table  III  arrangement  B  shows  the  interpretation 
of  these  same  curves  in  percentages  of  the  respective 
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constituents.  Thus,  in  arrangement  A,  pressure 
causes  a  decrease  of  sulfur  amounting  to  o.i  per  cent 
of  the  coke  of  New  River  coal.  Since,  however,  the 
total  amount  of  sulfur  present  is  only  about  0.8  per 
cent  of  the  coke,  the  efifect  of  pressure  is  to  drive  away 
about  1 2  per  cent  of  the  total  sulfur.  Thus  in  Table 
III  the  figures  under  B  are  more  significant  than  those 
under  A. 

The  general  though  slight  increase  in  percentage  of 
"fixed   carbon"   in  the   coke   indicates   that   at  higher 
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RESIDUAL      COKES 


NEW  RIVER 


ILLINOIS 


WYOMING 


Fig.  IV — Residual  Cokes  Obtained 


pressures  more  of  the  volatile  products  of  distillation 
have  undergone  cracking,  in  contact  with  the  coke 
residue  than  at  lower  pressures.  It  is  to  be  noticed 
that  the  effect  of  pressure  on  Wyoming  coal  is  to  de- 
crease the  fixed  carbon. 

It  has  been  shown  that  the  cracking  processes  are 
time  reactions.  So,  the  effect  of  higher  pressure  is  to 
hold  back  the  volatile  products  in  contact  with  the 
coke  for  a  longer  time,  thus  enabling  the  cracking  to 
take  place  to  a  greater  extent  than  at  lower  pressures. 
Also  it  increases  the  partial  pressure  of  the  heavier 
vapors,  i.  e.,  their  mass  law  concentrations,  thus  in- 
creasing the  rate  of  cracking.  This  effect  of  pressure 
is  also  shown  by  the  increase  (2  to  4.5  per  cent)  in  the 
percentage  of  the  coal  which  is  left  as  coke  residue 
inasmuch  as  carbon  is  one  of  the  products  of  the 
cracking  reactions. 

It  has  been  shown'  that  by  passing  hydrogen 
through  heated  coke,  much  of  the  nitrogen  therein  can 
be  removed  as  ammonia.  The  general  decrease  in 
nitrogen  in  the  cokes  may  be  accounted  for  as  due  to 
the  increased  partial  pressure  of  hydrogen  in  contact 
with  the  coke. 

A  study  of  these  curves  brings  out  some  interesting 
tendencies. 

•  J.  Gas  Lifhling.  126,  329-31. 


V — Analyses  of  Residual  Cokes 


Pressure  increases  the  fixed  carbon  in  all  cokes 
except  those  of  Wyoming  coal  in  which  fixed  carbon  is 
decreased.  It  decreases  oxygen  and  volatile  matter 
in  all  except  Wyoming  cokes  but  in  these  oxygen  and 
volatile  are  increased.  Hydrogen  is  decreased  in  New 
River   and   increased   in  Illinois  and   Wyoming  cokes. 


Pressure  causes  marked  increase  in  the  amount  of 
gas  liberated,  particularly  in  the  case  of  the  Pitts- 
burgh coal.  With  New  River  coal  the  effect  is  less 
pronounced.  With  both  Wyoming  and  Illinois  coals 
it  increases  the  gas  markedly  when  there  is  no  internal 
condensation,  while  with  184°  condensation  there  is  a 
slight  decrease  in  gas  yield  from  i  to  20  atmospheres. 
The  curves  in  Fig.  VI  illustrate  these  tendencies. 

GAS    COMPOSITION 

Gas  samples,  as  mentioned  before,  were  taken  for 
analysis  at  about  450°,  soo°.  SSo°  and  600°  from  each 
run,  except  with  high  pressure  runs,  in  which  cases  the 
desired  pressure  was  not  attained  until  the  first  of  the 
above  sampling  temperatures  had  been  passed. 

With  each  of  the  coals  studied,  the  building  up  of  a 
pressure  of  20  atmospheres  was  not  accomplished  until 
the    temperature    of    the    retort    registered    between 
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450°  and  500°,  and  with  such  runs  the  first  gas  sample 
was  taken  at  500°. 

Gas  analyses  gave  per  cent  by  volume  of  C02, 
C2H4,  O2,  CO,  CH4,  C2H6,  H2  and  N2.  Something  was 
learned  of  the  effect  of  pressure  on  the  gases  evolved 
from  the  coal  by  plotting  the  values  of  each  of  these 
constituents  against  pressure — the  coal,  condensa- 
tion temperature  and  temperature  of  sampling  being 
the  same.  With  four  coals,  two  or  three  scries  of 
runs  for  each  coal,  four  (or  three)  samples  taken  for 
each  run  and  eight  constituents  determined  in  each 
sample,  the  number  of  curves  necessary  to  cover  the 
whole  gas  field  is  so  great  that  they  cannot  all  possibly 
be  given  herewith.  The  curves  for  hydrogen,  un- 
saturated hydrocarbons,  ethane  and  methane,  which 
were  deemed  the  most  significant,  must  suffice.  They 
are  shown  in  Fig.  VII. 

Here  the  percentages  of  H2,  C2H4,  etc.,  C2H6  and 
CH4  are  ordinates  and  the  pressures,  abcissae.  Each 
graph  represents  gas  samples  taken  at  a  single  tem- 
perature from  the  various  runs. 

In  the  500°  gases,  pressure  increases  the  hydrogen, 
with  some  irregularities,  in  all  cases  except  that  of  the 
Pittsburgh  coal,  where  it  causes  no  marked  change. 
Unsaturated  compounds,  in  all  coals  except  New 
River,  are  somewhat  decreased  by  pressure.  Ethane 
shows  (in  general)  a  decrease,  and  methane  no  pro- 
nounced general  effect. 

In  the  gases  taken  at  550°,  hydrogen  decreases 
markedly  with  pressures.  The  effect  seems  to  be  more 
pronounced  as  the  age  of  the  coal  increases.  Un- 
saturated hydrocarbons  show,  if  anything,  a  slight 
decrease.  Ethane  shows  a  general  increase,  nearly 
corresponding  to  the  decrease  in  hydrogen.  Methane 
shows  (as  at  500°)  no  general  effect. 

At  600°,  hydrogen  decreases  more  sharply.  Un- 
saturated bodies  are  not  perceptibly  affected,  except 
by  a  slight  increase  with  Illinois  and  Wyoming  coals. 
Ethane  is  generally,  though  irregularly,  increased. 
Except  with  Wyoming,  and  possibly  Pittsburgh  coals, 
the  striking  rise  in  methane  corresponds  roughly  with 
the  decrease  of  hydrogen  as  the  result  of  pressure. 

Of  the  above  curves  those  on  the  change  in  per  cent 
of  hydrogen  with  pressure  are  particularly  significant. 

With  high-pressure  runs  the  partial  pressure  of 
hydrogen  is  necessarily  much  higher  than  with  low 
pressures.  The  high  hydrogen  concentration  un- 
doubtedly affects  the  composition  of  the  oils  of  the 
coke.  The  decrease  in  nitrogen  content  of  the  coke 
with  pressure  is  undoubtedly  due  to  this  factor.' 

We  find  the  hydrogen  percentage  decreasing  as 
pressure  increases  in  spite  of  the  fact  that  the  in- 
creased cracking  which  takes  place  at  higher  pressures 
liberates  more  hydrogen  than  at  low  pressures.  The 
hydrogen,  therefore,  must  be  used  up  in  liberating 
nitrogen  as  ammonia  from  the  coke  as  well  as  in 
saturating  define  and  acetylene  compounds  present. 
This  conclusion  is  borne  out  in  the  observed  decrease 
of  nitrogen  in  the  cokes  (Fig.  V). 

The  increase  of  ethane  at  550°  and  of  ethane  and 
methane  at  600°  may  be  regarded  as  a  rough  measure 

^Loc.  cit. 


of  the  extent  to  which  hydrogenation  of  unsaturated 
hydrocarbons  and  saturated  ones  has  been  affected 
by  the  high  partial  pressure  of  hydrogen. 

It  is  somewhat  doubtful  whether  a  sample  of  gas 
taken  from  a  high-pressure  run  can  be  compared  with 
fairness  to  one  taken  at  the  same  temperature  from 
a  low-pressure  run.  Thus,  in  the  case  of  a  i-atmos- 
phere  run,  since  the  gases  are  allowed  to  escape  as 
rapidly  as  they  are  evolved  from  the  coal,  there  is  not 
much  mixing  of  the  gases  from  one  stage  of  the  distilla- 
tion with  those  from  another  stage.  In  the  case  of  a 
20-atmosphere  run,  on  the  other  hand,  the  whole 
of  the  gases  produced  in  the  earlier  stages  of  distilla- 
tion are  confined  within  the  retort  to  build  up  the 
pressure  to  the  desired  point,  and  these  mix  with  the 
gases  from  later  stages.  In  comparing  two  500°- 
samples,  one  from  a  i-atmosphere  and  one  from  a 
20-atmosphere  run,  it  must  be  borne  in  mind  that  the 
sample  withdrawn  from  the  system  in  the  first  case 
represents  pretty  accurately  the  gases  which  are  being 
evolved  at  that  temperature,  while  in  the  second  case 
the  corresponding  sample  comprises  gases  formed  at 
every  stage  of  the  distillation  from  its  beginning  to 
the  point  of  sampling. 

The  degree  to  which  the  latter  sample  is  con- 
taminated with  gases  from  earlier  stages  depends,  of 
course,  upon  the  amount  of  gas  which  has  been  formed 
up  to  the  time  of  sampling.  In  a  pressure  run,  the 
proportion  of  "earlier"  gases  is  greatest  in  the  first 
sample  (500°)  and  grows  less  with  succeeding  samples. 
This  is  because  gas  is  allowed  to  escape  as  fast  as  it  is 
formed  when  once  the  requisite  pressure  is  established. 

On  account  of  frequent  breakage  of  the  apparatus 
and  occasional  loss  of  oils,  etc.,  a  number  of  runs  had 
to  be  repeated.  In  such  cases  some  duplicate  gas 
samples  were  obtained  whose  analyses  furnish  evidence 
as  to  the  reproducibility  of  conditions  in  the  retort. 

Two  sets  of  such  "check"  gases  are  given  in  Table 
IV,  one  of  them  in  triplicate. 

Table  IV — New  River  Coal:  184°  Condensation:  550°  Samples 
Pressure:  10  ATuospnERES  20  Atmospheres 

Run  61  Run  91  Run  62  Run  92     Run  65 

CO. 1.1  1.5  2.0  2.4  2.4 

CjHi.  etc 1.2  1.8  1.6  1.9  1.6 

O. 0.3  0.2  0.4  1.5  0.5 

CO 2.0  1.5  1.4  1.95  1.0 

CH. 62.7  59.1  57.7  58.2  57.2 

CiH. 14.2  21.1  21.7  24.8  22.4 

H. 16.1  14.8  12.5  6.1  12.3 

Ni 2.4  0.0  2.7  3.15  2.6 

When  a  run  was  finished  and  the  retort  registered 
6oo°,  the  current  was  shut  off  and  the  gas  let  out 
until  pressure  within  the  apparatus  was  atmospheric. 

Table  V 

. Illinois  Coal ■ Wyoming  Coal . 

Run  101                  Run  102  Run  84  Run  88 

10         5  20          5            1  2            16  1 

Atm.     Atm.  Atm.     Atm.  Atm.  Atm.  Atm.  Atm.  Attn. 

CO. 4.1        1.9  4.7       4.2       2.7  9.5       6.6  11.9  9.7 

C.H..  etc...        0.4       0.8  2.0       2.5        2.7  2.7       3.7  5.8  7.6 

O. 0.1        1.0  0.2       0.0       0.3  0.5       0.2  0.1  0.1 

CO 6.6       6.2  4.0       4.8       5.2  6.2       7.7  4.9  6.3 

CH4 73.5     38.8  65.8     59.2  39.2  51.4  45.2  48.2  36.0 

C.H. 0.0       7.2  10.7      10.7  19.1  10.1  12.6  16.4  25.6 

H. 15.0     43.9  11.3      18.2  29.8  16.4  22.0  10.5  13.3 

N. 0.3       0.2  1.3       0.1       0.1  3.2       2.0  2.2  1.4 

During  this  "let  down"  from  a  high  to  a  low  pressure, 
the  light  oil  in  the  second  trap  was  observed  to  boil 
violently.  In  several  runs,  a  number  of  gas  samples 
were  taken  during  this  boiling  of  the  light  oil,  in  order 
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to  ascertain  what  constituents  were  being  vaporized 
so  rapidly.  Analyses  of  some  of  these  samples  are 
given  in  Table  V. 

From  the  observed  increase  in  the  gas  of  unsaturated 
compounds,  carbon  monoxide,  ethane  and  hydrogen, 
it  was  concluded  that  these  were  the  constituents 
which  were  boiling  out  of  the  oil  when  the  pressure 
over  it  was  released. 

SUMMARY 

This  work  has  shown  the  influences  of  pressure  on 
the  carbonization  of  coal  in  some  striking  tendencies. 

I^Pressures  up  to  20  atmospheres  decrease  the 
amounts  of  high-boiling  compounds  and  increase  the 
amounts  of  low-boiling  compounds  in  the  condensable 
vapors  evolved  from  coal  below  600°  C.  Also  pres- 
sure causes  an  increase  of  low-boiling  aromatic  bodies 
in  these  oils. 

These  results  are  directly  attributable  to  cracking 
or  thermal  decomposition  which  is  brought  about  by 
subjecting  the  vapors  of  heavy  compounds  to  tem- 
peratures considerably  higher  than  their  boiling 
points,  as  the  increased  partial  pressures  of  these 
constituents  retards  their  vaporization. 

Pressure  also  decreases,  in  most  cases,  the  amounts 
of  phenols  and  acid  Vjodies  in  the  oils.  The  reasons 
for  this  are  not  clear. 

II — Pressure  increases  the  amount  of  coke  left  as 
residue  and  also  the  per  cent  of  fixed  carbon  in  the 
coke.  These  are  effects  of  cracking  oils  in  contact 
with  the  coal.  The  calorific  value  of  the  coke  is  in- 
creased and  the  nitrogen,  oxygen,  sulfur  and  volatile 
matter  are  decreased. 

This  decrease  of  nitrogen,  sulfur  and  oxygen  in  the 
cokes  is  probably  due  to  increased  partial  pressure  of 
hydrogen  in  contact  with  the  hot  coke. 

Ill — Pressure  causes  an  increase  in  the  volume  of 
gas  evolved  from  coal  below  600°  C. 

Up  to  20  atmospheres  it  increases  the  per  cent  of 
hydrogen  in  these  gases  at  500°  and  decreases  it  at 
550°  and  600°.  The  increase  at  500°  is  probably  due 
to  cracking  of  heavy  hydrocarbons.  The  decrease  at 
550°  and  600°  is  attributed  to  the  action  of  hydrogen 
at  high  concentration  on  nitrogen  (and  sulfur  and 
oxygen)  in  the  coke  and  upon  unsaturated  products 
of  cracking.  Increase  of  ethane  and  methane  in  the 
gas  seems  to  bear  out  this  last  view. 

The  authors  wish  to  acknowledge  their  indebtedness 
to  Dr.  W.  D.  Bonner  of  the  University  of  Utah  for 
valuable  assistance  in  the  analysis  of  oils  and  to  the 
Pittsburgh  Station  of  the  U.  S.  Bureau  of  Mines  for 
the  analysis  of  gas  and  coke  samples. 
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A   NEW  METHOD   FOR   THE   RECOVERY  OF  SALTS  OF 

POTASSIUM  AND  ALUMINUM  FROM 

MINKRAL  SILICATES' 

Ily    J.    C.     W.     I'uA.'im.    W.     W.     lIlll.l.ANIl    ANI.    v..     MlLLXK 

A  great  many  ofTorls  have  been  made  to  obtain 
salts  of  potassium  from  such  silicates  as  scricito  and 
orlhoclasc.     Tlicsc     minerals    are     not    attacked     by 

>  I>rr»rnl(il  at  (ha  Buffalo  MmIIqi  of  tba  AoMrtniD  laitltuta  of  Chan- 
ical  Kiiiiliirrra.  Jliiip  .>n  (o  U.  1917. 


acids.  The  feldspars  occur  widely  distributed  and  are 
the  most  abundant  of  all  minerals.  Orthoclase  feld- 
spar of  a  sufficient  degree  of  purity  occurs  in  such 
quantities  as  to  make  it  a  possible  source  of  supply 
of  potassium  salts. 

Owing  to  the  fact  that  in  normal  times  potassium 
salts  can  be  obtained  very  cheaply  from  Germany, 
and,  also  to  the  further  fact  that  such  silicates  as 
feldspar  and  sericite  can  be  decomposed  only  with 
difficulty,  any  process  for  the  successful  treatment  of 
such  silicates  must  obtain  by-products  of  value  in  ad- 
dition to  the  potassium. 

A  great  many  patents  have  been  obtained  on  processes 
for  the  treatment  of  feldspar.  Most  of  them  make 
use  of  very  high  temperatures  and  rely  in  many  cases 
on  the  separation  of  the  potash  by  volatilization. 
The  greatest  objection  to  such  processes  is  that  in 
addition  to  being  expensive  it  is  difficult  to  separate 
the  potash  from  the  other  constituents  after  the  sili- 
cate has  been  decomposed. 

I  wish  to  call  your  attention  to  the  results  of  some 
experiments  which  were  made  last  year  in  our  labora- 
tory for  the  purpose  of  making  available  the  potas- 
sium and  aluminum  contained  in  such  silicates  as 
feldspar  and  sericite. 

It  was  soon  realized  that  for  any  such  process  to  be 
successful  all  the  constituents  of  the  silicate  must  be 
recovered  in  valuable  form  and  at  a  minimum  ex- 
penditure of  energy  and  cost.  The  truth  of  these 
statements  is  borne  out  by  the  great  number  of  unsuc- 
cessful attempts  which  have  been  made  recently  to 
obtain  potash  from  feldspar. 

On  this  account  it  was  decided  to  avoid,  if  possible, 
the  method  so  frequently  resorted  to  by  others,  of 
bringing  about  complete  decomposition  of  the  min- 
eral, for  by  operating  in  this  way  there  is  avoided 
a  resort  to  high  temperature,  which  adds  to  the 
cost  of  operation  and  leads  to  final  products, 
many  of  which  are  useless  or  can  be  separated  only 
with  difficulty. 

The  method  finally  adopted  secures  the  transforma- 
tion of  feldspar  by  successive  states  into  products 
analogous  to  certain  well  defined  minerals  occurring  in 
nature.  It  is  well  known  that  most  of  the  "available" 
potash  which  occurs  in  the  soil  comes  from  the  weather- 
ing of  feldspar.  This  so-called  weathering  process 
takes  place  slowly  in  nature  and  the  final  product 
of  this  reaction  is  a  hydrated  silicate  of  aluminum 
known  as  kaolinite  (H»Al|Si|0»). 

In  addition  to  kaolinite  there  are  ccrtoin  minerals 
such  as  Icucile  which  are  intermcdinte  in  composition 
between  feldspar  and  kaolinite  though  they  probably 
lio  not  oppeur  in  the  course  of  the  weathering  process. 
The  important  difference  between  the  feldspars  and 
leucite  is,  that  whereas  feldspar  is  not  attacked  by 
mineral  ncids,  leucite  is  easily  decomposed  under  these 
circumstances,  giving  sails  of  potassium  and  aluminum 
and  liberating  silica. 

Our  experiments  soon  showed  that  an  alteration  o( 
feldspar  to  a  substance   analogous  in  compasilion  to 
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leucite  could  be  secured  by  treatment  of  feldspar  with 
a  strong  alkali  under  conditions  given  more  in  detail 
later  on.  This  reaction  possesses  for  our  purpose 
two  distinct  advantages:  (i)  it  is  one  very  easily 
brought  about  when  the  proper  conditions  are  ob- 
tained; (2)  the  product  of  the  reaction  possesses 
the  convenient  property  of  fractional  decomposition 
when  treated  with  dilute  mineral  acids. 


A  quantity  of  finely  ground  feldspar  (about  50  mesh) 
is  brought  in  contact  with  about  o.  8  its  weight  of  potas- 
sium or  an  equivalent  amount  of  sodium  hydroxide 
dissolved  in  a  small  quantity  of  water  in  order  to  ob- 
tain an  intimate  mixture  of  the  two.  The  mixture  is 
then  heated  in  an  open  iron  vessel  until  the  water  has 
evaporated  and  thereafter  for  a  period  of  about  one 
hour  at  a  temperature  of  275  to  300°  C.  During  this 
latter  stage  of  heating  a  reaction  takes  place  between 
the  alkali  and  the  feldspar  which  consists  essentially 
in  the  withdrawal  by  the  alkali  of  one  of  the  three 
silicic  acid  residues  of  the  feldspar,  forming  a  new 
silicate  and  an  equivalent  quantity  of  alkali  silicate. 
This  new  silicate  when  completely  dry  has  approxi- 
mately the  composition  of  leucite: 

KAlSisOg  +  2KOH  =  KAlSizOs  +  H2O  -f  K.SiOs 

It  is  insoluble  in  water  and  may  be  separated  from  the 
soluble  portion  which  consists  of  the  excess  alkali 
used  for  the  decomposition  and  the  alkali  silicate 
simultaneously   produced. 

The  alkali  employed  in  bringing  about  this  reaction 
which  is  now  in  solution,  part  as  hydroxide  and  part 
combined  with  the  silica  removed  from  the  feldspar, 
can  be  entirely  recovered  by  causticizing  the  solution 
with  lime  and  filtering  off  the  calcium  silicate  which 
is  precipitated.  This  solution,  when  evaporated,  is 
used  for  the  treatment  of  other  fresh  portions  of  feld- 
spar, the  only  loss  being  the  unavoidable  mechanical 
losses  which  in  our  laboratory  experiments  performed 
on  one  kilogram  lots  amounted  to  about  one  per 
cent. 

The  "artificial  leucite"  which  contains  all  the  pot- 
ash and  alumina  and  ^/a  of  the  silica  of  the  original 
feldspar  can  be  made  to  yield  its  constituents  one  at  a 
time  by  proper  treatment  with  acids,  thus  avoiding 
expensive  methods  of  separation  by  evaporation, 
crystallization,  etc.,  the  corresponding  salts  of  potas- 
sium and  aluminum  being  produced  in  succession. 
The  basis  for  this  treatment  is  the  fact  that  the  potas- 
sium contained  in  this  new  silicate  is  very  much  more 
loosely  held  than  is  the  aluminum. 

This  can  be  illustrated  in  a  number  of  ways.  By 
suspending  some  of  the  silicate  in  water  between  two 
platinum  electrodes,  one  can,  on  passing  the  current, 
bring  practically  all  the  potassium  from  the  substance 
suspended  in  the  water  as  potassium  hydroxide  or  the 
potassium  contained  in  the  silicate  can  be  titrated 
with  a  mineral  acid  and  methyl  orange  as  an  indicator 
and  with  sufficient  time  towards  the  end  of  the  titra- 
tion obtain  a  fairly  satisfactory  end-point.  The 
method  of  separating  the  potassium  from  this  so-called 


artificial  leucite  is  based  on  this  fact  and  the  method 
of  utilizing  this  property  of  the  mineral  for  removing 
the  potash  is  quite  simple.  The  fact  that  the  potas- 
sium in  the  silicate  can  be  titrated  with  a  fairly  good 
end-point  shows  that  the  hydrogen-ion  concentration 
of  the  solution  necessary  to  bring  this  about  is  very 
small.  Any  mineral  acid  will  serve  the  purpose  and 
it  is  therefore  possible  to  obtain  the  potassium  directly 
as  chloride,  sulfate  or  nitrate  without  the  removal 
of  the  aluminum.  Ordinarily  we  have  used  hydro- 
chloric acid  for  this  purpose  as  most  of  the  potash 
has  been  imported  into  the  country  as  chloride.  For 
this  extraction  the  silicate  is  mixed  with  water,  and  di- 
lute hydrochloric  acid  in  amount  equivalent  to  the 
potassium  content  of  the  silicate  is  added  slowly  with 
constant  stirring.  The  only  thing  to  be  avoided  at 
this  point  is  a  local  excess  of  acid  which  would  tend  to 
bring  into  solution  a  portion  of  the  aluminum.  The 
potassium  chloride  solution  is  removed  from  the  in- 
soluble silicate  of  aluminum  by  filtration.  The  silicate 
of  aluminum  which  remains  is  somewhat  analogous 
to  kaolinite,  the  final  product  of  the  weathering  of 
feldspar.  The  separation  of  the  aluminum  from 
silica  in  this  silicate  is  comparatively  easy  because 
of  the  readiness  with  which  mineral  acids  effect  its 
decomposition.  If  this  silicate  is  treated  with  an 
amount  of  sulfuric  acid  equivalent  to  the  aluminum 
it  contains,  aluminum  sulfate  is  produced  and  gelatin- 
ous silica  separates.  As  it  is  necessary  to  render  this 
silica  insoluble  by  evaporation,  the  sulfuric  acid  em- 
ployed for  the  decomposition  will  not  be  very  dilute. 
After  dehydrating  the  silica  the  aluminum  sulfate  is 
dissolved  in  water  and  separated  from  the  silica  by 
filtration. 

The  same  product  is  obtained  by  the  treatment  of 
other  silicates  such  as  sericite  and  clay. 

RECOVERY   or  PRODUCTS 

The  recovery  of  the  products  by  this  method  is 
about  as  follows:  the  yield  of  potassium  chloride 
is  practically  theoretical;  the  yield  of  aluminum  sul- 
fate is  about  86  per  cent  of  the  theoretical.  On  a 
feldspar  running  10  per  cent  KjO  one  would  obtain. 
about  V4  of  a  ton  of  potassium  chloride  of  80  per  cent 
purity,  which  is  the  grade  usually  imported  for  com- 
mercial purposes,  and  about  one  ton  of  crystallized 
aluminum  sulfate.  By  a  consideration  of  these  figures 
it  will  be  seen  at  once  that  in  normal  times  the  alumi- 
num sulfate  is  more  valuable  than  the  potassium  chlor- 
ide produced  and  under  these  conditions  the  process 
is  an  aluminum  sulfate  process  with  potash  as  a  by- 
product. There  are  certain  advantages  in  this  since 
the  importation  of  cheap  German  potash  after  the  war 
would  affect  the  process  less  than  it  would  if  potassium 
chloride  w-erc  the  principal  product.  For  these  reasons 
the  value  of  the  pirocess  in  normal  times  will  depend 
largely  on  the  cost  of  producing  iron-free  aluminum 
sulfate  by  this  method  as  compared  with  the  method 
now  used  in  making  it  from  bauxite. 

Thk  Johns  Hopkins  Univbksitv 
Baltimore,  Maryland 
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ON  THE  RELATION  BETWEEN    THE    PHYSICAL   PROP- 
ERTIES AND  CHEMICAL    COMPOSITION  OF  GLASS 
VII  — ETCH  FIGURES 
By  Edwin  Ward  Tillotson,  Jr. 
Received  June  21,  1917 

When  glass  is  exposed  to  the  vapor  of  hydrofluoric 
acid,  or  dipped  in  a  solution  of  hydrofluoric  acid,  with 
or  without  the  addition  of  soluble  fluorides,  the  surface 
is  etched  unevenly,  there  being  produced  "etch  figures" 
of  varying  forms,  and  more  or  less  crystalline  in  ap- 
pearance. 

An  explanation  of  the  formation  of  these  figures  was 
first  offered  by  Leydolt,'  who  supposed  them  to  be  due 
to  "preexisting  crystals"  in  the  glass,  for  the  figures 
obtained  by  etching  with  hydrofluoric  acid  and  also 
with  steam  possessed  a  remarkable  similarity  to  crystal 
forms.  This  work  was  repeated  in  1857  by  Daubree,^ 
who  found  no  evidence  for  pre-existing  crystals,  and 
explained  the  figures  as  being  produced  by  a  pro- 
tective coating  of  insoluble  substances,  such  as 
KoSiFe,  which  might  be  deposited  locally  on  the 
surface  of  the  glass.  In  1866,  an  exhaustive  study  of 
this  phenomenon  was  carried  out  by  Weatherill,'  who 
observed  that,  in  general,  these  etch  figures  were  in 
relief  and  therefore  supported  the  protective-layer 
theory;  but,  in  one  instance,  a  star-shaped  acicular 
figure  was  found  to  be  etched  out,  and  this  was  re- 
garded as  disproving  the  view  set  forth  by  Daubree. 
Reinitzer*  noticed  that  the  crystal  form  of  the  etch 
figures  corresponded  to  that  of  the  insoluble  sub- 
stances which  might  be  formed,  such  as  potassium  or 
calcium  fluosilicates,  and  therefore  supposed  them  to 
be  due  to  the  formation  of  these  substances  on  the 
surface  of  the  glass.  He  also  observed,  as  further 
evidence  of  this  protective  action,  that  concentrated 
HF,  and  HF  and  H2SO4  did  not  form  etch  figures, 
since  these  reagents  were  sufficiently  active  to  dissolve 
both  glass  and  the  insoluble  substances.  Jackson  and 
Rich'  attempted  to  correlate  the  etch  figures  with  lack 
of  homogeneity  of  the  glass.  They  demonstrated  by 
differential  flotation  of  glass  powders  tjiat  ordinary 
glass  is  not  homogeneous;  but  were  unable,  by  the 
method  employed,  to  detect  any  lack  of  homogeneity 
in  optical  glass.  Nevertheless  etch  figures  were  ob- 
tained with  optical  glass  as  well  as  with  the  more 
common  kinds.  Lately  Frink'  has  announced  that 
it  is  possible  to  differentiate  between  good  and  faulty 
glass  by  reason  of  difTcri-nct's  in  the  etched  surfaces 
produced  by  hydrofluoric  acid,  and  to  determine 
whether  the  fault  is  due  to  chemical  inhomogcneily 

to  mechanical  strains.     Frink  also  inclines  to  the 

V    that    these    figures    are    caused     by     preexisting 
I  I  ^.~>lals. 

There    arc,    therefore,    two    well    defined    opinions 
'■'•I'.'irding  the  cause  of  the  mat-etch:  the  one  supposes 

roxisting"     crystals    within    the    glass,    while    the 

'  Ulio    Akad    Her..  S,  lf>\:  (ompi.  ttni..  14  (IB)}),  36S^  Toll.  Ann  . 
ic,  nil:  IK.  4V4. 

■  Citmpl.  rtnd..  U  (lfl^(■).  792. 

'  Am.  J.  Sti .  U\  41  (l8Mi).  I«. 

<  Diniln'i  piAylr.h   J  .  141  (lB<iA).  \i> 

•  J.  Sof.  Chem.  Iml  .  10  (l')On,  S^^. 

•  7>aiii.  Am    liram.  Sm..  11  (I'MW),  yvv;  14  (IVi;),  M<1.  II  (IVI.1), 
715:  Tram   llh  Inl   (ont   Afpl.  Cktm..  •  (1912).  S7. 


other  is  based  on  the  protecting  action  of  insoluble 
fluorides  and  fluosilicates  formed  during  the  etching 
process. 

It  seemed  distinctly  worth  while  that  this  question 
should  be  settled,  not  only  because  of  its  importance 
in  the  practical  etching  of  glass,  but  also  for  whatever 
bearing  it  might  have  on  the  theory  of  the  molecular 
structure  of  glass.  A  series  of  experiments  was  accord- 
ingly carried  out  in  the  endeavor  to  throw  more  light 
on  this  subject. 

MATERI.M.S 

The  materials  used  in  this  investigation  were  C.  P. 
hydrofluoric  acid,  containing  about  45  per  cent  HF, 
and  C.  P.  ammonium  fluoride.  The  etching  solutions 
were  prepared  in  platinum  dishes,  and  the  ingredients 
were  weighed  with  an  accuracy  of  about  i  per  cent. 

The  following  glasses  were  available  and  were  used: 


Window  glass 
Plate  glass 


Potash-lead  glass  for  cutting 
Borosilicate  laboratory  glass 


Fused  silica 
Microscope  slides 


The  microscope  slides  were  from  an  unopened  box 
and  were  therefore  presumably  uniform  in  composition. 
These  slides  also  approached  more  nearly  to  optical 
glass  in  homogeneity  than  the  other  glasses  which  were 
used. 

EXPERIMENTAL 

The  first  series  of  experiments  was  made  with  the 
microscope  slides,  using  etching  solutions  varying  in 
composition  from  pure  hydrofluoric  acid,  to  a  solution' 
of  hydrofluoric  acid  saturated  with  ammonium  fluoride. 
The  etching  solution  was  applied  by  immersing  the 
slides  in  the  solution. 

Figs.  I  to  6  show  photomicrographs  of  this  series 
enlarged  60  diameters.  It  should  be  mentioned  that  a 
\cry  troublesome  optical  illusion  is  associated  with 
these  etch  figures  both  under  the  microscope  and  in  the 
photographs.  At  one  instant  they  appear  as  "pits" 
in  the  glass,  and  at  another  instant  they  appear  to  be 
protuberances  or  pyramidal  figures  projecting  out- 
ward from  the  surface  of  the  plate.  The  figures  under 
the  writer's  observation  have  been  without  exception 
"in  relief,"  as  noted  by  Weatherill;  that  is,  they  are 
protuberances  and  not  pits. 

In  examining  Figs,  i  to  6,  it  is  apparent  that  pure 
hydrofluoric  acid  dissolves  the  glass,  in  general,  evenly, 
and  with  the  production  of  only  occasional  etch  figures. 
When,  however,  the  amount  of  ammonium  fluoride  is 
increased,  the  etch  figures  become  more  and  more 
definite  in  shape.  For  low  concentrations  of 
ammonium  fluoride,  as  shown  in  Fig.  J,  the  etch 
figures  arc  suggestive  of  acicular  crystals,  but,  with 
higher  concentrations,  the  figures  become  more  nearly 
equilateral  and  "grnnul;ir"  in  appearance.  It  is  of 
interest  to  nolo  that  the  shape  of  the  etch  figures  is  not 
materially  altered  by  increasing  the  .tntount  of  ninmo- 
niuin  fluoride  beyond  the  moleculur  ratio,  NH«F.jHF. 

When  these  solutions  are  made  up  into  a  paste  with 
an  inert  filler,  the  character  of  the  etch  is  changed  in 
the  direction  of  producing  a  finer  grnin,  that   is,  the 

I  .MkiiiI  Iw<i  i»ll«  I'V  wrlfsht  nl  <^  |>ri  rrnl  h<   '  '• 

•ary    In  <ll.«il>r  i.nr   |.«rl    ■.(   •nimmiliim   llil>wl<l<  'I 

uinliwnlum  Itiioitilr  <-«>-«ilc<l  IhU  |.ti.iH<flt<>n    Ihr  ..  nl 
wparallni  Ihr  liquid  (r<>iii  Ihr  undtnttlvnl  Mil 
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Microscopic  Slidss  Etchbd  with  Solutions  Varying  in   Composition  from  Pure  Hydrofluoric  Acid  to  a  Solution  of  Hydrofluoric 

Acid   Saturatsd    with    Ammonium    Fluoridb 

Etching  Solutions                    Fig.  1               Fio.  2                   Fio.  3                    Fio.  4                    Fig.  5                   Fic.  6  Fios.  7  to  1 1 

Hydrofluoric  Acid:                           AU                      5  parts                  5  parts                  5  parts                     5  parts                    5  parts  Same  as 

Ammoiiium  Fluoride;                     None                 1  part                    3  parts                  5  parts                   10  parts                  20  parts  Fig.  4 

Fio.  7 — Etching  Solution  Made  with  a  Pasts  with  Floor  Fig.  8 — Etching  Solution  Diluted  with  Water 

Figs.  9  TO  1 1 — Etched  Surface  Immersed  in  Dilute  Hydrofluoric  Acid  for               1.^*'                                ,1^  .,„ 

<  1 5  sec.                             30  sec.  60  sec. 
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etch  figures  are  smaller  and  more  numerous.  This  is 
illustrated  in  Fig.  7.  In  general,  too,  the  more  con- 
centrated the  etching  solution  the  smaller  will  be  the 
etch  figures.  Fig.  8  shows  the  result  obtained  by 
diluting  a  concentrated  solution  (Fig.  4)  with  an  equal 
weight  of  water.  The  result  is  to  the  eye  a  coarse 
and  sandy  surface,  which,  under  the  microscope, 
shows  widely  scattered  etch  figures  possessing  striking 
geometrical  shapes. 

It  has  been  pointed  out  (Fig.  i)  that  a   plane  glass 
surface   dissolves   substantially  evenly   and   uniformly 


character  of  the  glass  surface,  is  made  evident  to  the 
naked  eye  only  as  a  slight  decrease  in  the  opacity  of  the 
glass.  It  should  also  be  mentioned  that  similar  de- 
pressions are  occasionally  observed  when  certain  un- 
etched  glasses  are  immersed  in  pure  hydrofluoric  acid. 
This  phenomenon  is  characteristic  of  mechanically 
polished  glass  surfaces,  and  of  the  resistant  borosilicate 
glasses;  and,  because  in  such  cases  these  depressions 
appear  in  lines  or  rows,  it  seems  probable  that  they 
result  from  minute  scratches  in  the  glass  surface. 
They   are  therefore  not  true  etch  figures  since  they 
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in  pure  hydrofluoric  acid.  When  nn  etched  surface, 
as  shown  in  Fif;.  s,  is  immersed  in  a  solution  of  hydro- 
fluoric acid,  a  similar  action  takes  place.  Figs.  9  to  1 1 
illustrate  such  action  for  onc-qunrtcr,  one-half  nnd  one 
minute  immersion  in  n  solution  of  cquni  parts  of  con- 
centratcf!  hydrofluoric  acid  and  water.  That  this  result 
is  a  necessary  conse(|ucncc  of  uniform  solution  by  the 
acid  may  be  demonstrated  geometrically.  The  first  effect 
as  shown  in  Fi^.  0,  is  nn  enlnr^inK  and  rounding  out 
of  the  "valleys,"  finally  resulting,  as  shown  in  I'Ir.  ii, 
in  a  series  of  smooth  "saucer-like"  depressions.  This 
operation,   which    changes  in   so  profound   n   way   the 


result  from  a  .•icoomlary  action  on  u  non-uniform 
surface. 

It  was  observed  in  gencrol  that  all  solutions  which 
produced  a  mat-etch,  ns  in  Figs.  4,  5  and  6,  when 
diluted,  produced  etch  figures  resembling  true  crystals, 
as  shown  in  Fig.  8.  Such  a  diluted  solution  was  there- 
fore employed  with  the  several  varieties  of  glass  men- 
tioned above.  The  etching  solution  was  made  \ip  at 
follows:  Ainmoniunj  fluoride  5  grams,  hydrofluoric 
acid  (4]  per  cent)  10  grams,  water  10  grams. 

Figs.  I*  to  18  ore  photomicrographs,  enlarged  100 
nnd    300    diameters,    of    window    kI****,    plate    glau, 
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potash-lead  glass,  laboratory  glass  and  fused  silica 
glass,  etched  in  the  solution  given  above.  It  is  evident 
that  the  etch  figures  of  all  of  these  glasses  are  sur- 
prisingly similar  in  appearance.  This  makes  it  difficult 
to  explain  these  results  on  the  theory  of  "preexisting" 
crystals,  especially  when  account  is  taken  of  the  wide 
differences  in  the  compositions  of  the  glasses. 


Certain  differences  are  noticeable,  however,  which,  in 
the  light  of  later  knowledge,  support  the  generalization 
given  above.  The  most  noticeable  differences  appear 
with  the  borosilicate  laboratory  glasses  (Figs.  16  and 
17)  and  with  the  potash-lead  glass  (Fig.  15). 

The    final    explanation   for   the   formation    of   these 
figures  was  secured  as  a  result  of  watching,  with  the 


m 
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Fig.  1<> — Laboratory  Glass  (foreign) 

Fig.  19 — Ammonium  Fluosilicatb  Crystals 


F.C.  17-LABORATORY  GLASS  (domestic)  F.C.  18-FusKD  S.UCA  Glass 

F:c.  20 — Window  Glass  (6-  and  8-sidcd  figures) 


The  facts  brought  out  by  these  experiments  appear 
to  be,  broadly,  as  follows:  The  form  of  the  etch  figures 
is  indepcndciil  of  the  chemical  composition  of  the  glass, 
and.  is  determined  by  the  composition  of  the  etching  solu- 
tion. 

This  generalization  speaks  for  the  protective-coating 
theory,  and  against  the  preexisting  crystal  hypothesis. 


microscope,  the  etching  process.  The  solution  was 
applied  to  the  glass  plate  in  the  form  of  a  hanging  drop 
and  was  viewed  through  the  plate  from  above  in  order 
to  avoid  as  far  as  possible  any  corrosion  of  the  micro- 
scope lenses.  Within  a  few  seconds  after  the  solution 
came  into  contact  with  the  glass,  a  great  many  small 
transparent  crystals  appeared  floating  in  the  solution. 
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These  were  in  general  of  the  same  shape  as  the  etch 
figures  arid  increased  rapidly  in  size  as  the  etching 
proceeded.  A  certain  percentage  of  these  crystals 
was  stationary  and  occasionally  a  moving  crystal 
was  seen  to  stop  suddenly,  as  though  it  had  become 
attached  -to  the  glass  surface.  Both  the  floating  and 
stationary  crystals  grew  rapidly  in  size  as  the  etching 
procee'Sed.  When  the  plate  was  then  cleaned,  etch 
figures,  of  the  size  and  shape  of  these  stationary 
crystals,  were  observed  in  their  places.  From  this  it 
appears  that  the  etch  figure  is  produced  by  the  pro- 
tective action  of  crystals  which  are  formed  as  the 
etching  proceeds. 

The  composition  of  the  deposited  crystals  was  then 
investigated.  From  the  fact  that  etch  figures  were 
formed  on  fused  silica  (Fig.  18),  it  was  suspected  that 
the  crystals  consisted  of  ammonium  fluosilicate. 
Ammonium  fluosilicate  was  therefore  prepared  by 
partially  neutralizing  fluosilicic  acid  with  ammonium 
hydroxide.  A  finely  crystalline  precipitate  was  ob- 
tained, which,  on  examination  under  the  microscope, 
appeared  identical  with  the  crystals  formed  during 
the  etching  process.  These  are  illustrated  in  Fig.  19. 
Analysis  showed  them  to  be  ammonium  fluosilicate: 


Calculated  for  (NHOiSiFe 
Per  cent  NHj 19.09 


Found 
18.76  and  19.04 


This  substance  crystallizes  in  the  regular  system,  and, 
in  general,  the  individual  crystals  are  cubes  modified 
by  octahedral  and  dodecahedral  faces. 

As  has  been  pointed  out,  the  etch  figures  result  from 
two  simultaneous  actions;  the  solution  of  the  glass, 
and  the  growth  of  the  crystal  which  is  in  mechanical 
contact  with  the  glass  surface.  The  etch  figures  are 
therefore  neither  pseudomorphs  nor  casts;  and,  conse- 
quently, can  not  be  expected  to  be  exact  duplicates 
of  the  crystals.  They  are  essentially  silhouettes  of 
crystals  which  are  constantly  growing.  The  figures 
often  show  striations  normal  to  the  direction  of  growth 
of  the  crystal  (Fig.  13),  which  suggests  that  possibly 
the  crystal  growth  or  perhaps  the  solvent  action  is 
subject  to  rhythmic  disturbances. 

It  has  been  observed  that  the  etch  figures  are  com- 
monly hexagonal  in  appearance  and  it  might  be  ex- 
pected that  other  shapes  should  predominate  if  they 
were  the  result  of  the  protecting  action  of  cubic 
crystals.  It  is  evident  that,  if  the  octahedron  were  in 
contact  with  the  glass  surface,  and  if  the  cubical  and 
dodecahedral  faces  were  to  develop  simultaneously, 
a  hexagonal  figure  should  result.  This  is  apparently 
what  occurs  in  the  majority  of  cases,  and  no  explana- 
tion, except  that  of  habit,  can  be  ofTcrcd  to  account  for 
it.  It  is  to  be  expected  that  etch  figures  of  triangular, 
square  and  octagonal  outline  should  also  be  formed, 
and  these  figures  arc  nearly  always  observed  in  iimiltvl 
numbers  (Figs.   i},   ij,   14,   18  and  20). 

If  this  theory  is  correct,  it  is  to  be  expected  that  the 
presence  of  other  mctnis  which  form  insoluble  fluo- 
silicnlcs,  will  produce  charnclcrislic  etch  (igurcs  in 
accorclancc  with  their  crystalline  hiibit.  This  is 
illusirati-d  in  the  case  of  the  potash -lead  glass  (Fig.  15); 
the  etch  figures  arc  decidedly  characleristic  of  potas- 
sium; an<l,  so  far  ns  the  writer  has  observed,  Ihry  art 


always  produced  by  an  etching  solution  ubich  contains 
potassium,  irrespective  of  the  composition  of  the  glass. 
The  laboratory  glasses  (Figs.  16  and  17)  also  illustrate 
some  characteristic  figures.  These  glasses  were  free 
from  potash,  but  contained  considerable  percentages 
of  boric  acid,  alumina  and  zinc  oxide,  and  are  ex- 
tremely resistant  to  the  action  of  the  etching  solution. 
As  will  be  seen  from  the  photomicrographs,  the  habit 
of  these  figures  is  "tabular"  with  square  and  triangular 
forms  predominating,  but  six-  and  eight-sided  figures 
are  not  uncommon.  This  theory  also  indicates  that, 
if  the  etching  solution  contains  no  substance  which 
produces  insoluble  fluosilicates  or  fluorides,  the  glass 
should  be  dissolved  evenly,  as  with  hydrofluoric  acid 
alone,  and  without  characteristic  etch  figures.  This 
was  found  to  be  the  case  when  the  solution  consisted 
of  the  acid  fluorides  of  sodium,  lithium,  aniline, 
pyridine,  zinc  and  urea.  It  is  therefore  apparent  that 
the  glass,  per  se,  is  dissolved  evenly  and  as  a  whole 
by  the  etching  solution,  u-halever  the  composition  of  the 
solution  may  be;  and  that  the  matness  and  etch  figures 
result  from  a  secondary  protective  action  of  whatever 
insoluble  materials  are  formed  in  contact  with  the 
glass  surface.  The  character  of  the  etch  figures  will  be 
determined  by  the  most  insoluble  substance  deposited; 
and  this  perhaps  explains  the  results  obtained  with  acid 
ammonium  fluoride  and  the  potash  glass,  and  also  with 
the  borosilicate  laboratory  glass. 

SUMMARY 

From  the  foregoing  it  is  concluded  that: 

I — All  glasses  dissolve  evenly  in  acid  fluoride  solu- 
tions. 

II — Matt  etches  and  etch  figures  are  obtained  only 
when  insoluble  substances  are  formed  in  contact  with 
the  glass  surface,  and  when  the  solution  of  the  glass  in 
such  local  areas  is  thereby  prevented. 

Ill — When  the  etching  solution  is  acid  ammonium 
fluoride,  crystals  of  ammonium  fluosilicate  form  the 
protecting  material. 

IV—  The  etch  figures  result  from  a  solution  of  the 

glass  and  the  growth  of  crystals,  deposited  from  the 

solution,    in    contact    with    the    glass    surface.      Both 

reactions  take  place  simultaneously. 

Tim  MiiLLoN  Institutk  or  iNnitsTniAU  Rkskaiicii 
PiTTsni'm-.n.  Pa. 

THE  DETERMINATION  OF  IRON  IN  GLASS  SAND 

lly    JilllN    II     I'KmniloN 
Rrreivrd  July  .'ft.  1917 

One  of  the  absolute  essentials  in  the  manufacture 
of  optit-al  glass  is  n  supply  of  good  glass  sand,  and  one 
of  the  indispensable  attributes  of  such  a  sand  is  a 
minimum  iron  content.  In  searching  for  such  a  sand 
one  is  compelled  to  rely  on  chemical  an.ilysis,  and 
now  that  the  problem  of  optical  k'"*"'  '>'«  become  a 
question  of  national  importance  it  is  essential  that 
no  errors  be  made  in  the  seemingly  simple  determinn 
lion  of  the  iron  in  a  sand. 

In  the  past,  santl  analyses  generally  have  shown 
too  low  an  iron  content  and  since  the  Geophysical 
Laboratory  has  taken  up  the  problem  of  optical  glass, 
this   has    been    the   sour«.-o   of    some    rather    vexatious 
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delays.  In  fact  it  has  been  necessary  for  us  carefully 
to  re-analyze  practically  all  the  sands  under  consid- 
eration, and  it  was  while  carrying  out  some  of  these 
analyses  that  the  writer  thought  he  had  discovered 
the  source  of  the  trouble. 

The  usual  method  may  be  thus  described:  the  sand 
sample  of  about  5  g.  is  digested  with  hydrofluoric 
and  sulfuric  acids  repeatedly  until  all  the  silica  dis- 
appears and  no  gritty  particles  remain.  The  heat 
is  then  increased  until  all  the  hydrofluoric  acid  is 
driven  off  and  copious  fumes  of  sulfuric  anhydride 
arise.  The  vessel  is  cooled,  its  contents  taken  up 
with  water  and  filtered.  The  iron  is  determined  in 
the  filtrate. 

When  a  qualitative  test'  alone  is  desired,  the  sand 
is  dissolved  in  hydrofluoric  acid,  and  potassium  ferro- 
cyanide  is  added  to  the  solution,  a  blue  color  indica- 
ting iron. 

Both  of  these  methods  of  attack  assume  that  a  sand 
is  completely  decomposed  with  hydrofluoric  acid,  and 
it  is  to  this  assumption  that  the  writer  wishes  to  draw 
attention.  From  a  theoretical  standpoint  its  validity 
is  doubtful  since  a  glass  sand  often  contains  such 
minerals  as  magnetite,  ilmenite,  tourmaline,  staurolite, 
etc.,  minerals  that  do  not  break  up  readily  under  this 
treatment,  and  in  practice  the  writer  has  found  that 
in  so-called  good  sands,  sands  in  which  the  iron  is 
practically  all  present  in  the  heavy  minerals,  the 
greater  part  of  the  iron  was  lost  under  such  treat- 
ment.    Two  cases  may  be  cited  as  illustrations: 

I — A  sample  of  sand  from  Crystal  City,  Missouri, 
was  analyzed  in  the  usual  manner  and  found  to  con- 
tain less  than  o.oi  per  cent  FejOs,  a  result  in  agree- 
ment with  the  analyses  of  the  sand  usually  reported. 
The  microscopic  examination,  for  which  I  am  in- 
debted to  Dr.  H.  E.  Merwin,  of  this  laboratory, 
raised  some  doubt  as  to  the  correctness  of  previous 
results  and  another  analysis  was  made:  the  residue 
left  after  filtration  was  fused  with  iron-free  potassium 
pyrosulfate  and  the  cake  so  obtained  dissolved  in 
dilute  sulfuric  acid  and  added  to  the  original  filtrate. 
This  time  the  iron  content  was  found  to  be  approx- 
imately 0.03  per  cent,  and  a  third  analysis  confirmed 
this  latter  figure. 

II — A  sand  from  Altmont  Springs,  Florida,  was 
given  the  same  treatment  as  that  given  in  Case  I 
and  then  in  addition  boiled  with  i  :  i  hydrochloric 
acid.  The  solution  so  obtained  was  found  to  con- 
tain practically  no  iron.  Upon  careful  examination 
the  presence  of  staurolite  grains  still  undecomposed 
was  discovered  and  when  these  were  broken  up  by 
fusion  with  sodium  carbonate  for  half  an  hour  the  iron 
content  was  found  to  be  0.021  per  cent  of  the  sand. 

Further  evidence  on  this  point  may  be  deduced  from 
the  analyses  presented  in  a  report  on  glass-making 
material  by  Ernest  F.  Burchard.'  The  American 
Window  Glass  Company  and  the  Pittsburgh  Plate 
Glass  Company  each  submitted  to  him  four  sand 
analyses.  The  American  Window  Glass  Company's 
analyses  show  for  the  Fe203  content — a  trace,  0.006, 

>  Geological  Survey.  Bull.  380  (1906).  454. 

'  "The    Rcquiremeat9   of   Sand    and    Limestone   for   Glass   Making," 
Geological  Survey.  Bull.  385  (1906),  4S4. 


o.oii  and  0.021  per  cent,  respectively,  and  of  these 
sands  they  say:  "No.  i  is  suitable  for  the  highest 
grades  of  glassware  and  flint  glass.  Nos.  2  and  3 
are  suitable  for  tableware,  plate-glass,  chimneys, 
prescription  ware,  etc.,  and  No.  4  is  used  for  window 
glass."  The  Pittsburgh  Plate  Glass  Company's  analy- 
ses indicate  0.003,  0.002,  0.0024,  0.0036  per  cent, 
respectively,  for  the  same  sands  and  their  comment  is: 
"For  sands  with  analyses  comparable  with  the  above, 
no  decolorization  is  attempted  in  manufacturing  plate 
glass.  Sand  containing  more  iron  than  is  shown  in 
the  tables  may  be  used  in  making  green  glass  bottles 
and  cheap  glassware  or  with  the  addition  of  decolor- 
izing agents  in  making  window  glass."  Such  com- 
ments and  analyses  do  not  agree.  The  coloring  indi- 
cated by  the  comment  corresponds  to  much  more 
iron  than  is  shown  in  any  one  of  the  eight  analyses, 
and  since  the  glass-makers  watch  their  products  with 
much  more  care  than  their  raw  materials  the  analyses 
must  be  at  fault. 

In  this  connection  it  is  interesting  to  note  that  Henry 
B.  Kummel  and  R.  B.  Gage,'  upon  removing  the 
heavy  minerals  from  some  New  Jersey  sands,  obtained 
analyses  of  the  purified  material  comparable  with 
those  quoted  above  and  their  experience  with  these 
sands  led  them  to  the  belief  that  most  of  the  iron 
was  present  in  such  minerals:  "The  amount  of  iron 
and  titanium  found  by  analysis  is  readily  explained 
by  these  minerals  in  the  sands  and  one  cannot  ques- 
tion the  conclusion  that  the  iron  content  which  is 
especially  detrimental  is  due  solely  to  these  minerals, 
particularly   ilmenite." 

Before  starting  such  an  analysis  it  would  be  best 
for  the  analyst  to  obtain  a  microscopic  examination 
of  the  sand  and  base  his  method  of  attack  on  this 
information.  Failing  this,  the  following  procedure  is 
recommended  as  one  in  which  the  analyst  may  have 
reasonable  confidence. 

PROCEDURE 

Weigh  out  5  g.  of  the  sand  in  a  large  platinum 
crucible  or  small  basin;  moisten  with  s  cc.  1:1  sul- 
furic acid  and  then  add  40  cc.  hydrofluoric  acid. 
Evaporate  until  white  fumes  of  sulfur  trioxide  begin 
to  be  given  off;  cool,  and  if  upon  examination  silica 
can  be  seen,  add  more  hydrofluoric  acid  and  repeat 
the  evaporation.  Two  such  evaporations  generally 
suffice,  but  if  necessary  a  third  should  be  made.  The 
use  of  some  form  of  radiator  similar  in  principle  to 
the  well  known  survey  radiator  is  recommended  and 
may  be  easily  improvised.  After  the  final  evapora- 
tion the  temperature  is  increased  until  copious  fumes 
of  sulfur  trioxide  are  given  off  and  all  the  hydrofluoric 
acid  removed.  The  crucible  is  cooled,  its  contents 
diluted  with  distilled  water  and  filtered.  The  black 
residue  remaining  on  the  filter  will  consist  principally 
of  carbonaceous  matter  derived  from  the  hydrofluoric 
acid  which  is  usually  kept  in  ceresin  bottles,  and  this 
carbonaceous  matter  will  prevent  the  analyst  from 
ascertaining  the  completeness  of  the  decomposition. 
The   filter  containing  this   residue,   without   washing, 

•  Report  of  the  State  Geologist,  New  Jersey.  1906. 
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is  removed  from  the  funnel,  placed  in  a  small  platinum 
crucible,  dried  and  ignited.  The  funnel  is  carefully- 
rinsed  with  distilled  water,  the  rinsings  being  allowed 
to  run  into  the  filtrate.  After  ignition  the  residue 
is  fused  with  a  little  iron-free  potassium  pyrosulfate 
and  the  cake  so  obtained  is  dissolved  in  dilute  sulfuric 
acid.  If  no  residue  is  left  the  decomposition  is  com- 
plete and  the  two  solutions  may  be  combined,  and 
the  iron  then  determined  in  the  resulting  solution.  If 
dark  particles  may  still  be  seen,  and  this  will  be  the 
case  if  staurolite  is  present,  they  are  filtered  off,  igni- 
ted and  fused  with  iron-free  sodium  carbonate  in  a 
platinum  crucible.  Upon  treating  this  fusion  with 
dilute  sulfuric  acid  careful  examination  should  show 
no  black  particles  and  after  filtering  to  remove  any 
insoluble  sulfates  the  three  filtrates  are  combined 
and  the  iron  determined  in  this  resulting  solution. 

The  writer  prefers  to  reduce  the  iron  with  stannous 
chloride  and  then  to  titrate  with  potassium  bichromate, 
determining  the  end-point  electrometrically  as  suggested 
by  Joel  H.  Hildebrand,'  and  for  this  roason  dissolves 
the  fusions  in  i  :  i  hydrochloric  acid  instead  of  sul- 
furic acid.  The  exact  conditions  required  by  this 
method  have  been  studied  by  Hostetter  and  Roberts 
of  this  laboratory,  and  the  writer  wishes  to  thank 
them  for  the  information  and  assistance  they  have 
given  him. 

Other  well  known  methods  would  probably  give 
equally  good  results. 

In  making  analyses  such  as  these  the  purity  of  one's 
platinum  and  reagents  becomes  a  question  of  prime 
importance.  While  careful  blank  determinations  will 
eliminate  errors  due  to  the  latter  they  cannot  be  relied 
upon  in  the  case  of  the  former  and  no  iron-bearing 
platinum  may  be  used. 

It  cannot  be  too  strongly  emphasized  that  no 
"Analyzed  Chemical"  can  be  relied  upon  without  test 
for   work  such  as  this. 

CONCLUSIONS 

Before  the  correct  iron  content  of  a  sand  can  be 
determined  the  sand  must  be  completely  decom- 
posed. Simple  treatment  with  hydrofluoric  acid  and 
sulfuric  acid  is  not  sufTicient.  Fusion  of  the  residue 
with  potassium  pyrosulfate  must  be  resorted  to  and 
even  subsequent  fusion  with  sodium  carbonate  in 
rare  cases. 

GlIOFIIYSICAI.    I.AIIOHATOIIY 

<    AUMIIOIK   Institutiun  Of   Wasiiinotun 
Wabiiinotoh.   n.  C. 


THE  FORMATION  OF  TRI-CALCIC  ALUMINATE 

By  Howard  I).  CAMrnRi.L 

HccclvFtl  April  1\.  VIM 

As  early  as  i88j  Le  Chatclier  came  to  the  conclu- 
§Jon  that  the  two  essentia!  constituents  of  Portland 
cement  were  tri-calcic  silicate  and  Iri-calcic  aiuminato. 
Ail  efforts  to  produce  a  sound  icmcnt  of  the  empirical 
fnrinulu 

*(3CaO.SiO,)  +  y(3CaO.Al,0,) 

'  J.  Am   Chtm.  Soe.,  U  (lOH).  (171. 


failed,  free  lime  always  being  found  in  materials  of 
this  composition.  Later,  Newberry  suggested  that 
the  essential  constituents  were  tri-calcic  silicate  and 
di-calcic   aluminate   and   proposed  the  formula 

a:(3CaO.Si02)  +  yCsCaO.AljOj). 
Even  this  latter  formula  gives  a  mixture  almost  always 
containing  some  free  lime,  so  that  in  practice  it  is  cus- 
tomary to  keep  the  lime  ratio  a  little  below  that  called 
for  by  the  Newberry  formula  in  order  to  produce 
a  uniformly  sound  cement. 

The  existence  of  tri-calcic  silicate  as  first  suggested 
by  Le  Chatelier  received  a  strong  confirmation  from 
the  work  of  A.  H.  White,'  and  in  1915  essentially 
pure  crystals  0.03  mm.  in  diameter  were  described 
by  Shepherd,  Rankin  and  Wright.'  Later,  by 
very  slowly  cooling  a  solution  of  di-calcic  silicate 
and  calcium  oxide  in  5Ca0.3Al;03  as  solvent,  the 
author'  obtained  crystals  of  essentially  pure  tri-calcic 
silicate  7  mm.  in  length. 

Two  facts  in  connection  with  tri-calcic  silicate 
should  be  noted:  (i)  large  crystals  of  tri-calcic  silicate 
can  be  best  obtained  by  slowly  cooling  a  solution  of 
di-calcic  silicate  and  calcium  oxide  in  5Ca0.3Alj03; 
(2)  as  pointed  out  by  Le  Chatelier,  when  tri-calcic  sili- 
cate is  treated  with  water,  one  molecule  of  calcium 
oxide  readily  forms  calcic  hydroxide,  leaving  a  hydrated 
di-calcic  silicate  which  gradually  undergoes  further 
hydrolysis.  These  two  facts  relative  to  the  formation 
and  behavior  of  tri-calcic  silicate  would  suggest  the 
idea  that  calcium  oxide  may,  under  suitable  condi- 
tions, unite  with  di-calcic  silicate  to  form  crystals  in 
which  the  calcium  oxide  would  bear  a  relation  to  the 
di-calcic  silicate  exactly  analogous  to  that  borne  by 
the  water  of  crystallization  to  the  hydrated  salt  with 
which  it  is  united. 

Essentially  pure  tri-calcic  aluminate  was  prepared 
and  its  properties  described  in  1909  by  Shepherd, 
Rankin  and  Wright.*  Some  of  the  properties  of  tri- 
calcic  aluminate  were  described  in  1915  by  Rankin 
and  Wright'  as  follows; 

"This  compound  occurs  in  equant  colorless  grains  o  i  mm. 
and  less  ui  diameter,  often  he.\agonal  or  rectanguhir  in  outline, 
witl:  indications  of  imperfect  cleavage  after  the  octalicdron  or 
rhomhicdodeciiliedron,  crystal  system,  i.sometric;  refractive 
index,  Nno  =  i-?!  *  o.tx)i;  hardiie>is,  (•;  fr.iclure,  conchoidol; 
luster,  vitreous.  Occasionally  faint  gray  interference  colon 
were  observed  and  were  evidently  due  to  strain. " 

The  experimental  data  from  which  Shepherd,  Rankin 
and  Wright  drew  their  conclusions  arc  shown  in  the 
accompanying  diagram  taken  from  the  two  publica- 
tions mentioned.  This  diagram  assumes  that  tri- 
calcic  aluminate,  composed  of  37.78  per  cent  AltOi 
and  6j.  2j  per  cent  CaO,  is  a  stable  phase  in  all  mix- 
tures containing  less  than  $}.  1  per  cent  AI|0|  and  at  all 
temperatures  up  to  its  melting  point,  is.is"  *  S°. 
at  which  point  it  "dissociates  into  CaO  and  liquid."  It 
is  staled  that  because  of  the  dissociation  at  the  melting 
point  into  CaO  and  liquid,  pure  tri-calcic  aluminate  is 

'  TlllH  JOI'UNAL.  1  (WOO),  s. 

•  .In   J.  .So.  St  (1915).  I;  It  (t«0«),  293. 

•  TlllP  JOURMAL.  •  (1914),  706. 
>  Am.  J.  Stt..  it  (1909).  ?».«, 
•f»M..  tt  (1913),  I. 
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"best  obtained  by  crystallization  from  glass  of  its  own  composi- 
tion at  a  temperature  below  i,S35°.  It  forms  with  the  com- 
pound 5Ca0.3Al503  (a  eutcctic  mixture  of  the  composition 
CaO  50,  AI2O3  50),  which  melts  at  1395°  =^5°.  It  does  not 
form  a  eutectic  with  CaO;  but  the  composition  CaO  59,  AI0O3  41 
is  the  quadruple  (invariant)  point  at  which  these  two  com- 
pounds are  stable  in  contact  with  liquid  and  vapor,  the  equi- 
librium temperature  being   1535°." 

The  preparation  of  the  pure  tri-calcic  aluminate 
is  described  in   1909,  as  follows: 

"In  order  to  prepare  the  pure  compound  3CaO.Al203,  it  is 
necessary  to  bake  the  charge  a  long  time  at  about  1400°.  This 
allows  diffusion  to  occur  with  the  elimination  of  the  excess  of 
CaO  and  3Ca0.5Al:03.  Experimentally,  we  found  that  the 
37.78  per  cent  charge  held  21  days  at  1400°  was  free  of  the  ex- 
cess phases.  Similarly,  the  compositions  35  per  cent,  34  per 
cent  and  32  per  cent  of  AI2O.1,  when  merely  fused  and  crys- 
tallized, without  the  long  exposure,  show  3Ca().Al203  with  CaO 
and  5Ca0.3Alj03,  but  were  transformed  into  CaO  and  3CaO.- 
AI2O3  by  heating  at  1400°  for  the  same  length  of  time.  In 
order  to  accelerate  the  reaction  we  took  the  previously  fused 
charges  and  ground  them  to  a  fine  powder  before  starting  the 
heat  treatment.  Such  cases  as  this  are  not  uncommon  in  sili- 
cate melts  and  the  investigator  must  bear  them  constantly  in 
mind  or  he  will  be  led  far  astray." 


Z500(. 
240O 
Z300 
ZJOO 


CaOf3(.aOAI,.qj 


SCdOjAI.Oj 


The  object  of  the  research  herein  described,  the  lab- 
oratory work  of  which  was  carried  out  by  G.  W. 
Blanco,  M.S.,  and  B.  A.  Standerline,  M.S.,  was  to  de- 
termine whether  tri-calcic  aluminate  must  be  con- 
sidered as  a  stable  phase  in  the  strict  sense  of  the 
word  in  which  it  is  employed  in  the  phase  rule,  or 
whether  regarding  it  either  as  a  saturated  solid  solu- 
tion of  CaO  in  sCaO.aAljOj,  or  else  sCaO.aAljOj  with 
four  molecules  of  CaO  of  crystallization,  may  not  be 
in    closer    accord    with    the    experimental    facts    than 


if  the  tri-calcic  aluminate  is  regarded  as  a  definite 
phase  stable  at  all  temperatures  up  to  1535°. 

The  work  is  based  on  the  conception  that  sCaO.- 
3AI2O3  is  a  solvent  in  which  CaO  is  soluble,  the  concen- 
tration being  a  function  of  the  temperature,  and  that 
the  limit  of  solubility  of  CaO  at  temperatures  below 
1535°  is  when  there  are  about  four  molecules  of  Cat) 
to  one  of  sCaO.aAljOj,  that  is,  when  an  empirical 
formula  corresponding  to  that  of  the  tri-calcic  alum- 
inate has  been  reached. 

Under  this  conception  the  melting  point  of  the 
sCaO-sAljOa  would  be  lowered  by  the  solution  of  CaO 
from  145s  to  1395°,  at  which  point  C  in  the  diagram 
(Fig.  I)  would  represent  the  eutectic  solution  of  CaO  in 
sCa0.3Al203.  With  increase  in  concentration  of 
CaO  the  melting  point  would  rise  along  the  line  CBA. 

If  a  mixture  of  the  empirical  formula  4CaO  +  AI2O3 
were  heated  well  above  1535°  C.  and  then  cooled 
slowly  enough  to'  allow  an  approach  to  chemical 
equilibrium,  the  resulting  material  must,  if  tri-calcic 
aluminate  is  a  stable  phase,  consist  of  crystals  or 
grains  of  CaO  with  3CaO.Al203.  This  is  indicated 
in  the  diagram  since  such  a  mixture  would  come  in 
the  field  MLN,  being  well  to  the  left  of  LN. 

EXPERIMENTAL 

The  materials  used  were  strictly  C.  P.  calcium  car- 
bonate and  the  purest  available  alumina  containing 
by  analysis  99.60  per  cent  AI2O3.  These  materials 
were  thoroughly  dried  and  mixtures  were  made  by 
accurately  weighing  out  in  the  proportion  of  four 
CaCOs  to  one  of  AI2O3.  Enough  of  the  mixture  was 
weighed  out  for  each  experiment  to  give  approxi- 
mately 60  g.  of  fused  material.  The  mixture  was 
first  placed  in  portions  in  a  covered  cylindrical  plat- 
inum crucible  48  mm.  in  diameter  and  57  mm.  deep 
and  ignited  over  night  at  a  temperature  between  11 00 
and  1150°  C.  in  order  to  drive  off  carbon  dioxide  and 
reduce  the  bulk  of  the  mixture.  The  covered  cruci- 
ble was  then  heated  in  the  same  furnace  and  in  sub- 
stantially the  same  manner  as  that  employed  in  the 
preparation  of  synthetic  celite  and  large  crystals  of 
tri-calcic  silicate  already  referred  to. 

A  mixture  of  the  empirical  formula  4CaO  -{-  AljOs 
would  contain  68.06  per  cent  CaO  with  31. 94  per 
cent  AI2O3.  In  the  first  experiment  a  mixture  of  the 
above  composition  was  placed  in  the  covered  platinum 
crucible  and  heated  over  night  by  means  of  a  M6ker 
burner.  The  temperature  was  measured  as  in  our 
previous  work  by  means  of  a  standardized  platinum 
rhodium  thermocouple,  the  bead  of  which  was  within 
2  or  3  mm.  of  the  crucible  containing  the  material 
under  treatment.  In  the  morning,  blast  was  put  on 
and  the  temperature,  which  was  about  1150°  at  the 
start,  was  increased  until  the  thermocouple  indicated 
a  little  above  1600°  C,  at  which  temperature  it  was 
held  within  less  than  5°  for  one  and  one-half  hours. 
After  holding  at  1600°  the  temperature  was  lowered 
at  the  rate  of  25°  per  hour  during  seven  hours,  or  until 
it  had  dropped  to  1425°  when  the  gas  was  turned 
off  and  the  furnace  allowed  to  cool  over  night.  During 
the  entire  seven  hours  of  cooling,  with  the  exception  i 
of  one  instance   when  the  temperature   was  4°  lower  i 
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than  that  aimed  at,  the  thermocouple  indicated  at 
the  end  of  each  hour  that  the  desired  temperature 
had  been  reached  within  2°.  In  order  to  remove  the 
material,  which  had  apparently  been  thoroughly 
liquefied,  from  the  crucible,  it  was  necessary  to  break 
it  into  a  number  of  pieces  by  means  of  a  small  chisel. 
A  micro  section  of  this  "G-i"  mixture  magnified  100 
diameters  is  shown  in  Fig.  II.  This  section  clearly 
shows  an  apparently  cellular  structure,  the  cells  being 
occupied  by  crystals  or  grains  of  calcium  oxide,  while 
the  cell  walls  constitute  the  magma  from  which  the 
crystals  or  grains  of  calcium  oxide  have  separated. 

Another  mixture,  "G-3,"  of  the  same  composition 
as  the  preceding,  was  prepared  by  essentially  the  same 
method.  The  same  rate  of  cooling  from  1600°  was 
used,  the  only  difference  being  that  the  heat  was 
turned  off  after  6  hrs.,  that  is,  when  the  temperature 
had  lowered  to  1450°  instead  of  1425°. 


In  order   to  remove   any   component   of   tlu-   "Ci-i" 

[material   which   might   be   iiriuid    below    i5.Ki°   C.   the 

isame  method  of   procedure   wa.s    followed   as  the  one 

pd    to    remove    the    fluid    consliluent    of    synthetic 

^te  from  the  crystals  of  Iri-cnlcic  silicate.     A  piece 

le  "G-i"  mixture  was  placed  on  two  discs  and  sur- 

ided  by  a  low  cylinder  of  pure  MgO,  the  cylimler 

SR  covered  with  a  third  disc  of  the  same  material. 

The  thermocouple  used  to  record  the  temperature  was 

placed  in  the  annular  space  aroun<l  the  slack  and  was 

■>  mm.  "f  the  cylinder  surrounding  the  piece  under 

iimcnt.      In    making    the    absorption    the    furnace 

allowed  to  heat  over  night  in  order  to  bring  the 

iipcruture  to  a  little  above  1100°  C.     IMnst  wa.s  put 

•  11   in   the   morning   ancl   tlic   lempernlure  raised   until 

thermocouple  in  the  annular  space  indicated  1400°, 


at  which  temperature  it  was  first  held  for  four  hours. 
It  was  then  increased  during  one  hour  to  1425°, 
at  which  temperature  it  was  held  constant  for  another 
4  hrs.,  or,  in  all,  9  hrs.  An  examination  of  the  ma- 
terial after  cooling  over  night  showed  little  or  no  ab- 
sorption by  the  magnesia  discs. 

A  second  heating  of  the  same  piece  was  then  car- 
ried out  in  substantially  the  same  manner  as  in  the 
preceding  experiment,  except  that  the  temperature 
after  heating  over  night  was  raised  quickly  until 
the  thermocouple  in  the  annular  space  indicated  1463° 
C.  It  was  then  held  between  1460  and  1465°  for 
4  hrs.,  raised  during  the  next  hour  about  10°,  then 
held  4  hrs.  longer  between  1475  and  1480°  after  which 
the  furnace  was  again  allowed  to  cool  over  night.  A 
distinct,  but  not  considerable,  absorption  was  found. 

In  making  an  absorption  of  the  fluid  constituent 
of  "G-3"  a  slight  modification  of  the  method  was 
used.  In  addition  to  the  thermocouple  in  the  annular 
space  a  second  standardized  thermocouple  was  intro- 
duced, the  bead  of  this  latter  being  placed  inside  the 
magnesia  cylinder  and  resting  directly  on  the  magnesia 
disc  supporting  the  piece  under  treatment.  In  this 
way  the  exact  temperature  of  the  piece  itself  and  the 
absorbing  disc  could  be  measured.  In  this  absorption 
after  preheating  over  night  as  usual,  blast  was  put 
on  and  the  temperature  raised  until  the  thermocouple 
in  the  annular  space  indicated  1430°.  ^^  which  time 
the  inner  couple  in  contact  with  the  absorption  disc 
and  piece  under  treatment  was  1438°  C.  During  the 
next  8V2  hrs.  the  temperature  of  the  inner  couple 
was  between  1438  and  1446°  except  for  a  short  time 
when  it  reached  1450°  C.  During  most  of  the  time 
the  temperature  of  the  thermocouple  in  the  annular 
space  indicated  a  temperature  from  17  to  25°  higher 
than  that  recorded  by  the  inner  couple.  An  ex- 
amination of  the  material  after  cooling  showed  that  a 
piece  weighing  5.  0580  g.  lost  by  absorption  0.S779  g. 
or  17.3  per  cent. 

Portions  of  the  magnesia  disc  showing  absorbed 
material  were  dissolved  and  the  weight  of  AljOj  and 
of  CaO  determined,  and  the  per  cent  of  these  constit- 
uents in  the  absorbed  material  calculated.  These 
analyses  showed  that  the  material  absorbed  in  the 
second  experiment  from  the  "G-i"  contained  AljO» 
47.76  and  CaO  52.^4,  while  that  from  the  "G-3" 
gave  AljO,  47-24  "nt'  CaO  52.76  pe«"  cent. 

Since  the  temperature  readings  of  the  two  thermo- 
couples in  the  third  absorption  showed  that  the  thermo- 
couple in  the  annular  space  indicates  from  17  to  ^s" 
higher  temperature  than  that  actually  existing  at  the 
point  where  the  piece  under  treatment  is  located,  it 
would  be  evident  that,  in  the  first  absorption  experi- 
ment during  the  4  hrs.  the  thermocouple  recorded 
1400°  in  the  annular  space,  the  mnterinl  under  treat- 
ment nnisl  have  been  below  the  melting  point  of  the 
eutcctic  (^^os"  *  s").  while  during  the  last  four 
hours  when  the  couple  in  the  annular  space  recorded 
1425°  tl^c  material  itself  must  have  been  very  close 
to  1400°  or  that  temperature  which  is  most  favorable 
to  the  crystalli«alion  of  tri-cnlcic  ahiminate.  The 
fad  that  any  absorption  was  found  on  the  second  treat- 
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ment  of  this  same  piece  of  material  would  indicate 
the  difficulty  of  converting  the  sCaO.sAUOa  into  tri- 
calcic  aluminate,  even  in  the  presence  of  a  large  ex- 
cess of  CaO. 

Tri-calcic  aluminate  seems  to  be  best  formed  when 
the  sCa0.3Al203  is  held  for  a  very  long  time  in  con- 
tact with  CaO  at  a  temperature  just  above  the  melting 
point  of  the  eutectic  solution  of  CaO  (1395°),  but  be- 
low the  melting  point  of  the  pure  5Ca0.3Al203  (1455°). 
Under  these  conditions,  if  tri-calcic  aluminate  is  either 
a  metastable  saturated  solid  solution  of  CaO  in  sCaO.- 
3AI2O3  or  is  sCa0.3Al203  with  four  molecules  of  CaO 
of  crystallization,  it  would  gradually  form  and  separate 
or  crystallize  from  the  still  fluid  solution  until  in  time 
saturation  of  the  whole  of  the  sCa0.3Al203  had  taken 
place.  The  entire  mass  would  thus  be  converted 
into  tri-calcic  aluminate,  unless  there  were  present 
an  amount  of  CaO  in  excess  of  what  would  be  required 
to  form  tri-calcic  aluminate  with  all  of  the  AI2O3. 

If  the  problem  is  considered  as  a  simple  study  of 
the  solubility  of  CaO  in  5Ca0.3Al203  we  would  then 
regard  a  mixture  having  the  empirical  formula  4CaO-|- 
AI2O3  at  1600°  as  a  saturated  fluid  solution  of  CaO  in 
5Ca0.3Al203  with  some  undissolved  crystals  or  grains 
of  CaO  in  suspension.  On  cooling  such  a  solution  at 
the  rate  of  25°  per  hour,  since  the  solubility  of  the  CaO 
in  5Ca0.3Al203  is  a  function  of  the  temperature,  the 
grains  or  crystals  of  CaO  in  suspension  would  grad- 
ually grow  at  the  expense  of  the  dissolved  CaO,  so  that 
at  any  time  during  the  cooling  period  down  to  the  solid- 
ifying point  of  the  eutectic  solution  the  mass  would 
consist  of  crystals  or  grains  of  CaO  in  a  matrix  made 
up  of  a  solution  of  CaO  in  5Ca0.3Al203  saturated 
at  the  temperature  at  which  the  material  is  held. 

Since  the  separation  of  tri-calcic  aluminate  seems 
to  require  that  the  solution  of  CaO  in  sCaO.sAUOs 
be  slightly  supersaturated  and  held  at  a  constant 
temperature  for  a  very  long  time,  and  since  the  "G-i" 
and  "G-3"  mixtures  were  in  a  supersaturated  state 
below  the  melting  point  of  tri-calcic  aluminate  for 
three  hours  only,  comparatively  little  tri-calcic 
aluminate  would  separate.  Three  hours  compared 
with  twenty-one  days  is  a  short  time,  but  even  in 
three  hours  some  tri-calcic  aluminate  might  be  expected 
to  be  found  if  a  careful  petrographic  examination  of 
the  material  were  made. 

The  composition  of  the  liquid  drawn  off  from  "G-3" 
at  temperatures  between  1438  and  1446°  agrees,  as 
closely  as  experimental  work  could  be  expected,  with 
that  of  a  solution  having  the  same  melting  point  as 
shown  in  the  diagram  in  Plate  I. 

CONCLUSIONS 

I — A  binary  system  of  CaO  and  AI2O3  containing 
more  than  47.8  per  cent  CaO  should  be  regarded  as  a 
study  in  solubility  of  CaO  in'  sCa0.3Al20j. 

II — Tri-calcic  aluminate  should  be  regarded  either 
as  a  metastable  saturated  solid  solution  of  CaO  in 
5Ca0.3Al203,  or  as  sCa0.3Al203  with  four  molecules 
of  CaO  of  crystallization,  rather  than  as  a  stable  phase 
in  the  strict  sense  of  the  word. 

Univsrsity  op  Michigan,  Ann  Ardor 


LOW  TEMPERATURE  DISTILLATION  OF  LIGNITE  COAL 

By  H.  K.  Benson  and  L.  L.  Davis 

Received  August  6.  1917 

The  use  of  lignite  coal  for  the  production  of  paraffin 
and  illuminating  oils  by  destructive  distillation  has 
been  developed  to  a  considerable  extent  in  the  Saxonia- 
Thuringia  lignite  belt  of  Germany.'  For  this  purpose 
soft,  friable  "wax  coals"  were  distilled  at  about  200° 
C.  under  a  slight  vacuum  for  24  hours,  yielding  the 
following  products:  tar,  6  to  8  per  cent;  coke,  32  to 
36  per  cent;  tar  water,  46  to  50  per  cent;  and  gas,  10 
to  12  per  cent.  From  tne  distillation  and  refining  of 
the  crude  oils  were  obtained  a  light  lignite  oil  ("ben- 
zin"),  distilling  under  150°  C,  with  a  specific  gravity 
of  0.780  to  0.810  and  a  flash  point  of  25  to  30"  C;  a 
burning  oil  ("solarol"),  boiling  below  250°  C,  with  a 
specific  gravity  of  0.825  to  0.830  and  a  flash  point  of 
50°  C;  a  solvent  oil  ("putzol")  boiling  up  to  280°  C, 
with  a  specific  gravity  0.850  to  0.860  and  flash  point, 
100°  C;  together  with  paraffin  oil,  soft  and  hard  paraffin 
and  creosote  oil.  Ammonia  may  be  recovered  from  the 
tar  water,  though  it  is  generally  used  directly  as  a 
fertilizer.  The  coke  does  not  "cake"  as  does  that  of 
ordinary  coking  coals,  but  shrinks  slightly  during 
distillation  and  is  generally  briquetted  for  use  as  a 
fuel.  In  1908,  12  factories,  employing  1221  work- 
men, were  engaged  in  refining  lignite  oils.' 

Inasmuch  as  a  large  portion  of  the  coals  of  Wash- 
ington and  of  the  West  in  general  are  of  a  lignite  char- 
acter a  study  of  a  representative  Washington  lignite 
coal  was  made  to  determine  the  yield  of  oil  from  the 
coal  and  the  relation  of  the  temperature  of  distilla- 
tion to  the  nature  of  the  products  obtained. 

DESCRIPTION    OF    THE    SAMPLE 

The  coal  used  was  a  representative  sample  of  black 
lignite  from  the  Hannaford  No.  i  Mine,  Tono,  Wash- 
ington. It  is  black  in  color,  with  a  brown  streak,  is 
slightly  banded  in  structure  and  breaks  with  a  con- 
choidal  fracture.  The  coal  slacks  on  exposure  to  air. 
but  may  be  shipped  some  distance  without  weathering 
if  placed  in  closed  cars.  The  only  use  made  of  the  coat 
at  the  present  time  is  as  a  steam  coal  in  specially  de- 
signed locomotives.  The  proximate  analysis  of  the 
coal  is  given  in  Table  I: 

Table  I — Percentage  Cohposition  op  Tono  Lignite 

Car  Sample  Laboratokv 

(,U.  S.  Ceol.  Survey,  Bull.  474.  75)        Sample 
Percentages:  As  Received     Air  Dry     Pure  Coal     Air  Dr>' 

Moisture 20.2  14.5  12.1 

Volatiles 31.5  33.5  44.0  40.8 

Fixed  Carbon 39.9  43.9  56.0  39.8 

Ash 8.4  9.05  7.1 

Sulfur 0.52  0.56  0.73  0.3 

Nitrogen 1.06  1.14  1.49  1.60 

B   t.  u 9.280  9,940  13.000  9.650 

APPARATUS    USED 

The  retort  used  in  distilling  the  coal  was  constructed 
as  in  Fig.  I.  A  piece  of  standard  black  3-in.  pipe  {A) 
18  in.  long  was  closed  at  one  end  with  a  cap  and  at 
the  other  with  a  companion  flange  and  blind  flange. 
The   blind   flange   was   bolted  to   the   face   with   two  . 

>  Dammer,  "Handbuch,  der  Chemischen  Technologie,"  4,  135-148, 
Ludnig  Medicus,  "Lchrbuch  der  Chemischen  Technologie,"  965-977; 
Fischer,  "Handbuch  der  Chemischen  Technologic,"  141-153. 

'  Z.  ansew.  Chem..  1909,  2072. 
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'/4-in.  bolts,  the  companion  flange  being  threaded  to 
receive  the  bolts.  The  face  plate  was  turned  smooth 
in  a  lathe  to  obtain  a  tight  fit.  The  flange  was  made 
perfectly  air-tight  by  means  of  an  asbestos  gasket, 
well  rubbed  with  flake  graphite  and  oil.  The  face 
plate  was  tapped  for  the  outlet  pipe  (F)  and  a  py- 
rometer socket  (P).  A  Vs-in.  pipe  {M)  was  tapped 
m  the  cap  at  the  back  of  the  retort  and  connected  to 
a  manometer  for  measuring  the  pressure  in  the  re- 
tort.     The    heating    element    was    of    nichrome    wire. 


The  pipe  was  first  insulated  with  two  layers  of  miconite 
(B):  40  ft.  of  No.  14  nichrome  wire  (iV)  was  then  wound 
on,  the  individual  turns  being  separated  with  asbestos 
cord  (/).  The  heating  unit  was  then  covered  with 
alundum  cement  (C).  The  retort  was  then  placed  in 
a  metal  lined  box,  on  fire-brick  supports  (5)  and 
was  packed  with  powdered  diatomaceous  earth  {D) 
as  a  heat  insulator.  The  nichrome  wire  was  brought 
out  in  leads  through  porcelain  tubes  (<)  and  was  con- 
nected to  the  iio-volt  alternating  current  lighting 
circuit.  The  temperature  was  controlled  by  means 
of  a  resistance  rheostat  {R)  having  a  capacity  of  50 
amperes.  A  copper  advance  couple  and  millivolt- 
meter  was  used  for  temperature  measurements. 


Fig.  II  gives  a  diagrammatical  sketch  of  the  set-up. 
The  distillation  gases  passed  from  the  retort  (/?)  to  the 
tar  extractor  {T),  thence  through  the  Liebig  con- 
densers (L)  to  the  wash  bottles  {A),  (C)  and  (O),  and 
finally  through  the  gas  meter  {M)  to  the  exhaust  pump. 

The  tar  extractors  and  washers  consisted  of  i6-oz. 
wide-mouth  bottles.  The  first  washer  (/I)  was  for 
ammonia  and  contained  slightly  acidified  water,  the 
second  (C)  was  for  cyanides  and  contained  a  suspension 
of  ferrous  carbonate  in  water.  The  third  washer  (O) 
was  an  oil  scrubber  and  was  tilled  with  a  high  (lash  lubri- 
cating oil. 

The  retort  was  heated  to  the  desired  temperature 
and  weighed  wash  bottles  were  put  in  plocc.  One 
kilogram  of  coul  wos  then  placed  in  the  retort,  llie  ap- 
paratus   closed,    and    tlio    exhauster    started.      .\    run 


lasted  24  hours,  during  which  time  the  temperature 
was  held  constant  and  the  pump  so  regulated  that  the 
pressure  within  the  retort  was  atmospheric.  At  the 
completion  of  a  run  the  hot  coke  was  drawn  out  and 
placed  in  an  air-tight  can  to  cool.  The  wash  bottles 
were  removed  and  clean  bottles  put  in  their  places 
and  a  new  charge  of  coal  placed  in  the  retort.  Gas 
samples  were  drawn  from  the  system  at  intervals 
and  analyzed. 

The  coal  was  prepared  for  distillation  by  passing 
through  a  jaw  crusher.  The  coal  which  passed  through 
a  4-mesh  and  remained  on  a  40-mesh  sieve  was  used. 

YIELD    OF    RAW    PRODUCTS 

The  yields  of  raw  products  at  different  tempera- 
tures are  recorded  in  Table  II. 


Table  II 

— Yields  op 

DlSTILL.\TIO.V 

Pbooucts 

Total 

Dry 

Aqueous 

COKB 

Gas 

femp. 

Distillate 

Tar 

Solution 

Per 

Cu.  ft 

°C. 

Per  cent 

Per  cent 

Per  cent 

cent 

per  tor 

100 

12.3 

12.3 

87.7 

200 

22.1 

22.1 

77.3 

200 

250 

24.9 

3.6 

21.3 

63.8 

1900 

250 

25.2 

3.5 

21.7 

63.8 

1700 

330 

27.1 

4.9 

22.2 

.56.0 

3800 

330 

26.8 

4.9 

21.9 

57.2 

4000 

380 

27.3 

5.4 

21.4 

54.2 

4400 

380 

27.1 

5.1 

22.0 

53.8 

4200 

380 

27.4 

5.4 

22.0 

54.4 

4400 

415 

26.7 

4.6 

22.1 

53.9 

6100 

415 

26.2 

4.4 

21.8 

53.7 

5800 

450 

25.6 

4.2 

21.4 

52.6 

7500 

450 

25.8 

4.2 

21.6 

52.6 

7800 

490 

25.0 

4.1 

20.9 

51.2 

8700 

490 

51.4 

490 

25.2 

4.0 

21.2 

51.1 

8<00 

550 

24.9 

3.8 

21.1 

50.1 

9600 

550 

25.0 

3.9 

21.1 

49.8 

9800 

600 

24.6 

3.4 

21.2 

48.8 

980O 

600 

24.4 

3.5 

20.9 

48.9 

9700 

The  washed  gas  was  measured  in  a  Sargent  wet  test 
meter.  The  yields  are  indicated  by  Fig.  III.  The 
gases  were  sampled  and  analyzed  in  a  Moorehead  gas 
apparatus  and  the  percentage  compositions  are  given 
in  Table  III. 

Table  III — Pbrcsntaos  Compositions  or  Gasss 


°c. 

COi 

HI. 

Oi 

CO 

Hi 

CH€ 

N, 

700 

82.4 

0.0 

0.0 

12.2 

0.0 

0.0 

5.4 

7.50 

52.1 

0.0 

1.2 

13.4 

0.0 

0.0 

33.3 

330 

38.2 

0.0 

1.8 

14.0 

8.2 

r.4 

36.4 

380 

14.6 

0.8 

1    1 

13.1 

18.1 

17.2 

35.1 

41.5 

10.2 

0.8 

3.2 

13.2 

20.0 

17.0 

35.6 

450 

4.8 

1.0 

0.8 

15.6 

32.6 

21.3 

23.9 

490 

4.4 

0.8 

1.4 

15.4 

34.8 

23.9 

19. J 

5.50 

3.6 

1.2 

1  .6 

17.2 

35.2 

24.2 

17.0 

600 

3.0 

1.6 

2.2 

19.6 

35.4 

24.4 

14.8 

The  calorific  values  calculated  by  Lunge's  method' 
are  plotted  against  the  temperature  of  distillation  in 
Fig.  IV. 

LIGNITE    RESIDUE    ON    COKE 

The  coke  or  residue  differs  from  that  obtained  from 
coking  coals.  It  is  dull  black  in  color  and  retains 
the  size  and  shape  of  the  original  particles.  Its  com- 
position is  given  in  Table  IV,  showing  the  yields  per 
ton  of  coal  and  Fig.  V  shows  the  increase  in  calorific 
value  with  increase  of  tcmpcraturo. 


TAnuil  IV — ViiiLnK 


CuMrounoNii  ur  l.ioMiTa  Coca 


cnip. 

Coke 

VoliMlto 

A>h 

Nltmcrn 

•C. 

Ltw. 

Per  cent 

•cr  c«nt 

P»i  mil 

B   1.  u 

100 

17.54 

46.6  . 

8.1 

1.8 

11.000 

200 

1546 

34   3 

9    2 

1.4 

II. 800 

230 

1276 

26. 5 

III 

0.8 

12.  .110 

3.M 

1120 

16.2 

12.7 

OS 

12.570 

310 

1092 

14  0 

13.0 

OS 

12.710 

415 

1078 

12. 9 

13. 1 

0.3 

12.740 

430 

103.' 

10. a 

13  3 

0.3 

12.730 

490 

lO.M 

8.4 

13  « 

OS 

I2.7M 

330 

loo; 

6  4 

14.1 

0.2 

12.(10 

600 

•»76 

3.9 

l«.3 

0.2 

12S.M> 

1  "T. 

»lml.»1  Mr 

IllM 

>  of  Ch*mlc«l  A 

n«lr»i».' 

Vol 

II.  r«rt 

|<    *»4 
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AMMDMACAL    LIQUOR 

The  aqueous  distillate  was  tested  for  ammonia 
and  cyanides.  The  latter  were  present  only  in  traces 
at  the  higher  temperatures  but  the  yield  of  ammonia 
in  lbs.  per  ton  is  given  in  Fig.  VI. 

LIGNITE    OILS 

The  oily  portion  of  the  crude  distillate  was  extracted 
with  ether  and  the  latter  distilled  off  at  50°  C.     The 


Table 

V — Composition  op  Lignite  Oil 

Temp. 

Light  Oil 

Medium  Oil     Paraffin  Gil 

Coke 

Gas 

250»  C. 

23.4 

28.6 

41.1 

4.0 

2.9 

330 

23.8 

28.4 

41.4 

4.4 

2.0 

380 

23.9 

27.4 

42.4 

4.2 

2.0 

415 

22.5 

27.5 

41.3 

6.2 

2.4 

450 

24.4 

33.3 

28.8 

6.1 

2.5 

490 

24.2 

26.4 

20.9 

26.7(0) 

2.0 

550 

19.0 

28.2 

18.8 

31.8 

1.8 

600 

19.2 

24.5 

18.2 

36.1 

2.2 

(0)  At  490  "the  character  of  the  tar  st 

changed  that  a  crystal 

ine  paraffin 

mass  could 

not  be  obtained  by_disttlla( 

ion  and  th 

e  residue  rese 

mblcd  ordi- 

nary  coal-tar  pitch. 

Tadi.8  VI— V 

IKLD  OF  Oils  I^ 

Pounds 

PER  Ton  of 

COAL 

Temp. 

Raw  Tar 

Light  Oil       Medium  Oil 

Paraffin 

Paraffin  Oil 

250°  C. 

72 

16.8 

20.6 

3.8 

25.8 

.130 

98 

23.3 

27.6 

5.6 

34.9 

380 

108 

25.8 

29.3 

6.9 

38.9 

415 

92 

20.7 

25.3 

5.5 

32.5 

450 

84 

24.1 

28.0 

3.5 

20.6 

490 

82 

19.9 

21.7    , 

17.2 

550 

76 

14.4 

21.5 

14.3 

600 

68 

13.0 

16.7 

12.4 

distilled  in  small  glass  retorts  and  the  percentage 
yields  are  given  in  Table  V.  In  Table  VI  the  yields 
per  ton  of  coal  are  given,  including  also  the  paraffin 
separated  by  Eisenlohr's  method.' 

CHEMICAL    PROPERTIES    OF    LIGNITE    OILS 

The  light  oils  were  washed  with  sodium  hydroxide 
and  sulfuric  acid,  32  per  cent  being  soluble  in  alkali. 
The  washed  oils  were  treated  with  concentrated 
nitric  and  sulfuric  acids  in  a  reflux  condenser  but  no 
evidence  of  the  formation  of  nitro  derivatives  was 
obtained.  The  cresols  obtained  from  the  alkali 
washings  were  tested  with  bromine  water  but  no  phenols 
were  isolated.  The  specific  gravities  of  the  oils 
were  obtained  by  means  of  a  pipette  pycnometer, 
made  by  blowing  a  small  bulb  in  a  capillary  tube. 
The  gravities  of  the  various  fractions  are  given  in 
Table  VII. 


crude  oil  thus  resulting  was  dark  brown  in  color  and 
was  solid  at  ordinary  temperatures.  Its  specific 
gravity  at  15°  C.  was  0.985  to  0.995.  At  550°  C. 
the  oil  was  black  with  a  gravity  of  i.ooo  and  at  600° 
C.  it  was  slightly  heavier  than  water.     The  oils  were 


Tadlk 

VII— SpKciPi 

c  Gravities  op 

LlONITB 

Oils 

emp. 

Light  Oil 

Medium  Oil 

Paraffin  Oil 

250°  C. 

0.812 

0.868 

0.920 

330 

0.810 

0.884 

0  946 

380 

0.815 

0.900 

0.960 

415 

0.854 

0.900 

0.968 

450 

0.876 

0.912 

0.972 

490 

0.870 

0.922 

0.985 

550 

0.868 

0.918 

0.986 

600 

0.864 

0.925 

0.988 

CONCLUSIONS 

I — The   maximum   yield   of  lignite   oils   is   obtained 
by  distilling  at  380°  C. 

I  Z.  angew.  Chem..  1897,  300-326,  332-336. 
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II — About  5.  5  per  cent  of  the  coal  may  be  obtained 
as  raw  oils. 

Ill — These  raw  oils  are  more  similar  to  petroleum 
and  shale  oil  than  to  coal  tar,  there  being  no  benzol 
or  benzol  derivatives  present. 

IV — Lignite  raw  oils  will  give  valuable  solvents, 
burning  oils,  engine  fuel  oils,  and  lubricating  oils. 

V — About  seven  pounds  of  paraffin  wax  per  ton 
of  coal  may  be  obtained. 

VI — The  gas  resulting  from  the  low  temperature 
distillation  of  lignites  is  of  low  heat  value  and  is  small 
in  volume. 

VII — Small  quantities  of  ammonia  can  be  obtained 
from  lignite  tar  water. 

VIII — The  residue  from  lignite  distillation  is  a 
valuable  fuel  having  a  calorific  value  of  over  12,000 
B.  t.  u.  per  lb. 

IX — Due  to  the  small  unit  used  it  is  impossible 
to  determine  the  commercial  feasibility  of  lignite 
distillation,  but  sufficient  data  have  been  obtained  to 
warrant  a  semi-commercial  test  to  be  made  upon 
the  Tono  lignites. 

Laboratory  ok  I.suustrial  Chemistry 

University  op  WASmNGTON 

Seattle.  Washington 


THE  DETERMINATION  OF  SULFUR  DIOXIDE 

By  O.  R.  SwEE.sEv.   Harry  li.  Outcault  and  Jambs  R.   \\  itiikow 

Received  May  31,  1917 

The  accurate  determination  of  sulfur  dioxide  in  gas 
mixtures  is  a  matter  of  great  importance  at  the  present 
time.  The  control  of  sulfuric  acid  plants,  the  inves- 
tigation of  air  charged  with  fumes  from  smelters,  the 
regulation  of  community  nuisances  from  high  pressure 
sulfuric  acid  concentration  in  unreasonable  proximity 
to  residential  districts,  and  the  analysis  of  the  products 
from  the  explosion  of  gunpowder  are  some  of  the  cases 
where  such  a  determination  is  necessary. 

Since  the  sulfur  dioxide  is  nearly  always  accom- 
panied by  sulfur  trioxide,  those  methods  which  oxidize 
the  dioxide  and  weigh  it  as  barium  sulfate  are  not 
suited  to  this  kind  of  work.  The  nature  of  such  in- 
vestigations generally  requires  a  volume  of  determina- 
tions and  therefore  speed  of  method  is  strongly  desired. 

The  titration  of  the  sulfur  dioxide  with  standard 
iodine  solution  has  been  developed  into  a  satisfactory 
method  by  the  "Selby  Smelter  Commission"  and  is 
described  in  the  lUircau  of  Mines  Bull.  98.  The 
"tijcctions  to  this  method  arc  that  it  uses  an  io<linc 
ilution  which  must  lie  freciucntly  standardized  and 
1  .  so  sensitive  to  the  action  of  light  that  a  blank  must 
lie  run  during  the  determination. 

Potassium  permanganate  is  known  in  be  an  oxidizing 
medium  for  sulfurou.s  acid.  Since  its  solution  is  more 
i.ible  than  that  of  iodine,  and  can  be  used  without 
.11  indicator,  it  is  a  more  inviting  reagent  to  use.  In 
ipplying  permanganate,  however,  it  wns  found  that 
the  reaction  did  not  give  results  which  would  be  cx- 
pccled  if  the  Rulfurnus  arid  were  oxidized  completely 
to  sulfuric  acid.      There  was  fair  agreement  among  the 


results  themselves,  however.      Dymond  and  Hughes,' 
who  studied  this  reaction  exhaustively,  found  that  a 
part  of  the  sulfurous  acid  was  oxidized  to  the  dithionate 
accordingly  to  the  equation 
17H0SO3  +  6KMn04 

=  2K2S1.O6  +  K0SO4  +  6MnS04  -f  6HiS0i  +  iiH.O. 

This  explained  our  failure  to  get  results  in  accordance 
with  a  complete  oxidation  to  sulfuric  acid. 

They  also  found  that  this  reaction  is  not  modified 
by  the  concentration  of  sulfuric  acid  present,  the  tem- 
perature, or  by  the  dilution  of  the  solution.  Our 
results  confirmed  all  of  this,  except  that  the  concen- 
tration of  the  sulfuric  acid  must  be  within  certain  wide 
limits,  and  there  must  always  be  an  excess  of  perman- 
ganate present. 

A  very  considerable  amount  of  experimenting  was 
necessary  before  the  proper  conditions  for  making 
titrations  were  obtained.  It  is  necessary  to  record 
here  only  the  conditions  which  were  finally  found  to 
give  proper  results. 

It  was  found  that  0.005  ^  potassium  permanganate 
was  the  best  strength  to  use.  Under  proper  condi- 
tions the  effect  of  one  drop  could  be  observed,  and 
the  low  normality  made  a  high  degree  of  accuracy 
possible.  One  drop  of  such  a  solution  corresponds 
to  0.000009  g-  SO2.  Should  the  concentration  of 
sulfur  dioxide  be  very  large  a  stronger  solution  should 
be  used. 

The  solution  was  prepared  by  diluting  the  laboratory 
stock  solution,  and,  after  standing  for  several  days, 
was  standardized.  Satisfactory  results  were  obtained 
by  using  thiosulfate,  but  in  order  to  duplicate  more 
nearly  the  conditions  of  the  actual  analysis  sodium 
sulfite  was  used.  Both  Dymond  and  Hughes,  and 
the  Selby  Smelter  Commission  used  sodium  sulfite  for 
their  standard.  The  sodium  sulfite  was  purified  by 
a  series  of  recrystallizalions  from  water,  after  which  it 
was  dried.  Weighed  quantities  were  dissolved  in 
water  and  definite  portions  were  pipetted  out  and  ti- 
trated. Measured  volumes  of  pure  sulfur  dioxide  gas 
were  also  dissolved  in  water  and  portions  were  titrated 
and  found  to  check  the  sulfite  method  as  did  other 
methods  of  standardizing. 

As  was  stated  above,  the  permanganate  must 
always  be  present  Jn  excess.  For  this  reason  it  was 
impossible  to  titrate  the  sulfurous  acid  directly.  Re- 
course was  had  to  the  scheme  of  the  Selby  Smelter 
Commission.  A  certain  amount  of  the  permanganate 
was  run  into  dilute  sulfuric  acid  solution,  and,  after 
mixing,  was  divided  into  two  equal  parts.  The  sulfur 
dioxide  was  dissolved  in  one  of  the  parts  and  standard 
permanganate  was  then  aililed  froni  a  burette  until 
the  color  again  matched  that  of  the  other  portion. 
Of  course,  such  an  amount  of  permnnganate  was  added 
as  would  oxiclire  the  sulfur  dioxide  and  still  be  in  cxcsos. 

Experiments  showeil  that  the  best  color  to  match 
was  produccil  by  adding  10  cc.  o(  approximately 
0.005  N  permanganate  to  4Q0  cc.  of  water.  It  WM 
observed  that  after  the  permanganate  was  reduced, 
the  color  on  back  titration  did  not  exactly  match  the 
original,  but  had  a  Blightly  redtlcr  tinge.     If,  however, 

>  J.  Cktm    Sm  .  Tl,  M*. 
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the  solution  was  reduced  and  oxidized  once  or  twice, 
before  dividing  the  solution,  then  the  color  could  be 
easily  matched.  In  fact,  when  a  series  of  analyses 
are  made  it  is  best  to  mix  the  two  portions  after  each 
determination,  divide  them  again,  and  use  the  same 
portion  over  and  over  for  color  check. 

The  solution  should  contain  from  25  to  50  cc.  of 
approximately  2  N  sulfuric  acid.  Less  than  this 
amount  gives  a  reddish  colored  solution  which  is 
difficult  to  match;  more  than  this  amount  acts  on  the 
permanganate.  Even  when  large  amounts  of  sulfur 
trioxide  accompany  the  sulfur  dioxide  it  is  generally 
safe  to  use  25  cc.  of  the  double  normal  acid. 

The  reaction  is  complete  in  the  cold  and  the  titration 
is  made  at  ordinary  temperature.  It  was  found  that 
merely  shaking  the  permanganate  solution  in  the  sample 
bottle,  free  from  sulfur  dioxide,  caused  no  loss  of  color; 
hence  it  was  not  necessary  to  run  a  blank  but  merely 
to  match  color  accurately.  A  little  practice  in  color 
matching  brings  accuracy  and  speed. 

The  apparatus  used  was  similar  to  that  described  in 
the  Bureau  of  Mines  Bull.  98,  but  since  no  blank  was 
necessary,  less  apparatus  was  required;  some  of  the 
parts  were  also  simplified. 

APPARATUS 

One  24-liter,  or  larger,  bottle  such  as  a  carboy 
provided  with  a  two-holed,  properly  cleaned,  rubber 
stopper  containing  a  large  stopcock  and  a  plug,  is 
used  as  a  sample  bottle. 

Two  500-cc.  glass  bottles  of  uniform  clear  glass  are 
necessary  for  titrating.  To  facilitate  the  color  match- 
ing, these  should  be  free  from  waves.  One  of  the 
bottles  should  be  provided  with  a  two-holed  rubber 
stopper  containing  a  tube  which  will  reach  to  the  bot- 
tom of  the  bottle. 

A  white  background  is  necessary  for  titrating  and 
is  provided  by  a  box  with  a  partition,  to  prevent 
color  reflection,  the  inside  being  painted  white. 

One  looo-cc.  bottle  is  needed  for  diluting  and  mixing 
the  permanganate  solution. 

A  25-cc.  burette  is  best,  since  the  readings  can  be 
made  with  greater  accuracy. 

Two  Nessler  tubes  should  be  provided  for  very 
accurate  work. 

A  suction  pump  is  necessary  for  evacuating  the 
sample  bottle  and  a  manometer  tube  or  gauge  is  re- 
quired to  obtain  the  amount  of  evacuation. 

METHOD.  OF    PROCEDURE 

The  large  sample  bottle  is  evacuated  and  the  pres- 
sure within  the  bottle  is  noted  and  the  temperature 
taken.  When  the  sample  is  to  be  taken,  the  end  of  the 
stopcock  is  put  in  communication  with  the  gases  to  be 
analyzed  and  the  stopcock  opened.  The  vessel  is  then 
closed  and  the  temperature  and  the  barometric  pres- 
sure are  noted.  From  this  data  the  volume  of  the 
sample  can  be  calculated. 

About  47  5  cc.  of  water  are  placed  in  the  looo-cc. 
bottle  and  30  cc.  of  2  N  sulfuric  acid  are  added,  after 
which  10  cc.  of  the  recently  standardized  0.005  ^ 
permanganate  are  run  in.  After  mixing,  the  solution 
is  divided  about  equally  into  the  two  500-cc.  bottles. 


Sodium  sulfite  solution,  or  sulfurous  acid,  is  added  to 
one  of  the  bottles  until  the  color  is  very  faint,  after 
which  the  color  is  roughly  restored  with  permanganate. 
The  solutions  are  now  mixed  and  again  divided.  The 
burette  is  filled  with  standard  permanganate  solution 
and  the  position  of  the  meniscus  is  noted.  Such  an 
amount  of  the  solution  is  added  to  one  of  the  bottles 
as  will  prevent  the  sulfurous  acid  from  completely 
decolorizing  the  solution  if  this  is  likely  to  happen. 
The  two-holed  rubber  stopper  and  tube  are  now  placed 
in  the  permanganate  bottle.  The  gas  sample  bottle 
is  inverted  and  the  end  of  its  stopcock  pushed  just 
through   the  free  hole  of  the  permanganate  stopper. 

On  opening  the  stopcock,  removing  the  plug  and  in- 
verting the  spamle  bottle,  the  solution  runs  into  the 
same.  If  the  stopcock  tube  be  bent  at  a  right  angle 
the  sample  bottle  can  be  laid  on  its  side  and  the 
liquid  run  by  swinging  the  permanganate  bottle 
through  a  half  circle.  After  agitating  the  sample 
bottle  and  its  contents  for  some  time,  the  solution  is 
run  back  into  the  small  bottle  and  is  titrated  with 
permanganate  until  the  color  matches  the  other  por- 
tion of  the  solution.  It  is  again  run  into  the  sample 
bottle  as  before  and  then  run  out  and  matched  closely 
with  the  other  portion.  This  matching  should  be 
done  against  a  white  background,  and  for  very  close 
work  portions  can  be  compared  in  Nessler  tubes. 
The  total  amount  of  permanganate  run  from  the 
burette  gives  the  amount  of  sulfur  dioxide  in  the 
sample.  The  details  of  manipulation  are  the  same  as 
those  so  thoroughly  worked  out  for  the  iodine  method 
by  the  Selby  Commission  (Loc.  cil). 

The  following  results  were  obtained  by  using  known 
amounts  of  gas,  or  solutions  of  known  sulfur  dioxide 
content.  These  results  are  typical  of  a  large  number 
of  analyses  made. 

Grams  SOj  Grams  SOj  Found  by  Authors'  Method 

Present  No.  1  No.  2               No.  3  No.  4 

0.001234  0.001120  0.001306  0.001230  0.001306 

0.002468  0.002314  0.002407  0.002407  0.002388 

0.000370  0.000373  0.000373  0.000373  

0.001897  0.001866  0.001875  0.001904  

0.001379  0.001381  0.001388  0.001381  

The  accuracy  of  this  permanganate  method  is  good, 
when  the  dilution  of  the  gas  is  considered,  and  it  com- 
pares favorably  with  the  best  results  obtained  by 
other  methods.  It  was  found  very  satisfactory  for 
the  determination  of  sulfur  dioxide  in  the  atmosphere 
about  the  plant  in  which  we  were  interested. 

CONCLUSIONS 

This  work  has  shown  that  permanganate  is  to  be 
preferred  to  iodine  for  SO:  determination  for  the 
following  reasons: 

I — It  gives  as  great  accuracy. 
II — It  is  as  easy  to  prepare. 
Ill — It  can  be  more  easily  manipulated. 
IV — It  can  be  operated  on  small  traces  of    SOj  as 
well  as  large  amounts. 

V — It  is  more  stable  to  light. 

VI — It  gives    a  color  as  easy  or  easier  to  match 
than  the  starch-iodine  end-point. 

VII — It  requires  no  simultaneous  blank,  and  hence 
less  apparatus  to  be  transported  in  the  field. 
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Various  methods'  for  the  separation  of  aluminum 
from  iron  have  been  proposed.  None  of  these,  how- 
ever, have  found  extensive  use  in  analysis.  As  the 
method  of  separation  herein  proposed  is  based  on  the 
use  of  organic  solvents,  only  such  processes  as  have 
a  direct  bearing  on  this  method  will  be  discussed  in 
this  paper. 

It  had  been  noted  by  Gladysz-  that  hydrous  alu- 
minum chloride  was  very  slightly  soluble  in  strong 
hydrochloric  acid,  while  ferric  chloride  was  readily 
soluble  in  that  medium. 

Gooch  and  Havens'  utilized  the  observation  of 
Gladysz,  but  introduced  the  use  of  ether  to  reduce 
the  solubility  of  aluminum  chloride.  They  precipi- 
tated this  salt  from  a  mixture  of  equal  parts  of  concen- 
trated hydrochloric  acid  and  ether  saturated  with 
hydrochloric  acid  gas  at  15°  C. 

It  appears  that  the  method  of  Gooch  and  Havens 
is  the  only  one  on  record  which  utilizes  any  organic 
solvent  (one-half  aqueous  hydrochloric  acid  and  one- 
half  ether). 

Frankforter^  in  studying  the  action  of  aluminum 
chloride  on  aliphatic  ethers  found  that  the  presence 
of  moisture  caused  precipitation  of  a  compound  of 
this  salt  with  water  and  hydrochloric  acid  from  an 
ether  solution  of  the  anhydrous  aluminum  chloride. 
This  precipitate,  however,  was  not  constant  in  com- 
position. He  utilized  this  reaction  as  a  qualitative 
test  for  water  in  ether. 

The  method  proposed  in  this  paper,  like  the  Gooch 
and  Havens  method,  depends  on  the  insolubility  of 
hydrated  aluminum  chloride  in  solvents  as  contrasted 
with  that  of  iron,  but  may  be  more  closely  compared 
with  the  qualitative  observation  of  Frankforter,  as  it 
neither  uses  a  mixture  of  water  and  ether,  nor  re- 
quires saturation  of  the  medium  with  hydrochloric 
acid  gas.  It  is  primarily  the  latter  feature  in  the 
Gooch  and  Havens  method  which  is  troublesome  and 
objectionable  for  ordinary  laboratory  procedure,  as 
in  each  determination,  hydrochloric  acid  gas  must  be 
passed  through  the  solution  at  low  temperature 
(15°  C.)  to  saturation  (a  point  rather  difficult  to  de- 
termine with  certainty)  and  the  precipitate  washed 
with  ether-water  mixture,  itself  saturated  with  HCl 
Kas.  In  the  proposed  method,  the  medium  is  entirely 
organic  solvent,  except  for  traces  of  moisture  intro- 
duced by  the  solvents. 

The  essentials  of  tlie  method  are  as  follows; 
The  dried  mixed  chlorides  of  aluminum  and  iron 
are  taken  uj)  in  u  small  amount  of  hydrochloric  acid 
alcohol  solution  and  evaporated  to  cry.slallizntion  of 
the  salts.  The  residue  is  then  again  acidified  with 
alcoholic  HC'I.  Hllier  (U.  S.  P.),  which  contains  a 
trace  of  water,  is  graduiilly  added,  and  the  aluminum 

•  W.  W.  Scott,  ".StaiiiUrd  Mrlliral.  ol  Chemical  Aiialy»l>."  KIT. 
pp.  4-5. 

•  Bit..  1*  (IH8.t).  447. 

•  Am.  J.ScI .  |4|  11  (1896).  4ir>. 

'  J.  Am.  Cktm.  .Sot  .  IT  (1VI3),  ii60-7. 


is  precipitated  as  a  hydrated  chloride,  varying  in 
composition,  while  the  iron  chloride  remains  in  solu- 
tion. 

EXPERIMENTAL 

EFFECT  OF  MOISTURE — It  was  observed  in  pre- 
liminary experiments  that  anhydrous  aluminum  chlo- 
ride was  readily  soluble  in  absolute  alcohol  and  abso- 
lute ether,  but  that  the  presence  of  a  trace  of  mois- 
ture, introduced  as  such  or  by  means  of  wet  alcohoi 
or  wet  ether,  caused  an  immediate  precipitate.  An 
excessive  amount  of  moisture,  however,  invariably 
caused  the  formation  of  a  second  layer  of  a  viscous 
gelatinous  mass.  It  was  necessary,  therefore,  to  de- 
termine, the  limits  of  water  tolerance  and  the  best 
means  of  introducing  that  water. 

A  series  of  experiments  was  performed  in  which 
water  was  introduced  in  varying  amounts  using,  at 
first,  strong  aqueous  HCl,  as  that  acid  was  found 
necessary  to  keep  the  iron  in  solution.  This  manner 
of  introducing  the  water  was  found  impracticable  as 
the  amounts  of  HCl  necessary  caused,  in  many  cases, 
an  excessive  amount  of  water  to  be  introduced.  An 
alcoholic  solution  of  HCl  was,  therefore,  prepared 
and  water  was  introduced  by  means  of  the  ether  used. 
The  following  facts  were  observed: 

I — When  an  insufficient  amount  of  water  was  pres- 
ent as  obtained  by  dissolving  the  salt  in  a  small  quan- 
tity of  alcohol  and  using  largely  absolute  ether,  the 
precipitate  came  down  in  an  exceedingly  finely  divided 
condition,  colloidal  or  semi-colloidal,  practically  im- 
possible of  filtration.  When  filtered,  the  precipitate 
was  exceedingly  hygroscopic,  behaving  somewhat 
like  finely  powdered  (dried)  calcium  chloride:  the  phys- 
ical state  of  the  precipitate  was  such  that  a  clean 
separation  from  the  iron  would  be  impossible  even 
if  the  precipitation  were  complete.  It  was,  in  fact, 
found  that  up  to  an  alcoholic  content  of  about  4  per 
cent,  the  precipitation  was  complete,  when  the  suspen- 
sion was  filtered  several  times. 

2- — When  an  excessive  amount  of  water  was  present, 
which  depended  on  the  amount  of  salt  present  to 
take  care  of  it  and  the  amount  of  water  introduced 
with  the  ether,  it  was  found  that  a  gelatinous  layer 
of  the  salt  was  formed. 

EFFECT  OF  ALCOHOL—  An  cxcessivc  amount  of  alco- 
hol had  a  tendency  similar  to  that  observed  in  the 
case  of  insufficient  water,  namely,  to  prccipitato  the 
aluminum  chloride  in  a  very  finely  divided  state.  In 
addition,  tlie  precipitation  is  incomplete  when  alcohol 
is  present  beyond  certain  limits,  depending  upon  the 
amount  of  water  present. 

EFFECT  or  HYDROCHLORIC  ACID  This  reagent  was  in- 
troduced in  the  furm  of  the  alcoholic  solution.  Aside 
from  the  fact  that  HCl  was  required  to  keep  the  iron  in 
solution,  it  was  found  that  n  slight  acidity  was  essential 
for  two  reasons:  (1)  lo  mnkc  the  precipitation  com- 
plete, (i)  so  to  modify  the  physical  state  of  the  pre- 
cipitate as  lo  render  it  easy  to  filter.  On  the  other 
hand,  excessive  amounts  of  acid  scemet!  to  tend  to- 
ward formation  of  f;clntinous  salt  layer  as  in  the  raae 
of  excessive   water. 
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A  large  number  of  experiments  were  performed  to 
observe  the  effect  of  these  various  factors.  Table  I 
contains  a  few  which  show  in  a  quantitative  way  the 
results  obtained. 

Tablij  I — Precipitation   of   .Aluminum   Chloridk   prom    Mixtures  op 
Varying  Proportion  op  Ai.cohoi,,  HCI.  Kthkr  (U.  S.  P.)  and  .Abso- 
lute Ether,  and  in  the  Presence  of  Ferric  Chloride 

Mc.  Used    Absolute  Alcoholic 

t ■ Alcoh 

No.      AlClj      FeCh-     Cc. 

1  100 

2  100 

3  100 

4  ■     100 


Alcohol       HCI 


10 

1.5          0.5  cc. 

500 

2.5          2.5  cc. 

10 

1.5         0.5  cc. 

500 

l.SW    0.5  cc. 

500 

1.5(0)    0.5  cc. 

10 

500 

1               1  cc. 

10 

90 

1               1  cc. 

10 

50 

1               1  cc. 

(tf)  Appro 

cimate. 

((.)  Total  rcsid 

Ether 

Ether  Condition  Residues 

J.  S.  P. 

Absolute      of         as  .■MiOi 

Cc. 

Cc.        Filtrate       Mg. 

50 

Clear          0.2 

50 

Clear          0.2 

50 

Clear          0.1 

50 

Clear          0 . 0 

50 

Clear          0.1 

50 

Clear          O.I 

25 

25          Clear          0.3 

250 

Clear          0.3 

25 

25          Clear          0.2 

40 

40         Clear          0.2(6) 

40 

40         Clear, 

50 

Clear 

SO 

Clear 

50 

Clear 

As  indicated  in  the  outline  of  the  method  given  above, 
the  chlorides  of  aluminum  and  iron,  after  driving  off 
nearly  all  of  the  moisture  in  an  oven,  are  taken  up  in 
alcoholic  HCI  and  absolute  alcohol,  evaporated  to  a 
viscous  semi-crystalline  mass  and  then  definite  am.ounts 
of  HCI,  alcohol  and  ether  are  added.  It  was  deemed 
advisable  to  see  how  much,  approximately,  HCI  and 
alcohol  remained  after  evaporating  to  a  viscous  mass. 
An  experiment  was  performed  using  o.  5  g.  anhydrous 
aluminum  chloride  (the  maximum  amount  of  com- 
bined salts  permitted  in  the  proposed  method)  adding 
absolute  alcohol  and  HCl-alcohol,  heating  until  salts 
completely  dissolved  and  evaporating  to  viscous  mass. 
The  total  was  weighed  before  and  after,  and  the  differ- 
ence found  to  be  about  0.62  g.,  that  is,  both  HCI 
and  alcohol.  In  the  actual  method,  0.5  cc.  alcoholic 
HCI  is  then  added.  The  total  volume  could  not  ex- 
ceed 1.5  cc.  in  that  case  (to  which  is  then  added  the 
requisite  quantities  of  ether).  It  is  evident,  as  illus- 
trated in  Table  I,  that  the  amount  of  aluminum  chloride 
remaining  in  solution  is  practically  negligible.  This 
fact  is  borne  out  by  later  experiments  on  actual  separa- 
tion of  known  quantities  of  the  salts  as  shown  in 
Table  II. 


)L« 

II — Results 

Obtain 

BD  BY   Application   of 

Proposee 

Method 

AlCli  used 

Amount 

Grams  AlaOa 

Grams  FeOj 

Cc.  solution 

FeClj  used 

Found  Calculated 

Found 

Calculated 

1. 

.  . .   50  A 

20  mgs. 

0.2068 

0.2069 

2. 

...      5  A 

700  mgs. 

0.0204 

0.0207 

3. 

.  .  .    25  A 

350  mgs. 

0.1036 

0.1035 

4. 

...      5  A 

700  mgs. 

0.0207 

0.0207 

5. 

. . .    25  A-A 

300  mgs. 

0. 1007 

0. 1004 

6. 

.  .  .    50  A-A 

10  mgs. 

0.2004 

0.2007 

7. 

...      5  A 

50  cc 

I 

0.0212 

0.0207 

o.ioio 

0:  20,15 

8. 

. . .    25  A 

25  cc 

I 

0. 1041 

0.1035 

0. 1014 

0.1017 

9. 

...    50  A 

5  cc 

I 

0.2070 

0.2069 

0.0208 

0.0204 

0. 

...      2  A 

Spilled 

I 

0.0085 

0.0083 

1. 

...    50  A 

2cc 

I 

0,2071 

0 . 2069 

O^OOSl 

o!6o82 

2. 

...   50  B 

10  cc 

II 

0.1995 

0.2001 

0.0478 

0.0482 

3. 

...   25  n 

25  cc 

II 

0.0<J99 

0.1001 

0.1201 

0.1205 

4. 

...    25  B 

2cc 

II 

0. 1001 

0.1001 

Spilled 

5. 

...    25  B 

25  cc 

II 

0.1004 

0.1001 

0.1201 

o!i265 

6. 

...    25  C 

25  cc 

III 

0.1026 

0.1027 

0. 1224 

0.1227 

7. 

...    25  C 

25  cc 

III 

0, 1027 

0.1027 

Spilled 

0.1227 

8. 

...    25  C 

25  cc 

III 

0.1030 

0.1027 

0.1226 

0.1227 

9. 

...  25  C 

25  cc 

IV 

0.1029 

0.1027 

0.1250 

0. 1251 

JO. 

...      2  C 

25  cc 

IV 

0 . 0084 

0.0082 

0.0101 

0.0098 

21. 

...      2  C 

2cc 

IV 

0.0086 

0.0082 

0.2501 

0.2552 

22. 

...   50  Di 

2cc 

IV 

0.2010 

0.2008 

0.0100 

23. 

...   50  D. 

2cc 

IV 

0.2008 

Or.  2008 

o!6i62 

0.0100 

24. 

...   50  D. 

2cc 

IV 

0.2009 

1 . 2008 

0.0102 

0.0100 

In  the  experiments  for  the  quantitative  separation 
of  aluminum  from  iron,  alcoholic  solutions  were  made 
up  of  C.  P.  (Kahlbaum's)  aluminum  chloride  and  C.  P. 
ferric  chloride,  respectively,  in  which  50  cc.  were  ap- 


proximately equivalent  to  0.5  g.  of  salt.  Aliquots 
were  pipetted  at  definite  temperature  both  for  de- 
termination of  metal  content  of  solution  (blank)  and 
for  actual  separation  by  the  proposed  method. 

In  the  determination  of  iron,  subsequent  to  the  separa- 
tion from  aluminum  by  the  proposed  method,  experi- 
ment has  shown  that  the  iron  residue  offers  consider- 
able difficulty  of  oxidation  even  with  nitric  and  sul- 
furic acids,  due  to  the  formation  of  resinous  condense 
tion  products  of  which  the  organic  solvent  is  the  source. 
Precipitation  of  the  hydroxide  is  therefore  not  recom- 
mended. A  satisfactory  procedure  was  found  in 
conversion  of  the  iron  chloride  to  sulfate  and  direct 
ignition. 

The  method  was  submitted  to  Messrs.  C.  D.  Wright, 
H.  E.  Buckbinder,  E.  K.  Nelson  and  W.  F.  Kunke, 
of  the  Bureau  of  Chemistry,  for  cooperation.  Resi- 
dues of  mixtures  of  iron  and  aluminum  chloride  ob- 
tained by  evaporation  of  definite  volumes  of  solution 
were  submitted  to  each  individual.  The  results  ob- 
tained appear  in  Table  III. 

Table  III — Cooperative  Results  by  Bureau  op  Chemistry  Workers 

Solution  Taken  Grams  Grams 

AlClj     FeClj         . AhOj .  . FejO. . 

.Analyst                         Cc.        Cc.  Found       Calc.  Found       Calc. 

C.D.Wright 2B     25  II  0  0078     0.0080            0.2411 

25  B     25  II  0.1007     O.lOOl             0.1205 

50  B     25 II  0.1998     0.2001             0.0098 

H.  E.  Buckbinder...    25  C     25  III  0.1031     0.1027  0.1229     0.1227 

E.K.Nelson 25  D     25  IV  0   1009     0.1014  0.1251      0.1251 

W.  F.  Kunke 25  C     25  IV  0.1023     0.1027  0.1246     0.1251 

PKOPOSED    METHOD 

The  chlorides  of  iron  and  aluminum  (not  over  0.5 
g.  total)  are  evaporated  to  dryness  on  the  steam  bath 
in  a  150  cc.  Erlenmeyer  flask  (preferably  lipped).  The 
residue  is  stirred  occasionally  with  a  glass  rod  to  al- 
low better  exposure  of  the  salts  to  drying.  The  rod 
is  allowed  to  remain  in  the  flask.  The  residue  is 
then  further  dried  in  an  oven  at  about  120°  C. 
for  one-half  hour,  stirring  occasionally  as  before. 
When  dry,  the  residue  is  moistened  with  0.5  cc.  to 
I  cc.  absolute  alcoholic  HCI  solution'  (25  to  35  per  cent 
HCI),  warmed  on  the  steam  bath  and  stirred  to  con- 
vert any  oxides  that  have  been  formed  to  chlorides; 
about  3  or  4  cc.  absolute  alcohol  are  added  and  the 
flask  is  heated  on  the  steam  bath  until  all  salts  have 
gone  into  solution.^ 

When  this  has  been  accomplished  the  flask  is  al- 
lowed to  remain  on  the  steam  bath  until  salts  begin 
to  crystallize  out  and  the  resulting  residue  is  quite 
viscous  but  not  solid.  About  0.5  cc.  alcoholic  hydro- 
chloric acid  is  now  added,  the  flask  again  warmed 
and  the  residue  stirred  to  have  the  mass  uniformly 
impregnated  with  the  HCI.  The  flask  is  then  removed 
and  30  cc.  U.  S.  P.  ether  (sp.  gr.  713  to  716  at  25°  C.) 
are  added  gradually  with  stirring.  The  hydrated 
aluminum  chloride  should  come  down  as  a  uniform, 
granular,  white  precipitate,  leaving  the  supernatant 
liquid  clear.     Forty  cc.  absolute  ether  are  then  added, 

I  The  alcoholic  HCI  is  prepared  by  passing  HCI  gas  through  absolute 
alcohol,  the  gas  being  conveniently  generated  by  the  action  of  concentrated 
HtSOi  on  anhydrous  calcium  chloride. 

'  When  .MCla  is  present  to  the  extent  of  nearly  Vt  g..  and  very  little 
iron  is  present,  it  is  sometimes  very  difficult  to  get  all  salts  in  solution.  With 
small  amounts  of  iron  present  the  last  traces  of  AlCb  need  not  pasB  into 
solution. 


Oct.,  1917 


THE  JOURNAL  OF  INDUSTRIAL   AND  ENGINEERING  CHEMISTRY 


953 


with  stirring,  and  the  flask  allowed  to  stand.  The 
solution,  when  the  precipitate  has  settled,  is  filtered 
through  a  Gooch  crucible,  using  a  bell  jar  arrangement, 
into  a  250  to  300  cc.  Erlenmeyer  flask.  The  crucible 
is  fitted  preferably  with  a  small  circular  filter  paper 
(cut  to  size)  instead  of  asbestos.  The  flask  should  be 
washed  with  wash-ether  (100  parts  absolute  ether  and 
2  parts  alcoholic  HCl)  while  filtering  so  as  not  to  allow 
any  ferric  chloride  to  dry  on  the  white  precipitate  or 
on  the  crucible.  The  usual  precautions  of  washing  the 
flask,  crucible  and  funnel  are  taken  to  insure  complete 
transfer  of  iron.  It  is  not  necessary,  however,  to  trans- 
fer all  of  the  aluminum  chloride  precipitate  to  the 
Gooch  crucible.  The  aluminum  precipitate  is  removed 
with  the  paper  from  the  crucible  by  tapping  it  into  a 
25  cc.  beaker  and  then  washing  with  water  to  remove 
adhering  particles.  The  original  flask  is  also  washed 
to  transfer  completely  any  adhering  aluminum  pre- 
cipitate. The  aluminum  chloride  solution  is  diluted 
to  approximately  100  cc,  about  5  g.  ammonium  ni- 
trate are  dissolved  in  it,  and  mtide  just  alkaline'  with 
ammonia  (using  methyl  red  as  indicator,  preferably), 
boiled,  filtered  and  the  precipitate  is  washed  in  the  usual 
way.  The  precipitate  is  ignited  in  a  covered  crucible^ 
and  weighed  as  AI2O3.  The  ether  solution  of  iron  is 
distilled  or  evaporated  to  remove  the  ether.  The 
residue  is  transferred  with  a  little  water  and  HCl 
to  a  weighed  platinum  dish,  using  as  little  water  as  pos- 
sible, and  evaporated  to  dryness  on  the  steam  bath, 
moistened  with  i  cc.  concentrated  HsSOi,  warmed 
on  the  steam  bath  gently  to  expel  most  of  the  HCl, 
and  then  slowly  over  a  flame  by  placing  the  dish  on 
a  triangle  which  in  turn  is  put  on  an  asbestos  gauze 
(to  prevent  too  rapid  heating),  and  heated  until  all 
the  ferric  chloride  is  converted  to  sulfate  and  no  further 
fuming  of  sulfuric  acid  takes  place.  The  dish  is  then 
heated  over  a  free  flame  and  finally  over  a  blast  to 
entirely  convert  the  sulfate  to  ferric  oxide.  This  is 
then  cooled  and  weighed  as  oxide  in  the  usual 
manner. 

BURKAW    Of    ClIKHISTRV 

Dkpartmknt  OI"  Aoricultobu 
Washinoton.   D.  C. 


A    METHOD   FOR    THE    COLORl  METRIC    ESTIMATION 
OF  SMALL  AMOUNTS  OF  ANILINE 

llv     ICl.IA»    IJ1.VOVK 

Rrcrivo.l  August  27.  1917 

In  the  sanitary  examination  of  air  in  industrial  cs- 
lablishmcnls  where  aniline  is  employed,  the  detection 
.i?id  estimation  of  aniline  vapors  is  ciuite  important. 
.\  method  for  this  purjjosc  has  been  worked  out  by 
Hel)crl  and  Heiin.'  yVccordinR  to  these  author.s, 
the  aniline  vapors  are  collecleil  by  bubbling  lo  liters 
Mf  the  air  through  a  suitable  absorption  bulb  contain- 
ing   lo  cc.  of  water  ac-i<liruvl   with  sulfuric  acid.      I'or 

I  W  Ilium,  "Dclrrmlimlliin  of  AliMiilniiiii  ■•  Odds,"  Srlriitinc  I'uprrs 
I  ihc  llureuu  ut  .StnniUnN  No.  IM 

■  The  ilinifiilllrii  hivolvril  III  Ihr  ncruinle  iletcrnitiiKlluii  of  uliiniliia 
t,'  mil  KcurrnHy  known  niiil  the  irmlcr  I*  rrfrrrptl  In  (he  rxliiiii«(lvc  work  liy 
n...  tor  llliiiii  on  tliK  vililrti 

•  Krv.  thtm:  in,l ,  11,  .\.\H    Ml);  Iroiii  (htm.  Ahi .  »  (I'M  11.  Ti\ 


ascertaining  the  presence  of  aniline,  the  calcium  hypo- 
chlorite test  is  employed.  The  quantitative  deter- 
mination is  carried  out  by  precipitating  the  aniline 
as  tribromoaniline  with  bromine  water.  The  precipi- 
tate is  caught  on  a  tared  filter  paper,  dried  in  vacuo, 
and   weighed. 

In  this  connection,  it  occurred  to  the  writer  that  it 
might  be  possible  to  work  out,  for  estimating  the 
aniline,  a  colorimetric  method  based  on  the  qualita- 
tive test  with  hypochlorite.  If  this  were  possible, 
it  certainly  would  be  desirable,  for  not  only  would 
considerable  time  and  effort  be  saved  but  probably 
a  considerably  smaller  sample  than  lo  liters  would  be 
sufficient  and  quantitative  measurements  could  also 
be  applied  in  cases  where  the  amount  of  aniline  in 
the  samples  available,  or  that  can  be  conveniently 
collected,  is  too  small  for  the  gravimetric  determina- 
tion. A  detailed  study  of  the  hypochlorite  test  for 
aniline  was  therefore  undertaken. 

THE    HYPOCHLORITE    TEST    FOR    ANILINE 

The  hypochlorite  test  for  aniline  is  described  by 
various  authors  in  rather  indefinite  language.  Thus 
Blyth'  in  describing  this  test  simply  states  that  an 
aqueous  solution  of  aniline  or  its  salts  is  colored  blue 
by  "a  little"  chloride  of  lime  or  hypochlorite  of  soda. 
Hefltter,'-  although  stating  that  an  excess  of  the  reagent 
should  be  avoided,  does  not  give  any  information  as 
to  the  proper  strength  of  the  hj-pochlorite  solution 
or  what  amount  of  it  to  use  for  a  given  volume  of  the 
solution  to  be  tested.  All  the  information  given  is 
contained  in  the  statement  that  on  adding  to  the 
aqueous  solution  of  aniline,  chloride  of  lime  or  sodium 
hypochlorite  solution,  a  purplish  violet  coloration  ap- 
pears which  later  changes  to  a  dirty  red.  That  the 
proportion  of  hypochlorite  to  aniline  and  the  degree 
of  their  concentration  are,  however,  important  factors 
and  hence  should  be  taken  into  consideration  in  ap- 
plying this  test,  appears  conclusively  proven  by  the 
following  results: 

EFFECT  OF  VARYING  THE  PROPORTION  OF 
HYPOCHLORITE 

That  the  proportion  of  hypochlorite  used  for  a  given 
amount  of  aniline  is  an  important  factor  in  the  test, 
even  when  the  concentration  of  the  aniline  remains 
the  same,  and  that  in  certain  cases  it  may  even  cause 
a  change  in  the  result  from  negative  lo  positive,  is 
shown  by  the  results  obtained  in  the  following  experi- 
ment. To  each  of  two  small  tubes  there  was  added 
0.5  cc.  of  ft  o.oi  per  cent  aqueous  solution  of  aniline. 
No.  I  was  then  mixed  with  o.  5  cc.  of  a  calcium  hypo- 
chlorite solution,  the  available  chlorine  of  which  was 
about  I  per  cent;  No.  1  was  similarly  treated  with 
o.  5  cc.  of  a  calcium  hypochlorite  solution,  the  avail- 
able chlorine  of  which  was  only  about  o.  1  per  cent. 
Immediately  after  mixiuK.  No.  1  developed  the  charac- 
teristic purplish  color  but  No.  1  appeared*  practically 
colorless. 

'  "Polwin*:  Thrlr  lilTvcIa  unil  Drlrclhw."  4«h  IW  .  p    J«> 

•  Ncubfm.  "IVr  lUrii."  1  (I'll).  «M 
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EFFECT  OF  VARYING  THE  CONCENTRATION 

That  simply  varying  the  concentration  of  the  hypo- 
chlorite and  aniline,  even  without  changing  the  pro- 
portion of  either,  also  has  a  decided  effect  on  the  re- 
sults obtained,  may  be  seen  from  the  following  ex- 
periment. To  each  of  two  tubes  there  was  added 
I  cc.  of  a  o.  I  per  cent  aqueous  solution  of  aniline. 
No.  I  was  diluted  to  2  cc.  with  distilled  water  while 
No.  2  was  diluted  to  20  cc.  with  the  same  water.  Each 
was  then  mixed  with  o.  5  cc.  of  a  calcium  hypochlorite 
solution,  the  available  chlorine  of  which  was  about  1 
per  cent.  Immediately  after  mixing,  a  very  decided 
purplish  color  developed  in  No.  i  while  in  No.  2  no 
purplish  color  appeared  but  a  yellow^  color  developed. 

The  reason  why  the  hypochlorite  test  for  aniline 
has  not  heretofore  been  made  the  basis  of  a  colori- 
metric  method  for  estimating  small  amounts  of  ani- 
line is  probably  to  be  found  in  the  fact  that  the  pur- 
plish color  ordinarily  obtained  is  very  unstable  and 
hence  cannot  well  be  made  the  basis  of  a  quantitative 
method.  Also  the  solution  often  acquires  more  or 
less  turbidity  and  thus  still  further  complicates  the 
problem.  It  was  found,  however,  that  none  of  these 
difficulties  is  encountered  with  the  yellow  color  ob- 
tained under  the  conditions  of  the  above  experiment 
(sol.  No.  2),  since  this  color  does  not  possess  the  very 
fugitive  character  of  the  purplish  color  but  is  sufficiently 
stable  to  admit  of  its  being  utilized  for  quantitative 
purposes;  nor  is  reading  of  the  colors  made  difficult  on 
account  of  turbidity,  since  under  the  conditions  which 
favor  the  formation  of  the  yellow  color,  the  solution 
remains  clear,  at  least  sufficiently  long  so  as  not  to 
interfere  with  the  readings.  These  results,  therefore, 
indicated  the  feasibility  of  making  the  hypochlorite 
test  the  basis  of  a  colorimetric  method  for  estimating 
small  amounts  of  aniline,  provided  the  conditions  were 
chosen  which  would  yield  the  yellow  color  instead  of 
the  purplish. 

SENSITIZING    EFFECT    OF    ADDED    ALKALI 

It  was  found  that  the  addition  of  alkali  to  the  mixed 
solutions  of  aniline  and  hypochlorite,  which  were 
mixed  under  the  conditions  referred  to  above  as  yield- 
ing the  yellow  colors,  has  the  effect  of  sensitizing  the 
reaction,  so  that  a  distinct  yellow  color  is  obtained 
even  with  an  amount  of  aniline  which  is  too  small 
to  show  any  color  in  the  absence  of  this  treatment, 
as  may  be  seen  from  the  following  experiment.  To 
each  of  two  tubes  there  was  added  o.  i  cc.  of  a  o.  i 
per  cent  aqueous  solution  of  aniline  and  sufficient 
distilled  water  to  make  20  cc.  Each  was  then  mixed 
with  I  cc.  of  calcium  hypochlorite  solution,  the  avail- 
able chlorine  of  which  was  about  o.  1  per  cent.  On 
letting  these  solutions  stand  the  usual  period  of  10 
minutes,  no  appreciable  color  developed.  On  now 
mixing,  however,  one  of  these  solutions  with  i  cc.  of 

1  This  fact,  besides  enabling  one  to  utilize  this  test  for  quantitative 
purposes,  as  is  shown  in  this  paper,  can  help  also  to  make  the  hypochlorite 
test  for  aniline  more  characteristic,  for,  when  the  regular  purplish  color 
is  obtained,  the  result  could  be  confirmed  on  another  portion  of  the  same 
sample  by  varying  the  concentration,  as  shown  above,  so  as  to  obtain  the 
yellow  color;  and  then  the  result  could  be  still  further  confirmed  by  showing 
that  this  yellow  color  is  much  increased  by  adding  alkali,  as  is  shown  in 
another  part  of  this  paper. 


N  NaOH,  a  decided  yellow  color  developed  in  a  few 
minutes  while  the  solution  which  did  not  receive  this 
treatment  remained  practically  colorless  in  compari- 
son. 

TIME    OF    ADDING    ALKALI 

It  appears  also  that  in  order  for  the  added  alkali 
to  act  as  sensitizer,  it  is  necessary  to  add  it  after  the 
aniline  solution  has  been  mixed  with  the  hypochlorite 
reagent,  as  may  be  seen  from  the  following  experi- 
ment. To  each  of  two  tubes  there  was  added  o.  i  cc. 
of  a  o.  I  per  cent  aqueous  solution  of  aniline  and  each 
was  diluted  to  20  cc.  with  distilled  water.  No.  i  was 
mixed  first  with  i  cc.  of  the  calcium  hypochlorite 
solution'  and  after  standing  about  a  minute  was  then 
mixed  with  i  cc.  of  N  NaOH  while  No.  2  was  mixed 
first  with  I  cc.  of  the  N  NaOH  and  after  standing 
about  a  minute  was  then  mixed  with  i  cc.  of  the  same 
hypochlorite  solution.  After  the  final  mixing  with  the 
I  cc.  N  NaOH,  No.  i  began  to  develop  color  and  had 
a  very  decided  yellow  color  after  it  had  stood  about  10 
minutes,  but  No.  2  appeared  practically  colorless  in 
comparison,  in  spite  of  the  fact  that,  excepting  for  the 
reverse  order  in  which  the  reagents  were  added,  it 
had  received  exactly  the  same  treatment  as  No.  i. 

SENSITIVENESS  OF  THE  TEST 

Since  the  hypochlorite  test  for  aniline,  in  one  or 
other  of  its  modifications,  is  probably  the  most  charac- 
teristic of  the  various  color  tests  for  aniline  which  have 
been  proposed,  it  seemed  desirable  in  this  connection 
to  determine  its  sensitiveness  by  the  improved  pro- 
cedure here  described.  According  to  Dragendorff,' 
I  part  aniline  in  6,000  parts  water  is  the  minimum  con- 
centration which  will  yield  a  positive  test  with  calcium 
hypochlorite.  According  to  Jacquemin,*  the  sensi- 
tiveness of  the  test  can  be  increased  so  as  to  detect  1 
part  aniline  in  10,000  parts  water  by  substituting 
sodium  hypochlorite  in  place  of  the  calcium  hypo- 
chlorite employed  by  Dragendorff.  It  was  found, 
however,  that  by  basing  the  test  on  the  yellow  color 
instead  of  the  purplish  and  taking  advantage  of  the 
above  described  sensitizing  effect  of  added  alkali, 
even  as  little  as  o.oi  mg.  in  20  cc,  or  i  part  in  2,000,- 
000,  could  be  readily  detected. 

PROCEDURE    ADOPTED 

The  following  procedure  was  finally  adopted.  A 
preliminary  test  was  carried  out  on  the  solution  to 
be  examined,  with  the  object  of  obtaining  an  idea  as 
to  the  approximate  amount  of  aniline  present.  If 
this  indicated  that  its  concentration  was  more  than  i 
part  in  200,000,  the  solution  was  dikited'  with  distilled 
water  so  as  to  make  it  come  within  the  range  of  the 
standards  (i  pt.  in  about  285,000  to  i  pt.  in  2,000,000) 

1  Containing  0. 1  per  cent  available  chlorine. 

'  See  Jacquemin.  Compl.  rend..  83  (1876),  226. 

•  Instead  of  diluting  the  solution  to  be  examined,  one  may  also  prepare 
a  set  of  standards  with  correspondingly  higher  aniline  concentrations.  For 
example,  a  series  of  standards  may  be  prepared  having  ten  times  the  con- 
centration of  those  used  in  this  work  and  reading  0.  0.1.  0.2,  0.3,  0.4,  0.5. 
0.6  and  0.7  mg..  respectively.  In  using  such  a  higher  series  of  standards, 
however,  it  appears  more  advantageous  to  adopt  a  little  longer  interral 
than  10  minutes  for  the  tubes  to  stand  before  being  read,  when  one  has 
occasion  to  use  the  higher  end  of  the  series. 
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used;    20  cc.  of  this  solution  was  then   mixed  with   i  probably    close    enough    for    most   practical    purposes, 

cc.^    of    calcium   hypochlorite   solution,^  the    available  and  also  to  the  thousandth  of  a  milligram  (the  figures 

chlorine  of  which  was  o.i  per  cent.     After  standing  in  the  parentheses)  where  the  amount  given  or  found 

2   minutes,  it  was  mixed  with   i  cc.  of  N  NaOH  and  was  not  in  even  hundredths.     The  average  error  (neg- 

allowed  to  stand  10  minutes.'     The  color  of  this  solu-  lecting  the  algebraic  signs)   was  practically  the  same 

tion    was    then    compared    with    those    of    standards,  (0.003  mg.)  whether  we  accept  the  figures  expressing 

which    were    obtained    by    treating    similarly    known  the  amounts  of  aniline  to  the  nearest  hundredth  of  a 

amounts  of  a  standard  aniline  solution.      The  mixing  milligram  or  to  the  thousandth  of  a  milligram.     These 

with  the  reagents  and  the  final  reading  of  the  color  results  further  confirm  the  general  principle  that  from 

was  carried  out  in  the  same  tube,   the  narrow  form  the  point  of  view  of  percentage    accuracy  it    is  well 

50   cc.    Nessler   tubes   having   been  found   convenient  to  work  with  as  large  amounts  as  possible  within  the 

for  this  purpose.     The   mixing  of  the  unknown  solu-  given  range,  since  an    error    of   only  0.003  mg-  in  the 

tion  and  the  standards  with  the  reagents  was  effected  case  of  No.  6  shows  up  as  a  much  greater  percentage 

nearly   simultaneously    with   the   aid   of   bulbed   glass  error  than  even  over  three  times  this  amount  (o.oio 

rods,  by  means  of  which  it  was  found  comparatively  mg.)  in  the  case  of  No.  3. 

very  easy  to  mix  thoroughly  the  contents  of  four  or  Finally,  when  we  recall  that  by  the  ordinary  applica- 

five    tubes    practically    simultaneously.     The    stand-  tion  of  the  hypochlorite  test  for  aniline  even  the  solu- 

ards  were  prepared  from  a  stock  solution  of  pure  ani-  tion  with  the  highest  of  the  above  amounts  of  aniline 

line  in  distilled  water,  which  contained  i  gram  aniline  (No.  3)   would  not  show  even  qualitatively  the  pres- 

in  1,000  cc.  of  solution.     The  regular*  standards  con-  ence  of  any  aniline  while  the  proposed  method  measures 

tained  o,  o.oi,  0.02,  0.03,  0.04,  0.05,  0.06  and  0.07  such   small   amounts   quantitatively,   and   the   further 

mg.  aniline,  respectively,  and  the  volume  of  each,  ex-  fact  that  this  method  does  not  require  elaborate  ap- 

clusive  of  the  reagents,  was  20  cc.  paratus  but  is  very  simple  and  quickly  and  easily  car- 

RESULTS  OBTAINED  ""'^^  °"^'  '^^  advantages  when  one  has  occasion  to  de- 

^,      ^  ,,      .               ,                   .  i   •     J   u     ..u       1,  tect  and  estimate  such  small  amounts  of  aniline,  be- 

The  following  results  were  obtained  by  the  above 

,             ...            .^,                           ,    ..            f  come  very  apparent, 
procedure    when    working    with    aqueous    solutions    ot 

...             ,                               ..,..,.,                       ,                5  Hygibnic  Labor.^tory 

aniline,  the  amount  of  aniline  in  which  was  unknown'  ^  g  pug^,^  health  sbrvicb 

to  the  writer  at  the  time  the  work  was  done.  Washinoton.  d.  c. 

Milligrams  Anilins  in  20  Cc.  

No.  Given  Found  Error 

1 0.04       ...           0.04       ...               0.00       (0.000)  A  MODIFICATION  OF   THE   PRICE   METHOD  FOR  THE 

I Hi  "':°'''      HP":""'      _g;g?    =S:H  separation  of  the  permitted  coal-tar 

t Vol  (o:oi2)      VoW^.otl]        0:00  ^1S:mo1  colors  to  include  tartrazine 

* 0.01(0.014)          0.02(0.0175           +0°'(+°"«f  By  H.   H,   IKGKRSOLL 

AvBRAOS 0.003        0.003 

As  will  be  noted,  the  amounts  of  aniline  are  expressed  *"""       " 

to  the  nearest  one-hundredth  of  a  milligram,  which  is  Food   Inspection   Decision   76,  issued  by  the   U.  S. 

•  Since  it  i3  important  that  the  unknown  solution  and  the  standard.  Department  of  Agriculture  in  1907,  enumerated  seven 

be  mixed  with  the  reagents  as  nearly  simultaneously  aa  possible,  it  is  well  COal-tar   COlorS   that    COuld    be    USed    in   fOods   Under   CCf- 

to  use  pipettes  or  burettes  with  comp.-.rativciy  large  outflow  openin«s.  so  ^.^j^^  restrictions.     Price'  in   1911  described  a  method 

as  to  consume  as  little  time  as  possible  lor  the  addmg  of  the  reagents.  .              ,      ,                   111.                              j 

•  This  solution  was  prepared  by  suitably  diluting  with  water  a  stock  for  the  Separation  of  these  colors  When  they  occurred 
solution,  the  available  chlorine  of  which  was  about  3  per  cent,  which  was  jjj  mixtures.     Recently,  undcr  Food  Inspection  Deci- 

obtained  by  shaking  thoroughly  for  10  minute,  20  g,  of    «  sample  of  com-  ^            another  COal-tar  dvC  added  tO 

mercial  chlorinated  lime  with  100  cc.  water  and  then  filtcnng.     This  stock  ■=■""    «"-♦.   >^"^    "                                                                            . 

solution  should  not  be  prepared  from  a  chlorinated  lime  which  has  lost  much  the   sevcn   previously    permitted,  nanioly,  Tartroiinc. 

of  the  available  chlorine  that  it  originally  had.  since  it  might  leave  too  much  jj^g    including    of    this    additional    Color    amOng  the    pCf- 

calcium  in  the  final  reagent  and  thus  cause  a  precipitate  or  turbidity  when  .                                              .                                 ,           .              _i..„.   .„u...«. 

the  excess  alkali  is  added.  mittcd  ones  makes  It  necessary  for  the  analyst  to  have 

•  In  the  case  of  the  standard  containing  the  smallest  amount  of  aniline  available    a    method    whcreby    theSC    eight    COal-taf    dyCS 

.01  mg).  reducing  this  time  of  standing  to  5  minute,  appears  advantageous.  ^^  Separated  and  identified  in  cascs  whcFc  they 

•  I'or  most  practical  purposes  these  standards  arc  probably  sufficient,  ''                   '                            t^           •     i.                        j        1. 
,,„e(ncasethecolorof  the  unknown  solution  happen,  to  fall  between  two  OCCUF     in     nilXtUrCS.       EstCS'     haS     Stated     the     nCCCSSIty 

ol    the  above  standards  one  can.   e-pccially  after  some  experience,   judge  for    SUCh     a     method     and     giveS    a     modification     crf    thC 

which  of  the  two  .tandards  it  approaches  nearer  and  assign  1.  a  proper  ^^^^^    described    by    Price    tO    include  ihis  additional 

intermediate  value  which  will  probably  be  close  enough  for  most  practical  •••^'■••^^      ••^                           j 

purposes,    wiien  dealing  with  the  midiiie  and  especially  the  lower  emi  of  color.     By  this   method  Amaranth   IS  Separated   froni 

the  above  series  of  stanilurds.  however,  since  there  would  be  greater  possi-  TartrazinC    by   Saturating  ihc  aqUCOUS  Solution    of   thcSC 

bility  for  a  larger  percentage  error,  it  Is  advisable  to  coiirirnt  any  such  a.-  .                 .    ,             ,.               ,1*11                          -.it        — 

.ume.l  value  by  actually   preparing  the  corre„H,ndl„g  lard  and  one  .  tWO    dyCS    W.lh    Sodium    chloride;    hoWeVCf.    .1    haS    beCn 

Utile  above  and  another  n  little  helnw  that  value  and  repealing  the  siinul-  obsCrVcd    that     whetl    but    Small    amoUntS    of    dvC    hftVC 

Uneou.  treatment   with  the  reagent..      In  order  to  enable  one  to  prepare  ^^^^^    taken    OUt    of    thc    Ofiijinnl    mixtUfC    On    extraction 

quickly  anil  easily  such  intermediate  standards,  it  i.  adviuble  to  have  on  •                   tr                                       1                            ■ 

hand  a  more  dilute  solution  ol  aniline  than  the  above  mentioned  stock  «j|u-  With     thc     amniOnium    SulffttC     ICagt^nt.     IhC    Separation 

tion     Such  o  solution  was  prepareii  by  diluting  10  cc.  of  the  st<K-k  s<dution  js    vcry    difficult    if    at    nil    atlninnblc.      FuTt hcmiofe, 

to  imK,  cc.  with  d e.l  wa.cr.whlch  ha.  also  th,  advan,.,,  that  the  volume  ^,  .                      Tarlraxinc.  like    Naphthol  YclloW   S.  is   SOlu- 

used    in    the    ptrparntit.n  of    any  standard,  eipteued  In  cc  .  gives  also  the  \                          , 

value  of  that  standard  in  hundredths  of  a  milligram  of  aniline     iiy  keeping  ble  in  Saturated  atumonuim  Sulfate  Solution,  the  larger 

some  ot  Ihis  dlliiir  solullun  In  an  appropriate  burette,  any  de.lre.l  Inter-  -^^^1  is  not  extracted  bv  this  rCftgent,  if  the  PricC  dirCC- 
mediale  standard  was  i|iiirkly  and  easily  piF|>ared. 

•  These  snluilniis  were  submltteil  ta  the  writer  a.  "unknowns"  by  Dr.  '  V.  S.  nepartinent  of  Agrtcullur*.  H,  A.  I.  CtK»lM  IW 
A,  Seidell,  of  till,  laboratory.  •  Tm»  Jor.NAL   •  (1916).  IIM-H?*. 
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tions  to  wash  until  the  washings  are  no  longer  red  are 
adhered  to,  but  remains  insoluble  on  the  filter. 

As  the  method  of  separation  described  by  Estes 
proved  unsatisfactory  in  the  hands  of  the  author, 
work  was  undertaken  to  devise  a  method  which 
would  be  entirely  satisfactory.  In  undertaking  this 
work,  it  was  thought  best  to  take  the  Price  method 
as  a  basis,  and,  if  possible,  so  to  modify  it  as  to  include 
all  of  the  eight  permitted  coal-tar  colors.  The  method 
described  below  is  a  result  of  this  work  and  is  given 
only  after  it  has  been  tried  by  several  analysts  working 
independently  and  with  satisfactory  results  on  samples 
of  unknown  mixtures  of  coal-tar  colors. 

Rub  from  o.  i  to  o.  2  g.  of  the  dye  sample,  depending 
upon  the  amount  of  foreign  salts  in  the  mixture,  with 
25  cc.  of  saturated  ammonium  sulfate  solution  in  a 
mortar  and  filter  through  a  dry  filter.  If  the  filtrate 
comes  through  red,  wash  the  color  residue  in  the  mortar 
and  on  the  filter  with  successive  10  to  15  cc.  portions 
of  the  ammonium  sulfate  solution  until  the  washings 
are  no  longer  colored  red.  The  filtrate  and  washings 
contain  the  greater  part  of  the  Amaranth  together 
with  some  Naphthol  Yellow  S  and  also  some  Tartrazine. 
Combine  the  filtrate  and  washings  and  shake  with 
successive  portions  of  acetic  ether  until  the  acetic 
ether  is  no  longer  colored  yellow.  The  acetic  ether 
removes  that  portion  of  the  Naphthol  Yellow  S  which 
was  dissolved  by  the  ammonium  sulfate  solution  and 
may  be  discarded,  since  the  greater  part  of  this  dye 
is  recovered  later  in  the  scheme.  Shake  the  am- 
monium sulfate  solution  containing  Amaranth  and  some 
Tartrazine  with  acetone  to  remove  these  colors;  dis- 
card the  ammonium  sulfate  solution,  dilute  the  ace- 
tone portion  with  an  equal  volume  of  water  and  drive 
the  acetone  off  on  a  steam  bath.  Saturate  with 
sodium  chloride,  add  10  cc.  of  alumina  cream,  agitate, 
warm,  settle,  filter  and  wash  with  warm  saturated 
sodium  chloride  solution  until  the  washings  are  no 
longer  colored  yellow.-.  To  recover  the  Amaranth, 
suspend  the  alumina  cream  precipitate  in  saturated 
ammonium  sulfate  solution  and  shake  with  acetone. 

The  filtrate  contains  Tartrazine  and  is  to  be  dis- 
carded, or,  when  dealing  with  small  amounts,  if  de- 
sired, can  be  saved  and  the  Tartrazine  identified  with 
the  greater  portion  of  this  color  separated  further  in 
the  scheme. 

Dissolve  the  portion  of  the  original  sample  not  dis- 
solved by  ammonium  sulfate,  in  water,  acidify  with 
acetic  acid  and  shake  with  successive  portions  of 
ethyl  ether  until  the  ether  is  no  longer  colored.  The 
ether  contains  erythrosine,  which  it  is  very  essential  to 
remove  completely  from  the  other  dyes  before  pro- 
ceeding further.  Wash  the  ether  solution  several 
times  with  water  and  finally  extract  the  erythrosine 
from  the  ether  with  dilute  ammonia  solution.  Re- 
move the  ammonia  by  evaporation  on  the  steam  bath 
and  observe  if  this  solution,  when  very  dilute,  has 
any  fluorescence  which  might  indicate  the  presence 
of  prohibited  colors  having  similar  reaction.  Remove 
the  ether  from  the  acetic  acid  aqueous  solution  by 
warming  on  a  steam  bath,  saturate  with  sodium  chloride 
at  steam  bath  temperature  and  add  sodium  chloride 


in  excess;  cool  and  filter  through  a  dry  filter.  Wash 
with  saturated  sodium  chloride  solution  until  the  wash- 
ings are  colorless.  When  a  bulky  precipitate  is  ob- 
tained here,  which  is  difficult  to  wash,  it  may  be  time- 
saving  to  redissolve  the  precipitate  and  excess  salt  in 
water  and  repeat  the  salting  and  washing  process, 
adding  the  filtrate  and  washings  to  those  of  the  first 
saturation.  The  combined  filtrate  and  washings  con- 
tain Light  Green  S  F  Yellowish,  Naphthol  Yellow  S, 
Tartrazine,  traces  of  Orange  i,  and  possibly  Amaranth, 
since  the  latter  dye  may  not  be  entirely  removed  by 
the  first  extraction  of  the  dry  sample  with  the  am- 
monium  sulfate   reagent. 

To  separate  the  Naphthol  Yellow  S,  extract  with  suc- 
cessive portions  of  acetone  until  the  acetone  fails  to 
remove  any  more  color.  Combine  the  acetone  ex- 
tracts and  wash  with  several  portions  of  saturated 
sodium  chloride  solution  to  remove  traces  of  Tar- 
trazine and  Light  Green  S  F  Yellowish  from  the  ace- 
tone. Add  to  the  acetone  solution  an  equal  volume 
of  water  and  drive  off  acetone  on  the  steam  bath. 
Acidify  the  water  solution  and  shake  with  amyl  alco- 
hol to  remove  traces  of  Orange  1  that  may  be  present; 
discard  this  amyl  alcohol  solution.  Drive  ofif  all 
the  amyl  alcohol  mechanically  held  in  the  aqueous 
solution  by  warming  on  the  steam  bath  and  test  this 
solution  for   Naphthol  Yellow  S. 

To  separate  the  Light  Green  S  F  Yellowish  from  the 
Tartrazine,  remove  the  acetone  from  the  aqueous 
salt  solution  by  heating  on  the  steam  bath,  and  add 
fuller's  earth  in  the  proportion  of  0.5  g.  to  each  10 
cc.  of  warm  dye  solution.  After  mixing  well  and  heat- 
ing, allow  to  settle;  filter  and  wash  with  water.  The 
Light  Green  S  F  Yellowish  remains  on  the  filter  and 
can  be  dissolved  in  strong,  hot  acetic  acid  and  further 
identified.  If  Tartrazine  was  present  in  the  original 
mixture,  the  filtrate  from  the  precipitation  of  the  Light 
Green  S  F  Yellowish  will  be  yellow  or  golden  yellow, 
not  decolorized  by  hydrochloric  acid.  Imperfect  re- 
moval of  Naphthol  Yellow  S,  previously,  would  result 
in  a  yellow  filtrate  here  which  could  be  decolorized 
by  hydrochloric  acid.  The  Tartrazine  can  be  further 
isolated  from  a  possible  trace  of  Amaranth  by  adding 
10  cc.  of  alumina  cream  to  each  100  cc.  of  solution, 
mixing,  warming  and  filtering,  when  the  Tartrazine 
will  be  found  in  the  sodium  chloride  filtrate.  To 
isolate  from  the  salt,  evaporate  and  redissolve  in 
alcohol. 

Dissolve  the  precipitant  containing  Orange  i. 
Ponceau  3R  and  Indigo  Disulfo  Acid,  together  with 
excess  sodium  chloride  on  the  filter  paper,  in  water 
and  extract  with  three  successive  portions  of  acetic 
ether.  Orange  i  is  taken  up  by  acetic  ether.  Com- 
bine the  acetic  ether  extracts  and  wash  with  saturated 
sodium  chloride  solution,  until  no  more  color  is  removed. 
Extract  the  acetic  ether  solution  with  water  to  ob- 
tain the  Orange  i  in  an  aqueous  solution  and  free  from 
acetic  ether  by  warming  on  the  steam  bath. 

Warm  the  water  solution  containing  Ponceau  3R 
and  Indigo  Disulfo  Acid  from  which  the  greater  part 
of  the  Orange  i  has  been  removed,  on  the  steam 
bath  until  free  from  acetic  ether,  cool,  add  10  g.  gran- 
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ulated  calcium  chloride,  allow  to  stand  15  minutes 
and  then  add  1 5  cc.  of  a  freshly  prepared  stannous 
chloride  solution  containing  the  equivalent  of  3  per 
cent  metallic  tin  and  12  per  cent  of  hydrochloric  acid 
(sp.  gr.  1. 19).  Mix  well  and  allow  to  stand  until 
the  solution  shows  no  blue  color.  If  Ponceau  3R  is 
present,  it  will  be  precipitated.  Filter  immediately, 
wash  the  precipitate  twice  with  25  per  cent  calcium 
chloride  solution  to  remove  all  the  reduced  Indigo 
Disulfo  Acid,  dissolve  the  remaining  residue  in  dilute 
ammonia  solution  and  test  for  Ponceau  3R. 

To  the  filtrate,  which  should  be  practically  color- 
less, add  3  per  cent  hydrogen  peroxide  solution.  A 
deep  blue  coloration  indicates  the  presence  of  Indigo 
Disulfo  Acid. 

Meat  Inspection  LABtiRAToRv 
Washington.  D.  C. 


DETECTION  OF  ADDED   WATER   IN   MILK   BY   MEANS 

OF  A  SIMPLIFIED  MOLECULAR  CONCENTRATION 

CONSTANT' 

By  Leshe  W.  Ferris 

Received  May  31.  1917 

It  is  a  known  fact  that  the  osmotic  pressure  of  the 
blood  serum  of  a  healthy  cow  is  practically  constant, 
and  naturally  the  osmotic  pressure  of  the  milk  must 
be  regulated  by  that  of  the  blood.  The  bulk  of  the 
osmotically  active  substances  in  the  milk  are  lactose 
and  soluble  salts,  chiefly  the  chlorides  of  the  alkali 
metals.  Since  the  ((uantily  of  lactose  in  milk  varies 
considerably  the  chlorides  would  be  expected  to  vary 
inversely  to  the  lactose.  Therefore,  a  figure  that 
would  represent  both  lactose  and  chlorides  in  isotonic 
equivalence  ought  to  be  fairly  constant. 

Mathieu  and  Fcrre^  have  embodied  this  principle 
in  the  calculation  of  a  simplified  molecular  concentra- 
tion constant  which  they  use  as  the  basis  of  a  method 
for  the  detection  of  added  water  in  milk.  Giving  i  g. 
of  sodium  chloride  the  isotonic  equivalence  of  11.9 
g.  of  crystallized  lactose  they  obtain  an  apparent  con- 
stant by  adding  the  grams  of  lactose  per  liter  of  milk 
to  the  grams  of  sodium  chloride  per  liter  X  1 1 . 9. 
They  then  correct  this  apparent  constant  for  the  vol- 
ume of  the  fat  and  casein,  using  0.94  as  the  specific 
■ravily  of  fat  and  1.35  as  the  specific  gravity  of  casein. 
Mathieu  and  Ferrc  conclude  that  this  simplified 
molecular  constant  varies  between  74  and  79  for  gen- 
uine milk  and  falls  below  73  if  the  milk  contains  j  to 
S  per  cent  added  water. 

Since  the  completion  of  this  work  it  is  noted  that 
.Mathieu'  has  found  values  between  79  and  82  for  13 
out  of  a  new  series  of  93  samples  taken  in  summer. 

Monicr-Wiiliams*  has  calculated  the  Mathieu  and 
Ferrc  constant  for  a  number  of  samples  of  milk  from 
Individual  cows.  After  eliminating  certain  samples 
that  were  known  to  be  of  abnormal  character  he  found 
values  for  the  constant  varying  frf)m  70.0  to  78.  i. 


The  object  of  this  work  was  to  test  the  procedure 
upon  different  grades  of  American  milk.  The  molec- 
ular concentration  constant  was  determined  upon 
31  samples  of  milk,  representing  complete  milkings 
from  several  breeds  of  cows.  The  different  samples 
of  milk  varied  considerably  in  quality,  as  is  shown 
by  the  fact  that  the  percentage  of  solids-not-fat 
ranged  from  7.63  to  9.52. 

On  all  of  the  samples  analyzed  fat  was  determined 
by  the  Babcock  Method,  casein  by  the  Official  Method 
of  the  Association  of  Official  Agricultural  Chemists, 
and  the  specific  gravity  taken  with  the  lactometer. 
Sodium  chloride  was  determined  by  the  Volhard 
Method  on  a  copper  sulfate  serum,  as  used  by 
Poetschke,'  with  the  exception  that  it  was  found 
best  to  weigh  instead  of  measure  the  sample  of  milk. 
Lactose  was  determined  in  the  copper  sulfate  serum 
by  the  Munson  and  Walker  Method.  No  correction 
was  made  for  the  volume  of  the  precipitate  produced 
by  the  copper  sulfate,  since  this  error  was  found  to 
be  well  within  the  error  of  the  manipulation.  Dupli- 
cate determinations  of  lactose  and  sodium  chloride 
were  made  on  30  samples  and  the  two  corresponding 
figures  for  the  molecular  concentration  constant  cal- 
culated, as  shown  in  Table  I.  The  greatest  differ- 
ence was  0.6  (Sample  16)  and  the  average  experi- 
mental error  on  the  30  samples  was  0.22. 
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Fig.  I  shows  that  within  certain  limits  the  per 
cent  of  sodium  chloride  gradually  rises  as  the  lactose 
decreases.  The  grams  per  liter  of  lactose  arc  repre- 
sented as  ordinates  and  the  grams  per  liter  of  sodium 
chloride  multiplied  by  11.9  as  abscissae.  When  the 
experimental  results  arc  plotted  it  is  seen  that  they 
njjproach  a  constant  represented  by  the  line  A-B. 

Talilo  I  gives  the  analyses  of  the  samples  of  milk 
with  the  three  figures  that  arc  used  as  a  basis  for  the 
detection  of  added  water;  the  percentage  of  solids- 
not-fat.  the  refraction  and  ash  of  the  sour  scrum  and 
the  molecular  conccntrolion  constant.  The  values 
for  the  molecular  concentration  constant  vory  be- 
tween 71.  I  and  8 J.  6.  The  two  high  figures  for  the 
constant  as  shown  in  Samples  38  and  30.  cow  No.  3, 
were  obtained  upon  milk  that  was  abnormally  high 
in  salt.  Cow  No.  3  wos  near  the  end  of  the  Incla- 
'  Tiiii.  jinnHAu  1  (l»IO).  Jio-;. 
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Table  I — Analyses  op  Milk  op  Individoal  Cows  (Sauples  Arranged  to  Show  Descending  Values  of  Lactose) 


Cow 

Age  of 

Time 

Lac- 

Per cent 

SOOR 

Serum 

Per  cent 

Mol. 

Sampl 
No. 

e         Breed 

No. 
(a) 

Cow 
Yrs. 

since 

Milking 
Time 

Milk 
Lbs. 

tometer 
Reading 

Ref.  at  Ash  g.  per  Solids- 
20°  C.     100  cc.     not-Fat 

Cone. 
Const 

Calving 

Fat  Casein 

Lactose  NaCl 

1 

Grade  Holstein 

12 

7 

3  mos. 

Night 

13.5 

31.4 

4.15 

2.31 

5,31 
5.30 

0.  117 
0.116 

44.1 

0,69 

8,84 

73.8 
73.5 

2 

Thoroughbred  Holstein 

13 

8 

2 'A  mos 

Noon 

26.1 

30.7 

4.00 

1.97 

5.27 
5.23 

0.132 
0,131 

44.2 

0.75 

8.57 

74.9 
74.4 

3 

13 

8 

2'/j  mos. 

Morning 

30.2 

31.8 

3.05 

2.10 

5.20 
5.19 

0,134 
0,132 

43.0 

0.73 

8.52 

73.7 
73.4 

4 

6 

4 

5  wks. 

Night 

14.8 

32.3 

4.25 

2.63 

5.17 
5.15 

0.146 
0.145 

42.8 

0.79 

9.20 

76.4 
76.1 

5 

13 

8 

2'/!  mos 

Night 

21.0 

31.4 

3.45 

2.08 

5.12 
5.13 

0.121 
0.122 

42.8 

0.75 

8.49 

71.5 
71.7 

6 

2 

3 

9  mos. 

Noon 

15.2 

31.0 

3.90 

2.36 

5.11 
5.13 

0.133 
0.129 

41,3 

0.69 

8.77 

73.4 
73.2 

7 

4 

7 

Morning 

17.2 

33.8 

2.40 

2.66 

5.12 
5.10 

0.159 
0.157 

40.2 

0,76 

9.14 

76.0 
75.6 

8 

2 

3 

9  mos. 

Night 

12.5 

33,0 

3.25 

2.49 

5.09 
5,08 

0.131 
0.132 

41.5 

0.78 

8.95 

72.7 
72.7 

9 

Grade  Holstein 

10 

9 

2  mos. 

Morning 

18.0 

32.6 

3.90 

2.70 

5,07 
5.06 

0.143 
0.144 

42.3 

0.82 

8.84 

74.7 
74.7 

10 

Thoroughbred  Holstein 

11 

3 

4  mos. 

Night 

10.0 

32.3 

3.30 

2.43 

5.05 
5.05 

0.129 
0.128 

44,9 

0.72 

9.00 

71.9 
71.8 

11 

Grade  Holstein 

10 

9 

2  mos. 

Night 

18.5 

31.4 

5.05 

2.64 

4,91 
4,92 

0.144 
0.146 

41.1 

0.81 

8.85 

74.1 
74.3 

12 

Thoroughbred  Holstein 

11 

3 

4  mos. 

Morning 

13.0 

30.6 

3.55 

2.48 

4,89 
4,91 

0.159 
0,158 

42,8 

0.73 

8.70 

74.2 
74.3 

13 

2 

3 

9  mos. 

Morning 

15.0 

32.9 

3.20 

2.74 

4,88 
4.86 

0.168 
0.166 

44.9 

0.78 

8.98 

75.3 
74.8 

14 

4 

7 

Night 

13.2 

32.6 

3.30 

2.71 

4.83 
4.84 

0.163 
0.163 

41.3 

0.77 

9.08 

74.1 
74.2 

15 

6 

4 

5  wks. 

Morning 

18.1 

30.3 

4.20 

2.33 

4.85 
4.83 

0.157 
0.157 

41.0 

0.75 

8.51 

73.9 
73.7 

16 

Grade  Durham 

15 

6 

5  mos. 

Night 

6.5 

33.3 

4.60 

3.15 

4.78 
4.82 

0.171 
0.172 

43.1 

0.87 

9.52 

76.1 
76.7 

17 

9 

8 

3  mos. 

Morning 

19.2 

30.4 

2.55 

2.07 

4.79 
4.79 

0.178 
0.178 

42.8 

0.74 

8.09 

75.5 
75.5 

18 

Thoroughbred  Holstein 

5 

3 

5  mos. 

Morning 

13.2 

30.0 

3.50 

1.99 

4.75 
4.81 

0.184 
0.179 

40.4 

0.77 

8.03 

75.5 
75.5 

19 

Grade  Jersey 

14 

8 

5  wks. 

Night 

13.0 

30.4 

4.45 

2.12 

4.76 
4,76 

0.144 
0.142 

40.3 

0.78 

8.18 

71.3 
71.1 

20 

Thoroughbred  Holstein 

5 

3 

5  mos. 

Night 

10.4 

29.7 

3.30 

2.00 

4.71 
4.69 

0.171 
0.172 

39.7 

0.75 

8.04 

73.2 
73.1 

21 

Grade  Holstein 

9 

8 

3  mos. 

Night 

17.4 

28.5 

4.30 

1.70 

4,65 
4,65 

0.168 
0.164 

39.0 

0.75 

7.78 

72.7 
72.2 

22 

Grade  Jersey 

16 

2 'A 

8  mos. 

Night 

4.3 

31.5 

6.65 

3.00 

4,64 
4.64 

0.166 
0.166 

42.4 

0,86 

9.  10 

75.4 
75.4 

23 

Grade  Jersey 

17 

18 

1  mo. 

Night 

13.0 

28.8 

3.90 

1.85 

4.62 
4.64 

0.171 
0,  170 

39.5 

0.74 

7.80 

72.6 

72.7 

24 

Thoroughbred  Holstein 

7 

7 

2>A  mos 

Morning 

15.0 

28.3 

3.40 

1.91 

4.50 
4,50 

0.185 
0,181 

38.4 

0,75 

7.72 

72.7 
72.2 

25 

7 

7 

2 'A  mos 

Night 

17.6 

29.4 

3.50 

2,28 

4.38 
4.35 

0.194 
0,193 

39.5 

0,80 

8.00 

72.9 
72.5 

26 

Grade  Holstein 

8 

7 

1  'A  mos 

Morning 

24.8 

29.1 

3.20 

1,90 

4.33 
4.34 

0,211 
0.212 

39.4 

0.84 

7.71 

74.1 
74.3 

27 

Thoroughbred  Holstein 

1 

5 

1 1  mos. 

Morning 

11.8 

30.4 

3.20 

2.44 

4.24 
4.25 

0.211 
0.211 

40,7 

0,86 

8.39 

73.5 
73.6 

28 

Grade  Holstein 

3 

9 

6  mos. 

Morning 

10.0 

28.1 

3.70 

2.11 

4.13 
4.15 

0.279 
0.281 

38,3 

0,80 

7.83 

81.2 
81.5 

29 

Thoroughbred  Holstein 

1 

5 

U  mos. 

Noon 

9.9 

30.1 

3.50 

2.46 

4.14 
4.14 

0.238 
0.239 

43.2 

0,82 

8.67 

76.1 
76.2 

30 

Grade  Holstein 

3 

9 

6  mos. 

Night 

7.1 

27.9 

3.60 

2.08 

4.09 
4,09 

0.294 
0,294 

39.6 

0,77 

7.63 

82.6 
82.6 

31 

Thoroughbred  Holstein 

I 

5 

1 1  mos. 

Night 

8.4 

30.9 

3.25 

2.48 

4,03 

0.257 

42.2 

0.93 

8.54 

77.2 

32 

Composite  Sample  of  Herd  Milk. . 

31.0 

3.85 

2.44 

4,93 

0.155 

8.73 

74.4 

4.94 

0.156 

74.6 

with  5  per  cent  Added  Wa 

ter . . . 

30.6 

3.70 

2.40 

4.72 
4.69 

0.144 
0.144 

8.41 

70.5 

70.2 

with  8  per  cent  Added  Wa 

ter . . . 

29.5 

3.55 

2.28 

4.54 
4,54 

0.140 
0.140 

8.20 

67.7 

67.7 

33 

Market  "Fresh"  Milk 

31.3 

3.70 

2.31 

4,79 

0.166 

40.5 

0.79 

(8.59)* 

74.1 

with  5  per  cent  Added  Wa 

with  8  per  cent  .\dded  Wa 

Market  "Tresh"  Milk 

er.. . 

29.0 
28.2 
29.5 
28.2 
28.0 

3.45 
3.25 
3.90 
3.75 
3.60 

2,21 
.2.10 
2,31 
2.21 
2.08 

4.55 
4.42 
4.67 
4.45 
4.29 

0.156 
0.150 
0.146 
0.140 
0.136 

38.9 
37.9 
40.5 
39.1 
38,0 

0.74 
0.71 
0.77 
0.72 
0.70 

f7.94)« 
(7.70)* 
(8.16)* 
(7.80)* 
(7.72)* 

69.7 

er... 

67.2 

34 

70.2 

with  5  per  cent  Added  Wa 
with  8  per  cent  Added  Wa 

ter... 

66.7 

ter... 

64.3 

(0) 

tion  period  and  gave  a  very  small  amount  of  milk 
which  would  have  little  effect  in  raising  the  salt  con- 
tent of  a  sample  of  mixed  milk.  Therefore,  the  con- 
stant obtained  on  market  milk  would  naturally  have 
a  narrower  range  than  that  shown  by  milk  of  individual 
cows. 

To  show  the  efifect  of  added  water  5  per  cent  and  8 
per  cent  of  distilled  water  were  added  to  3  samples  of 
milk  (Samples  32,  33  and  34  of  Table  I).  The  lowest 
figures  found  on  the  above  authentic  samples  were: 
for  solids-not-fat,  7.63;  for  refraction  of  sour  serum, 
38.3;  and  for  ash  of  sour  serum,  o .  69.  The  correspond- 
ing figures  on  the  samples  containing  5  per  cent  added 
water  were  well  above  these  results.  When  8  per 
cent  water  was  added,  the  solids-not-fat  and  the  ash 
of  the  sour  serum  were  both  above  and  the  refraction 
of  the  sour  serum  only  slightly  below  the  minima 
found  for  genuine   milk.     On  the  samples  containing 


*  Figures  in  parentheses  obtained  by  the  Babcock  formula, 

S  per  cent  added  water  the  molecular  concentration 
constant  was  near  or  below  70  and  was  considerably 
below  70  in  each  case  where  8  per  cent  water  was 
added.  From  these  figures  it  is  evident  that  the 
molecular  concentration  constant  is  a  better  means 
of  detecting  added  water  than  either  the  solids-not- 
fat,  the  refraction  of  the  sour  serum  or  the  ash  of  the 
sour  serum. 

To  show  the  effect  of  the  age  of  milk  upon  the 
constant,  several  samples  of  market  milk  were  kept 
under  different  conditions  and  the  constant  and  acid- 
ity determined,  as  shown  in  Table  II.  These  samples 
were  not  authentic  and  it  is  evident  from  the  figure 
64.6  that  No.  37  contained  added  water.  As  the 
acidity  of  the  milk  increased  the  lactose  diminished, 
thus  having  the  same  effect  upon  the  constant  as  the 
addition  of  water.  Since  this  effect  is  not  constant 
for  different  conditions  of  souring,  it  does  not  seem 
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practical  to  calculate  the  lactose  originally  present 
in  the  milk  that  has  soured  from  the  apparent  lac- 
tose and  the  acidity.  However,  there  is  little  or  no 
loss  of  lactose  if  the  acidity  of  the  sample  is  not  above 
0.2  per  cent,  and  milk  that  contains  a  larger  amount 
of  acid  is  not  generally  considered  fresh. 


Sarap 
No. 

35 

.n 

M 

39 
4(1 

41 
42 

e 

Description  of  Sample     t 
Market  "Fresh"  Milk 

Held 
before 
Analysis 

0 

3  days 

1  day 

2  days 
0 

2  days 
1  day 
0 

1  day 

2  days 

3  days 
0 

1  day 

2  days 

3  days 
0 

3  days 

6  days 

0 

3  days 

7  days 
9  days 
0 

5  days 

8  days 
0 

1  day 
3  days 
5  days 

9  days 
12  days 

Per  cent 
Lactic 
Acid 
0.  14 
0.15 
0.18 
0.42 
0.15 
0.  16 
0.34 
0.18 
0.21 
0.24 
0.27 
0.16 
0.18 
0.19 
0.22 
0.15 
0.17 
0.20 

0.15 
0.15 

Per 
cent 
Lactose 
4.85 
4.84 
4.78 
4.45 
4.78 
4.77 
4.54 
4.30 
4.30 
4.25 
4.23 
4.68 
4.71 
4.65 
4.63 
4.86 
4.83 
4.79 

4.83 
4.84 
4.83 
4.85 
4.88 

4.81 
4.81 
4.85 

4.85 
4.87 
4.85 
4.85 
4.84 

Mol. 
Cone. 
Constan 
73.2 
73.0 

3  days  on  ice  then  at  15°  C. 

Market  "Fresh"  milk 

Kept  at  15°  C 

Warmed  to  25  °  C.  then  on  ice 

Market  "Fresh"  Milk 

Kept  on  ice 

72.5 
68.8 
72.6 
72.7 
70.2 
64.6 
64.6 

Market  "Fresh"  milk 

Kept  on  ice 

64.0 
63.8 

72.8 
73.1 

Market  "Fresh"  milk 

Kept  on  ice 

72.5 
72.3 
75.2 
74.8 

0.2     per     cent     formaldehyde 
added    to  sample   No.  39 

74.4 

75.0 

Kept  on  ice 

75.0 

Market  "Fresh"  milk 

Added  formaldehyde.  1  part 

74.8 
75.  1 
71.3 

70.6 

Market  "Fresh"  milk 

O.I    per   cent    formaldehyde 
added,  then  kept  at  room 
temp.  (22°  C.) 

Kept  at  room  temperature.. 

70.6 
71.4 

71.4 
71.7 
71.4 
71.1 
71.5 

If  a  sample  of  milk  cannot  be  analyzed  while  it  is 
fresh,  it  should  be  preserved  with  formaldehyde. 
The  results  of  Nos.  40,  41  and  42  of  Table  II  show 
that  the  amount  of  formaldehyde  necessary  to  pre- 
serve a  sample  of  milk  at  room  temperature  for  12 
days  will  not  affect  the  determination  of  the  molec- 
ular concentration  constant. 

The  freezing  point  of  the  samples  of  milk  in  Table  I 
was  determined  by  J.  T.  Keister.'  The  effect  pro- 
duced by  a  given  amount  of  added  water  is  about  the 
same  in  each  case,  but  since  the  freezing  point  has  a 
smaller  variation  than  the  molecular  concentration 
constant,  the  former  method  is  more  accurate  for  the 
detection  of  a  small  amount  of  added  water.  How- 
ever, the  molecular  concentration  constant  is  de- 
termined by  a  simple  chemical  analysis,  and,  since  a 
sample  can  be  preserved  for  some  time  and  the  con- 
stant still  be  determined,  the  method  should  be  a  valu- 
able aid  in  the  detection  of  watered  milk. 

SUMMARY 

I-  -The  thirly-onc  samples  analyzed  showed  values 
fr)r  the  molecular  concentration  constant  between 
7  I .  I  and  82.6. 

II — The  cicvclopmont  of  acidity  has  the  same  ef- 
fect upon  the  constant  us  the  addition  of  Water;  how- 
ever, the  use  of  formaldehyde  as  n  preservative  is 
permissible. 

Ill — On  the  three  samples  to  which  8  per  cent  of 
water  was  added  in  each  case  this  method  showed  the 
presence  of  added  water. 

'  Till*  JuURHAL,  •  (1917),  067. 


IV — If  a  sample  of  milk  can  be  examined  while 
fresh  the  freezing-point  method  is  more  accurate, 
but,  if  it  is  desired  to  preserve  the  sample,  the  de- 
termination of  the  molecular  concentration  constant 
is  better  for  the  detection  of  added  water  in  milk. 

Dairy  Laboratory  and  Laboratory  of  Food  Control 
Bureau  of  Chemistry,  Washington.  D.  C. 


A  METHOD    FOR   THE   DETERMINATION  OF  THE 
VOLATILE  OIL  CONTENT  OF  CITRUS  FRUITS 

By   C     P.   Wri^ON   a.vd  C.   O.   Young 
Received  April  4.  1917 

In  the  course  of  the  investigation  of  the  by-products 
of  citrus  fruit  it  was  found  necessary  to  devise  a  method 
for  determining  the  total  volatile  oil  contained  in  the 
peel. 

Several  attempts  were  made  to  extract  this  oil 
from  the  ground  peel  by  means  of  various  organic 
solvents,  such  as  alcohol,  ether,  benzol,  gasoline, 
chloroform,  and  carbon  tetrachloride.  It  was  found 
that  invariably  a  large  amount  of  water  became 
mixed  with  the  solvent,  even  when  benzol,  carbon 
tetrachloride  and  similar  solvents  were  used.  No 
practical  method  was  found  to  drive  off  this  water 
without  loss  of  oil. 

In  order  to  avoid  this  difficulty  the  ground  peel  was 
dehydrated  with  anhydrous  copper  sulfate  or  sodium 
sulfate  and  the  mixture  extracted  as  before.  Trouble 
was  experienced,  however,  on  account  of  the  large 
amount  of  dehydrating  material  required,  which  caused 
packing  or  caking  in  the  thimble  and  prevented  com- 
plete extraction.  Even  when  extraordinary  care  was 
exercised  in  carrying  out  this  method  it  was  found 
impossible  to  remove  the  last  traces  of  solvent  with- 
out loss  of  oil.  Results  were  always  low,  as  can  be 
seen  by  comparing  the  figures  obtained  by  the  steam 
distillation  of  peel  and  by  extraction  with  absolute 
ether  of  another  sample  of  the  same  peel  previously 
dehydrated  by  mixing  with  anhydrous  copper  sulfate. 

Table  I — Comparison  of  Steam  Distillation  Method  and  ExTHACTtoK 

Methods  of  Determining  Lemon  Oil 

Determinations  made  on  Peel.  Calculated  to  Entirr  Fruit 

Method  Per  cent  Oil  in  Fniit 

Steam  Distillation 0.81 

Hxtrnction.  Ivllier 0.31 

Kxtriiction.  I-thcr 0.2S 

The  extraction  method  not  being  very  satisfactory, 
steam  distillation  was  tried.  After  a  number  of  ex- 
periments the  following  procedure  has  been  evolved 
and  has  been  used  for  a  large  number  of  determina- 
tions: 

MLTlKin     FOR     THK     DF.TKRMI  NATION     OP     VOLATILK     OIL 
IN  CITRUS  FRl'IT  OR  FRUIT  PKKL 

PREPARATION  OF  SAMPLK — Pass  the  entire  sample 
of  whole  fruit  three  times  through  a  fine  cutting  food 
grinder  and  mix  thoroughly. 

DKTKRUiNATioN-  Immediately  after  grinding,  weigh 
2O0  g.  of  the  sample  into  n  I'/t  liter  flask  nnd  mix 
with  700  cc.  of  water.  Altoch  the  fla.sk  to  a  15  in. 
straight  condenser  by  means  of  a  Kjeldahl  bulb. 
Connect  with  a  steam  generator,  place  a  small  llame 
under  flask  and  distil  the  sompio  rapidly  in  a  current 
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of  steam  until   the  oil   ceases  to  come  over.     About 
200  CO.  of  distillate  are  usually  sufficient. 

The  distillate  is  received  in  a  spe- 
cial   oil    flask    through    a   long   stem 
^'oT     funnel,  the  latter  being  used  to  avoid 

Lemon  . 

r%sr  '^'osg'^g  in  the  neck  of  the  flask  with 
Bort/s  subsequent  loss  by  overflow.  The 
special  flask  is  shown  in  Fig.  I. 
It  is  made  similar  to  a  Babcock  milk 
test  bottle:  the  body  has  a  capacity 
of  200  cc.  and  the  neck  2  cc,  the 
latter  being  graduated  in  '/lo  cc. 

As  soon  as  the  distillation  is  com- 
plete, bring  the  oil  into  the  gradu- 
ated neck  of  the  flask  by  the  addi- 
tion of  water  and  whirl  in  a  centri- 
fuge until  all  of  the  oil  has  collected 
in  a  clear  layer.  Note  the  volume 
of  the  oil,  reading  the  extreme  of 
the  meniscus  at  the  top  as  well  as 
at  the  bottom  of  the  column.  Cal- 
culate the  weight  of  the  oil  from  its 
volume  and  specific  gravity  by  the 
following  formula: 

V  X  0.849  X  0.996, 
where  V  is  volume  of  the  oil  obtained,  0.849  the 
average  specific  gravity  of  California  lemon  oils, 
and  0.996  the  factor  correcting  for  determinations 
made  at  25°  /2s °  C.  in  air.  In  exact  work  the 
specific  gravity  of  the  oil  should  be  predetermined 
for  the  particular  kind  of  fruit  used  and  an  average 
of  a  number  of  determinations  on  distilled  oil  taken. 
The  volume  reading  should  be  made  at  the  same  tem- 
perature as  that  at  which  the  specific  gravity  deter- 
minations are  made. 

For  oil  distilled  from  California  lemons  the  specific 
gravity  factor  at  2s°/2S°  C.  determined  in  air  with 
brass  weights  is  0.849. 

If  preferred  the  oil  may  be  weighed  directly  by 
drawing  it  into  a  tared  weighing  pipette,  such  as  was 
described  by  Mertes,'  and  weighed  directly.  This 
method  is  not  as  accurate  as  the  first  method  given, 
owing  to  the  difficulty  in  transferring  all  of  the  oil  to 
the  pipette  without  admixture  of  water. 

By  the  steam  distillation  method,  calculating 
weight  of  oil  from  its  volume  and  specific  gravity,  a 
number  of  determinations  may  be  run  simultaneously 
and  results  are  satisfactory.  Duplicate  determina- 
tions should  not  vary  more  than  o.  i  cc.  on  a  volume 
of  1.5  cc.  and  the  weights  of  the  oil  should  check 
within  0.05  per  cent. 

TaBLB    II COMPARATIVB  RESULTS  OP  OiL   DETERMINATIONS  ON  THE   SaMB 

Fruit.    One    Dbtkrmination    Being    Made    on    Entire    Ground 

Fruit,  the  Other  on  the  Ground  Peel 
The  PercentaKe  of  Oil  in  Both  Cases  Is  Calculated  to  the  Entire  Fruit 

Oil  in  Fruit  Peel  Oil  Oil  in  Fruit 

Bv  DisT.  01'  Whole  Fruit      Per  in  Peel  Calc.  prom  Pssl 

No.     Per  cent  I,bs.  per  Ton      cent         Per  cent         Per  cent  Lbs.  per  Ton 
1057....   0.67  13.4  il.l  1.02  0..13  6.6 

1058 0.74  14.8  29.2  1.1.1  0..1.3  6.6 

1060 0.67  1.1.4  27.3  0.89  0.24  4.8 

1061....    0.68  13.6  29.5  1.78  0.52  10.4 

While  it  is  possible  to  distil  the  ground  peel  alone 
instead  of  the  whole  fruit,  and  calculate  back  to  the 

'  This  Journal.  7  (1915).  236. 


entire  fruit  from  the  percentage  of  peel,  the  results 
obtained  are  usually  low.     This  is  shown  by  Table  II. 

Low  results  on  the  ground  peel  are  attributed  to 
loss  of  oil  in  the  peeling  and  grinding  operations, 
when  considerable  free  oil  is  exposed  to  the  air  and 
there  is  every  chance  for  volatilization. 

In  the  earlier  work  all  determinations  were  made  by 
weighing  the  oil  in  the  special  pipette.  It  was  found 
difficult,  however,  to  remove  all  of  the  oil  from  the 
bottle  without  taking  a  small  amount  of  water  with 
it,  and  this  occasioned  considerable  error.  It  was 
thought  likely  that  the  specific  gravity  of  the  distilled 
oil  would  vary  within  such  narrow  limits  that  by  read- 
ing the  volume  of  the  oil  and  applying  a  factor,  more 
accurate  results  would  be  obtained  than  by  weighing; 
the  oil  direct. 

With  a  view  to  determining  this  factor  for  California 
distilled  lemon  oil  the  specific  gravities  of  a  number 
of  samples  of  oil  were  taken.  The  determinations  were 
made  at  2S°/25°  C.  using  brass  weights  in  air,  as  the 
oil  when  removed  from  the  centrifuge  was  usually 
within  two  or  three  degrees  of  that  temperature. 
Samples  of  lemons  of  the  different  varieties  grown  in 
California  and  also  from  different  localities  were  used 
to  determine  whether  or  not  the  specific  gravity  of 
the  oil  in  any  case  varied  greatly  from  the  average. 
The  results  are  shown  in  Table  III: 

Table  III — Specific  Gravities  of  Distilled  Lemon  Oils  at  25°/25°C. 
Date  Rec'd 

Variety  No.         at  Lab.  Where  Grown  Sp.  Gr. 

Eureka 639  12/6/15  Santa  Paula  0.8489 

646  12/13/15  Whittier  0.8494 

678  12/29/15  San  Fernando  0.8449 

696  1/18/16  .\rlington  Heights  0.8476 

713  1/26/16  Whittier  0.8502 

717  1/31/16  San  Fernando  0.8502 

726  2/  5/16  Carpinteria  0.8504 

955  6/16/16  Whittier  0.8495 

957  6/16/16  Claremont  0.8452 

998  7/  6/16  Carpinteria  0.8494 

Average 0.8487 

Lisbon 637  12/   1/15  Chula  Vista  0.8505 

662  12/21/15  Chula  Vista  0.8511 

692  1/12/16  Corona  0.8482 

695  1/15/16  Corona  0.8506 

706  1/24/16  Whittier  0.8468 

806  3/11/16  Arlington  Heights          0.8454 

826  3/24/16  Escondido  0.8501 

833  3/25/16  Whittier  0.8479 

851  4/6/16  Chnla  Vista  0.8.S06 

880  4/24/16  Whittier  0.8475 

915  5/18/16  San  Diraas  0.8434 

920  5/22/16  Bonita  0.8503 
Average 0.8484 

Villa  Franca 675  12/27/15  Bonita  0.8508 

883  4/24/16  Bonita  0.8489 

921  5/22/16         Bonita  0.8485 

Average 0.8494 

General  Average 0.8487 

It  will  be  seen  from  Table  III  that  the  average  of 
all  the  determinations  is  0.8487.  This  table  shows 
the  averages  for  Eurekas  and  Lisbons  to  be  practically 
the  same,  and  that  for  the  Villa  Francas  to  be  a  little 
higher.  In  the  latter  case,  however,  all  the  samples 
are  from  the  same  tree  and  may  not  represent  the 
average  for  the  variety. 

Table  IV  gives  a  comparison  of  the  oil  yield  ob- 
tained by  direct  weighing  and  by  calculating,  using 
the  factor  0.846.     0.849  X  0.996  =  0.846. 

The  largest  volume  of  oil  obtained  in  the  determina- 
tions is  1.81  cc,  and  the  lowest  0.96  cc.  Taking  this 
largest  volume  (1.81   cc.)  and  calculating  the  weight 
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''t^ioZl'iV'ntrf.un^'ok^'^So  B°v''cSfuf."'oro7VmGH?'Sr  THE  DETEEMINATION  OF  AVAILABLE  OXYGEN  IN 

Oil   from  Volume   and  Specific   Gravity  at   25°/25°   C.  PYROLUSITE 

Per  cent  Oil          Cc.  Oil      Weight  of  Oil          Lbs.  Oil  per  Ton  „                  „ 

Direct                  from                     Cc.                    Direct              By  By  O.   L.   Barxebey 

No.              Weight                200  g.               X  0.846               Weight     Calculation  Received  April  \->    1917 

637 0.69                    1.73                    1.464                    13.8               14.6  -r.          ,        ■            .                             .        .            ' 

639 0.43              1.06             0.897               8.6            9.0  Pyrolusitc    IS    the    principal    manganese    ore.     The 

646 0.48                    1.22                    1.032                      9.6               10.3  '      ,                  ,           r         ^t.                  -i     li                                      -i       , 

662 0.66              1.64             1.387              13.2           13.9  Ore  has  valuB  for  the  available  oxygen  and  the  man- 

678'.'.'.'.'.'.'.'.  0^60              K48              1.252              12^0          12!5  ganesc   Contained   therein.      Hence   the   determination 

695::;:.;:;  0:75              l:8i              l.TA             It.o          It.t  of  these  two  elements  in  the  ore  evaluate  it  for  the  in- 

5'* 0^*              1^5              I  if'              ;?•*          li?  dustries.     Various    methods   for  the  determination  of 

/Uo U.OD  1.44  1.218  11. U  12.2 

713 0.42              1.09             0.922               8.4            9.2  manganese    have    been    studied    by    many    chemists, 

717 0.57                    1.40                    1,184                    11.4               11.8  ,            °                    ,        ,      .                   ,,,..,.' 

726 0.45              1.11              0.939               9.0           9.4  but  the  mcthods  in  usc  for  the  determination  of  avail- 

806 0.58                   1.46                   1.235                   11.6              12.4  ,  ,                           ,                        ■        j   u    ..  i-..^i         ^.       .•         1 

826 0.49              1.23              1.041               9.8          10.4  able  oxygcn  have  rcccived  but  little  attention.' 

8m;;;;;:;:  0:43              i';?2             0:948               1:6           9:5  Results    for   the   percentage    of    manganese    dioxide 

|g3 q-jI              \12             120?             n'6          120  obtained  by  various  responsible  chemists  have  given 

9'5 0.46              1.19              1.007               9.2          10. 1  differences  of  as  much  as  five  per  cent  on  a  carefully 

920 0.49                        1.21                         1  .  U24                          9.0                  1U.2  _              _                                                                                                 "^ 

921 0.62              1.54              1.303              12.4          13.0  prepared  Sample,  whilc  differences  of  a  per  Cent  Or  two 

955 0.47                     1.22                    1.032                      9.4               10.3  .                                    ,        ^,  •                                          . 

957 0.45              1.15              0.973               9.0            9.7  are  Quitc  common."     This  paper  contains  the  results 

998 0.40                  0.99                  0.838                    8.0                8.4  r         j    .^    -1     j      .^     j               .^      ..i.                            r           i     j- 

ot  a  detailed  study  as  to  the  causes  of  such  discrepan- 

of  oil  from  the  specific  gravity,  using  the  largest,  small-  "^^   ^"^  recommends  two  accurate   methods  for  the 

est  and  average  values  for  specific  gravity,  we  have:  analysis    of    oxidized    manganese    ores. 

Three  methods  have  been  in  general  use  for  the  de- 

1.81   X  0.8511   X  0.996  =    15.34  lbs.  per  ton  ....               ,               .,    ,,                                .                     i       -.^          ...i. 

1.81  X  0.8434  X  0.996  =  15.20  lbs.  per  ton  termination    of    available    oxygen    in    pyrolusite:    the 

1.81  X  0.8490  X  0.996  =  15.31  lbs.  per  ton  ^^^^^  ^^,j^  method,'  the  fcrrous  sulfate  method*  and 

The   greatest    difference   is   only   0.14   lb.   per   ton,  the    chlorine    evolution    method.'     Of-   these    methods 

which  is  well  within  the  limits  of  experimental  error.  the  oxalic  acid  method  is  perhaps  the  most  universally 

For   determinations   involving  smaller   volumes   of   oil  applied   for  this   determination.      Bunsen's   method  is 

the  possible  error  involved  through  use  of  the  factor  seldom  used  due  to  the  inconvenience  of  distilling  the 

is   of   course   reduced.      The   yield   of  oil,   pounds   per  chlorine,  which  process  becomes  very  time-consuming 

ton,  obtained  by  use  of  the  factor  is  in  every  case  a  when  a  large  number  of  ores  are  to  be  analyzed, 

trifle  higher  than  that  obtained  by  direct  weighing.  the  oxalic  acid  method 

It  is  the  intention  to  continue  the  work  and  deter-  jj,g  ^^^y^^  ^^^j^j  n^ethod  consists  in  dissolving  a 
mine  the  specific  gravities  of  the  distilled  oils  of  other  weighed  portion  of  pyrolusite  in  a  known  quantity 
California  citrus  fruit  in  order  to  arrive  at  a  factor  ^f  ^^^y^^  ^^j^j  ;„  ^^e  presence  of  dilute  sulfuric  acid, 
similar  to  that  applied  to  lemon  oils.  That  'an  idea  heating  the  solution  to  facilitate  reaction.  The  ex- 
may  be  had  of  the  oil  content  of  the  fruit  the  data  ^ess  of  oxalic  acid  is  then  titrated  with  standard  per- 
already  obtained  is  given.  manganate  and  the  per  cent  of  manganese  dioxide  or 
Table    V— Pbrcbntaghs    of    Oil    in    Valencia  Oranges.  Tangerines  available  OXygen   computed.' 

AND  Grapefrimt  i.v  DISTILLATION  MsTiioD  ^        discrcpancy  cxistcnt  in  the  analysis  of  an  ore 

Cc.  oil         Per  cent  Oil         Sp   Or.  -                    .                                          ,            . 

(list,  from        Direct            of  Oil  should  be  evident  when  samples  of  the  ore  are  ana- 
No.                  200  k.              Weight            25°/25''C.  ,            ,            ,                 ,                ■■    ■               ,             ,        r                   ■           ,        j 

Valencia  orangesCo) . .    999              1.80             0.71             0.8411  lyzcd  undcr  such  Conditions  that  the  factors  involved 

jJJUJ             ^^J            0.70            o  841?  '"    ^^^   determination    are    alternately    kept    constant 

1004             3  23             1.29             0.8424  and   madc  variable.     Thus  one  can   maintain  a  con- 

'^""'""""                 .*"             ,'70            S.M             o.ltll  slant    weight    of   sample,    constant    volume,    constant 

,    .                                     '  ^*            ^  *'             °  l*\l  amount  of  oxalic  acid,  constant  temperature  and  make 

Grapefruit 1361                   0  79                  0.30                  0.8420  .                                 .,       .              .,                                 •                -,,                     l 

(«)  In  .  recent  article  by  iumkI  (This  Journal.  8  (1916).  709)  data  variable  the   sulfunc    acid    Concentration.     Two   such 

are  given  on  the  oil  content  of  Florida  Valencias.     Amount.s  were  found  not  Series    of    results'    are    givcn    in     Table    I.       An    appfOX- 

exceedlng  0.53  per  cent.     This  (ruit  waspccled  and  the  determinolions  made  imately    JV/4     OXalic    acid     Solution     WaS    prepared     and 

on  the  peel.      In  our  experience,  us  above  stated,  this  practice  invariably  *■•«/.                   •              ..•                       •       .                  ij 

yields  low  results  Standardized    from    lime    to    time    against    standard 

permanganate  of  approximately  A'^  to  strength.     The 

SUMMARY  f                 b                             II                           J 

I  Sec  Hililiography  ot  the  Analyliral  Chrniislry  of  MiinKi>nr«e.  Talbot 

I        The   Steam   distillation    method    is    the    most    prac-  and  llruwn.  Smithsonian  Innilutlun.  Washington.  D.  C.  ItOl. 

tica!  one  thus  far  developed  for  the  determination  of  •  Sce  also  cmificaie  of  An«iy«».  standard  s«mpi.  Numi.er  ;v  r.  s. 

.,               f     .••          •!             i         »       f      •.            t       •■.  Ilurrau  of  Slanilards 

the  volatile  oil  content  of  citrus  fruit.  .  „^„p^,  ..^.„„  Mcthoden  .u.  r,oiun»  d«  Rn.u»i.i»  u.w."  c  i>. 

II— A    special    calibrated    receiving    (lask    has    been  winter,  iieidriberg,  I8U 

,      .           ,    ,                 .    ,,                  ,         r    .,           ,    .            •       .  'Originalcil  b>  Levol.  J.  />»«».   .»i«i.  HI  1  (IM:).  ?10;  mixllfted  by 

designed   to  meet  the  needs  of  this  determination.  weidon  and  i.unir.  Di..»ier-. /»c<,.«*.  J .  U8.  .w.  tM,  ?.»i.  J.W;  c»»«. 

Ill — For   rapifl   and    reasonably   accurate   work   the  A'wj.  «1  (ihso).  i.'9.  mi. 

.,.*.,           'If    1*11      I   /              I                                  u            II  *  llunsen,  Aitn.  tkim  .  M  (IftA.t).  JIW. 

weight  of  the  oil  distilled  from  lemons  may  be  calcula-  .i'tc«.i.i«,.nd  win  (,4«.  aim..  «.  ir.  a.  i.i?:  Din»i«-.ro/H«».  J. 

ted  by  multiplying  the  voliinu-  of  the  distilled  oil  at  no  (II143).  .mo)  measure  the  coi  |iti>duc»si. 

2'°C    bv  O    8  if)  'Samples    101.     107.     10.1,     l(M.    I0.<.    106    were    air  dri«l     samplea. 

"'          •/••••  ricJveil    from   The  I"    1'    lliirgess  l.alHiralarin      The  samples  had  no  ten- 

CiTiiit  Ilvl'iionuiTa  I.aiioiiatuiiv  dency  to  give  up  oi  lake  on  molxuie  when  t>tlni  »rlghe«l  for  analysis    These 

DuHKAii  or  CiiKMiNTiiV  Mimples  were  grnund  (o  pass  /Oti  mesh  silk  tM4llng  cloth  ami  kepi  In  gtosa 

I. OS   ANOKLm,   Cal.  stoppered  welghlns  iHilllr*. 
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permanganate  was  standardized  against  pure  sodium 
oxalate,  ferrous  ammonium  sulfate  and  electrolytic 
iron.  The  volume  of  extraction  solution  was  200  cc. 
in  this  series.  The  temperature  was  maintained  at 
about  7  5°  until  the  residue  was  very  light-colored 
and  siliceous  in  character.  After  the  ore  had  been 
completely  dissolved  the  excess  of  oxalic  acid  was 
titrated  with  the  permanganate.  Samples  6,  7  and  8 
were  diluted  with  hot  water  before  titration  to  lessen 
the  concentration  of  the  sulfuric  acid  somewhat. 
Series  II  differed  from  Series  I  in  that  the  tempera- 
ture was  higher,  being  just  below  boiling.  The  re- 
sults of  Series  II  indicate  that  better  uniformity  is 
obtained  at  the  higher  temperature,  due  to  the  fact 
that  reaction  occurs  much  more  rapidly  at  the  ele- 
vated temperature,  thus  diminishing  the  time  neces- 
sary to  dissolve  the  ore. 

Tablb  I — Results  on  0.5-Gram  Weights  op  Samples  104  and  105 

Normality        * Percentages  Obtained » 

of  Series  I—SamfU  104  5(tic!  // — Sample  105 

Expt.              Sulfuric  Available      Manganese  .Available     Manganese 

No.                  Acid  Oxygen            Dioxide  Oxygen           Dioxide 

1 0.4  14.09               76.58  13.18              71.45 

2 0.8  13.90              75.50  12.97              70.49 

3 1.6  13.92              75.65  12.92              70.17 

4 2.4  13.81              75.05  12.91              70.15 

5 3.2  13.76               74.83  12.91               70.15 

6 4.0  13.77              74.80  12.89              70.02 

7 8.0  13.73              74.59  12.87              69.92 

8 12.0  13.51              73.44  12.84              69.78 

Maximum  Difference 0.58  3.14  0.34               1.67 

A  series  of  analyses  was  performed  keeping  the 
amount  of  sulfuric  acid  added  constant  and  varying 
the  volume,  with  the  other  factors  the  same  as  in  the 
two  previous  series.  The  results  were  similar  to  those 
tabulated  in  Table  I,  the  lower  the  acid  concentra- 
tion the  higher  the  per  cent  of  manganese  dioxide 
obtained. 

Another  series  of  experiments  was  performed  vary- 
ing the  weight  of  samples  taken  for  analysis.  In 
another  series  the  amount  of  excess  of  oxalic  acid 
was  varied.  In  still  another  series  phosphoric  acid 
was  substituted  for  sulfuric  acid.  In  each  series 
varying  results  were  obtained.  One  of  the  most  in- 
teresting features  observed  was  that  as  long  as  one 
maintains  as  nearly  identical  conditions  of  experi- 
mentation as  possible  the  operator  can  usually  obtain 
quite  closely  agreeing  results.  By  changing  condi- 
tions somewhat,  again  closely  agreeing  results  are  ob- 
tained, but  these  results  are  different  from  the  previous 
series.  This  shows  the  method  to  be  highly  em- 
pirical. 

The  chemical  nature  of  the  reactions  involved  in 
this  determination  suggests  several  possible  errors: 
I — Imperfect  titration  of  oxalic  acid  to  carbonic  acid; 
II — Decomposition  of  oxalic  acid  during  the  heating 
period;  III — Escape  of  oxygen  during  interaction  of 
the  pyrolusite  and  the  oxalic  acid;  IV — Decomposi- 
tion of  the  oxalic  acid  into  water,  carbon  monoxide 
and  carbon  dioxide.  These  possibilities  have  been 
studied  in  the  order  named. 

I TITRATION  or  OXALIC  ACID  BY  PERMANGANATE 

Constant  amounts  of  oxalic  acid  were  titrated  with 
permanganate  in  constant  volumes  of  solutions  (200 
cc.)  containing  variable  concentrations  of  sulfuric 
acid  and  the  solutions  heated  to  constant  tempera- 
ture (85°)  preceding  titration  (see  Table  III). 


The  conclusion  from  this  series  of  experiments  is 
that  oxalic  acid  can  be  titrated  accurately  in  dilute 
hot  sulfuric  acid  solution  but  when  the  hot  solution 
becomes  too  concentrated  in  acidity  a  single  drop 
of  the  permanganate  in  excess  of  that  required  for  the 
reaction  with  the  oxalic  acid  will  not  give  a  recogniza- 
ble tinge  of  color  to  the  solution.  In  the  concentra- 
tion of  sulfuric  acid  greater  than  about  8  N ,  titrating 
at  80°,  the  end-points  are  indistinct,  the  pink  color 
imparted  by  a  drop  of  the  standard  permanganate 
fading  very  rapidly.  With  less  than  8  A^  acidity 
the  end-points  become  more  definite  with  diminishing 
acidity  to  o.  8  A'^. 

The  previous  observation  regarding  acid  concentra- 
tions explains  the  reason  for  the  exceptionally  low 
percentage  of  manganese  dioxide  obtained  in  Expl. 
8  of  Series  I  and  could  easily  account  for  a  larger 
difference  than  exists  between  Expts.  7  and  8  of  Series  II. 

II — DECOMPOSITION    OF    OXALIC    ACID    I\    HOT    AQUEOUS 
SOLUTION 

It  has  been  known  for  a  long  period  of  lime  that 
oxalic  acid  decomposes  slowly.  A  number  of  authors'" 
have  called  attention  to  this  decomposition  and  have 
attributed  the  cause  to  fungus  growths,  oxidation  by 
the  air,  action  of  the  light,  molecular  rearrangement, 
etc.  Jorissen  and  Reicher"'''  studied  the  rate  of  de- 
composition of  oxalic  acid  in  the  presence  of  various 
substances  over  long  periods  of  time  (1-140  days)  at 
temperatures  varying  from  room  temperature  to  55°. 
These  authors  conclude  that  "the  oxidation  of  oxalic 
acid  is  accelerated  in  diffused  light  in  the  presence 
of  sulfuric  acid,  boric  acid,  sodium  fluoride,  sulfates 
of  manganese,  iron  (ferrous  and  ferric),  cerium  (cerous 
and  eerie),  thorium,  and  erbium  and  also  mangan- 
ous  acetate,  butyrate,  benzoate  and  oxalate.  In 
sunlight  the  acceleration  increased  with  the  amount 
of  catalyzer  added  and  was  much  greater  than  in 
diffused  light.  The  acceleration  is  dependent  upon 
the  composition  of  the  catalyzer."  They  obtained 
decomposition  effects  as  great  as  4.6  per  cent  per  day 
with  manganous  sulfate  present.  DeBries,'  Lemoine,' 
and  Lemoine  and  Poitevin'  found  that  ferric  salts  in 
the  light  caused  oxidation  of  oxalic  acid. 

Unaware  of  Jorissen's  work  at  the  lower  tempera- 
tures, the  author  studied  in  a  detailed  manner  the 
decomposition  of  oxalic  acid  at  a  more  elevated  tem- 
perature and  obtained  some  interesting  results  di- 
rectly applicable  to  the  determination  of  available 
oxygen   in   pyrolusite. 

•  Wittstcin,  Z.  anal.  Chem..  1  (1862).  495. 
>  Neubauer.  Ibid..  9  (1870).  392. 

'  Bizio.  Ibid..  9  (1870).  52. 

<  Downcs  and  Blunt,  Chem.  News.  36  (1877),  279;  Jakresb..  1870, 
643;  C.  C.  1870,  50. 

•  Richardson.  J.  Chem.  Soc.  65  (1894),  450,  453. 

•  Hartley.  Chem.  News.  37  (1878).  9. 

'  Fleury.  J.  Pharm.  Chem..  15)  7,  388. 

•  DuClaux,  Compt.  rend..  103  (1886).  1011. 

•  Warburg.  Untersuch.  bolan.  Inst.  Tubingen.  8  (1886-8),  117. 
'•  Wehracr,  Bol.  Zig..  1891,  41. 

"  Gigli.  C.  C.  1  (1893).  II. 

a  Gerland.  J.  Soc.  Chem.  Ind..  10  (1891).  25. 

•«  Reiglcr.  Z.  anal.  Chem..  3S  (1896).  522. 

"  Jurisscn.  Z.  angew.  Chem  .  1899,  521. 

»  Jorissen  and  Rcichcr.  Z.  phys.  Chem..  SI  (1899).  142. 
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Table  II — Accuracy  op 

Permanganatb  Titration 

OF  Oxalic  Acid 

Normality       Grams 

Exp.  Sulfuric     Oxalic 

Acid 

No.     Acid       Present 

Found 

1          0.8         0.2504 

0.2504 

lo        0.8         0.2504 

0.2503 

2          1.6         0.2504 

0.2503 

2a        1.6         0.2504 

0.2505 

3          4.0         0.2504 

0.2503 

4           6.0          0.2504 

0.2505 

5           8.0          0.2504 

0.2506 

50        8.0          0.2504 

0.2505 

6         10.0          0.2504 

0.2510* 

7        12.0         0.2504 

*• 

8        18.0         0.2504 

** 

9        28.0         0.2504 

** 

*  End-point  rather 

indefinite 

*•  End-point  very 

indefinite 
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Table  III — Decomposition  op  Oxalic  Acid  in  Hot  AQuEons  SoLtmoN 
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(1)   Effect  of  Heating  with  HiSO, 

Normality        Grams 
Exp.  Sulfuric       Oxalic  Acid 
No.       Acid       Present    Found 


0.4 

0.2502 

0.2504 

0.8 

0.2502 

0.2498 

1.6 

0.2502 

0.2497 

2.4 

0.2502 

0  2504 

3.2 

0.2502 

0.2503 

4.0 

0.2502 

0.2503 

8.0 

0.2502 

0.2504 

2.4 

0.2502 

0.2503 

2.4 

0.2502 

0.2502 

2.4 

0.1668 

0.1670 

2.4 

0.2502 

0.2503 

2.4 

0.3336 

0.3333 

2.4 

0.5004 

0.4996 

2.4 

0.6672 

0.6654 

2.4 

0.8340 

0.8324 

(2)   Effect  of  ilanganous  Sulfate 
Normality  op  Grams 

Exp.  Sulfuric  Manganese     Oxalic  .\cid 
No.       Acid      Sulfate      ~  ~ 

0.02 
0.04 
0.06 


(i)  The  effect  of  heating  oxalic  acid  solution  with 
varying  and  constant  concentrations  of  sulfuric  acid  in 
diffused  daylight  was  studied.  Constant  portions  of 
standard  oxalic  acid  were  measured  into  beakers  and 
16  A'^  sulfuric  acid  added  in  varying  amounts  followed 
by  sufficient  water  to  make  200  cc.  in  each  case. 
The  solutions  were  then  heated  for  six  hours  at  85° 
in  diffused  light,  after  which  the  oxalic  acid  was  titra- 
ted with  standard  permanganate  [see  Table  III  (i)]. 
In  Expts.  8  and  9  the  oxalic  acid  was  titrated  as  soon  as 
the  solutions  had  reached  80°  and  these  titrations 
served  as  a  standard  with  which  to  compare  the  other 
titrations.  In  Expts.  10  to  15  the  normality  of  the 
sulfuric  acid  was  maintained  constant  and  the  oxalic 
acid  concentration  progressively  increased.  In  these 
last  five  experiments  the  heating  period  was  4  hours 
and  in  the  first  seven  experiments  6  hours.  This 
series  shows  that  the  loss  occasioned  by  heating  in 
diffused  sunlight  oxalic  acid  solutions  acidified  with 
dilute  sulfuric  acid  is  very  slight  indeed,  in  fact  negligi- 
ble over  the  short  periods  of  time  when  application 
to  analytical  chemistry  is  considered. 

(2)  The  effect  of  the  addition  of  the  products  of  reac- 
tion in  the  determinations  was  then  studied.  Potas- 
sium sulfate  and  acid  sulfate  were  found  to  have  no 
particular  influence.  Manganous  sulfate,  however, 
exerted  a  striking  effect.  In  consequence  of  this 
effect  a  more  detailed  study  was  taken  up  with  the 
manganese,  typical  results  being  quoted  in  Table 
III  (2).  In  this  series  of  experiments  the  volume 
was  200  cc.  and  the  heating  period  was  4  hours  at  a 
temperature  of  about  80°.  A  4  TV  manganese  sulfate 
solution  was  used  as  the  source  of  the  manganese.  Table 
III  (2)  shows  manganese  sulfate  to  have  a  tendency 
to  accelerate  the  decomposition  of  oxalic  acid  very 
markedly.  In  general,  the  above  series  of  results 
indicates  that  the  decomposition  increases  as  the 
amount  of  manganese  increases.  In  Expts.  7, 
8,  9  and  10  difliculty  was  experienced  in  obtaining 
an  end-point  due  to  the  pink  coloration  imparted  to 
the  solulit)n  by  the  rallicr  large  amounts  of  man- 
ganese sulfate. 

Another  scries  of  15  experiments  was  performed 
under  similar  conditions  to  those  of  Table  III  (3) 
except  that  the  concentration  of  manganese  sulfate 
was  kept  constant,  0.06  N,  and  the  sulfuric  acid  con- 
centration was  varied  from  0.4  iV  to  la.oA^.  In 
all  cases  there  was  decomposition  of  the  oxalic  acid 


2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 


0.10 
0.20 

0.40 
0.80 


1.60 
2.00 


Present  Found 

0.2502  0.2459 

0.2502  0.2433 

0  2502  0.2337 

0.2502  0.2321 


(3)  Effect  of  Sunlight 
Normality  of  Graus 

Sulfuric  Manganese    Oxalic  Acid 
Acid     Sulfate       Present    Found 


0.2502 
0.2502 
0.2502 
0.2502 
0.2502 
0.2502 
0.2502 


0.2301 
0.2310 
0.2280 
0.2263 
0.2327 
0.2292 
0.2502 


2.4 

0.02 

0.2184 

0.1973 

2.4 

0.04 

0.3184 

0.1970 

2.4 

0.06 

0.2184 

0.1951 

2.4 

0.10 

0.2184 

0.1965 

2.4 

0.20 

0.2184 

0.19S6 

2.4 

0.40 

0.2184 

0.1967 

2.4 

0.00 

0.2184 

0.2I5S 

0.0 

0.00 

0.2184 

0.2175 

0.8 

0.06 

0.2184 

0.1994 

1.6 

0.06 

0.2184 

0.1994 

2.4 

0.06 

0.2184 

0.1995 

3.2 

0.06 

0.2184 

0.2008 

4.0 

0.06 

0.2184 

0.2027 

0.0 

0.06 

0.2184 

0.2104 

2.4 

0.20 

0.2502 

0.2177 

2.4 

0.20 

0.2502 

0.2124 

during  the  heating  period,  the  results  showing  some- 
what irregularly  from  4  to  8  per  cent  loss  of  oxalic 
acid. 

In  the  previous  series  the  experiments  were  per- 
formed in  beakers  covered  with  watch  glasses.  A 
series  of  experiments  was  performed  using  Erlenmeyer 
flasks  fitted  with  Bunsen  valves,  thus  allowing  the 
steam  to  displace  the  air  in  the  flask.  The  decom- 
position of  the  oxalic  acid  proceeded  in  the  same 
general  manner  as  before  only  to  a  lesser  degree. 
Other  series  were  performed  with  flasks  fitted  with 
Bunsen  valves,  removing  the  air  by  carbon  dioxide 
before  fitting  on  the  valve.  This  method  of  pro- 
cedure diminished  the  decomposition  but  did  not 
completely  prevent  it.  To  remove  the  source  of 
difficulty,  the  effect  of  boiling  was  also  tried,  with 
results  similar  to  those  obtained  by  use  of  carbon 
dioxide. 

(3)  In  some  preliminary  experiments  sunlight  was 
found  greatly  to  accelerate  the  decomposition  of  oxalic 
acid.  These  experiments  were  followed  by  a  system- 
atic study  of  the  light  effect.  Table  III  (3)  con- 
tains the  results  of  heating  in  direct  sunlight  oxalic 
acid  solutions  containing  variable  amounts  of  man- 
ganese sulfate.  The  concentrations  of  oxalic  acid, 
sulfuric  acid,  the  volume  (200  cc.)  and  the  tempera- 
ture (90°)  were  kept  constant  in  Expts.  1-7,  inclusive. 
In  Expts.  9-13,  inclusive,  the  manganese  sul- 
fate was  maintained  constant  with  the  other  factors 
and  the  acidity  made  the  variable.  Expts.  1-8, 
9—14,  and  15-16  were  performed  on  three  different 
days.  The  sunlight  was  quite  strong  on  the  first 
two  days  and  very  bright  on  the  third  day.  The  time 
of  heating  in  the  sunlight  was  3  hours  in  every  case. 

In  Expts.  1-6  a  somewhat  constant  loss  occurred — 
approximately  10  per  cent  of  the  oxalic  acid.  With 
no  manganese  sulfate  present  (7)  the  decomposition 
was  much  less  and  also  with  no  sulfuric  acid  present 
(8)  the  loss  was  still  less  than  in  the  previous  cases. 
Increase  in  acidity  in  Expts.  0-13  gave  a  gradually 
increased  preservation  of  the  oxalic  acid  although  at 
no  lime  was  the  loss  small  in  amount.  With  no 
sulfuric  arid  present  (8  and  14)  the  decomposition 
was  not  quite  as  large  as  when  it  was  present.  How- 
ever, more  experimentation  should  be  carried  out  to 
prove  this  point  delinitely.  Experiments  15  and  16 
were  conducted  over  4-hour  periods  instead  of  3 
in    very    bright   sunlight.     In    Expt.    15    the   solution 
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was  contained  in  an  Erlenmeyer  flask  closed  with  a 
Bunsen  valve  and  16  was  contained  in  a  beaker  cov- 
ered with  a  watch  glass.  It  is  to  be  noted  that  in 
Expt.  16  the  percentage  loss  during  the  heating  period 
attained  over  15  per  cent. 

This  work  proves  definitely  that  manganese  sulfate 
in  the  presence  of  the  light  at  a  temperature  of  80—90° 
causes  o.\alic  acid  in  sulfuric  acid  solution  to  decom- 
pose rapidly. 

In  this  study  of  the  decomposition  of  oxalic  acid 
the  time  intervals  were  made  3  to  4  hours  in  order 
to  give  greater  accuracy  to  the  work  than  a  shorter 
time  would  give.  Only  occasionally  will  such  a  length 
of  time  be  required  to  dissolve  a  pyrolusite  ore  sample 
provided  the  ore  is  pulverized  to  pass  a  200-mesh 
silk  bolting  cloth.  When  the  ore  samples  are  passed 
through  a  loo-mesh  sieve  or  less  such  a  length  of  time 
for  the  decomposition  using  a  temperature  of  80° 
will  frequently  be  necessary.  If  the  solution  is  heated 
to  boiling,  the  time  is  greatly  reduced.  If  the  time  of 
heating  can  be  diminished,  as  in  the  case  of  some  ores, 
to  a  few  minutes  and  the  operation  be  conducted  in 
diffused  daylight,  or  still  better  in  the  dark,  especially 
if  conducted  in  an  atmosphere  free  from  oxygen,  the 
error  due  to  decomposition  of  oxalic  acid  in  the  de- 
termination of  available  oxygen  in  pyrolusite  is  re- 
duced to  a  minimum.  However,  so  great  is  the  de- 
composition of  oxalic  acid  in  hot  sulfuric  acid  solu- 
tions containing  bivalent  manganese  that  no  exact 
analytical  method  can  be  formulated  without  pre- 
venting this  decomposition  effect.  Inasmuch  as  bi- 
valent manganese  is  an  end-product  in  the  determina- 
tion of  available  oxygen  in  pyrolusite  the  task  of 
preventing  the  efject  is  a  difficult  one.  All  attempts 
to  counteract  the  decomposition  completely  have  thus 
far  failed. 

There  is  another  possible  cause  for  the  decomposi- 
tion of  oxalic  acid  in  solution  and  that  is  the  possi- 
bility of  oxalic  acid  undergoing  rearrangement  or  de- 
composition, or  both,  forming  other  organic  com- 
pounds which  are  not  titratable  with  permanganate 
to  the  extent  of  the  full  equivalent  amount  of  the 
original  oxalic  acid.  This  point  has  not  been  in- 
vestigated. 

Ill ESCAPE   OF   OXYGEN   DURING  INTERACTION   OF 

MANGANESE  DIOXIDE  AND   OXALIC  ACID 

The  possibility  suggested  itself  that  oxygen  may 
be  evolved  in  small  amounts  when  manganese  dioxide 
and  oxalic  acid  react  in  sulfuric  acid  solution.  The 
probability  of  such  an  effect  seemed  all  the  more 
plausible  in  the  light  of  the  experiments  of  Richard- 
son," who  calls  attention  to  the  formation  of  hydrogen 
peroxide  when  oxalic  acid  decomposes. 

To  test  the  above  point  the  following  experiments 
were  performed:  50  grams  of  manganese  dioxide 
suspended  in  2.  5  liters  of  pure  water  were  placed  in  a 
3-liter  balloon  flask.  The  water  was  prepared  by  dis- 
tilling, first  from  alkaline  permanganate,  then  from 
potassium  acid  sulfate.    A  reflux  condenser  was  attached 

1  Loc.  cit. 


to  the  flask,  and  to  the  condenser  was  attached 
a  U-tube  containing  ammoniacal  manganese  chloride 
solution.  The  U-tube  was  protected  from  the  air  by 
a  second  U-tube  likewise  containing  ammoniacal 
manganese  chloride  solution.  The  suspension  was 
heated  to  boiling  for  some  time  to  insure  as  complete 
removal  of  air  from  the  system  as  possible;  then  the 
U-tubes  were  connected  and  the  heat  continued  to 
prove  a  negative  effect  of  manganese  dioxide  alone. 
Then  80  g.  of  oxalic  acid  contained  in  i  :  4  sulfuric 
acid,  previously  boiled  to  remove  any  dissolved  air, 
were  added  through  a  separatory  funnel  fitted  through 
a  second  hole  in  the  rubber  stopper  which  makes  the 
connection  between  the  flask  and  the  condenser. 
Boiling  was  continued  for  some  time  but  no  apprecia- 
ble oxidation  of  the  manganese  to  manganese  dioxide 
occurred  in  the  test  U-tube.  Cuprous  chloride  was 
also  employed  with  similar  results. 

IV DECOMPOSITION  OF   OXALIC  ACID  INTO    WATER, 

CARBON   MONOXIDE    AND    CARBON  DIOXIDE 

Any  direct  decomposition  of  oxalic  acid  should  re- 
sult in  the  formation  of  carbon  monoxide,  carbon  di- 
oxide and  water.  If  the  decomposition  reaction  is  due 
to  oxidation  only  then  no  carbon  monoxide  would  be 
found  as  an  end-product  of  the  reaction.  To  ascertain 
if  any  carbon  monoxide  is  formed  by  heating  dilute  sul- 
furic acid  solutions  of  oxalic  acid  a  number  of  experi- 
ments were  performed.  A  solution  of  80  g.  of  crys- 
tallized oxalic  acid  in  two  liters  of  i .  5  A'  sulfuric  acid 
was  heated  in  flask  a  of  Fig.  I.      To  a  was  connected 


a  reflux  condenser,  b,  containing  a  trap,  c,  which  re- 
turned any  water  carried  over  mechanically  back  to 
the  flask  o  through  the  tube  d.  The  lube  e  conducted 
the  gas  to  the  wash  bottle  /,  which  contained  concen- 
trated sulfuric  acid  which  removed  the  water  from  the 
gas.  The  gas  then  entered  the  tube  g  which  contained 
a  charge  of  InOs  which  completely  filled  8  in.  of  the 
tube  /«.  The  IjOs  was  prepared  from  HIO3  by  dehydra- 
tion at  160°.  Plugs  of  glass  wool  were  inserted  in 
the  tube  to  support  the  iodine  pentoxide  and  also  to 
act  as  filters  for  the  gas.  The  second  plug  was  tamped 
rather  snugly  to  prevent  any  mechanical  carrying  over 
of  the  pentoxide.  The  pentoxide  tube  was  heated 
at  1 30  to  135°  by  the  carbon  electric  light  j  in  the  copper 
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bath  k.  The  gas  passed  from  g  to  the  suction  flask  / 
which  contained  a  dilute  solution  of  KOH.  The  suc- 
tion flask  was  connected  to  a  suction  pump  by  means 
of  the  tube  m.;  n  is  a  tower  filled  with  soda  lime  and 
o  is  a  U-tube  half  filled  with  glass  wool. 

The  solution  was  heated  by  means  of  the  electric 
hot  plate  and  the  gases  formed  by  the  decomposition 
removed  by  drawing  air  through  the  system  at  the 
rate  of  about  5  liters  per  hour.  The  gas  passed  through 
the  heated  iodine  pentoxide.  Any  carbon  monoxide 
present  in  the  gas  then  reacted  with  the  pentoxide, 
liberating  iodine  which  was  absorbed  in  -the  potassium 
hydroxide.  At  the  end  of  the  decomposition  period 
the  potassium  hydroxide  solution  was  made  distinctly 
acid  with  hydrochloric  acid,  potassium  iodide  added, 
then  the  iodine  titrated  with  0.1  N  thiosulfate  (see 
Table  IV). 


Tablb    IV DncOMPOSITION    OF    OXAUC    AciD    AT    90-95°  C. 


Kxp. 
No. 


O.I  A' 
NasSjO) 

NaiSiOi 
required  per  far 

0.56 
1.20 
0.68 

0.14 
0.10 
0.17 

0.36 
1.10 
0.60 

0.07 
0.06 
0.12 

0.00 
0.00 

0.00 
0.00 

Light  Hrs. 

1  DifTused  Sunlight 4 

2  Darkness 12 

3  Direct  Sunlight 4 

Added  100  cc.  of  4  AT  MnSO< 

4  DifTused  Sunlight 5 

5  Darkness 17 

6  Direct  Sunlight 4 

With  pure  water  in  Flask  a 

7  Diffused  Sunlight 4 

8  Direct  Sunlight 4 


The  results  of  Table  VII  show  that  very  small 
amounts  of  carbon  monoxide  are  continuously  evolved 
from  heated  i .  5  iV  sulfuric  acid  solutions  of  oxalic 
acid.  Expts.  i,  2  and  3  performed  without  the  ad- 
dition of  manganese  gave  more  carbon  monoxide  than 
did  Expts.  4,  5  and  6,  which  contained  manganese 
sulfate.  This  indicates  that  the  manganese  facilitates 
the  oxidation  of  carbon  monoxide  by  the  air  before 
it  is  evolved  from  the  solution.  Expts.  7  and  8  were 
performed  as  blanks  on  the  effectiveness  of  the  ap- 
paratus and  to  determine  what,  if  any,  amount  of 
decomposition  of  the  iodine  pentoxide  was  caused  by 
the  heat  alone  in  the  intervals  of  time  of  experimenta- 
tion. The  results  showed  no  decomposition  in  the  ab- 
sence of  oxalic  acid  from  Flask   a. 

These  experiments  jjrove  that  only  very  slight 
amounts  of  carbon  monoxide  are  evolved  by  heating 
oxalic  acid  in  dilute  sulfuric  acid  solution.  Hence  the 
major  portion  of  the  decomposition  of  the  oxalic  acid 
in  such  solutions  is  undoubtedly  that  of  air  oxidation 
of  the  oxalic  acid  in  the  heated  solution,  the  man- 
ganese sulfate  acting  as  a  carrier  and  the  light  ac- 
celerating this  action. 

TlIK    FKRROUS    SUI.FATK    MKTIIOD 

The  ferrous  sulfate  method,  like  the  oxalic  acid 
method,  has  been  in  use  for  a  long  time  and  is  de- 
scribed in  many  of  our  text-books'  dealing  with  {|uan- 
titativc  analysis.  In  brief,  the  method  now  used 
consists  in  dissolving  the  pyrt)lusilc  in  an  excess  of 
ferrous  sulfate  or  ferrous  ammoniun>  sulfate  in  the 
l)rc.scncc  of  sulfuric  iicid.and  after  the  ore  is  conipli-lcly 
<lccoinpose(l  llic  excess  of  ferrous  iron  is  titrated  with 
pcrmangdnalc. 

•  Trrxiwrll  Mull.  '  Aimlrllenl  Chrmlitrr."  Vol    II.  Itll,   IM  .  i>.  r..M 
OUtn,  "UuHnillalivc  AnalyaU."  ItU  Hil  ,  p.  J26. 


Manganese  salts  have  been  shown  by  the  author' 
to  act  as  oxygen  carriers  between  the  air  and  ferrous 
salts  in  fluoride  solutions,  but  in  sulfate  solutions  no 
such  effect  was  obtained,  at  least  the  effect  was  found 
to  be  so  small  that  it  was  negligible  during  a  moderate 
period  of  time.  However,  the  study  was  conducted 
in  diffused  daylight.  In  order  to  ascertain  if  any 
effect  of  this  kind  is  caused  in  sulfuric  acid  solutions 
in  the  presence  of  direct  sunlight  the  experiments 
of  Table  V  were  performed.     Sample  S   was  titrated 

Table  V — Effect  of   Direct  Sunlight  and  Manganese  Stilfatb  on 
THE  Oxidation  of  Ferrous  Sulfate  in  Sulfuric  .Acid  Solltion 

Grams  Iron 

Taken  Found 

0.5301  0.5294 

0.5301  0.5298 

0.5301  0.5300 

0.5301  0.5300 

0.5301  0.5298 

0.5301  0.5300 

0.5301  0.5298 

0.5301  0.5300 

immediately  without  heating.  Samples  1-7,  inclu- 
sive, were  contained  in  a  volume  of  200  cc.  and  were 
heated  to  about  80°  in  the  direct  sunlight  for  4 
hours.  The  solutions  in  1,  2  and  6  were  contained  in 
beakers  covered  with  watch  glasses,  and  3,  4,  5  and  7 
were  contained  in  Erlenmeyer  flasks  likewise  covered 
with  watch  glasses. 

This  series  shows  conclusively  that  the  oxidation 
due  to  atmospheric  oxygen  must  be  very  slight  indeed 
in  solutions  sufficiently  acid  with  sulfuric  acid. 

The  effect  of  pulling  air  by  suction  through  solu- 
tions similar  to  those  of  Table  VIII  heated  to  about 
80°  was  studied.  These  experiments  were  performed 
in  diffused  daylight.  The  solutions  were  contained 
in  Erlenmeyer  flasks  and  were  heated  by  an  electric 
hot  plate.     Sample  4  was  titrated  immediately.     The 


Normality  of  Normality 

HsSO.  of  MnSO. 

2.4  0.20 

2.4  0.40 

2.4  0.20 

2.4  0.15 

2.4  0.10 

2.4  0.05 

2.4  0.00 

2.4  0.00 


Experiment 
No. 

I 

2 

Normality 

H,S04 
...    0.8 
...    0.8 

Normality 
MnSOi 
0.2 
0.2 
0.0 
0.0 

Time 
Hrs. 

2 
3 
3 

GRAM.S 

Taken 
0.5301 
0.5301 
O.SJOI 
0.5301 

Iron 
Found 
0.5290 
0.S300 

4 

...    0.8 

O.SJOO 

results  of  Table  II  show  that  manganese  sulfate  does 
not  materially  increase  the  rate  of  oxidation  of  ferrous 
sulfate  by  the  oxygen  of  the  air  in  solutions  sufficiently 
acid  with  sulfuric  acid. 

The  fact  that  ferrous  sulfate  solutions  are  far  more 
stable  in  the  presence  of  manganese  salts  than  are 
oxalic  acid  solutions,  especially  when  sunlight  is  in- 
volved, suggests  the  elimination  of  oxalic  acid  and  the 
substitution  of  ferrous  sulfate  in  all  possible  cases  in- 
volving the  presence  of  manganese  sulfate  or  sunlight 
where  a  period  of  time  of  heating  is  involved. 

To  ascertain  what  errors,  if  any,  arc  inherent  in 
the  ferrous  sulfate  method,  several  series  of  experi- 
ments were  performed  along  the  same  general  lines 
as  those  involved  in  the  study  of  the  oxalic  acid  method. 

In  Table  VII  are  given  the  results  obtained  with 
0.5  g.  samples  of  pyrolusite.  The  ferrous  sulfate 
solution  contained  Ooo  g.  of  crystnlliied  ferrous  sulfate 
and  too  cc.  of  sulfuric  acid  (sp.  gr.  1.S4)  in  8 
liters.  The  solution  was  aocurntcly  stnndardiied 
previous  to  use  with  permanganate  whicli  was  stand- 

'  J.  Am.  Cktm.  -Vex.,  it  (l-JIM,  UNI. 
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ardized  against  electrolytic  iron  and  ferrous  ammonium 
sulfate:  50  cc.  of  the  ferrous  sulfate  were  originally 
added  to  the  sample  contained  in  an  Erlenmeyer  flask 
followed  by  the  sulfuric  acid  and  the  manganese  sul- 
fate, if  any  of  the  last  named  salt  was  added.  The 
flask  was  then  covered  with  a  watch  glass  and  heated. 
The  flask  was  occasionally  agitated  to  facilitate  solu- 
tion of  the  ore.  When  decomposition  was  complete 
each  solution  was  diluted  somewhat  with  water  and 
the  cooled  solution  titrated  with  permanganate  to 
determine  the  excess  of  ferrous  sulfate. 

Tablg   VII — Analysis   or  Pyrouusitb  for   MnOj  Content   by   Fe.S04 

Method 

Experiment                               Normality  Normality         Per  cent  MnOs 

No.                                            HjSOi  MnSO<  added  Found 

1 0.0  0.0  70.72 

2 0.4  0.0  70.40 

3 0.8  0.0  70.45 

4 2.4  0.0  70.32 

5 4.0  0.0  70.30 

6 8.0  0.0  70.18 

7 0.8  0.2  70.20 

8 1.6  0.2  70.18 

9 4.0  0.2  70.10 

10 0.8  0.0  70.18 

11 1.6  0.0  70.20 

Expt.  I  (and  also  2  and  3  to  a  lesser  degree) 
gave  a  high  result  due  in  all  probability  to  an  in- 
sufiicient  quantity  of  sulfuric  acid  to  prevent  the 
ferrous  sulfate  from  oxidizing.  Only  the  sulfuric 
acid  contained  in  the  50  cc.  of  standard  ferrous  iron 
solution  was  present  in  the  experiment.  The  end- 
points  of  Expts.  6,  7,  8  and  9  were  somewhat  indistinct. 
Greater  dilution,  thus  diminishing  the  manganese  con- 
centration in  7,  8  and  9  and  of  sulfuric  acid  in  6,  would 
have  made  the  end-points  clearer.  The  results  from 
4  to  II,  inclusive,  show  a  good  agreement  under  dif- 
ferent solution  conditions,  which  is  not  the  case  with 
the  use  of  oxalic  acid  solutions. 

Other  samples  were  analyzed  under  the  same  condi- 
tions as  those  given  in  the  preceding  series  to  test 
the  general  application  of  the  procedure.  Some  typical 
results  are  given  in  Table  VIII  along  with  results  ob- 
tained by  the  direct  iodimetric  and  chlorine  distilla- 
tion methods  on  the  same  samples.  Hence  this  series 
gives  not  only  a  test  as  to  the  accuracy  of  the  ferrous 
sulfate  method  but  a  comparison  of  the  three  methods 
as  well. 

Table    VIII — Comparative    Results    of    Ferrous    Sitlfate.    Direct 
Iodimetric  and  Distillation  Methods 

Per  cent  MnOj  Found 

Ferrous  Direct  Chlorine 

Normality  Sulfate  Iodimetric     Distillation 

Sample  No.                  HiSO<  Method  Method  Method 

101 0.8  69.67  69.87  69.60 

101 1.6  69.64  69.70  69.68 

101 2.4  69.63              

102 0.8  80.05  80.10  80.10 

102 1.6  80.07  80.04  80.20 

102 2.4  80.06      

103 0.8  84.82  84.90  85.00 

103 1.6  84.83  84.92  84.80 

103 2.4  84.83      

104 1.6  7S.22  75.17  75.04 

104 2.4  75.30  75.20  75.20 

105 0.8  70.44  70.18  70.40 

105 1.6  70.47  70.32  70.36 

105... 2.4  70.44      

106 1.6  78.20  78.20  78.32 

106 2.4  78.20  78.18  78.28 

In  Table  VIII  the  column  "Ferrous  Sulfate  Method" 
contains  the  results  obtained  by  the  ferrous  sulfate 
method  as  previously  outlined.  The  column  "Direct 
Iodimetric  Method"  contains  the  percentage  obtained 
by    use    of    the    author's    direct    iodimetric    method.' 

•  J.  Am.  Ckem   Soc.  S9  (1917).  607. 


In  the  column  "Chlorine  Distillation  Method"  are 
contained  the  results  obtained  by  Bunsen's  distilla- 
tion method.'  The  results  show  a  very  good  agree- 
ment among  the  three  methods. 

The  following  outline  is  recommended  for  the  anal- 
ysis of  pyrolusite  by  the  ferrous  sulfate  method. 

PREPARATION    OF    SOLUTIONS 

The  following  data  are  calculated  per  liter  of  each 
solution  but  the  solutions  are  best  made  up  in  large 
volumes. 

FERROUS  SULFATE  SOLUTION — 200  cc.  of  Sulfuric 
acid  (sp.  gr.  i .  84)  are  slowly  added  to  900  cc.  water 
with  stirring  and  while  the  solution  is  still  warm  90 
grams  of  crystallized  ferrous  sulfate  (FeS04.7H20) 
are  added,  stirring  until  solution  is  effected.  The 
solution  should  be  at  room  temperature  before  use. 
This  solution  is  standardized  just  preceding  use  against 
the  standard  solution  of  permanganate. 

PERMANGANATE  SOLUTION — lo  g.  of  permanganate 
are  dissolved  per  liter  of  water  and  the  solution  al- 
lowed to  stand  several  weeks  before  use.  This  solu- 
tion is  approximately  of  the  same  equivalent  strength 
as  the  ferrous  sulfai;e  solution  prepared  as  above. 
The  permanganate  is  standardized  by  means  of  any 
reliable  standardizing  agent,  such  as  electrolytic  iron, 
ferrous  ammonium  sulfate  or  sodium  oxalate. 

PROCEDURE 

A  sufficient  quantity  of  the  well  mixed  sample  is 
ground  to  pass  a  200-mesh  seive  and  dried  at  100- 
105°  to  constant  weight.  Some  samples  when  dried 
in  this  manner  have  a  tendency  to  take  on  water 
during  weighing  and  consequently  such  samples 
should  be  weighed  by  difference  from  a  glass -stoppered 
weighing  bottle.  Other  samples  do  not  have  this 
tendency  and  may  be  weighed  directly  on  a  watch 
glass. 

A  o.  5  gm.  sample  is  placed  in  a  250  cc.  Erlenmeyer 
flask:  50  cc.  of  the  standard  ferrous  sulfate  solution 
are  added,  the  flask  is  covered  with  a  watch  glass  and  the 
solution  heated  to  boiling  until  solution  of  the  ore  is 
accomplished.  The  solution  is  then  diluted  to  about 
150  cc.  and  the  excess  of  ferrous  iron  titrated  with 
standard  permanganate. 

In  consequence  of  the  preceding  work  the  ferrous 
sulfate  and  direct  iodimetric  methods  are  to  be  recom- 
mended for  the  analysis  of  pyrolusite  for  its  available 
oxygen  or  manganese  dioxide  content.  In  the  labora- 
tory, which  requires  a  large  number  of  determina- 
tions each  day,  the  ferrous  sulfate  method  will  be 
found  most  appropriate  as  the  use  of  any  iodimetric 
method  will  be  found  expensive,  due  to  the  present 
cost  of  iodides.  Where  a  smaller  number  of  analyses 
are  to  be  made  either  method  will  be  found  applicable. 

CONCLUSIONS 

I — The  oxalic  acid  method  for  the  determination 
of  available  oxygen  in  pyrolusite  has  been  found  to 
be  inaccurate. 
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II — The  inaccuracy  is  due  to  the  decomposition  of 
the  oxalic  acid  during  the  heating  period  required  for 
the  solution  of  the  ore. 

Ill — Manganese  salts  and  the  sunlight  greatly  ac- 
celerate the  decomposition  of  oxalic  acid. 

IV — Some  carbon  monoxide  is  evolved  from  dilute 
sulfuric  acid  solutions  (1.5  A'')  containing  oxalic  acid, 
but  the  amount  of  this  decomposition  is  very  small. 

V — No  appreciable  quantity  of  oxygen  is  evolved 
when  manganese  dioxide  and  oxalic  acid  react  in  dilute 
sulfuric  acid  solution. 

VI — The  ferrous  sulfate  method  is  not  subject  to 
the  errors  of  the  oxalic  acid  method  enumerated 
in  I,  II  and  III. 

VII — -The  ferrous  sulfate  and  the  direct  iodimetric 
methods  are  to  be  recommended  for  the  determina- 
tion of  the  available  oxygen  in  pyrolusite. 

This  investigation   was   carried   out  for  and  in   co- 
operation with  the  C.  F.  Burgess  Laboratories  of  Mad- 
ison,   Wisconsin,    and   it   is   with   their   approval   that 
the  foregoing  publication  is  made. 
Madison,  Wisconsin 

A  CONTRIBUTION  TO    THE   THEORY    OF  EMULSIFICA- 

TION  BASED  ON  PHARMACEUTICAL   PRACTICE— II' 

By  W1U.IAM  G.  Crockbtt  and  Ralfh  E.  Oesper 

Received  June  12.  1917 

In  a  previous  article^  the  existence  of  "critical 
points"  of  emulsification  was  pointed  out.  Depend- 
ing on  the  method  of  determination,  these  critical 
values  have  been  defined  as  either  (a)  the  minimum 
quantity  of  emulsifying  agent,  say  acacia,  that  can 
produce  permanent  emulsification  of  a  given  quantity 
of  oil  in  a  fixed  quantity  of  water,  or,  (b)  the  minimum 
quantity  of  water  that  can  bring  about  stable  emulsi- 
fication of  a  definite  quantity  of  oil  by  a  fixed  quantity 
of  cmulsifier,  say  soap.  Given  standard  conditions, 
these  points  are  quite  definite,  for  while  permanent 
emulsions  are  produced  by  these  critical  amounts, 
the  use  of  a  few  milligrams  less  of  emulsifier  or  of  a 
small  fraction  of  a  cubic  centimeter  of  water  less  than 
these  quantities  results  in  imperfect,  temporary 
emulsification  or  none  at  all.  Although  quantities 
in  excess  of  the  critical  value  do  bring  about  emulsi- 
fication, the  resulting  emulsions  do  not  possess  the 
stability  or  general  excellence  of  those  prepared  from 
the  critical  proportions.  The  character  of  the  emul- 
sion depends  in  no  small  degree  upon  the  procedure 
followed  in  its  preparation  and  it  was  found  that  the 
emulsifier  is  most  eflicicnlly  used  when  it  is  hydratcd 
all  at  one  time  and  in  the  presence  of  the  internal 
phase. 

This  work  has  been  extended  to  other  systems 
whoso  critical  points  have  been  determined  and  the 
conclusions  drawn  from  our  previous  experiments 
have  been  supported  by  these  later  results.  It  was 
found  that  the  size  and  shape  of  the  vessel  in  which 
the  emulsion   is   prepared   has  n  distinct  influence  on 

<  The  work  rrporlrd  in  tlila  article  coiinlKuIti  th<  IibhU  of  n  (hralii  •iih' 
mltted  l.y  Wllllum  II  Criukell  to  the  Puculty  of  the  Grailuale  .School  of 
New  York  llnivrialiy  in  part  fiiinilnirnt  uf  the  reqiilrrnirnti  lor  the  ilc 
iree  of  Mmler  n(  Siirntr 

■  Himn  nnd  ( Ir.prr.  Tlim  JoimNAI..  (  (1917),   Hft. 


the  critical  point  and  an  extended  study  of  this  factor 
which  probably  involves  a  consideration  of  viscosity, 
surface  tension,  etc.,  is  planned.  A  preliminary  re- 
port of  the  combined  influence  of  several  emulsifiers 
on  the  critical  point  is  included. 

EXPERIMENTAL 

Materials  Usbd  as  Internal  Phases 

1 — Carbon  tetrachloride.  4 — Oil  of  Turpentine.  U.  S.  P.. 

B.  P.  76.4-76.8°.  sp.  gr.  0.86. 

2 — Chloroform.  5 — Oil  of  Almonds,  expressed. 

B.  P.  61.3-61.8°.  U.  S.  P..  sp.  gr.  0.912. 

3— Benzene,  B.  P.  80°.  6 — Mineral  Oil,  sp.  gr.  0.853. 

Nos.  1.  2  and  3  were  dried  over  calcium  chloride  for  18  hi^.  and  frac- 
tionally distilled. 

Emulsifiers  Used 
1 — Powdered  acacia. 
2 — Powdered  tragacanth. 

3 — Extract  of  Irish  moss;  prepared  by  boiling  the  moss  with  water, 
straining  and  evaporating  the  filtrate  to  dryness.  The  residue  was  then 
rubbed  to  a  fine  powder  in  a  mortar. 

4 — Soft  soap.  Squibb's;  alcoholic  solution,  containing  25  g.  in  sufiBcienC 
alcohol  to  measure  50  cc. 


Table  I — Tragacanth  Eml-lsions 

Internal 
Phase 

MixTtniE  Tragacan 
No.           Gram 

th 

Size  of 

Globules                         Critical 
Microns     Emitlsion     Point 

Chloroform 

A  1 

3 
4 

0.085 
0.080 
0.075 
0.070 

20 
20 
30 

Very  thick 
Very  thick 
Good 
None 

0.070  to 
0.075  gram 
Tragacanth 

Benzene 

B  1 

2 
3 
4 

0.040 
0.030 
0.020 
0.015 

15-20 

25 

30-35 

Very  thick 
Good 
Thin 
None 

0.015  to 
0.020  gram 
Tragacanth 

Carbon 
tetra- 
chloride 

I       3 

0.070 
0.060 
0.055 

20 
25-30 

Thick 
Good 
None 

0.055  to 
0.060  gram 
Tragacanth 

Oil 
of 
Turpentine 

D  1 

3 

0.08 
0.10 
More  than 

0.10 

None 
None 
g.  forms  thick,  unmanageable  ma 

Almond  Oil 

El 

2 

,      3 

0.07 
0.05 
More  than  0.07 

60     Thick,  but  separates 

Thick,  separates  in  3  min 
g.  forms  unmanageable  mass 

Special  Casss  and  Rsuarks 

A  (a)  10  cc.  chloroform  plus  0.08  g.  tragacanth  and  water  added  in  0.5 
cc.  portions,  shaking  after  cnch  addition,  required  a  total  of 
10  cc.  water  for  emulsification.  and  the  emulsion  thus  formed 
showed  a  separation  of  2S  per  cent  its  volume  after  12  hrs 
Emulsions  I  and  2  show  no  .luch  separation. 

(6)  10  cc.  chloroform,  when  shaken  with  a  mucilage  previously  pre- 
pared from  0.08  g.  tragacanth  and  7.S  cc.  water  gave  no  emulsion 
10  cc.  chloroform  formed  no  emulsion  when  shaken  with  muci- 
lages containing  0.10  and  0.20  g.  tragacanth.  respectively,  in 
7.5  cc.  of  water 

(a)  and  (6)  emphasize  the  necessity  of  hydrating  the  emulsi6er 
all  at  once  and  in  the  presence  of  the  internal  phase. 

(c)  If  chloroform  is  allowcfl  to  stand  in  contact  with  the  tragacanth 

for    l.S   hrs.   before  the  water  is  added   the  critical  point  is  not 
changed. 

(d)  The  globules  of  the  chloroform  emulsions  showed  a  motion  similar 

to  the  Hrownian  movement;  the  bentene  and  carbon  telrachlonde 

emulsions  with  tragncanth  do  not 
n      (<i)    The  critical   point   is  not   influenced   il   the  bentene  is  allowrd  to 

stand  in  contact  with  the  tragacanth  for   H  hrs.  before  adding 

the  water, 
C      (a)    If  dr>*,  diitilled  carbon  tetrachloride  is  allowed  to  stood  la  contact 

with   the   tragacanth   for    15   hrs    brforc   adding   (he   water.    th« 

critical   point   is   unafTected.      If.   however,   cartnin   tetrachloride 

which    hud    previously    stiM>«l    in   contact    with    water    for    1    hr. 

and  wu<«  then  ilphonrd  ofl  and  emuUine«l  nlthoul  being  drieil. 

it  gave  the  lollnwlnK  di«ctmtant  results 
10  cc.  plus  0.4  g,  tragacanth  plus  7  5  cc.  water  gave  no  »mulsk»n 
10  cc.  plus  O  0.^  g    tragacanth  plus  7  .^  cc.  water  tare  good  emulsion. 
10  cc.  plus  0  OA  g    tragacanth  plus  7  .5  cc    water  gave  no  emulsion. 
10  cc.  plus  0.07  g   tragacanth  plus  7  .S  c«-    water  gave  good  emuUioa. 
This  experiment  wa»  rrpealnl  three  times  with  the  same  result. 
r>   K  vd)  Tragacanth  tnkr*  up  water  rapidly,  fnrminc  a  M**^KT  maas  which 

shnns   lltllr   Irndencv    to  emulsify    (\set1   oiU   and   ao   is   gr*aUy 

inferior  to  acnria  If  Ihey  are  to  l>e  emulftlAcd  by  shaking,      llln* 

has  shown  that  It  Is  also  Inferior  where  the  methml  of  trilurallnn 

is  emplnyrd. 

I  /la/f.  rharm..  II  (IIIV«).  3r». 
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Internal 

Phase 
Chloroform 


Table  II — Irish  Moss  Emulsions 
Extract  Size  of 

Mixture  Irish  Moss 


Gram 
0.09 
0.08 
0.07 
0.06 
0.20 
0.10 


Globules 
Microns  Emulsion 
15-20       Good 


0.06  to 
0.07  gram 
Irish  Moss 

0.04  to 
0.05  gram 
Irish  Moss 


remarks 


SPECIAL    CASES 


A  (a)  Emulsions  1,  2  and  ?>  are  immediately  cracked  by  the  addition  of 
1  drop  of  soap  solution,  but  the  addition  of  3  drops  more  causes 
rc-cmulsification.  However,  4  drops  of  soap  solution  alone  will 
not  bring  about  emulsification  of  10  cc.  of  chloroform  in  7.5  cc. 
water. 

(b)  10  cc.  chloroform  plus  0.07  g.  extract  Irish  moss  plus  1  drop  soap 

gave  no  emulsion  on  addition  of  7.5  cc.  water;  nor  did  this  mix- 
ture emulsify  after  ageing  for  15  hrs. ;  however,  the  addition  of 
glycerine  in  portions,  shaking  after  each  addition,  brought 
about  emulsi5cation  when  a  total  of  12  cc.  had  been  added. 

(c)  Mixture  A4  plus  2  drops  of  soap  gave  a  temporary  emulsion  which 

became  permanent  when  2  more  drops  were  added. 
id)    Emulsion  2  cracked  by  the  addition  of   1   drop  of  soap,  was  re- 

emulsified  by  a<)ding    10  cc.  glycerine  and  shaking.     If   10  cc. 

glycerine  is  added  to  Emulsion  2,  and  then  1  drop  of  soap  sclu- 

tion.  the  emulsion  does  not  crack. 
(«)     Mixture  A4  plus  17  cc.  glycerine  gave  no  emulsion. 
B      (a)    Emulsions  I.  2  and  .^  arc  instantly  cracked  when  shaken  with  I  drop 

of  soap  solution;  addition  of  more  soap  causes  re-emuIsi(ication; 

addition  of  glycerine  likewise  causes  re-emulsification. 
(fr)    Emulsion  2  plus   10  cc.  glycerine  is  not  cracked  by   I   drop  soap 

solution. 
(c)     Emulsions  1  and  2  are  not  cracked  by  the  addition  of  1  cc.  of  alcohol 

but    they    become    much    whiter.     The   subsequent   addition   of 

1  drop  of  soap  solution  cracks  them,  but  they  may  be  re-emulsified 

by  the  addition  of  glycerine. 
id)    Mixture  4  is  emulsified  by  the  addition  of  14  cc.  of  glycerine  added 

in  portions. 
ie)     Mixture  4  is  emulsified  by  the  addition  of  3  drops  soap  solution. 

4  drops  of  soap  solution  are  not  sufficient  to  emulsify    10  cc. 

benzene  and  7.5  cc.  of  water. 

The  emulsions  were  prepared  by  shaking  in  125-cc. 
oil  bottles,  the  procedure  being:  10  cc.  of  the  internal 
phase  and  the  desired  weight  of  emulsifier  were  placed  in 
the  bottle  and  well  shaken  to  insure  intimate  mix- 
ture; 7.  s  cc.  of  water  were  then  added  all  at  once  and 
the  bottle  vigorously  shaken  for  i  min.  If  the  amount 
of  emulsifier  present  equals  or  exceeds  the  critical 
value,  emulsification  takes  place  after  a  few  seconds 
shaking,  but  if  less  than  the  critical  amount  is  used 
the  emulsion  does  not  form  even  after  prolonged  agita- 
tion. The  operator  soon  becomes  accustomed  to 
the  behavior  of  the  material  and  after  a  little  expe- 
rience a  few  vigorous  shakes  will  enable  him  to  pre- 
dict whether  emulsification  will  ensue,  i.  e.,  whether 
or  not  the  critical  amount  of  emulsifier  is  present. 

The  effect  of  the  shape  of  the  container  on  the  crit- 
ical .point  is  shown  in  Table  II.  Mixtures  A  were 
shaken  in  corked  40  cc.  test  tubes,  while  mixtures  B 
were  shaken  in  125  cc,  oil  bottles.  Some  experiments 
were  also  carried  out  on  the  influence  of  soap  upon 
the  emulsifying  power  of  acacia. 

CONCLUSIONS 

I — Critical  points  have  been  established  using 
tragacanth  and  Irish    moss  as  emulsifying  agents. 

II — Better  tragacanth  emulsions  are  obtained  by 
adding  the  proper  amount  of  water  to  the  previously 
mixed  internal  phase  and  emulsifier  and  shaking  im- 
mediately, than  by  adding  the  water  in  portions,  shak- 
ing after   each  addition. 


Internal 

Phase 
Chloroform 


Mineral  Oil 


Turpentine  Oil         D  1 


0.90 
0.55 
0.43 
0.42 
1.00 
0.98 
0.97 
0.96 
0.95 
2.50 

1.20 
0.40 
0.07 
0.02 

0.01 
0.20 

0.10 

0  05 
0.03 
0.20 
0.25 

0,23 


-Acacia  EHtTLSioKS 

Size  of 
i  Globules 

s  Microns  Emulsion 

Thick 


Po:; 


20 


0.42  to 
0.43  gram 
Acacia 


Good 
Good 

None 

Thick 

Good 

Good 

Good 

None 
Very  thick  1 
brown  mass 
Thin  white  |  Perhaps 

irhite  >  0.01  to  0.02 


0.95  to 
0.96  gram 
Acacia 


Thin  white 
Very  thin 

white 
None 
.'Ipparenlly 

good 
Apparently 

good 
Thin 
None 
Good 
Apparently 

gO(Xl 

Apparently 

good 
None 


.Acacia 


REMARKS    AND    SPECIAL    CASES 

A  (a)  Mixture  .^4  formed  only  a  temporary  emulsion  on  the  addition 
of  10  drops  soap  solution,  while  10  cc.  chloroform  plus  0.42  g. 
acacia  plus  1  drop  soap  solution  and  then  7.5  cc.  water  gave  a 
good  emulsion,  showing  the  influence  of  hydrating  both  emulsi- 
fiers  all  at  once  in  the  presence  of  the  internal  phase. 

(b)  10  cc.  chloroform  plus  0.41   gram  acacia  (less  than  critical  value) 

plus  3  drops  soap  solution  and  then  7.5  cc.  water  gave  a  good 

(c)  The  addition  of  soap  solution  did  not  crack  these  acacia  emulsions. 
C     (a)    The  critical  point  for  mineral  oil-acacia  emulsion,  when  prepared 

by  trituration,  was  reported  in  the  previous  article  as  2.2  to 
2.3  g.  acacia,  but  our  later  experience  with  the  preparation  of 
emulsions  in  a  mortar  has  indicated  that  the  critical  points  thus 
obtained  are  not  as  sharp  as  those  obtained  by  shaking  volatile 
oils  in  bottles.  In  general,  the  results  with  viscous  oils  are  far 
less  definite  than  those  obtained  with  the  less  viscous  ones. 

(b)  Emulsions  2-5  were  very  white  and  thin  and  the  globules  were 
relatively  large.  In  these  respects  they  differ  from  No.  I  which  is 
thick  and  brown.  Although  they  all  closely  resemble  each  other, 
they  differ  greatly  from  No.  6  and  this  leads  us  to  believe  that 
the  critical  point  lies  near  0.01  to  0.02  g. 
D  (a)  The  critical  point  is  less  clearly  defined  than  is  that  of  mineral 
oil.  Roon  and  Oesper  were  unable  to  find  a  definite  critical 
point  for  oil  of  turpentine  with  acacia,  and  Pickering  has  stated 
that  it  does  not  emulsify  with  soap  as  do  other  oils,  a  part  always 
remaining  unemulsified  while  the  line  of  demarcation  is  not  dis- 
tinct. 

(&)  No.  I  appears  at  first  to  be  a  good  emulsion,  but  after  4  hrs.  it  creams 
upward  from  the  bottom  and  shows  a  slight  clear  layer  on  top. 
No.  2  likewise  appears  to  be  beyond  the  critical  point,  but  creams 
upward  and  shows  a  clear  layer  on  top  at  the  end  of  5  min.  3  is 
very  thin,  does  not  wet  the  sides  of  the  bottle  and  separates 
into  3  layers  in  from  3-5  minutes. 
E  (n)  The  critical  point  with  this  oil  is  likewise  indistinct,  but  falls 
within  narrower  limits  than  those  shown  by  oil  of  turpentine. 

(b)     Emulsions  2  and  3  appear  to  be  good  at  first,  but  separate  within 
24  hrs. 

Ill — If  the  water  and  the  critical  amount  of  traga- 
canth are  made  into  a  mucilage  and  this  then  shaken 
with  the  internal  phase,  no  emulsion  is  formed. 

IV — The  critical  points  are  not  affected  by  allowing 
the  dried  internal  phase  to  stand  in  contact  with  the 
emulsifying  agent  before  the  addition  of  water, 

V — Irish  moss  emulsions  are  not  affected  by  small 
quantities  of  alcohol,  but  are  instantly  cracked  by  the 
addition  of  a  trace  of  soap,  whether  this  be  added  be- 
fore the  addition  of  the  water  or  after  emulsification 
has  been  completed.  More  than  a  trace,  however, 
is  not  detrimental  but  aids  the  Irish  moss  in  producing 
emulsification. 
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VI — Glycerine  serves  to  re-emulsify  emulsions 
cracked  by  soap  and  emulsions  to  which  glycerine  has 
previously  been  added  are  not  cracked  by  a  trace  of 
soap.  It  does  not  directly  aid  Irish  moss  as  an  emulsi- 
fying agent. 

yil — Acacia  emulsions  are  not  cracked  by  the  ad- 
dition of  a  trace  of  soap.  If  less  than  the  critical 
amount  of  acacia  is  used,  a  trace  of  soap  added  before 
the  addition  of  the  water  supplements  the  acacia  and 
emulsification  ensues;  if,  however,  emulsification  is 
attempted  by  shaking  the  internal  phase  with  water 
and  an  insufficient  quantity  of  acacia  and  then  adding 


the  soap,  it  is  found  that  no  emulsion  is  produced — 
by  not  only  the  quantity  of  soap  previously  used,  but 
even  by  many  times  that  quantity. 

VIII — Critical  points  are  less  distinct  with  more 
viscous  than  with  the  less  viscous  oils. 

IX — Tragacanth  is  not  suited  for  the  emulsifi- 
cation of  fixed  oils  in  water  under  the  foregoing  con- 
ditions, for  it  forms  a  thick,  ungovernable  mass. 

X — Critical  points  vary  with  the  shape  of  the  con- 
tainer in  which  the  emulsions  are  made. 

Havemeyer  CnEsnCAL  Laboratory 
N'Ew  York  University.  New  York  City 


LABORATORY  AND  PLANT 


THE  USE  OF  TEXTttE  FIBERS  IN  MICROSCOPIC  QUALI- 
TATIVE CHEMICAL  ANALYSIS 

By    E     M.    ClIAMOT    AND    H.    I     C01.E 
Received  July  ').   1 917 

I— THE  DETECTION  OF  ALKALINITY  AND  ACIDITY  BY  MEANS  OF 
FIBERS  DYED  WITH  LITMUS 

The  employment  of  animal  and  vegetable  fibers  as 
carriers  of  reagents  in  microscopic  qualitative  analysis 
is  so  old  that  it  is  impossible  to  trace  back  through 
the  literature  and  ascertain  when  and  by  whom  this 
method  of  qualitative  testing  was  first  applied.  No 
really  systematic  work  was  done,  however,  until 
Emich,'  in  1901,  studied  the  preparation  of  silk  fibers 
impregnated  with  litmus  and  called  attention  to  the 
use  of  such  fibers  in  testing  for  acidity  and  alkalinity 
in  tiny  drops  of  liquid. 

In  1904  Donau^  showed  that  fibers,  specially  treated, 
could  be  used  for  the  detection  of  gold  in  minute 
amounts  of  material.  Three  years  later  Emich' 
published  an  extensive  article  on  the  application  of 
the  textile  fibers  to  the  analysis  of  a  number  of  inor- 
ganic compounds.  In  this  paper  he  gives  a  method 
for  the  detection  of  boron  by  means  of  cotton  or  linen 
fibers  dyed  with  turmeric  and  for  the  detection  of 
the  heavy  metals  by  means  of  zinc  sulfide  fibers. 

In  trying  to  apply  Emich  and  Uonau's  methods  in 
practice,  so  many  difficulties  were  encountered  that 
it  appeared  desirable  to  undertake  a  systematic  study 
of  the  whole  question  of  the  preparation  and  use  of 
fibers  as  carriers  of  reagents  in  (|ualilativc  analysis. 

The  preparation  of  these  imiirognated  fibers  involved 
a  study  of  the  kind  of  fiber  to  lie  employed,  the  pre- 
liminary treatment  of  the  filler,  the  method  of  dyeing 
and  the  character  of  the  dye  to  be  used. 

Fibers  from  flax,  cotton,  viscose  silk  (cellulose  xan- 
thate;,  lustron  silk  (cellulose  acetate),  gelatin  silk, 
wool,  mohair  and  true  silk  were  tested  in  a  great  variety 
of  ways  as  to  their  practicability  and  were  dyed  with 
litmus  in  neutral,  in  acid  and  in  alkaline  solutions. 
Of  these  fibers,  silk  was  found  to  possess  the  highest 
adsorptive  powers  for  a  satisfactory  indicator  fiber 
and  was  idsn  most  desirable  because  of  its  transhiccncy, 

I  MoK.lhh  .  It  I  IWI),  ft7n;  M  (I'lo;)    :t, 

'  ihi,i .  i(  (i'io4i.  .^^.'^. 

•  .Ihh  .  Ml  II'«I7).  426. 


sensitiveness,  uniformity  of  color  and  depth  of  adsorp- 
tion of  the  dye. 

The  raw  silk  of  commerce  consists  of  the  filaments 
from  2  to  15  cocoons  united  to  form  a  thread,  cemented 
together  by  the  sericin.  The  individual  filaments 
(bave)  are  made  up  of  two  exceedingly  fine  threads 
(brins)  cemented  together  by  the  silk  glue  or  sericin. 
This  sericin  can  be  removed  by  boiling  water,  soap 
solutions  or  alkalies. 

The  raw  or  partially  purified  silk  fibers  (having  part 
of  the  sericin  removed)  adsorb  more  litmus  but  are 
not  as  sensitive  as  the  completely  purified  litmus 
silk  fibers.  Donau  suggested  using  partially  purified 
silk  fibers,  hut  in  the  case  of  most  silks  the  complete 
purification  of  the  fiber  is  to  be  preferred. 

To  determine  whether  the  sensitiveness  varied  with 
the  kind  of  silk  used,  twenty  different  varieties,  four 
China,  eleven  Japan,  one  Italian,  two  Tussah  and  two 
American  wild  silks  [from  cocoons  of  Samia  crcropia 
(Lin.)  and  of  Telea  polypliemus  (Cramer)]  were  tried. 
While  the  size  of  the  brins  varied  with  the  variety 
of  the  silk,  the  actual  sensitiveness  of  the  resulting 
litmus  fiber  was  practically  the  same,  irrespective  of 
the  variety  or  source  of  the  sample,  providing  the  puri- 
fied brins  were  colorless.  Tussah  and  polyphemus 
silks  are  brownish. 

Difficulty  was  experienced  at  first,  however,  in  ob- 
taining great  enough  adsorption  of  the  litmus  by  the 
silk.  A  preliminary  treatment  of  the  raw  silk  with  a 
10  per  cent  solution  of  sodium  hydroxide  at  room  tem- 
perature for  2  hours  and  sul>sec)uenl  washing  was 
found  to  increase  markedly  the  adsorptive  powers  of 
the  silk.  Dyeing  of  this  treated  silk  in  a  10  per  cent 
solution  of  commercial  litmus  or  in  a  10  per  cent  solu- 
tion of  purified  litnuis.  acidified  with  .?  or  4  drops  of 
I  :  4  sulfuric  acid,  produced  a  fiber  of  the  proper  color 
intensity.  In  order  to  dye  the  silk  properly,  the  acid 
litmus  solution  containing  it  is  evaporated  to  n  thick 
syrup,  the  silk  then  removed  and  washed  in  running 
water,  neutralired  carefully  with  very  dilute  smliuw 
hydroxide  solution  and  again  washed  thoroughly.  If 
red  and  blue  varieties  of  the  silk  are  desired,  these  neti- 
tr.'d  tinted  fibers  n)ay  be  treated  with  dilute  acetic 
aciil  for  red  or  with  dilute  sodium  hydroxide  for  blue 
and  then  w.ished  thoroughly  in  running  water. 
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The  sensitiveness  of  the  litmus  silk  depends  upon 
the  degree  of  adsorption  of  the  dye,  the  degree  of 
purification  of  the  raw  silk  and  the  degree  of  purifica- 
tion of  the  litmus. 

If  too  little  dye  is  adsorbed  the  color  change  is  not 
distinct  enough.  If  too  much  dye  is  adsorbed  the  fiber 
becomes  less  sensitive  and  the  color  is  so  deep  that  it 
renders  the  fiber  opaque. 

The  greater  the  degree  of  purification  of  the  litmus 
the  more  sensitive  the  dyed  fiber,  though  this  factor 
is  not  as  important  as  the  two  former  ones. 

The  following  procedure  (essentially  Wartha's' 
method)  is  suggested  for  obtaining  an  exceedingly 
pure  litmus.  Commercial  litmus  "cubes"  are  ex- 
tracted with  95  per  cent  alcohol  until  the  alcoholic 
extract  no  longer  has  a  reddish  tinge.  They  are  then 
repeatedly  extracted  with  water  until  the  greater 
part  of  the  coloring  matter  is  removed,  a  current  of 
air  being  blown  through  the  solution  to  prevent  re- 
duction. The  filtered  solution  is  carried  to  a  thick 
syrup  in  an  evaporator  on  the  water  bath.  The  mass 
is  then  evaporated  several  times  with  portions  of  abso- 
lute alcohol  acidified  with  acetic  acid  in  order  to  de- 
stroy carbonates  and  the  residue  is  extracted  repeatedly 
with  absolute  alcohol  as  long  as  the  alcohol  has  a  red- 
dish color  by  reflected  light.  The  residue  is  dissolved 
in  water,  concentrated  to  a  thick  syrup  and  treated 
with  absolute  alcohol.  The  pasty  mass  is  stirred  with 
absolute  alcohol  until  the  portions  poured  off  no  longer 
contain  any  red  coloring  matter.  The  final  residue 
is  dissolved  in  distilled  water,  concentrated  to  a  thick 
syrup  and  poured  into  absolute  alcohol.  The  semi- 
solid gummy  precipitate  is  spread  on  a  plate  and  dried 
at  70  to  80°  C.  The  pigment  as  thus  obtained  forms 
a  hard  tenacious  mass,  easily  soluble  in  water  and 
yields  an  indicator  of  great  sensitiveness,  changing  at 
once  to  red  or  blue  with  acid  or  alkali. 

The  silk  fibers  may  also  be  used  as  a  carrier  for  lac- 
moid,  but  this  indicator  was  found  to  be  less  satisfac- 
tory than  litmus  and  far  less  sensitive. 

The  following  procedure  is  recommended  for  testing 
a  drop  of  solution  for  acidity  or  alkalinity.  Place  upon 
an  object  slide  a  drop  of  the  solution  to  be  tested. 
Insert  into  it  a  litmus  silk  fiber  5  mm.  long  for  only 
part  of  its  length.  Move  the  preparation  on  the 
stage  of  the  microscope  until  a  portion  of  the  fiber, 
both  in  and  out  of  the  drop,  falls  within  the  field  of 
view.  Note  the  change  of  color,  if  any.  Acid  turns 
the  neutral  (violet-tinted)  fiber  red;  alkali  turns  it 
blue.  Since  the  portion  of  the  fiber  outside  the  drop 
is  not  acted  upon,  the  color  change  is  readily  recog- 
nized. 

In  order  to  express  numerically  the  sensitiveness  of 
the  litmus  silk  fibers,  the  following  method  was  adopted. 
Solutions  of  decreasing  normalities  of  alkali  and  acid 
were  used.  A  constant  sized  drop  was  obtained  by 
means  of  a  platinum  loop,  3  mm.  in  diameter.  The 
drops  delivered  by  this  loop  contained  from  o.  145 
to  0.150  cc.  Starting  with  a  solution  producing  a 
decided  color  change  in  the  fiber,  decreasing  concen- 
trations were  tested  until  one  was  reached  which  failed 

'  Ber..  9  (1876).  217. 


to  give  a  color  change.  The  most  dilute  solution,  one 
drop  of  which  will  produce  a  positive  color  change  in 
the  fiber  within  one  minute,  gives  the  sensitiveness. 
This  limit  may  be  expressed  either  in  terms  of  nor- 
mality, in  milligrams  per  liter  or  as  the  absolute  amount 
contained  in  the  drop  used.  In  the  last  case,  if  a  drop 
containing  o.  148  cc.  is  used,  and  the  limit  of  sensi- 
tiveness of  hydrochloric  acid  is  a  iV/4500  solution, 
then  the  absolute  amount  of  hydrochloric  acid  con- 
tained in  the  drop  is 

36.5 

0.148  X  —      X   1000  =  o.ooi  mg.  HCl. 

4500  X  1000 

Sulfuric,  nitric  or  hydrochloric  acid  produces  a 
positive  color  change  in  the  fiber  in  solutions  as  dilute 
as  iV/4500;  acetic  acid  7V/ioo.  With  red  litmus 
fibers,  ammonium,  sodium  or  potassium  hydroxide 
solution  reacts  in  concentrations  down  to  N/200; 
the  neutral  litmus  fibers  are  more  sensitive  but 
the  color  change  is  not  so  readily  discerned  in  this 
case. 

EFFECT  OF  VARIOUS  METHODS  AND    DEGREES    OF    PURIFI- 
CATION OF  THE  SILK  ON  THE  ADSORPTION  OF    THE 
DYE 

Five  different  degrees  of  purification  were  used  on 
five  different  varieties  of  silk: 

I — Raw  silk  as  obtained  from  the  manufacturer. 

2 — Raw  silk  which  had  been  boiled  in  water  for  30 
minutes  and  then  washed  and  dried. 

3 — Raw  silk  treated  successively  with  95  per  cent 
alcohol  and  ether.  This  removes  a  slight  amount  of 
wax. 

4 — Raw  silk  immersed  in  cold  10  per  cent  sodium 
hydroxide  for  4  hours,  according  to  Donau.  This  re- 
moves all  of  the  glue  and  wax  but  makes  the  fiber  very 
weak  and  friable. 

S — Raw  silk  boiled  for  i  hour  in  a  2  per  cent 
"Ivory"  soap  solution. 

Tabli:  I 

Sensitiveness 

No.  Varibtibs  of  Silk  Acid       Alkali 

1  Doppioni    Gold    Chicken    35/40.     Rather    rough 

silk— Japan  Silk Af/4500      .V/100 

2  Kmong  Shin  Hang  No.  C344.     Very  fine  brins — 

China  Silk A?/4000  ^7I00 

i     Blue    Dragon   Extra  S1502.     Good   fibers — China 

Silk Af/4S00  AT/ISO 

4  Usin  Five  Girls  8.5 1 0.     Japan  Silk A'/4S0O  iV/ 1  SO 

5  Iris— Japan  Silk iV/4500  N/2S0 

6  Filature  Extra— Japan  Silk A74000  N/150 

7  Filature   Double  Extra — Japan  Silk.     Good  heavy 

silk  well  dyed A'/4000      Ar/250 

8  Filature  Grand  Double  Extra.     Very  good  fiber — 

Japan  Silk AV4500      AV300 

9  Filature  No.  I— Japan  Silk jV/4500      A7300 

10  Filature  Best  No.  1— Japan  Silk .    . . ' iV/4500  A/'/300 

11  Japan  .Special  Hattleship  18  20— Japan  Silk iV/4500  N/300 

12  Filature  Double  Extra  Special— Japan  .Silk AV4500  Ar/300 

13  Tussah  Sny  Black  Double  Magpie  No.  1.     Natural 

color  interferes .... 

14  Sl.'iSO  (I'sed  as  Standard)  China  Silk iV/4500      Ar/250 

l.S     Italian  Yellow  Gin  20/22 iY/4500      iV/300 

16  No.    I    Factory    China  Steam    Filature     10/16 — 

China  Silk N/iSOO  N/300 

1 7  Japan  Best  No    1  Maple  13/15 A74000  N/2S0 

18  Best  Tussah  Spinning  Girl Ar/4500  A72S0 

19  American  Native  Silk  from  Samia  cecrofia  (Lin.l . .  W/4000  2V/2SO 

20  American  Native  Silk  from  Tttea  p<^yphemus  (Cra- 

mer)      A?/4000      N/250 

Silk  dyed  after  Treatments  i,  2  and  3  exhibited 
no  differences  in  their  sensitiveness,  the  limit  with 
acids  being  .V  4000  and  with  alkalies  N/ioo;  but 
after  Treatments  4  and  5  a  marked  increase  in  sen- 
sitiveness    followed.     Treatment     5     yielding    a    more 
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sensitive    fiber    than    Treatment  4  and  increasing  the 
alkali  sensitiveness  to   iV/3  50. 

DETERMINATION    OF   THE    BEST   SILK   FOR    LITMUS    SILK 
FIBERS 

Twenty  different  samples  of  silk  were  tested  in  the 
following  experiments.  The  raw  silks  were  purified 
in  the  soap  solution  before  being  used.  Equal  portions 
of  silk  were  placed  in  equal  amounts  of  10  per  cent 
Merck  litmus  and  evaporated  almost  to  dryness.  The 
silks  were  washed,  neutralized  and  dried  and  then 
examined  microscopically  and  tested  as  to  their  sen- 
sitiveness. No  marked  deviation  from  the  standard 
was  observed.  The  results  obtained  are  shown  in 
Table    II: 

Table  II — Sensitiveness  of  Litmus  Silk  to  Various  Acids  and  Alka- 
lies 

. Sensitiveness  to . 

Normality  Absolute  Amount 

Test  of  Test  in  Test  Drop 

Solution  Solution  mg.  X  10"* 

HCl iV/4500  5.5 

HiSO. iV/4500  15 

NHjOH N/300  80 

NaOH N/300  90 

KOH iV/300  120 

Table  III  shows  that  purified  silk  cannot  be  very 
satisfactorily  dyed  in  alkaline  or  neutral  solution, 
but  can  be  in  a  concentrated  acid  solution  of  litmus. 

Table   III — Determination  of  the   Best  Concentration   of  Litmus 
FOR  Dyeing  Purified  Silk 

Time  Concen- 

Reaction              of  tration 

of                Dyeing  of  Dye 

Litmus             Min.  Per  cent                 Finished  Product 

Neutral                 30  2  Color  too  light.      Unsatisf.ictory 

Neutral                  30  10  Color  too  light.     Unsatisfactory 

Neutral                 30  20  Color  rather  light.     Fairly  satisfactory 

Neutral                 90  2  Color  too  light.      Unsatisfactory 

Neutral                 90  10  Color  too  light.      Unsatisfactory 

Neutral                 90  20  Color  rather  light.     Fairly  satisfactory 

Neutral                120  2  Color  too  light.      Unsatisfactory 

Neutral                120  10  Color  too  light.      Unsatisfactory 

Neutral                120  20  Color  rather  Hght.     Fairly  satisfactory 

Alkaline               120  20  Color  too  light.      Unsatisfactory 

Acid                        60  2  Color  too  light.      Unsatisfactory 

Ac-ill                        60  10  Color  rather  light.      Fairly  satisfactory 

Acid                       60  20  Color  correct.     Satisfactory 

11     THE  DETECTION  OF  ACIDITY  BY  MEANS  OF  FIBERS  DYED 
WITH  CONGO  RED 

The  use  of  Congo  Red  has  often  been  mentioned  as 
an  indicator  for  estimating  mineral  acids  in  the  pres- 
ence of  organic  acids,  as  the  latter  are  supposed  not  to 
affect  it.  The  application  of  a  fiber  dyed  with  Congo 
Red  for  use  in  microscopic  qualitative  analysis  at 
once  suggests  itself. 

Of  the  common  textile  fibers  tested,  silk  and  vis- 
rose  silk  were  found  to  he  the  most  suitable  for  the 
preparation  of  Congo  Red  fibers,  the  latter  giving  an 
even  more  sensitive  fiber  than  the  former. 

The  best  conccntr.'ition  of  the  dye  for  the  silk  fibers 
was  fr)und  to  be  a  o.  5  per  cent  solution,  made  alkaline 
with  sodium  hydroxiiio.  For  the  preparation  of  llu- 
Congo  Red  viscose  silk  fibers  a  somewhat  more  con 
ccntrated  solution  is  advisable.  Dyeing  in  a  j  per 
cent  alkaline  solution  of  Congo  Red  for  15  minutes, 
washing  thoroughly  and  then  drying  by  pressing  be- 
tween filter  papers.  w;is  found  to  yield  nn  eminently 
satisfactory  fiber. 

Congo  Red  fibers  can  be  used  in  tlic  red  form  only, 
as  the  blue  form  is  tinHtablc  in  the  air.  For  the  dc- 
it'clion  of  ocidily  tliey  compare  favorably  with  the 
litmus  silk  fibers,  having  the  same  degree  of  sensi- 
tiveness. 


Contrary  to  our  expectations,  however,  the  Congo 
Red  viscose  silk  fibers  were  found  to  be  altogether  too 
sensitive  to  the  organic  acids  to  be  used  as  a  means 
of  differentiating  organic  from  mineral  acids.  A 
large  number  of  organic  acids  were  tested  and  the 
greater  proportion  of  them  gave  a  positive  color  change 
in  the  Congo  Red  fiber  in  concentrations  ranging 
from  I  g.  to  o.i  g.  per  liter.  The  mineral  acids  give 
this  color  change  in  concentrations  as  low  as  o.oi  g. 
per  liter. 

SUMMARY 

I — A  method  for  the  detection  of  alkalinity  and 
acidity  in  minute  drops  of  liquid  has  been  described. 

II — The  litmus  silk  fibers  can  be  used  for  the  de- 
tection of  either  acid  or  alkali,  while  the  Congo  Red 
viscose  silk  fibers  can  be  used  for  the  detection  of 
acidity  only. 

Ill — Acidity  due  to  mineral  acids  can  be  detected  in 
exceedingly  dilute  solutions,  a  iV/4500  solution  giv- 
ing a  positive  reaction.  The  indicator  fibers  are  not 
quite  so  sensitive  to  alkali. 

IV — The  sensitiveness  of  these  indicator  fibers 
varies  with  the  degree  of  adsorption  of  the  dye,  the 
degree  of  purification  of  the  raw  silk  and  the  degree 
of  purification  of  the  litmus. 

V — Congo  Red  fibers  cannot  be  used  to  differentiate 
organic  acids  from  mineral  acids. 

Laboratory  op  Chemical  Microscopy 
Cornell  University.  Ithaca.   N.  Y. 


A  NEW  ILLUMINATOR  FOR  MICROSCOPES' 
By  .\li;.xandek  Silverman 

There  has,  for   many  years,  been  a  demand  for  a 
satisfactory  and  convenient  source  of  illumination  for 


iLl.rMINATttli    ri>R     MiCfloKCorNIi 

o])a(iuo  objects  subjected  to  microscopic  examination. 
A  device,'  designed  by  the  writer  h.'i.<i  boon  in  uso  in 
this   laboratory    for   some    time.      As   it    hns    been   cx- 

'  HfimI  hi  Ihr  ^Aih  Mmlnn  ol  tlic  Amrrlran  Chrmirol  S<K4*t)r.  Rmioa 
.Scplrnilirr  to  in  I  V  l'>IT 
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amined  by  chemists,  biologists  and  metallographers 
and  pronounced  satisfactory  for  both  direct  observa- 
tion and  microphotography,  it  is  described  here  for 
those  who  may  be  interested. 

As  shown  in  the  accompanying  illustration,  a  small 
circular  tube-lamp  surrounds  the  objective  and  is 
attached  to  a  holder  which  is  clamped  to  the  micro- 
scope tube.  The  design  of  both  clamp  and  holder 
may  be  modified  to  fit  a  binocular  microscope.  For 
the  present,  the  holder  illustrated  is  used  because  of 
the  variation  in  diameter  and  shape  of  objectives. 
The  lamp  shown  is  a  6-volt  tungsten  lamp  operated 
by  six  dry  cells.  Modifications  of  the  lamp  are  possi- 
ble. The  present  one  might  be  replaced  by  a  nitrogen- 
filled  tungsten,  daylight  tungsten,  mercury  or  car- 
bon dioxide  lamp. 

The  advantages  in  the  use  of  the  new  device  lie 
in  the  fact  that  an  object  is  illuminated  by  a  circular 
source  of  light,  so  directed  by  the  reflector  on  the  upper 
wall  of  the  tube  that  diffusion  results.  Further,  the 
light  is  always  in  place  and  is  raised  and  lowered  with 
the  microscope  tube,  thus  obviating  the  necessity  for 
readjustment  experienced  in  using  vertical  illumina- 
tors. The  lamp,  fitting  snugly  about  the  objective, 
enables  one  to  lower  the  light  into  hollow  objects 
too  deep  to  permit  of  the  use  of  a  vertical  illuminator. 

In  microphotography  the  lamp  has  been  used  to  good 
advantage.  Satisfactory  results  have  been  obtained 
on  specimens  with  a  5  mm.  eyepiece  and  8,  16  and  32 
mm.  objectives.  It  has  heretofore  been  quite  diffi- 
cult to  obtain  good  photographs  in  metallography 
with  low-power  objectives  using  older  forms  of  illumina- 
tors. With  the  new  illuminator  excellent  results 
were  obtained.  The  time  of  exposure  was,  on  an  aver- 
age, 6  minutes  for  the  8  mm.,  2V2  minutes  for  the  16 
mm.,  and  1V2  minutes  for  the  32  mm.  objective. 

School  of  Chemistry 

University  of  Pittshurc-.ii 

Pittsburgh.  Pa. 
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analysis  of  illuminating  gas  than  the  standard  forms  of 
apparatus  now  on  the  market. 


Department  of  Chemical  Engineering 
Columbia  University,  New  York  City 


A    NEW    MODEL    OF   THE    BURRELL   AND    OBERFELL 

APPARATUS    FOR    THE    ANALYSIS    OF 

ILLUMINATING   GAS 

By  J.  R.  SuYDAM,  Jr. 
Received  May  21.  1917 

The  apparatus  shown  herewith  is  practically  identical 
with  the  apparatus  described  by  Burrell  and  Oberfell 
in  This  Journal  for  March,  1916,  page  228,  except 
that  it  has  been  put  in  a  more  compact  stand  which 
gives  more  protection  to  the  glass  parts  than  that 
shown  by  the  above  writers,  and  that  a  silica  tube  has 
been  substituted  for  the  glass  one  used  by  them  as  a 
container  for  the  copper  oxide. 

The  silica  tube,  which  was  made  by  the  Hanovia 
Chemical  Company  of  Newark,  N.  J.,  was  more  than 
paid  for  by  the  saving  of  the  expense  for  repairing  the 
glass  tube,  which  broke  very  frequently. 

The  procedure  for  the  analysis  is  identical  with  that 
given  by  Burrell  and  Oberfell. 

The  apparatus  has  given  excellent  results  and  is 
recommended    as    being    more    satisfactory    for    the 


A  USEFUL  DISTILLING  HEAD 

Hy  Orld  Stearns 
Received  May  28.  1915 

The  accompanying  drawing  explains  the  construc- 
tion of  a  useful  distilling  head.  The  angle  between 
/;  and  i  should  be  about    iio°. 

This  head  was  specially  designed  for  and  found  ex- 
ceptionally efficient  in  distilling  troublesome  fluid 
extracts.  Such  liquids  often  give  rise  to  a  good  deal 
of  froth  which  carries  some  of  the  liquid  along  and  ren- 
ders redistillation  necessary.  Sometimes,  however, 
the  liquid  is  forced  up  by  spurts,  or  again  rises  in  a 
body  passing  into  the  apparatus  connected  with  the 
flask.  In  the  first  instance  the  part  of  the  head  that 
does  the  most  service  is  the  lobes  /,/'  in  which  the 
bubbles  readily  break  by  expansion  and  condensa- 
tion. Bubbles  often  broke  in  passing  the  circular 
edge  g,g'  at  the  lower  end  of  the  conical  branch  of  the 
connecting  tube,  while  the  larger  opening,  across  g,g' , 
is  less  favorable  for  the  entrance  of  bubbles  than  a 
smaller  one.  The  opening  c  in  the  lower  part  of 
bulb  is  directly  over  the  drainage  hole  c  and   the   re-  ' 
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action  produced  when  the  liquid  spurts  has  a  ten- 
dency to  check  or  force  back  the  ascending  liquid.  In 
case  the  tube  d  becomes  submerged,  a  small  syphonic 
force  is  generated  which  tends  to  empty  the  bulb. 

It  is  possible  that  this  head  may  be  adapted  on  a 
different  scale  for  other  similar  purposes. 

Eimer  and  Amend  will  make  this  form  of  distilling 
head  upon  application. 

4629  Carroll  St. 
PirrsBURCii.   Pa. 


AN  ELECTRICALLY  HEATED  AND  CONTROLLED 

AIR  BATH 

By  Waltbh  p.  Sciiucc 

Received  Augu.il  27,  I')I4 

The  writer  recently  installed  electric  heating  and 
temperature  control  devices  in  a  common  air  bath 
for  use  on  120-volt  direct  current.  The  details  and 
results  may  be  of  interest  to  others. 

The  air  bath  was  of  the  single-walled  type  10  in.  X 
10  in.  X  12  in.  To  conserve  heal  it  was  first  covered 
with  asbestos  on  all  surfaces  by  glueing  the  same  on. 
The  heating  element  consists  of  three  coils  of  No. 
28  "Climax"  resistance  wire,  each  coil  containing  .<o 
ft.  and  all  connected  in  parallel.  These  coils  are 
mounted  on  a  piece  of  asbestos  mill  board  '/"i  in.  thick 
that  fits  into  the  bottom  of  the  air  bath.  Each  coil 
is  stretched  three  times  across  the  width  of  the  board 
80  that  the  terminals  arc  at  binding  posts  on  opposite 
sides.  At  llic  two  other  points  the  coil  is  laiil  around 
short  stubs  of  slate  pencil  set  into  the  board.  I'or  the 
control  of  lempcraUirc  a  Ihermostot  was  made  by  sold- 
ering together  a  strip  of  r.inc  and   copper  each    ViX? 


in.  on  their  fiat  surfaces.  This  is  mounted  on  a 
piece  of  oak  so  that  it  is  securely  fastened  at  one 
end  and  free  to  move  at  the  other.  When  the  tem- 
perature to  which  it  is  subjected  varies,  the  unequal 
e.xpansion  of  the  metals  causes  the  free  end  to  move 
towards  or  away  from  an  adjustable  contact  point. 
If  the  entire  current  of  the  heating  coils  were  passed 
through  this  thermostat,  the  contacts  even  of  platinum 
would  be  fused  by  the  arcing  of  the  current.  There- 
fore only  as  much  current  as  will  pass  through  an  in- 
candescent lamp  is  relayed  through  the  thermostat. 
This  thermostat  is  bolted  to  the  top  of  the  air  bath 
inside  but  the  screw  which  adjusts  the  temperature 
at  which  the  current  is  broken  projects  outside.  The 
location  of  the  thermostat  is  shown  in  dotted  lines  in 
the  diagram.  The  current  passing  through  the  lamp 
and  thermostat  actuates  a  magnet  which  breaks  the 
heating  current. 

This  magnet  and  the  interrupter  which  it  operates, 
as  well  as  the  lamp  and  main  switch,  are  mounted  on 
top  of  the  oven  on  a  wooden  board  cut  to  the  size  of 
the  oven  and  having  holes  bored  in  it  to  accommodate 
the  thermometer  and  ventilating  holes.  The  magnet 
used  by  the  writer  has  4  oz.  of  No.  26  double  silk- 
covered  copper  wire  wound  on  a  '/j-in.  fiber  tube 
with  soft  iron  wire  core.     With  a  50  watt  lamp  in  the 
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socket  this  magnet  operates  the  interrupter  quickly 
and  holds  it  well.  If  other  voltages  or  difTerent  siicd 
lamps  were  used  the  ampere  turns  of  the  mognct  could 
of  course  be  adjusted  to  suit.  The  interrupter  is  a 
piece  of  spring  brass  about  9  in.  long  and  one-half  in. 
wide  which  is  securely  fastened  into  a  post  at  one  end 
and  at  such  a  height  that  it  is  opposite  the  core  of  the 
magnet.  The  armature  is  soldered  on  this  strip  of 
brass  and  is  of  soft  iron  one-half  in.  square  and  '  1  in. 
thick.  At  the  free  end  of  the  interrupter  is  the  plat- 
inuni  contact  that  makes  and  breaks  the  heating 
current.  The  brass  strip  is  bent  .so  thot  normally  it 
would  keep  the  contacts  about  1  in.  apart,  but  as 
this  throws  the  armature  loo  far  from  the  mngnct,  a 
peg  is  set  into  the  board  in  such  position  ihal  it 
keeps  the  strii>  from  pulling  the  contacts  more  than 
•/I,  in.  apart.  It  is  also  necessary  to  put  a  piece  of 
cardboard  1  mm.  thick  between  the  armaturo  and  the 
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core  of  the  magnet  to  keep  the  former  from  sticking 
after  the  exciting  current  is  stopped.  The  current 
connections  are  shown  in  the  diagram  as  dot  and  dash 
lines.  The  current  passes  from  the  switch  to  one  side 
of  the  three  heating  coils.  From  the  other  side  of 
the  coils  it  passes  through  the  interrupter  back  to  the 
switch.  All  make-and-break  contacts  are  made  of 
platinum  and  where  the  wires  or  current-carrying 
bolts  pass  through  the  walls  of  the  air  bath  they  pass 
through  glass  bushings. 

In  the  operation  of  the  air  bath  the  switch  is 
closed  and  then  the  contact  adjusting  screw  of 
the  thermostat  is  turned  until  contact  is  made. 
This  will  be  shown  by  the  lamp  lighting  and  if 
properly  adjusted  the  magnet  will  draw  the  arma- 
ture   up    and   close   the   heating   circuit.      In   a   short 


time  the  rise  of  temperature  will  break  the  thermostat 
circuit  and  the  magnet  being  killed  will  release  the 
armature  so  that  the  spring  will  pull  the  heating  cir- 
cuit contacts  apart.  To  bring  the  air  bath  to  the  de- 
sired temperature  the  thermostat  contact  screw  is 
turned  until  the  make-and-break  action  occurs  at  that 
temperature  as  shown  by  a  thermometer  inserted  in 
the  air  bath  in  the  usual  manner.  The  air  bath  con 
structed  by  the  writer  holds  its  temperature  to  within 
1°.  It  requires  2.5  amperes  of  current  at  the  start 
and  drops  to  2.35  at  100°  C.  The  cost  of  the  materi  •' 
required  to  make  the  air  bath  electrically  heati  ■ 
and  controlled  was  Si.  50,  exclusive  of  the  platinum 
contact  points. 

2513  62nd  Street.  S.  E. 
Portland.  Oregon 


ADDRL55E,5 


STELLITE  AS  A  SUBSTITUTE     FOR  PLATINUM' 
By  Elwood  Haynes 

Owing  to  the  great  scarcity  of  platinum  and  its  consequent 
high  price,  platinum  substitutes  have  been  eagerly  sought, 
particularly  within  the  last  three  of  four  years.  From  what 
has  already  been  accomplished  along  this  line  it  is  evident 
that  no  single  metal  or  combination  of  metals  will  fully  take  the 
place  of  platinum.  There  are  certain  other  of  the  polyxene 
metals^associated  with  platinum,  which  possess  refractory  p  >w-er 
superior  to  those  of  platinum,  but  unfortunately  these  are  out 
of  the  question,  since  the  metals  themselves  are  more  costly 
than  platinum. 

The  alloy  of  gold  with  palladium  affords  a  partial  substitute 
for  crucibles  and  dishes,  and  perhaps  comes  more  nearly  tilling 
the  place  of  platinum  in  this  respect  than  anything  yet  offered. 
The  price  of  this  alloy,  however,  is  comparatively  high,  though 
hulk  for  bulk,  it  is  only  about  half  as  costly  as  platinum. 

The  alloy  of  nickel  with  chromium,  known  as  chromyl,  dis- 
covered by  tlie  writer  in  1899,  though  less  refractory,  affords 
a  partial  substitute  for  platinum  for  electric  resistance  coils 
employed  as  heating  units  for  combustion  tubes,  small  elec- 
tric furnaces,  etc.  The  same  alloy,  used  in  conjunction  with 
pure  nickel  or  certain  nickel-silicon  alloys,  is  also  employed  for 
making  thermocouples  for  determining  high  temperatures. 

The  s.licon-iron  alloys  are  now  employed  to  a  considerable 
extent  for  evaporations,  and  even  for  concentrating  the  strong 
mineral  acids,  but  they  are  rather  heavy  and  somewhat  easily 
broken  or  cracked. 

Pure  quartz  or  silica  vessels  give  excellent  results  within  cer- 
tain limits,  and  while  they  are  practically  unbreakable  under 
sudden  changes  of  temperature,  they  are  fragile  when  subjected 
to  sudden  shocks  or  blows,  and  while  they  may  be  used  for 
evaporating  solutions  to  dryness,  they  are  likely  to  lie  cracked 
if  the  residue  sticks  to  the  vessel,  particularly  if  the  coefficient 
of  expansion  of  the  residue  is  higher  than  that  of  tlie  vessel. 

A  short  description  of  the  Stellite  alloys  may  be  introduced 
to  advantage  at  this  point.  First,  it  may  be  said  that  these 
alloys  are  not  fixed  or  definite  in  their  composition,  and  may  be 
divided  broadly  into  two  classes:  (i)  those  malleable  at  a  red 
heat;  and  (2)  those  which  can  be  worked  into  the  desired  form 
only  by  casting. 

'  Presented  at   the  Metallurgical  Symposium,  55th    Meeting  of    the 
American  Chemical  Society,  Boston.  September  10  to  13.  1917. 


The  MALLEABLE  ALLOYS  are  composed  almost  entirely  of  cobalt 
and  chromium  only,  though  the  proportion  of  the  constituents 
may  vary  from  lo  to  50  per  cent  chromium,  with  a  corresponding 
variation  in  the  cobalt.  These  alloys  are  all  hard,  and  while 
they  may  be  scratched  by  the  file,  none  of  them  is  practically 
workatile  by  this  means.  They  cannot  be  machined,  but  some 
of  the  softest  ones  may  be  drilled  by  means  of  a  hard-carbon 
steel  drill  or  a  drill  composed  of  hard  steUite.  They  resist  nitric 
acid  almost  perfectly,  even  when  boiling,  particiUarly  if  the 
chromium  content  is  over  15  per  cent.  They  forge  with  diffi- 
culty at  temperatures  ranging  from  750  to  1200°  C. 

They  have  been  forged  into  the  following  forms: 

(o)  Tableware,  such  as  spoons,  forks,  knives,  ladles,  etc.; 

(fc)  Surgical  instruments,  pocket  knives,  dental  instruments,  etc; 

(c)  Evaporating  dishes,  crucible  supports,  lamp  stands,  etc: 

(d)  Jewelry,  including  finger  rings,  cuff  buttons,  scarf  pins,  etc. 

These  malleable  alloys  are  all  slowly  attacked  by  either  hydro- 
chloric, sulfuric,  or  hydrofluoric  acid,  but  are  nearly  immune 
to  all  chemical  combinations,  as  weU  as  the  fruit  acids  As  the 
evaporating  dishes  made  of  this  metal  take  a  bright  polish,  and 
can  be  made  of  comparatively  light  section,  they  will  prove 
suitable  for  evaporating  many  chemical  salts  to  dryness,  and 
are  particularly  suitable  for  boiling  the  caustic  alkalies.  Sub- 
stances may  be  evaporated  to  complete  dryness  in  these  ves- 
sels without  any  danger  whatever  of  breaking  the  vessel,  since 
the  tensile  strength  of  the  alloy  exceeds  100,000  lbs.  to  the  sq. 
in.,  and  it  also  shows  considerable  elongation  before  rupture. 
When  a  vessel  made  of  this  material  is  struck  by  a  hammer,  it 
emits  a  clear,  musical  tone,  and  continues  to  vibrate  for  a  con- 
siderable length  of  time.  The  vessels  retain  their  luster  in  the 
chemical  laboratory  under  practically  all  conditions,  since  they 
are  not  affected  in  the  slightest  degree  by  sulfuretted  hydrogen, 
ammonium  chloride,  or  other  vapors.  Furthermore,  they  are 
practically  immune  to  acid  vapors.  They  give  most  excellent 
results  in  the  form  of  lamp  stands,  supporting  rings,  triangles, 
etc.  When  these  are  heated  to  full  redness,  tlicy  become  cov- 
ered with  a  deep  blue-black  film,  which  does  not  change  either 
in  weight  or  appearance  by  repeated  heating,  and  as  no  scale 
ever  forms,  these  articles  retain  their  weight,  stability,  and 
smooth  surface  indefinitely  under  all  sorts  of  use.  They  can  be 
subjected  to  temperatures  up  to  1200°  C,  and  still  retain  a  con- 
siderable amount  of  strength.  In  fact,  the  Stellite  alloys  pos- 
sess the  highest  "red  hardness"  of  any  of  the  alloys  yet  dis- 
covered. 
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JEWELRY 

The  chemist  is,  as  a  rule,  not  much  interested  in  jewelry  ex- 
cepting from  a  scientific  standpoint.  He  is  vitally  interested, 
however,  in  the  fact  that  the  demand  for  platinum  in  jewelry 
has  rendered  the  price  of  this  material  so  high  that  it  is  almost 
unobtainable.  Unfortunately,  the  demand  for  platinum  in 
this  line  is  largely  based  upon  its  high  price.  Comparatively 
a  small  amount  was  used  in  jewelry  until  after  the  price  of  plat- 
inum exceeded  that  of  gold.  It  then  became  a  fad,  amounting 
almost  to  a  mania,  to  substitute  platinum  for  gold,  wherever 
one's  means  would  permit  of  doing  .so.  All  efforts  to  produce 
a  substitute  for  platinum,  which  would  give  results  equal  or 
superior  to  that  metal  in  many  respects,  have  proved  almost 
futile,  since  the  very  evil  which  these  attempts  have  sought  to 
remedy  is  held  up  by  the  purveyors  of  platinum  jewelry  as  a 
virtue;  namely,  its  high  price;  and  notwithstanding  "a  rose  by 
any  other  name  would  smell  as  sweet,"  it  must  in  the  eyes  of 
fashion  also  cost  as  much,  or  more;  in  fact,  the  more  the  better. 
Whether  this  condition  is  to  continue  indefinitely  or  be  limited 
by  a  legal  enactment  is  a  question  for  our  Government  to  de- 
cide. Fashion,  like  fortune,  is  fickle,  and  may  change  radically 
at  almost  any  instant. 

Stellite  would  in  many  cases  substitute  to  great  advantage 
for  platinum  in  jewelry.  It  is  almost  the  same  color,  possesses 
a  higher  luster,  and  retains  its  luster  very  much  better  than  plat- 
inum, since  it  is  so  hard  that  it  is  not  easily  scratched  or  abraded 
by  ordinary  use.  It  is  absolutely  immune  against  tarnish  or 
corrosion  in  the  air,  and  while  it  is  not  nearly  so  pliable  as  plat- 
inum, it  can  be  worked  into  many  of  the  forms  used  in  jewelry 
without  special  difficulty.  Finger  rings  can  be  made  from  it 
either  in  the  plain  form,  or  adapted  to  the  TilTany  setting,  so  that 
it  may  be  used  in  conjunction  with  any  gem  desired.  If  pref- 
erable, plain  band  rings  can  be  made  of  the  cast  metal,  which 
are  practically  file-proof,  and  at  the  same  time  possess  a  beauti- 
ful color  and  permanent  luster. 

.305    N.  Washinc;t<).\-   StkkbT 
KoKOMo,    Indiana 


THE  INFLUENCE  OF  ADDED  SUBSTANCES  ON  THE 

END-POINT  IN  THE   lODOMETRIC    TITRATION 

OF  HYDROGEN    SULFIDE 

By  ALFRiin  R.  Javson  and  Ralph  K.  f>ESPKK' 

INTRODUCTORY 

Wide  use  is  made  of  the  reaction 

HjS  +  I,  =  S  -I-  2HI, 
in  estimating  the  sulfur  content  of  systems  or  materials  con- 
taining this  clement  cither  as  hydrogen  sulfide  or  as  other  com- 
pounds easily  converted  into  hydrogen  sulfide.  Furthermore, 
such  metals  as  zinc,  cadmium,'  etc.,  whose  sulfides  are  readily 
soluble  in  aeiil,  may  be  determined  by  isolating  the  sulfide, 
(lissolving  it.  and  titrating  the  resulting  hydrogen  sulfide  with 
standard  iodine. 

The  evolution  methods  of  delertnining  the  sulfur  content  of 
irons  and  steels  are  in  common  use.  The  sample  is  dissolved  in 
acid  and  the  evolved  hydrogen  sulfide  absorbed  in  a  reagent 
whose  nature  is  usually  determined  by  whether  the  subse(|iient 
course  of  the  aiuilysis  is  to  be  a  gravimetric,  colorinietric  or  vol- 
umetric process.     Numerous  absorbents  have  been   proposed,' 

>  The  work  rcp<irlc<l  in  tllU  article  ciiii<titulC!i  (he  l>a<i»  o(  u  th»i> 
•iibinillril  hy  A  R  Juy<nii  In  Ihc  I'ncully  of  thr  Crailiintc  School 
ol  New  York  Diiiveraily.  in  |>arl  (iiinilnirnl  nl  the  refiulrenieniK  Inr  the  ile- 
Krre  of  Master  of  Science. 

>  von  llerii.  /  >in.W.  Chtm..  M  0HH7k  li,  Mllller.  UhU.  im  thim. 
|l|  1  (IW7).  i.l;  nil>ol«in  ami  AilrhJaon.  "Analyniaof  Nonl'errau*  Alloya." 
1911.    \r,H:  Scnii.   "Siunilunl    Melhmla  of  (.'hemical   Analv<l<."   IflT,   87. 

•  I'ompiliilliiiK  uiiil  iilxtrai'H  of  the  vurlous  |>r<i|Hn>la  hove  lieen  tuulc 
l>y  llrearlcy.  (Hem  \ewi.  II  lIvlKll.  .MW>.  I'uUifer.  Tllln  Juiunai..  •  (IUI6), 
IIIU 


but  those  most  generally  employed  in  connection  with  the  iodo- 
metric  estimation  of  the  hydrogen  sulfide  liberated  are:  sodium 
or  potassium  hydroxide;  ammoniacal  zinc  solution  or  ammo- 
uiacal  cadmium  solutions.  After  absorption,  these  solutions 
or  suspensions  are  made  strongly  acid  and  titrated  with  iodine  in 
the  presence  of  starch.  The  reaction  between  iodine  and  hy- 
drogen sulfide  takes  place  in  the  presence  of  a  considerable 
quantity  of  acid  and  under  these  conditions  the  end-point  is 
uncertain,  for  an  excess  of  iodine  is  not  made  manifest  by  a 
sudden  change  from  colorless  to  blue,  but  even  in  the  early  part 
of  the  titration  the  solution  turns  yellow,  and  passing  through 
orange,  red  and  purplish  red,  deepens,  and  forms  a  final  purple 
instead  of  a  pure  blue.  This  difficulty  may  be  overcome  in 
part  by  standardizing  the  iodine  solution  by  means  of  a  sample 
of  known  sulfur  content  carried  through  the  same  procedure, 
but  this  is  often  inconvenient.  It  is  better  to  add  an  excess  of 
iodine  to  the  acidified  solution  and  titrate  back  with  thiosulfate, 
as  this  gives  a  sharp  end-point. 

The  appearance  of  the  interfering  colors  is  a  matter  of  common 
knowledge  and  is  usually  ascribed  to  the  presence  of  erythro- 
dextrin  or  similar  products  of  the  hydrolysis  of  starch,  though 
this  is  still  an  open  question.  Indeed,  the  real  nature  of  the 
blue  color  produced  by  starch  itself  and  iodine  is  still  a  matter 
of  dispute.'  Some  have  asserted  that  it  is  a  mere  physical 
phenomenon ;  others  claim  the  existence  of  a  definite  compound, 
though  the  actual  composition  appears  to  vary  with  the  con- 
centration, temperature,  etc.,  while  still  others  view  this  as  a 
case  of  adsorption.  Harrison, ^  in  particular,  holds  this  latter 
view.  He  claims  that  the  blue  material  is  a  colloidal  suspension 
of  iodine,  starch  acting  as  a  protective  colloid.  He  further  states 
that  starch,  dcxtrins,  starch-celluloses,  etc.,  do  not  differ  chem- 
ically but  are  merely  different  degrees  of  dispersion  of  the  same 
substance.  The  various  colors  produced  by  these  materials 
and  iodine  may  be  produced  by  addition  of  alcohol  to  aqueous 
starch  iodide  suspensions  and  vice  rersa;  by  warming  and 
cooling;  by  addition  of  salts;  processes  which  he  holds  merely 
change  the  degree  of  dispersion  and  consequently  the  protective 
action  of  the  starch.  As  this  decreases,  iodine  tends  more  and 
more  to  form  true  solution,  and  hence  the  color  changes. 

The  influence  of  salts  and  other  added  substances  upon  the 
color  produced  by  iodine  and  starch  has  been  studied  by  Frcs- 
enius,'  Meineke,*  Pinnow,'  Lonnes,'  Burgstaller.'  and  others. 
In  general,  salts  increase  the  sensitiveness  of  the  action  and 
potassium  iodide  is  particularly  effective.'  However,  excessive 
salt  addition  decrea.ses  the  sensibility  and  often  leads  to  changes 
in  the  starch  so  that  yellows  aiul  reds  appc;ir  when  iodine  is 
added.  Meineke  claims  that  large  quantities  of  salts  bring  al>out 
a  partial  change  of  starch  into  materials  less  sensitive  to  iodine 
or  into  dextrins  coloring  red  or  yellow,  »'.  c.  shades  less  noticeable 
than  blue.  Harrison  ascribes  this  action  of  salts  to  changes  in  the 
degree  of  dispersion  of  starch.  Hale*  found  that  ordinary 
starch  contains  as  impurities,  erythrodextrin.  coloring  red  with 
iodine,  and  ainidulin,  coloring  blue  The  change  of  amutulin 
to  erythrodextrin  is  catalyzed  by  potassium  bicurlxinutc  in  the 
presence  of  an  oxidizing  agent  and  he  thus  explained  the  red 

>  Coinmenia  anil  reference*  to  the  original  paper*  may  be  founrf  ia 
Dammer.  "Ilamlhuch  iler  unuri!ani*chen  Cbeiuie."  1  (tS«?),  »*<>,  <  (190^). 
221;  Heilileln.  Ihid  .  I  OV.*).  1085:  Suppl.  I  (IVOI),  .^R«.  Thorpe,  Dirilon 
ary  of  Applied  Chcmiitry."  ■  (l»l.«1.  I-'?:  Katavama.  /  *«<>r(.  C»»ai  .  M 
(l')07).  iW. 

•  7.    Kolt   Chrm  .  t  (Win.  i.  Pro.:  Ckrm.  Snr..  M  (I9I0>.  ]S1 

•  Amm  .  101  (I8.^7).  IR4. 
Thtm.  /.It,  U  (IBU4),  1)7. 

•  /.  aHal  Clitm  .  41  (luO}).  483 

•  rbiJ  .  II  <m<Ml.  4(XI. 

<  Cktm    lit.  M  (WW).  .'89. 

•  Waahlmrn.  J  .\m  Cktm  .Scv  .  M  (1008).  4.<.  Trea.1»rll  .n.1  Mall 
'  Analyliral  Chemistry."  I  (l«07).  .M.V 

•  Am   J.  Sii.  |4|  II  (l<»0.f).  in. 
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color  appearing  during  the  titration  of  arsenious  acid  with  iodine 
in  the  presence  of  this  compound. 

We  have  assumed  that  the  red  color  appearing  during  the 
titration  of  hydrogen  sulfide  is  due  to  the  presence  of  erythro- 
dextrin.  The  acid  brings  about  the  hydrolysis  of  starch  but  it 
ordinarily  acts  very  slowly  in  the  cold.  The  depth  of  color 
appearing  during  the  titration  carried  out  under  the  conditions 
being  discussed  indicates  that  the  hydrolysis  is  catalyzed  and 
we  believe  that  hydrogen  sulfide  is  the  principal  accelerator, 
functioning  in  acid  solution  somewhat  as  Hale  found  potassium 
bicarbonate  to  act  in  an  alkaline  medium.  Our  work  was 
directed  toward  the  discovery  of  a  preventative  of  this  hydrolysis 
and  titrations  were  carried  out  in  solutions  of  varying  acid 
concentration  and  in  the  presence  of  numerous  salts.  None  of 
these  altered  conditions  brought  about  suflicicnt  improvement 
in  the  end-point  coloration  to  warrant  adoption  in  technical  prac- 
tice, but  the  results  were  of  enough  interest  to  justify  their 
appearance  at  this  time. 

EXPERIMENT.M, 

The  solutions  of  iodine  and  thiosulfale  used  were  N/ioo. 
Five  cc.  of  a  fresh  .solution  containing  5  g.  soluble  starch 
(LintnerJ  per  liter  were  used  in  each  case.  Preliminary  tests 
showed  that  ordinary  wheat  and  potato  starch  gave  the  same 
result.     A  fresh  aqueous  solution  of  hydrogen  sulfide  was  used. 

The  conditions  under  which  the  interfering  colors  would  form 
were  first  determined.  Starch  and  iodine  gave  a  pure  blue; 
25  cc.  hydrogen  sulfide  solution  diluted  with  500  cc.  water  and 
titrated  with  iodine  gave  a  blue  end  color  and  no  preliminary 
reds.  When,  however,  the  hydrogen  sulfide  was  diluted  with 
500  cc.  water,  75  cc.  hydrochloric  acid  (1:1)  added  and  then 
titrated,  a  red  color  appeared  almost  immediately,  growing 
deeper  as  the  titration  proceeded  and  finally  changing  to  purple. 
The  acid  is  necessary  for  the  appearance  of  the  red  color,  and, 
accordingly,  tests  were  made  using  decreasing  volumes  of  acid, 
the  total  volume  of  solution  being  kept  constant  by  the  addition 
of  water.     The  results  are  given  in  Table  I. 

Table  I — Formation  ok  Interfering  Colors 

Hydrogen  sulfide  solution ...  25  cc.  Starch  paste 5  cc. 

HCl  (1  :    1)  HiO  Color  of  solution              Color  at 

No.                                 Cc.  Cc.  during  titration            End-point 

1 0  575  Colorless                   Pure  blue 

2 5  570  Yellowish                  Purplish  blue 

3 10  565  Pinkish                       Purplish  blue 

4 IS  560  Pink                           Purple 

5 25  550  Red                              Purple 

6 50  525  Deeper  red               Purple 

7 75  500  Deeper  red 

The  intensity  of  the  red  color  increases  with  the  acidity  of  the 
solution,  and  the  interference  of  the  pink  with  the  blue  is  not 
very  noticeable  when  less  than  15  cc.  acid  is  present;  0.02  g. 
cadmium  sulfide  was  suspended  in  500  cc.  water,  15  cc.  acid 
added,  and  the  resulting  hydrogen  sulfide  titrated  with  iodine. 
Although  the  red  color  was  not  very  pronounced,  the  sulfide 
dissolved  so  slowly  that  the  results  were  far  from  accurate. 
It  is  possible  to  add  an  excess  of  iodine  to  the  suspension  con- 
taining no  acid,  allow  to  stand  for  half  an  hour  or  so  and  then 
titrate  the  excess.  This  method  has  been  recommended  for  the 
estimation  of  zinc'  However,  if  immediate  results  are  desired, 
or  if  the  use  of  a  second  standard  solution  is  not  convenient, 
it  appeztfs  impracticable  to  reduce  the  acid  to  the  point  where  the 
interference  of  the  red  is  negligible. 

Titrations  were  carried  out  in  the  presence  of  other  acids. 
Sulfuric  acid  in  quantities  equivalent  to  the  hydrochloric  acid 
used  above  produced  the  corresponding  red  color,  but  the  slightly 
dissociated  acids,  acetic  and  boric,  gave  no  red  during  the  titra- 
tion and  a  pure  blue  end-point:  75  cc.  of  15  per  cent  phosphoric 
acid  in  a  total  volume  of  575  cc.  gave  a  light  pink,  changing  to  a 
'  Pouget.  Compl.  rend..  \\\  129  (1899).  45. 


purple  end  color,  thus  showing  an  intermediate  behavior.' 
However,  cadmium  sulfide  dissolves  in  acetic  acid  so  slowly,  even 
in  the  presence  of  iodine,  that  its  use  does  not  seem  feasible. 
The  effect  of  adding  rather  high  concentrations  of  chlorides  to  the 
hydrochloric  acid  .solution  was  studied  in  the  hope  that  they  wotUd 
sufficiently  depress  the  ionization  of  the  acid  to  overcome  the 
color  formation.  The  results  of  adding  saturated  sodium 
chloride  solution  are  shown  in  Table  II. 

Table  II — Effect  op  Saturated  Sodium  Chloride  Solution 

Hvdrogen  sulfide  solution          Hydrochloric  acid  (1  :  1)          Starch  paste 

25  cc.                                                 75  cc.  5  cc. 

NaCl  (sat.  sol.)             HiO  Color  at 

No.                                                     Cc.                       Cc.  End-point 

1 0                      500  Deep  red 

2 50                      450  Deep  red 

3 100                      400  Deep  red 

4 200                      300  Deeper  red 

No  improvement  was  noted :  500  cc.  saturated  sodium  chloride 
solution  containing  75  cc.  acetic  acid  (20  per  cent)  gave  a  light 
red,  changing  to  purple;  500  cc.  saturated  sodium  acetate  solu- 
tion containing  75  cc.  hydrochloric  acid  (1:1)  gave  a  yellow, 
passing  through  reddish  yellow  to  purple;  500  cc.  saturated 
.solution  disodium  hydrogen  phosphate  containing  75  cc.  hydro- 
chloric acid  (I  :  i)  gave  a  pink,  changing  to  purple.  These 
attempts  to  decrease  the  hydrogen  ion  content  by  addition  of 
salts  derived  from  weak  acids  had  no  favorable  effects,  and  the 
hydrochloric  acid  present  in  these  equilibria  was  sufficient  to 
hydrolyze  the  .starch.  The  results  with  15  per  cent  calcium 
chloride  solution  are  shown  in  Table  III. 

Table  III — Effect  of  15  Per  cent  Calcium  Chloride  Solution 
Hydrogen  sulfide  solution ....  25  cc  Starch  paste 5cc. 

15%  CaCb         HCl  (1:1)  HjO  Color  at 

No.                             Cc.  Cc.  Cc  End  point 

1 0  0  575  Blue 

2 0  75  500  Deep  red 

3 20  75  480  Deep  red 

4 40  75  460  Deep  red 

5 60  75  440  Deep  red 

6 80  75  420  Deep  red 

7 100  75  400  Deep  red 

8 150  75  350  Deep  red 

9 200  75  .■(00  Deep  red 

A  repetition  of  these  experiments,  using  10  per  cent,  20  per 
cent  and  saturated  solutions  of  calcium  chloride,  showed  no 
improvements.  Meineke''  noted  that  calcium  chloride  produced 
a  red  end  color  even  when  no  acid  was  present;  he  found  bi- 
borates  to  show  the  same  tendency  and  even  large  concentrations 
of  potassium  iodide  have  the  same  effect.  Titrations  in  the 
presence  of  varying  concentrations  of  potassium  chloride, 
sodium  sulfate,  magnesium  sulfate,  barium  chloride  and  alu- 
minum sulfate  showed  no  reduction  of  the  red  color.  Goppels- 
roeder'  found  that  magnesium  sulfate,  even  in  the  absence  of 
acid,  tended  to  give  red  tints  to  the  starch  iodide  coloration, 
while  large  amounts  of  potassium  alum  gave  red  colors  exclu- 
sively. 

Table  IV — Effect  of  Cadmium  Sulfide 

Cadmium  sulfide.    .  -0.02  gram  Starch  paste 5  cc. 

XaCI  (sat.  sol.)      HC1(1.  1)  HiO  Color  near 

No.  Cc.  Cc.  Cc.  End-point 

1 0  75  500  Deep  red 

2 too  25  450  Deep  red 

3 150  25  400  Deep  red 

4 200  25  350  Deep  red 

5 300  25  250  Deep  red 

Cushman*  has  shown  that  cadmium  sulfide  will  dissolve  in 
strong  sodium  chloride  solutions  containing  low  concentrations 
of  hydrochloric  acid.  This  .seemed  to  offer  a  method  of  avoiding 
the  undesirable  effects  of  excess  acid  while  permitting  solution 
of  the  sulfide.     The  results  are  given  in  Table  W. 

'  Pinnow  (lot.  cit.)  found  acids  to  increase  the  sensitiveness  of  the  iodo- 
starch  reaction  in  the  order  of  their  electrical  dissociation,  but  he  points 
out  that  the  H  ion  concentration  is  not  the  only  factor  involved  since  salts 
are  often  more  effective  than  the  corresponding  acids. 

;  i.of.  cil 

>  J.  Fori.  Chem..  1863,  670;  .4iin    Phys..  a09,  57. 

'  .\m.  Chem.  J..  17  (1895).  379. 
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Although  solution  of  the  sulfide  still  occurred  when  the  volume 
of  acid  was  reduced  to  15  cc,  one  hour  was  required  to  complete 
the  solution  and  titration.  Less  than  this  quantity  of  acid 
produced  no  appreciable  solution  of  sulfide  no  matter  how  much 
sodium  chloride  was  present.  In  no  case  was  the  red  color 
reduced. 

The  failure  of  the  coagulating  electrolytes  to  bring  about  im- 
provement indicates  that  the  colloidal  sulfur  produced  during 
the  reaction  is  not  responsible  for  the  red  coloration.  Likewise, 
acidified,  solutions  of  thiosulfate  containing  sulfur  in  varying 
stages  of  aggregation  gave  pure  blue  end  colors  with  no  prelimi- 
nary reds  when  treated  with  iodine.  If  a  small  quantity  of 
hydrogen  sulfide  was  added  before  beginning  the  titration,  reds 
and  purples  appeared  as  soon  as  any  thiosulfate  still  present  had 
reacted.  The  starch  and  acid  could  be  left  in  contact  for  a 
considerable  period  without  influencing  the  end  color.  Titra- 
tions were  made  as  usual  e.\cept  that  the  acid  was  not  added  until 
the  end-point  was  almost  reached,  and  when  the  few  drops  of 
iodine  necessary  to  complete  the  reaction  were  added  carefully 
no  red  appeared  and  the  end  color  was  pure  blue.  If  the  addi- 
tion of  the  starch  was  deferred  until  just  before  the  end-point 
was  reached,  the  acid  being  present  from  the  beginning,  no 
interfering  colors  formed.  If,  in  either  of  these  caSes,  the 
solution  was  allowed  to  stand  for  some  time  before  completing 
the  titration,  the  end  color  was  pure  blue,  if  the  last  iodine  was 
added  slowly.  If  added  rapidly,  a  faint  pink  appeared  which 
deepened  and  gave  way  to  a  purple  end  color,  and  the  faster  the 
iodine  was  added,  the  deeper  the  red.  The  significance  of  this 
will  be  discussed  later. 

Although  a  decjjening  of  the  red  color  as  the  titration  pro- 
gresses is  accompanied  by  an  increase  of  both  hydrogen  iodide 
and  sulfur,  these  materials  probably  exert  no  catalytic  action, 
since  titration  of  acidified  suspensions  of  cadmium  sulfide  which 
slowly  liberate  the  same  total  quantity  of  hydrogen  sulfide  as 
was  present  in  25  cc.  of  the  aqueous  solution,  show  a  much 
deeper  color  even  from  the  beginning  than  was  observed  with 
the  aqueous  solutions.  It  seems  improbable  that  equal  quan- 
tities of  sulfur  and  hydrogen  iodide  should  exert  increased  cata- 
lytic action,  and  as  will  be  ])ointtd  out  later,  depth  of  color  appears 
rather  to  be  dependent  on  the  local  concentration  of  hydrogen 
sulfide.  If  hydrogen  sulfide  is  the  catalytic  agent,  why  should 
the  red  color  increase  as  it  is  progressively  removed?  VV'hen 
titrating  aqueous  solutions  there  is  so  nuich  hydrogen  sulfide 
present  at  the  beginning  that  it  reacts  rapidly  with  the  iodine  and 
so  prevents,  to  a  great  extent,  the  formation  of  the  red  erythro- 
dexlrin  iodide.  As  it  is  used  up  the  erythrodextrin  has  more 
opportunity  to  combine  with  the  iodine  and  the  red  color  deepens. 
No  red  at  all  appears  when  .1  concentrated  solution  of  hydrogen 
sulfide  is  titrated,  until  its  concentration  is  reducetl  to  about 
that  prevailing  in  our  solutions.  I'urthermore,  if  the  iodine  is 
added  slowly  and  the  solutions  thoroughly  stirred  after  each 
addition,  little  if  any  permanent  red  appears  as  long  as  the  con-' 
centration  of  the  hydrogen  sulfide  is  comparatively  high.  As 
the  reaction  progresses,  it  becomes  increasingly  diflicult  to  re- 
move the  color  by  stirring,  for  now  the  erytlirodexlrin  has  a 
chance  to  combine  with  the  iodine.  If  the  iodine  is  a<lile(l 
rapidly,  the  reil  appears  immediately  and  quickly  deepens. 
Under  these  conditiims  the  local  conccntrution  of  hydrogen 
sulfide  is  not  siiflieient  to  react  with  all  the  iodine  and  cry  thro 
dextrin  iodide  forms.  The  increased  red  observed  when  titrating 
a  slowly  dissolvitig  sulfide  muy  be  ilut  to  the  low  local  concen 
trillion  of  the  hydrogen  sullide 

If  the  titration  is  carried  past  the  end-point  unci  thru  Inick- 
tilrated  with  hy<lriiKen  sullide,  tlic  solution  liccnnirs  ciilnrlevi. 
If  inorr  iodine  is  then  added,  the  red  rcup|>rars  and  givr^  u 
purple  end  color.  If  the  fir^tt  color  ix  iliwharKed  with  thiosnlfatr, 
the  <iubscqMrnt  atldilioii  of  imlinr  produrcit  no  red  or  purple 
lull    a   pure   Mtir      This  difTrreiicc   i-i  .HiKnificniit       ;\dililioii   of 


excess  iodine  and  back-titration  with  thiosulfate  leads  to  a  sharp 
end-point  and  so  this  procedure  has  been  recommended  and  we 
find  this  the  only  method  giving  constant  agreement  when 
titrating  hydrogen  sulfide  solutions.  Hale  points  out  the 
following  facts  in  explanation  of  this  feature:  Although  starch 
will  remove  iodine  from  erythrodextrin  iodide,  and  form  starch 
iodide,  toward  the  end  of  the  titration,  an  excess  of  iodine  is 
present  for  a  short  time  and  both  iodides  are  formed  together. 
Although  in  alkaline  solution,  a  reducing  agent  (sulfurous  acid) 
fades  the  blue  first,  leaving  the  red  to  fade  more  slowly ;  in  acid 
solution  the  red  fades  first  and  the  blue  last,  even  in  the  presence 
of  an  abundance  of  materials  coloring  red  with  iodine.  This 
may  explain  why  in  the  back-titrations  with  thiosulfate  one  is 
not  bothered  by  the  appearance  of  red  hues. 

We  believe  that  the  erythrodextrin  is  formed  at  the  point  of 
reaction  of  the  iodine  and  hydrogen  sulfide  and  the  resulting 
relatively  high  local  concentration  of  erjthrodextrin  permits 
the  formation  of  the  red  material,  if  the  concentration  of  hydrogen 
sulfide  at  this  point  is  not  too  great .  This  conclusion  is  analogous 
to  that  arrived  at  by  Hale  who  found  that  potassium  bicarbonate 
catalyzes  the  change  of  amidulin  to  erythrodextrin  only  in  the 
presence  of  an  oxidizing  agent.  In  the  same  way  we  believe 
the  hydrogen  sulfide  accelerates  the  hydrolytic  action  of  the 
acid  in  the  presence  of  iodine.  Hale  found  that  starch  prepared 
according  to  Zulkowsky'  gave  no  interfering  colors.  We  pre- 
pared a  sample  of  this  "amorphous  amylodextrin."  which, 
when  tested  in  the  iodometric  titration  of  an  arsenite  in  the 
presence  of  potassium  bicarbonate  gave  a  pure  blue  end  color. 
When  used  as  indicator  during  the  titration  of  hydrogen  sulfide 
in  acid  solutions,  this  pure  starch  showed  slightly  less  red,  but 
the  end  color  was  purple  and  the  exact  end-point  as  uncertain 
as  when  ordinary  starch  was  used. 

CONCLUSIONS 

The  following  hypothesis  is  advanced  to  account  for  the  red 
color  appearing  during  the  iodometric  titrations  of  hydrogen 
sulfide  in  acid  solution :  the  acid  hydrolysis  of  starch  to  erythro- 
dextrin is  accelerated  by  hydrogen  sulfide  in  the  prcsi^ncc  of 
iodine.  This  hydrolysis  occurs  at  the  point  at  which  iodine  and 
hydrogen  sulfide  react,  and  though,  at  ordinary  concentrations, 
iodine  reacts  with  hydrogen  sulfide  and  combines  with  starch 
in  preference  to  erythrodextrin,  under  conditions  of  high  local 
concentration  erythrodextrin  iodide  may  also  be  formed.  At 
the  end  of  the  titration  the  formation  of  erythrodextrin  no  longer 
occurs,  blue  starch  iodide  forms,  and  a  mixture  of  the  latter  and 
the  red  erythrodextrin  iodide  already  present  gives  a  purple  end 
color.  On  stamling,  the  erythrodextrin  iodide  gives  up  its  iodine 
to  the  starch,  and  the  purple  changes  to  a  pure  blue,  but  this 
final  color  change  pr<Keeds  too  slowly  to  be  of  practical  sig- 
nificance. 


1  The  conditions  lea<liiiK  to  the  red  coloi  apiK-ariiig  during 
the  titration  of  hydrogen  sulficle  with  iixliiie  in  acid  sululinn  have 
been  studied  and  an  hypothesis  advanced  to  acvount  for  the 
phenomenon 

II  The  i|uanlily  of  erylhrodevtriii  fornu-d  idrpth  of  the 
red  color)  is  de|>eiidenl  on  the  nature  of  the  acid  prrwul  and  il» 
formation  increases  with  rising  concrntrutioii  of  acid  Kctliic- 
tioii  of  the  concenlralioii  of  iicid  U-yond  a  ctrtuin  |m>ihI  i>  iiii 
practicable  when  litriiliiiK  cadiuiiiiii  ••ulfiilr  Mi»|icli»ion»  ticcouKC 
of  the  slow  rule  of  Miliition 

III      The  .idditioii  of  vaiioiis  h;iI|v  Iui--  not  Miadr  Ihe  riiil-|Miint 
more  definite 

llAVKHKVRII    I'llRMICAL    LaCUIIATiiIIV 

Naw  Yi>«R  Umivibmtt.  Nnw  Vo«k  Cit« 

I  /««      l(  ilSKO).   I  W,% 
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THE  STORAGE  AND  TRANSPORTATION  OF  LIQUffiS 

Dy   Fl.oRi;s   R.    Baxter,  of  thu  Vacuum  Oil  Company 

The  transportation  of  liciuicls  in  large  quantities  was  started 
in  this  country  shortly  after  the  l)eginning  of  the  era  of  the 
production  of  crude  oil  in  cumniercial  quantities,  and  due  to 
that  fact. 

As  far  back  as  1781  Lord  Dundonald  secured  an  English 
patent  for  '.'A  Process  of  Obtaining  Naphtha,  Brown  or  Heavy 
Oil  from  Coal  by  Distillation."  In  1830,  Laurent  in  England 
made  paraffine  by  the  distillation  of  bituminous  shale.  The 
following  fifteen  years  witnessed  considerable  progress  in  dis- 
tilling shales,  and  a  patent  taken  out  in  England  in  1845  de- 
scribes the  purification  of  the  distillates  with  sulfuric  acid  and 
with  alkali,  the  method  still  used  for  deodorizing  and  decolor- 
izing the  burning  oils. 

From  1840  to  1850  many  experiments  were  made  both  in 
lingland  and  in  the  United  States  for  the  production  of  a  fluid 
that  could  be  burned  for  illuminating  purposes  to  take  the  place 
of  candles.  In  1847  Dr.  James  Young,  of  Renfrewshire,  suc- 
ceeded in  extracting,  on  a  commercial  scale,  wax  and  light- 
burning  oil  as  well  as  a  heavy  lubricating  oil  from  a  crude  oil 
that  flowed  from  the  top  of  a  coal  working  at  Alfrelon  in  Derby- 
shire. In  1850  he  took  out  his  celebrated  patent  for  "Obtain- 
ing Paraffine  Oil,  or  an  Oil  Containing  Paraffine  and  Paraffine 
from  Bituminous  Coal."  Incidentally  this  paraffine  of  the 
English  people  is  the  product  we  know  as  "kerosene." 

During  the  next  ten  years  some  fifty  or  sixty  coal  oil  refineries 
in  the  United  States  alone  were  licensed  by  Dr.  Young  to  distil 
both  bituminous  coal  and  bituminous  shale,  and  their  manu- 
factured products  were  equal  in  every  way  to  the  foreign  articles. 
The  most  important  of  these  refineries  was  the  Downer  Kerosene 
Works  located  at  Boston.  .  The  word  "kerosene"  was  their 
trademark,  but  it  persists  and  is  used  to-day  to  designate  the 
ordinary  grades  of  burning  oil. 

TRANSPORTATION    BY   BOAT 

Experiments  had  been  made  in  a  small  way  with  the  crude 
oil  obtained  in  the  Oil  Creek  region  and  had  established  the  fact 
that  the  kerosene  made  from  the  distillation  of  coal  and  shale 
could  also  be  made  from  the  crude  petroleum  and  at  a  consider- 
able saving  in  price.  The  supplying  of  crude  oil  therefore  to  the 
several  refineries  (many  at  a  considerable  distance  from  the  oil 
fields)  necessitated  an  increased  production  and  inaugurated 
transportation  in  the  large  way.  At  first  oak  barrels  holding 
40  to  42  gallons  were  either  hauled  out  by  teams  to  the  nearest 
railroad  station  where  they  were  placed  on  platform  cars  for 
shipment  to  the  distant  refineries,  or  they  were  floated  on  boats 
down  Oil  Creek.  The  boats  loaded  with  empty  barrels  were 
lowed  up  the  Creek  by  hor.ses  or  mules,  wading  in  the  stream, 
there  being  no  tow-path.  After  filling,  the  barrels  were  again 
loaded  on  the  boats  which  were  released  at  the  next  freshet. 
As  a  matter  of  economy,  two  upright  wooden  tanks  or  cisterns 
holding  2000  gallons  each,  replaced  the  barrels  on  barges  and 
platform  cars,  and  boats  having  a  number  of  water-tight  com- 
partments took  the  place  of  the  barrel  barges. 

In  1871  the  wooden  tanks  began  to  disappear,  their  place 
being  supplied  by  the  horizontal,  cylindrical  boiler  iron  tanks 
now  in  general  use.  Tho.sc  made  in  j88o  held  from  3000  to 
5000  gallons.  To-day  two-  or  three-compartment  tanks  afford 
capacity  as  low  as  2000  gallons  while  the  largest  tanks  hold  12,000 
gallons.     If  this  latter  quantity  were  filled  into  50-gallon  barrels. 


the  average  size,  three  large  box  cars  would  be  required  for  its 
transportation. 

The  first  vessel  fitted  with  iron  tanks  for  the  marine  transport 
of  petroleum  was  the  wooden  ship  "Charles,"  which  was 
employed  between  the  years  1869  and  1872  in  the  trade  between 
the  United  States  and  Europe  for  the  transport  of  crude  oil. 
Her  capacity  was  794  tons  and  this  was  carried  in  a  double  row 
of  tanks,  59  in  all.  Apparently  this  was  either  a  barge  or  a 
sailing  vessel,  for  the  statement  is  made  that  the  first  steamer 
built  especially  for  this  trade  was  completed- in  1872.  Numerous 
improvements  were  made  in  ocean-going  ships,  the  number  of 
tanks  being  gradually  diminished  until  eight  appears  to  have 
been  settled  on  as  the  proper  number  of  divisions.  In  1903 
the  "  Narragansetl"  was  completed  for  the  Anglo-Amer- 
ican Oil  Company.  Boverton  Redwood  says  of  her;  "The 
' NarraganseW  is  in  several  respects  a  notable  vessel;  she  is 
built  of  steel,  531  feet  long,  63  feet  6  inches  broad,  42  feet  deep 
and  is  fitted  with  engines  amidships.  She  has  a  gross  tonnage 
of  9196  tons,  a  deadweight  carrying  capacity  of  12,000  tons  of 
which  10,500  to  11,000  tons  may  be  held  in  bulk,  and  the  re- 
mainder coal  or  fuel  oil,  and  her  displacement  at  low  draught  is 
over  20,000  tons. 

"At  that  time  she  was  one  of  the  largest  bulk  oil  carriers  afloat 
and  one  of  the  heaviest  ships  ever  launched  on  the  Clyde.  More 
notably  still  is  the  fact  that  she  can  be  quickly  turned  into  an 
ordinary  cargo  steamer. 

"The  oil  tanks  proper,  of  which  there  are  eight,  are  situated 
four  forward  and  four  aft  of  the  machinery  space  and  are  divided 
by  a  longitudinal  bulkhead  running  fore  and  aft  through  all  the 
tanks. 

"There  are  four  cofferdams  situated  one  at  each  end  of  the 
forward  oil  tanks  and  one  at  each  end  of  the  after  oil  tanks. 

"The  pumps  are  of  the  duplex  type,  latest  available  plate 
pattern  and  have  a  combined  maximum  output  of  900  tons  per 
hour.  A  cargo  of  10,800  tons  may  thus  be  discharged  in  12 
hours. 

"The  engines,  which  are  of  the  triple  expansion  type,  are  of 
very  massive  design  and  develop  5200  I.  H.  P.,  giving  a  speed  of 
13  knots." 

As  a  matter  of  information  a  ton  of  refined  oil  (kerosene) 
is  equivalent  to  approximately  7  barrels  of  50  gallons  each,  so 
we  may  figure  that  the  actual  number  of  barrels  that  may  be 
filled  from  one  cargo  of  this  ship  is  75,600. 

You  will  be  interested  to  know  that  while  the  Vacuum 
Oil  Company  does  not  own  as  large  a  .ship  as  this,  it  has  two 
tankers  in  service,  one  of  which  compares  favorably  with  it. 
The  "Bramelt  Point"  named  for  the  point  on  the  Delaware 
River  at  which  is  located  its  new  refinery,  was  launched  last 
year  and  on  its  second  trial  trip  it  was  my  pleasure  to  be  a 
passenger.  It  is  a  tanker  of  modern  type  and  is  the  first  com- 
mercial motor  vessel  to  be  built  in  the  United  States.  She  is  a 
triple  screw  vessel,  driven  by  three  Bolinder  oil  motors  develop- 
ing 1650  H.  P.  Her  dimensions  are:  Length,  293  ft.;  beam, 
47  ft.;  depth,  28  ft.  When  fully  loaded  she  will  carry  approxi- 
mately 34,500  barrels  of  refined  oil,  her  deadweight  capacity 
being  4950  tons. 

The  other  tanker  is  the  "Paulsboro,"  named  for  the  new 
works  just  referred  to,  and  is  over  twice  the  size  of  the  motor 
vessel  "Bramell  Point"  having  a  capacity  of  11,700 
tons.  Loaded  she  will  carry  approximately  80,500  barrels  of 
refined  oil.     The  "Paulsboro"  is  435  ft.  long.  56  ft.  beam  and 
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has  a  depth  of  33 '/s  ft.     She  is  propelled  with  triple  expansion 
stem  engines,  single  screw  and  has  a  speed  of  1 1  knots  per  hour. 

TRANSPORTATION   BY    PIPE   LINE 

The  first  pipe  line  was  3  miles  long  and  was  laid  in  1862. 
It  was  a  gas  pipe  4  in.  in  diameter  and  with  caulked  joints. 
The  leakage  was  so  great  that  little  oil  was  delivered  at  des- 
tination and  the  line  was  soon  abandoned.  In  1865  the  first 
successful  line  was  constructed  and  was  the  forerunner  of  this 
most  useful  method  of  transportation.  It  connected  the  Shaffer 
Farm  with  Benninghof  Run,  was  of  4  in.  pipe  and  was  4  miles 
long.  All  the  great  oil-producing  territories  are  now  connected 
with  the  seaboard  refineries. 

In  Russia  kerosene  is  pumped  through  lines  connecting  re- 
fineries on  the  Caspian  Sea  with  the  open  Black  Sea.  Just 
one  concrete  example  will  be  given  to  show  the  magnitude  of  this 
method  of  transportation.  Crude  oil  is  pumped  from  the  Kansas 
fields  to  New  York — by  relays  of  course. 

I  have  not  obtained  definite  figures  as  to  the  lines  between 
Whiting  (Chicago)  and  Kansas  City,  but  from  data  feel  safe 
in  assuming  there  arc  at  least  an  equivalent  of  two  8-in.  lines 
all  the  way.  A  map  issued  by  the  Department  of  the  Interior 
shows  two  lines  all  the  distance  of  450  miles,  but  not  their  size, 
many  sections  of  three  lines,  a  less  number  with  four  lines  and 
one  considerable  distance  having  five  lines.  From  Whiting  to 
New  York  the  following  data  on  lengths  of  lines  are  taken  from 
Redwood's  "Treatise  on  Petroleum."  The  trunk  lines  are  of 
various  diameters  and  contain  the  following  number  of  barrels 
of  42  gallons  each  per  nulc  in  length: 

4  in.  5  in.  6  in  8  in. 

82.07  bbls.  128.23  bbls.  184.67  bbls.  328.24  bbls. 

From  Whiting  to  New  York  the  trunks  are  in  pairs  nearly 
all  the  distance  and  include: 

129.20  miles  of  5  in.  pipe  holding 16,.S67  bbls. 

1316.93  miles  of  6  in.  pipt  hoUlinft 243.197  bbls. 

624.48  miles  of  8  in.  pipi-  lloUlinK 204.979  bbls. 

900.00  miles  of  8  in.  pipe  from  Whiting  to  Kansas  City . .  .  295.416  bbls. 

Total 760.159  bbls. 

The  average  price  for  the  crude  oil  that  is  pumped  through 
this  line  was  quoted  in  May,  1917.  as  Si.qo.  The  value  of  the 
oil  in  the  line  therefore  is  Si. 444. 3"-'.  This  line  must  be  full  of 
oil  before  a  single  barrel  can  be  delivered  at  the  other  end; 
in  other  words,  it  represents  actual  dead  capital. 

The  pipe  itself  is  of  special  construction,  wrought  iron.  Iai> 
welded,  tested  to  i  2<k)  lbs.  pressure.  The  ends  are  threaded  with 
greater  taper  than  for  ordinary  work  and  the  unions  arc  cor- 
respondingly better  made.  .\\.  distances  of  api)roxiiuately 
.',S  miles,  pumping  stations  are  located.  The  oil  is  usually  dis- 
charged into  tanks  from  which  the  pumps  draw  it  and  force  it 
along  to  the  tanks  at  the  next  station. 

As  an  indication  of  the  capacities  of  these  lines  we  find  the 
following  definite  statements: 

"The  (■ulf  Pipe  Line  Company  has  an  8  in.  trunk  line  from 
Watkins  Station  C'.lcini  Pool  to  Sour  Lake,  a  distance  of  411) 
miles.     It  has  a  capacity  of  i4.<i<xi  barrels  per  day. 

"The  Texas  Company  has  an  S  in.  trunk  line  from  I.efebre 
Station.  Tulsa,  to  Humble.  Texas,  the  length  of  wliicli  is  470 
miles.      The  capacity  of  the  line  is  15,000  barrels  daily." 

STilKAf.K 

SToKAtiK  III.'  CKi'iii':  iiii.s  at  the  wcllx  is  nsiially  in  woodrti 
tiuiks  having  capacities  of  jso  barrels  and  upward.  They  arc 
coniieelrd  with  the  trunk  line  ihriiUKll  2  in.  pipes  and  are  prac 
lically  nu-asuring  tanks. 

.\s  soon  as  the  tanks  are  Kauged  the  nil  i^  taken  away  throiiKh 
the  trunk  line  and  delivered  either  into  tank  cam  or  into  storaKc 
The  slatiilard  il/c  for  the  tunkii  for  storage  of  crude  by  the 
National  Transit  Coni|iaiiy  is  30  ft.  hi)(li  by  i>n  H  in  diameter: 
these  hold  3,s.<«k)  gallonn 


Iron  tanks  are  quite  generally  used  for  storage  in  the  oil- 
producing  countries,  though  earthen  reservoirs,  either  claj'  or 
timber  Uned,  are  not  unusual  in  Russia.  In  some  of  the  newer 
fields  in  this  country  where  it  has  not  been  possible  to  erect 
wrought  iron  tanks,  before  some  of  the  first  weUs  were  brought 
in.  earthen  tanks  are  now  being  utilized.  A  large  concrete  lined 
reservoir  has  recently  been  constructed  in  the  Southwest  section 
of  our  own  country  for  experimental  purposes. 

The  most  unique  reservoirs,  however,  will  be  the  ones  even- 
tually to  be  owned  by  our  own  government.  Secretary  Daniels 
states  that  when  the  three  years'  program  of  oil-biuming  naval 
vessels,  authorized  by  Congress,  is  completed,  the  navy  alone 
will  require  6,721.000  barrels  of  fuel  oil  annually  and  by  1927 
this  will  amount  to  10,000,000  barrels.  The  present  oil  reserves 
Nos.  I  and  2  are  located  in  California  and  No.  3  in  Wyoming. 
Reserve  No.  2  is  in  proven  fields  and  probably  contains  above 
400.000,000  barrels  of  oil.  The  scheme  is  to  hold  the  oil  in 
nature's  great  reservoirs  safe  from  fire  and  wastage  until  needed. 
When  this  time  arrives  the  drills  will  be  started.  The  one  great 
precaution  is  to  keep  "poachers"  at  a  safe  distance  away 
from  these  preserves,  because  it  has  been  pretty  well  established 
that  the  crude  in  one  lease  can  be  drawn  away  by  an  adjoining 
one. 

With  a  careful  selection  of  such  great  bodies  of  crudes  and 
with  proper  safeguarding,  our  country  can  be  made  reasonably 
sure  of  an  ample  supply  of  fuel  oil  for  many  years  to  come,  and 
let  us  hope  until  the  time  arrives  when  it  will  no  longer  be  neces- 
sary to  have  a  fleet  of  battleships   afloat. 


TRANSPORTATION   AND    STORAGE  OF  LIQUIDS  IN 
SMALL  PACKAGES 

By  I,,  R.  Adkixs.  oI  Ihc  Vacuum  nil  Comp.iny 
The  container  next  smaller  than  the  tank  and  piiur  line  used 
in  storing  and  transporting  liquids  is  the  barrel.  The  barrel 
as  a  unit  of  quantity  is  a  rather  variable  standard.  According 
to  the  old  arithmetics  it  contains  31.5  gallons  and  this  figure  is 
still  used  in  wine  statistics.  Crude  petroleum  in  bulk  is  bought 
and  sold  and  also  calculated  by  the  refiner  as  of  42  gallons 
The  container  in  which  the  finished  products  are  shipped  out 
holds  approximately  50  gallons.  This  discrepancy  sometimes 
causes  errors  in  calculating  and  is  taken  advantage  of  by  the 
unscrupulous  Oil  Company  promoter,  who  ligures  a  very  nice 
profit  on  that  eight  gallons  in  the  size  of  his  barrels  from  crude 
oil  purchased  to  gasoline  sold. 

THK    WOOD    nAKKIil. 

The  wood  barrel  used  in  the  petroleum  industry  in  the  Hastorn 
liiited  States  is  made  of  red  and  white  oak  Sane  tight  gum 
wood  barrels  are  used  for  soft  waxes  but  all  the  barreled  liquid 
oil  goes  into  oak.  These  packages  are  made  at  the  works  or 
by  independent  cmipers  in  the  oil  regions,  from  staves  and  heads 
mamifaotnred  in  the  oak  forests  of  Arkansiis  The  l>cst  ma- 
terial gcK's  to  the  wine  barrel  jK-ople  Their  Imrrels  nnist  hold 
licjuid  without  an  inside  coating,  as  the  cimlents  swell  the  barrel 
light  The  oil  man  must  tisi'  some  barrel  coaluig  to  make  his 
barrel  light  so  that  small  worm  holes,  etc  .  are  tilled  and  of 
no  great  consequence. 

The  staves  are  received  at  the  ciHi|>er«Ke  in  34  in  lenitths, 
'/«  in.  thick  and  from  3  to  0  in  wide  The  heudinir>  are  cut  to 
sine,  JO  *,  ,  ill.  in  diameter  The  whole  proocvt  of  manufacliirr 
In  a  in<Klern  cihukm  shop  is  scini  aulniiiiitio  that  is.  after  the 
barrel  is  once  set  up  m.ichinriv  di«s  pmctually  all  the  w«»rk 
on  it.  the  o|H'ralors  iiurely  feeding  the  imichiiir*  The  h(M>|n 
are  formed  and  rivetetl  similarly 

As  mentioned  bcfotr.u  woihI  Imrrvl.  to  hold  itrtrolrnni  |>r\w1liet!i. 
must  have  some  kind  of  an  inside  cfmling  Many  substances 
hove  been  Iriril.  incliidiiiK  various  sugar  house  bv-pioducts. 
water    gla.ss   and    vrgrlable    gums      Many   of    these   adhesnxs 
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make  a  fair  first  coating;  they  fill  the  pores  and  prepare  the  wood 
for  the  second  coating,  which  is  a  heavy  one.  High-grade  hide 
glue  has  proved  to  be  the  only  practical  second  coat  material. 
It  has  resilience  and  elasticity,  is  unattacked  by  oil  and  forms  a 
smooth,  impervious  coat. 

The  wood  barrel  has  many  good  points.  On  account  of  its 
"barrel"  shape  it  can  be  easily  rolled  on  a  fairly  smooth  surface 
and  will  roll  by  gravity  on  tracks.  Transportation  of  packages 
into  the  warehouses,  cars  or  steamers  is  thus  an  easy  problem. 
This  barrel  can  be  easily  repaired  without  machinery,  with  a 
few  special  tools  by  an  expert  cooper;  broken  heads,  staves  and 
hoops  can  be  easily  replaced ;  the  interior  can  be  readily  cleaned 
and  reglued.  When  full,  it  is  a  remarkable  fire-resistant.  It 
is  cheap.  It  has  one  great  disadvantage,  the  seeming  impossi- 
bility of  making  it  do  what  it  is  made  for — hold  liciuids  without 
leaking.  Aqueous  liquids  of  course  swell  the  wood  enough  to 
keep  the  barrel  tight,  but  oil  barrels  left  out  in  the  hot  sim  or 
stored  in  cool  warehouses  must  periodically  have  their  staves 
redriven  to  make  them  reasonably  oil-tight. 

THE    IRON   BARREL 

In  recent  years  the  iron  barrel  has  been  coming  more  and  more 
into  use.  These  packages  are  made  entirely  in  large  establish- 
ments through  the  outgrowth  of  smaller  stamping  operations  or 
recently  by  companies  organized  for  their  exclusive  manufacture. 
They  are  made  in  several  sizes  from  5  to  no  gallons  capacity. 
The  15-,  30-  and  55-gallon  drums  are  the  sizes  used  in  the 
petroleum  industry.  Several  patented  and  unpatented  fea- 
tures, such  as  the  form  of  the  chime,  the  arrangement  and  kind 
of  faucets  and  bungs,  the  use  and  method  of  application  of  hoops, 
make  talking  points  for  the  various  varieties.  These  barrels, 
or  drums,  as  they  arc  ordinarily  called,  are  made  from  16-  to  19- 
gauge  iron,  according  to  the  use  to  which  they  are  to  be  put. 
The  lighter  drum  is  usually  designed  to  sell  outright  to  the  cus- 
tomer, while  the  heavier  ones  are  sold  on  some  sort  of  return 
basis.  Thirty  round  trips  is  not  too  much  to  expect  of  a  good 
drum  used  with  care  and  systematically  repaired.  In  their 
manufacture  the  sheet  iron  is  rolled  out  in  heavy  shaping  ma- 
chines, the  heads  are  pressed  by  heavy  presses  and  they  are  put 
together  in  much  the  same  way  as  all  .sheet  metal  containers  from 
pill  boxes  to  dish  pans.  Gas  or  electric  welding  has  replaced 
in  recent  years  riveted  seams  and  tightly  pressed  chimes,  making 
a  tighter,  stronger  and  neater  package. 

The  ordinary  "barrel"  or  bilge  form  is  used  in  a  few  iron  drums 
but  the  greater  number  of  them  are  cylindrical.  The  bilge 
form  can  be  easier  rolled  on  runways  and  headed  up.  The 
cylindrical  form,  if  the  hoops  are  well  made,  dents  less  easily 
and  generally  stands  abuse  much  better  than  the  other  form. 
The  one  great  advantage  the  iron  barrel  has  over  the  wood  barrel 
is  that  it  can  be  made  oil-  and  naphtha-tight.  If  not  too  badly 
damaged  it  can  be  made  tight  again  after  puncturing.  Its 
chief  disadvantages  are  that  oxide  will  flake  and  fall  off  on  the 
inside,  thus  contaminating  the  liquid,  particularly  if  the  empty 
barrel  is  allowed  to  become  rusty.  This  l)arrel  is  difficult  to 
handle  and  it  is  very  expensive.  The  difi^erence  in  price  between 
the  two  kinds  of  packages  is  of  course  much  greater  now  than 
in  peace  times. 

THE    TIN    CAN 

No  one  has  yet  invented  a  satisfactory  >niall  container  for 
non-corrosive  products  to  replace  the  common  I  in  can.  It  is  made 
in  countless  shapes  and  sizes  to  contain  talcum  powder,  French 
peas,  paint,  axle  grease  and  gasoline.-  The  small  tin  or  sheet 
iron  package  has  driven  the  small  wooden  one  entirely  off  the 
market.  Many  designs  of  wood  paint  kegs  which  were  formerly 
made  have  been  replaced  by  metal  ones. 

Cans  for  the  petroleum  trade  arc  made  of  metal  from  26  to  28 
gauge,  cither  tin  or  terne  plate.  They  are  made  by  semi- 
automatic and  automatic  machines  which  cut,  shape  and  solder 


with  amazing  rapidity.  The  standard  5-gallon  can  is  made  in 
enormous  quantities,  one  of  the  seaboard  refineries  having  a  daily 
capacity  of  i20,ckjo  cans.  In  such  cans  burning  oils  and  naph- 
thas are  shipped  to  all  parts  of  the  world,  particularly  to 
South  Africa,  South  America  and  the  Orient.  They  are  packed 
two  cans  in  a  wooden  case.  These  cases  can  be  carried  on  the 
backs  of  animals  over  mountains  and  on  the  backs  of  men 
through  the  jungle  where  barrel  goods  cannot  be  transported. 
The  empty  cans  are  made  use  of  in  innumerable  ways.  A 
great  many  of  them  come  back  to  us  from  the  Orient  filled  with 
Soja  bean  and  tung  oil,  They  cover  roofs,  patch  leaky  boats, 
and  serve  as  containers  for  many  substances. 

A  large  business  has  grown  up  in  recent  years  in  automobile 
oils.  As  this  is  a  highly  advertised  business  it  is  largely  a 
Ijackage  one.  Kvery  cross-road  grocery  store  now  carries  a 
few  fancy,  lithographed  cans  of  oil,  grease  and  soft  soap.  These 
cans  are  usually  made  more  carefully  than  the  unlabeled  pack- 
ages; they  have  special  pour-out  spouts  and  sealing  devices  for 
prevention  of  fraud. 

The  transportation  of  cased  goods  in  the  refinery  and  ware- 
houses has  l)ecn  developed  very  highly.  Special  elevators, 
belt  and  roller  conveyors  carry  empty  cans  and  full  cases  from 
floor  to  floor,  building  to  building,  into  box  cars  and  into  the 
holds  of  ships  with  very  little  handling. 

Before  the  advent  of  the  automobile,  "oil"  to  the  average  lay- 
man meant  kerosene,  linseed,  or  the  small  bottle  on  the  pantry 
shelf  labeled  "Sewing  Machine  Oil,  will  not  gum,"  which  was 
used  also  on  the  lawn  mower,  door  hinges,  razor  strop  and  bicycle. 
Many  thousands  of  these  small  bottles  are  sold  for  domestic 
lubricating  purposes  each  year.  The  total  volume  of  oil  in 
them  is  small,  however,  as  a  2-doz.  case  of  4-0Z.  bottles  contains 
less  than  one  gallon.  Their  sale  is  more  of  a  grocery  and  drug- 
store business,  discussion  of  which  would  carry  us  far  beyond 
any  reasonable  limits  of  the  transportation  and  storage  of  liquids. 

THE  HANDLING   kWD   TRANSPORTATION    OF  LIQUIDS 

By  M.  H.  ElSENHART.  of  the  Eastman  Kodak  Company 

This  question  of  the  handling  and  transportation  of  liquids 
on  an  industrial  scale  is  one  which  necessarily  must  absorb 
considerable  attention  and  thought  in  normal  times,  and  es- 
pecially is  this  so  now,  when  the  chemical  industry  generally 
Is  being  so  greatly  expanded  in  this  country.  The  develop- 
ments along  this  line  are  taking  place  so  rapidly  that  many  ma- 
terials, which  only  yesterday  perhaps  we  were  concerned  with 
in  the  smaller  laboratory  way,  to-day  we  may  be  handling  in 
lots  of  many  tons.  This  question  then  of  the  handling  on  a  large 
scale  of  some  new  chemical  or  even  one  with  which  we  are  very 
familiar,  necessarily  means  the  investigation  and  use  of  many  new 
processes,  which  in  turn  means  a  study  of  the  many  problems 
of  how  best  large  quantities  of  liquids  can  be  handled  for  the 
particular  end  desired.  This  problem  pertains  to  many  different 
kinds  of  chemicals,  such  for  example  as  very  light  liquids  or 
oily  materials,  the  heavier  viscous  oils,  liquids  carrying  solids 
In  suspension,  acids  or  corrosive  liquids,  etc.,  and  it  is  the  last 
of  these,  namely  acids  and  more  particularly  nitric  and  sul- 
furic acids  with  which  this  paper  is  concerned. 

For  the  sake  of  convenience,  I  have  chosen  to  look  at  the  sub- 
ject from  two  separate  angles: 

I.  TRANSPORTATION  BETWEEN  PLANTS — If,  for  example,  you 
are  operating  a  plant  here  in  Rochester  and  find  it  to  advantage 
to  purchase  large  quantities  of  sulfuric  acid  In  Buffalo,  Cleveland, 
or  even  farther  away,  then,  of  course,  somebody  must  concern 
himself  with  how  that  acid  is  to  be  gotten  here. 

II.  LOCAL  TRANSPORTATION — For  example,  you  have  a  stock 
of  sulfuric  acid  on  hand  at  the  plant,  how  are  you  storing  it, 
how  do  you  inventory  it,  how  do  you  get  certain  quantities  when 
you  want  them,  how  do  you  weigh  it  for  use,  how  do  you  get 
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it  from  one  building  to  another,  etc.?  These,  of  course,  all 
sound  simple,  but  at  times  the  simplest  chemical  to  handle,  at 
least  as  you  would  suppose,  may  puzzle  one  the  most  before  just 
such  questions  can  be  answered. 

TRANSPORTATION   BETWEEN   PLANTS 

For  all  the  smaller  quantities  of  liquids  there  is,  of  course, 
available  the  carboy  or  drum.  For  C.  P.  acids,  carboys  must 
necessarily  be  used  for  obvious  reasons;  and  in  fact  where  C.  P. 
nitric  or  sulfuric  acids  are  used  in  large  quantities,  the  carboy 
is  always  used.  If.  however,  purity  is  not  a  prime  factor,  then 
drums,  and  in  even  larger  shipments,  tank  cars  are  used.  While 
the  initial  expense  in  the  use  of  cars  is  quite  heavy,  yet  it  is  quite 
easy  to  realize  that  the  saving  in  the  loading  and  unloading  of  a 
carload  of  say  40  to  50  drums  is  beyond  comparison. 

The  drums  are  either  pumped  out  direct  or  dropped  into  a 
tank  from  which  the  liquid  is  then  pumped.  A  tank  car  can  be 
either  pumped  out  direct  or  can  be  piped  up  and  the  compressed 
air  turned  on.  This  is  quite  a  common  method  for  unloading 
cars  and  by  the  application  of  20  to  25  lbs.  a  car  can  soon  be 
emptied.  Since  these  tank  cars  are  the  property  of  the  concern 
making  and  selling  the  acid,  the  man  buying  the  acid  is  only 
interested  in  the  simplest  and  most  satisfactory  and  economical 
way  of  getting  it  out  of  the  car,  and  distributing  it  for  storage  or 
use.  Other  acids,  such  as  acetic,  hydrochloric,  etc.,  are  generally 
handled  in  the  small  containers,  the  former  for  example  often 
being  shipped  in  wooden  barrels. 

I.OCAI,   TRANSPORTATION 

In  considering  this  phase  of  the  question  several  very  evident 
subdivisions  suggest  themselves: 

(i)  Types  of  liquid  to  be  handled. 

(2)  Kind  of  metals  or  other  materials  to  be  used. 

(3)  Means  of  power  to  be  used. 

(4)  Type  of  valve  to  be  used. 

(5)  The  question  of  measuring  or  weighing. 

The  headings  show  at  once  how  much  more  there  is  to  this 
part  of  the  study  than  to  the  first  part,  because  of  the  larger 
number  of  individual  problems  which  must  t>e  solved.  And 
now  let  us  look  these  over  in  order: 

(i)  TYPE  OP  LIQUID  TO  BE  HANDLED — If  wc  are  concerned  with 
acids  only,  then  we  must  consider  the  handling  of  a  corrosive 
and  probably  thick  litiuid.  Besides  this,  however,  we  may  be 
asked  to  handle  a  thin  solvent  such  as  alcohol,  or  a  thick,  heavy, 
pasty  solution  such  as  a  nitrocellulose  solution,  or  a  liquid 
carrying  some  heavy  salt  in  suspension.  These  conditions  are 
all  of  the  utmost  importance,  not  only  to  aid  in  coming  to  the 
decision  as  to  what  kind  of  |)Owcr  can  be  used,  but  also  to  the 
other  more  important  ciueslion  as  to  what  kind  of  containers, 
pipes,  pumps,  etc.,  will  sland  up  in  the  particular  case.  This 
(jucstion  of  the  type  of  liquid  to  be  handled  is  really  the  basis  of 
this  whole  subject,  for  as  you  think  over  the  matter  you  will  soon 
see  that  it  is  the  determining  factor,  in  not  only  this  consideration 
of  metal  or  material  to  be  used,  and  the  kind  of  power  as  just 
stated,  but  also  in  the  selection  of  valves  to  bo  u.scd  as  well  as 
in  the  (|uestion  as  to  what  method  of  nieusurliig  or  weighing  can 
lie  employed 

(2)  tliuicn  ol'  MKTAI.  OK  (iTllltR  MATKKIAL  to  be  used  for  the 
containers,  pipes,  valves  mid  iti  fact  alt  uppuratiis  which  comes 
in  contact  with  the  li(|uiil  under  consideration.  I  niiglil  say 
that  anyone  liaving  to  do  with  a  chemical  plant  in  whii-h  new 
problems  are  coiilinnally  coniiuK  up  for  solution,  can  follow  no 
hotter  prai-tiii-  than  to  start  tests  with  small  samples  of  various 
metals  or  ullur  malorials  when  working  with  litiuids.  which  may 
eveiiluully  be  lianillod  on  a  comniorcial  scale  It  is  ailvisable 
lo  do  tlil<i  so  thai  those  qucntiimH  can  l>o  answered  bv  the  lime 
III!'  Iidioralorv  invoMtiKallonx  have  roarlicil  Mich  a  point  that 
tlir  oliomiral  eiigiiifor  ifi  prcpurrd  to  adapt  llie  wlioir  process 
lo  a  comtiiori'iiil  scale.  (Jiiilc  fre(iurillly  you  may  liinl  that  iin 
less  you  have  such  iiiforination  aviiiliilile,  and  it  can  viiv  seldom 


be  gotten  as  you  need  it  from  any  books,  you  may  make  heavy 
investments  for  apparatus  which  must  only  too  soon  be  torn  out 
and  entirely  replaced  with  something  of  a  different  nature. 
We  are  accustomed,  from  time  to  time,  as  a  new  problem  arises 
which  involves  some  new  chemical  or  even  chemical  combina- 
tion, to  cut  small  strips  of  various  irons,  copper,  nickel,  tin, 
aluminum,  etc.,  of  say  ', ;  X  4  or  5  in.  and  to  suspend  these  half 
immersed  in  a  small  bottle  of  the  material  under  consideration. 
A  record  is  then  made  periodically  of  the  different  effects  both 
by  the  liquid  itself  and  by  the  fumes. 

Iron  and  Steel — All  things  considered,  undoubtedly  iron  in  one 
of  its  various  forms,  such  for  example,  as  cast  or  malleable  iron, 
steel,  or  the  more  recent  alloys  of  iron  with  silica,  is  the  most 
common  of  the  metals  employed  in  the  chemical  industry; 
and  rightly  so,  for  there  are  now  comparatively  few  processes 
in  which  it  cannot  be  used.  For  the  great  quantities  of  sulfuric 
and  mixed  acids  now  being  used  in  nitrocellulose  manufacture, 
steel  is  almost  exclusively  employed.  Of  coiu-sc  for  nitric  alone, 
it  is  not  suitable,  but  as  this  is  always  handled  for  this  work  in  a 
mixture  with  sulfuric,  steel  can  well  be  used.  And  now  the 
introduction  of  the  alloys  of  iron  and  silica  which  have  come  on 
the  market  under  the  trade  names  of  Duriron,  Tantiron,  Buflo- 
kast,  etc..  has  made  it  possible  to  handle  much  weaker  grades 
of  sulfuric  acid  as  well  as  nitric  alone.  I  might  say  that  the 
discovery  of  these  irons  and  the  willingness  of  some  of  the  firms 
making  them  to  cooperate  with  those  running  chemical  plants 
have  made  many  of  the  most  troublesome  problems  very  easy. 
In  places,  where  up  until  recently  it  has  been  necessary  to  use 
stoneware,  with  its  high  breakage  and  other  attendant  difficul- 
ties, wc  can  now  use  these  special  cast  irons  and  apparently 
can  see  no  reason  for  any  further  anxiety.  A  very  good  example 
of  this  is  the  condensation  of  vapors  during  the  manufacture  of 
nitric  acid.  Of  course,  besides  for  all  these  large  quantities  of 
acids,  iron  and  steel  arc  the  most  used  metals  in  the  alkali 
industry. 

Stoneware.  Glass  and  Silica  Ware — The  stoneware  industry 
plays  even  yet  a  big  part  in  the  chemical  manufacturing  line, 
but  it  is  not  what  it  was  a  few  years  ago.  As  stated  above, 
the  high  silica  irons  have  displaced  many  of  the  old  stoneware 
installations.  I  feel  pretty  well  convinced  that  the  time  will 
come  when  there  will  be  very  little  of  it  used.  We  find  for  in- 
stance where  we  have  occasion  to  handle  very  hot  weak  nitric 
acid  that  we  can  now  almost  completely  displace  the  stoneware. 
This  means  a  big  saving  financially,  not  only  because  of  the 
l>rcakage  of  the  stoneware  itself,  but  also  when  you  consider 
that  to  replace  any  piece  of  apparatus  means  necessarily  an 
interruption  in  the  output  of  the  plant,  which  may  be  oven  much 
more  costly  and  inconvoniont.  As  for  glass,  it  still  remains  a 
very  important  and  necessary  factor  in  the  )>roductioti  of  C  1'. 
chemicals.  Closely  related  to  it  is  the  silica  ware,  which  is  now 
extensively  advertised.  This  is  just  as  fragile  as  glass,  but  has 
the  additional  advantage  of  iH-ing  ulilo  to  siand  rapid  and  ex- 
treme thermal  changes  without  breaking.  Thesi-  matorinls, 
naturally,  arc  used  only  where  absolutely  nocos.snry  for  jusi  this 
rea.son. 

Wood — For  the  hanilling  of  weak  acid  solutions,  wo<k]  is  very 
well  adapted.  I''or  gravity  liandlinK  in  an  oikii  trough,  wimhI  cun 
also  bo  used  very  well.  Then  there  arc  the  s|)Ociallv  niiinii 
facttirod  log  linos  and  ball  vulvc  wihxIcii  pitiiips,  which  .iir  well 
adapted  for  itTlain  lii|iiid!t 

Aliiiiiiniiiii  While  it  is  not  |Hissible  to  li.iiidlc  .in\  .ilk.ilirs  in 
aliiniinuin,  vet  it  can  be  used  very  olToclivrK  Im  >iitaiii  work 
As  an  examplo  of  this,  in  the  handling  of  pine  t;l.iri.d  .ux-tic  acid, 
aliimiiiiun  can  be  used  without  any  bad  oHocIs  It  is  aim  vriv 
siiitablo  for  the  handliiiK  of  very  weak  Milutioiis  of  nilHc  •nd 
Hiilfiiric  acids.  Thi  iirrat  arKiunonl  for  the  iim-  of  aluminum 
i>i,  of  ootir«e.  its  IikIii  woiuhl 

l-.tiiinirl     The  proocsi  of  bakiiiii  mi  ciiaiiiil  on  iron  which  is 
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done,  for  example,  by  the  Pfaudler  Company  here  in  this  city, 
has  wrought  a  complete  transformation  in  many  industries,  such, 
for  example,  as  the  breweries.  All  sorts  of  big  tanks  which  were 
previously  made  of  wood  have  now  been  replaced  with  this 
enameled  iron.  Besides  all  kinds  of  big  tanks  enamel-lined, 
this  ware  is  more  and  morp  being  applied  in  kettles,  piping  and 
all  manner  of  special  apparatus.  It  is  particularly  adapted  for 
use  in  the  hauling  of  edibles  and  drinks,  and  it  is  found  to  give 
very  satisfactory  results,  where  its  use  is  possible. 

Copper — I  merely  mention  this,  as  it  is  not  applicable  at  all  for 
practically  any  acid  work,  except  acetic. 

Lined  Pipes — Because  of  the  rapid  strides  which  have  only 
recently  been  made  in  the  lining  of  pipe  with  tin.  copper,  lead, 
etc.,  and  the  satisfactory  resulting  product,  I  must  mention 
it  here.  For  example,  in  nitric  acid  work,  where  ordinary 
lead  pipe  is  used,  it  is  very  possible  that  this  lead-lined  iron  pipe 
would  be  more  satisfactory. 

(3)  MEANS  OF  POWER  TO  BE  USED — After  solving  the  problem  as 
to  what  kind  of  container  shall  be  used  for  handling  any  liquid, 
of  course  the  next  question  is,  what  means  shall  be  used  to  move 
it  from  one  point  to  another? 

Gravity — Wherever  possible  it  is  naturally  advisable  to  ar- 
range the  layout  of  any  plant  so  that  liquids  as  well  as  solids  can 
be  moved  through  each  successive  step  of  the  process  by  gravity, 
which,  of  course,  leaves  nothing  to  get  out  of  order  and  no  cost 
for  power.  It  is  only  in  comparatively  few  plants,  however, 
that  this  is  possible,  and  it  is  with  the  others,  which  we  will 
now  concern  ourselves.  Of  these,  we  have  Syphon.  This  can 
be  used  and  is  quite  frequently,  even  when  air  pressure  is  u.sed. 
It  can  be  used  very  nicely  where  liquids  are  lowered  from  an 
elevated  tank  to  one  below  or  even  to  one  about  on  its  own 
level.  Alone,  however,  the  syphon  is  not  entirely  depend- 
able for  large  work. 

Air  Pressure  is  probably  as  simple  a  method  of  moving  licjuids 
in  general,  and  nitric  and  sulfuric  acids  in  particular,  as  can 
possibly  be  found.  It  is  true  that  a  compressor  is  needed,  which 
means  the  operation  of  blowing  acids,  and  is  probably  not  as 
economical  as  to  pump  them ;  but  the  blowing  operation  is  much 
more  simple  and  considerably  less  trouble.  For  this  work, 
where  large  quantities  of  acids  are  handled,  it  is  customary  to 
have  what  is  known  as  a  blow-egg  or  tank  of  steel  or  cast  iron 
below  the  level  of  all  llie  other  tanks  and  lines  in  the  installation. 


Then  by  gravity  the  liquid  to  be  drawn  can  be  dropped  into  the 
egg,  and,  under  pressure,  depending  on  the  distance  and  height 
to  be  delivered,  it  can  be  blown  any  reasonable  distance.  For 
delivery  to  any  distance,  it  is  more  advisable  to  elevate  almost 
vertically  and  then  flow  by  gravity.  With  this  system,  of  course, 
the  tank  must  be  equipped  with  the  nece.ssary  air  inlet,  and 
liquid  inlet  and  outlet  as  well  as  a  vent. 

Pump — In  a  good  many  cases  gravity  or  air  pressure  may  be 
impracticable  or  even  impossible,  and  hence  you  must  use  a 
pump  of  some  kind.  Here  again,  as  I  stated  above,  the  dis- 
covery and  use  of  high  silica  irons  has  helped  to  solve  many 
knotty  problems.  Special  pumps,  for  example,  are  now  pump- 
ing materials  for  which  it  has  always  been  necessary  to  use  stone- 
ware. Taken  for  granted  that  it  is  necessary  to  pump  the  liquid, 
you  must  then  decide,  shall  it  be  a  centrifugal  or  a  regular  steam 
pump?  The  answer  to  this  depends  entirely  on  the  local  con- 
ditions. We  find  in  our  work  that  the  centrifugal  has  advan- 
tages in  one  place,  while  the  steam  cylinder  pump  has  them  in 
another,  and  as  a  result  we  have  both  types  well  represented. 

Injector  and  Air  Lift  are  merely  mentioned  at  this  time. 

(4)  TYPE  OF  VALVE  TO  BE  USED — The  question  of  valves  in  any 
commercial  installation  sounds  very  simple  and  as  a  matter  of 
fact  is  so  in  most  cases;  however,  in  acid  work,  it  is  a  source  of 
considerable  anxiety  and  worry  if  you  are  concerned  with  exact 
weights  and  inventories.  We  have  found  that  in  certain  cases 
where  a  certain  make  of  valve  might  stand  up  very  well  against 
the  liquid  itself,  on  the  other  hand,  if  it  were  in  contact  with  the 
fumes  it  would  soon  lose  its  effectiveness.  Here  once  again 
high  silica  iron  has  shown  fine  results.  Plug-cocks  of  this  ma- 
terial we  have  had  in  use  in  certain  very  bad  positions  for  3  or 
4  years,  with  no  apparent  wear,  while  previously  we  would  re- 
place the  ordinary  valve  every  3  or  4  weeks. 

(5)  MEASURING  OR  WEIGHING — In  any  well  managed  plant  it 
is,  of  course,  of  the  utmost  importance  that  all  liquids  used  in 
the  various  processes  shall  be  accurately  weighed  and  accounted 
for.  As  stated  above,  an  effective  valve  is  absolutely  es,sential 
for  this.  We  weigh  practically  all  our  acids  as  used,  and  for 
this  purpose  have  a  tank  located  right  on  the  scale  platform. 
For  some  work,  we  rely  entirely  on  measurement  in  the  tank 
and  for  this  have  the  tanks  fitted  up  with  sight  glasses.  For 
this,  of  course,  the  temperature  should  not  vary  greatly  or  there 
will  be  a  large  error  introduced. 
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HARDENING    OF  WATER-GLASS  PAINTS 

The  quickened  hardening  of  wiitcr-glass  paints  into  an  im- 
pervious layer  is  the  subject  of  a  lately  reported  German  patent. 
The  paints  are  mixed  with  an  alkali  bicarbonate  or  other  ma- 
terial yielding  carbon  dioxide  on  heating  and  are  heated  just 
before  use.  The  finely  divided  silicic  acid  uniformly  separated 
out  gives  increased  viscosity  to  the  mixture.  The  covering 
properties  are  not  affected  and,  within  twelve  hours  after  applica- 
tion the  paint  forms  a  firm  waterproof  and  weatherproof  coal- 
ing.- -A.  MacMili.an. 


JAPANESE  COPPER  ORE 

The  output  of  copper  ore  in  Japan  in  1Q16  amounted  to  1 1 1.- 
562  tons  as  conii)ared  with  83,017  tons  in  1915  and  78,700  tons 
in  1914,  while  exports  amoimted  to  57,462  tons  in  iqi6  as  against 
S6,528  tons  in  1915,  and  43,305  tons  in  1914-  Russia  now 
buys  most  of  Japan's  copper  ore,  her  purchases  amounting  to 
60  per  cent  of  the  total  exports.  The  United  Kingdom  takes 
20  per  cent,  while  France,  the  United  States  and  India  share 
the  balance,  but  their  dealings  are  not  large. — M 


SPITZBERGEN    COALFIELDS 

Hopes  had  been  expressed  in  these  times  of  international 
coal  famine,  says  Engineering,  103  (1917),  590,  that  the  Spitz- 
bergen  coal  deposits  might  help  at  least  the  Scandinavian 
countries,  but  matters  do  not  seem  to  progress  very  favorably. 
The  contemplated  Norwegian  company  for  the  exploitation  of 
the  so-called  Svalbard  coal  fields  at  Advent  Bay  and  Green 
Harbour  with  a  capital  of  $850,000  has  not  materialized,  the 
funds  not  being  fully  subscribed  and  money  not  being  found  by 
other  methods 

The  scheme,  principally  started  by  Norwegian  shipowners, 
has  been  abandoned  in  the  original  shape,  but  a  company  will 
lie  formed  to  protect  the  rights  in  question.  It  remains  to  be 
seen  whether  the  Swedes  will  be  more  successful.  The  Swedish 
expedition  for  coal  mining  is  about  to  start  and  comprises 
about  150  men,  of  whom  100  are  to  winter  there.  For  the  pres- 
ent year  only  a  few  thousand  tons  of  coal  are  expected  to  be 
worked,  but  a  great  deal  of  preparatory  work  has  to  be  done 
before  rational  coal  mining  on  a  large  scale  can  commence 
-  M. 
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JAPANESE  WHALING  INDUSTRY 

The  British  Commissioner  at  Yokohama  reports  that  whaling 
in  Japan  waters  is  carried  on  under  license  from  the  Govern- 
ment, the  number  of  whalers  being  restricted  to  30,  of  which 
one  company  owns  24.  There  seems  little  prospect  of  the  num- 
ber of  vessels  being  increased  at  present. 

The  whalers  are  steam  vessels  of  about  100  to  150  tons  and 
are  built  after  the  Norwegian  whaling  type.  The  boats  seldom 
venture  out  more  than  50  or  60  miles  from  land  and  remain  out 
a  day  or  so  at  a  time.  The  varieties  of  whale  mostly  caught 
are  the  sperm  and  sulfur  bottom. 

According  to  the  report,  the  estimated  number  of  whales 
caught  in  1916  was  1,400,  valued  at  $1,150,000,  compaied  with 
1,710,  valued  at  $1,064,809,  in  1915,  and  1,700  worth  $1,412,465 
in  1914.  The  approximate  yield  of  whale  oil  in  Japan  is  stated 
to  have  been  2,500  tons  in  1913,  4.500  tons  in  1914  and  5,500 
tons  in  1915. — M. 

ASBESTOS-CEMENT  ROOFING 

In  the  course  of  the  last  12  months,  says  tlie  Times  Eirgiiieer- 
ing  Supptcmcnl,  No.  512,  a  factory  has  been  built  and  equipped 
by  the  British  Eveiitc  and  Asbestilite  Works,  Lancashire,  for 
the  manufacture  of  asbestos-cement  products,  especially  corru- 
gated sheets  for  roofing,  which  in  the  past  have  been  largely 
imported  from  abroad. 

After  being  finely  ground  and  freed  from  extraneous  matter 
the  asbestos,  which  acts  as  a  reinforcing  agent,  is  mixed  with 
Portland  cement  in  the  proportion  of  about  i  to  6,  and  made 
into  a  kind  of  paste  with  water.  This  paste  is  then  taken  to 
a  machine  of  the  paper-making  type,  where,  on  a  large  revolving 
drum,  it  is  formed  into  sheets  or  felts.  After  being  trimmed 
to  size,  these  sheets,  if  they  are  to  be  made  into  corrugated  roof- 
ing, next  have  the  corrugations  impressed  on  them,  the  im- 
portant condition  of  this  operation  being  to  ensure  that  the  tops 
of  the  corrugations  are  as  strong  as  other  parts  of  tlie  sheets. 
Finally,  the  sheets  are  subjected  to  a  seasoning  process. 

The  corrugations  are  made  to  the  3-in.  pitch,  which  is  usual 
with  corrugated  iron  sheeting,  not  to  the  2  Win.  foreign  pitch, 
and  they  can  therefore  be  used  to  repair  roofs  composed  of  cor- 
rugated iron  sheets.  One  of  the  chief  advantages  cla'.med  for 
them  is  durability  and  resistance  to  climatic  conditions,  especially 
to  an  acid-laden  atmosphere  which  rapidly  destroys  corrugated 
iron;  they  are  also  fire-proof  and  poor  conductors  of  heat. 

The  factory  is  well  situated  as  regards  supply  of  water,  of 
which  large  quantities  are  required.  The  machinery  is  driven 
by  electricity,  current  lieing  obtained  by  means  of  a  2  2<i  H.  P. 
National  gas  engine,  and  the  jiowcr  house  is  designed  so  that 
additional  sets  can  be  iiistalUcl  as  the  manufacture  develops      M. 


JAPANESE   GELATINE   AND  GLUE 

The  iinpiirl:ilii>ii  of  Kilalin  and  glue,  .says  (he  Chemiial  Tech- 
niiliigy  of  Tokvo.  had  iiuriaMil  its  amouiil  to  ^.siki.immi,  and  the 
i|iiick  di-vilopmciil  iif  llir  paper  spinning,  clolli  linisliing,  swiel^ 
making  and  tnalch  imlustries  has  ilt-inandcd  more  and  more  im 
porlnlion;  but  (he  manurucl'ure  of  the  Kelntinv  andgltH-at  home 
has  also  quickly  developed.  Keseiirch  work  has  been  begun  at 
Tokyo,  Osaka,  Wnkayumu.  Nara  and  Tdkusliima.  Aniong  the 
new  cstiiblishinrnts,  the  Taka<uiK<>  Kogyo  Knbti.shiki  Kwiiisha. 
Ilic  larKest,  is  K<iinK  lo  produce  ki.ckmi  ll)s  of  gehilinr  and  is.ixxi 
Ills  of  (iltie  ninnllilv  This  amount  will  well  fulfil  the  Imnie  de 
inand.  I'lulliirtncire.  the  Osukii  .Mkali  C'linipany  is  going  to 
start  the  inainifacturr  of  gelaliiie,  while  the  Mit^iuliiski  Coin- 
panv  i-i  fiiiani'iiiK  11  blK  fin"  at  KakoKiiwii.  The  big  firms  will 
errlainly  bring  ji  big  surplus  iigaliist  the  hiiinr  trade,  and  so  it 
is  anticipated  thai  tiler)'  will  lir  rerliiin  panic  in  the  near  future 
unless  n  proper  nnirkrt   is  diunfl      M 


NEW  PLASTIC  MATERIAL 

India  Rubber  Journal,  53  (1917),  2,  describes  a  French  in- 
vention for  a  new  plastic  material  which  is  non-inflammable 
and  odorless.  The  material  is  obtained  by  transforming  gela- 
tines, glues  and  such  substances  of  animal  origin  by  suitable 
chemical  reagents,  giving  them  plastic  and  malleable  properties 
which  allow  them  to  be  used  industrially  in  a  manner  similar  to 
natural  products.  The  gelatines  or  glues  are  first  melted  in  a 
water  bath  at  a  temperature  of  90°  C.  A  decoction  of  hop 
flowers  is  then  prepared  and  mixed  with  dilute  oxalic  or  any 
dibasic  acid  of  that  series  and  the  solution  is  added  to  the  melted 
gelatines  or  glues  in  var>-ing  proportions  according  to  the  quality 
of  the  materials  employed.  The  addition  of  this  solution  has 
the  effect  of  rendering  the  gelatine  more  supple  and  of  causing 
the  impurities  they  contain  to  deposit  at  the  bottom  of  the 
vessel.  When  the  gelatines  are  liquefied  they  are  poured  out 
in  the  form  of  sheets  or  sticks  of  the  desired  thickness  and  left 
to  dry  in  the  cold  air. 

The  coloring  of  the  material  is  then  proceeded  with,  natural 
or  artificial  dyes  being  employed.  The  sheets,  when  colored, 
arc  plunged  into  a  bath  of  approximately  the  following  composi- 
tion: 25  to  35  per  cent  formaldehyde.  25  to  35  per  cent  water. 
25  to  35  per  cent  alcohol  and  the  rest  composed  of  a  mixture 
of  oxalic  acid,  tannin  and  glycerine.  The  oxahc  acid  may  be 
replaced  by  any  other  acid  of  that  series.  The  plates  should 
be  left  in  this  solution  until  the  liquid  has  penetrated  into  the 
entire  plastic  mass.  In  the  case  of  rich  gelatines,  the  proportion 
of  alcohol  must  be  increased.  The  sheets  when  taken  out  of 
the  bath  are  dried,  preferably  in  hot  air.  The  substance  when 
suitably  worked  may  serve  for  the  manufacture  of  combs,  but- 
tons, brushes,  etc.,  as  an  imitation  of  tortoise  .shell,  horn,  amber 
or  ivory,  and  is  unlike  other  cellulose  products  used  in  industn,-. 
in  being  absolutely  non-inflammable  and  odorless. — M. 

TUNGSTEN  ORES  IN  RHODESIA 
According  to  an  article  in  Xfitiing  Journal.  117  (1917I.  416, 
occurrences  of  tungsten  ore  have  been  known  for  a  considera- 
ble time  in  Rhodesia,  though  they  have  never  been  worked 
save  in  a  desultory  fashion.  Prospecting  was  Ijcgun  as  far  back 
as  1906,  but  in  1900  all  work  was  abandoned.  Another  attempt 
was  made  in  1912-13  and.  during  last  year  again,  the  demand 
for  the  material  caused  attention  to  be  devoted  to  this  locality. 
The  occurrences,  which  are  known,  have  been  found  close  to 
the  Kssex  Vale  siding  and  16  reefs  have  been  located.  1 1  of  which 
have  been  at  one  time  or  another  worked  and  concentrates  to 
the  amount  of  85  tons  obtained.  In  addition  to  the  reefs, 
there  are  also  alluvial  patches,  but  it  docs  not  ap|>cnr  that  any 
extensive  development  has  Ix-cn  done 

A  report  has  recently  been  issued  by  the  Kho<lesian  Cicological 
Survey  in  which  the  geology  and  mineralization  arc  disctissed. 

The  mineral  ap|>cars  to  be  found  entirely  in  qnartx.  similar 
to  the  ordinary  vein  quartz  of  the  gold  deposits  In  one  instancr. 
at  Tungsten  Kopje,  a  stixrk-work  dc|H<sil  has  l>ccn  tnicoNTrcd 
but.  for  the  most  part,  the  quartz  is  lenticular  Large  bunches 
of  wolfram  crystals  weighing  in  three  instances  j.as,  17.'  and 
157  "'s..  have  been  found  in  the  stiK-k  work  while  pioix-s  up  to 
.**  lbs.  are  not  uncommon  Hoth  wolfram  and  schcvhtc  occur, 
the  crystals  bring  frequently  intergrown  The  alluvial  ap|>rar!> 
to  be  in  the  nature  of  .sheddings  from  the  rrcfs  anil  in  sionic 
ca.scs  has  served  as  an  indicator  of  the  original  ilrposit  TcMs 
ill  some  of  the  alluvial  dc|H»sils  show  from  j  lo  8  llis  |>rr  ton. 
evcluilmK  the  large  lumps  of  s»he»-|ili'  Prnlmblv  iiiMinicirni 
work  has  been  done  upoii  the  reefs  In  |H-rinit  of  any  avrrajr 
being  lia/ar<lril  of  the  grade  in  silu  Thrrr  is  also  oltviiMix  lack 
of  experience  in  regards  to  the  ore  CinioiitrrinK  liow  little 
Khoilrsia  has  licrii  pinvpcclrd.  excrpt  |missiI>Iv  for  gold.  X\w<c 
discoveries  in  llu-  in  urlilniiliood  of  Ihr  iiiilwav  ni;«v  W  rrgardnl 
us  eiiciiiirjiKrinrni    (ni    (iiilhrr   invr«tiK»tii>ns      M 
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AN  ADVANTAGE  FOR  THE  GAS-ANNEALING   FURNACE 

In  these  days  of  scarce  and  dear  sulfuric  acid,  says  Gas  World, 
66  (1917),  522,  when  endeavors  are  being  made  to  substitute 
nitre  cake  in  many  processes,  it  would  appear  that  an  additional 
merit  has  been  found  in  the  gas-annealing  furnace.  In  a  paper 
before  the  Birmingham  Society  of  Chemical  Industry,  Dr. 
H.  W.  Brownsdon,  giving  his  experience  with  nitre  cake  in  the 
pickling  of  annealed  brass,  says  that,  according  to  the  condi- 
tions of  annealing,  the  brass  may  be  clean,  practically  free  from 
superficial  oxides  and  of  a  brassy  lustre,  or  it  may  be  dirty, 
black  in  color  and  badly  stained  through  oxidation  and  contact 
with  injurious  furnace  gases.  Given  clean  work,  nitre  cake  re- 
places dilute  sulfuric  acid  quite  efficiently,  the  nitre  cake  being, 
of  course,  applied  as  a  solution.  With  dirty  work,  the  differ- 
ence is  much  more  marked  and  nitre  cake  solution,  even  under 
the  most  favorable  conditions,  may  fail  to  pickle  the  work  satis- 
factorily. In  the  latter  case,  the  use  of  nitre  cake  in  place  of 
sulfuric  acid  becomes  a  serious  handicap  and  deterrent  to  rapid 
l)roduction,  especially  when  manufacture  consists  of  a  sequence 
of  mechanical  operations  between  each  of  which  the  product 
has  to  be  annealed,  pickled  and  cleaned. 

From  the  ijoint  of  view  of  economy  in  future  developments, 
with  ruling  prices  in  England,  at  present,  of  $20  per  ton  for 
sulfuric  acid  and  with  nitre  cake  at  S5  per  ton,  there  is  not  much 
to  choose  but  the  economy  of  metal  which  would  result  from  the 
more  general  use  of  muilles  annealing  bright  and  clean  would 
be  considerable  and,  if  the  use  of  nitre  cake  forces  us  to  pay  more 
attention  to  economical  annealing  conditions,  it  will  have  achieved 
indirectly  some  good  purpose.  The  cleanliness  and  easy  regula- 
tion of  the  gas-heated  annealing  furnace  should  make  themselves 
felt   here. — M. 


SYNTHETIC  RUBBER  FROM  CARBIDE 
The  manufacture  of  acetone  with  a  view  to  the  production  of 
synthetic  rubber  is  of  considerable  importance  in  Germany  at 
present.  The  importance  of  this  industry,  says  Chemical  Trade 
Journal,  61  (191 7),  26,  is  indicated  by  the  fact  that  some  of  the 
largest  firms  in  Germany,  such  as  the  Konsortium  fiir  Klektro- 
chemischc  Industrie  of  Nurnberg,  the  Elektrotcch.  Werke  of 
Hittcrfeld,  the  Farbcnfab.  of  Bayer  &  Co.,  Griesheim,  and  others, 
have  been  occupied  with  this  problem  for  some  years.  There 
are  firms  in  Germany  producing  10  to  50  tons  of  carbide  per  day 
in  order  to  convert  the  acetylene  into  acetic  acid  and  acetone, 
the  latter  being  intended  chiefly  for  the  production  of  synthetic 
rubber. 

This  new  industry  should  be  of  special  interest  to  Switzer- 
land, since  the  necessary  carbide  will  in  the  future  be  available 
in  large  quantities  in  that  country.  After  the  war,  the  export 
of  carbide  will  be  considerably  reduced  and  this  product  will, 
therefore,  became  much  cheaper.  On  the  other  hand,  the  price 
of  rubber  will  remain  high  for  several  years. 

In  order  to  protect  this  young  industry,  it  is  suggested  that 
Switzerland  should  impose  a  duty  on  imported  rubber,  since  the 
countries  which  export  crude  rubber  will  doubtless  put  an 
i-x|)orl  tax  thereon — M. 


ESTIMATION    OF  BENZOL  IN  GAS 

Dr.  Ott,  of  the  Zurich  gasworks'  laboratory,  has  been  trying 
Neubeck's  -method  of  freezing  out  benzol  from  gas  with  solid 
carbonic  oxide  and  has  found  it  to  work  very  well.  It  gives 
a  condensate  mnnixed  with  oily  matter  but,  as  it  has  a  specific 
gravity  of  only  0.852  at  17°  C,  it  probably  contains  lighter 
components  dissolved  out  of  the  gas.  The  method  enables 
a  uniform  temperature,  —7')°  C.,  to  be  repeated  and  maintained 
in  successive  experiments. — M. 


BROWN  PAPER  FOR  LEATHER 

Under  the  provisions  of  the  long-delayed  Footwear  Regulation 
Act,  says  the  Melbourne  Age,  the  people  of  Australia  will  be  eii 
titled  the  protection  against  the  audacious  swindling  which  has 
led  to  the  substitution  of  brown  paper  for  leather  in  certain 
classes  of  boots.  The  Law  provides  that  they  may  ascertain 
whether  the  boots  odcred  them  by  the  mender  are  made  of  genuine 
leather  or  of  mere  shoddy.  The  sole  of  a  boot  or  shoe  must  be 
stamped  with  particulars  of  the  material  of  which  it  is  made. 
The  Act,  unfortunately,  is  not  to  operate  at  once.  Parliament 
decided  to  allow  the  trade  six  months  within  which  to  get  rid 
of  old  stocks  of  shoddy  material  before  the  coming  into  force 
of  the  measure.  The  Chief  Secretary  said  recently  that  the  act 
would  operate  from  July  ist  and  there  would  be  no  postpone- 
ment.— M. 


PROJECTION   OF  BOMBS 

When  a  bomb  is  dropped  from  a  moving  aeroplane  the  point 
at  which  it  strikes  the  earth  depends  primarily  on  its  altitude 
above  and  speed  with  respect  to  the  earth's  surface,  and  to  a 
smaller  extent  on  the  speed  of  the  wind  and  the  mass  and  sur- 
face of  the  bomb.  In  order  to  allow  the  aviator  to  drop  his 
bomb  on  a  given  object,  the  most  recent  German  aeroplanes 
are  provided  with  an  instrument  made  by  Goerz,  which  consists 
of  a  telescope  kept  vertical  by  means  of  a  bubble  of  air  in  the  eye- 
piece. 

By  means  of  a  movable  prism  below  the  objective,  the  ob- 
server can  adjust  his  instrument,  so  that  he  sees  objects  through 
it  at  a  given  angle  ahead  or  in  the  rear.  The  instrument  is 
generally  used  when  the  aeroplane  is  moving  against  the  wind. 
From  the  aneroid  reading  of  the  height  of  the  aeroplane  and  the 
time  taken  to  get  vertically  over  an  object  seen  i>reviously 
22.5°  ahead,  the  speed  of  the  aeroplane  is  known.  The  speed 
of  the  engine  gives  the  speed  of  the  aeroplane  through  the  air  so 
that  the  speed  of  the  air  is  known  and  for  a  given  bomb  the  angle 
at  which  the  line  of  sight  of  the  instrument  must  be  ahead  in 
order  that  a  bomb  released  when  the  object  is  seen  in  the  tele- 
scope may  strike  that  object  is  also  known. 

Variations  of  direction  of  flight  of  the  aeroplane  and  of  strength 
and  direction  of  the  wind  cause  errors  which  are  to  some  ex- 
tent eliminated  by  further  devices  which  are  described  in  La 
Nature  for  June  19. — M. 


BRITISH  BOARD  OF  TRADE 

During  the  month  of  July  inquiries  have  been  made  by  firms 
in  the  United  Kingdom  and  abroad  concerning  the  following 
articles.  Firms  able  to  give  information  regarding  sources  of 
supply  of  these  articles  arc  requested  to  communicate  with  the 
Director  of  the  Commercial  Intelligence  Branch,  Board  of  Trade, 
73  Basinghall  St.,  London,  E.  C. 

Bangles     and     I>racclcts.     imitation  Machinery  for  making  fez 

silver  .  Mactiincry  for  making  glass  beads 

Beads,  imitation  ,j       .  .  Macliinery  for  plaiting  cane 

Brass-wire    lirushcs    for    goldsmiths  Machinery     for     making     basket 

Carbon  electrodes  „!,,;,-    ;.,- 

Circular  saws.   .1    in     diameter  and  .  chairs,  etc. 

.12-,?.1  W.  G  Maize  oil 

Confetti  Nitrite  of  soda 

Citrate     of     iron     and     ammonium         Pendants,  for  African  trade 

(,S0O  kil.  for  export^  Persulfate  of  soda 

Clock   escapements  for  ships    lever        piercing  saws  for  metal 

Pony  hair,  fine  brown.  Japanese  or 

other,  for  camel  hair 
Pencils  for  medical  trade 
Rubber  tabs  for  sock  suspenders 
.'^lamped  brass  coats  of  arms,  size 

about  8'  -  in.  X  1' A  in. 
Silver,  bags,  ladies 
Steel  and  brass  pins,  fine 


mov 
niamond  dies  for  wire  dra 
Drawing  pins 
Rnamelled  kettles 
I'ine  silver  chain,  machine 
Clove  stretchers,  boxwood 
Gramophone  motors 
Gilt  guard  chains 
Granular  oak  charcoal 


Schools  chalks 

Tin    brass  and   copper  linings  and 
angle      plates      for      ammunition 

.and        Thimbles 

Wood  tar  . 

Ilisinteirating    machinery    for  Yellow  ochres,  suitable  for  grindinj: 

.^eatfng  VeiSher  waste  Zinc  sheets.  14  gauge,  for  wa_i_work 


Machinhrv  anh  Plant 

Boilers  designed  for  using  peat 

fuel 
Gas  generators  designed   for  peat 
Machinery     for  *'  ' 

handling  peat 
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SCIENTIFIC  SOCIETIES 


CALENDAR  OF  MEETINGS 

National  Wholesale  Druggists  Association — Annual  Convention, 
Chicago,  October  i  104,  191 7. 

American  Electrochemical  Society — Autumn  Meeting,  Pitts- 
burgh, October  3  to  6,  1917. 

National  Paint,  Oil  and  Varnish  Association — Annual  Conven- 
tion, Chicago,  October  8  to  10,  19 17. 

American  Institute  of  Mining  Engineers — Annual  Meeting,  St. 
Louis,  October  8  to  13,  1917. 

American  Gas  Institute — Washington,  D.  C,  October  16  to  19, 
1917. 

American  Society  of  Mechanical  Engineers — New  York  City, 
December  26  to  29,  1917. 


FIFTY-FIFTH  MEETING  AMERICAN  CHEMICAL  SOCIETY 
BOSTON,  SEPTEMBER  10  TO  13,  1917 

PROGRAM  OF  PAPERS 

GENERAL  SESSION 

Address  of  Welcome.     Dr.  R.  C.  MacLadri.v,  President  of  Massachusetts 

Institute  of  Technology. 
Response.     Julius  Stieglitz,  President  of  American  Chemical  Society. 
American-Made  Optical   Glass.     Arthur   L.    Day,   Director  Geophysical 

Laboratory,  Washin^^ton,  D.  C. 
The  Isolation  and  Identification  of  the  Iodine-Containing  Compound  which 

Occurs  in  the  Thyroid.     E.   C.   Ksndaui,,   Mayo  Clinic,   Rochester, 

Minn. 
General  Conference  on  Chemists  and  Chemistry  in  Warfare,  opened  by 

William  H.  Nichols,  Chairman  of  Committee  on  Chemicals,  Council 

of  National  Defense,  and  Mabston  T.  Bogbrt,  Chairman  of  Chemistry 

Committee,  National  Research  Council. 
President's  Address.     The  Outlook  for  Chemistry  in   the    United  States. 

Julius  Stibglitz. 

AORICULTURAL  AND  FOOD  CHEMISTRY  DIVISION 

T.  J.  Bryan,  Chairm,in  G.  V.  Mason,  Srcrelary 

1.  The   Effect  of  Granulation   of   Flour  on  the   Baking    Quality.     J.    A. 

LeClbrc,  H.  L   Whssling  and  I,    II.  Bailky. 

2.  The  Composition  of  Japan  Rices  (Natural  Brown  and  Polished)  from 

the  Standpoint  of  Food  Conservation.     J.  A.  LbClbrc  and  R.  M. 

BOIIN. 

3.  Pearl  Barley,  from  the  Standpoint  of  Food  Conservation.     J    .\.   Lb- 

Clbrc AND  C.  D.  Garuv. 

4.  The  Use  of  Substances  as  Part-Substitutes  for  Flour  in  Bread-Making. 

J.  A.   LkClKRC  AND  IL  L.  Wbsslino. 

5.  The  Composition  and  Baking   Quality  of  Flour  Made  from  Einkorn, 

Emmer,    Spelt,    and    Polish    Wheat.     J.    A.    LkClbrc    and    L     II. 
Bailisy. 

6.  Influence  of  Seaton  upon  the  Deterioration  of  Food  Samples.     C.  A. 

Brownb 

7.  Bureau   of   Markets   in   Relation   to   the   Conservation  of   Foods.     C. 

Brand. 
H    Investigations  of  Shoe  Soling  Material!.     (By  title.)     F.   P.  Vkitcii, 

J.   S.    ROGBRS  AND   R      W.    I'RKY 

9    Blue  and  Brown  Print  Paper;  Characteristics,  Teats,  and  Speciflcationi. 

(Hy  title  )      !•"    r    Vkitcii,  C    1'kank  Saumiit  and  V.    O.  Rbku. 
10    Studies  on  Mustards  nnd  Mustard  Substitutes.     A    Viiiiiobvkr,  C.  O. 

ICwiNIl  AND  J     1'     I.I.I1VKNGRK 

11.  The  Conservation  of  Poultry  and  Eggs.     Mary  IJ.  Psnninoton. 

12.  Practical  Food  Conservation.     A.  M.  G.  .SouLB. 

BIOLOOICAL  CHEMIBTBT  DIVISION 

C.  I,.  AlHIiBR'!.  (  hairmiin  I    K     I'lllll.rs.  Sf,rfl,)ry 

I     Special  Piogram  on  Eniymes  and  Their  Behavior 
1.   Oxidase  Aclicm  on  the  Nucleus.     W    )    V    ostickiioiit 
7    The    Adsorption    of    Flour     Eniymes    by     Gluten    Colloids.     R    W. 

TllATCIlICK   AND  CliHNKLIA   KRNNKDV. 

.V  Catalytic  Poisons.     W    l>    IlANiKiirT. 

4  False  Equllihiia.     W    I)    IIanci«>i>t 

3.  Surface  RelatlnnB  of  Eniymes.     C    II    A    Clowks 

r>.  Notes  on  the  lleleimlnallon  of  Urea  by  Urease.     I    I'    Harris 

7  Studies  on  Popllc  Digestion.     II   T.  Graiiiir  and  J    W    ,M    IIunkicr 

R  Some  Rntyme  Reaciiona  as  Influenced  by  Hydrogen-Ion  Concentra- 
tion.      J     II      I.ONII 

>>    A  Chemical  Study  of  Eniyme  Action.     K    G.  Palk. 


II — Papers 

The  Origin  of  the  Humin  Formed  by  the  Acid  Hydrolysis  of  Proteins: 
in.  Hydrolysis  in  the  Presence  of  Aldehydes;  II.  Hydrolysis 
in  the  Presence  of  Formaldehyde.  R.  A.  Gort.ner  and  G.  E. 
Holm. 

The  Effect  of  Prolonged  Acid  Hydrolysis  upon  the  Nitrogen  Dis- 
tribution of  Fibrin.     R    A.  Gortner  and  G    E.  Holm. 

Comparative  Analyses  of  Fibrins  from  DiSerent  Animals.  R.  A. 
Gortner  and  A.  J.  Wubrtz. 

The     Nitrogen    Distribution    in    Protalninic    and    Lysalbinic    Acids. 

CORN-ELIA   KennBDY   AND   R.    .\.    GORTNER. 

On  the  Relative  Imbibition  of  Glutens  from  Strong  and  Weak  Flours. 

R    .\.  Gortner  and  E.  H.  Doherty. 
The  Nitrogen  Distribution  in  Fibrin  Hydrolyzed  in  the  Presence  of 

Ferric  Chloride.     C.  A.  Morrow. 
Copper  Phosphate  Mixtures  as  Sugar  Reagents.    O.  Folin  and  W.  S. 

McElroy. 
Dynamics  of  Photosynthesis.     W.  J.   V.   Ostbrhout  and  A.   R.   C. 

Haas. 
The  Dynamics  of  the  Process  of  Death.     W.  J.  V.  Ostbrhout. 
Note  on  the  Physiological  Action  of  Cordycops  Sinensis.     C.  L.  .\ls- 

BERG  AND  J.  F.  Brewster. 
Biological  Effects  of  Ultraviolet  Rays  of  Extremely  Short  Wave  Lengths. 

W.  T.  BOVIB  AND  D.  N.  HUCHBS. 

Action  of  Ultraviolet  Rays  on  Complement.     W.   T.    Bovib   and  C. 

Williams. 
Contributions  to  our  Knowledge  of  the  Abiotic  Action  of  Rays  from 

Radio  Active  Substances.     W.  T.  Bovik 
An  Improved  Direct  Reading  Potentiometer  for  Measuring  and  Re- 
cording both  the  Actual  and  the  Total  Reaction  of  Solutions.     W.  T. 

Bovie 
A  New  Logarithmic  Paper  for  Plotting  Ion  Concentrations.     W.   T. 

BoviE. 
The  Necessity  for  Revision  and  Standardization  of  the  Terminology  o( 

Colloid  Chemistry.     A    W.  Thomas 
Premedical  Training  in  Chemistry.     F   S.  Hamubtt. 
The  Influence  of  Phosphates  on  the  Action  of  Alpha  Crotonic  Acid  on 

Plants.     J   J   Skinner  and  F    R    Rbid. 
The  Oxidation  of  Vanillin  to  Vanillic  Acid  by  Certain  Soil  Bacteria. 


W   J.  Ro 


E    C 


29.  The  Symptoms  of  Potash  Starvation  in  Field  Crops.     O.  Schrbinbr. 
.10.  The  Hydrolysis  of  Kafirin.     D    B    Jones  and  C.  O   Johns 

31.  The  Proteins  of  Buckwheat.     C    O   Johns  and  L    H.  Chbrnopf 

32.  Relationship  between  Cholesterol  and  Cholesterol  Esters  in  the  Blood 

during  Fat  Absorption,     .\rtmur  Kniidson. 
3i.  Further    Experiments    on    the    Isolation    of    "Vitamine"    from  Yeast. 

.\tiierton  Si:iniCLL  and  R    R    Williams. 
34.  An  Alkaloid  from  Lufinuf  Uu.ofiis      O.  F.  Black 
.1.<;.  Is   Polished   Rice   Plus   Yeast    Vitamin    ISeidtU)    •   Complete   Food? 

A.  n    Emmett  and  L    II    McKiM 

36.  The   Growth    Promoting   Value   of  the   Lactalbumins   Obtained   aflar 

Separating   Casein   by   i.i>    Hydrochloric   Acid  and    (^^    Lactic   Add 
Culture.     A    D    ICwMiirr  and  M    E    .Si.atkr 

37.  The  Influence  of  Accessory  Substances  on  Growth  with  a  Low  Pro- 

tein Ration  Containing  Lactalbumin  from  Lactic  Acid  Whey.     A   D. 
ICmmbtt  and  M     IC    Slatbr. 

38.  On  the  Histology  and  Chemistry  of  Secretory  and  Nectary  Glandt  ol 

the  Cotton  Plant.     A    \ikiu.k\kr  and  E    li   .ST\sr.iiii> 

39.  Studies  on  Edible  and  Poisonous  Beans  of  the  Lima  Type.     A    Via- 

HOBVKK.  C.  o.  EwiNO  and  M    G.  Mastin. 

40.  Oxalic  Acid  in  Fooda  and  Spices.     A.  Virhoivbi,  W    P.  Kunki  and 

M    G    Mastin. 

41.  A    New   Form  ol   Ultra-Fillor.     Its    Uses  In   Biological  and   Syalbtdt 

Organic  Chemistry.     I*    A.  Kobkr  and  C    W    Hrirlkin. 

INDUSTRIAL  CBKMISTS  AND  CRKMICAL  KNQINKKES  DIVISION 

II    E.  IIdwk,  t  *.lir»i,in  >    II    .SMl-.ni  «Y.   )■  .   ••r.rrtary 

I      Papers 

1  Tho    Cracking    of    Solvent    Naphtha    in    the    Presence    of    Blau    Oat. 

GitsTAV   E.)l OH" 

2  The  Effect  of  Pressure  upon  the  Formation  of  Benivn*  and  Tolueo* 

from  Gas  Oil.     <".r»T»v   Eoii-ri- 

3  An  Experiment  in  Scrubbing  Catbutelted  WalM  Uaa  (or  Recawtlat 

Aromatict.     Kkiiriit  J    M. >.>■■)  and  Oi'itav  KnLorv 

4  The    Deposition   of    Sliver    Films   on   Gloa*.     ALastNDa«   StLvaaaaM 

AND  K     M.  llttw* 
3    Some  Notes  00  Char*  and   Other   Solid  D*<olafitiiig  A««ala.     CHoa. 

I!   (.oatic. 
6.  Comparative  Tests  of  Porcelain    {.abaraloty  Ware.     C    Iv   Uantaa 
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7.  Comparative  Tests  of  Chemical  Glass  Ware.     Percy  H.  Walker  and 

F.  W.  .Smither. 

8.  Potash    Recovery    from    Greensand    and    Feldspar    and    By-Products 

Therefrom,     H.  W.  Charlton. 

n — Metallurgical  Symposium 

1.  Some  Problems  in  the  Metallography  of  SteeL     H.  M.  Boylston. 

2.  Stellite  as  a  Substitute  for  Platinum.     Elwood  Haynes.     (See  page 

974.) 
?,.  The  Effect  of  Annealing  on  the   Electrical   Resistance  of   Hardened 
Carbon  Steels.     I.  P.  Parkhurst. 

4.  Physico-chemical  Data  Needed  by  Metallurgists.     J.  W.  Richards, 

5.  Recent  Developments  in  Connection  with  the  Use  of  Sulfur  Dioxide 

in  Hydrometallurgy.      Edward  R.  Weidlein. 

6.  The  Importance  of  the  Flotation  Process  in  the  Metallurgy  of  Copper. 

Lv  P.  Mathewson 

7.  The  Theory  of  Froth.     Wilder  D.  Bancroft. 

8.  Chemicals  Used  in  Ore  Flotation.     Oliver  C.   Ralston   and  L.   D. 

YUNDT. 

9.  The  Selective  Action    of    Cadmium  Salts  on  Lead  and  Zinc  Sulfides  in 

Flotation.     M.  II.  Thornberry. 

10.  Flotation  Experiments  on  Zinc  Sulfide  Tailings.     W    X.   Whitaker, 

S.  F.  Farley  and  II.  P.  Evans. 

11.  The  Development  of  the  Iron-Carbon  Diagram  in  Its  Relation  to  Micro- 

scopic Analysis  and  the  Heat  Treatment  of  Steel.     John  W.  Alden. 

ni— Conference.     The  Industrial  Chemist  in  War  Time.    (See  page  987.) 

ORGANIC  CHEMISTEY  DIVISION 

J.  R.  Bailey,  Chairman  H.  L.  Fisher,  Secretary 

I — Joint  Session  with  Physical  and  Inorganic  Division 

n — Papers 

1.  The  Constitution  of  Dicyandiamide.     William  J.  H.\le. 

2.  The  Composition  of  Oil  of  Cassia.     (By  title.)     Francis  D.  Dodge. 

3.  The  Decomposition  Products  of  the  Methyl  Ester  of  Iso-aminocampho- 

manic  Acid.     Glenn  S.  Skinner  and  W.  A.  NoYES. 

4.  Alkali  Insoluble  Phenols.     Roger  Adams. 

5.  Oxalyl  Chloride  as  a  Reagent  in  Organic  Chemistry.     Roger  .^dams 

6.  The    Synthesis    of    Certain   Terpene    Homologs   from  1,4-Di-isopropyl 

Cyclohexane.     M.  T.  Bogert  and  C.  P.  Harris. 

7.  Further    Studies    of    o-Uraminobenzoic    Acid,    Benzoylene    Urea    and 

Related  Compounds.     M.  T.  Bogert  and  G.  Scatchard. 

8.  The  Synthesis  of  Certain  Substituted  Pyrogallol  Ethers  Derived  from 

Syringic  Acid.     M.  T.  Bogert  and  J.  Ehrlich. 

9.  The    Identity    of    Cyanuric    Acid    with     so-called    "Tetracarvonimid." 

(Presented  by   Oswald  Schreincr).      E.    H.    Walters  and  Louis   E. 
Wise. 

10.  1,4,6-Trihydroxyanthraquinone.     M.  L.  Crossley. 

11.  Relation  of  Constitution  to  Color  in  Anthraquinone  Derivatives.     M.  L. 

Crossley. 

12.  The  Use  of  Prussic  Acid  in  Glacial  Acetic  Acid.     J.    R    Bailey    and 

R.  H    Pkitchett. 

13.  A  Special  Stop-cock  for  Dropping  Liquids  Arranged   for  Equalizing  the 

Pressures  above  and  below  the  Outlet.     Harry  L.  Fisher 

14.  The  Oxidation  of  Uric  Acid  with  Hydrogen  Peroxide.     F.  J.  Moore 

and  C    S.  Venaule. 

15.  Testing  of  Nitrocellulose  Materials.     H.  C.  P.  Weber. 

16.  Reactions  of  Quinones.     Oliver  Kamm. 

17.  The  Preparations  of  Anisidine,  Phenetidine,  and  Related  Compounds. 

Oliver  Kamm  and  I,  X    Hultman. 

Ill — Organic  Conference 

The  Supply  of  Organic  Chemicals  for  Research  during  the  War.  Dis- 
cussion led  by  Proeessor  Roger  Adams,  who  will  describe  the 
work  being  done  at  the  University  of  Illinois. 

PHARMACEUTICAL  CHEMISTRY  DIVISION 

L.  F.  Kehler.  Chairman  G.  D.  Beal,  Secretary 

1     Papers 

1.  The  Need  and  Necessity  of  Pharmaceutical  Chemists.     Otto  Rauben- 

llEIMER. 

2.  Woodchuck  Oil.     Geo    D.  Beal  and  J.  B.  Brown. 

3.  Gopher  Oil.     Geo.  D    Beal  and  J.  B.  Brown. 

4.  Studies  on  the  Relative  Adsorptive  Power  of  Various  Fuller's  Earths. 

Atherton  Seidell. 

5.  Some  Notes  on  Court  Work.     L.  F.  Kebler. 

6.  A  Deceptive  Practice  Occasionally   Met,  a   Case.     Charles  II.    La- 

W'all. 

7.  Studies  on    Piper    bredemeyeri,    an   Adulterant   of   Matico.     A.    ViE- 

IIOEVER    AND    M.    G.    MaSTIN. 

II     Pharmaceutical  Conference 
Pharmaceutical  Chemistry  and  the  Future,  opened  by  L.  F.  Kebler. 


PHYSICAL  AND  INORGANIC  CHEMISTRY  DIVISION 


H.  P.  Talbot.  Chai. 


E.  B-  Millard,  Secretary 


1 — Joint  Session  with  Organic  Chemistry  Division 

1.  The  Factors    that   Influence  the  Activity  of  Chlorine  in  Organic  Com- 

pounds.     J.  F.  NoRRIS. 

2.  The  Purification  and  Physical  Properties  of  Some  Aliphatic  Alcohols. 

R    F    Brl'nel. 

3.  The    Measurement   of   the    Electrical   Conductivities   of   Solutions   at 

Different  Frequencies,  VII.  Sources  of  Error  in  the  Kohlrausch 
Circular  Slidewire  Bridge  and  in  the  Anderson  Bridge.  Edward 
Bennett  and  S.   F.  .\cree. 

4.  The  Possibility  of  Optical  Isomerism  in  the  Diphenyl  Series.      Oliver 

Kamm  and  C.   S    Palmer. 
.5.  The  Mechanism  of  Sugar  Hydrolysis.     M.  A.  Rosanoff  and  Lillian 

ROSANOFF. 

6.  A  Substance  which  in  the  Liquid  Phase  Exhibits  a  Minimum  of  Solu- 
bility in  an  Unstable  Region.  (By  title.)  M.  T.  Bogert  and  J. 
Ehrlich. 

II — Papers 

1.  Two  New  Laboratory  Instruments  (a)  a  Burette-Micrometer  (6)  a  Bal- 

ance for  First  Year  Students.     Arthur  John  Hopkins. 

2.  Water  Lag  in  a  Burette.     Arthur  John  Hopkins. 

3.  Conductivity   of    Solutions   of   Potassium   Chloride    below    One    Ten- 

thousandth  Normal.     E.  W.  Washburn  and  H.  J.  Weiland. 

4.  The  Limits  of  Individuality  in  Chemistry.     N.  T.  Bacon. 

5.  A  New  Hydrate  of  Lime.     H.  W   Charlton. 

6.  Reaction     between    Antimony    and    Solutions    of    Sodium    in    Liquid 

Ammonia.     Edward  B.  Peck. 

7.  Standardization   of   Volumetric   Sodium    Hydroxide    Solution.     M.    L. 

Hamlin 

8.  The  Fallacy  of  Determining  Electric  Charge  of  Colloids  by  Capillarity. 

Arthur  W.  Thomas. 

9.  Effect  of  Acid  Concentration  on  the  Photochemical  Oxidation  of  Quinine. 

G.  S.  Forbes  and  R.  S.  Dean. 

10.  Temperature    Coefficient   of   the    Distribution    Ratio.     G.    S.    Forbes 

and  a.  S.  Coolidge. 

11.  Addition-Compound    Formation    in    Aqueous     Solution,     (By    title.) 

James  Kend.\ll.  James  Eliot  Booge  and  James  C.  Andrews. 

12.  The  Mechanism  of  the  Ionization  Process.     (By  title.)     James  Ken- 

dall AND  J.  E.  Booge. 

13.  Mechanism  of  the  Potassium  Chlorate-Manganese  Dioxide  Reaction. 

R.  F.  Bacon  and  R.  W.  Miller. 

14.  Measurement   of   the   Compressibilities  of   Solids  under   Hydrostatic 

Pressure  up  to   12,000   Megabars.     Erskine   D.   Williamson  and 
L.  H.  Adams, 
l.'i.  Application  of  Palladium  as  an  Indicator  for  Silver  Titrations.     Louis 
Schneider. 

16.  Some  Data  on  the  Question  of  the  Existence  of  Intermediate  Ions  in 

Salt  Solutions.     E.  P.  Schoch. 

17.  Application  of  the  Thermodynamic  Methods  of  Gibbs  to  Equilibria  in 

the  Ternary  System:  HiO-KiSiOj-SiOj.     George  W.  Morev. 

18.  Compounds  Formed  by  the  Alkali   Oxides  KiO  and  NajO   with  the 

Trioxides  of  Aluminum  and  Iron.     George  W.  Morey. 

19.  The  Equilibrium  between  Sulfur,  Water  and  their  Reaction  Products, 

Gilbert  X   Lewis.  Merle  Randall  and  F.  Russell  v.  Bicuowskv. 

20.  The    Fixation    of    Nitrogen    in    Cyanide    Manufacture.     Gilbert    N. 

LEWIS. 

21.  The  Production  of  Ozone  in  the  Corona.     F.  O.  .\nderegg. 

22  The  Spectrum  of  the  Isotopes  of  Lead.  W  D.  Harkins,  Lbstbr 
Aronberg  and  H.  G.  Gale. 

23.  Secondary    Valence    and    Werner's    Coordination    Number    from    the 

Standpoint  of  the  Existence  of  Some  New  Cobaltammines.     William 

D.  Harkins  and  George  L.  Clark. 

24.  The    Crystal     Structure    of     Chalcopyrite     Determined     by    X-Rays. 

Charles  L.  Burdick. 

25.  The  Activity  and  Ionization  of  Hydrochloric  Acid.     Arthur  A.  Noyes 

AND  James  II,  ICllis. 

26.  A    Gas    Dilatometer    for    Ascertaining    Decomposition    Points;     with 

Determinations  of  Decomposition  Points  of  Cane  Sugar,  Dextrose 
and  Soluble  Starch.  (Lantern.)  William  C.  Moore  and  J.  B. 
Davier 

27.  Some  Properties  of  the  Oxides  of  Lead.     L.   H.  Adams  and  H.   E. 

Mervin 

28.  The  Behavior  of  Mixtures  of  Uni-Univalent  Formates  in  Anhydrous 

Formic  Acid.     H.  I.  Schlesinger  and  F.  H.  Reed. 

29.  Hydrogen  Ovcrvoltage.     D.  A.  MacInnes  and  L.  Adlbr. 

30.  Heats  of  Dilution  of  Ethyl  Alcohol  Solutions,     D.  A.  MacInnes  and 

J.  M    Braham 

31.  A  New  Illuminator  for  Microscopes.     Alexander  Silverman. 

32.  Qualitative  Separation  and  Detection  of  Gallium.     (By  title.)     Piin-ti- 

E.  Browning  and  Lyman  E.  Porter. 

33.  Qualitative  Detection  of  Germanium  and  Its  Separation  from  Arsenic. 

(By  title.)     Philip  E.  Browning  and  Sbwell  E.  Scott. 
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34.  A  Rapid  Method  for  the  Volumetric  Determination  of  Zinc.     E.   K. 

Strachan. 

35.  Silver  Anion.     H.  C.  P.  Weber. 

36.  Analytical    Control    of    the    Ammonia    Oxidation    Process.     Guy    B. 

Taylor,  Jos.  D.  Davis,  Jlxian  H.  Capps  and  Lewis  R.  Lenhart. 

37.  The  Fixation  of  Nitrogen  with  the   Silent  Electric  Discharge.     Far- 

RiNGTON  Daniels  and  Oliver  R.  Wulf. 

38.  The  Displacement  of  Nitric  by  Carbonic  Acid  in  Silver  Nitrate  Solu- 

tions and  the  Relation  of  this  Reaction  to  the  Inclusion  Error  in  the 
Silver  Voltameter.     A.  S.  McDaniel  and  H.  D.  Hineline. 

FERTILIZES  CHEMISTSY  DIVISION 

J.  E.  Brbckenridge,  Chairman  F.  B.  Carpenter,  Secretary 

1.  Chairman's  Address.     J.  E.  Breckenridge. 

2.  A  New  Fertilizer.     (Lantern.)     Alfred  H.  Cqwles. 

3.  A  Comparison  of  Calcium  Silicate,  Carbonate,  and  Hydrate  as  Fertilizer 

Materials  with  Experimental  Data.     Alfred  W.  Scheidt. 

4.  Potash  Production  in  United  States.     (Lantern.)     H.  A.  Huston, 

5.  The  Synthesis  of  Ammonia  by  the  Haber  Process.     R.  O.  E.  Davis 


Ha 


Bry 


J.  B    TuTTLB,  Secretary 


E.  H. 


6.  The  Availability  of  Organic  Nitrogen  in  Leather,  Hair  and  Peat.     R. 

E.  Rose. 

7.  Effect    of    Fertilizers    on    Composition    of    Strawberries.     (Lantern.) 

H.  A.  Huston. 

8.  Determination  of  Moisture  in  Fertilizing  Material  and  Starch.     R.  N. 

Brackett. 

9.  The  Recovery   of  Potash  as  a  By-Product  in  the  Cement  Industry. 

W.  H.  Ross  AND  Albert  R.  Merz. 
10    Fertilizing  Value  of  Household  Wastes.     Philip  E.  Browning. 

1 1 .  The  Effect  of  Fertilizers  on  the  Hydrogen-Ion  Concentration  in  Soils. 

Fred  W.  Morse. 

12.  Some  Suggestions  Concerning  the  Preparation  of  Ammonium  Citrate 

Solution  and  the  Determination  of  Insoluble  Phosphoric  Acid.     P. 
Med    SllliEV. 

13.  An  Exact  and  Easy  Method  for  Preparing  a  Neutral  Ammonium  Citrate 

Solution.     J.  M.  McCandless. 
A  conference  where    the    papers    previously    read    will  be  freely  discussed 
and    general  conditions  affecting  the  fertilizer   business   from   a  chem- 
ical standpoint  will  close  the  meeting. 

BUBBEE  SECTION 

L.  E.  Weber,  Chairman 

1.  Report  of  the  Chairman. 

2.  A  Volumetric  Method  for  the  Determination  of  Free  Sulfu 

Johns.in  and  H,  S    Ti-ton 

3.  The   Direct  Determination  of  India-Rubber.     John   B.   Tuttlb  and 

Louis  Yurow. 

4.  The  Increase  in  Gravity  during  the  Vulcanization  of  Rubber.      L.  E. 

Weuer 

5.  Effect  of  Copper  Compounds  on  Crude  Rubber.     Chas.  P.  I'"o.\. 

6.  Symposium  on  the  Best  Methods  for  the  Determination  of  Free  and 

Total  Sulfur. 
7    The  Use  of  Accelerators  in  the  Vulcanization  of  Rubber. 
8.  The  Rubber  Chemist  in  the  National  Service. 
Contributions  to  these  last  three  topics  arc  expected  from   D.  Spbncb, 
E.  H.  Johnson,  H.  S.  Upton,  C.  R.  Booos,  L.  J.  Plumb,  Donald  Cranor, 
Richard  B.  Earlh,  L.  E.  WiinKR,  R.  S.  Postmontibr,  J.  P.  Millwood, 
Frbdbric  DANNUHTn.  John  H    Ti  ttlh.  nnd  otliirs 

WATER.  SEWAOE  AND  SANITATION  DIVISION 

!•:.  II.  S,  Uailbv,  Chairman  II.  P    Corson,  Secretary 

1 .  A  Method  for  the  Colorimetric  EBtimallon  of  Small  Amounts  of  Anilioe. 

liLiAs  Elvovk    (sie  p   '1.5,1.  Ihii  i!i»uc) 

2.  Copper   in   Sewage   at   the   Now   Haven  Sewage  Experimcot   Station. 

(I.antirri  )      I'.   W     .Moiilman 

3.  The  Diffusion  of  Sea  Water  in  (he  Puget  Sound  and  Lake  Washington 

Canal.     Tiion.  (',.  Thompson  and  E.  Victor  Smith. 
4     The  Bactericidal  Efficiency  of  Soap  Solutloot  in  Power  Laundering. 

II    ('.    IClluiiok 
s    The  Definition  of  Alkalinity.     A.  M    DuswiLL. 
''    Mnngnneno  In  Water  Suppllei.     J    W    Sali. 

THE  INDUSTRIAL  CHEMIST  IN  WAR  TIME 

Contercncc  hrl.l  in  Ilo^lcm  .S.plrinbri  12.  I'<17,  liy  llir  Ulvi-li.ii   .il    Indut 
triul  Chrmi'.l<  und  Chemical  Englncrm.  American  Chrnili-ul  Sinicly 

This  Cdiifcrencr,  the  piirpogc  of  which  was  to  cmphii.iizc  the 
work  wliiih  Ihc  itKhistriiil  chemist  cnn  do  in  Wiir  time,  wns 
opened  l)y  11  IC  Howe,  Chairman  of  the  Division,  who  intro- 
(hiccd  liK  W  M  Wai.kkm  of  the  Mii<«iichii.wtls  Institute  of 
TechmiliiKV,   who  spoke  on  \Uv  supply  of  industrial  chemists 

l>r  Walker  poinlcd  out  that  chemists  are  alreailv  very  scarce 
and  indications  are  Ihni  there  will  continue  tn  be  a  larxer  de- 


mand than  supply  for  some  time.  A  course  in  chemicaJ  engineer- 
ing is  more  expensive  for  the  student  than  any  of  the  other  engi- 
neering courses  and  a  fund  is  needed  to  help  such  men  prepare 
themselves  for  industrial  work.  Dr.  Walker  believes  that  if 
industries  would  create  a  fund  from  which  the  proper  men  could 
borrow  sufficient  amounts  to  complete  their  education,  the 
industries  would  be  assiu-ed  of  a  supply  of  trained  men  which  at 
present  is  by  no  means  certain.  This  money  should  be  avail- 
able without  interest  for  the  period  of  their  educational  course 
and  could  be  repaid  when  the  man  is  on  an  earning  basis.  With- 
out such  assistance.  Dr.  Walker  beUeves  that  within  a  few  years 
the  chemist  will  be  a  very  expensive  institution  for  the  manu- 
factiu'er. 

Dr.  W'.  F.  Hillebrand,  Chief  Chemist  of  the  Bureau  of 
Standards,  then  spoke  in  general  terms  about  the  important 
work  which  the  Bureau  has  undertaken  in  connection  with 
war  problems. 

Dr.  L.  H.  Baekeland,  of  the  Naval  Advi.sor\-  Board  and 
National  Research  Council,  then  spoke  on  some  of  the  problems 
and  some  of  the  suggestions  which  had  been  made  to  the  Board. 
He  pointed  out  that  very  plausible  suggestions  are  carefully 
investigated  by  men  qualified  to  pass  upon  the  subject  and  that 
many  impractical  suggestions  were  made,  apparently  in  a  desire 
to  be  of  assistance.  A  considerable  number  of  citizens  failed 
to  consider,  properly  the  limitations  and  other  features  which  ^ 
rendered  the  suggestions  of  no  value.  Dr.  Backeland  pointed 
out  that  War  is  not  so  much  a  question  of  research  as  of  pro- 
duction and  that  new  explosives  cannot  be  introduced  without 
very  thorough  testing  and  cannot  be  considered  at  all  unless  they 
can  be  produced  readily  in  great  quantities.  He  mentioned 
that  in  selecting  cordite  some  years  ago,  in  the  making  of  plans 
for  the  use  of  that  explosive,  England  thereby  chose  a  course 
which  now  necessitates  the  production  and  utilization  of  great 
quantities  of  acetone.  Acetone  has  become  a  determining 
factor  and  has  made  it  difficult  at  times  to  reach  the  desired 
maximum  production.  Every  successful  explosive  has  been 
preceded  by  generations  of  research  work.  Dr.  Baekeland 
spoke  of  some  of  the  important  accomplishments  which  have 
followed  suggestions  made  by  members  of  the  Society  or  recom- 
mendations by  the  Advisory  Board,  and  of  the  fact  that  ap- 
propriations have  been  obtained  for  a  research  laboratory  which, 
however,  will^not  be  built  while  the  War  demands  all  of  our 
energies.  He  further  spoke  of  the  need  for  such  laboratories 
and  jokingly  pointed  out  that  chemists  need  much  apparatus 
for  their  work,  with  the  exception  of  the  physical  chemists  who 
can  accomplish  a  great  deal  with  a  barrel  of  chalk.  Dr. 
Baekeland  paid  tribute  to  the  work  of  Dr.  Whitney  and  the 
patriotic  stand  of  the  General  lilcctric  Company  in  allowing 
Dr.  Whitney  to  devote  nil  his  lime  to  the  Government  ncwis  as 
well  as  backing  him  in  his  various  experiments  and  under- 
takings. 

Dr.  C.  L.  Parsons,  of  the  Bureau  of  Mines,  then  spoke  con- 
cerning n  great  number  of  instances  in  which  the  Department 
of  Mineral  Technology  is  accomplishing  things  for  the  countrj-. 
The  importance  of  sulfuric  acid  at  this  time  wns  emphasized,  it 
being  required  for  the  production  of  fertilizers  a.s  well  as  for 
the  manufacture  of  nitric  acid.  The  efTorls  of  the  Ilureau  in 
locating  and  utili/ing  pyiile  deixi^its  in  order  that  our  stdfur 
miKht  be  coii'icrved  were  iMiinleil  out  The  work  of  the 
Kiireau  on  manganese,  steel,  lutroKen  lixation  and  many  other 
important  things  wa.s  outliiieil.  In  o«>iielusion.  Dr.  I'arsons 
paid  a  tribute  ti>  the  very  jwtrititic  stand  of  the  General 
Chemical  Company  and  the  Nitrogen  l*riKlucts  Company, 
both  of  which  have  olfered  the  restilts  of  ctwtly  exiietimenls  to 
the   (tovernment    without   any    return. 

|)H.  W  l>  Mn.m.ow,  Chief  Chenust  of  the  National  Canners 
I.alioratory,  spoke  on  the  sul>je*-t  of  ((hmIs,  allhough  he  aswrtetl 
that  aside  from  the  incrrasril  t>m«lurtion  and  mntiniml  siiprr- 
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vision  of  products  to  insure  proper  preservation  and  purity, 
the  food  chemist  is  not  in  a  position  to  contribute  anything 
fundamentally  new  at  this  time.  He  spoke  of  the  shortage  of 
tin  plate  and  the  unsatisfactory  quality  of  sheet  steel  for  tin 
plate  now  available  and  mentioned  work  carried  on  with  an  idea 
of  determining  the  least  amount  ol  materials  required  for  the 
proper  canning  of  food  products. 

Professor  L.  A.  Olney,  of  the  Lowell  Textile  School,  spoke 
regarding  textiles,  the  dye  situation,  and  the  work  which  con- 
cerns the  textile  industry  in  providing  the  great  quantity  of 
cloth  required  for  uniforms,  etc.,  in  addition  to  the  usual  de- 
mands. He  spoke  of  the  improved  condition  of  the  dye  situa- 
tion. 

Dr.  L.  F.  Hawley,  of  the  Forest  Products  Laboratory  of  the 
University  of  Wisconsin,  spoke  briefly  on  the  work  of  the  Forest 
Products  chemists  at  the  present  time.  He  emphasized  the 
necessity  of  producing  large  quantities  of  acetone  and  of  provid- 
ing ways  in  which  acetone  may  be  obtained  fum  waste  woods, 
not  usually  considered  suitable  for  this  process.  In  this  con- 
nection he  mentioned  methods  for  increasing  the  production  of 
acetone  from  calcium  acetate.  Besides  the  chemical  work,  the 
laboratory  has  been  interested  in  timber  testing  and  other  physi- 
cal experiments  so  important  in  determining  the  suitability  of 
timber  for  use  in  shipbuilding,  aeroplanes,  etc. 

Dr.  a.  M.  Comey,  Chairman  of  the  Research  Committee  on 
Explosives  (a  sub-committee  of  the  National  Research  Council) 
and  Chief  Research  Chemist  of  the  duPont  Powder  Company, 
said  that  there  has  been  nothing  new  in  explosives  in  the  last 
three  years.  Production  has  been  the  thing  upon  which  work 
has  been  concentrated  and  he  gave  some  figures  as  to  the  usual 
production  and  exportation  of  various  kinds  of  explosives. 
Research  work  is  of  course  to  be  prosecuted  with  vigor  and  every 
effort  made  not  only  to  make  present  explosives  more  efficient 
in  use  and  safer  for  handling,  but  to  find  new  materials  which 
can  be  used  to  advantage. 

Mr.  E.  H.  Hooker,  of  the  Hooker  Electrochemical  Company, 
gave  a  list  of  the  electrochemical  products  now  being  produced 
at  Niagara  Falls,  all  of  which  are  of  fundamental  importance 
to  industry  and  the  military  estabhshment.  These  include 
artificial  abrasives,  chlorates,  phosphorus  compounds,  graphite, 
caustic,  chlorine,  etc.  Remarking  that  it  was  not  necessary  to 
give  many  details  of  this  class  of  work  to  the  audience  present, 
Mr.  Hooker  then  addressed  himself  to  the  Niagara  water  power 
situation.  He  pointed  out  again  the  absolute  importance  of 
products  made  by  ele  trochemical  processes,  and  the  necessity 
of  awakening  the  country  to  the  realization  that  water  power 
amounting  to  5,000,000  horse  power  at  Niagara  Falls  should  be 
and  must  be  utilized.  He  stated  that  the  scenic  beauty  which 
many  sought  to  preserve  could  be  amply  obtained  by  allowing 
about  20  per  cent  of  the  water  to  flow  from  the  Falls,  in  fact 
the  Falls  are  more  beautiful  when  a  minimum  amount  of  water 
rather  than  high  tide  is  passing  over  the  brink.  He  urged 
chemists  to  make  people  acquainted  with  these  facts  in  the  hope 
that  something  could  be  done  quickly  and  in  the  right  direction. 

Mr.  C.  F.  Quaintance  then  spoke  on  the  work  being  done  in 
America  to  provide  industries  and  laboratories  with  the  porcelain 
requisite  for  their  work.  Coors  porcelain  has  now  reached  the 
point  of  perfection  where  it  is  not  only  just  as  good  but  actually 
better  than  the  Teutonic  ware  which  had  become  a  most  widely 
used  material  prior  to  the  War.  Great  progress  has  been  made 
in  the  last  year  and  American  manufacturers  now  stand  ready  to 
supply  the  American  needs  with  a  material  satisfactory  in  every 
way. 

Mr.  Henry  W.  Hess,  of  the  Libbey  Glass  Works,  gave  an 
outline  of  what  the  glass  manufacturers  are  attempting  to  do  to 
provide  the  necessary  equipment  and  utensils.  Two  difficulties 
confront  glass  manufacturers,  viz.,  labor  and  fuel.  Some  of  the 
companies  have  had  to  put  their  labor  to  the  production  of 


tubing,  incandescent  lamp  bulbs  and  other  articles,  which  has 
meant  a  curtailment  of  chemical  glassware  production.  Mr. 
Hess'  statement,  that  chemical  glassware  of  a  superior  quahty 
to  the  German  article  is  not  only  now  obtainable  from  American 
manufacturers  but  has  been  at  any  time  in  the  last  ten  years, 
was  later  substantiated  by  the  report  of  Mr.  P.  H.  Walker  on  his 
results  in  glassware  testing.  Mr.  Hess  emphasized  that  the 
American  chemical  glassware  industry  would  have  been  even 
further  advanced  if  the  scientific  men,  especially  the  college 
professors,  had  supported  the  industry  to  anything  like  the 
extent  they  had  supported  the  German  industry. 

Dr.  Charles  Baskerville,  of  the  College  of  the  City  of  New 
York,  was  called  upon  to  report  the  oil  and  fat  situation;  he 
confined  his  remarks  to  the  statement  that  notable  progress  is 
being  made  .n  the  utilization  of  low-grade  oil  and  fats  to  produce 
edible  fats  as  well  as  material  for  manufactiu-ing  purposes. 
He  expressed  his  belief  that  no  greater  progress  was  being  made 
anywhere  and  that  further  remarkable  achievements  were 
about  to  be  consummated. 

Prof.  Charles  E.  Coates,  of  the  Louisiana  State  University, 
spoke  briefly  of  the  prosperity  and  optimism  prevailing  in  the 
South  and  the  work  being  done  along  the  lines  of  sugar  pro- 
duction. The  sugar  chemist  is  endeavoring  to  increase  yields 
and  at  the  time  improve  the  color  of  the  white  sugars  made 
directly  from  the  Louisiana  cane.  While  the  slightly  tinted 
sugars  are  not  objectionable  from  any  standpoint  it  is  desirable 
to  produce  pure  white  sugars  on  account  of  market  conditions. 

Dr.  C.  H.  Herty,  Editor  of  the  Journal  of  Industrial  and 
Engineering  Chemistry,  spoke  with  enthusiasm  of  the  work  which 
had  been  done  by  the  Publicity  Committee  of  the  Society  in 
arousing  the  country  to  the  appreciation  of  what  chemistry 
means  at  the  present  time  as  well  as  at  all  times.  He  urged 
the  chemists  to  support  our  publicity  work  not  for  the  good  of 
our  profession  so  much  as  a  public  duty.  The  education  of  the 
public  toward  chemistry  he  considers  a  matter  of  great  import- 
ance. 

Captain  A.  H.  White,  of  the  Bureau  of  Ordnance  (and  now 
on  leave  from  the  University  of  Michigan),  spoke  unofficially 
regarding  the  appreciation  of  the  Government  officials  of  chem- 
istry and  the  exemplary  attitude  of  the  Regular  Army  officers 
and  men  toward  professional  men  and  civilians  who  have  entered 
the  service  but  are  contributing  from  their  experiments  and 
training  to  the  winning  of  the  War.  He  pointed  out  the  need 
for  chemists  in  much  of  the  Government  work  and  said  that  it  is 
hoped  that  chemists  who  had  been  drafted  into  the  Army  would 
be  reported  so  that  they  might  be  used  in  this  import.nnt  branch 
of  the  work  in  serving  the  country.  He  stated  that  many  men 
who  desired  to  put  on  a  uniform  were  prevented  from  doing  so 
because  of  the  importance  of  their  present  positions  and  he 
wanted  it  thoroughly  understood  that  many  of  the  men  who 
were  continuing  in  their  present  work  were  doing  so  because 
they  could  not  be  replaced  and  that  their  work  was  in  many 
instances  just  as  essential  as  that  which  many  men  in  uniform 
were  doing.  Captain  White  hoped  that  some  way  would  be 
found  to  designate  such  men  in  order  that  they  would  feel  more 
at  ease  in  pursuing  their  regular  hne  of  activity  while  their  fellows 
were  apparently  more  directly  supporting  Government  work. 

Dr.  T.  B.  Freas,  of  Columbia  University,  made  a  plea  for  the 
continued  support  of  the  American  manufacturers  of  scientific 
apparatus  for  the  War.  It  is  obvious  that  much  of  our  trouble 
has  been  due  to  our  failing  to  support  these  manufacturers  and 
it  is  certainly  up  to  the  manufacturers  and  scientific  men  of 
America  to  continue  to  give  the  undivided  support  which  the 
War  has  made  necessary  after  the  War.  It  is  now  possible  to 
secure  a  majority  of  the  required  equipment  made  in  the  United 
States.  We  must  do  what  we  can  to  help  these  industries  to 
become  firmly  established  and  to  develop  to  that  same  high 
plane  attained  by  American  manufacturers  in  other  fields. 
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TWO  LETTERS  ON  "SEASONAL  DISTRIBUTION  OF  SOIL 

AND  FECAL  STRAINS  OF  THE  COLON-AEROGENES 

GROUP  IN  SURFACE  WATERS" 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

In  a  very  interesting  article  by  M.  Greenfield  and  W.  N. 
Skourup  on  "The  Seasonal  Distribution  of  Soil  and  Fecal  Strains 
of  the  Colon-Aerogenes  Group  in  Surface  Waters"  published  in 
the  July,  1917,  number  of  This  Journal,  the  conclusion  is 
reached  by  the  authors,  on  p.  678,  that  "there  seems  to  be  no 
difference  between  soil  and  fecal  strains  of  organisms  of  the  colon- 
aerogenes  group  from  surface  water  supplies  in  their  resistance 
to  treatment."  In  interpreting  the  data  submitted  in  the  arti- 
cle, however,  it  would  seem  to  the  writer  that  the  above  conclu- 
sion is  not  quite  justified.  As  far  as  can  be  judged.  Miss  Green- 
field and  her  co-worker  have  based  their  conclusion  upon  an 
interpretation  of  the  total  percentages  of  soil  and  fecal  strains 
without  regard  to  the  findings  in  the  raw  and  treated  waters  of 
individual  cities.  If  the  data  are  analyzed  with  reference  to 
particular  sources  and  to  the  effect  of  treatment  upon  the  differ- 
ent types  of  waters,  a  very  complete  selective  action  may  be 
found  to  exist. 

In  order  to  make  clear  the  presence  of  a  distinct  differentia- 
tion of  action  by  treatment  of  these  surface  supplies,  I  have 
taken  the  liberty  of  summarizing  the  data  found  in  the  article, 
in  Table  I.     The  interpretation  of  these  results  may  be  made 

Table  I — Distribution  of  Fecal  and  Soil  B.  Colt.     Results   in    Per 

CENT  OP  Total  Bacilli 

(Adapted  from  Greenfield  and  Skourup,  This  Journal.  9  (1917).  676) 


Treated   Ra 
12.4     33.17 


City 
Independence. 

Chanute 50.0 

Cherryvalc 63.4 

Humboldt 23.8 

Concyville 13.3     40.1 


17.2 


50.0 
36.6 
76.2 
86.7 


Soil . 

Treated 

I  66.8 
40.1 
73.4 
82.8 
59.9 


56.5 
61.8 
60.0 
52.4 


-Fecal . 

V  Treated 
60.0 


38.2 
43.5 
66.7 


Raw 
12.5 
43.5 
37.8 
40.0 
47.6 


Notes — Humboldt  raw  water  had  by  far  the  more  sewage  pollution. 
Cherryvalc  raw  water  collected  after  five  days  storage.  Independence — 
only  a  small  number  of  samples  during  drouth.  Treatment  of  above  waters 
consisted  of  coagulation  with  alum  and  rapid  sand  filtration.  Inde- 
pendence also  uses  lime  at  times. 

Sources  ok  Pollution — Cherryvalc — raw  sewage  (20  mi).  Inde- 
pendence— raw  sewage  (24  mi.).  Coffcyville — septic  tank  and  contact 
bed  effluents  (24  and  30  mi).  Humboldt— septic  tank  effluent  (8  mi.). 
Chanute — Septic  tank  cfilucnts  (8  and  16  mi.). 

considerably  easier  by  using  a  numerical  measure  of  selective 
action  of  treatment  upon  soil  and  fecal  strains,  which  we  shall 
name  the  "ratio  of  .selection"  and  which  may  be  defined  as  the 
numerical  ratio  of  the  percentage  of  total  bacilli  (fecal  or  soil, 
as  the  case  may  be)  in  the  raw  to  that  in  the  treated  water. 
Using  the  above  ratio,  we  may  test  the  selective  action  of  treat- 
ment in  the  case  of  the  various  cities  cited  in  T,able  I.  The 
presence  or  absence  of  this  selective  action  will  be  evidenced 
equally  as  well  by  the  use  of  the  fecal  or  the  soil  strain  percent- 
ages, since  tliese  are  comparable,  in  each  case,  in  an  inverse 
degree.  For  the  purpose  of  this  discussion,  the  fecal  strains 
only  arc  con.sidered. 

In  Table  II  the  calculations  of  the  "ratio  of  selection"  have 
been  made  antl  arranged  in  the  order  of  descending  selective 
action.  The  table  Indicates  at  once,  not  only  the  presence  of  a 
well  (leliiicd  selective  iiclion,  bul  also  an  iipparcnt  gnidatiiin  of 
stk-ilioti  by  treatment,  an  explanaticin  for  which  may  be  found 
in  a  study  of  the  five  types  of  raw  water  used.  Since  llicse  raw 
waters,  In  each  ca.sc,  have  been  subjected  to  approxiinatrly  the  siimc 
type  of  treatment,  we  can  attribute  probably  the  varying  selec- 
tion to  the  variable  resistance  of  the  raw  water  bacilli.  A  study 
of  the  (lata  rrgarditig  the  cliarartor  and  source  of  pollution  in 
each  of  the  raw  waters  seems  to  the  writer  to  olTt-r  sunicicnl 
jlistilicition  fur  n  system  of  scoring  of  tlir  bacilli  in  tlirsc  sur- 
face supplies  upon  a  basis  of  relative  re.iistuiicc.     Tills  has  l>rrn 


Table    II — Interpretation    op    Selectivb    Action    by    Trbatmbnt 
OP  Certain  Kansas  Waters 
(Wolman.  July.  1917) 

-Fecal  Strains  Only- 


Rain 

Probable  Scoring  of  Se- 

Degree  of  Resistance  lec- 

of  Organisms  tion 

City  in  Raw  Water  Ratio 


Droulh 
Probable  Scoring  of       Se- 
Degree  of  Resistance     lec- 
of  Organisms  tion 

in  Raw  Water  Ratio 


Cherryvalc....  A — Least  Resistant  2.4  A — Least  Resistant  1.6 

Humboldt B  1.4  B  1.4 

Chanute C  0.8  C  1.2 

Independence..           D  0.4  D  or  B  1.5 

Coffcyville E — Most  Resistant  0.3  E — Most  Resistant  0.8 

done  in  Table  II.  That  the  gradation  of  the  scoring  is  a  reason- 
able one,  we  may  venture  to  assert  because  of  the  following 
conditions.  The  raw  water  of  Cherr>'vale  would  probably 
contain  the  least  resistant  forms  of  bacilli  because  it  is  polluted 
by  raw  sewage  at  a  distance  of  only  20  miles.  The  effect  of 
the  storage  of  five  days  on  the  Cherryvalc  supply  is  problem- 
atical in  this  connection,  although  it  would  tend  possibly  to 
increase  the  resistance  of  the  surviving  bacilli.  The  scoring 
of  the  Humboldt  supply  seems  reasonable  when  it  is  noted  that 
the  source  of  its  pollution  (even  though  subjected  to  preliminary 
treatment)  is  only  8  miles  away  and  also  relatively  great  in  its 
extent.  It  would  appear,  therefore,  that  this  raw  water  should 
contain  bacterial  forms  of  quite  low  resistance.  The  Chanute 
raw  water,  upon  a  similar  basis,  should  show  a  slightly  higher 
degree  of  resistance  in  its  bacilli.  Independence  and  Coffcy- 
ville may  be  assigned  fourth  and  fifth  places  in  this  s>-stem  of 
scoring,  since  the  former  has  been  exposed  to  raw  sewage  pollu- 
tion, but  at  a  distance  of  24  miles,  while  the  latter  should  un- 
doubtedly contain  the  most  resistant  forms  of  bacilli,  since  its 
sewage  pollution  is  farthest  away  and  subject  to  the  highest 
degree  of  treatment  of  any  of  the  five  contributor^-  sewages, 
factors  which  would  tend  to  inhibit  the  appearance  of  less  re- 
sistant forms  in  the  Coffcyville  raw  water  supply.  In  periods 
of  drouth,  a  similar  grading  of  resistance  and  selective  action 
is  possible,  but  modifications  in  interpretation  are  necessar>- 
in  order  to  readjust  the  probable  degree  of  resistance  of  sur\-i\-ing 
forms  of  raw  water  bacilli. 

The  conclusion  whicli  the  writer  would  like  to  indicate,  there- 
fore, is  tliat  the  treatment  of  these  Kansas  surface  water  sup- 
plies apparently  docs  exhibit  a  degree  of  selection  between  fecal 
and  soil  strains  of  bacilli,  which  may  be  correlative  with  the 
resistance  of  tlie  i^articular  forms  and  witli  the  nature  of  Uicir 
origin.  Since  the  action  of  a  rapid  sand  filter  ui>on  resistant 
and  non-resistant  forms  of  bacteria  would  be,  in  all  probability, 
non-selective,  it  might  be  well  to  search  for  the  selective  actions 
illustrated  above  in  the  devitalization  effect  arising  in  the  process 
of  coagulation  and  sedimentation  preliminary  to  the  actual 
filtration. 

Maryland  Stat«  Darr.  oi"  Hialtii  Abkl  Wolman, 

16  W.  Saratooa  St.,  DALTiMORa.  Mo.  DieiiioH  Enginter 

Inly  IJ.  1917 


Editor  of  tht  Journal  of  Industrial  and  Enginrthng  Chrmisiry: 

The  note  from  Abel  Wolinnn,  Division  Mnginccr,  Maryland 
State  llci)artmcnt  of  llcaltli,  in  which  he  criticiics  the  nilicle 
on  "The  Sca.son.il  |)istril>utliin  of  S<iil  and  I'ccal  Strains  of  the 
Colon-Acrogencs  Group  in  Surface  Waters."  publislicd  in  the 
July,  i'>i7.  mimlicr  of  Tins  JofMNAU,  i.i  very  interesting  'n- 
fortunntclv,  Mr.  Wolman  nil.sintrr)<rete<t  the  tcnninologv  of 
the  authors.  A  treated  water  is  one  coagulatrd  with  alum  only, 
and  a  tap  water  is  the  linislicil  ptiHliict,  that  is,  a  water  coaistila- 
trd  with  aliiin  uiid  liltrird  tliniuch  n  rapid  .t^tnd  liltct  Hy 
using  tlir  tminctical  ratio  o(  the  |>rrixntngc  of  total  fecal  bacilli 
in  the  r;iw  to  that  in  llic  tap  water,  vriy  dilTrirnt  rrsultv  are 
obtaiiiril. 
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Table  I  gives  the  percentage  of  fecal  strains  in  the  raw  and 
tap  water,  Mr.  Wolman's  scoring  of  the  degree  of  probable  re- 
sistance of  organisms  in  the  raw  water,  and  the  selection  ratio, 

I  agree  with  Mr.  Wolman's  scoring  of  the  degree  of  resistance 
of  organisms  in  raw  water  with  the  exception  of  Cherryvale.  It 
seems  reasonable  to  assume  that  only  very  resistant  organisms 
would  remain  after  five  days  storage. 

TablS    I — Interprktation    op    Selectivb    Action    by    Treatment    op 
Certain  Kansas  Waters 

. Fecai,  Strains  Only . 

Wolman's  scoring  of    . Rain .      ' Drouth . 

probable  degree  of        Per     Per     Selec-       Per     Per     Selec- 
rcsistance  of  organisms    cent  cent      tion        cent  cent      tion 
City  in  raw  water  Raw  Tap     Ratio      Raw  Tap    Ratio 

Cherryvale A — Least  resistant       6.1.4  21.2     3.1  61.8  78.6  0.785 

Humboldt B  23.8  38.1      0.626     60.0  66.7  0.91 

Chanute C  50.0.19.2      1.28       56.5  63.8  0.885 

Independence..    D  12.4  25.45  0.48       87.5  70.1    1.24 

Cofleyville E — Most  resistant        13.3   16.68  0.79       52.4  73.3  0.715 


Table  I  shows  that  there  is  a  difference  in  the  resistance  of  the 
fecal  strains  from  the  several  cities  but  that  this  selective  action 
is  not  consistent  with  the  variable  resistance  of  the  raw  water 
bacilli.  In  other  words,  there  is  no  way  to  prophesy,  given  the 
source  of  pollution,  the  percentage  of  fecal  bacilli  that  will 
resist  the  treatment. 

M.  Greenfield  and  W.  N.  Skourup 
State  Board  op  Health 
Lawrence.  Kansas 


NITRATE  SUPPLY  COMMITTEE— CORRECTION 

Owing  to  a  typographical  error,  the  investment  cost  of  the 
Haber  Process  when  ammonia  is  the  product  [see  table.  This 
Journal,  9  (1917),  841  ]  was  made  to  read  $540,  when  it  should 
read  S340.  Charles  L.  Parsons 


WASHINGTON  LLHLR 


By  Paul  Wooton,  Metropolitan  Bank  Building,  Washington.  D.  C. 


With  such  matters  on  the  tapis  as  the  location  of  the  nitrate 
plant;  tlie  investigation  of  the  defective  primers  manufactured 
at  the  Frankford  arsenal;  the  important  progress  being  made 
in  the  study  of  noxious  gases  and  the  materials  used  in  the 
manufacture  of  submarines,  aeroplanes  and  balloons;  the  pyrite 
and  manganese  situation  and  the  important  information  gleaned 
at  the  Boston  meeting  of  the  American  Chemical  Society, 
Wa,shington  chemists  have  had  much  food  for  thought  and 
subject  matter  for  discussion  during  the  past  month. 

Rarely  has  there  been  such  a  demand  in  Washington  for  a 
publication  as  that  evinced  for  the  September  issue  of  Tins 
JotTRNAL.  Despite  the  fact  that  proofs  of  the  article  on  the 
nitrate  report  had  been  delivered  in  advance  to  the  four  daily 
newspapers  published  in  the  capital,  nothing  in  regard  to  the 
report  was  published.  The  only  available  copies  of  the  report 
were  those  contained  in  the  Journal.  The  demand  for  the  re- 
port became  so  great  that  a  week  following  its  publication  in 
the  Journal,  the  Committee  on  Public  Information  issued  a 
statement  containing  some  of  the  more  important  phases  of  the 
matter. 

The  failure  of  the  newspapers  to  print  the  results  of  the  nitrate 
investigation  led  Representative  Longworth,  of  Ohio,  on  Septem- 
ber 14,  to  address  the  House  on  the  subject  and  to  have  the 
complete  report  printed  in  the  Congressional  Record.  Mr. 
Longworth  considered  the  action  taken  "of  vast,  if  not  vital, 
importance  to  the  safety  of  the  nation  and  to  our  continuance 
as  a  potent  factor  in  this  war." 

Continuing,  Representative  Longworth  said:  "My  other 
object,  far  more  imi)ortant,  is  to  show  that  a  situation  has  been 
brought  about  by  the  intelligent  action  of  this  Government, 
with  the  assistance  of  a  number  of  prominent  American  engi- 
neers and  scientists  and  chemists,  by  which  the  country  is 
assured  during  this  war,  no  matter  what  may  happen,  regardless 
of  whether  or  not  we  may  by  some  chance  be  cut  off  from  the 
Chile  nitrate  supply,  of  an  absolutely  sufficient  and  cheap 
supply  of  nitric  acid,  without  which  it  is  impossible  to  make 
ammunition  or  explosives  of  any  kind,  without  which  we  would 
be  impotent  in  the  conduct  of  a  war,  either  defensive  or  offensive, 
and  without  which  the  enormous  amount  of  money  appropriated 
in  this  bill  would  be  absolutely  useless.  This  happy  situation 
is  better  summed  up  than  I  could  sum  it  up  in  a  letter  written 
by  Dr.  Hcrly,  formerly  the  president  of  the  American  Chemical 
Society,  now  the  editor  of  the  official  organ  of  the  American 
Chemical  Society,  known  as  the  Journal  of  Industrial  and 
Engineering,  Chemistry,  and  a  member  of  the  committee  ap- 
pointed by  the  Secretary  of  War  to  investigate  this  question. 
In  a  letter  written  to  the  editor  of  the  Manufacturers  Record 
and  pul)lislied  a  few  days  ago  he  says:"  Representative  Long- 
worth  then  read  excerjits  from  the  letter. 

After  recounting  how  Dr.  Chas.  L.  Parsons  (secretary  of  the 
American  Chemical  Society),  whom  he  designated  as  "one  of  the 
great  chemists  of  the  country,"  has  investigated  nitrate  manu- 
facturing methods  in  Kurope,  Mr.  Longworth  said:  "The 
outstanding  feature  of  the  action  officially  taken  is  the  postpone- 
ment indefinitely  nf  the  proposition  to  make  nitrogen  in  any 
form  by  the  use  of  water  power.  This,  thank  goodness,  gentle- 
men, sounds  the  death  knell  of  that  Mu.scle  Shoals  S2o,o<x5,ooo 
nitrate  scheme." 

Accustomed  as  he  is  to  the  high  standard  of  efficiency  in  his 
own  organization,  Dr.  W.  H.  Nichols,  chairman  of  the  Com- 


mittee on  Chemicals  of  the  Council  of  Xulional  Defense,  finds 
it  difficult  to  understand  the  delays  in  official  action.  The  fact 
that  the  selection  of  the  site  for  the  nitrate  plant  is  being  deferred 
from  week  to  week  is  giving  much  concern  to  Dr.  Nichols,  who 
characterizes  the  handing  over  to  the  government  of  the  General 
Chemical  Company's  synthetic  ammonia  processes  as  the  greatest 
sacrifice  he  ever  made.  He  pointed  out  that  the  General  Chemi- 
cal Company  has  been  working  on  this  process  since  191 1  and, 
at  the  time  of  the  government's  appeal,  had  allotted  a  large  sum 
of  money  to  build  a  plant  for  the  carrying  out  of  the  process  on  a 
large  scale.  He  said  the  only  condition  which  the  company  had 
stipulated  was  that  the  government  take  adequate  steps  to 
safeguard  the  company's  confidences.  He  also  called  attention 
to  tlie  fact  that  the  company  is  not  receiving  a  pemiy  for  the 
use  of  its  processes  and  that  they  had  been  turned  over  with  the 
.  sole  intention  of  being  helpful  to  the  country. 

That  a  knotty  chemical  problem  which  will  have  to  be  solved 
by  the  special  board  consisting  of  Col.  Worth  Robinson,  pro- 
fessor of  chemistry  at  the  U.  S.  Military  Academy,  Dr.  H.  P. 
Talbot  of  Massachusetts  Institute  of  Technology  and  Dr.  Chas. 
L.  Parsons,  secretary  of  the  American  Chemical  Society  is  in- 
volved in  the  failure  of  certain  primers  manufactured  at  the 
Frankford  arsenal  became  very  evident  during  the  course  of  the 
investigation  conducted  by  a  special  congressional  committee. 
H.  C.  Pritham,  the  chief  chemist  of  the  technical  staff  at  the 
arsenal,  testified  that  a  number  of  causes  contributed  to  the 
failure  of  the  primers.  Principal  among  these  were :  the  presence 
of  impurities  in  the  ingredients ;  improper  granulation  of  materials; 
overcrowding  in  the  dry  houses;  and  irregularities  in  manufacture. 
The  particular  imiJurity  which  Mr.  Pritham  held  largely  re- 
sponsible for  the  trouble  was  potassium  bromate  in  the  potassium 
chlorate.  "Primers  may  shoot  fine  when  made,"  said  Mr. 
Pritham,  while  on  the  stand,  "but  the  potassium  bromate  will 
cause  a  slow  deterioration.  We  do  not  know  whether  it  is  a 
catalytic  action  or  whether  it  is  simply  a  decomposition  with 
the  liberation  of  the  bromine  and  the  generation  of  sulfiu-ic 
acid.  The  presence  of  the  bromate  is  a  result  of  impurities  in 
the  original  potassium  chloride  from  which  the  chlorate  was 
made." 

After  explaining  how  war  conditions  have  cut  off  the  supplies 
of  chlorate  usually  relied  upon  in  this  country,  Mr.  Pritham 
said:  "The  chlorate  made  in  the  United  States  carries  a  higher 
percentage  of  impurities.  During  manufacture  the  bromate 
is  not  eliminated;  that  is,  it  occurs  as  bromide  and  is  oxidized  to 
the  bromate  and  crystallizes  out  with  the  chlorate  in  the  ordinary 
process  of  manufacture.  The  improved  process  which  Major 
Cushman  has  been  working  on,  will  be  a  very  simple  way  of 
getting  rid  of  the  bromate.  All  the  chlorate  on  hand  at  the 
arsenal  has  been  shipped  away  to  be  treated  by  the  new  process. 
Previously  no  one  had  paid  any  particular  attention  to  this  matter 
because  nobody  had  any  information  or  had  demonstrated  that 
bromates  formed  a  deleterious  ingredient  in  a  primer." 

Mr.  Pritham  was  graduated  from  the  Chemical  and  Engineer- 
ing Department  of  the  University  of  Maine  in  1901. 

Walter  Arthur,  the  research  metallurgist  for  the  Titanium 
Alloys  Manufacturing  Company,  who  made  an  examination 
of  some  of  the  primers  for  the  War  Department,  told  the  com- 
mittee that  the  trouble  resulted  wholly  from  too  coarse  granula- 
tion of  the  antimony  .sulfide  and  the  potassium  chlorate.     "No 
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progressive  action  of  any  sort  was  observable,"  he  said,  "and  it 
is  firmly  believed  that  none  occurred." 

Some  of  the  matters  receiving  attention  at  the  Bureau  of 
Standards  are  as  follows:  Permeability,  bursting  strength, 
and  endurance  under  service  of  balloon  and  aeroplane  fabrics; 
investigation  of  apparatus  for  generating  hydrogen;  procedure 
in  balloon  filling ;  methods  of  detecting  inflammable  gases;  study 
of  aeroplane  dopes  and  varnishes,  glue,  oils,  metallic  coatings, 
and  cleaning  materials;  investigation  of  fire-retarding  paints,  and 
paints  for  helmets. 

Experimentation  on  sugar  looking  to  the  production  of  glycerin 
is  being  continued  in  the  laboratory  of  the  Internal  Revenue 
Service.  A  statement  to  the  effect  that  this  work  had  been 
transferred  to  the  Food  Administration  is  denied  by  Dr.  A.  B. 
Adams,  the  chief  chemist  at  the  Treasury  Department's  labora- 
tory. 

Exporters  of  chemicals  have  filed  scores  of  protests  growing 
out  of  delays  incident  to  the  operation  of  the  export  licensing 


provisions.  A  number  of  prominent  exporters  have  come  to 
Washington  to  investigate  the  matter  in  person.  Several  of 
those  who  called  at  the  offices  of  the  Exports  Administrative 
Board  went  away  convinced  that  ever>-thing  humanly  possible 
is  being  done  at  the  Bureau  of  Export  Licenses  to  facilitate  the 
movement  of  traffic.  The  business  of  the  country  is  so  ex- 
tensive that  the  Bureau  is  literally  buried  in  the  applications  for 
licenses  which  are  coming  in. 

The  Chemistry  Committee  of  the  National  Research  Council 
has  submitted  to  the  Executive  Committee  of  the  Council  the 
following  resolution:  "That  the  Executive  Committee  of  the 
Research  Council  be  requested  to  take  immediate  steps  to 
organize  an  informal  conference  or  committee  composed  of 
chemists  representing  the  Research  Council  and  the  Govern- 
ment bureaus  with  a  view  to  avoiding  the  isolation  of  the  several 
groups  engaged  in  chemical  work  for  the  government,  and  with 
a  view  of  securing  the  most  efficient  prosecution  of  the  work  of 
the  Chemistry  Committee."  Favorable  action  on  the  resolu- 
tion is  said  to  be  assured. 
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Dr.  Lloyd  Balderston  has  been  appointed  professor  of  leather 
chemistry  and  technology  at  the  College  of  Agriculture  of  the 
Tohoku  Imperial  University  at  Sapporo,  Japan.  Dr.  Balder- 
ston is  at  present  with  the  Elk  Tanning  Company  at  Ridgivay, 
Pa.  He  is  associate  editor  of  the  Journal  of  the  American 
Leather  Chemists  Association  and  editor  of  the  leather  and  glue 
section  of  Chemical  Abstracts. 

Dr.  Colin  G.  Fink,  for  the  past  ten  years  in  the  Research 
Laboratories  of  the  General  Electric  Company,  has  been  ap- 
pointed head  of  the  new  laboratories  of  the  Chile  Exploration 
Company,  located  at  202nd  Street  and  loth  Avenue,  New  York 
City. 

Abraham  Henwood,  professor  of  chemistry  at  Drexel  In- 
stitute and  presiding  officer  of  the  Philadelphia  Section  of  the 
A.  C.  S.,  has  received  the  degree  of  doctor  of  science  from  Muhlen- 
berg College. 

Regular  monthly  sessions  of  the  Philadelphia  Section  of  the 
A.  C.  S.  will  be  resumed  at  the  Engineers'  Club,  in  Spruce  Street, 
that  City,  this  month.  During  the  summer  vacation  period  the 
membership  was  increased  beyond  700. 

Richard  H.  Chapman,  Jr.,  is  head  of  the  Sanazone  Manu- 
facturing Company  which  has  just  been  incorporated  in  Pennsyl- 
vania with  a  capita!  of  Si<«,ooo  for  the  manufacture  of  chemicals. 

H.  J.  Broderson,  instructor  in  industrial  chemistry  at  tlie 
University  of  Illinois,  I'rbana,  has  accepted  a  position  with  the 
Standard  Oil  Company  at  Whiting,  111. 

Dr.  Edgar  T.  Wherry,  for  the  past  four  years  connected  with 
the  U.  S.  National  Museum,  Washington,  D.  C,  has  been 
transferred  to  the  position  of  crystallographcr  in  the  Bureau  of 
Chemistry  of  the  I' .  S.  Department  of  Agriculture. 

L.  W.  Bahiicy  has  severed  his  coimcction  with  Yale  Uni- 
versity to  accept  a  position  as  metallurgical  engineer  with  the 
Scovill  Manufacturing  Company,  Waterbury,  Conn. 

Mr.  A.  W.  Phillips,  for  the  past  year  general  superintendent 
of  the  Aetna  Chemical  Company's  Canadian  smokeless  plant  at 
Drummondville,  1',  (J.,  has  rrsigned  to  become  supcriutcndenl 
iif  the  Canadian  Fleclrci-l'roducts  Company's  synthetic  acetone 
plant  at  Shawiiiigaii  I'"alls,  (Jucbec. 

The  U.  S.  Civil  Service  Commission  announces  the  followiiig 
open  compelilivc  CNaminntions:  Chemist  in  Forest  Products 
(male),  salary  $2ikiii  to  Sj^ck),  applications  received  until 
October  16;  Afet-illoRraphist  (male),  salary  Si.sixi  to  Siixo; 
/l.(.(i.W(i/i/  Chemist  (male),  salary  $1800  to  Sj<mk>.  Until  further 
notice,  and  on  acciiiuit  nf  the  urgent  needs  of  the  service,  iip- 
plicalions  for  the  last  two  positions  will  be  received  iit  any 
time.  Papers  will  lie  rated  promptly  and  cerliticalion  made 
as  the  needs  of  the  service  require. 

The  Ctitiityst  ainiounces  the  appointment  of  Mr.  M.  11.  Eil 
monds  as  its  Assoriale  Editor.  Mr.  IMiiioiids,  who  has  recently 
become  a  member  of  the  A.  C.  S,  is  the  editor  of  the  husiiie-is 
section  of  the  I'lihlic  l^ilurr  of  Philadelphia,  lie  hut  devoted 
a  great  deal  of  attention  to  the  growth  of  chemical  induHtry 
within  the  past  three  years,  and  his  pu|KT  has  published  more 
aiilhentie  chemical  news  than  uny  newspa|H-r  in  the  ciiuntry. 

M,  1).  Hatehelder  has  In-en  appointed  head  of  the  Clevelanil 
l.iilioratories  of  the  National  Carlion  Company. 


Dr.  Charles  K.  Francis,  for  the  past  seven  years  chemist  and 
professor  of  petroleum  technology  in  the  Oklahoma  Agricultural 
and  Mechanical  College,  has  resigned  to  become  chief  chemist 
for  the  Cosden  Oil  Company,  Tulsa,  Oklahoma. 

Mr.  Charles  R.  Oberfell  has  resigned  the  position  of  Chemical 
Director  of  England  Walton  Co.  to  accept  a  similar  one  with 
the  firm  of  John  H.  Heald,  Inc.,  of  Lynchburg,  Va.,  manufacturers 
of  tanning  and  dyewood  extracts.  Mr.  Oberfell  is  president 
of  the  American  Leather  Chemists  Association,  and  is  one  of 
the  foremost  investigators  in  the  field  of  leather  chemistr>'. 

Robert  A.  Hall,  Ph.D.,  formerly  assistant  professor  in  physio- 
logical chemistr>'  at  the  University  of  Minnesota,  has  been  ap- 
pointed to  a  lieutenancy  in  the  army  and  is  now  on  his  way  to 
France  for  immediate  service. 

Dr.  Frank  C.  Gephart,  chemist  at  the  Russell  Sage  Institute 
of  Pathology,  New  York  City,  has  received  a  commission  as 
Captain,  Sanitary  Corps,  United  States  National  Army,  with 
headquarters  at  the  Surgeon-General's  office,  Washington, 
D.  C. 

Dr.  J.  H.  Matthews,  of  the  University  of  Wisconsin,  has  been 
appointed  captain  in  the  Ordnance  Department. 

Dr.  Leon  I.  Shaw,  of  the  department  of  chemistry  of  North- 
western University,  has  been  advanced  to  the  position  of  assistant 
professor  of  chemistry  on  leave  of  absence  for  one  year  for  service 
with  the  government.  He  has  received  the  appointment  of 
first  lieutenant  in  the  Ordnance  Oflicers'  Reserve  Corps. 

Mr.  lirncst  IC.  FoUin,  of  Detroit,  has  received  the  Commission 
of  First  Lieutenant.  U.  S.  Army. 

The  death  is  announced  of  Dr.  Eduard  Buchner,  professor  of 
chemistry  at  Wurzburg,  who  died  from  wounds  received  while 
serving  as  major  at  the  front.  Dr.  Uuchner  was  distiiignishe<l 
for  his  work  on  the  chemistry  of  fermentation,  and  was  the 
recipient  of  the  Nobel  i)ri7.e  for  chemistry  in  IQ07. 

Word  has  just  been  received  of  the  death  of  Francis  Sutton, 
author  of  Sutton's  "Systematic  Handbixik  of  Volumetric 
.'\tialysis."  at  Great  Plnmslead.   EnRhind.   April   16  or   17  last. 

at  the  age  of  86. 

.Adolf  Ritter  \'an  Bueyer.  professor  of  chemistry  ot  the  Uni- 
versity of  Munich,  honorary  member  of  the  .V.  C.  S.,  and  one  of 
Germany's  best  known  organic  ohemisis.  died  in  Germany  the 
latter  part  of  .August,  at  the  age  of  .s.v  lie  was  distingiiiKhrd 
for  his  work  in  cmd  tar  rlu-niistt v.  i-sixviallv  that  on  synthetic 
indigo  and  eosin.  lie  was  ptud-sni  .a  the  University  of  Itcrlin 
in  i8M>,  at  Stras,sl)urK  in  i.**;.',  goitiK  to  Munich  in  \^'s  '•> 
1905  he  was  the  recipient  of  the  NoIkI  prirc  for  chemistry. 

We  learn  from  the  /tirfi'ii  Kiihher  Journal  of  the  death  of  Mr. 
Clayton  Headle  at  Sidciip,  Kent.  tCtiKland.  on  AukohI  id,  til  (lie 
age  of  .|<).  lie  was  parlii-nl.irlv  known  for  his  niblH-f  rrvr.irch 
work,  which  he  look  up  in  i- •■>.-iiti.>u  will)  I>r  U  1'  Sirvrni 
Among  the  honors  coiif.  :  '      '  •  ■• 

were  the  John  Scull  l.i  i 

Inslilnte.  the  Kold  iiu  >  ii 

dc   I'lndiistric    N'ation.il.      ami    tin-    mImi    im.l.il   .>l    i!h     k.>\.(I 
Society  of  .Arli. 
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Plans  have  been  perfected  for  a  "Don't  Waste  Gasoline" 
campaign,  which  has  the  support  of  Government  authorities 
at  Washington.  Van.  H.  Manning,  of  the  Bureau  of  Mines,  says 
that  there  is  ample  gasoline  for  all  our  needs,  but  the  uncertainties 
of  war  are  such  that  a  campaign  against  waste  is  regarded  as 
a  patriotic  measure. 

It  is  reported  that  the  Grasselli  Chemical  Company  has 
entered  the  field  of  high  explosives.  The  Grasselli  Powder 
Company  has  been  incorporated  in  Ohio  with  85,000,000  capital 
to  take  over  the  American  Explosives  Company,  the  Burton 
Powder  Company  and  the  Cameron  Manufacturing  Company, 
all  at  present  active  makers  of  high  explosives. 

Part  of  the  plant  of  the  Grasselli  Chemical  Works  at  Tremley 
Section,  Linden,  N.  J.,  was  destroyed  by  fire  on  Augtist  17 
with  an  estimated  loss  of  $30,000. 

The  Dupont  Chemical  Works,  120  Broadway,  New  York 
City,  has  acquired  the  plant  of  the  Pan  Chemical  Company, 
Hastings-on-Hiidson,  N.  Y.  The  plant  will  be  moved  to  Hope- 
well, Virginia,  and  the  present  capacity  largely  increased. 

According  to  the  Japan  Times  sulfur  production  in  Japan  has 
increased  219  per  cent  during  the  past  ten  years. 

Imports  of  chemicals,  drugs  and  dyes  into  the  United  States 
during  the  fiscal  year  ending  June  30  were  valued  at  $127,- 
770,000,  against  §109,123,000  in  the  previous  fiscal  year  and 
$88,039,000  two  years  ago. 

From  The  Journal  of  Commerce  of  September  5  we  learn  of 
the  installation  of  a  potash  plant  on  the  Queen  Charlotte  Is- 
lands, British  Columbia.  The  enterprise  has  for  its  purposes 
the  manufacture  of  potash  from  kelp,  the  extraction  of  oil  from 
fish,  the  manufacture  of  fertilizer  and  the  sale  of  edible  fish. 
The  plant  is  to  be  operated  by  the  International  Chemical 
Company,  a  concern  financed  by  the  National  Chemical  Com- 
pany. It  is  controlled  by  Cleveland  and  Chicago  capital. 
The  firm  has  exclusive  licenses  from  the  Government  on  what 
are  said  to  be  the  most  extensive  kelp  beds  on  the  Pacific  Coast. 
The  new  company  claims  that  even  at  the  pre-war  prices  it 
will  be  able  to  operate  successfully  in  the  Queen  Charlotte 
Islands,  owing  to  the  richness  of  the  kelp  beds  and  its  convenient 
location. 

The  Kalbfleisch  Corporation  claims  a  greatly  increased  output 
of  permanganate  of  soda  solution,  a  sample  of  which  was  shown 
at  the  National  Exposition  of  Chemical  Industries  at  the  Grand 
Central  Palace,  New  York. 

We  learn  from  Science  that  at  Liverpool  University  an  ad- 
visory committee  of  ten  members  has  been  formed  in  order  to 
develop  the  chemical  industry  after  the  war;  it  consists  of  four 
members  of  the  chemical  staff  of  the  university  and  six  others 
representing  the  chemical  industries. 

The  Mon.santo  Chemical  Company,  St.  Louis,  will,  it  is 
announced,  shortly  begin  the  construction  of  a  plant  costing 
$1,500,000,  for  the  production  of  crude  medicinal  coal-tar  prod- 
ucts, on  the  Illinois  Bank  of  the  Mississippi  River.  The  plant 
is  intended  to  make  the  Monsanto  Chemical  Company  in- 
dependent of  Europe  after  the  war. 

We  learn  from  the  Textile  World  Journal  that  the  Paris 
Chamber  of  Commerce  has  written  the  Philadelphia  Bourse 
giving  details  regarding  plans  for  developing  a  self-contained 
dyestufT  industry  in  France  without  dependence  upon  outside 
countries.  This  trade  body  tells  of  the  organization  of  power- 
ful associations  of  chemists,  engineers  and  manufacturers, 
one  of  which,  with  a  capital  of  S8, 000,000,  is  to  receive  from  the 
Government  at  the  end  of  the  war  a  number  of  munition  plants 
which  in  a  short  time  can  be  turned  into  great  dye  and  chemical 
manufactories.  In  the  past  three  years,  it  is  stated,  France 
has  succeeded  in  turning  out  in  large  quantities  and  with  many 
improvements  articles  for  home  consumption  which  before  the 
war  came  entirely  from  across  the  Rhine  and  which  the  French 
did  not  believe  they  could  manufacture.  The  French  manu- 
facturer now  has  the  necessary  confidence  and  organization  and 
means  with  which  to  produce  in  almost  unlimited  amounts. 

The  Curtis  Bay  Chemical  Company,  subsidiary  of  the  United 
States  Industrial  Alcohol  Company  of  New  York,  at  Stone 
House  Cove,  Maryland,  has  begun  the  manufacture  of  potash 
from  molasses,  and  has  ceased  to  manufacture  acetone  which 
has  been  made  for  two  years  for  use  in  the  manufacture  of  high 
explosives. 


The  Texas  Nitrate  and  Fertilizer  Co.  of  Alpine,  Texas,  has 
been  formed  for  the  purpose  of  developing  a  large  deposit  of 
nitrate  in  Presidio  County,  West  of  Alpine,  in  one  of  the  most 
arid  parts  of  the  upper  border  region  of  that  State,  with  an 
area  two  miles  long  and  one-half  mile  wide  and  a  depth  of  five 
to  twelve  feet.  The  company  has  obtained  a  lease  upon  2700 
acres  of  land  including  and  surrounding  the  deposit. 

The  Journal  of  Commerce  states  that  in  the  thirty-two  months 
since  January  i,  1915,  the  total  indicated  investments  in  new 
drug,  chemical  and  dye  companies  is  $230,670,000.  Of  this 
amount  $65,861,000  has  been  contributed  during  the  first  eight 
months  of  1917,  which  is  slightly  more  than  the  total  authorized 
capital  involved  in  the  formation  of  similar  concerns  during 
1915,  but  well  below  the  figure  for  1916.  It  compares  with 
$60,523,000  during  the  first  eight  months  of  last  year.  Four 
concerns  were  organized  in  August  of  this  year  with  an  authorized 
capital  of  $1,000,000  or  more,  as  follows:  Mason  Coal  and 
Chemical  Company,  $5,000,000;  United  Oil  and  Chemical 
Corporation,  $2,000,000;  Marden,  Orth  and  Hastings  Corpora- 
tion, $1,950,000;  and  the  Nitrogen  Fixation  Corporation, 
$1,000,000. 

At  the  suggestion,  and  under  the  advice  of  the  Department  of 
Commerce,  says  the  Commercial  Fertilizer,  an  organization 
known  as  the  Chemical  Alliance,  Inc.,  has  been  incorporated 
under  the  laws  of  the  State  of  Connecticut.  The  directors  of 
this  alliance  are  the  eleven  members  of  the  Committee  on 
Chemicals.  The  officers  of  the  Alliance,  and  the  Executive 
Committee  of  the  Board  of  Directors  are  as  follows:  President, 
Dr.  Wm.  H.  Nichols;  Vice-President,  Horace  Bowker;  and 
Secretary-Treasurer,  J.  D.  C.  Bradley;  Executive  Committee, 
Dr.  Wm.  H.  Nichols,  Horace  Bowker,  Henry  Howard,  E.  R. 
Grasselli  and  J.  D.  Pennock.  A  detailed  statement  of  the 
organization  and  purposes  of  the  Chemical  Alliance,  Inc.,  will 
be  furnished  just  as  soon  as  the  Department  of  Commerce 
formally  approves  of  the  organization. 

A  cablegram  from  the  American  Consul-General  at  London 
informs  the  American  Government  that  the  Ministry  of  Muni- 
tions from  September  i  takes  possession  of  all  pig  lead,  virgin 
remelted,  old  scrap  and  residues  in  United  Kingdom,  except 
such  lead  as  may  be  in  possession  of  manufacturer  for  use  in  his 
own  works,  or  specially  excepted  under  written  authority. 

An  alcohol  explosion  in  the  laboratory  of  the  Bayway  Chemi- 
cal Company  plant  at  Elizabeth,  N.  J.,  caused  a  fire  which 
wrecked  the  building  and  destroyed  chemicals  valued  at 
$10,000. 

The  Morris  Fertilizer  Company  of  Atlanta,  Ga.,  will  build 
three  buildings  to  cost  $125,000  at  Navassa,  N.  C.  Equipment 
for  the  manufacture  of  sulfuric  acid,  acid  phosphate  and  com- 
plete fertilizers  will  be  installed.  The  plant  will  cover  eight 
acres. 

We  learn  from  the  Oil,  Paint  and  Drug  Reporter  that  a  Danish 
chemist  has  invented  a  process  by  which  fish  offal  may  be  made 
to  yield  not  only  oil,  but  also  a  solid  substance  named  "cori- 
mite"  which  is  specially  suitable  for  electrical  insulation.  A 
company  capitalized  at  70,000  kroner  has  been  formed  to  work 
the  process,  and  production  is  expected  to  begin  during  the 
present  year. 

By  royal  orders  the  Spanish  government  prohibits  exports 
of  chloride  of  lime,  except  shipments  already  booked  for  ex- 
port. 

Capron  Neutral  Sulfate  of  Ammonia  Syndicate,  Ltd.,  of 
London,  has  been  incorporated  with  the  object  of  taking  over 
the  Capron  process  for  the  manufacture  of  sulfate  of  ammonia, 
and  carrying  on  the  business  of  manufacturers  of,  dealers  in, 
and  agents  for  chemicals,  manures,  dyes,  colors,  oils,  coal  tar, 
ammoniacal  liquor,  residual  products,  etc. 

The  V.  S.  Geological  Survey  reports  that  more  potash  has  been 
produced  during  the  first  six  months  of  191 7  than  was  made 
during  the  entire  year  of  1916.  The  Nebraska  alkali  lakes  have 
yielded  about  one-third  of  the  entire  production.  No  produc- 
tion is  reported  from  feldspar  on  other  silicate  rocks,  but  con- 
siderable quantities  of  potash  salts  and  potash-bearing  fertilizers 
were  obtained  from  the  dusts  in  cement  mills  and  blast  fur- 
naces. 

Imports  of  chemicals,  dyes  and  colors  into  the  United  Kingdom 
in  July  showed  a  decrease,  while  there  was  a  notable  increase 
in  the  exports  for  that  month  of  oil  seeds  and  fats. 
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By  R.  S.  McBeide,  Burea 

KOTICE — Publications  for  which  price  is  indicated  can  be 
purchased  from  the  Superintendent  of  Documents,  Government 
Printing  Office,  Washington,  D.  C.  Other  publications  can 
usually  be  supplied  from  the  Bureau  or  Department  from  which 
they  originate.  Commerce  Reports  are  received  by  all  large 
libraries  and  may  be  consulted  there,  or  single  numbers  can  be 
secured  by  application  to  the  Bureau  of  Foreign  and  Domestic 
Commerce,  Department  of  Commerce,  Washington.  The  regu- 
lar subscription  rate  for  these  Commerce  Reports  mailed  daily  is 
$2.50  per  year,  payable  in  advance,  to  the  Superintendent  of 
Documents. 

CONGRESSIONAL  COMMITTEES 
American  Academy  of  Engineers.     Senate  Report  86  to  ac- 
company Senate  Bill  2360,  which  proposes    to    incorporate  an 
American  Academy  of  Engineers  submitted  July  21.     7  pp. 

Manufacture  of  Explosives.  Senate  Report  85,  4  pp.,  dated 
July  17th,  submitted  to  accompany  House  of  Representatives 
Bill  3932,  which  proposes  to  control  and  regulate  the  manufac- 
ture and  use  of  explosives  in  the  time  of  war.  The  second  part 
of  the  report  on  hearings  on  this  bill  by  the  Senate  Committee 
on  Mines  and  Mining  is  also  available  dated  July  6th. 

Mineral  Lands.  Senate  Report  74,  i  p.,  dated  June  30.  A 
report  to  accompany  Senate  Joint  Resolution  78  suspending 
mining  assessment  work  on  mining  claims  during  the  present 
war  under  certain  conditions  there  defined. 

COUNCIL  OF  NATIONAL  DEFENSE 
Laboratory  Utensils.     26  pp.     Part  3  of  the  list  of  staple 
medical  and  surgical  supplies  selected  to  meet  war  conditions 
by  the  Committee  on  Standardization  appointed  by  the  Council 
of  National   Defense.     Available  only  through  the  Council. 

OEOLOaiCAL  SURVEY 

The  Coal  Fields  of  the  United  States.  General  Introduction. 
M.  R.  Campbell.  Professional  Paper  loo-A,  33  pp.  and  2 
maps.  The  growing  demand  for  fuel  and  the  probability  that 
sooner  or  later  the  United  States  will  be  called  upon  to  furnish 
supplies  to  less  favored  countries  has  made  it  desirable  for  the 
Geological  Survey  to  take  stock  of  the  country's  fuel  and  to  de- 
termine the  quantity,  quality,  and  geographic  distribution  of 
the  coal  still  in  the  ground  and  available  for  future  use.  This 
report  is  intended  to  supply  such  information  regarding  the  coal 
fields  of  the  United  States,  arranged  according  to  the  States 
within  which   thry  lie. 

Structure  of  the  Northern  Part  of  the  Bristow  Quadrangle, 
Creek  County,  Oklahoma.  With  Reference  to  Petroleum  and 
Natural  Gas.  .A.  IC.  Katii.  Bulletin  66i-B.  From  Contributions 
to  licononiic  Geology,  ii;i7.  Part  II.  30  pp.  Published  July 
26.  A  few  of  the  anticlines  appear  to  be  sufficiently  large  to 
be  well  worth  prospecting  with  the  drill.  Several  others,  which 
are  comparatively  small  and  closely  related  to  faults,  are  not  con- 
sidered to  bo  worth  iirospecling  until  after  the  larger  ones  have 
been  developed  and  prove  their  value.  Although  faults  alone 
may  cause  accuuuilutions  of  petroleum  and  natural  gius,  those 
in  this  quadrangle  are  probably  of  little  value  for  this  purpose. 
As  the  inforniation  collected  in  the  northern  part  of  the  quad- 
rangle is  valuable  at  the  present  time,  it  is  being  published  nt  an 
early  dale  riithcr  than  withhi-lil  until  the  exuinlnation  of  the 
remainder  of  the  (|u:iilraiigle  is  coinpletcd. 

The  De  Soto-Red  River  Oil  and  Gas  Field,  Louisiana.  G.  C. 
MaTson  and  O.  H.  Hopkins.  Hullctin  661-C,  from  Contribu- 
tion to  Ivconuniic  GcoIokv,  1917,  Port  II.  39  pp.  Published 
June  28. 


I  of  Standards,  Washington 

Alaska's  Mineral  Supplies.  A.  H.  Brooks.  Bulletin  666-P. 
14  pp.  "For  the  purpose  of  the  present  paper  Alaska's  mineral 
reserves  may  be  roughly  divided  into  three  groups:  One  group 
includes  those  so  inaccessible  at  the  present  time  as  not  to  form 
a  part  of  the  available  supply:  this  group  includes  a  consider- 
able part  of  the  mineral  wealth  of  the  territon,'  but  needs  no 
discussion  here.  A  second  group  includes  the  mineral  reserves 
which,  though  now  inaccessible  and  undeveloped,  could  be  made 
available  by  one  or  two  years  of  preparatory  work :  this  group 
includes  much  of  the  coal  and  oil  and  a  part  of  the  copper,  gold 
and  other  metalliferous  deposits.  In  general,  most  of  the  min- 
eral deposits  that  are  far  from  tidewater  fall  in  this  category. 
though  exception  must  be  made  of  some  tributar>-  to  the  ex- 
isting railroads.  Undeveloped  deposits,  even  though  they  are 
located  close  to  the  seaboard,  also  belong  to  this  group  in  so  far 
as  they  require  extensive  mine  equipment  before  productive 
operations  can  be  begun.  The  third  group,  constituting  the 
most  available  but  much  the  smallest  part  of  .■Vlaska's  mineral 
wealth,  includes  developed  deposits  lying  on  or  near  established 
transportation  routes.  In  this  group  fall  not  only  the  deposits 
on  tidewater  and  railroads  but  also  those  in  iiUand  districts  that 
are  accessible  for  a  part  of  the   year   by  river   transportation." 

This  report  includes  a  discussion  of  the  resources  for  the  fol- 
lowing minerals:  gold  and  silver,  copper,  tin,  tungsten,  anti- 
mony, lead,  platinum,  chromite,  nickel  and  cobalt,  quicksilver, 
molybdenite  and  bismuth,  iron,  coal,  petroleum  and  miscel- 
laneous minerals. 

Limestone  and  Lime.  G.  F.  Loughlin.  Bulletin  666-R. 
6  pp.  Limestone,  including  high  magnesium  limestone  or 
dolomite,  has  been  demonstrated  by  work  of  the  United  States 
Geological  Survey  to  be  so  widely  distributed  and  so  abundant 
in  the  United  States  that  there  is  no  doubt  whatever  of  an  ade- 
quate supply  to  meet  all  unprecedented  demands,  even  though 
it  is  realized  that  stone  sufficiently  pure  to  yield  lime  of  the 
highest  grades  forms  but  a  small  fraction  of  the  whole.  Lime- 
stone is  quarried  and  lime  is  manufactured  in  43  of  the  48  States, 
and  large  deposits  are  favorably  situated  with  respect  to  indus- 
dustrial  centers,  especially  in  the  Central  and  Eastern 
States. 

Portland  Cement.  F.  F.  Burchard.  "The  production  of 
Portland  cement  in  the  United  n^^ 
States  from  191 2  to  19 16  has 
ranged  between  82,000,000  bar- 
rels and  92,000,000  barrels  an- 
nually, an  output  far  exceed- 
ing that  of  any  other  country. 
Average  prices  have  been  rela- 
tively low,  ranging  between  80 
cents  and  5i.io  a  barrel  in  bulk 
at  the  mills,  yielding  only  small 
profits,  but  nuich  higher  prices 
are  reported  to  have  iirevailcd 
in  the  early  months  of  191  ?• 

"The  imimrts  of  hydraulic 
cements  into  the  I'lntcd  States 
arc  normally  very  small,  but  in 
1916  they  were  almost  negli- 
gible,  having  dro|iped  to  1,836 
barrels,  compared  with  4 J. 2 18 
barrels  in  1913  Dominc  1»»oi»ictioi«  amd  Coh- 

"Thc  rx|)orts  have  nc%xr  liccn      luHrnoMor  ronTLAKo  Cianirr, 
great,    the     largest     quantity—  l«M   1916 

that  in    1912 — having   been   only  4.215,3.12   ImttcU.     In    1914, 


/' 

J 

s 

N 

/ 

1 

1 
1 

/ 

•«•. 

i 

i — a 

i ■ 

B J 

s — J 

S — A 

994 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY       Vol.  9,  Xo.  10 


191S  and  1916  the  exports  were,  respectively,  2,:40,i97,  2,565,- 
031  and  2,563,976  barrels." 

Among  the  present  needs  of  the  cement  industry  is  more 
comprehensive  and  accurate  information  with  regard  to  the 
distribution  of  materia.ls  suitable  for  concrete  aggregates — 
especially  for  concrete  roads — such  as  good  clean  sand,  gravel, 
and  stone  available  for  crushing. 

Iron.  E.  F.  Burchard.  Bulletin  666-V.  12  pp.  This 
article  gives  brief  statistical  data  for  the  iron  and  steel  raw  ma- 
terials and  manufacturing  industries. 

Mica,  Monazite,  and  Lithium  Minerals.  W.  T.  Schaller. 
Bulletin  666-X.  6  pp.  "The  imports  of  sheet  mica  exceed 
the  domestic  output  in  both  quantity  and  value.  In  1916 
more  than  Si, 000,000  worth  of  sheet  mica,  unmanufactured  and 
manufactured,  was  imported.  More  mica  is  imported  from 
Canada  than  from  India,  but  the  value  of  the  India  mica  is 
greater.  The  mica  from  India  comes  both  direct  and  through 
England.  The  demand  for  mica  in  1915  was  brisk,  and  in  the 
United  States  the  average  price  of  sheet  mica,  rough  trimmed 
and  cut,  was  68  cents  a  pound,  the  highest  since  191 1.     Since 

1 915  similar  or   slightly   higher  prices  have  prevailed.     Until 

1 916  there  was  a  slight,  steady  increase  in  the  percentage  of 
the  total  produced  by  the  United  States.  The  decline  in  the 
percentage  for  igi6  is,  however,  slight.  The  mica  obtained  in 
this  country  and  from  India  is  niuscovite;  that  from  Canada  is 
phlogopite.  For  certain  pieces  of  electric  machinery  phlogopite 
is  preferable  to  muscovite,  and  deposits  of  phlogopite  in  New 
York  and  New  Jersey  are  now  being  examined.  The  mica 
from  these  two  deposits  is  of  good  quality  and  it  is  hoped  that 
they  will  become  commercial  sources. 

"There  is  still  an  abundance  of  monazite  sand  in  the  Caro- 
linas,  but  the  Carolina  deposits  cannot  be  worked  extensively 
in  competition  with  foreign  sand.  As  the  United  States  con- 
sumes about  one-fourth  of  the  thorium  nitrate  used  in  the  world, 
it  requires  a  yearly  production  of  about  2,000,000  lbs.  of  mon- 
azite sand  (90  per  cent),  monazite  containing  5  per  cent  thoria. 
Even  in  its  most  prosperous  times  the  domestic  output  did  not 
reach  that  figure.  Whether  such  a  domestic  production  could 
be  sustained  year  by  year  if  all  imports  were  cut  off  cannot  be 
told.  The  Carolinas,  however,  could  produce  enough  monazite 
sand  to  make  this  country  independent  of  other  sources  for 
several  years  at  least,  and  if  the  ashes  of  broken  mantles  were 
conserved  by  consumers,  enough  thorium  nitrate  could  be  ob- 
tained from  domestic  sources  to  serve  for  some  time. 

"The  factors  that  have  prevented  a  thorough  test  of  the  ex- 
tent of  the  domestic  deposits  in  recent  years  are  the  better 
quality  and  cheapness  of  the  imported  foreign  sands.  Both  the 
Brazilian  sand  and  that  of  India  contain  a  higher  natural  con- 
centration of  monazite  and  a  higher  content  of  thorium  oxide 
than  the  American  sand,  the  sand  from  Brazil  averaging  about 
6  per  cent  thoria  and  that  from  India  about  9  per  cent.  The 
cheapness  of  labor  and  transportation  in  these  foreign  countries 
has  also  deterred  domestic  exploitation.  The  market  price 
of  thorium  nitrate  is  a  good  indicator  for  domestic  production 
of  monazite  sand,  for  only  at  a  high  price  for  this  manufactured 
salt  can  the  domestic  sands  be  profitably  worked.  The  im- 
portation of  large  quantities  of  foreign  sand  rich  in  thoria  pre- 
vents a  very  high  price  being  paid  for  thorium  nitrate. 

"The  chemical  products  derived  from  lithium  minerals  can- 
not be  considered  necessary  for  cvery-day  life.  Such  products, 
however,  find  several  applications,  especially  in  militar>'  uses, 
in  which  they  serve  a  useful  purpose.  Lithium  minerals  are 
produced  in  this  coimtry  in  varying  amounts  up  to  i  ,000  tons 
a  year." 

Nitrates.  H.  S.  Gale.  Bulletin  666-Z.  4  pp.  "The 
rated  values  given  with  imjjort  returns,  whidi  perhaps  repre- 
sent cost  exclusive  of  freight,  are  lower  than  the  usual  market 
quotations.     For  instance,   the   normal   New   York   quotations 


for  sodium  nitrate,  95  per  cent  pure,  ranged  from  $44  to  S52 
a  short  ton  in  1912  and  from  $44.40  to  S52.40  in  1913.  At  the 
end  of  191 6  or  early  in  the  spring  of  1917  sodium  nitrate  was 
quoted  at  $75  a  ton  in  Atlantic  ports. 

"The  import  figures  show  a  war-time  stimulus,  the  normal 
annual  domestic  consumption  of  about  600,000  tons  of  sodium 
nitrate  increasing  to  more  than  double  this  amount  in  19 16. 
Of  this  large  increase  between  100,000  and  200,000  tons  are  be- 
lieved to  be  in  storage  as  a  reserve  for  the  time  when  access  to 
a  foreign  supply  may  be  cut  off.  The  remainder  of  the  increase, 
probably  600,000  tons,  may  be  assumed  to  have  gone  into  muni- 
tion manufacture,  chiefly  for  export. 

"The  amount  of  nitrates  consumed  in  fertilizers  is  not  known 
exactly,  but  about  280,000  short  tons  (250,000  long  tons)  of 
sodium  nitrate  were  used  in  1916  for  direct  application  to  the 
soil  as  fertilizer.  It  is  said  to  be  applied  chiefly  as  a  top  dress- 
ing, by  itself,  to  promote  or  hasten  growth  at  certain  seasons, 
usually  in  the  spring,  after  the  crop  has  made  a  start. 

"A  very  important  use  for  sodium  nitrate  is  in  the  manufac- 
ture of  sulfuric  acid  by  the  chamber  process.  In  this  process, 
by  which  the  greater  part  of  the  acid  of  low  gravities  produced 
in  this  countr>'  is  made,  the  nitric  acid  is  required  for  the  oxida- 
tion of  the  sulfurous  gases  to  sulfuric  form.  The  weight  of 
sodium  nitrate  used  in  this  way  is  estimated  to  be  about  5  per 
cent  of  the  weight  of  the  sulfur  consumed  to  make  the  sulfuric 
acid.  The  production  in  1916  of  4,500,000  tons  of  sulfuric 
acid  of  strengths  less  than  66°  Baume  therefore  required  75,000 
long  tons  (nearly  85,000  short  tons)  of  sodium  nitrate. 

"There  are  many  other  industrial  uses  of  nitrates  for  which, 
at  present,  accurate  statistics  are  not  available.  The  following 
estimated  summarj'  is  therefore  given  in  general  terms: 

"Sodium  Nitrate  Consumed  in  the  United  States  in  I9I6 

Quantity  Approximate 

Short  tons  Percentage 

Explosives 600,000  45 

Fertilizers 280,000  20 

Manufacture  of  sulfuric  acid 85,900  5 

Miscellaneous,  including  stocks  in  storage. .           400,000  30 

1,365,000  100" 

Lead.  C.  E.  Siebenthal.  Bulletin  666-AA.  3  pp.  The 
annual  progress  and  developments  in  the  lead-mining  industry 
are  shown  in  the  mine  reports  for  the  several  producing  States 
published  in  "Mineral  Resources  of  the  United  States."  De- 
tailed reports  on  the  ore  deposits  of  many  lead-producing  districts 
have  also  been  published  by  the  UnitedStates  Geological  Survey. 

Magnesite.  H.  S.  Gale.  Bulletin  666-BB.  3  pp.  "The 
production  of  magnesite  in  the  L'nited  States  in  1916  far  ex- 
ceeded that  of  any  preceding  year.  The  increase  was  due  to 
the  larger  demand  for  refractory  magnesite  products  and  to  the 
decline  in  imports.  Though  more  magnesite  was  used  in  the 
United  States  in  1916  than  in  1915,  the  consumption  was  less 
than  that  of  any  of  the  three  years  preceding  1915,  and  the  use 
of  the  mineral  has  now  been  greatly  curtailed  by  its  relative 
scarcity  and  high  cost. 

"It  is  estimated  that  normally  about  6  lbs.  of  magnesite  were 
formerly  used  for  every  ton  of  steel  made  by  the  basic  open- 
hearth  process,  but  not  more  than  half  a  pound  for  every  ton  is 
now  being  used,  and  at  some  steel  plants  cheaper  and  less  satis- 
factory refractories  have  been  substituted  for  magnesite.  Owing 
to  its  use  in  the  steel  and  copper  industries,  magnesite  is  an  im- 
portant though  a  minor  war  commodity,  and  the  need  for  it 
in  these  industries  is  so  great  that  its  lack  has  at  times  been 
viewed  with  serious  apprehension." 

Platinum  and  Allied  Metals  in  1916.  J.  M.  Hill.  Separate 
from  Mineral  Resources  of  the  United  States  in  1916,  Part  I. 
20  pp.  Published  July  12th.  The  United  States  alone  appar- 
ently uses  about  165,000  fine  ozs.  of  platinum  a  year.  The  known 
supply  of  platinum  is  small:  possibly  5,000,000  ozs.  have  been 
produced  in  the  world  to  date. 


p 


Oct.,  19 1 7             THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY                        995 

Probably  500,000  ozs.  of  this  total  output  of  platinum  is  in  19 15.  of  16  per  cent  in  quanUty  and  of  about  26  per  cent  in 

use  as  a  catalyzing  agent.     The  quantity  manufactured  in  the  value. 

form   of   chemical   and   physical  equipment  cannot  be  readily  As  noted    in   the  following  table,  talc  is  marketed  in  three 

ascertained   but   may   be   roughly   estimated  at  1,000,000   ozs.  forms.     About  5  per  cent  is  sold  rough  as  it  comes  from  the 

Electrical  devices  may  have  required  500,000  ozs.,  but  perhaps  quarrj-  or  mine  in  California,  Georgia,  Marj-land,  North  Caro- 

250,000  ozs.  would  cover  that  use.      The  jeweh^^  industry  has  lina,  Pennsylvania,  and  Virginia;  a  smaU  quanUty  is  manufac- 

probably  consumed  1,000,000  ozs.,  and  the  dental  industry  also  tured,  and  the  bulk  is  ground  and  sold  for  various  purposes. 

about    1,000,000   ozs.     Minor  uses  and   hoarded   platinum   will  ^ 

.    r         .1.                     -J             <.^i-iii                  ijjr                  ,  CL.*SSIFIC.4TI0N  OP  TaLC  SOLD  in  the   fXITBD  STATES  IK    1916 

account  for  the  remamder  of  the  total  supply  derived  from  the  „       ":.             oiaio;,  ii,  i,id 

^^  ^  _                                                                   Quantity                                     Av.  Price 

known  placer  deposits.  Condition  in  which  Marketed    Short  tons           Value              per  Ton 

The  production  of  crude  platinum  in  California  and  Oregon  M^nl'Sactured "  into  penciu  and      "■'''         $106,927         $9.46 

in  1916,  as  reported  by  miners,  was  710  troy   oz  valued  at  $35,-  r '"'""hs ' *^*  102,674  124.00 

490.     Buyers  and   refiners,   however,   report  purchases  of  890  ! '  '  '" 

oz.  of  crude  platinum  from  these  States,  which,  at  the  average  193,309          1,762,841              9.12 

„  •          f          J        1    ^.              /*                             V              ,  ,  1                     If  '  Includes  slate  pencils  and  metal  workers'  cravons  and  blanks  used  in 

price  of  crude  platinum   ($45.50  an  oz.),  would  have  a  value  of  making  acetylene  burners  and  other  objects.              ' 

%AO  AOS  '  ^°^  foundry  facings,  filler  for  paper,  paint,  and   rubber   goods,  toilet 

»-t    .tv/j.  powder,  foot  ease,  lubricators  for  dressing  skins  and  leather,  etc. 

Reports  from  refiners  of  platinum  indicate  that  25,945   oz. 

of  foreign  crude  platinum  were  refined.     Most  of  this  material  There  was  a   small  production  of  soapstone   in   Califomia, 

came  from  Colombia  and  a  little  from  British  Columbia.  but  almost  the  entire  output  of  the  United  States  came  from 

The  price  of  refined  platinum  in  the  New  York  market  has  Virginia,  where  there  were  four  producing  quarries.     The  total 

been  very  erratic.     Beginning  at  $90  a  troy  oz.  in  Jan.   1916,  yield,  including  that  of  Califomia,  is  19,652  short  tons, 

the  price  increased  75  cents  an  oz.  to  March,  when  it  began  to      n,  .«,„,^.„ .„„,,  ...„    _o       ,.        »r 

>                                  °  CLASSIPICATION  AND  VAUUB  OP  SoAPSTONE  NflNED  AND  SOLD  IN  THE  VnITBD 

decline  and  reached  S55,  the  lowest  for  the  year,  in  August.  States  in  1915 

Buying  for  the  Christmas  jewelry  trade  in  September  brought  ^,   „„                                 it"^''''^          ,,  ■           ■**'•  ^" 

'            '                           ^                           °  Class                                        Short  tons          Value          per  Ton 

a  strong  reaction  and  quotations  rose  to  an  average  of  S101.25  Crude 525         $     1.355         $  2  58 

forNovember,  with  a  maximum  of  $105  at  the  end  of  the  month.  MrnufacJured'"' 15569          417'lOS           26'^9 

In  December  quotations  were  ea.sier  and  the  year  closed  with 

platinum  at  about  $82  per  oz.  Phosphate  Rock  in  1916.    R.  W.  Stone.    Separate  from  Min- 
eral Rcsourcesof  the  United  States,  1916.  Part  II.    13  pp.    Pub- 
Lithium  Minerals  in  1916.     W.  T.  Schaller.     Separate  from  lished  August  13.     "The  quantity  of  phosphate  rock  marketed 
Mineral  Resources  of  the  United  States,  1916.  Part  II.      10  pp.  j,,  the  United  States  in  1916  was  1,982,385  long  tons,  valued  at 
Published  July  9th.    This  is  a  full  discussion  of  the  mineral  sources  $5,896,993,  an  increase  of  146,718  tons  in  quantity  and  of  $483.- 
of  lithium   and   the   characteristics   of  the.se   minerals,   with   a  544  !„  value  over  the  production  of  1915.     This  increase  was 
description  of  the  occurrence,  production,  and  uses  of  lithium  comparatively  small,  but  it  indicates  an  improvement  in  the 
^^'*^-  industry,  and  suggests  that  in  spite  of  the  curtailment  in  the  ex- 
Asbestos    in    1916.     J.    S.    DiLUER.     Separate    from    Min-  ports,  the  production  of  former  years  may  in  time  be  approached, 
eral    Resources     of    the    United    States,     1916,    Part    II.       5  The  output  in  1916  was  less  than  two-thirds  tliat  in  1913,  the 
pp.       Published    July    21.     "The    asbestos    industry    of    the  year  before  the  Kuropean  war  began." 

United     States     is     in     good     condition     as     to     both     pro-  o.u.     •           c      ^^    ^     -r-                     c-               r 

"       „,                        ,                     '^.  ,  Graphite  m   1916.     H.   G.   Ferguson.    Separate  from  Mm 

duction     and    manufacture.     The     output     of     raw     material  ,r.                    f.i.T--.  jo.   .              ,r.        .r 

.      ,.        ,          ,           ,        ,           ,     ,          ,  eral   Resources  of  the   united  States,   1916,   Part   II.      16  pp. 

in     this     country     is     far     less    than    the    demand,    but    the  r.  ui-  1    j  a                  -i-l-    •        r  h          •    •     ■          ^ 

,     .          ,.,      ,           r         ^        ,       ,  Published  Aug.  13.     This  is  a  full  statistical  report. 

needed  supply  is  readily  drawn  from  Canada.      1  he  supply  of 

asbestos  of  all  grades,  in  Quebec,  is  so  large,  so  conveniently  ob-  Slate  in  1916.      G.  K.  I.oi'ghun.      Separate   from  Mineral 

tained,  and  of  a  quality  so  excellent  as  to  delay  the  development  Resources  of  the  United  States.  1916,  Part  II.        1 1  pp.       Pub- 

of  asbestos  deposits  in  the  United  States,  except  as  to  the  lowest  lished_.\iinust  1 1. 

grade,  which  will  not  bear  transportation,  and  as  to  the  hiKhest  Feldspar  in  1916.  1-  J.  K.\TZ.  Separate  from  Mineral  He- 
grade,  the  domestic  supply  of  which  for  certain  purposes  is  sources  of  the  United  States,  19.6.  Part  II.  ii  pp.  Published 
superior  to  the  best  grade  of  asbestos  from  Canada.  The  de-  August  ^5.  The  marketed  producli.m  of  domestic  feldspar  in 
mand  for  high-grade  asbestos  has  always  been  active,  but  under  „^,6  ^^^  ,,^,,^1^  ,  ,^.r  ,.i.„t  u-ss  i„  qmimitv  than  in  19.4.  but 
the  stimulus  of  war  conditions  the  available  supply  is  not  equal  greater  than  in  any  other  previous  year  and  26  |>er  cent  greater 
to  the  demand.  than  in  1915.     The  production  in  191s  fell  22  jn-r  cent  and  m 

"The  marketed  production  of  asbestos  in  the  United  States  in  ^^.^  „.,^  j„  q„„„tity  i«,hi„,|   ,<„4  „„,!   ,.„j.  respectively,  hut 

1916  was   1,479  short  tons,  valued  at  $448,214.     As  compared  „..,^  greater  than  in  any  other  prece.liuK  vear      As  heretofotr 

with  the  production  of  1915,  this  was  u  dccrea.se  of  252  tons,  or  reported,   the  values  of  the  yearly  pr...li.ction  hin-c  exprr.*s,-.l 

nearly  15  per  cent  in  quantity    but  a  gain  of  48-!  per  cent  in  „„.  ....mbinod  sales  ..f  ctud.-  aiul   Kr.niiul   frUlspar,   and  have, 

value.     The  ilecrease  in  quantity  was  wholly  in  the  lower  grade.  therefore,  shown  wider  Ihictuation  than  the  qiinntilic!.  because 

The  oiili.iil  of  liiKlur  Ktades  increased  both  in  .iiianlily  and  in  „f  ch„„Kcs  from  year  to  year  of  the  rrlotiw  pro|K.rtion!i  first 

^'      "  sold  ns  cnide  or  Kfouiid. 

"I-ive    States    now    produce    asbestos  -Ari/oiia,    California,  The  average  price  for  spur  sold  crude  in  igi6  w«»  J.,  .w«  lonu 

Idaho,   GeorKia,   and   Virgmia.     Arizona  and   OenrKia   pr-diu-e  ,„„..,,,  c,m,,,„rcd  with  $t  46  in  ign  ami  $34.* '"  ««M.  the  rangr 

the  largest  <iiiaiilities,  Arizona  of  high-grade  litH-r  and  Georgia  ,„  ,,,„,  j„  ,,^1,.,.^  rri>orted  to  the  United  States  Grx.logical  Sur>Ty 

of  fiber  lielow  the  spiiinliig  grade.     In  Arizona  there  were  three  ,,^,j„^  f^,„„  j^^,,  ,,,  j,,      ^.,,^  avcraKe  pruf  of  Kn«ind  M'«r  in 

producers,  but  in  each  of  the  other  Stales  there  wa.s  only  one  ,^„,  „.,„  jj,^  ,„  „  ^,,„r,  ,„„    .-,„„,,arr(l  with  fX  33  in  I9l.^  and 

prndneer  111  nji'i  $8.31  in  1914.  the  nuiKe  in  i<Ji'>  in  pnccji  rciwrtnl  to  the  United 

Talc  and  Soapstone  in  1916.     J.  S    Dii.i.hk       Separate  from  Slnles  Geological  Survey  iM-iiig  from  $640  to  $15  n  ton      Of 

Mineral  Kcsoiirces  of  the   United  States.   191^1,  Part  II.     3  pp.  the  total  iiiarkelcil  prixliu  lion  alioiit  *h)  per  ixiit  w«»  sold  crude 

I'lililislied   July    21,       The  siiles  of   talc  in   igif>   ainoiinlcd    to  ami  31  iht  cent  grouml  111  ign.  o«>mpi«rr<l  with  03  i>cr  crnt  and 

i')3,.t'">  l"Ms.  valued  at  $i,7fij,H4j,  a    gain,    as  compared  with  37  lier  cent,  rr»|>cclivrly,  in  1916 
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Salt,  Bromine,  and  Calcium  Chloride  in  1916.  R.  W.  Stone. 
Separate  from  Mineral  Resources  of  the  United  States,  1916, 
Part  II.  8  pp.  Published  September  8.  Full  statistics  of 
the  salt  industry  are  given.  The  quantity  of  bromine  marketed 
in  1 9 IS  was  an  increase  of  nearly  50  per  cent  over  the  produc- 
tion of  each  of  the  two  preceding  years,  but  in  1916  there  was  a 
decrease  of  nearly  20  per  cent.  The  increased  price  caused  a 
considerable  increase  in  total  value  in  19 16.  The  price  of  bro- 
mine in  New  York  during  the  first  half  of  19 16  ranged  from 
$4.75  to  S6.50  per  lb.,  as  a  result,  at  least  in  part,  of  the  unprec- 
edented demand  from  abroad.  These  prices  include  cost  of 
transportation  and  dealers'  profits.  In  March,  1917,  the  price 
of  bromine  in  New  York  had  fallen  to  $1.30  per  lb. 

Calcium  chloride  is  made  from  natural  brines  at  Mount 
Pleasant  and  Saginaw,  Mich.;  Pomeroy,  Ohio;  and  Mason, 
Hartford,  and  Maiden,  W.  Va.  As  the  same  brines  yield  salt 
and  bromine,  practically  every  constituent  in  them  is  turned  to 
profit.  The  quantity  of  calcium  chloride  produced  from  natural 
brines  and  sold  in  the  United  States  has  recently  been  about 
20,000  short  tons  a  year,  valued  at  $6  to  $7  a  ton.  Since  the 
first  half  of  191 6  there  has  been  a  demand  for  this  material 
which  has  raised  the  price. 

Fuller's  Earth  in  1916.  J.  Middleton.  Separate  from 
Mineral  Resources  of  the  United  States,  1916,  Part  II.  2  pp. 
Published  September  4.  The  fuller's  earth  industry  showed 
considerable  progress  in  1916,  and  the  quantity,  value,  and 
average  price  per  ton  of  the  product  sold  in  that  year  were  the 
largest  ever  recorded  by  the  United  States  Geological  Survey. 
The  increase  in  quantity  was  19.921  short  tons,  or  42  per  cent, 
and  in  value  $217,732,  or  45  per  cent,  over  1915,  the  previous 
leading  year.  Almost  from  the  beginning  of  the  industry  in 
this  country  the  quantity  and  value  and  the  average  price  per 
ton  of  the  domestic  product  have  exceeded  those  of  the  imports. 
The  quantity  and  the  value  of  the  earth  produced  in  the  United 
States  in  1916  were  more  than  four  times  as  great  as  those  of 
the  earth  imported,  and  the  average  price  per  ton  of  the  domestic 
earth  was  $2.11  more  than  that  of  the  imported  earth.  Not- 
withstanding a  continued  decrease  in  imports,  the  apparent 
consumption — production  plus  imports — increased  from  57,222 
short  tons  in  1913  to  84,623  in  1916.  The  domestic  fuller's 
earth  formed  80  per  cent  of  the  consumption  in  1916  and  67 
per  cent  in  1913. 

The  imports  of  fuller's  earth  for  consumption  in  1916  continued 
to  decline.  The  decrease  in  quantity  was  14  per  cent  and  in 
value  8  per  cent.  The  average  price  per  ton  of  imported  earth 
was  47  cents  higher  than  in  1915.  The  imports  are  nearly  all  (93 
per  cent  in  igi6)  of  wrought  or  manufactured  earth. 
BUREAU  OF  MINES 
The  Primary  Volatile  Products  of  the  Carbonization  of  Coal. 
G.  B.  Taylor  and  H.  C.  Porter.  Technical  Paper  140,  59 
pp.  Paper,  10  cents.  This  report  is  a  continuation  of  the  work 
described  in  Bulletin  i  of  the  Bureau  of  Mines  on  the  character  of 
the  volatile  matter  of  coal.  The  experimental  methods  have 
been  refined  and  more  precise  results  obtained. 

The  importance  of  an  exact  knowledge  of  the  reactions  tak- 
ing place  when  coal  is  heated  need  not  be  dwelt  upon  at  length. 
The  subject  of  carbonization  is  important  in  all  industrial  ap- 
plications of  coal,  whether  it  be  in  gas  manufacture  or  coke 
making,  where  it  is  paramount,  or  in  those  processes  where  coal 
is  bunied,  such  as  in  boiler  furnaces,  gas  producers,  and  metal- 
lurgical furnaces.  The  results  presented  here  are  more  or  less 
of  a  fundamental  character — a  study  of  basic  phenomena  in 
carbonization,  rather  than  of  the  ultimate  results  of  these  phe- 
nomena as  a  whole. 

The  Ores  of  Copper,  Lead,  Gold,  and  Silver.  C.  H.  Fulton. 
Technical  Paper  143,  41  pp.  Paper,  5  cents.  This  report  dis- 
cusses the  various  minerals  which  constitute  these  ores  and  de- 
scribes the  characteristics  of  the  ores  themselves. 


Limits  of  Complete  Inflammability  of  Mixtures  of  Mine 
Gases  and  of  Industrial  Gases  with  Air.  G.  A.  Burrell  and 
A.  W.  GaugER.     Technical  Paper  150,  13  pp.     Paper,  5  cents. 

Carbon  Monoxide  Poisoning  in  the  Steel  Industry.  J.  A. 
Watkins.  Technical  Paper  156,  iq  pp.  Paper,  5  cents.  The 
object  of  this  paper  is  to  set  forth  briefly  the  liability  to  carbon 
monoxide  poisoning  of  those  employed  in  the  various  depart- 
ments of  a  steel  plant;  the  sources  of  the  gas;  the  extent  to  which 
it  is  present;  its  effect  on  workers;  and  to  make  certain  recom- 
mendations for  the  prevention  and  remedy  of  such  conditions. 
This  report,  prepared  through  the  cooperation  of  the  Public 
Health  Service  and  the  Bureau  of  Mines,  is  published  as  a  con- 
tribution to  the  literature  dealing  with  the  improvement  of  con- 
ditions affecting  the  health  of  persons  employed  in  the  metal- 
lurgical industries.  Attention  is  given  primarily  to  the  lia- 
bility to  chronic  poisoning — that  is,  the  daily  exposure  of  em- 
ployees to  small  quantities  of  this  gas  over  an  extended  period 
of  time — rather  than  to  that  of  acute  poisoning,  or  "gassing," 
as  prevention  of  this  accident  is  a  problem  of  safety  engineering 
rather  than  of  industrial  hygiene. 

The  Determination  of  Nitrogen  in  Substances  Used  in  Ex- 
plosives. \V.  C.  Cope  and  G.  B.  Taylor.  Technical  Paper 
160,  46  pp.  Paper,  10  cents.  This  article  discusses  particularly 
the  Dumas  method  for  nitrogen  and  gives  a  large  number  of 
useful  tables  to  assist  in  the  computations  of  this  method. 

Permissible  Explosives,  Tested  Prior  to  Jan.  i,  1917.  S.  P. 
Howell.     Technical  Paper  169,  19  pp.     Paper.  5  cents. 

Production  of  Explosives  in  the  United  States  during  the 
Calendar  Year  1916.  A.  H.  Fay.  Technical  Paper  175,  24 
pp.     Paper,  5  cents. 

"The  production  figures  tabulated  are  classified  as  follows: 

"(/)  Black  Blasting  Powder — All  black  powder  with  sodium 
or  potassium  nitrate  as  a  constituent  is  here  classified  as  black 
blasting  powder. 

"{2)  High  Explosives — Dynamite  and  all  other  high  explo- 
sives of  various  trade  names  and  compositions,  except  permissi- 
ble explosives,  are  put  in  this  class. 

"{3)  Permissible  Explosives — In  this  class  are  included  ammo- 
nium nitrate  explosives,  hydrated  explosives,  organic  nitrate 
explosives,  and  certain  nitroglycerin  explosives  containing  an 
excess  of  free  water  or  carbon.  All  permissible  explosives  have 
passed  certain  tests  of  the  Bureau  of  Mines  and  are  not  to  be 
regarded  as  permissible  unless  used  in  the  manner  specified  by 
the  bureau. 

"The  total  production,  excluding  exports,  of  explosives  in 
the  United  States  during  the  calendar  year  1916,  according  to 
figures  that  the  Biu-eau  of  Mines  has  received  from  manufac- 
turers, was  505,415,052  lbs.  (252,708  short  tons),  as  compared 
with  460,900,796  lbs.  (230,450  short  tons)  in  1915. 

"The  production  for  1916  is  segregated  as  follows:  Black 
powder,  215,575,025  lbs.;  "high"  explosives  other  than  permissi- 
ble explosives,  255,154.787  lbs.;  and  permissible  explosives, 
34,685,240  lbs.  These  figures  represent  an  increase  of 
'71852,725  lbs.  of  black  powder,  19,326,200  lbs.  of  high  ex- 
plosives and  7,335.331  lbs.  of  permissible  explosives,  as  com- 
pared with  figures  for  1915." 

Preparation  of  Ferro-Uranium.  H.  W.  Gillett  and  E.  L. 
Mack.  Technical  Paper  177,  46  pp.  Paper,  5  cents.  (See 
This  Journal,  9  (1917).  342.) 

The  Wet  Thiogen  Process  for  Recovering  Sulfur  from  Sulfur 
Dioxide  in  Smelter  Gases— A  Critical  Study.  A.  E.  Wells. 
Bulletin  133,  66  pp.  Paper,  10  cents.  (See  This  Joctinal, 
9  (1917).  872.) 

BUEEAU  OF  STANDARDS 

Testing  of  Clinical  Thermometers.  Circular  5,  third  edition. 
19  pp.     Issued  July   i6lh.     The  procedure  for  testing  clinical 
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thermometers  and  regulations  and  schedule  of  fees  for  this  work 
are  given.  There  is  also  included  a  description  of  revised 
methods  of  testing  and  a  new  form  of  certificcites  for  certifying 
thermometers  that  fall  within  the  acceptable  range  of  tolerance 
for  their  class. 

Gas  Calorimetric  Tables.  Circular  65.  19  pp.  Issued 
June  25.  "This  publication  is  in  response  to  numerous  re- 
quests for  a  brief  and  concise  set. of  operating  directions  for  a 
gas  calorimeter,  and  for  a  convenient  set  of  correction  tables. 
It  may  be  regarded  as  a  supplement  to  Bureau  Circular  No.  48 
on  'Standard  Methods  of  Gas  Testing.'  It  is  hoped  that  this 
will  promote  greater  uniformity  in  operating  methods  and  in 
records  and  facilitate  the  application  of  proper  corrections. 

"It  is  assumed  that  the  operator  is  thoroughly  familiar  with 
directions  and  precautions  as  outlined  in  Circular  No.  48.  The 
directions  given  here  are  a  brief  summary  of  the  full  instruc- 
tions contained  in  that  circular,  together  with  the  tables  needed 
for  daily  laboratory  use." 

Standard  Samples  for  Thermometric  Fixed  Points.  Cir- 
cular 66.  13  pp.  Issued  July  25.  "In  response  to  many 
urgent  requests  for  a  concrete  realization  of  a  series  of  standard 
temperatures,  which  would  be  available  to  anyone  an>^vhere 
for  the  standardization  of  pyrometers  and  for  the  reproduction 
of  the  standard  scale  of  temperature  for  use  in  laboratory  and 
industrial  works,  the  Bureau  has  had  prepared  a  series  of  pure 
metals,  of  which  it  has  made  chemical  analyses  as  a  check  on 
the  degree  of  purity  realized,  together  with  exact  determina- 
tions of  the  respective  melting  or  freezing  points. 

"In  this,  the  first  Bureau  circular  relating  to  the  subject,  are 
described  the  samples  of  tin,  zinc,  aluminum,  and  copper  which 
are  now  available  for  distribution  as  standard  temperatiue 
samples.  Preparations  arc  under  way  to  add  samples  of  pure 
lead  to  this  list.  As  soon  as  opportunity  permits,  palladium 
and  platinum  samples  in  the  form  of  wires  will  be  added  to  .serve 
for  the  reproduction  of  the  temperature  scale  up  to  1755°  C, 
and  it  is  expected  that  others  will  be  added  as  the  demand  for 
them  may  arise.  Pure  samples  of  naphthalene,  benzophcnone, 
and  sulfur  would  serve,  by  means  of  their  boiling  points,  taken 
under  carefully  specified  conditions,  as  excellent  standard  tem- 
perature samples  for  the  reproduction  of  the  lower  range  (to 
450°  C.)  of  the  temperature  scale  with  the  highest  attainable 
accuracy." 

The  Relative  Sensibility  of  the  Average  Eye  to  Light  of  Differ- 
ent Colors,  and  Some  Practical  Applications  to  Radiation  Prob- 
lems. W.  W.  Cdiii.ENTZ  AND  W.  B.  IvMiiKSoN.  Scientific 
Paper  303.  83  pp.  "In  the  present  investigation  the  methods 
are  practically  the  same  as  used  by  previous  experimenters. 
In  the  visual  nu-asurements,  the  spectral  light  was  compared 
with  a  standard  white  light  Irolli  by  means  of  a  flicker  pliolom- 
eter  and  by  means  of  an  equality  of  brightness  photometer. 
The  source  of  while  light  was  a  standardized  vacuum  tungsten 
lamp.  A  cylindriial  acetylene  flume  was  used  as  a  source 
of  spectral  light.  The  distribution  of  energy  in  the  .speclnim 
of  the  acetylene  llame  wn.s  determined  with  great  care.  Visi- 
bility curves  were  obtained  on  130  persons,  of  which  number 
seven  were  known  to  be  color-blind.  The  visibility  curve  of  the 
average  eye  is  wider  than  previously  observed  A  miithematical 
equation  of  the  average  vi.sibility  is  givcii  and  applicatiiins 
of  these  ilula  to  pliysical  plinloint'lry  are  made  It  is  shown 
that  the  eve  respiindft  to  light  having  an  intensity  less  than 
I    X    lo-  '•   watt." 

An  Experimental  Study  of  the  Fahy  Permeameter.  C.  \V. 
HuKKows  AND  U.  U.  Sani'ohd  Scientific  Vii\>ct  306,  34  pp. 
Issued  Aug  i7th.  This  |M-rnu-unirtcr  wus  dcvisrd  by  !■'.  V. 
I'uhy,  of  the  IVnnMylviinIa  Uiiilroiid  Conipiiny,  for  the  puriHisc 
of  cotnpariiiK  the  Miiignrlie  pro|>rrlie»  of  two  ijnillnr  -iiwiiinrn!! 
of  itecl.     In  the  full  i>i    kui   ii  i'oO|>crulivc  invest igutioii  o(  the 


magnetic-mechanical  properties  of  steel  was  begun  by  the  above- 
named  company  and  the  Bureau  of  Standards  at  the  Bureau 
laboratories  in  which  the  Fahy  apparatus  was  used  for  compar- 
ative magnetic  measurements.  Early  results  obtained  with 
the  apparatus,  however,  indicated  the  possibility  of  its  develop- 
ment as  a  permeameter  and  this  was  immediately  undertaken. 
In  order  to  ascertain  the  degree  of  accuracy  that  has  been  at- 
tained, as  well  as  its  fitness  for  general  laboratory  use,  a  critical 
experimental  study  has  been  made  of  the  instrument  in  its 
present  improved  form. 

Note  on  Electrical  Conduction  in  Metals  at  Low  Tempera- 
tures. F.  B.  SasBEE.  Scientific  Paper  307.  6  pp.  Issued 
July  23. 

Reflecting  Power  of  Tungsten  and  Stellite.  W".  W  Cob- 
LENTz  AND  W.  B.  Emerso.m.  Scientific  Paper  308,  10  pp. 
Issued  .August  10.  This  paper  gives  the  results  of  a  critical 
examination  of  the  reflecting  power  of  timgsten  in  the  region 
of  the  spectrum  from  0.5  to  6.0*1. 

The  reflecting  power  of  tungsten  in  the  form  of  plane,  highly- 
polished  mirrors  was  determined  by  comparison  with  silver 
and  by  a  new  method  employing  a  total  reflection  prism. 

The  results  obtained  are  based  upon  an  examination  of  three 
samples  of  pure  tungsten  and  a  sample  of  unknown  purity. 
DEPABTMENT  OF  AOBICULTUBE 

The  Seasoning  of  Wood.  H.  S.  Betts.  Dei)anmcnt  Bulle- 
tin 55--  -8  PP-  Paper,  10  cents.  Issued  July  qth.  This  is 
a  description  of  various  methods  of  seasoning  wood  that  are  of 
interest  to  manufacturers  of  wood   products. 

Articles  from  the  Journal  of  Agricultural  Ruearch 

Daily  Variation  of  Water  and  Dry  Matter  in  the  Leaves  of 
Corn  and  the  Sorghums,     li.  C.Miller.     10,  ii-4(>     i  July  2). 

A  Neglected  Factor  in  the  Use  of  Nicotine  Sulfate  as  a  Spray, 
W.  MooRK  AMD  S.  A.  Graham.     10,  47-50  (July  2 

Isolation  of  Cyanuric  Acid  from  Soil.  L.  H.  Wise  and  K.  H. 
Walters.  10,  85-y;  (July  9). 

A  Substitute  for  Litmus  for  Use  in  Milk  Ctiltures.  W.  M. 
Clerk  and  H.  A.  Ltns      10,  105-12  (July  16). 

Movement  and  Distribution  of  Moisture  in  the  Soil.  I".  S. 
Harris  and  II.  W    Tirpin      10,   113  55   (July   iM. 

Physiological  Effect  on  Growth  and  Reproduction  of  Rations 
Balanced  from  Restricted  Sources.  Iv  B.  Hart,  K.  V.  Mc- 
CoLLUM,  H.  Sti:kni)i>ck  and  G.  C.  HrMi'iiKHV.  10,  175-94 
(July  23)- 

Toxic  Value  and  Killing  Efficiency  of  the  Arsenates.  .\  L. 
LOVETT  and  K.  II.  KuIllNSON       10,  i<w   .'"7  ijulv  .•3). 

Evaporation  from  the  Surface  of  Water  and  River-Bed  Ma- 
terials.    K.  M.  Si  ku.ht.      io,  jix)-<).-   (July  30). 

Influence  of  Grading  on  the  Value  of  Fine  Aggrecate  Used  in 
Portland  Cement  Concrete  Road  Construction.  1".  H.  Jack- 
son. Jr.      10,   ;i>,\   74   (July  30). 

Chemical  Studies  in  Making  Alfalfa  Silage.     C.  ().  Swanson 

AND  IJ.  I,.  Tai.th.      10,  J75  -<)2  (.•\\lgiist  <>). 

Toughness  of  Bituminous  Aggregates.  C.  S.  Rkkvb  and 
H.  II    Lewis      10,  319-30  (August  13). 

Origin  of  Alkali.  R  Stkwakt  ANt»  \V  PuTKK.HtiN.  10, 
331   54  (August   i.\) 

Effect  of  Paraffin  on  the  Accumulation  of  Ammonia  and 
Nitrates  in  the  Soil.     IV  I.    t'..MNiiv      10,  355 -«>4  (.\uiru«t  i.t). 

Volatility  of  Organic  Compound*  as  an  Index  of  the  Toxicity 
of  Their  Vapors  to  Insoctx.  W  Mihirk.  10,365-71  (August 
13K 

Relation  of  Movement  of  Water  ins  Soil  to  Its  Hygroscopklty 
and  Initial  Moislnrss.  I'  j  Ai.wav  ani>  G  K  NUIMi.k  10, 
jgi    4.'S    ,  \,uMi-.(     ... 
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Water  Supply.     4th  Kd.     By  William  P.  Mason,  Professor  of 

Chemistry,      Rensselaer     Polytechnic     Institute.      8vo,    and 

528  pp.     John  Wiley  &  Sons,  Inc.,   New  York,   1916.     Price, 

$3.75  net. 

The  first  edition  of  this  book  was  issued  in  1896,  the  third  in 
1902.  Since  the  appearance  of  the  third  edition  so  many  im- 
provements and  changes  have  been  made  in  waterworks  practice 
that  considerable  portions  of  this  edition  have  been  changed  and 
many  additions  have  been  made.  The  same  arrangement  of 
chapters  has  been  followed. 

Under  the  title  "Drinking  Water  and  Disease"  is  shown  the 
distinction  between  normal  and  polluted  waters,  and  the  relation 
of  water  supply  to  public  health.  Among  the  additions  are  the 
following;  typhoid-fever  death  rates;  the  occurrence  of  the 
typhoid  bacillus  in  carbonated  waters,  sewage,  soil,  dust,  grow- 
ing plants,  river  and  lake  water,  and  the  Chicago  drainage 
canal;  the  distribution  of  typhoid  fever  by  milk,  flies,  shell  fish 
and  typhoid  carriers;  and  vacation  typhoid.  The  author  dis- 
cusses the  value  of  B.  colt  as  an  indicator  of  pollution,  and  the 
use  of  a  pure  or  purified  water  as  illustrated  by  the  Bubbly 
Creek,  Chicago  case.       Distilled  water  is  shown  to  be  wholesome. 

Under  the  title  "Artificial  Purification  of  Waters,"  methods 
of  filtration  are  described.  Owing  to  the  progress  in  filtration 
more  emphasis  has  been  placed  on  American  or  mechanical 
filtration  than  in  previous  editions.  Drifting  sand  filters, 
Peuch-Chabal  system  and  non-submerged  filters,  sterilization 
by  bleaching  powder,  liquid  chlorine,  ozone,  and  ultraviolet  light 
are  discussed.  Plants  for  the  removal  of  iron,  manganese,  and 
carbon  dioxide  are  described.  Emergency  purification  and 
purification  for  army  encampments  are  also  included. 

A  new  and  striking  example  of  natural  purification  by  aera- 
tion is  given  in  the  Kensico  aerator  of  the  New  York  water 
supply.  For  purification  of  streams  the  Chicago  drainage  canal 
case  is  cited  in  considerable  detail. 

There  is  additional  information  concerning  purification  due 
to  freezing  and  storage.  Specific  investigations  have  shown  the 
effect  of  freezing  upon  typhoid  bacilli.  Ice-borne  typhoid 
epidemics  are  very  rare. 

The  author  has  taken  advantage  of  investigations  by  the 
United  States  Geological  Survey  which  furnish  interesting  data 
concerning  the  amount  of  substances  carried  in  suspension  by 
Mississippi  River.  He  lays  special  stress  on  sewage  pollution 
of  rivers,  a  point  made  necessary  because  of  the  great  increase 
in  the  amount  of  sewage  and  trade  wastes  emptied  into  our 
streams.  Sewage  pollution  not  only  causes  nuisances  in  vary- 
ing degree,  but  destroys  the  value  of  the  streams  for  fish  life. 

The  pollution  of  the  Great  Lakes  is  increasing.  The  Chicago 
drainage  canal  is  given  as  an  illustration  of  one  method  of  pro- 
tecting the  purity  of  the  Great  Lakes  water.  The  advantages 
of  storage  for  purification  and  as  a  preliminary  to  a  filtration  are 
indicated.  The  new  and  very  successful  method  for  destroying 
algae  by  copper  sulfate  is  described.  Stripping  of  reservoirs  is 
considered  of  less  importance  than  formerly.  Inspection  and 
care  of  watersheds,  especially  when  the  water  is  used  without 
further  treatment,  is  shown  to  be  of  the  utmost  importance. 
Special  emphasis  is  laid  on  water  supplies  and  sanitation  of  camps, 
not  only  for  the  military,  but,  also  for  unorganized  gangs  of 
laborers.  The  report  of  the  International  Joint  Commission 
on  the  care  of  the  water  of  the  Great  Lakes  is  suggestive  of 
future  methods  of  protecting  the  purity  of  this  water  supply. 

The  distinction  is  made  between  the  water  from  shallow  wells 
not  entering  rock  and  those  which  enter  rock.  The  principal 
addition  to  methods  of  obtaining  water  are  the  subsurface  dams. 
Additional  information  concerning  the  carrying  of  pollution  to 
wells  is  given  and  si)ecific  examples  shown. 


Deep-seated  water  includes  water  from  deep  rock-wells  and 
springs  having  a  temperature  different  from  that  of  the  subsoil. 
Methods  of  securing  deep-seated  water  are  given  and  the  very 
interesting  sea  mills  of  Greece  are  described. 

Much  water  is  wasted  whep  an  unlimited  amount  is  allowed. 
Meters  prevent  this  waste  and  are  shown  to  be  unobjectionable 
from  a  sanitary  standpoint.  As  cities  increase  in  size,  it  is 
shown  that  the  ])roportional  draft  for  fires  decreases. 

Additional  examples  of  trouble  from  lead  and  zinc  are  given. 
Iron  pipes  corrode  or  become  tuberculated.  Special  methods  of 
cleaning  have  been  devised.  The  recently  discovered  processes 
for  the  softening  of  water  for  boilers,  especially  the  Perrautit 
process,  are  described. 

The  book  is  written  in  a  very  pleasing  style  which  adds  to  the 
pleasure  of  reading  it.  The  use  of  heavier  type  than  in  previous 
editions  improves  the  appearance  of  the  pages. 

Edward  Bartow 

Calculations  Used   in   Cane   Sugar  Factories.     By   Irving   H. 

Morse.     2nd  Edition,  Rewritten,   185  pp.     John  Wiley  and 

Sons,  New  York,  19 17. 

The  first  edition  of  this  book  made  its  main  appeal  to  the 
technical  superintendent  or  chief  chemist  of  sugar  houses  of  the 
old  type  in  which  the  chemical  control  was  rather  loose  and  the 
chemical  bookkeeping  rather  incomplete.  To  these  men  it 
offered  convenient  formulae  and  tables  for  rapid  calculations,' 
and  it  served  its  purpose  fairly  well.  This  new  edition  is  prac- 
tically a  new  book  and  a  much  better  one  in  every  respect  than 
the  old  one.  It  is  well  printed  on  good  paper  with  flexible 
leather  covers  and  is  small  enough  to  go  into  the  pocket.  It 
does  not  compete  with  such  standard  books  on  sugar  analysis  as 
those  of  Spencer  and  Prinsen-Geerligs,  but  it  supplements  them 
by  giving  a  practical,  intelligible  and  thorough  system  of  inter- 
preting the  analytical  results,  together  with  model  form  sheets 
for  report  work. 

Both  the  system  and  the  reports  accord  with  the  best  modern 
practice  in  the  most  efficiently  run  sugar  centrals,  in  Louisiana 
as  well  as  in  the  tropics.  The  book  also  contains  numerous 
convenient  tables  which  it  is  difficult  to  find  elsewhere  and  a 
complete  set  of  standard  formulae  for  ordinary  sugar  house 
calculations.  Both  the  tables  and  the  formulae  are  accom- 
panied by  sufficiently  detailed  directions  and  examples  of 
practical  application  to  render  them  intelligible  even  to  the 
non-technically  trained  man.  The  system  of  laboratory  reports 
and  calculations  of  yields  is  convenient  and  well  considered. 

The  chapter  on  Manufacturing  Economy  is  of  particular 
interest.  It  shows  by  simi)le  calculation  the  actual  financial 
returns  of  certain  sugar  house  procedures  which  are  frequently 
accepted  or  rejected  by  the  superintendents  almost  at  hap- 
hazard, such  as  the  effect  of  increased  maceration  on  yield. 
It  also  touches  upon  the  subject  of  turning  out  products  from 
the  sugar  house  which  will  give  the  greatest  net  gain  rather  than 
running  the  house  in  a  groove  with  no  regard  for  market  prices 
or  for  supply  and  demand. 

The  last  chapter  has  to  do  with  the  purchase  of  cane  by  the 
unit  system.  As  the  purchase  of  cane  by  rich  sugar  house 
owners  from  poor  cane  growers  is  a  problem  which  involves  not 
only  chemistry  but  psychology  as  well,  Mr.  Morse's  particular 
solution  will  probably  not  be  accepted  without  discussion,  at 
least. 

In  spite  of  some  hasty  proof-reading  and  careless  construction, 
the  book  on  the  whole  is  clearly  wTitten  and  intelligible.  It 
will  undoubtedly  prove  of  much  value  in  sugar  laboratories, 
both  of  Louisiana  sugar  houses  and  tropical  sugar  houses  as  well. 

Charles  E.  Coates 


Oct.,  1917 
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Tar  OU.  distUled Gal. 

Turpentine,  spirits  of Gal. 

METALS 

Aluminum.  Ne.  1,  ingots Lb. 

Antimony,  ordinary Lb. 

Bismuth,  N.  Y Lb. 

Copper,  electrolytic Lb. 

Copper,  lake Lb. 

Lead,  N.  Y Lb. 

Nickel,  electrolytic Lb. 

Platinum,  refined,  soft Oz. 

SUver Ol. 

Tin,  Straits Lb. 

Tungsten  ( WOi) Per  Unit 

Zinc,  N.  Y Lb. 

PEBTILIZEB  MATERIALS 

Ammonium  Sulfate 100  Lbs. 

Blood,  dried,  f.  o.  b    Chicago Unit 

Bone.    4  and    50,    ground    raw Ton 

Calcium  Cyanamid Cnit  of  Ammonia  4.00 

Calcium  Nitrate,  Norwegian 100  Lbs.  — 

Castor  Meal Unit  — 

Fish  Scrap,  domestic,  dried,  f.  o.  b    works Unit  nominal 

Phosphate,  acid.    I6percent Ton  16.00        @      18.00 

Phosphate  rock,  f.  o.  b.  mine: 

Florida  land  pebble,  68  per  cent Ton  3    15        @        3.25 

Tennessee.  78-80  per  cent Ton  5   50         @       6.00 

Potassium  "muriate."  basis  80  per  cent Ton  330.00        (§    340.00 

Pyrites,  furnace  size,  imported Unit  nominal 

Tankage,  high-grade,  f.  o.  b.  Chicago Unit  6  00        &              10 
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LDITORIALS 


WAR  SERVICE  FOR  CHEMISTS 

France  and  England  freely  acknowledge  that  they 
greatly  decreased  their  eflBciency  by  sending  their 
scientific  men  to  the  trenches.  Although  they  have 
since  withdrawn  most  of  those  still  alive  and  are  now 
using  them  in  special  service,  the  dearth  of  technically 
trained  men  has  been  and  is  severely  felt. 

Secretary  of  War  Baker,  aware  of  this  fact,  is  carry- 
ing out  the  full  spirit  of  the  selective  draft,  and 
specially  trained  men,  so  far  as  needed,  are  being 
assigned  to  the  war  service  which  they  are  trained  to 
render. 

More  than  others  among  scientific  men,  trained 
chemists  have  been  needed  for  war  purposes  by  both 
the  Army  and  the  Navy. 

Fortunately,  the  American  Chemical  Society  and 
the  Bureau  of  Mines,  acting  cooperatively,  foreseeing 
this  need,  took  first  a  census  of  American  chemists 
and  later  compiled  from  all  data  available  a  list  of 
those  enlisted.  From  this  list  of  chemists  actually  in 
the  Army  and  the  Navy  a  large  number  have  been 
selected  for  special  fitness  and  have  been  already 
assigned.  Many  more,  undoubtedly,  will  be  so 
assigned,  and  if  the  present  demand  keeps  up,  it  may 
later  be  necessary  to  ask  for  special  enlistment  for 
chemical  work.     That  time  has  not  yet  arrived. 

At  present  any  chemist  not  required  by  law  to  enter 
chemical  war  service  who  enters  voluntarily  keeps  one 
chemist  in  the  ranks  and  deprives  the  chemical  in- 
dustries of  his  own  service  as  well.  A  number  of 
chemists  have  been  commissioned,  but  these  are 
picked  men  of  special  attainments  and  specific  experi- 
ence. The  majority  will  serve  as  privates  or  non- 
commissioned officers  until  such  time  as  they  are 
found  to  deserve  promotion. 

DON'T  ask  to  be  assigned  to  chemical  work  until  you  are 
actually  in  the  camp.  Camp  assignment  must  be  made  before 
your  name  will  be  submitted  to  the  War  Department. 

DON'T  send  in  your  name,  even  for  consideration  for  such 
service,  if  exemption  is  to  be  asked  for  or  while  exemption 
claims  are  pending.     It  leads  to  endless  confusion. 

DON'T  try  to  deprive  another  chemist  actually  in  the  Army 
of  his  opportunity  to  render  chemical  service  by  yourself  seek- 
ing such  service,  until  called.  The  industries  which  supply  the 
Army  and  Navy  with  the  sinews  of  war  need  trained  chemists 
and  are  being  seriously  handicapped  by  the  depletion  of  their 
chemical  personnel. 

DON'T  write  to  anyone  in  Washington  to  aid  you  in  a  claim 
for  exemption.  Even  if  they  wished  to  do  so,  they  are  quite 
properly  powerless  for  the  law  delegates  exemption  to  the  Local 
and  District  Boards. 

DO  send  me  your  name,  address,  military  and  camp  assign- 
ment when  actually  sworn  in  (not  before).  If  you  have  not 
already  filed  details  of  your  age,  training,  and  experience,  send 
this  also  at  the  same  time. 

Charles  L.  Parsons,  Secretary, 

American  Chemical  Society 

Box  505 
Washington,  D.  C. 


TOLUOL,  TOLUOL,  AND  THEN  TOLUOL! 

There  is  work,  urgent  and  vital  work,  immediately 
ahead  for  every  member  of  the  American  Chemical 
Society.  It  is  the  arousal  of  this  Nation  to  the  im- 
perative need  of  bringing  into  energetic  cooperation 
the  War  Department,  the  gas  companies  and  the  people, 
as  represented  by  their  several  Boards  of  Commis- 
sioners, so  that  the  stripping  of  gas  of  its  toluol  con- 
tent shall  begin  throughout  the  country  at  the  very 
earliest  possible  moment. 

Many  of  our  troops  are  already  near  the  French 
battle  front,  still  more  are  in  training  camps  in  this 
country,  impatient  to  get  to  France,  and  soon  other 
drafted  armies  will  be  raised  to  augment  this  number 
until  America's  full  force  makes  itself  felt  in  bringing 
to  a  successful  ending  the  greatest  of  all  wars. 

Press  accounts  have  shown  clearly  the  amazing 
development  of  artillery  fire  during  the  past  two  months. 
The  quintuple  barrage,  the  wavelike  and  weaving 
barrage  fire  of  the  British  artillery  during  the  recent 
drives  east  of  Ypres,  have  successfully  driven  the 
Germans  steadily  back  and  at  a  sacrifice  of  man-power 
amounting  to  only  ten  per  cent  of  the  numbers  esti- 
mated before  the  drives  began. 

When  the  Spring  drives  of  1918  begin,  American 
soldiers  will  be  participants  in  great  numbers.  If 
they  are  to  prove  equal  in  effectiveness  to  our  British 
allies,  if  their  casualty  lists  are  to  be  held  down  to 
relative  small  numbers,  we  must  provide  them  with 
the  maximum  possible  amount  of  high  explosives  for 
barrage  fire. 

Of  the  several  high  explosives  now  in  use,  the  War 
Department  has  pronounced  tri-nitro-toluol  (T.  N.  T.) 
as  best.  It  is  the  easiest  high  explosive  to  make,  and 
the  safest  to  transport.  For  its  manufacture  toluol 
is  required.  At  the  present  time  we  are  producing 
annually  approximately  11,000,000  gallons  of  toluol 
from  the  by-product  retort  coke  ovens  which  have  in- 
creased so  rapidly  in  number  since  the  war  began. 
This  quantity,  however,  is  under  contract  for  the  supply 
of  the  Navy  and  our  allies.  At  least  a  year  is  required 
for  the  construction  of  a  large  battery  of  by-product 
ovens.  For  the  new  army  the  only  quickly  available 
source  of  toluol  is  the  gas  plants.  A  statement  to 
that  effect  was  made  to  us  recently  by  Brigadier- 
General  Wm.  H.  Crozier,  the  chief  of  the  Bureau  of 
Ordnance  of  the  War  Department.  Gas  plants  can 
be  equipped  within  three  to  four  months,  some  more 
quickly,  to  remove  the  toluol  from  gas. 

General  Crozier  further  stated  that  the  mobile 
artillery  alone  would  require  by  September,  1918,  at 
least  22,000,000  gallons  of  toluol.  Statistics  show 
that  during  1916  approximately  220,000,000,000  cubic 
feet  of  gas  were  produced  in  this  country.  Assuming 
an  average  recovery  of  0.05  gallon  of  toluol  per  thousand 
cubic  feet  of  gas,  we  should  be  producing  from  the 
gas  plants  within  the  next  four  months,  if  immediate 
steps  are  taken  everywhere,  at  the  rate  of  11,000,000 
gallons  of  toluol  annually.     Even  at  this,  the  recovery 


Nov.,  1917 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


1003 


of  toluol  would  amount  to  only  half  of  the  require- 
ment for  an  army  of  a  million  men.  It  is  possible, 
however,  by  a  more  complete  stripping  of  gas,  to  in- 
crease the  yield  beyond  0.05  gallon  per  thousand 
cubic  feet,  thus  more  nearly  meeting  the  requirements. 

With  a  situation  so  plain,  with  a  duty  so  imperative 
confronting  us,  with  the  lives  of  so  many  of  our  men 
depending  upon  the  promptness  with  which  this  work 
shall  begin,  the  question  naturally  arises — What  is 
responsible  for  the  delay?  The  only  answer  we  can 
find  is — Democracy.  In  an  autocracy  a  royal  edict 
would  have  promptly  demanded  the  recovery  of  all 
toluol  from  all  gas,  but  under  democracy,  which  we 
love  and  believe  in,  there  must  be  the  slower  processes 
of  congressional  appropriations,  of  adjustments  be- 
tween government  officials,  gas  companies  and  Public 
Service  Boards  and  Commissions,  and  the  arousal  of 
the  public  to  the  necessities  of  the  situation.  The 
efficiency  of  democracy  is  severely  on  trial  in  this 
matter  and  for  this  reason  we  urge  every  chemist 
to  do  his  part,  not  only  as  a  chemist,  but  as  an  in- 
formed citizen  from  whom  others  have  a  right  to  ex- 
pect advice  on  so  grave  a  question.  That  the  matter 
is  urgent  is  shown  by  the  fact  that  each  day's  delay 
means  the  sacrifice  of  T.  N.  T.  sufficient  for  150,000 
three-inch  shells. 

Naturally  the  War  Department  has  been  compelled 
to  wait  until  appropriations  were  made  by  Congress 
but  this  reason  no  longer  exists. 

The  gas  companies  in  turn  have  been  in  a  quandary 
as  to  what  to  do.  Did  the  government  need  their 
toluol?  What  would  become  of  their  investment  if 
the  war  ended  within  the  next  year  and  the  extreme 
demand  for  toluol  suddenly  ceased,  as  it  surely  would? 
We  now  know  that  more  toluol  is  needed  than  all  the 
gas  companies  can  supply.  Furthermore,  General 
Crozier  stated  to  us,  and  authorized  public  use  of  the 
statement,  that  the  government  is  now  in  position  to 
assume,  in  case  of  early  ending  of  the  war,  the  invest- 
ment risks  of  gas  companies  through  additions  to  their 
plants  of  the  necessary  equipment  for  recovery  of 
toluol.     Thus  these  two  points  are  clear. 

Finally  there  is  the  ever  present  conflict  between 
gas  companies  and  public  officials  representing  the 
consumers,  a  conflict  essentially  financial  in  its  charac- 
ter and  evidencing  itself  continuously  by  questionings 
on  the  part  of  the  one  or  the  other  as  to  the  justness  of 
rates,  involving  necessarily  the  question  of  standards 
for  gas.  Fortunately,  the  more  general  use  of  the  gas 
mantle  is  rapidly  eliminating  the  candle  power  stand- 
ard, for  the  maintenance  of  which  the  burning  of  toluol 
is  necessary.  Tlic  term  illuniinaling  gas  is  now  largely 
a  misnomer.  The  great  bulk  of  the  gas,  at  least  90 
per  cent,  is  used  as  a  heating  agent  and  conscciucnlly 
the  heating  value,  as  expres.scd  in  terms  of  Hritish 
thermal    units,    will   soon   be   the   prevailing  standard. 

Furthermore,  wc  are  confident  that  as  soon  as  the 
people  of  the  country  understand  the  patriotic  and 
vital  call  which  is  now  made  upon  them,  the  former 
somewhat  nntagonistic  ntlitudo  towards  the  gas 
companies  will  disappear  and  the  way  be  promptly 
opened   for  recovery  of  all   possible  toluol.      It   would 


be  a  shallow  patriotism  indeed  if,  understanding 
fully  the  situation,  we  should  cheer  our  troops  as  they 
march  away  to  training  camps  and  then  return  to  our 
homes  insisting  upon  the  retention  of  toluol  in  our  gas 
or  unwilling  to  sacrifice  gas  efficiency  in  order  that  a 
perfect  barrage  fire  may  precede  those  same  troops  going 
into  action  on  the  French  front.  To  think  other- 
wise would  be  to  accuse  our  people  of  deliberate  murder 
of  their  own.  There  may  be  matters  of  rates  to  be 
settled,  matters  of  certain  standards  to  be  insisted 
upon;  all  such  questions,  however,  can  await  adjust- 
ment until  after  the  war. 

The  main  question  before  the  nation  now  is: 

"Shall  we  burn  toluol  or  shoot  it?" 


EXPLOSIVES  AND  DYESTUFFS— A  FRENCH 
CONFIRMATION 

A  few  weeks  after  the  hearings  on  the  Hill  bill  during 
the  previous  Congress,  the  late  Hon.  E.  J.  Hill  of  the 
Ways  and  Means  Committee  had  printed  in  the  Con- 
gressional Record  a  letter  from  General  Hugh  L. 
Scott,  the  then  Chief  of  Staff  of  the  Army.  In  this 
letter  General  Scott  emphasized  the  direct  relation 
between  a  well-rounded  dyestuff  industry  and  a  national 
reserve  for  explosives  manufacture.  Some  short-sighted 
congressmen,  with  rather  marked  pacifist  leanings  at 
the  time,  pooh-poohed  the  introduction  of  this  letter 
by  Mr.  Hill  as  an  effort  to  bolster  up  a  protective 
tariff  measure  by  sounding  a  war  alarm  and  dragging 
in  an  argument  which  had  no  connection  with  the 
legislative  matter  under  consideration.  But  the 
staunch  old  patriot  was  right,  and  gradually  the 
country  has  learned  to  recognize  so  clearly  the  con- 
nection between  dyestuffs  and  explosives  that  it  is 
safe  to  say  that  no  legislation  inimical  to  the  American 
dyestuff  industry  could  now  get  the  slightest  favorable 
consideration  by  Congress. 

An  interesting  confirmation  of  the  soundness  of 
this  national  viewpoint  is  furnished  by  recent  de- 
velopments in  France,  as  recorded  in  the  Courier  des 
£tats-Unis  of  October  10,  1917,  though  the  thought 
process  is  reversed.  Wc  argued  from  dyestuffs  to 
explosives;  the  French  on  the  other  hand  are  pre- 
paring, with  the  strong  aid  of  the  government,  to 
convert  after  the  war  a  highly  developed  explosives 
industry  into  a  dyestuff  industry. 

To  this  end  a  contract  between  the  Minister  of  War 
and  the  Syndicat  des  Matiires  Colorantes  has  been 
submitted  to  the  French  Parliament  for  ratification. 
Under  the  terms  of  this  contract  the  government, 
upon  the  cessation  of  the  war,  will  turn  over  its  ex- 
plosives plants  to  the  dyestuff  syndicate,  with  the 
proviso  that  the  plants  and  all  equipment  shall  im- 
mediately revert  to  the  government  for  explosives 
manufacture  in  case  of  a  future  general  mobilication. 
The  Slate  reserves  to  itself  the  right  of  supervision 
and  control  and  will  receive  one-fourth  of  the  dividends 
distributed  in  excess  of  s  P*?""  fcnt. 

The  capital  slock,  oriKinally  planned  for  twenty 
million,  has  been  enlarged  to  forty  million  francs. 
That  the  French  public  rccognires  the  national  im- 
portance of  this  movement  is  shown  by  the  fact  that 
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the  60,000  shares  of  stock  reserved  for  the  public  was ' 
oversubscribed    eighty-three    and    a    third    per    cent. 

By  this  cooperation  between  the  government  and 
the  people,  France  will  at  the  close  of  the  war  trebly 
gain — realizing  upon  its  surplus  explosives  plants, 
creating  a  domestic  dyestuff  industry  and  retaining 
a  potential  explosives  industry  which  can  quickly 
be  made  available. 

General  Scott  was  a  chemist  as  well  as  a  soldier,  and 
Mr.  Hill  a  patriot  rather  than  a  partisan. 


DR.  ROBBER 

In  the  stirring  drama  of  the  expansion  of  American 
chemical  industries  during  the  past  three  years,  a 
unique  figure  stood  out  in  the  form  of  Dr.  E.  F.  Roeber, 
whose  death  on  October  17,  1917,  was  a  shock  to 
chemists  in  every  section  of  this  country. 

Through  the  steady  growth  of  his  splendid  journal. 
Metallurgical  and  Chemical  Engineering,  he  exerted  a 
wide  influence.  Filled  with  the  spirit  of  the  times, 
he  labored  unceasingly  for  the  upbuilding  of  the  chem- 
ical industries  in  the  conviction  that  in  this  way  he 
could  best  serve  the  country  of  his  adoption.  Inde- 
fatigable in  multifarious  committee  duties,  he  gave 
of  himself  ungrudgingly. 

Through  such  activities  his  name  will  live  among 
us,  and  yet  to  those  of  us  who  knew  him  personally, 
there  was  another  side  which  will  always  be  remem- 
bered: the  genial  man,  the  jolly  companion,  and  the 
sympathetic  friend  whose  hearty  handshake  carried 
with  it  a  constant  message  of  good-will. 


THE  EXPOSITION 

The  Third  National  Exposition  of  Chemical  In- 
dustries has  now  become  a  part  of  the  history  of  the 
country.  Still  another  floor  of  the  Grand  Central 
Palace  was  required  to  booth  the  additional  exhibits. 
The  marked  increase  in  attendance  was  a  just  measure 
of  the  increasing  popular  regard  for  chemistry.  The 
stimulation  of  that  busy  week  is  to-day  being  felt 
in  every  line  of  the  chemical  industries. 
^  Some  there  were  among  the  exhibitors  who,  be- 
coming overconfident  of  success,  failed  to  give  due 
thought  to  the  attractiveness  and  intelligence  of  their 
exhibits.  They  are  to-day  paying  the  price,  and  in- 
dulging in  regrets.  The  exhibits  as  a  whole,  however, 
made  a  wonderfully  attractive  and  inspiring  display. 

The  addresses  were  well  attended  and  appreciatively 
heard,  in  spite  of  a  very  badly  ventilated  auditorium. 
Plans  have  already  been  made  for  remedying  that 
defect  next  year. 

Again  the  managers  of  the  Exposition  have  demon- 
strated their  completely  sympathetic  cooperation 
with  the  Advisory  Committee.  It  is  a  pleasure  to 
bear  witness  to  the  fact  that  in  no  instance  since  the 
inception  of  the  Exposition  idea  have  the  managers 
failed  to  comply  with  any  suggestion  of  the  Advisory 
Committee  as  to  the  proper  policy  for  the  legitimate 
and  sound  development  of  the  Exposition.  This 
attitude  on  the  part  of  the  managers  has  in  turn  re- 
sulted in  the  transformation  of  the  Advisory  Com- 
mittee from  an  originally  somewhat  perfunctory  body 
into  an  enthusiastic,  thought-giving,  working  committee. 


Again  the  press  has  done  its  full  share  in  carrying 
the  impress  of  the  Exposition  to  the  public.  True, 
a  special  edition  of  one  evening  paper  was  abandoned 
because  the  exhibitors  would  not  respond  with  sufficient 
alacrity  and  unanimity  to  the  exhortations  of  its 
advertising  manager,  but  this  was  lost  sight  of  in  the 
columns  of  space  devoted  to  the  Exposition  in  many 
papers  which,  in  spite  of  the  stirring  character  of  world 
news  at  the  time,  recognized  the  national  import  of 
such  a  display  and  means  of  interchange  of  ideas. 

Perhaps  the  most  striking  feature  of  the  increased 
exhibits  was  the  intelligent  and  carefully  prepared 
displays  of  the  natural  resources  of  the  South.  In 
this  work  a  number  of  the  progressive  railroads  of 
the  South  were  particularly  engaged.  The  results 
should  prove  a  well  defined  addition  to  the  wealth 
of  the  nation. 

The  chief  impression  we  received  from  the  entire 
activities  of  the  week  was  the  conviction  that  the 
chemical  industries  are  not  isolated  units  seeking 
selfish  advancement,  but  a  coordinated  group  in  our 
body  politic  seeking  to  serve  the  nation.  With  such 
a  spirit,  the  limit  of  growth  is  far  from  sight. 

A    SPRING    EXPOSITION    AT    CHICAGO 

In  response  to  invitations  from  the  Chicago  Associa- 
tion of  Commerce,  the  Chicago  Section  of  the  American 
Chemical  Society  and  Local  Sections  in  adjoining 
states,  there  will  be  held  next  March,  in  the  Chicago 
Coliseum,  an  Exposition  of  Chemical  Industries  under 
the  same  management  which  has  so  successfully  con- 
ducted the  three  similar  expositions  in  New  York  City. 

The  growth  of  chemical  industries  in  the  Middle 
West  has  kept  full  pace  with  the  developments  in 
other  sections  of  the  country,  and,  as  in  other  sections, 
there  is  still  room  for  greater  and  more  coordinated 
growth.  Bringing  together  under  one  roof  the  splendid 
accomplishments  of  the  past  will  serve  to  inspire 
confidence  in  the  future. 

We  predict  for  the  Chicago  Exposition  the  same 
phenomenal  success  which  has  characterized  those 
already  held. 

THE  SLACKER  RING  AGAIN 
Far  be  it  from  us  to  add  to  the  burden  of  work  of 
any  man  or  set  of  men  in  these  busy  days.     Remember- 
ing, however,  the  resolution  of  the  Jewelers'  Vigilance 
Committee: 

"Resolved,  That  we  pledge  ourselves  to  disc  ontinue  and 
strongly  recommend  to  all  manufacturing  and  re  tail  jewelers 
of  the  United  States  that  they  in  a  truly  patriot  ic  spirit  dis- 
courage the  manufacture,  sale  and  use  of  platinum  in  all  bulky 
and  heavy  pieces  of  jewelry," 

and  remembering  also  the  activity  of  the  Vigilance 
Committee  in  connection  with  this  general  subject, 
we  record  here  for  the  information  of  the  Committee 
the  wording  of  a  prominently  placed  advertisement 
card  observed  last  week  in  a  Detroit  street  car: 

WS  ABK  SHOWINa  THE  MOST  EXTENSIVE  STOCK  OF 

PLATINUM  ENQAQEMENT  RINQ3 

ALL   SET  WITH  PERFECT  DIAMONDS 

SALLAN 
WOODWARD  AT  GRATIOT 


Nov.,  1917 
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THIRD  EXPOSITION  OF  CHEMICAL  INDUSTRIES 


The  Third  National  Exposition  of  Chemical  In- 
dustries was  held  in  Grand  Central  Palace,  New 
York  City,  September  24  to  29,  191 7.  The  varied 
and  attractive  exhibits  proved  a  veritable  inspiration 
to  the  thousands  who  daily  thronged  the  building 
and  furnished  concrete  evidence  of  the  tremendous 
strides  forward  of  the  chemical  industries  during  the 
past  year.  Brilliant  as  the  spectacle  was,  however, 
it  is  probable  that  the  lasting  impression  of  the  Ex- 


position will  lie  in  the  many  thoughtful  addresses 
given  during  the  week,  not  only  by  men  closely  identi- 
fied with  these  industries,  but  also  by  publicists,  govern- 
ment officials,  bankers  and  others,  all  of  whom  recog- 
nized the  many  fields  of  human  endeavor  touched  by 
chemistry. 

For  the  preservation  of  this  thought  record  we 
reproduce  here  as  given,  or  in  abstracted  form,  these 
addresses.     [Editor.] 


OPENING  ADDRESSES 

September  24,    1917 
THE  BATTLE  OF  THE  AMERICAN    CHEMICAL  INDUSTRIES 

By  Chas.  H.   Hhrty 
Chairman  Advisory  Committee  of   the  Chemical  Exposition 

The  battle  for  national  self-containedness,  in  that  portion  of 
the  line  held  by  the  American  chemist,  is  progressing  favorably. 
It  is  not  yet  won,  but  many  heights  have  been  conquered,  many 
formidable  streams  crossed,  and  the  open  plains  of  full  national 
service  are  almost  in  sight.  This  Exposition,  increasing  in 
magnitude  each  year  by  one  hundred  per  cent  of  its  orig  nal 
size,  constitutes  the  bulletin  by  which  the  nation  is  informed 
of  the  progress  made. 

In  the  center,  the  advance  up  the  steep  slopes  of  "capitaliza- 
tion" has  been  marked.  In  1915  there  was  added  to  the  chemical 
industries  $65,565,000;  in  1916,  $99,244,000,  and  in  1917,  up  to 
September  i,  $65,861,000,  a  total  gain  of  $230,670,000. 

On  the  extreme  right  the  forces  of  "Empiricism"  have  steadily 
yielded  ground  to  the  advances  of  our  research  chemists.  More 
and  more  called  upon  for  utmost  effort,  tliey  have  never  failed 
to  respond. 

On  the  left  flank  a  steadily  increasing  force  of  the  ablest 
American  chemists  is  being  gathered  to  capture  the  hill  of  "Ob- 
soletism  of  Army  Equipment"  and  is  providing  the  great  armies 
we  are  now  raising  with  the  most  efhcient  forms  of  modern 
chemical  means  for  both  ofTensive  and  defensive  warfare. 

On  the  right  center  the  terrain  of  "Congressional  Apatliy" 
has  been  partly  won,  as  typified  by  favorable  protective  legislation 
for  our  dyestuff  industry  and  by  the  guarding  of  the  all-important 
electrochemical  industries  at  Niagara  Falls  from  power  shortage, 
due  to  lapsing  legislation. 

On  the  left  center,  the  quagmire  plains  of  "Public  Indifference" 
have  been  largely  dried  and  made  passable  through  the  clearing 
skies  of  a  sympathetic  daily  press,  which  has  constantly  empha- 
sized the  value  to  the  independence  of  the  nation  of  a  full-rounded 
chemical  industry. 

iMnally,  the  counter-attacks  of  subtle  propaganda  against  the 
ability  of  American  chemists  and  the  worthiness  of  our  products, 
such  as  American  dycslnffs,  have  inglorinusly  failed. 

The  optimism  engendered  by  such  splendid  progress  will 
l>rovc,  however,  n  cnrsc  indeed  if  it  leads  us  to  overlook  two 
features  of  the  i)resent  situation. 

In  the  first  place,  in  order  to  man  the  present  lines  of  this 
battle  of  the  cliemical  industries,  we  have  already  drawn  heavily 
upon  our  rtscTvcs  in  the  universities  throiiKlioiit  the  country. 
Many  professors,  adviinci-d  sliiileiils,  and  even  only  partly 
trained  stiulcnls,  have  brcn  cidled  into  tlic  industries.  This, 
together  with  the  losses  by  enlistment,  has  crciitc<l  a  serious 
sliorliigc  of  chemists  whose  replacement  throiiKh  all  favorinK 
means  should  be  a  constant  charge  upon  the  liberality  of  the 
lenders  <il  nnr  cliemical  industry,  and  the  farsiglitcdness  of  those 
vested  with  the  powers  of  nationid  administriitioii. 


In  the  second  place,  this  army  has  its  camp  followers — men 
who,  under  the  guise  of  chemistry,  seek  to  enlist  capital  in  de- 
velopments bearing  all  the  earmarks  of  get-rich-quick  schemes, 
the  disastrous  out-working  of  which  may,  perhaps,  shake  that 
confidence  between  capital  and  chemists  which  should  grow 
daily  stronger  if  this  battle  is  to  be  fully  won.  And  it  must  be 
won.     Only  patriotic  motives  underlie  that  conviction. 

It  is  the  nation's  service  to  which  we  are  called  and  to  that 
service  the  good  faith  and  untiring  zeal  of  the  American  chemist 
is  pledged. 

AMERICAN  CHEMICAL  INDUSTRY  AND  THE  AMERICAN 

CHEMICAL  SOCIETY 

By  Juuus  Stibclitz 

President  American  Chemical  Society 

Every  cloud  has  its  silver  lining,  and  even  the  great  black 
cloud  of  war,  which  has  been  oppressing  the  world  these  three 
years,  has  been  penetrated,  here  and  there,  by  bright  rays  of 
good  accomplished.  One  of  these  brighter  effects  of  the  disaster, 
as  far  as  this  countn,'  is  concerned,  has  been  the  influence  of  the 
war  on  our  chemical  industries. 

Facing  the  necessity  not  only  of  very  greatly  expanding  their 
output,  but  also  of  developing  many  new  products  and  of  making 
older  products  of  a  far  higher  grade  in  quality  tlian  ever  before, 
our  American  industries,  as  evidenced  by  the  three  expositions 
held  in  this  place,  have  met  and  conquered  one  great  problem 
after  the  other.  We  may  confidently  expect,  and.  indeed,  we 
must  insist,  that  out  of  this  period  of  forced  effort  we  shall 
emerge  independent  of  all  foreign  nations  in  regard  to  our  ability 
to  supply  the  basic  chemical  needs  of  our  country,  not  only  in 
quantity,  but  also  in  quality. 

As  a  single  instance  of  the  progress  these  years  have  witnessed 
in  a  field  we  must  continue  to  hold  after  the  war,  let  me  recall 
the  di.smay  of  our  universities — and  I  am  sure,  also  of  our  in- 
dustrial laboratories — when,  early  in  1915.  we  s;\w  the  supplies  of 
Jena  gla.ss  and  of  other  finer  glass  cut  off.  Yet  to-day  wc  arc 
manufacturing  in  tlie  United  States  glassware  fully  as  BiH»d  as, 
if  not  indeed  superior  to,  the  German  brands  we  thought  we 
never  could  do  without. 

Wlien  the  war  is  over,  no  matter  how  fierce  tmdc  com|tctition 
may  be.  wc  must  sec  to  it  that  our  new  industries  survive,  that 
we  do  not  relapse  into  our  old  dependence  on  I:uro|irun  source* 
for  almost  every  article  in  which  quality,  highrsl  quality,  is 
essential.  In  the  heat  of  effort  of  these  years  only  the  most 
urgent  and  iinme<liatc  of  our  needs  have  l>cen  met.  some  of 
these  results  still  depend  for  their  stidiility  uiH>n  war  ctuiditioiis; 
they  are  still  ton  liable  to  coU.ipse  wlien  the  woihl  irturns  to  iU 
normid  life  and  trade  is  free  otu-c  more.  In  this  situation,  fntusht 
with  mnKtiificcnt  |>o»sibilities  for  much  greater  cheniicnl  nchirv*- 
ments.  but  also  with  great  dangers  for  the  |>crmi»ncnrv  of  some 
of  the  American  chemical  iixtustrics,  the  American  t'hrmical 
Society,  for  which  I  nni  s|>rakinK,  sees  its  opi>ortunilv  of  brinf 
of  new  and  still  greater  service  to  the  countrv. 
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COOPERATIVE    ACTIVITIES    OF    THE    SOCIETY 

Including  in  its  membership  of  more  than  10,000  the  great 
majority  of  leading  technical  chemists,  as  well  as  practically 
all  the  foremost  men  of  the  chemistry  staffs  of  our  universities 
and  colleges,  the  society  is  in  a  position  to  render  service  in 
any  branch  of  chemistry,  service  that  will  be  both  expert  and 
at  the  same  time  judicial  and  unbiased  in  its  spirit. 

Thus,  the  society,  influenced  by  tlie  conviction  that  our 
national  welfare  demands  independence  in  dye  manufacturing, 
was  active  in  aiding  the  movement  to  secure  a  much-needed 
measure  of  protection  by  duties  on  dyes. 

Then,  at  the  invitation  of  tlie  chairman  of  the  United  States 
Tariff  Commission,  the  American  Chemical  Society,  through  its 
Advisory  Committee,  a  few  months  ago  recommended  the 
name  of  an  expert,  Dr.  Grinnell  Jones,  on  chemical  schedules, 
who  is  now  working  with  the  commission  on  the  task  of  placing 
the  tariff  on  a  scientific,  non-political  basis. 

The  Society  recently  urged  upon  the  Secretary  of  Commerce 
that  standard  chemicals  and  reagents  are  as  essential  for  successful 
work,  for  the  saving  of  wasted  effort  in  chemical  industries,  as 
are  standardized  weights,  measures  and  gauges  in  other  industries. 
With  the  approval  of  Secretarj'  Redfield,  the  Bureau  of  Standards, 
with  the  cooperation  of  a  committee  of  the  American  Chemical 
Society,  has  now  started  this  important  work. 

Then,  our  appeal  in  Kansas  City  to  the  women  of  the  country 
to  refrain  from  the  purchase  or  acceptance  of  platinum  jewelry 
had  its  immediate  effect ;  within  a  few  days  thereafter  tlie  jewelers' 
representatives,  in  conference  with  the  Secretary  of  Commerce, 
agreed  not  to  use  the  precious  metal  for  heavy  articles,  thus 
making  a  larger  proportion  of  the  valuable  metal  available  for  the 
industries.  According  to  the  latest  information  that  has  come 
to  me,  the  price  of  platinum  has  at  last  begun  to  recede  some- 
what, instead  of  continuing  the  steady  rise  which  its  extravagant 
use  in  jewelry  brought  about  and  which  put  a  burden  equivalent 
to  a  duty  of  several  hundred  per  cent  on  a  vital  necessity  of  our 
scientific  and  industrial  laboratories.  I  have  the  fullest  con- 
fidence that  if  the  situation  should  remain  intolerable,  we  shall 
have  the  support  of  the  government  in  taking  much  more  strin- 
gent measures  to  protect  chemical  industries  and  scientific  work, 
so  vital  to  our  nation's  life,  against  what  is,  after  all,  a  mere 
luxury. 

Further,  at  the  instance  of  the  American  Chemical  Society 
and  in  cooperation  with  a  committee  of  the  Society,  the  Bm-eau 
of  Foreign  and  Domestic  Commerce  has  started  the  compilation 
of  as  complete  information  as  it  can  secure  for  the  guidance  of 
our  industries  in  regard  to  the  chemical  needs  of  manufacturers, 
the  sources  of  supply  of  crude  and  finished  products,  and  the 
relation  of  the  various  products  to  one  another  and  to  specific 
industries.  Thanks  to  the  efforts  of  the  able  editor  of  our  In- 
dustrial Journal,  Dr.  Herty,  a  large  fimd  has  been  raised  to 
make  possible  this  cooperation  of  the  Society  with  the  govern- 
ment in  this  important  work,  and  if  the  chairman  of  our  com- 
mittee, Dr.  B.  C.  Hesse,  has  his  strenuous  way,  the  work  will  be 
a  model  of  thoroughness  and  usefulness. 

SOCIETY    WELCOMES    AP'EALS    FROM    INDUSTRIES 

I  have  mentioned  these  instances  of  the  activities  of  the 
American  Chemical  Society  in  order  to  emphasize  that  tlie  so- 
ciety would  cordially  welcome  any  appeals  made  to  it  by  in- 
dustries needing  supjjort  of  one  kind  or  another.  We  are  now 
organized  for  quick  and  effective  action — in  matters  of  legislation 
and  policy,  through  our  Advisory  Committee  to  the  President, 
in  matters  of  research  through  our  alliliation  witli  the  National 
Research  Council,  all  of  whose  active  members  in  chemical 
fields  are  also  active  members  of  our  society. 

When  such  appeals  or  suggestions  are  received,  they  will  receive 
prompt  and  earnest  consideration,  and,  if  necessary,  be  looked 
into  by  a  committee  of  experts,  not  only  with  that  fair,  judicial 
spirit  which  science  develops  in  its  devotees,  but  also  with  that 


sympathy  and  consideration  which  the  service  of  our  country 
instills  into  her  sons.  Pinal  action  will  then  follow,  wiJi  that 
fearlessness  and  energy  which  a  good  case  always  warrants,  and 
which  we  trust  will  always  be  truly  in  the  interest  of  American 
Chemical  Industry. 

OEEETINO  FROM  THE  ELECTBOCHEMISTS 

By  C01.IN  G.  Fink 
President  American  Electrochemical  Society 

It  was  certainly  a  very  propitious  moment  when  three  years 
ago  Mr.  Roth  and  Mr.  Nagelvoort  suggested  and  planned  the 
first  chemical  exposition.  The  American  Electrochemical  Society 
heartily  welcomed  the  idea  and  felt  fully  confident  that  the  enter- 
prise would  be  popular  and  successful.  An  undertaking  which 
is  based  on  the  promotion  of  the  common  welfare,  an  undertaking 
that  affects  the  progress  and  prosperity  not  of  a  few  individuals 
but  of  every  member  of  the  country,  an  undertaking  that  serves 
to  teach  and  demonstrate  in  a  very  striking  and  lasting  manner 
tlie  diverse  applications  and  activities  of  the  most  fundamental 
of  all  national  industries — an  undertaking  of  this  kind  cannot 
fail,  it  must  succeed.  At  the  first  exposition  the  exhibits  were 
confined  to  one  floor;  in  the  second  year  the  booths  extended 
over  two  floors  and  in  this  third  year  practically  every  square 
inch  of  space  is  occupied.  Very  soon  Mr.  Payne  will  have  to 
build  a  bigger  palace. 

Never  before  in  the  history  of  electrochemistry  has  the  vast 
importance  of  the  various  electrochemical  products  been  so 
forcibly  brought  to  the  attention  of  our  government  and  of  our 
people  as  in  the  present  year  of  the  great  war.  Take  from  this 
country  its  electrochemical  industry  with  its  numerous  and 
diversified  manufactures  and  the  martial  strength  of  our  coun- 
try is  hopelessly  crippled.  Think  of  the  hundreds  of  machine 
shops  that  are  utterly  dependent  on  the  electrochemical  abrasives, 
carborundum  and  alundum;  think  of  the  thousands  of  rifles  and 
guns  turned  out  every  month  with  the  aid  of  high  speed  steel 
made  from  electric  ferro-alloys;  think  of  tlie  millions  of  pounds 
of  electrolytic  copper  that  are  absolutely  essential  for  our  elec- 
trical apparatus.  There  is  the  aeroplane  whose  light,  strong  stays 
are  made  from  the  electrochemical  metals,  aluminum  and  mag- 
nesium; there  is  liquid  chlorine,  a  product  of  the  electrolj'tic  cell 
and  the  basis  of  the  Carrel- Dakin  method  of  treating  the  wounds 
of  our  heroes;  there  is  electrolytic  hydrogen  used  in  all  of  our 
scout  and  observation  balloons  and  there  are  the  numberless 
electric  alloys  entering  into  the  composition  of  nearly  every 
item  of  the  government's  vast  military  equipment. 

An  interesting  feature  of  the  electrochemical  industry  is  its 
American  origin  and  its  present  international  scope,  international 
in  so  far  as  the  industry  is  not  restricted  or  confined  to  one  or 
two  countries  or  localities.  Take,  for  example,  the  calcium  car- 
bide industry:  this  was  founded  by  an  American,  Thomas  Will- 
son;  witliin  a  brief  generation  it  has  grown  in  leaps  and  bounds; 
to-day  there  are  large  carbide  factories  in  almost  every  civilized 
country  of  the  world.  Compare  with  this  tlie  sulfur  industry 
confined  to  the  United  States  and  Russia.  The  natural  salt- 
peter industry  is  confined  to  Chile,  but  the  electrochemical 
saltpeter  industry,  founded  by  Bradley  and  Lovejoy,  at  Niagara 
Falls,  has  spread  to  every  important  civilized  center. 

Wherever  low-priced  waterpower  or  low-priced  fuel  is  available 
in  generous  and  steady  amounts,  tliere  electrochemical  industries 
have  been  and  will  be  established.  Our  country  has  been  fore- 
most in  the  electrochemical  industry  ever  since  its  inception, 
due  to  American  genius  on  the  one  hand  and  to  our  vast  natural 
resources  on  the  other.  May  we  continue  to  lead  the  world  in 
the  supply  of  the  many  electrochemical  products,  pure  metals  and 
alloys  for  the  arts,  gases  for  cutting  and  welding,  chlorine  and 
peroxides  for  our  hospitals,  chlorates  and  acetone  for  munitions, 
nitrates  for  tlie  farm  and  defense,  abrasives,  electrodes,  solvents 
and  lubricants!  May  we  continue  to  excel  in  the  products  of 
the  electric  furnace  and  the  electrolytic  cell  I 
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This  Exposition  demonstrates  the  greatness  of  the  progress 
"which  chemical  industry  in  all  its  branches  has  made  in  the 
United  States  in  recent  years.  WTien  an  industry  is  small,  its 
requirements  are  small.  As  it  becomes  larger,  its  requirements 
become  larger.  The  manufacture  of  chemical  products  on  a 
small  scale  in  a  laboratory  is  a  relatively  simple  operation,  but 
when  this  manufacture  is  conducted  on  a  large  scale,  involving  the 
investment  of  considerable  capital,  then  the  problem  is  much 
more  complicated  and  much  more  difficult  to  solve. 

CHEMICAL  MACHINERY 

On  this  large  scale  the  chemical  engineer  is  the  important 
factor;  not  so  much,  perhaps,  in  the  development  of  the  processes 
as  he  is  in  the  devising  of  machinery  that  will  carry  out  these 
processes.  Most  chemical  processes  have  been  developed  upon 
a  small  scale  in  the  laboratory.  All  of  the  reactions  have  been 
worked  out  in  this  way.  When  the  process  has  become  so  de- 
veloped, it  is  studied  for  the  purpose  of  putting  it  into  operation 
on  a  scale  that  will  produce  a  relatively  large  quantity  of  chemical 
product.  To  do  this,  the  knowledge  of  the  mechanical  engineer 
is  needed,  but  in  addition  to  the  knowledge  of  the  mechanical 
engineer,  there  must  be  supplied  a  knowledge  of  the  resistance  of 
materials  to  chemical  reaction,  which  is  provided  primarily  by 
the  chemical  engineer.  This  is  particularly  well  illustrated  in 
this  Exposition,  where  apparatus  for  a  great  variety  of  uses  in 
chemical  manufacturing  are  displayed.  In  practically  every 
chemical  manufacturing  operation  a  great  part  of  the  study 
leading  up  to  its  becoming  a  commercial  success  has  been  the 
finding  of  materials  suitable  for  making  the  apparatus  in  which 
to  conduct  the  chemical  reactions  involved. 

In  small  scale  manufacture,  platinum,  glass  and  porcelain 
have  in  most  cases  been  satisfactory.  The  use  of  these  materials, 
however,  for  large  .scale  operations,  has  been  prohibited  by  the 
high  cost  of  the  materials  or  their  fragility.  It  has  been  found, 
however,  that  by  the  selection  of  certain  alloys  of  iron,  chemical 
apparatus  can  be  manufactured  in  which  certain  chemicals 
have  been  made  to  react  upon  each  other  witliout  reacting  upon 
the  apparatus.  Such  reactions  could  be  conducted  in  porcelain 
or  stoneware  were  it  not  for  the  difficulty  of  making  large  porce- 
lain or  stoneware  vessels  that  would  not  be  destroyed  by  the 
heat  of  reaction  necessary  to  the  reaction  involved  in  the  process. 
The  discovery  that  silica  could  be  made  into  chemical  ware  and 
that  such  ware  had  a  very  low  coefficient  of  expansion,  has  made 
possible  the  use  of  such  ware  for  many  operations  requiring  the 
application  of  heat  to  liquids.  With  the  demand  made  upon  it, 
the  manufacture  of  cliemical  stoneware  of  intricate  sliai)e  and 
design  has  progrcs.sed  to  a  remarkable  degree,  so  that  within 
the  limits  of  its  use  there  is  practically  nothing  that  can  be  asked 
for  in  this  class  of  apparatus. 

Our  early  knowledge  of  chemistry  had  to  do  almost  exclusively 
witli  irreversible  reaction.s.  Modem  chemistry  has  largely  to 
do  with  the  reversible  reaction,  a  reaction  which  takes  place 
according  to  fixed  rule  as  drterniincd  by  the  tcmpcruture  and 
pressure  uiulcr  wliirli  and  at  which  the  chemical  reaction  takes 
IiliK-e.  Every  clicniiiiil  luaMiifacturer  desires  to  get  as  high  a 
yield  of  product  as  pnssil>lc  from  every  chemical  reaction  cni- 
ploycd.  To  do  this  he  tiiust  in  many  cases  control  the  lem|>craturc 
or  the  pressure,  or  both,  as  the  ca.sc  may  be,  within  certain  rel- 
atively narrow  liinit.s.  The  nccd.s  of  chemical  industries  in  this 
respect  hove  been  s<i  great  tliut  accurate  in.strumcnts  for  the 
mriisuriUK  «f  trniiicraltui-  anil  prrssure  and  fur  their  automatic 
<iiiilrc)l,  hiivr  lirroiiie  iiiiprriitivc  ncccU.  At  this  Ex|Misitioii 
there    are     on    vli'w    luunt-tnus    pieces    n(    a|i|iai;itiis    desiK'ncd 


particularly  for  the  purpose  of  controlling  temperature  and,  to 
some  extent,  pressure. 

ECONOMIES  IN  POWER  PRODUCTION 

Every  chemical  industry  depends,  to  a  certain  extent,  upon 
its  operation  being  carried  out  economically.  This  economy 
must  extend  to  all  departments.  One  of  the  most  important 
departments  is  that  connected  with  the  production  of  power.  The 
importance  of  obtaining  the  highest  efficiency  possible  from  a 
steam  boiler  is  self-evident,  and  this  can  only  be  done  by  having 
as  complete  as  possible  combustion  of  the  fuel  used.  There  is 
one  siu^e  way  of  doing  this,  and  that  is  by  having  continuous 
readings  made  of  the  carbonic  acid  present  in  the  stack  gases. 
It  would  be  too  expensive  to  employ  a  chemist  to  take  samples 
of  these  gases  and  analyze  them  frequently,  but  with  modem 
CO2  recording  instruments,  this  is  done  automatically  with 
great  economy  in  steam  production.  Such  apparatus  has  also 
been  available  in  cases  where  the  CO5  is  used  in  chemical  pro- 
cesses. By  a  greater  concentration  of  CO2,  the  handling  of  ex- 
cessive quantities  of  useless  gases  is  avoided. 

The  designing  of  apparatus  in  which  to  conduct  chemical 
reactions  with  the  result  that  desirable  chemical  compounds 
are  produced,  is  also  peculiarly  the  work  of  the  chemical  engineer. 
The  reactions  themselves,  as  indicated  above,  have  become 
known  as  the  result  of  laboratory  work,  but  to  design  apparatus 
so  that  these  reactions  will  go  on  with  the  greatest  practicable 
rapidity  and  to  the  highest  degree  of  efficiency  requires  a  man 
peculiarly  trained  in  some  way  to  apply  on  a  large  scale  the  law 
of  mass  action  and  the  other  laws  of  physical  chemistrj-.  The 
removal  of  an  undesirable  component  rapidly  and  efficiently, 
thereby  taking  away  the  slowing-up  effect  due  to  its  partial 
pressure,  is  often  a  difficult  problem,  but,  with  the  modem 
methods  illustrated  in  this  exhibition,  the  problem  becomes 
easier.  Here  we  find  apparatus  designed  for  particular  purposes, 
in  which  operations  can  be  carried  on  in  vacuum  or  with  the 
assistance  of  efficient  stirring  appliances,  or  in  the  utilization  of 
centrifugal  force. 

Much  of  oiu  progress  has  been  due  to  the  utilization  of  electrical 
energy,  and  in  this  Exposition  are  shown  the  products  of  the 
electro-thermal  reactions,  also  electrolytically  prepared  or  re- 
fined metals  and  chemical  products.  Here  also  are  seen  illustra- 
tions of  the  removal  of  suspended  matter  from  gases  by  terminals 
highly  charged  with  static  electricity,  and  means  for  separating 
minerals  electrostatically  or  by  the  electro  magnet. 

These  are  only  a  few  of  the  many  illustrations  which  could  l>c 
offered  of  what  is  .seen  in  this  Exposition,  showing  the  mechanical 
genius  of  the  American  manufacturer  and  his  ability  to  convert 
chemical  reactions  into  profitable  business  enterprises.  I  believe 
it  would  be  proper  to  extol  this  ability.  The  .Vmcrican  cannot 
expect  to  excel  in  everything,  and  if  he  excels  in  this  particular 
line  it  is  a  sufficient  "crown  of  glory."  That  the  manufacturer  of 
chemical  products  has  not  accomplished  everything  that  could 
be  desired  has  not  been  due  to  his  lack  of  ability  or  energy,  but 
has  been  due  to  his  inability  to  obtain  thivsc  raw  materials  which 
nature  has  furnished  to  other  countries  more  generously  than 
she  has  to  us. 

With  the  progreiis  of  chemical  industry  the  kinds  and  varieties 
of  chemical  product.i  made  arc  increa.sinK  fnini  day  to  day. 
We  .see  evidences  of  improvement  in  quality  and  the  prolMihlc 
reduction  in  prii-c  a.s  the  ciiini>etitivc  ct>ndition.s  l>cc»imc  more 
nearly  normiU. 

The  Institute  of  Chemical  EnKincers  is  glad  to  join  in  this 
ExiMwition  ill  an  udvi.sury  capacity,  or  in  nny  other  way  it  can 
be  useful,  because  it  believes  that  the  future  conimer\-ial  success 
of  our  country  dci>cn<|s  uixin  the  conlinuuni-e  of  the  present 
efforts  looking  in  the  durclimi  of  the  rxpuiiMon  of  chemical 
proiliu'liKM  and  the  m.iiuifacture  of  chrmii.il  pnxliict.s. 
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NATIONAL  RESEARCH  COUNCIL  AND  U.  S.  TARIFF 
COMMISSION  ADDRESSES 

September  25     1917 
INTEODUCTOEY 
By  B.  C.  Hesse,  of  the  General  Chemical  Company 
The  program  of  this  evening  is  admirably  adapted  to  illustrate 
and  emphasize  the  relations  that  may  and  do  exist  between  ab- 
stract scientific  knowledge  on  the  one  hand  and  the  realities  of 
every-day  life  on  the  other.    Not  that  abstract  scientific  chemical 
knowledge  is  alone  so  concerned,  for  there  are  many  others  that 
will  occur  to  you,  and  I  need  merely  remind  you  of  Faraday's 
electromagnetic  theory  of  light  of  1845  together  with  the  purely 
mathematical  investigations  of  Maxwell  in  1864  on  the  one  side, 
and  of  the  Hertzian  waves  of  1888  and  Marconi's  wireless  tele- 
graph in  1896  on  the  other  side. 

Some  sixty  years  ago,  an  English  youth,  still  in  his  'teens,  pur- 
suing an  abstract  scientific  problem,  encountered  an  unexpected 
and  astounding  result  and  upon  this  he  built  an  industry,  which 
has  since  developed  into  gigantic  proijortions,  but  whose  enormous 
influence  and  importance  were  not  convincingly  impressed  upon 
the  general  public  until  the  present  World  War.  I  refer,  of  course, 
to  the  present-day  coal-tar  chemical  industry  in  all  its  ramifica- 
tions into  every-day  life  aU  over  the  world.  This,  however,  was 
by  no  means  the  only  case  in  which  the  peoples  of  the  world 
were  rudely  awakened.  Of  the  many  results  of  that  awakening, 
two  will  be  discussed  to-night. 

Suddenly  and  even  violently  confronted  with  the  actual 
reality  of  our  dependence,  both  direct  and  indirect,  upon  foreign 
countries  for  a  great  many  things  in  common  and  widespread  use, 
the  general  public  became  most  insistent  in  its  demand,  first,  to 
know  why  such  a  condition  had  been  permitted  to  grow  up,  and, 
second,  to  have  tliat  condition  permanently  abolished  at  the 
earliest  moment. 

Analysis  of  the  situation  disclosed  that  in  the  first  of  these 
two  demands  there  were  at  least  two  general  classes,  the  first 
class  comprising  those  cases  whose  importance  was  recognized 
and  for  which  all,  or  substantially  all,  needed  raw  and  similar 
materials  were  available  from  domestic  supplies,  but  whose 
utilization  in  such  domestic  manufactures  was  discouraged  by 
domestic  consumers  of  such  manufactures,  or  by  our  Federal 
legislators  or  by  both  combined;  in  the  second  class  were  those 
cases  whose  real  and  interlacing  importance  did  not  sufficiently 
impress  themselves.  A  first  approach  to  an  answer  to  the  public 
demand  as  to  why  this  condition  was  permitted  is  as  to  how  it 
grew  up;  it  grew  up  through  our  own  acts  of  omission  because 
as  we  l)uilt  up  our  industries  we  did  not,  as  a  Nation,  seriously, 
systematically  and  persistently  study  what  effect  sudden  dep- 
rivation of  the  non-domestic  materials  employed  in  those 
industries  would  have  on  our  Nation  as  a  whole,  and  then  act 
to  prevent  or  minimize  such  effects;  that  applies  to  our  citizens, 
to  our  Federal  officials,  and  to  our  Federal  legislators.  Just 
why  this  condition  existed  is  not  easy  of  explanation  but,  no 
doubt,  a  large  contributing  factor  was  the  general  disbelief  in  a 
war  of  present-day  proportions  and  effects. 

If  I  am  correct  in  my  conclusion  tliat  this  dependence  grew 
out  of  this  general  disbelief  in  such  a  war  then  I  am  probably 
correct  in  deducing  therefrom  that  the  second  public  demand, 
permanently  and  immediately  to  abolish  that  dependence,  is 
based  upon  a  public  belief  in  a  possible  recurrence  of  such  a 
war  and  public  determination  not  again  to  be  so  disadvantaged, 
in  sucli  an  event. 

In  that  view  it  becomes  necessary  constantly  to  determine 
what  things  not  made  in  this  country  must  be  made  here;  then 
to  determine  the  best  way  of  making  them;  next  to  decide  what 
measures.  Federal  or  otherwise,  are  needed  to  make  them  per- 
manent and,  finally,  to  carry  out  the  necess;ary  program. 

To  help  solve  the  first  two  sections  of  tliis  program,  namely — 
what  to  make  and  how,    the  National  Research  Council  was 


created;  to  aid  in  solving  a  part  of  the  third  section  of  this  pro- 
gram, the  United  States  Tariff  Commission  was  created  by  Act 
of  Congress  in  September,  1916.  For  products  of  and  for  our 
chemical  industry  the  Chemistry  Committee  of  the  National 
Research  Council  has  taken  over  the  burden  and  the  Tarifl 
Commission  has  provided  for  expert  chemical  direction  and  execu- 
tion in  its  technical  staff.  The  National  Research  Council  is 
largely  a  volunteer  offering  of  our  citizens;  the  Tariff  Commission 
is  the  contribution  of  oiu"  Government.  Since  our  citizens  and 
our  Government  have  so  determinedly  and  so  sagaciously  joined 
forces  we  may  confidently  look  forward  to  lasting  results  of 
untold  value  to  our  country;  it  is  a  sure  way  to  make  a  democracy 
lastingly  more  efiicient  than  an  autocracy. 

THE    NATIONAL   RESEARCH    COUNCIL 

While  the  immediate  work  of  the  National  Research  Council 
is  necessarily  directed  towards  helping  to  remove  present  defects 
in  our  means  of  national  defense,  yet  it  ultimately  will  be  en- 
gaged in  helping  to  determine  the  best  coiu-se  of  development  of 
the  whole  country  and  the  best  way  to  effect  it.  We  may,  there- 
fore, expect  that  the  influence  of  the  National  Research  Council 
will  ultimately  penetrate  and  benefit  every  branch  and  division 
of  oiu"  national  activities.  However,  its  work  cannot  last  if 
the  country  docs  not  continue  to  develop  men  and  women  who 
are  capable  of  research  work  and,  therefore,  a  collateral  field  of 
influence  of  the  National  Research  Council  will  be  to  assist  in 
keeping  oin  technical  schools,  universities  and  colleges  at  the 
very  forefront  of  educational  efficiency.  Finally,  we  may  con- 
fidently expect  that  the  National  Research  Council  will  be  the 
very  efficient  "eyes  of  the  Nation"  by  keeping  close  watch  on  all 
scientific  and  technical  progress  all  over  the  w-orld,  discerning 
our  own  national  advantages  in  developing  selected  portions 
for  ourselves  and  in  coordinating  our  efforts  for  such  national 
development. 

THE   U.    S.    TARIFF    COMMISSION 

Among  the  Federal  measures  that  influence  our  domestic 
development  is  the  treatment  we  accord  foreign  products  at  our 
ports — that  is,  our  tariff  policy.  The  primary  pvirpose  of  a 
tariff-levy  is  governmental  funds;  in  normal  times  our  customs 
receipts  are  almost  one-half  the  total  ordinary  receipts  of  the 
U.  S.  Government;  a  subordinate  purpose  is  to  foster  and  enlarge 
domestic  industry  by  wise  and  far-sighted  adjustment  of  customs 
rates  and  at  tlie  same  time  not  unfavorably  to  affect  the  cost  of 
living. 

Heretofore,  such  industries  as  employ  much  labor  have  by 
preference  been  fostered  by  our  customs  policy  and  in  com- 
paratively rare  instances  only  has  any  other  test  of  eligibility 
to  tariff  help  been  applied;  the  test  of  the  measure  of  such  pro- 
tection has  been  from  "difference  in  cost  of  production  plus  a 
fair  profit"  upward  to  all  tlie  traffic  would  bear. 

In  1916,  Congress  created  the  tliird  of  oiu"  tariff  commissions 
to  help  it  solve  the  problem  of  customs  rates  fairly  and  equitably 
to  all.  At  the  same  time.  Congress  greatly  increased  the  difficulty 
of  tliat  problem  by  enacting  what  it  intended  and  expected  to  be 
a  set  of  customs  rates  on  materials  and  products  of  the  coal-tar 
chemical  industry  of  such  dimensions  as  to  make  importation 
unprofitable  and  domestic  production  profitable.  Such  rates 
had  theretofore  been  consistently  refused  by  Congress  for  more 
than  30  years  because  such  an  industry  employed  relatively 
little  labor  and  its  products  were  raw  materials  for  so  many 
domestic  maimfactures  tliat  not  only  would  our  cost  of  living 
be  advanced  but  our  competitive  ability  curtailed  by  such  duties. 
This  tariff  of  1916  says  in  effect  that,  since  the  work  of  2,000,000 
of  our  people  can  be  interfered  with  because  7000  other  people 
are  not  here  making  things  indispensable  to  tlie  2,000,000,  we 
must  have  that  industry  here  even  if  it  employs  only  7000  people; 
or,  in  other  words,  "key  industry  products"  must  be  made  in  the 
United  States. 
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The  problem  that  now  confronts  the  Tariff  Commission  is  to 
get  together  all  the  material  and  facts  so  that  Congress  can 
enact  a  tariff  that  will  provide  half  our  ordinary  government  re- 
ceipts, will  not  unfavorably  affect  the  cost  of  living,  will  expand 
our  domestic  industry  to  its  maximum  and  will  prevent  its  being 
crippled  because  of  failure  of  the  usual  channels  of  international 
trade. 

THE    "CHEMICAL    SCHEDULE" 

In  order  that  the  Tariff  Commission  may  properly  discharge 
its  duties  to  Congress  it  is  necessary  for  it  to  have  comprehensive 
and  complete  detail  information  on  a  vast  multitude  of  different 
subjects  and  items  so  arranged  and  so  coordinated  that  it  will 
lend  itself  to  the  treatment  to  which  the  Commission  must  sub- 
mit it  before  a  report  to  Congress  can  be  made.  For  the  purpose 
of  so  collecting  and  collating  information  the  Commission  has 
established  a  technical  staff  comprising  specialists  in  the  various 
technical  branches  involved.  Among  such  specialists  there  is  a 
chemist. 

In  reading  our  tariff  enactments,  the  all-pervasiveness  of 
things  chemical  is  very  striking;  but  only  recently  has  that  im- 
pressed the  general  public  and  obtained  recognition  from  Con- 
gress. The  chemists'  interests  do  not  end  with  Schedule  "A," 
which  deals  largely  with  chemicals  and  with  so  much  of  the  Free 
List  as  relates  to  things  allied  to  those  of  Schedule  "A,"  but  they 
permeate  almost  each  and  every  one  of  the  fifteen  schedules  of 
the  Act.  Obviously,  the  chemist  member  of  the  Technical 
Staff  of  the'  Tariff  Commission  must  examine  a  host  of  industries 
not  ordinarily  looked  upon  as  chemical  in  addition  to  the  very 
large  number  of  industries  that  are  acknowledged  to  be  chemical 
in  greater  or  smaller  degree.  His  task  is  most  difficult  and  its 
successful  execution  will  require  much  farsighted,  patient  and 
diligent  labor  on  his  part  and  the  frankest  and  fullest  cooperation 
of  our  industries 

NATIONAL  RESEARCH    COUNCIL,   CHEMISTRY  COMMITTEE 
SECOND  REPORT 

Hv    M.\KSTij.N   'r.\VI.(.K    Bdi-.URT 

Chairman   Clitmistry   Commitlic,  Njtioiuil   Research   Council 
HcinK   the   subject    matter   of   addresses   delivered    by   the    writer   at    the 
55th  Meeting  of  the  .Xnurican  Chemical  Society,  noston.  September  11.  1<)17, 
and  at  the  Third  Kxposition  of  Chemical   Industries.    New  York.  .Septem 
bei  25.    1917 

In  the  preliminary  report  of  the  Chemistry  Committee  of 
the  National  Research  Council,'  the  organization  of  the  Council 
and  of  its  Chemistry  Committee  was  explained  fully,  and  an 
attempt  was  made  to  point  out  some  of  the  many  ways  in  which 
such  an  organization  could  hope  to  be  of  service  to  the  country 
in  normal  peace  times.  Hefore  that  article  cotild  be  published, 
our  country  joined  in  the  World  War,  and  it  became  necessary 
immediately  for  the  Chemistry  Committee  to  concentrate 
its  attention  upon  matters  relating  to  the  security  and  tlefense 
of  the  nation.  It  seems  tiesiralile,  therefore,  after  the  past 
months  of  experience  under  these  new  conditions,  to  submit  a 
second  report,  which  shall  epitomize  what  has  been  accomplished 
since  the  previotis  one,  indicate  the  lines  along  which  we  are 
uilvancing,  present  some  of  the  diniculties  confronting  us,  and 
in  general  endeavor  to  depict  the  situation  a.s  we  sec  it. 

And  so  it  may  not  be  amiss  at  the  outset  to  direct  attention 
to  certain  matters  which  concern  all  loyal  .Americans  vitally 
and  the  truth  of  which  is  borne  in  upon  tis  tiaily,  not  because 
there  is  any  new  tlmtight  embodied  in  these  statements  bttl 
because  they  appear  to  need  constant   iteration  and  emphasis 

IMI'llKTANT   llliNKKAl,    CIINSIHKK ATlriNS 

I      The    seriousness    of    the    sitnalion    should    not    be    under 

estimated.     We   ate   at    war  with  one  of  the   most  eflicient.   if 

not  the  most  eiVicient,  nation  in  the  worhl,  u  nation  which  has 

been  |)reparinK  for  the  .sti-iiKKlt*  for  forty  ycnm  and  is  coiiceii- 

>  J    Amrr    Chtm    .Vix,,  M  ll')|7).  H4I    B.^.^. 


trating  every  resource  to  the  achievement  of  its  purpose.  Of 
the  many  mistakes  already  recorded  in  this  war,  none  has  proven 
more  disastrous  than  that  of  underestimating  the  strength  of 
the  opponent. 

2 — The  diu-ation  of  the  war  is  a  matter  which  no  living  being 
can  forecast.  The  only  safe  plan  is  that  adopted  in  England, 
where  preparations  are  being  made  always  for  two  years  more 
of  war.  No  matter  how  long  the  war  may  last,  England's 
preparations  will  be  always  for  two  years  beyond  it.  and  we 
should  not  be  one  whit  less  forehanded. 

3 — Speed  in  getting  ready  to  do  our  share  is  of  the  utmost 
importance.  France  is  admittedly  at  the  maximum  of  her 
man-power  and  gaps  in  her  ranks  can  be  filled  only  with  diffi- 
culty. It  is  not  likely  that  England  can  increase  her  present 
fighting  strength  sufficiently  to  provide  the  necessary  preponder- 
ance to  secure  a  decision  upon  the  western  front.  The  only 
great  increase  in  fighting  strength  for  our  Allies  there  must 
come  from  the  addition  of  American  armies,  and  until  such 
troops  arrive  in  sufficient  numbers  the  outcome  of  the  struggle 
still  hangs  in  the  balance.  Not  only  men  are  needed,  but  supplies 
and  equipment  of  all  kinds  as  well,  and  meanwhile  submarines 
are  steadily  reducing  the  number  of  vessels-  available  as  trans- 
ports and  freighters. 

4 — The  extent  to  which  we  are  willing  to  work  together  and 
to  make  such  sacrifices  as  are  necessary  for  the  common  good 
will,  in  large  measure,  determine  our  success  or  failure.  This 
applies  not  only  to  individuals,  but  also  to  con>orations  and  to 
municipal,  state  and  federal  officials.  Pettiness  and  selfish- 
ness will,  in  the  long  run,  defeat  themselves,  and,  if  sufficiently 
wide-spread,  may  defeat  our  country.  As  Benjamin  Franklin 
said  many  years  ago:  "We  shall  either  hang  together  or  hang 
separately." 

5 — Loyalty.  The  time  has  come  when  everyone  must  take 
his  stand  clearly  and  unequivocally  in  the  ranks  of  loyal  Ameri- 
cans or  with  the  enemies  of  our  country.  There  is  no  neutrality 
or  "twilight  zone"  for  those  claiming  I'nited  States  citizenship. 
If  it  were  necessary  to  emphasize  the  fact  that  spies  are  abroad 
in  our  land  the  Chemistry  Committee  has  in  its  possession  ample 
evidence  of  the  work  of  such  traitors.  It  is  well  to  make  clear 
also  that  what  in  normal  ixjace  times  might  be  passed  by  xs 
cavilling  criticism  may  now  lie  sedition,  and  what  was  formerly 
regarded  as  a  \\Tong-headed  opposition  to  otir  countr\''s  laws 
and  administration  may  be  tretuson  to-day,  and  stich  expressions 
should  be  so  recognizetl  and  promptly  silenced. 

6  —The  brains  of  the  country  should  not  be  squandcn-d  by 
permitting  highly  trained  s|K'^"ialists,  inventors  and  men  of 
genius  to  enlist  in  the  rank  and  file  of  the  army  for  duties  which 
could  be  satisfactorily  discharged  by  men  whose  loss  would 
not  so  seriou.sly  impair  the  offensive  and  defensive  power  of 
the  count.-y.  I'nder  the  exigency  of  the  moment,  l>»th  ICngland 
and  I-rance  allowed  men  to  go  to  the  front  at  the  oiitbrvak  of 
the  war  who  should  have  Ik-ch  retained  at  home  at  all  a»sts; 
such  men  as  Most'ly,  for  example,  cannot  In-  rephuvd.  and  IkHU 
hVaiice  and  Ivnglantl  arc  feeling  at  the  iinsenl  time  the  loss  of 
the  scientific  exiwrts  who  went  to  the  front.  As  sixin  os  the 
situation  iH-rmilt^d,  botli  i-ountries  sent  thousands  of  scientists 
and  skilled  artisans  back  from  the  front  to  the  aid  of  the  in- 
tlustries  at  li<ime.  rvalizing  \Try  quickly  that  iiuxlcm  warforc 
deiH'iuls  absiilutely  iiiHiii  iiiihislriiil  or^iani/atioii  and  enineiu-y. 
It  has  been  slated  iiixm  creditable  aiitlioritv  that  Ilnslaml  alone 
lias  recalled  from  the  fighting  line  over  i.'S,oiio  of  such  men 
It  takes  time,  however,  to  liriiig  this  alMnit  and  wc  should  be 
careful  to  retain  at  home  thoM-  who  can  «t\t  their  «-ountry  and 
our  Allies  mon-  effectively  here  than  in  I'nincc  All  that  any 
loyal  American  a.»k>i  is  that  he  l»c  cmployril  by  his  countiv  in 
that  particiilai  line  of  work  for  which  he  i<  Iwit  qualitinl  and 
wheie  he  can  help  mo"!  Skilled  men  of  all  kindi  rtrr  nccdcil 
in  iMiih  the  army  and  the  navy,  ami  in  the  inw  of  tl»c  younurr 
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men  it  is  hoped  that  those  drafted  can  be  detailed  for  service 
for  which  their  scientific  training  especially  fits  them;  this 
will  avoid  the  further  depleting  of  our  industrial  and  research 
armies  which  would  resn't  from  calling  uiwn  them  for  volunteers. 

Turning  now  to  matters  which  concern  us  primarily  as  sci- 
entists, everyone  must  apjareciate  by  this  time  that  wars  are 
not  fought  as  in  the  olden  tin:e,  when  individual  physical  prowess 
was  the  chief  deciding  factor,  but  that  modem  warfare  is  a 
highly  complex  problem  in  applied  science  and  its  outcome  is 
decided  largely  in  the  laboratories  and  factories;  or,  to  put  it 
somewhat  differently,  military  power  is  dependent  upon  scien- 
tific and  industrial  organization  and  efliciency.  It  is  neither 
an  impossibility  nor  even  an  improbability  that  a  single  chemical 
discoveo'  might  change  totally  the  history  of  a  nation.  In 
fact,  Germany  would  have  been  ])ractically  defenseless  after 
the  exhaustion  of  her  accumulated  stores  of  Chilean  nitrate  had 
it  not  been  for  the  discovery  of  methods  of  fixing  atmospheric 
nitrogen.  The  nation  unfamiliar  with  aeroplanes,  submarines, 
gas  warfare,  modem  artillery,  and  all  the  engines  of  destruction 
of  present-day  warfare,  would  be  more  helpless  before  an  army 
so  equii)ped  than  was  the  American  Indian  with  his  bow  and 
arrows  against  the  firearms  of  the  white  man. 

In  a  very  real  sense,  therefore,  American  science  is  on  trial 
in  this  struggle,  and  it  is  for  us  to  demonstrate  that  American 
chemists  are  not  inferior  to  those  of  other  lands,  and  that  our 
country  can  turn  to  them  with  confidence  and  assurance  that 
they  will  play  their  part  well.  Never  in  the  history  of  the 
world  hitherto  has  the  role  of  Chemistry  in  warfare  approached 
anything  like  its  present  importance,  and  the  opportunities  and 
responsibilities  of  the  chemist  have   increased   concurrently. 

MOBILIZATION  OF  AMERICAN  CHEMISTS 

Up  to  date,  the  mobilization  of  American  c'hemists  for  the 
assistance  of  the  nation  has  been  effected  mainly  through  three 
organizations  which,   in  the  order  of  their  establishment,  are: 

I.  NAVAL      CONSLXTING      BOARD      OF     THE      UNITED   STATES — A 

Board  which  was  called  into  being  by  Secretary  Daniels  for  the 
study  of  scientific  problems  of  interest  to  the  Navy  Department, 
and  which  recently  has  been  acting  also  as  a  Board  of  Inventions 
for  the  Council  of  National  Defense.  Its  chemical  delegates, 
appointed  by  the  American  Chemical  Society,  are  Drs.  L.  H. 
Baekeland  and  Willis  R.  Whitney. 

II.  NATIONAL  RESEARCH  COUNCIL — This  Council  was  Organized 
by  the  National  Academy  of  Sciences  at  the  request  of  the 
President  of  the  United  States,  and  its  Chemistry  Committee 
was  established  by  concurrent  action  of  the  American  Chemical 
Society,  the  National  Research  Council  and  the  Association 
for  the  Advancement  of  Science,  as  explained  already  in  our 
previous  report.  As  the  Department  of  Science  and  Research 
of  the  Council  of  National  Defense,  it  is  acting  as  a  central 
clearing  house  for  the  chemical  research  work  of  the  country. 

III.  COMMITTEE    ON    CHEMICALS    OF    THE  ADVISORY  COMMISSION 

TO  THE  COUNCIL  OF  NATIONAL  DEFENSE — A  Committee  of  which 
Dr.  William  H.  Nichols  is  Chairman,  organized  under  that 
branch  of  the  Advisory  Commission  over  which  Mr.  Baruch 
presides.  It  concerns  itself  with  raw  material  and  manufactur- 
ing problems  and  not  with  research,  and  is  divided  into  various 
Sub- Committees  for  the  more  effective  conduct  of  its  business. 

The  close  cooperation  between  the  Chemistry  Committee 
of  the  National  Research  Council  and  the  other  two  organiza- 
tions mentioned  above  is  evident  from  the  fact  that  the  chemical 
members  (Baekeland  and  Whitney)  of  the  Naval  Consulting 
Board  are  also  members  of  our  Chemistry  Committee,  and  the 
Chairman  of  the  latter  is  a  member  of  the  Committee  on  Chemi- 
cals, as  well  as  of  the  Committee  on  Gases  Used  in  Warfare  and 
of  the  Board  of  Munitions. 

Since  its  organization,  the  time  of  the  Chemistry  Committee 
has  been  occupied  chiefly  in  the  following  directions: 

I — The   establishing  of   such   additional   Sub-Committees   as 


appeared  to  be  expedient,  keeping  track  of  their  various  activ- 
ities so  as  to  avoid  overlappings  and  duplication  of  work,  and  aiding 
wherever  possible  in  bringing  about  more  effective  coordination 
between  investigators  interested  in  the  same  line  of  research. 

2 — In  coimection  with  the  census  of  American  chemists  taken 
jointly  by  the  American  Chemical  Society  and  the  U.  S.  Bureau 
of  Mines,  the  Committee  has  taken  a  census  of  all  the  research 
chemists  of  the  country,  and  these  returns,  numbering  many 
thousands,  have  been  classified,  carded  and  indexed,  and  are 
now  on  file  in  our  Washington  office.  The  Chairman  of  each 
Sub-Committee  has  been  provided  with  an  alphabetical  Ust 
of  the  investigators  in  his  own  chosen  field,  showing  the  names  and 
addresses  of  these  men,  the  lines  of  research  in  which  they  have 
been  or  are  interested,  the  amount  of  time  they  can  contribute 
to  such  voluntary  service,  and  supplying  much  additional 
collateral  information. 

3 — In  cooperation  with  Secretary  Parsons  of  the  American 
Chemical  Society,  the  Committee  has  furnished  to  various 
officials  of  the  War  Department,  and  of  other  branches  of  the 
Government,  lists  of  drafted  chemists,  requesting  their  detail 
to  special  duties  where  their  chemical  training  will  be  of  service 
to  their  country,  and  we  have  every  reason  to  believe  that  the 
great  majority  of  these  requests  will  be  granted  and  our  chemists 
used  for  chemical  work. 

4 — In  extending  and  developing  its  function  as  a  central 
clearing  house  for  the  chemical  research  work  of  the  country 
for  the  purpose  of  bringmg  about  a  better  coordination  of  such 
work  and  a  closer  rapprochement  between  individuals,  corpora- 
tions and  state  or  federal  officials;  and  its  service  as  a  general 
bureau  of  information  in  this  field  for  the  benefit  of  all. 

5 — The  study  of  not  far  from  300  specific  problems,  corre- 
spondence with  the  investigators  to  whom  the  same  have  been 
referred,  and  the  transmission  of  reports  to  the  appropriate 
Government  officials. 

6 — Moving  the  office  of  the  Committee  twice,  first  from 
Columbia  University  to  the  Woodward  Building,  Washington, 
D.  C,  and  then  from  the  latter  to  the  Munsey  Building,  and  the 
outfitting  of  these  new  offices. 

7 — Raising  the  funds,  by  solicitation  among  personal  friends 
and  public-spirited  citizens,  to  pay  the  expenses  of  carrying 
on  the  above  work.  Among  those  whose  generous  financial 
assistance  has  enabled  us  to  pay  our  way  hitherto,  we  are  in- 
debted especially  to  Messrs.  Charles  Hayden,  Frank  A.  Vander- 
lip,  Thomas  Leeming,  Martin  H.  Ittner,  and  the  American 
Chemical  Society.  As  the  National  Research  Council  receives 
no  appropriation  whatever  either  from  the  Government  or 
from  the  Council  of  National  Defense,  it  was  in  no  position  to 
assume  the  expenses  of  any  of  its  Committees. 

8 — Participating  in  conferences  with  visiting  foreign  scientists 
who  have  come  over  at  the  invitation  of  our  Government  or 
of  our  National  Research  Council,  and  assisting  in  the  selection 
of  chemists  who  have  gone  abroad  to  represent  us  there  or  to 
gather  first-hand  information  for  investigators  at  home.  The 
data  communicated  by  Drs.  Grignard  and  Engel  of  France  and 
the  reports  brought  over  by  Drs.  Dakin,  Burgess  and  Hulett, 
have  been  of  greatest  assistance  in  our  war  preparations.  In 
return,  we  are  aiding  our  Allies  by  every  means  in  our  power, 
conmiunicating  to  them  freely  whatever  information  we  may 
IJossess  which  is  of  interest  to  them  and  supplying  much  needed 
raw  material  of  all  kinds.  Drs.  Grignard  and  Engel  are  still 
in  this  countrj'  studying  our  chemical  industries  and  our  natural 
resources. 

FIELDS  IN  WHICH  AMERICAN  CHEMISTS  ARE  NOW  NEEDED 
I — FOR   SERVICE    AT   HOME 

I — -AS  TEACHERS.  The  maintenance  of  our  training  schools 
for  chemists  is  of  fundamental  importance  since  upon  them  rests 
the  responsibility  for  keeping  up  to  full  strength  and  efficiency 
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our  army  of  chemists.  They  are  the  recruiting  stations  for 
our  industries  and  for  our  research  laboratories,  and  must  see 
to  it  that  a  steady  flow  of  new  effectives  is  kept  moving  toward 
the  industrial  and  military  fronts.  To  disorganize  our  edu- 
cational institutions  by  withdrawing  so  large  a  proportion  of 
teachers  that  the  chemical  students  cannot  be  trained  properly 
would  seriously  jeopardize  the  future  of  our  whole  country. 
The  chemistry  teacher,  therefore,  who  sticks  to  his"  task  as  a 
teacher  is  not  in  any  sense  a  "slacker"  but  is  rendering  the 
most  valuable  kind  of  patriotic  service,  and  it  should  be  so 
recognized. 

2 — CONTROL  AND  DIRECTION   OF  INDUSTRIAL  OPERATIONS,   SUCh 

as  the  manufacture  of  munitions,  poison  gases  and  gas  masks, 
incendiary  and  smoke  bombs,  signalling  devices  and  pyrotechnics, 
motor  fuels,  foods  and  drugs,  dyestufis  and  textiles,  oils,  paints, 
rubber,  leather,  metal  goods,  etc.,  etc. 

In  the  opinion  of  the  writer,  it  is  desirable  that  all  drafted 
chemists  who  have  been  exempted  because  of  the  value  of  the 
industrial  service  they  are  rendering,  should  be  entitled  to  wear 
an  emblem  or  insignia  of  some  kind  to  indicate  that  fact  and  to 
show  to  the  world  that  they  arc  not  "slackers"  but  are  serving 
where  they  can  help  their  country  most.  In  France  the  in- 
dustrial worker  wears  an  arm-band  or  "brassard."  As  all  male 
citizens  there  of  military  age  are  drafted,  their  assignment  to 
industrial  duty  is  regarded  as  a  special  privilege,  and  any  in- 
dustrial worker  convicted  of  inexcusable  stupidity  or  gross 
carelessness  knows  that  he  will  be  punished  by  being  transferred 
immediately  to  the  fighting  front;  whereas  if  suspected  of  any 
deliberately  treasonable  act  he  will  be  tried,  not  by  a  civil  tribunal, 
but  by  a  court  martial,  and,  if  convicted,  will  be  shot. 

3 INSPECTION,     TESTING     AND     ANALYSIS     OF     MANUFACTURED 

PRODUCTS,  especially  those  required  for  Government  use,  such 
as  munitions  and  supplies  of  all  kinds,  the  identification  of  new 
poison  gases  or  shell  fillers,  the  detection  of  poison  in  streams  and 
wells,  and  the  determination  as  to  whether  goods  supplied  are 
up  to  standard  or  not.  This  is  where  the  engineering  and  test- 
ing laboratories,  analytical  laboratories,  food  and  drug  labora- 
tories, of  our  educational  and  research  institutions  are  already 
aiding  existing  Governmental  agencies,  and  where  they  are 
quite  certain  to  be  increasingly  called  upon  as  our  part  in  the  war 
develops  and  expands,  for  this  is  what  has  happened  in  Ivngland. 

4 DEVELOPMENT  OF  NEW  PLANTS  AND  PROCESSES  madc  UCCCS- 

sary  by  the  increa.scd  demands  due  to  the  war  (as  in  the  case  with 
nitrates,  toluene,  glycerol,  sulfuric  acid,  caustic  soda,  etc.), 
to  the  cutting  of!  of  our  previous  source  of  supply  (potash,  for 
example),  or  to  wholly  new  war  needs  (such  as  poison  gases, 
smoke  and  incendiary  bombs,  etc.). 

5 — SMALL  SCALE  MANUi'ACTURiNc.  OPERATIONS,  to  bc  Con- 
ducted in  our  university  and  research  laboratories,  for  the  pro- 
duction of  special  drugs,  differentiating  biological  and  bacterio- 
logical stains,  rare  reagents,  poison  gases  and  research  chemicals 
which,  although  of  the  utmost  importance  to  the  welfare  and 
security  of  the  country,  yet  arc  required  only  in  such  small 
amounts  relatively  as  to  make  it  very  diflicult  to  induce  manu- 
facturers to  undertake  their  production. 

6 — RGSKAKCli.  Chetnists  arc  needed  to  aid  the  Government  in 
the  solution  of  i)rol)lcms  connected  with  the  security  and  dc- 
fcn.ic  of  the  country,  to  protect  our  soldiers  ngnin.st  enemy  con- 
trivonces,  and  to  incrciise  our  military  ofTensive  power.  Sir 
J.  J.  Thomson  said  recently  thut  "applied  science  can  lend  to 
reforms,  research  in  purr  .science  lends  to  revolutions." 

7 — ADVistiKS.  As  a<lviscrs  to  our  ("HiverMment,  briiiKinK  to 
it  first  the  bcsl  existing  knowledge  on  any  cliemlcul  subject  and 
the  best  ((Uiililied  cxpertn,  and  then  ciuislng  rcirarclics  t*  bc 
undertaken  in  the  most  pronii-iing  or  most  urgently  needed  direc- 
tioUN.  It  is  in  this  field  that  nur  Sub  Conunittees  have  alrcndy 
rendered  Nplcndid  iiud  umsl  welidnic  mivIic  lUid  where  llu-y  can 
be  of  ever  iiuicising  value.      With  the  except i«iu  of   I'mf    Uruv, 


whose  residence  on  the  Pacific  Coast  has  made  it  impossible, 
every  Sub-Committee  Chairman  has  visited  Washington  at 
least  once  during  the  past  summer,  so  as  to  get  in  closer  touch 
with  the  situation  there  and  thus  be  enabled  to  help  more  in- 
telligently. 

8 IN    GOVERNMENT    CHEMICAL    LABORATORIES,    tO    Supplement 

the  present  working  force,  and  to  fill  places  made  vacant  by  the 
drafts,  by  our  army  and  by  industr>'. 

II — FOR  SER^^CE  ABROAD 

I — WITH  OUR  OWN  FORCES  ix  FRANCE.  Chemists  are  re- 
quired for  service  with  our  troops  in  France,  in  the  Sanitary 
Corps,  the  Poison  Gas  Service,  the  Ordnance  Department,  the 
Engineering  Corps,  the  Quartermaster's  Corps,  and  in  many 
other  positions.  At  the  fighting  front,  they  will  be  called  upon 
probably  to  collect  and  make  preliminary  examination  of  poison 
gases,  shell  fillers  of  various  kinds,  fuses,  bombs  of  different 
types,  signalling  devices,  etc.,  sending  the  material  so  collected 
to  the  main  laboratories  back  of  the  lines  for  more  thorough 
investigation;  the  analysis  of  drinking  waters,  the  detection  of 
poison  therein  and  their  purification,  the  disposal  of  refuse  and 
garbage,  and  the  recovery  of  fats  and  other  materials  from  the 
waste.  In  the  laboratories  back  of  the  lines  will  be  the  head- 
quarters for  the  major  part  of  the  chemical  work  of  all  kinds 
needed  by  our  armies. 

2 — IN    THE    LABORATORIES   AND   CHEMICAL    INDUSTRIBS   OF   OUR 

ALLIES,  THE  FRENCH,  whcre  Competent  chemists  are  sorely 
needed  to  fill  the  ranks  thinned  by  the  war. 

Attention  should  be  called,  in  this  connection,  to  the  fact 
that  the  Chemistry  Committee  is  not  an  emplo>Tncnt  agency 
and  has  nothing  whatsoever  to  do  with  the  finding  of  places  for 
chemists  out  of  a  job.  As  already  stated,  it  is  assisting  Sec- 
retary Parsons  in  securing  appropriate  detail  for  drafted  chemists; 
but  those  who  are  seeking  industrial  positions  should  take  the 
matter  up  with  the  Employment  Bureau  of  the  Chemists' 
Club,  50  East  41st  Street,  New  York,  whidi  is  the  appropriate 
clearing  house  for  all  such  matters  and  a  most  admirably  con- 
ducted office.  Those  seeking  Government  employment  as 
civilians  should  bear  in  mind  the  fact  that  Government  Depart- 
ments are  required  to  select  their  employees  from  the  Civil 
Service  lists,  and  that  to  appear  on  these  lists  they  niust  hax-c 
passed  the  necessary  examinations,  further  details  concerning 
which  can  be  obtained  by  direct  application  to  the  Civil  Service 
Commission,   Washington,   D.   C. 

PROBLEMS 

While  we  cannot  discuss  the  details  of  the  various  problems 
submitted  to  the  Conunittee,  it  is  adx'isable  to  make  a  few 
general  statements  in  this  connection. 

In  the  first  place,  many  of  our  chemical  invcsligators  appear 
to  overlook  the  fact  that  our  organization  is  not  the  only  agency 
for  investigating  the  chemical  problems  of  the  Ctovcnnneni  and 
that,  in  addition  to  the  Naval  Consulting  ni>;»rd  and  the  Com- 
mittee on  Chemicals  already  mentioned,  the  Government  1ms 
various  chemical  lal«irrttories  of  its  own  for  the  st<idy  of  chemical 
questions  of  all  kinds.  Such  arc  the  vnrinus  lalMinitories  of 
the  I)ci)arlniint  of  .■\gricullure  tKurenu  of  Ihrmistry.  Mureaii 
of  Plant  Industry.  lUireau  of  Animal  Industry,  Forest  Scr\'ice, 
Bureau  of  Soils,  etc.),  of  the  Department  of  the  Interior  (Hiireau 
of  Mines,  Geological  Survey,  etc  ),  of  the  1  H-jvirt ment  of  Com- 
merce (Hureau  of  Stand.ird.s.  ctc.t.  of  the  Tirasury  l>c|virtmrnt 
(Internal  keveiuie  Bureau,  etc.),  of  the  War  l>c|>artmcut  (the 
Arsenal  LalMiratoricH,  etc.),  and  of  the  Navy  Drivirtmrul  The 
Chemistry  Committee  is  not  in  any  sense  a  rival  to  anv  of  these, 
nor  has  it  the  slightest  desitr  or  intention  to  displace  or  .su|<rrK-dc 
tlie.se  existing  agencies  with  all  of  which  it  is  coit|KratiUK  in 
entire  aivoid,  its  pui|m<m<  In-ing  rnthrr  to  sup|>lrnu-nt  and  co- 
orditiiilc    whrrcvrr    assisianiv    of    tins    kind    is    wrlcoiur      The 

('.•<V<'tllinrlll    l.ltn.litl.uii    .  : I..IIU'    ^|.l.  n.ll.l    t%,.tV      :>tl.l  OIK    ll:lll,<II 
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should  be  proud  of  the  high  standards  maintained  there.  It  is 
too  often  the  case  that  the  high-class  work  done  by  Government 
scientists  is  not  assessed  at  its  real  value,  nor  are  these  investi- 
gators given  the  recognition  which  their  distinguished  attain- 
ments so  richly  merit.  In  the  present  emergency,  the  Govern- 
ment laboratories  naturally  are  overwhelmed  by  demands 
made  upon  them  from  so  many  different  directions,  and  our 
Chemistry  Committee  is  in  the  position  to  mobilize  the  additional 
help  required.  When  peace  returns  to  our  land,  and  aid  of  this 
kind  is  no  longer  needed,  the  Committee  can  then  devote  itself 
to  those  other  activities  described  in  its  previous  report. 

In  the  second  place,  many  of  the  problems  referred  to  our 
Committee  during  the  past  few  months  immediately  following 
our  entrance  into  the  war  were  not  research  problems  at  all, 
in  the  sense  in  which  we  understand  the  word  "research,"  but 
related  to  the  adequacy  of  our  supplies  of  raw  materials  and 
chemical  products.  At  the  outset,  and  faiUng  any  other  civilian 
organization  to  handle  such  questions,  we  did  what  we  could 
to  secure  the  desired  information  through  our  own  men  and  by 
cooperation  with  the  appropriate  Government  officials  and  with 
the  Advisory  Commission  to  the  Council  of  National  Defense. 
Since  the  organization  of  the  Committee  on  Chemicals  already 
noted,  all  such  questions  are  referred  to  them. 

Further,  there  is  nothing  strange  about  a  Government  ac- 
customed only  to  peace  conditions  and  up  to  within  a  few  months 
apparently  convinced  of  the  impossibility  of  our  ever  becoming 
embroiled  in  a  world-wide  war,  learning  rather  slowly  the  tre- 
mendous role  of  science  in  modern  warfare  and  the  many  re- 
search problems  which  inevitably  follow  in  its  train  and  which 
must  be  studied  in  connection  therewith. 

It  is  to  be  hoped  that  these  general  remarks  will  furnish 
some  explanation  as  to  why  there  are  now  more  volunteer  in- 
vestigators than  can  be  supplied  with  problems  whose  study  the 
Government  has  requested.  The  inability  of  the  Committee 
to  supply  to  all  applicants  important  Government  problems 
has  been  a  cause  of  much  disappointment  and  complaint  on 
the  part  of  our  research  men  for  the  reason  that  they  have  not 
fully  comprehended  the  situation.  In  fact,  some  university 
officers  have  specified  that  problems  sent  them  should  be  of  such 
a  nature  as  to  provide  approi)riate  work  for  their  full  chemical 
staff,  an  order  which  would  be  an  exceedingly  difficult  matter 
for  the  Committee  to  fill. 

FINANCIAL    NEEDS    OP    CHEMISTRY    COMMITTEE 

The  greatest  and  most  urgent  single  need  of  the  Chemistry 
Committee  at  the  present  time  is  financial  assistance  to  enable 
it  to  do  properly  and  cfTcctivcly  the  work  for  which  it  is  organized 
and  which  it  alone  is  in  a  position  to  accomplish  for  our  Country. 
Without  money,  it  can  do  l)ut  lilllc.  One  way  of  meeting  this 
situation  would  be  for  Congress  to  make  an  appropriation 
to  the  Academy  of  Sciences  for  the  iK-ncfit  of  the  National 
Research  Council,  since  tlie  Academy  was  created  by  the  act 
of  Congress  as  the  advisory  body  to  the  Government  in  all 
scientific  matters,  and  the  establishment  of  the  National  Re- 
.search  Council  by  the  .'\cjdiiny  was  at  the  request  and  with  the 
up|)roval  of  the  rresidriil  of  the  I'niled  States.  The  cost  of  a 
single  (lay's  warfare  would  be  more  than  ample.  Is  it  loo  much 
to  expect  that  the  combined  intelligence  of  our  investigators 
would  bring  the  war  to  a  close  one  day  scxmer.'  In  such  matters 
it  is  not  the  money  which  should  be  considered  bill  the  human 
lives  sacrificed  every  Iwenly-four  hours  with  all  the  aceonipany- 
ing  train  of  sorrow  un<l  siiflering.  }I<iw  much  would  it  l>e 
worth  ill  dollars  if  such  a  strife  could  be  shortened  even  a  single 
hour.' 

In  the  absence  of  Governnu-ntal  aid,  the  Nationul  Research 
Council  has  tn-en  eimbled  to  coiidiiet  its  work  partly  l)ecausc 
cerliiiii  of  its  active  inenibers  are  iinivrrsily  olliccrs,  iiiid  the 
universities  coiu-erned  have  Kranted  leaves  of  absence  to  Ihesr 
men  and   geiicnuislv  have  nirried   tlirin  at   part   or  full  siilary. 


This,  of  course,  the  universities  cannot  continue  to  do  for  any 
length  of  time,  as  they  themselves  are  facing  serious  financial 
straits  due  to  rapidly  diminishing  revenues,  nor  is  it  fair  that 
those  endeavoring  to  serve  the  Government  should  have  to  do 
so  at  the  expense  of  our  universities. 

When  members  of  the  Council,  now  partly  or  wholly  supported 
by  their  universities,  are  cut  off  from  this,  one  of  two  things 
must  happen  in  the  absence  of  Governmental  aid: 

(i)  The  work  of  the  Council  will  have  to  be  abandoned. 

(2)  The  men  concerned  may  accept  ofiBcers'  commissions  in 
the  Array  or  Navy  or  positions  in  some  other  Govermnent  De- 
partment. If  the  latter  policy  is  followed  by  any  considerable 
portion  of  the  membership,  the  Council  at  once  loses  its  civilian 
character  and  individuality  by  adsorption  into  the  various 
Government  Departments.  While  there  is  doubtless  much  to 
be  said  in  favor  of  such  a  merger,  it  would  be,  from  the  writer's 
point  of  view,  foreign  to  the  original  intent  of  the  organization 
and  a  handicap  to  much  of  its  work.  As  civilians,  we  enjoy 
a  freedom  of  thought  and  action,  and  a  privilege  of  conferring 
on  a  basis  of  equality  with  Government  officials  of  all  ranks  which 
might  not  be  accorded  us  as  subordinate  officials  in  a  Govern- 
ment Department.  Further,  while  all  Government  Depart- 
ments have  no  objection  to  using  a  neutral  civilian  body  as  a 
central  clearing  house,  they  might  not  be  so  ready  to  do  this 
where  the  Council  Committee  concerned  was  recognized  as 
under  the  control  of  some  rival  Department. 

This  brings  me  to  another  matter,  namely  the  great  desira- 
bility of  the  Government  making  more  extensive  use  of  our 
organization,  getting  the  habit  of  turning  to  it  for  the  aid  it  is 
so  well  qualified  to  render,  and  recognizing  it  as  the  central 
clearing  house  for  chemical  research. 


THE  TARIFF  COMMISSION  AND  OUR  CHEMICAL  INDUSTRIES 

By    \VlH.l.\M     S.    ClUUKKTSON 

Member  of  tlic  United  States  Torifl  Commission 

I  am  grateful  to  you  for  affording  me  this  opportunity  to  dis- 
cuss some  of  the  broader  aspects  of  our  investigation  of  the 
chemical  industries.  It  was  clear  from  the  time  of  the  organiza- 
tion of  our  Commission  in  April  that  the  chemical  larifT  presented 
complex  problems  of  immediate  importance  which  will  become 
more  imi)ortanl  as  the  War  progresses  and  as  peace  again  comes. 
When  we  began  work,  we  had  before  us  the  legislation  Con- 
gress passed  at  the  same  time  as  the  act  creating  our  Commission 
which  recognized  tlie  need  of  a  new  policy  toward  the  ctwi-tar 
dye  industry;  we  saw  how  vitally  the  chemical  industries  arc 
related  to  the  successful  prosecution  of  the  War;  wc  s;>w  that 
the  very  existence  of  many  industrii\s  deix-nds  uixin  their  main- 
tenance; we  s;iw  the  War  revolulioni/.ing  these  industries — 
financially,  technically,  and  industrially;  we  foresaw  some  of  the 
comi)etitive  tlifliculties  which  ihey  will  have  to  face  when  nonnal 
times  return.  And  seeing  these  things  wc  dctenninc*!  to  make  — 
as  it  has  never  been  made  lafore  —not  a  partial  and  inadequate, 
but  a  comprehensive  study  of  our  chemical  iiuluslrics  in  their 
relation  to  the  tarilT. 

We  recogni/e  fr.inklv  the  dinicullies  of  our  liusk  The  cx|icrt 
chemist  and  iiiauufactiirer  no  doubt  rcali/cs.  more  even  than  the 
layman,  the  diversity  of  prolileiits  presented  by  the  chemical 
schedule  of  the  tariff  law  Scheilulc  A.  cimiinK  Amt  in  the  larifl 
act,  is.  like  the  preface  of  a  li.>t>k.  usuallv  pa.ssc«l  over  by  tlic 
average  tariff  student  If  industrial  chciiii-trv  has  Ixrn  a  cIommI 
t«>ok  to  the  public,  and  to  most  ecou.muMs.  wc  ho|>c  wuh  your  iN> 
oiitratiou  to  make  it  less  sobv  our  iiivcsligulion  While  wc  have 
eiiii>loyed  some  of  the  ablest  exi>erts  in  the  counlrv  and  while 
neither  time  nor  laUir  will  Ih-  spared  ui exhaust inii  piit>li>Jipd  >««>urvT» 
of  information,  we  must  have  help  from  thtwcjIiiTVtIv  in  loiich  with 
our  chemical  prolileiiis       H>  .irr /(xitiii);  /.••  '•.»«/*<■ 

ihrmi>ls  I'l  our  iiiiiirr.ii7i<->  ami  %h  out  imi  ■  ■•■<'■  t- 
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products  of  the  chemical  industry,  and,  above  all,  from  the  manu- 
facturers actively  engaged  in  developing  our  chemical  industries. 
We,  therefore,  ask  you,  the  progressive  industrial  leaders  in  this 
field,  to  give  us  your  confidence  and  assistance  in  our  work. 

a' GLANCE   AT   THE   CHEMICAL    SCHEDULE 

Time  does  not  permit  even  the  mention  of  all  the  important 
questions  raised  by  the  chemical  products  enumerated  in  the 
tariff  act.  It  may  be  of  interest,  however,  to  recall  some  of  the 
diflSculties  which  confront  certain  of  our  industries.  War  con- 
ditions have  cut  off  the  raw  material  of  the  sulfuric  acid  industry 
— iron  pyrites — which  in  normal  times  is  imported  in  large 
quantities  from  Spain.  A  new  kelp  industr>'  has  developed  since 
the  War  and  produces  as  a  by-product  iodine.  The  War  has 
stmiulated  the  mining  of  magnesite  in  California  and  the  manu- 
facture of  metallic  magnesium,  tending  to  make  this  country 
independent  of  foreign  supplies.  The  securing  of  an  adequate 
supply  of  manganese  is  a  serious  war  problem.  Before  the  War 
monazite  was  shipped  from  Brazil  to  Germany  where  thorium 
nitrate  and  cerium  nitrate  were  made  from  it:  those  two  sub- 
stances were  then  shipped  to  the  United  States  where  they  were 
used  in  making  gas  mantles.  Now  the  monazite  comes  direct  to 
the  United  States  and  the  entire  process  is  performed  here. 

Because  of  the  removal  of  the  duty,  the  imports  of  wood 
alcohol  have  been  greatly  increased  under  the  present  tariff  law. 
Acetone,  also  produced  by  the  wood  distillation  industry,  is 
used  in  making  explosives  and  its  production  has  increased  rapidly 
under  the  war  demand.  Before  the  War  oxalic  acid  came  in 
large  quantities  from  abroad,  chiefly  from  Germany:  the  cut- 
ting off  of  tliis  supply  has  stimulated  domestic  production. 

Bleaching  powder,  ammonia  and  ammonia  salts,  the  cyanides, 
sodium  phosphate,  the  chromates,  the  nickel  compounds,  pig- 
ments— these  and  other  products  deserve  more  than  enumera- 
tion, but  I  must  pass  on  to  several  other  problems  in  the  chemical 
field. 

ELECTROCHEMICAL   INDUSTRIES 

I  am  very  deeply  impressed  with  the  progress  made 
in  the  electrochemical  industries  of  this  country.  The  ferro- 
alloys, made  possible  by  the  electric  furnace,  have  revolutionized 
the  steel  industry-;  ferro-silicon,  for  example,  is  indispensable  in 
munition  manufacttu-e;  the  efficiency  of  metal  cutting  tools  is 
due  to  tungsten,  while  the  addition  of  chromium,  nickel,  vanadium 
or  molybdenum  confers  special  properties  to  steel,  making  it 
peculiarly  suited  to  many  special  uses,  including  armor  plate. 
The  production  of  aluminum  is  one  of  the  greatest  achievements 
of  the  electrochemical  industries.  They  have  also  produced 
carbonmdum  and  alundum,  which  have  almost  eliminated  from 
the  market  such  natural  abrasives  as  emery.  These  new  abra- 
sives are  important  factors  in  the  metal  working  industries,  such 
as  the  shoe  machinery  industry,  where  mechanical  perfection  is 
necessary  in  the  making  of  interchangeable  parts.  Calcium  car- 
bide and  artificial  graphite  are  also  achievements  of  the  electric 
furnace,  and  the  separation  of  common  salt  by  electrolysis  into 
caustic  soda  and  chlorine  gas  is  marvelous  enough  to  excite  the 
admiration  of  the  most  indifferent.  To  visit  these  industries  at 
Niagara  Falls  is  to  visit  the  frontier  of  industrial  research.  In 
America,  we  should  be  pioud  of  them.  A  number  of  them  are 
peculiarly  American  in  origin.  To-day,  however,  they  are  con- 
fronted ivilh  a  serious  problem  of  obtaining  sufficient  water  power — 
so  necessary  for  tJieir  operation.  Unless  this  problem  is  handled  in 
a  statesmanlike  way,  our  electrochemical  industries  will  continue 
the  migration  already  begun  to  Canada  and  Norway — both  of 
which  offer  adequate,  cheap  water  power. 

We  have  in  addition  to  the  water  power  of  Niagara  great  un- 
developed powers  in  the  south  and  west.  According  to  recent  sta- 
tistics tlie  maximum  potential  water  horsepower  in  this  country 
exceeds  60,000,000  and  only  8.8  per  cent  of  it  is  developed.  We 
have  here  not  merely  a  problem  of  statesmanship  for  members  of 
Congress  but  a  real  task  for  the  statesmen  of  business. 


THE    POTASH   SITUATION 

Before  August,  1914,  practically  all  the  potash  used  in  this 
country  was  purchased  from  the  German  Potash  Syndicate. 
Geological  conditions  gave  Germany  a  monopolistic  control  of 
this  product.  In  1910,  the  German  Goverment  by  law  limited 
the  sales  of  the  potash  works  up  to  the  end  of  1925  and  fixed 
maximum  domestic  prices  and  minimum  foreign  prices. 

After  the  outbreak  of  the  War,  Germany  added  to  the  restric- 
tions on  ocean  trade  by  placing  an  embargo  on  the  export  of 
potash.  In  this  country  the  need  of  potash  is  to-day  acute.  Many 
efforts  have  been  made  to  discover  new  sources  of  supply  which 
can  be  developed  commercially  and  production  has  been  greatly 
stimulated;  but  it  is  still  far  short  of  the  demand.  The  most 
promising  sources  of  supply  are  brine  lakes  in  Utah,  Nebraska, 
and  California.  High-grade  potash  is  no  longer  available  except 
in  very  limited  amoimts  and  the  refining  of  low-grade  potash 
presents  many  difficulties.  When  the  German  product  again 
seeks  a  market  in  this  country,  th  e  new  domestic  projects  will 
face  severe  competition.  The  Geological  Survey  of  the  Govern- 
ment is  keeping  in  close  touch  with  this  problem  and  it  will  also 
have  our  most  careful  consideration. 

EXPLOSIVES   AND    NITRATES 

The  control  which  Germany  had  over  potash  has  its  parallels 
in  other  raw  materials  used  not  only  by  the  chemical  but  by  other 
industries.  Platinum,  for  example,  is  a  Russian  monopoly.  In 
our  search  for  war  materials  we  have  had  emphasized  again 
our  dependence  on  Chile  for  sodium  nitrate,  which  has  been  the 
chief  raw  material  in  the  production  of  nitric  acid.  The  fear 
that  this  supply  might  be  cut  off  and  this  country  be  left  almost 
helpless  in  the  production  of  explosives,  has  turned  our  attention 
to  the  fixation  of  atmospheric  nitrogen.  Congress  appropriated 
$20,000,000  for  this  new  development.  After  an  investigation, 
the  committee  recommended  that  nitric  acid  be  obtained  from 
the  oxidation  of  ammonia  and  that  a  plant  be  erected. 

This  action  is  not  only  wise  as  a  war  measure  but  it  is  also  a 
peace  measure.  As  soon  as  the  demand  for  explosives  declines, 
nitrogenous  fertilizer  can  be  produced.  We  have  here  an  example 
— there  are  many  others  in  the  field  of  industrial  chemistry — of 
an  industry  whose  development  may  be  viewed  either  as  a 
measure  of  military  or  economic  preparedness. 

COAL-TAR   DYES 

Such,  in  fact,  is  the  way  in  which  Germany  views  her  coal-tar 
dye  industr}-.  This  industry  was  regarded  by  the  German 
Government  as  an  important  factor  in  national  defense  and  when 
war  broke  out  in  1914,  it  was  almost  without  change  transferred 
from  the  production  of  dyes  to  the  production  of  munitions. 

No  problem  connected  with  the  chemical  tariff  is  more  com- 
plex and  important  than  the  problem  of  coal-tar  dyes.  Of  the 
total  consumption  of  artificial  dyestuffs  in  the  world  in  1913,  it 
is  said  that  Germany  produced  74  per  cent  and  the  remainder  was 
produced  only  with  Germany's  permission,  because  she  controlled 
the  raw  materials  known  as  "intermediates."  Under  the  shelter 
of  war  conditions  a  new  industry  has  sprung  up  among  us  as  if 
by  magic  and  it  is  destined  to  contest  and  overthrow  the  monopoly 
which  the  Germans  have  had  of  the  world  trade  in  dyes. 

As  is  well  known,  the  organization  of  Cartels  is  encouraged  in 
Germany  and  has  been  a  leading  factor  in  the  advance  of  German 
industry.  It  has  been  particularly  effective  in  the  chemical 
industries.  Because  of  the  interrelation  of  products  and  the 
utilization  of  by-products,  close  organization  has  effected  large 
economies.  It  has  made  the  protection  of  patent  rights  easier; 
it  has  made  it  possible  to  purchase  raw  materials  at  a  greater 
advantage;  and  it  has  enabled  tlie  industries  to  meet  compe- 
tition abroad  more  effectively. 

In  the  dye  industry  organization  has  been  important  and 
powerful.     Unquestionably  a  large  part  of  its  success  was  due 
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to  the  painstaking  research  of  German  chemists  and  the  patents 
which  they  took  out  by  the  thousand.  But  financial  control  and 
business  organization  were  also  large  factors  in  its  supremacy. 
Before  the  War  it  was  controlled  by  two  communities  of  interests^ 
the  one  known  as  the  Badische  group,  the  other  as  the  Hochst- 
Cassella  group.  These  two  groups  were  closely  coordinated  and 
it  was  reported  not  long  ago  that  a  closer  union  had  been  entered 
into  for  the  purpose  of  meeting  effectively  the  conditions  created 
by  the  War,  which  have  led  to  the  establishment  of  competing 
industries  in  other  countries,  particularly  the  United  States. 

The  dividends  of  four  of  the  large  German  dye  concerns  from 
1902  to  191 1  ranged,  it  is  reported,  from  196  to  300  per  cent. 
This  financial  strength  must  be  kept  in  mind  when  we  are  con- 
sidering the  competition  which  our  industries  will  be  called 
upon  to  face  after  the  War. 

When  the  War  broke  out  in  August,  JQI4,  we  were  using  some 
60,000,000  lbs.  of  dyestujfs  and  80  per  cent  of  them  were  imported. 
Not  only  that,  but  80  per  cent  of  the  "intermediates"  used  by  tlie 
four  or  five  domestic  concerns  making  the  remaining  20  per  cent 
of  dyes  were  imported.  The  country  was  practically  dependent  on 
Germany  for  color.  The  War  brought  almost  a  panic  among  the 
users  of  dyes.  Prices  mounted  to  unprecedented  heights  and  dire 
prophecies  were  made. 

The  American  business  man  and  chemist,  however,  attacked  the 
situation  in  a  truly  American  fashion.  Within  three  years  after 
vie  were  cut  of  from  the  German  supply,  we  had  invested  huge 
sums  in  plants  for  making  crudes,  intermediates,  and  finished 
dyes.  We  were  producing  as  large  a  quantity  of  dyes  as  were  con- 
sumed here  when  the  War  started.  We  were  receiving  from  abroad 
more  money  for  exports  of  dyestujfs  than  we  had  normally  paid  out 
for  dyestiiffs  imported.  We  still  do  not  make  a  few  such  highly 
manufactured  lines  as  the  alizarines  and  indanthrenes  and  only  a 
portion  of  our  requirements  of  indigo,  but  in  most  lines  of  large 
consumption  we  are  now  able  to  meet  all  demands  and  we  shall  soon 
be  producing  the  remaining  lines  of  color.  We  have  a  right  to  be 
proud  of  our  achievement  in  this  field.  When  it  is  recalled  that 
over  goo  distinct  chemical  products  are  made  from  some  300  inter- 
mediates, which  themselves  have  first  to  be  chemically  produced  from 
10  crude  products  distilled  from  coal  tar,  the  vastness  of  the  problem 
set  before  this  yotmgest  of  our  industries  is  apparent.  The 
rapidity  of  its  progress  has  amazed  the  world.  The  record  of  its 
achievement  reads  like  a  fairy  tale  and  will  prove  an  imperishable 
monument  to  American  chemists  and  business  men. 
COMPETITION  AFTER  THE  WAR 

New  conditions  have  been  brought  about  by  the  War  in 
industry  as  well  as  in  all  the  other  phases  of  our  national  life. 
Thoughtful  students  of  industry  arc  looking  ahead  to  peace 
times  and  asking  what  competitive  conditions  will  then  prevail. 
What  I  have  said  makes  it  clear,  I  think,  that  this  question  is 
particularly  i)ertincnt  in  industrial  clicmistry.  In  the  law  of 
Sci)tembcr  8,  1916,  Congre.ss  has  already  said  Uiat  tlie  tariff  is 
to  be  one  of  the  means  of  preventing  any  attempt  by  a  foreign 
competitor  lo  destroy  the  new  American  dyestiifls  industry. 
InrevisiuK  the  law  of  191.1,  the  plan  wius  carried  out,  with  a  few 
exceptions,  of  raising  the  duly  on  intermediates  from  10  |)cr 
cent  ad  valorem  to  15  iwr  cent  ad  valorem  |)lus  u  .special  duty  of 
a'/jc  per  Hi.  and  on  linislicd  dyes  from  either  the  free  li.st  to  30 
per  cent  ad  valorem  or  from  30  per  cent  ad  valorem  to  ^\o  per 
cent  ])lus  ,sc  per  lb.  The  duty  of  i'/,c  per  lb.  on  intermediates 
and  the  duty  of  $c  ikt  lb.  on  dyes  are  referred  to  a.s  "s|)ecial 
duties"  and  after  five  years  arc  cither  to  be  uliotishcd  or  reduced 
gradually  over  a  subsec|uent  pcriiKl  of  live  years.  The  law  pro- 
vides for  a  census  which  may  be  taken  by  our  Commission  for 
the  piiriKise  iif  cnablint:  the  President  to  cleterminc  which  of 
these  alternalives  shall  govern.  If  the  census  shows  that  after 
five  years  fmni  the  pa.H.suKC  of  the  act  (xj  jKrr  cent  of  the  domestic 
consimiptiiMi  ju  iiitcnnedintcs  und  dyes  is  not  pro<hiccd  in)  this 


country',  the  law  provides  that  the  special  duties  shall  be  aboUshed 
by  Presidential  proclamation. 

As  you  know,  the  Tariff  Commission  has  no  power  to  fix  tariff 
rates  or  even  to  recommend  them  upon  its  own  initiative.  We 
are,  however,  vested  with  power  to  investigate  all  phases  of  the 
tariff  problem  and  our  report  wiU  be  laid  before  Congress  in 
ample  time  so  that  it  may  consider,  in  the  light  of  our  investiga- 
tion, whether  or  not  the  new  conditions  created  by  the  War 
require  any  further  changes  in  our  tariff  laws. 

PREVENTION   OF    "dumping" 

Unfair  competition  was  one  of  the  methods  employed  by  the 
German  coal-tar  dye  industry  to  maintain  Us  international  suprem- 
acy. Unfair  acts  in  this  and  other  lines  were  no  doubt  in  the 
minds  of  the  members  of  Congress  when  they  enacted  the  unfair 
competition  section  of  the  law  of  September  S,  1916.  By  this  law 
it  is  a  criminal  act  to  import  any  article  systematically  into  the 
United  States  at  a  price  substantially  less  than  the  actual  market 
value  abroad  plus  certain  charges  with  the  intention  of  destro>'ing, 
injuring,  or  preventing  the  establishment  of  an  industry  in  the 
United  States  or  of  restraining  or  monopolizing  the  trade  in  the 
imported  article. 

In  addition  to  this  prohibition  of  unfair  price  cutting,  the  law 
makes  provision  against  the  practice  kncncn  as  "full  line  forcing." 
Articles  will  be  assessed  with  a  double  duty  which  are  imported 
into  this  country  under  an  agreement  that  any  person  shall  not 
use,  purchase,  or  deal  in  or  shall  be  restricted  in  his  using,  pur- 
chasing, or  dealing  in  the  articles  of  any  other  person.  //,  for 
example,  after  the  War.  the  German  dye  industry  controls  by  patent 
a  color  needed  in  this  country,  it  cannot  use  the  necessity  of  the 
American  consumer  as  a  means  of  forcing  him  to  purchase  his  full 
tine  of  dyes  from  abroad  when  all  the  colors  except  the  one  controlled 
by  the  patent  can  be  purchased  in  this  country. 

On  accoimt  of  the  present  abnormal  conditions  in  international 
trade,  neither  the  Department  of  Justice  nor  the  Treasury  De- 
partment have  been  called  upon  to  act  upon  any  cases  under 
these  provisions  of  the  law,  but  they  will  become  v;Uued  means 
of  protecting  the  American  chemical  industries,  particularly  die 
dye  industry,  from  the  determined  trade  aggressions  of  foreign 
competitors.  They  might  be  made  more  effective  by  giving  the 
Tariff  Commission  power  lo  issue  an  order  against  persons  who 
after  investigation  are  found  violating  the  law,  requiring  them  to 
cease  and  desist  from  tlie  unfair  acts.  In  other  words,  the  Tariff 
Commission,  which  noiv  is  vested  by  law  with  the  duty  of  investi- 
gating "dumping"  cases,  could  be  given  in  addition  a  jurisdiclioH 
over  these  cases  such  as  the  Federal  Trade  Commission  has  today 
over  unfair  methods  of  competition.  Many  cases  could  be  reached 
in  this  way  in  which  the  evidence  would  not  he  sufficient  to  warrant 
criminal  prosecution. 

ORGANIZATION    AND    RKSKARCII 

Tariff  laws  aiui  "dumping"  legislation  will  not  alone  protect 
our  chemical  industries.  The  German  industry  attained  success 
by  years  of  research,  by  conservative  financing,  and  by  industrial 
coordination.  In  .Imerican  industry  these,  too,  must  bt  important, 
in  fact,  dominant  factors. 

The  chemical  industry  "is  one  of  Uie  industries  in  which  cxjKirt 
cooperation  might  be  cx|>cctcd  to  prove  liiRlily  Iwnclicittl  "  Wliile 
tariff  and  unfair  i-om|ictition  laws  will  alTord  some  prutcction  in 
the  domestic  market,  they  niTord  no  protection  in  cx|H>rt  tr.idc. 
After  all.  the  best  sei  urily  for  industry  is  in  resetirck  lahoratones, 
in  the  .\l,imlarditiUion  of  pnxeises  txnd  products,  and  in  fffxcient 
managrmcnl  and  organisation.  In  these,  your  genius  as  indiislrial 
leaders  has  its  widest  opportunity  for  not  only  business  success  but 
notional  service. 

I  say  "national  scr>'icc"  Ijccnusc  of  our  dri>cndciK-c  on  our 
chemical  industries.  Their  pnxhicts  arc  in  most  ca.ws  bo-sic. 
llicy  arc  indisiKiisiihle  in  processes  nnd  prxxlvicls  of  other  In- 
diMlrics.     llic  iiictnl  working  industries  arc  dependent  on  the 
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products  of  the  electric  furnace.  The  textiles  must  have  dyes. 
We  must  have  chemicals  for  the  refining  of  sugar  and  petroleum, 
for  the  manufacture  of  glass,  pottery,  paper,  paints,  and  varnishes, 
rubber,  and  cement.  The  tanning  industry  leans  heavily  on  the 
chemical  industries.  Agriculture  gets  from  these  industries  its 
fertilizers.  Medicinal  and  pharmaceutical  products,  toilet 
preparations,  photographic  materials,  motion  picture  films, 
cleaning  compounds,  baking  powder — to  mention  these  among 
the  many  which  suggest  themselves  reveals  how  close  chemistry 
comes  to  our  daily  life.  In  the  problem  of  national  defen.se  it  is 
a  controlling  factor.  The  factories  that  produce  nitrogenous 
fertilizer  in  time  of  peace  will  yield  us  nitric  acid  in  time  of  war; 
those  producing  intermediates  and  dyes  can  turn  their  machinery 
and  workers  to  making  explosives.  Hard  steels  for  shells  and 
armor-plate  are  achievements  of  the  electrochemists.  /  might 
go  on  enumerating  cases  illustrating  the  close  relationship  which 
exists  between  our  chemical  industries  and  our  national  interests. 
I  have  said  enough,  however,  to  indicate  my  feeling.  The  healthy 
development  of  our  chemical  industries  is  a  matter  of  national 
conctrn.  It  is  the  duty  of  the  Government  to  study  its  needs  sym- 
pathetically. In  turn,  it  is  not  only  your  duty  but  your  privilege 
to  bl  business  statesmen  in  solving  your  problems  of  production  and 
distribution — to  plan  not  merely  for  profits  but  also  for  a  national 
industrial  system  serviceable  to  the  capitalist  who  invests,  the  worker 
who  toils  and  the  public  that  consumes. 

WAR  AND  THE  FUTURE  OF  INDUSTRY 

/  have  spoken  of  some  things  this  evening  which,  at  first  glance, 
seem  to  have  no  bearing  on  the  tariff  problem.  But  our  tariff  prob- 
lems, in  so  far  as  they  touch  production,  are  also  industrial  prob- 
lems. They  must  be  considered  as  a  part  of  the  more  comprehensive 
task  of  the  progressive  development  of  our  national  life.  The  War 
in  which  we  are  now  engaged  will  inevitably  affect  radically 
American  industry.  More  than  ever  before  conditions  demand  a 
constructive  program,  not  merely  for  war  but  for  peace.  Modern 
war  is  in  methods  an  economic  as  well  as  a  military  struggle. 
It  is  teaching  us  the  value  of  cooperation.  Society  is  learning  its 
obligations  to  industry;  industry  is  learning  its  obligations  to 
society.  We  are  relearning  the  old  lesson  that  we  can  not  under 
modern  social  conditions  live  to  ourselves.  Things  which  once 
were  private  matters  are  now  admitted  by  all  to  be  matters  of 
public  concern.  It  is  not  strange  that  many  men  are  now  wonder- 
ing whether  or  not  social  cooperation,  if  it  is  good  for  national 
defense,  is  not  equally  good  for  the  progressive  development  of 
our  economic  life  after  the  War.  Let  us  face  these  new  problems 
with  an  open  mind.  Let  us  look  forward  not  backward.  Let  us 
cooperate  together  in  bringing  from  the  fire  of  sacrifice,  through 
which  the  world  is  passing  to-day,  more  efficient  methods  of 
production,  juster  means  of  distribution,  and  a  nation  rededi- 
cated  to  righteousness  and  international  fair  dealing. 

THE   TARIFF   COMMISSION   AND   ITS   OPERATION   WITH 
REFERENCE   TO   THE   CHEMICAL   SCHEDULE 
By  Orinnkll  Jones 
Technical  Expert,   U.    S.  Tariff  Commission 
The  structure  of  the  Tariff  Act  as  we  have  it  to-day  goes  back 
to  the  Act  of  1883,  when  the  dutiable  articles  were  for  the  first 
time  divided  into  Schedules.    Schedule  A  was  assigned  to  Chemical 
Products,  Schedule  B  to  earthenware  and  glassware,  Schedule 
C  to  metals;  while  wood,  sugar,  tobacco,  foods,   liquors,   cotton, 
flax,  hemp,  and  jute,  wool,  silk,  paper  and  books,  and  sundries 
were  classified  under  Schedules   D  to  N.     This  same  order  is 
found  in  all  the  later  Tarifl  Acts.     The  Schedules  of  dutiable 
articles  are  followed  by  the  Free  List,  in  which  the  articles  ad- 
mitted   free   of   duty    are   arranged    alphabetically    with    entire 
disregard  of  the  classification  by  Schedules. 

In  the  Act  of  1890  we  find  for  the  first  time  the  Schedule  sub- 
divided into  numbered  paragraphs,  which  proved  such  a  great 


convenience  that  it  has  persisted  to  the  present  time.  There 
have  been,  however,  frequent  changes  in  the  paragraph  number 
assigned  to  any  given  article. 

In  subsequent  Acts  there  have  been  considerable  additions  to 
the  number  of  substances  mentioned  by  name,  but  these  additional 
substances  have  not  always  been  added  to  the  Schedule  and 
paragraphs  to  which  they  would  seem  properly  to  belong.  For 
example,  articles  made  of  carbon  have  been  added  to  the  Glass- 
ware Schedule;  thorium  nitrate  has  been  added  to  the  Metal 
Schedule;  and  saccharin  has  been  classified  with  sugar  rather 
than  with  coal-tar  products;  and  we  now  find  dried  egg  albumen 
in  Schedule  A,  and  liquid  egg  albumen  in  Schedule  G.  Schedule 
A.  in  1883,  was  made  to  include  not  only  chemicals  proper  but 
oils,  drugs,  pigments,  dyes  and  extracts  for  tanning  and  dyeing, 
explosives  and  alcoholic  preparations.  This  same  grouping  and 
a  great  deal  of  the  phraseology  has  persisted  to  the  present  time 
in  spite  of  the  numerous  revisions,  and  many  of  the  things  which 
seem  strange  in  the  present  Act  can  be  traced  back  to  the  Act 
of  1883.  For  example,  we  find  sponges  included  in  Schedule  A 
in  the  jiresent  Act  instead  of  among  the  sundries  in  Schedule  N. 
This  classification  appeared  in  the  Act  of  1883  and  has  been 
copied  in  all  later  Acts. 

The  arrangement  by  paragraphs  also  leaves  much  to  be  de- 
sired, since  the  same  paragraph  includes  such  dissimilar  articles 
as  amber,  dutiable  at  $1.00  per  lb.,  and  dextrine,  dutiable  at 
'/ic  ]5er  lb.  On  the  other  hand  different  barium  compounds  are 
dutiable  under  five  separate  paragraphs.  Asafetida  quite 
properly  gets  a  paragraph  by  itself,  but  "gunpowder  and  all  ex- 
plosive substances"  are  compressed  into  one  paragraph,  although 
further  search  discloses  fulminates  in  a  separate  paragraph. 
Paragraph  5  reads,  "Alkalies,  alkaloids  and  all  chemical  and 
medicinal  compounds,  preparations,  mixtures  and  salts,  and 
combinations  thereof,  not  specially  provided  for  in  this  section, 
15  per  centum  ad  valorem."  However,  this  close  juxtaposition 
of  alkalies  and  alkaloids  is  not  quite  so  bad  as  it  sounds  because 
nearly  all  of  the  alkalies  are  elsewhere  provided  for  by  name  and 
therefore  not  included  here.  Paragraph  5  is  the  basket  clause 
which  levies  a  duty  on  any  chemical  which  may  have  been  over- 
looked in  drawing  the  Act  or  on  any  newly  discovered  substance 
which  is  not  covered  by  any  of  the  general  descriptive  or  class 
names  in  other  paragraphs. 

The  rates  in  the  Act  of  1883  were  high,  but  the  general  tendency 
in  the  revision  since  has  been  downward.  Chloroform  was 
dutiable  at  50c  per  lb.  in  1883  and  has  been  gradually  reduced  to 
2c  per  lb.  Refined  glycerine  which  was  dutiable  at  5c  per  lb. 
in  1883  is  now  2c  per  lb.  Castor  oil  has  come  down  from  80c  to 
I2C  iier  gal.  and  linseed  oil  from  25c  to  loc  per  gal.  Bicarbonate 
of  soda  has  been  reduced  in  the  same  time  from  i'  :C  to  '/4c  per 
lb.  and  soda  ash  from  '  ic  to  nothing.  Perhaps  the  most  extreme 
case  is  the  alkaloid  strychnine  which  has  come  down  from  50c 
l)cr  oz.  to  nothing.  On  the  other  hand  cases  where  articles  on 
the  Free  List  in  1883  have  been  removed  from  it  are  rare,  the 
most  conspicuous  examples  being  alizarine,  indigo,  the  essential 
oils  and  balsams. 

There  has  been  a  marked  tendency  to  alternate  from  ad 
valorem  to  sijccific  duties  and  back  again,  especially  in  the  earlier 
tariffs  under  consideration. 

The  continual  increase  in  the  number  of  items  mentioned  by 
name  has  resulted  in  a  corresponding  increase  in  the  detail  of 
tlie  import  statistics  published  by  the  Government.  If  a  sub- 
stance is  specified  by  name  in  the  Tariff  Act,  all  shipments 
of  the  article  which  came  into  the  United  States  must  necessarily 
be  so  described  and  invoiced  and  can,  therefore,  be  entered  in  the 
published  import  statistics.  In  many  cases,  however,  a  sub- 
stance not  mentioned  by  name  in  the  Act  will  be  dutiable  under 
some  general  class  name  and  in  such  cases  it  is  usually  entered 
on  the  customs  house  records  under  that  general  class  name,  thus 
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making  the  ascertainment  of  more  detailed  statistics  impracti- 
cable. For  instance,  the  tariff  act  names  six  barimn  compounds 
and  as  a  result  these  are  all  brought  out  individually  in  the  im- 
port statistics  published  by  the  Bureau  of  Foreign  and  Domestic 
Commerce.  All  other  barium  compounds  are  dutiable  under 
Paragraph  5,  which  reads,  "Alkalies,  alkaloids  and  all  chemical 
and  medicinal  compounds,  preparations,  mixtures  and  salts  and 
combinations  thereof,  not  specially  provided  for  in  this  section, 
15  per  cent  ad  valorem,"  and  the  imports  of  all  other  barium 
compounds  except  those  mentioned  by  name  are  buried  in  the 
import  statistics  under  this  general  grouping. 

In  a  few  cases  the  attempt  is  made  to  bring  out  in  detail  in  the 
import  statistics  substances  not  mentioned  by  name  in  the  act. 
For  example,  we  have  import  statistics  on  stearic  acid,  which  is 
not  mentioned  by  name  in  the  act.  It  is  possible,  however,  that 
this  is  a  case  of  incomplete  record,  since  shipments  of  stearic 
acid  may  be  entered  on  the  customs  records  as  an  "acid  not 
specially  provided  for,  15  per  cent  ad  valorem"  and  so  recorded 
in  the  import  statistics. 

Recently  there  has  been  a  movement  within  the  American 
Chemical  Society  to  secure  more  detail  in  the  statistics  on  the 
Imports  of  Chemicals.  It  is  evident  that  the  best  way  to  do  this 
is  to  enlarge  the  list  of  substances  mentioned  by  name  in  the 
tariff  act.  About  a  year  ago,  Congress  passed  a  special  Tariff 
Act  on  the  Coal-Tar  Products,  in  which  the  number  of  inter- 
mediates mentioned  by  name  was  greatly  increased.  As  a  result 
we  now  have  detailed  imjiort  statistics  on  each  of  these  inter- 
mediates. Nevertheless,  during  the  first  three  months  of  191 7, 
over  100,000  lbs.  of  material  were  imported  which  are  described 
in  the  import  statistics  as,  "All  similar  products,  obtained,  derived, 
or  manufactured  in  whole  or  in  part  from  the  products  provided 
for  in  Group  I."  Group  I  includes  the  coal-tar  crudes  and  this 
description,  therefore,  is  equivalent  to  "Other  intermediates  not 
mentioned  by  name." 

It  is  evident  from  this  brief  survey  of  the  tariff  history  that 
Congress  acted  wisely  in  creating  a  permanent  non-partisan 
commission  to  gather,  in  a  systematic  and  comprehensive  way, 
the  information  needed  by  Congress  in  revising  the  tariff  in 
the  future. 

The  United  States  Tariff  Commission  was  created  by  an  Act 
of  Congress  signed  by  the  President  on  Scpteml)er  S,  iyi6.  The 
Commission  was  organized  on  April  1,  1917,  and  immediately 
made  comprehensive  plans  to  carry  out  the  varied  and  important 
duties  assigned  to  it  by  the  law  and  appointed  a  staff  of  Special 
Ivxperts  to  assist  in  the  work.  The  duties  of  the  Commission  will 
be  primarily  the  collection  and  editing  of  the  facts  necessary  to 
apply,  intelligently  and  consistently,  to  the  endless  detail  of 
the  tariff  act  it.self,  the  general  tariff  policy,  adopted  by  the 
people  and  Congress. 

Tin:  TARII'F  INFORMATION  i;ATAI,Or.fI! 

The  part  of  the  work  of  the  Commission  which  will  be  of  most 
interest  to  this  audience  is  the  preparation  of  a  Tariff  Information 
Catalogue.  The  purpose  of  this  Catalogue  is  to  have  on  lile  ready 
for  immediate  use  pertinent  information  in  regard  to  each  com- 
modity now  inentmned  in  the  Ail.  whetlur  dutiable  or  on  the 
free  list,  as  well  as  all  other  eomuiodilies  not  specially  mentioned 
but  included  in  the  comprehensive  general  or  basket  clauses. 
The  Catalogue  will  contain  a  delinition  or  <lescriplioii  of  eacli  coiu- 
iiiodity,  including  an  explanation  of  the  recogni/.ed  conuuercinl 
grades  or  varieties.  All  synonyms  will  be  noted  and  cross- 
indexed.  This  will  be  followed  by  a  brief  description  of  the  pro- 
ees.s  of  inaiiiifactnrr  with  s|H'eial  rmplui'.is  nn  the  raw  materials 
needed  and  on  ativ  general  ecoiiomie  cliaracterislies  of  the  in- 
dustry, such  as  a  need  for  abundant  and  cliea))  power  or  s|H-cial 
i/.ed  and  liiglilv  skilled  labor,  etc  The  varied  uses  of  the  etim- 
mixlity  will  be  ascerlainetl  in  order  to  learn  the  inilustries  likely 
to  be  adversely  alTected  by  the  inipiisition  of  any  tax  which 
would  rr.iill  in  .1  rise  ill  price      Consideratiiui  will  alsii  lie  given 


to  any  possible  rival  commodities  which  might  be  used  as  sub- 
stitutes. The  statistics  of  production  in  the  United  States  and 
in  the  principal  foreign  countries  will  be  included,  together  with 
the  statistics  on  exports  from  and  imports  into  the  United  States 
and  the  amount  of  revenue  collected  on  each  article.  The 
geographical  distribution  of  the  industry  within  the  United 
States  will  be  noted.  A  statement  of  the  treatment  under 
previous  tariff  acts  and  any  decisions  of  the  Treasury  and  of 
the  Courts  affecting  it  will  be  compiled.  In  many  cases  a  com- 
pilation of  market  prices  over  a  series  of  years  will  be  made. 
Whenever  reliable  data  in  regard  to  the  cost  of  production  are 
available,  they  will  be  included  and  in  many  cases  a  special 
effort  will  be  made  to  secure  such  data,  although  it  is  recognized 
that  at  the  present  time  costs  are  so  abnormal  as  to  haveJittle 
value  as  a  basis  for  determining  future  policy. 

It  is  intended  that  this  Tariff  Information  Catalogue  shall  be  a 
living,  growing  thing,  kept  continually  up  to  date  by  additions 
and  corrections.  The  information  thus  collected  is  to  be  available 
for  the  use  of  Congress  and  its  Committees  or  Members,  on 
request,  at  short  notice,  and  will  also  be  used  as  a  basis  of  reports 
by  the  Commission  to  Congress. 

Such  portions  of  this  work  as  are  of  general  interest  will  be 
published.  For  example,  a  classified  synopsis  and  index  to  all 
the  Court  and  Treasurj'  Decisions  affecting  the  tariff  on  chemicals 
is  now  being  compiled  by  a  lawyer  experienced  in  tariff  practice 
in  cooperation  with  the  chc;mical  expert  of  the  Commission  and 
it  is  expected  that  this  compilation  will  be  published. 

Care  will  be  taken  to  keep  separate  and  distinct  from  this 
Catalog  all  confidential  information,  especially  in  regard  to  the 
operations  of  individual  manufacturers — such  information  to  be 
available  only  to  the  Commissioners  and  its  confidential  staff. 

For  this  work  a  staff  of  special  experts  and  clerks  has  been 
organized  under  the  direction  of  Mr.  William  M.  Steuart,  formerly 
Chief  Statistician  of  the  Manufactures  Division  of  the  Census, 
and  the  work  is  now  actively  in  progress. 

Since  the  primary  object  of  Congress  in  creating  the  Tariff 
Commission  was  to  have  on  hand  exact  and  reliable  information 
to  be  used  in  framing  future  tariff  acts,  the  Commission  earnestly 
desires  the  full  coiiperation  of  American  business  men  in  its 
task.  It  is  hoped  that  they  will  volunti-er  information  in  regard 
to  any  notable  changes  which  are  occurring  in  American  industries 
or  in  the  conditions  of  international  comiK-tition,  and  that  all 
requests  from  the  Commission  or  ineml>crs  of  its  staff  for  informa- 
tion and  advice  will  l>e  given  careful  attention  and  frank  and 
full  answers.  They  are  invited  to  submit  to  the  Commission  any 
suggestions  which  si>ern  to  them  desirable  in  regard  to  administra- 
tive features,  the  chissificalion  or  nomenclature  of  articles  or  the 
rates  of  duty  to  be  imposed  Such  suggi-stions.  to  Ik-  of  value, 
should  be  as  detailed  and  siK-cific  as  iMissible  and  acoinipanied 
by  the  reasons  for  the  changes  i)ro|x>scd.  Tlicy  will  Ik-  filed  and 
indexed  in  such  a  way  as  to  l>e  readily  available.  It  is  es|Hvially 
important  that  informatiim  should  \k  sent  to  the  Commission 
in  regard  lo  articles  formerly  irnp<irtetl  exclusively  bin  now  maile 
in  the  United  Stales. 

The  full  cooiH-ralioii  of  the  .■\mcrioan  inanufuclurers  and 
importers  is  siHvially  imi>ortunt  in  the  work  of  the  chemical 
schedule.  Invjiuse  of  its  great  etirnplexity  and  highly  technical 
character  and  because  of  the  rrvolulionary  changes  that  h«\-c 
occurred  in  many  branches  of  the  chemical  industries  since  the 
outbreak  of  the  liirmiK-an  War. 

.■\merican  chemists  have  met  the  industriiU  cincrKrncy 
created  bv  war  by  eximiiding  evistiiiK  plants.  crvuliUK  new 
iriduslrii's  and  by  disoivene*  ami  in\Tnlions  which  have  ad 
vaiuiMl  the  chemical  iniluslriesal  u  rate  never  licf«>rr  ttjipnwehed 
llioad  general  statements  of  this  kind.  ho«T\Tr,  arc  \Trv  easy 
to  make  and  of  little  value  j\  much  more  diniotiU  iind  iin|M>rlant 
task  is  to  make  exact  and  iletaiUtl  statements  of  the  |>rrtiiient 
(acts  ill   regard    to    each    s|>e\-ilic    iiidustrv    or    ci<nim«(litv.    to 
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ascertain  what  have  been  the  consequences  of  existing  legislation 
and  to  forecast  those  of  proposed  legislation. 

The  units  of  the  TarifT  Information  Catalogue  on  sulfur, 
barium  compounds,  and  abrasives  have  already  been  prepared 
and  the  work  on  potash  compounds  and  dyes  and  other  coal-tar 
products  is  well  advanced.  Much  of  the  statistical  information 
on  many  otlicr  classes  has  already  been  assembled. 

I  have  been  seeking  what  may  be  the  limits,  of  the 
territory  that  I  have  to  explore,  but  with  little  success.  I  have 
found,  however,  that  it  includes  Abrasives  and  Lubricants; 
Bleaching  Powder  and  Dyes;  Explosives  and  Fertilizers;  Olive 
Oil  and  Cyanides;  the  Salts  of  Potash  and  Radium,  Bromine  and 
Balm  of  Gilcad;  Aconite  and  Zaffer.  It  is  evident  that  the  Com- 
missipn  directly  or  through  its  staff  must  appeal  to  specialists  in 
many  lines  for  information  and  advice,  and  that  only  through 
this  cooperation  can  a  true  statement  of  the  recent  achievements 
and  present  position  of  the  American  chemical  industries  be  pre- 
pared in  proper  form  for  the  consideration  of  the  Commission  and 
of  Congress.     Your  aid  is  earnestly  desired  in  this  undertaking. 


THE  DEVELOPMENT  OF  OUR  EXPORT  TRADE 

Extracts  from  Address  by  W.  S.  Kies 

\*ice-President  of  the  National  City  Bank    of    New  York  and  American 

International  Corporation 

September  26,  1917 

The  chemical  industry  of  the  United  States  has  shown  greater 
efficiency  and  greater  powers  of  quick  response  to  business  de- 
mands than  almost  any  other  of  the  great  industries  of  the 
country,  as  illustrated  by  the  fact  that  exports  of  chemicals 
in  1 91 7  ($185,000,000)  were  practically  seven  times  as  great 
in  value  as  in  1914  ($27,000,000),  while  exports  of  all  industries, 
as  a  whole,  were  only  three  times  as  great. 

But  this  does  not  tell  the  full  story  because  the  list  of  exports 
does  not  include  the  great  group  called  "explosives,"  which  is 
so  closely  allied  to  the  chemical  industry  as  to  be  in  fact  a  part 
of  it.  In  explosives  the  value  of  oiu-  exports  grew  from  $6,000,000 
in  1914  to  $820,000,000  in  1917.  Under  this  class  were  Usted 
cartridges,  dynamite  and  gimpowder.  LTnder  the  heading 
"other  explosives,"  the  value  of  our  exports  grew  from  $1,000,000 
in  1914  to  $420,000,000  in  1917,  showing  that  in  the  industries 
closely  allied  with  chemicals  the  growth  has  been  quite  as  striking 
as  in  chemicals  i)roper. 

In  the  articles  which  may  be  considered  as  strictly  chemi- 
cals, we  exported,  for  example,  in  1914  acids  valued  at  $500,000; 
in  1916,  $24,000,000;  and  in  1917  approximately  $55,000,000.  Our 
dyestuffs  exports  have  grown  from  one-third  of  a  million  dollars 
in  value  in  1914  to  $12,000,000  in  1917,  and  these  latter  figures 
do  not  include  any  foreign  dyes  reexported.  A  few  other  illus- 
trations may  be  of  interest.  Our  exports  of  soda  salts  and  prep- 
arations grew  from  practically  nothing  in  1914  to  $i8,o(X),ooo 
in  191 7.  In  the  tabulations  issued  by  the  Government,  under 
the  heading  "other  chemicals,"  the  exports  grew  from  $9,000,000 
in  19 14  to  $75  000,000  in  1917. 

The  importance  of  the  chemical  industry  is  evidenced  by  com- 
parison of  the  amount  of  capital  and  value  of  products  turned 
out  with  that  of  other  leading  industries.  According  to  the  cen- 
sus of  1915,  the  value  of  capital  of  the  group  known  as  "chemicals 
and  allied  industries"  was  $723,000,000  in  1914.  In  the  great 
woolen,  worsted  and  felt  goods  manufacturing  industry,  the 
total  capital  in  the  same  year  was  but  $413,000,000,  and  in  the  silk 
goods  industry  $2 10,000,000.  The  capital  of  the  automobile  in- 
dustry in  1 9 1 4  was  $408,000,000,  and  the  capital  of  the  flouring  mill 
industry  was  $380,000,000.  The  amount  of  capital  invested 
in  the  group  distinctly  classed  as  "chemicals"  was,  in  1914, 
$224,000,000,  which  represents  an  increase  of  nearly  eight  times 
since  1880. 

A  study  of  the  statistics  of  yoiu-  industry  reveals  a  further 
interesting  fact,  that  the  industry  as  a  whole  shows  a  decreasing 


value  of  product  per  dollar  of  capital  invested — in  other  words, 
that  yours  is  an  industry  where  the  cost  of  experimentation  and 
the  development  of  new  processes  make  constantly  increasing 
demands  upon  capital.  In  1880  there  was  invested  in  the 
general  chemical  industry  in  this  country  $29,000,000.  The 
value  of  products  was  $38,ooo,cxx)  annually,  or  Si. 33  per  dollar 
of  capital.  In  1915  the  capital  invested  strictly  in  the  chemical 
industry  was  $224,000,000,  the  value  of  products  $158,000,000, 
or  $0.70  per  dollar  of  capital  invested.  The  capital,  from  1880 
to  1915,  increased  about  eight  times.  The  number  of  employees 
in  the  industry  during  that  period  increased  but  a  trifle  over 
three  times,  and  the  wages  and  salaries  paid  increased  about 
five  times,  from  $6,000,000  to  $31,000,000.  This  indicates  that 
as  an  industry  you  are  more  dependent  upon  capital  and  brains 
than  upon  labor;  that  the  success  of  the  industry  depends  upon 
the  development  of  improved  and  cheaper  processes  and  the  in- 
tensive use  of  the  capital  smployed. 

During  the  last  three  years,  the  chemical  industry  has  re- 
ceived a  great  impetus.  Large  amounts  of  money  have  been 
spent  in  its  development.  When  the  war  demand  for  your  prod- 
uct shall  have  ceased,  your  great  problem  will  be  to  find  markets 
that  will  absorb  your  production.  In  many  lines,  before  the 
war,  Germany  was  supreme  and  competition  with  her  was  im- 
possible. She  held,  to  a  very  large  extent,  the  South  American 
markets.  In  1 914  we  sent  to  all  of  South  America  only  $3,000,000 
worth  of  chemicals.  In  1917  the  value  of  our  exports  to  South 
America  will  amount  to  nearly  $15,000,000.  But  even  this 
latter  figure  does  not  indicate  an  export  trade  of  very  substantial 
proportions.  Germany,  prior  to  the  war,  as  we  all  know,  had 
a  grip  upon  the  chemical  markets  of  the  world,  and  in  South 
America  it  was  perhaps  stronger  than  in  other  parts  of  the  world. 

In  considering  the  subject  of  the  development  of  trade  in 
South  America,  or  in  any  other  foreign  country,  the  basic  prob- 
lems are  the  same.  These  are:  (i)  the  cost  at  which  the  article 
can  be  produced  and  sold  in  a  foreign  market;  (2)  distribution, 
which  includes  salesmanship,  advertising  and  transportation; 
(3)  financing,  which  comprehends  the  always  difficult  problem 
of  credits. 

Fundamentally  the  South  American  market  is  not  much 
different  than  any  other.  It  must  be  studied  to  be  understood. 
Consumers  in  South  America  will  purchase  goods  on  the  same 
principles  that  consumers  elsewhere  do^ — on  the  basis  of  price, 
ada'ptability  and  quality.  Where  the  price  is  out  of  line  with 
that  of  a  foreign  competitor,  quality  may  sell  the  article  as  a 
result  of  genius  in  salesmanship.  Where  the  quality  of  two 
articles  is  practically  the  same,  the  cheaper  wUl  be  moved.  We 
come  right  back  home,  therefore,  to  the  most  important  problem 
— the  cost  of  production.  Shall  we  be  able  to  produce  in  this 
country  after  the  war  on  a  basis  which  will  enable  us  to  com- 
pete with  the  products  of  other  countries  of  the  world?  All 
industry  is  intensely  interested  in  the  answer  to  this  question. 

So  far  as  German  figures  are  available,  the  production  in  the 
chemical  industries,  per  doUar  of  capital  invested,  is  much  greater 
than  in  this  country.  The  reason  probably  lies  in  the  more 
intensive  application  of  science  and  the  use  of  men  of  science 
in  the  industry.  In  fact,  a  Gennan  author,  writing  on  the  in- 
dustries in  1897.  said,  "It  is  generally  recognized  that  the  Ger- 
man chemical  industry  owes  it  preponderating  position  solely 
to  the  highly  scientific  preparation  of  its  collaborators." 
With  the  cost  of  production  at  or  near  the  costs  of  oiu"  leading 
competitors,  the  development  of  any  given  foreign  market  is 
an  assured  possibility  if  enough  thought  and  attention  be  given 
to  the  task. 

The  outbreak  of  the  war  in  1914  had  a  paralyzing  effect, 
during  the  first  few  months,  upon  American  industry.  As  a 
matter  of  fact,  in  the  months  immediately  prior  to  the  war, 
business  had  been  declining.  It  was  at  this  period  of  contrac- 
tion of  our  domestic  market  that  American  manufacturers  turned 
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with  one  mind  toward  foreign  trade.  The  seeking  of  new  mar- 
kets and  the  subject  of  the  development  of  our  foreign  trade  as- 
sumed a  prominent  position  in  the  discussions  of  chambers  of 
commerce  and  manufacturers'  organizations  and  associations 
everywhere. 

Particular  attention  was  directed  toward  South  America. 
The  interest  aroused  in  South  America  bordered  on  hysteria. 
But  after  attending  meetings,  passing  resolutions  and  hearing 
many  speeches  on  the  subject,  the  substantial  manufacturer 
realized  that  no  permanent  progress  could  be  made  in  a  foreign 
market  without  credit  and  banking  facilities.  The  need  for  the 
establishment  of  banking  facilities  abroad  to  aid  in  the  building 
up  of  our  export  trade  had  been  impressed  upon  the  bankers  of 
the  country,  and,  in  response  to  the  demand,  the  National  City 
Bank  opened  in  Buenos  Aires  on  November  10,  1914,  the  first 
branch  of  an  American  bank  to  be  established  in  a  foreign  coun- 
try. Since  that  time  branches  have  been  established  in  Brazil, 
Uruguay.  Chile.  Colombia  and  Panama,  and  branches  will 
soon  be  opened  in  Peru  and  Venezuela.  By  the  expiration  of 
this  year  ten  branches  will  be  in  operation  in  South  America. 
During  the  war  period  banking  facilities  have  been  provided 
pretty  well  covering  all  the  important  parts  of  South  America. 
It  may  be  well  to  add  that  during  this  period  the  National  City 
Bank  has  establi.shed  branches  in  Russia  and  in  Italy,  and,  through 
the  International  Banking  Corporation,  which  it  has  acquired, 
has  provided  banking  facilities  in  India,  China,  Japan,  the  Philip- 
pines and  the  Dutch  East  Indies. 

During  the  war  period  substantial  progress  has  been  made  by 
the  United  States  in  the  development  of  its  South  American 
trade.  Unquestionably  this  has  been  largely  due  to  the  fact 
that  we  have  had  the  market  pretty  much  to  ourselves.  Will  we 
be  able  to  keep  the  business  which  we  have  built  up  during  the 
last  three  years?  The  same  question  is  asked,  with  just  as  deep 
interest,  of  our  export  trade  elsewhere.  To  appreciate  the  de- 
velopment of  this  country's  export  business  in  the  last  three 
years,  let  me  recall  the  figures  to  you. 
Fiscal  year  ending  June  30  Imports  Exports 

1914 $1.89.1,925.657         $2..364,579.148 

1915 $1,674,169,740         $2,768,589..140 

1916 $2,197,88.1,510         $4,3.13.658,865 

1917 $2.659,355. 1 85         $6,293,806,090 

It  is  unreasonable  to  expect  that  this  volume  of  business  can 
be  maintained,  particularly  our  exports  of  manufactured  articles. 
A  very  large  proiiortion  has  been  munitions,  food  products  and 
war  supplies  to  our  allies.  To  South  America  and  neutral 
markets,  we  have  exported  vast  quantities  of  goods  heretofore 
purchased  in  liurope.  When  the  war  shall  have  ended,  our 
business  in  war  supplies  will  be  at  an  end.  We  may,  of  course, 
look  to  the  exportation  of  huge  quantities  of  raw  materials,  for 
Europe  is  bare  of  them.  Our  machinery,  machine  tools,  con- 
struction materials  and  steel  products  will  be  needed  for  re- 
habilitation purposes.  But  the  riluibilitation  work  will  proceed 
much  more  rapidly  than  wc  think,  and  it  will  be  only  a  short 
time  after  the  cessation  of  hostilities  when  European  exporters 
will  seek  to  regain  their  footing  in  the  markets  wc  have  tem- 
porarily possessed.  We  can.  therefore,  assume  a  great  decline 
in  our  exports  and  a  sliarp  decrease  in  our  favorable  balance  of 
trade. 

That  portion  of  our  present  South  American  business  wliicli 
rests  on  the  merit  of  our  protlucl  and  its  ability  to  meet  com- 
petitive prices  will  remain  ours  if  our  manufacturers  cxerl  them- 
selves to  keep  it.  A  pari  of  our  |)rescnl  South  Amcricuii  business 
will  un(|UestioMably  revert  to  its  old  chinmels. 

Ciermany's  coinmcrcial  represciilalives  tlirouKliout  the  world. 
aii<l  particularly  Iti  South  America,  arc  active.  The  Cermaii 
bunks  continue  their  lnishics.s,  niul  nunilH-rs  of  (•erinaii  houses, 
ul  least  until  rrieiitly,  have  been  able  to  keep  their  cuslomcrs 
tlinniKli  KupplyiiiK  them  with  American  k<><*<I"  "<><I  EiiKli'<h  K»n<U 
uiid  lakiiiK  orders  for  Cermiiii  koo<I<i  for  after  the  war  delivery. 


It  is  reported  that  large  quantities  of  wool  have  been  purchased 
in  South  America  and  held  in  storage  for  shipment  to  Germany 
as  soon  as  the  war  shall  have  ended.  So  thorough  was  the  eco- 
nomic penetration  of  Germany  into  the  life  of  almost  any  country 
whose  market  presented  any  attractions  that  we  may  safely  as- 
sume the  work  will  be  taken  up  where  it  was  left  off,  as  soon  as 
the  war  shall  end. 

The  present  conditions  afford  an  opportunity  for  the  getting 
together  of  labor  and  capital,  the  development  of  a  better  under- 
standing, and  mutual  study  and  consideration  of  the  problems 
of  the  future,  and  it  is  the  manufactvu-er's  duty  to  take  advantage 
of  this  opportunity  to  the  fullest  degree.  We  may  possibly 
question  the  proposed  price  fixing  activities  of  the  Govermnent 
as  they  affect  industry  in  general,  as  in  violation  of  fundamental 
economic  principles,  but  every  patriotic  manufacturer  should 
accept  his  tax  burdens  in  the  real  American  spirit.  We  are 
at  war,  sacrifices  must  be  made  by  everyone,  and  the  money  to 
win  the  war  must  come  from  those  who  have  it.  The  future  of 
the  nation  and  of  democracy  is  at  stake.  While  ever>thing  at 
Washington  may  not  be  progressing  as  the  critic  on  the  side 
Une  would  have  it,  nevertheless,  appreciating  the  magnitude 
of  the  task,  it  is  our  duty  to  support  the  Administration  loyally 
and  wholeheartedly  in  its  every  effort  and  in  truth,  gentlemen, 
our  iirogress  toward  preparing  for  our  part  in  this  world  conflict 
has  been  truly  remarkable,  and  compares  most  favorably  with 
the  really  marvelous  accompUshments  of  England. 

Realizing  the  stupendous  task  before  our  Government  in 
the  waging  of  the  war  to  a  successful  conclusion,  the  manu- 
facturers must  rely  upon  themselves  in  the  task  of  insuring  the 
future  of  their  export  business.  There  is  much  that  they  can 
do  independent  of  the  Government  assistance.  Foreign  markets 
must  be  studied.  The  characteristics  and  habits  of  the  peojiles 
with  whom  they  would  trade  must  be  understood.  Young  men 
must  be  trained  for  the  sers'ice.  The  demand  of  various  markets 
must  be  ascertained,  and  their  needs  must  be  conformed  to. 
Well-thought-out  sales  campaigns  will  succeed  in  foreign  coun- 
tries as  well  as  in  the  United  States,  and  these  can  be  now  planned 
witli  an  eye  to  the  future.  Business  acquaintances  which  have 
been  made  during  the  last  three  years  should  be  developed  into 
business  friendships  which  will  last.  The  credit  s>'stcms  of 
foreign  competitors  shoiUd  be  studied  and  plans  made  for  meeting 
competition  along  tliis  line.  Every  effort  should  be  ma<le  now 
to  accommodate  in  every  possible  way  the  new  foreign  customer 
that  has  been  put  on  your  books  during  the  last  thri'C  years. 
Foreign  markets  should  be  visited  by  trained  salesmen,  or,  Ijcttcr. 
by  representative  officials  of  the  firm.  .Ml  the  information, 
statistics  and  data  Ix-aring  upon  market  possibilities  should  be 
availed  of. 

Finally,  the  success  of  the  American  manufacturer  in  main- 
taining his  hold  upon  export  business  will  de|HMul  u\ki\\  the  de- 
velopment of  a  broader  spirit  of  cooiK-ration  and  of  nation.ilism 
American  banks  and  .\meriean  focililics  for  doing  business  should 
be  used  wherevoi  available.  The  interest  of  cNxry  Anicriain 
should  tic  the  interest  of  all  in  a  foreign  market.  American 
business  standards  and  American  business  nieth>xls  in  foreign 
coiMilries  should  be  such  as  to  warrant  the  rvsi>oot  and  approval 
of  all.  Through  organizations  of  .Vnirriciins  in  the  various  forrign 
markets,  our  business  ideals  can  be  cnforiT«l.  ami  this  can  t>c 
accomplished  when  our  mamifacturcrs  once  lhor«nighly  rciilitc 
the  iinixirtanix-  and  necessity  of  cofl|)erali\t  effort  in  foreign 
fields. 

Now  is  the  time  to  plan  intelligently  for  the  future,  and  to 
build  a  sure  foundation  for  a  iiermoncnt  rximrt  Initinew,  for. 
while  at  the  momriit  the  busiiic.vi  skies  may  l>e  o\Trca.sl  and 
cloudy  and  the  nimtiliiiK'l  of  the  coming  storm  may  disturb  u», 
yet  with  the  duwn  of  another  day  we  may  awake  to  find  the 
Monn  cloiuH  wuttrre<l  and  the  sun  !<till  shining  u|ion  a  wurld 
re<lecinrd  forever  from  the  hatr.  fury  and  mutdrr  of  war. 
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Judging  from  the  scarcity  of  aniline  dyes  at  the  beginning 
of  the  war,  most  people  made  the  erroneous  deduction  that  we 
had  no  chemical  industry  to  speak  of.  This  is  a  gross  error.  As 
far  as  the  mineral  chemical  industries  are  concerned,  this  country, 
even  before  the  war,  could  stand  excellent  comparison  with 
Germany  or  any  other  country.  In  fact,  when  it  comes  to  the 
production  of  acids  and  heavy  chemicals,  the  United  States, 
in  several  of  these  branches,  was  decidedly  ahead  of  Germany. 
This  is  particularly  the  case  in  her  important  electrochemical 
industries,  which  were  developed  far  ahead  of  those  of  any  other 
country. 

There  is  no  doubt,  however,  that  we  were  behind  in  the 
manufacture  of  synthetic  organic  chemicals,  which  include  the 
coal-tar  dyes.  But  there  was  nothing  strange  or  abnormal 
in  this  situation.  The  importation  of  these  products  in  the 
United  States  before  the  war  did  not  exceed  $10,000,000  a  year, 
this  covering  more  than  1000  different  kinds  of  products,  all 
of  which  require  special  processes  of  manufacture,  and  some 
having  to  be  worked  in  very  small  units.  Their  manufacture 
mainly  requires  not  only  good  chemists,  but  also  inexpensive 
skilled  labor  which  it  takes  a  long  time  to  train.  As  a  business 
proposition,  there  was  little  to  attract  shrewd  American  business 
men. 

Even  the  chewing-gum  industry  of  the  United  States  ex- 
ceeded by  several  million  dollars  the  value  of  all  the  synthetic 
chemicals  imported  every  year  in  the  United  States.  One 
single  chain  of  Five  and  Ten  Cent  Stores,  in  1913,  exceeded 
the  total  export  business  of  the  whole  German  coal-tar  industry 
throughout  the  world  by  Si  1,000,000.  One  single  mail  order 
house,  in  the  same  year,  did  more  business  than  all  the  German 
color  plants  together,  and  the  total  dividend  payment  in  i<)i3 
of  all  the  dyestufF  manufacturers  in  Germany  was  only  half 
of  a  special  dividend  of  one  single  mail  order  house  in  the  United 
States.  In  1913,  the  entire  German  color  industry  paid  Sii,- 
■  000,000  in  dividends  while  the  Ford  Motor  Car  Company, 
with  one  single  standardized  product,  did  a  greater  annual  busi- 
ness than  all  the  German  coal-tar  dye  plants  together,  with 
their  1200  different  products,  and  earned  four  times  their  com- 
bined dividend  while  jxiying  three  times  their  wages  and  in  the 
meantime,  distributed  throughout  tlie  world,  comfort  and  happi- 
ness, and  made  our  country  bigger  by  making  it  more  accessible 
to  the  man  with  the  small  bank  account. 

If  Germany  has  specialized  in  this  branch  of  chemical  in- 
dustry, it  was  merely  because  she  did  not  have  the  same  oppor- 
tunities for  enlisting  in  other  fields  of  enterprise.  Here  in  this 
country  we  had  new  mines  to  exploit,  new  fields  to  cultivate, 
new  railroads  to  construct,  and  many  more  industries  of  im- 
mediate importance  claimed  the  full  attention  of  our  men  of 
enterprise  or  scientific  training.  No  wonder,  then,  that  a  Httle 
paltry  industry  of  this  kind  was  neglected. 

Nevertheless,  as  far  back  as  the  early  seventies  a  few  en- 
thusiasts started  the  manufacture  of  aniline  dyes  in  the  United 
States.  They  were  making  quite  some  headway,  but  in  1883 
they  had  to  perish  through  unfavorable  tariff  legislation.  At 
that  time  Gennan  agents  were  already  at  work  in  this  country 
and  were  leading  our  textile  manufacturers  by  the  nose,  and  they 
helped  them  in  their  lobbying  for  the  lowest  tariff  on  dyestuffs, 
claiming  that  Germany  would  serve  them,  furnishing  them  with 
what  they  called  their  "raw  material."  This  situation  acted  as 
a  boomerang  and  paralyzed  our  textile  industries  at  the  beginning 
of  the  war. 


Since  then  this  country  has  realized  that  we  must  not  esti- 
mate the  value  of  the  color  industry  in  dollars  and  cents,  but  by 
the  direct  bearing  it  has  as  a  key  to  all  other  industries.  A 
few  cents'  worth  of  the  right  kind  of  dyes  decides  whether  a 
hundred  dollars'  worth  of  textiles  can  be  sold  or  not  in  the  open 
market.  What  is  most  extraordinary,  almost  a  wonder,  and 
bears  witness  to  the  flexibility  and  adaptability  of  American 
enterprise,  is  that  in  less  than  three  years  we  should  have  made 
ourselves  independent  of  Germany  in  the  line  where  she  had  the 
start  on  us  since  half  a  century. 

This  awakening  of  the  chemical  industry  has  carried  us  along 
in  other  chemical  lines  also.  Attention  has  been  given  to  prob- 
lems which  formerly  were  outside  of  our  natural  field  of  action. 
We  have  carried  the  mass-production  of  synthetic  explosives  to 
a  point  never  dreamed  of.  With  truth  it  can  be  said  that  if  it 
were  not  for  one  of  our  largest  chemical  manufacturing  companies 
which  promptly  rushed  to  the  rescue  of  the  Allies  at  the  beginning 
of  the  war  and  furnished  them  with  explosives  of  which  they 
were  so  short,  the  war  might  have  been  ended  a  year  ago  in  favor 
of  Gennany.  Since  then  the  chemists  of  France  and  England 
have  also  shown  abundantly  what  they  can  do  if  conditions  re- 
quire it,  and  everything  points  out  that  after  this  war  is  over  the 
supremacy  of  Germany  in  some  of  the  chemical  industries  in 
which  she  heretofore  was  a  leader  will  be  a  thing  of  the  past. 

Years  before  this  war  started,  long  before  our  soldiers  were 
called  in,  we  were  raising  right  here  in  the  United  States  an 
army  of  chemists.  Our  technical  schools,  engineering  schools 
and  universities  were  graduating  them  year  by  year — a  modest 
set  of  men  who  attended  to  their  own  business  and  who  were 
scarcely  noticed  in  the  din  of  shrieking  publicity  of  business 
and  trade.  They  were  holding  their  meetings,  comparing  their 
work  and  living  among  themselves,  and  when  the  great  prob- 
lem arose  to  face  the  new  conditions,  we  heard  the  cry  of  the 
ignorant  public:     "Have  we  any  chemists  in  America?" 

It  was  little  known  then,  even  at  the  beginning  of  the  war, 
that  we  had  an  American  Chemical  Society  of  which  the  mem- 
bership was  larger  than  the  total  membership  of  the  chemical 
.societies  of  Germany,  France  and  England  combined.  These 
were  the  men  who  took  up  the  call  for  chemists  and  who  helped 
our  engineers  to  face  the  new  situation  which  has  arisen  by  the 
war.  To-day  this  Society  counts  over  10,000  members.  Its 
publications  on  industrial  chemistry  are  second  to  none  in 
existence  and  are  read  the  whole  world  over.  It  lives  without 
any  subsidy,  gift  or  contribution  and  is  self-supporting  enough 
to  spend  yearly  over  $100,000  on  its  publications  alone. 

FUTURE  PERMANENCE  OF  AMERICAN  CHEMICAL  INDUSTRY 

If  anybody  asks  what  have  the  chemists  been  doing,  let  them 
visit  this  Exposition  and  be  convinced  that  our  chemists  have 
not  been  asleep.  But  you  will  ask:  "Is  all  this  going  to  last? 
Are  not  most  of  these  industries  simply  war-babies,  boimd  to 
vanish  as  soon  as  peace  is  declared  and  conditions  again  become 
normal?"  Some  of  these  industries  undoubtedly  will  disappear 
as  soon  as  the  war  is  over,  particularly  .some  ill-conceived  projects, 
badly  managed  and  badly  financed.  Others  will  have  to  .>;hift 
the  bulk  of  their  production  to  other  articles;  others  again  may 
have  to  reduce  their  capacity.  Then  almost  all  of  them  will 
have  to  be  .satisfied  with  smaller  profits.  The  latter  effect  will 
not  be  so  much  of  a  detriment  as  some  people  may  imagine. 
The  apparently  high  profits  of  to-day  are  considerably  offset 
by  the  imcertainty  of  obtaining  the  raw  materials  and  other 
feverish  conditions  which  make  manufacturing  more  of  a  gamble 
than  it  ever  was  heretofore.  Smaller  but  steadier  profits  arc 
more  conducive  to  the  sound  development  of  an  industry. 

As  stated  before,  we  already  had  made  a  splendid  record 
even  before  the  war  in  llic  development  of  our  industries  of 
heavy  chemicals,  in  the  mineral  or  inorganic  line.  The  steady 
development  of   these  industri;";  will   v<rv   pniliablv  proceed  as 


Nov.,  1917 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


in  the  past.  Our  greatest  development  will  consist  in  the  fur- 
ther extension  of  industries  in  the  organic  field.  When  the  pres- 
ent crisis  came,  we  had  no  trouble  in  finding  chemists  and 
chemical  engineers  in  the  field  of  acids  and  heavy  chemicals. 
Our  lack  of  experience  was  mostly  evident  in  the  newer  prob- 
lems of  coal-tar  dyes  and  other  organic  industries.  Here,  as 
»in  other  fields  of  chemical  industry,  it  is  not  enough  to  know 
a  chemical  reaction  on  a  laboratory  scale.  It  makes  an  enor- 
mous difference  whether  you  are  manufacturing  by  the  ounce 
or  by  the  ton.  In  a  laboratory,  operations  can  be  performed 
in  little  glass  vessels,  or  in  porcelain  or  expensive  platinum. 
On  a  manufacturing  scale,  all  this  becomes  totally  different  and 
the  difficulty  is  no  longer  the  chemical  reaction  itself,  but  the 
vessels  and  the,  methods  of  carrying  it  out.  Acids  and  other 
substances  which  attack  iron  and  other  metals  have  to  be  handled 
in  machinery  which  can  withstand  their  action  and  insure  not 
only  the  highest  yields  but  great  purity,  and  exclude  the  possi- 
bility of  accidents.  An  entirely  new  industry  had  to  be  created 
for  this  purpose — the  industry  of  chemical  machinery  and  chem- 
ical equipment.  But  this  was  not  all;  the  best  chemists  and 
best  engineers  are  powerless  if  they  do  not  have  carefully  trained 
and  experienced  foremen  and  workmen.  Labor  in  the  chemical 
industries  does  not  count  so  much  by  number  as  by  quality  and 
reliability.  One  careless  act  of  one  single  workman  can  blow 
'  .  up  a  whole  plant  or  stop  manufacturing  for  several  weeks.  These 
have  been  the  great  impediments  during  the  first  months  when 
we  had  to  tackle  entirely  new  industries.  Now  that  we  have 
familiarized  ourselves  with  the  conditions,  and  that  we  have 
every  right  to  feel  confident  in  our  further  efforts,  there  is  every 
good  reason  and  every  good  opportunity  why  we  should  turn 
our  abilities  to  other  lines  of  organic  industry  besides  that  of 
the  coal-tar  industry. 

It  is  said,  with  right,  that  one  of  the  reasons  why  we  had  no 
coal-tar  industry  in  the  United  States  was  that  there  was  no 
available  coal  tar  because  our  methods  of  making  coke  and  gas 
were  such  as  to  exclude  this  raw  material  as  a  by-product.  Con- 
ditions have  changed  since  then,  and  now  we  are  abundant  pro- 
ducers of  coal  tar,  and  the  quantity  of  this  raw  material,  from 
which  so  many  chemicals  arc  made,  will  undoubtedly  keep  on 
increasing  for  many  years  to  come. 

But  there  are  other  raw  materials  in  the  organic  line  which 
hitherto  have  not  been  utilized  to  the  proper  extent  For 
instance,  our  petroleum  and  natural  gas  have  thus  far  been  used 
for  little  else  than  as  a  fuel.  It  only  requires  research  and  en- 
terprise to  make  it  a  raw  material  and  a  starting  point  of  as  many 
valuable  products  as  coal  tar  has  supplied  until  now.  The 
same  can  be  said  of  our  agricultural  products.  In  fact,  every 
agricultural  product  is  a  starting  raw  material  from  a  chemical 
point  of  view.  Starch,  sugar  or  wood  may  be  a  starting  point 
of  alcohol,  one  of  the  most  useful  chemicals  ever  introduced  to 
mankind,  and  for  which  the  future  industrial  uses  are  almost 
limitless  as  soon  as  it  can  be  manufactured  and  dislribuled  at 
a  sufricienlly  low  price.  Nevertheless,  our  chemical  engineers 
have  been  thinking  along  inorganic  or  mineral  lines.  I-'roni  now 
on  they  have  learned  to  tackle  problems  in  organic  chemistry. 
If  lliey  succeed  half  so  well  in  this  new  line  as  they  have  done 
in  the  old,  there  is  very  little  dnubl  that  this  country,  with  its 
limitless  resources  of  organic  pi-i«lucls,  will  find  am|)le  oppur 
tuiuty  of  building  up  new  chemical  industries  fur  prodiicts  hither- 
to of  little  use  or  scarcely  known,  but  for  which  a  market  can  lie 
found  us  soon  as  Iliey  can  be  supplied  at  a  stilliriently  low  price 
iiiicl  as  soon  as  we  become  aware  of  the  new  pos.Hil)le  uses.  It  will 
lie  the  story  of  so  many  citeinical  subsliinces  which  nt  first  fotmd 
110  market  and  of  which  some  tinu-  aflerwarils  the  deinaiul  ex- 
crcdiil  the  supply 

NliW     ATTiriiDIi     NI'.IHSSAKV     TllWAMIl     CIIKMICAI.     INDIiSTKV 

I  ineiitiiin  this  purticiilurlv  liecaiis*-  mimu'  short  siKhted  iiicii 
lire  inclined   in  lirlnvr   ili.ii    tin-  ■  lirniical  industry  will  Ik'  re 


stricted  by  the  present  market  and  by  the  world  competition 
of  other  chemical-producing  countries.  There  is  no  doubt 
that  at  first  a  strong  commercial  struggle  between  competing 
manufacturers  will  set  in.  This  will  be  the  critical  period,  and 
I  fear  that  during  this  period  this  country  will  be  at  a  disad- 
vantage unless  we  change  radically  our  present  attitude.  Those 
who  framed  the  Sherman  Law  did  not  consider  that  if  a  certain 
amount  of  competition  is  good,  too  much  competition  may  be 
killing  for  all  competitors  concerned.  In  reckless  commercial 
competition,  the  healthy  technical  efficiency,  which  is  the  basis 
of  every  sound  industry,  is  frequently  overlooked.  Several 
manufacturers  in  this  country,  underbidding  each  other  and  in 
the  meantime  leading  to  over-production,  can  hardly  compete 
with  those  of  other  countries  supported  by  a  paternal  government 
which  encourages  the  formation  of  trusts  or  Cartels,  and  favor- 
izes  exportation  by  subsidies  or  bounties,  as  done  frequently  in 
the  past.  These  remarks  apply  specially  to  Germany.  We  know 
that  not  only  had  she  her  political  agents  distributed  in  all  for- 
eign countries,  but  she  maintained  a  staff  of  agents  who  were  al- 
ways on  the  watch  to  detect  a  weakness  in  our  situation  and  who 
never  missed  an  opportunity  to  mix  in  our  attempts  of  tariff 
legislation.  The  influences  which  in  1883  killed  our  dyestufT 
industry  are  still  at  work  to-day,  when  they  surreptitiously  intro- 
duce words  of  double  meaning  which  jeopardize  the  intent  and 
purpose  of  our  latest  tariff  laws.  To  what  extreme  measures 
Germany  is  ready  to  go  in  order  to  maintain  her  supremacy  in 
certain  industries  can  easily  be  guessed  by  what  we  have  learned 
of  late.  In  her  political  machinations  in  all  countries,  some 
glimpses  of  her  intentions  can  be  gained,  now  and  then,  by  inci- 
dents such  as  the  following.  On  Feb.  i,  1916,  in  the  Faber- 
Zeiluns,  of  Berlin  appeared  the  following  paragraphs: 

"The  German  coal-tar  dyestulT  industry  ought,  after  the  con- 
clusion of  peace,  to  be  iK'rmitted  to  sell  dyestuffs  only  in  Ger- 
many and  Austria,  in  Turkey  and  Bulgaria,  until  the  German 
textile  factories  are  again  fully  occupied  and  all  warehouses  and 
stores  and  all  consumers  are  again  supplied  with  good  white, 
dyed  and  printed  goods.  Only  then  should  it  be  iwrmissible  to 
furnish  German  coal-tar  dyestuffs  to  neutral  or  hostile  countries. 

"If  foreign  countries  begin  again  soon  to  receive  good  German 
coal-tar  dyestuffs.  they  might  easily  ruin  the  business  of  the 
German  export  trade  in  finished  products. 

'For  the  German  coal-tar  dyestuff  industry  there  arc  probably 
two  other  points  to  be  considered;  first,  this  industry  and  the 
German  industry  in  coal-tar  products  would  for  the  present  have 
no  right  to  sell  raw  material  and  by-prinlucts  to  foreign  coun- 
tries, in  order  not  to  cre.ite  unneccss;iry  competition;  and.  be- 
sides, it  would  l)e  permissible  to  furnish  dyestuffs  to  America 
only  if  the  .\nierican  Rovernnient  should  promise  to  bury  for  a 
long  lime  the  unjustifiable  so-called  anti-trust  question  in  con- 
nection with  aniline  dye  interest-s." 

Are  our  textile  maimfacturcrs  sufficiently  awake  to  the  danger 
of  dependence  upon  foreign  competitors  for  their  essential 
supply  of  dyesl\iffs  to  make  some  slight  sacrifices  in  In-half 
of  .\iiierican  dye  manufacturers  who.  with  their  ctni|HTation. 
cm    forever   assure    them    an    adequate   home  .supply    of   dyes? 

These  and  many  other  attempts  will  be  made  nl  first  to  stningle 
our  new  industries.  It  will  de|H-nd  as  much  on  sound  couunim 
sense  of  our  legislators  as  on  the  skill  and  seiciicc  of  our  chem- 
ists and  engini-ers  whether  what  we  have  gaimnl  s»i  brilliantly 
by  splendid  constructive  work  will  Ik-  lost  again  through  ni>lilical 
bungling  and  ignoraiUY.  Fortuimtrly,  we  h.ive  now  what  wc 
should  h.ive  po'jsi'ssed  long  rtgo,  11  Tariff  Cominisvion,  and  the 
quality  of  the  men  who  h.ive  liccn  seleelcti  for  this  gixT  every 
guarantee  ih.il  they  will  Im'  able  to  do  jii-itiee  (o  their  iin|M>rtuiit 
res|M)iisibililies.  provided,  however,  |>ctty  Imxincw  iiitrrr!it!( 
or  sinister  forx-iKn  inllurtu-es  do  not  siicxml  in  (turulv/iiiK  (heir 
work  or  cripple  their  iiclion  by  simply  lidelracking  tlicin  ni  «» 
uiiiiiy  other  leieleHs  ciinimisoioii'i 

lllWIiK    nlCVUi.OrMKNT    IMfllRTAVT 

Then  then-  in  another  great  problem  which  will  hn\T  an  im- 
porlalll  lieutillg  on  the  tullin-  ■>'  -..mi<-  .i(  ..m  .  li.  inu-.il  iii.ln-.li.r» 
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I  refer  to  the  power  problem.  In  a  country  blessed  beyond 
comparison  with  all  the  necessary  natural  resources  for  a  large 
chemical  industry,  with  a  home  consumption  greater  than  that 
of  any  other  country,  with  an  enterprising  population,  with  im- 
mense deposits  of  coal  and  other  sources  of  fuel,  navigable  streams, 
railroads,  and  ever-increasing  methods  of  land  and  water  trans- 
portation, we,  nevertheless,  are  very  short  of  cheap  water  powers. 
Our  great  development  of  the  electrochemical  industries  in  the 
United  States  was  due  to  the  fact  that  for  the  first  time  we 
placed  at  the  disposal  of  our  industries  abundant  electrical  cur- 
rent at  lower  rates  than  had  been  obtainable  in  the  past  by 
means  of  steam.  We  became  the  leaders  in  those  industries. 
Niagara  Falls  and  its  industries  became  a  by-word  of  electro- 
chemical supremacy  throughout  the  world.  Some  of  the  most 
epoch-making  inventions  in  this  branch  of  chemical  industry 
were  encouraged  by  this  condition.  Since  then  other  countries 
have  gone  us  one  better  in  the  production  of  cheap  water  power. 
Unless  we  change  our  present  condition  it  looks  as  if  our  elec- 
trochemical industries,  our  leading  chemical  industries,  were 
going  to  be  wrested  from  us  to  find  a  more  inviting  home  in 
Canada  and  in  Norway.  Unfortunately,  here  again  the  condi- 
tion is  one  of  "dog-in-the-manger"  politics. 

For  purposes  Uke  electric  lighting  or  traction,  or  most 
chemical  industries,  a  few  dollars  more  or  less  a  year  expressed 
in  kilowatt-hours  amounts  to  a  mere  trifle.  But  when  it  comes 
to  making  chemicals  or  metals  at  the  very  lowest  possible  cost, 
then  every  dollar  counts,  and  here  we  are  unfortunately  face  to 
face  with  the  distressing  fact  that,  with  our  present  methods  of 
financing,  the  fixed  charges  of  our  water  powers  amount  to  about 
90  cents  financing  and  10  cents  engineering.  If  engineers  suc- 
ceeded in  increasing  their  efficiency  of  operation  10  per  cent, 
it  would  only  amount  to  i  per  cent  in  the  total  cost.  So,  if  any 
improvements  have  to  be  made,  it  must  be  in  the  financial  side 
of  the  problem.  Meanwhile  everyone  advances  his  own  argu- 
ments why  it  should  be  this  way,  and  everyone  is  more  or  less 
right — from  his  personal  standpoint.  Capitalists  say;  "Some 
of  our  Government  laws  about  the  utilization  of  our  water  powers 
are  so  uncertain  and  threatening  that  we  prefer  to  invest  in  less 
risky  enterprises."  Then  our  rates  of  interest  in  this  country 
are  considerably  higher  than  they  are  in  Europe.  Some  other  per- 
sons have  proi)osed  that  the  United  States  Government  should 
use  its  own  excellent  credit  and  thus  be  able  to  issue  bonds  for 
water  powers  at  low  interest,  in  the  same  way  as  the  Panama 
Canal  has  been  constioictcd.  With  our  wasteful  methods  of 
financing  and  banking,  and  the  many  middlemen,  it  costs  usually 
about  9  per  cent  to  accomplish  this  result  by  the  time  the  bonds 
are  floated  and  put  in  the  hands  of  the  hesitating  investor.  This 
puts  the  annual  cost  of  some  of  our  cheapest  water  powers  at 
$10  a  horsepower-year,  of  which  $9  is  for  interest  and  bonded 
charges  and  $\  for  general  operation  and  maintenance  ex- 
penses, to  which  has  to  be  added  profit  for  dividends.  But  with 
interest  at  4  per  cent  the  cost  per  horsepower  would  suddenly 
be  reduced  to  $5  to  $^  per  horsepower-year,  which  brings  it 
closer  to  that  of  some  of  tlie  water-power  developments  in  Nor- 
way. Then,  again,  others  say  that  the  Government  has  no 
right  to  participate  in  any  such  enterprise,  or  that  it  is  unpre- 
pared and  unfit  for  any  such  business  operation.  To  this  others 
retort  that  the  erection  and  operation  of  a  hydroelectric  plant 
is  much  easier  and  less  expensive  for  the  Government  than  for 
private  companies,  because  the  Government  has  already  in  its 
power  the  question  of  extending  the  navigability  of  streams, 
which,  by  the  way,  has  always  been  a  never-ending  source  of 
"pork-barrel"  appropriations.  Streams  are  made  navigable 
by  the  erection  of  dams.  By  the  proper  selection  of  stream  and 
location  the  cost  of  the  dam  can  be  made  to  furnish  the  most 
important  part  of  the  total  outlay  for  a  hydroelectric  plant; 
all  that  is  necessary  is  to  add  the  turbines  and  the  electric  equip- 
ment for  obtaining  at  somewhat  increased  cost  a  first-class  hydro- 


electric plant,  furnishing  forever  electric  current  for  any  pur- 
poses. A  hydroelectric  plant  as  a  Government  enterprise  would 
not  involve  much  of  a  new  departure  as  compared  with  that 
splendid  example  of  good  engineering,  the  Panama  Canal,  which 
is  a  national  monument  of  efficiency,  and  which,  similar  to  the 
present  problem,  is  an  asset  for  national  defense  in  time  of 
war,  while  in  the  meantime  it  is  an  aid  to  private  shipping  enter- 
prises. The  methods  of  hydroelectric  plants  are,  by  this  time, 
well  established  and  well  known,  and  leave  little  scope  for  fur- 
ther improvement  except  the  enormous  cheapening  which  is 
possible  for  such  plants  in  the  reduction  of  fixed  charges  by  very 
economical  financing. 

These  are  some  of  the  dark  points  on  the  horizon  of  our  chem- 
ical industries.  What  will  happen  depends  very  much  on  whether 
in  the  future  our  legislators  will  look  at  everything  from  a  political 
or  a  one-sided  standpoint,  or  whether  they  shall  have  learned  in 
earnest  to  utilize  the  advice  of  competent  men,  and  put  the  wel- 
fare of  the  United  States  before  sectionalism  and  personal  pohtical 
ambition. 

RUSSIA  AND  ITS  RELATIONSHIPS  TO  THE  UNITED 
STATES 

Abstract  op  Address  by  C.  H.  Boynton 

President  American-Russian   Chamber  of  Commerce 

September  26,  1917 

The  speaker  emphasized  the  unusual  political  conditions  now 
in  Russia  and  expressed  the  belief  that  the  Russians  would  be 
able  to  straighten  out  the  tangle  themselves.  He  strongly 
emphasized  the  necessity  for  America  forming  its  opinion  of 
Russia  from  information  and  data  furnished  by  Americans, 
especially  the  men  in  the  American  Diplomatic  and  Consular 
Service,  and  American  business  men  in  direct  contact  with 
Russian  affairs. 

Mr.  Boynton  enumerated  many  of  the  natural  resources  of 
Russia,  whose  territory  covers  two  and  a  half  times  that  of 
the  United  States,  with  a  population  of  180,000,000,  and  a  birth 
rate  higher  than  that  of  any  civilized  nation:  in  the  ten  years 
between  the  Russo-Japanese  and  the  present  war,  Russia  had 
in  many  instances  doubled  the  output  of  her  raw  materials  and 
her  natural  wealth. 

Russian  Commissions  are  now  studying  manufacturing, 
mining,  railroads,  textiles  and  every  branch  of  industry,  and 
the  methods  and  laws  under  which  other  countries  have  de- 
veloped their  resources.  It  is  intended  to  re-draft  entirely 
legal  procedure,  corporation  law,  mining  law  and  almost  every 
law  which  enters  into  economic  development. 

Mr.  Boynton  stated  that  he  had  yet  to  meet  an  American 
with  sound  business  judgment,  who  had  made  a  visit  to  Russia 
and  personally  investigated  Russian  affairs,  who  did  not  return 
enthusiastic  over  the  future  possibilities  of  Russia. 

Russia  offers  an  unlimited  field  for  chemical  development 
in  all  classes,  in  the  beginning  as  an  importer  of  American 
chemicals  and  later  as  a  chemical  producer. 

Mr.  Boynton  gave  numbers  of  instances  showing  our  political 
indebtedness  to  Russia,  and  the  sentimental  and  practical 
reasons  why  we  should  assist  her  in  maintaining  her  democracy 
and  aid  her  in  developing  her  resources. 


NATURAL  RESOURCES  SYMPOSIUM 

September  27.  1917 
AHOPPA  AWAN  TEWA  (THE  DEAD  THEIB  DAY) 

Extracts  from  .^ddruss  dv  C.  H.  Crawi'ord 
Assistant  to  President,  Nashville,  Chattanooga  and  St.  Louis  Railway 
It  might  be  wondered  why  a  concern  with  but  one  product 
to  sell,'  which,  strictly  speaking,  is  not  competitive  but  is  an 
essential — -the  absolute  basis — of  all  industrial  products.  Trans- 
portation, should  take  the  trouble,  expend  the  money  and  use 
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up  the  time- of  part  of  its  personnel  to  attend  an  exposition  of  this 
kind,  but  if  you  will  look  over  the  exhibit  you  wUl  find  that  several 
railroads  have  done  this.     What  is  the  reason? 

All  railroads  have  at  least  two  kinds  of  industries — those  that 
"just  grow"  and  those  that  are  planted.  There  seems  to  me  to 
be  a  middle  ground,  largely  uninhabited,  in  matters  of  this  kind 
which  is  much  better  for  all  concerned. 

I  do  not  believe  that  there  is  any  business  organization  that 
realizes  Preparedness  more  clearly  than  do  we,  with  all  that  it 
coimotes  of  internal  readiness.  It  is  only  within  the  last  few 
years  that  the  old-time  industrial  departments  of  railroads, 
which  were  great  in  the  same  manner  as  are  balloons,  have  been 
modernized  by  the  addition  of  serious-minded  scientists  equipped 
with  the  indispensable  industrial  research  laboratories,  as  the 
sciences  upon  which  success  must  be  based  are  so  interdependent 
that  a  specialist  in  one  of  them  is  not  of  much  value  unless  he 
has  at  least  enough  knowledge  of  the  others  to  know  when  he  is 
getting  beyond  his  depth  in  them.  But  the  ircunediate  and  cry- 
ing need  of  our  chemical  industries  is  research  of  the  business 
order  and  they  have  such  limitless  possibilities  that  it  is  clear 
beyond  any  one  to  venture  prophecy  as  to  what  they  may  become. 

So  far  in  our  endeavors  we  reahze  that  we  have  but  "scratched 
the  siu-face."  The  underlying  idea  is  that  particular  idea  upon 
which  most  of  our  great  industries  have  been  based — that  of 
service;  and,  adapting  our  views  and  wishes  of  what  should  be 
done  to  our  abilities  to  perform  it,  we  have  made  up  our  minds 
and  have  told  a  few  people  who  have  already  come  to  us  for  ad- 
vice and  assistance,  that  if  there  was  anything  in  America  at 
which  we  could  get  there  was  no  trip  too  long  for  us  to  send  a 
properly  quaUfied  man  to  get  the  information  that  might  be 
at  the  end  of  the  road  to  put  at  the  disposal  of  our  client. 

There  was  a  time  in  our  history  when  if  you  went  to  a  banker 
for  a  loan  for  wliich  you  wished  to  hypothecate  securities,  he 
seemed  to  figure  as  to  how  he  would  get  your  securities  for  the 
least  possible  percentage  of  their  value,  but  no  legitimate  banker 
does  such  things  as  that  now. 

By  the  same  token  there  may  have  been  times  in  the  past 
when  the  railroads  did  business  on  some  such  piratical  hypothesis, 
but  that  day  is  over  and  most  of  us  who  represent  the  younger 
generation  of  railroad  men  are  inclined  to  deny  rather  vehe- 
mently the  existence  of  these  old-time  rules  of  the  "biggest  gun" 
because  we  have  only  a  little  hearsay  but  no  knowledge  of  how 
they  were  worked. 

At  the  first  chemical  exposition,  held  within  a  year  after  the 
war  began,  in  1915,  and  attended  by  over  60,000  people,  there 
were  no  railroads;  at  the  second,  which  more  than  doubled  the 
first  in  most  ways  and  was  attended  by  nearly  80,000,  there  was 
one;  this  year  If  you  look  around  you  will  find  five;  and  while  we 
all  have  recognized  within  the  la-st  few  years  the  utter  futility 
of  prophecy  It  would  not  surprise  me  greatly  If  the  geometrical 
ratio  between  these  luimbers  be  carried  into  the  progression 
which  will  be  shown  by  the  number  of  lliosc  you  will  see  in  1918, 
because  few  things,  If  Indeed  any,  have  done  more  toward  broad- 
ening and  quickening  the  advanccmenl  of  Industrial  chemistry 
or  to  bring  to  all  of  the  ditlerent  Industries  that  go  to  make  up 
our  business  life  greater  reallziitlon  of  the  benefits  accruing  from 
properly   directed  cheinici)  Industrial  enginceriiig  and   research. 

There  isn't  a  productive  Industry  shown  in  this  great  exliiliit, 
of  whose  uiuisual  vahic  for  publicity,  education  and  business 
acquaintance  every  live  manufacturer  should  avail  hinisclf,  that 
is  not  absolutely  (Icpendrnt  upon  some  kind  of  original  raw 
material  coinhig  from  the  earth  and  very  few  of  them  arc  of  any 
value  until  they  have  been  a.sscmblcd  with  others  transported 
in  some  way  to  a  ceTitral  point  where  they  went  through  the 
various  processes  we  call  "MianuraclurlMg"  to  some  useful  form. 

New  discoveries  which  Industrial  chemistry  is  continually 
performing  are  the  liiLsis  of  the  increa.HlnK  tendency  to  develop 
low  grade  pro|)ertie.t.  Many  places  in  the  country  are  working 
over  their  old  dumps  and  making  more  money  than  did  the  orig- 


inal property.  It  does  not  take  much  of  a  mathematician  to 
see  the  effect  of  this  because  the  freight  on  a  car  of  45  per  cent 
ore  is  about  the  same  as  the  freight  on  a  car  of  75  per  cent  ore; 
hence  it  is  inevitable  that  such  plants  will  go  to  the  source  of 
their  raw  material  and  it  is  apparent  that  the  railroad  which 
knows  the  most  about  the  mineral  deposits  in  its  territory  is  going 
to  be  the  strongest  contender  when  it  comes  to  locating  them. 

After  the  lesson  of  the  last  three  years  no  real  American  dis- 
putes the  importance  of  making  ourselves  independent  of  all 
other  coimtries.  I  think  I  am  safe  in  making  the  assertion  that 
tsventy-five  years  ago  the  whole  railroad  industry  in  America 
did  not  have  ten  chemists  in  its  regular  employ;  nowadays  a 
railroad  that  does  not  have  a  sufficient  number  of  well-trained 
chemists  to  do  its  work  is  a  "back  number,"  whether  it  knows  it 
or  not,  and  the  field  of  the  chemists  on  railroads  has  just  begmi 
to  open  as  railroading  is  also  becoming  a  science  whose  operation 
uses  more  than  half  the  kno%vn  elements.  The  chemist's  first 
efforts  seem  to  have  been  destructive  although  he  did  not  so 
intend,  but  in  the  future,  while  his  critical  field  will  continue  to 
expand,  his  greatest  use  will  be  in  the  way  of  aiding  the  indus- 
tries to  do  better  instead  of  sitting  by  to  tell  them  how  bad  their 
products  really  are. 

The  South  tliat  was  practically  left  for  dead  something  over 
a  generation  since  is  coming  into  a  hfe  of  which  few  of  its  citizens 
in  the  past  even  dreamed  and  we  are  expecting  to  be  among  those 
present  at  the  profit-taking.  The  resurrection  of  the  South  is  a 
real  thing.  The  value  of  our  cotton  crop  this  year  will  just 
about  equal  the  value  of  all  of  the  gold  that  the  State  of 
California  has  produced  in  the  best  fifty  years  of  its  history. 

A  few  years  ago  there  were  only  a  few  Southern  textile  mills; 
a  few  years  earlier  than  that  there  weren't  any.  But  they  took 
approximately  55  per  cent  of  the  1915  crop;  they  took  about 
60  per  cent  of  the  1916  crop.  The  precentage  they  require  of  the 
present  crop  will  be  still  higher. 

The  number  of  industrial  and  developmental  projects  that 
were  inaugurated  in  the  South  during  the  first  half  of  this  year 
is  simply  astonishing.  The  statement  in  the  Manufacturers 
Record  shortly  after  the  close  of  the  first  six  months  lists  more 
than  twenty-seven  thousand  (27,167)  and.  strange  to  say,  this 
number  does  not  exceed  that  of  the  corresponding  period  of  1916 
but  it  does  represent  a  great  deal  more  money  as  these  ventures 
involved  sums  of  money  all  the  way  from  a  few  thousand  up  to. 
in  one  case,  fifty  million,  and  when  I  tell  you  that  the  projector 
of  the  fifty-mlUlon-dollar  enterprise  w;is  the  Bethlehem  Steel 
Company  you  are  at  lil>erty  to  decide  for  yourselves  as  to  whether 
or  not  It  will  be  put  through.  These  great  Industries  arc  t>eMifi 
established  in  the  South  as  pennanenl  ones  and  the  communities 
which  are  successful  in  securing  chemical  industries  in  the  be- 
ginning are  the  ones  that  are  going  to  tiocome  their  great  centers. 


BUILDINQ  A  COMPLETE  CYCLE  OF  CHEMICAL  INDUSTRIES 
ON  THE  CLINCBriBLD 
ExTKACTs  rnoM  .\ni>Ki!ss  iiv   Victor  V.   KiiL.<Rr 
Chcmisl-Inilustriiil  Agent,  Carolina,  Clinclificld  and  Oltio  Railway 
The  Carolina.  Cllnchfield  and  Ohio  Railway,  frequently  s|)okcn 
of   as   "The   Clinchlield."   traverses  o   iHirllon   of   Stnithrastcm 
Kentucky.  Southwestern  X'irghiia.  I'iasteni  TenncsMi-,  WVstcni 
North   Carolina   and   South    Carolina.     The   mining,   manufac- 
turing   and   distributing    plants   located   along    the    Clinchlield 
enjoy  a  ceiitnU  and  strategic  location  in  rcfcreiu-c  to  the  domes- 
tic trade  of  the  more  ixipulous  sections  of  the  rnltrd  Slates 
The  Clliulifielil   territory   presents  suix-rior  features  lx»lh  from 
the  standpoint  of  asscmbliiiK  raw  materials  ami  the  dislrilmtion 
of  finislieil  priMhu'lH. 

One  of  the  prime  considerati«ms  that  Inl  to  the  ctinslnictioii 
of  the  Cllnchfield  was  the  opi<ortunity  it  alTonlc«t  to  unloi-k  the 
immense  storehouse  of  |>owcr,  other  mlnrrnU  and  the  x-irgin 
timber.      The  coal  fields  ma<lc  available  by  the  Clinchfieltl  are 
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among  the  largest  and  most  important  in  America — comprising 
hundreds  of  thousands  of  acres  of  high  grade  bituminous  coal 
situated  in  the  Cumberland  Mountains  of  Southeastern  Ken- 
tucky and  Southwestern  Virginia. 

The  Clinchfield  is  a  leader  in  the  fostering  of  certain  industrial 
developments  new  to  the  entire  South.  As  an  example  the  first 
pottery  designed  for  the  manufacture  of  decorated  tableware 
has  been  built  on  the  line. 

The  fact  that  the  Clinchfield  was  the  first  railroad  to  exhibit 
at  the  Chemical  Show  is  representative  of  the  pioneer  character 
of  its  entire  development. 

The  examinations  of  our  natural  resources  have  been  and  are 
now  being  carried  out  under  the  direction  of  experts,  thus  re- 
ducing to  a  minimum  the  clement  of  chance  in  the  establish- 
ment of  industries.  This  policy  further  prevents  any  mistakes 
in  locating  plants  that  are  not  likely  to  succeed.  This  has  char- 
acterized the  industrial  development  in  a  che:nical  way,  which 
for  completeness  and  success  has  but  few  parallels  in  America. 

The  economic  and  successful  operation  of  chemical  industries, 
in  fact  any  industry,  is  due  quite  largely  to  cheap  power  and 
raw  materials.  The  superior  quality  of  the  coals  from  the  fields 
of  Eastern  Kentucky  and  Southwestern  Virginia,  served  by 
the  Clinchfield,  is  indicated  by  calorimetric  tests,  showing 
upwards  of  14,000  B.  t.  u.,  with  low  ash,  sulfur  and  phosphorus. 

The  undeveloped  water  powers  tributary  to  the  Clinchfield 
are  potentialities  of  much  importance  to  the  chemical  manu- 
facturer. The  magnitudes  of  these  powers  vary  from  a  few  hun- 
dred horse  power  up  to  several  thousand,  and  these  can  be  de- 
veloped at  reasonable  costs,   well  below  $100  per  horse  power. 

The  building  of  a  large  Portland  cement  mill  on  the  line  was 
undertaken  only  after  it  had  been  established  beyond  reasonable 
doubt  that  the  necessary  raw  materials  of  the  proper  character 
as  regards  quality  and  quantity  were  available  and  that  the  terri- 
tory to  be  served  would  supply  a  market  for  the  finished  products. 
This  industry  has  been  increased  300  per  cent  since  191 1. 

The  construction  of  a  plant  for  the  manufacture  of  hollow  tile, 
terra  cotta  and  brick  was  begun  only  after  it  was  fully  proven 
that  the  raw  materials  were  suitable  in  every  way.  The  output 
has  been  increa.sed  260  per  cent  since  191 1.  The  brick  plant  is 
typical  of  the  chemical  plants  on  the  Clinchfield,  forming  another 
link  in  the  cycle,  and  fitting  in  nicely  with  the  cement  plant,  in- 
asmuch as  it  adds  additional  materials  of  construction. 

In  addition  to  the  cement  and  brick  and  the  development  of  other 
building  materials  along  the  Clinchfield  there  followed  in  rapid 
succession  plants  for  the  manufacture  of  other  materials  of  con- 
struction, including  quick  and  hydratcd  lime,  sand,  crushed  stone. 
gravel,  limestone,  sandstone,  marble,  granite,  timber  and  lumber. 

Several  tannic  acid  extract  plants  were  located  along  the 
Clinchfield,  because  of  the  natural  advantages  offered  in  the  way 
of  cheap  fuel,  cheap  power  and  an  unlimited  supply  of  chestnut 
wood  and  tan  bark,  all  of  which  can  be  assembled  at  convenient 
points  at  very  low  rates. 

The  spent  chips  from  the  acid  plants  represented  a  waste, 
whose  fuel  value  is  low  and.  therefore,  practically  worthless, 
but  the  chips  become  of  value  when  used  for  the  production  of 
cardboard  and  low-grade  paper.  As  a  consequence  of  this  a 
large  soda  pulp  mill  was  erected.  This  plant  will  use  in  part 
the  spent  acid  chips,  but  will  draw  its  main  supply  of  raw  material 
from  the  practically  inexhaustible  supply  of  pulp  woods  in  the 
forests  of  the  Clinchfield.  Before  the  pulj)  mill  was  completed 
its  capacity  was  doubled.  The  pulp  plant  needs  hydratcd  lime 
to  causticize  the  soda  liquors.  To  care  for  its  needs  a  large  lime 
and  hydraling  plant  was  built.  The  lime  plant  draws  its  lime- 
stone from  nearby  local  deposits,  and  is  now  supplying  the  pulp 
mill  with  hydrate,  and  a  tannery  with  lime  to  be  used  as  a  depila- 
tory. The  calcium  carbonate  resulting  after  the  causticizing 
of  the  soda  liquors  is  now  finding  a  market. 


Tannic  acid  is  a  commodity  that  will  permit  of  long  shipment, 
but  instead  of  sending  all  the  material  off  the  line,  a  large  tannery 
was  built  to  consume  a  portion,  and  to  provide  a  market  for 
local  hides.  This  same  industry  uses  lime  and  sodium  sulfide  as 
a  depilatory.  These  chemicals  are  now  being  manufactured 
in  large  quantities. 

A  factory  for  the  production  of  shoes  is  now  under  considera- 
tion, which  will  utilize  the  unfinished  leather  from  the  tannery 
in  the  production  of  a  finished  article. 

The  pulp  mills  need  a  bleaching  agent.  A  large  chemical 
plant  was  built,  and  is  now  supplying  the  pulp  plant  with  large 
quantities  of  bleach  of  a  ver>'  high  grade,  making  the  pulp  plant 
a  self-contained  unit,  and  adding  another  link  to  the  cycle. 

A  large  dye  plant  was  built  on  the  Clinchfield  and  it  needed 
sodium  sulfide  for  the  manufacture  of  sulfur  black.  Another 
chemical  plant  on  the  line  in  a  neighboring  town  promptly  sup- 
plied the  sulfide  of  the  proper  quality  and  without  delay. 

The  same  dye  plant  consumes  large  quantities  of  coal-tar  by- 
products, and  to  take  care  of  its  needs,  plans  are  now  under  way 
to  provide  the  requirements  locally.  The  residue  from  the  coal- 
tar  by-products  will  not  be  used  in  the  usual  way.  but  will  find 
another  outlet  which  will  permit  of  producing  power  at  a  cost 
that  will  rival  the  cost  of  power  at  Niagara  Falls.  When  this 
is  completed,  this  industry  will  form  a  complete  cycle,  when  it 
is  considered  that  the  dyes  are  used  by  the  textile  mills  on  the 
line,  and,  furthermore,  the  textile  mills  are  getting  their  raw 
cotton  from  the  fields  tributary  to  the  Clinchfield. 

The  only  possible  link  lacking  in  this  cycle  is  that  there  is  not 
at  present  being  manufactured  a  full  line  of  fertilizers  necessary 
for  increasing  the  cotton  and  other  crops.  This  phase  of  the 
chemical  industrial  development  is  being  seriously  considered, 
and  we  have  hopes  that  such  an  industry  will  soon  be  founded. 
The  necessary  raw  materials  are  either  on  or  nearby  the  line  of 
the  Clinchfield,  and  when  coupled  with  the  cheap  power  avail- 
able in  connection  with  a  ready  market,  the  proposition  becomes 
most  interesting. 

A  large  pottery  was  built  to  utiUze  the  naturally  occurring 
raw  materials  on  the  line,  and  to  further  the  chemical  cycle, 
a  large  number  of  modern  homes  were  built  for  the  em- 
ployees. 

To  provide  the  pottery  with  the  necessary  raw  materials  of 
the  proper  quality,  large  kaolin  refining  plants  were  built  as  well 
as  feldspar  and  silica  grinding  plants. 

The  vast  quantity  of  hard  woods  standing  in  the  forests  along 
the  Clinchfield  represent  a  potentiality  of  much  importance  to 
the  charcoal  and  wood  alcohol  producers.  The  saw  mills  along 
tlie  line  are  wasting  a  thousand  cords  of  hard  woods  every  day, 
that  are  suitable  for  the  production  of  charcoal,  wood  alcohol 
and  acetate  of  lime.  If  a  plant  is  built  on  the  line  to  utilize  this 
enormous  waste  we  have  assurances  that  a  charcoal  iron  furnace 
will  be  built  thus  completing  the  cycle  for  this  particular  industry. 
There  is  now  a  limited  market  locally  for  the  alcohol  and  acetate 
of  lime,  but  these  commodities  will  stand  long  shipments;  there- 
fore, there  is  at  all  times  a  good  market  for  these  chemicals,  and 
this  is  particularly  true  of  the  present  time. 

The  above  sums  up  briefly  but  somewhat  comprehensively 
the  building  and  operation  of  a  complete  cycle  of  chemical  in- 
dustries on  the  Clinchfield.  Other  chemical  plants,  for  which 
the  Clinchfield  is  particularly  well  adapted,  and  which  with 
the  vast  amount  of  natural  resources  available,  would  do  well 
to  locate  along  the  line  are:  a  plant  for  the  production  of  arti- 
ficial abrasives;  for  the  production  of  nitrogen  compounds; 
for  the  production  of  calcium  carbide,  carbon  electrodes,  bleach- 
ing agents;  caustic  soda;  pharmaceutical  compoimds;  organic 
compounds  and  dyes;  water  glass;  glass  products;  ultramarine 
blue;  ferro-  and  non-ferrous  alloys,  etc. 
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DEVELOPMENT  OF  CHEMICAL  INDUSTRIES  ALONG  THE 
NOKFOLK  AND  WESTERN  RAILWAY 

NATURAL  RESOURCES  DEVELOPED  AND  UNDEVELOPED 
Extracts  from  Adukkss  bv  E.  A.  Schubert 
Mineralogist.  Norfolk  and  Western  Railway 
With  the  advent  of  hostihties  in  Europe,  when  the  source  of 
supply  for  many  of  the  chemicals  essential  to  industry  in  the 
United  States  was  cut  off — our  scientists  immediately  arose  to 
the  occasion  with  the  result  that  the  chemical  industry  has  de- 
veloped and  now  occupies  a  high  position.  This  is  evidenced 
by  the  large  amoimt  of  capital  invested  in  chemical  companies 
and  organizations,  and  the  great  number  of  chemical  plants 
that  now  are  in  operation  or  are  building  in  different  sections  of 
our  coimtry.  In  fact,  so  rapid  has  been  this  development  that 
chemists,  engineers,  and  geologists  have  been  in  demand  far 
above  the  supply.  The  condition  applicable  to  chemistry 
throughout  the  United  States  is  equally  apphcable  to  the  de- 
velopment of  industry  in  the  territory  traversed  by  the  Norfolk 
and  Western  Railway.  This  system,  some  2000  miles  in  length, 
is  the  main  artery  for  transportation  to  one-half  of  the  State  of 
Virginia,  large  portions  of  North  Carolina,  West  Virginia  and 
Ohio,    as    well    as    certain  points  in  Maryland    and  Kentucky. 

The  industrial  development  along  the  Norfolk  &  Western 
Railway  had  a  very  humble  origin;  starting  with  the  old  flour 
mills,  the  Catalan  forge,  spinning  wheel  and  other  minor  indus- 
tries, gradually  the  possibilities  for  industrial  supremacy  im- 
pressed themselves  upon  the  artisan  and  capitalist,  until  now  in 
practically  every  village  and  city,  smokestacks  are  seen  sending 
forth  evidences  of  manufacturing  activity.  Thus  the  chemical 
industry  has  risen  out  of  the  development  of  the  simpler  minerals 
and  elements  found  in  economic  quantity,  until  now  there  are 
large  fertilizer  plants,  chemical  works,  gypsum  factories,  brick 
plants,  paint  mills,  lime  grinding  mills,  lime  kilns,  acid  plants, 
by-product  ovens;  soap  factories,  zinc  works,  aluminum  works, 
carbide  plants,  textile  mills,  furnaces  and  numerous  other  in- 
stitutions of  a  similar  character  operating  and  securing  their 
source  of  raw  minerals  from  the  several  deposits  that  in  the  past 
have  been  looked  upon  as  sources  of  samples  rather  than  the 
basis  for  large  industrial  plants. 

COAL — The  first  shipment  of  coal  took  place  in  1887.  During 
that  year  less  than  lofj.ooo  tons  were  transported.  This  tonnage 
rapidly  increased  until  1917,  from  present  indications,  will  see 
about  40,000,000  tons  of  coal  mined  and  transported.  In  addi- 
tion, at  least  5,000,000  tons  of  beehive  coke  are  converted  in  the 
territory.  This  vast  tonnage  represents  the  oiiti)iit  from  about 
,•500  mines. 

ANTHRACITE — Comparatively  little  developnunt  has  been 
<lone  on  these  measures  except  in  Pulaski  and  Montgomery 
Counties  where  three  or  four  mines  now  are  in  operation.  This 
coal  is  not  as  hard  as  the  Pennsylvania  antliracilc  but  carries 
from  76  to  78  i)er  cent  fixed  carbon. 

Ba.sed  on  this  biliimiiums  coal  developnient.  there  arc  throe 
by-product  coking  plants  either  in  operation  or  now  building  and 
several  chemical  and  dye  plants  are  projected  in  connection  with 
these  operations 

siiAi.K  -  Tliroughoiil  till'  X'alley  of  Virginia,  in  Picchnont, 
North  Carolina,  in  West  Virginia  and  Southern  Ohio  are  some 
of  (he  largest  deposits  of  shale  so  far  discovered. 

CLAYS  -The  clays  of  our  territory  have  been  exploited,  pri- 
marily for  brick  inaking  only.  Ilowi-ver.  throughout  the  \'allev 
of  V'irginia  and  in  Piedmont,  North  Carolina,  large  deposits  of 
clay,  kaolins  and  spars  are  foiiiul,  adaptable  to  all  branches  of 
ceramics     chemical,  pottery  and  pajK-r  purposes. 

LiMHSToNU  — The  liniettone  industry  has  In-en  qiiile  highly 
<levelo|)ed.  A  large  niimbrr  of  lime  kilns,  agriculliirul  lime 
xrinditiK  plants,  chciniial  works,  blast  furnnces  and  steel  mills 
<lraw  their  supply  from  these  de|H>sils.  .\l  Krnovu,  West 
Virginia,  a  very  liiiKe  plant  is  converting  a  dolomitic  marl  from 
Ohio  into  magnesium  oxidi-  for  sirel  furnace  lining      This  plant 


now  is  turning  out  about  1,000  tons  of  finished  product  per  day 
and  has  demands  far  beyond  its  capacity.  Based  on  high-grade 
limestone  and  other  requisites,  there  recently  has  been  organized 
and  now  is  building  at  Ivanhoe,  Virginia,  a  calciiun  carbide 
plant  that  will  have  an  initial  capacity  of  15,000  tons  of  carbide 
per  year. 

SILICA — The  sihca  deposits  of  our  territory  are  confined  to 
the  Oriskany  measiures  found  high  on  the  Alleghany  and  other 
mountains.  The  silica  is  quite  hard.  It  now  is  being  prepared 
for  the  market  by  two  different  plants;  one  near  Roanoke,  which 
supplies  the  requirements  of  a  glass  factory  and  sells  on  the 
open  market;  another  in  Bristol  that  is  engaged  in  the  manu- 
facture of  cleansing  powder,  using  silica  as  a  basis.  It  ranges 
from  98.8  to  99.5  per  cent  pure  siUca.  The  tonnage  is  veo'  large 
and  gives  promise  for  the  development  of  other  industries  re- 
quiring this  element  as  the  base. 

P^TJRHOTITE   OR   MTNDIC 

Inasmuch  as  the  present  new  industrial  development  requires 
for  its  base  primarily  sulfuric  acid,  therefore,  the  question  of 
sulfur  ore  is  of  great  importance.  For  a  number  of  years  the 
deposits  locally  called  Mundic  ore,  which  are  found  in  Floyd, 
Carroll  and  Grayson  Counties,  Virginia,  Ashe,  Alleghany  and 
Watauga  Counties,  North  Carohna,  have  been  known,  but  com- 
paratively little  work  was  done  on  them  except  to  remove  the 
gossan  for  blast  furnace  consumption.  On  a  few  miles  of  the 
lead,  the  Pulaski  Mineral  Company  began  experimenting  with 
these  ores  for  the  manufacture  of  sulfuric  acid.  This  company 
spent  large  sums  of  money,  finally  succeeded  in  perfecting  a 
process  and  about  ten  years  ago  installed  its  first  acid-producing 
unit.  This  industry  has  been  so  successful  that  up  to  the  pres- 
ent time  it  has  increased  its  capacity  about  400  per  cent,  and 
manufactures  fuming  sulfuric  acid  and  sintered  iron  ore  for  use 
in  the  blast  furnace. 

It  is  not  possible  to  convey  to  this  audience  the  full  magni- 
tude of  these  leads,  which  are  three  and  perhaps  four  in  number, 
paralleling  each  other.  All  development  has  been  confined  to 
the  lower  lead  and  practically  to  the  one  point.  The  General 
Chemical  Company  is  recovering  its  ore  from  oijcn  pits,  showing 
the  vein  to  be  about  165  feet  in  width  and  recoven.-  has  taken 
place  to  a  depth  of  nearly  200  feet.  The  vein  has  been  drilled 
at  this  point  about  300  feet  more. 

About  15  miles  to  the  Northeast,  at  Sylvatus,  a  large  amount 
of  work  has  lieen  done  on  this  same  lead;  many  diamond  drill 
holes  were  i)Ut  down,  cutting  the  ore  at  depths  ranging  from 
500  to  900  feet  below  the  surface,  showing  it  to  vary  in  thickness 
from  10  to  more  than  .h>i  feet.  This  lower  lead  is  fr<m\  50  to  60 
miles  in  length.  The  second  lead  is  practically  the  same  length 
and  varies  in  width  from  10  to  70  feet.  The  third  lead  is  prac- 
tically unknown.  All  of  this  ore  carries  a  small  iK-rcontagc  of 
cojiper;  the  sulfur  content  varies  from  j8  to  .^6  |KT  cent,  while 
the  iron  content  ranges  from  40  to  45  per  cent.  Willi  a  large 
inimber  of  chemical  and  fertilizer  plants  of  various  descriptions 
recjuiring  sulfur  ore  for  a  basi',  this  \-asl  undeveloiK'd  area  gives 
promise  for  a  source  of  supply  extending  far  into  the   future. 

NiCKKL— Paralleling  the  i)yrrhotitc  Icails  in  Floyd  and  Carroll 
Counties,  a  B(»sion  Comi>any  has  six-nt  a  great  deal  of  money  on 
the  development  of  the  nickcliferous  pyrrholilc.  The  indica- 
tions are  that  this  vein  is  alMMit  u  feet  in  Ihicknevi  and  curries 
1  to  2  iKT  cent  nioki'l.  with  other  values  This  lead  luis  liccn 
traceil  for  at  least  jo  miles. 

TiTANii-iiRofs  IRON  -I  hiivc  grcrtt  faith  in  the  tiliinifcrous  iron 
ores  found  throughout  I'ieiliuonI,  Virginia  and  North  Carolina 
as  well  as  in  inaiiv  coiuities  in  Soiithwi-Hl  Virgiitia  1  have 
given  a  great  deal  of  cnicideralion  to  thcM-  orvs.  which  by  nearly 
every  miueralogisl  in  ll»'  past  have  Ikvh  condcnine«l,  and  Ik- 
lieve  llirm  to  In-  the  fiituie  source  for  an  ore  iiscil  u>  (he  prodiic 
lion  of  a  pig  iron  and  st«vl  adapted  to  purixt^rs  where  great 
tensile  HtreiiKlh  "lid  ptitity  are  es<ieiitial  We  liaxT  in  our  Icrri- 
torv  inanv  niiles  of  tlirst-  Ir.iils  raiiguig  Ml  lhickuc!t!i  from    }  I" 
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20  feet,  carrying  45  to  50  per  cent  metallic  iron  and  from  3  to 
25  per  cent  titanium. 

MANGANESE — Until  very  recently  all  manganese  recovered 
in  America  came  from  Virginia.  At  one  time  at  least  90  per 
cent  of  it  was  recovered  from  one  mine.  From  the  Potomac 
River  down  into  Tennessee  large  sums  of  money  have  been  ex- 
pended in  exploring  manganese  deposits;  some  of  these  with  suc- 
cess; others  have  been  a  faUure.  The  manganese  of  our  Valley 
region  is  embedded  in  a  very  stiff,  tenacious  clay  which  makes 
it  rather  expensive  to  handle,  but  the  total  tonnage  available 
within  this  territory  (and  most  of  it  is  along  the  Norfolk  and 
Western  Railway)  is  very  large. 

Other  regions  of  great  promise  are  to  the  east  of  Lynchburg 
and  south  of  the  James  River,  where  in  the  past  nearly  all  de- 
velopment has  centered  on  the  property  known  as  the  Piedmont 
or  Myers. 

Manganese  is  found  in  nearly  every  county  of  Southwest 
Virginia;  some  of  the  deposits  are  very  promising;  others  have 
little  value,  but  I  am  certain  that  under  careful  management 
many  millions  of  tons  of  ore  are  available  for  the  iron  and  chem- 
ical industry  in  this  State  of  Virginia  and  that  if  the  proper  equip- 
ment is  installed  it  can  be  prepared  for  market  at  a  price  that 
will  return  a  profit  in  competition  with  our  foreign  ores.  Al- 
ready a  number  of  large  manganese  plants  are  in  operation, 
others  are  developing  as  a  result  of  the  high  price  of  this  mineral 
and  I  believe  that  even  after  the  close  of  hostilities  the  possi- 
bilities for  these  mines  to  continue  operation  are  flattering. 

BARYTES — At  one  time  Virginia  produced  a  very  large  per- 
centage of  barytes  required  by  the  trade,  but  some  8  years  ago 
all  mills  were  compelled  to  shut  down  and  the  mines  abandoned. 
There  still  are  available  in  Tazewell  and  Russell  Counties,  Virginia. 
large  lenses  of  barium  sulfide  averaging  over  98  per  cent. 

ARSENIC — In  Floyd  County,  Virginia,  is  the  only  exclusive 
producing  arsenic  mine  in  America,  known  as  the  Brinton  Ar- 
senic Mines.  Development  started  on  these  deposits  about  12 
years  ago;  about  $500,000  has  been  spent;  the  mine  developed 
to  a  depth  of  about  300  feet  on  the  slope,  and  up  to  the  present 
time  about  2,000  tons  of  arsenious  oxide  have  been  refined.  A 
tunnel  driven  into  the  mountain  cuts  five  veins  of  arsenic  ore 
ranging  in  thickness  from  14  in.  to  7  ft.  Vein  No.  3  is  the  only 
one  being  worked  at  the  present  time.  The  ore  recovered 
carries  about  35  per  cent  metallic  arsenic.  This  lead  has  been 
traced  for  about  30  miles. 

ALLOY  METALS,  PRODUCTION  AND  USES,  ESPECIALLY 

IN  RELATION  TO  THE  WAR 

NOTES  ON  OBSERVATION  MADE  ABROAD 

Address  at  Special  Joint  Session  of  the  New  York  Sections  of  the 
American  Institute  of  Mining  Engineers  and  the  American  Electrochemical 
Society,  September  27,  1917. 

By  Geo.  K.  Burgess 
Chief  of  Division  of  Metallurgy.  V.  S.   Bureau  of  Standards 

Problems  involving  the  use  of  metals  were  given  particular 
attention  during  a  recent  visit  to  France  and  England,  and  al- 
though a  considerable  part  of  the  information  thus  obtained  con- 
cerning metals  is  of  a  confidential  nature,  a  few  general  impres- 
sions may  be  recorded  here  which  may  have  a  bearing  on  the  r61e 
and  participation  of  the  United  States  in  the  war. 

First,  as  to  production  and  distribution  of  metals  and  other 
metallurgical  supplies  and  products,  there  is  a  rigid  governmental 
control  exercised  through  the  Ministries  of  Munitions  in  both 
France  and  England.  This  control  extends  even  to  orienting 
the  nature  and  scope  of  metallurgical  manufacture  and  includes 
not  only  the  original  distribution  but  may  be  exercised  to  force 
repartition  of  stocks  already  assigned,  as  the  exigencies  and 
emergencies  require. 

The  practical  advantages  of  tliis  single  control  without 
confusion  or  ambiguity,  of  metal  and  other  stocks,  appear  to 
work  for  the  greatest  possible  efficiency  and  economy  in  produc- 
tion, manufacture  and  distribution. 


Second,  there  have  occiured  at  various  times  either  momentary 
or  prolonged  shortages  of  certain  metallurgical  materials,  and 
this  has  served  as  a  stimulus  for  the  production  of  substitutes. 

The  scarcity  of  copper  threatened  at  one  time  to  become  very 
acute  and  was  sufficiently  so  in  England  and  France  to  start  a 
series  of  investigations  on  copper  substitutes  for  its  various  uses 
as  a  metal  and  in  alloys,  and  some  of  these  substitutes  have  been 
found  so  satisfactorj'  they  will  undoubtedly  stay.  Thus  the 
metal  zinc,  particularly  when  alloyed  with  other  metals,  was  in 
this  way  made  to  play  a  more  important  role  than  hitherto; 
and  piu-e  iron — such  as  that  produced  electrolytically — came  into 
prominence. 

In  this  development  of  substitutes,  as  well  as  improvements 
in  the  realm  of  alloys  for  various  purposes,  America  has  by  no 
means  been  lacking,  and  this  field  is  everywhere  being  very  ac- 
tively worked.  It  includes  many  domains  which  are  being  con- 
stantly extended  both  here  and  abroad,  such  as  high  speed  steels, 
light  alloys  for  aviation  construction,  non-corrosive  alloys,  and 
many  others. 

Another  illustration  of  a  much-needed  substitute  will  occur 
to  everyone.  There  is  one  ingredient  in  steel  which  is  consid- 
ered essential  and  which  reached  relatively  fabulous  prices — 
I  refer  of  course  to  manganese.  The  production  and  working 
of  steel  with  low  manganese  and  the  possibility  of  using  less 
costly  substitutes,  should  be  intensively  investigated — the 
problem  is  being  attacked  in  several  laboratories  and  works  and 
appears  to  have  been  partly  solved  for  certain  classes  of  steel. 

One  of  the  most  striking  cases  of  efficient  substitution  is  illus- 
trated in  the  French  semi-steel  shell  replacing  steel;  it  has  even 
been  claimed  that  "semi-steel"  saved  France.  In  any  event, 
it  was  characteristic  of  the  French  genius  in  meeting  sponta- 
neously an  emergency,  that,  with  a  sudden  shortage  of  steel  and 
the  greater  part  of  their  blast  fiu-naces  in  enemy  hands,  little 
iron  foundries  were  established  pretty  much  every\vhere,  almost 
literally  over  night,  and  the  necessary  output  of  shells  thus  main- 
tained. 

Another  phase  of  the  question  of  limited  supplies  is  illustrated 
in  the  renewed  scrutiny  of  specifications  with  a  view  to  eliminating 
all  items  concerning  quahty  that  are  not  absolutely  essential. 
This  is  particularly  true,  for  instance,  for  certain  of  the  chemical 
requirements  previously  insisted  upon  with  great  severity  for 
certain  steels  used  in  the  manufacture  of  shells  and  numerous 
other  products.  For  example,  the  British  had  for  a  time  a  dras- 
tic limitation  for  the  copper  content  in  shell  steel,  which,  if  en- 
forced, would  eliminate  practically  all  steel  made  from  ores 
originating  in  the  eastern  United  States  and  other  areas,  as  the 
copper  therein  present  is  not  removed  in  any  of  the  furnace 
operations. 

Metal  supplies  are  used  in  such  tremendous  quantities  that 
in  a  specification  every  proposed  item  which  may  act  to  limit 
or  complicate  production  or  manufacture  should  be  scrutinized 
with  the  greatest  care  to  determine  whether  it  is  really  essential 
for  the  end  sought.  Elaborate  investigations  concerning  such 
matters,  about  which  there  may  be  doubt  or  conflicting  opinions, 
win  repay  their  cost  many-fold  and  also,  what  is  in  many  cases 
even  more  important,  save  time. 

On  the  other  hand,  there  are  cases  where  no  pains,  trouble  or 
cost  should  be  considered  too  great  in  order  to  secure  the  quality 
desired.  It  may  even  be  necessary  to  revolutionize  a  whole 
industry  to  obtain  the  end  sought;  such,  for  instance,  may  be 
the  case  for  certain  munitions — high  explosive  shells,  for  example, 
the  premature  exploding  of  which  works  deadly  havoc  with  lives 
and  morals. 

It  may  tlms  be  found  advisable  for  American  steel  manu- 
factiu-ers— or  at  least  some  of  them  making  certain  grades  of  muni- 
tions such  as  H.  E.  shells — to  consider  seriously  improving  their 
ingot  casting  practice  to  conform  more  closely  to  methods  which 
have  been  demonstrated  to  give  without  ambiguity  "sound  steel." 
Some  of  the  methods  of  ingot  casting  in  current  use  in  tliis  coun- 
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try — ^small  end  up,  fast  pouring,  no  hot  top,  no  tun  dishing — are 
conductive  to  anything  but  "sound  steel." 

In  the  several  French  and  English  plants  I  was  privileged  to 
visit — of  which  Hadfields,  Ltd.,  and  Creusot  are  typical — the 
ingot  practice  appeared  to  be  as  perfect  for  shell  steel  as  could  be 
devised  and,  mcidentally,  such  practice  appears  to  be  both  eco- 
nomical and  rapid. 

There  is  another  aspect  of  the  specification  question  which 
should  not  be  forgotten  and  which  makes  for  reduction  in  cost 
and  simplification  generally;  namely,  the  number  of  different 
specifications  of  similar  materials  should  be  cut  down  to  the  lowest 
possible.  There  should  be  not  only  national  but  international 
effort  in  this  direction  especially  when  supplies  for  several  nations 
may  be  drawn  in  part  at  least  from  a  single  country.  Perhaps 
the  latest  example  of  this  kind  of  cooperation  working  to  secure 
as  few  standards  as  compatible  with  the  common  needs,  is  given 
in  the  work  of  the  International  Aircraft  Standards  Board,  on 
which  Canada,  France,  Great  Britain,  Italy  and  the  United 
States  are  represented;  they  find  they  can  get  along  with  39 
steels,  2  brasses,  etc.,  and  have  a  single,  general,  metal  specifica- 
tion. I  believe  there  is  room  for  a  great  deal  more  simplification 
and  reduction  in  number  of  metal  specifications  in  the  United 
States. 

Finally,  although  I  have  no  intention  of  entering  into  a  dis- 
cussion of  the  question,  I  should  like  nevertheless  to  state  the 
belief  that  a  further  simplification  leading  toward  international 
uniformity  should  be  effected  and  the  present  is  not  an  inoppor- 
tune time — I  refer  to  the  introduction  of  the  metric  system  of 
weights  and  measures.  This  would  make  for  interchangeability 
of  munitions  and  parts  of  numerous  war  appliances  on  the  front 
in  France  and  at  the  rear  as  well;  and,  in  fact,  one  may  pertinently 
ask  if  the  securing  uniformity  of  measures,  which  goes  hand  in 
hand  with  standardization  of  parts,  may  not  become  an  impera- 
tive necessity? 

SYMPOSIUM— THE  CHEMIST  AND  THE  BANKER 

if  the  American 


Addresses  at  the  Special  Meeting  <jf  the  N 
Chemical  Society,  Septe 


York  Scctioi 
jer  28,  1917. 


THE  CHEMIST 

By  Arthur  D.  Littlr 

Most  chemists  know  perfectly  well  what  a  bank  is.  It  is 
an  institution  for  minimizing  the  wear  on  paper  money  and  is 
generally  located  in  the  best  looking  building  in  town.  It 
works  this  way.  You  take  your  salary  check  to  the  bank  be- 
fore two  o'clock  and  give  it  to  a  man  in  a  cage  whom  you  don't 
know.  He  writes  $1,000,  or,  maybe,  only  S65,  in  the  liltle  book 
you  bring  and  you  can  tlicn,  without  soiling  a  dollar  of  real  money, 
spend  your  salary  by  simiily  writing  other  checks.  (Jnce  in 
a  great  while,  to  hold  your  custom,  this  man  writes  in  "interest 
18  cents"  in  the  little  book  and  you  spend  Sunday  in  trying  to 
find  the  error.  Then  the  bank  lends  part  of  your  salary  to  the 
United  States  Government  f/jr  which  it  gets  2  per  cent  gold  bonds 
against  which  it  issues  bank  notes  to  enable  it  to  pay  rent  and 
salaries,  and  it  lends  the  rest  of  your  check  to  railroads  and  manu- 
facturing corporations  and  lo  fanners  to  move  the  crops.  Its 
profit  is  the  difference  between  the  interest  they  pay  and  the 
18  cents  the  bank  pays  you,  us  pointed  out  by  Stanley  Jevous 
in  "Money  and  the  Meclianlsni  of  ICxchangc." 

Now  the  chemist  goes  at  least  once  a  month  to  the  banker's 
bank  whereas  the  banker  sildnni  or  never  eonies  to  the  chemist's 
laboratory.  It  is  not  surprising,  therefore,  that  the  banker 
rarely  acquires  un  equally  clean-cut  understuiidlng  of  the  relation 
of  chemistry  to  the  salary  cheek  he  draws.  To  night,  with  tills 
great  Mxposilion  for  our  background,  It  is  our  privilege  lo  en- 
lighten him  and  I  will  ask  the  bankers  present  kindly  to  move 
into  (he  front  seals,  without  crowding. 

Chemistry  deals  with  the  pro|N.Ttles  of  mutter  and  (he  changes 
which  they  unilergo.  Kuiiklng  deals  with  the  pro|>erties  of 
money  an<l  the  cliuiiKes  which  I  hey  luulergu.     Money  Is  merely 


a  special  form  of  matter  set  apart  by  agreement  to  faciUtate  the 
exchange  of  other  forms  of  matter.  The  conclusion  seems  in- 
evitable that  banking  is  merely  a  department  of  chemistry  like 
metallurgy  or  paper  making. 

The  authenticity  and  fineness  of  the  gold  coin  which  consti- 
tutes the  monetary  basis  is  determined  by  chemistrj'.  The  mint 
is  a  chemical  plant.     Southern  chemists  get  the  best  results  from  it. 

It  is  chemistry  rather  than  mining  which  is  iJtimately  re- 
sponsible for  the  amoimt  of  gold  produced.  The  chlorination 
process  and  the  cyanide  process,  by  rendering  profitable  the  treat- 
ment of  vast  quantities  of  low-grade  ores,  profoundly  affected 
the  value  of  every  oimce  of  gold  in  Christendom  and  the  ex- 
change value  of  all  secm-ities  and  commodities.  But  gold  and 
the  currency  based  thereon  are  only  the  exponents  of  individual 
and  national  wealth.  The  commanding  influence  of  chemistry 
becomes  most  apparent  as  we  consider  the  true  wealth  of  nations: 
the  things  which  money  and  seciuities  merely  represent. 

WIDE   RANGE   OP   CHEMISTRY 

There  is  an  imfortunate  tendency  among  financial  men  to  re- 
gard as  chemical  only  those  activities  which  have  to  do  with  the 
production  of  alkah  and  acids,  dyes,  explosives,  sx-nthetic  drugs, 
and  analogous  materials  within  a  narrowly  limited  field,  whereas 
there  is  hardly  any  industrial  activity  which  does  not  from  some 
point  of  view  present  a  clearly  defined  chemical  asf)ect.  Agri- 
cultm-e  thus  becomes  a  department  of  photo-chemistry  and  the 
production  of  indigo  by  the  plant  under  the  influence  of  sun- 
hght  is  no  less  a  chemical  process  than  its  s>Tithesis  in  a  factory. 
When,  however,  that  synthesis  was  accomphshed  in  the  labora- 
tory, wise  bankers  began  to  scrutinize  the  credit  of  indigo  planters. 

Our  national  wealth  is  largely  founded  upon  agriculture. 
Bankers  annually  bestir  themselves  to  move  the  crops.  There 
would  be  far  less  to  move  were  it  not  for  chemical  fertihzers, 
chemical  sprays  to  keep  down  the  ravages  of  insects,  and  bi- 
sulfide of  carbon  which  saved  the  wine  industry  of  France  and 
to  wliich  the  American  farmer  is  scarcely  less  indebted.  By  its 
utilization  of  the  cottonseed  chemistry  had  added  before  the 
war  at  least  $200,000,000  annually  to  the  value  of  the  cotton 
crop  and  the  war  itself  is  being  fought  with  explosives  made 
with  cotton  linters.  Cotton  is  no  longer  merely  a  textile  fiber. 
It  is  the  raw  material  for  great  chemical  industries,  for  the  pro- 
duction of  moving  picture  films,  artificial  leather,  artificial  silk, 
the  endless  varieties  of  celluloid,  lacquers,  aeroplane  varnishes, 
dopes  for  patent  leather  and  reinforced  glass.  Com  is  still 
primarily  a  food  crop  but  it  has  become  much  more.  Chemistry 
has  made  it  yield  oil,  dextrine,  glucose,  starches,  and  adhesivcs 
in  great  variety,  tlms  bringing  new  grist  to  the  banker's  mill. 

In  every  state  and  most  conspicuously  in  Washington,  chem- 
ical laboratories  siii)ported  by  tlie  public  lunds  attest  the  de- 
pendence of  agriculture  upon  chcmlstr>-,  which  science  thus  be- 
comes the  foimtain  head  of  this  great  source  of  national  wealth. 

The  securities  based  on  steel  production  loom  large  iK-forc  the 
banker  but  are  rarely  credited  by  him  to  chemistry.  Yet  making 
steel  or  ahuninuni,  or  extracting  and  refining  cop|>er  and  nickel, 
are  as  definitely  chemical  operations  as  making  coal-tar  dyes; 
so  also  witli  manufactures  of  the  most  diverse  sorts,  the  tunning 
of  leather,  making  bread,  bricks,  cement,  lime,  patwr,  cuke, 
carbide,  glass.    • 

But  wealth  to  be  available  for  exchange  must  for  the  must 
part  l)c  transported  nnd  to  facilitate  such  tnins|>ortation  great 
finaneliil  slriietures  have  In-cn  b\illt  up  by  Iwmkcrs.  Of  these 
slruelures  or  the  pro|K'rlies  they  represent  chemislry  is  igpiin 
the  corner-stone.  Who  would  build  niilr\>ails  or  dig  ounaU 
wlUioiit  Portland  cement  and  dynumile,  sicfl  ruils  and  bridge 
memlHTs.'  The  Bessemer  pr<H-css  alone,  nnd  chiefly  lnvause  of 
lis  inlliienee  on  trunsportatlon,  was  eliilme«l  by  Abtiini  S  Hewitt 
to  adil  f  j,oiKi,<iix>,cx»)  yeiitly  to  the  world's  wealth 

A  vohmie  of  fusclnuting  interest  could  l>c  written  on  the  in- 
fluence of  chemistry  u|Min  the  weultJi  of  tiatiuns  The  discox-cry 
of  sulfuric  ueld  caused  we.dth  to  flow  in  n  Imvtd  strrain  to  Sicily 
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and  the  substitution  of  p>Tites  for  sulfur  threatened  the  island 
with  bankruptcy.  Not  gold,  but  the  cyanide  process  for  ex- 
tracting gold,  established  the  prosperity  of  South  Africa. 
The  nitrate  beds  of  Chile  and  the  potash  mines  of  Germany 
constitute  national  assets  of  the  first  importance  because  chemistry 
synthesized  their  values  as  it  now  in  nitrogen  fixation  plants 
synthesizes  wealth  from  air. 

FINANCIERS    BEGINNING    TO    APPRECIATE    CHEMISTS 

Although  the  chemist  is  still  often  made  to  feel  that  he  is 
speaking  a  foreign  language  when  talking  to  a  banker  the  events 
of  the  last  three  years  have  stimulated  a  rapidly  growing  apprecia- 
tion in  the  minds  of  men  of  affairs  and  financiers  of  the  funda- 
mental importance  of  chemistry  as  a  factor  in  national  develop- 
ment and  the  basis  of  prosperity. 

The  time  has  come  for  chemists  and  bankers  to  find  a  common 
language  and  to  establish  a  mutual  understanding.  The  bankers 
need  not  prove  that  they  can  help  thechemists;  wcadmit  it.  We 
are  not  sure  that  they  realize  the  extent  to  which  we  can  help  them. 

Some  bankers  are  finding  it  worth  while  to  study  Spanish 
because  it  leads  them  into  a  new  financial  world.  It  is  in  the 
power  of  chemistry  to  open  up  a  new  universe  of  finance. 

Dewar  has  said  that  the  whole  object  of  the  training  of  a  chem- 
ist is  to  produce  an  attitude  of  mind.  For  what  do  men  in 
hundreds  daily  risk  their  lives  in  aeroplanes  over  the  battle- 
fronts  of  Europe?  They  do  it  simply  to  get  a  new  point  of  view 
from  which  the  enterprise  of  armies  may  be  directed  by  their 
commanders.  Is  it  not  then  wise  for  the  financiers  who  are  the 
generals  of  industry  to  utilize  to  the  utmost  the  scientific 
imagination,  which  is  only  logic  in  flight. 

With  due  mental  reservation  for  a  few  conspicuous  exceptions, 
it  may  be  said  without  much  fear  of  contradiction,  that  bankers 
generally  seem  to  chemists  to  lack  imagination  and  to  experience 
a  surprising  difficulty  in  visualizing  an  unfamiHar  situation. 
For  instance,  it  hurts  a  chemist  to  see  great  quantities  of  raw 
material  going  to  waste.  It  doesn't  seem  to  hurt  a  banker  very 
much.  A  chemist  views  with  his  mind's  eye  the  vast  potential 
wealth  awaiting  development  by  chemical  methods,  in  the  gas, 
oil,  salt,  sulfur  and  wood  waste  focussed  in  Louisiana.  Fre- 
quent reference  to  it  fails  to  arouse  the  enthusiasm  of  the  banker, 
and  very  little  happens.  Evidently  the  chemist  has  not  learned 
the  proper  formula  for  presentation  of  such  large  affairs. 

In  financing  a  cotton  mill  it  is,  I  am  told,  possible  to  estimate 
the  cost  within  a  few  cents  per  spindle.  No  such  accuracy  can 
be  expected  in  case  of  a  chemical  plant,  and  particularly  generous 
allowances  must  always  be  made  where  new  processes  are  in- 
volved. Chemical  investments  in  their  early  stages  are  un- 
doubtedly speculative,  and  often  highly  so  in  character,  but 
the  speculative  feature  stands  commonly  in  an  inverse  ratio  to 
the  amount  of  capital  available  for  development.  Important 
chemical  enterprises  should  be  initiated  only  by  men  with  large 
reserves  of  capital  and  who  wear  thick  woolen  socks.  Widows 
and  orphans  and  small  investors  should  keep  away  from  them. 
Unless  you  can  stay  in  it  to  the  finish  it  is  dangerous  to  get  into 
a  good  thing  too  soon.  By  way  of  example,  the  first  three  com- 
panies organized  by  Count  du  Chardonnet  for  the  manufacture 
of  artificial  silk  failed;  stock  in  the  fourth  sold  at  S2280.  One 
can,  on  the  other  hand,  point  to  highly  successful  chemical  enter- 
prises which  have  been  established  on  an  initital  capital  of  S^o.oio 
or  less..  What  is  particularly  needed  is  a  more  direct  approach 
to  capital  by  chemists,  through  chemists. 

THE    CHEMICAL    ENGINEER    VS.    MORTGAGE    FORECLOSURE 

In  their  contact  with  existing  industries,  banks  are  beginning 
to  recognize  that  it  is  sometimes  better  policy  to  call  upon  a 
chemical  engineer  to  set  a  business  straight  than  it  is  to  fore- 
close a  mortgage.  They  do  not  always  seem  to  appreciate, 
however,  the  extent  to  which  the  adequacy  or  the  lack  of  chem- 
ical control  of  material  and  i)rocesses  may  affect  the  desirability 
of  credit  lines.  A  balance  sheet  does  not  always  show  where  the 
dollars  go  in  business.      Many  of  them  may  be  going  up  the 


chimney  or  down  the  stream,  or  into  the  slag  pile.  Many  may 
disappear  in  low  yields  or  products  classed  as  seconds.  A  chem- 
ical audit  of  a  plant  is  sometimes  more  informing  than  a  balance 
sheet.  Bankers  all  the  world  over  are  straining  their  energies 
to  aid  their  Governments  in  placing  gigantic  war  loans.  How 
shall  these  staggering  burdens  be  carried  and  the  obligations 
ultimately  paid?  The  chemists'  answer  is:  By  conserving 
the  values  we  already  possess;  by  converting  into  actual  wealth 
the  vast  potential  values  in  raw  materials  now  wasted;  and  by 
developing  the  estate. 

If  New  England  farmers  cannot  raise  sheep  because  of  vagrant 
dogs,  let  us  intern  those  dogs.  Since  labor  is  scarce  let  us  stop 
the  nonsense  I  have  just  seen  perpetrated  by  digging  one  trench 
instead  of  four  to  connect  public  services  with  a  new  building. 
Let  us  see  if  the  simple  expedient  of  making  it  difficult  to  insure 
flimsy  construction  and  bad  risks  will  not  cut  something  sub- 
stantial from  our  annual  fire  loss  of  $200,000,000.  Through 
long  years  of  peace  and  plenty  dwellers  in  American  cities  have 
carried  a  heavy  burden  of  municipal  extravagance  and  ineffi- 
ciency. Now  is  the  time  for  us  to  realize  that  every  dollar  so 
wasted  is  a  dollar  filched  from  the  fund  for  national  defense. 
Equally  serious  to  the  nation  and  closer  to  the  individual  are 
the  losses  from  preventable  ill  health.  There  are  the  yearly 
losses,  amounting  into  billions  from  bad  agriculture,  bad  packing, 
bad  distributing  systems,  and  the  absence  of  dehydrating  plants. 

NATIONAL    WASTES 

The  suppression  of  these  especially  discreditable  forms  of 
national  extravagance  concerns  banker  and  chemist  and  all 
good  citizens.  There  are  other  colossal  wastes  which  more  di- 
rectly concern  the  chemist  in  his  professional  capacity  and  the 
banker  as  a  financial  agent — wastes  of  coal  and  natural  gas  and 
yellow  pine  and  cereal  straw  in  amounts  running  into  figures 
which  sound  like  stellar  distances  and  which  seem  to  make  about 
the  same  impression  on  the  average  mind.  Suppose  Niagara 
Falls  ran  coal  instead  of  water,  how  long  would  we  bum  the  coal 
at  the  base  of  the  Falls  to  make  a  spectacle  and  remain  easy  in 
our  consciences? 

The  losses  due  to  inefficient  manufacturing,  though  indeter- 
minate, are  far  greater  than  either  bankers  or  manufacturers 
realize.  They  are  in  large  measure  subject  to  chemical  control 
and  when  thus  minimized  have  often  spelled  the  difference  be- 
tween disaster  and  dividends. 

Suppression  of  the  waste  thus  far  enumerated  would  pay  our 
war  expenditures  within  five  years  and  thereafter  make  our 
country  the  financial  reservoir  of  the  world. 

It  is  finally  the  mutual  duty  and  opportunity  of  the  banker  and 
the  chemist  to  cooperate  in  the  development  of  the  estate  which 
is  our  country.  To  a  similar  end  England  has  mobilized  her 
scientists  and  made  grants  of  over  a  million  Pounds  to  promote 
industrial  research.  Her  manufacturers  are  organizing  Re- 
search Associations  to  cooperate  with  the  Government  and  di- 
vide the  financial  burden  Pound  for  Pound.  While  the  resources 
of  our  own  country  offer  literally  boundless  opportunity  for  profit- 
able research,  we  have  still  to  utiUze  many  research  results  of 
large  importance  which  are  immediately  available. 

To  this  extent,  the  chemist,  with  his  proofs  in  hand,  now 
waits  upon  the  banker. 

THE  BANKER 

By  G.   A.   0'Reii,i.v 
Foreign  Trade  Representative,  Irving  National  Bank,  New  York  City 
Lender  ordinary  conditions  and  in  normal  times  the  spectacle 
of  a  banker  presuming  to  address  a  body  of  chemists  upon  their 
exclusive  and  somewhat  mysterious  specialty,  or  indeed  upon         y 
any  other  subject  closely   related  to  this  siiecialty,  would  be 
rather  unusual,   perhaps  a   bit  amusing,   and   certainly   would 
suggest  a  quality  of  nerve  which  quite  consistently  and  even 
profitably   might   be   applied   to   some   more   heroic,   although 
probably  not  more  difficult  task. 
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Just  where  the  theories  of  banking  and  the  practice  of  chem- 
istry come  together  is  a  subject  which,  it  is  feared,  in  the  past 
has  not  claimed  the  attention  of  banking  circles  to  the  extent 
to  which  its  merit  would  appear  to  entitle  it — and  just  why 
bankers  and  chemists  have  not  yet  succeeded  in  breaking  through 
the  wall  of  indifference,  or  worse,  which  separates  them,  is  a 
matter  Which  properly  may  be  made  the  subject  of  considerable 
discussion  and  explanation. 

However,  the  conditions  under  which  we  meet  are  not  ordinary 
conditions,  and  the  times  in  which  we  live  are  not  in  the  least 
normal  times.  Conditions  are  far  from  ordinary  when  through- 
out the  world  men  may  look  out  upon  a  situation  strewn  with 
the  wrecks  of  institutions  upon  which  men  had  learned  to  depend 
for  safety  and  security  and  guidance,  and  where,  as  affecting 
the  relations  between  men — race,  and  creed,  and  kin,  have  lost 
their  meaning;  and  times  are  far  from  normal,  when,  after  a 
thousand  years  and  more  of  Christian  teaching  and  thought  and 
inspiration.  Christian  men  consistently  may  speak  of  saving  the 
spirit  of  the  world  from  the  .savage  ferocity  of  Christian  nations, 
and  when  into  each  thought  there  creeps  the  shadow  of  a  fear  that 
never  again  will  the  peoples  of  the  world  be  able  to  get  together  in 
the  delightful  old-time  relationships,  which  now  seem  so  far  away. 

And  so,  the  task  which,  under  other  conditions,  would  be  so 
difTicult  of  treatment,  becomes  easy  and  live  and  tangible  be- 
cause in  it  is  found  the  possibility  of  treating  some  of  the  wonder- 
ful big  things  which  have  come  into  this  new  war-inspired  field  of 
national  tliought  in  which  institutions  of  the  future  must  be  created 
to  take  the  place  of  those  we  have  seen  so  ruthlessly  destroyed. 

These  are  wonderful  days  in  which  we  live.  Upon  every 
hand  arc  striking  and  unmistakable  object  lessons  to  point  the 
way  for  us  and  to  guide  national  thought  and  impulse.  Doubts 
and  uncertainties  which  for  years  have  clouded  our  horizon,  in  a 
day  have  been  cleared  away.  Recently  it  wa.s  my  privilege  to 
attend  the  deliberations  of  three  of  the  country's  great  business 
conventions:  the  National  Petroleum  Association,  the  War  Con- 
gress of  American  Business,  under  the  auspices  of  the  Chamber 
of  Commerce  of  the  United  States,  and  the  American  Bankers 
Association — all  at  Atlantic  City  and  all  held  in  rapid  succession. 

Under  any  conditions  these  would  have  been  unusual  gather- 
ings. Held  as  they  were,  at  this  time,  and  under  the  stress  of 
war,  their  normal  importance  was  vastly  increased.  Many 
interesting  subjects  were  discussed  and  in  masterly  manner. 
Widely  separated  points  of  view  and  almost  every  possible  shade 
of  national  business  interest  were  represented. 

Understand,  they  were  not  war  conventions,  nor  were  they 
characterized  by  any  of  the  fervid  war  utterances  with  which  the 
country  was  filled  only  a  few  weeks  ago,  and  still,  whatever  the 
subject  and  however  its  treatment  was  begiui,  the  discussion  in- 
evitably found  itself  moving  along  war  channels,  and  the  con- 
clusions reached  invariably  were  based  upon  war  considerations. 
War  was  in  the  air  and  would  not  be  denied. 

Another  striking  characteristic  of  these  conventions  was 
found  in  the  highly  constructive  quality  of  their  tieliherations. 
No  time  was  wasted  ui)on  appeals  to  the  patriotism  of  our 
people,  or  to  their  iighting  s|)iTit.  The  spectacular  aspect  of 
war  nowhere  was  in  evidence.  The  atrocities  which  the  enemy 
is  perpetrating  imkKt  the  guise  of  war  received  hardly  a  passing 
glance.  No  attempt  was  made  to  explain  our  presence  or 
motives  in  the  war.  atul,  almvc  all,  there  was  no  note  of  doubt 
or  uncertainly  us  lo  eillier  the  seriousness  of  the  war  or  its 
intimate  relation  to  our  national  life. 

It  was  us  though  the  diverse  and  coiitllctliiK  business  interests 
of  the  nation  at  last  and  in  obedience  to  some  unexpressed 
impulse  which  dominated  the  entire  situation,  lind  found  a 
motive  so  liig  and  so  truly  national  that  in  its  presence  the 
sectional  and  persoiuil  i|uilil>lings  of  tinu-s  of  peace  and  securitv 
were  iiniililc  to  live  A  new  .Atniriciiu  nalioMiil  spirit  seemed 
to  he  in  the  iittnosphere  and,  in  it,  the  nrwiv  di>.iii\eied  pimrr 
of  a  great  niiliciii  spoke  elo(|uently. 


It  was  altogether  splendid,  and  the  lesson  it  taught  was  full 
of  inspiration.  If  such  a  spirit  can  be  applied  to  a  purpose  like 
ours  here  to-night,  the  solution  of  our  rather  unusual  problem 
should  be  easy  and  the  determination  of  a  proper  relationship 
between  even  so  divergent  elements  as  chemistry  and  banking, 
should  present  no  serious  difficulties — otherwise,  our  time  will 
be  wasted,  our  effort  fruitless,  and  discussion  instead  of  bring- 
ing our  respective  specialties  and  view-points  more  closely  to- 
gether will  only  intensify  the  difference  between  them,  and  hence 
drive  them  farther  apart.  It  is  so  easy  to  talk  about  getting 
together  and  so  popular,  and  we  feel  so  virtuous  when  we  in- 
dulge in  talk  of  this  sort  almost  as  though  the  idea  involved 
upon  our  part  some  unusually  commendable  attitude  of  charity 
toward  our  fellow-men.  We  are  so  disposed  to  stress  the  in- 
tention to  get  together  and  leave  entirely  out  of  consideration 
other  elements  of  at  least  equal  importance. 

As  a  matter  of  fact,  the  big  thing  in  the  proper  getting  to- 
gether of  men  of  naturally  divergent  view-points  is  to  discover 
or  provide  a  proper  medium  in  which  they  may  get  together 
and  which  will  concede  sufficiently  to  each  of  the  different  view- 
points concerned,  so  that  all  may  feel  upon  familiar  ground  and 
reasonably  comfortable. 

The  true  relation  of  banking  to  chemistry  is  to  be  found  in 
most  tangible  form  in  the  very  simple,  easily  understood,  and 
well-known  theory  of  practical  business.  The  situation  is  not 
difficult  unless  we  are  unreasonably  disposed  to  make  it  so. 
If  the  banker  can  relieve  his  function  of  the  oppressive  weight 
of  self-constituted  and  unjustified  importance  under  which  it 
has  struggled  in  the  ijast,  and  bring  it  out  into  the  open,  and  give 
it  the  sort  of  contact  with  other  business  institutions  which  it 
needs  and  deserves — and  if  the  chemist  can  emerge  from  the 
somewhat  mysterious  atmosphere  in  which  unfortunately, 
through  his  fault  or  otherwise,  he  ami  his  finiclion  have  been 
enshrouded,  and  give  the  average  business  man  and  the  banker 
a  chance  to  realize  how  tangible  and  how  intensely  practical  a 
business  institution  chemistry  really  is,  the  solution  of  the 
problem  which  forms  the  basis  of  discussion  here  to-night  will  be 
found  in  understandable  form  in  the  practical  working  out  of 
the  business  transactions  of  every  day. 

Of  course,  to  the  banker  or  to  any  other  layman.  cheniistr>- 
is  a  bit  difficult  and  mysterious  and,  until  he  is  pro|)erly  in- 
formed, rather  apart  from  the  business  things  of  every  day. 
But  a  little  broadening  of  our  general  attitude  toward  the  other 
fellow's  specialty,  a  little  fuller  develoi>mcnt  of  our  jHiwcrs  of 
observation  as  we  mo\e  through  the  business  walks  of  life,  and 
a  little  greater  effort  on  our  part  to  discover  true  relationships 
between  apparently  unrelated  things,  will  do  wonders  toward 
creating  in  the  world  of  business  aiul  linance  a  lhoroui;h  respect 
for  the  intensely  i>ractical  business  possibilities  which  exist  in 
the  subject  of  chemistry. 

COdlMiRATlVi;    MUTHODS    IN    PUNXIARK 

In  this  direction  ICuropc  has  gone  much  further  than  wo.  A 
few  years  ago,  I  hail  occasion  to  make  a  rather  thorongh  study 
of  the  co6])erative  institutions  of  liiirope  Thosi'  of  IVnmurk 
were  foimd  to  be  particularly  interesting  Invausc  of  their  high 
condition  of  development,  and  l>eca\ise  of  the  extent  to  which 
the  i)racticttl  spirit  of  oo<>poration  ilominiited  the  entire  situa- 
tion. The  people  of  the  country  did  not  ilo  nnich  talking  nUnit 
getting  together-  they  got  together,  or  at  least  were  togvthcr. 

This  wonderful  little  population  of  less  than  ,\.v»>,m»i  l)coplr. 
able  in  normal  times  to  si-ll  anmially  in  I.omlon  alone  more  thun 
f  i.S(>.(««>.i«i<i  worth  of  bacon,  butter  ami  cgK*.  a'l'l  practically 
to  dominate  that  city's  trade  in  these  comuKMlilirs.  Imt  not 
failed  to  give  the  chrinisl  his  proiK-r  plai-c  in  the  nation's  ci-onomio 
plan;  nor  have  they  faileil  to  utilize  his  rqiiipiurnt  and  scrvicrs 
effectively  in  itinnection  with  the  simple  biisinris  delaiU  of  every 
day. 

To  tlirin.  the  chemical  laboratory  i^  not.  us  unforttmatcly  it 
upixats  to  be  with  ui.  a  rather  remote  inititiilion,  to  l>c  ifjmrtcil 
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to  only  when  normal  methods  of  treatment  fail  to  work,  but  rather 
an  institution  which  is  fundamental  in  even  their  simplest  pro- 
cesses and  in  which  the  most  modest  farmer  possesses  vested 
rights. 

As  a  result  of  intelligent  investigation  and  analysis,  the 
farmer  knows  his  different  soils  as  he  knows  his  friends,  and 
treats  them  with  what  impressed  me  as  rather  greater  con- 
sideration. If  one  of  his  crops  is  not  performing  up  to  the  rather 
arbitrary  standard  decided  upon  by  the  cooperative  agricultural 
society  of  which  he  is  a  member,  his  attention  is  directed  to  that 
fact  by  the  Society  and  the  situation  immediately  is  made  the 
subject  of  investigation  and  treatment  by  the  scientific  estabhsh- 
ment  which  is  a  serious  part  of  the  equipment  of  every  well- 
regulated  Danish  organization  of  this  class. 

If  the  milk  product  which  he  delivers  to  his  cooperative  dairy 
is  deficient  in  some  important  element,  the  matter  comes  to 
his  attention  at  once.  The  formula  upon  which  he  has  been 
feeding  his  cows  is  inspected  and,  if  necessary,  a  change  is  made 
to  suit  the  requirements  of  the  particular  case. 

If  the  eggs  which  he  delivers  to  his  cooperative  egg  export 
society  are  not  up  to  a  proper  standard,  his  hens,  their  housing, 
diet  and  treatment  immediately  are  made  the  subject  of  investiga- 
tion and  again  the  remedy  applied  in  whatever  form  is  deemed 
most  desirable,  not  by  the  farmer  himself  but  by  the  scientific 
institution  which  speaks  for  the  larger  united  interest  of  which 
the  farmer  is  a  part. 

It  is  interesting,  too,  to  learn  that  this  service  comes  to  the 
farmer  not  in  a  special  or  unusual  way,  but  as  one  of  the  com- 
monest details  in  the  management  of  his  farm,  and  practically 
without  extra  expense  to  him. 

THE    BAMBOO   HAT    OF   THE    PHILIPPINES 

In  the  Philippine  Islands  a  few  years  ago,  an  effort  was  made, 
and  with  only  modified  success,  to  manufacture  and  introduce 
into  the  United  States  a  lady's  summer  hat  made  of  the  bamboo 
fibre.  This  is  one  of  the  most  beautiful  hard  fibres  in  existence. 
It  possesses  every  quality  which  reasonably  could  be  demanded 
by  the  millinery  trade  for  a  reasonably  cheap,  light,  wide- 
brimmed  hat  of  fine  finish  and  pleasing  appearance.  The 
bamboo  is  found  in  unlimited  quantities  in  the  Philippines,  and 
the  people  are  so  expert  in  its  treatment  that  a  reasonably  high- 
grade  hat  could  be  produced  for  not  to  exceed  fifty  or  sixty 
cents.  Such  a  hat,  if  it  happened  to  be  agreeable  to  the  re- 
quirements of  the  American  trade,  should  retail  in  the  United 
States  for  from  S3  or  $4  upward. 

At  just  about  the  time  when  this  bamboo  hat  was  beginning 
to  promise  commercial  success  in  the  United  States,  there  was 
developed  a  demand  for  hats  in  colors.  The  Philippine  hat 
situation,  because  it  lacked  facilities  for  the  proper  treatment  of 
bamboo  fibre  with  color,  was  entirely  unable  to  respond.  It 
happened  that  there  was  not  in  the  Islands  a  color  chemist. 
Experiments  performed  in  tho  Government  Bureau  of  Science 
and  by  private  concerns  were  not  satisfactory  in  their  results. 
It  was  easy  enough  to  color  the  fibre,  but  to  treat  it  with  fast 
colors  without  dulUng  the  very  desirable  bamboo  surface  was 
found  to  be  entirely  beyond  the  equipment  of  the  local  situa- 
tion. 

As  a  result,  this  hat,  basically  probably  the  best  in  the  world 
of  its  general  class,  is  practically  unknown  in  the  United  States, 
and  the  Philippine  Islands  have  lost  a  commercial  product 
which,  if  properly  developed,  would  represent  at  least  half  a 
million  dollars  per  year. 

It  would  be  possible  to  spend  the  entire  evening  in  describing 
a  layman's  impressions  concenxing  the  importance  of  applica- 
tion of  the  powers  of  chemistry  to  needs  of  situations  which 
have  come  under  my  somewhat  casual  observation  in  different 
parts  of  the  world.  The  Philippines,  China,  Manchuria,  Japan, 
India,  Korea,  Formosa,  the  countries  of  Europe,  and  even  our 
own   country,    furnish   countless   illustrations   upon   either   the 


striking  success  with  which  chemistry  has  been  applied  to  ma- 
terial problems,  or  the  equally  striking  need  for  such  appUca- 
tion. 

However,  I  shall  assume  that  this  feature  of  the  situation  is 
understood  or,  at  least,  is  well  outside  my  proper  function,  or,  as 
described  by  a  Chinese  cook  who  practiced  his  pecuhar  brand  of 
chemistry  upon  me  for  a  number  of  years,  it  "no  b'long  my 
pidgin."  Therefore,  I  shall  proceed  with  my  own  subject — the 
banker. 

BANKING    NOT   PARASITIC 

The  other  day  I  heard  a  man,  a  banker,  say  that  banking  was 
unfortunate  in  that  it  was  parasitic — that  it  lived  upon  the  lives 
of  others  and  created  nothing  of  its  own.  Of  course,  he  was 
WTong — altogether  wrong — but,  unfortunately,  his  remark  only 
reflected  an  all  too  common  estimate  of  the  profession  and  an 
estimate  for  the  existence  of  which  bankers  themselves  are  not 
a  little  to  blame. 

There  is  nothing  in  the  nature  of  the  bank,  unless  perhaps 
it  be  the  banker,  which  should  conduce  to  the  creation  of  such  an 
impression.  If  logically  founded,  properly  equipped  and  in- 
telligently directed,  it  can  perform  a  business  function  in  which 
the  creative  element  figures  as  prominently  as  in  production  or 
manufacture  or  distribution. 

The  producer  creates  by  transforming  the  riches  of  the  earth 
into  tangible  and  usable  value,  which  he  disposes  of  to  his 
advantage.  The  manufacturer  creates  by  changing  the  form 
and  increasing  the  usefulness,  and  incidentally,  the  value  of  the 
product  which  he,  in  turn,  disposes  of,  and  to  his  advantage. 
The  wholesaler  and  the  retailer,  without  any  essential  change 
in  the  form  of  what  comes  from  the  manufacturer  or  the  pro- 
ducer, sells  the  product,  probably  to  a  greater  personal  advantage 
than  either  of  the  others. 

The  banker,  in  a  spirit  differing  in  no  essential  from  that 
which  actuates  the  producer,  the  manufacttuer,  the  whole- 
saler, and  the  retailer,  comes  into  these  processes  of  production, 
treatment  and  distribution  even  more  frequently  and  certainly 
not  less  importantly  than  any  of  the  others.  Indeed,  we  might 
say  that  his  is  the  most  important  function  of  all  in  the  carrying 
on  of  these  processes. 

The  bank  makes  it  possible  for  the  farmer — the  miner — the 
lumberman — so  to  conduct  their  producing  activities  that  if 
they  proceed  intelUgently  and  consistently  they  always  can 
find  the  financial  means  whereby  operations  may  be  continued 
and  properly  extended.  In  even  a  greater  degree,  the  manu- 
facturer, the  wholesaler  and  the  retailer  have  learned  to  depend 
upon  the  bank  for  assistance.  The  treatment  of  commercial 
paper  whereby  the  immense  commercial  credit  of  the  country 
may  be  utihzed,  transactions  in  cormection  with  foreign  trade, 
tlie  conservation  and  investment  of  funds,  the  treatment  of 
stocks,  bonds  and  securities — all  are  functions  performed  by  the 
bank  and  recognized  by  business  men  of  all  classes  as  vitally 
important  in  the  nation's  commercial  life. 

I  have  said  that  the  true  relation  of  banking  to  chemistry  is 
found  in  the  theory  of  practical  every-day  business.  This  theory 
must  be  taken  seriously  and  literally  by  both  banker  and  chemist 
if  they  are  to  derive  the  greatest  benefit  from  each  other  and  from 
business.  Regardless  of  tradition  and  of  possible  personal 
inclination,  they  must  descend  from  their  respective  pinnacles, 
whether  of  financial  exclusiveness  or  scientific  preoccupation, 
and  get  together  in  the  intensely  practical  and  really  very  com- 
fortable atmosphere  which  the  thoroughly  up-to-date  business 
man  of  to-day  has  created  and  prepared  for  them.  If  in  doing 
tliis  it  becomes  necessary  to  disturb  an  occasional  dehghtful 
fiction,  or  to  smash  an  occasional  professional  idol,  it  is  believed 
that  both  may  be  done  to  the  entire  benefit  of  all  concerned. 

CHEMICAL    PUBLICITY    NECESSARY 

Just  how  much  of  a  transformation  in  the  chemist  and  in 
chemical  industries  must  take  place  in  order  to  produce  the  de- 
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sired  result,  the  chemist  knows  better  than  I.  In  any  event,  a 
substantial  movement  in  the  right  direction  has  been  made. 
A  few  more  national  Chemical  Exposition  meetings  throughout 
the  country — a  considerably  increased  extension  of  chemical 
activities  into  the  fields  of  business  and  finance — the  dropping 
of  the  few  unhelpful  traditions  with  which  the  profession  still 
is  encumbered — and  the  position  of  chemistry  in  the  industrial 
life  of  the  nation  will  be  established  effectively  and  unmis- 
takably. 

If,  in  the  interest  of  such  an  end,  a  suggestion  from  the  financial 
view-point  might  be  offered,  it  would  be  this — do  not  be  so  ex- 
clusive— do  not  allow  your  excellent  arguments  upon  the  business 
and  financial  merits  of  industrial  chemistry  to  be  wasted  upon 
yourselves  and  each  other.  Concerning  these  merits,  un- 
doubtedly, you  are  fully  informed  and  thoroughly  convinced. 

Hold  your  own  Chemical  Conventions  and  meetings  and  dis- 
cussions, but  do  not  stop  with  these.  Get  outside  the  chemical 
field  into  the  conventions  and  meetings  and  discussions  of  busi- 
ness— of  industry — of  finance — and  tell  to  them  your  story  of  the 
wonders  of  chemistry  and  prove  its  just  claims  upon  their  in- 
terest. Do  not  allow  the  consciousness  of  the  merit  of  your 
proposition  to  blind  you  to  the  fact  that  to  others  who  have 
not  enjoyed  such  close  contact  with  it  as  you  have,  it  is  not  so 
clear.  Realize,  as  you  must,  if  the  purpose  you  have  in  mind 
is  to  be  accomplished,  that  the  chemist  as  far  as  the  business 
world  is  concerned,  occupies  the  position  of  the  business  man 
who  has  something  to  sell,  and  in  common  with  that  business 
man,  is  expected  to  make  the  first  move.  Study  the  selling 
methods  of  the  business  man,  and  discover  the  importance  which 
he  attaches  to  the  theory  of  following  the  line  of  least,  instead 
of  greatest,  resistance,  to  results.  Try  to  meet  the  business 
man  and  banker  upon  their  grounds  instead  of  upon  yours,  or 
at  least,  upon  some  pleasant,  neutral  ground  in  which  their 
present  indifference  toward  your  interests  will  not  exist.  Try 
to  get  the  banker's  point  of  view — to  see  how  natural  it  is  for 
him  to  follow  the  line  of  least  resistance  in  his  investments — to 
give  first  consideration  to  the  definite,  tangible,  well-developed, 
and  thoroughly  explained  propositions  which  come  to  him  through 
recognized  channels  rather  than  to  the  perhaps  wholly  merito- 
rious investment,  opportunity  to  which  industrial  chemistry 
rather  casually  calls  his  attention.  If  you  direct  a  portion  of 
your  efforts  into  these  chaimels,  it  is  almost  certain  that  before 
long,  you  will  find  that  the  present  objectionable  features  in  the 
attitude  of  the  banker  toward  chemistry  will  have  disappeared. 

At  this  point,  it  may  be  stated,  and  it  is  hoped,  with  becoming 
modesty,  that  the  case  of  the  banker  at  least  in  this  chemical 
connection,  is  not  entirely  without  hope.  After  all,  he  is  rather 
an  intelligent  sort,  possesses  a  reasonable  amount  of  nerve,  is 
able  to  appreciate  a  good  thing  when  he  sees  it  and,  in  general, 
should  constitute  excellent  raw  material  upon  which  to  work. 

He  has  no  quarrel  with  the  chemist,  or  with  industrial  chem- 
istry. Indeed,  lu-  docs  not  know  either  of  them  well  enough  for 
anything  like  that.  We  might  say  that  he  Inis  not  the  i)leasurc 
of  a  (luarrcliiig  acf|iianitance  with  them.  lie  has  not  even  been 
distinguished  by  being  selected  as  the  victim  of  the  designs  of  tlie 
fortunately  infrequent  near-clieinlst,  who  with  a  promoting 
tendency,  an  elastic  conscience,  a  vivid  imagination,  and  a  glib 
tongue,  sometimes  takes  advantage  of  the  credulity  of  the 
business  man.  He  is  virgin  soil  hiit,  like  most  soil  of  that  kind, 
reciuircs  considornble  cultivation. 

The  tendencies  of  modern  hanking  are  well  suited  to  the 
future  development  of  a  tnore  active  linanijnl  interest  in  the 
possibilities  of  industrial  chemistry  than  has  existed  in  the  past. 
The  most  ndvanced  scliool  of  baiikiiig  Ihoiiglit,  which  has 
secured  a  large  and  rapidly  increasing  representation  throughout 
the  country,  inclines  .strotigly  toward  the  theory  of  logical  inti- 
macy in  the  relationships  of  the  lianking  function  to  biisincM 
nitivilies. 


THE    BANKER   A   BUSINESS  MAN 

The  banker  of  to-day — or  rather  of  to-morrow — because  it  is 
with  him  that  we  are  concerned,  as  the  world  does  move,  must 
be,  first  of  all,  a  business  man.  He  must  be  able  to  get  away 
from  the  fictions  of  former  years,  in  which  the  banker,  because 
of  his  intimate  association  with  money,  became  obsessed  with  the 
idea  that  he  and  money  were  of  the  very  essence  of  each  other 
and  that  they  mutually  reflected  each  other's  \-irtues  for  the 
general  edification  of  mankind — he  must  be  able  to  speak  the 
language  of  business — to  meet  the  business  man  upon  business 
grounds — to  discuss  with  him  business  problems,  and,  by  his 
ability  to  provide  the  remedy  frequently  required,  must  even 
prove  himself  to  be  the  better  business  man  of  the  two. 

He  must  realize  that  in  the  larger  sense,  the  bank  must  depend 
upon  business  and  not  business  upon  the  bank — that  in  the 
great  mass  of  institutions  indispensably  connected  with  business 
activities,  the  bank  is  only  one,  and  not  by  any  means  the  most 
important  one. 

This  banker  of  the  future  must  enter  into  the  business  life 
of  the  community  more  extensively  and  more  actively  than  in 
the  past.  He  must  so  equip  himself  and  his  institution  as  to  be 
fully  prepared  to  perform  whatever  function  may  be  submitted 
to  him  by  the  business  of  the  situation  of  which  he  is  a  part. 
Upon  business  questions  which  come  to  him  for  treatment,  his 
function  must  be  that  of  a  specialist — a  sort  of  physician  for  the 
treatment  of  ills  which  affect  the  natural  life  of  business. 

It  may  seem  that  this  is  an  unreasonably  high  standard  of 
business  excellence  to  be  required  of  a  man  already  deeply  im- 
mersed in  the  purely  financial  details  of  his  institution,  but  the 
develojiments  of  modern  business  leave  no  doubt  as  to  the  nature 
of  its  requirements  upon  him.  The  pace  which  he  must  observe 
is  being  set  for  him  without  any  particular  reference  to  his 
inclinations  or  to  the  habits  which  he  may  have  formed.  The 
developments  of  modem  business  demand  certain  classes  of 
banking  service,  and  also  demand  that  in  providing  this  service, 
the  bank  should  perform  up  to  a  certain  standard  of  excellence. 

Naturally,  a  discussion  at  the  present  time  upon  two  such 
nationally  important  subjects  as  chemistry  and  banking,  particu- 
larly in  relation  with  business,  would  include  consideration  of  the 
greatest  business  enterprise  in  which  this  or  any  other  nation  e\-er 
has  taken  part — the  war. 

The  theory  that  the  true  relation  between  chemistry  and 
l)anking  is  found  in  business,  finds  considerable  justification 
even  in  conditions  existing  before  the  war.  When  viewed  in  the 
light  of  the  big,  wonderful  new  things  which  war  has  brought 
into  the  world,  the  conclusion  becomes  irresistible.  The  in- 
difference with  which  in  former  years  private  interest  viewed 
national  problems  and  dilliculties  finds  but  slight  resemblance 
in  the  magnificent  response  which  everywhere  lias  liccn  made 
to  the  nation's  call. 

And  so,  while  in  considering  the  business  relationship  between 
chemistry  and  banking  we  should  concede  sufliciently  to  the 
advantages  which  will  result  to  botli  from  a  projK-r  gctting- 
together,  we  must  not  lose  sight  of  the  fact  that  the  big  thing  in 
this  relationship  will  be  the  national  interest.  I"or  us.  there  arc 
just  two  worth  while  things  in  the  wnrKI  to.ilay — one.  to  win 
the  war;  the  other,  to  protect  .\nierican  interests  afterward. 
Naturally,  winning  the  war  comes  lirst.  but  preparations  to  that 
end  should  be  dermitclv  based  upon  the  iimlcrstandiiiK  thnt  wars 
are  to  be  won  principolly  that  nations  may  li\x  in  grentcr  peace 
and  security  nnd  prosiH-rity  nftcrwnril.s. 

\Vc  nnist  reali/.e  that  the  friendships  and  nlliniu-cs  of  war  need 
not  control  the  international  relations  of  the  fututr  \Vc  must 
not  forget  thot  the  ancient  struggle  foi  commercinl  mastery  of  the 
world  is  based  upon  conditioiui  which  will  exist  until  the  end  of 
time-  and  that  thi.s  stniggle  will  1h-  taken  up  again  u|><>n  the  day 
when  iicacc  is  declared,  not  lc»s  strenuously  than  bcforr-  and 
that  in  it  we  nuist  Ik-  preparril  to  protect  our  own  intcrcMs  in 
peace  no  loss  seriously  tlmii  we  now  protect  them  in  war. 
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THE  DEPOSITION  OF  SILVER  FILMS  ON  GLASS' 
By  Albxandbr  Silverman  and  Raymond  M.  Howe 

The  purpose  of  the  investigation  was  threefold: 
to  produce  the  best  mirrors  possible,  with  the  highest 
possible  percentage  deposition,  and  at  room  tempera- 
ture, if  possible.  The  work  naturally  divides  itself 
into  two  parts.  In  the  first  part  mirrors  were  studied 
from  a  qualitative  standpoint.  In  the  second  part 
the  most  satisfactory  processes  were  studied  quanti- 
tatively. 

PART    I QUALITATIVE 

At  first  the  qualitative  results  obtained  in  a  previous 
investigation^  were  duplicated  and  the  most  promising 
methods  studied  more  thoroughly.  Methods  involv- 
ing the  use  of  sugars,  tartrates  and  formaldehyde  as 
reducing  agents  were  included.  Accordingly,  molar 
solutions  were  made  of  potassium  tartrate,  tartaric 
acid,  milk  sugar  and  cane  sugar.  A  0.2  molar  solu- 
tion of  silver  was  made  by  nearly  dissolving  the  am- 
monia precipitate  in  AgNOs  solution,  by  the  addition 
of  more  ammonium  hydroxide,  and  diluting  with 
water  to  the  required  volume.  The  formaldehyde 
used  was  a  40  per  cent  solution. 

The  volumes  given  in  the  tables  were  used  and  in 
each  case  enough  water  was  added  to  make  a  total 
volume  of  20  cc.  This  made  a  convenient  total  for 
test-tube  mirrors. 

Series  I  (Nos.  1-12)  involved  the  use  of  potassium 
tartrate  as  a  reducing  agent.     It  shows    very    clearly 


Assumptions  regarding  the  influence  of  concentration 
were  verified.  The  silver  nitrate  concentration  which 
gave  the  best  results  was  at  least  0.15  molar. 

When  the  concentration  of  the  tartaric  acid  was  as 
high  as  0.2  molar  no  mirrors  resulted.  When  of  o.i 
molar  concentration  no  mirrors  resulted  with  silver 
solutions  which  were  of  less  than  0.15  molar  concentra- 
tion. The  stronger  solutions  of  tartaric  acid  gave 
white  precipitates  which  sometimes  redissolved.  With 
tartaric  acid  solution  of  0.025  molar  concentration 
and  the  silver  nitrate  0.15  to  0.2  molar  concentration 
the  best  mirrors  resulted.  More  silver  nitrate  than 
this  was  unnecessary — less  tartaric  acid  was  insufficient 
for  a  satisfactory  reaction. 

In  general,  the  silver  nitrate  concentrations  which 
gave  the  best  results  were  grearter  than  0.15  molar. 
The  concentration  of  the  reducing  agent  had  to  be 
less  than  o.i  molar  under  the  conditions  of  experiment. 

Series  III  (Nos.  25-36) — The  series  in  which  milk 
sugar  was  used  as  the  reducing  agent  was  extremely 
gratifying.  The  solution  when  heated  to  about  80°- 
85°  C.  turned  black  and  then  the  mirror  began  to 
form.  This  formation  was  uniform  and  gradual  and 
did  not  tend  to  deposit  in  spots  as  did  many  of  the 
other  mirrors.  The  mirrors  formed  whether  the  silver 
solution  was  0.2  molar  or  only  0.015  molar  concentration. 
The  0.2  molar  solution  was  stronger  than  necessary 
but  gave  good  results.  The  0.015  molar  solution  was 
not  strong  enough  to  produce  a  mirror  of  desirable 
thickness.     All  intermediate  concentrations  gave  good 


Results  with  Various  Reducing  Agents 
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Fine 

42 

5.0 

1 

Fine 

7 

5            6 

Poor 

19 

5 

6 

None 

.10 

15 

4 

Fine 

43 

10.0 

1 

Fine 

56 

10 

10 

- 

Poor 

8 

10            6 

Poor 

20 

10 

6 

None 

.1! 

3 

5 

Fine 

44 

15.0 

1 

Fine 

57 
58 

10 

20 

2 

Better 

9 

15            6 

Poor 

21 

IS 

6 

None 

45 

2.5 

3 

Fine 

10 

5 

1 

Poor 

10 

5            1 

Fair 

22 

19 

1 

Fine 

32 

10 

6 

Fine 

46 

5.0 

3 

Fine 

59 

U) 

10 

1 

Poor 

11 

10            1 

Fair 

2.1 

19. 

5  0.5 

Fine 

33 

15 

6 

Fine 

47 

10.0 

3 

Fine 

60 

10 

20 

1 

Better 

12 

15            1 

Good 

24 

20 

1 
drop 

Good  but 
incomplete 

34 

2.5 

2 

Fine 

48 
49 

15  0 
1.5 

3 
1 

Fine 

Fine 

61 

0 

5 

1 

Poor 

35 

2.5 

4 

Fine 

50 

1.5 

Fine 

52 

0 

10 

1 

Good 

(0)  Molar  Solu 

tion,      (i) 

M/5  Sol 

utio.i 

36 

2.5 

6 

Fine 

51 

1  .5 

3 

Fine 

63 

0 

20 

' 

Good 

he 

influence 

of  concentration 

The   mirrors 

at 

the 

results. 

The 

sugar 

varied    from 

0.05 

molar 

to    0.3 

best  were  only  fair. 

The  concentration  of  the  potassium  tartrate  must 
be  less  than  0.1  molar.  This  concentration  gives  only 
fair  mirrors.  Where  the  concentration  of  the  potas- 
sium tartrate  is  0.05  molar  better  results  are  obtained. 

The  silver  solution  giving  the  best  result  had  a  con- 
centration of  0.15  mole  per  liter.  The  temperature 
was  70°  C. 

Series  II  (Nos.  13-24) — Mirrors  produced  by  means 
of  tartaric  acid  were  much  better  than  those  pro- 
duced by  potassium  tartrate. 

chemical  Society. 


molar  concentration  and  in  each  case  the  results  were 


'  Presented  at  the  55th  Meeting  of  the  A 
S«ptcniber  10  to  13.  1917. 

'  Silverman  and  Neckcrman.  Trans.  Am.  Cer.  5 


,  17  (1915).  505. 


The  process  was  superior  to  that  involving  the  use 
of  tartrates  as  reducing  agents.  With  tartrates  the 
concentration  of  both  the  silver  nitrate  and  the  re- 
ducing agent  had  to  be  controlled  carefully.  With 
the  milk  sugar  mirrors  the  only  limit  from  a  qualitative 
standpoint  was  that  the  concentration  had  to  be 
sufficient  to  produce  the  mirror.  Qualitatively  there 
was  danger  of  using  too  much  of  either  ingredient : 
0.025  molar  concentration  for  the  silver  nitrate  and 
the  same  for  the  milk  sugar  was  sufficient  in  most  cases. 

Series  IV  (Nos.  37-51) — What  was  said  of  the 
milk  sugar  series  was  also  true  for  cane  sugar.     Since 
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this  was  cheaper  and  more  easily  obtained  in  the  pure 
state,  it  was  deemed  advisable  to  use  it  rather  than 
some  more  expensive  material  such  as  fruit  sugar, 
milk   sugar,    honey,    etc. 

Series  V  (Nos.  52-63) — During  the  qualitative 
study  described  in  an  earlier  paper,  already  referred  to, 
some  promising  mirrors  were  obtained  by  using  for- 
maldehyde as  a  reducing  agent.  The  authors  realized 
that  this  method  had  never  been  successful.  Liebig 
and  others  had  used  it  for  a  while  but  were  forced  to 
abandon  it  because  of  the  appearance  of  brown  spots 
in  the  finished  mirror.  The  same  difficulties  were  en- 
countered in  this  laboratory  since  the  presentation 
of  the  earlier  paper.  The  mirror  would  begin  to  form 
in  spots  which  would  grow  until  the  surface  was  coated. 
These  were  undoubtedly  responsible  for  the  brown 
spots  observed  by  Liebig.  The  resulting  mirrors  were 
of  doubtful  quality. 

The  tendency  to  form  spots  was  greater  in  the  summer 
than  in  the  winter,  so  cold  solutions  were  used  in 
order  to  determine  the  influence,  if  any,  of  temperature. 
When  ice-cold  solutions  were  used  the  mirror  formed 
was  very  good.  The  reaction  proceeded  much  more 
slowly  at  the  lower  temperature  and  no  difficulty 
was  encountered  with  "crinkling."  The  silver  in 
a  simple  silver-formaldehyde  solution  had  to  be  of  at 
least  0.1  molar  concentration.  At  0°  C.  the  o.i  molar 
silver  solution  gave  good  results.  At  room  tempera- 
ture a  0.2  molar  solution  was  necessary.  This  also 
worked  better  at  the  lower  temperature. 

Series  VI  (Nos.  64-72) — It  was  evident  from  the 
action  at  0°  C.  that  the  formaldehyde  method  only 
needed  control.     This  had  been  secured  to  a  certain 

Srriss  VI — Eki'bct  of  Mbthyi,  Alcohol 
Reducing  Agent:  40%  Formaldrhyde 
M/S  ArNOj   Reducing  Agenl        Methyl  Alcohol       Mirror 

No.                                   Cc.                          Cc.  Cc.  FORMKD 

64 20                       n.S  I  Good 

55 10                         05  1  Fair 

66 .5                       OS  1  Fiiir 

67 20                        IS  2  C'.ood 

68 20                        10  2  C.ood 

69 20                       0.5  2  Toor 

70 20                        IS  0,5  Poor 

71 20                       10  0.5  Kiiir 

72 20                     0.5  0.5  Very  goo<l 


extent  by  means  of  lowering  the  temperature,  an 
undesirable  procedure.  The  alternative  lay  in  con- 
trolling the  action  by  chemical  means. 

Alcohol  was  found  to  be  of  value  as  a  control  agent 
.After  several  trials  it  was  noted  that  a  batch  such  as 
.No.  72  would  produce  an  excellent  mirror  in  30  seconds. 
Ouantilative  work  showed  that  this  method  was  too 
wasteful  as  it  deposited  only  3  to  5  per  cent  of  the 
liver.  Because  of  tiie  short  period  of  reaction,  it  was 
dso  concluded  that  this  reaction  was  far  from  being 
rontroUcd.  However,  this  batch  promised  to  be  of 
value  for  small  scale  work,  such  ns  patchini,;,  or  in 
I  ascs  where  economy  was  not  essential.  The  alcohol 
and  silver  solution  were  mixed  thoroughly  and  then 
the  formaldehyde  was  added,  the  whole  being  mixed 
liy  shaking  as  cjuickly  ns  possible. 

In  this  work  the  iniporlunce  of  concentration  lias 
liccn  shown,  ns  with  the  tnrlrnles.  The  possibility 
of  1  oiitrol  is  evidetil  when  alcohol  is  iised  wilh  formalde- 


hyde. For  this  reason  very  dilute  solutions  were  em- 
ployed in  hope  of  being  able  to  control  them. 

PART      II QUANTITATIVE 

The  solutions  used  in  this  part  were  of  the  following 
concentrations:  0.2  molar  silver,  1.0  molar  cane  sugar, 
0.8  per  cent  formaldehyde. 

In  each  case,  as  before,  enough  water  was  added  to 
make  the  total  batch  up  to  20  cc. 

Series  VII  (101-104) — The  action  of  very  dilute 
formaldehyde  was  tried  on  a  silver  solution  corre- 
sponding to  0.05  molar'  concentration.  The  action 
was  allowed  to  proceed  until  the  mirror  "fogged"  or 

Series  VII — Per  cent  Silver  Deposited 

J  Cc.  M/5  AgXOt  Solution  Used  in  Each  Experiment 

Cc.  0.8%         Per  cent  Silver  Time  Mirror 

No.             Formaldehyde         Deposited  Min.  Formed 

101 4                            15.6  16  Poor 

102 3                          18.2  18  Poor 

103 2                          21.1  20  Poor 

104 1                            34.2  120  Poor 

"crinkled."  This  showed  very  clearly  that  the  for- 
maldehyde should  be  kept  as  dilute  as  possible.  In 
the  first  place,  dilution  allowed  the  reaction  to  extend 
over  a  longer  period  of  time.  This  was  shown  to  be 
favorable  to  the  formation  of  good  mirrors  when  cold 
solutions  were  used.  With  ice-cold  solutions,  if  other 
conditions  were  the  same,  the  reaction  took  place  more 
slowly  than  at  room  temperature  and  better  mirrors 
resulted.  By  using  dilute  formaldehyde  solutions 
not  only  better  mirrors  resulted  but  also  a  larger 
proportion  of  the  silver  was  deposited  as  a  mirror. 

Unfortunately,  the  concentration  of  the  formalde- 
hyde is  not  the  only  controlling  factor.  Even  mirror 
No.  104,  which  was  produced  under  favorable  concentra- 
tion conditions,  still  had  the  brown  spots  and  was  poor 
qualitatively. 

Series  VIII  (Nos.  105-126) — In  marked  contrast 
to  the  formation  of  the  formaldehyde  mirrors  were 
those  produced  by  the  hot  sugar  processes.  Under 
uniform  temperature  conditions  no  one  place  could  be 
considered  the  starting  point  for  the  development  of 
these  mirrors;  they  seemed  to  form  simultaneously 
over  the  entire  area.  Because  of  this  marked  regu- 
larity it  was  decided  to  study  the  effect  of  sugar  on  the 
production  of  formaldehyde  mirrors. 

From  a  qualitative  standpoint  its  influence  was  the 
same  as  when  used  in  the  hot  processes.  The  silvering 
solution  colored  somewhat  and  then  the  entire  mirror 
began  to  form.  When  sufficient  sugar  was  used  there 
was  no  sign  of  spots.  With  these  sugar-formaldehyde 
mirrors  it  seemed  advisable  to  have  at  least  i  oc.  of 
the  sugar  solution  present  in  20  cc.  of  silvering  solu- 
tion in  order  to  secure  the  desired  control.  Smaller 
amounts  than  this  did  not  result  in  s»if1icionl  increase 
of  deposition  percentage  to  warrant  the  risk  of  losing 
homogeneity. 

With  at  least  1  cc.  of  sugar  solution  present  there 
was  a  wide  possible  range  of  variation  of  the  formalde- 
hyde concentration.  As  much  as  4  cc.  of  the  dilute 
formaldehyde  gave  good  mirrors  in  the  presence  of 
I  cc.  of  sugar  solution.  Witliout  sugar  this  amount  of 
formaldehyde  reacted   too  violently  and  only   a  siiiall 

■  I'mu-rnllitlion  Imird  on  lolnl  i|iiaillilv  •<(  li<|iilil  In  lr<l   liilx' 
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Series 

viir 

(All  Mirrors  Fair) 

0.8% 

M/5 

Molar 

For- 

Silver 

AgNOj  Cane 

malde- 

Deposited 

Sol. 

Sugar 

hyde 

Weight 

Per 

Cc. 

Cc. 

Cc. 

Gram 

cent 

5 

5 

2 

0.0059 

5.5 

5 

4 

2 

0.0073 

6.8 

5 

3 

2 

0.0085 

7.9 

5 

2 

2 

0.0096 

8.9 

5 

1 

2 

0.0134 

12.4 

5 

5 

4 

0.0056 

5.2 

5 

4 

4 

0  0060 

5,6 

5 

3 

4 

0 .  0093 

8.6 

5 

2 

4 

0.0112 

10.4 

5 

1 

4 

0.0143 

13.2 

3 

5 

2 

0.0040 

6.3 

3 

4 

2 

0.0056 

8.9 

3 

3 

2 

0.0081 

12.8 

3 

2 

2 

0.0080 

12.6 

3 

1 

2 

0.0090 

14.  1 

3 

0.5 

2 

0.0092 

14.3 

3 

1  drop  2 

0.0094 

14.5 

3 

5 

4 

0.0068 

10.8 

3 

3 

4 

0.0084 

12.9 

3 

2 

4 

0.0085 

13.0 

3 

1 

4 

0.0084 

12.9 

Series  IX 
(All  Mirrors  of  Very  Poor  Quality) 
80%     0.8% 
M/S  Methyl    For-  Silver 

AgNOj  Alco-  malde-       Deposited 
hyde      Weight       Per 


Series  X 
5  Cc.  M/5  AgNO,  Solution  in  Each  Experiment 
2  Cc.  0.8%  Formaldehyde  in  Each  Experiment 
"  Silver 


No.  Cc.  Cc. 

127  5  5 

128  5  4 

129  S  3 

130  5  2 


134 
135 
136 
137 
138 
1.39 
140 


146 
147 
148 
149 
150 


0.0084   12.9 


fraction  of  the  silver  was  deposited  as  mirror.  There 
appeared  to  be  a  limit  to  the  silver  which  could  be 
deposited  in  the  presence  of  sugar.  As  the  sugar 
content  decreased,  the  silver  deposit  increased  until 
a  certain  concentration  of  the  sugar  was  approached 
(0.05  molar).  Further  dilution  resulted  in  but  slight 
increase  in  deposition. 

The  effect  of  temperature  changes  up  to  30°  C, 
which  was  taken  as  the  limit  for  room  temperature, 
was  not  material. 

With  respect  to  the  presence  of  sugar  in  the  forma- 
tion of  mirrors  by  the  use  of  formaldehyde  the  follow- 
ing conclusions  were  drawn: 

(i)  A  small  amount  of  sugar  reduced  the  deposition 
efficiency  of  the  process. 

(2)  It  made  the  deposition  of  uniform  formaldehyde 
mirrors  possible. 

(3)  The  effect  of  temperature  changes,  previously 
so  serious,  was  overcome. 

(4)  Wider  variations  of  the  formaldehyde  content 
were  permissible. 

These  mirrors  were  all  fair. 

Series  IX  (Nos.  127-151) — In  spite  of  the  fact  that 
deposition  had  been  controlled  to  some  extent  the 
work  was  not  considered  complete.  The  process  was 
still  too  inefficient.  Since  alcohol  had  been  used  to 
control  the  action  of  formaldehyde  it  was  again  tried 
with  dilute  solutions.  The  resulting  mirrors  were  of 
very  poor  quality  but  the  deposition  efficiency  was  high. 

The  following  facts  were  deduced  from  the  results 
of  this  series: 

(i)  The  importance  of  the  silver  concentration  was 
pronounced.  In  the  presence  of  sugar,  decreasing 
concentrations  of  silver  give  slightly  higher  deposition 
percentages.  This  is  true  of  mirrors  in  which  alcohol 
is  used  instead  of  sugar,  but  to  a  higher  degree. 

(2)  Alcohol  is  not  as  good  a  retarding  agent  as  sugar. 
This  is  shown  by  the  action  of  the  formaldehyde: 
4  cc.  of  formaldehyde  solution  in  the  presence  of  a 
small  amount  of  sugar  gave  good  results.  Here  the 
same  amount  yields  undesirable  results,  both  from 
the  qualitative  and  quantitative  standpoint. 

(3)  More  silver  is  deposited  in  the  presence  of 
alcohol  than  in  the  presence  of  sugar. 


0.0150 
0.0175 

0.0212 
0.0221 

0.0260 
0.0091 
0.0128 
0.0171 
0.0181 
0.0219 
0.0079 
0.0124 
0.0168 
0.0194 
0.0182 
0.0040 
0.0103 
0.0102 
0.0124 
0.0134 
0.0022 
0.0214 
0.0140 
0.0098 
0.0091 


cent 
13.9 
16.2 
19.6 
20.5 
24.1 
8.4 
11.9 
15.8 
16.8 
20.3 


29.9 
28.1 

6.2 
15  8 
15.7 
19.1 
20,6 

3.4 


Min. 
100 


No. 

Cc.  80% 

Methyl 

Ale. 

Molar 
Cane 
Sugar 

Deposited 
Per 
Gram      cent 

Time 
Min. 

152 

3 

3 

O.OIII 

10.3 

150 

153 

2 

3 

0.0136 

12.6 

150 

154 

1 

3 

0.0139 

12.9 

150 

155 

0.5 

3 

0.0188 

17.4 

150 

156 

3 

2 

0.0133 

12.3 

150 

157 

2 

2 

0.0147 

13.6 

150 

158 

1 

2 

0.0164 

15.2 

150 

159 

0.5 

2 

0.0186 

17.2 

150 

162 
163 


0  0149  13.8  150 

0.0162  15.0  150 

0.0201  18.6  150 

0.0214  19.8  150 


164  3      0.5    0.0153  14.2  120 

165  2      0.5    0.0187  17.5  120 

166  1      0.5    0.0211  19.5  120 

167  0.5    0.5    0.0269  24.9  120 

series  was  run 


Series  X  (Nos.  152-167) — This 
in  hopes  of  securing  a  good  mirror  through  the  presence 
of  sugar,  and  a  high  percentage  of  deposition  by  ad- 
dition of  alcohol.  The  mirrors  secured  were  excellent. 
The  percentage  of  silver  deposited  was  higher  than  in 
the  case  of  alcohol  alone.  The  sugar  lowered  the  rate 
of  reduction  and  gave  the  mirror  a  much  longer  time 
to  form. 

Except  in  the  case  of  very  small  amounts  of  sugar  no 
"fogging"  resulted  at  all.  The  mirrors  were  thicker 
than  necessary. 

Lower    Concentration    of    Silver:    Formaldehyde    Varied 

3  Cc.  M/5  AgNOs  Solution  Used  in  Each  Experiment 

Series  XI  (2  Cc.  0.8%  HCHO)  Series  XII  (3  Cc.  0.8%  HCHO) 

Molar         Silver  Molar     Silver 

80%    Cane      Deposited     Time  80%       Cane  Deposited  Time 

CHjOH  Sugar  Weight       Per       in  CHjOH  Sugar  Weight  Per     in 


No. 

Cc. 

Cc. 

Gram 

cent 

Min. 

No. 

Cc. 

Cc. 

Gram 

cent 

Min 

168 

1.5 

1.5 

0.0089 

13.7 

50 

187 

1.5 

1.5 

0.0103 

15.9 

40 

169 

1.5 

1.0 

0  0113 

17.4 

50 

188 

1.5 

1.0 

0,0114 

17.6 

40 

170 

1.5 

0.5 

0.0148 

22.8 

50 

189 

1.5 

0.5 

0.0130 

20.1 

40 

171 

1.0 

1.5 

0.0112 

17.3 

50 

190 

1.0 

1.5 

0.0114 

17.6 

40 

172 

1.0 

1.0 

0.0130 

20.1 

50 

191 

1.0 

1.0 

0.0120 

18.3 

40 

173 

1.0 

0.5 

0.0134 

20.7 

50 

192 

1.0 

0.5 

0.0158 

24.4 

40 

174 

0.5 

1.5 

0.0100 

15.4 

50 

193 

0.5 

1.5 

0.0121 

18.7 

40 

175 

0.5 

1.0 

0.0104 

16.0 

50 

194 

0.5 

1.0 

0.0128 

19.8 

40 

176 

0.5 

0.5 

0,0125 

19.3 

50 

195 

0.5 

0.5 

0.0161 

24.8 

40 

177 

1.5 

1,5 

0.0098 

15.1 

45 

196 

1.5 

1.5 

0.0133 

20.6 

40 

178 

1.5 

1,0 

0.0102 

15.7 

45 

197 

1.5 

1.0 

0.0125 

19.3 

40 

179 

1  ,5 

0.5 

0.0130 

20.1 

45 

198 

1.5 

0.5 

0.0126 

19.5 

35 

180 

1,0 

1.5 

0.0114 

17.6 

45 

199 

1.0 

1.5 

0.0095 

14.6 

40 

181 

1.0 

1  ,0 

0.0112 

17.3 

45 

200 

1.0 

1.0 

0.0114 

17.6 

40 

!82 

1.0 

0.5 

0.0124 

19.1 

45 

201 

1.0 

0.5 

0.0144 

22.2 

35 

183 

0.5 

1.5 

0  0115 

17.7 

45 

202 

0.5 

1.5 

0.0081 

12.8 

40 

184 

0,5 

1.0 

0.0126 

19.5 

45 

203 

0.5 

1.0 

0.0111 

17.1 

40 

185 

0  5 

0.5 

0.0136 

21.0 

45 

204 

0.5 

0.5 

0.0130 

20.1 

35 

Series  XI  (Nos.  i68-i85)-^This  series  was  the 
same  as  Series  X,  except  that  the  concentration  of 
silver  was  lower.  The  mirrors  were  thick  enough  for 
most  purposes.  The  deposition  percentage,  since  the 
silver  concentration  was  lower,  was  somewhat  higher 
than  in  Series  X.  Undoubtedly  still  larger  deposits 
would  have  resulted  if  the  tubes  had  been  allowed  to 
stand  longer.  The  preceding  series  ran  three  times 
as  long  as  this,  so  a  30  per  cent  deposit  might  have  re- 
sulted with  a  longer  period  of  reaction.  Qualitatively 
the  Series  XI  mirrors  were  as  good  as  any  secured. 

Series  XII  (Nos.  187-204) — This  series  shows  the 
effect  of  increased  formaldehyde  concentration.  The 
mirrors  were  good  and  were  deposited  evenly.  The 
deposition  percentage  was  not  as  high  because  "fogging" 
would  start  after  a  short  time,  which  necessitated 
discontinuing  the  reaction.  The  series  was  not  as 
satisfactory  as  the  preceding  one. 
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Series  XIII  (Nos.  105-107) — Here  4  cc.  of  formalde- 
hyde were  used  with  large  amounts  of  sugar.  The 
mirrors  were  good  but  not  sufficient  advantage  was 
gained  to  warrant  the  use  of  more  formaldehyde. 

Experiments  with  Different  Alcohols 

3  Cc.  M/5  AgNOi  Solution  Used  in  Each  Experiment 

Molar     0.8%         Silver 

Series  Alcohol  Cane  Formal-    Deposited         Time 

and  Used     Sugar  dehyde  Weight     Per  in 

No.  Alcohol  Cc.         Cc.       Cc.         Gram      cent       Min. 

XIII  105     Methyl.  80% 1-5  1.5  4         0.0087      13.6         40 

106  1.0  1.5  4  0.0094      14.5  40 

107  0.5  1.5  4  0.0100      15.4  40 

XIV  108      Ethyl 1.0  0.0  2  0.0189      17.5  40 

109  1.0  1.0         2  0.0218     20.2        120 

110  Propyl 1.0         0.0         2  0.0194      17.9         35 

111  1.0  1,0  2         0.0211      19.5        120 

112  Amyl 1.0         0.0  2         0,0157      14.5  33 

113  1.0  1.0  2         0,0194      17.9        104 

114  Ethylene  Glycol...    1.0         0.0  2         0.0176     16.3  30 

115  1.0  1.0         2         0,0207      19.1  94 

Series  XIV  (Nos.  108-115) — Other  alcohols  were 
introduced  in  the  place  of  methyl  alcohol.  Apparently 
they  all  work  the  same.  It  is  of  interest  to  note  that 
here  there  was  also  an  increase  in  deposit  where  sugar 
was  used  in  connection  with  the  various  alcohols. 
The  time  of  reaction  was  increased  so  much  that  a 
higher  deposit  resulted,  with  a  mixture  of  sugar  and 
alcohol,  than  with  either  when  used  alone  with  formalde- 
hyde. 

GENERAL    CONCLUSIONS 

In  hot  processes  cane  sugar  is  the  most  satisfactory 
reducing  agent.  Other  sugars  give  good  results  but 
no  better  than  cane  sugar.  The  tartrates  are  not 
as  satisfactory  as  the  sugars. 

A  rapid  cold  process  was  developed.  It  requires  a 
batch  of  the  following  proportions  -used  as  indicated: 
20  cc.  of  0.2  molar  silver  nitrate  solution  are  mixed 
with  0.5  cc.  of  80  per  cent  methyl  alcohol;  to  this 
0.5  cc.  of  40  per  cent  formaldehyde  is  added  and  the 
whole  mixed  thoroughly. 

A  slow  cold  process  was  developed  which  is  based 
upon  the  following  principles: 

(i)  Low  concentration  of  the  reducing  agent  (for- 
maldehyde) gives  the  best  results.  This  helps  lengthen 
the  time  of  reaction. 

(2)  Low  concentration  of  silver  nitrate  gives  high 
deposition  percentages. 

(3)  Sugar  added  to  the  solution  in  sufficient  amounts 
controls  the  action  of  the  formaldehyde  in  such  a  way 
as  to  produce  even  mirrors.  It  also  lengthens  the 
time  of  action. 

(4)  Alcohol  added  to  the  solution  results  in  a  high 
deposition  efficiency. 

By  grouping  these  principles  the  following  batch 
results: 

16.  s  cc.  of  0.037  molar  silver  solution 
i.o  cc.  of  1. 000  molar  cane  sugar  solution 
o.  s  CO.  of  80  per  cent  methyl  alcohol 
2.0  cc.  of  0.8  per  cent  formaldehyde  solution. 
Total,  20  cc. 
After  40  minutes,  over  20  per  cent  of  the  total  silver 
deposits  as   mirror  in  each  case,  and  if  left  longer  a 
heavier  mirror  results.     The  cost  of  nialcrinls  is  not 
over   one   cent   per   square   foot,   or   eleven   cents   per 
square    meter    of    surface    silvered.     The    mirror    is 
very    firmly    atlaciicd    to    the    glass    for    two    reasons; 
(i)   The  temperature  of  the  glass  and  solution  is  the 


same:  as  a  result  deposition  is  more  uniform  than 
that  which  occurs  at  higher,  more  difficultly  control- 
lable temperatures. 

(2)  Since  deposition  takes  place  at  room  tempera- 
ture, differences  in  coefficient  of  expansion  do  not  cause 
the  newly  formed  mirror  to  be  loosened  from  the  glass 
as  may  be  the  case  where  hot  processes  are  employed. 
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THE  RECOVERY  OF  WATER-SOLUBLE  POTASH  AS  A 

BY-PRODUCT  IN  THE  CEMENT  INDUSTRY' 

By  WiLLi.\M  H.  Ross  .\ND  Albert  R.  Merz 

When  a  potash  silicate  like  feldspar  is  ignited  at  a 
sufficiently  high  temperature,  sintering  and  finally 
fusion  take  place  without  any  change  in  the  chemical 
composition  of  the  mineral.  With  the  addition  of 
lime,  however,  an  entirely  different  result  is  obtained. 
A  calcium  aluminium  silicate  is  then  formed  and  the 
potash  is  set  free  or  volatilized  in  amount  depending 
on  the  proportion  of  lime  taken,  on  the  temperature 
and  the  time  of  ignition.  In  the  case  of  small  scale 
experiments  it  has  been  shown  that  at  a  temperature 
and  with  a  proportion  of  lime  corresponding  to  that 
used  in  Portland  cement  manufacture  complete 
volatilization  of  the  potash  may  be  brought  about  on 
igniting  for  about  one  hour. 

Since  potash  silicates  occur  in  the  raw  materials 
used  in  cement  manufacture  it  is  to  be  expected  from 
these  observations  that  loss  of  potash  will  take  place 
in  the  burning  of  cement.  That  some  potash  is 
lost  has  long  been  known,  but  there  seems  to  have  been 
no  quantitative  data  on  the  subject  previous  to  the 
results  obtained  by  R.  K.  Meade  in  1905  from  analyses 
of  the  raw  material  fed  into  the  kiln,  the  clinkers  coming 
out  and  the  coal  used  as  fuel.  The  results  of  three 
separate  tests  with  the  material  from  one  plant  showed 
that  the  potash  volatilized  varied  from  46  to  52  per 
cent  of  the  total  present. 

PRELIMINARY  EXPERIMENTS 

With  a  view  to  securing  more  definite  information 
in  this  direction,  an  investigation  was  undertaken  over 
five  years  ago  to  ascertain  the  percentage  of  potash 
occurring  in  the  raw  materials  used  in  the  different 
cement  plants  of  this  country  and  also  the  percentage 
of  the  total  potash  that  is  volatilized  in  each  case. 
Representative  samples  of  raw  mix  and  ground  clinker 
were  collected  from  the  different  cement  plants  in  the 
United  States  and  in  Canada  with  a  view  to  analyzing 
each  sample  for  potash.  With  the  data  thus  obtained 
and  knowing  the  ratio  between  the  raw  mix  and  the 
cement  produced,  and  the  outpui  of  the  latter,  it 
was  thought  possible  to  calculate  for  each  plant  the 
approximate  quantity  of  potash  that  escapes  daily 
from  the  kilns.  After  partly  complctinR  this  work 
it  had  to  be  abandoned  for  a  time.  A  few  months  ago 
the  problem  was  again  taken  up  and  entirely  new 
samples  wore  collected.  The  work  has  now  been 
completed  and  the  results  obtained  form  the  subject 
matter  of  this  paper. 

1  rrc.cnlcil  lictorc  llic  I'crIlUi«r  Plvl.lon   at  the  .<.Mh  MMttni  o(  (lie 
Anirrli-nii  c'liciiiical  Soclrly.  Uonlon.  S«plen«b«t  10  lo  I.*.  I»I7. 
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ANALYSES    OF    SAMPLES 

The  total  number  of  cement  mills  from  which  samples 
were  received  number  113,  of  which  104  are  in  this 
country  and  9  in  Canada.  The  number  of  plants  in 
this  country  which  supplied  samples  is  only  four  less 
than  the  total  number  which  operated  in  1915,  or 
nine  less  than  the  total  number  said  to  be  in  operation 
in  1916. 

The  results  obtained  in  the  analyses  of  the  samples 
show  that  the  potash  occurring  in  the  raw  mix  used 
by  the  different  plants  from  which  samples  were  re- 
ceived varies  from  0.20  to  1.16  per  cent.  The  raw 
materials  used  in  the  mills  of  the  Universal  Portland 
Cement  Company,  and  consisting  of  blast  furnace  slag 
and  a  high-grade  limestone,  contain  considerably  less 
potash  than  the  average  for  the  other  cement  plants 
of  the  country. 

In  a  communication  received  from  the  manager  of 
one  of  the  large  cement  plants  in  the  Lehigh  Valley 
district,  the  statement  was  made  that  the  raw  cement 
material  used  in  this  district  contains  less  than  0.3 
per  cent.  We  find,  however,  that  in  no  case  does  the 
raw  mix  used  in  the  plants  of  this  district  run  as  low 
as  0.3  per  cent,  but  that  some  of  these  plants  make  use 
of  cement  material  almost  as  rich  in  potash  as  may  be 
found  in  any  cement  plant  in  the  country.  In  general, 
it  may  be  stated,  however,  that  high  potash-bearing 
raw  material  is  not  characteristic  of  any  particular 
part  of  the  country. 

Knowing  the  percentage  of  potash  in  the  raw  mix 
for  each  individual  plant  the  total  potash  in  the  daily 
run  of  raw  mix  is  readily  calculated.  In  a  corre- 
sponding way  is  obtained  the  potash  in  the  daily  pro- 
duction of  cement.  The  difference  between  the  two 
values  gives  the  amount  of  potash  volatilized.  This 
is  found  to  vary  in  different  plants  from  0.35  to  5.34 
lbs.  of  K2O  per  barrel  of  cement  produced.  The 
average  for  all  the  plants,  when  consideration  is  taken 
of  the  variation  in  output  of  cement  of  the  different 
plants,  amounts  to  1.94  lbs.  per  barrel  of  cement. 

Omitting  the  plants  of  the  Universal  Portland 
Cement  Company,  the  corresponding  average  for 
the  remainder  of  the  99  plants  of  this  country  from 
which  samples  were  received  amounts  to  2.09  lbs. 
The  average  for  the  nine  Canadian   plants  is  1.95  lbs. 

POTASH  ESCAPING  FROM  CEMENT  PLANTS 

If  the  average  annual  production  of  Portland  cement 
in  this  country  be  now  taken  in  round  numbers  as 
90,000,000  bbls.,  and  if  the  same  average  conditions 
be  assumed  to  prevail  in  the  few  plants  from  which 
no  samples  were  received  as  was  found  on  an  average 
for  all  other  plants,  then  the  total  potash  (K2O)  es- 
caping from  all  the  cement  plants  in  the  United  States 
as  at  present  operated  will  amount  to  al)out  87,000 
tons  annually. 

The  process  which  at  present  is  most  generally 
considered  in  connection  with  the  recovery  of  the 
potash  that  escapes  from  cement  kilns  is  that  of  elec- 
trical precipitation.  With  present  installations  a 
recovery  of  approximately  99  per  cent  of  the  dust  has 
been  secured.  It  happens,  however,  that  the  finest 
portion  of  the  dust  escaping  from  any  cement  plant 


contains  relatively  the  highest  percentage  of  potash 
and  a  99  per  cent  recovery  of  the  dust  therefore  repre- 
sents a  somewhat  less  efficient  recovery  of  the  potash. 

In  the  plant  of  the  Security  Cement  and  Lime  Com- 
pany, where  the  Cottrell  process  has  been  installed 
for  collecting  the  dust,  it  is  estimated  that  the  potash 
recovered  amounts  to  90  per  cent  of  the  total  volatilized. 
If  this  value  be  accepted  as  the  efficiency  of  recovery 
of  the  potash  in  the  most  economic  installations,  then 
the  total  recoverable  potash  in  the  cement  plants  of 
this  country  under  present  working  conditions  amounts 
to  about  78,000  tons  annually. 

The  potassium  compounds  occurring  in  cement 
dust  may  be  divided  into  three  groups  as  follows: 
(i)  Those  which  are  readily  soluble  in  water;  (2) 
those  which  are  slowly  soluble;  and  (3)  those  which 
are  insoluble. 

The  insoluble  potash  represents  the  combinations 
occurring  in  the  original  silicates  of  the  raw  mix  which 
is  carried  over  mechanically  in  the  dust  before  being 
subjected  to  a  sufficiently  high  temperature  to  bring 
about  decomposition.  The  form  of  combination  which 
is  slowly  soluble  in  water  is  supposed  to  be  due  to  a 
recombination  of  the  volatilized  potash  with  the 
silicates  in  the  dust.  In  some  plants  where  coal  is 
used  for  burning,  the  extent  to  which  the  potash 
occurs  in  this  "recombined"  form  may  be  considerable, 
while  in  certain  other  plants  where  oil  is  used  for  fuel 
this  combination  of  the  potash  is  present  in  compara- 
tively small  amount.  Thus,  in  an  analysis  of  a  sample 
of  dust  from  the  oil-fired  plant  of  the  Riverside  Port- 
land Cement  Company,  the  acid-insoluble  potash 
was  found  to  amount  to  1.9  per  cent  of  the  total,  the 
slowly  soluble  potash  to  6.5  per  cent  and  the  soluble 
potash  to  91.6  per  cent.  The  corresponding  values 
obtained  for  the  dust  from  the  plant  of  the  Security 
Cement  and  Lime  Company,  where  coal  is  used  for 
burning,  amounted,  respectively,  to  4.4,  36.0  and  59.6 
per  cent.  In  the  case  of  the  dust  from  the  Cementon 
plant  of  the  Alpha  Portland  Cement  Company,  the 
proportion  of  slowly  soluble  potash  is  still  greater  and 
is  sufficient  to  greatly  depreciate  the  commercial 
value  of  the  dust  as  a  fertilizer. 

BUREAU  OF    SOILS    EXPERIMENTS 

In  experiments  made  some  time  ago  in  the  Bureau 
of  Soils,  it  was  shown  that  the  greater  part  of  the 
potash  in  feldspar  jnay  be  made  to  pass  into  solution 
by  digesting  with  lime  under  a  steam  pressure  of 
10  to  15  atmospheres.  In  cement  dust,  as  it  escapes 
from  the  kilns,  the  slowly  soluble  and  insoluble  potash 
is  already  associated  with  a  considerable  percentage 
of  free  lime,  and  it  was  consequently  thought  that  the 
greater  part  of  these  constituents  might  be  recovered 
in  readily  soluble  form  by  digesting  the  dust  with 
steam  alone  under  pressure.  This  has  been  found  to 
be  the  case,  and  with  dust  from  the  Security  and 
Cementon  plants  it  has  been  found  possible  to  recover 
in  this  way,  in  soluble  form  and  with  little  increase  in 
pressure,  about  95  per  cent  of  the  total  potash  present. 

In  carrying  out  these  experiments  20  g.  of  the 
dust  were  placed  in  a  small  autoclave  provided  with 
a   steam   gauge   for   indicating   pressure.     Water   was 
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added  to  the  dust  in  the  autoclave  and  the  latter 
then  heated  so  as  quickly  to  give  the  desired  pressure. 
This  pressure  was  then  maintained  constant  for  vary- 
ing lengths  of  time  in  the  different  experiments.  The 
amount  of  water  added  was  just  sufficient  to  give  a 
paste  with  the  dust  at  the  end  of  each  treatment. 

Digesting  beyond  one-haif  hour  was  found  to  have 
little  effect  in  increasing  the  amount  of  potash  made 
soluble.  Thus,  after  treating  at  50  lbs.  pressure  for 
one-half  hour  the  water-soluble  potash  in  the  Security 
dust  amounted  to  82  per  cent  of  the  total  and  only 
increased  to  91  per  cent  in  8  hours.  At  100  lbs. 
pressure  90  per  cent  of  the  total  became  soluble  in 
one-half  hour  and  upwards  of  95  per  cent  in  8  hours. 

With  the  Cementon  dust  similar  results  were  ob- 
tained. With  this  dust,  though,  it  was  noticed  that 
prolonged  treatment  seemed  to  decrease  rather  than 
increase  the  solubility  of  the  potash.  Thus,  at  50 
lbs.  pressure,  81  per  cent  of  the  total  potash  present 
became  soluble  in  one-half  hour,  87  per  cent  in  4 
hours  and  82  per  cent  in  16  hours.  At  100  lbs.  pressure 
a  maximum  solubility  of  93  per  cent  was  obtained  in 
2  hours.  Experiments  at  150  and  200  lbs.  pressure, 
which  are  expected  to  yield  still  higher  results,  are 
now  in  progress. 

RECOVERABLE   POTASH 

This  method  of  treating  cement  dust  should  be 
applicable  whether  it  is  desired  simply  to  increase  the 
soluble  potash  in  the  dust  or  to  bring  about  a  subse- 
quent separation  of  the  potash  salts  present.  It  has 
not  been  demonstrated  that  the  method  would  prove 
as  efficient  under  commercial  conditions  as  in  the  labora- 
tory tests,  but  if  such  would  proVe  to  be  the  case,  then 
the  average  percentage  of  soluble  potash  that  could 
be  obtained  in  the  dust  from  different  plants  should 
amount  to  from  90  to  95  per  cent  of  the  total.  Assum- 
ing then  that  it  would  be  practical  to  recover  or 
render  available,  say,  90  per  cent  of  the  potash  in  the 
recoverable  dust  of  cement  plants,  then  the  recoverable 
and  available  potash  escaping  from  the  cement  plants 
of  this  country  amounts  approximately  to  70,000  tons 
annually.  If,  however,  the  dust  from  all  plants 
losing  less  than  i  lb.  of  potash  per  barrel  of  cement 
lie  considered  as  too  low-grade  for  use  as  a  source  of 
fertilizer  material  and  is  omitted  in  the  calculations, 
then  the  value  for  the  available  recoverable  potash 
in  the  cement  industry  of  this  country  will  be  in  the 
ncighl)orhood  of  about  67,000  tons  annually. 

'I'his  estimate  is  base<l  on  the  amount  of  potash  lost 
under  present  working  conditions.  It  is  possible, 
however,  to  bring  about  an  increase  in  the  amount 
lost  by  two  dilTcrenl  ways: 

( i)  Hy  increasing  the  percentage  of  potash  in  the  raw 
mix. 

(2)  Hy  increasing  by  cluMniciil  or  oilier  nu-juis,  tin- 
pcrcenliigc  of  potash  voialilixctl. 

At  the  plant  of  the  Riverside  Portiami  C'lnuiit 
Company,  the  potash  in  the  raw  mix  has  been  in- 
creased from  0.2  iier  cent  to  as  much  as  0.8  per  cent. 
This  wa.s  done  by  utilizing  that  portion  of  the  clay 
deposit  highest  in  potash  and  by  enriching  the  raw 
mix    with    the   addition   of   feldspar.     The   proportion 


of  silica  to  alumina  in  feldspar  is,  however,  higher  than 
in  the  argillaceous  material  ordinarily  used  in  cement 
manufacture,  and  an  extended  use  of  this  mineral  by 
itself  would  therefore  not  be  practical  in  all  plants, 
particularly  in  those  plants  where  a  siliceous  cement 
is  already  obtained.  By  use  of  the  proper  proportion 
of  iron  ore,  however,  in  connection  with  the  feldspar, 
the  latter  may  then  be  used  even  in  plants  where 
siliceous  cement  is  ordinarily  produced,  while  in  the 
case  of  plants  producing  aluminiferous  cement  a 
certain  proportion  of  feldspar  should  be  possible 
without  the  addition  of  any  oxide  of  iron. 

At  the  plant  of  the  Security  Cement  and  Lime  Com- 
pany, an  increase  in  the  potash  volatilized  has  been 
brought  about  by  use  of  ordinary  salt.  This  is  effected 
by  adding  the  salt  in  the  solid  state  both  to  the  raw 
mix  and  to  the  coal  used  for  fuel.  The  quality  of  the 
resulting  cement  is  in  no  sense  impaired  by  the  addition 
of  the  salt  for  it  is  found  that  the  total  alkalies  in  the 
clinker  when  salt  is  added  are  actually  less  than  when 
no  salt  is  added.  By  this  treatment  the  percentage 
of  volatilized  potash  which  at  this  plant  normally 
runs  about  38  per  cent  is  increased  to  about  65  per  cent. 

INCREASING  PROPORTION  OF  POTASH  VOLATILIZED 

Other  reagents  may  also  be  used  for  increasing 
the  amount  of  potash  carried  over  in  the  dust.  Thus 
an  ingenious  method  devised  by  the  Riverside  Port- 
land Cement  Company  makes  use  of  calcium  fluoride 
for  this  purpose.  Volatilization  of  the  potash  then 
takes  place  largely  in  the  form  of  the  fluoride  and  as 
it  escapes  from  the  kilns  it  becomes  associated  with 
the  salts  of  calcium  carried  over  mechanically  in  the 
dust.  It  thus  happens  that  when  the  dust  is  leached 
with  hot  water  for  the  separation  of  the  potash  the 
latter  passes  into  solution  as  the  sulfate  or  carbonate 
while  the  fluoride  remains  as  insoluble  calcium  fluoride. 
On  using  the  residue  for  cement  material  the  same 
fluoride  is  fed  into  the  furnace  again  and  may  thus  be 
repeatedly  used  in  bringing  about  increased  volatiliza- 
tion of  the  potash.  By  this  cyclic  process  the  volatiliza- 
tion at  this  plant  has  been  increased  from  60  to  go 
per  cent. 

An  increase  in  the  proportion  of  potash  volatilized 
may  also  be  brought  about  by  increasing  the  tempera- 
ture of  burning.  This  is  illustrated  in  the  analysis 
of  a  number  of  samples  furnished  us  by  the  Tiilowatcr 
Portland  Cement  Company  and  which  represented 
variations  in  burning  from  that  which  gave  a  very 
soft  clinker  to  that  suflficient  to  give  a  very  hard 
clinker.  The  results  showed  that  the  proportion  of 
potash  volatilized  in  the  different  steps  varied  from 
39  to  62  per  cent. 

According  to  the  analysis  of  iho  rcprcscntntivc 
samples  sent  us  from  the  dilTcrent  plants  of  the  country 
the  proportion  of  potash  vobuilircd  in  the  different 
plants  varies  from  about  35  to  o<>  P«?r  cent.  This 
variation  is  too  great  to  be  attributed  to  differences 
in  the  temperature  <»f  burning  nlone.  and  it  is  probable 
that  a  number  of  factors  operate  to  bring  about  this 
result.  The  average  for  dry  process  plants  amounts 
to  47  per  cent,  and  for  wet  process  plants  to  46  per 
cent.     Both  averages  are  above  the  value  (or  the  vola- 
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tilization  of  potash  that  normally  prevailed  at  the 
plant  of  the  Security  Cement  and  Lime  Company, 
but  below  the  65  per  cent  volatilization  that  has  now 
been  secured  at  this  plant.  If  it  be  assumed  that  the 
last-mentioned  percentage  volatilization  could  be 
attained  by  chemical  or  other  means  in  all  plants  where 
a  lower  volatilization  normally  prevails,  then  it  may 
be  estimated  that  the  recoverable  available  potash 
in  the  cement  plants  of  this  country  would  be  increased 
from  67,000  tons  to  about  100,000  tons  annually. 
This  estimate  represents  a  recovery  according  to  our 
analyses  of  only  between  50  and  55  per  cent  of  the 
total  potash  entering  the  kilns  in  the  diflferent 
plants.  At  the  plant  of  the  Security  Cement 
and  Lime  Company,  where  no  steps  are  yet  taken  to 
make  soluble  the  slowly  soluble  potash,  the  percentage 
of  available  potash  recovered  is  somewhat  less  than 
this,  but. at  the  plant  of  the  Riverside  Portland  Cement 
Company  the  recovery  of  soluble  potash  is  already 
considerably  greater.  Improvements  over  present 
methods  of  recovering  potash  are  to  be  expected  and 
it  would  therefore  seem  that  an  estimated  possible 
average  recovery  of  about  50  per  cent  should  not  be 
considered  excessive.  Whether  or  not  this  percentage 
can  be  economically  recovered  in  all  plants  remains  to 
be  determined- 
It  may  also  be  pointed  out  that  the  weight  that  can 
be  attached  to  these  estimates  is  also  dependent  on 
the  representative  character  of  the  samples  analyzed. 
Analj'ses  of  a  number  of  samples  corresponding  to 
those  which  we  have  analyzed,  but  collected  from  six 
to  nine  months  previous  to  the  time  our  samples  were 
taken,  have  also  been  made  by  other  chemists  and 
particularly  by  the  Western  Precipitation  Company. 
In  every  case  in  which  the  results  were  compared 
there  was  found  to  be  an  agreement  within  the  limits 
of  experimental  error.  It  is,  of  course,  recognized 
that  the  analysis  of  further  samples  collected  from  some 
other  plants  might  not  show  the  same  close  agree- 
ment, but  from  the  observations  which  have  been 
made  it  is  thought  that  as  a  whole  the  results  obtained 
are  representative. 

COLLECTION  OF  CEMENT  FLUE  DUST 

Cement  flue  dust  is  now  being  collected  by  the 
Cottrell  process  of  electrical  precipitation  at  the  plants 
of  the  Riverside  Portland  Cement  Company  and  the 
Security  Cement  and  Lime  Company;  at  several 
plants  of  the  Universal  Portland  Cement  Company; 
and  at  the  Cementon  Plant  of  the  Alpha  Portland 
Cement  Company.  At  the  Riverside  plant  the  dust 
is  being  used  for  the  preparation  of  concentrated 
potash  salts,  while  at  the  Security  and  Cementon 
plants  it  is  disposed  of  directly  for  use  as  a  fertilizer. 
The  dust  from  the  Universal  plants,  being  too  low 
grade  to  serve  as  a  source  of  potash,  is  simply  returned 
to  the  kilns  for  manufacture  into  cement.  Installa- 
tions of  the  Cottrell  process  are  now  being  considered 
by  a  number  of  other  cement  companies  and  opera- 
tions have  already  been  started  on  the  installations 
at  the  Coplay,  Dexter  and  Ironton  Portland  Cement 
plants,  and  at  the  plant  of  the  Buffalo  Potash  and 
Cement  Corporation,  where  a  commercial  installation 


has  been  erected  for  the  recovery  of  potash  from  feld- 
spar by  use  of  the  latter  in  the  manufacture  of  cement. 
Wet  processes  for  precipitating  cement  dust  are 
now  in  operation  or  are  being  installed  for  one  or 
more  kilns  at  the  plants  of  the  California  Portland 
Cement  Company,  the  Santa  Cruz  Portland  Cement 
Company,     and     the     Sandusky     Cement     Company. 

SUMMARY 

The  constituents  of  the  dust  in  all  cement  plants 
are  much  the  same  but  may  vary  greatly  in  relative 
proportion.  In  the  case  of  freshly  precipitated  dust 
collected  in  the  normal  operation  of  a  cement  plant 
the  soluble  constituents  consist  for  the  most  part  of 
the  sulfates,  chlorides,  sulfides  and  polysulfides  of 
potash,  soda  and  lime.  Chlorides  occur  only  in  small 
amount.  The  percentages  of  sulfides  and  polysulfides 
in  the  dust  from  different  plants  may  vary  widely 
and  in  the  case  of  dust  from  some  oil-  or  gas-fired 
plants  may  be  entirely  absent.  Free  lime  is  found  in 
all  cement  dust,  and  in  the  water  extract  of  all  samples 
analyzed,  the  basic  radicles  were  found  to  be  in  excess. 
It  follows,  therefore,  that  the  potash  in  the  water 
extract  of  freshly  collected  flue  dust  will  be  present 
to  a  greater  or  less  extent  in  the  form  of  the  hydroxide. 
As  the  dust  becomes  carbonated,  either  by  chemical 
treatment  or  by  exposure  to  the  air,  the  hydroxides 
present  will  change  to  carbonates,  and  by  interaction 
of  the  carbonates  with  calcium  sulfate  in  the  dust  the 
water-soluble  potash  will  be  obtained  principally  in 
the  form  of  the  sulfate  which  is  the  form  universally 
recognized  as  of  most  value  for  use  as  a  fertilizer. 

Bdreau  op  Soils 

U.  S.  Department  op  Agriculture 

Washington,  D.  C. 


SOLVENT  GASOLINE' 

By  C.  Olin  North 
Received  July  2.  1917 

The  sudden  jump  in  the  price  of  gasoline  last  year 
was  of  prime  importance  to  the  automobile  owner, 
but  if  anything  it  affected  the  rubber  companies  more. 
Because  of  their  high  cost,  gasoline  had  replaced  to  a 
great  extent  all  other  solvents  for  use  in  rubber  cements 
and  doughs.  A  small  rubber  factory  making  1500  tires 
a  day  will  use  approximately  12,000  gals,  per  month, 
while  a  large  company  will  require  close  to  10,000  gals, 
per  day.  In  1915  a  good  grade  of  solvent  gasoline  could 
be  procured  at  15  to  18  cents  per  gal.,  but  in  1916  it 
jumped  to  26  to  30  cents  per  gal. 

Solvent  gasoline  is  customarily  of  70  to  72°  B^. 
gravity,  though  for  certain  purposes  80°  Be.  is  required. 
It  must  be  readily  volatile  and  must  be  free  from  kero- 
sene tails.  A  comparison  of  its  rate  of  evaporation 
with  those  of  some  common  solvents  is  as  follows,  when 
2  cc.  of  each  liquid  were  allowed  to  evaporate  from  a 
metal  surface  3V2  in.  square,  under  similar  conditions: 

Benzol  (90%) 14  min.        Solvent  Gasoline: 

Naphth.-».  .107  min.  80°  B6 4  min. 

Turpentine..  142  min.  70°  B« 8  min. 


Distillation  tests  on  representative  samples  of  the 
three  grades  of  gasoline,  viz.,  Motor,  Solvent,  and  Paint 
&  Varnish  Makers'  Naphtha,  resulted  as  follows: 

>  Submitted  as  parti,-»l  fulfillment  of  the  requirements  for  the  degree 
of  Chemical  Engineer,  Carnegie  Institute  of  TechnoloEy.  Pitt.shurgh,  Pa. 
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Solvent 

Paint  &  Varnish 

Naphtha 

Makers'  Naphtha 

0 

697 

0.746 

70 

9°  Bi. 

57.7°  B^. 

46" 

C. 

123°  C. 

64 

133 

69 

136 

7,1 

138 

76 

141 

79 

143 

m. 

144 

8S 

144 

»H 

145 

<H) 

148 

94 

149 

97 

150 

I  no 

152 

lOV 

153 

106 

156 

n  1 

158 

116 

163 

1?1 

166 

IM 

174 

137 

180 

Motor 
Naphtha 

Sp.gr.atl5°C 0.716 

Gravity 65.5°  B«. 

Distillation  began 45  °  C. 

5%  distills  below 77.5 

10%  distills  below 85 

15  7o  distills  below 91 

20%  distills  below 96.5 

25  %  distills  below 99 

30%  distills  below 102 

35%  distills  below 105.5 

40%  distills  below 108 

45%  distills  below Ill 

50%  distills  below 116 

55%  distills  below 120.5 

60%  distills  below 121 

fe5%  distills  below 127 

70%  distills  below 131.5 

75%  distills  below 138 

80%  distills  below 144 

85%  distills  below 154 

90%  distills  below 161.5 

95%  distills  below 177 

5%  lost  during  distillation 

The  experiments  described  below  were  performed  at 
the  chemical  laboratory  of  the  Republic  Rubber  Com- 
pany, of  Youngstown,  Ohio,  in  the  years  1915-1916,  and 
were  undertaken  with  a  view  to  securing  a  good  grade  of 
solvent  gasoline  at  a  reasonable  price  by  cracking  heavy 
kerosene  or  other  heavy  oil.  The  method  and  apparatus 
finally  developed  cannot,  in  a  strict  sense  of  the  word, 
be  called  original,  since  features  were  contained  which 
might  rightly  be  considered  an  infringement  on  certain 
well-known  patents.  However,  the  development  took 
place  in  logical  steps  and  I  feel  that  the  work  was  of 
value  in  that  I  attempted  to  embody  in  my  procedure 
such  points  as  I  considered  of  prime  importance  in 
other  processes,  and  to  improve  on  them  to  the  best  of 
my  ability. 

As  in  the  Burton  process,  the  pressure  within  the 
apparatus  was  built  up  by  heating  a  comparatively 
large  volume  of  oil.  In  common  with  the  Rittman 
process  the  cracking  was  accomplished  in  the  gas  phase. 
Condensation  was  effected  under  pressure  and  in  the 
presence  of  the  non-condensable  gaseous  products  of 
the  reaction. 

THEORETICAL    CONSIDERATIONS-  In  Comparison  with 
the  benzene-toluene  process,  the  production  of  gasoline 
is  comparatively  easy.     Rittman'  considers  the  order 
of   hydrocarbon   formation   to   be   as   follows: 
Heavy  Petroleum  Hydrocarbons    <  *    Light  Petroleum 
Hydrocarbons      (saturated     and     unsaturated)       ^  * 
Cymene   <  *    Xylene  1^1^  Toluene   <  *    Benzene    ^  * 
Naphthalene,    Diphenyl,    etc.    <  *     Anthracene     ^  * 
Carbon  and  Gas., 

It  is  evident  that  the  production  of  gasoline  requires 
but  one  step. 

The  factors  influencing  any  reaction  in  the  vapor 
phase  are:  (i)  Temperature,  (2)  Pressure,  (3)  Con- 
centration, (4)  Duration. 

TEMPKRATURE — Sjncc  all  organlc  substances  decom- 
pose on  application  of  heat,  it  is  self-evident  that  the 
higher  the  temperature  the  greater  the  degree  of  de- 
composition. Heavy  molecules  are  more  unstable  than 
lighter  ones  of  similar  structure.  This  fact  must  be 
considered  in  making  the  proper  clioicc  of  cracking 
temperature.  Any  oil  or  kerosene  heavier  than  gasoline 
can  be  used  as  a  raw  material  for  the  production  of 
gasoline  if  the  correct  cracking  conditions  are  observed. 

>  Tiiin  JoKHNAi,.  S  (1916).  3SI.  Alio  Bureau  of  MIncii.  UuHrtin 
114;   Mfl.  b-Chrm    t'.nt..  March  I,  1916. 


PRESSURE — The  chief  service  of  pressure  is  to  produce 
saturated  hydrocarbons.  Heat  breaks  up  the  oil  into 
saturated  and  unsaturated  bodies,  while  pressure  tends 
to  increase  the  saturated  at  the  expense  of  the  unsatu- 
rated. 
Unsaturated   Hydrocarbons    ^  ^ 

Saturated   Hydrocarbons. 

Diminished  pressure  increases  decomposition,  but 
increased  pressure  works  the  other  way.  For  example, 
diminished  pressure  favors  the  production  of  gas,  while 
increased  pressure  aids  in  the  formation  of  gasoline. 

CONCENTRATION — The  gases  produced  during  crack- 
ing may  be  classed  as  condensable  or  non-condensable. 
In  the  first  class  may  be  placed  gases  condensing  at, 
say,  from  20°  C.  up  (gasoline),  and  in  the  second  such 
ones  as  hydrogen,  methane,  etc.,  which  do  not  condense 
until  very  far  below  20°  C.  These  may  be  called  fixed 
gases.  It  is  quite  in  accordance  with  the  law  of  mass 
action  that  the  withdrawal,  i.  e.,  condensation  of  the 
condensable  gases  in  the  presence  of  the  non-conden- 
sable, favors  the  formation  of  the  condensable  hydro- 
carbons.     Therefore   condensation   should   be   effected 
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under  pressure  and  in  the  presence  of  il:.  :.  ,.  :.- 
densable  gaseous  products  of  the  cracking  reaction. 

DURATION — The  time  factor  is  intimately  related  to 
the  temperature  and  pressure  employed.  Thus  a  higher 
temperature  requires  a  shorter  time  for  equilibrium  to 
be  established.    It  may  also  be  regulated  by 

I — Varying  the  length  of  the  cracker, 

2 — Introducing  a  catalyzer, 

3^Changing  the  rate  of  oil  supply. 

In  Rittman 's  process  this  is  accomplished  by  varying 
the  feed.  But  with  my  apparatus  it  was  effected  by 
regulating  the  fires  under  the  kettle.  I  also  found  it 
advantageous  to  fill  the  cracker  tube  about  three- 
quarters  full  of  2  in.  X  I  in.  pieces  of  sheet  metal  bent 
to  a  right  angle.  These  served  to  prolong  the  sojourn 
of  the  gnscs  in  ilu'  iracking  zone. 

APPARATIS 

The  apiiaratus  was  of  necessity  very  simple,  and 
only  such  parts  were  contained  as  might  be  found  in 
any  well-ordered  pipe  or  tin  shop. 

KETTLE — The  original  kettle  was  a  small  dental 
autoclave   of  one   liter  capacity.     The   volume   of  oil 
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contained  proved  to  be  entirely  insufficient  to  get  up 
proper  pressure  within  the  apparatus.  For  the  next 
trial  a  i2-in.  piece  of  double  extra  heavy  wrought-iron 
pipe,  6  in.  diameter,  was  capped  at  both  ends,  but  be- 
cause of  poor  threading  the  outfit  leaked  like  a  sieve 
when  heated  up,  and  was  discarded. 

Consequently  it  was  decided  to  oxyacetylene  weld 
the  heads  into  the  pipe,  and  a  very  satisfactory  kettle 
was  secured  in  this  manner  from  a  12  in.  section  of 
double  extra  heavy  wrought  iron  pipe  6  in.  in  diameter. 
The  capacity  of  this  kettle  was  340  cu.  in.,  or  1.47  gal., 
amounting  to  5550  cc.  This  allowed  the  use  of  a  com- 
paratively large  quantity  of  oil,  and  insured  a  wider 
range  of  pressure.  The  kettle  was  carried  by  an  angle 
iron  stand  built  in  such  a  way  as  to  support  the  fire 
brick  which  surrounded  it.  A  burner  rack  carrying  the 
blast  lamps  was  placed  at  proper  height  underneath. 
The  fuel  used  was  natural  gas. 

The  whole  was  encased  in  fire  brick  arranged  so  that 
the  fiame  from  the  burners  on   its    way    to    the   stack 


completely  surrounded  the  kettle.  The  bricks  were 
cemented  together  with  a  mixture  of  fire  clay  and  sodium 
silicate,  which  was  found  to  set  quite  hard  and  to  have 
very  satisfactory  heat-resisting  properties. 

The  fittings  were  as  follows: 

(i)  A  pressure  gauge  of  200  lb.  capacity  connected 
to  the  kettle  by  a  piece  of  Vs  in.  pipe  in  which  a  small 
pet  cock  was  placed  for  the  release  of  air  during  filling. 

(2)  A  thermometer  well,  which  proved  to  be  of  no 
advantage  except  in  the  beginning  of  the  run,  since 
near  the  end  of  the  experiment  the  kettle  was  often  red 
hot.  It  should  be  mentioned  here  that  the  lack  of  a 
suitable  pyrometer  proved  a  decided  handicap.  Tem- 
peratures should  have  been  accurately  determined  not 


only  in  the  kettle  but  in  the  cracking  zone  and  reflux 
condenser  as  well. 

(3)  A  '/s-in.  pipe  fitted  with  a  globe  valve  was 
placed  as  low  down  as  possible  on  the  end  of  the  kettle, 
which  was  tilted  slightly  so  as  to  allow  almost  complete 
draining. 

(4)  Connection  was  made  with  the  cracker  through 
a  38-in.  length  of  Va-in.  heavy,  wrought-iron  pipe. 
This  was  broken  12  in.  from  the  top  at  a  union,  below 
which  was  placed  a  gate  valve.  The  filling  pipe,  which 
also  had  a  gate  valve,  was  teed  into  the  riser  pipe  8 
in.  above  the  center  of  the  kettle.  The  fill  pipe  was 
arranged  in  such  a  way  that  it  could  have  been  easily 
connected  to  a  pump,  which  would  have  made  the  ap- 
paratus suitable  for  continuous  running. 

CRACKER — The  cracking  tube  consisted  of  a  39-in 
piece  of  double,  extra  heavy,  wrought-iron  pipe,  2  in. 
in  diameter,  plugged  and  tapped  at  both  ends.  A 
plugged  tee  was  placed  on  the  end  next  the  kettle  for 
the  removal  of  any  carbon. 

A    30-in.    section   of   the    tube    was   encased   in  fire 


^£FLUX  CoNPeNStH 


brick,  supported  by  an  angle  iron  rack  which  also  car- 
ried a  shelf  upon  which  the  burners  (5  Bunsens  and  i 
Meker)  were  placed.  The  cracking  zone  found  most 
satisfactory  was  a  12-in.  section  of  the  pipe,  6  in.  from 
the  kettle  end  of  the  cracking  furnace,  heated  to  a 
just  visible  red  heat  (525°  C). 

REFLUX  CONDENSER — For  a  reflux  condenser  a  section 
of  '/2-in.  wrought-iron  pipe  was  jacketed  by  a  2-in. 
pipe  22  in.  in  length,  which  was  bushed,  plugged,  and 
tapped  at  both  ends.  The  jacket  was  fitted  with  both 
steam  and  water  connections. 

By  changing  the  temperature  of  the  reflux  condenser 
the  degree  of  cracking  could  be  varied  considerably. 
Thus,  if  kept  very  cold,  the  oil  was  continually  returned 
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to  the  cracking  zone  and  only  gas  allowed  to  escape. 
But  if  heated  by  10  lbs.  of  steam  (116°  C.)  a  good  yield 
of  gasoline  was  obtained  with  comparatively  low  pres- 
sure (100  to  125  lbs.). 

PIPING — The  reflux  condenser  was  connected  through 
a  union  to  the  riser  pipe  from  the  cracker.  Both  this 
union  and  the  one  immediately  above  the  kettle  gave 
considerable  trouble  because  of  leakage.  Practically 
all  the  difficulty  was  removed  by  the  use  of  two  copper 
gaskets  in  each  one.  On  the  upper  side  of  the  reflux 
condenser  the  union  was  of  the  sleeve  type  and  gave 
no  trouble.  Between  the  reflux  condenser  and  the 
condenser  proper  were  placed  the  line  gauge  (200  lb. 
limit)  fitted  with  a  pet  cock  so  that  it  could  be  cut  out 
when  desired,  and  the  main  line  valve,  a  V2-in.  globe 
valve.  Beyond  it  was  a  ground  joint  brass  union  having 
one  side  brazed  to  brass  pipe,  which  was  in  turn  brazed 
to  the  condenser  proper. 

A  reducing  valve  was  tried  in  place  of  the  main  line 
V2-in.  globe  valve  just  before  the  condenser,  but  be- 
cause of  small  particles  of  iron  which  were  carried  up 
it  could  not  close  properly  and  was  therefore  dis- 
carded. 

CONDENSER — The  first  condenser  tried  was  an  old 
block  tin  coil  20  ft.  in  length  and  '/s-in.  internal  diame- 


GAS  TANK — The  gas  tank  was  built  of  heavy  gal- 
vanized iron  throughout,  and  all  rivets  were  soldered 
both  inside  and  out.  The  inner  vessel  was  18  in.  in 
diameter  by  24  in.  high,  and  worked  on  rollers  inside 
the  main  tank,  which  was  21  in.  in  diameter  and  30  in. 
high.  It  was  fitted  with  a  '/g-in.  gas  connection.  When 
full  there  was  a  6-in.  water  seal.  The  inner  vessel  was, 
of  course,  connected  through  a  cable  to  a  heavy  weight 
and  was  operated  in  the  usual  manner.  This  tank  was 
about  three  times  too  small. 

SUPPORT — The  kettle  was  placed  on  the  floor,  but  a 
table  21  in.  wide,  36  in.  high,  and  10  ft.  long  was  used 
to  carry  the  cracking  furnace,  the  condenser,  the 
catcher,  and  the  scrubbers.  The  piping  system  was 
partly  supported  by  chains  from  the  ceiling. 

METHOD    OF    OPERATION 

While  the  procedure  was  varied  considerably  in  the 
early  experiments,  the  method  found  most  satisfactory 
may  be  outlined  as  follows: 

(i)  A  charge  of  from  3  to  4  liters  was  placed  in  the 
kettle  previous  to  lighting  the  fires  under  the  cracker. 

(2)  All  the  burners  were  lighted  under  the  cracker 
but  those  near  the  kettle  end  were  on  full  while  the 
others  were  about  half.  When  a  section  12  in.  long  was 
at  just  visible  red  heat,  the  run  was  started.  Care  had 
to  be  taken  that  this  temperature  w^as  held,  since  any 
variation  would  make  the  results  worthless. 


ter.  Because  of  its  low  strength,  condensation  under 
pressure  could  not  be  attempted  and  it  was  replaced  by 
a  copper  coil  which  had  been  tested  up  to  175  lbs.  This 
coil  was  part  of  an  old  instantaneous  water  heater  and 
consisted  of  15  ft.  of  '/i«-in-  copper  tubing  '/a-in.  in- 
ternal diameter,  with  coils  5  in.  in  diameter.  The 
lower  end  of  the  coil  was  brazed  to  a  piece  of  Vj-in. 
brass  piping  which  carried  a  V»-in-  globe  valve.  This 
pipe  led  to  the  catcher.  The  coil  was  set  in  a  heavy 
galvanized  iron  tank  8'/»  'i-  in  <liamctcr  and  a6Vj  in. 
high,  open  at  the  top  l)ut  provided  with  a  pet  cock  at 
the  base  for  draining.  Since  raj)i(l  cooling  was  found 
•  rcssary,  the  tank  was  packed  with  ice  and  salt  before 
"\\  run  and  tlic  tcnn)cralurf  kfi)l  around  5  to  10°  C. 
The  catcher  was  a  6-liter  bottle  lilted  with  a  siphon 
and  gas  outlet.  The  gas  on  leaving  the  catcher  passed 
first  througli  an  empty  bottle  (a  safety)  to  two  scrub- 
lii  IS  partly  filled  with  paralTm  oil,  from  which  it  was 
Iril  to  the  gas  tank. 


(3)  The  steam  (10  lbs.)  was  turned  on  in  the  reflux 
condenser,  heating  it  to  n6°  C.  When  near  the  end 
of  a  run  the  oil  was  very  hot  and  would  be  liable  to 
heat  the  reflux  condenser  considerably  higher  than 
this.  At  such  instances  cold  water  was  turned  on  for  a 
short  time. 

(4)  The  condenser  projier  was  packed  with  ice,  salt, 
and  water,  maintaining  a  temperature  throughout  of 
5  to  10°  C. 

(s)  The  main  line  valve  (at  the  top  of  the  condenser) 
was  closed,  as  was  also  the  condenser  valve  (at  the  base" 
of  the  coil).  All  gas  connections  were  properly  adjvisted 
and  the  gas  tank  loaded  so  as  to  create  a  partial  vacuum 
which  would  draw  in  any  gases,  making  leakage  negli- 
gible and  preventing  explosions. 

(6)  The  blast  lamps  under  the  kettle  were  lighted 
and  in  about  jo  minutes  the  desired  pressure  was 
built  up. 
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(7)  Supposing  the  run  to  have  been  at  90  to  100 
lbs.  pressure,  when  100  lbs.  was  reached  on  the  line 
gauge  near  the  top  of  the  condenser,  the  line  valve  was 
opened  and  the  line  pressure  dropped  to  90,  at  which 
point  it  was  closed.  When  the  apparatus  was  working 
slowly  perhaps  lo  minutes  were  required  to  build  the 
pressure  up  again  to  100  lbs.  per  sq.  in.  Shortly  before 
this  was  reached  the  condenser  valve  (at  the  bottom  of 
the  coil)  was  opened  and  the  condensate  allowed  to 
flow  into  the  catcher.  The  gases  were  as  a  rule  retained 
on  the  assumption  that  condensation  had  not  gone  to 
completion.     The  end  of  the  run  was  judged  partly  by 


carried  any  further  owing  to  the  high  cost  of  the  raw 
material,  high  gas  loss,  and  excessive  carbon  formation 
in  the"  cracker. 

B CRUDE    OIL 

The  crude  oil  used  (Table  I)  was  obtained  from  the 
Texas-Oklahoma  field.  The  new  apparatus  was  used 
in  these  experiments.  The  method  of  operation  was 
the  same  as  that  previously  described. 

It  appeared  that  by  careful  regulation  of  the  con- 
ditions about  20  per  cent  of  solvent  gasoline  could  be 
secured  (Table  II).  The  tails  could,  of  course,  have 
been  mixed  with  a  new  charge  or  run  separately.     Con- 


TaDUE    I PROPERTins    AND    DISTILLATION    ANALYSES   OP    MATERIALS    UsED    IN    EXPERIMENTS 


Original.  . . . 
Distillation 
Below  100°  C 
86  to  130° 
130  to  150 
150  to  170 
170  to  190 
190  to  210 
210  to  250 
Res.  above  2^ 


-A — Paint  &  Varnish  Makers'  Naphtha- 
Color  of  Specific  Gravity        1 
Distillate  at  15°  C. 
0.763  (53.8°  B^.) 


Water-white 

Water-white 

Water-white 

Water-white 

Faint  yellow 

Yellow 

(Vange 


0.734  (50.9°  B6.) 
0.754  (55.9°  B6.) 
0.769  (52.1°  B^.) 
0.781  (49.4°  B^.) 
0.790  (47.4°  Be.) 
0.798  (45.9°  B^.) 


21.7 
25.0 
26.63 
13.34 
6,66 
5.0 
1.27 


Original  . . . 
Distillation: 
Below  103°  C 
103  to  157° 
157  to  180 
180  to  242 
242  to  300 
300  to  389 
389  to  402 
Residue 


-B^Crude  Oil- 


Water-white 
Pale  yellow 
Pale  yellow 
Pale  yellow 
Light  brown 
Brown 
Dark  brown 
Black 


Sp.  Gr. 

at  15°  C 

0.853 


0.708 
0.750 
0.770 
0.770 
0.842 
0.847 
0.860 
Not  detd. 


C — Heavy  Kerosene 


Sp.  Gr. 

at  15°  C 

0.830 


DistU- 

lation 

Above  270°  C. 


the  temperature  of  the  kettle  and  by  the  volume  of 
the  condensate. 

A PAINT     AND    VARNISH    MAKERS'    NAPHTHA 

The  naphtha  used  in  this  set  of  experiments  tested 
as  indicated  in  Table  I. 

The  apparatus  used  was  the  original  one  with  the 
dental  autoclave  and  the  block-tin  condenser.  Con- 
densation was  effected  at  atmospheric  pressure  and 
there  was  not  sufficient  volume  of  oil  to  get  up  and 
maintain  any  pressure  in  excess  of  45  lbs.  The  tem- 
perature of  the  cracker  was  varied,  and  was  judged  by 
the  shade  of  red.  The  results  are  given  in  Table 
II. 

All  the  gasoline  fractions  obtained  had  a  yellow  color 


ditions  most  favorable  were  a  pressure  of  95  to  105  lbs. 
with  the  cracker  heated  to  just  visible  red  for  about 
12  inches. 

As  it  was  quite  difficult  to  secure  Oklahoma  crude  oil 
in  Youngstown,  in  quantity  at  a  reasonable  figure, 
further  experiments  with  crude  oil  were  suspended. 

C HEAVY  KEROSENE 

A  heavy  grade  of  kerosene  (Table  I),  known  as  heavy 
neutral,  was  next  tried.  Under  normal  conditions  this 
oil  may  be  secured  on  the  open  market  at  around  6 
cents  per  gallon.  The  experiments  were  performed  as 
previously  described  under  "Operation."  The  cracking 
zone  was  kept  at  a  dull  red  heat  (525°  C.). 

The  great  difficulty,  not  only  in  this  set  of  experiments 


Table  II — Results 
A — P.  &  V.-M.  Naphtha 


Cracking  Experiments 
B — Crude  Oil 


Experiment  No.  1 

Section 6-in. 

Temperature  (a)  °  C 700 

Average  Pressure.  Lbs 30 

Original  Sample.  Oc 1000 

Total  Oil  Distilled.  Cc 600 

Residue  in  Apparatus,  Oc 1 25 

Per  cent  Recovery 72.5 

Per  cent  Gas  Loss 27 . 5 

30  to  130°  C 16.67 

130  to  150 28.33 

150  to  170 18.3 

Gasoline 

Solvent  (39  to  130°  C.) 10 

Motor  (30  to  150°  C) 27 

Gasoline 

Solvent  (30  to  130°  C) 0,701 

Motor  (30  to  150°  C) 0,703 


1000 
430 
250 
68 

32 


1000 
630 
158 
78,8 
21,2 


525 
30-40 
2000 
1600 
50 
82,5 
17,5 


525 

60-70 

2000 

1750 

50 

90 


525  525 

75-85  95-105 
2500  3000 
2200       2770 


92 


94 


525 

75-85 

2000 

1610 

100 

85.5 


C — Heavy  Kerosene 


525         525  525  525         525 

85-95  95-105  105-115  115-125  125-135 
2000  3000  3000  4000  4000 
2685 


1725       2625 


3500 

120 
90.5 


10 


14.5 
Per  cent  of  Volume  Distilled 


Fractionation  o/  Oil  Distilled — Yields 

.11.00       46.5     36.5  11        16.0        18.5 

20.00        15.1     36.5  7  7.0         4,0  5 

21,45        17.2     25.3  5  7.1  3.0  6 

Yields  in  Per  cent  of  Original  Sample 

2,2       20,0  23  8,8  14        16.3        19.4 

6,2       26,5  46  14,4  20        19,8       24,0 

Specific  Gravity  at  15°  C. 

0,702     0,700     0.704         0.707       0.702     0.705     0.703 

0.722     0.716     0.725  0.733       0.730     0.729     0.732 


15.1 
8.  IS 
6.5 


15.0        18,0 


(a)  Temperatures  estimated  by  color  of  heated  pipe:  Dull  Red,  525°  C;  Dark  Red.  700°  C;  slightly  less  than  Cherry  Red.  800°  C;  Cherry  Red.  900°  C. 


and  a  characteristic  pungent  odor.  According  to 
Bacon  and  Hamor'  this  odor  is  due  to  a  small 
quantity  of  sulfur  compounds,  naphthenic  acids,  and 
basic  nitrogen  compounds,  probably  of  the  pyridine 
type.  They  mention  that  it  may  be  removed  to  a  large 
extent  by  treatment  with  alkaline  plumbite,  cupric 
oxide,  or  sodium. 

The  experiments  with  P.  &  V.  M,  naphtha  were  not 

1   'American  Petroleum  Industry." 


but  in  the  preceding  ones  as  well,  was  in  holding  the 
proper  temperature  in  the  cracking  furnace. 

Because  of  its  low  initial  cost  an  oil  such  as  this  is 
perhaps  the  best  material  to  start  from  in  the  prepara- 
tion of  gasoline. 

SUMMARY 

I — The  proper  temperature  for  the  cracking  furnace 
was  a  just  visible  red  heat.  Larger  volumes  of  oil  can 
be  handled  by  increasing  the  length  of  the  cracking  zone. 
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II — The  steam-heated  reflux  condenser  by  returning 
the  heavier  fractions  to  the  cracking  zone,  increased 
the  yield  of  gasoline. 

Ill — Condensation  was  best  effected  under  pres- 
sure. 

IV — By  proper  regulation  of  the  conditions,  gasoline 
can  be  secured  from  any  petroleum  oil. 

V — It  is  considered  more  economical  to  crack  the 
oil  with  as  little  gas  loss  as  possible,  recover  the  gasoline, 
and  work  the  tails  over  again.  In  this  way  the  final 
products  are  gas,  gasoline,  and  carbon. 

VI — In  this  process  excessive  carbon  deposition  was 
not  a  factor. 

VII — The  most  satisfactory  materials  are  heavy 
kerosene  and  fuel  oil. 

CONCLUSION 

The  preparation  of  solvent  gasoline  is  not  difficult 
and  is  quite  feasible  when  a  supply  of  heavy  kerosene 
or  fuel  oil  can  be  readily  obtained  at  normal  price. 
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THE  COMPOSITION  OF  LOGANBERRY  JUICE  AND 

PULP 

By  Miuo  Reason  Daughters 

Received  June  27,  1917 

The  results  given  in  this  paper  were  obtained  by 
following  the  directions  given  in  the  "Official  and 
Provisional  Methods  of  Analysis,"  Bull.  107  (Revised). 

Tablb  I — Analyses  oi>  Looanbbrry  Jutes 

Sample  No.                                             '             I                   II  m 

Sp.  Gr.  (16°  C.) 1.0523  1.0477  1.0508 

Pi-r  rent  Ariditv   i  "  Citric 2.396  3.084  2.199 

Per  cent  Acidity  („  sulfuric 1.678  2,159  1.54 

Water 88.96  89.13  90.548 

Total  Solids 11.04  10.87  9  452 

Prr  c<nt  A..h    I  '^"'"'■""y 0.4139  0.5785  0.4226 

1-cr  cent  Asn   j  jj^j.Q^ 0.4130  0.5075  0.288 

Protein  (N  X  6.25) 0.3226  0.731  0.7375 

Sugar  (as  invert  sugar) 6.56  5.37  8.39 

Alcoholic  Trecipitatc 0.502  0.872  0.4008 

Calorific  Value,  per  Liter 290  207  385 

Sample  I  was  raw  unsweetened  juice  bottled  by  the 
Pheasant  Fruit  Juice  Company  of  Salem,  Oregon, 
during  the  summer  of  1915.  Sample  II  was  collected 
from  fresh  berries  by  subjecting  thcni  to  pressure  with 
a  Yale  press,  July  10,  1916.  Sample  III  was  obtained 
in  the  same  manner  as  II  but  later  in  the  season, 
viz.,  August  8,  1916.  The  higher  moisture  content' 
and  lower  total  solids  of  Sample  III  arc  due  to  the 
fact  that  the  samjjle  was  dried  in  a  steam  oven  whereas 
I  and  II  were  dried  in  vacuo  at  70°  C. 

Windisch   and   Schmidt*  state   that   the   ash   of   all 

'  The  »nnly»i!i  of  Siimpic  III,  T»l>lr  I,  l><-Klnnlii(  with  the  pcrcrnlnge  of 
water  WH»  done  liy  Mls»  I  renc  Alirrn  of  t  hli  liilioriilory.     I  Adtiiom'k  Notb.  ) 

'  Windisch  and  SchniidI,  "Contrihulloni  lo  tho  Knuwlednc  of  I'ruU 
Juices,"  Z.  Nahr.Crnussm.,  IT,  3H4. 


fruit  juices  has  an  alkalinity  of  10  to  12  per  gram  of 
ash,  and  sometimes,  though  rarely,  a  very  little  more 
or  less.  The  alkalinity  of  one  gram  of  ash  of  I  and 
II    was   found   to    be    12.70   and    12.71,    respectively. 

Table  H — Psrcentagb  Composition  op  Loganberry  Pulp 

Moist  Pulp  Dried  Pulp 

Moisture 70.97  

Total  Solids 29.03  

Protein  (N  X  6.25) 3.727  12.81 

Fat  (Ether  extract) 3.799  13.089 

Carbohvdrate  (Nitrogen-free  Ext.)  . .      1 1 .  06  38.11 

Crude  Fiber 8.389  28.89 

Ash 0.695  2.394 

.^cid  (as  citric) 1.367  4.706 

Calories  (per  lb.) 426  1458 

The  constants  of  the  oil  extracted  from  the  finely 
ground  dried  pulp  by  means  of  petroleum  ether, 
boiling  point  44-65°  C,  are  as  follows: 

Specific  Refractive 

Gravity              Index  SoUdif3ring  Iodine  Saponification 

(15.5°  C.)  (15.5°  C.l  Temperature              No.                   No. 

0.9260              1.4811  — 33°  C.  158.32               179.8 

Comparing  this  oil  with  other  drying  oils,  it  lies 
between  hemp  seed  oU  and  tung  oil  as  judged  by  its 
iodine  value  and  specific  gravity.  Its  refractive  in- 
dex is  high — near  that  of  linseed  oil. 

Department  op  Chemistry 

Oregon  State  Agricultural  College 

Corvallis 


THE  FERTILIZING  VALUE  OF  SOME  HOUSEHOLD 

WASTES' 

By  Philip  E.  Browning 

The  following  table  of  analyses  of  the  ash  of  certain 
household  wastes  is  the  result  of  work  recently  under- 
taken with  the  cooperation  of  John  Phillips  Street, 
of  the  Connecticut  Agricultural  Experiment  Station, 
to  determine  the  possible  fertilizing  value  of  such 
material.  The  table  is  by  no  means  complete  and 
we  hope  to  be  able  to  make  a  number  of  additions  to 
it  in  the  near  future. 

No  attempt  was  made  to  secure  very  carefully 
ashed  products,  but  rather  to  secure  results  which 
would  be  obtained  by  burning  in  an  improvised  in- 
cinerator under  ordinary  household  conditions. 

Ash  Per  cent  KjO  Per  cent  PiOi 

Banana  stnlk(o) 49.4  2.34 

Banana  skins 41.76  3.25 

Grape  fruit  skins(ft) 30. 6  3 . 58 

Orange  skins 27.0  2.90 

Lemon  skins 31.0  6.  J 

Apple  skins 11.74  3.08 

Cantaloupe  rinds 12.21  9.77 

Raw  white  potato  skin 27.5  J.l« 

Boiled  sweet  pototo  skin 13.89  3.W 

Pea  pods 9.00  J.79 

Cucumber  skins 27.2  11.28 

String  bean  strings  and  stems 18.09  4.99 

Tea  leaf  ash 0.44  1.6 

Codec  grounds  (dried).  1.99  N 0.67  0.J6 

Lamb-chop  bone  B-sh.  32.20  CaO 1.62  26.60 

Burned  egg  shells.  52.12  C«0 0.29  0.43 

Tobacco 16.81  2.57 

Peanut  shell  ash 6.45  1.23 

Pcuch  stones 6.04  3. 25 

Peach  skins 30.76  6.31 

(d)  About  I  ot.  of  Mh  from  one  banana  siolk. 

(d)  About  I  oi.  of  ash  from  \S  grape  fruit  skins. 

Kent  Chemical  I,a»o»ato«v 

VAm   llNIVBRIlirV 

New  IIavkn.  Conn. 

•  Prrarnled  before  the  rrrllllfcr  Division  at  the  55th  Mening  of  tht 
American  Chrmioal  .Society.  1>o«ton.  September  10  to  l.t.  1"J|T. 
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LABORATORY  AND  PLANT 


METHOD    OF   STAINING   TO   DISTINGUISH    BETWEEN 
BLEACHED  AND  UNBLEACHED  SULFITE  PULPS' 

By  Charles  G.   Bright 

The  principle  of  the  method  is  first  to  stain  the  fibers 
with  Cross  and  Sevan's  ferric  ferricyanide  solution, 
which  colors  the  unbleached  sulfite  green  on  account 
of  the  lignin  contained  in  it,  and  leaves  the  bleached 
sulfite  colorless.  This  alone  gives  a  good  distinction, 
but  by  subsequently  staining  with  a  red  substantive 
dyestuff,  the  green  of  the  unbleached  is  changed  to  a 
very  pure  blue,  the  bleached  being  colored  red,  thus 
giving  a  most  striking  contrast. 

The  problem  is  to  adjust  the  treatment  with  the  two 
solutions  to  bring  out  the  sharpest  contrast.  If  the 
treatment  with  red  is  too  severe  some  of  the  unbleached 
fibers  are  likely  to  be  colored  purplish,  or  in  extreme 
cases  take  on  a  dull,  dirty  red  color.  On  the  other 
hand,  if  the  treatment  with  ferric  ferricyanide  is  con- 
tinued for  too  long  a  time  or  at  too  high  a  temperature, 
the  reagent  has  a  tendency  to  decompose  and  form  a 
deposit  on  the  slide  as  well  as  on  the  bleached  sulfite, 
so  that  the  latter  turns  a  dull  purplish  color  when  sub- 
sequently stained  with  red. 

The  results  depend  on  three  factors — namely:  (i) 
the  concentration  of  the  solution,  (2)  the  temperature 
at  which  each  is  applied,  and  (3)  the  length  of  time 
each  is  allowed  to  act.  In  experimenting  with  this 
method  these  factors  were  varied  separately  and  the 
combination  which  gave  the  best  results  was  chosen. 

The  solutions  are  prepared  according  to  the  follow- 
ing procedure: 

FERRIC  PERRICYANIDE 

Solution  A,     Tenth  Normal  FeCU  —  2.7  grams  FeCU.6HiO  per  100  cc. 
Solution  B.     Tenth  Normal  K.FeCCN)t  —  3.29  grams  per  100  cc. 

After  diluting  to  the  mark  with  distilled  water  filter 
through  dry  filters  into  clean,  glass-stoppered  bottles — 
protect  from  dust.  Equal  volumes  of  Solutions  A  and 
B  are  mixed  fresh  whenever  the  reagent  is  used. 

SUBSTANTIVE     RED 

Benzopurpurin  4B  extra  (Bayer  Co.) 0.4  gram 

Oxamine  brilliant  red  BX(Badische  Co.) 0.1  gram 

Distilled  water 100  cc. 

Note:   Have  the  water  hot  and  stir  in  the  dyes  slowly. 

The  stain  is  placed  in  a  tall,  narrow  cylindrical 
beaker,  which  is  set  into  a  water  bath.  The  slides  are 
suspended  in  the  beaker  by  a  clamp  which  holds  them 
at  their  upper  ends,  the  clamps  resting  across  the  top 
of  the  beaker.  The  bath  is  heated  by  a  small  Bunsen 
burner  with  a  pilot  flame.  The  burner  can  be  turned 
on  full  to  heat  the  bath  up  to  the  required  temperature 
(35  and  45°  C);  then  by  turning  off  the  burner 
and  regulating  the  pilot  flame  the  bath  can  be  kept  at 
the  required  temperature  without  much  difficulty. 
A  thermometer  is  suspended  in  the  beaker  of  stain 
beside  the  slides.     The  beaker  should  be  as  small  as 

'  Presented  at  the  Spring  Meeting  of  the  Technical  Association  of  the 
Pulp  ;ind  Paper  Industry.  Neenah.  Wis..  May  24  and  25.  1917.  Re- 
printed from  Paper  20  (Aug.  29.  1917).  No.  25.  p.  1 1. 


possible  so  as   not  to  use  up  too  much   stain   at   one 
time. 

METHOD     OF     STAINING     WITH     FERRIC     FERRICYANIDE 

Mix  equal  volumes  of  fresh  Solutions  A  and  B  and  heat 
to  35°  C,  regulating  the  water  bath  so  that  it  will 
remain  within  one  degree  of  the  temperature  named, 
for  IS  minutes.  The  dry  slide  is  then  dipped  in 
water  to  moisten  it  uniformly,  so  that  air  bubbles  will 
not  be  formed  when  it  is  immersed  in  the  stain.  If  air 
bubbles  are  formed  the  fibers  under  the  bubbles  will 
not  be  stained.  If  dipping  in  water  still  leaves  bub- 
bles, they  can  be  removed  by  blowing  across  the  slide 
from  the  edge.  The  slide  is  then  suspended  in  the 
stain  and  left  there  for  15  minutes  at  35°  C. 
It  is  then  removed  and  washed  by  dipping  in  and  out 
of  a  beaker  of  distilled  water  six  times  and  repeating 
the  process  in  a  fresh  beaker  of  water.  The  slide  can 
then  be  placed  wet  into  the  red  solution,  but  it  is  per- 
haps best  to  dry  it  out  so  that  the  fibers  will  be  stuck 
on  tightly  again  in  case  they  have  been  loosened  to  any 
extent  by  the  treatment. 

APPLYING  THE  SUBSTANTIVE  RED  STAIN 

A  fresh  solution  of  stain  is  heated  to  45°  C,  and 
the  slide,  after  moistening  and  excluding  bubbles  as 
before,  is  suspended  in  the  solution  for  5  minutes  at 
45°  C.  and  immediately  washed  in  two  beakers  of 
distilled  water.  The  slide  is  then  dried  and  a  cover 
glass  placed  on  with  a  drop  of  balsam. 

DIRECTIONS    FOR    INSURING    BEST    RESULTS 

To  get  the  clearest,  brightest  results,  distilled  water 
must  be  used  throughout,  and  the  staining  solutions 
must  be  fresh.  The  two  solutions  for  ferric  ferricya- 
nide will  keep  well  if  placed  in  separate  bottles.  Equal 
volumes  are  mixed  together  immediately  before  using. 
The  red  solution  should  be  made  freshly  each  time 
for  the  best  results,  as  it  gets  thick  and  stringy  on 
standing,  especially  when  it  is  being  heated  up  con- 
tinually. 

Staining  under  the  conditions  described  gives  on  un- 
bleached sufite  perhaps  the  deepest  blue  it  is  pos- 
sible to  obtain  without  depositing  blue  on  the  slide  and 
on  the  bleached  sulfite;  the  method  also  produces 
the  best  red  on  the  bleached  without  turning  the  un- 
bleached purple.  Unbleached  sulfite  from  different 
mills  varies  considerably  in  lignin  content,  hence  some 
samples  stain  a  deeper  blue  than  others.  The  fore- 
going conditions  give  a  satisfactory  blue  on  a  sample 
of  high-grade  imported  unbleached  pulp  as  well  as  a 
better  color  on  the  average  run  of  unbleached  pulps, 
the  latter  being  not  so  well  cooked  as  a  rule.  With 
pulp  containing  more  lignin  it  is  possible  to  use  a 
slightly  stronger  treatment  with  the  red  and  thus  get  a 
better  color  on  the  bleached  without  affecting  the  un- 
bleached. 

After  the  analyst  has  had  a  little  experience  with  the 
method   he   can  tell  by  the   color  of  the   unbleached 
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whether  he  may  safely  continue  the  staining  with  the 
red  for  6  or  possibly  7  minutes  at  45°  C.  At 
first,  however,  it  is  better  to  follow  the  directions  as 
given.  It  is  of  prime  importance  to  wash  out,  or  neu- 
tralize, every  trace  of  alkali  in  the  fibers,  as  the  blue  is 
decolorized  by  alkali. 

This  method  of  staining  will  in  general  give  a  dis- 
tinction between  pure  cellulose  fibers  and  those  which 
contain  lignin.  Rags,  bleached  '  sulfite,  soda  pulp  or 
any  thoroughly  bleached  material  are  stained  red, 
while  unbleached  sulfite,  groundwood,  jute,  or  any 
lignified  materials  are  stained  blue.  The  principal  ap- 
plication lies  in  the  estimation  of  unbleached  pulp  in 
book  papers.  A  considerable  saving  can  be  made  by 
using  unbleached  sulfite  instead  of  bleached,  hence 
it  is  important  to  know  how  much  unbleached  pulp 
there  is  in  a  sheet. 

klmberi.y-cl.ark  company  laboratories 
Neenah,  Wisconsin 


SOME  SUGGESTIONS  CONCERNmO  THE  PREPARATION 

OF  AMMONIUM  CITRATE  SOLUTION  AND  THE 

DETERMINATION  OF  INSOLUBLE 

PHOSPHORIC  ACID' 

By   Philip   McG.   Shuev 

The  preparation  of  ammonium  citrate  solution  used 
in  the  determination  of  available  phosphoric  acid  is 
usually  looked  upon  as  a  very  long  and  tedious  process. 
Very  often  considerable  time  is  expended  in  making 
up  the  solution  to  conform  with  the  two  requisites, 
neutrality  and  specific  gravity,  particularly  in  striking 
the  neutral  point. 

Generally  the  method  consists  of  first  making  a 
solution  of  citric  acid,  and  then  adding  ammonia 
numerous  times,  in  varying  quantities,  until  the 
neutral  point  is  reached,  thus  requiring  a  test  for 
neutrality  after  each  addition  of  ammonia,  and  as 
there  is  necessarily  considerable  guess-work  attached 
to  this  process  the  operator  may  at  times  overstep 
the  mark,  making  the  solution  too  alkaline,  requiring 
the  addition  of  more  citric  acid,  and  probably  another 
long  period  of  numerous  additions  of  ammonia  and  a 
corresponding  number  of  tests. 

In  order  to  save  unnecessary  loss  of  time  and  labor, 
the  writer  found  by  experiment  that  the  neutral 
point  could  be  reached  at  once  by  simply  calculating 
the  amount  of  ammonia  required  for  a  given  amount 
of  citric  acid,  according  to  the  following  cciuation: 

CaH40H(COOH)3  +  3NH3  =  C,H40H(COONH«)3. 

As  commercial  citric  acid  contains  one  molecule 
of  water  of  crystallization,  the  proportion  is  210.0.S 
parts  of  citric  acid  to  51.102  parts  of  ammonia,  or  a 
ratio  of  1.000  of  NH,i  to  4.111  citric  acid. 

The  calculation  for  making  up  a  solution  using  4  lbs. 
of  citric  acid  has  l)ccn  found,  theoretically  ami  ex- 
Ijcrimcntally,  to  lie  as  follows: 

4  lbs.  =  1814. .37  g.,  which  ret|uires  44i-.?4  K-  of 
XHj.  This  is  equivalent  to  1576.2  g.  of  aqueous 
ammonia  containing  28  per  cent  NHj. 

The  sp.  gr.  is  0.000  at  15°  C,  hut  at  the  lime   tlu' 
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experiments  were  conducted,  the  temperature  was 
23°,  and  the  sp.  gr.  therefore  o. 89554. • 

1576.2  -=-  0.89554  =  1760  cc.  aqueous  ammonia 
required. 

The  above  may  be  summed  up  as  follows,  also  to 
show  the  amount  of  water  required,  and  the  volume 
of  solution  resulting: 

Commercial  Citric  ,^cid 4  lbs. 

Water 6961  cc. 

Concentrated  Ammonia  (28%) 1760  cc. 

Gain  in  Volume  from  .•Ammonium  Citrate 791  cc.  approjcimately 

Total  Volume 9512  cc.  approximately 

Specific  Gravity.  1.09  at  20°  C. 

Temperature  of  both  ammonia  and  water  when  measured.  23**  C. 

Commercial  citric  acid  appears  to  be  very  uniform 
in  composition.  This  is  shown  by  having  used  the 
above  formula  several  times  with  practically  the  same 
result,  the  solution  testing  neutral  to  corallin  in  each  case. 

Further,  a  weighed  portion  of  a  sample  of  citric 
acid  was  dissolved  in  water  and  titrated  with  a  standard 
caustic  soda  solution,  using  phenolphthalein  as  in- 
dicator, and  the  result  was  very  nearly  loo  per  cent  in 
acidity. 

In  the  operation  of  dissolving  the  citric  acid,  it  is 
advisable  to  add  the  ammonia  just  after  the  water. 
This  materially  hastens  solution  for  obvious  reasons. 

There  has  apparently  been  a  good  deal  of  incon- 
sistency on  the  part  of  many  of  us  with  regard  to  a 
strictly  neutral  solution.  The  insoluble  phosphoric 
acid  in  acid  phosphate,  for  example,  may  be  determined 
with  practically  identically  the  same  result  whether 
or  not  the  weighed  portion  is  previously  washed  with 
water,  and,  in  practice,  the  washing  is  rarely  done 
more  than  a  few  times,  when,  in  reality,  a  large  number 
of  washings  would  be  required  to  get  rid  of  all  the  acid. 

Cyanamid,  on  the  other  hand,  is  very  alkaline,  and 
also  gives  off  ammonia  in  the  presence  of  water.  A 
few  washings  would  get  rid  of  but  a  small  portion  of 
the  alkalinity,  yet  the  determination  of  insoluble 
phosphoric  acid  has  been  found  to  be  extremely  close 
to  the  theoretical  in  a  large  number  of  experiments 
in  which  Cyanamid  was  present  in  considerable  amounts, 
and  in  some  cases  the  acid  phosphate  was  present  in 
very  small  quantity.. 

In  the  case  of  acid  phosphate  that  has  not  been 
previously  washed  before  digestion,  it  is  eqtiivalent 
to  using  a  slightly  acid  citrate  solution,  or  one  con- 
taining approximately  0.5  per  cent  of  free  citric  acid, 
which  is  not  enough  to  dissolve  the  already  strongly 
acidulated  tricakium  phosphate  remaining. 

In  the  case  of  ground  tankage,  whale  guano,  meat 
guano,  fish,  and  such  other  materials  that  have  not 
been  strongly  acidulated,  it  may  be  important  for 
the  solution  to  be  strictly  neutral,  but  oven  so,  the 
usual  test  as  applied  with  corallin  is  believed  to  be 
sufficiently  accurate,  and  it  is  very  doubtful  that  such 
a  solution  would  fail  to  give  concordant  results  .is 
compared  with  those  found  from  the  use  of  a  solution 
prepared  by  the  use  of  the  electric  current  or  some 
other  more  sensitive  indicator. 

I.AiiKRAToiiv  or  Savannah  0<i*no  Co..  and  Wiuuchx  Iv«»  ft  Co.. 
Savannah.  Oa. 
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A  SUGGESTED  FORM  OF  VISCOSIMETER 

By  W.  C.  Cope 

Received  July  21.  1917 

The  usual  form  of  viscosimeter  is  based  on  the  propo- 
sition of  passing  a  given  quantity  of  oil  or  other  liquid 
contained  in  a  cylindrical  vessel  at  a  specified  tem- 
perature through  an  orifice  of  definite  dimensions  in  a 
variable  length  of  time.  The  viscosity  of  the  liquid 
under  examination,  then,  is  obtained  by  comparing  the 
time  taken  for  passing  a  like  volume  of  liquid,  such  as 
rape  seed  oil,  through  the  orifice  under  similar  con- 
ditions. 

A  criticism  of  instruments  of  this  kind  is:  (i)  the 
height  of  column  of  liquid  is  variable  and  the  first  half 
of  the  liquid  collected  comes  through  in  less  time  than 
the  second  half  due  to  less  head  of  liquid  in  the  vis- 
cosimeter; (2)  an  oil  of  the  nature  and  consistency  of 
engine  oil  at  ordinary  laboratory  temperature  will  flow- 
only  a  few  cubic  centimeters  per  minute  (to  get  any 
data  on  such  an  oil  the  temperature  must  be  raised  and 
this  will  not  indicate  the  viscosity  at  the  lower  tem- 
perature) ;  (3)  time  may  not  be  the  proper  medium  for  a 
basis  of  comparison. 


■T- 


A  suggested  form  of  viscosimeter  which  is  shown  in 
the  accompanying  drawing  is  based  on  a  different  prin- 
ciple and  is  therefore  not  subject  to  the  above  criticism. 
It  is  described  as  follows:  an  arm  of  a  centrifuge  holds 
a  cylindrical  or  other  shaped  cup  having  an  orifice  of 
definite  dimensions  which  is  closed  by  means  of  a  cone 
needle  valve  actuated  by  a  spring.  A  receiver  is  at- 
tached to  the  cup  to  retain  any  liquid  passing  through 
the  orifice.  The  receiver  is  easily  detached  from  the 
cup  and  by  reason  of  its  flat  bottom  will  be  perfectly 
stable  when  placed  on  a  balance  pan. 

A  definite  quantity  of  oil  or  other  liquid  under  exam- 
ination is  placed  in  the  cup  and  the  centrifuge  is  whizzed 
at  the  desired  speed  when  the  valve  is  raised  by  passing 
electric  current  through  a  solenoid  which  excites  the 
soft  iron  core  attached  to  the  valve.  After  a  given 
time  the  current  is  shut  off,  whereupon  the  valve  is 
closed  by  the  spring. 

A  definite  quantity  of  liquid  will  pass  through  the 
orifice  in  a  definite  period  of  time  by  varying  the  speed. 
Hence  it  is  seen  that  temperature,  time,  and  volume 
are  constant  and  force  variable.  Knowing  the  length 
of  the  centrifuge  arm  and  the  speed  of  rotation,  the 
force  required  to  pass  the  liquid  may  be  easily  calculated 
by  the  well-known  formula.  Viscosity,  then,  would  be 
measured  in  terms  of  acceleration  due  to  gravity  (g), 
which  is  a  rational  system. 

The  centrifuge  could  be  driven  by  a  motor  and  the 
speed  varied  by  means  of  a  variable  speed  countershaft 


cone.  A  tachometer  would  indicate  the  speed  at  any 
time.  Temperature  of  test  could  be  controlled  by 
carrying  out  the  operation  in  a  constant  temperature 
room  or  enclosing  the  centrifuge  in  a  case  in  which  the 
temperature  could  be  regulated. 

It  seems  to  be  impossible  to  arrive  at  any  definite 
agreement  as  to  a  standard  instrument  for  viscosity 
while  using  the  present  system  of  time  variation.  It 
is  believed  that  an  agreement  could  be  had  on  some 
modification  of  the  principle  suggested. 

The  suggested  form  of  apparatus  is  offered  with 
the  hope  that  it  will  raise  discussion  and  accelerate  in- 
vestigation leading  to  the  adoption  of  a  standard  vis- 
cosimeter. 

E.  I.  DO  Pont  de  Nemours  &  Company 
Eastern  Laboratory.  Chester,  Pa. 


A  CONVENIENT  AUTOMATIC  DEVICE  FOR  RAPIDLY 
WASHING  PIPETTES 

By  .\ubrey  Vail  Fuller 
Received  September  11,  1917 

Without  doubt  the  piece  of  glass  apparatus  in 
daily  use  in  quantitative  analytical  work  most  diffi- 
cult to  cleanse  thoroughly  is  the  ordinary  transfer 
pipette. 

In  order  to  surmount  these  difficulties  and  to  render 
the  procedure  simpler  and  less  time-consuming  the 
writer  has  devised  the  automatic  washing  apparatus 
pictured. 

A  is  the  inlet  tube,  which  is  connected  with  the  water 
supply  either  by  means  of  rubber  tubing  or  by  being 
permanently  piped  thereto.  B,B  are  the  pipette 
carriers,  provided  at  their  enlarged  ends  with  short 
rubber  stoppers  bored  with  '/s-in.  holes.  These  stop- 
pers are  fitted  on  their  lower  faces  with  gate  valves 
C,C,  made  by  cementing  small  squares  of  sheet  rubber 
to  them  so  as  to  form  a  flap  over  the  holes,  the  function 
of  these  valves  being  to  prevent  the  escape  of  water 
from  the  carrier  not  in  actual  use.  Z>  is  a  syphon  and 
E  a  breather  pipe,  permitting  the  escape  of  air  which 
would  otherwise  be  compressed  as  the  water  rises  in 
the  carriers.  The  entire  pipe  system  is  supported  in  a 
copper-lined  wooden  tank,  F,  provided  with  an 
outlet,  G. 

The  operation  of  the  device  is  as  follows:  The  supply 
tap  is  opened  until  water  flows  from  the  syphon  in- 
termittently as  in  the  familiar  Soxhlet  apparatus. 
The  pipette  to  be  washed  is  then  placed  tip-up  in  one 
of  the  carriers.  Water  rises  in  both  pipette  and  syphon, 
but  on  encountering  the  constriction  at  the  tip  of  the 
former,  has  its  flow  arrested,  while  it  freely  rises  to  the 
bend  in  the  latter  and  syphonsout, emptying  the  pipette. 
The  process  repeats  itself  indefinitely,  and  one,  or 
several  pipettes  of  different  sizes,  may  be  washed 
simultaneously  and  without  attention.  In  a  two-car- 
rier apparatus  as  illustrated,  a  s  cc.  and  a  200  cc. 
instrument  may  be  washed  side  by  side. 

The  cross-section  of  the  syphon  pipe  is  determined 
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by  the  speed  of  washing  desired.  Using  '/4-in.  pipe,  a 
50  cc.  pipette  may  be  washed  free  from  the  ordinary 
cleansing  mixture  (H2SO4  +  K2Cr207)  on  the  third 
emptying,  the  time  consumed  being  about  20 
seconds. 


rx- 


C  C 


Width  of 
tank   7 


It  is  to  be  noted  that  it  is  imperative  in  order  to  ob- 
tain positive  operation  that  the  internal  diameter  of 
the  syphon  bend  must  be  the  same  as  that  of  the  limbs. 
The  use  of  the  ordinary  "return  bend"  is  therefore  ex- 
cluded, and  if  a  separate  fitting  is  to  be  employed,  it 
must  be  of  the  so-called  recessed  type. 

The  detailed  form  of  the  apparatus  may,  of  course, 
be  varied  to  suit  conditions.  In  many  cases  it  might 
be  found  convenient  to  mount  the  piping  directly  in 
the  laboratory  sink,  in  which  event  the  overflow  tank- 
could  be  dispensed  with. 

BiociiHMic  Division,  Bukuau  op  Animal  Industry 

U.  S.    DliPAKTMSNT  OP  AUKICULTURS.   WASHINGTON,    D.  C. 


AN  ASBESTOS  STOPPER 

By  Josupii  B.  Nichols 

Rcccivcil  September  19,  1917 

Having  occasion  to  perform  a  distillation  involving 
the  use  of  fuming  sulfuric  acid  at  a  temperature  of  about 
,i5o°  C,  and  desiring  to  use  a  Pyrex  flask  so  as  to  observe 
the  behavior  of  the  substance,  some  difTiculty  was 
experienced  in  finding  a  suitable  stopper.  The  fol- 
lowing procedure  was  used  with  very  satisfactory  re- 
:;iilts:  A  cork  of  the  jiropi-r  size  was  obtainctl,  and  from  it 
.1  mold  made  of  plaster  of  Paris.  Two  glass  tubes  of  the 
size  of  the  delivery  tulie  and  thermometer  were  placed 


in  it,  and  some  asbestos-magnesia  mixture,  as  used  for 
steam  packing,  was  mixed  with  long-fibred  asbestos 
and  worked  with  water  into  a  thick  paste.  This  was 
tamped  into  the  mold,  as  much  water  pressed  out  as 
possible,  and  the  whole  dried  upon  the  steam  bath. 
The  stopper  held  together  perfectly  and  was  just  plastic 
enough,  not  being  totally  dry,  to  be  pressed  down  firmly 
in  the  flask.  When  heated,  it  became  hard,  and  was 
unaflfected  by  the  fumes.  On  completion  of  the  distil- 
lation, it  was  removed  with  no  difSculty,  and  on 
moistening  became  plastic  enough  to  be  fitted  into  the 
flask  for  a  second  distillation. 

The  author  hopes  this  simple  device  may  be  useful 
to  others  working  at  a  higher  temperature  or  with 
chemicals  which  would  afifect  a  cork  or  rubber  stopper. 

2222  Bancroft  Way 
Berkeley.  California 


A  NEW  FORM  OF  SAFETY  PIPETTE 

By  A.   S.   Behrman 
Received  April  24,  1917 

In  pipetting  acids,  alkalies,  poisons,  etc.,  the  chemist 
is  frequently  confronted  with  the  possibility  of  draw- 
ing up  some  of  the  solution  into  his  mouth.  Not 
finding  any  of  the  several  forms  of  safety  pipettes 
on  the  market  eminently  satisfactory  for  many  pur- 
poses, the  writer  finally  devised  the  following  simple 
and  effective  plan. 

Though  the  basic  idea  lends  itself 
to  a  number  of  modifications,  the 
most  compact  and  convenient  one 
is  illustrated  in  the  accompanying 
two  sketches.  As  will  readily  be 
seen,  the  essential  feature  of  the 
device  is  a  provision  for  permitting 
two  inlets  to  the  pipette  proper — 
one  of  these  being  connected  with 
a  source  of  suction,  the  other  with 
the  outside  air.  A  very  satisfactory 
arrangement  is  a  3-way  stopcock 
used  in  conjunction  with  a  stilT 
atomizer  bulb,  properly  valved. 

Fig.  I  shows  the  device  con- 
nected to  an  ordinary  pipette  by 
means  of  a  short,  stout  piece  of 
rubber  tubing.  Fig.  II  shows  it 
made  integral  with  a  graduated  pipette  of  the  type 
of  Mohr's. 

To  operate,  the  3-way  cock  is  turned  so  as  to  connect 
the  pipette  with  the  bulb.  The  pipette  is  then  filled 
a  little  above  the  mark  by  pressing  and  releasing  the 
bulb  one  or  more  times,  the  bulb  valves  acting  to 
prevent  the  back  flow  of  the  liquid.  With  a  stifl' 
bulb  pipettes  of  even  35  to  50  cc.  capacity  can  usually 
be  filled  with  one  pressure  and  release  of  the  bulb. 
The  stopcock  is  then  turned  so  as  to  permit  the  ingress 
of  the  outside  air,  by  which  means  the  liquid  is  let 
down  to  the  mark,  and  subsequently  delivered. 

lli'MltAII    tip    .ScinNCM,    NtANII.A.    V.    I. 
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ANALYSIS  AND  TESTING  OF  PREPARED  ROOFINGS 
By  Herbert  Abraham 
Received  May  8.  1917 

Prepared  roofings  are  composed  of  one  or  more  layers  of 
fabric  impregnated  with  bituminous  matter  of  relatively  soft 
consistency,  which  are  cemented  together  and  surfaced  with 
layers  of  bituminous  matter  of  harder  consistency.  The  fabric 
is  ordinarily  composed  of  a  fibrous  felt,  although  in  certain 
cases  this  is  used  in  conjunction  with  a  woven  fabric  consisting 
either  of  burlap  or  cotton  duck. 

The  bituminous  matter  may  consist  either  of  asphaltic  com- 
positions or  of  coal-tar  residues,  but  these  are  rarely  used 
together.  In  this  paper,  we  consider  only  prepared  roofings 
manufactured  from  asphaltic  compositions. 

Prepared  roofings  are  marketed  in  the  form  of  rolls,  usually 
36  or  32  in.  wide,  measuring  108  sq.  ft.  in  area,  known  com- 
mercially as  a  "square,"  which  is  sufficient  to  cover  100  sq.  ft. 
of  roof  surface,  allowing  for  the  usual  2-in.  lap  at  the  joints. 

It  is  customary  to  pack  sufficient  nails  and  liquid  lap-cement 
in  the  core  of  the  roll  to  affix  the  roofing  to  the  roof  of  a  build- 
ing. The  rolls  are  wrapped  in  paper  and  headed  with  metal, 
paper,  or  cloth,  or  a  combination  of  the  last  two.  The  heads 
serve  to  keep  the  roll  of  roofing  in  shape,  and  prevent  the 
nails  and  cement  from  falling  out  of  the  core. 

Roll  roofings  are  marketed  in  various  weights  known  to  the 
trade  as  "plies."  The  term  "ply,"  however,  is  a  misnomer,  as 
it  does  not,  as  one  would  suppose,  refer  to  the  number  of  layers 
of  fabric  contained  in  the  roofing.  It  is  customary  to  manufac- 
ture the  so-called  "one-ply"  to  weigh  35  lbs.  gross  per  square 
including  the  paper  wrapper,  heads,  nails  and  cement  in  addi- 
tion to  .the  roofing  itself.  The  net  weight  of  the  roofing  per 
square  ranges  from  2  to  4  lbs.  less  than  the  gross  weight.  The 
gross  weight  of  "two-ply"  roofing  is  45  lbs.,  and  that  of  "three- 
ply"  roofing  55  lbs.  per  square.  Heavier  weights  are  also 
manufactured,  especially  in  the  case  of  roofings  surfaced  with 
moderately  coarse  or  coarse  mineral  matter,  which  in 
certain  cases  weigh  100  lbs.  per  square  or  over.  At  the 
present  time  there  is  no  standard  practice  followed  in  manufac- 
turing the  heavier  weights,  each  manufacturer  being  guided 
by  his  own  ideas  on  the  subject. 

METHODS    OF    MANUFACTURE 

In  manufacturing  prepared  roofings,  the  fibrous  felt  is  first 
saturated  by  passing  it  through  a  bath  of  the  melted  bituminous 
impregnating  material,  which  soaks  into  the  felt  and  fills  up 
its  pores.  The  saturated  felt  may  then  be  coated  immediately 
with  the  melted  bituminous  surface  coating,  while  it  is  still  hot, 
or  else  it  may  be  wound  into  large  rolls,  allowed  to  cool,  and 
coated  later.  Both  methods  are  used,  one  being  known  as  the 
continuous  and  the  other  as  the  intermittent  process  of  manu- 
facture.    Each  is  claimed  to  have  its    particular    advantages. 

The  coated  roofing  may  be  wound  up  in  rolls  without  any 
further  treatment,  or  it  may  be  sprinkled  on  the  surface  with  a 
fine  dusting  finish  of  mineral  matter  to  prevent  the  convolu- 
tions of  the  roll  from  sticking  together  in  transit  or  storage. 
Gromid  talc,  mica  and  silica  are  used  for  this  purpose.  As 
they  are  sprinkled  on  while  the  roofing  is  hot,  a  certain  pro- 
portion becomes  embedded  in  the  surface  coatings  and  cannot 
be  removed  by  mechanical  means.  Most  of  the  dusting  finish, 
however,  is  detached,  and  either  blows  away  or  else  is  washed  off 
the  roofing  by  the  first  rain-storm  after  it  has  been  applied  to  a 
building. 


In  other  cases,  moderately  coarse  to  coarse  mineral 
particles  are  purposely  embedded  in  the  surface  coating,  either 
to  enhance  the  appearance  of  the  roofing,  or  else  to  reduce  its 
cost  by  making  up  weight.  Popular  finishes  of  this  character 
consist  of  small  rounded  grains  of  sand,  coarsely  ground  parti- 
cles of  talc,  angular  particles  of  crushed  slate  or  greenstone  (which 
may  either  be  of  a  reddish  or  greenish  color; ,  angular  particles 
of  feldspar,  granite,  etc.,  or  even  fairly  large  pebbles  or  gravel. 
These  are  embedded  in  the  surface  coating  as  firmly  as 
possible,  so  that  they  may  durably  attach  themselves,  and 
become  an  integral  part  of  the  roofing.  In  all  cases,  however, 
more  or  less  of  the  mineral  particles  fail  to  embed  themselves 
and  hence  we  distinguish  between  the  "detached"  and  "em- 
bedded" mineral  matter,  the  proportions  of  which  serve  as  a 
criterion  as  to  the  efficiency  with  which  the  manufacturing 
process  has  been  performed. 

In  some  cases  it  is  customary  to  mi.\  mechatucally  a  certain 
proportion  of  finely  powdered  mineral  matter  with  the  surface 
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.^—Dusting  Finish 

~  Top  Bituminous  Coating 

-  Saturated  Felt 

-  Bottom  Bituminous  Coatimf 
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.  Surtap  Fmi>ec^c^ee/ in  Cenientin^ 

Compoun<^ 
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FIG.  1 


coatings  before  they  are  applied  to  the  roofing  and  while  they 
are  still  in  a  molten  condition,  and  for  one  or  more  of  the  fol- 
lowing reasons: 

(i)  To  impart  a  color  to  the  surface  coating.  For  this  pur- 
pose, bright  mineral  pigments  of  various  colors  are  used  and 
intimately  mixed  throughout  a  bituminous  coating  of  a  special 
composition. 

(2)  To  increase  the  weather  resistance  of  the  bituminous 
mixture. 

(3)  To  serve  as  an  extender  and  reduce  the  cost  of  the  finished 
product. 
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Where  the  roofing  is  composed  of  more  than  one^heet  of 
fabric  very  fine  mineral  matter  may  be  similarly  mechanically 
mixed  with  the  bituminous  layer  used  to  cement  them  together, 
for  reason  (2)  or  (3). 

The  various  forms  of  prepared  roofing  are  legion.  For  all 
general  purposes,  however,  they  may  be  divided  into  six  types 
shown  in  Fig.  i. 

TYPE  A  represents  a  layer  of  felt  saturated  and  coated  with 
bituminous  matter.  The  surface  coatings  may  be  either  fin- 
ished plain  or  dusted  with  very  fine  mineral  matter,  and  they 
may  be  either  applied  smooth  and  level,  or  with  a  veined 
appearance. 

TYPE  B  is  similar  to  Type  A,  but  surfaced  on  both  sides  with 
moderately  coarse  mineral  matter  embedded  in  the  coatings. 

TYPE  c  is  similar  to  Type  A,  but  surfaced  on  one  side  with 
coarse  mineral  matter  embedded  in  the  coating. 

TYPE  D  is  composed  of  a  layer  of  saturated  felt  and  a  layer 
of  burlap  or  cotton  duck  cemented  together  and  coated  on 
top  and  bottom  with  bituminous  matter.  It  is  finished  on  the 
surface  similar  to  Type  A. 

Type  E  is  composed  of  two  layers  of  saturated  felt  cemented 
together  and  coated  with  bituminous  matter,  being  finished 
on  the  surface  similar  to  Type  A. 

type  f  is  composed  of  two  layers  of  saturated  felt,  cemented 
together  with  a  layer  of  burlap  in  between,  and  coated  with 
bituminous  matter.     Its  surface  is  finished  as  in  Type  A. 

Where  burlap  is  used,  it  is  merely  embedded  in  the  bituminous 
cementing  or  coating  material  without  previously  being  satura- 
ted, due  to  the  fact  that  burlap,  on  account  of  its  structure, 
will  not  absorb  the  bituminous  saturation  in  the  same  manner 
as  felt. 

PHYSICAL  TESTS  OF  THE  FINISHED  ROOFING 

The  original  material  is  tested  for  pliability,  weight,  thick- 
ness and  tensile  strength. 

Pliability  is  tested  by  cutting  lengthwise  from  the  center 
of  the  roll  a  strip  i  in.  wide,  and  commencing  with  the  largest, 
successively  bending  it  around  various  cylinders  under  water 
at  temperatures  of  77  and  32°  F.,  respectively,  recording  the 
cylinder  on  which  the  surface  cracks.  Five  cylinders  are  used 
ifi  the  test,  measuring  2'/.i,  2,  i'/ji  '  and  'A  centimeter  in  diam- 
eter, respectively.  A  convenient  apparatus  for  this  purpose 
is  shown  in  Fig.  2.  The  roofing  should  be  bent  parallel  to 
itself,  through  an  arc  of  iKo",  at  a  uniform  speed,  and  in  exactly 
2  seconds  time. 

The  plial)ilily  is  expressed  in  figures  from  i  to  10,  as  follows: 


f'.HADI!  1'LIADII.ITy    TKSTS 

1  Miiy  lie  lii-iit  throiiKh  iiii  urc  o(   180°  in  one  direction  {i.  (..  flut  on 

itself),   unci    tlicn    througll   iin   urc  of  360°   in    tile   ntlier  ilireclion 
(1.  e.,  flut  on  it!(elf)  without  cracking  the  nurfnce  continKs. 

2  May  be  bent  flut  on   itself   (1.   e..  through  un  arc  of    180°)    withont 

craclcing  the  surfaee  coatinx*.  but  will  crack  when  bent  througb 
on  nrc  of  .160°  in  the  other  direction, 
■t     Surface  crack<i  when  hcnt  throuKh  an  urc  of  180°  (flat  on  itself). 

4  Surface  cracks  on  the  '/s-cni.  cylinilcr. 

5  Surface  cracks  on  the  l-cni.  cylinder. 

6  Surface  cnicks  on  the  I  ■'i-cni.  cylinder. 

7  Surface  cracks  ini  the  2-cni.  cylinder. 

8  Surface  cracks  on  the  .^'/'i  cm.  cylinder. 

'>     Until  the  surface  and  the  interior  of  the  sheet  crack  on  the  2'/icin. 

cylinder  without,  hnwever.  crackinx  fntirtty  tlirotiKh  the  sheet. 
10     The  rooniiK  cracks  rntirrly  throuKh  the  sheet  on  the  ?>  i-cni.  cylinder. 

Wrif^hl,  ill  llis.  per  im)  s(|.  ft.,  is  ilelcrniiiieil  in  accordiiiu-c 
with  tilt  ini'tliud  lo  lie  descrilied  InltT. 

'I'hiikness,  in  iiiih  ((liousiinittlis  of  till  inoli),  is  dctiMininod  with 
a  mieroiiK'li-r  caliper,  willi  flut  lH-i>rinK  surfaces  aboiil  \',  In.  in 
diiinietvr. 


25C/T7       2  cm  licm.        I  cm         icm. 

oIam         ojam^  oiam        diam.       oi/km. 


czm 


:t4=> 


FI&.    I 


FRONT  ELEVATION 

FI&.  4 


SIDE    tLtVATION 


Tensile  Strength  is  determined  by  subjecting  a  specimen 
cut,  in  the  direction  of  tlie  length  of  the  roll  and  of  the  dimen- 
sions shown  in  Fig.  3,  to  a  tension  which  is  increased  at  a  uni- 
form speed  of  3  lbs.  per  second,  the  specimen  being  maintained 
at  a  unifiirm  temperature  of  77°  F.  during  the  test.  A  simple 
and  effective  instrument  for  finding  the  tensile  strength  is  shown 
in  Fig.  4.     Ten  such  tests  arc  averaged. 

llEATINi;    TESTS 

(i)  Heating  lo  12$°  F.  Jor  too  Hrs. — A  strip  of  the  roofing 
is  cut,  exactly  12  in.  X  12  in.,  care  being  taken  not  to  disturb 
any  of  the  detached  mineral  matter  on  the  surface,  and  sus- 
pended in  an  oven  from  a  thin  wire  fastened  through  holes  in 
the  upper  edge  of  the  strip.  The  piece  of  roofing  should 
be  allowed  to  hang  freely  and  maintained  at  a  teni|K-mturc 
of  125°  F.  for  iiKi  hrs.  At  the  cnil  of  this  time  the  nwfing 
is  allowed  to  cool.  The  plialiility,  weiKht,  thickness  and  strength 
are  redetermined  and  the  changes  from  the  original  figures 
expressed  in  percentages.  .Xiiv  cliaiiKC  in  the  ap|H-arance  of 
the  surface  should  also  be  noted,  e  c  ,  sliding  of  the  iiuneial 
matter,  absorption  of  the  coating  by  the  felt,  any  yellowing 
of  the  surface,  blistering,  etc. 

Healing  Test  No.  i  shows  the  susceptibility  of  the  rnofing 
to  the  heat  of  the  sun  The  loss  in  weight  is  c<|ui\"nlent  to  the 
volatile  matter;  a  decrease  in  thickness  would  indicate  that  the 
surface  coatings  have  tixi  low  a  melting  imiiit  and  are  absorlx-d 
liy  the  satiiraiil .  a  large  iiictoase  in  tensile  strrnglh  and  decreasr 
in  pliability  would  indicale  that  the  nxifing  has  a  tendency  to 
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dry  out  rapidlj'  on  exposure  to  the  elements.  Any  yellowing  of 
the  mineral  matter  on  the  surface  would  indicate  the  presence 
of  unstable  oils  in  the  bituminous  matter. 

(2)  Exposure  to  Air  Saturated  with  Moisture  at  77°  F.  for  100 
Hrs. — Accurately  cut  a  strip  of  roofing  18  in.  X  18  in.,  and  weigh. 
Remove  the  detached  mineral  particles  from  both  sides  of  the 
sheet  with  a  moderately  stiff  brush,  and  reweigh  (area  equals 
2'/<  sq.  ft.).  Suspend  in  a  tight  box  containing  sufficient  water 
at  the  bottom  to  saturate  the  air  with  moisture.  Cover  tightly 
and  allow  the  specimen  to  remain  in  the  moist  air  for  100  hours 
at  77°  F.  As  the  moisture  enters  more  readily  through  the  cut 
edges  of  the  sheet  than  through  the  surface  itself,  6  in.  should 
be  trimmed  from  the  edges  at  the  termination  of  the  test,  leav- 
ing a  strip  measuring  exactly  12  in.  X  12.  in.,  representing  the 
central  portion  of  the  original  specimen,  and  weighing  '/sths  of 
the  latter.  Ascertain  the  weight,  thickness  and  tensile  strength 
of  the  12  X  12  portion  at  the  end  of  the  test,  and  calculate  any 
variation  from  the  original  figures  in  percentage.  The  increase  in 
weight  should  be  figured  on  the  basis  of  the  original  material 
including  the  detached  mineral  matter. 

(3)  Immersion  in  Water  at  yy°  F.  for  100  Hrs. — This  test  is 
run  exactly  the  same  as  in  the  preceding,  only  in  this  case  the 
specimen  should  be  immersed  entirely  iu  water  at  77°  F.  for  100 
hours.  An  18  in.  X  18  in.  sheet  of  roofing  should  be  used  in 
making  the  test,  and  this  should  be  trimmed  to  12  in.  X  12  in. 
before  redetermining  its  weight,  thickness  or  strength. 

Heating  tests  Nos.  2  and  3  show  the  susceptibility  of  the  roofing 
to  the  action  of  dampness  and  water. 

A  skeleton  of  the  physical  tests  just  described  is  shown  in 
Table  I. 


Table  I — Physical  Tests  of  Prepared  Roofings 


After 

Exposing  to 

Air  Saturated 


After 
imersing 


After  rtir  .-)aiuraieu  _.    _    . 

Heating  to  with  Moisture  in  Water 

Original      125°  F.  for        at77°F.  at  77°  F. 

Material        100  hrs.  for  100  hrs.  for  100  hrs. 


Pliability  at  77°  F P 

Pliability  at  32°  F p 


Weight  in  lbs.  per  1 00  sq.  ft.    w 
%  Decrease  in  Weight 

%  Increase  in  Weight 


Thickness  in  Mils 

%  Decrease  in  Thickness 

%  Increase  in  Thickness. . 


X  100 X  100 


Tensile  Strength  at  77°  F.      i 
%  Decrease  in  Strength. . . 

%  Increase  in  Strength .  .  . 


X  100 


A  variation  of  these  tests  consists  in  first  subjecting  a  specimen 
of  the  roofing  to  the  action  of  moist  air  or  water  for  loo  hrs., 
then  drying  at  125°  F.  for  100  hrs.,  re-subjecting  to  the  action 
of  moist  air  or  water  for  another  100  hrs.,  and  finally  repeating 
the  drying  process  for  100  hrs. 

Although  these  tests  throw  considerable  light  on  the  behavior 
of  the  roofing  towards  atmospheric  heat  and  moistiu-e,  never- 
theless they  fail  to  record  one  very  important  factor,  namely, 
the  effect  of  atmospheric  oxidation.  At  the  present  time  we 
know  of  no  accelerated  test  by  which  this  can  be  accurately 
measured.  The  effect  of  oxidation  can  be  recorded  only  by 
actually  submitting  the  roofing  to  an  exposure  test  for  a  lengthy 
period  of  time.  This  question  will  be  taken  up  in  another 
paper. 


SEPARATING  PREPARED  ROOFING  INTO  ITS  COMPONENT  PARTS 

The  mineral  matter,  bitmninous  matter  and  fibrous  matter 
present  are  distributed  in  the  following  manner: 


1 — Detached 


2 — Embedded  in 

the  top  surface 
coating 

3— Embedded  in 

the  bottom  sur- 
face coating 

4— Admixed  with  the 
Types  \.  B.  C. 

5 — .'Vdmixed  with  the 
Types  A.  B.  C. 

6 — Admixed  with  the 
Types  E  and  F 


MINERAL    HATTER 

Very  Fine  Mineral  Matter  {e.  g.,  finely  ground  talc^ 
mica  or  silica)  Types  A.  D.  E  and  F  (on  top  and 
bottom)  also  Type  C  (on  bottom  only). 

Moderately  Coarse  Mineral  Matter  ie.  g.,  sand» 
coarsely  ground  talc  and  coarse  mica  flakes) 
Type  B  (on  top  and  bottom). 

Coarse  Mineral  Matter  (e.g.,  crushed  slate,  crushed 
brick  or  tile,  crushed  feldspar  or  granite,  small 
pebbles  or  gravel)  Type  C  (on  top  only). 


top  surface  coating 
D.  E  and  F 
bottom  surface  coating 
D.  E  and  F 
cementing  layer 


May  or  may  not  be  present. 
If  present,  consists  of  very 
fine  mineral  matter  (e.  g., 
clay,  silica,  limestone,  shale 
colored  mineral  oxides,  etc.) 


BITUMINOrS    MATTER 


l^Contained  in  the  top  surface  coating  (all  types). 
2 — Contained  in  the  bottom  surface  coating  (all  types). 
3 — Contained  in  the  cementing  layer  (Types  D  and  F). 

4 — Contained  in  the  felt  present  in  either  one  layer  (Types  A,  B,  C  and  D) 
or  distributed  in  several  layers  (Types  E  and  F). 

FIBROUS    MATTER 

1 — One  or  more  layers  of  felt  (all  types). 
2 — Burlap  or  other  fabric  (Types  E  and  F). 

The  separation  of  prepared  roofing  into  its  component  parts 
is  carried  out  as  follows; 

Weight  per  100  Sq.  F<.— Carefully  unpack  the  roll,  taking  care 
not  to  detach  any  of  the  mineral  surfacing  or  dusting  finish. 
Weigh  the  roofing  after  removing  the  wrapper,  ends,  nails  and 
lap-cement  packed  in  the  core  of  the  roll.  Measiu'e  the  length 
and  breadth  of  the  roll  with  a  steel  tape,  recording  the  dimen- 
sions to  Vi«  in.     Calculate  the  area  in  square  feet. 

Figure  the  weight  of  the  finished  roofing  in  lbs.  per  100  sq.  ft (1) 

Cut   several   stiips   exactly  3    in.   wide  across   the  sheet. 
Note — With  roofing  36  in.  wide,  these  strips  will  measure  exactly 'A  sq. 
ft.,  and  with  roofing  32  in.  wide,  they  will  measure  '/j  sq.  ft. 
Find  the  weight  of  each  strip  in  grams. 

Calculate  the  weight  of  the  roofing  in  lbs.  per  100  sq.  ft (2) 

Note— With  36  in.  roofing,  wt.  in  lbs.  per  100  sq.  ft. 

=    0.294    X    wt.  3  in.  strip  in  g. 
With  32  in.  roofing,  wt.  in  lbs.  per  100  sq.  ft. 

=  0.331    X   wt.  3  in.  strip  in  g. 
Check — Result  (1)  should  equal  result  (2). 

Detached    Mineral    Matter — Remove    the    detached    mineral 
particles  from  both  sides  of  the  3-in.  strips  with  a  moderately 
stiff  brush  or  cloth  and  reweigh  in  grams. 
Calculate  the  weight  Detached  Mineral  Matter  in  lbs.  per  100  sq.  ft (3) 

Dry  Felt  and  Burlap;  Total  Embedded  and  Admixed  Mineral 
Matter;  Total  Bituminous  Matter — Extract  one  of  the  3-in.  strips 
in  a  Soxhlet  extractor  with  benzol.  Dry  the  extracted  fabric  to- 
gether with  any  adhering  mineral  matter  at  110°  C.  Cool  in  a 
desiccator  and  weigh  the  felt  as  rapidlj'  as  possible  before  it  has 
an  opportunity  to  absorb  moisture  from  the  air.  Repeat  the 
drying,  until  the  weight  is  constant.  Carefully  brush  off,  weigh 
and  set  aside  the  adhering  mineral  matter. 

Calculate  the  weight  of  each  layer  dry  felt  or  burlap  in  lbs.  per  100  sq.  ft.   (4> 
Note — Use   the  separated    felt   or  burlap   for   examining   its   physical 
and  chemical  characteristics  according  to  the  methods  de- 
scribed later. 

Separate  the  mineral  matter  from  the  benzol  extract  by  fil- 
tering or  centrifuging,  wash  clean  with  successive  portions  of 
benzol,  dry  and  weigh.  Combine  with  the  mineral  matter 
brushed  off  the  extracted  felt. 


Calculate  the  weight  of  the  total 
matter  in  lbs.  per  100  sq.  ft 


admixed    mineral 


(5) 
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Screen  through  a  set  of  standard  sieves  of  different  mesh. 
A  mere  inspection  of  the  particles  retained  by  the  various  screens 
will  enable  one  to  separate  the  moderately  coarse  or  coarse 
embedded  mineral  matter  from  any  very  fine  admixed  mineral 
matter  present  in  Types  B  and  C. 

Calculate  the  weight  of  raoderately  coarse  or  coarse  embedded   mineral 

matter  in  lbs.  per  100  sq.  ft.  for  Types  B  and   C. 
Calculate  the  combined  weights  of  very  fine  embedded   mineral   matter 

and  admixed    mineral    matter  in  lbs.   per    100    sq.  ft.  for  Types  A, 

D.  E  and  F (6) 

Calculate  the  total  weight  of  bituminous  matter  in  lbs.  per  100  sq.  ft.. 

i.e..  [1]—  [(3)  +  (4)  +  (5)1 (7) 

Bituminous  Saturation  in  the  Fell — Warm  a  strip  about  2  in. 
wide  cut  lengthwise  from  the  roll,  and  tear  off  the  coatings  as 
shown  in  Fig.  5,  taking  care  that  in  so  doing  as  little  as  possi- 
ble of  the  saturated  felt  is  removed  with  the  coatings,  and,  on 
the  other  hand,  that  none  of  the  coatings  or  cementing  layer  re- 
mains adhering  to  the  strip  of  saturated  felt.  The  small  arrows 
to  the  left  of  the  various  types  of  roofing  illustrated  in  Fig.  1 
indicate  approximately  where  the  layers  should  be  separated. 
This  can  readily  be  accomplished  with  a  little  practice  and  dex- 
terity. Where  the  roofing  is  composed  of  one  layer  of  felt, 
as  in  Types  A,  E,  C  and  D,  the  zone  between  the  arrows  a  and  b 
should  be  separated.  Where  the  roofing  is  composed  of  two 
layers  of  felt,  as  in  Types  E  and  F,  separate  the  zones  between 
the  arrows  a  and  b,  also  c  and  d,  respectively.  In  this  manner, 
about  25  g.  of  the  saturated  felt  (free  from  the  coating  or 
cementing  layers)  are  obtained  from  each  layer.  Weigh  and 
extract  each  portion  separately  in  a  Soxhlet  with  benzol.     Dry 


Top  Coafinq  with  sntall 
arnounf  of  Sott^r-afe^ 

fe!f-  ai^herinq 

Saturated  fe 


section  subtract  the  combined  weights  of  dry  felt,  bituminous 
saturation,  embedded  and  admixed  mineral  matter.  The  differ- 
ence represents  the  weight  of  bituminous  matter  in  the  surface 
coating  carried  by  that  particular  section. 

Calculate  the  weights  of  bituminous  matter  in  the  top  and  bottom 
coats,  respectively,  in  lbs.  per  100  sq.  ft (10) 

IN  TYPES  E  AND  F — Take  a  3-in.  strip  freed  from  the  detached 
mineral  matter  as  previously  described,  and  split  it  into  three 
sections,  by  tearing  through  the  felt  midway  between  the  points 
a  and  b,  also  c  and  d,  respectively  (Fig  i ) .  Weigh  and  extract  each 
of  the  three  sections  separately  in  a  Soxhlet.  Separate,  and  in 
each  case  weigh  the  dry  felt  (also  the  burlap  in  Type  F),  and 
the  total  mineral  matter.  Following  the  method  previously 
described : 

Calculate  weights  of  bituminous  matter  in  the  top  and  bottom  coats 
respectively  in  lbs.  per  100  sq.  ft (11) 

Calculate  weight  of  bituminous  matter  in  the  cementing  layer  in  lbs. 
per  100  sq.  ft. 

Calculate  weight  of  very  fine  mineral  matter  admixed  with  the  ce- 
menting layer  in  lbs.  per  100  sq.  ft. 

Very  fine  Embedded  Mineral  Matter  also  admixed  Mineral  Matter, 
in  tlic  Top  and  Bottom  Coatings,  respectively — types  a,  d,  e  and  f — 
Take  another  3-in.  strip  from  which  the  detached  mineral 
matter  has  been  brushed  off,  and  remove  the  outer  layer  of  the 
top  and  bottom  coatings,  respectively,  by  means  of  moderately 
rough  sand  paper.  linough  of  •  the  surface  should  be  scraped 
to  remove  every  vestige  of  the  very  fine  embedded  mineral 
matter,   and  at  the  same  time  care  should  be  taken  not  to  cut 


Fia-.  5 


FICr.  6 


the  extracted  felt  at  110°  C.  to  constant  weight,  desiccate  and 
weigh.  Calculate  the  weight  of  bituminous  saturation  by 
difference,  and  evajjoratc  the  benzol  extract  to  exactly  this 
weight. 

I  saturation  recovered  from  each  layer 
id  chemical  characteristics,   according 


saturation  carried  by  each  layer 


NOTit — Use  the  residue  of  bitumin 

of  felt  for  examining  its  physical 

to  the  methods  described  later. 
Calculate  the  per  cent  of  bitun 

of  dry  Iclt (8) 

Calculate  the  weight  of  bituminous  saturation  present  in  each  layer 

of  the  felt  in  lbs.  per  100  sq.  ft.  |i.  «..  (8)  X  (4)1 (9) 

Wtights  of  Bituminous  Matter  in  the  Coalings  and  Cementing 
Layer — ^tvpks  a,  b,  c  and  d — The  combined  weights  of  bi- 
tuminous matter  in  the  top  and  hoUoiu  coatings  expressed  in 
lbs.  per  100  st[.  ft.  may  he  calculated  by  subtracting  (9) 
from  (7). 

To  find  the  respective  weiglits  of  bituminous  innttcr  in  the 
top  :in<l  liolloin  surface  cniilinKs,  take  11  ,\-\\\.  strip  cut  across 
the  sheet  nf  roofing,  from  which  the  dctachod  mineral  mutter 
has  been  removed,  and  split  it  lengthwise  by  tearing  the  felt 
midway  between  the  pointsfl  and  ft  (Fig.  1).  Weigh  niul  extract 
each  section  separately  in  a  Soxhlet.  Desiccate  and  weigh  the  dry  ' 
fell  in  each  section  (and  the  linrhip  in  Type  D).  also  separate 
an  I  weigh  the  total  embedded  itiul  iidinlNrd  minenil  mutter. 
Calculate  the  weight  of  liitniniiiDus  siituriiliim  present  |i.  «., 
weinlil   of  dry  fell    X   (8)  |.     l-'roni  the  originul  weight  of  cneh 


completely  through  the  surface  coalings  into  the  saturated  felt 
underneath. 

With  Types  A  and  D,  split  the  scraped  sheets  lengthwise, 
midway  between  the  points  a  and  b.  With  Types  E  and  F. 
split  the  scraped  sheets  lengthwise  midway,  respectively,  be- 
tween the  points  a  and  ft.  also  t  and  d,  discarding  the  central 
section.  Extract  the  scraped  outer  sections  separately  with  ben- 
zol,  as  before,  recovering  and  weighing: 

The  dry  felt  present  in  the  respective  scraped  sections (12) 

The  admixed  mineral  matter  present  in  the  scraped   sectiooa (13) 

The  total  bitutninou^  mutter  present  in  the  surface  coating  and  ut* 
urating  the  fell  in  the  respective  »cnipe<l  sections (14) 

The  dry  burlap  (in  Type  P). 

Calculate  the  bituminous  mailer  present  in  the  Icll  in  (he  rapective 

.icrapcd  sections  [(8)  +  100  X   (I ill (15) 

Hence  the  bituminous  matter  present  In  (he  surftc*  eoatins  nmmtnlDt 
on  the  respective  scraped  secllons  -   (I4)-(I5) (16) 

The  proportion  of  very  Ane  mineral  matter  admixed  with  (h«  bi- 
tuminous matter  in  each  cualinii   -  (l.(>  +  (15) (17) 

Total  weliihl  nl  very  fine  mineral  mailer  aimittj  with  lh(  r*- 
spcctlve  cualinRs  in  ll>«.  prt  KXI  .q  f(.  -  (17)  X  (10)  |ln  Typ«» 
A  and  l>|  or  (17)   X   III)   |ln  Types  I!  and  F| (18) 

And  weiiht  of  very  fine  mineral  matter  tmbnUrM  In  (b*  surface 
of  (tar  r«spcc(lve  roatlnts  In  lbs.  per  100  sq,  ft.  —  (ft)  —  (II). 

Nature  of  the  Bituminous  Maltf  in  thf  Conlings  nnti  CrmrHliHg 
iMyrr—  nruMi  oil  tlic  detached  niincrul  iiinttrr  from  n  surface 
about  2  sq.  ft.  in  uiea.     Then  wrujK  off  the  outer  (Kirlion  i>(  the 
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surface  coating  with  a  sharp  knife.  This  is  accomplished  by  hold- 
ing the  knife  at  right  angles  to  the  sheet  of  roofing  resting  on  a 
firm,  level  surface,  and  rapidly  drawing  the  blade  sideways 
under  moderate  pressure  (Fig.  6).  Care  should  be  taken  to 
avoid  scraping  entirely  through  the  surface  coating.  This  is 
important.  Weigh  the  scrapings,  and  then  dissolve  in  benzol. 
Separate  the  mineral  matter  by  filtering  or  centrifugating,  and 
wash  with  successive  portions  of  benzol.  Dry  and  weigh  the 
mineral  matter.  Calculate  the  weight  of  bituminous  matter 
in  the  scrapings  by  difference,  and  evaporate  the  combined 
benzol  extracts  on  the  water  bath  to  exactly  this  weight,  com- 
pleting the  evaporation  if  necessary  in  an  oven.  Both  surface 
coatings  should  be  treated  separately  in  this  manner.  In  Type 
D  the  bottom  coating  can  readily  be  removed  by  cooling  the 
specimen  in  an  ice-chest  and  rapidly  tearing  off  the  burlap, 
which  will  carry  most  of  the  bottom  coat  with  it.  This  should 
be  extracted,  filtered  and  the  extract  evaporated  to  obtain 
the  pure  bituminous  matter  present. 

With  Type  F  the  central  web  of  burlap  can  be  torn  out,  and 
the  bituminous  matter  contained  in  the  cementing  layer  separa- 
ted in  the  same  manner. 

With  Type  E  the  bituminous  matter  can  be  separated  from 
the  cementing  layer  between  the  sheets  of  felt,  by  cooling  in  an 
ice-chest,  rapidly  tearing  the  specimen  in  two  along  the  plane 
of  the  cementing  layer,  scraping  and  separating  the  bituminous 
matter  as  described  for  the  surface  coatings. 

Use  the  residues  of  bituminous  matter  for  examining  their 
physical  and  chemical  characteristics. 


TESTING    THE    R.\W   BURLAP    OR    DUCK 

Weight — In  the  case  of  burlap  and  cotton  duck,  the  weight  is 
figured  in  ounces  per  square  yard,  which  is  the  customary  way 
of  designating  these. 

Thickness — Expressed  in  mils. 

Mullen  Strength — Determined  as  described  for  testing  the 
raw  felt. 

BITUMINOUS    COATING,    SATURATION   AND    CEMENTING 
COMPOUNDS 

These  should  be  examined  by  means  of  the  following  tests: 

Specific  Gravity  at  77°  F. — Standard  Method. 

Hardness  or  Consistency  at  115°.  77°  and  32°  F. 

Fusing  Point — Kraemer-Sarnow  or  Bali  and  Ring  Method. 

Volatile  Matter — Standard  Method. 

Flash  Point — Standard  Method. 

Saponifiable  Constituents. 

MINERAL  SURFACING  AND  ADMIXED  MINERAL  MATTER 

These  should  be  subjected  to  a  granularmetric  analysis  by 
passing  them  through  a  set  of  sieves  and  finding  the  percentage 
retained  on  the  various  sieves.  Further  knowledge  can  be 
gained  regarding  the  character  of  the  mineral  matter,  where 
required,  by  subjecting  it  to  a  quantitative  analysis. 

Stand.\rd  Paint  Companv 

WooLWoRTH  Building 

New  York  City 


TESTING    THE    RAW    FELT 

Ash — The  ash  is  determined  by  incineration  and  expressed 
in  percentage. 

Fibers  Present — The  percentage  composition  of  the  fibers 
is  determined  microscopically  by  staining  them  with  a 
solution  of  zinc-chlor-iodide  (composed  of  20  g.  of  zinc  chloride 
dissolved  in  12  cc.  of  water  to  which  is  then  added  4  g. 
of  potassium  iodide  and  o.i  g.  of  iodine),  and  counting  under  a 
microscope  having  a  magnification  of  about  100  diameters. 
The  individual  fibers  are  recognized  by  their  characteristic 
.shapes  and  the  colors  to  which  they  are  stained  by  the  zinc- 
chlor-iodide  solution.  The  percentages  are  ascertained  by 
counting  the  fibers  in  a  number  of  fields  and  finding  their  aver- 
age.    The  following  classes  of  fibers  are  reported: 

f  Cotton  fibers — stained  wine-red 
Rag  Fibers  \  Wool  fibers — unstained  by  the  solution 

[  Jute  and  manila  fibers — stained  a  yellowish  brown 
f  Mechanical  wood  pulp — stained  lemon-yellow 
Paper  Fibers  {  Chemical  wood  pulp — stained  grayish  purple 
[      to  purple 

"Number" — This  is  an  arbitrary  figure  adopted  by  the 
trade,  corresponding  to  the  weight  in  pounds  of  a  ream  con- 
sisting of  480  sheets,  each  measuring  12  in.  X  12  in. 

Thickness — This  is  expressed  in  mils. 

Mullen  Strength — Since  the  raw  felt  is  not  susceptible  to 
changes  in  temperature  (as  is  the  case  with  the  finished  roofing) 
it  may  be  tested  for  tensile  strength  by  means  of  the  Mullen 
tester.  The  specimen  is  accordingly  tested  at  room  tempera- 
ture by  increasing  the  tension  at  a  uniform  speed  of  2  lbs.  per 
second  until  it  ruptures. 

Thickness  Factor — This  is  equal  to  the  thickness  in  mils 
divided  by  the  "number"  of  the  felt. 

Strength  Factor — This  is  equal  to  the  Mullen  strength  in 
pounds  divided  by  the  "number"  of  the  felt. 


TECHNICAL  PHOTOGRAPHY  AND  ITS  USE  IN 

INDUSTRIAL  AND  COMMERCIAL 

ORGANIZATIONS 


By   Jo 


H.   Gr 


It  is  not  the  aim  of  this  paper  to  discuss  the  different  technical 
manipulations  of  photography,  but  to  illustrate  how  photography 
can  be  used  technically  for  better  efficiency  and  to  good  ad- 
vantage in  science,  engineering,  industrj',  and  commerce,  and 
how  it  is  needed  not  only  in  big  corporations  or  large  engineering 
or  research  laboratories,  but  how  practically  no  concern  is  so 
small  that  it  can  afford  to  be  without  photography  in  one  form 
or  another.  With  the  exception  of  a  very  few  large  concerns 
that  had  some  sort  of  photographic  department  for  the  sake  of 
photographing  salesmen's  samples,  etc.,  there  was  until  very 
recently  no  concern  that  had  installed  a  photographic  depart- 
ment as  a  unit  in  their  business — a  photographic  department 
whose  first  and  foremost  duty  it  was  to  ser\'e  all  the  other  de- 
partments and  the  company  as  a  whole;  the  writer  believes 
himself  to  be  one  of  the  first  in  this  line.  He  installed  such  a 
department  in  one  of  the  larger  concerns  of  the  country  for  the 
sake  of  efficiency  in  each  and  all  of  the  departments,  and  the 
photographic  department  of  this  concern  to-day  serves  over 
fifty  different  departments  of  the  corporation,  so  that  what  was 
a  dream  three  years  ago  is  to-day  a  necessity  which  none  of  the 
departments  could  be  without. 

It  is  clear  that  to  serve  fifty  different  departments  efficiently, 
many  technical  problems  must  be  solved,  and  the  manager  of 
the  new  department  must  not  only  be  a  photographer  in  the 
fullest  sense  of  the  word,  but  also  must  have  a  general  knowledge 
of  drawing,  engineering  in  its  different  branches,  elementary 
chemistry  and  physics,  microscopy,  business  management, 
buying,  selling  and  advertising — in  other  words  technical  pho- 
tography. Embracing  all  this,  the  writer  hopes  to  see  some  day 
the  "Photographical  Engineer,"  who  has  had  fimdamental 
practical  and  theoretical  college  training  for  this  purpose. 

IIow,  then,  can  technical  photography  be  used  in  an  industrial 
'  Technical  Photographer  of  the  Berlin  Mills  Co..  Berlin.   N.   H. 
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or  commercial  organization  so  that  it  justifies  a  department  of  its 
own?  A  photographic  department  as  such  is  of  little  or  no  value 
if  it  is  not  fitted  for  the  particular  conditions  for  which  its  ser- 
vice is  expected;  but  I  can  give  in  this  paper  only  a  general 
outline  of  how  photography  can  be  used  to  good  advantage  in 
almost  any  concern  or  corporation. 

I — To  make  copies,  reductions  and  enlargements  of  maps,  draw- 
ings, blue-prints,  pencil  sketches,  type'j.'rilten  matters,  articles  in 
magazines  and  books,  photographs,  prints,  paintings,  etc.  This 
may  be  done  either  by  contact  prints  in  a  large  printing  machine 
— as  blue-prints,  maduro  prints  (brown),  Umbra  prints  (black 
and  white),  etc.,  or  by  the  reproduction  method  with  the  Photo- 
stat or  similar  machines,  or  through  the  direct  photographic 
method  on  plates  to  be  printed  or  enlarged  afterw'ards.  The 
first  method,  of  course,  is  known  to  everj'  engineer  and  almost 
all  commercial  men;  the  others,  however,  need  some  explana- 
tion. 

I  know  of  no  better  efficiency  device  than  the  Photostat; 
its  uses  are  manifold  for  copying  drawings,  maps,  typewritten 
matter,  pencil  sketches  and  blue-prints,  and  the  work  is  both 
cheap,  quick  and  satisfactory,  if  the  originals  are  not  larger  than 
the  copying  board  and  the  sizes  of  the  reproduction  are  within 
the  capacity  of  the  machine.  Patching  different  parts  of  a 
print  together  is  in  many  cases  not  satisfactory,  as  proper  regis- 
tering of  lines  can  never  be  done. 

For  larger  drawings  and  prints  it  is  necessary  to  use  plates  and 
it  will  probably  some  time  in  the  future  be  possible  to  use  films 
(ordinary  Process  or  Process  Panchromatic)  for  line  work. 
From  these,  prints  or  enlargements  can  be  made  to  any  size 
required,  but  it  is  well  to  remember  that  all  enlargements  of 
drawings  and  maps,  etc.,  .should  be  soaked  in  a  glycerin  bath 
before  drying,  so  that  they  will  remain  flexible  and  soft. 

Other  copying  or  reproduction  methods  could  be  listed, 
but  I  mention  only  the  "Photo  Copier  "  mostly  used  for  copying 
letters  or  documents,  where  four  different  exposures  can  be  made 
on  a  4  X  5  plate,  and  the  "Dry-printing  method."  whereby 
any  tracing  can  be  reprinted  on  tracing  cloth,  ordinary  linen 
or  any  kind  of  paper  in  as  many  copies  as  wanted,  and,  as  the 
name  implies,  the  prints  are  not  bathed  in  water  or  any  kind  of 
chemical  solution,  and  are  naturally  free  from  all  shrinkage. 

But  no  matter  which  method  is  the  most  practical  to  use  in 
any  case,  it  is  evident  that  it  is  of  both  direct  and  indirect  gain 
to  be  able  to  reproduce  any  drawing  or  map  to  any  scale  or 
size  required,  to  save  the  original  drawings  and  standardize  the 
filing  system,  to  rei)r()dnce  copies  of  blue-prints  and  pencil 
drawings  without  having  to  trace  same,  to  get  uniform  copies 
of  book  and  magazine  articles  for  filing  purposes,  and  to  have 
exact  copies  of  deeds,  contracts,  and  other  documents  and  speci- 
fications, free  from  all  possible  human  errors  or  misunder- 
standings. 

II — To  make  phnlnyjaphii  records  of  constructions,  progress 
of  constructions,  machinery,  toots,  instruments  and  experimental 
apparatus.  This  is  nf  importance,  not  only  for  the  engineer 
and  contractor  for  use  in  reports,  for  filing  and  for  future  refer- 
ence, but  for  comi)arisons,  estimates,  controversies,  advertising 
and  many  other  cases  loo  inmierous  to  mention.  No  engineer 
or  department  head  in  charge  sliould  lie  without  a  first-class 
hand  camera,  equipped  witli  a  gcMid  lens,  und  wliether  the  ser- 
vice of  a  practical  |)holc)grapher  is  used  or  not.  tlie  responsible 
man  in  charge  should  at  all  times  take  a  photograph  of  those 
oliscrvutions  which  arc  worthy  of  report.  It  should  be  needless 
to  mention  that  explorers,  cstiniators,  inspectors,  coiiiincrcial 
reporters  und  iinculs  should  alwavs  be  pi|ui)>pe<l  with  the  best 
of  han<l  i'.'iiniT:i'<  jikI  all  of  lluir  lepiirts  and  oliservatiiins  sliotild 
be  illustrated,  the  films  or  plates  being  drveliiped.  printed,  eliutsi- 
lit'il,  and  liled  in  the  rompiiny's  own  photographic  department. 

Ill      '/'o  rninpilf  true  and  correct   pholofriifyhic   data   for  con- 


troversies, court  and  accident  cases.  Nothing  can  be  better  for 
a  true  record  than  a  photograph,  and  nothing  is  more  con\-incing 
in  a  controversy,  court  or  accident  case,  than  a  correct  photo- 
graphic illustration  of  same.  Still  nothing  can  be  more  misused, 
for  good  and  many  reasons.  Photographic  copies  of  maps, 
etc.,  are  time  and  again  not  accepted  by  recorders  of  deeds. 
Photographic  exhibits  are  denied  admittance  in  court  cases  and 
the  judge  gets  the  blame  instead  of  the  photographer.  But 
how  can  anything  else  be  expected?  Photography  cannot  lie, 
but  not  all  photographers  understand  photography  in  general, 
and  technical  photography  in  particular. 

It  is  about  time  that  a  state  or  federal  examination  be  required 
for  a  license  to  take  photographs  of  this  kind.  To  pass  such  an 
examination,  it  should  be  required  that,  besides  being  able  to 
explain  the  principles  of  photography,  the  applicant  also  should 
know  the  following: 

I — How  to  photograph  a  drawing  to  a  certain  scale. 

2 — How  to  place  a  drawing  so  that  all  straight  lines  will 

photograph  geometrically  straight. 
3 — How  to  light  a  tracing  so  that  he  does  not  photograph  the 

wrinkles  instead  of  the  lines,  or  both. 
4 — Where  to  use  a  Process  plate  and  where  not  to  use  it. 
.S — the  ditTcrent   principles  of  ordinary,  Orlhochromatic  and 

Panchromatic  plates,  and  their  uses. 
6 — The  principles  of  color  filters  and  how  to  use  same. 
7 — The  different  actions  of  color  tilters  under  daylight  and 

different  artificial  illuminations. 
S — Construction  and  use  of  all  practical  photographic  cameras 

and  equipment. 
9 — The  construction  of  lenses  and   their  proper  use,   focal 

lengths,  achromatism  and  apochromatism,  etc. 
10 — Practical  geometry  and  perspective. 

After  a  thorough  examination  for  colorblindness,  the  applicant 
should  finally  be  required  to  promise,  under  oath,  that  he  will 
make  all  such  photographs  to  the  best  of  his  knowledge  and  with 
tlic  correct  equipment  and  material. 

I'ntil  such  a  time  arrives,  money  and  time  will  be  spent  use- 
lessly, and  many  a  disappointment  will  be  had.  but  the  court 
will  not  be  to  blame.  Corporation  heads  demand  not  only 
college  degrees  or  some  similar  education  of  the  most  of  the  men 
in  their  employ,  but  for  some  even  a  state  or  federal  license. 
Even  milkmen  must  have  licenses  to  deliver  milk,  but  when  it 
comes  to  making  a  photographic  record,  deciding  right  or  wrong, 
loss  or  gain,  almost  any  one  who  can  put  his  head  under  a  focusing 
cloth  is  good  enough. 

I\' — To  prepare  the  right  kind  of  photographs  for  nncspiipers, 
magazines  or  catalogues.  This,  of  course,  is  again  more  or  less 
in  coiuiection  with  the  advertising  end  of  a  business,  but  no 
business  will  do  much  independent  advertising  witlunit  finding 
that  it  pays  both  indirectly  and  directly  to  have  this  done  in 
their  own  department  under  the  proper  sui>ervision. 

V — Direct  photographs  for  advertising  and  for  saifsmen's  sampUs. 
It  has  been  proved  that  the  best  of  printing  on  the  iK-st  of 
paper  is  the  cheapest  and  best  advertising,  and.  by  the  advance 
of  photography,  a  still  better  advertising  medium  can  be  used  — 
the  photographs  tlicnisclvcs.  in  the  following  ways: 

I — Collectively  on  exhibitions  to  the  gi'iicral  public. 

.•--As  educational  deuionsl  rat  ions  to  the  relailers  or  middle- 
men, as.  for  example,  slunvuig  siunples  of  window  divoration*. 
special  products  to  be  niaile  of  an  article,  methods  of  usiuK  sjune, 
comparison  with  inferior  articles  of  ixim|)clitor«— •tlillcrcnt 
physical  <|ualilies,  etc..  in  nmiirrous  ways. 

jl — As  direct  photographic  •iiiniple*  of  the  articles  where  the 
real  merchiindiso  wouUI  bo  unpnictiinble  to  carry  in  ".ample 
trunks.  .Ml  of  this,  howevrt,  cannot  In-  done  mirlligcnilv  if 
an  oul'-ide  photographer  is  rnii>lovcil  Ho  nui>.l  W  in  dim-t 
touch  with  the  adverli-'nig  maiiiiKer  and  under  him  studv  the 
psychologual  point s  o(  nnl  onlv  then  own  ailvrrtiouig  campaign. 
Init  also  (hat  of  the  riiui|<eliior  Mr  nui^t  l>r  familiar  with  all 
points  of  manufai'luniig  the  pkhIiuIs.  know  thru  ln-|iituMl  and 
phvsical  propnlie'.  ami  fullv  untlrriland  how  to  illutlralc  the 
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selling  points  to  the  best  advantage.  In  short,  the  advertising 
manager  and  the  photographer  must  work  hand  in  hand,  and 
together  bring  the  advertising  campaign  to  success. 

VI — To  niake^  direct  color  photographs  for  lithographic  cuts, 
salesmen's  tllustrations,  scientific  purposes  and  court  cases,  where 
true  color  renderings  are  of  importance.  This,  however,  is  new, 
but  is  fully  practical  if  handled  properly  and  in  fact  is  much  more 
advanced  and  even  more  used  in  Europe  than  here;  it  ofTers 
unlimited  opportunities  for  the  technical  photographer.  Cata- 
logs and  magazine  advertisements  can  be  illustrated  with  cor- 
rect and  beautiful  color  prints,  a  thing  which  was  impossible 
before.  It  is  of  practical  importance  for  records  and  scientific 
research,  and,  if  properly  done  by  one  who  knows  how,  is  of 
inestimable  value  in  court  and  accident  cases. 

VII — To  make  lantern  slides  in  black  and  while  or  through  di- 
rect color  photography  for  advertising  or  for  collective  departmental 
education  of  the  company's  employees.  Here  again  we  meet  a 
photographic  problem  which  has  great  possibilities,  but  as  an 
advertising  medium  has  often  been  misused  because  it  has  not 
been  handled  with  technical  skill  and  has  not  been  organized 
for  systematic  follow-ups.  As  an  advertising  medium  it  is 
not  only  available  for  the  manufacturer  and  wholesaler  but  also 
for  the  small  merchant  and  retailer,  in  particular  if  directed  and 
prepared  by  the  manufacturer. 

As  an  educational  medium,  lantern  slides  are  invaluable. 
Such  education  not  only  raises  the  standard  of  the  employees 
from  the  lowest  to  the  highest,  but  it  gives  each  one  better  under- 
standing of  his  particular  work  in  his  own  department  and  of 
his  relation  to  the  company  as  a  whole.  It  brings  all  new  methods 
and  things  of  daily  business  interest  before  him  and  gradually 
elevates  him  from  an  ordinary  laborer  to  a  live  unit  in  his  de- 
partment, so  that,  before  long,  he  works  for  the  pleasure  of  it 
and  to  advance  the  work  itself. 

VIII — To  make  photomicrographs  for  scientific  research  and 
comparison  of  raw  materials,  and  to  record  all  microscopic  ob- 
servations not  only  for  scientific  purposes  but  also  for  manufac- 
turing, buying,  selling,  and  advertising.  The  scientist  has,  for 
many  years,  made  photomicrographs  for  his  own  particular 
scientific  purposes  and  educational  demonstrations,  but  it  took 
a  long  time  before  this  work  began  to  be  of  any  commercial 
value.  To-day,  however,  with  the  strict  demand  for  efficiency, 
the  close  competition  and  the  almost  undetectable  substitutes 
of  every  kind  of  merchandise,  commercial  photomicrography 
is  a  necessity — the  greater  the  business,  the  greater  the  need. 

We  must  realize  that  nearly  all  physical  and  many  chemical 
differences,  no  matter  how  small,  can  be  detected  with  a  micro- 
scope; and,  therefore,  they  can  be  photographed  and  stand- 
ardized. 

Microscopic  observations  can  be  interpreted  only  by  those 
with  special  training  and  long  practice  with  same,  but  a  photo- 
micrograph can  readily  be  understood  by  any  intelligent  man, 
in  particular  if  he  can  make  comparison  with  other  photography 
of  standardized  examples  of  the  same  product.  ^lany  commer- 
cial objects  have  already  been  standardized  in  their  different 
forms  and  compositions  and  photographic  charts  of  these  can 
be  bought  with  full  descriptions  for  comparison,  but  much  is 
■yet  to  be  done  and  in  many  cases  each  one  must  work  out  his 
own  solution.  If  intelligently  done  and  if  proper  records  are 
kept,  it  will  not  be  long  before  photomicrographic  work  will 
be  of  immeasurable  value  for  comparison  in  manufacturing, 
for  protection  and  checking  in  buying  and  awarding  bids  and 
as  illustrative  explanation  in  advertising  and  selling. 

Many  more  uses  of  photography  could  be  mentioned,  but  the 
subject  is  so  many-sided  that  each  industry  and  commercial 
establishment  must  be  treated  separately,  if  a  true  and  con- 
vincing proof  of  its  need  for  technical  photography  should  be 
made. 


How  large,  then,  must  a  concern  be  before  it  has  practical  use 
for  a  photographic  department? 

Not  all  industrial  or  commercial  concerns  need  or  can  afford 
a  S5000  equipment,  but  no  up-to-date  business  of  any  kind, 
efl5cient  and  worth  its  salt,  can  afford  to  be  without  a  photographic 
equipment  of  some  kind.  What  the  small  industrial  and  com- 
mercial man  cannot  afford  to  do  alone,  he  can  do  through  his 
Chamber  of  Commerce,  manufacturer,  wholesalers'  or  jobbers' 
society;  and  no  commercial  association  or  agency  for  mutual 
benefit  to  members,  either  for  importation,  exportation,  general 
distribution  or  what  not,  can  afford  to  be  without  a  photographic 
equipment  if  it  aims  to  give  efficient  serv'ice. 

"But  who,  then,"  I  have  been  asked,  "shall  take  care  of  my 
photographic  work?  Technical  photographers  evidently  do 
not  go  begging  for  work,  and  besides  I  want  to  experiment  only 
gradually  and  spend  a  small  amount  for  an  equipment." 

Technical  photographers  are  not  born,  and  the  best  man 
any  one  could  get,  to  start  in  an  experimental  way,  would  be  a 
live  young  man  already  in  one's  employ,  interested  in  the  business 
and  with  intelligence  and  education  enough  to  find  what  he  is 
lacking,  learn  and  apply  the  knowledge  he  acquires.  For  bigger 
concerns,  however,  the  problem  is  more  difficult,  but  there  are 
intelligent  young  photographers  to  be  found  who  are  educated 
enough  to  apply  themselves  to  technical  and  commercial  prob- 
lems, and,  on  the  other  hand,  technical  men  are  more  and  more 
taking  up  photography;  it  will  not  be  long  before  the  "Photo- 
graphical  Engineer"  has  a  recognized  profession. 

How  shall  the  beginner  and  experimenter  properly  select  his 
equipment,  arrange  the  room  he  can  spare,  select  his  material  and 
get  the  proper  instructions,  so  that  no  more  money  is  spent  than 
necessary? 

Looking  at  it  from  the  standpoint  of  advancement  of  pho- 
tography, no  one  will  be  better  situated  and  served  than  the 
industrial  or  business  man  who  takes  up  photography  for  his 
own  use.  The  manufacturers  of  photographic  materials  and 
instruments,  from  the  very  beginning  of  photography,  have 
built  their  success  on  practical  and  thorough  demonstrations 
to  each  individual  user  of  their  material.  When  amateur  pho- 
tography advanced,  literature  of  the  most  instructive  kind  was 
freely  distributed,  traveling  schools  were  organized  and  equipped 
and  sent  from  city  to  city  all  over  the  country,  giving  demonstra- 
tion lectures  free  of  charge  and  for  each  advancement  in  pho- 
tography new  subjects  were  added.  Just  so,  when  the  demand 
comes  from  the  industrial  and  business  man,  he  will  not  only  be 
offered  all  the  experience  of  photography  in  general,  but  his 
own  point  of  view  will  be  studied  to  assure  the  best  possible 
fulfillment  of  his  requirements. 

As  the  engineer  to-day  orders  a  certain  machine  to  fit  his  own 
local  conditions,  demands  a  certain  capacity  and  so  much  to 
spare  in  case  of  increase  of  production,  specifies  drawings,  costs, 
etc.,  the  business  man  can  to-day  simply  state  his  requirements 
in  photography,  the  room  he  has  to  spare,  cost  limitation  and 
his  possible  future  demand,  and  he  will  not  only  be  supplied 
with  material  fitting  the  conditions  specified,  but,  when  eventually 
decided,  an  expert  will  install  the  equipment  and  not  leave  the 
place  before  everything  is  understood  and  runs  smoothly. 

Photography  applied  to  science,  engineering,  industry  and 
commerce  has  come  to  stay. 


CHAIRMAN'S  ADDRESS' 
FERTILIZER  DIVISION  AMERICAN  CHEMICAL  SOCIETY 

By  J.  Ii.   Brkckenridge 
There   has   been  some   discussion  as  to   the   advisability   of 
holding  meetings  during  the  war  time,  but  it  seems  to  me  the 

'  Presented  before  the  Fertiliier  Division  at  the  55th    Meeting  of  the 
American  Chemical  Society.  Boston.  September  10  to  13.  1917. 
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American  Chemical  Society  has  followed  a  right  course  in  planning 
for  their  regular  meetings,  for  there  was  never  a  time  that  we 
needed  inspiration  to  push  ahead  in  our  various  lines  of  work  as 
much  as  we  do  now. 

The  Fertilizer  Division  of  the  American  Chemical  Society, 
I  believe,  has  been  the  means  of  giving  inspiration  to  many  of  us 
with  the  result  that  much  has  been  accomplished  in  our  division. 
Our  committees  as  a  rule  have  been  composed  of  State  Chem- 
ists, Independent  Chemists  and  Chemists  of  the  Fertilizer 
Industry.  By  the  representation  of  the  Control  Chemists, 
Referee  Chemists  and  Industrial  Chemists  on  committees,  all 
sides  of  a  problem  can  be  presented  and  worked  out  to  the 
mutual  advantage  of  all. 

The  first  step  in  analytical  work  is  securing  a  fair  and  just 
sample.  Last  year  our  division  took  up  that  work  and  showed 
very  plainly  how  different  methods  of  sampling  were  used  in 
various  states,  and  that  there  was  no  Official  Method  of  sampling. 
The  committee  referred  the  matter  to  the  A.  O.  A.  C,  which 
organization  appointed  a  committee  to  report  an  Official  Alethod 
at  their  next  meeting. 

This  method  should  include  type  of  sampler,  amount  of  sample 
drawn,  amount  sent  to  state  laboratory,  method  for  quartering 
at  laboratory,  including  what  size  sieve  the  whole  sample  shall 
be  put  through  before  quartering.  When  we  take  into  con- 
sideration the  different  specific  gravities  of  various  materials 
which  enter  a  complete  fertilizer,  we  see  the  need  of  a  sample 
tube  which  will  take  material  from  top  to  bottom  of  bag.  Acid 
phosphate  weighs  from  60  to  65  lbs.  per  cu.  ft.;  sulfate  of  am- 
monia, 53  lbs.;  nitrate  of  soda,  65  lbs.;  potash  salts,  55  to  79 
lbs.;  tankage,  29  to  47  lbs.;  blood,  39  lbs.;  bone,  47  lbs.;  land 
plaster,  72  lbs. 

Considering  the  different  specific  gravities  of  the  various 
materials  it  would  seem  reasonable  to  believe  that,  regardless  of 
how  well  the  materials  were  mixed  in  the  factory,  in  transit  a 
separation  might  take  place  and  a  sample  that  did  not  include 
some  material  all  the  way  from  top  to  bottom  of  bag  would  not 
be  a  fair  sample. 

I  believe  an  official  method  based  on  the  method  used  by  the 
Indiana  Station'  would  be  fair  and  just  to  the  Fertilizer  Industry 
and  do  away  with  many  deficient  analysis  complaints. 

I  would  like  very  much  to  see  the  Indiana  sampling  tube 
adopted  as  the  official  sampling  tube.  Further,  I  would  like  to 
see  the  amount  of  samples  to  be  taken  at  least  20  tubefuls 
from  as  many  sacks,  if  shipment  sampled  includes  that  number; 
if  not,  20  tubefuls  taken  from  what  was  in  shipment,  the  samp- 
ling tube  to  be  insc-rtcd  at  one  ear  of  the  bag  and  run  diagonally 
to  the  opposite  bottom  corner.  This  whole  sample  of  20  tube- 
fuls, which  ,would  make  about  5  to  6  lbs.  should  be  sent  to  State 
Laboratory,  where  it  should  be  screened  through  a  No.  10  mesh 
sieve  and  then  quartered  before  final  preparation  of  the  sample 
to  be  analyzed.  If  the  above  method  should  be  adopted  there 
could  be  no  adverse  comment  011  sampling. 

This  past  year  my  attention  has  been  called  to  the  difficulty 
of  securing  closely  agreeing  results  on  nitrogen  determinations, 
especially  when  nitrate  nitrogen  Is  present.  On  the  same  care- 
fully prepared  sample  there  was  u  difTercncc  of  0.20  per  cent 
nitrogen  on  j'/j  Ixt  "'"t  nitrogen  grade  when  tested  by  State 
Chemist,  Independent  iinil  Industrial  Chemists,  Here  I  Ik-- 
lieve  is  a  chiinee  for  some  goixl  work  to  be  done  niut  would 
rccoinniriid  that  this  coming  year  the  I''ertilizer  I >i vision  study 
this,  to  the  end  that  the  nielluxls  in  use  for  detertnining  nitrogen 
including  nitrates  be  carefully  tried  on  cnrefiiliy  prepared  -Mini- 
plrs,  jiuvitig  (.'iWiperation  of  Slate  Chemists,  Independent  Chetn- 
i.sts  and  Chemists  of  the  Fertilizer  Industry.  If  It  is  not  possible 
to  reduce  tlie  iinalylical  error  lo  at  Ico.st  o.i  per  cent  nilroKen, 
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the  fertilizer  manufacturers  must  sacrifice  more  than  seems 
fair  on  one  element  alone. 

It  is  very  gratifjing  to  learn  that  our  coimtry  is  able  to  meet 
the  emergency  in  nitrogen  supply,  and  that  th^.C^ieral  Chemical 
Company  and  Solvay  Company'  offer  a  means  of  making  this 
country  independent  of  working  imder  foreign  patents. 

In  securing  the  available  phosphoric  acid  necessary  for  the 
fertilizer  business,  sulfur  is  being  successfully  used  to  meet  the 
shortage  of  pyrites  for  making  sulfuric  acid.  Here  is  a  chance 
for  the  careful  chemist  to  see  that  the  sulfuric  acid  is  used  to 
the  best  advantage,  and  that  acid  phosphate  going  into  the  trade 
has  not  been  over-acidulated  but  has  a  free  acid  as  low  as  possible. 
This  can  be  accomplished  by  correct  formulas  for  acid  phosphate 
manufactiu-e,  together  with  right  curing  conditions. 

Coming  to  the  third  element  in  Fertilizer  Industry  we  find 
this  country  increasing  the  supply  of  potash.  In  a  paper  by 
R.  K.  Meade,'  presented  before  the  Institute  of  Chemical 
Engineers  the  prospects  for  potash  production  in  this  countrj- 
are  outlined  from  a  Chemical  Engineer's  standpoint.  We  have 
a  paper  on  the  program  covering  the  potash  production  in  U.  S. 

I  would,  however,  like  t^  outline  my  own  experience  in  render- 
ing potash  in  feldspar  soluble  by  mixing  finely  ground  feldspar 
with  rock  dust,  fluorspar  and  sulfuric  acid. 

As  to  the  supply  of  feldspar  in  this  country  I  would  say  that 
careful  prospecting  revealed  no  large  amount  of  feldspar  that 
would  test  as  high  as  10  per  cent  KjO,  and  we  were  forced  to 
seek  a  supply  in  Canada,  where  feldspar  can  be  found  in  large 
quantities,  testing  10  per  cent  KjO  and  better. 

Brief  of  a  German  Patent  No.  188,651  (Oct.  2,  1906)  entitled 
"Process  for  the  Manufacture  of  Sodium  Silicofluoridc  and 
Fertilizers,"  by  A.  G.  Riitgerswerke  reads  as  follows:* 

"Substances  containing  fluorine  and  silicon,  as,  for  example, 
feldspar  (orthoclase),  are  added  in  definite  quantities  to  the 
charge  of  raw  materials  for  the  manufacture  of  sui)erphosphates. 
The  vajiors  evolved  in  the  subsequent  working  up  of  the  charge 
are  converted  into  sodium  silicofluoridc  in  the  usual  manner. 
The  superphosphate  obtained  is  specially  valuable  owing  to 
its  content  of  potassium." 

It  was  found  that  the  fluorine  in  phosphate  rock  was  not 
sufficient  to  get  good  recoverj*  of  potash  from  feldspar,  conse- 
quently fluorspar  had  to  be  added  to  furnish  more  fluorine.  The 
feldspar  required  40  per  cent  of  its  weight  of  sulfuric  acid  and 
was  very  hard  on  grinding  machinery.  The  recovery  of  KjO 
wiis  65  to  70  per  cent,  allowing  for  keeping  Uic  final  mixture 
in  dry  enough  condition  to  liandle.  The  final  product  would 
test  about  10  per  cent  "available  PiO»"  and  1.20  lo  1.50  per 
cent  "water-soluble  potash." 

The  cost  of  feldspar  delivered,  plus  cost  of  sulfuric  acid  and 
fluorspar  used,  together  with  heavy  cost  of  crushing  and  grind- 
ing feldspar,  made  the  proposition  uneconomical. 

.•\n  attempt  was  made  to  recover  the  potash  in  feldspar  by 
mixing  fluorspar-feldspar  and  sulfuric  add.  leaching  the  soluble 
salts  and  evaporating.  Crystals  were  obtained  which  tested 
.'  I  per  cent  Kjt),  but  the  cost  |KT  unit  of  K,( )  was  too  high  to 
offer  any  inducement  for  further  work. 

I  believe  this  division  should  concentrate  its  eflorls  this 
coming  year  on  the  following:  (i)  To  obtain  an  official  method 
for  s;inipling  and  have  it  adopted  in  us  many  states  a.s  possible. 
(-•)  To  try  out  the  nietlnxls  for  "nitrogrn  to  include  nittatr"  and 
.see  if  it  is  not  pos-sililc  to  keep  the  cxiwrimcntal  riim  down 
to  at  least  o.i  per  cent  nitrogen. 

AmKHICAN    AoillCt'l.Tt*HAL    I'llKMU-AI.    CoUrANT 
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METALLURGICAL  SYMPOSIUM 


Four  papers  read   at  the  55th  Meeting  ol  the  A 

PHYSICO-CHEMICAL  DATA  NEEDED  BY 

METALLURGISTS 

By  J.  W.  Richards 

Metallurgical  chemists  are  vitally  concerned  with  the  energy 
involved  in  the  chemical  reactions  useful  in  metallurgical  opera- 
tions. These  energies  are  based  primarily  on  thermochemical 
data,  and  raise  the  question  of  the  sufficiency  of  these  data  for 
metallurgical  purposes. 

They  are  woefully  insufficient,  and  this  from  two  standpoints: 
(i)  thermochemical  data  at  ordinary  temperatures  and  (2)  data 
permitting  their  evaluation  at  higher  temperatures. 

THERMOCHEMICAL   DATA   AT   ORDINARY   TEMPERATURES 

These  are  the  figtu'es  of  the  thermochemical  tables.  They 
give  the  heats  or  energies  of  formation  of  compounds  as  de- 
termined in  the  laboratory,  starting  and  ending  at  or  about  room 
temperature.  They  enable  us  to  figure  out  easily  the  energy 
of  a  chemical  reaction  beginning  and  ending  at  ordinary  tem- 
peratures, when  the  heats  of  formation  of  all  the  substances 
concerned  are  contained  in  the  tables.  They  give  us  no  e.xact 
information  at  all  about  the  energy  of  the  chemical  reaction 
at   temperatures  other   than   the   ordinary  room  temperature. 

Even  so,  the  tabulated  data  are  often  lacking.  Thermo- 
chemists  active  in  the  past,  such  as  Thomsen  and  Berthelot, 
gave  us  the  energy  of  formation  of  most  common  compounds, 
but  chemists  have  been  increasing  rapidly  the  list  of  known 
compounds  and  the  thermochemical  laboratories  have  not  kept 
pace  with  them,  but  have  fallen  far  behind. 

Let  us  mention  a  few  directions  in  which  thermochemical  data 
of  the  ordinary  kind  are  sadly  deficient  or  lacking:  Combina- 
tions of  metallic  oxides  with  silica,  forming, silicate  slags;  combi- 
nations of  metallic  sulfides  with  each  other,  forming  mattes; 
combinations  of  metallic  arsenides  with  each  other,  forming 
speisses;  combinations  of  metals  with  each  other,  forming  alloys; 
heat  of  formation  of  iron  pyrites,  FeSj;  heats  of  formation  of 
metallic  arsenides,  antimonides,  nitrides,  phosphides,  silicides, 
carbides;  heats  of  formation  of  metallic  arsenates,  antimonates, 
phosphates,  tungstates,  borates,  molybdates,titanates,  vanadates, 
chromates,  manganates,  aluminates.  There  are  enough  of  these 
lacking  data,  needed  now  in  metallurgical  chemistry,  to  keep 
a  dozen  thermochemical  laboratories  busy  for  ten  years.  For 
every  one  which  is  being  published  (and  this  applies  to  ante- 
bellum conditions),  a  dozen  or  a  score  are  urgently  needed. 
Here  is  a  wide  field  in  which  the  thermocheraist  can  be  of  im- 
mediate assistance  to  the  scientific  metallurgist. 

THERMOCHEMICAL   DATA    AT   HIGHER   TEMPERATURES 

The  larger  part  of  metallurgical  reactions  are  carried  on  at 
temperatures  above  the  ordinary,  running  up  to  3000°  C.  in 
electric  furnaces.  But,  for  any  temperature  above  the  ordinary, 
the  thermochemical  data  are  not  exact,  and  the  energy  involved 
in  the  reaction  is  different  from  what  it  is  beginning  and  ending 
at  room  temperature. 

As  an  example:  If  we  are  reducing  liquid  silica  in  an  electric 
furnace,  at  1800°  C,  to  liquid  silicon  and  CO  gas,  the  energy 
calculated  for  the  equation 

SiOj  +  2C  =  Si  4-  2CO, 

taking  the  tabulated  heats  of  formation  of  SiO™  and  CC),  applies 
only  to  15-20°  C,  and  not  to  the  actual  conditions  under  which 
the  reaction  is  taking  place.     Moreover,  it  applies  only  to  solid 


Chemical  Society.  Boston,  Septcmbir   10  to   13.    1917 

SiOj  being  reduced  to  solid  Si,  and  not  to  the  reaction  when  both 
these  are  in  the  liquid  state. 

As  a  further  example:  Distilling  off  zinc  vapor  from  a  mixture 
of  ZnO  and  C,  at  a  working  temperature  of  1050°  C,  the  energy 
absorbed  is  far  from  being  the  difference  between  the  tabulated 
values  used  in  the  equation 

ZnO  +  C  =  Zn  -h  CO, 

because  this  involves  the  formation  of  solid  zinc,  while  as  the 
operation  is  actually  performed,  zinc  vapor  is  produced.  For 
such  a  reaction,  the  tabulated  thermochemical  heats  of  forma- 
tion are  only  the  starting  point  from  which  to  evaluate  the  heat 
of  the  reaction  at  any  temperature  and  for  any  physical  state 
of  the  reacting  substances  and  products. 

A  concise  statement  of  the  method  of  evaluating  what  is  needed 
metallurgically  from  what  is  given  by  the  ordinary  tabulated 
thermochemical  data,  is  as  follows:  The  heat  absorbed  in  a 
reaction  at  any  temperature  t  is  equal  to  the  heat  absorbed  at 
ordinary  temperature,  as  given  by  using  the  tabulated  thermo- 
chemical data,  increased  numerically  by  the  heat  necessary  to 
raise  the  reacting  substances  from  ordinary  temperature  to  t 
(including  heat  absorbed  in  any  change  of  state — fusion  or 
vaporization),  and  diminished  by  the  heat  which  would  be  given 
out  by  the  products  of  the  reaction  in  cooling  from  /  to  room 
tcmperatiu'e  (including  likewise  heat  evolved  in  any  change  of 
state — condensation  or  solidification). 

For  these  calculations,  it  is  seen  that  we  must,  therefore,  have 
some  or  all  of  the  following  data:  Specific  heats  of  all  the  sub- 
stances involved  in  the  reaction,  in  the  physical  state  they  possess 
at  ordinary  temperature;  their  latent  heats  of  fusion  (solidifica- 
tion); specific  heats  in  the  liquid  state;  latent  heats  of  vaporiza- 
tion (condensation) ;  specific  heats  in  the  gaseous  state. 

The  physical  chemist  must  be  looked  to  for  these  data.  There 
is  no  longer  occasion  to  say  that  this  work  is  the  function  of  the 
physicist;  three-fourths  of  the  work  of  the  physical  chemist  is 
physics  and  physical  measurements,  and  the  metallurgical 
chemist  needs  these  data  so  badly  that  the  physical  chemist 
must  make  it  his  business  to  provide  them  for  him.  And  they 
need  providing,  badly.  Not  one-tenth  of  the  data  which  scien- 
tific metallurgists  need  and  should  have,  is  known  and  tabulated. 
We  will  briefly  review  what  is  needed. 

SPECIFIC   HEATS 

These  have  been  well  worked  at,  but  mostly  only  for  tem- 
peratures between  100  and  0°  C,  or  room  temperature. 
Such  an  average  value  for  a  short  range  is  of  little  use  to  the  metal- 
lurgist. He  needs  the  specific  heat  curve,  from  its  actual  value 
at  0°  to  its  actual  value  at  the  melting  point,  then  its  values 
in  the  liquid  state  to  the  boiling  point,  then  its  value  for  the  gas 
or  vapor.  He  wants  a  whole  range  of  values,  for  all  tempera- 
tures, while  the  tables  usually  give  him  only  one.  Or,  putting 
it  in  another  way,  he  wants  the  total  heat  content  from  any 
temperature  down  to  zero. 

Such  heat  content  curves  are  known  for  some  of  the  elements 
and  for  a  few  compounds,  but  not  for  many.  Most  of  the  de- 
terminations concern  the  substance  only  in  the  solid  state,  while 
it  is  needed  also  for  the  liquid  and  gaseous  states.  Out  of  forty 
metals,  the  specific  heats  of  perhaps  ten  are  known  in  the  liquid 
state,  and  of  only  two  as  gases;  of  metallic  compounds,  which 
arc  much  more  numerous,  the  above  statement  may  be  repeated, 
with  approximate  accuracy.  There  are  at  least  a  hundred 
important  metallic  compounds  which  need  to  be  studied  in  these 
respects. 
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LATENT    HEAT    OF    FUSION 

One  has  only  to  look  in  the  best  book  of  physicochemical 
tables  published,  to  realize  the  paucity  of  information  on  this 
topic.  For  every  one  known  there  are  a  dozen  important  ones 
unknown.  It  would  well  repay  any  large  metallurgical  firm 
to  hire  an  investigator  to  determine  such  of  these  factors  as  it  is 
interested  in.  For  instance,  there  are  at  least  a  dozen  typical 
kinds  of  cast-iron,  and  there  exists  only  a  doubtful  value  for 
one  kind.  No  reliable  determinations  have  been  made  on  steel, 
of  any  kind.  No  determinations  are  published  for  any  kind  of 
brass  or  bronze.  The  recent  enlarged  use  of  the  electric  furnace 
for  melting  metals  has  accentuated  this  deplorable  lack  of  data 
on  which  to  base  metallurgical  engineering  calculations. 

LATENT   HEAT   OF   VAPORIZ.^TION 

What  has  just  been  said  regarding  latent  heat  of  fusion  ap- 
plies with  much  greater  urgency  to  the  heat  of  vaporization.  It 
has  been  experimentally  determined  for  only  three  metals,  and 
six  metallic  compounds,  so  that  it  is  almost  an  unknown  quantity. 
Yet  we  need  it  for  all  metals  which  are  distilled,  and  for  all  metals 
and  substances  which  are  vaporized  (at  great  expenditure  of 
power)  at  the  high  temperatures  in  electric  furnaces.  The 
latent  heat  of  vaporization  of  zinc,  for  instance,  represents 
probably  25  per  cent  of  the  net  thermal  work  done  in  a  zinc 
retort,  yet  it  is  experimentally  unknown.  Metallurgists  are 
looking  expectantly  to  physical  chemists  for  these  experimental 
values,  .so  necessary  for  correctly  interpreting  and  studying 
chemical  reactions  at  high  temperatures. 

VAPOR  TENSION 

One  more  topic  of  very  similar  nature  which  is  pressing  for 
investigation  is  the  vapor  tension  of  the  metals  and  metallic 
compounds  at  various  temperatures.  For  a  few  elements  we 
have  their  vapor  tension  curves  through  a  large  range  for  the 
liquid  element.  For  the  solid  clement  these  are  lacking,  except 
for  arsenic,  selenium,  iodine,  phosjjhorus  and  sulfur.  Yet  the 
vapor  tension  of  zinc  below  its  melting  point  is  the  working  force 
in  the  sherardizing  process.  Almost  all  metals  lose  weight  in 
being  melted,  both  before  they  melt  and  after  melting,  yet  the 
data  on  which  properly  to  study  this  phenomenon  quantitatively 
are  almost  entirely  lacking.  In  producing  silicon,  25  per  cent 
of  the  product  is  lost  by  vaporization;  silver  evaporates  before 
it  melts,  like  blocks  of  ice  in  a  current  of  cold,  dry  air.  Important 
consequences  could  be  multiplied;  the  need  of  further  accurate 
data  is  urgent. 

E.VAMPI.E 
As  an  example   of   what   is   needed   in   the   way   of  physico- 
chemical  data,  we  will  instance  zinc. 

Ileal  conleni  solid,  lo  0°  C:  0.09061  +  0.OOOO44J*. 

Htat  in  sntiit  at  metting  point:  45. i  ctilorica, 

Lilteni  hrat  0/ fuunn:  22.6  cnlorics. 

Utal  in  liquid  at  mtltint  point:  67.8  ruluncs. 

.Specific  heat  liquid:  0.179  (riiit  cirlcritiincd  for  nil  Irmprrntlirca). 

Heat  in  liquid  at  hoilint  point:    I.S9  cnlnrlra  (rilliiialc<l). 

Latent  heal  of  vapnritation:   446  culorio   (culi'iilutccl    friiiii   the   vnpor 

tension  ciirvr). 
Ileal  in  luipor  at  hoilint  point:  603  rnlnrlci. 

Specific  heatoftnt.  prrkilntram:  0.077  (cmimiitecl  on  Ihcorttlcal  urountU). 
Vupor  IrnKion,  lic|ulil:   luK  P  (ilim.)   -  — 6i6J/T  +  H.I7  (flnlucnl  from 

Hnru^'  nhiirrvii(ltitt)i). 
Vupor  Iciislnn  nt  the  iiirltlnx  pniiil:  n.09.l  mm.  of  racrrury. 

Vupor  tcinloii.  noliil     l»K  p  (mm.) frfi«,5/T  +  H.ft.l. 

Vapor  tcimlnn  nt  *>"  tV     IX   10  '•  mm.  of  mercury. 

The  coin|)!cteiiess  of  the  diilii  for  zinc  will  rni|ihn5iizr,  l)y 
ci)iti|>iiris<iii,  the  povcrly  of  our  <|jita  fur  other  iiii|Hirliint  inetiils, 
idliiyi  iinil  (•(iin|(iiiiiids,  l-'or  lirass  iiiu!  bron/c,  for  iiisliiniT, 
tlie  iiKisI  iinpiittiiiit  iilliiys  next  lo  steel,  we  know  only  llirir 
dliei'irtc  heiit  from  iix)  to  f>°,  unit  the  totiii  lieiit  coiitrni  nl  tlii- 
iiU'lliiiR  jioliil,  /or  only  one  mrifly  0/  ouh. 


If  any  properly  equipped  chemists  are  looking  for  experimental 
work  which  will  be  of  immediate  assistance  to  the  metallurgical 
industries,  we  urge  them  to  look  at  this  field,  with  its  great 
opportunities  for  service,  and  "do  their  bit"  in  this  direction. 


Lehigh  U.viversity 
Sooth  Bbthlehek,  Pa. 


RECENT  DEVELOPMENTS  IN  CONNECTION  WITH  THE 
USE  OF  SULFUR  DIOXIDE  IN  HYDROMETALLURGY 

By  Edw.^ku  R.   Wkidi.i-i.n- 

The  researches  on  the  metallurgy  of  copper  conducted  under 
the  auspices  of  the  Mellon  Institute  of  Industrial  Research  since 
1913  have  aroused  considerable  interest  but  only  preliminary 
announcements  of  the  results  of  the  experimental  work  have 
been  made  up  to  the  present  time.  This  contribution  reports 
briefly  upon  the  present  status  of  the  investigations  and  the  re- 
sults presented  show  the  industrial  value  of  the  author's  method 
for  treating  low-grade  copper  deposits. 

The  increasing  adaptation  of  flotation  to  the  treatment  of 
low-grade  copper  ores  has  somewhat  discouraged  the  use  of  leach- 
ing methods  and  accordingly  these  processes  have  not  made  the 
progress  expected ;  but  the  field  is  still  open  for  oxidized  ore  where 
flotation  has  not  thus  far  been  successfully  applicable.  Suc- 
cessful flotation  assumes  that  the  copper  content  of  the  ore  is 
in  the  form  of  disseminated  mineral.  In  the  case  of  ores  wherein 
the  copper  compoimd  is  diffused  throughout  the  mass  of  gangue, 
such  as  is  undoubtedly  true  of  the  copper  silicate  ores  found  at 
Inspiration,  it  is  certain  that  flotation  is  out  of  the  question  and 
that  some  leaching  process  must  be  used.  With  the  exception 
of  the  ammonia  leaching  process,  all  the  hydrometallurgical 
processes  in  use  are  based  upon  the  employment  of  sulfuric  acid 
as  the  leaching  agent  and  the  copper  is  then  precipitated  by  one 
of  three  methods:  t'l's.,  electrolytic,  gas  or  iron.  Of  these  methods, 
the  electrolytic  has  received  the  preference,  although  in  a  few 
instances  the  iron  process  has  been  installed. 

The  experimental  plant  at  Thompson,  Nevada,  was  erected 
under  the  author's  super\'ision  and  placed  in  operation  by  him 
on  the  first  of  April.  1916.  The  process  employed  therein  is 
based  upon  the  precipitation  of  copper  by  means  of  sulfur  dioxide. 
Prior  to  its  development,  the  use  of  sulfur  dioxide  for  precipi- 
tating copper  hati  been  frequently  suggested  hut  was  evidently 
not  followed  up  on  a  sufliciently  large  scale  to  make  apparent 
the  defects  and  merits  of  the  pnu-css. 

The  application  of  this  process  to  large  scale  experimentation 
has  devcloi)cd  several  new  features,  us  described  in  I'nitcd  States 
Patents  issued  to  the  author.  These  have  so  luatcriully  reduced 
the  cost  of  openition  in  the  experimental  plant  that  it  is  now  dear 
that  the  process  posses.ses  many  advantages  over  its  chief  com- 
l>etitor,  the  electrolytic  prcK-ess.  The  various  innovations 
rendered  imperative  the  elalxjration  of  n  priKcss  |K'rfcct  in  me- 
chanical detail  for  dealing  with  low-gmdc  oxidized  and  sulfide 
copper  ores.  In  fact,  the  various  cheinicnl  prolilcnis  involved 
ill  the  invesliKUtion  had  lx*cii  satisfactorily  sohtd  nud  were 
available  for  use  throe  years  prior  to  the  jicrfcction  of  the  neces- 
sary mechanical  eiiuipmeiit  of  the  iihinl. 

Of  especial  interest  arc  the  nietluxl  of  prrcipitutiiic  the  ctip|>er 
from  the  solution  and  the  priH-ess  for  the  concentration  of  sulfur 
dioxide  from  smeller  fumes  <>r  other  siiKiirous  Rases  The 
method  of  treatment  is  applicable  to  cither  carl>ona(r  or  "sweet" 
rousted  sulfide  cop|>cr  ores.  Ore  that  readily  yicUU  to  Irrulinrnt 
is  leaclieil  l>v  )>crcolation  in  large  tanks,  but  (or  finer  inntrrialu 
a  6-strp  Pcirr  classifier  has  l>mi  used  with  counlcii-urrrnt  flow 
of  lohition  111  precipitatinn,  the  solution  i<i  nrutrali;rt|  with 
lime  and  treated  with  sulfur  dioxide  untd  it  tins  dissolvetl  a  per- 
centage of  Rus  equal  to  tlint  of  the  rontniiml  cop|>cr  "llic  pre- 
cipitation of  metallic  cnpiwr  ensue*  instantly  when  lhi«  volution 
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is  brought  to  a  temperature  of  160°  C,  under  a  pressure  of 
ICO  lbs. 

The  results  of  the  first  year's  operation,  based  upon  the  treat- 
ment of  5  tons  of  ore  per  day,  show  conclusively  that  the  author's 
sulfur  dio.xide  process  can  be  operated  continuously  without 
interference  from  accumulated  impurities  in  the  solution.  During 
this  time  various  ores  were  treated,  some  containing  a  very  high 
iron  content,  while  others  were  high  in  lime,  and  in  every  case 
a  satisfactory  recovery  of  the  copper  content  was  obtained.' 

Theoretically,  only  twice  the  quantity  of  sulfuric  acid 
originally  present  in  combination  with  the  copper  is  regenerated. 
In  actual  practice,  however,  the  amount  of  sulfuric  acid  regener- 
ated is  above  this  amount.  In  fact,  during  the  operation  of  the 
process  it  has  been  necessary  to  neutralize  sulfuric  acid  with 
lime,  in  order  to  keep  down  the  volume  of  the  solution  on  hand. 
The  copper  assays,  when  melted,  over  99  per  cent  pure  and 
contains  oxygen  as  the  sole  impurity.  This  copper  is  disposed  of 
without  further  purification.  The  chief  advantage  of  the  process 
over  other  metallurgical  procedures  consists  in  its  simplicity  of 
construction  and  operation;  no  skilled  labor  is  necessary  and 
fewer  men  are  required  per  ton  of  ore  treated.  The  actual  re- 
covery of  metallic  copper  approximates  90  per  cent. 

The  mechanical  arrangements  arc  such  that  the  processes  of 
dissolution  and  precipitation  are  continuous.  Heat  is  con- 
served by  returning  the  hot  precipitated  solution  through  a  heat 
exchanger  in  countcrcurrent  to  the  flow  of  fresh  solution  to  the 
precipitator.  The  latter  is  a  lead-line  cylinder  through  which 
the  solution  flows  from  bottom  to  top.  The  necessary  tempera- 
ture is  obtained  by  circulating  oil  of  high  flash-point  from  a 
heater  through  the  jacket  surrounding  the  lead  lining.  Pre- 
cipitated copper  is  discharged  through  a  bottom  gate  into  a 
receptacle,  from  which  it  is  periodically  removed,  washed  and 
melted. 

An  interesting  phase  of  this  research  work  and  one  of  prospective 
economic  importance  is  a  process  of  concentrating  the  sulfur 
dioxide  fumes  or  other  gases  weak  in  that  constituent,  which 
has  been  developed  by  Mr.  G.  A.  Bragg.  The  plant  was  in  con- 
tinuous operation  for  one  year,  when  it  was  decided  to  close 
down  in  order  to  increase  the  daily  capacity  and  to  install  this 
method  of  concentrating  sulfur  dioxide. 

MSLLON    InSTITUTB    OF    iNDDSTRtAI,    RESEARCH 

Pittsburgh,  Pa. 


THE  IMPORTANCE  OF  THE  FLOTATION  PROCESS  IN 

THE  METALLURGY  OF  COPPER 

By  E.  P.  Mathewson 

The  flotation  process  has  revolutionized  the  metallurgy  of 
copper.  Recently  constructed  plants,  costing  millions  of  dollars, 
have  been  discarded  or  scrapped  and  the  flotation  process 
introduced.  Notable  examples  of  this  are  the  Washoe  Reduc- 
tion Works  at  Anaconda  and  the  plants  of  the  Utah  Copper 
Company  at  Garfield,  Utah. 

It  took  considerable  time  to  convince  the  copper  metallurgists 
of  the  country  that  the  flotation  process  was  a  success,  but  as 
soon  as  a  satisfactory  demonstration  of  the  process  was  made, 
which  occurred  after  mnnerous  failures,  these  metallurgists  took 
up  the  new  process  with  avidity,  scrapped  their  old  plants  and 
rebuilt  to  adopt  this  modern  system  of  concentration. 

The  Mining  and  Scientific  Press  of  San  Francisco,  under  the 
able  direction  of  T.  A.  Rickard,  has  published  an  immense 
amount  of  information  about  flotation  and  has  given  out  the 
following    figures,    which   are  astoimding  when  one  considers 

1  Among  the  ores  treated  were  sillcious  ores  containing  approximately 
70  per  cent  of  SiOj  and  high-lime  ores  running  about  25  per  cent  of  CaO. 
The  excess  acid  resulting  in  the  treatment  of  silicious  ores  was  used  in  the 
extraction  of  copper  from  ore  high  in  lime. 


that  the  application  of  the  process  on  anything  more  thaii  an 
experimental  scale  is  only  a  few  years  old: 

Flotation — The  Leading  Process  in  the  Mbtallurgicai.  Field 
Treatment  Tons  per  Annum 

FLOTATION 30.000.000 

Copper  smelting 26.000 ,000 

Gravity  concentration 2S  000  000 

Gold  and  Silver  milling 13.0n0.000 

Lead  smeltinj 5.500.000 

Copper  leaching 2.000.000 

Zinc  smelting. 1 .000.000 

Of  the  figures  given  above,  that  for  copper  leaching  is,  perhaps, 
a  little  low,  but  it  is  so  much  smaller  than  the  figure  for  flotation 
that  it  does  not  signify.  Prior  to  the  adoption  of  the  flotation 
process  in  copper  concentration  the  losses  were  seldom  less  than 
20  per  cent,  whereas  now  they  are  seldom  over  8  per  cent.  The 
figures  published  by  the  Anaconda  Copper  Mining  Company 
indicate  that  the  concentration  loss  in  the  most  modem  gravity 
concentration  plant  in  existence  was  17  per  cent;  now,  with 
flotation,  the  loss  is  given  at  a  trifle  over  4  per  cent.  Other 
large  establishments  can  show  equally  amazing  results.  The 
savings  are  now  so  great  and  the  economies  so  extensive,  due  to 
the  introduction  of  the  process,  that  the  so-called  hold-up  by 
owners  of  patents  on  the  process  cannot  possibly  cripple  the 
users  of  the  process,  even  if  exemplary  damages  be  allowed  by 
the  Courts. 

The  slime  problem,  the  bugbear  of  copper  metallurgists  for 
a  generation,  has  been  solved  by  flotation.  Many  copper 
metallurgists  will  recall  the  numerous  experiments  conducted 
with  a  view  to  recovering  the  values  from  slime  and  the  enormous 
sums  of  money  expended  in  putting  up  plants  that  recovered 
only  60  per  cent  of  the  values  from  these  slimes  and  which  were 
considered  marvels  in  their  day.  These  plants,  like  the  con- 
centrators, have  gone  into  the  discard  and  now  from  the  most 
pernicious  slimes,  savings  of  90  per  cent  of  the  values  by  means 
of  the  flotation  process  are  quite  common. 

Strange  to  say,  the  process  is  a  rule-of-thumb  development. 
The  practical  application  of  the  process  was  first  made  on  an 
extensive  scale  with  zinc.  Copper  metallurgists  never  imagined 
in  those  days  that  the  process  would  ever  be  applied  in  their 
specialty,  but  to-day  the  tonnage  treated  by  the  process  is  largely 
made  up  of  copper  ores,  zinc  long  ago  taking  a  secondary  position. 

Each  particular  ore  seems  to  require  a  special  treatment. 
This  is  because  no  satisfactory  theory  has  as  yet  been  evolved 
regarding  the  process.  Many  students  are  working  on  the  prob- 
lem with  some  promise  of  success,  but  at  this  wTiting  we  know 
less  about  flotation  itself  than  we  do  about  the  true  nature  of 
electricity,  while  the  results  of  the  flotation  process  are  as  well 
known  as  the  effects  of  electricity.  Naturally,  a  process  creating 
such  enormous  profits  and  handling  such  large  tonnages  has 
produced  a  great  amount  of  litigation.  We  have  had  cases 
involving  millions  of  dollars  tried  in  various  courts  and  the  end 
is  not  yet.  However,  as  indicated  above,  there  is  money  enough 
in  the  process  to  pay  for  all  the  litigation  and  still  leave  a  good 
return  on  the  investments. 

British  America  Nickel  Corporation.  Ltd. 
Toronto,  Canada 


CHEMICALS  USED  IN  ORE  FLOTATION' 

By  Oliver  C.  Ralston'  and  L.  D.  Yundt' 
The  flotation  of  minerals  from  ore-pulps,  as  practiced  at 
present,  involves  the  use  of  a  small  amount  of  a  flotation  "oil" 
which  so  modifies  the  water  in  the  pulp  that  a  froth  is  formed 
and  that  certain  valuable  minerals  are  gathered  in  the  froth. 
The  froth  must  have  sufiScient  persistence  to  allow  time  for 

'  Published  by  permission  of  the  Director.  U.  S.  Bureau  of  Mines. 
»  Metallurgist.  U.  S.  Bureau  of  Mines.  Salt  Lake  City  Station. 
•  Metallurgical    Research    Fellow.    University    of    Utah,    1916.     Now 
Metallurgist,  Stimpson  Equipment  Co.,  Salt  Lake  City. 
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separation  from  the  body  of  the  residual  ore-pulp.  This  paper 
does  not  deal  with  the  subject  of  flotation  "oils"  but  rather  with 
the  other  chemicals  which  are  occasionally  added  to  ore-pulps 
for  one  reason  or  another. 

The  development  of  ore  flotation  in  a  few  years  to  a  stage 
where  over  100,000  tons  of  ore  are  treated  every  day  in  the 
United  States,  and  half  as  much  again  in  the  rest  of  the  world 
threatened,  for  a  time,  to  upset  disastrously  market  conditions 
for  various  products  such  a;  pine  oil,  coal  creosotes,  coal  tar, 
€tc.  Incidentally,  flotation  has  also  opened  a  market  for  other 
chemicals  which  formerly  could  not  be  used  in  the  western  inter- 
mountain  districts.  Chemical  engineering  has  never  flourished 
in  these  districts  on  account  of  the  smallness  of  the  market 
but  it  is  hoped  that  ore  flotation  will  now  open  up  new  fields 
for  the  chemical  engineer.  The  signs  of  the  times  point  toward 
the  speedy  development  of  sulfuric  acid  plants  at  various  smelters 
which  are  now  wasting  their  sulfur  in  smoke,  and  on  these  plants 
many  other  industries  will  depend.  Certain  other  chemicals 
will  not  require  sulfuric  acid  in  their  manufacture  but  will  soon 
find  a  market  in  these  regions,  due  to  the  demands  of  flotation 
mills  and  of  hydrometallurgical  plants. 

I  shall  outline  briefly  the  most  important  of  these  chemicals 
and  attempt  to  set  forth  the  reasons  for  their  use  or  the  theories 
as  to  why  they  have  certain  definite  effects. 


Almost  the  only  acid  used  for  flotation  work  is  sulfuric  acid 
which  costs  less  than  most  of  the  other  available  commercial 
acids.  No  one  knows  why  the  addition  of  sulfuric  acid  to  certain 
pulps  improves  the  flotation  work.  We  do  know  that  it  often 
produces  a  cleaner  flotation  froth  containing  less  gangue,  and 
also  that  higher  extractions  are  often  made.  Further  it  can 
reduce  the  amount  of  oil  necessary  to  produce  the  same  frothing 
effect.  However,  the  addition  of  acid  to  an  ore  pulp  sometimes 
proves  fatal  to  good  flotation,  especially  with  some  copper  ores 
in  which  a  part  of  the  copper  has  been  oxidized  by  weathering. 
Such  an  example  is  the  ore  at  Inspiration,  Arizona.  In  this 
latter  case  the  trouble  may  be  due  to  the  formation  of  enough 
copper  sulfate  to  spoil  flotation,  copper  sulfate  having  been  found 
deleterious  in  the  flotation  of  a  number  of  copper  ores.  The 
oxidized  copper  minerals  dissolve  easily  in  very  dilute  sulfuric 
acid  solutions  while  the  natural  copper  sulfides  are  not  attacked. 

When  the  addition  of  sulfuric  acid  causes  an  improvement 
in  the  flotation  of  a  definite  ore,  its  exact  function  is  rather  a 
(lillicull  thing  to  explain,  and  theories  are  very  conflicting. 
The  phenomenon  has  been  known  since  the  very  early  develop- 
ment of  the  art.  The  Polter-Uclprat  processes  depend  on  the 
acid  to  develop  bubbles  of  gas  through  interaction  on  the  car- 
bonate minerals  in  the  ore  (such  as  calcite)  in  order  to  form  a 
froth,  and  bubbles  of  air  were  not  beaten  into  the  pulp.  Conse- 
quently it  was  natural  that  some  of  the  early  theories  claimed 
lliat  the  aihlition  of  acid  to  a  pulp  being  treated  by  air  flotation 
caused  an  increased  ninnbor  of  gas  bubbles  to  form  in  the  pulp 
;ni(l  hence  facilitated  frothing  out  all  the  desirable  mineral 
particles.     The  fallacy  of  this  argument  has  long  been  felt. 

I'anciful  electrostatic  theories  have  been  ndvance<l  to  explain 
flotation  and  the  slaleinent  has  l)ccn  made  liy  one  theorist  that 
the  acUtition  of  an  electrolyte  to  the  water  of  the  pulp  allowed 
the  electrostatic  charges  <in  the  gatiKue  particles  to  be  con- 
ducted away  while  the  charges  on  the  particles  of  the  desired 
niiiK-rals  were  insulated  by  a  surroundinK  lilin  nf  flotation  oil. 
This  electrostatic  theory  was  soon  cxpUxlcd  as  it  rested  on  a 
misapprehension  as  to  just  what  caused  charges  to  appear  on 
suspended  particles.  The  surfaces  of  small  particles  sus|>endcd 
ill  :i  li(|ui<l  usually  lend  to  adsorb  more  ions  of  one  electric  sign 
lh:iii  nf  the  other  sign  and  hence  carry  apparent  electrostatic 
charges.     The  thing  to  be  noird,  however,  is  that  these  chafRrs 


on  the  particles  are  not  conducted  away  by  the  presence  of  elec- 
trolytes but  their  existence  is  dependent  upon  the  presence  of 
ions  in  the  solution.  The  surfaces  of  oil  droplets  and  of  air 
bubbles  likewise  adsorb  ions  from  solutions,  and  a  certain  paral- 
lelism between  the  charges  on  these  various  particles  of  matter 
and  the  conditions  of  good  flotation  has  been  observed.  Just 
what  is  the  inner  connection  has  never  been  explained.  It  is 
an  interesting  fact  that  one  mill  in  Colorado  was  reported  to 
receive  very  piu-e  water  from  melting  snow  and  that  flotation  of 
its  ore  in  this  water  was  very  unsatisfactory  until  the  water  was 
contaminated  with  an  electroK'te,  sulfuric  acid  being  acceptable 
among  other  things. 

Bancroft'  calls  attention  to  the  fact  that  the  acid  in  ore  flota- 
tion may  not  react  because  of  the  replaceable  hydrogen  atom 
but  by  cutting  down  the  concentration  and  consequently  the 
adsorption  of  the  hydroxyl  ions.  The  connection  which  he 
wishes  to  draw  with  flotation  is  that  "in  acid  and  neutral  solu- 
tions air  seems  to  be  adsorbed  by  organic  liquids  much  more 
readily  than  by  water,"  and  he  thus  derives  a  reason  for  the  at- 
tachment of  the  air  bubbles  to  the  oiled  sulfides.  The  prefer- 
ential adhesion  of  the  oil  to  the  valuable  sulfide  minerals  in  the 
presence  of  gangue  minerals  is  well  known. 

The  "surface  tension"  theorizers  have  claimed  that  the  addi- 
tion of  the  proper  electrolytes,  like  sulfuric  acid,  so  alters  the 
surface  tension  of  the  water  that  frothing  can  take  place.  This 
may  be  true  without  conflicting  with  the  colloidal  theory  but 
we  would  call  attention  to  the  very  small  amounts  of  acid  which 
sometimes  produce  a  marked  effect  on  flotation  and  the  small 
resulting  changes  in  surface  tension  of  the  water.  Small  amounts 
of  electrolytes  are  sometimes  known  to  produce  profound  changes 
in  colloids  and  we  feel  more  inclined  toward  the  colloidal 
theory. 

Nevertheless  it  is  not  right  to  claim  that  the  replaceable 
hydrogen  atom  has  nothing  to  do  with  the  improvement  in 
flotation  results  when  acid  is  added.  Allen  and  Ralston'  have 
called  attention  to  the  fact  that  if  an  ore  sample  is  ground  dry 
it  is  usually  necessary  to  use  acid  in  its  flotation,  while  it  is  often 
possible  to  grind  this  same  ore  in  a  wet  condition  in  a  ball-  or 
pebble-mill  and  obtain  the  same  flotation  results  without  the  use 
of  acid.  The  natural  inference  is  that  the  dry  grinding  has  caused 
oxidized  films  to  form  on  some  of  the  particles  of  natur;U  sulfides 
and  that  the  sulfuric  acid  was  needed  to  dissolve  these  films, 
leaving  a  clean  unaltered  surface  for  the  action  of  the  flotation 
oil  and  the  air  bubbles.  This,  of  course,  is  only  a  special  case 
and  does  not  claim  exception  to  the  colloidal  Uieory  in  the 
least. 

As  to  the  amounts  of  acid  which  arc  generally  used  and  the 
ores  on  which  it  is  generally  applied,  the  amount  used  is  usually 
the  iniiiiinuin  which  ha.s  bt'cn  found  to  produce  a  given  effect. 
It  varies  from  3  or  3  lbs.  of  sulfuric  acid  per  ton  of  ore  (contained 
in  J  to  5  tons  of  water)  to  as  high  as  100  or  joolbs.  of  acid.  When 
a  large  excess  of  acid  is  ncccs-sary  we  feci  that  it  must  be  di»- 
.solving  off  oxidized  films  while  sntall  amounts  of  acid  arc  prob- 
ably effective  in  causing  selective  adsorption  effects.  .\cid 
seems  to  be  necessjiry  in  the  flotation  of  many  sphalerites  and 
iron  pyrites.  t)ccusioiially  a  pyritifcrous  copiwr  ore  nerds  acid. 
The  Anaconda.  Montana,  slimes  con.stitutc  an  example  of  such 
an  ore.  The  present  tendency  among  flotation  men  is  to  find 
substitutes  for  acid. 

COITKR    Sl't-FATB 

S»>  much  hiis  liccn  said  alxnit  the  "flotation  nu-stcry"  inxtjlved 
in  the  improved  results  obtained  at  the  MusctU,  Tennessee, 
plant  of  the  American  Zinc,  l^nd  .St  Smelting  Co  ,  that  a  word 
should  bo  said  lirtr      There  is  no  doubt  that  the  wv  of  lew  than 

•  Wlliirr  l>    llaiurnd.  "Or*  I'lnlallon."  UH.tr  C>itm    Kmt  .  14  (I9I6).6JI. 

•  WiHi>>  ,iN<<   s.iraliD.    I'rf'i     l«n     I   atKl   Ian    K.   I«I6. 
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1  lb.  of  copper  sulfate  per  ton  of  ore,  suspended  in  over  4  tons  of 
water,  ha'^  caused  very  much  increased  recoveries  of  the  sphalerite 
in  their  ore  and  allowed  cleaner  work.  The  same  effect  has  been 
noticed  in  many  other  mills  treating  zinc  sulfide  ores  although 
an  improvement  in  the  flotation  is  not  necessarily  the  invariable 
result  of  adding  copper  sulfate  to  zinc  sulfide  ores. 

At  Mascot,  the  large  scale  plant  was  unable  to  produce  com- 
mercial results  on  the  ore  which  had  yielded  good  results  in  lab- 
oratory tests.  A  bucket  of  pulp  taken  from  the  mill  and  tested 
in  the  laboratory  gave  good  results  where  the  mill  failed.  At 
last  it  was  realized  that  the  bronze  castings  used  in  the  labora- 
tory machine  might  account  for  the  difference  and  the  hanging 
of  a  plate  of  copper  in  the  mill  pulp  while  it  was  passing  through 
the  large  flotation  machines  corrected  the  difficulty,  and  led  to 
the  discovery  of  the  effect  of  salts  of  copper  on  flotation  of 
sphalerite.  The  method  by  which  this  discovery  was  made 
deserves  commendation. 

So  much  then  for  the  fact.  Copper  sulfate  added  to  the  pulp 
improves  the  flotation  of  sphalerite  but  it  has  been  called  a 
flotation  mystery  because  no  one  could  explain  it.  Copper 
sulfate  is  deleterious  in  the  flotation  of  silver  ores'  and  of  copper 
ores,  its  effects  being  overcome  by  precipitation  with  such  a  re- 
agent as  hydrogen  sullTdc,  sodium  sulfide  or  sodium  car- 
bonate. 

Neither  silver  minerals  nor  copper  minerals  precipitate  copper 
ions  from  solutions  but  it  is  w-ell  known  that  natural  zinc  sulfide 
reacts  with  copper  sulfate  solutions,  precipitating  copper  sulfide. 
In  fact,  this  reaction  is  used  in  the  Huff  electrostatic  separation 
process  for  separating  zinc  sulfide  from  minerals  of  the  same 
specific  gravity  and  which  are  likewise  poor  electric  conductors, 
such  as  barite.  By  soaking  the  mixture  of  minerals  in  a  dilute 
copper  sulfate  solution  a  thin  imperceptible  film  of  copper  sul- 
fide is  formed  over  the  zinc  sulfide  particles  and  after  drying 
they  then  act  like  good  conductors  and  can  be  caused  to  jump 
off  of  the  electrostatic  separating  machines,  leaving  the  barite 
behind. 

The  suggestion  is  inevitable  that  in  the  case  of  improved 
flotation  of  sphalerite  the  copper  going  into  solution  is  precipi- 
tated as  copper  sulfide  on  the  surfaces  of  the  zinc  sulfide  particles, 
making  them  capable  of  better  flotation.  Why  the  modified 
particles  float  better  is  the  true  mystery.  Whether  the  increased 
electric  conductivity  of  the  surfaces  of  the  particles  has  anything 
to  do  with  it  or  whether  copper  sulfide  has  some  inherent  property 
of  being  more  easily  "oiled,"  is  hard  to  say.  Some  rather  simple 
experiments  in  the  physical  laboratory  might  well  be  suggested 
by  what  has  been  said  above. 

Some  other  effects  which  have  not  been  previously  recorded 
have  been  reported  to  us  by  F.  G.  Moses,  one  of  the  engineers 
of  the  General  Engineering  Co.  He  had  observed  the  appear- 
ance of  the  tailing  from  the  flotation  machines  treating  a  sphaler- 
ite ore,  when  it  was  passed  over  a  slime-table  (as  a  pilot  to 
indicate  the  work  of  the  flotation  machine  by  the  size  of  the 
concentrate  streak  produced).  Before  the  addition  of  copper 
sulfate  the  slime  in  the  tailing  seemed  impalpable  but  after- 
wards it  has  the  appearance  of  curdled  milk  (flocculated). 
However,  in  a  second  mill  the  slime  in  the  tailing  still  seemed  to 
be  dcflocculated.  In  both  instances  the  finely  groimd  zinc 
sulfide  in  the  concentrate  seemed  to  be  flocculated  and  in  the 
second  case  the  grade  of  the  concentrate  was  raised  considerably 
by  passing  it  through  a  drag  classifier  from  which  some  of  the 
deflocculated  gangue  slime  could  overflow.  This  observation 
by  a  young  engineer  who  kept  his  eyes  open  may  be  of  a  great 
deal  of  importance.  We  have  often  noticed  the  flocculated 
condition  of  the  concentrate  in  flotation  froths  but  had  been 
inclined  to  attribute  it  to  the  oil  which  supposedly  collected  the 

'  An  Occasional  Correspondent.  "Effects  of  Soluble  Compounds  of 
Ore  on  Klotation,"  Min.  Set.  Press.  Dec.  18.  1915. 


material  into  little  floes.  Evidently  the  copper  sulfate  could 
assist  in  this  flocculation,  for  it  is  well  known  that  heavy  metal 
ions  are  strongly  adsorbed.  In  colloid  chemistry  it  is  usual 
to  find  very  small  amounts  of  such  chemicals  producing  striking 
effects  and  it  is  probable  that  the  extremely  small  amounts  of 
copper  sulfate  involved  in  the  case  at  hand  are  sufficient  only 
for  some  colloidal  reaction,  be  that  what  it  may. 

The  condition  of  the  concentrate  and  gangue  particles,  with 
regard  to  their  degree  of  flocculation,  has  not  been  sufficiently 
investigated  and  we  are  hence  confronted  with  the  necessity  of 
determining  just  what  becomes  of  the  copper  introduced  into 
such  ore-puIi)s.  Is  it  precipitated  as  copper  sulfide  or  is  it 
adsorbed? 

LIME    AND   ALKALIES 

Of  late  there  has  been  a  tendency  to  use  various  alkalies  as 
addition  agents  in  flotation,  with  the  result  that  in  many  places 
they  are  competitors  of  acid.  Of  course,  the  best  thing  to  do, 
if  possible,  is  to  find  an  oil  mi.xture  that  will  not  call  for  any 
addition  agent,  but  as  long  as  the  use  of  these  further  addition 
agents  increases  the  extraction  of  the  desired  mineral  or  improves 
the  grade  of  the  concentrates  enough  to  more  than  pay  for  the 
amount  of  addition  agents  used,  they  will  not  be  displaced.  The 
use  of  alkaline  addition  agents  has  advantages  in  lessening  the 
corrosion  of  the  machinery  and  often  diminishes  the  amount  of 
oil  necessary.  With  alkaline  pulp  the  oils  can  be  added  to  the 
pulp  ahead  of  the  final  grinding  machinery  so  that  the  tube- 
or  ball-mills  can  be  caused  to  disseminate  the  flotation  oil  before 
the  pulp  reaches  the  flotation  machinery. 

Few  people  have  reported  any  observations  on  the  phenomena 
produced  by  the  use  of  these  addition  agents  beyond  the  im- 
provement of  the  metallurgical  results.  There  is  no  doubt  but 
that  soluble  heavy-metal  salts  are  precipitated  by  the  use  of 
these  various  alkaline  substances  and  it  is  also  well  known  that 
these  heavy  metal  compounds  are  often  deleterious  to  flotation, 
so  that  their  removal  by  precipitation  is  imperative.  Whether 
more  than  the  amount  of  alkaline  agent  necessary  to  react  with 
the  deleterious  salts  should  be  added  is  not  known.  It  is  known 
that  in  a  number  of  instances  it  has  been  possible  to  float  a 
"tarnished"  ore  by  the  addition  of  various  alkaline  sodium  salts 
where  the  same  flotation  oils  did  very  little  good  when  used  on 
the  ore  alone.  If  sodium  sulfide  were  the  alkali  used  this  would 
not  be  surprising  as  it  could  be  easily  seen  that  the  sodium 
sulfide  would  react  with  copper  carbonates  and  other  oxidized 
minerals,  forming  sulfides  and  thus  causing  their  flotation,  but 
when  sodium  hydroxide  brings  about  the  same  results  it  makes 
it  seem  possible  that  the  thin  films  of  oxidized  material  are  dis- 
solved off  of  the  faces  of  the  natural  sulfide  particles.  This 
would  be  possible  with  zinc,  copper  or  lead  ores  since  the  hy- 
drates of  these  metals  are  somewhat  soluble  in  sodium  alkaline 
solutions.  Instances  of  improvement  of  the  grade  of  \vork  with 
ores  containing  each  of  these  metals  are  kno^vii.  I  have  not 
heard  of  many  instances  of  the  improvement  of  the  flotation  of 
pyrite  by  the  use  of  such  addition  agents.  British  Patent  5856 
of  1914,  granted  to  Minerals  Separation  and  DeBavey's  Processes 
Australia  Proprietary,  Ltd.,  states  definitely  that  in  the  flota- 
tion of  such  tarnished  ores  the  water  in  the  circuit  should  be 
distinctly  alkaline  toward  phenolphthalein.  Sodium  carbonate  is 
the  alkali  preferred. 

The  use  of  caustic  soda  at  a  number  of  mills  has  residted  in 
some  degree  of  satisfaction,  especially  with  the  porphyry  copper 
ores.  At  the  September,  1916,  meeting  of  the  American  Insti- 
tute of  Mining  Engineers,  during  the  discussion  of  one  of  the 
papers,  it  developed  that  the  Old  Dominion  mill  at  Globe, 
Arizona,  was  using  caustic  soda  to  the  amount  of  i  lb.  per  ton 
of  ore.     According  to  the  metallurgist,  Mr.  Cramer,'  this  resulted 

'  Trans.  Am.  Insl.  Min.  Eng..  Bull.  119  (1916).  1891. 


Nov.,  191 7 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


1061 


in  a  much  less  viscous  froth  which  tended  to  lay  more  flatly  in 
the  flotation  machine  and  was  more  easily  broken  down  and 
ran  more  easily  in  the  froth  launders  so  that  not  so  much  water 
was  required.  This,  in  return,  allowed  better  work  in  the  over- 
crowded Dorr  thickeners  where  the  flotation  concentrate  was 
thickened  before  filtering.  Further,  the  extraction  was  some- 
what increased,  the  grade  of  the  concentrate  was  raised  and 
hence  less  "insoluble"  was  left  in  the  concentrate.  At  still 
another  mill  a  reduction  in  the  flotation  oil  necessary  also  re- 
sulted. 

It  is  noticed  that  such  alkalies  cause  a  weaker,  more  mobile 
froth.  The  effect  of  the  addition  of  alkali  to  a  ball  of  stiff  clay 
lying  on  a  board  is  well  known.  A  drop  of  alkali  will  cause  the 
clay  to  flatten  out  whereas  the  same  amount  of  water  does  not. 
The  alkali  deflocculates  the  clay  so  that  it  "liquefies."  The 
cause  of  the  decreased  viscosity  of  the  froth  in  a  flotation  machine 
is  hence  easily  understood.  The  higher  extraction  of  the  de- 
sirable mineral  is  also  easily  explained,  because  the  alkali  tends 
to  deflocculate  the  gangue  slimes  and,  therefore,  any  desirable 
mineral  particles  entrained  in  the  gangue  floes  will  be  liberated 
and  become  available  for  flotation.  As  a  result  of  this,  not  so 
much  excess  of  flotation  oil  and  agitation  will  be  necessary  in 
the  attempt  to  breakup  the  floes  mechanically  and  bring  the  oil 
and  air  in  contact  with  the  sulfide  minerals.  Not  so  much  air  being 
necessary  to  bring  the  mineral  particles  to  the  surface  there  will 
not  be  such  a  large  proportion  of  mechanically  entrained  gangue 
in  the  froth  concentrate.  In  other  words,  all  the  effects  above 
noticed  can  be  exijiained  on  this  assumption. 

Of  the  various  alkalies  used,  caustic  soda,  sodium  silicate, 
sodium  carbonate,  sodium  sulfide  and  lime  are  the  principal 
commercial  ones.  Sodium  silicate  is  a  more  powerful  deflocculent 
than  sodium  hydrate,  possibly  due  to  a  "protective"  action  of 
the  colloidal  silicic  acid  formed  in  dilute  solutions.  It  was  used 
for  a  while  with  success  in  the  flotation  plant  of  the  Utah  Leasing 
Co.  Init  was  later  displaced  by  sodium  carbonate.  Our  own 
experience  with  many  different  types  of  minerals,  at  the  Salt 
Lake  Station  of  the  Bureau  of  Mines,  has  been  that  sodium 
carbonate  is  the  most  desirable  alkali  as  it  does  not  tend  to  de- 
flocculate  the  gangue  slimes  so  jjermanently,  allowing  easier 
thickening  and  filtration  of  the  flotation  concentrate  and  tailing. 

A  rather  surprising  claim  is  made  in  U.  S.  Patent  1,203,341 
of  October  31,  1916,  granted  to  .\llen  C.  Howard  of  the  Minerals 
Separation  Co.  He  claims  that  if  alkaline  substances  are  made 
up  into  a  strong  solution  and  the  proper  amount  dripped  into 
the  first  cell  of  a  scries  of  flotation  machines  a  better  result  is 
obtained  than  where  the  circuit  water  which  contains  the  ore 
is  already  alkaline  to  the  same  extent.  Attempts  to  check  this 
claim  by  experimentation  in  our  lalraratory  have  failed  to  justify 
it.  The  patent  claims  that  in  the  mill  of  the  Caucasus  Copper  Co., 
in  the  Caucasus,  Southern  Russia,  this  effect  is  quite  marked. 
We  fail  to  imdcrstand  just  how  this  can  be  so,  and  strongly  sus- 
l)ect  that  the  patent  is  actually  attempting  to  claim  the  ii.se  of 
these  alkalies  in  the  manner  in  which  they  arc  most  naturally 
used,  in  the  form  of  a  strong  solution,  the  proper  amount  of  which 
is  dri])t)ed  into  the  pulp  at  the  most  convenient  point  in  the 
flowsheet.  To  avoid  infringing  the  patent  the  alkali  would  have 
to  be  previously  inixcil  with  all  the  mill  water  before  the  ore  was 
grouiul  in  it,  which  might  easily  prove  more  expensive  and  less 
easily  performed. 

Lime  is  not  such  a  desirable  uddition  agent  as  the  alkaline 
'<odiinn  cnmpotinds  and  while  it  may  cause  desirable  cITcctH 
when  added  in  small  amotiiils  an  exccHs  is  often  harmful.  Lime 
and  most  other  caleiinn  compounds  are  usually  flm-culalors  of 
caiiKiie  slime,  rather  than  drflcKciilators  as  the  alkaline  sa<liuni 
(•i)Tii|ii)iitids  arc.  This  may  explain  the  difference  between  the 
two,  nlllioiiKli  it  lias  been  continually  hinted  that  we  know  rii 
tlrrlv   loo  lillle  about   the  condition  of  lloo'ulation  of   the  ore 


pulp  diuring  flotation.  It  is  very  probable  that  in  the  cases 
noticed  where  lime  improves  the  flotation  it  functions  in  pre- 
cipitating other  less  desirable  soluble  impm-ities  such  as  the  iron 
sulfates.  At  the  Miami  mill  it  was  found  that  if  lime  were  added 
to  the  pulp  before  entering  the  ball  mills  a  somewhat  increased 
extraction  resulted  whereas  the  addition  of  lime  directly  at  the 
head  of  the  flotation  cells  resulted  disastrously.  Supposedly 
the  lime  had  to  be  allowed  time  enough  to  react  with  all  the  soluble 
or  semisoluble  impurities  of  the  pulp  before  going  to  flotation  so 
that  there  would  be  no  raw  caustic  lime  to  cause  trouble. 

Sodium  sulfide  and  calcium  sulfide,  or  polysulfides,  are  used 
in  the  flotation  of  oxidized  ores  of  lead  and  of  copper.  Hydrogen 
sulfide  is  also  in  use  for  the  same  purpose  in  the  flotation  of  copper 
sulfide  ores.  The  oxidized  minerals  are  "sulfidized"  by  these 
chemicals  and  can  be  floated  in  the  same  maimer  that  the  natural 
sulfides  can  be  floated.  However,  there  is  no  objection  to  using 
sodium  sulfide  or  the  other  sulfides  to  precipitate  soluble  heavy 
metal  salts  from  solution.  Hence  these  soluble  sulfides  can  ser\'e 
a  double  function.  Three  mills  are  now  in  operation  using  sodium 
sulfide  in  the  sulfidizing  of  lead  carbonate  ores  and  several  copper 
mills  use  it  for  oxidized  copper  compounds.  The  method  is 
fairly  satisfactory  because  only  small  amounts  of  the  sodium 
sulfide  are  used,  the  lead  carbonate  particles  being  merely  coated 
superficially  with  a  film  of  lead  sulfide  which  can  be  oiled  and 
floated.  As  little  as  3  lbs.  of  sodium  sulfide  per  ton  of  a  certain 
ore  containing  15  per  cent  lead  is  successful  in  causing  the  flota- 
tion of  over  90  per  cent  of  the  lead  minerals.  In  case  the  ore 
contains  manganese  dioxide  or  basic  iron  sulfates  or  lead  peroxide 
minerals  these  tend  to  use  up  the  sodium  sulfide  before  the  lead 
carbonate  is  satisfactorily  sulfidized.  Since  such  minerals  are 
fairly  common  in  the  oxidized  ores  of  lead  the  method  can  be 
applied  to  only  those  ores  which  are  free  from  such  constituents. 
Hydrogen  sulfide  is  in  use  in  the  mill  of  the  Magna  Copper  Co., 
at  Superior,  Arizona,  sulfidizing  copper  carbonates. 

Of  all  the  alkaline  compounds  mentioned  above,  lime  is  then 
cheapest  but  not  the  most  desirable.  Sodium  carbonate  is  not 
only  highly  desirable  but  also  can  be  obtained  more  cheaply  than 
most  of  the  other  sodium  compounds.  In  fact  most  of  the  flota- 
tion work  which  calls  for  the  use  of  sodium  carbonate  is  situated 
in  the  intermountain  region  not  far  distant  from  the  alkaline 
lakes  and  natural  trona  deposits  of  the  arid  and  semi-arid  regions. 
An  outlet  for  some  of  this  natural  soda  has  long  been  desired. 
At  the  present  time  most  of  the  soda  in  use  by  flotation  mills 
is  shipped  in  from  the  cast  and  is  much  purer  and  more  ex- 
pensive than  the  work  demands. 

Sodium  sulfide  also  costs  too  much  when  delivered  into  the 
intermountain  country  from  the  middle  west  or  the  ca.st.  It 
can  l)e  made  frotn  nitre  cake  or  from  sodium  sulfate  by  reduction. 
Sodium  sulfate  is  availalilc  in  a  fair  degree  of  purity  from  deix>sits 
on  the  bottom  of  Great  Salt  I<akc  or  from  Scarlcs  Uikc  in 
California. 

ORGANIC   COMPOUNDS 

Organic  acids,  like  tartaric  acid,  citric  acid,  clc,  and  their 
Sidts,  have  been  mentioned  in  nrilish  Patent  17.3J7.  of  1914, 
granted  to  Geo.  A.  Chapman,  one  of  the  Minerals  Separation 
engineers.  Argol,  the  crude  tartrate  of  i>ota.s.sium,  was  added 
to  the  l>iilp  in  both  the  .Vnaoonda.  Montana,  and  the  Burro 
Mountain,  New  Mexico,  mills  which  are  treating  oopi>cr  ores. 
The  argol  was  introiliirt-d  into  the  imlp  as  it  ontrml  the  tul>c. 
mills,  in  amounts  ranging  from  .vi  to  o.jj  lb.  |ter  ton  o(  ore. 
Both  of  the  ores  mentioned  are  note<l  for  the  high  |Krixnla«c 
of  colloids  present,  iliie  In  olaylikc  minrruls  in  the  original  ore 
The  llotation  results  wen-  said  to  l>e  greallv  improxTd  The 
effect  of  the  tartaric  acid  seetns  to  l)e  »  sUnv  fl.KViilation  or  co- 
aKulalion  of  the  gunKUe  slime  These  organic  acids  mid  their 
sidts  are  known  to  ha\*e  low  disimcintion  constants  and  the  theory 
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advanced  in  Chapman's  patent  is  that  these  reagents  do  not  floc- 
culate the  gangue  slime  so  quickly  but  that  the  sulfide  minerals 
escape  entratnment  in  the  floes  so  that  they  are  collected  by 
the  oil  and  air  into  the  froth  before  flocculation  of  the  gangue. 
To  quote  the  words  of  the  patent,  "The  effect  of  electrolytes 
upon  colloids  (as  is  known)  depends  inter  alia  upon  the  valency 
and  upon  the  ionizing  power  or  dissociation  constant  of  the 
electrolyte.  Tartaric  acid  is  divalent  and  as  compared  to 
ordinary  mineral  acids  it  has  a  low  dissociation  constant.  Citric 
acid  has  similar  properties  but  is  trivalent.  Many  other  elec- 
trolytes such  as  organic  acids  and  their  salts  also  have  similar 
properties  as  electrolytes  and  the  choice  of  a  suitable  electrolyte 
for  tlic  purposes  of  this  invention  can  be  readily  determined  by 
a  preliminary  test." 

This  is  a  most  interesting  theory  but  I  have  noticed  that 
citric  acid,  which  is  mentioned  above,  usually  does  not  flocculate 
gangue  slimes  but  rather  exerts  the  reverse  effect.  It  is  probable 
that  the  effects  of  organic  acids  in  flotation  will  be  found  to  be 
as  erratic  as  their  adsorption  effects,  commonly  known  to  col- 
loid chemists. 

SILICOFLOORIDES 

British  Patent  4,938,  of  1914,  granted  to  Sulman  and  Minerals 
Separation,  calls  for  the  use  of  silicofluorides  as  a  substitute 
for  acid  in  the  flotation  of  ores.  It  is  claimed  that  these  com- 
pounds give  the  desired  results.  The  complex  fluorine  salts 
have  rather  unusual  ionization  and  other  chemical  constants 
and  hence  it  might  easily  happen  that  their  effects  on  flotation 
would  be  unusual  and  hard  to  predict.  The  diver.sity  of  the 
various  compounds  mentioned  as  having  been  patented  by  the 
Minerals  Separation  Co.  shows  how  far  their  engineers  and  chem- 
ists have  gone  in  developing  the  process  of  flotation 

A  test  of  Broken  Hill  (Australia)  tailing  was  made  in  London 
tap  water  without  the  addition  of  potassium  fluoride  and  another 
test  was  made  with  this  addition  agent  present  to  the  extent  of 
3.4  lbs.  per  ton  of  ore.  The  oil  used  in  each  test  amounted  to 
2.0  lbs.  of  eucalyptus  oil  per  ton  of  ore.  The  data  on  the  two 
tests  were  as  follows : 

Percentages  in  Ordinary  Flotation     With   Silicofluorides 

Heading Zinc  19.0  Zinc  19.0 

Lead  7  0  Lead  7.0 

Concentrate Zinc  29.0  Zinc  .16.1 

Lead  9..?  Lead  14  7 

Tailing Zinc  14.4  Zinc  4  8 

Lead  2.5  Lead  1.6 

Recovery Zinc  55  0  Zinc  86.2 

Lead  70.2  Lead  88.5 

The  patent  also  makes  a  good  suggestion  that  the  silico- 
fluorides can  be  prepared  by  adding  hydrofluoric  acid  to  the  ore 
pulp.  This  produces  soluble  silicofluorides  of  the  bases  in  the 
pulp.  The  main  value  of  a  substitute  for  sulfuric  acid  would 
be  for  ores  containing  a  great  deal  of  calcium  carbonate  or  other 
acid-consuming  materials  in  the  gangue. 

MISCELLANEOUS 

CALCIUM  SULFATE  is  a  compound  which  has  been  added  to 
ores  containing  colloidal  gangue,  although  its  success  has  been 
somewhat  erratic.  It  was  once  used  in  one  of  the  Broken  Hill 
mills  and  its  effect  was  that  of  an  electrolyte.  It  is  very  sparingly 
soluble  so  that  there  can  never  be  a  high  concentration  of  its  ions 
in  solution  and  it  is  hence  more  or  less  equivalent  to  the  tartrates 
in  providing  ions  rather  slowly  or  in  smaller  quantity  so  that 
supposedly  the  flocculation  of  the  gangue  slime  will  not 
entrain  particles  of  the  desired  mineral. 

SODIUM  MANOANATE  AND  SODIUM  CHROMATE  are  two  Oxidizers 
recommended  for  differential  flotation  of  two  or  more  flotative 
minerals.     They  seem  to  deaden  one  or  the  other  of  the  flotative 


minerals  so  that  it  will  not  float.  The  exact  mechanism  of  this 
deadening  action  is  not  known,  for  while  chromates  will  deaden 
galena  particles  in  the  presence  of  sphalerite,  manganese  com- 
pounds have  the  reverse  effect.  They  are  very  efficient  in  this 
type  of  work  but  there  is  a  wide-spread  impression  among  metal- 
lurgical men  that  they  are  too  expensive.  To  be  sure,  the  market 
prices  on  the  chemicals  usually  sold  are  rather  high  but  high 
purity  of  these  compounds  is  not  essential.  There  is  no  ap- 
parent reason  why  they  should  not  be  made  by  fusing  local 
manganese  or  chromium  ores  with  sodium  carbonate.  Man- 
ganese ores  are  usually  easily  available  in  most  zinc  and  lead 
districts  although  the  chromium  ores  are  harder  to  obtain. 
Mill  managers  who  have  considered  only  potassium  perman- 
ganate of  the  usual  high  commercial  purity  might  well  give 
their  attention  to  the  more  cheaply  prepared  sodium 
manganate. 

SULFUR     DIOXIDE,     SODIUM      SULFATE      AND     SODIUM     THIOSUL- 

FATE  are  inhibitors  of  flotation,  if  used  in  sufficient 
amounts.  If  sulfur  dioxide  is  applied  to  an  ore  pulp,  the  first 
effect  is  one  similar  to  that  obtained  when  sulfuric  acid  is  added 
to  the  pulp,  an  improvement  in  the  flotation.  However,  if  the 
sulfurous  acid  is  allowed  to  act  on  the  ore  long  enough  to  form 
sulfites  the  result  will  be  non-selective  flotation  and  the  gangue 
will  be  floated  with  the  desired  mineral  particles.  The  great 
use  of  such  compoimds  has  been  found  in  differential  flotation, 
the  basic  idea  being  to  add  just  enough  of  one  of  these  inhibitors 
to  deaden  the  surfaces  of  one  kind  of  flotative  minerals  while 
another  group  is  only  slightly  affected  and  can  still  be  floated. 
Mixtures  of  sphalerite,  galena,  pyrite  and  chalcopyrite  or  any 
two  of  them  usually  need  separation  and,  in  case  they  need  to 
be  finely  ground  to  be  liberated  from  each  other  mechanically, 
differential  flotation  methods  are  in  demand. 

CHLORIDE  OF  LIME  is  a  reagent  said  to  be  very  good  for  differ- 
ential flotation  of  sphalerite  in  the  presence  of  pyrite. 

SODIUM  CYANIDE — In  most  cyanide  mills'  whose  tailings  have 
been  tested  by  flotation  it  has  been  found  that  the  cyanide  left 
in  the  tailing  is  deleterious  to  flotation.  E.  J.  Atckison  has  in- 
formed us  that  in  some  tests  made  by  him  with  the  ore  of  the 
Amparo  Mining  Co.,  of  Mexico,  this  effect  was  noticed  unless 
the  amount  of  cyanide  present  was  less  than  0.007  per  cent  on 
the  weight  of  the  ore  or  0.0018  per  cent  in  the  mill  water,  under 
which  conditions  improved  flotation  results  were  obtained  over 
what  could  be  done  in  water  containing  no  cyanide. 

At  the  mill  of  the  Ohio  Copper  Co.,  Lark,  Utah,  mine  water 
containing  a  rather  high  percentage  of  the  sulfates  of  iron  and 
similar  impurities  is  used  in  the  flotation  and  the  addition  of  a 
small  amount  of  cyanide  has  been  found  greatly  to  improve  the 
flotation. 

It  is  probable  that  in  both  these  instances  complex  double 
cyanides  are  formed  with  the  solutes  in  the  mill  water  and  it  may 
even  be  that  some  of  the  most  undesirable  impurities  are  pre- 
cipitated by  the  cyanide.  So  far  as  we  know  very  little  has  been 
done  in  the  study  of  the  cyanogen  compounds  for  flotation. 

CONCLUSION 

The  use  of  certain  chemicals  in  the  flotation  concentration 
of  ores  has  been  described  and  theories  of  the  action  of  these 
chemicals  have  been  explained.  The  use  of  chemical  addition 
agents  in  ore-pulps  during  flotation  is  only  in  its  infancy  and  as 
the  process  is  better  understood  operators  will  make  greater  use 
of  chemical  addition  agents  which  will  allow  them  to  obtain  the 
highest  economic  results.  The  possibilities  of  such  applica- 
tions are  almost  unlimited  and  it  is  probably  along  lines  of  this 
kind  that  some  of  the  great  advances  in  ore  flotation  will  be 
made. 
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CURRLNT  INDUSTRIAL  NLWS 


AUSTRALIAN  WOLFRAM 
A  report,  says  Chemical  Trade  Journal,  61  (1917),  10.  has  been 
issued  by  the  Director  of  Mines  on  the  wolfram  deposits  at 
Hatches  Creek  in  the  northern  territory  of  Australia.  It  is 
stated  that  the  reefs  are  numerous,  well-defined,  with  consid- 
erable persistence  in  size  along  the  line  of  outcrop,  and  with  the 
introduction  of  capital  and  better  transport  facilities  the  field  is 
destined  to  become  an  important  producer  in  the  future.  With- 
out the  introduction  of  capital  for  the  development  of  the  mines 
and  the  erection  of  crushing  and  concentrating  machinery, 
there  is  likely  to  be  a  diminution  in  the  production,  as  all  the 
easily  worked  wolfram  near  the  surface  has  been  obtained. 
Although  a  great  number  of  the  reefs  carry  payable  ore  if  worked 
on  a  large  scale,  together  with  suitable  crushing  machinery, 
they  will  not  pay  with  the  primitive  methods  now  in  use.  From 
present  appearances  there  are,  on  the  other  hand,  a  number  of 
reefs  which  will  prove  highly  payable  for  some  considerable 
time  to  come. — A.  MacMillan. 


> 


BONE  FAT   EXTRACTION   IN  GERMANY 

The  collection  and  utilization  of  bones  has  become  a  very  im- 
portant factor  in  German  war  industry.  The  Berliner  Tagehlatt 
describes  the  following  various  uses  to  which  the  bones  may 
be  put: 

Fresh  bones  are  subjected  to  a  pressure  of  4  to  6  atmospheres 
in  autoclaves  and  fat  for  food  purposes  is  thus  extracted  to  the 
extent  of  14  to  16  per  cent  of  the  raw  bones.  From  cooked 
bones,  if  still  fresh,  6  to  8  per  cent  of  edible  fat  is  extracted. 
The  jelly  remaining  is  worked  into  extract  of  beef  or  gravy  cubes. 
The  bones  are  then  used  for  fodder  and  manure. 

From  bones  no  longer  fresh,  and  unfit  for  the  above  purposes, 
a  fat  for  technical  purposes  is  extracted  amounting  to  8  to  lo 
per  cent.  The  bone  brew  and  bones  are  used  for  fodder  and 
manure.  The  fat  is  used  in  glycerine,  oleine,  stcarine  and  pitch. 
Recently,  by  a  special  refining  process,  it  has  been  possible  to 
use  this  fat  also  for  food  purposes. 

A  third  class  of  bones  has  the  fat  extracted  in  an  open  boiler 
by  a  process  not  destroying  the  bones,  which  are  then  used  for 
the  manufacture  of  buttons,  knife-handles  and  other  bone  goods. 
Neafs-foot  oil  is  the  extract  from  the  fresh  feet  which,  again, 
is  used  in  making  tori)cdo-lubricating  oil.  The  jelly  waste,  as 
far  as  possible,  is  used  for  human  consumption. 

In  Berlin,  permission  has  been  given  to  the  magistracy  to 
supervise  the  extraction  of  edible  fat  from  fresh  bones  including 
the  fresh  waste  from  private  houses  and  hotels. — M. 

SUBSTITUTE  FOR  PINE  ROSIN 
According  to  a  recent  Gcrnum  patent  (No.  2<j8,290,  a  sub- 
stitute for  pine  rosin  may  be  obtained  us  follows:  Lignites  which 
show  a  woody  structure  and  arc  derived  from  conifers  arc  ex- 
tracted with  suitable  solvents,  the  solution  being  afterwards 
filtered  olT  and  ev.iponitcd.  The  rosin,  so  obtained,  gives  n 
lustrous,  conchoidal  fracture  and  is  brown  In  color.  It  may  be 
refined  by  niclting  in  u  pan  fitted  with  stirrers  and  treating  with 
a  small  percentage  of  caustic  pola.sh.  milk  of  lime  or  sodium 
nluniinute  which  is  added  iti  a  thin  stream  with  eniTgctic  stirring. 
The  clear  rosin  is  filtered  ofl  after  settling.  The  rosin  soaps 
arc  used  for  the  recovery  of  their  contained  rosin  in  the  extniclion 
of  fresli  lignite.  The  rosin  obtained  by  this  nicthcKl  can  be 
used  in  soap-making  or  in  pupernuikiTig  in  which  lullcr  ciisc  it 
is  enlivened  into  a  rosin  paste  with  nirboniite  of  sodii  or  caustic 
soda  and  iiflcrwarils.  in  the  pulp,  into  an  aluniiiia  rosin  soup  by 
means  of  sodiiiiii  aliimiiiiite.  The  rosin  ran  alio  be  used  in  place 
of  pine  rosin  111  making  laciiuers.  varnishes  and  lutiricanU. — M. 


COREAN  VEGETABLE  DYES 
The  British  Consul  at  Seoul  has  forwarded  particulars  regard- 
ing the  production  of  dyestuffs  in  Corea  from  the  leaves  of  a 
species  of  maple  tree  known  to  Coreans  as  the  "Shinnamu." 
The  tree  is  very  common  throughout  Corea,  and,  according  to 
the  Director  of  the  Technical  Institute  of  Corea,  is  not  found 
elsewhere,  except  to  some  extent  in  that  part  of  Manchuria  im- 
mediately to  the  north  of  the  Yalu  River.  It  is  stated  that, 
if  the  dye  should  prove  of  commercial  value  it  could  be  pro- 
duced in  very  large  quantities  in  Corea.  The  cost  of  produc- 
tion is  put  at  12  cents  per  lb. 

With  colors  obtained  from  the  "Shinnamu"  extract,  cotton 
goods  can  be  dyed  black,  indigo,  dark  grey,  grey,  or  khaki. 
In  dyeing  silk  and  pongees,  black  only  can  be  used,  and  the  chief 
value  of  the  extract  is  for  loading  purposes,  silk  yams  or  ma- 
terials becoming  over  30  per  cent  heavier  after  treatment. 

Particulars  of  the  methods  of  using  a  yellow  or  khaki  dye  pro- 
duced in  Corea  from  the  flower  of  the  "Enju"  or  "Pagoda" 
tree  have  also  been  forwarded  by  the  Consul.  Silk,  wool  and  cot- 
ton are  all  susceptible  of  treatment  with  this  dye.  Samples  of 
the  above  may  be  seen  at  the  Board  of  Trade  Offices,  London. — 
M. 


NORWAY'S  STEEL  PRODUCTION 
For  some  time  means  have  been  discussed  for  increasing 
Norway's  production  of  iron  and  steel,  so  as  to  make  the  country 
more  independent  of  foreign  supplies,  a  shortage  of  which  might 
prove  a  most  serious  matter,  not  only  for  the  Norwegian  indus- 
try, but  also  and  even  more  so  from  a  military  point  of  view. 
The  Strommen  works  will  receive  a  subsidy  of  51,200  kroner 
so  as  to  be  able  to  increase  their  production  of  steel  from  5,000 
tons  to  10,000  tons  per  annum. 

In  order  to  incease  the  Norwegian  production  of  steel  from 
12,000  tons  to  24.000  tons  and  to  put  down  a  rolling  mill  having 
a  minimum  production  of  10,000  tons  of  rolled  products,  the 
Christiania  Spikerverk  is  to  receive,  for  a  period  of  5  years,  a 
premium  of  8  kroner  per  ton  of  rolled  steel  made.  The  new  in- 
stallations of  the  Strommen  works,  says  Enginffrinf^.  104  (1017), 
26,  are  not  to  commence  operation  until  war  mobilization  takes 
place  and  the  steel  to  be  produced  there  will  be  ingots  for  pro- 
jectiles, etc.  The  Christiania  Spikerverk.  on  the  other  hand, 
is  to  start  under  a  new  scheme  in  peace  time  only  and  its  rolled 
products  arc  to  be  mainly  for  use  in  fcrro-concrcte  work. — M. 

IRISH  CHEMICAL  INDUSTRIES 
Brief  data  concerning  the  chemical  industries  of  Dublin  and 
district  are  given  in  the  YearlHX)k  for  191"  of  the  Dublin  Cham- 
ber of  Comnicrce.  As  might  be  exiH-ctcd  in  a  country  so  largely 
dependent  upon  agriculture,  the  manufacture  of  fertilizers  is 
an  important  industry  of  Dublin.  The  foctories  are  among 
the  largest  in  the  United  Kingdom,  un  aggregate  of  i.x>ooo 
tons  of  cliciniciil  manures  being  turned  ov.l  annually.  The  weekly 
pro<hiction  of  siilfuiic  acid  is  -mid  to  be  about  1000  tons.  The 
fertilizer  industry  in  Dublin  employs  upwords  of  Knxi  men, 
while  otlicr  siiniljir  factories  in  Bclfust.  Cork.  Drogheiln.  London- 
derry and  Waterford  give  employment  to  an  equal  niim»>rr  of 
workmen.  A  considerable  buMiiess  is  carried  on  from  Dublin 
in  the  export  of  fertilliers  and  this  export  is  likely  to  lie  further 
developed  Other  branches  of  the  ihcmical  industry  which  an 
firinlv  r-.tablishr<l  in  and  armiml  the  City  of  I^ublin  nr*  the 
manuf.ii.'ture  of  soap,  matches,  ink,  glass,  cattle  foods  and  sccd- 
crusliing.  and  the  .»tcndy  development  of  these  (Irparlmenli  i» 
looked  (or. — M. 
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TUBING  FOR   ELECTRIC  WIRES 
In  a  recent  issue  of  the  Electrical  World,  Mr.  R.  Radcliffe 
describes  the  following  plan  for  making  tubing  for  the  protec- 
tion of  electric  wires: 

1^  Coat  a  straight  brass  or  iron  rod  heavily  with  melted  paraffin 
and  allow  to  cool.  Then  mix  one  part  of  plaster  of  I'aris  with 
2 '/•-■  parts  of  water,  adding  a  small  quantity  of  lime.  Tear  mus- 
lin .strips  one  inch  wide  and  dip  in  the  mixture.  After  allowing 
them  to  absorb  all  they  will  hold,  wind  them  smootUy  around 
the  rod,  working  slantwise,  end  to  end.  Enough  layers  may 
be  applied  to  give  the  desired  thickness.  When  the  plaster  is 
thoroughly  hardened,  beat  the  metal  core  until  the  paraffin  is 
soft  enough  to  permit  removal  of  the  rod.  Tubing  made  in  this 
way  is  a  non-conductor,  heat-resisting,  slightly  flexible,  and  can 
be  cut  into  desired  lengths  with  a  hacksaw. — M. 


CEMENT  FROM  SUGAR  BEET 

Experiments  in  French  plants,  says  La  Revue  of  Paris,  com- 
menced early  in  1917,  have  resulted  in  the  production  of  an 
excellent  cement  as  a  by-product  of  beet  sugar  refining.  The 
first  step  in  the  production  of  sugar  from  beet  consists  in  boiling 
them.  It  has,  therefore,  been  customary  to  throw  away  as 
valueless  tlie  scum  formed  on  the  cauldrons.  This  scum,  how- 
ever, has  been  found  to  contain  large  quantities  of  carbonate  of 
lime,  and  it  has  been  estimated  that  4000  tons  of  the  carbonate 
can  be  recovered  from  70,000  tons  of  beet.  To  this  quantity  of 
carbonate,  1,100  tons  of  clay  are  added,  the  resultant  product 
being  a  cement,  which  is  described  as  being  of  perfect  quality. 
The  beet  .scum  is  pumped  into  large  reservoirs  and  allowed  to 
evaporate  for  a  certain  length  of  time  before  being  mixed  with 
the  clay.  It  is  then  stirred  or  beaten  for  an  hour  before  being 
fed  into  a  rotary  oven  such  as  is  used  for  making  Portland 
cement. — M. 

PHOSPHORUS  PRODUCTION  IN  JAPAN 
Like  potassium  chlorate,  phosphorus  is  also  being  produced 
beyond  the  home  demand,  says  a  Tokyo  contemporary.  Soon 
after  tlie  outbreak  of  war,  the  Nippon  Chemical  Industry  Com- 
pany, '  tlie  Tokyo  Electro-Chemistry  Company,  and  tlie  Fizi 
Chemical  Industry  Company,  succeeded  in  manufacturing  it, 
and  their  total  production  is  about  100,000  lbs.  per  month, 
which  is  more  than  the  home  demand.  The  price,  once  $600  per 
1 00  lbs. ,  has  been  reduced  to  $  1 20  per  1 00  lbs.  This  overproduction 
has  caused  an  export  to  China  and  Russia.  The  export,  how- 
ever, has  been  restricted  and  must  not  exceed  3,000  lbs.  of  red 
phosphorus  and  5,000  lbs.  of  yellow  phosphorus.  The  new 
phosphor  ore  is  imported  from  Oceania  and  electric  power  is 
rather  cheap  in  this  quarter  so  that  the  phosphorus  manufacturing 
indu,stry  is  certainly  hopeful  after  peace  is  restored. — M. 


MONAZITE  SAND 
The  mineral  survey  now  being  conducted  in  Ceylon  in  co- 
operation with  the  Imperial  Institute  has,  says  the  Chemical 
Trade  Journal,  led  to  the  discovery  of  beach  deposits  of  monazite 
sand  which  will  usefully  supplement  the  commercial  supplies 
of  thoria  required  for  the  manufacture  of  incandescent  gas 
mantles.  Samples  of  the  sand  have  been  investigated  by  the 
Imperial  Institute,  London,  and  tlie  results  are  so  promising 
that  tlie  Ceylon  Government  has  arranged  to  work  the  deposits. 
Suitable  Uritish  concentrating  machinery  has  been  selected  by 
the  Institute  for  the  purpose,  after  experimental  trials,  and  will  be 
shipped  shortly  to  Ceylon.  It  is  interesting  to  note  that  the 
work  of  the  mineral  survey  has  shown  that  Ceylon  can  furnish 
several  other  thoria  minerals  besides  monazite.  Among  these 
is  thorianite,  the  richest  known  source  of  thoria.  This  new 
mineral,  when  it  first  came  on  the  market,  was  sold  in  England 
at  as  high  a  price  as  S8,ooo  per  ton. — M. 


ENGLISH  CHINA  CLAY 

Progress  is  being  made,  says  the  Chemical  Trade  Journal,  6t 
(1917),  186,  with  the  promotion  of  the  Associated  China  Clays, 
Ltd.,  which  is  the  title  of  the  new  centralized  organization  for  the 
disposal  of  the  wares  of  china  clay  producers.  The  scheme  owes 
its  origin  to  the  war,  it  having  been  shown  that  during  periods 
of  depression  all  engaged  in  the  trade  suffered  from  the  unre- 
stricted competition  between  the  various  producers,  involving 
severe  cutting  of  prices  in  order  to  get  into  the  restricted  markets 
prevaihng  at  such  times.  The  agency  is  not,  in  any  sense,  a 
trust,  and,  in  the  fixing  of  prices,  regard  will  be  made  to  demands 
and  to  tlie  competition  of  other  clays  and  other  materials  which 
may  come  into  competition  with  English  clays. — M. 


ACTION  OF  LIGHT  ON  BRIGHT  COLORS 

According  to  an  article  in  the  Fdrber  Zeitung,  the  cause  of  the 
action  of  light  on  coloring  matter  is  that  the  absorbed  light  rays 
set  the  molecules  of  the  coloring  matter  in  vibration.  Brilliant 
colors  owe  this  property  to  the  fact  that  the  molecules  do  not 
greatly  influence  the  amplitude  of  vibration  of  the  entering 
light  waves,  so  that  the  intensity  of  the  transmitted  (reflected) 
and  absorbed  waves  is  only  slightly  reduced.  Consequently, 
the  amplitude  of  the  absorbed  waves  remains  large  and  the  result- 
ing vibrations  of  the  molecules  are  very  considerable  and,  by 
reducing  the  forces  of  affinity,  are  the  cause  of  the  high  photo- 
chemical activity  of  the  bright  colors. 

In  the  case  of  dull  colors  the  amplitude  of  the  chemically 
active  waves  is  small  and  the  molecules  of  the  coloring  matter 
are  not  caused  to  vibrate  to  the  same  extent  although,  even  in 
these,  decomposition  may  be  set  up. 

?"or  a  color  to  be  fast  to  light,  its  molecules  must  be  very 
stable,  a  condition  which  is  fulfilled  by  large  molecules  of  simple 
closed  constitution  free  from  reactive  side  chains  and  substituents. 
A  beneficial  effect  is  produced  by  increasing  the  size  of  the  mole- 
cule by  chemical  combination  with  the  fiber  such  as  takes  place 
in  dyeing  wool.  Coloring  matters  are  also  stabilized  by  metallic 
oxides,  as  is  shown  by  the  effect  of  the  formation  of  lakes  with 
mordants  (aluminum,  iron,  etc.)  and,  after  treatment  with 
copper  sulfate,  in  improving  the  fastness  to  light. — M. 


CELLULOSE  ESTER  LACQUERS  FOR  LEATHER  TRADE 
According  to  a  contemporary,  cellulose  ester  lacquers  and  the 
like  for  the  leather  trade  can  be  prepared  from  cellulose  scrap 
by  dissolving  in  amyl  acetate,  amyl  formate,  amyl  and  propyl 
alcohol,  etlier-alcohol,  acetone,  chlorinated  hydrocarbons  (tetra- 
chlorelliane)  and  diluents,  such  as  light  benzine,  benzol,  toluol, 
methyl  alcohol,  oil  of  tiu-pentine,  etc.;  an  opaque  lacquer  is 
obtained  by  using  a  solvent  that  is  of  high  boiling  point,  or  not 
quite  anhydrous.  Oils,  such  as  castor  oil  and  linseed  oil,  are 
sometimes  employed  to  give  increased  flexibility  and  resins  to 
impart  body  and  lustre.  The  coloring  matters  may  consist  of 
pigments  or  dyestuffs  that  are  soluble  in  alcohol  though  the 
former  are  liable  to  render  the  lacquer  brittle  by  catalytic  oxida- 
tion of  the  oil.  The  use  of  ultramarine  and  certain  color  lacquers 
that  are  sensitive  to  free  acids  should  be  avoided. — M. 


JAPAN'S  COPPER  ORE  OUTPUT 
Japan's  copper  ore  output  in  1916  was  111,562  tons  as  com- 
pared with  83,017  tons  in  1915  and  78,700  tons  in  1914.  The 
exports  for  1916  amounted  to  57,402  tons  as  against  56,528  tons 
for  1915  and  43,305  tons  for  1914.  Russia  buys  60  per  cent  of 
Japan's  copper  exports,  the  ITnited  Kingdom  20  per  cent,  while 
France,  the  United  States  and  India  share  the  rest.  The  con- 
sumption of  copper  ore  in  Japan  has  increased  considerably  during 
the  last  three  years,  amounting  to  59,690  tons  in  1916  compared 
with  27,723  in  1915  and  32,045  tons  in  1914. — M. 
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FERRO-SILICON  ANALYSIS 

Dr.  Herwig  in  a  recent  issue  of  Stahl  und  Eisen  points  out  that 
it  is  possible  to  dispense  with  expensive  platinum  crucibles  in 
analyzing  ferro-silicon  alloys  and  to  use  iron  crucibles  if,  instead 
of  the  usual  carbonate  of  soda  or  potash  method,  sodium  dio.xide 
is  used  in  the  ignition  mixture.  Great  care  must  be  taken  to 
reduce  the  ferro-silicon  to  as  fine  a  powder  as  possible,  to  remove 
all  coarse  particles  and  to  mix  the  powdered  silicon  thoroughly 
and  very  uniformly  with  the  dioxide,  as  otherwise  dangerous 
ebullition  might  take  place  which  would  nearly  empty  the 
crucible  and  the  spattering  endanger  the  analyst's  eyes.  The 
author  gives  a  comparative  list  of  22  analyses  made — one  half 
by  the  sulfate,  the  other  by  the  dioxide  method  of  ferro-silicons 
ranging  in  silicon  content  between  10.75  and  90.78  per  cent. 
The  differences  in  the  results  obtained  by  the  two  methods 
range  only  between  +0.05  and  — 0.13  per  cent. — M. 

MELTING  POINTS  OF  FIREBRICKS 

The  melting  point  of  a  firebrick  is  understood  to  be  the  lowest 
observed  temperature  at  which  it  exhibits  transition  from  the 
rigid  to  the  liquid  state.  Mr.  William  M.  Barr  states  in  Industrial 
Engineering  that  the  melting  points  of  45  samples  of  firebrick 
including  fireclay,  bauxite,  silica,  magnesia  and  chromite  brick 
have  been  determined  in  an  electric  vacuum  furnace,  the  tem- 
perature being  measured  by  an  optical  pyrometer,  and  the  fol- 
lowing melting  points  found:  Kaolin  1,740°  C;  pure  alumina 
2,010°  C;  pure  silica  1,600°  C;  bauxite  1,820°  C;  bauxite  clay 
',795°  C.;  chromite  2,180°  C;  magnesite  brick  2,165°  C. — M. 

BRITISH  BOARD  OF  TRADE 
During  the  month  of  August  the  British  Board  of  Trade  re- 
ceived inquiries  from  firms  in  the  United  Kingdom  and  abroad 
regarding  sources  of  supply  for  the  following  articles.  Firms 
which  may  be  able  to  supply  information  regarding  these  things 
are  requested  to  communicate  with  the  Director  of  the  Com- 
mercial Intelligence  Branch,  Board  of  Trade,  73  Basinghall  St., 
London,  E.  C. 


Machinhry  and  Pi,a 
Making 
wool 

Making  firelighters 
Making  textile  nnmc  tabs 
Manufacture    of    horn    an<I    i)oin; 

buttons 
Making    conical    paper   tubes   for 

use  in  textile  machinery 
Waterproofing   paper    by   coating 
with  pitch 
Atlvcrtising  novelties 
Anemometers     for     measuring     the 
consumption  of  air  in  refrigerators 
Holts  unci  handles  for  toy  trunks 
Collar  studs,  metal,  for  export 
Combs,  amber,  for  export 
Cryolite 
"rystal  corundum 


Don 


ng  cups  us 
■  brushes 


ng  1 


Kucalyptus  red  gum 

Feldspar  for  china  manufacture 

Frames  for  ladies  handbags 

f  Fingelly  or  Sesame  oil 

Heavy  steel  spoons,  electro  tinned 

Leather      pitch       for       hat-making 

Metal  frames  for  bags  and  purses 
Needles  (steel)  for  gramophones  and 

phonographs 
I'hoto-frames,  metal,  especially  tin 
Red  sulfide  of  arsenic 
Saccharin 
Salmon  oil 
Strontium  carbonate 
Stannic  chloride 
Stearic  acid  slabs 
Sulfur  (.)  tons  flowers.  2  tons  roll) 
Synthetic  essential  oil  of  mustard 
Thimbles,  nickel,  (or  Italy 


FENCING  WIRE  FOR  SOUTH  AMERICA 

111  virw  of  llic  woiMs  diinand  fur  im-at,  a  (k-iiiiind  that  is 
likely  to  foiiliniii'  after  llic  war  is  over,  most  of  the  South  and 
Cfiilnil  AiiUTlcan  govfriiiiiciils  arc  urKiUK  the  extension  of  the 
caltlc-rnisinK  industry  and  some  arc  tinaneiiiK  the  less  wealthy 
landowners  in  the  matter  of  feiieiiiK  in  their  properties  Thus, 
suys  the  Times  Tradr  Sup(>lfmcnt.  11  stroiiK  call  is  In-iiiK  exiterionced 
for  fcncinK-wire  of  which  but  a  small  )Xjrlioii  ciiii  lie  satisfied. 
There  arc,  moreover,  no  fiictorles  prixltu-inK  this  inatcriiil  in 
South  Atiieriea,  every  single  coil  haviiiK  to  Ix-  itn|Mirteil.  Hie 
cla.ss  of  feiu'iiiK  mostly  met  with  is  that  made  of  two  or  three 
striiiid.s  of  wire  slreUhcd  aloiiK  a  line  <>f  rinlc  iiioNtly  wotKlcn 
-  posts,  hut  Kalvaiii/ed  liarli  wire  is  also  in  request.  Shortly 
before  the  war,  (•rrniiiDy  hud  acquired  a  larnc  shnre  of  this 
trade. — -M. 


OIL-BREAK  SWITCHGEAR 

A  pamphlet  has  been  issued  by  the  British  Thomson-Houston 
Company,  describing  3-phase  switchgear  of  the  iron-clad,  draw- 
out,  oil-break  type,  intended  for  mining  and  industrial  service 
where  compact,  totally  enclosed,  dust-proof  and  drip-proof 
apparatus  is  required.  The  oil-switch  instruments  (if  they  are 
mounted  with  the  oil-switch)  and  automatic  features  are  mounted 
on  a  sliding  carriage  and  connected  to  the  bus-bars  or  cables 
through  plug-contacts.  The  parts  are  designed  to  be  readily 
accessible,  so  that  all  the  essential  pieces  can  be  freely  inspected 
after  they  have  been  rendered  "dead"  by  withdrawing  the  car- 
riage. The  switches  are  of  the  free-handle  type,  so  that  they 
cannot  be  held  closed  on  a  short  circuit  or  heavy  overload,  and 
have  an  accelerated  gravity  break,  a  double  break  on  each  pole 
and  an  ample  head  of  oil.  Barriers  are  inserted  between  phases, 
exceptionally  large  clearances  are  allowed  between  all  live  parts 
and  earthed  metal  work,  and  there  is  no  metal  used  in  the  neigh- 
borhood of  the  sparking  fingers.  The  handles  are  interlocked  so 
that  it  is  impossible  to  withdraw  or  close  the  isolating  contacts 
unless  the  oil-switch  is  in  the  ofT  position,  nor  can  the  switch 
body  be  opened  or  the  oil  break  removed  unless  the  isolated 
contacts  have  been  separated  making  all  parts  "dead."  The 
cover  must  be  removed  before  the  isolating  switch  contact  can 
be  closed,  and  it  is  impossible  to  push  the  switch  home  acci- 
dentally before  the  cover  has  Xvxn  replaced.  The  switches  can 
be  electrically  interlocked  with  a  controller  or  other  starting 
apparatus  by  means  of  a  patent  de%ncc  which  is  fitted  in  con- 
junction with  the  low-voltage  release,  and  is  so  arranged  that  not 
only  will  the  switch  open  when  the  line  voltage  falls  but  also 
cannot  be  closed  again  until  the  controller  or  starter  handle  is 
moved  to  the  off-position. — M, 


WAR  AND  RUSSIAN  TRADE  DIVERSION 
The  enormous  elTcct  on  Russian  trade  brought  about  by  the 
war  is  well  illustrated  by  sonic  recently  published  statistics. 
Ill  1913,  the  total  imports  were  valued  at  Rs.  1,220,530,000.  Of 
this  total  Germany  contributed  more  than  half,  vis.,  Rs.  642,- 
765,000.  In  1916,  the  total  had  grown  to  Rs.  1.716,518,000, 
and  the  German  trade  had  tlied  away  to  Rs  9,<y>4,<xx).  On  the 
other  hand,  that  of  the  I'nited  Kingdom  had  increased  to  Rs 
6 1 6. 1 90,o(x),  that  of  the  United  States  to  Rs.  422,3S5,<kki  and 
that  of  France  to  Rs.  170,21 1,000.  In  addition,  the  trade  throuKh 
Finland  also  showed  a  big  increase.  Tlie  ini|K)rts  of  cop|KT  last 
year  were  1,675,000  ]>oods  (i  pood  =36.113  lbs.)  as  coiiip;iretl 
with  678,000  poods  in  1915.  Imports  of  nickel  were  344,01x1 
poods  against  i22,oo<i  (mmmIs  and  of  alumiiiiiin  ^.''o.io'si  |mkm|s 
against  311,000  poods.  Tlie  great  bulk  of  the  i-npiH-r  e.inie  from 
the  United  States  and  there  were  also  coiisignnieiits  finm  Japan 
— M. 

AEROPLANES 
\  writer  in  Iai  Nature  for  .•Viigusl  4  disi-tisses  the  sixvial  features 
which  neroplaiics  of  the  chasi-r  and  lM>inl>ardiiicnt  ty|H-s  sliould 
possess  for  adequately  carrying  out  the  work  a.-isiKtied  to  thcin. 
He  takes  as  examples  of  the  two  cliutsos  the  "Crtitha"  tyi>r.  1.  t  , 
the  ty))c  which  has  l)ccn  prominent  in  rrcrnt  air  raids,  uiul  the 
albatross.  The  "Oolho"  tyi>c  is  chanioteritrti  by  citriisivr 
plane  area,  high  engine  capacity  and  its  (mwerfiil  uiiiiuinriit 
'I'lie  latest  tviH-s  carry  (hsi  kilos  of  Uiiiilis  The  |«mei  tirrcwatrv 
is  furnished  by  two  motors  of  2f»i  to  jSo  h  p  each  The  pl.iiirs 
cover  un  area  of  almut  loo  sq.  meters,  while  the  total  triiKth  of 
the  aeropliiiie  is  1 1  meters  and  the  s|>aii  24  meters  A  spi-esi  of 
140  kiloin  |>er  hour  can  lie  attainiMl  The  allMtntss  of  tlie  I)  I. 
type  has  11  Mer«-^d«S  etiKine  of  170  h  p  ,  a  plane  urrn  of  aUnit 
34  sc|  tnrters,  a  lenglli  of  7  ilielept  and  a  s|t:tii  of  g  tneters.  It 
has  a  s|H-cd  of  .■<«>  kiloin  |<er  hour  I'litthei  inleirvtiiii:  details  of 
the  construction  of  these  two  tvi>cs  of  aeiopliiie  ,«ir  civen  111  the 
article  (|tioted      M 
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SCILNTIFIC  50CILTILS 


TENTATIVE  STANDARD  METHODS  FOR  THE  SAMPLING 

AND  ANALYSIS  OF  COMMERCLAL  FATS  AND 

OILS,  OTHER  THAN  THOSE  OF  THE 

COCONUT,  BUTTER  AITO 

LINSEED  GROUPS 

The  following  methods  have  been  adopted  by  the  Commitlee 
on  the  Analysis  of  Commercial  Fats  and  Oils  of  the  Division  of 
Industrial  Chemists  and  Chemical  Engineers  of  the  American 
Chemical  Society  as  tentative  standards  for  the  use  of  the  trade, 
pending  their  ofTicial  adoption  by  the  American  Chemical  Society. 

They  are  the  result  of  thirty  months  continuous  and  con- 
scientious effort  on  the  part  of  the  committee  and  they  have 
given  excellent  satisfaction  in  the  hands  of  the  members  of  the 
committee  and  others  who  have  used  them,  and  have  been  found 
to  answer  the  commercial  needs  of  the  fat  and  oil  industry  in  a 
satisfactory  manner. 

They  are  published  here  for  the  purpose  of  adoption  by  any 
contracting  parties  so  desiring  and  for  the  purpose  of  eliciting 
suggestions  and  criticisms  from  fat  and  oil  chemists.  Communi- 
cations on  the  subject  of  the  methods  should  be  addressed  to 
W.  D.  Richardson,  c/o  Swift  &  Company,  Chicago,  and 
will  be  presented  to  the  committee  at  their  regular  monthly 
meeting  next  following. 

The  committee  is  now  working  on  methods  designed  to  apply 
particularly  to  the  coconut,  butter  and  linseed  groups,  and  these 
methods,  when  adopted  by  the  committee,  will  include  saponi- 
fication number,  iodine  number  and  reichert-meissl 
NUMBER.  When  completed  they  will  be  incorporated  in  the 
methods  i)rintcd  below. 

TENTATIVE  STANDARD  METHODS  FOR  THE  SAMPLING  OF 
COMMERCIAL  FATS  AND  OILS 

Adopted  September  22.  1916 

Any  or  all  of  the  following  tentative  standard  methods  may 
be  used  or  inserted  in  contracts  at  the  option  of  the  parties 
concerned. 

Tank  cars 

1.  sampling  while  loading — Sample  shall  be  taken  at  dis- 
charge end  of  pipe  where  it  enters  tank  car  dome.  The  total 
sample  taken  shall  be  not  less  than  50  lbs.  and  shall  be  a  com- 
posite of  small  samples  of  about  one  pound  each,  taken  at  regular 
intervals  during  the  entire  period  of  loading. 

The  sample  thus  obtained  is  thoroughly  mixed  and  uniform 
3-lb.  portions  placed  in  air-tight  3-lb.  metal  containers.  At 
least  three  such  samples  shall  be  put  up,  one  for  the  buyer,  one 
for  the  seller  and  the  third  to  be  sent  to  a  referee  chemist  in  case 
of  dispute.  All  samples  are  to  be  promptly  and  correctly  labeled 
and  sealed. 

2.  sampling  FROM  CAR  ON  TRACK' — (a)  When  Contents  are 
solids  In'  this  case  the  sample  is  taken  by  means  of  a  large 
trycr  measuring  about  2  in.  across  and  about  i  Vj  times  the  depth 
of  the  car  in  length.  Several  tryerfuls  are  taken  vertically  and 
obliquely  toward  the  ends  of  the  car  until  50  lbs.  are  accum- 
ulated, when  the  sample  is  softened,  mixed  and  handled  as 
under  (i). 

(6)  When  contents  are  liquid.  The  sample  taken  is  to  be  a  50- 
Ib.  composite  made  up  of  numerous  small  samples  taken  from 
the  top,  bottom  and  intermediate  points  by  means  of  a  bottle 
or  metal  container  with  removable  stopper  or  top.     This  de- 


^  Live  steam  must  not  be  turned  into  tank  ca 
are  drawn,  since  there  is  no  certain  way  of  telling 
leaks. 

:  2  If  there  is  water  present 
and  estimated  separately. 


i  or  coils  before  sample 
vhen  coils  are  free  fron 


the  solid  material,  this  must  be  noted 


vice,  attached  to  a  suitable  pole,  is  lowered  to  the  various  de- 
sired depths,  when  the  stopper  or  top  is  removed  and  the  con- 
tainer allowed  to  fill.  The  50-lb.  sample  thus  obtained  is  handled 
as  under  (i). 

(c)  When  contents  are  in  semi-solid  conditions,  or,  when  slearine 
has  separated  from  liquid  portions.  In  this  case  a  combination 
of  (a)  or  (6)  may  be  used,  or,  by  agreement  of  the  parties,  the 
whole  may  be  melted  and  procedure  (6)  followed. 

BARRELS,    TIERCES,    CASKS,    DRUMS,    AND    OTHER    PACKAGES 

All  packages  shall  be  sampled,  unless  by  special  agreement 
the  parties  arrange  to  sample  a  lesser  number;  but,  in  any  case, 
not  less  than  10  per  cent  of  the  total  number  shall  be  sampled. 
The  total  sample  taken  shall  be  at  least  20  lbs.  in  weight  for  each 
100  barrels,  or  equivalent. 

1.  BARRELS,  TIERCES  AND  CASKS — (a)  When  Contents  are  solid. 
The  small  samples  shall  be  taken  by  a  tryer  through  the  bung- 
hole  or  through  a  special  hole  bored  in  the  head  or  side  for  the 
purpose,  with  a  i-in.  or  larger  auger.  Care  should  be  taken  to 
avoid  and  eliminate  all  borings  and  chips  from  the  sample. 
The  tryer  is  inserted  in  such  a  way  as  to  reach  the  head  of  the 
barrel,  tierce,  or  cask.  The  large  sample  is  softened,  mixed  and 
handled  according  to  tank  cars  (i). 

(i)  When  contents  are  liquid.  In  this  case  use  is  made  of  a 
glass  tube  with  constricted  lower  end.  This  is  inserted  slowly 
and  allowed  to  fill  with  the  liquid,  when  the  upper  end  is  closed 
and  the  tube  withdrawn,  the  contents  being  allowed  to  drain 
into  the  sample  container.  After  the  entire  sample  is  taken  it 
is  thoroughly  mixed  and  handled  according  to  Tank  cars  (i). 

(c)  When  contents  are  semi-solid.  In  this  case  the  tryer  or  a 
glass  tube  with  larger  outlet  is  used  depending  on  the  degree  of 
fluidity. 

{d)  Very  hard  materials,  such  as  natural  and  artificial  stearines. 
By  preference  the  barrels  are  stripped  and  samples  obtained 
by  breaking  up  contents  of  at  least  10  per  cent  of  the  packages. 
This  procedure  is  to  be  followed  also  in  the  case  of  cakes  shipped 
in  sacks.  When  shipped  in  the  form  of  small  pieces  in  sacks 
they  can  be  sampled  by  grab  sampling  and  quartering.  In  all 
cases  the  final  procedure  is  as  outlined  under  TANK  cars  (i). 

2.  DRUMS — ^Samples  are  to  be  taken  as  under  (i),  use  being 
made  of  the  bung  hole.  The  tryer  or  tube  should  be  suflSciently 
long  to  reach  to  the  ends  of  the  drum. 

3.  OTHER  PACKAGES — Tubs,  pails  and  other  small  packages 
not  mentioned  above  are  to  be  sampled  by  tryer  or  tube  (de- 
pending on  fluidity)  as  outlined  above,  the  tryer  or  tube  being 
inserted  diagonally  whenever  possible. 

4.  MIXED  LOTS  AND  PACKAGES — ^When  lots  of  tallow  or  other 
fats  are  received  in  packages  of  various  shapes  and  sizes,  and 
especially  wherein  the  fat  itself  is  of  variable  composition,  such 
must  be  left  to  the  judgment  of  the  sampler.  If  variable,  the 
contents  of  each  package  should  be  mixed  as  thoroughly  as 
possible  and  the  amount  of  the  individual  samples  taken  made 
proportional  to  the  sizes  of  the  packages. 

TENTATIVE  STANDARD  METHODS  FOR  THE  ANALYSIS  OF 

COMMERCIAL  FATS  AND  OILS,   OTHER   THAN  THOSE 

OF  THE  COCONUT,   BUTTER  AND 

LINSEED   GROUPS 

Adopted  September  22.  I'^lo 

SAMPLE 

The  sample  must  be  representative  and  at  least  3  lbs.  in  weight 
and  taken  in  accordance  with  the  standard  methods  for  the 

SAMPLING    OF    COMMERCLAL    FATS    AND    OILS    (given    above).       It 

must  be  kept  in  an  air-tight  container  in  a  dark,  cool  place. 
Soften  the  sample  by  means  of  a  gentle  heat  taking  care  not 
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to  melt  it.  When  sufficiently  softened,  mix  the  sample  thor- 
oughly by  means  of  a  mechanical  egg  beater  or  other  equally 
effective  mechanical  mi.\er. 

MOISTURE    AND    VOLATILE    MATTER 

APPARATUS:     Vacuttm  Oven — The  committee  Standard  Oven. 

Moisture  Dish — A  shallow  glass  dish,  lipped,  beaker  form, 
approximately  6  to  7  cm.  diameter  and  4  cm.  deep  shall  be 
standard. 

DETERMINATION — Weigh  out  5  grams  (±0.2  gram)  of  the  pre- 
pared sample  into  a  moisture  dish.  Dry  to  constant  weight  in 
vacuo  at  a  uniform  temperature,  not  less  than  15°  C,  nor  more 
than  20°  C.  above  the  boiling  point  of  water  at  the  working  pres- 
sure, which  must  not  exceed  100  mm.  of  mercury.'  Constant 
weight  is  attained  when  successive  dryings  for  i-hr.  periods  show 
1  Boiling  Point  of  Water  at  Reduced  Pressures 
Pressure  Boiling  Point     Boiling  Point        Boiling  Point 


mm.  Hg 
100 


-1-20" 
72°  C. 


an  additional  loss  of  not  more  than  0.05   per  cent.     Report 
loss  in  weight  as  moisture  and  volatile  matter.' 

SUGGESTION   FOR   ROUTINE    CONTROL    WORK 

The  following  method  is  suggested  by  the  committee  for  routine 
control  work:  Weigh  out  5-  to  25-gram  portions  of  prepared 
sample  into  a  glass  or  aluminum'  beaker  or  casserole  and  heat 
on  a  heavy  asbestos  board  over  burner  or  hot  plate,  taking  care 
that  the  temperature  of  the  sample  does  not  go  above  150°  C. 
at  any  time.  During  the  heating  rotate  the  vessel  gently  on  the 
board  by  hand  to  avoid  sputtering  or  too  rapid  evolution  of 
moisture.  The  proper  length  of  time  of  heating  is  judged  by 
absence  of  rising  bubbles  of  steam,  by  the  absence  of  foam  or  by 
other  signs  known  to  the  operator.  Avoid  overheating  of  sample 
as  indicated  by  smoking  or  darkening.  Cool  in  desiccator  and 
weigh. 

'  Resttlts  comparable  to  those  of  the  Standard  Method  may  be  ob- 
tained on  most  fats  and  oils  by  drying  5'gram  portions  of  the  sample,  pre- 
pared and  weighed  as  above,  to  constant  weight  in  a  well  constructed  and 
well  ventilated  air  oven  held  uniformly  at  a  temperature  of  105  to  110°  C. 
The  thermometer  bulb  should  be  close  to  the  sample  The  definition  of 
constant  weight  is  the  same  as  for  the  Standard  Method. 

-  Caution:     Aluminum  soap  may  be  formed. 


.St*ni>ami>  Pat  Analviiiii  Couuim*  Vaci;uii  Ov«w  ta»  DariKHiNiNO  Moi^tokii  amp  Volatili  NlArraii  in  t-'oMMiaoiAi,  Fati  and  Ott,t 
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INSOLUBLE    IMPLTIITIES 

Dissolve  the  residue  from  the  moisture  and  volatile  matter 
determination  by  heating  it  on  a  steam  bath  with  50  cc.  of 
kerosene.  Filter  the  solution  through  a  Gooch  crucible  properly- 
prepared  with  asbestos,'  wash  the  insoluble  matter  five  times 
with  lo-cc.  portions  of  hot  kerosene,  and  finally  wash  the  residual 
kerosene  out  thoroughly  with  petroleum  ether.  Dry  the  crucible 
and  contents  to  constant  weight  as  in  the  determination  of 
moisture  and  volatile  matter  and  report  results  as  insoluble 
IMPURITIES. 

SOLUBLE  MINERAL  MATTER 

Place  the  combined  kerosene  filtrate  and  kerosene  washings 
from  the  insoluble  impurities  determination  in  a  platinum  dish. 
Place  in  this  an  ashless  filter  paper  folded  in  the  form  of  a  cone, 
apex  up.  Light  the  apex  of  the  cone,  whereupon  the  bulk  of 
the  kerosene  burns  quietly.  Ash  the  residue  in  a  muffle,  to  con- 
stant weight,  taking  care  that  the  decomposition  of  carbonates 
is  complete,  and  report  the  result  as  soluble  mineral  matter.' 

FREE    FATTY   ACIDS 

The  ALCOHOL'  used  shall  be  approximately  95  per  cent  ethyl 
alcohol,  freshly  distilled  from  sodium  hydroxide,  which  with 
phenolphthalein  gives  a  definite  and  distinct  end-point. 

DETERMINATION — Weigh  I  to  15  g.  of  the  prepared  sample 
into  an  Erienmeyer  flask,  using  the  smaller  quantity  in  the  case 
of  dark  colored,  high  acid  fats.  Add  50  to  100  cc.  hot,  neutral 
alcohol,  and  titrate  with  .V/2,  .V/4  or  N/io  sodium  hydroxide, 
depending  on  the  fatty  acid  content,  using  phenolphthalein  as 
indicator.  Calculate  to  OLEIC  acid.  In  the  case  of  palm  oil 
the  results  may  also  be  expressed  in  terms  of  palmitic  acid, 
clearly  indicating  the  two  methods  of  calculation  in  the  report. 

TITER 

standard  THERMOMETER — The  thermometer  is  graduated  at 
zero  and  in  tenths  of  a  degree  from  10  to  65°,  with  one  auxiliary 
reservoir  at  the  upper  end  and  another  between  the  zero  mark  and 
the  10°  mark.  The  cavity  in  the  capillary  tube  between  the  zero 
mark  and  the  10°  mark  is  at  least  i  cm.  below  the  10°  mark; 
the  10°  mark  is  about  3  or  4  cm.  above  the  bulb,  the  length 
of  the  thermometer  being  about  37  cm.  over  all.  The  thermoin- 
eter  has  been  annealed  for  75  hours  at  450°  C.  and  the  bulb  is 
of  Jena  normal  16'"  glass,  or  its  equivalent,  moderately  thin, 
so  that  the  thermometer  will  be  quick-acting.  The  bulb  is 
about  3  cm.  long  and  6  mm.  in  diameter.  The  stem  of  the  ther- 
mometer is  6  mm.  in  diameter  and  made  of  the  best  thermometer 
tubing,  with  scale  etched  on  the  stem;  the  graduation  is  clear 
cut  and  distinct,  but  quite  fine.  The  thermometer  must  be 
certified  by  the  U.  S.  Bureau  of  Standards. 

GLYCEROL  CAUSTIC  SOLUTION — Dissolve  250  g.  potassium  hy- 
droxide in  1000  cc.  dynamite  glycerin  with  the  aid  of  heat. 

DETERMINATION* — Heat  75  cc.  of  the  glycerol-caustic  solu- 
tion to  150°  C.  and  add  50  g.  of  the  melted  fat.  Stir  the  mixture 
well  and  continue  heating  until  the  melt  is  homogeneous,  at 
no  time  allowing  the  temperature  to  exceed  150°  C.  Allow  to 
cool  somewhat  and  carefully  add  50  cc.  of  50  per  cent  sulfuric 
acid.  Now  add  hot  water  and  heat  until  the  fatty  acids  sep- 
arate out  perfectly  clear.  Draw  off  the  acid  water  and  wash 
the  fatty  acids  with  hot  water  until  free  from  mineral  acid,  then 

1  For  routine-control  work,  filter  paper  is  sometimes  more  convenient 
than  a  prepared  Gooch  crucible.  It  must  be  very  carefully  washed  to 
remove  the  last  traces  of  fat.  especially  the  rim. 

5  For  routine  work,  an  ash  may  be  run  on  the  original  fat.  and  the  solu- 
ble mineral  matter  obtained  by  deducting  the  ash  on  the  insoluble  impurities 
from  this.  In  this  ca.sc  the  Gooch  crucible  should  be  prepared  with  an 
ignited  asbestos  mat  so  that  the  impurities  may  be  ashed  directly  after 
being  weighed.  In  all  cases  ignition  should  be  to  constant  weight  so  as  to 
insure  complete  decomposition  of  carbonates. 

•  For  routine  work  methyl  or  denatured  ethyl  alcohol  of  approximately 
95  per  cent  strength  may  be  used.  With  these  reagents  the  end  point  is 
not  sharp. 

*  For  routine  work  during  period  of  high  prices  see  p.  1069. 


filter  and  heat  to  130°  C.  as  rapidly  as  possible,  with  stirring. 
Transfer  the  fatty  acids,  when  cooled  somewhat,  to  a  i  in.  by 
4  in.  titer  tube,  placed  in  a  16-oz.  salt-mouth  bottle  of  clear  glass, 
fitted  with  a  cork  which  is  perforated  so  as  to  hold  the  tube  rigidly 
when  in  position.  Suspend  the  titer  thermometer  so  that  it 
can  be  used  as  a  stirrer  and  stir  the  fatty  acids  slowly  (about 
100  revolutions  per  minute)  until  the  mercury  remains  stationary 
for  30  seconds.  Allow  the  thermometer  to  hang  quietly  with  the 
bulb  in  the  center  of  the  tube  and  report  the  highest  point  to 
which  the  mercury  rises  as  the  TITER  of  the  fatty  acids.  The 
titer  should  be  made  at  about  20°  C.  for  all  fats  having  a  titer 
above  30°  C.  and  at  10°  C.  below  the  titer  for  all  other  fats. 

UNSAPONIFIABLE    MATTER 

EXTRACTION  CYLINDER — The  Cylinder  shall  be  glass  stoppered, 
graduated  at  40  cc,  80  cc.  and  130  cc.  and  of  the  following  di- 
mensions; diameter  about  I'/s  in.,  height  about  12  in. 

PETROLEUM  ETHER — Redistilled  petroleum  ether  boiling  under 
7,S  °  C.  shall  be  used.  A  blank  must  be  made  by  evaporating 
2.S0  cc.  with  about  0.25  gram  of  stearin  or  other  hard  fat  (pre- 
viously brought  to  constant  weight  by  heating)  and  drying  as 
in  the  actual  determination.  The  blank  must  not  exceed  a  few 
milligrams. 

DETERMINATION — Weigh  5  grams  ( ±0.20  gram)  of  the  pre- 
pared sample  into  a  200  cc.  Erienmeyer  flask,  add  30  cc.  of  re- 
distilled 95  per  cent  (approximately)  ethyl  alcohol  and  5  cc.  of 
50  per  cent  aqueous  potassium  hydroxide,  and  boil  the  mixture 
for  I  hour  under  a  reflux  condenser.  Transfer  to  the  extraction 
cylinder  and  wash  to  the  40  cc.  mark  with  redistilled  95  per  cent 
ethyl  alcohol.  Complete  the  transfer,  first  with  warm,  then 
with  cold  water,  till  the  total  volume  amounts  to  80  cc.  Cool 
the  cylinder  and  contents  to  room  temperature  and  add  50  cc. 
of  petroleum  ether.  Shake  vigorously  for  i  minute  and  allow 
to  settle  until  both  layers  are  clear,  when  the  volume  of  the  upper 
layer  should  be  about  40  cc.  Draw  off  the  petroleum  ether 
layer  as  closely  as  possible  by  means  of  a  slender  glass  siphon 
into  a  separatory  funnel  of  500  cc.  capacity.  Repeat  extraction 
four  more  times,  using  50  cc.  of  petroleum  ether  each  time.' 

Wash  the  combined  extracts  in  a  separatory  funnel  three  times 
with  25-cc.  portions  of  10  per  cent  alcohol,  shaking  vigorously 
each  time.  Transfer  the  petroleum  ether  extract  to  a  wide- 
mouth  tared  flask  or  beaker,  and  evaporate  the  petroleum  ether 
on  a  steam  bath  in  an  air  current.  Dry  as  in  the  method  for 
MOISTURE  AND  VOLATILE  MATTER.  Any  blank  must  be  deducted 
from  this  weight  before  calculating  unsaponifiable  matter.  Test 
the  final  residue  for  solubility  in  50  cc.  petroleum  ether  at  room 
temperatiu'e.  Filter  and  wash  free  from  the  insoluble  residue, 
if  any,  evaporate  and  dry  in  the  same  manner  as  before. 

NOTES  ON  THE  ABOVE  TENTATIVE  METHODS 

SAMPLING 

The  standard  size  sample  adopted  by  the  committee  is  at 
least  3  lbs.  in  weight.  The  committee  realizes  that  this  amount 
is  larger  than  any  samples  furnished  representing  .shipments  of 
from  20,000  to  60,000  lbs.,  but  it  believes  that  the  requirement 
of  a  larger  sample  is  desirable  and  will  work  toward  uniform  and 
more  concordant  results  in  analysis.  It  will  probably  continue 
to  be  the  custom  of  the  trade  to  submit  smaller  buyers'  samples 
than  required  by  the  committee,  but  these  are  to  be  considered 
only  as  samples  for  inspection  and  not  for  analysis.  The  stand- 
ard analytical  sample  must  consist  of  3  lbs.  or  more. 

The  reasons  for  keeping  samples  in  a  dark,  cool  place  are  ob- 
vious. This  is  to  prevent  an  increase  in  rancidity  and  any 
undue  increase  in  fatty  acids.  In  the  case  of  many  fats  the  com- 
mittee has  found  in  its  cooperative  analytical  work  that  free 
acid  tends  to  increase  very  rapidly.  This  tendency  is  minimized 
by  low  temperatures. 

>  When  the  unsaponifiable  matter  runs  over  5  per  cent,  more  extrac- 
tions are  recommended. 
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MOISTURE    AND    VOLATILE    MATTER 

After  careful  consideration  the  committee  has  decided  that 
moisture  is  best  determined  in  a  vacuum  oven  of  the  design 
which  accompanies  the  above  report.  Numerous  results  on 
check  samples  have  confirmed  the  committee's  conclusions. 
The  oven  recommended  by  the  committee  is  constructed  on  the 
basis  of  well-known  principles  and  it  is  hoped  that  this  type  will 
be  adopted  generally  by  chemists  who  are  called  upon  to  analyze 
fats  and  oils.  The  experiments  of  the  committee  indicate  that 
it  is  a  most  diflicult  matter  to  design  a  vacuum  oven  which  will 
produce  uniform  temperature  throughout,  and  one  of  the  prin- 
cipal ideas  in  the  design  adopted  is  uniformity  of  temperature 
over  the  entire  single  shelf.  This  idea  has  not  quite  been  real- 
ized in  practice,  but,  nevertheless,  the  present  design  approaches 
much  closer  to  the  ideal  than  other  vacuum  ovens  commonly 
used.  In  the  drawing  above  the  essential  dimensions  are  those 
between  the  heating  units  and  the  shelf  and  the  length  and  breadth 
of  the  outer  casting.  The  standard  Fat  Analysis  Committee 
oven  (F.  A.  C.  oven)  can  be  furnished  by  Messrs.  E.  H.  Sargent 
&  Company,  125  West  Lake  Street,  Chicago. 

The  committee  realizes  that  for  routine  work  a  quicker  method 
is  desirable  and  has  added  one  such  method  and  has  also  stated 
the  conditions  under  which  comparable  results  can  be  obtained 
by  means  of  the  ordinary  well  ventilated  air  oven  held  at  105  to 
110°  C.  However,  in  accordance  with  a  fundamental  principle 
adopted  by  the  committee  at  its  first  meeting,  only  one  standard 
method  is  adopted  and  declared  official  for  each  determination. 

The  coimnittce  realizes  that  in  the  case  of  all  methods  for 
determining  moisture  by  means  of  loss  on  heating  that  there 
may  be  a  loss  due  to  volatile  matter  (especially  fatty  acids)  other 
than  water.  The  title  of  the  determination  MOiSTtTRE  and 
VOLATILE  MATTER  indicates  this  idea,  but  any  considerable 
error  from  this  source  may  occur  only  in  the  case  of  high  acid 
fats  and  oils  and  particularly  those  containing  lower  fatty  acids 
such  as  coconut  and  palm  kernel  oil,  work  on  which  is  now  in 
progress  to  be  reported  at  a  later  date.  In  the  case  of  extracted 
greases  which  have  not  been  properly  purified,  some  of  the  solvent 
may  also  be  included  in  the  moisture  and  volatile  matter  de- 
termination but  inasmuch  as  the  solvent,  usually  a  petroleum 
product,  can  be  considered  only  as  foreign  matter,  for  commercial 
purposes  it  is  entirely  proper  to  include  it  with  the  moisture. 
The  committee  has  also  considered  the  various  distillation 
methods  for  the  determination  of  moisture  in  fats  and  oils,  hut 
since,  according  to  the  fundamental  principles  which  it  was  en- 
deavoring to  follow,  it  could  standardize  only  one  method,  it 
was  decided  that  the  most  desirable  one  on  the  whole  was  the 
vacuum  oven  method  as  given.  There  arc  cases  wherein  a 
chemist  may  fiiul  it  desirable  to  check  a  moisture  determina- 
tion or  investigate  the  moisture  content  of  a  fat  or  oil  further 
by  means  of  one  of  the  distillation  methods. 

INSOLUBLE    IMPURITIES 

This  determination,  the  title  for  which  wiis  adopted  after 
careful  consideration,  determines  the  iinimrities  which  have 
generally  been  known  as  dirt,  suspended  matter,  suspended 
solids,  foreign  solids,  foreiRii  matter,  etc.,  in  the  past.  The 
first  solvent  recommended  by  the  committee  is  hot  kerosene  to 
be  followed  by  petroliinn  ether  kept  at  ordinary  room  tempera- 
ture. I'elroleuiii  ellier.  cold  or  only  slightly  warm,  is  not  n  good 
fat  and  metallic  soap  solvent,  whereas  hot  kerosene  dissolves 
these  snbstanies  readily,  and  for  this  reason  the  committee  has 
rccoiiuneiided  the  double  solvent  iiietlind  so  as  to  exclude  metallic 
soups  which  are  delermineil  below  us  soluble  mineral  mutter. 

SOI.UIILK    MINKKAI.    IMATTKR 

Soluble  iiiineral  mutter  rcpresciit.s  mineral  mutter  eombinod 
with  futly  acids  In  the  form  of  soups  in  solution  in  the  ful  or  oil. 
l'"ormerly,  this  niinerul  mutter  whs  often  ilrtrrmitied  in  cninbina- 
lion  by  weinhiiiK  the  separated  metullio  soup  or  bv  wriKliiiiK  it 


in  conjunction'with  the  insoluble  impurities.  Since  the  soaps 
present  consist  mostly  of  lime  soap,  it  has  been  customary  to 
calculate  the  lime  present  therein  by  taking  one-tenth  the 
weight  of  the  total  metallic  soaps.  The  standard  method  as 
given  above  is  direct  and  involves  no  calculation.  The  routine 
method  given  in  the  note  has  been  placed  among  the  methods, 
although  not  adopted  as  a  standard  method,  for  the  reason  that 
it  is  in  use  in  some  laboratories  regularly.  It  should  be  pointed 
out,  however,  that  the  method  cannot  be  considered  accurate 
for  the  reason  that  insoluble  impurities  may  vary  from  sample 
to  sample  to  a  considerable  extent  and  the  error  due  to  the  pres- 
ence of  large  particles  of  insoluble  impurities  is  thus  transferred 
to  the  soluble  mineral  matter. 

FREE    FATTY   ACID 

The  fatty  acid  method  adopted  is  sufficiently  accurate  for 
commercial  purposes.  In  many  routine  laboratories  the  fat  or 
oil  is  measured  and  not  weighed  but  the  committee  recommends 
weighing  the  sample  in  all  cases.  For  scientific  purposes  the 
result  is  often  expressed  as  "acid  number,"  meaning  the  number 
of  milligrams  of  KOH  required  to  neutralize  the  free  acids  in 
one  gram  of  fat,  but  the  commercial  practice  has  been,  and  is, 
to  express  the  fatty  acid  as  oleic  acid  or,  in  the  case  of  palm 
oil,  as  palmitic  .\cid,  in  some  instances.  The  committee  sees 
no  objection  to  the  continuation  of  this  custom  so  long  as  the 
analytical  report  clearly  indicates  how  the  free  acid  is  expressed. 
For  a  more  exact  expression  of  the  free  acid  in  a  given  fat,  the 
committee  recommends  that  the  ratio  of  acid  number  to  saponi- 
fication number  be  used.  This  method  of  expressing  results  is 
subject  to  error  when  unsaponifiable  fatty  matter  is  present 
since  the  result  expresses  the  ratio  of  free  fatty  acid  to  total 
saponifiable  fatty  matter  present. 


At  the  present  time  the  prices  of  glycerol  and  caustic  potash 
are  abnormally  high  but  the  committee  has  considered  that  the 
methods  adopted  are  for  normal  times  and  normal  prices.  For 
routine  work  during  the  period  of  high  prices  Uie  following 
method  may  be  used  for  preparing  the  fatty  acids  and  is  recom- 
mended by  the  committee: 

Fifty  grams  of  fat  are  saponified  with  60  cc.  of  a  solution  of 
2  parts  of  methyl  alcohol  to  i  of  50  per  cent  NaOH.  The  soap 
is  dried,  pulverized  and  dissolved  in  1000  cc.  of  water  in  a  por- 
celain dish  and  then  decomposed  with  25  cc.  of  75  per  cent  sul- 
furic acid.  The  fatty  acids  are  boiled  until  clear  oil  is  formed 
and  then  collected  and  settled  in  a  150-cc.  beaker  and  filtered 
into  a  50-cc.  beaker.  They  arc  then  heated  to  130"  C.  as  rapidly 
as  possible  with  stirring  and  trunsfcrrcj,  after  they  lia\*c  cooled 
somewhat,  to  Uie  usual  i  in.  X  4  in.  titer  tulx-. 

The  method  of  taking  the  titer,  inchiding  handling;  the  ther- 
mometer, to  be  followed  is  the  same  as  that  dcsi-ribed  in  the  stnnd- 
.ard  method.  Mven  at  ijrcicnt  high  prices  many  laboratories 
arc  using  Uic  glyoorol-caustic  potash  inclhiHl  for  preparing  the 
fatty  acids,  figuring  that  the  saving  of  time  more  than  com|)cnsates 
for  the  extra  cost  of  tlic  reagents. 

rNSAPtiNiKiAni.i;  mattkr 

The  committee  has  considorcil  un.<u|M>nifiulilc  niudcr  to  in- 
clude those  siibstuncos  frrqurntly  found  ili.S!k>lvc<l  in  fats  and 
oils  which  nrr  not  s.i|>oiiilic(l  by  the  caustic  ntkulirs  and  which 
at  the  s;ime  time  arc  soluble  in  the  ordinary  fat  s«»lvcnts  Tlw 
term  includes  such  subslatuvs  ui  the  hiiihcr  ulcohols,  such  as 
cholcstciiil  which  IS  fiMitid  in  aniin.il  fill'-,  phvliistrfDl  found  in 
some  vigetublo  fats,  parullin  and  |M-troU-um  oils,  etc  »nsaih>ni- 
I'lAni.K  MATTiiK  should  Hot  l>c  cuiifiisrtl  in  the  lay  mind  with 
iNsoLi'iiLi:  mri'HiTiK.H  or  sonini.u  MisitNAL  mattkh  The 
mrlhiid  udoptnl  by  the  cominiller  hus  Itcfii  <clcctrd  only  after 
the  mo't  currful  consideration  of  other  tnrlhoils  «uch  ««  the 
dry  rxttadion  inrtluMl  and  llie  wri  mrtho<l  makiiii:  um-  of  the 
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separatory  funnel.  At  first  consideration  the  dry  extraction 
process  would  seem  to  offer  the  best  basis  for  an  unsaponifiable 
matter  method,  but  in  practice  it  has  been  found  absolutely 
impossible  for  different  analysts  to  obtain  agreeing  results  when 
using  any  of  the  dry  extraction  methods  proposed.  Therefore, 
this  method  had  to  be  abandoned  after  numerous  trials,  although 
several  members  of  the  committee  strongly  favored  it  in  the  be- 
ginning. Again,  at  first  glance,  it  would  seem  that  the  use  of  a 
siphon  instead  of  a  separatory  funnel  would  be  undesirable, 
but  as  a  matter  of  fact  in  practice  it  is  found  to  be  more  satis- 
factory than  the  separatory  funnel,  as  well  as  much  cheaper. 

In  carrying  out  the  unsaponifiable  determination  in  a  routine 
way,  the  committee  has  found  that  the  ordinary  250-cc.  graduated 
and  stoppered  cylinder  is  reasonably  satisfactory  for  the  purpose. 

One  member  of  the  committee,  Mr.  Ernst  Twitchell  of  the 
Emery  Candle  Company,  Cincinnati,  Ohio,  was  an  earnest  ad- 
vocate of  another  method  devised  by  him  for  the  determination 
of  unsaponifiable  matter  as  opposed  to  the  method  finally 
adopted  by  the  committee.  Mr.  Twitchell's  method  is  published 
in  This  Journal,  7  (1915),  217,  under  the  title,  "Unsaponifiable 
Matter  in  Greases." 

In  brief,  the  Twitchell  method  consists  in  saponifying  with  al- 
coholic potash  and  evaporating  to  dryness.  The  soap  is  then 
dissolved  in  water  containing  20  per  cent  alcohol  approximately, 
and  shaken  out  with  ether  in  a  separatory  funnel.  The  combined 
ether  extracts  are  shaken  with  dilute  hydrochloric  acid,  washed 
with  water,  transferred  to  a  weighed  dish,  evaporated,  dried 
and  weighed.  The  residue  consists  of  unsaponifiable  matter  and 
fatty  acids  since  the  ether  dissolves  some  soap  which  is  after- 
ward decomposed  by  the  hydrochloric  acid.  The  weighed  resi- 
due is  taken  up  with  neutral  alcohol  and  the  fatty  acids  therein 
determined  by  titration  with  standard  alkali  solution.  The 
fatty  acids  thus  determined  are  calculated  as  oleic  and  deducted 
from  the  weight  before  obtained. 

Under  date  of  April  17,  1916,  Mr.  Twitchell  wrote  to  the  com- 
mittee on  the  subject  of  his  method  which  he  recommended,  as 
follows: 

"At  the  last  meeting  I  was  requested  to  give  in  writing  my 
arguments  in  favor  of  my  method  of  determining  unsaponifiable 
matter  as  published  in  The  Journal  of  Industrial  and  Engi- 
neering Cliemiitry,  March,  1915  (reprint  enclosed  herewith). 
I  don't  want  to  advocate  this  particular  method  or  urge  its 
adoption  l)y  the  committee,  but  I  do  want  to  say  that  I 
consider  that  the  work  of  the  committee  has  proved  that 
petroleum  ether  is  not  a  suitable  solvent  for  the  extraction 
of  unsaponifiable  matter,  for  with  one  of  the  few  samples 
examined  (the  yellow  grease)  the  results  obtained  by,  I  believe, 
all  the  members  of  the  committee,  show  that  ether  extracts  from 
25  to  30  per  cent  more  than  petroleum  ether.  Although  with 
the  other  samples  the  two  solvents  gave  about  the  same  results, 
yet  the  fact  that  the  petroleum  ether  failed  with  one  should  con- 
demn it  for  all.  I  don't  see  how  we  can  get  away  from  this 
conclusion.  I  enclose  a  table  of  figures  for  unsaponifiable  in 
the  yellow  grease,  made  with  ether  and  with  petroleum  etlier. 
I  understand  besides  that  the  results  ol)taincd  with  ether  by 
other  members  of  the  committee  were  nearly  the  same  as  mine. 

"I  should  be  obliged  to  you  if,  when  turning  over  the  pro- 
ceedings of  the  committee  to  the  new  one  which  is  to  be  formed, 
you  would  include  what  I  have  said  above  regarding  saponi- 
fication and  unsaponifiable  as  a  minority  report. 

"At  the  last  meeting  my  method  of  determining  unsaponifiable 
was  criticized  because  of  the  varying  corrections  for  soap  in  the 
ether.  I  hardly  look  at  the  determination  of  fatty  acids  as  a 
correction,  it  being  so  easily,  quickly  and  accurately  made.  It 
might  almost  be  considered  as  the  principal  operation,  and  the 
washing  out  of  the  soap  solution  as  a  removal  of  the  bulk  of  the 
fatty  acids  after  which  tlie  remainder  can  be  accurately  titrated." 

Mr.  Twitchell's  statements  about  a  certain  sample  of  yellow 
grease  with  which  the  committee  experienced  some  difficulty 
are  correct,  but  it  was  found  afterward  that  this  sample  was 
abnormal  in  that  it  contained  some  wool  grease  or  lanolin,  and 
it  is  a  question  whether  or  not  even  Mr.  Twitchell's  results  were 
high  enough  in  consideration  of  this  fact.     In  short,  this  sample 


was  considered  by  the  committee  so  abnormal  that  results  were 
not  to  be  trusted  and  other  samples  were  substituted  for 
further  cooperative  work. 

The  committee,  following  its  rule  of  adopting  only  one  stand- 
ard method,  had  to  choose  between  Mr.  Twitchell's  method  and 
the  method  finally  adopted.  One  of  the  principal  arguments 
against  Mr.  Twitchell's  method  is  the  correction  for  the  fatty 
acids.  This  correction  is  variable  and  in  many  cases  amounts 
to  several  times  the  amount  of  unsaponifiable  matter  determined, 
being  usually  from  0.5  to  2.5  times  the  amount  of  unsaponifiable 
matter  in  the  hands  of  the  average  analyst.  The  committee 
did  not  feel  that  it  could  consistently  adopt  a  method  involving 
so  large  a  correction,  even  though  the  final  results  were  generally 
good. 

The  old  argument  in  regard  to  ethyl  ether  vs.  petroleum  ether 
as  a  solvent  for  unsaponifiable  was  carefully  considered  by  the 
committee.  It  is  freely  admitted  that  ethyl  ether  is  a  better 
solvent  than  petroleum  ether,  but  in  the  opinion  of  the  committee 
it  is  too  universal  a  solvent  for  the  purpose  inasmuch  as  it  ab- 
sorbs soap  from  a  water  solution.  On  the  other  hand,  petroleum 
ether  is  selective  in  its  action  and  shows  little  or  no  tendency  to 
dissolve  soaps.  Again,  commercial  ethyl  ether  is  an  impure 
product  containing  in  solution  both  water  and  alcohol  as  well 
as  organic  impurities  of  various  sorts  including  peroxides.  It 
has  been  recommended  chiefly  perhaps  for  two  reasons:  (i)  it 
is  a  chemical  of  definite  composition,  and  (2)  it  is  a  very  general 
solvent  for  unsaponifiable  substances.  Petroleum  ether  has 
been  criticized  because  it  is  not  of  constant  composition  or  boil- 
ing point.  It  consists  of  various  hydrocarbons  of  various  boiling 
points  and  varies  again  depending  on  the  source  of  the  crude  pe- 
troleum from  which  it  was  distilled.  The  committee  considered 
that  its  great  recommendations  were  its  selective  solvent  power, 
its  immiscibility  with  water,  its  stability  as  regards  decomposi- 
tion on  standing  and  its  cheapness.  Although  it  may  vary 
slightly  in  solvent  power  when  derived  from  different  sources, 
even  under  the  boiling  point  (75°  C.)  recommended  by  the  com- 
mittee, nevertheless,  all  samples  have  sufficient  solvent  power 
for  the  determination  in  question  if  the  committee's  direc- 
tions are  followed. 

Taking  everything  into  consideration,  the  committee  de- 
cided in  favor  of  petroleum  ether  as  the  solvent  and  finally  adopted 
the  method  specified  above,  and  it  is  believed  that  this  method 
will  be  found  quite  satisfactory  for  the  purpose. 


AMERICAN  ELECTROCHEMICAL    SOCIETY 
32ND  GENERAL  MEETING,  PITTSBURGH 
OCTOBER  3  TO  6,  1917 
The  Thirty-Second  General  Meeting  of  the  American  Electro- 
chemical Society  was  held  at  Pittsburgh,  October  3  to  6,  1917, 
with    headquarters    at    the    William    Penn    Hotel.     About    350 
members  and  guests  were  registered. 

PROGRAM   OF  PAPERS 
Hydroelectric  Power.     IIknrv  Rand.^ll. 
Trend  in  Electric  Furnace  Design.     \V    H.  Coggswkll. 
The  Sub-Station   Problem  of   the   Electrochemical  Plant.     J.  L.  McK. 

Vardlbv 
Electric  Pig  Iron  in  War  Time.     Robert  Trumbui,u. 
A  Method  of  Procedure  for  the   Commercial  Analysis  of  Ferro-silicon. 

R    E    Lowe 
A  Resistance  Furnace.     Frank  Thornton.  Jr. 
The   Electric    Furnace   in   the    Development    of    the    Norwegian    Iron 

Industry.     Haakon  Stvri, 
Resistance  Type  Furnace  for  Melting  Brass.     T   F    Baily 
Preparation  of  Pure  Alloys  for  Magnetic  Purposes.     T.   D    Yknsbn. 
The  Influence   of    the    Temperature   of    Measurement  on  the  Electrical 
Resistivity  and   Thermo-Electromotive  Potential  of  Solutes  in  SteeL 
E    D.  Camppeuu 
Calorized  Iron  as  an  Element  for  Thermocouples.     O.  L   Kowalks. 
Copper  Castings  for  Electrical  Use.     \V  M  Corse  and  G  F  Coustock. 
Silver  Peroxide  and  the  Valence  of  Silver.      H.  C    P    WnnKR. 
Suggested  Reforms  in  Some  Chemical  Terms.     Caki.  Hkring. 
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Symposium  on  Electrochemical  War  Supplies 
The  Application  of  Radium  in  Warfare.     C.  H.  Viol  and  G.  D.  Kammer. 
Chlorine  as  a  War  Factor.     W.  D.  Marsh.\ll. 
Synthetic  Gasoline  by  Electrochemical  Means.     L.  B.  Cherry 
The  Spectroscopic  Determination  of  Small  Amounts  of  Lead  in  Copper. 

C.  W   Hill  and  G,  P,  Luckey. 
The  Electrolytic  Recovery  of  Copper    and    Sulfuric    Acid    from    Copper 

Mill  P  ckling  Solutions.     J.  L.  Jo.ves. 
Electrolytic  Pickling  Process  and  Its  Effect  on  the  Physical  Properties 

of  Metals.     J    Coulson. 
The  Corrosion  of  Fence  Wire.     O   W.  Storey. 
The  Effect  of  Lithium  Hydrate  upon  the  Capacity  of  the  Edison  Storage 

Battery.      L,   C.  Turnock 
The  Prevention  of    Brittleness    in    Electroplated    Steel    Springs.     T.  S. 

Fuller 
A  New  Electro  Analysis  Apparatus.     J.  L    Jones. 
The  Corrosion  of  Metals  by  Acids.     O   P   Watts  and  N   D.  Whipple. 
The  Poisoning  of  Catalytic  Agents.     W.  D.  Bancroft. 
Fractional  Combustion.     W.  D.  Bancroft. 
Thejry  of  Contact  Catalysis.     W   D.  Bancroft. 


REPORT  OF  THE  COMMITTEE  ON  SAMPLING 
FERTILIZER  DIVISION,  AMERICAN  CHEMICAL  SOCIETY 

Boston.  September  10  to  13.  1917 

At  the  last  meeting  of  this  division  a  motion  was  made  and 
passed  appointing  a  committee  to  formulate  methods  for  the 
sampling  of  fertilizers,  to  be  presented  to  the  Association  of 
OfTicial  Agricultural  Chemists,  requesting  that  the  Association 
adopt  a  standard  method  for  sampling  fertilizers,  which  would 
be  official. 

The  members  of  your  Committee  did  not  deem  it  feasible 
to  work  out  such  methods  before  the  annual  meeting  of  the 
Association  in  November,  1916.  However,  the  Chairman  ap- 
peared before  the  members  of  the  Executive  Committee  of 
the  Association  of  Official  Agricultural  Chemists  during  their 
annual  meeting,  stated  the  action  of  the  Fertilizer  Division  of 
the  American  Chemical  Society,  and  requested  the  cooperation 
of  the  Association. 

As  a  result  of  this  conference  the  Chairman  of  the  Association 
was  instructed  to  appoint  a  Committee  of  three  to  cooperate 
with  the  American  Chemical  Society  Committee  to  draw  up 
satisfactory  methods  for  the  sampling  of  fertilizers,  which  might 
be  adopted  as  official.  This  committee  consists  of  Messrs.  C. 
H.  Jones.  Vermont,  Chnirmnn;  W.  J.  Jones,  Jr.,  Indiana;  and 
B.  F.  Robertson,  South  Carolina;  the  first  two  named  being 
members  of  the  American  Chemical  Society  committee. 

At  an  informal  meeting  of  the  members  of  the  two  com- 
mittees present  it  was  deemed  advisable  to  make  further  tests 
of  the  different  samplers,  and  arrangements  were  made  to  ship 
some  carefully  prepared  fertilizers  to  distant  points  to  determine 
what  the  effect  of  transit  might  be.  A  ton  of  fertilizer  analyzing 
approximately  2  per  cent  ammonia,  8  per  cent  phosphoric 
acid,  and  2  per  cent  potash  was  carefully  mixed,  and  the  entire 
ton  quartered  down  to  obtain  a  5-lb.  sample.  The  material 
was  then  bagged  and  samples  taken  from  the  bags  by  the  Indiana 
sampler,  the  lardtryer  type  sampler,  and  the  Massachusetts 
sampler.  The  same  procedure  was  gone  through  with  a  ton  of 
fertilizer  analyzing  10  (ler  cent  phosphoric  acid  and  5  i>er  cent 
potash. 

These  two  sets  of  bags  were  then  placed  in  a  car  and  ship|K'd 
to  JcfTersoiiville,  Iiiiliana  from  Chicago.  At  the  siinic  lime  a 
similar  set  was  preparetl  and  ship|K-d  to  Atlanta.  Georgia. 
Mr  VV  J.  Jones,  Jr.,  of  Indiana,  arranged  for  his  chief  insiicctor, 
Mr.  ().  .S.  Udberts,  to  lake  all  of  these  samples  in  Chicago  and 
to  proceed  to  JelTersoiivillc  and  to  Atlanta  and  lake  Mimples 
of  the  goods  on  arrival,  with  the  three  ty|>es  of  sainplrrs.  In 
adilitiiin,  at  Allania,  a  •uiniplr  wax  taken  with  a  cup  from  the 
top  of  the  bags  in  the  ton  of  3-8-1  which  were  iianding  on  end, 
lo  Her  if  llii-re  nii>:lil  be  any  siH-i-ific  segregHtion 

II  In  llie  iiilciilHin  lliiit  these  variotii  samples  taken  will  l)C 
laicfiillv  "i|ii:irii-ii  d  ilniMi"  In  the  luburatory  of  the  Stale  Chemist 


of  Indiana  and  portions  of  each  sample  sent  to  each  member  of 
the  Committee  for  analysis.  We  hope  to  have  some  results  to 
report  by  the  time  of  this  year's  meeting  of  the  A.  O.  A.  C,  but 
it  will  undoubtedly  take  a  longer  time  before  final  recommenda- 
tions can  be  made. 

It  is  very  encouraging  to  note  that  the  interest  aroused  by 
the  subject  of  sampling  has  been  quite  general.  We  learn  that 
a  large  number  of  orders  have  been  placed  with  the  maker  of 
the  Indiana  sampler,  and  that  several  additional  states  have 
adopted  its  use.  We  are  also  in  receipt  of  a  communication 
from  the  Chief  Chemist  of  the  Department  of  .■\gricullure  and 
Stock,  Queensland,  Australia,  outlining  the  sampling  methods 
which  were  drawn  up  at  that  place  by  a  Committee,  and  to 
learn  that  not  only  was  the  Indiana  sampler  adopted,  but  an 
entire  set  of  regulations  had  been  drawn  up  which  can  be  sub- 
jected to  very  little  criticism. 

We  feel  that  both  the  industry  and  state  control  will  be  greatly 
benefited  by  the  agitation  of  this  sampling  question. 
F.  S.    LODOB.   Chairman 
C.   H.    JONRS  S.   W.   Wilry 

W.  J.  Jones.  Jr.  F.   B.  Carpenter 


REPORT  OF  THE  COMMITTEE  ON  RESEARCH  AND 

METHODS  OF  ANALYSIS 

FERTILIZER  DIVISION,  AMERICAN  CHEMICAL  SOCIETY 

Boston.  September  12.  1917 

The  work  on  the  determination  of  sulfur  in  p>Tites  has  lieen 
carried  forward  by  Mr.  H.  C.  Moore,  Armour  Fertilizer  Works, 
Atlanta.  Georgia.  Your  Committee  is  advised  by  Mr.  Moore 
that  he  is  not  yet  ready  to  render  a  fin.il  report,  owing  to  his 
failure  to  receive  results  from  all  collaborators  and  the  hope 
of  receiving  the  missing  results  later. 

The  results  so  far  received  have  been  tabulated  as  follows 
by  Mr.  Moore: 

"summary  of  RKSULTS  RKPORTED  by  45   ANALYSTS  FROM  32 
LABORATORIES  ON  PVRlTliS  SAMPLB  NO.  4 
MiSCELLANKOliS 

Allen   &   Bishop  Mouikications  or  Mi^cbl- 

. t ■ '  LANKUIfS 

Mudiftcd  OriKinitl  A.  &  B.  Lunne  KIltiioos 

No.  Analysts  .16  16  i  \2  6 

Maximum 42. OJ  42    18  41    66  42.14  42    «4 

Minimum 41.28  41    .11  41.25  40  06  41    40 

Avcr.iKC 41.75  41.74  41.59  41.50  4 1    88 

Oniiiiird     from 
Av 5 

REMARKS 

"The  results  are  not  quite  all  in  and  a  further  tabulation  will 
follow  later. 

"Of  the  .t5  results  included  in  the  average  by  the  modified 
.Mien  S:  Hishop  methrnl  30  arc  between  41  50  and  42  <»  |>cr 
cent;  20  are  between  41.60  and  41  i>o  |>cr  cent;  i.s  arc  between 
4 1. (is  and  41.85  per  cent.  This  shows  an  improvement  over 
former  work. 

"In  our  laboratory  five  analysts,  working  indcpcndcnilv  ond 
at  dilTercnt  limes,  each  using  a  separate  sample  made  in  all 
22  determinations.  The  maxinitim  dillcrcncc  between  any  two 
results  is  o.tS  per  cent,  and  the  individual  avctaKCs  arc  from 
41  (.8  per  cent  to  41  77  per  rent  The  maximum  dii  erciic* 
between  any  two  results  from  Ibicc  men  ex|>cneiiccd  with  the 
method  is  o  12  per  cent,  Ihc  individual  averages  l>ciim  4i.'»8 
(K-r  cent,  41  (><>  per  cent  and  41  71  iwf  c«"t  Tlic^c  rcstilu 
prove  uniformity  of  sjimplc  and  ix\w  show  ihc  poisibilitics  of 
the  method  after  a  little  c\|>eticncc  " 

The  investignlion  of  the  so  callrd  WcM  Ctwst  rerraclion 
method  for  the  commercial  rt^-uiy  of  nitrate  of  Mid«  lm»  liccn 
actively  lakeii  ui)  by  the  refeicc  on  nitrogen  of  the  A  «»  A  C, 
who  will  have  rcsultn  of  coO.ictalivc  work  to  ir|>ort  011  nl  the 
coming  convention  of  the  O.  A    A   C. 

l'«rL  Munxicn   Ctitnm»n 

V    K    C^MXHON  «-■    11    )<»■« 

A    J    Tattin  )    M    Mi.VAMM.aM 


I072 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY      Vol.  g,  Xo.  ii 


NOTL5  AND  CORRL5PONDLNCL 


Jerome  Alexander 
Leo  H    Daekeland 
Raymond  K.  Bacon 
Wilder  D,  Bancroft 
Charles  Baskerville 
Albert  Blum 
Henri  Blum 
Marston  T.  Bogert 
M.  C^-ri-sole 
Arthur  M.  Comey 


Charles  L.  Parsons 
Charles  L.  Reese 
Allen  Rogers 
Samuel  P.  Sadtler 
Maximilian  Toch 
G.  W,  Thompson 
G.  E.  Valabrigue 
E.  P.  V.  Verge 
Henri  Viteaux 
C.  B.  Zabriskie 


A  SOCIETY  OF  CHEMICAL  INDUSTRY  IN  FRANCE 
The  following  extract  from  a  circular  now  being  sent  out  is 
self-explanatory: 
To  the  Chemists  &"  Manufacturers  of  America: 

There  has  been  formed  in  France  a  French  Society  of  Chemical 
Industry,  the  Societe  de  Chimic  Industrielle,  whose  objects 
are  fully  set  forth  in  the  attached  letter  {not  given  here)  of  Mr. 
Paul  Kestner,  President  of  the  Society. 

After  consultation  with  Mr.  Rene  Engel,  Secretary  of  the 
Society  and  a  member  of  the  French  vScientific  Mission  in  the 
United  States,  the  undersigned  committee  believes  that  it  would 
be  most  opportune  to  establish  an  American  section  of  the 
Societe  de  Chimie  Industrielle  and  thus  extend  to  our  French 
fellow  chemists  and  manufacturers,  our  moral  and  financial 
support  and  the  right  hand  of  good  fellowship. 

Furthermore,  members  of  the  American  section  will  benefit 
by  the  closer  relations  which  will  naturally  develop  between 
American  and  French  Chemical  Industry. 

Charles  A.  Doremus 

John  V.  N.  Dorr 

W.  Ivr.  Grosvenor 

Frank  Hemingway 

Ellwood  Hendrick 

Chas.  H.  Hertv 

J.  B.  F.  Herreshofif 

George  F.  Kunz 

Parker  C.  Mcllhiney 

William  H.  Nichols 

R.  E.  Orfila 

After  the  above  introduction  the  circular  contains  the  trans- 
lation of  a  letter  addressed  by  Mr.  Paid  Kestner,  President  of 
the  Society,  to  the  chemists  of  France,  an  extract  of  the  By- 
Laws  of  the  French  Society,  the  list  of  officers  of  the  Society, 
and  a  blank  to  be  used  as  an  application  for  raembershi])  in 
the  American  Section  of  the  Society.  Copies  of  this  circular 
may  be  obtained  by  addressing  the  "Organization  Committee 
of  the  American  Section  of  the  Societe  de  Chimie  Industrielle, 
c/o  Chemists'  Club,  50  East  41st  St.,  New  York  City." 

TWO  LETTERS  ON  THE  AVIDITY  OF  SOIL  ACIDS 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

In  an  article  appearing  in  This  Journal,  8  (1916),  344, 
Truog  describes  a  method  which  he  has  developed  for  the  measure- 
ment of  the  avidity  of  the  active  soil  acids.  Briefly,  his  method 
is  as  follows: 

To  a  weighed  sample  of  soil  is  added  an  amount  of  potassium 
acetate  solution  which  contains  an  amoimt  of  the  salt  equivalent 
to  the  active  soil  acids  in  the  sample.  The  active  soil  acids  are 
previously  found  by  determining  the  amount  of  standard  barium 
hydroxide  it  takes  to  neutralize  the  soil  acids  in  a  given  length 
of  time.  Potassium  acetate  solution  and  soil  are  shaken  to- 
gether for  two  minutes  when  the  mixture  is  filtered  and  an  ali- 
quot of  the  filtrate  titrated  with  sodium  hydroxide  solution,  using 
phenolphthalein  indicator. 

The  avidity  is  calculated  from  the  following  formula,  the 
chemical  symbols  standing  for  equivalents: 

NaOH 

KC2H3O0  —  NaOH 

This  factor  times  the  avidity  of  acetic  acid,  taken  arbitrarily 
as  1000,  gives  the  avidity  of  the  soil  acids.  Truog  points  out 
that  since  the  soil  acids  are  relatively  insoluble,  the  avidity  as 
found  does  not  represent  the  strength  of  the  soil  acids,  com- 
pared to  acetic,  but  that  the  avidity  figures  for  different  soils 
are  comparable  with  each  other  because  the  acids  are  all  quite 
insoluble. 

The  purpose  of  this  note  is  to  point  out  that  Truog  does  not 
in  any  sense  of  the  word  measure  the  avidity  of  the  soil  acids. 
In  none  of  the  text  books  of  physical  chemistry  is  any  mention 
made  of  a  titrimetric  method  for  the  measuring  of  the  strength 
of  acids.  It  is  not  the  place  here  to  go  into  a  discussion  of  these 
methods.  In  the  4th  English  edition  of  Nernst's  "Theoretical 
Chemistry"  on  pages  557  to  563  an  outline  of  the  theory  of  the 


various  methods  is  given,  and,  obviously,  it  is  theoretically 
wrong  when  determining  the  strength  of  acids  to  titrate.  Truog's 
method  measures  nothing  more  nor  less  than  the  amount  of  acids 
soluble  in  potassium  acetate.  Whether  or  not  such  a  knowledge 
is  of  value  we  do  not  wish  to  discuss  here. 

Iowa  State  College  Experiment  Station      R.   S.   PoTTER 
Ames.  Iowa.  September  12.  1917 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

In  reply  to  the  criticisms  of  R.  S.  Potter  regarding  the  method 
proposed  for  the  determination  of  the  avidity  of  the  active  soil 
acids,  I  wish  to  state  as  follows: 

The  avidity  of  an  acid  has  reference  to  its  relative  strength, 
affinity  or  comi)eting  power  for  a  base.  Various  methods  have 
been  proposed  for  the  determination  of  the  avidities  of  the  com- 
mon water-soluble  acids.  Thomsen's  thermochemical  method 
and  Ostwald's  volume  method  have  been  most  widely  used. 
Physical  properties  such  as  refractive  indices,  rotary  powers, 
catalytic  effects,  electrical  conductivities  and  biological  effects 
have  also  been  used  to  determine  the  relative  strengths  of  acids. 
As  the  writer  has  indicated  in  the  Journal  of  Physical  Cliemistry, 
20  (1916),  473,  soil  acids  are  usually  comparatively  insoluble 
and  hence  the  methods  proposed  for  use  with  the  common  soluble 
acids  cannot  be  used  in  the  case  of  soil  acids. 

In  the  method  proposed  by  the  writer  for  the  determination 
of  avidity,  the  active  soil  acids  are  first  determined  quanti- 
tatively. By  active  soil  acids  is  meant  those  acids  which  react 
with  a  soluble  base  almost  instantly.  Although  these  active 
soil  acids  are  for  the  most  part  not  in  true  solution,  yet  their 
physical  condition  is  such  (colloidal)  that  they  react  with  sur- 
prising rapidity  and  some  exhibit  considerable  avidity.  After 
the  amount  of  active  soil  acids  has  been  determined,  a  known 
weight  of  soil  is  treated  with  a  solution  containing  an  amount 
of  neutral  potassium  acetate  which  is  chemically  equivalent  to 
the  active  soil  acids  present.  The  single  addition  of  the  potas- 
sium acetate  is  equivalent  to  adding  separately,  chemically 
equivalent  amoimts  of  acetic  acid  and  potassium  hydroxide. 
There  results  thus  virtually  the  condition  that  chemically  equiva- 
lent amounts  of  active  soil  acids,  acetic  acid  and  base  in  the 
form  of  potassium  hydroxide  are  present  in  the  mixture.  The 
active  soil  acids  are  thus  given  an  opportunity  to  compete  with 
an  equivalent  amount  of  acetic  acid  for  a  definite  and  equivalent 
amount  of  base,  as  is  done  in  Thomsen's  thermochemical  method 
and  Ostwald's  volume  method.  Obviously  thermal  effects  or 
volume  effects  cannot  be  used  to  determine  the  distribution  of  the 
base  between  the  active  soil  acids  and  acetic  acid. 

However,  since  the  base  that  combines  with  the  active  soil 
acids  forms  salts  which  are  comparatively  insoluble  in  water 
and  leaves  in  solution  an  amount  of  free  acetic  acid  which  is 
chemically  equivalent  to  the  base  that  the  active  soil  acids  have 
removed  from  solution,  it  is  only  necessary  to  filter  the  mixture 
and  determine  in  the  filtrate  by  titration  the  amount  of  acid 
present,  in  order  to  determine  the  amount  of  base  which  the  active 
soil  acids  removed  while  in  competition  with  an  equivalent 
amount  of  acetic  acid.  By  substitution  in  the  formula  compara- 
tive figures  for  different  soils  are  obtained.  The  figures  represent 
the  collective,  or  better,  average  avidity  of  all  the  active  acids 
in  any  particular  soil  sample. 

As  far  as  the  writer  is  aware  the  method  described  in  This 
Journal,  8  (19 16),  344,  is  the  only  method  that  has  ever  been 
proposed  for  use  in  case  the  acids  are  not  in  solution,  and  it  is 
not  at  all  surprising  that  Potter  finds  no  mention  of  a  titrimetric 
method  in  the  text  books  of  physical  chemistry.  Such  methods 
as  are  mentioned,  are  for  use  under  conditions  in  which  the  acids 
and     salts     formed     are     in     true     solution,    and    obviously 
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the  method  proposed  for  active   soil   acids   could   not   be   used 
in  case  all  the  acids  and  resulting  salts  formed  a  true  solution. 

Potter  states  that  the  method  measures  nothing  more  nor  less 
than  the  amount  of  acids  soluble  in  potassium  acetate.  There 
is  absolutely  no  basis  for  this  statement.  In  the  case  of  the 
common  acid  upland  mineral  soils,  it  is  usually  impossible  to 
wash  out  with  water  any  considerable  amount  of  the  acids  causing 
soil  acidity,  and  usually  the  more  these  soils  are  washed  with 
water  the  more  acid  do  they  become.  If  these  soils  are  treated 
with  a  salt  solution,  the  soil  acids  remove  from  the  salt  solution 
a  certain  amount  of  the  base  and  thus  liberate  from  the  salt  an 
equivalent  amount  of  free  acid  in  solution;  or  the  soil  acids 
may  exchange  wholly,  or  in  part,  iron  and  aluminum  for  the  base 
of  the  salt,  which  again  gives  rise  to  an  acid  solution  due  to 
the  ease  of  hydrolysis  of  iron  and  aluminum  salts.  The  potas- 
sium acetate  solution  does  not  in  any  way  dissolve  any  ap- 
preciable amounts  of  the  active  soil  acids. 

While  it  is  perfectly  evident  that  the  avidity  of  an  acid  in 
colloidal  solution  is  different  than  when  in  true  solution,  yet 
this  does  not  affect  the  purposes  of  the  method  proposed.  In 
the  method  proposed  only  such  soil  acids  (active  soil  acids)  as 
are  free  to  react  quickly  with  a  base  are  considered.  A  method 
to  be  of  any  value  in  studying  the  effects  of  soil  acidity  on  the 
fertility  of  these  soils  must  measure  the  avidity  of  the  soil  acids 
in  the  condition  that  they  actually  exist  in  the  soil.  This  is 
done  as  nearly  as  possible  in  the  method  proposed. 

As  the  writer  has  pointed  out  in  Wisconsin  Research  Bull. 
41,  p.  34,  it  is  undoubtedly  these  active  soil  acids  which  limit 
the  supply  of  calcium  carl)onate  and  bicarbonate  in  the  soil 
solution  to  such  an  extent  that  the  crop-producing  capacity  of 
some  acid  soils  is  affected.  If  this  is  the  case  it  is  evident  that 
the  avidity  of  the  acids  causing  soil  acidity  may  be  of  more 
importance  than  the  total  amount  of  acids  present.  The  writer 
has  found  that  soils  may  have  a  high  total  active  acidity,  but, 
because  the  avidity  is  low,  the  soils  do  not  respond  much  to 
liming.  Again  soils  having  only  a  moderate  active  acidity  but 
of  high  avidity  respond  decidedly  to  liming.  The  writer  also 
has  a  considerable  amount  of  data  which  indicate  that  the  in- 
jurious effects  of  soil  acidity  arc  usually  not  due  to  a  direct  ac- 
tion of  the  soil  acidity  on  the  plants  or  biological  processes,  but 
that  it  is  due  to  the  too  low  rale  at  which  the  carbonic  acid  in 
competition  with  the  soil  acids  is  able  to  force  out  of  the 
calcium  compounds  the  calcium  bicarbonate  which  is  needed 
by  plants  and  biological  processes  for  maintaining  the  proper 
internal  reaction. 

Both  from  the  theory  involved  and  data  secured  from  actual 
experiments,  the  writer  is  forced  to  disagree  with  the  criticisms 
of  Potter  in  every  respect. 

Univuhsity  01'  Wisconsin  IvMII,   TrUOC 

Madison,  October  3.  1917 

THE  WESTERN  CHEMICAL  MANUFACTURING 
COMPANY'S  INDUSTRIAL  COURSE 
Editor  (ij  till'  Jounutl  nf  hiiltnlriiil  timl  I'liiniiKcriiin  Chemistry: 

The  article  in  Ihc  July  issue  of  your  nioga/ine  entitled  "An- 
other Possible  I'"orni  of  Coiipcrnlion  between  I'niversitics  and 
the  Chemical  Industries,"  page  638,  has  come  to  our  attention. 

I'or  a  luunber  of  years  it  has  been  our  custom  to  employ  stu- 
dents from  l(K\nl  colleges  for  odd  jobs  in  and  about  our  i)lant  for 
the  sutniner  months.  We  also  have  adopleil  what  we  cull  an 
Industrial  Course,  in  which  wc  enter  recent  college  grndnntes 
for  any  sort  of  work  encouiilered  in  a  pliiiit  such  n«  ours  is 
The  wages  lit  the  start  are  those  of  an  ordinary  workmnn.  The 
men  are  usked  to  do  any  sort  of  work  there  is  to  do  and  arc  not 
confuied  to  any  one  de|mrtnient  but  are  shifted  from  place  to 
place  and  thus  are  niiidr  fiiniiliar  with  all  the  details  of  iiiir  vnrion.s 
prtKcsses:  llirie  includr  the  niiilMifiicture  of  siiUuric.  nlt|-ir  und 
muriiilic   iii'ids   (Imlli   eninnuTciiil   :iiiil   rhrinically   purr),   cnni- 


mercial  and  C.  P.  aqua  ammonia,  anhydrous  ammonia,  and  the 
dressing  of  complex  zinc-lead-iron  sulfide  ores. 

From  the  men  entered  in  this  course  we  select  those  best  quali- 
fied for  taking  charge  of  departments,  laboratory  men,  etc. 
All  of  oya  present  heads  of  departments  have  been  through  this 
course — in  fact  we  would  not  consider  employing  outside  pro- 
fessional men,  except  perhaps  in  the  case  of  the  installation  of 
a  process,  the  details  of  which  are  more  or  less  unfamiliar  to  us. 

In  other  words,  we  have  foimd  it  more  practical  to  train  our 
men  along  Unes  to  which  we  have  given  much  careful  thought 
and  attention. 

The  191 7  vacation  period  is  over,  but  there  may  be  some  who 
would  consider  entering  our  industrial  course  and  we  would  be 
pleased  to  hear  from  such  persons. 

During  the  past  summer  we  employed  quite  a  few  college 
men  from  the  local  colleges,  more  than  the  usual  number  for 
the  summer  months,  and  we  were  glad  to  do  it,  for  we  believe 
the  benefit  was  mutual.  You  will  understand,  of  course,  that 
we  can  give  such  work  to  only  a  limited  number. 

Owing  to  the  fact  that  our  plant  is  so  far  from  the  Eastern 
colleges,  we  do  not  believe  it  will  be  practical  for  the  men  from 
such  colleges  to  come  so  far  west,  considering  the  little  time  they 
will  have,  the  railroad  fare  to  and  from  Denver,  and  the  fact 
that  there  are  several  colleges  in  and  around  Denver.  Condi- 
tions, of  course,  would  be  different  in  the  case  of  those  men  who 
would  be  permanent. 

Western  Chemicai,  Mfg.  Co. 

DENVER,    COIOHADO  ?«''    ^'^'^    C.    SKINNER, 

September  22.  1917         Treasurer  and  General  Superintendent 


KILN  DRYING  OF  WOOD 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

I  have  just  read  your  splendid  editorial  on  "Aviation  and  the 
Chemist"  in  the  September  number  of  This  Journal.  I  am 
sure  you  will  be  interested  in  tlie  progress  being  made  along  the 
lines  you  mention  and  was  about  to  call  our  work  on  kiln  drying 
to  your  attention  when  I  received  a  letter  from  Dr.  Hawley 
in  which  he  states  he  has  already  mentioned  this  to  you  briefly. 

This  Laboratory  has  been  giving  a  great  deal  of  time  to  the 
study  of  kiln  drying  of  wood,  both  from  a  theoretical  and  prac- 
tical side.  Conditions  neces.sary  to  proper  drying  of  wood  have 
been  explained  theoretically  and  methotis  of  drying  developed 
accordingly.  Several  kilns  are  now  in  operation  at  Uiis  labora- 
tory where  these  methods  can  be  tried  out  experimentally, 
and  it  has  been  ijossible  to  dry  various  species  and  various  forms 
with  entirely  satisfactory  results.  After  tests  in  the  cxjicrinicntal 
kilns  it  has  been  our  policy  to  make  demonstrations  in  commer- 
cial kilns  to  assist  the  industries  in  solving  their  drying  problems. 

In  the  present  emergency  tlie  laboratory  has  been  found  well 
equipped  with  data  already  available  to  meet  the  problems  in 
kiln  drying  woods,  or  to  make  further  tests  where  ncccs-sary.  It 
has  been  possible  to  kiln  dry  si)ruce  green  from  the  saw  and  io 
as  goiKl,  if  not  better,  condition  than  air-dric<I  stock  for  airplane 
construction.  Tests  on  ash  are  nearly  completed  and  indications 
are  that  results  will  be  satisfacton,'. 

We  are  gradually  developing  specifications  for  drying  all 
cimunercial  species  that  will  iii<ure  gooil  rc-^ulls  with  any  kiln 
in  which  the  siK-cified  conditions  can  be  nutintaincil. 

I'ONKST    r«OI>l'CT»    I.A»0«*TO«V  C.     P.     \\  INSLOW, 

MAiiistiN,   Wis.  Scptcnilwr  .»0.  |1|7 


DirKtOT 


AVAILABLE  OXYGEN  IN  PYROLUSITE    CORRBCTION 

In  the  article  bv  t>.  I..  Harncliey,  Tins  JoiRNAl,,  9  UVl?). 
o<ii,  the  missing  fcHitiiotes  on  page  g^u.  seoonil  column,  fourth 
paragraph,  are  as  follows 

>  Prntlri    V>r<l«C  Al»*i    WHfukitf-  Ul.  1  (tM4).  114 

•  l.rniolnr.  Compi  ttmJ.  Ill  O"  "It   oyt,.  OOl    \iH 

•  l.nnnliK  «n.l  IVIIrvln.  Amm    .ktm    fky,  .  p).  (t  (IMP.  19; 
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THE  DETERMINATION  OF  IRON  IN  GLASS  SAND- 
CORRECTION 
Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

Referring  to  an  article  published  in  This  Journal,  9  (1917). 
941,  "The  Determination  of  Iron  in  Gla-ss  Sand,"  the  author 
quotes  from  the  Geological  Survey  Bulletin  285  (1906),  454,  by 
Ernest  F.  Burchard,  analysis  of  sand  submitted  by  the  American 
Window  Glass  Company  and  the  Pittsburgh  Plate  Glass  Com- 
pany which  have  no  doubt  been  recorded  incorrectly.     In  each 


case  the  Iron  content  is  stated  one-tenth  of  the  correct  amount 
as  found  in  any  analysis  we  have  ever  made. 

We  have  been  aware  of  the  error  as  stated  in  the  Bulletin  but 
did  not  think  it  necessary  to  draw  attention  to  this  as  we  con- 
sidered that  any  one  acquainted  with  glass  manufacture  would 
naturally  take  it  as  a  clerical  error  and  move  the  decimal  point 
one  place  over  to  the  right. 

Pittsburg  Puatb  Glass  Co.  F-   GelSTHARP, 

Crbighton.  Pa  ,  October  16.  1917  Chief  Chemist 
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By    Paul   WooTON,    Metropolitan   Bi 

Location  of  the  Government's  nitrate  plant  on  Muscle  Shoals 
came  as  a  surprise  to  nearly  all  here  who  are  intimately  interested 
in  the  matter.  Even  high  oflicials,  drawing  their  conclusions 
from  tlie  recent  report  of  the  Nitrate  Board,  had  decided  that 
Muscle  Shoals  had  been  eliminated.  There  is  much  speculation 
in  official  circles  as  to  who  is  responsible  for  the  selection  of 
the  site.  Some  are  of  the  opinion  that  the  selection  was  made 
by  the  President  himself.  It  is  known  definitely,  however,  that 
army  officers  had  combed  southwestern  Virginia  carefully  without 
finding  a  suitable  site.  The  water  is  bad  in  that  section  of 
Virginia  and  that  portion  of  the  terrain  which  is  not  standing 
on  edge  is  subject  to  overflow.  With  the  elimination  of  south- 
western Virginia,  resort  was  had  to  the  elastic  "contiguous  region" 
which  had  been  specified  by  the  Board  in  its  report.  Several 
officials  were  asked  why  Muscle  Shoals  was  chosen,  but,  despite 
their  rather  determined  attempts  to  point  out  a  good  reason  for 
the  selection  of  this  site,  none  was  established.  One  argument 
was  that  Muscle  Shoals  is  near  a  supply  of  phosphate  but  in  this 
connection  attention  is  called  to  the  fact  that  the  location  se- 
lected makes  the  obtaining  of  Florida  phosphates  much  more 
difficult  than  would  have  been  the  case  had  tlie  choice  fallen  to 
some  of  the  other  places  which  were  considered.  The  an- 
nouncement authorized  by  the  Secretary  of  War  is  as  follows: 

The  Secretary  of  War  announces  that  the  President  has  approved  the 
location  at  Sheffield.  .Mabama.  of  the  initial  ammonia  and  nitric  acid  plants 
to  be  constructed  with  a  portion  of  the  S20. 000.000  appropriated  for  Nitrate 
Supply  by  the  National  Defense  Act.  providing  a  suitable  site  be  there  ob- 
tainable at  a  reasonable  price.  As  satisfactory  prices  have  now  been  agreed 
upon  lor  the  transfer  of  the  several  parcels  of  land  involved,  the  location 
of  these  initial  plants  at  Sheffield  may  now  be  regarded  as  assured. 

Sheffield.  Alabama,  is  located  on  the  Tennessee  River  just  below  the 
Muscle  Shoals  and  is  near  to  the  phosphate  beds  of  central  Tennessee.  On 
the  site  selected  there  are  several  substantial  steel  buildings  which  can  be 
utilized  with  a  saving  of  expense  and  of  time. 

These  initial  plants  were  planned  with  a  view  to  determining  the  best 
and  most  economical  process  of  nitrogen  fixation.  Enough  land  is  being 
acquired  to  permit  of  large  expansion — by  the  same  or  by  other  processes — 
in  case  such  expansion  at  the  same  place  shall  be  decided  upon.  These 
plants  will  produce  material  of  much  value  in  the  manufacture  of  munitions 
for  the  war.  After  the  war.  any  excess  of  their  product  over  the  munitions 
requirements  may  be  sold  for  use  in  fertilizer. 


The  Secretary  of  the  Interior  has  not  been  advised  of  the 
selection  of  any  scientist  in  connection  with  the  Giragossiaun 
free  energy  generator.  While  it  has  been  reported  that  Garabed 
T.  K.  Giragossiau  would  go  ahead  with  his  plans  informally, 
no  word  of  it  has  come  to  tlie  government  scientists  who  were 
following  the  matter.  The  free  energy  generator  bill  passed  both 
Houses  of  Congress  but  was  not  signed  by  the  President.  The 
fact  that  Congress  was  so  willing  to  have  the  generator  investi- 
gated led  several  of  the  government's  mechanical  specialists  to 
look  into  the  matter  closely.  It  is  tlieir  opinion  that  the  generator 
is  another  Keeley  motor  fiasco.  They  point  to  tlie  fact  that 
those  who  have  been  convinced  of  the  generator's  merit  are  not 
specialists  in  the  business  of  power  generation.  One  government 
oflSeial  who  has  followed  the  matter  closely  said:  "Just  be- 
cause we  laughed  at  Langley,  it  is  no  reason  for  throwing  over- 
board all  the  knowledge  we  possess.  The  presentation  of  this 
seductive  style  of  argumentation  seems  to  have  been  employed 
very  successfully  in  this  case  as  Congress  was  willing  to  give 
large  prestige  to  another  perpetual  motion  machine  under  a 
different  name." 


ink    Building.   Washington,    D.    C. 

Statements  that  the  Burton  process  of  producing  gasoline  has 
been  freed  from  restriction  for  general  use  have  been  in  circula- 
tion for  the  past  ten  days,  but  no  official  announcement  concern- 
ing it  has  been  made.  As  was  announced  some  time  ago  at  a 
Federal  Trade  Commission  hearing,  the  Burton  process  has 
been  available  to  any  refiner  not  competing  directly  with  the 
Standard  Oil  Company  of  Indiana,  on  payment  of  reasonable 
royalties.  Since  it  is  fairly  well  established  that  the  Federal 
Trade  Commission  has  requested  those  in  control  of  this  process 
to  permit  its  more  general  use,  it  will  not  be  surprising  if  the 
request  is  granted.  Joseph  F.  Guffey,  tlie  government's  adviser 
on  oil  purchases,  has  declined  repeatedly  to  comment  on  the 
matter,  which  fact  is  taken  to  mean  that  there  is  a  hitch  in  the  plan. 

A  chemical  division  has  been  created  as  an  integral  part  of 
Food  Administration.  Herbert  Hoover,  the  food  administrator, 
has  summoned  Charles  Washington  Merrill,  of  San  Francisco, 
to  Washington  to  take  charge  of  the  new  division.  Mr.  Merrill, 
who  is  the  president  of  the  Merrill  Metallurgical  Co. ,  the  president 
of  the  Western  Ore  Purchasing  Co.,  and  a  director  on  the  board 
of  the  Union  and  the  Caledonia  Dredging  Companies,  is  a  chem- 
ist of  national  reputation.  He  took  a  notable  part  in  establish- 
ing that  the  cyanide  process  of  ore  treatment  could  be  used  on 
a  commercial  scale.  Under  his  direction  one  of  the  first  cyanide 
plants  in  the  country  was  erected  on  the  property  of  the  Standard 
Mining  Co.  at  Bodie,  Cal.,  in  1894.  The  new  chemical  division, 
which  he  will  direct,  will  devote  itself  to  the  control  and  alloca- 
tion of  chemicals  used  in  the  production  and  conservation  of  foods. 
The  importance,  to  the  nation,  of  maintaining  ample  supplies 
of  the  chemicals  used  in  insecticides,  fertilizers,  and  in  refrigera- 
tion and  of  stabilizing  their  prices  is  considered  by  Mr.  Hoover 
as  one  of  the  highly  important  phases  of  his  work.  Mr.  Merrill 
will  serve  on  the  doUar-a-year  basis. 

Henry  Howard,  chairman  of  the  executive  committee  of  the 
Manufacturing  Chemists'  Association  of  the  United  States, 
attended  the  hearing  conducted  Oct.  16  by  Van.  H.  Manning, 
the  director  of  the  Bureau  of  Mines,  at  which  the  regulations, 
which  wiU  accompany  the  explosives  act,  were  discussed.  While 
Mr.  Howard  objected  to  regulations  attempting  to  define  cer- 
tain provisions  of  the  law,  the  regulations  as  drafted  are  believed 
to  meet  the  approval  of  the  chemical  industries.  Changes 
now  are  being  made  in  the  regulations  so  as  to  conform  with  many 
of  the  suggestions  made  at  the  meeting,  at  which  all  industries 
affected  were  represented. 

After  an  exhaustive  investigation,  the  chemists  appointed  to 
report  on  the  defective  ammunition  manufactured  at  the  Frank- 
fort arsenal,  have  their  findings  practically  ready  to  submit  to 
the  War  Department.  The  report  probably  will  not  be  made 
public.  The  board  consisted  of  C.  L.  Parsons,  chief  chemist 
of  the  Bureau  of  Mines;  Col.  Wirt  Robinson,  professor  of  chem- 
istry at  the  United  States  Military  Academy  at  West  Point ;  and 
Wm.  H.  Walker,  of  the  Massachusetts  Institute  of  Technology. 

All  plans  for  the  formation  of  the  Chemical  Alliance  are  at 
a  standstill,  awaiting  action  by  the  Department  of  Commerce. 
It  is  understood  that  the  matter  is  being  delayed  while  the 
State  Department  learns  the  attitude  of  the  countries  associ- 
ated with  us  in  the  war.  It  is  pointed  out  that  under  present 
conditions  the  activities  of  the  Alliance  would  be  international 
in  its  effects. 
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Mr.  Harry  A.  Curtis,  First  Lieutenant,  commanding  Troop 
K,  Colorado  National  Guard,  and  formerly  professor  of  physical 
chemistry  in  the  University  of  Colorado,  has  been  ordered  to 
report  to  the  Chief  of  Ordnance  at  Washington. 

Among  the  distinguished  visitors  at  the  Chemical  Exposition 
held  recently  in  New  York,  were  Lieutenant  Rene  Engel,  chemical 
engineer  and  secretary  of  the  Society  de  Chimie  Industrielle  of 
Paris,  and  Prof.  Victor  Grignard  of  the  Institut  de  Chimie  de 
Nancy.  Both  are  members  of  the  French  Scientific  Mission 
to  the  United  States. 

Mr.  Otto  L  Chormann,  formerly  chief  chemist  for  the  Pfaudler 
Company,  Rochester,  New  York,  has  received  the  commission  of 
Major,  ist  Battalion,  3rd  Infantry,  N.  G.  N.  Y. 

Dr.  H.  B.  North,  associate  professor  of  chemistry  at  Rutgers 
College,  New  Brunswick,  N.  J.,  has  resigned  to  become  con- 
nected with  the  York  Metal  and  Alloy  Company,  York,  Pa., 
in  capacity  of  director  of  the  research  laboratories. 

Dr.  William  B.  Meldrum,  of  Vassar  College,  has  been  appointed 
assistant  professor  of  chemistry  at  Haverford  College,  taking  the 
place  of  Lyman  B.  Hall,  professor  of  chemistry,  who  resigned 
at  the  retiring  age  after  37  years  of  service. 

Dr.  Reston  Stevenson,  assistant  professor  in  charge  of  physical 
chemistry  in  the  College  of  the  City  of  New  York,  has  been 
appointed  captain  of  the  Sanitary  Corps  of  the  National  Army. 
His  work  at  the  College  of  the  City  of  New  York  will  be  carried 
on  by  Paul  Gross,  graduate  of  City  College  and  post-graduate 
of  Columbia. 

Milton  W.  Franklin,  formerly  engineer  of  the  ozonator  de- 
partment of  the  General  Rlcctric  Company,  has  severed  con- 
nections with  that  company  to  go  with  E.  F.  Houghton  &  Co. 
as  consulting  engineer.  Dr.  Franklin  becomes  a  member  of  the 
board  of  directors  and  chairman  of  the  sales  committee  and 
assumes  charge  of  plants  and  equipment  and  manufacturing 
processes. 

Dr.  Ralph  H.  McKee,  head  of  the  Research  Department 
of  the  Tennessee  Copper  Company,  has  been  appointed  Associate 
Professor  of  chemical  engineering,  Columbia  University.  He 
will  have  charge  of  the  work  in  industrial  organic  chemistry  given 
by  the  Department  of  Chemical  Engineering. 

Prof.  Chas.  F.  Chandler  is  reported  recovering  rapidly  from 
his  recent  serious  illness.  On  October  i6th,  he  was  able  to  be 
out-ofdoors  and  to  walk  about  town  without  feeling  any  ill 
effects  from  the  exertion.  Prof.  Chandler  expects  to  remain  at 
his  country  place  near  New  Hartford,  Conn.,  for  some  time. 

Dr.  T.  Dale  Stewart  of  the  University  of  Chicago  has  accepted 
a  position  as  instructor  in  chemistry  in  the  University  of  Cali- 
fornia, lie  has  been  in  Pittsburgh  for  several  weeks  where  he 
has  been  doing  research  work  for  the  government. 

Mr.  H.  N.  Thomson  has  resigned  his  position  as  metallurgist 
for  the  United  Verdi  Copper  Co.  and  has  entered  consulting 
practice.  His  address  is  918  S.  Kingsley  Drive,  Los  Angeles, 
Cal. 

Mr.  W.  \l.  Ran.som,  who  was  formerly  connected  witli  the 
Technical  Department  of  the  Aetna  Explosives  Company,  has 
been  called  into  active  service  as  Captain  in  tlic  Ordnance 
Department,  and  assigned  to  duty  as  Inspector  of  Ordnance. 
Capt.  Ransom  is  at  present  stationed  at  Wilmington,  Del., 
where  he  is  inspecting  the  smokeless  powder  and  high  explosives 
manufactured  i)y  the  du  Pont  Company. 

Mr.  A.  I).  Shankland  has  been  appointed  chief  chemist  of  the 
Sanson  laboratory  of  the  Hctlilehem  Steel  Company. 

Dr.  Max  Kahn  has  resigned  his  position  us  biochemist  to  the 
Western  Pennsylvania  Hospital,  Pittsburgh,  Pa.,  to  accept  the 
appointment  of  director  of  the  laboratories,  Beth  Israel  Hospital, 
New  York  City. 

Mr.  L.  Iv.  Warren,  for  eight  years  associate  chemist  in  the 
chemical  laboratory  of  the  American  Medical  Association,  liiis 
resigned  his  position  to  take  charge  of  the  research  laboratories 
of  the  New  York  pi, ml  of  VV'm.  K.  Warner  St  Co. 

Dr.  AKan  Ilirsch  has  sailed  for  Ja|)uii  to  cimtiiuic  his  work 
as  Coiisiillaiit  for  I  lie  Japan  Dycstuff  MantifacturiiiK  Company, 
stibsidi/rd  by  tlic  Japanese  Government.  Dr.  Ilirsch  expects 
to  be  in  the  ( trient  three  or  four  months, 


_  Mr.  Charles  V.  Bacon,  consulting  chemist  on  oils,  of  New 
York  City,  has  been  appointed  head  of  a  newly  organized  section 
on  oils  and  liquid  fire  at  the  American  University  Experiment 
Station  under  the  U.  S.  Bureau  of  Mines  at  Washington. 

Dr.  Minnie  A.  Graham  has  resigned  her  position  as  instructor 
in  analytical  chemistry  at  Wellesley  College  to  act  as  abstractor 
for  the  research  department  of  the  General  Chemical  Company 
in  New  York. 

Dr.  W.  A.  Perlzweig,  assistant  professor  in  biochemistry'  in  the 
Creighton  University  College  of  Medicine,  has  been  appointed 
first  lieutenant  in  the  Sanitary  Corps  of  the  army. 

Air.  Edward  Booth,  assistant  professor  of  chemistry  in  the 
University  of  California,  died  at  his  home  in  Berkeley  on  August 
23rd. 

Mr.  G.  A.  O'Reilly,  Foreign  Trade  Representative  of  the 
Irving  National  Bank,  made  an  address  before  the  Philadelphia 
Section  of  the  A.  C.  S.  on  October  18,  entitled  "The  Banker  and 
the  Chemist." 

Mr.  W.  H.  Fegely,  for  several  years  instructor  in  chemistry 
and  assistant  director  of  the  laboratories  at  Allegheny  College, 
has  resigned  his  position  to  take  charge  of  the  research  labora- 
tories of  the  Erie  Malleable  Iron  Company,  Erie,  Pa. 

Mr.  L.  M.  Tolman,  for  17  years  cotmected  with  the  U.  S. 
Bureau  of  Chemistry  and  for  tiie  last  3  years  Chief  of  the 
Central  District  for  Food  and  Drug  Inspection,  has  resigned  to 
become  Chief  Chemist  for  Wilson  &  Co.,  Chicago,  where  he 
will  have  charge  of  their  various  control  and  research  labora- 
tories. E.  M.  Doolittle  of  the  New  York  laboratories  succeeds 
Mr.  Tolman. 

Dr.  Frederic  S.  Mason  announces  his  removal  to  new  offices 
at  16  Fifth  Avenue,  New  York. 

Dr.  J.  H.  Shrader,  formerly  laborator>"  director  of  the  Gibbs 
Preserving  Company,  Baltimore,  Md.,  is  now  in  charge  of  the 
vegetable  oil  project  of  the  Drug  Plant  Office,  Bureau  of  Plant 
Industry,  Washington,  D.  C.  His  former  position  has  been 
filled  by  Mr.  C.  H.  Campbell  of  the  Puritan  Food  Products 
Co. 

Nine  Industrial  Fellows  of  the  Mellon  Institute  of  Industrial 
Research  have  entered  tlie  service  of  the  Government.  They 
are  Dr.  Frank  O.  Anion,  Dr.  Harold  S.  Bennett,  Mr.  C.  E. 
Howson,  Dr.  R.  W.  Miller,  Mr.  Ray  V.  Murphy,  Mr,  W.  E. 
Vawter,  Mr.  C.  L.  Weirich,  Mr.  A.  S.  Crossfield  and  Mr.  J.  W. 
Harper.  The  first  seven  named  have  received  commissions  as 
first  lieutenants.  Three  other  Industrial  Fellows,  Messrs.  C.  O. 
Brown,  G.  F.  Gray  and  R.  P.  Rose  had  previously  been  com- 
missioned as  captains;  A.  H.  Stewart  has  entered  the  aviation 
service  and  C.  N.  Iry  has  been  appointed  a  second  lieutenant 
in  the  Engineer  Corps. 

Mr.  Clarence  Ebaugh,  professor  of  chemistrv'  in  Dcnnison 
University,  is  on  leave  of  absence  for  the  year  igi7-i8,  to  serve 
as  chairman  of  the  Council  of  National  Defense  for  tlic  state  of 
Utah. 

Of  the  members  of  the  instructing  stafT  of  the  department  of 
chemistrv  at  the  Massachusetts  Institute  of  Technology.  Profes- 
sors W.  il.  Walker  and  J.  F.  Norris.  Dr.  I'.  11  Smyth  and  Mr. 
R.  Iv.  Wilson  are  on  leave  of  absence,  and  Professor  W.  K. 
Lewis  devotes  only  part  of  his  time  to  the  institute  duiing  the 
present  year.  All  these  men  are  actively  engaged  in  gasdcfcnse 
problems,  and  arc  holding  responsililc  (Hisilions  in  the  organisa- 
tion which  is  dealing  with  these  prolilcms  at  Wa.shington  and 
elsewhere.  Professor  A.  A.  Noycs  si>ciids  a  part  of  his  time  in 
Wo-shington,  in  connection  with  the  work  of  the  National  Re- 
search Council  and  the  Nitrate  Committee.  Professors  Nlulli- 
kcn.  Spear  and  Mueller  have  also  l>een  engaged  at  the  institute 
on  investigations  relating  to  gasdcfcnse.  Professors  1'.  J. 
Moore  and  II  P.  Talliot  gave,  during  a  iwrtion  o(  the  summer, 
courses  of  instruction  to  stiiilents  who  were  cxi>ectiiiK  to  apply 
for  conunissions  in  the  Reserve  Ofliccrs  Training  Cori». 

Honorary  mcmtx;rship  in  the  Chemists'  Club.  New  York 
City,  was  conferred  iii)on  Prof,  ('.rignanl,  o(  the  l-'rcnch  Mis,sion. 
at  a  joint  meeting  of  the  New  York  Section  of  the  Six-iclv  o( 
Chemical  Inilu-ilrv.  American  Chemical  SiK-icty  and  the  .\niriii-«n 
I'llectriK-hemicid  Sn-irtv.  on  I'ridav  cvriiing.  (Vtol>rr  19. 
The  thoughtful  a<l<lrcss  of  Prof,  (irignard  in  ucknowlrdginK  the 
honor  will  be  printed  in  the  next  issue  of  This  Jochnai.. 
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We  It:am  from  The  Journal  of  Commerce  and  Commercial 
Bulletin  that  in  July  nearly  $500,000  worth  of  aniline  dyes  were 
shipped  abroad,  according  to  figures  published  by  the  Bureau 
of  Foreign  and  Domestic  Commerce.  This  is  the  first  time 
tliat  separate  statistics  for  aniline  exports  have  ever  been  issued, 
the  innovation  resulting  from  the  recent  striking  growth  of  the 
trade.  The  industry  has  developed  until  now  it  not  only  sup- 
plies the  domestic  demand  for  colors  but  has  even  invaded  the 
foreign  markets  in  European  neutral  and  allied  countries,  Canada, 
Mexico,  Argentina,  Brazil,  British  India  and  Japan. 

The  American  Writing  Paper  Company,  Hoi  yoke,  Mass., 
has  established  a  school  for  paper  making  in  tlie  Department 
of  Tests,  for  the  benefit  of  employees.  John  W.  Brassington, 
chief  engineer  for  the  company,  will  direct  the  classes  in  engi- 
neering and  Henry  P.  Carruth  will  teach  the  classes  in  chemistry. 

In  the  suit  of  Procter  and  Gamble  Company,  Complainant, 
against  Berlin  Mills  Company,  Defendant,  for  infringement  of 
patent  No.  1,1,^5,351,  assigned  to  the  Complainant  by  John  J. 
Burchenal,  Judge  Augustus  N.  Hand  of  the  United  States 
District  Court,  Southern  District  of  New  York,  rendered  an 
opinion  on  October  3,  1917,  which  concludes  as  follows:  "The 
bill  should  be  dismissed  with  costs  because  the  patent  is  void 
for  lack  of  invention  and  for  the  further  reason  that  claims 
I  and  2  if  properly  construed  are  not  infringed  by  the  defendant." 

The  Panama  Canal  Record  reports  that  arrangements  have 
been  made  at  the  Miraflores  purification  plant  for  a  central 
laboratory  to  handle  the  inspection  and  testing  of  paints  used 
on  Panama  Canal  structures  and  equipment.  A  laborator>'  is 
being  installed  at  the  purification  jjlant,  and  a  chemist  who 
has  specialized  in  paints  will  go  from  the  United  States  to 
conduct  tlie  work.  The  purpose  is  to  make  a  study  of  formulas 
and  methods  of  application  and  determine  the  best  processes 
of  protecting  woods  and  metals  in  varying  circumstances.  Ex- 
penditures by  the  Canal  for  paint  materials  amounted  to  $127,173 
in  1914;  $255,366  in  1915;  and  $229,463  in  1916.  There  are 
five  paint-grinding  machines  at  Balboa  Shops  for  general  Canal 
needs  and  one  at  Pedro  Miguel  Lock,  which  does  work  for  all 
locks.  The  problem  of  painting  has  never  been  solved,  although 
practically  every  kind  of  paint  that  is  mixed  has  been  tried  on 
the  Isthmus,  and  tests  have  been  made  in  coating  with  concrete 
and  metal  sprays.  There  are  now  between  15  and  20  steel 
plates,  coated  with  various  mixtures,  exposed  at  the  lower  end 
of  Miraflores  Locks  for  tests.  Geo.  C.  Bunker,  Balboa  Heights, 
C.  Z.,  in  charge  of  Water  Purification,  will  supervise  the  opera- 
tion of  this  laboratory. 

The  British-American  Chemical  Company  of  College  Point, 
Long  Island,  New  York,  was  damaged  to  the  amount  of  more 
than  $250,000  by  fire  on  October  13,  the  greater  part  of  the 
loss  being  in  machinery  and  chemicals.  The  fire  also  did  damage 
to  the  extent  of  several  thousand  dollars  to  the  aviation  plant 
of  the  L.  W.  F.  Manufacturing  Company,  w-here  airplanes  are 
being  manufactured  for  the  Government.  Federal  authorities 
as  well  as  the  police  and  fire  marshal  are  conducting  an  investi- 
gation. Following  the  start  of  the  fire  in  tlie  chemical  plant 
there  was  an  explosion,  which  according  to  one  of  the  employees 
was  caused  by  spontaneous  combustion  of  chemicals  in  a  vat 
in  the  mixing  room.  This  employee  declared  that  alien  enemies 
would  have  no  reason  to  blow  up  the  plant  as  it  was  not  engaged 
in  making  war  supplies,  its  products  being  chemicals  used  as 
preservatives  for  canned  goods  and  in  manufacturing  medicines 
for  rheumatism. 

The  l'"ederal  Chemical  Company  of  Louisville,  maufacturers 
of  commercial  fertilizers,  has  announced  that  tlie  company  will 
shortly  erect  a  large  sulfuric  acid  plant  at  Columbus,  Ohio, 
adjoining  tlie  present  mixing  plant,  which  was  started  last  spring 
and  just  completed  at  a  cost  of  $200,000.  The  new  plant  will 
cost  in  the  neighborhood  of  $30,000. 

Charles  Engelhard,  30  Church  St.,  New  York,  announces  the 
perfection  of  "Impervite"  tubes  for  protecting  thermo-couples: 
tliese  tubes  possess  qualities  practically  identical  and  in  many 
ways  superior  to  the  imported  Marquardt  tubes  formerly  used 
for  the  same  purpose. 

We  learn  from  Science  that  the  Pacific  Coast  Gas  Association 
has  given  $4,415  to  the  University  of  California  to  further  in- 
struction and  research  in  gas  engineering. 

It  is  reported  from  London  that  the  Minister  of  Munitions 
has  taken  possession  of  all  calcium  carbide  in  stocks  exceeding 
56  pounds.  Further  dealings  are  prohibited  except  in  execution 
of  written  contract,  save  under  license  from  the  Ministry  of 
Munitions. 


The  Department  of  Agriculture's  Experimental  Kelp-Potash 
Plant  at  Summerland,  California,  is  now  in  operation.  The 
apparatus  now  in  use  permits  the  production  of  only  crude 
potash.  By  the  time  the  balance  of  the  equipment  is  installed, 
it  is  expected  that  considerable  skill  in  the  operation  of  the 
present  equipment  will  have  been  developed.  The  capacity 
is  small,  the  tlieoretic;il  capacity  being  not  more  than  two  hun- 
dred tons  of  wet  kelp  per  day;  still  it  is  expected  that  the  plant 
will  be  able  to  turn  out  the  product  in  ton  lots,  which  should 
permit  of  their  securing  data  of  a  commercial  nature. 

It  is  reported  that  arrangements  are  under  way  at  Ottawa  for 
testing  the  possibihties  of  developing  motor  and  other  fuel  from 
the  lignite  deposits  of  Saskatchewan.  There  are  extensive  de- 
posits of  lignite  in  that  province  and  in  other  parts  of  the  West. 
It  was  proposed  earlier  in  the  year  that  the  Dominion  Govern- 
ment purchase  a  complete  plant  for  this  purpose,  but  it  has 
been  decided  by  the  Scientific  and  Industrial  Research  Com- 
mittee at  Ottawa,  which  has  the  undertaking  in  charge,  to  start 
work  with  a  rented  plant  from  the  United  States.  The  lignite 
will,  it  is  thought,  prove  a  source  of  fuel  oil,  and  possibly  motor 
fuel,  in  addition  to  briquetted  fuel  and  by-products. 

The  Southern  Sulfur  Company  of  Houston,  Texas,  has  been 
organized  to  develop  sulfur  deposits,  with  a  capital  of  $300,000, 
by  John  H.  Kirby,  B.  F.  Bonner  and  H.  L.  Fagin. 

Owing  to  the  general  shortage  of  the  coal  supply,  complete 
stoppage  of  the  Netherlands  glass  industry  is  threatened.  The 
government  coal  distribution  bureau  has  informed  the  factories 
that  no  more  coal  can  be  supplied;  in  consequence,  at  least  some 
of  the  ovens  must  cease  working  very  soon. 

A  temporary  embargo  has  been  laid  on  all  exports  of  sulfur 
to  Canada  pending  an  investigation  by  this  government  of  the 
sulfur  requirements  of  the  American  Military  Establishment. 
Canada  has  been  asked  to  submit  an  estimate  of  what  sulfur 
she  will  need  for  the  manufacture  of  explosives  and  for  indus- 
trial uses,  especially  the  manufacture  of  news-print  paper.  After 
both  American  and  Canadian  military  requirements  are  met  it 
is  expected  that  some  sulfur  will  be  exported  to  Canada  under 
special  license  for  non-military  use. 

Three  prominent  Japanese  scientists  have  been  sent  to  this 
country  by  the  Japanese  Government  for  the  prosecution  of 
scientific  studies  to  contribute  to  the  development  of  chemical 
and  other  industries  in  Japan.  The  mission  is  made  up  of  Dr. 
Masaharu  Nishikawa,  lecturer  of  the  college  of  science  of  the 
Imperial  Tokio  University,  Genshichi  Asahara,  graduate  of 
the  same  university  and  Dr.  Kikumae  Ikeda,  also  professor 
of  the  college  of  science.  Dr.  Ikeda,  who  is  senior  professor 
and  an  authority  on  chemistry,  is  commissioned  with  tlie  in- 
vestigation and  inspection  of  tlie  development  of  scientific 
studies  and  industries,  both  theoretical  and  practical. 

The  Court  has  appointed  temporary  receivers  for  the  Federal 
Dyestuff  and  Chemical  Corporation.  Charles  W.  Halloway, 
president  of  the  corporation,  consented  to  the  appointment 
of  the  receivers.  The  corporation  was  promoted  by  Archibald 
S.  White,  who  conducted  a  wide-spread  advertising  campaign 
for  the  sale  of  the  stock  at  $50  a  share.  Mr.  White  announced 
his  retirement  from  tlie  banking  business  last  March.  A  state- 
ment issued  said  that  the  credit  of  the  corporation  was  seriously 
imijaired,  and  that  new  working  capital,  according  to  the  Di- 
rectors, was  indispensable. 

A  Chemical  Industries  Bureau  is  in  course  of  formation  in 
Sweden,  the  object  of  which  will  be  to  bring  together  the  Swedish 
chemical  industrial  interests. 

The  Pfaudler  Company  of  Rochester,  N.  Y.,  has  opened  two 
new  branch  offices,  one  at  1502  Oliver  Building,  Pittsburgh,  Pa., 
and  one  at  1946  Penobscot  Building,  Detroit,  Michigan. 

On  Friday,  October  19th,  the  Government  commandeered 
approximately  7000  tons  of  caustic  soda,  to  be  used  in  the 
manufacture  of  picric  acid.  The  price  paid  was  considerably 
lower  than  the  market  price  but  was  considered  fair  in  all  ways. 
It  is  understood  that  during  the  next  15  months  the  Federal 
authorities  will  requisition  more  tlian  four  times  the  above 
amount.  This  action  will  automatically  reduce,  pro  rata,  the 
contracts  of  customers. 

The  business  of  the  Brown  Instrument  Company  of  Phila- 
delphia has  increased  to  such  an  extent  that  they  have  found  it 
necessary  to  purchase  a  large  piece  of  ground  located  on  tlie 
south  side  of  their  factory,  which  will  permit  such  extensions  to 
their  plant  as  may  be  required  from  time  to  time. 
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By  R.  S.  McBride,  Burea 

KOTICE — PublicatioQS  for  which  price  is  indicated  can  be 
purchased  from  the  Superintendent  of  Documents,  Government 
Printing  Office,  Washington,  D.  C.  Other  publications  can 
usually  be  supplied  from  the  Bureau  or  Department  from  which 
they  originate.  Commerce  Reports  are  received  by  all  large 
libraries  and  may  be  consulted  there,  or  single  numbers  can  be 
secured  by  application  to  the  Bureau  of  Foreign  and  Domestic 
Commerce,  Department  of  Commerce,  Washington.  The  regu- 
lar subscription  rate  for  these  Commerce  Reports  mailed  daily  is 
$2.50  per  year,  payable  in  advance,  to  the  Superintendent  of 
Documents. 

COUNCIL  OF  NATIONAL  DEFENSE 

X-Ray  Apparatus  and  Supplies.    Anonymous.    Part  4  of  the 
list  of  staple  medical  and  surgical  supplies  selected  to  meet  war 
conditions  by  the  Committee  on  Standardization  of  the  Council 
of  National  Defense.     14  pp.     Issued  July,  1917. 
PUBLIC  HEALTH  SERVICE 

Rodent  Destruction  on  Ships.  R.  H.  Creel  and  F" 
Simpson.  Public  Health  Reports,  32,  1445-50  (September  7). 
This  is  a  report  on  the  relative  efficiency  of  fumigants  as  de- 
termined by  subsequent  intensive  trapping  over  a  period  of  one 
year. 

A  New  Water  Sample  Shipping  Case.    R.  R.  Spencer  and 
H.  P.  Letton.     Public  Health  Reports,  32,  1476-83  (September 
14).     This  report  includes  a  few  observations  on  the  changes 
that  take  place  in  stored  samples  of  water. 
OEOLOQICAL  SURVEY 

Fluorspar.  E.  F.  Burciiard.  Bulletin  666-CC.  8  pp. 
Prior  to  1905  the  production  of  fluorspar  was  less  than  50,000 
short  tons  annually;  up  to  1908  it  fluctuated  considerably,  but 
in  1909  it  began  to  increase  rapidly,  owing  to  the  more  general 
recognition  of  the  value  of  fluorspar  in  the  manufacture  of  open- 
hearth  steel  and  to  the  expansions  in  facilities  for  mining  and 
milling  the  mineral  in  Illinois  and  Kentucky.  There  was  a 
steady  increase  in  production  from  1908  to  1912,  but  in  1913 
and  1914  there  were  decreases  coincident  with  depression  in  the 
Steel  industry.  In  1915  and  1916  the  production  largely  in- 
creased, owing  to  the  revival  of  the  steel  and  chemical  industries, 
the  output  for  both  of  these  years  exceeding  all  previous  records. 
During  the  period  19 10  to  1916,  for  which  complete  records  are 
available,  there  has  been  an  almost  steady  decrease  in  imports, 
but  the  considerable  falling  off  during  the  war  years  may  be 
attributed  to  the  interruption  to  comincrcc  as  well  as  to  de- 
pression in  the  mining  industry  in  Ivngland  caused  by  the  scarcity 
of  available  miners. 

It  is  apparent  that  American  fluorspar  deposits  have  proved 
ample  to  supply  more  than  the  additional  fluorspar  needed  to 
make  up  for  the  decrease  in  imports.  There  are  no  considerable 
exports  of  fluorspar  at  present,  so  that  the  consumption  is 
represented  practically  by  the  domestic  production  plus  the 
itnporls. 

The  average  price  of  domestic  fluorspar  at  mines  or  local 
shipping  points,  for  all  localities  and  all  grades  of  spur,  has 
ranged  between  $5.50  and  $6.50  a  short  ton  during  the  lost 
four  years.  The  price  decreased  from  19IJ  to  1915  but  in- 
creased more  than  jo  cents  a  ton  in  1016.  Ground  spar  has 
commanded  the  highest  price— from  $10.75  to  $13.15  in  recent 
years;  lump  spur  h.i.s  brought  from  $^i.<>r)  to  $13,  and  gravel 
spar  from  $4  H5  to  $ii>,  a  ton,  the  price  depending  on  quality, 
locality,  anil  cniHlilioii  of  tile  market. 

Petroleum.  J.  D.  Noktiikup  lliillrtin  (i66-I)l).  13  pp.  A 
full  statistical  report. 


i  of  Standards,  Washington 

Potash  in  1916.  H.  S.  Gai.e.  Mineral  Resources  of  the 
United  States,  1916,  Part  II.  98  pp.  Published  September  10, 
1917. 

The  manufacturers  of  potash  salts  and  potash  products  in  the 
United  States  reported  a  production  in  19 16  of  35,739  short  tons, 
having  a  mean  content  of  about  27  per  cent  potash  (K.O)  and  a 
total  content  of  9,720  short  tons  of  potash  (KjO).  This  is  al- 
most exactly  ten  times  the  production  reported  for  1915. 

Practically  all  the  predicted  possibilities  as  to  potash  found 
some  fulfillment  in  1916.  The  almost  entire  stoppage  of  supplies 
from  abroad  and  in  small  stocks  on  hand  with  which  to  meet  the 
requirements  have  at  times  carried  the  price  of  potash  to  a  high 
figure.  Much  potash  has  been  used  as  fertilizer,  even  under 
these  conditions,  and  a  quantity  of  high-grade  sulfate  produced 
in  this  country  has  been  exported  to  Cuba  to  meet  a  special 
agricultural  demand  there. 

The  forms  in  which  potash  has  been  produced  and  marketed 
are  so  diverse  that  it  is  difficult  to  make  a  summation  of  the 
production  that  will  have  any  real  significance.  Therefore,  the 
reports  for  all  forms  have  been  reduced  to  terms  of  tons  of  actual 
available  or  water-soluble  potash  (KjO),  the  standard  com- 
mercial unit  by  which  the  potash  value  of  these  products  is 
usually  expressed. 

SuuHABY  OF  Potash  Pkoducbd  in   1916 

Available  Potash  (KiO) 
Quantity     Value  at  Point 
Source  (short  tons)     of  shipment 

Natural  salts  or  brines 3  ,994 

Alunite   and    silicate    rocks,   including   re- 
coveries through  furnace  dust 1 ,  850 

Kelp 1,SS6 

Wood  ashes  (potashes,  pearluh) 4l2(tf) 

Distillery  waste  (molasses) 1 ,  845 

Miscellaneous  organic  sources 63 


$1,937,600 

715.000 
781,100 
270.000 
500,900 
38.130 


9.720  4.242.730 

id)'  The'reported  production  from  wood  ftshes  amounted  to  825  tons  of 
salts  of  varying  grades,  containing,  by  a  moderate  estimate.  50  per  cent  of 

potash. 

Strontium  in  1916.  J.  M.  Hill.  Mineral  Resources  of  the 
United  States,  1916,  Part  II.    lopp.    Published  September  6.  1917. 

From  the  best  information  available  to  the  United  States 
Geological  Survey  it  would  seem  that  approximately  250  short 
tons  of  strontium  ore,  of  which  about  4  per  cent  was  stronti;uiite 
(strontium  carbonate)  and  the  remainder  celestitc  (strontium 
sulfate),  was  mined  in  the  I'nitcd  States  during  I9I^.  This 
ore  was  mined  in  .\rizona,  California,  and  Washington,  but  not 
all  the  ore  mined  was  sold. 

As  stated  in  the  report  for  1914.  the  apparent  demand  for 
strontium  ore  was  tlien  alwut  j.cxxi  short  tons,  .^ppiu^ently 
the  demand  in   1916  was  somcwhiit  liugcr. 

It  is  not  pos,siblc  to  publisli  exact  tigures  of  pnxtuction  of 
strontium  salts  without  divulKinK  conlidciitial  information 
funiislicd  the  Geological  Sur\'cy.  Strontium  nitrate  was  the 
princiji.il  salt  protluced,  but  u  small  eiitiiut  each  of  rclincd 
carbonate  and  bromide  was  reported.  Quotations  on  strontium 
nitrate  during  it)i(>  ranged  from  a  to  50  cents  and  avcmired 
about  a  cents  a  pound.  Quotntions  for  strontium  carl>oiiate 
did  not  fluctuate  xs  did  those  for  the  ititratc.  technical  carltonatc 
being  quoted  in  1916  at  from  16  to  iS'/i  cents  and  chemically 
pure  carbonate  at  45  to  jo  cents  a  pound. 

The  total  value  of  strontium  salts.  Uith  iinptirtwl  and  of 
domestic  manulaclurr.  ctm.Humctl  in  the  Unite<l  States  in  1916 
was  approximately  $335,000  -  a  i-tmsidcnible  incrra.v  in  value, 
<lue  in  part  to  incmuwtl  prier  rcocixTd  for  the  products  and  in 
part  to  iiicre.iv  in  quant  it  v  ct)iisumr<l  There  can  tic  little 
(|iicsti<m  that  the  heavy  (reiRlit  liaflic  in  i9i(>  must  h«\-e  neces- 
silatetl  a  large  increase  in  the  u-tc  of  sigiwl  flare*,  and  it  sccin* 
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equally  certain  that  the  use  of  signal  lights  in  which  strontium 
is  employed  has  increased  in  Europe  and  on  the  high  seas. 

Abrasive  Materials  in  1916.  F.  J.  Katz.  Mineral  Resources 
of  the  United  States,  1916,  Part  II.  15  pp.  Published  Septem- 
ber 15,  1917- 

The  total  value  of  the  abrasive  materials  which  are  considered 
in  this  report  and  which  entered  trade  in  1916  was  $5,156,098. 
This  was  an  increase  of  $1,148,029,  or  29  per  cent,  compared 
with  1915.  There  was  increase  in  value  of  domestic  production 
of  natiu-al  and  artificial  abrasives  amounting  to  27  and  31  per 
cent,  and  imports  increased  about  3  per  cent  in  value. 

Among  the  natural  abrasives  a  gain  was  shown  in  production 
of  grindstones  and  pulpstones.  oilstones  and  scythestones, 
emery,  ganiet,  pumice,  tripoli  and  rottenstone,  and  tube  mill 
linings,  and  in  1916  the  first  marketing  of  domestic  pebbles  for 
grinding  was  recorded.  The  reported  value  of  diatomaceous 
earth  sold  was  less  than  in  1915- 

Thorium  Minerals  in  1916.  W.  T.  SchallER.  Mineral 
Resources  of  the  United  States,  1916,  Part  II.  14  pp.  Pub- 
lished September  13,  1917. 

This  report  states  the  conditions  of  the  monazite  sand  in- 
dustry throughout  the  world  in  a  quantitative  way  rather  than 
in  a  descriptive  way,  so  that  the  intending  producer  of  domestic 
sand  can  see  what  he  would  have  to  compete  with  and,  from  the 
qualities  of  his  own,  can  judge  for  himself  whether  he  can 
profitably  undertake  the  production  of  his  particular  lot  of  sand. 
The  monazite  sand  industry'  in  the  United  States  was  prosperous 
at  the  beginning  of  this  century  and  continued  so  until  about 
1910,  after  which  the  production  ceased  entirely  for  several 
years.  Some  sand  has  been  mined  and  marketed  since  1914, 
but  the  industry  has  in  no  way  regained  its  prosperity  of  a  decade 
or  two  ago. 

Barytas  and  Strontium  in  1915.  J.  M.  Hill.  Mineral  Re- 
sources of  the  United  States,  1915,  Part  II.  26  pp.  Published 
October  6,  1916. 

The  marketed  production  of  crude  barytes  in  the  United 
States  in  1915  was  108,547  short  tons,  valued  at  $381,032. 
This  is  a  notable  increase  over  the  production  in  1914,  which 
was  52,747  short  tons  valued  at  $155,647.  The  increase  was  in 
large  part  due  to  the  activity  of  the  mines  in  Georgia,  Kentucky, 
and  Tennessee.  The  Missoiu-i  mines,  as  will  be  seen  from  the 
following  table,  made  an  increase  of  approximately  6,000  tons. 

Marketed  Production  of  Barium  Proddcts  in   1915 

Quantity  Average  price       Total 
(short  tons)     per  ton  Value 

Ground  barytes 51. .SS?         $12.32         5  635,318 

Lithopone 46,494  80.88  3,760.472 

Barium  chemicals(a) 8,823  (d)  (b) 

(a)  Barium  chemicals  include  the  binoxide,  carbonate,   chloride,   hy- 
droxide, nitrate,  sulfate  (blanc-fix^),  and  sulfide. 
ih)  Value  cannot  be  reported. 

but  that  is  much  below  the  increase  in  Georgia  and  Tennessee, 
which  amounted  to  more  than  15,000  tons  in  each  State;  the 
increase  in  Kentucky  from  a  nominal  quantity  in  1914  to  7,753 
tons  in  1915  is  remarkable.  It  is  interesting  to  note  that  Alaska 
has  entered  the  list  of  producers  of  barytes. 

The  prices  paid  for  cnide  barytes  in  19 15  varied  considerably 
in  different  States;  thus,  in  Georgia  the  average  price  was  S3. 31 
a  short  ton;  in  Missouri  the  price  was  $4.05  a  short  ton  f.  o.  b. 
cars.  These  prices  are  higher  than  in  1914,  but  the  average 
price  did  not  advance  as  much  as  might  have  been  expected,  one 
factor  in  keeping  it  down  appearing  to  be  the  opening  of  many 
deposits  which  have  been  idle  for  some  time  and  whose  output 
increased  the  supply  in  191 5. 

Reports  received  by  tlie  Survey  from  9  grinders,  8  makers  of 
lithopone,  and  4  barium  chemical  plants,  producers  in  1915, 
show  tliat  during  the  year  51,557  short  tons  of  ground  barytes, 
46,494  short  tons  of  lithopone,  and  8,823  short  tons  of  barium 
chemicals,  made  in  the  United  States,  were  marketed. 


The  average  price  of  ground  barytes  was  $12.95  a  ton  in 
1914,  and  $12.32  in  1915.  This  reduction  in  average  price  is 
believed  to  be  due  to  the  sales  of  unbleached  ground  barytes 
from  some  plants  at  prices  considerably  below  the  average  for 
bleached  ground  barytes. 

The  average  price  of  lithopone  rose  from  $75.89  a  ton  in 
1914  to  S80.88  in  1915.  but  the  prices  reported  by  different 
companies  varied  considerably. 

According  to  statistics  collected  by  the  Bureau  of  Foreign  and 
Domestic  Commerce,  Department  of  Commerce,  the  imports  of 
barium  chemicals  in  1915  were  valued  at  282,094;  this  is  a  de- 
crease of  nearly  43  per  cent  from  the  19 14  imports  and  is  less 
than  the  19 13  imports  by  32  per  cent.  It  is  not  entirely  clear 
that  manufactured  barytes  refers  to  what  is  known  in  the  United 
States  as  ground  barytes,  but  it  is  believed  that  this  is  the 
case. 

The  principal  barium  chemicals  made  in  the  United  States 
are  the  binoxide,  carbonate,  chloride,  hydroxide,  nitrate,  and 
sulfate  or  blanc-fixe.  Some  crude  barium  sulfide  ("Black 
Ash")  is  sold  to  makers  of  lithopone  and  manufacturers  of 
chemicals  who  are  not  equipped  to  roast  sufficient  barytes  to 
meet  their  needs. 

No  strontium-bearing  ores  of  domestic  onigin  were  reported 
sold  during  the  year  1915,  and  so  far  as  the  Survey  has  learned 
none  of  the  American  deposits  were  exploited.  Commercial 
strontium  ores  should  contain  at  least  95  per  cent  strontium 
sulfate.  At  present  English  celestite  is  largely  used  on  the 
eastern  seaboard,  where  the  strontium  salts  are  made,  an.d  is 
laid  down  at  the  works  at  approximately  Si 2  a  ton. 

According  to  the  reports  of  the  Bureau  of  Foreign  and  Do- 
mestic Commerce,  Department  of  Commerce,  the  imports  of 
strontium  oxide,  protoxide  of  strontium,  and  strontianite  or 
mineral  carbonate  of  strontium  were  valued  at  Si, 016  in  1914 
and  at  $6,411  in  1915.  Imports  of  the  strontium  salts  are  free 
from  duty.  No  figures  are  available  for  imports  of  celestite, 
strontium  sulfate,  used  by  manufacturers  of  strontium  salts, 
this  material  being  classed  with  all  other  chemicals  not  specially 
provided  for  in  the  present  tariff. 

Asphalt,  Related  Bitumens,  and  Bituminous  Rock  in  1916. 
J.  D.  Northrop.  Mineral  Resources  of  the  United  States, 
1916,  Part  II.     18  pp.     Published  September  22,  1917. 

The  year  1916  was  one  of  prosperity  for  the  asphalt  industry 
in  the  United  States.  The  quantity  of  natural  asphalt  produced 
and  sold  at  mines  and  quarries  in  that  year  exceeded  the  quantity 
marketed  in  any  preceding  year  except  1909  and  1910,  and  the 
value  of  the  output  exceeded  that  in  any  preceding  year  except 
1907.  The  combined  production  in  the  United  States  of  gianu- 
factured  asphalt  derived  from  domestic  and  from  Mexican 
petroleum  was  20  per  cent  greater  than  in  any  preceding  year. 
All  branches  of  the  industry  shared  in  the  general  prosperity, 
and  gains  in  output  included,  e.xpect  for  grahamite,  each  of  the 
principal  varieties  of  asphaltic  materials  produced  in  the  country. 

Ozokerite  from  domestic  sources  reappeared  in  the  statistics 
of  production  for  the  first  time  smce  1907. 

The  quantity  of  natural  asphalt,  including  bituminous  rock, 
grahamite,  gilsonite,  wurtzilite,  and  the  native  paraffin,  ozokerite, 
produced  and  sold  at  mines  and  quarries  in  the  United  States  in 
1916  was  98,477  short  tons.  This  quantity  was  greater  by 
22,726  tons,  or  30  per  cent,  than  the  output  in  1915,  and  was 
less  by  only  584  tons,  or  about  0.6  per  cent,  than  tlie  record 
output  of  99,061  tons  in  1909. 

The  average  price  received  for  this  material  at  the  sources  of 
production  was  $9.37  a  ton,  and  the  gross  market  value  was 
$923,281,  a  gain  of  $2.42  in  average  price  per  ton  and  of  $396,791, 
or  75  per  cent,  in  gross  market  value,  compared  with  1915. 

An  analysis  of  the  statistics  of  production  in  1915  and  191 6 
shows  gains  in  1916  of  42.5  per  cent  in  the  output  of  bituminous 
rock  and  of  31  per  cent  in  the  comb'med  output  of  gilsonite  and 
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wurtzilite,  but  a  loss  of  22  per  cent  in  the  output  of  grahamite. 
With  regard  to  the  market  value  of  these  products,  the  statistics 
for  1916  show  gains  of  26  per  cent  for  bituminous  rock  and  of 
129  per  cent  for  gilsonite  and  wurtzilite  combined,  but  a  loss  of  a 
little  less  than  2  per  cent  for  grahamite. 

The  large  gain  in  market  value  of  gilsonite  is  chiefly  due  to  the 
inability  of  the  producers  of  this  mineral  to  supply  the  demand  for 
it,  an  inability  resulting  solely  from  the  lack  of  railway  facilities 
in  proximity  to  the  mines.  The  moderate  decline  in  the  pro- 
duction of  grahamite  in  1916  is  believed  to  be  accounted  for 
by  the  increased  use  of  manufactured  asphalt  in  the  preparation 
of  ready  roofing,  for  which  practically  all  the  grahamite  pro- 
duced in  the  country  is  used. 

The  sales  in  19 16  of  manufactured  asphalt  derived  from  crude 
petroleum  of  domestic  origin,  as  reported  to  the  Geological 
Survey,  amoimted  at  the  sources  of  production  to  688,334 
short  tons.  Compared  with  the  production  marketed  in  1915, 
this  quantity  is  greater  by  23,831  tons,  or  3.6  per  cent. 

The  average  price  received  for  the  material  sold  in  1916  was 
$8.98  a  ton,  a  gain  of  $1.88  a  ton  over  the  average  price  received 
in  1915.  This  gain  was  sufficient  to  make  the  total  market 
value  of  the  production  in  1916,  amounting  to  $6,178,851,  exceed 
the  value  of  the  output  in  19 15  by  more  than  a  million  dollars. 

Manufactiued  asphalt  includes  asphaltic  oils  used  either  for 
road  sprinkling  to  allay  dust  or  as  a  flux  for  softening  harder 
bitumens  and  also  semisolid  products  and  residual  pitches  used 
in  paving  or  in  the  roofing  trade.  The  quantity  of  road  oil  and 
flux  obtained  from  domestic  petroleum  and  sold  in  19 16  was 
404,009  short  tons,  market  value  $3,158,603,  an  average  of 
$7.82  a  ton.  Compared  with  1915,  this  output  shows  loss  of 
13,800  short  tons  in  quantity  but  gain  of  $2.09  in  average  price 
per  ton.  The  quantity  of  paving  asphalt  and  residuals  was 
284,325  short  tons,  market  value  $3,020,248,  an  average  of 
$10.62  a  ton.  Compared  with  1 915  this  output  shows  a  gain  of 
37,681  tons  in  quantity  and  of  $1.20  a  ton  in  average  price. 

Silica  in  1916.  F.  J.  Katz.  Mineral  Resources  of  the  United 
States,  1916,  Part  II.  5  pp.  Published  September  24,  1917. 
So  far  as  can  be  learned  no  true  flint  or  chert  has  been  produced 
for  consumption  as  crushed  or  ground  silica  or  for  use  as  pebbles 
in  grinding  mills  in  the  United  States.  The  manufacture  of 
flint,  chert,  and  quartzite  blocks  for  tube  mill  lining  is  reported 
in  the  chapter  on  abrasive  materials. 

Quartz  from  quartz  veins,  pegmatite,  and  quartzite  amount- 
ing to  88,514  short  tons,  valued  at  $242,786,  was  sold  in  1916. 
This  was  a  decrease  of  2 1  per  eeiit  in  quantity  and  1 1  per  cent 
in  value  as  compared  with  1915.  The  decrease  was  for  both 
crude  and  ground  material  but  greater  for  the  former. 

The  prices  of  crude  quartz  in  iyi6  ranged  from  about  $1  to 
$4.50  and  (exclusive  of  large  quantities  used  in  copper  smelting, 
valued  at  50  cents  to  $2  a  ton)  averaged  $2.37  as  compared  with 
$3.30  in  191 5  and  $2. 44  in  19 14.  Prices  of  ground  quartz  ranged 
from  $6  to  $18  and  averaged  $<).(»),  as  compared  witli  $10.56 
in  19 1 5  and  $9.09  in  19 14. 

Pottery  in  1916.  J.  Middi.kton.  Mineral  Resources  of  the 
United  States,  1916,  Pari  II.  10  pp.  Published  Si-plembcr  13, 
1917. 

The  vahie  of  all  dumeslic  pottery  marketed  in  1916  was 
$48,217,242,  un  increa.se  of  $10,891,854,  or  nearly  30  ])er  cent 
over  1915,  and  of  $10,224,867,  or  27  per  cent  over  1913,  the 
previous  year  of  liiKlirsl  value.  The  polterk'  im]iorts  decrea.scd 
$1,027,501,  or  16  per  leiil,  iinil  the  ratio  of  ))ri)(Uicti(>n  to  con- 
sumption, 92  per  cent,  was  the  liiglu-st  rei-orded. 

Ivvery  variety  of  ware  us  chmsificd  in  this  report  showed  iii- 
crea.se  in  1916  iis  compared  with  101.5.  where  coin)mri.soii  can  Ik- 
iiiiide,  and  reachcfl  its  innxiiniiin  value  in  I<)|6.  No  coiti))»ris<>ii 
can  l>e  made  with  regard  to  the  production  of  clieniical  pottery,  * 


as  it  has  not  been  reported  separately  before  1916.  Sanitary 
ware  showed  the  largest  increase,  $3,118,201,  or  39  per  cent; 
white  ware  increased  $2,867,148;  and  china,  the  highest  grade 
of  pottery,  increased  $1,148,216,  or  nearly  50  per  cent. 

The  value  of  white  ware  and  china,  which  comprise  the  general 
household  wares  and  constitute  nearly  50  per  cent  of  all  pottery 
products,  was  $21,669,762  in  1916,  an  increase  of  $4,015,364  over 
1915-  If  to  this  sum  is  added  the  value  of  sanitary  ware  and 
porcelain  electrical  supplies  the  total  value  in  19 16  was  $39,- 
8i5.599>  or  $9,496,783  more  than  in  1915. 

This  increase  was  due  primarily  to  a  larger  volume  of  business, 
but  some  of  it  was  due  to  higher  prices  for  the  wares.  It  should 
be  said,  however,  to  the  credit  of  the  operating  potteries,  that 
they  refused  to  increase  the  price  of  their  wares  untU  it  was  made 
necessary  by  the  greatly  increased  cost  of  labor  and  raw  materials, 
the  advances  in  prices  of  domestic  potter3-  coming  a  year  after 
foreign  wares  had  been  advanced. 

The  total  value  of  imports  of  all  clay  products  decreased 
$1,034,222,  or  15  per  cent  in  1916;  in  1915  there  was  a  decrease 
of  $1,806,350,  or  nearly  21  per  cent.  The  total  value  of  imports 
for  1916  was  the  lowest  in  30  years,  except  in  1890,  and  was  less 
than  that  of  1907,  the  year  of  maximum  value,  by  $8,045,267,  or 
58  per  cent.  Of  the  imports  for  1916,  about  97  per  cent  was 
pottery  and  about  3  per  cent  was  brick  and  tile.  The  value  of 
imports  of  pottery  in  1916  decreased  $1,027,501,  or  16  per  cent, 
from  1915,  and  was  considerably  less  than  half  of  the  value  of  the 
pottery  imported  in  1907.  In  1916  the  imports  of  the  higher 
grades  of  pottery  constituted  95  per  cent  of  the  total.  Brick 
and  tUe  imports  decreased  $6,721,  or  4  per  cent,  in  1916. 

The  value  of  exports  of  domestic  clay  products  in  19 16  in- 
creased $2,150,290,  or  79  per  cent,  over  1915.  In  1915  there 
was  a  decrease  of  $872,765,  or  24  per  cent  from  1914.  Of  the 
exports  in  1916,  62  per  cent  was  brick  and  tile,  22  per  cent 
pottery,  and  16  per  cent  unclassified. 

Each  of  these  classes  of  ware  increa.sed  in  1916  compared  witli 

19 15.  Brick  and  tile  showed  the  largest  increase.  $1,467,826, 
or  95  per  cent;  potter>'  exports  incrcasc<I  $513,120,  or  90  j>cr 
cent;  and  all  otlier  clay  products  increased  $169,344,  or  27  per 
cent.  Exports  of  fire  brick  and  china  reached  their  maximum 
value  in  1916. 

BURKAU  OF  THE  CENSUS 

Butter,  Cheese,  and  Condensed  Milk.  Se])arate  from  Census 
(if  Manufactures,  1914-  -',(  PP  Issued  -Xugusl,  1917-  This  is 
one  of  a  large  number  of  bulletins  presenting  statistics  of  in- 
dustries as  developed  from  the  1914  data.  Information  is  given 
regarding  raw  materials,  products,  and  methods  of  manufacture, 
both  for  the  industry  as  a  whole  and  for  various  states  and  sub- 
divisions. 

Glucose  and  Starch  Industry.  SepiuTitc  from  Census  erf 
Maiuifactures,  1914.     9  pp.     Is.sued  August,  1917- 

Oilcloth    and   Linoleum.     Separate    from    Census-  of    M.auu- 
factures,   1914.     8  pi>.     Is.sucd  August,  1917. 
INDIAN  AFFAIRS  OFFICE 

Regulations  to  Govern  Utilization  of  Casing-head  Gas  Pro- 
duced from  Oil  Wells  on  Restricted  Indian  Lands.  I  nnuml>crcd 
leaflet.      «  pp. 

COMMERCE  REPORTS     ADOUST.    IQiy 

Details  of  the  coinl.ination  >i(  siviii  of  the  largrst  CK-rman 
chemical  and  dycstuff  manufacturers  ari-  distMi.vicd.  The 
anunonia  ounmt  of  the  Itailwlu-  Aiiilinfabnk.  bv  the  Hiilwr 
pnHvss,  incn-asi-il  from  jo.ooo  tons  in   1913  to  3(i.v»o»  tons  in 

1916.  All  the  plants  lire  ot  present  miikinK  war  supplies  {V. 
38..) 

Commercial  dejKwit!«  of  tin,  tunpiten  and  antimony  ores  urc 
found  in  South  Africa.     (P.  422) 
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Experiments  were  conducted  in  England  to  determine  the 
cause  of  superior  decolorizing  power  of  the  German  and  Dutch 
decolorizing  carbons  known  as  "eponite"  and  "norite."  It  was 
found  that  by  treating  any  porous  wood,  e.  g.,  pine,  willow  or 
cedar,  with  milk  of  lime  (or  with  calcium  acetate)  and  calcining 
at  a  white  heat,  charcoal  is  obtained,  which  after  extraction  with 
hydrochloric  acid  is  a  more  active  decolorizer  than  eponite  or 
norite.     (P.  443) 

Efforts  are  being  made  in  this  coimtry  to  facilitate  the  collec- 
tion and  utilization  of  tin  cans.  The  supply  of  tin  tetrachloride 
now  exceeds  the  demand,  so  that  increased  recovery  of  tin  must 
be  made  in  other  forms.     (P.  304) 

Production  of  peat  in  Norway  and  Denmark  is  now  several 
times  as  great  as  in  1916.     (P.  505) 

Electric  motors  are  being  built  in  Switzerland  up  to  800  horse 
power,  in  which  aluminum  practically  replaces  copper.  (P. 
510) 

A  plant  is  to  be  erected  in  Venezuela  for  the  production  of 
tanning  extract  from  divi-divi,  since  divi-divi  is  so  bulky  to 
transport.     (P.  517) 

Oil  of  petitgrain,  an  extract  obtained  from  bitter  orange  leaves, 
and  used  for  perfumes  and  perfumed  soaps,  is  the  principal 
article  of  export  from  Paraguay  to  the  United  States.  (P. 
611) 

There  is  an  increased  demand  in  the  United  States  for  Brazilian 
zircon  for  use  as  a  refractory.     (P.  617) 

Experiments  are  being  conducted  in  England  to  determine 
possible  uses  for  the  oil  of  rubber-seed,  large  quantities  of  which 
are  now  wasted  in  the  Malay  states.     (P.  650) 

The  Italian  government  has  taken  over  the  control  of  all 
tanning  materials.     (P.  663) 

A  census  of  all  stocks  of  sulfur  is  being  taken  in  Italy.  (P. 
794) 

The  annual  production  of  margarine  in  Holland  is  about 
180,000  metric  tons,  with  a  domestic  consumption  of  30,000  tons. 
In  addition  to  animal  fats,  the  following  vegetable  oils  are  used, 
viz.,  cottonseed,  peanut,  sesame,  soy  bean,  palm  kernel,  rape- 
seed,  linseed,  kapok  seed  and  cocoanut.     (P.  612) 

Spscial  Supplbments  Issued  DaRiNG  thb  Month 
Norway — 10a  Spain — I5c  China — 52c.  d.  e 

Portugal — 11a  British    Honduras —        British  East  Africa 

Russia — 13a  2Ifl  656 

Colombia — 42a  British  South  Africa 

66a 


Exports  to  thb  United  Statbs 


-710 


Glasgow 

Acids 

Ammonium  sulfate 

Corundum 

Creosote 

Sodium  cyanide 

Fertilizers 

Hides 

Magnesite      ^ 

Paper  stock 


British    Honduras 

Sup.  2I0 
Chicle 


Copra 
Hides 
Logwood 
Mangrove 


Russia — Sup.  13o 

Ergot 

Lycopodium 

Pine  needle  oil 

Santonin 

Birch  tar 

Fusel  oil 

British  South  Africa 

— Sup.  66a 
Asbestos 
Buchu  leaves 
Hides 

Wattle  bark 
Diamonds 
Chrome  ore 
Corundum  ore 
Magnesite 
Scheelitc 


I. 

Rags 

Olive  oil 

Glycerin 

Copper  ore 

Pyrites 


Colombia — Sup.  42a 

Gold 

Hides 

Ipecac 

Ivory  nuts 

Platinum 

Rubber 

Sugar 

Tanning  extract 


COMMERCE  REPORTS— SEPTEMBER,   1917 

The  annual  output  of  natural  indigo  in  Honduras  has  in- 
creased to  100,000  pounds.      (P.  861) 

Deposits  of  monazite  and  samarskite  have  been  discovered 
in  Mysore,  India.     (P.  894) 

The  British  glass  industry  has  shown  a  remarkable  growth. 
Production  of  optical  glass  is  about  300  tons  annually.  (P. 
934) 


Large  deposits  of  sheet  mica  are  being  operated  in  Argentina. 
(P.  970) 

The  true  citronella  oil  is  obtained  in  Burma,  India,  by  steam 
distillation  of  citronella  grass,  "cymbopogan  nardus."  the  oil  of 
which  is  superior  to  that  of  the  lemon  grass.     (P.  794) 

The  list  of  articles,  export  of  which  is  prohibited  except  upon 
grant  of  special  licenses  consists  principally  of  chemical  products 
including:  acetone,  alcohol,  aluminum,  arsenates,  iron  and 
steel,  phenol,  castor  oil,  cyanides,  ferro-alloys,  glycerine, 
mercury  salts,  nitric  acid  and  nitrates,  phosphorous,  phosphoric 
acid,  potassium  salts,  sulfites,  spiegeleisen,  sugar,  sulfur, 
sulfuric  acid,  superphosphate,  tin  plate,  toluol,  and  tungsten. 
(P.  1032) 
Italy  has  fixed  a  maximum  price  for  sulfur.  (P.  1045) 
The  output  of  iron  ore  in  Russia  is  greatly  in  excess  of  the 
consumption,  owing  to  shutting  down  of  metallurgical  plants. 
(P.  1086) 

Examination  in  Canada  of  55  samples  of  borax  showed  that 
19  contained  excessive  amounts  of  arsenic,  some  as  much  as 
50  to  100  parts  per  million.     (P.  1106) 

A  new  factory  is  being  erected  in  Norway  for  the  manu- 
facture annually  of  4000  tons  carbon  and  1000  tons  graphite 
electrodes.     (P.  1124) 

Production  of  potassium  chlorate  in  Japan  now  greatly  ex- 
ceeds consumption,  permitting  large  exports.  Chemicals  now 
imported  into  Japan  from  the  United  States  include:  Soda 
ash,  borax,  potassium  dichromate,  caustic  soda,  glycerine,  and 
carbolic  acid.     (P.  11 29) 

A  plant  for  the  production  of  potash  from  kelp  and  of  fertilizer 
from  fish  is  being  installed  near  Prince  Rupert,  British  Columbia. 
(P.  1 166) 

In  the  second  annual  report  of  the  British  Advisory  Council 
for  Scientific  and  Industrial  Resaarch,  it  is  recommended  that  the 
£1,000,000  appropriated  by  Parliament,  be  used  for  the  establish- 
ment in  the  various  industries  of  associations  for  research. 
Among  those  organized  or  in  prospect  are  those  for  the  following 
industries,  inz..  cotton,  wool,  shale  oil,  photographic  supplies, 
electrical  supplies,  aircraft  and  shipbuilding  steel,  non-ferrous 
alloys,  Diesel  engines,  coal  mining,  printing,  cocoa,  paper,  etc. 
The  National  Physical  Laboratory  has  been  transferred  from  the 
Royal  Society  to  the  Advisory  Council.  A  special  Fuel  Re- 
search Board  is  proposed  to  study  methods  of  domestic  heating, 
heat  transmission,  ventilation,  etc.  Researches  being  conducted 
include  those  on  mine  rescue  apparatus,  fire-resisting  properties 
of  materials,  concrete,  optical  glass  and  optical  instruments. 
Surveys  of  the  literature  of  various  industries  are  in  preparation 
(Pp.  1 1 72-4) 

Production  of  sulfuric  acid  in  Japan  has  increased  so  greatly 
that  at  the  end  of  the  war  a  great  over-production  is  feared. 
(P.  1208) 

Spscial  Supplements  for  September 
Greece — 7a  Panama — iSb  Japan — 55a  and  b 

Switzerland — 176  Nicaragua — 34a  French  Wbst  Africa 

Honduras — 316  — 69o 


Exports  to  thb  United  Statbs 


Hides 

Indigo 

Greece — Sup.  7a 

Gum  mastic 


Magnesite 

Hides 

Amyl  alcohol 

Switzerland — Sup. 

176 
Aniline  dyes 
Indigo 
Artiiicia]  silk 
Hides 
Saccharine 


Glycerine 
Synthetic  perfumes 

Honduras — Sup.  316 

Antimony  ore 

Chicle 

Copra 

Dyewoods 

Gold 

Hides 

Indigo 

Mangrove  bark 

Rubber 

Silver 

Sugar 

Zinc 

Fustic 

Nicaragua — Sup.  34o 

Dyewoods 

Gold 

Hides 

Rubber 


Silver 
Sugar 

Japan — Sup.  55c 

Camphor 

Coal 

Copper 

Vegetable  isiDglass 

Menthol 

Porcelain 

Sulfur 

Panama — Sup.  356 

Copra 

Gold 

Hides 

Ipecac 

Ivory  nuts 

Manganese  ore 

Rubber 

Balata 

Tallow 
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By  IsBNS  DbMatty,  Librarian.  Melloo  Institute  of  Industrial  Research,  Pittsburgh 


Agriculture  in  Some  of  Its  Relations  to  Chemistry.     Vol.  3.     F.  H.  Stoker. 

7th  Ed.      8vo.      Price,  30s.     Sampson,  Low,  Marston    &  Co.,  London. 
Apparatus:     Theory    and    Calculations    of    Electrical    Apparatus.     C.     P. 

Steinmetz.     8vo.     480  pp.     Price,  $4.00.     McGraw  Hill  Book  Co.,  New 

York. 
Bacteria,  Yeasts  and   Molds.     H.   W.  Conn.     2nd  Ed.     12mo.     295   pp. 

Price,  $1.00.      Ginn    &  Co.,  Boston. 
Biology    of    Waterworks.     R.     Kirkpatrick.     8vo.     58    pp.     Price,     Is. 

British  Museum  of  Natural  History,  London. 
By-Product  Coking.     G.  S.  Cooper.     8vo.     174  pp.     Price,  7s.  6d.     Benn 

&  Cronin,  London. 
Chemical  Patents  and  Allied  Patent  Problems.     Edward  Thomas.     8 

Price,  $2.50.     John  Byrne    &  Co.,  Washington,  D.  C. 
Chemistry:     A  Laboratory  Manual  of  General  Chemistry.     W.  J.  Hale, 

I2mo.     474  pp.      Price,  $1.50.      The  Macmillan  Co.,  New  York. 
Electrical    Measurements.     F.    A.    Laws.     8vo.     719    pp.     Price,    $5.00 

McGraw-Hill  Book  Co.,  New  York. 
Electrical   Meters.     C.    M.    Jansky.     8vo.     416   pp.     Price,   $3.00.     Mc 

Graw  Hill  Book  Co.,  New  York. 
Electrochemistry:     Applied   Electrochemistry  and   Welding.     C.   F.    Bur- 
gess  AND   G.    W.    Cravens.     8vo.     132    pp.     Price,   $1.50.     American 

Technical  Society,  Chicago. 
Engineering:     A  Tert-Book  of  Mechanical  Engineering.     Vol.  2.     W.   J. 

LiNEBAM.      11th   Ed.      8vo.      1265   pp.      Price,    ISs.      Chapman     &   Hall, 

London. 
Engineering  for  Masonry  Dams.     W.  P.  Creaoer.     8vo.     237  pp.     Price, 

$2.50.     John  Wiley    &  Sons,  New  York. 
Engineers:     Kelly's    Directory   of   the   Engineers   and   Iron,    Metal    and 

Electrical  Trades  for  1917.     2072  pp.     Price,  36s.     Kelly's  Directories, 

Ltd.,  London. 
Explosives.     Vol.     2.     Arthur     Marshall.     2nd     Ed.     8vo.     795     pp. 

Price,  $16.00.      P.  Blakiston's  Son    &  Co.,  Philadelphia. 
Exporters'  Encyclopedia,  1917.     13th  Ed.     8vo.      1330  pp.     Price,   $7.50. 

Exporters'  Encyclopedia  Co.,  New  York. 
Flotation.     T.   A.   Rickaro  and  O.   C.    Ralston.     8vo.     400  pp.     Price, 

$3.00.     Mining  and  Scientific  Press,  San  Francisco. 
Pood:     How  Food  Poisons  Vs.     C.  H.  Colunos.     12m«.     60  pp.     Price, 

Is.      E.   Mile«,  London. 
Gold   Deposits   in   the   Rand.     C.    B.    Horwood.     8vo.     436   pp.     Price, 

15s.      C    GrifBn    &  Co.,  London. 
Illuminating  Engineering  Practice.     Lectures  Delivered  at  the  University 

of  Pennsylvania.     8vo.     578  pp.     Price,  $5.00.     McGraw-Hill  Book  Co., 

New  York. 
Illumination:     Practical  Electric  Illumination.     T.   W.  Croft.     8vo.     225 

pp.      Price,  $2.00.      McGraivIlill  Book  Co  ,  New  York. 
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MARKET  REPORT— OCTOBER,  1917 

WHOLBSALB    PRICES    PREVAILING    IN    THE    NEW    YORK    MARKET   ON    OCT.    1 8 


INORGANIC  CBZMICALS 

AceUtc  of  Lime >00  Lba. 

Alum.    Ammonia,  lump 100  Lbs. 

Aluminum  Sulfate,  high-grade Ton 

Ammoniuni  Carbonate,  domestic Lb. 

Ammonium  Chloride,  white Lb. 

Aqua  Ammonia,  26*,  drums Lb 

Arsenic,  white Lb. 

Barium  Chloride Ton 

Barium  Nitrate Lb. 

Barytes,  prime  white,  domestic Ton 

Bleaching  Powder,  35  per  cent 100  Lbs. 

Blue  Vitriol Lb. 

Borax,  crystals,  in  bags Lb. 

Boric  Acid,  powdered  crystals Lb. 

Brimstone,  crude,  domestic Long  Ton 

Bromine,  technical,  bulk Lb. 

Calcium  Chloride,  lump,  70  to  75%  lused ton 

Caustic  Soda,  76  per  cent 100  Lbs. 

Chalk,  light  precipitated Lb. 

China  Clay,  imported Ton 

Feldspar Ton 

Fuller's  Earth,  foreign.  DOwdered Ton 

Fuller's  Eiirtb,  domestic Ton 

Glauber's  Salt,  in  bbis 100  Lbs. 

Green  Vitriol,  bulk 100  Lbs. 

Hydrochloric  Acid,  commercial.  18° Lb. 

Hydrochloric  Acid.  C.  P  .  cone.  22' Lb. 

Iodine,  resublimed Lb 

Lead  Acetate,  white  crystals Lb. 

Lead  Nitrate Lb. 

Litharge,  American Lb. 

Lithium  Carbonate Lb. 

Magnesium  Carbonate,  U.  S.  P Lb 

Magnesite.  "Calcined" Tod 

Nitric  Acid.  36° Lb. 

Nitric  Acid.  42° Lb. 

Phosphoric  Acid,  U.  .S.  P Lb. 

Phosphorus,  yellow Lb. 

Plaster  of  Paris Bbl. 

Potassiu 
Potassiu 
Potassiu 
Potassiu 
Potassiui 
Potassiu  1 
Potassiui 
Potassiui 
Potassiui 


Bichromate,  casks Lb. 

Bromide,  granular Lb. 

Carbonate,  olcined,  80  (B  85  % Lb. 

Chlorate,  crystals,  spot Lb. 

Cyanide,  bulk.  98-99  per  cent Lb. 

Hydroiide,  88  @  92% Lb. 

Iodide,  bulk Lb. 

Nitrate Lb. 

Permanganate,  bulk Lb. 

Quicksilver,    flask 75  Lbs. 

Red  Lead.  American,  dry Lb. 

Salt  Cake,  glass  makers' Ton 

Silver  Nitrate Oi. 

Soapstone,  in  bags Ton 

Soda  Ash.  58%,  in  bags 100  Lbs. 

Sodium  Acetate Lb. 

Sodium  Bicarbonate,  domestic 100  Lbs. 

Sodium  Bichromate Lb. 

Sodium  Chlorate Lb. 

Sodium  Fluoride,  commercial Lb. 

Sodium  Hyposulflte 100  Lbs. 

Sodium  Nitrate.  95  per  cent,  spot 100  Lbs. 

Sodium  Silicate,  liquid,  40°   Bt 100  Lbs. 

Sodium  SulBde,  60%,  crystals.  In  bbIs Lb. 

Sodium  Bisulfite,  powdered Lb. 

Strontium  Nitrate Lb. 

Sulfur,  flowers,  sublimed 100  Lbs. 

Sulfur,  roll 100  Lbs. 

Sulfuric  Acid,  chamber,  66°  Bi Ton 

Sulfuric  Acid,  oleum  (fuming) Ton 

Talc,  American  white Ton 

Terra  Alba,  American,  No.  1 100  Lbs. 

Tin  Bichloride.  50° 100  Lbs. 

Tin  Oiide Lb. 

White  Lead.  American,  dry Lb. 

Zinc  Carbonate Lb. 

Zinc  Chloride,  commercial Lb 

Zinc  Oiide.  American  process  XX Lb. 

OaOANIC  CHEMICALS 

Acetanllid.  C.  P..  in  bbls Lb. 

Acetic  Acid.  56  per  cent,  lo  bbli Lb. 

Acetic  Add.  glacial,  99Vi%.  In  carboys Lb. 

Acetone,  drums Lb. 

Alcohol,  denatured.  1 80  proof Gal. 


6.00 
4.25 
70.00 


6.05 
4.50 
75.00 


30.00 

® 

40.00 

1   25 

® 

2.00 

9 'A 

@ 

9> 

7V. 

@ 

71 

18.00 

8  on 


35.00 
8.00 


30.00 
15.00 


@    65.00 

(a.  8 


.35       ®       1.36 


25.00        @     30.00 


10.00 
3.10 


2.30 
23V» 


2.00 

3V. 
6V. 


35.00 
50.00 
15.00 


Alcohol,  grain.  1 88  proof Gal. 

Alcohol,  wood,  95  per  cent,  refined Gal. 

Amyl  Acetate Gal. 

Aniline  Oil Lb. 

Benzoic  Acid,  ez-toluol Lb. 

Benzol.  90  per  cent Gal. 

Camphor,  refined  in  bulk,  bbls Lb. 

Carbolic  Acid.  U.  S.  P..  crystals,  dninu Lb. 

Carbou  Bisulfide Lb. 

Carbon  Tetrachloride,  drums.  100  gals Lb. 

Chloroform Lb. 

Citric  Acid,  domestic,  crystals Lb. 

Creosote,  beecbwood Lb. 

Cresol,  U.  S.  P Lb. 

Dextrine,  corn  (carloads,  bags) 100  Lbs. 

Dextrine,  imported  potato Lb. 

Ether,  U.  S.  P     1900 Lb. 

Formaldehyde.  40  pet  cent Lb. 

Glycerine,  dynamite,  drums  included Lb. 

Oxalic  AJd   in  casks Lb. 

Pyrogallic  Acid,  resublimed,  bulk Lb. 

Salicylic  Acid Lb. 

Starch,  cassava Lb. 

Starch,  corn  (carloads,  bags)  pearl 100  Lbs. 

Starch,  potato Lb. 

Starch,  rice Lb. 

Starch  :  s.igo  flour Lb. 

Starch,  wheat Lb. 

Tannic  Acid,  commercial Lb. 

Tartaric  Acid,  crystals Lb. 

OILS,  WAXES,  ETC. 

Beeswax,  pure,  white Lb. 

Black  Mineral  Oil.  29  gravity Gal. 

Castor  Oil.  No.  3 Lb. 

Ccresin,  yellow Lb. 

Corn  Oil,  crude Lb. 

Cottonseed  Oil,  crude,  t.  o.  b.  mill GaL 

Cottonseed  Oil.  p.  s.  y Lb. 

Menhaden  Oil,  crude  (southern) Gal. 

Neat's-foot  Oil,  20° Gal. 

Paraffin,  crude.  118  to  120  m.  p Lb. 

Paraffin  Oil,  high  viscosity Gal. 

Rosin.  "F"  Grade,  280  lbs Bbl. 

Rosin  Oil.  first  run Gal. 

Shellac.  T.  N Lb. 

Spermaceti,  cake Lb. 

Sperm  Oil,  bleached  { winter,  38° Gal. 

Spindle  OH.  No   200 Gal. 

Stearic  Acid,  double-pressed Lb. 

Tallow,  acidless Gal. 

Tar  Oil,  distilled Gal. 

Turpentine,  spirits  of Gal. 

METALS 

Aluminum.  No.  1,  ingots Lb. 

Antimony,  ordinary Lb. 

Bismuth,  N.  Y ' Lb. 

Copper,  electrolytic Lb. 

Copper,  lake Lb. 

Lead.  N.  Y Lb. 

Nickel,  electrolytic Lb. 

Platinum,  refined,  soft Ol. 

Silver Ol. 

Tin,  Straits Lb. 

Tungsten  (WOi) Per  Unit 

Zinc.  N.  Y Lb. 

rEBTILIZER  MATERIALS 


Blood. 


Calci 
Casti 


um  Sulfate 100  Lbs. 

ried,  f.  o.  b.  Chicago Unit 

and    50.    ground,  raw Ton 

Cyanamid Unit  of  Ammonia 

Nitrate.  Norwegian 100  Lbs. 

leal Unit 

Fish  Scrap,  domestic,  dried,  I.  o.  b   works Unit 

Phosphate,  acid.    1 6  per  cent Ton 

Phosphate  rock.  f.  o.  b.  mine: 

Florida  land  pebble.  68  per  cent Ton 

Tennessee.  78-80  per  cent Ton 

Potassium  "muriate."  basis  80  per  cent Ton 

Pyrites,  furnace  size,  imported Unit 

Tankage,  high  grade,  f.  o.  b.  Chicago Unit 


1.10 

5.00 


1.70 


1.12 


7'/i 

17'/. 


3.10 
1.30 


6  30         @       6.50 


1.18 

@ 

1.20 

16i,« 

@ 

16«/« 

— 

@ 

—   ■ 

1.90 

(S 

2.00 

7'A 

d 

8 

29Vl 

9 

30 

6.75 

@ 

6.80 

14V« 
2.85 
23  Vs 


23.00  ®      25.00 
8'/«  @  8V« 


6.05 
35.00 


6  50 

& 

10 

16.00 

@ 

18.00 

3.15 

& 

3  25 

5  50 

e 

6.00 

350.00 

@ 

— 

nomin 

al 

5  80 

@  5. 
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USELESS  WORK  FOR  THE  TARIFF  COMMISSION 

At  the  request  of  the  Chairman  of  the  Tariff  Com- 
mission there  is  printed  on  page  1148  of  this  issue  a 
statement  from  the  Commisrion  concerning  the  in- 
formation it  is  now  seeking  from  manufacturers  of 
crudes,  intermediates  and  finished  dyestuffs  as  to 
production  of  these  materials  within  the  United  States 
during  the  year  191 7. 

This  action  is  evidently  a  tuning  up  of  the  ex- 
tensive machinery  which  will  be  necessary  to  de- 
termine whether  or  no  at  the  end  of  the  five-year 
period  following  the  enactment  in  September  1916 
of  the  Dyestuff  Section  of  the  General  Revenue  Act 
there  is  being  produced  in  this  country  sixty  per 
cent  of  the  values  of  domestic  consumption  of  these 
products.  Failing  such  a  development  within  that 
five-year  period  the  special,  but  not  the  ad  valorem, 
duties,  are,  by  the  terms  of  the  Act,  to  be  at  once 
removed  by  Presidential  proclamation  rather  than  by 
the  sliding  scale  of  a  twenty  per  cent  annual  reduction 
during  the  following  five-year  period. 

The  early  beginning  of  this  work  of  compilation  is 
clearly  indicative  of  the  technical  difficulties  the  Com- 
mission foresees.  It  is  equally  evident  that  the  dye- 
stuff  manufacturers,  at  present  about  the  busiest  set 
of  men  in  America,  are  to  have  another  annual  burden 
imposed  upon  their  present  overtaxed  forces.  Stronger 
and  stronger  is  growing  the  appeal  for  a  concentration  of 
the  nation's  energies  on  necessary  industries  at  the 
sacrifice,  if  need  be,  of  unnecessary  industries.  Let  the 
movement  apply  also  to  matters  of  legislation. 

The  sixty  per  cent  clause  of  the  Revenue  Act  ad- 
mits of  only  one  interpretation — doubt  as  to  the  good 
faith  or  ability  of  American  manufacturers  of  dye- 
stuffs. 

Is  there  any  fair-minded  person  in  this  country  who 
is  not  proud  of  the  accomplishments  in  this  line  during 
the  brief  period  of  scarcely  more  than  one  year  since 
the  legislation  was  enacted?  Consumers  have  been 
supplied  with  the  full  tonnage  of  pre-war  days  and 
the  variety  of  dyestuffs  is  constantly  increasing.  The 
progress  made  is  the  talk  of  the  street. 

Highest  endorsement  of  these  achievements  has  been 
given  by  a  distinguished  member  of  the  Tariff  Com- 
mission itself,  the  Hon.  William  S.  Culbertson.  In  an 
address  at  the  recent  National  Exposition  of  Chemical 
Industries  [This  Journal,  9  (1917),  1015],  Mr.  Cul- 
bertson said  of  the  dyestuff  industry: 

"The  rapidity  of  its  progress  has  amazed  the  world. 
The  record  of  its  achievement  reads  like  a  fairy  tale  and 
will  prove  an  imperishable  monument  to  American 
chemists  and  business  men." 

In  view  of  such  generally  acknowledged  progress 
and  in  the  interest  of  economy  of  effort,  we  appeal 
to  the  Tariff  Commission  to  recommend  to  the  Congress, 
about  to  convene,  the  removal  of  this  sixty  per  cent 
clause  from  our  statutes. 


EXPANDING  NITRATE  PLANS 

The  successful  offense  along  the  Flanders  front  within 
the  last  two  months,  resulting  from  the  use  of  seemingly 
unlimited  amounts  of  high  explosives,  has  revolution- 
ized prevailing  views  concerning  the  stalemate  results 
of  trench  warfare. 

During  this  same  period  we  have  become  aware  that 
while  T.  N.  T.  is  the  preferred  high  explosive,  never- 
theless our  army  must  depend  upon  the  gas  works 
for  toluol,  the  basis  of  this  explosive,  and  this  source, 
at  its  maximum  output,  is  sufficient  for  only  one  half 
of  the  toluol  needed  for  an  army  of  one  million  men. 
In  such  a  situation  the  officials  of  the  War  Department 
have  naturally  turned  to  ammonium  nitrate,  for  use 
with  T.  N.  T.  Abundant  confirmation  of  the  high 
value  of  such  a  mixed  explosive  has  been  given  by 
British  experts  recently   visiting  America. 

The  plans  of  our  Government  for  independence  in 
nitrate  supply  have  necessarily  undergone  a  rapid 
expansion,  for  in  addition  to  nitric  acid  for  explosives 
and  ammonia  salts  for  fertilizers,  there  must  now  be 
quickly  available  still  larger  quantities  of  ammonia 
for  the  explosive  ammonium  nitrate. 

The  immediate  need  of  ammonia  can  be  met  by 
drawing  temporarily  upon  the  supplies  of  coke-oven 
ammonia  without  serious  detriment  to  agriculture. 
We  are  informed  by  officials  of  the  War  Department 
that  good  progress  is  being  made  at  Muscle  Shoals  in 
the  installation  of  the  synthetic  method  for  manu- 
facture of  ammonia  from  air  nitrogen.  Much  of  the 
machinery  is  completed  and  the  remainder  is  ordered 
and  will  be  delivered  as  rapidly  as  completed.  Ma- 
terials for  the  buildings  have  been  contracted  for  and 
three  hundred  and  fifty  laborers  are  engaged  in  the 
work  of  construction. 

It  is  sincerely  to  be  hoped  that  this  synthetic  plant 
will  soon  be  greatly  enlarged.  The  investigation  of 
this  method  on  April  20  by  Col.  C.  B.  Wheeler  and 
Col.  C.  C.  Keller  of  the  War  Department,  Dr.  Charles 
L.  Parsons  of  the  Bureau  of  Mines  and  Dr.  A.  A.  Noyes 
of  the  Nitrate  Supply  Committee,  showed  clearly 
that  a  decided  improvement  had  been  made  over  the 
Haber  process,  now  so  largely  employed  in  Germany, 
that  the  method  had  passed  the  experimental  stage, 
and  was  capable  of  producing  ammonia  at  lower  cost 
than  any  other  known  method.  As  the  process  was 
immediately  available  for  use  without  recompense  by 
the  Government  it  was  recommended  by  the  Nitrate 
Supply  Committee  to  the  Secretary  of  War  as  most 
adequately  meeting  the  terms  of  the  National  Defense 
Act,  namely,  "the  best,  cheapest  and  most  available 
means  for  the  production  of  nitrates,"  etc. 

The  situation  has  become  suddenly  so  acute,  how- 
ever, that  the  officials  have  wisely  decided  that  all 
possible  sources  of  ammonia  should  be  utilized,  regard- 
less of  the  relative  merits  of  the  individual  processes 
or  of  cost  of  the  product.  They  have  naturally  turned 
therefore   to   the   cyanamide   process,   the   only   other 
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available  source  of  ammonia  through  nitrogen  fixation. 
At  this  writing  no  official  statement  of  plans  has  been 
published  by  the  War  Department,  but  it  is  understood 
that  a  cyanam'de  plant  will  also  be  located  at  Muscle 
Shoals,  utilizing  surplus  power  of  adjacent  hydro- 
electric developments  and  supplementing  this  by  a 
steam  plant. 

We  are  confident  that  the  entire  Nation  will  support 
the  policy  of  the  War  Department  in  leaving  no  stone 
unturned  to  secure  ammonia  from  every  possible 
source.  Meanwhile,  the  operation  of  the  two  methods, 
the  synthetic  and  the  cyanamide,  side  by  side  at 
Muscle  Shoals,  will  furnish  abundant  facts  as  to  the 
relative  merits  of  each  for  nitrogen  fixation  under 
American  conditions. 


THE  PLATINUM  SITUATION 

From  one  who  is  in  close  touch  with  all  phases  of  the 
platinum  situation  we  have  learned  that  a  decrease  of 
about  forty  per  cent  in  the  use  of  platinum  for  certain 
lines  of  bulky  jewelry  has  resulted  from  the  patriotic 
stand  taken  last  spring  by  the  jewelers.  That  is 
fine  as  far  as  it  goes. 

Our  Washington  correspondent  points  out  in  this 
issue  that  there  is  a  possibility  of  complications  in 
shipments  of  platinum  from  Colombia.  This  gives 
rise  to  apprehensions. 

Platinum  jewelry  is  now  being  extensively  advertised 
in  many  periodicals.  Without  any  attempt  at  a  sys- 
tematic survey  we  have  read  recently  the  advertise- 
ments of  the  Charles  L.  Trout  Company  in  the  New 
York  Times  of  November  18,  1917,  Daniel  Low  and 
Company  in  Scribner's  Magazine  for  November,  1917, 
Saltan's  touchingly  illustrated  adveitisements  of  plat- 
inum engagement  rings  in  the  illustrated  section  of  the 
Detroit  Free  Press  of  November  11,  191 7,  the  James  R. 
Armiger  Company's  well  displayed  advertisement  of 
"Fine  Platinum  Jewelry"  in  the  Baltimore  Sun  of 
November  6,  191 7,  etc.  These  advertirements  seem 
to  indicate  an  aggressive  sale  of  platinum  jewelry. 

Meanwhile  war  developments  of  the  last  two  months 
point  clearly  to  the  fact  that  chemical  activities  in- 
volving the  use  of  platinum,  both  within  and  without 
Government  circles,  must  be  enormously  expanded  if 
the  great  army  we  are  now  beginning  to  raise  is  to  be 
thoroughly  supplied  with  essential  war  materials.  In 
spite  of  all  efforts  to  remedy  the  situation,  platinum 
is  bringing  to-day  (November  19,  1917)  $98  per  ounce. 
These  are  facts. 

Assuming  the  correctness  of  the  decrease  by  forty 
per  cent  of  the  use  of  platinum  in  bulky  articles,  this 
continued  high  price  is  indicative  of  cither  diminishing 
imports  (we  have  no  figures  at  hand),  absorption  by 
the  expanding  chemical  industries,  increased  manufac- 
ture of  platinum  jewelry  (not  included  in  the  list  of  the 
Jeweler's  Committee),  or  perhaps  hoarding  of  plntinum. 

Whatever  the  explanation,  it  would  seem  that  we 
arc  rapidly  approaching  the  point  where  our  Govern- 
ment may  be  compelled  to  follow  the  example  of 
England  in  taking  over  all  domestic  supplies  of  plati- 
num and  ap])<>rti<)ning  Ihcm  to  the  various  industries 
in  conformity  with  the  interests  of  the  national  welfare. 


THE  CHEMIST,  THE  DRAFT,  AND  PATRIOTISM 
In  the  June  issue  of  This  Journal  we  wrote  under 
the  title  "In  the  Light  of  Experience,"  urging  upon 
all  in  authority  to  conserve  for  the  best  interests  of  the 
country  the  chemically  trained  men,  using  them  in, 
or  not  calling  them  from,  work  for  which  their  chemical 
training  fitted  them.  May  we  now  address  a  word  to 
those  chemically  trained  young  Americans  within  the 
age  limits  subjecting  them  to  the  operations  of  the 
selective  draft? 

We  have  no  desire  to  criticize  and  we  sympathize 
fully  with  the  fine  spirit  which  prompts  every  young 
man  to  wish  to  get  to  the  front  and  offer  his  life 
for  the  cause  of  his  country.  Nevertheless  we  know, 
personally,  chemically  trained  men  who  have  avowedly 
hurriedly  sought  commissions  in  whatever  line  of  the 
service  offered  a  chance  for  such,  rather  than  risk 
serving  as  a  private  through  the  selective  draft  law. 

If  this  country  had  a  surplus  supply  of  chemists, 
and  if  chemistry  played  no  especial  r61e  in  this  war, 
such  action  would  be  purely  personal  and  not  rightly 
subject  to  comment.  In  view,  however,  of  the  present 
great  dearth  of  chemists,  of  the  practical  exodus  of 
all  advanced  students  of  chemistry  from  our  universi- 
ties, of  the  recognized  vital  importance  of  the  work  of 
the  chemist  both  in  the  government  service  and  in 
the  industries,  we  do  not  hesitate  to  say  that  such 
abandonment  of  opportunity  for  chemical  service  for 
the  sake  of  insuring  a  commission  is  not  patriotism 
but  selfishness.  This  may  sound  harsh,  but  it  is  a 
time  for  plain  speaking. 

The  events  of  the  last  few  weeks  have  convinced 
all  that  we  must  prepare  for  a  long  war  and  throw  into 
the  scales  the  full  resources  of  this  great  country.  The 
selective  draft  ir  the  oflScially  adopted  method  for 
raising  our  army.  We  have  believed  in  its  principles 
from  the  first.  The  Nation  is  indebted  to  President 
Wilson  for  his  foresight  and  broad  grasp  of  the  part 
America  is  to  play  in  the  war  when  he  so  consistently 
and  persistently  urged  the  adoption  by  Congress  of  the 
selective  draft  rather  than  the  volunteer  principle. 
Only  through  this  means  can  this  country  contribute 
its  maximum  share. 

To  those  chemists,  therefore,  who  have  asked  our 
advice,  we  repeat,  and  to  those  who  will  soon  be  sub- 
jected to  the  second  call  under  the  draft  law  we  urge: 
"Wait  for  the  operation  of  the  draft  law!  Do  not 
sacrifice  the  right  of  our  country  to  your  chemical 
training  for  the  sake  of  a  commission  in  the  field  service. 
Be  prepared  to  serve  wherever  and  in  whatever  capacity 
your  country  may  most  need  you!" 


AN  APPEAL  TO  THE  NATIONAL  ASSOCUTION  OF 
RETAa  DRUGGISTS 

The  spirit  of  cooperation  is  so  keenly  alive  at  the 
present  that  the  lime  seems  appropriate  to  make  an 
appeal  which  wc  have  long  had  in  mind.  Will  not 
the  National  Association  of  Retail  DruRgists  cooperate 
with  the  chemists  by  discouraging  the  use  of  the  word 
"clu-misl"  on  the  signboards  of  retail  drug  stores? 
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The  request  may  seem  trivial  but  there  is  a  deeper 
significance  than  appears  on  the  surface,  and  the 
request  carries  with  it  no  suggestion  of  the  relative 
values  01  the  two  classes  of  men.  It  is  made  simply  for 
the  sake  of  clarity  of  thought  by  the  public  at  large  of 
what  the  functions  of  the  chemist  really  are  in  our 
national  existence. 

During  the  past  two  years  much  sincere  effort  has 
been  made  to  acquaint  the  nation  with  the  work  of  its 
chemists,  and  to  bring  about  a  more  cordial  and  sym- 
pathetic relationship  between  chemists  as  a  class  and 
our  American  people.  The  lack  of  an  adequate  under- 
standing of  the  work  of  the  chemist  was  partly  respon- 
sible for  some  of  the  shortages  the  country  suffered 
from  at  the  outbreak  of  the  war.  Much  progress  has 
been  made  in  this  campaign  of  understanding.  It 
should  be  complete  through  all  classes  of  our  citizens. 

The  sign  "Chemist"  above  a  drug  store,  however, 
still  leads  to  confusion  or  misunderstanding.  Many 
in  all  walks  of  life  still  think  of  the  druggist  whenever 
the  chemist  is  mentioned.  An  artist  recently  called  in  to 
design,  for  a  Liberty  Loan  Bond  parade,  a  float 
illustrative  of  the  contribution  of  chemists  to  the  win- 
ning of  the  war,  at  once  began  the  delineation  of  a  mortar 
and  pestle  as  the  central  theme. 

True  it  is  that  in  the  iatro  period  chemistry  had 
chiefly  to  do  with  drugs  and  equally  true  it  is  difficult, 
even  to-day,  if  contentiously  inclined,  to  define  precisely 
the  term  chemist;  nevertheless  the  work  of  the  chemist 
and  that  of  the  retail  druggist  are  now  so  clearly  dif- 
ferentiated that  there  can  be  no  real  justification  for 
the  retention  by  our  modern  druggists  of  the  term 
chemist,  a  heritage  of  English  practice. 

Moreover,  the  druggists  have  such  an  abundance  of 
choice  in  the  terms  druggist,  apothecary  and  pharma- 
cist that  they  can  well  afford  to  dispense  with  any 
further  designations.  May  we  not  hope,  therefore, 
that  this  appeal  may  meet  with  a  sympathetic  response 
on  the  part  of  the  members  of  the  National  Association 
of  Retail  Druggists? 


WONDERS  WILL  NEVER  CEASE 

The  spirit  of  the  times  is  not  conducive  to  frivolous 
thoughts,  yet  from  the  quarter  least  expected,  the  Con- 
gress of  the  United  States,  frivolity  is  thrust  upon  us. 
Doubtless  it  was  unwittingly  the  rebound  from  intense 
war  debate  and  prolonged  consideration  of  appropria- 
tion bills  mounting  into  the  billions  which  led  both 
Senate  and  House  to  pass  with  all  due  dignity  the  joint 
resolution  of  acceptance  for  test  of  the  proposed  gift 
to  the  United  States  on  the  part  of  citizen  Garabed  T. 
K.  Giragossian  of  Boston,  Mass.,  of  the  "Garabed," 
an  appliance  which,  in  the  printed  words  of  House 
Joint  Resolution  loi  of  the  65th  Congress,  ist  Session, 
embodies  a  principle  through  which  or  by  means  of 
which  (we  don't  know  which  which),  "unlimited  energy 
can  be  generated  without  expense" — all  of  this  in  ex- 
change for  the  slight  courtesy  of  the  "Government 
protecting  the  said  discoverer,  his  heirs  and  assigns, 


in  the  use  and  disposition  of  the  said  discovery  or  in- 
vention." 

To  administer  this  remarkable  transaction  the  Secre- 
tary of  the  Interior  was  specifically  designated  as  the 
trusted  agent  of  the  Government.  If  this  was  an 
attempted  joke  upon  the  proverbially  genial  Secretary 
of  the  Interior,  it  was  shameful.  Mr.  Lane  has  always 
proved  himself  ready,  willing  and  abundantly  able  to 
throw  himself  into  any  old  breach  for  the  public 
good,  but  this  is  carrying  matters  too  far,  especially 
as  Section  2  is  to  the  effect  that  Mr.  Lane  is  not  to  begin 
the  job  until  he  shall  have  approved  "a  commission 
of  five  eminent  scientists  to  be  appointed  by  the  said 
Garabed  T.  K.  Giragossian"  which  high  commission 
should  certify  to  "the  entire  practicability  of  his 
(Garabed  T.  K.  Giragossian's)  discovery,"  pursuant 
to  a  demonstration. 

We  remember  the  interesting  remarks  by  Dr.  A.  D. 
Little  at  the  smoker  during  the  recent  Boston  Meeting 
of  the  American  Chemical  Society  in  which  he  assembled 
in  brief  narrative  some  of  the  more  striking  scientific 
fakes  for  which  Boston  inventors  had  readily  fallen: 
the  extraction  of  gold  from  sea  water,  the  manufacture 
of  artificial  rubber  by  a  real  new  process,  etc.,  etc. 
Perhaps  the  Bostonians  have  at  length  gotten  wise 
and  in  a  spirit  of  revenge  decided  to  pass  the  buck  to 
Congress.  At  any  rate  President  Wilson  saved  the 
day  by  declining  to  sign  the  bill. 

We  realize  fully  the  dangers  run  by  scoffing  at  any- 
thing new — and  yet  there  is  a  difference,  which  leads 
us  unhesitatingly  to  congratulate  the  President  for 
saving  the  dignity  of  the  nation  and  allowing  the  Secre- 
tary of  the  Interior  to  go  on  about  his  regular  business. 


AN  A.  C.  S.  PIN  FOR  EVERY  MEMBER 

It  was  a  happy  thought  that  led  to  the  adoption  of 
an  official  emblem  for  the  American  Chemical  Society. 
As  a  decorative  feature  of  programs,  stationery,  dinner 
menus  and  for  official  decoration  in  general,  this  now 
well-known  emblem  has  contributed  largely  to  that 
increased  esprit  de  corps  which  characterizes  the 
present  organization. 

Particularly  noticeable  is  the  steadily  increasing 
number  of  members  of  the  Society  who  constantly 
wear  the  official  pin,  generally  on  the  lapel  of  the  coat. 
Thus  worn  it  serves  as  an  introduction  and  produces 
at  once  a  feeling  of  community  of  effort  and  ideals. 

The  pins  at  present  available,  however,  are  expensive 
— needlessly  so  for  these  days  of  necessary  economy 
of  personal  expenditures.  Correspondence  has  been 
shown  us  recently  which  assures  the  ability  to  produce, 
at  a  cost  of  one  dollar  each,  rolled-gold  pins  conforming 
fully  to  the  design  and  beauty  of  the  official  pin.  We 
hope  the  Directors  at  their  December  meeting  will 
authorize  the  manufacture  and  sale  of  such  inexpensive 
pins,  under  order  of  course  from  the  Secretary,  as  is  now 
required.  Their  availability  would  undoubtedly  result 
in  a  largely  increased  use  of  the  emblem  by  the  mem- 
bers of  the  Society. 
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THL  SCHOOL  OF  CHLMICAL  LNGINLLRING  PRACTICL 
A  YLAR'5  LXPLRILNCL 


By  William  H.  Walker.  Professor  of  Chemical  Eagineering.   Massachusetts  Institute  of  Technology 


The  School  of  Chemical  Engineering  Practice  of 
the  Massachusetts  Institute  of  Technology  announced 
in  This  Journal  last  summer  has,  by  the  results 
achieved  in  the  year  just  closed,  proved  that  the  basic 
principles  upon  which  it  was  founded  are  sound,  and 
that  the  practical  operation  of  these  principles  is  en- 
tirely feasible  when  applied  to  selected  men  who  have 
already  had  at  least  three  years  of  preparatory  scien- 
tific instruction.  The  year  just  closed  has  been  most 
successful. 

The  aims  of  the  course  as  enumerated  in  our  original 
outline  have  been  in  great  measure  realized,  and  other 
advantages  not  anticipated  have  appeared.  Extracts 
from  some  letters  written  by  the  students  to  their 
fellows  at  the  Institute  are  appended,  which  reflect, 
more  clearly  than  could  be  dictated,  the  advantages 
they  have  enjoyed.  The  thirty  students  who  made 
up  the  School  are  enthusiastic  regarding  the  manifold 
benefits  received,  while  the  manufacturing  companies 
which  are  cooperating  in  carrying  out  the  plan  are 
well  satisfied,  not  only  with  the  results  obtained  from 
the  research  work  of  the  organized  staff,  as  part  of 
the  cooperative  idea,  but  with  the  advantages  which 
have  accrued  from  large  scale  test  work  carried  on  by 
the  students. 

It  will  be  recalled  that  the  School  was  made  up  of 
five  stations  located  at  the  plants  of  The  Eastern 
Manufacturing  Co.,  Bangor,  Maine;  The  New  England 
Gas  &  Coke  Co.,  Everett,  Mass.;  The  Carborundum 
Co.,  Niagara  Falls,  N.  Y.;  The  American  Synthetic 
Color  Co.,  Stamford,  Conn.;  and  The  Atlas  Portland 
Cement  Co.,  Northampton,  Pa.  At  each  station 
there  was  provided  a  conference  and  library  room  for 
the  students,  and  a  research  laboratory  for  the  factory. 
A  complete  line  of  books,  measuring  instruments  and 
other  equipment  selected  with  reference  to  the  work 
to  be  done  at  each  station  was  supplied.  As  Director 
of  each  station  a  man  of  enthusiasm  and  enviable 
record  of  achievement  was  obtained,  who  in  turn  was 
supplied  with  an  assistant  of  energy  and  ability.  This 
staff  became  a  part  of  the  Institute  faculty,  and  it  is 
largely  to  the  ability  and  enthusiasm  of  each  and  all 
of  the  members  of  this  staff  that  the  great  success  of  the 
plan  is  due. 

The  underlying  ])rinci])!cs  of  the  Course  may  be 
made  clear  by  the  following  considerations.  A  great 
advance  in  educational  meliiods  was  made  when  labora- 
tory work  was  introrluced  into  the  curriculum  of  sci- 
ence courses.  Hy  this  means  the  principles  of  science 
were  emphasized,  clarified  and  made  an  integral  part 
of  the  student's  knowledge  and  experience.  But  such 
applications  of  scientific  facts  and  principles  are  of 
necessity  limited  to  the  facilities  of  the  laboratory, 
or,  ns  we  say,  experimentation  on  a  liiboralory  scale. 
There  arc  many  fundamental  principles  of  science 
which    possess    It    difrerenl    interest    and     value    when 


studied  under  factory  conditions,  and  there  are  also 
many  problems  susceptible  of  a  scientific  solution, 
which  assume  unfamiliar  shape  when  viewed  through 
the  hazy  atmosphere  of  large  scale  production. 

Again  there  is  a  great  gulf  fixed  in  the  minds  of  most 
students  between  the  applications  of  science  in  the 
laboratory,  where  the  thermodynamic  environment  is 
such  as  to  make  relationships  quantitative  and  hence 
calculation  comparatively  easy,  and  the  factory, 
where  conditions  are  such  as  to  make  necessary  at 
best  a  scientific  guess  or  a  rational  assumption.  And 
yet,  if  we  involve  our  scientific  knowledge  in  the  solu- 
tion of  our  problems  only  when  a  rigorously  quantita- 
tive treatment  is  possible,  we  must  in  the  majority 
of  cases  revert  to  a  "rule  of  thumb"  method  of  solution. 

Therefore,  the  first  general  object  of  the  School  of 
Chemical  Engineering  Practice  was  to  introduce  the 
laboratory  method  of  instruction  into  a  study  of  fac- 
tory operations  and  processes,  to  make  the  factory  a 
chemical  engineering  laboratory.  This  was  based 
upon  the  tenet  that  it  is  entirely  possible  to  study  the 
performance  of  a  piece  of  apparatus  or  the  progress 
of  a  reaction  or  process,  without  interfering  with  pro- 
duction in  either  quantity  or  quality. 

The  advantages  gained  by  this  method  of  study  are 
twofold.  First,  the  men  get  a  personal  first-hand 
knowledge  of  the  unit  operations  involved  in  chemical 
industry,  and  the  part  played  by  such  unit  operations 
in  the  success  of  a  chemical-manufacturing  process; 
and  second,  they  acquire  a  knowledge  of  men  and  the 
organization  of  men  necessary  to  carry  on  a  coordinated 
and  interdependent  plant.  The  students  mix  with  the 
laboring  men,  co6perate  with  the  foremen  and  observe 
the  method  of  control  from  those  high  in  authority  to 
those  with  none. 

It  is  interesting  to  note  that  the  rock  on  which  nearly 
every  one  predicted  our  educational  ship  would  most 
probably  be  wrecked  was  this  one  of  relations  between 
the  students  and  the  factory  organization.  I  am  glad 
to  be  able  to  state  that  not  the  slightest  difficulty  of 
any  description  has  been  experienced.  On  the  con- 
trary, the  superintendents  have  been  interested  and 
uniformly  anxious  to  make  our  stay  at  the  plant  both 
pleasant  and  profitable,  while  the  laboring  men  have 
been  most  helpful  in  every  way. 

The  second  general  object  of  the  School  was  to  allow 
the  student  to  realite  the  opportunities  which  exist 
in  industry  for  the  application  of  science,  provided 
first,  the  student  can  detect  the  presence  of  the  problem 
and  iliagnose  the  diflioulty,  and  second  that  he  has  the 
training  necessary  to  ai^ply  that  knowledge  of  science 
which  he  possesses.  In  other  words,  to  show  him  that 
two  things  are  necessory  for  succe.ns:  first,  a  knowl- 
edge of  science;  and  second,  n  training  in  iun  applica- 
tions. 

In   organixing  the   work  at  the  several  aUtiona  it 
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was  classified  roughly  under  heads  providing  for  the 
following  objects: 

I — To  study  the  chemical  control  of  industrial  pro- 
cesses through  the  laboratory,  and  to  acquire  ability  in 
the  interpretation  of  laboratory  data  in  terms  of  factory 
practice. 

Instruction  in  analytical  chemistry  to  prospective 
engineers  is  handicapped,  in  that  it  is  difficult  to  com- 
bine in  the  student's  work  the  necessary  accuracy  with 
that  speed  on  which  depends  his  effectiveness  as  part 
of  a  laboratory  organization.  The  average  student  is 
generally  either  accurate  and  painfully  slow  or  rapid 
and  unreliable.  When  placed  in  a  cement  mill,  how- 
ever, he  learns  that  the  composition  of  the  rock  from 
the  quarry  must  not  only  be  accurately  determined, 
but  it  must  be  known  by  the  time  the  rock  has  passed 
through  the  rough  crushers  and  driers.  The  importance 
of  the  analytical  work  now  strikes  him  with  its  full 
significance.  To  reap  the  benefit  of  life  in  an  active 
industrial  laboratory  where  both  wonderful  speed  and 
accuracy  are  obtained,  each  student  spent  five  days 
in  the  laboratory  of  Station  E,  where  raw  material 
and  finished  product  were  analyzed  according  to  the 
methods  of  the  Atlas  Portland  Cement  Co.,  and  his 
work  checked,  both  as  to  result  and  time  consumed, 
against  the  standard  practice  of  the  laboratory. 

Special  methods  of  analysis  employing  a  wide  variety 
of  instruments  are  involved  in  controlling  the  factory 
experimental  work  at  the  different  stations.  Two 
types  of  optical  pyrometers,  and  a  variety  of  thermal 
junctions  are  used  in  the  heat  balance  run  on  the 
cement  kilns.  Gas  analysis  in  all  forms  is  in  use  at 
Station  B  and  elsewhere;  polarizing  and  petrographic 
microscopical  work  at  Station  C,  and  so  on.  Analytical 
chemistry  takes  on  an  unexpected  attractiveness  when 
it  becomes  the  most  important  source  of  knowledge 
by  which  the  progress  of  a  reaction  or  a  process  must 
be  determined. 

II — To  acquire  a  first-hand  knowledge  of  the  processes 
of  the  plant  and  the  machines  with  which  it  is  equipped. 

A  process  or  a  machine  may  be  studied  in  two  ways: 
first,  by  making  a  quantitative  run  or  test  upon  it, 
in  which  input  of  energy  and  material  is  balanced 
against  output;  and  second,  by  operating  the  unit 
machine  and  determining  how  well  it  does  the  work  for 
which  it  was  designed,  how  resistant  it  is  to  both 
mechanical  and  chemical  wear  and  tear,  how  easily 
cleaned  and  repaired,  and  how  nearly  perfect  the 
product  is  when  viewed  from  its  various  commercial 
standpoints. 

Both  of  these  methods  were  used  at  the  different 
stations.  For  example,  the  squad  of  six  men  were 
placed  in  the  electrolytic  bleach  plant  of  Station  A 
and  directed  to  decide  what  mechanical  measurements 
must  be  made,  what  data  secured,  what  and  where 
samples  for  analysis  must  be  drawn,  and  iri  short,  to 
outline  in  detail  a  test  run  of  36  hours,  which  would 
furnish  answers  to  the  following  type  of  questions: 

What  per  cent  of  the  energy  supplied  to  the  bus  bars  is  con- 
verted into  calcium  hypochlorite  as  delivered  to  the  storage 
tanks? 


What  per  cent  of  the  salt  drawn  from  the  storage  bins  appears 
as  caustic  soda  in  the  concentrated  liquor  tank? 

Same  question  as  to  lime  consumption,  and  so  on. 

Prom  two  to  three  days  were  consumed  in  deciding 
all  the  details  and  making  necessary  arrangements 
for  withdrawing  samples,  recording  measurements 
and  doing  the  necessary  analytical  work.  A  36-hour 
run  was  then  made  and  calculated  very  completely. 
The  daily  practice  of  the  plant  relative  to  temperature, 
current  density,  concentration  of  feed  liquor,  rate  of 
flow,  composition  of  cell  effluent,  resistance  of  dia- 
phragm and  other  working  conditions  were  then 
studied  and  interpreted  in  the  light  of  the  laws  of 
electrochemistry  already  learned  in  earlier  years  of 
the  Course.  Each  squad  then  tested  the  accuracy  of 
the  predictions  in  reference  to  one  variable.  For  ex- 
ample, the  influence  of  the  rate  of  flow  of  the  brine 
through  the  diaphragm  on  the  efficiency,  for  cells  of 
different  ages,  was  determined.  Incidentally  many 
data  of  service  to  the  company  were  obtained. 

This  method  of  applying  the  principles  of  science 
to  industrial  problems  under  factory  conditions  was 
found  to  adapt  itself  to  almost  every  important  opera- 
tion, and  when  applied  to  the  widely  differing  condi- 
tions of  the  five  stations,  a  most  comprehensive  ex- 
perience was  obtained. 

The  second  method  of  studying  a  process  and  machine 
is  so  obvious  as  to  need  no  example.  It  was  found 
that  much  valuable  experience  was  obtained  by  putting 
the  students,  one  at  a  time,  on  the  regular  factory  re- 
pair gang  for  a  period  of  3  to  6  days.  In  some  cases, 
for  example  in  the  routine  repair  of  the  Huntington 
Mills  of  the  Cement  Plant,  the  work  was  so  heavy  that 
but  few  students  could  take  an  active  part  in  it:  but 
in  the  majority  of  cases  a  student  can  do  the  work  of 
a  helper  and  learn  how  most  quickly  to  do  the  thing 
which  is  needed  to  be  done. 

Ill — To  obtain  the  wider  view-point  which  comes  from 
contact  with  those  who  are  employed  to  superintend  or 
carry  on  the  factory  operations,  and  to  acquire  the  de- 
gree of  confidence  in  handling  industrial  processes  and 
large  sized  apparatus  which  comes  from  actual  participa- 
tion in  the  active  work  of  the  plant. 

No  part  of  the  plan  has  received  more  hearty  en- 
dorsement on  the  part  of  the  students  than  the  op- 
portunity to  mix  with  the  operations  of  the  factory 
and  to  share  in  the  work  of  the  plant.  For  example, 
at  Station  A  each  student  was  for  a  time  assistant  to 
the  assistant  cook  in  the  digester  house;  at  B  he  helped 
run  the  ammonia  stills  and  the  sulfate  recovery;  at  C 
he  operated  both  the  magnetic  and  electrostatic  sep- 
arators, and  made  runs  on  large  scale  electric  furnaces; 
at  D  he  worked  on  the  phenol  plant,  from  the  sulfona- 
tion  to  the  final  distillation;  at  E  he  fired  the  cement 
kilns,  and  so  on.  Although  at  few  times  was  the  en- 
tire responsibility  for  operation  placed  on  the  student, 
yet  he  was  at  most  times  sufficiently  in  charge  to  gain 
a  fair  measure  of  self-confidence  in  handling  industrial 
processes.  He  realized  the  importance  of  the  human 
element  in  industry,  and  observed  the  efforts  being 
made  at  the  different  companies  toward  welfare  work, 
task  and  bonus  systems,  and  other  methods  by  which 
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the  workman  is  made  to  share  in  the  profits  of  the  in- 
dustry. 

IV — To  acquire  that  inspiration  for  further  work  in 
science  and  research  which  intimate  contact  with  large 
progressive  industries  inevitably  affords. 

This  is  a  somewhat  less  tangible  object  than  the 
other,  but  one  which  we  have  steadily  striven  to  ac- 
complish by  constantly  bringing  out  in  relief  the  de- 
pendence of  industrial  progress  upon  the  application 
of  science.  The  results  have  been  entirely  satisfactory. 
In  none  of  our  eflorts  have  we  been  more  successful 
than  along  these  broad  lines  of  development. 

It  is  a  truism  to  say  that  it  is  easier  to  acquire  a 
knowledge  of  science  than  it  is  to  apply  intelligently 
and  successfully  this  knowledge  to  the  solution  of 
technical  problems.  The  first  is  definite  and  self- 
contained;  the  laboratory  experiments  of  instruction 
are  chosen  with  reference  to  the  law  or  principle  under 
consideration  and  the  conditions  of  temperature, 
pressure,  concentration,  and  so  on,  are  so  chosen  that 


the  validity  of  the  law  may  be  demonstrated.  In 
practice,  however,  the  problem  is  generally  the  very 
difficult  one  of  analj'zing  the  situation  into  its  essential 
factors,  the  determination  of  the  controlling  conditions, 
and  finally  the  application  of  scientific  laws  in  a  thermo- 
dynamic environment  where  such  laws  and  principles 
cannot  be  expected  to  hold  quantitatively. 

The  most  far-reaching  benefit  accruing  from  the 
school  of  Chemical  Engineering  Practice  is,  therefore, 
an  introduction  into  that  fascinating  field  which,  for 
want  of  a  better  name,  we  call  applied  science.  This 
introduction  carries  to  the  student  these  convic- 
tions: 

I — That  he  must  acquire  a  sounder  knowledge  of 
existing  science; 

2 — That  he  must  aid  in  creating  or  enlarging  the  field 
of  science; 

3 — That  he  must  continue  to  apply  science  to  in- 
dustry for  the  ultimate  good  of  mankind. 

Cambridge,  Mass.,  November  7,  1917 


RANDOM   EXTRACTS   FROM   LETTERS   OF   MEMBERS   OF   THE   SCHOOL  OF    CHEMICAL    ENGINEERING    PRACTICE   TO    THEIR   FRIENDS 


"******  The  Cement  Works  offered  a  splendid  op- 
portunity to  get  a  line  on  plant  design,  power  distribution, 
conveyor  systems,  grinding  machinery,  and  the  procedure  of 
commercial  laboratories.  We  had  a  free  run  of  the  place,  and 
the  workmen  were  invariably  friendly  and  anxious  to  help  us. 
Each  fellow  had  to  spend  a  week  with  the  repair  gang,  and  that 
meant  getting  up  at  five  every  morning  for  the  6  o'clock  train. 
The  fine  cement  powder  got  pretty  well  onto  everything  and 
hardened  on  rainy  days,  but  being  dirty  means  nothing  at  all 
to  us  by  this  time." 

"Every  member  of  the  group  is  impressed  with  the  change  from 
the  theoretical  view-point  of  the  classroom  to  the  practical 
view-point  of  this  Course.  Especially  tliose  of  the  group  who  have 
had  no  previous  practical  training  often  remark  how  greatly 
this  Course  lias  added  to  their  ability  both  to  attack  problems 
and  to  accomplish  their  solution.  In  short,  the  greatest  contri- 
bution of  this  Course  seems  to  be  that  of  obtaining  self-confi- 
dence and  the  ability  to  do  things." 

"It  is  very  interesting  in  this  connection  to  watch  and  analyze 
the  men  wh(j  hold  the  bigger,  the  more  responsible  positions. 
What  qualities  has  this  one  leading  to  success?  What  gives  that 
one  his  position  of  command?  Comparisons  arise  unconsciously 
between  the  methods  of  this  man  here,  and  that  one  of  the  plant 
we  last  left,  in  his  different  relation  to  the  organization  as  a  whole, 
and  to  the  men  working  with  hitn.  Likewise  the  part  a  man's 
technical  training  plays  in  his  advancement  as  compared  with 
other  factors  is  of  import  to  us." 

"Conveying  systems,  transniis,sion  of  power  by  slKifting  and  the 
use  of  the  belt,  rope  and  other  drives  are  details  of  mechanical 
engineering  not  usually  obtained  by  students  in  chemical  engi- 
neering. Industrial  practice  in  the  field  of  electrical  engineering 
has  been  illustrated  at  practically  every  plant  visited.  Ceiierating 
machinery  for  power  and  elcctro-clicmical  work,  transmission 
systems,  motors  adapted  to  various  uses,  csi>ecially  those  of  the 
induction  type,  are  but  a  few  applications  that  have  been  studied." 

"The  writing  of  detailed  reports  must  be  considered  of  the 
utmost  importance  in  this  course  not  merely  for  the  preservation 
and  cl.issilication  of  actual  data  but  also  for  the  training  <>1)tainc(l 
in  expressing  one's  thoughts  logically,  accurately,  and  rapidly." 

"Study  of  plant  organization  and  cxpcricMce  obtained  by  work- 
ing side  liy  side  with  l.iborers  is  of  great  value  to  us." 

"The  general  iirinciples  of  chemical  cnginccrinK  cnlculations 
including  such  vuluablr  methods  of  attack  as  the  pound-mol 
system  iiiul  (he  principles  of  fluid  flow,  are  impre.ssed  much 
more  vividly  by  using  d.ila  obtained  by  ours<'lveH  during  plant 
operations.  Not  only  is  experience  obtained  in  c.ilculation, 
but  valuable  training  is  secured  in  the  plaiinliig  and  execution 
of  tests  of  app.'ir.itiis  and  processes.  Ivfliiiencv  in  lime  and  labor 
is  ubtaiiii'd  by  applying  the  principles  of  precision  before  the  per- 
formance of  a  lest" 

"One  of  the  most  farrcarhinK  cfTecIs  of  (his  Course  I*  the 
help  g.iiiit'd  friiin  prrsonul  contact  with  the  men  who  have  been 


in  the  profession  into  which  we  are  about  to  enter.  The  personal 
experiences  of  the  Directors  and  Assistants,  together  with  the 
influence  of  their  personalities  form  no  small  part  of  the  Course  in 
Chemical  Engineering  Practice." 

"*  *  *  you  can  hardly  realize  what  a  diflerence  there  is  be- 
tween a  picture  or  drawing,  and  the  real  piece  of  apparatus  itself. 
An  electric  furnace  or  a  scrubber  are  now  old  friends  to  us, 
instead  of  being  somewhat  awesome  objects.  We  are  beginning 
to  see  how  varied  chemical  industries  are," 

"At  Everett  the  facilities  for  handling  great  quantities  of  gas 
strongly  impressed  us — 8.000,000  cubic  feet  of  gas  a  day  means 
something  to  us  now.  We  can  yet  see  the  size  of  those  intake 
pipes  from  the  batteries." 

"The  Cochrane  Chemical  Plant  is  a  wonderful  place.  Here 
for  the  first  time  I  saw  and  understood  how  acids  are  conveyed 
and  handled.  The  immense  towers  and  chambers  in  the  sul- 
furic acid  plant  are  indelibly  impressed  on  my  memory:  for, 
to  say  a  Gay-Lussac  Tower  is  x  feet  high  is  one  thing  but  to 
climb  to  tlie  top  of  it  is  anotlier." 

"At  Niagara  Falls  our  work  is  mostly  electrical The  other 

day  we  ran  a  test  on  a  small  Aloxite  furnace.  We  kept  .-Moxite 
at  a  temperature  of  1600°  C.  for  5  hours  with  an  electrical  ex- 
penditure of  only  550  kw.  hours.  I  had  no  idea  before  that  so 
much  heat  was  contained  in  ii>o  kw.;  but  after  standing  over 
that  furnace  for  an  hour  one  has  an  idea,  and  a  very  dilTerent 
idea  it  is,  as  to  the  meaning  and  value  of  icki  kw  •  •  •  To- 
morrow we  run  a  test  on  a  i.ox)  H.  P.  carborundum  furnice. 
Electricity,  that  name  which  in  the  p:ist  I  have  iisu.illy  assocLktcd 
with  a  shock,  or  when  I  was  very  ambitious  with  a  motor,  is 
beginning  to  take  on  a  new  signilicance — -that  of  energy  easily 
convertible  into  very  high  tcm|)erature.s." 

"The  friendliness  of  the  workmen  in  the  various  plants  is 
noteworthy  We  have  yet  to  receive  our  first  rebuff.  They  arc 
willing  to  help  us  on  all  occiisloiis  and  to  lull  us  all  they  know, 
in  fact  even  e:igcr.  That  is  the  trouble,  they  sometimes  tell 
a  gooil  deal  more  than  tliev  know." 

"We  have  learned  much  as  to  wh.it  is  essential  and  what  is 
negligible  in  a  commercial  test,  and  much  about  the  complete 
interpretation  of  test  data." 

"We  have  close  contact  with  the  commercial  o|x;rations;  we 
live  in  the  atniosphcie  and  think  In  (he  (erms  of  profit  and  loss; 
and  yet  oiir  time  is  our  own.  We  can  idcali/c  without  w.Lsdng 
the  company's  tiiiir  I  believe  that  this  Is  an  immensely  im|>ort- 
ant  feature  of  our  work  " 

"To  sum  up  the  student's  |Kiint  of  view,  wc  feci  that  wc  arc 
Kalning  a  working  knowledge  of  ohcmis(rv  and  of  cnginrcrinit. 
Wc  arc  gaining  an  interest  in  oiir  work  which  hai  never  l>ccn 
ei|ii.illcd  Wc  are  Irarniiig  our  we.ikncs<:r  :  .ui.l  Mir  ntr  nr.:  p.iints, 
and  wr  are  put  in  a  position  where  with  '  •  ■  Torts 

tlirv  III. IV  both  bo  Improveil      Wc  arc  >vi(h 

men  of  nil  piir(aiux  in  our  profession,  an.  1  >v  \  .due 

of  such  fnrniUliip." 
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COMPARATIVE  TESTS  OF  CHEMICAL  GLASSWARE' 

By  Pbrcy  H.  Walker  and  F.  W.  Smithsr 

Received  October  23.   1917 

The  cutting  off  of  imports  from  Germany  and  Aus- 
tria has  forced  us  to  rely  upon  American  manufac- 
turers for  practically  our  entire  supply  of  glass  beakers 
and  flasks.  In  order  to  give  chemists  some  informa- 
tion as  to  the  quality  of  this  ware,  the  Bureau  of  Stand- 
ards has  examined  five  brands  of  American-made  ware 
in  comparison  with  the  two  best  known  wares  of 
European  make. 

The  tests  included  chemical  analysis,  determination 
of  coefficient  of  expansion,  refractive  index,  condition 
of  strain,  resistance  to  repeated  evaporation,  to  heat, 
and  to  mechanical  shock,  and  resistance  to  chemical 
reagents. 

In  all  cases  beakers  and  flasks  approximating  in 
size  the  400-cc.  Jena  beaker  and  flask  were  used.     All 


ers,  consisted  in  repeated  evaporation  to  dryness  of 
sodium  chloride  solution  with  examination  for  cracks 
after  each  evaporation.  None  of  the  wares  developed 
cracks  after  twelve  evaporations. 

One  of  the  heat  shock  tests  consisted  in  filling  the 
beakers  with  cold  water,  which  was  then  rapidly  heated 
to  boiling.  Other  tests  included  the  plunging  into 
ice  water  of  vessels  containing  boiling  water,  paraffin 
at  150°  C,  and  paraffin  at  200°  C,  and  the  dropping 
of  beakers  bottom  down  upon  a  thick  board  from 
heights  increased  by  intervals  of  5  in. 

The  solubility  tests  were  made  by  determining  the 
loss  in  weight  of  pieces  of  the  wares  upon  treatment 
with  water  and  various  solutions  commonly  used  in 
the  laboratory.  With  water  on  beakers  the  action 
was  continued  about  72  hrs.,  the  water  being  heated 
about  24  hrs.;  on  flasks,  the  action  was  continued 
about    17    hrs.,    keeping   the    water   boiling    during    5 
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the  ware  tested  bore  permanent  trade  marks.  From 
45  to  so  beakers  and  flasks  of  each  ware  were  secured 
for  this  series  of  tests. 

Table  I  gives  the  composition  of  the  different  wares 
tested . 

Details  regarding  the  methods  of  analyses,  weight 
and  size  of  pieces  tested,  coefficient  of  expansion,  re- 
fractive indices,  and  condition  of  strain  will  appear 
in  a  publication  of  the  Bureau  of  Standards  and  arc 
not  given  here,  since  little  information  bearing  on  the 
suitability  of  the  various  glasses  for  laboratory  u.se  can 
be  obtained  from  these  results.  The  Pyrex  ware  has 
low  coefficient  of  expansion  and  refractive  index. 

The  evaporation  test,  which  was  made  only  on  beak- 

'  PublisheJ  by  permission  of  the  Director  of  the  Bureau  of  Standards. 
An  abridgement  of  a  Innxer  and  more  complete  publication  to  be  issued  by 
the  Bureau  of  Standards. 


hrs.;  with  mineral  acids,  solutions  containing  sodium 
chloride  and  sodium  nitrate  were  mi.xed  with  a  large 


Table  I — Analyses 


Ware 

\      lier 

Co. 

Pyrex 

Jena 

Jena 

Nonsol 

Fry 

Libbey 

(  Beaker 

Beaker 

Beaker  Beaker  Flask  Beaker  Beaker 

Beaker 

Al.Oi 

0.14 

I.O 

2.0 

4.2 

4.2 

2.5 

2.7 

2.1 

FdO. 

0.08 

0.35 

0.25 

0.25 

0.27 

0.23 

0.22 

0.44 

ZnO 

5.6 

10.9 

10.9 

7.8 

3.6 

PbO 

1.0 

MnO 

0.02 

0.02 

0.01 

0.01 

0.01 

0.01 

0.03 

0.03 

CaO 

8.7 

0.66 

0.29 

0.63 

0.56 

0.79 

2.6 

0.42 

MgO 

0.17 

4.3 

0.06 

0.21 

0.25 

3.4 

2.6 

0.08 

NaiO 

7.1 

10.8 

4.4 

7.5 

7.8 

10.9 

9.8 

8.2 

KiO 

7.9 

0.30 

0.20 

0.37 

0.31 

0.30 

1.5 

0.67 

SiOi 

75.9 

73.0 

80.5 

64.7 

64.7 

67.3 

68.6 

75.9 

B,Oi 

3.6 

11.8 

10.9 

10.6 

6.2 

8.1 

10.8 

PiOi 

0.08 

SO. 

0.20 

0.02 

AsiOj 

Trace 

0.02 

0.70 

0.14 

0.19 

Trace 

0.18 

Sb.Oi 

0.60 

0.62 

Total 100.29     100.27     100.21  99.81  99.79  100.05  99.93  100.00 

Selenium  and  fluorine  were  not  found,  but  lithium  was  detected  spectro- 
scopically  by  Mr.  Paul  W.  Merrill  in  all  the  samplea. 
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Water  at  4°  C.  Heated  to 

Boiling  over  Direct  Flame 

Beakers         Flasks 


Tabls  II — HSAT  AND  Mechanical  Shock  Tests 
No.  refers  to  Number  Tested.     U.  Unaffected.     F.  Failed,     b.  Broken,     c.  Cracked 
Paraffin  Heated  in  Vessel  to  Indicated 
Temperature  and  Vessel  Plunged  into  Ice  Water 


Wars  No. 

Eavalier 4 

M.  E.  G.  Co 2 

Pyrex 2 

Jena 2 

Nonsol 2 

Fry 2 

Libbey 2 

(m)  One  broke  or 


Result 
No.  U.    F. 
0   ..      .. 


Boiled  Water  and 

Plunged  into  Ice  Water 

Beakers         Flasks 

Result  Result 

No.  U.  F.     No.  U.  F. 

2     2     0         0   ..    .. 


Dkop  Tbst-Beakers  Only 

(6  of  Each  Ware  Tested) 

A"o.  that  Broke  on  Drop  of: 

5   10  15  20  2S  30    See 

in.  in.  in.  in.  in.  in,  NoU 


4     2 
3     3 


bound  at  25  in.  and  2  did  not  break  at  45  in.      (n)  One  broke  on  bound  at  20  i 


excess  of  sulfuric  acid,  boiled  and  heated  for  an  hour 
after  fumes  of  SO3  appeared.  With  sodium  and  potas- 
sium carbonates  and  hydroxides  and  sodium  phos- 
phate half-normal  solutions  were  boiled  for  20  mins. 
in  the  vessels  and  in  the  case  of  beakers  fresh  half- 
normal  solutions  were  subsequently  evaporated  in 
the  same  beakers.  With  ammonia,  strong  ammonia 
was  allowed  to  stand  24  hrs.  in  the  vessel,  then  diluted 
and  boiled  for  30  mins.  With  ammonium  sulfide 
and  chloride,  mixtures  of  twice  normal  salts  were  al- 
lowed to  stand  in  the  vessels  24  hrs.,  then  boiled  for 
30  minutes. 

Table  II  shows  the  results  of  heat  and  mechanical 
shock  tests.  Figs.  I  to  IV  show  the  effects  of  the 
various  reagents  on  the  wares  tested.     In  these  figures 


individual  accepted  determinations  are  shown  by  dots, 
determinations  which  are  believed  to  be  in  error  and 
therefore  omitted  from  the  averages  by  circles.  The 
lengths  of  the  rectangles  indicate  the  averages  of  ac- 
cepted values.  The  letters  K,  M,  P,  J,  N,  F,  and  L 
indicate  Kavalier,  M.  E.  G.  Co.,  Pyrex,  Jena,  Nonsol, 
Fry,    and    Libbey,    respectively. 

Table  III  gives  a  general  summary  of  the  resistance 
to  the  various  solutions  and  to  mechanical  and  heat 
shock  of  the  wares  tested.  In  this  table  the  numerical 
exponents  indicate  the  minor  differences  in  resistance, 
the  lowest  number  being  the  most  resistant.  The 
absence  of  an  exponent  indicates  that  the  differences 
in  resistances  are  too  small  to  justify  any  differentia- 
tion  between   the   wares   graded   in   the   same   group. 
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Table  III — Genbrai,  Sduuary  of  Tests 


Car-  Ammo-  Me- 

Mineral  bonated  Caustic  nium  Heat  chanical 

R89I9TANCE  TO:       Water     Acids  Allcalies  Alkalies  Salts  Shock  Shock 

Kavalier Poor      Good      Poor      Good'    Good*  Poor  Poor 

M.  E.  G.  Co Good'    Good      Good'    Good'    Good  Poor  Poor 

Pyrex Good'    Good      Good'    Fair        Good  Good'  Good* 

Jena Good*    Good      Good'    Fair        Good  Good'  Fair 

Nonsol Good'    Good      Good'    Fair        Good  Good'  Fair 

Fry Good*    Good      Good'    Fair        Good  Poor  Good 

Libbey Good'    Good      Good'    Fair       Good  Good'  Good 

*  Far  superior  to  any  of  the  other  wares. 

In  the  rating  of  resistance  to  caustic  alkalies  the  boil- 
ing tests  only  have  been  considered.  These  results 
indicate  that  all  the  American-made  wares  tested  are 
superior  to  Kavalier  and  equal  or  superior  to  Jena 
ware  for  general  chemical  laboratory  use. 
BtjREAu  OF  Standards 
Washington,  D.  C. 


EFFECT  OF  COPPER  ON  CRUDE  RUBBER' 

By  Chas.   p.  Fox 

Manufacturers  of  rubber  goods,  following  the  teach- 
ings of  Pearson,^  have  carefully  avoided  the  use  of 
copper  salts  in  their  compounds.  Coppered  iron  was 
used  to  a  limited  extent  in  vulcanizing  rubber  to  iron. 
Copper  in  this  operation  has  recently  been  superseded 
by  a  plating  of  other  metals. 

The  accidental  observation  of  Dewar  concerning  the 
marked  change  of  a  rubber  gasket  used  in  contact  with 
a  copper  pipe  led  him  to  compare  its  action  with  other 
metals.  His  tests  were  made  by  covering  sheet  rubber 
with  disks  of  metals  and  exposing  them  to  a  heat  of 
150°  F.  for  several  days.  His  findings  were  that 
copper  gave  the  greatest  effect,  and  that  the  action 
was  due  to  oxidation,  copper  being  an  oxygen  carrier. 

Thompson  and  Lewis'  took  up  the  matter  and  made 
an  exhaustive  study  of  the  action  of  metals  and  their 
salts  on  vulcanized  rubber.  Their  work  was  with  sheet 
rubber  vulcanized  by  the  Parkes  process  (cold-cured). 
The  metals,  in  form  of  powder,  were  sprinkled  over 
the  surface  of  the  sheet  and  the  salts,  if  soluble  in 
water,  were  made  into  a  paste  and  applied  as  a  paint. 
The  treated  sheets  were  then  exposed  for  10  days  at  a 
temperature  of  60°  C.  The  action  was  determined 
by  stretching  the  test  piece.  Their  results  sustained 
those  of  Dewar:  "Of  the  metals  used  copper  was  by 
far  the  worst.  Copper  salts  completely  destroyed  the 
rubber." 

Foden,  English  textile  expert,  found  that  wherever 
cloth  containing  copper  (used  in  dyeing)  was  used  in 
water-proofing,  the  rubber  became  hardened  and  was 
soon  destroyed. 

Weber*  gives  an  explanation  of  the  action  of  copper 
on  rubber,  experimental  data  and  a  method  of  estima- 
ting copper  in  cloth.  This  method  is  simple  and  re- 
liable, and  should  replace  the  methods  now  used  in 
determining  copper  in  foods.  Weber  places  the 
maximum  limit  of  copper  in  cloth  for  water-proofing  at 
0.005  per  cent.  Weber  also  noted  that  the  presence 
of  grease  or  oils  in  the  cloth  facilitated  the  action  of 
the  copper. 

'  Presented  at  the  SSth  Meeting  of  tlie  American  Chemical  Society. 
Boston.  September  10  to  13.  1917. 

'  "Crude  Rubber  and  Compounding  Ingredients." 
'  Abstract  Journal.  Soc.  Chem.  Ini.,  10  (1891),  717-718. 
*  "Chemistry  of  Rubber." 


Esch*  attributes  the  action  of  copper  to  the  forma- 
tion of  copper  chloride  which  acts  as  an  accelerator. 

Morgan'  states  that  the  presence  of  copper  com- 
pounds may  cause  "tackiness"  in  crude  rubber,  and 
strongly  advises  against  the  use  of  copper  vessels  in 
the  preparation  of  crude  rubber,  and  even  against  the 
use  of  copper  insecticides  or  fungicides  on  trees  during 
the  tapping  operation. 

By  experiments  made  by  adding  copper  salts  to 
rubber  latex,  Morgan  concludes  that  the  rate  at  which 
tackiness  is  induced  is  dependent  upon  the  amount  of 
copper  salts  used. 

The  formation  of  resins  is  the  main  factor  in  the 
copper-induced  tackiness.  Schidrowitz'  says  that  tacki- 
ness is  due  to  a  physical  degradation  of  the  rubber 
molecule  and  not  to  a  change  in  its  chemical  composi- 
tion. 

There  seems  to  be  a  distinct  difference  between 
"perished"  or  "decayed"  rubber  (Thompson  and 
Lewis),  and  the  "tackiness"  observed  by  Morgan. 
Tackiness  as  understood  by  the  practical  rubber- 
worker  is  a  soft  sticky  condition  affecting  crude  rubber. 

Several  years  ago  I  became  interested  in  the  action 
of  copper  on  dry  crude  rubber.  Some  of  these  experi- 
ments have  recently  been  repeated.  In  this  particular 
case  the  work  shows  the  action  of  copper  in  the  form  of 
acetate  on  Pale  Plantation  sheet  crude  rubber. 

Small  pieces  of  this  grade  of  crude  rubber  were 
treated  with  a  i  per  cent  water  solution  of  neutral 
copper  acetate;  copper  acetate  solution  with  lo  per 
cent  acetic  acid;  copper  acetate  solution  with  lo  per 
cent  ammonia;  and  oil  carrying  i  per  cent  of  dry  copper 
acetate.  Action  was  checked  against  blanks  of  un- 
treated specimens,  and  with  straight  oil-treated 
samples.  To  observe  the  action  of  light  two  series 
were  run,  one  (A)  being  exposed  to  bright  light  in  a 
warm  room,  and  the  other  (B)  placed  in  a  cool  and 
dark  closet.  Extremes  in  application  of  the  chemical 
are  represented  by  a  single  spot,  and  by  immersion  for 
24  hours.  Duration  of  experiment  was  approximately 
3  months.     Each  set  consisted  of  six  pieces. 

The  original  test  pieces  were  mounted  on  cardboard. 
These  cards  were  unavoidably  lost  in  transit,  prevent- 
ing their  reproduction,  and  a  written  description  is 
substituted  herewith. 

Each  series  was  subdivided  into  two  subdivisions: 

No.  I.  DROP  TEST — One  drop  of  reagent  was  allowed 
to  dry  on  the  surface  of  the  specimen. 

No.  II.  IMMERSION  TEST — The  entire  specimen  was 
immersed  in  the  reagent  for  24  hrs.,  then  dried.  The 
"spot  test"  gave  tackiness  at  point  of  contact  between 
reagent  and  the  rubber.  The  "immersion  test"  gave 
tackiness  over  the  entire  surface  of  the  specimen.  With 
the  oil  experiments  even  a  single  drop  was  too  much, 
while  those  immersed  were  ruined  (the  specimens 
softened  and  "run"). 

All  the  treated  samples  showed  tackiness  due  to  the 
reagent.  The  ammonia  copper  acetate  combination 
shows  a  much  greater  action  than  copper  acetate 
alone  or  in   combination   with   acetic  acid.     The  oil- 

'  "Manufacture  of  Rubber  Goods." 
'  "Preparation  of  Plantation  Rubber." 
•  "Rubber." 
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REPORT    ON    TESTS 

No.  1  was  the  control  or  check,  untreated.  The  checks  showed  no 
change  in  color  or  texture  (a  good  index  of  the  character  of  this  grade  of 
crude  rubber). 

No.  2  was  treated  with  a  I  per  cent  water  solution  of  copper  acetate 
(neutral).     The  reagent  produced  tackiness. 

No.  3  was  treated  with  copper  acetate  solution  made  acid  with  10 
per  cent  glacial  acetic  acid.  The  reagent  produced  tackiness,  but  not 
materially  greater  than  in  No.  2. 

No.  4  was  treated  with  copper  acetate  solution  made  alkaline  with  10 
per  cent  of  strong  ammonia.  It  reacted  strongly  with  the  rubber,  giving 
a  hard  surface  which  easily  cracked.  The  product  resembled  "perished 
rubber"  (Spiller's  resin). 

No.  5  was  treated  with  lubricating  oil  (containing  25  per  cent  of  rancid 
vegetable  oil)  carrying  1  per  cent  of  dry  powdered  copper  acetate. 

No.  6  was  treated  with  the  same  lubricating  oil  as  No.  5  but  without 
copper  acetate. 

In  Nos.  5  and  6  the  "immersion"  test  pieces  were  spoiled.  The  test 
was  too  severe,  the  specimens  being  destroyed  (dissolved  in  oil).  The 
"drop"  tests  in  both  Nos.  5  and  6  showed  much  action,  the  oil  spread  over 
the  entire  surface.  Those  of  No.  5  (with  copper)  showed  stronger  action 
than  those  of  No.  6  (without  copper). 

OBSERVATIONS 

1 — Copper  acetate  will  produce  tackiness  in  crude  rubber. 

2^The  action  is  proportional  to  amount  of  reagent  and  time  of  con- 
tact. 

3 — Influence  of  light  and  heat  is  not  as  great  (compared  with  darkness 
and  a  lower  temperature)  as  expected. 

4 — The  ability  of  the  check  samples  to  "stand  up"  under  the  light 
conditions  indicates  the  value  of  Pale  Plantation  Crfipe  variety  of  crude 
rubber. 

5 — The  presence  of  acetic  acid  did  not  materially  aid  in  the  production 
of  tackiness. 

6 — The  presence  of  ammonia  exerted  a  pronounced  influence.  The 
specimens,  however,  exhibited  a  much  different  appearance,  the  surface 
hard  and  cracked. 

7 — Lubricating  oil  (containing  rancid  vegetable  oil)  with  1  per  cent 
of  dry  copper  acetate  gave  a  greater  action  than  the  same  oil  when  used 
alone. 

treated  samples  should  be  considered  in  a  separate  group 
as  they  show  results  that  may  arise  from  washing-mills 
in  bad  order.  While  oils  alone  exert  a  powerful  action 
on  crude  rubber,  the  presence  of  copper  magnifies  this 
action.  Results  with  oil  and  copper  on  crude  rubber 
coincide  with  the  observation  of  Weber  concerning  the 
presence  of  oil  in  cloth  aiding  the  action  of  copper  on 
rubber. 

The  action  of  the  reagent  is  proportional  to  the  time 
of  application.  The  influence  of  light  and  heat  is  not 
as  great  as  expected.  This  feature  of  the  experiment 
emphasizes  the  fact  that  copper  salts  induce  tackiness 
in  crude  rubber  independently  of  the  usual  causes  of 
this  trouble. 

Considered  as  a  whole  the  work  sustains  the  views  of 
Dr.  Morgan. 

Ci.uvBi.AND,  Ohio 

COPPER  IN  SEWAGE  AT  THE  NEW  HAVEN  SEWAGE 
EXPERIMENT  STATION 

Uy   I'.   W,    Moili.MAN 

Kecrivcd  September  21,  1917 

RKASiiNS  I'OR  INVKSTICATIONS 

In  the  summer  of  loiO  ri-presentalivos  of  the  United 
States  Public  Health  Service,  under  the  direction  of 
Dr.  H.  S,  Cuniming  made  an  investigation  of  the  sani- 
tary condition  of  New  Haven  Harlior.  They  found 
liiat  it  was  seriously  polluted  by  the  sewuKc  and  in- 
dustrial wastes  of  New  Hiiven.  'I'iu-y  recommended 
that  tile  taking  of  shellfish  from  the  harbor  be  pro- 
hibited, that  bathing  t)e  prohibited,  anil  that  the  city 
take  steps  to  insure  the  prdpcr  disposal  of  tlie  sewage. 


Following  these  recommendations,  the  City  Council 
appropriated  a  sum  of  money  for  the  establishment 
of  a  sewage  experiment  station,  and  a  citizens'  com- 
mittee was  appointed  to  take  charge  of  the  work. 
Prof.  C.  E.  A.  Winslow,  of  Yale  University,  is  the 
chairman  of  this  committee  and  the  director  of  the 
experiments.  During  his  absence  in  Russia  with  the 
Red  Cross  Commission,  Mr.  Henry  B.  Sargent  is  chair- 
man of  the  committee.  The  plant  was  designed  by 
Prof.  S.  E.  Barney,  of  Yale  University,  assisted  by 
Mr.  R.  H.  Skelton.  The  writer  is  chemist  and  engi- 
neer-in-charge  of  the  station,  with  Mr.  W.  S.  Sturges 


I — ExPKRiMKNT  Station 


Fig.   II— BtCKKT  Eukvator 


as    bacteriologist.     Continuous    operation    started    in 
June  of  this  year. 

New  Haven  is  an  important  manufacturing  city  of 
150,000  inhabitants.  The  sewerage  is  on  the  combined 
system.  Wastes  from  most  of  the  larger  factories 
are  discharged  into  the  East  Street  sewer,  which  has 
an  average  dry-weather  flow  of  13.000,000  gallons 
per  day.  Since  it  was  thought  that  trade-wastes 
might  interfere  with  the  treatment  of  this  sewage  it 
was  decided  to  locate  the  Experiment  Station  at  the 
outfall  of  this  sewer  (Fig.  I).  The  sewer  discharges 
into  tide-water  and  at  high  tide  the  sewage  is  backed 
up  in  the  scwor  for  a  distance  of  several  blocks. 

DESCRIPTION  or  THE  PLANT 

The  sewage  for  the  testing  station  is  pumped  by  a 
bucket-elevator,  which  was  erected  in  a  concrete  fore- 
bay  at  one  side  of  the  sewer  (Fig.  II)  The  sewage 
is  dedected  into  the  forebay  by  a  galvaniicd-iron  de- 
flector built  out  nearly  to  the  center-line  of  the  sewer, 
and  flows  back  into  the  sower  nt  the  lower  end  of  the 
forebay.  It  was  believed  tliat  a  fair  sample  of  the 
sewage  could  be  obtained  in  this  way,  including  the 
floating  solids  and  grease,  and  (hat  the  suspended 
solids  would  not  be  liroken  up  to  as  great  nn  extent 
as  if  o  centrifugal  pump  were  used.  Operation  of  the 
elevator  has  shown  that  it  fulfills  these  expectations. 
It  delivers  approximnloly  ijo.ooo  gallons  of  sewage 
per  day  into  n  hopper-shaped  receptacle  from  which 
it   flows  over  to  the  station  through  a  wooden   flume 
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supported  by  wooden  bents.  Before  flowing  into 
the  weir-box,  where  it  is  measured,  the  sewage  passes 
through  a  grit  chamber  1 5  ft.  long,  1 2  in.  deep  at  the 
inlet  end,  4  in.  deep  at  the  outlet  end,  and  4  in.  wide, 
with  a  detention  period  of  o.  24  minute.  The  velocity 
of  the  sewage  is  checked  to  0.7  ft.  per  sec.  at  the  in- 
let end,  increasing  to  2.1  ft.  per  sec.  at  the  outlet 
end.  This  velocity  is  so  high  and  the  detention 
period  so  short  that  very  little  grit  has  been  removed 
from  the  sewage. 

Following  the  grit  chamber  there  is  a  butterfly 
valve  in  the  flume  which  is  automatically  controlled 
by  a  float  in  the  weir-box.  This  butterfly  valve 
keeps  the  sewage  at  a  constant  level  in  the  weir-box, 
the  excess  sewage  being  deflected  over  weirs  4  ft. 
long  cut  in  the  sides  of  the  flume.  The  apparatus 
for  maintaining  a  constant  level  was  constructed  by 
Wallace  and  Tiernan,  of   New  York  City. 

From  the  weir-box  the  sewage  flows  to  the  various 
tanks  over  adjustable  weirs,  small  amounts  of  10,000 
gallons  per  day  being  measured  by  60°  V-notch  weirs, 
a  larger  amount,  100,000  gallons  per  day,  by  a  rec- 
tangular weir  7V2  in.  long. 

PROCESSES  UNDER  INVESTIGATION 

The  processes  being  studied  are: 

(i)  Activated  Sludge,  (2)  Imhoff,  (3)  Miles  Acid, 
<4)  Screening,  (5)   Disinfection  by  Liquid  Chlorine. 

(l)    THE      ACTIVATED-SLUDGE      EXPERIMENTS      are      On 

the  continuous-flow  basis.  The  aerating  tank  is  16 
ft.  long,  4  ft.  wide  and  8  ft.  deep.  At  the  bottom  of 
the  tank  the  sides  slope  at  45°  to  a  trough  i  ft.  wide, 
which  runs  the  full  length  of  the  tank.  An  iron 
frame  in  which  are  cemented  i  s  filtros  plates  is  cemented 
into  this  trough.  The  air  is  admitted  at  the  inlet 
end  of  the  trough,  and  the  water  which  filters  through 
the  plates  can  be  drawn  off  at  the  outlet  end.  The 
air  is  compressed  to  3 .  5  lbs.  pressure  by  a  Nash  Hydro- 
turbine  having  a  capacity  of  20  cu.  ft.  of  free  air  per 
minute.     It  is  measured  by  means  of  a  Venturi  tube. 

The  settling  tank  is  4  ft.  X  4  ft.  in  plan,  and  12  ft. 
deep  to  the  bottom  of  the  hopper.  This  hopper  slopes 
at  60°  to  a  sump  in  which  is  cemented  a  3-in.  ell  con- 
nected to  the  suction  of  an  air-lift  pump.  Sludge 
is  pumped  back  to  the  aerating  tank,  where  it  is  meas- 
ured in  an  orifice  box.  A  baffle  v'/i  ft.  deep  extends 
across  the  center  of  the  settling  tank.  This  baffle  was 
first  placed  3  ft.  from  the  inlet  weir  and  i  ft.  from  the 
outlet  weir,  but  the  upward  velocity  of  the  effluent 
carried  particles  of  sludge  over  the  outlet  weir.  Since 
placing  it  in  the  center  of  the  tank  no  sludge  has  been 
lost  in  this  way.  The  theoretical  upward  velocity 
is  now  2.4  in.  per  min.  and  was  formerly  4.8  in.  per 
min.  The  capacity  of  the  aerating  tank  is  3100 
gallons,  the  settling  tank  11 50  gallons.  At  present, 
while  treating  17,000  gallons  of  sewage  per  day  with 
50  per  cent  as  much  sludge  returned,  the  aeration 
period  is  3  hrs.,  the  settling  period  66  min. 

(2)  THE  IMHOFF  TANK  is  i6  ft.  long  X  4  ft.  6  in. 
wide  X  II  ft.  6  in.  deep.  The  flowing-through  cham- 
ber extends  the  full  length  of  the  tank,  with  gas  vents 
•8  in.  wide  on  each  side.     Its  capacity  is  840  gallons, 


giving  a  detention  period  of  2  hrs.,  when  treating 
10,000  gallons  of  sewage  per  day. 

(3)  THE  MILES  TANK  is  i6  ft.  long  X  3  ft.  6  in.  wide  X 

4  ft.  deep,  having  a  capacity  of  i68o  gallons.  When 
treating  lo.ooo  gallons  per  day  the  theoretical  deten- 
tion period  is  4  hrs.  Liquid  sulfur  dioxide  in  cylinders 
is  used  for  acidifying  the  sewage,  supplemented  at 
times  by  gas  produced  by  a  sulfur  burner. 

(4)  SCREENING  EXPERIMENTS  Were  planned  with 
the  expectation  that  an  experimental  Riensch-Wurl 
screen  could  be  obtained,  which  was  to  be  operated 
at  the  rate  of  100,000  gallons  per  day.  In  view  of 
the  impossibility  of  obtaining  this  screen,  experiments 
with  a  mechanically  operated  screen  had  to  be  aban- 
doned. Fixed  screens  of  30-mesh  Monel  metal  wire 
cloth  are  used  in  a  screen  chamber  through  which  raw 
sewage  flows  at  the  rate  of  100,000  gallons  per  day. 
The  screens  are  removed  when  the  loss  of  head  reaches 
2  ft.,  and  are  cleaned  by  hand.  The  operation  of  the 
screens  is  discontinuous,  approximately  3,000  gallons 
of  sewage  being  screened  for  one  experiment. 

(5)  The  effluents  from  the  Imhoff  tank,  activated- 
sludge  tank,  and  screening  chamber  run  through 
bafiled  tanks  where  they  are  treated  with  liquid 
CHLORINE.     The  periods  of  detention  are   from    2   to 

5  mins. 

ANALYSES  OF  SAMPLES  COLLECTED  HOURLY 

Four-ounce  samples  of  raw  sewage  and  effluents 
are  collected  every  hour  and  combined  into  com- 
posites for  chemical  analysis.  Samples  are  collected 
for  bacterial  analysis  as  often  as  time  permits.  On 
May  7—8,  24  samples  were  collected,  one  each  hour, 
and  a  complete  analysis  made  of  each  sample  (Table  I). 

Tablb  I — Analysss  op  Samples  of  Raw  Sewage  Collected  Hourly, 
May  7-8.   1917 

. Parts  Per  Million u  "J 

. — Nitrogen — .      "g     ^-Solids — -        ^,  no 

>.  .!i      O       5        "S  °-  .  f  ? 
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2 

O 

m 

H 

ca 

0 

2075 

76 
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17.6 

3.8 

50 
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4,200 

100 

2750 

94 

7.6 

14.0 

2.6 

49 

445 

6178 

2725 

70 

6.0 

11.0 

2.4 

50 

230 
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4]ioo 
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2875 

90 

4.0 

13.6 

2.4 

50 
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2775 
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2.5 

51 
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76;  600 
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2675 

98 

4.0 

13.6 

2.2 

SO 
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5440 

2675 

66 

3.4 

11.0 

2.5 

45 
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4313 
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72 

3.2 

10  4 

3.2 

51 
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5583 
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80 

3.6 

10  8 

3.8 

42 

87 

3325 
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1350 

48 

3.4 

11.0 

3.2 

37 

97 
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56 
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12.8 

2.4 

48 

126 
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47 
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13.4 

1.4 

52 

90 
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38 

72 

4.6 

15.4 

1.3 

50 

97 
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.36 

80 

5.8 

10.2 

1.2 

49 

80 

312 

37 

5.4 

9.0 

1.6 

35 

65 

262 
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32 

70 

5.6 

9.4 

1.  1 

33 

47 

230 

29 

64 

4.8 

7.2 

1.0 

22 

42 
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16.600 

23 

56 

3.2 

5.6 

1.1 

15 

21 

108 

21 

48 

2.0 

5.2 

1.0 

14 

18 

115 

iiooo 

17 

46 

1.8 

3.0 

1.3 

IS 

9 

93 

14 

42 

1.6 

2.4 

1.2 

9 

14 

92 

isoiooo 

16,600 

17 

42 

2.0 

3.6 

1.4 

15 

17 

122 

20 

56 

3.6 

10.0 

1.3 

24 

42 

182 

siiooo 

106,600 

1350 

68 

-5.4 

17.0 

1.2 

34 

87 

2655 

362,000 

10,000 

Average    1058     70       4.4     10.4     2.0     37     104     2275     88,500     12.100 

These  results  indicate  that  some  trade-waste  con- 
taining large  amounts  of  chlorides  is  discharged  into 
the  sewer  from  7  a.m.  to  6  p.m.  The  nitrogen  de- 
terminations show  that  the  sewage  is  very  fresh, 
the  ratio,  Ammonia-Nilrogen  :  Total-Organic-Nitrogen, 
being  unusually  low.  The  presence  of  large  amounts 
of  nitrite  and  nitrate  nitrogen  also  testifies  to  the  fresh- 
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ness  of  the  sewage.  The  alkalinity,  oxygen  consumed, 
and  suspended  solids  are  unusually  low.  The  dilute 
character  of  the  sewage  is  due  largely  to  the  high  con- 
sumption of  water  in  New  Haven,  amounting  approx- 
imately to  180  gallons  per  capita  per  day. 

The  most  unusual  features  of  the  analyses  are  the 
large  amounts  of  chlorides  and  total  solids,  and  the 
low  bacterial  content  during  the  daytime.  During 
the  week  of  July  9-16,  samples  collected  at  the  plant 
during  the  daytime  had  the  bacterial  content  indica- 
ted   in    Table    II.       These    results    clearlv    show    the 


dissolved  in  nitric  acid,  the  acid  driven  off  on  the  steam 
bath,  and  the  residue  dissolved  in  distilled  water. 
An  aliquot  portion  of  this  solution  was  diluted  to  50 
cc.  in  a  Nessler  tube,  and  10  cc.  of  alkaline  sodium 
sulfide  added.  The  color  developed  was  compared 
with  that  produced  by  known  quantities  of  a  copper- 
sulfate  solution  containing  0.2  mg.  of  copper  per  cc, 
when  treated  with  10  cc.  of  the  alkaline  sodium  sulfide. 
This  method  is  similar  to  that  in  "Standard  Methods  of 
Water  Analysis"  with  a  few  modifications. 

The  entrance  of  the  high  chlorides  is  clearly  shown 


Tablb  II — Bacteriai,  Content  c 
. ToTAi,  Count.  Agar.  20° 


Mon 1,500.000 

Tues 1,080,000 

Wed 1.670,000 

Thurs 1.100,000 

Fri 1.125.000 

Sat 


10. 

225.000 

128.000 
81,000 

148.000 
42,000 
68.500 


1   p. 

59.000 
5,000 
7.000 
1,500 
9.000 
7.100 


Sewage.  Week  July  9-16 

;. ■      , Gas  Formers.  37° 

I  p.  M. 


1,000 

100 

100 

10,000 

100 

100 


16,000  100.000 
7.500  100,000 
100,000  100,000 
12,000  100,000 
9,000  100,000 
800.000* 

Average 1.295.000      115,400         14.700      159.000     100.000 

Sun 3,355.000  2.275.000  2.535.000 

•  Factories  shut  down  at  noon  Saturday. 

presence  of  some  disinfecting  substance  in  the  week- 
day sewage.  Although  the  sewage  is  found  to  be 
acid  at  times,  the  composite  samples  are  never  acid, 
and  it  is  believed  that  none  of  the  above  samples  for 
bacterial  analysis  was  acid. 

SOURCE  OF  COPPER  IN  SEWAGE 

The  ignited  residue  from  the  mat  of  suspended  solids 
deposited  in  a  Gooch  crucible  was  usually  of  a  brilliant 
red  color,  quite  similar  to  the  residue  of  cuprous  oxide 
obtained  in  the  determination  of  reducing  sugars 
with  Fehling's  solution.  Qualitative  tests  of  the  mat 
for  copper  were  positive.  Thii  led  to  the  conclusion 
that  the  disinfection  of  the  sewage  is  due  to  copper 
salts. 

The  bactericidal  action  of  the  copper  ion  is  well  known. 
Copper  sulfate  was  first  proposed  as  a  disinfectant 
for  water  and  sewage  by  B.  Krohnkc'  in  1892.  It 
was  first  used  in  America  by  Moore'  and  Kellerman 
in  1903.  Extensive  studies  were  made  by  Johnson' 
and  Copeland  in  1904  at  the  Columbus  Testing  Station 
on  the  use  of  copper  sulfate  as  a  disinfectant  for  sewage. 
By  treating  Columbus  sewage  with  copper  sulfate 
they  obtained  the  results  given  in  Table  III.  These 
data  indicate  that  5.0  p.  p.  m.  of  copper  in  solution  in 
sewage  are  sufficient  to  exert  a  marked  disinfecting 
action.  Quantities  as  low  as  2.5  p.  p.  m.  were  almost 
as  effective  as  5.0  p.  p.  m.  when  treating  the  effluents 
from  a  contact  bed. 

In  order  to  find  the  source  of  the  copper  and  the  high 
chlorides  in  New  Haven  sewage,  samples  were  col- 
lected from  manholes  at  various  places  in  the  sewer 
from  the  source  to  the  outfall  (Table  IV).  Copper 
was  determined  by  evaporating  the  sample  to  dry- 
ness with  2  cc.  of  concentrated  nitric  acid,  taking  up 
the  residue  in  distilled  water,  filtering,  anel  adding  1 
cc.  of  concentrated  sulfuric  acid.  This  solution  was 
electrolyzed  between  platinum  electrodes  for  j  hrs. 
at  70°  C,  using  ,<  dry  cells  as  a  source  of  current. 
Experiment  showed  that  all  the  copper  was  deposited 
in  this  time.     Tlic  cathode  was  removed,  the  copper 

<  J,  Cosbrt.  UKil  ll'inirrrn-i  .  !•  (IB9.I).  51.1. 

•  V.  S,  llur.  or  riant  Imluilry.  /'mU    M  U'NM). 

•  J.  Ih/hI.  IHt  .  Sup.  1  (IWI).  ill. 


4  p.  u. 

1.000  100 

1,000  100 

100  1,000 

100  10 

100  100 

10  100,000* 


1.900  385       17.000 

100.000    100.000    100.000 


Table  III — Effect  of  Copper  Soxfatb  on  Bacteria 
IN  Columbus  Sewage 
Johnson  and  Copeland.  1904 
Composition  of  Sewage 
Orsanic  Nitrogen  Alkalinity  Bacteria 

6.3  P.  p.  m.  376  P.  p.  m.  1.200.000  per  cc 

P.  p.  m.       Total  Count  on  Gelatik  at  20°  C. 
Cu     Contact:  0  1  6  24  hrs. 

0  1,200.000     1.200.000     6.000,000     14,000.000 

5  1.200.000  14.000  700       3.400.000 

25  1.200.000  9.500  250  200 

250  1.200.000  3.000  190  35 


to    be    between    Samples    6    and    7.     Inquiry    showed 
that  a  large  rubber  factory  in  this  vicinity  was  pump- 
ing 2,000  gallons  of  sea-water  per  minute  for  condenser 
purposes,  all  of  which  was  discharged  into  the  sewer. 
Table  IV — Source  of  Copper  and  Chlorides  in  New  Haven  Sewage 


Description 

of  Sample 

Near  source  of  sewer 

Below  munitions  factory. 


Parts  Per  Million 

•' *  Bacterid 

Alka-   Chlor-     Cop-      per  < 


Small  branch  : 


ntt. 


per 
0.0 
8.8 
5.6 
0.0 


20°  C. 


J7°C. 


990.000      100.000 


Below  rubber  factory 7 

Experiment  Station 8 


156 
90 
130 


3.000 
3.000 
559,000 
70.000 
380.000 
65.000 
53.000 


100 
1.000 
10,000 
100 
10,000 
1,000 
1.000 


Between  the  places  where  Samples  i  and  2  were 
collected  there  is  a  large  munitions  factory  which  em- 
ploys 15,000  people.  This  factory  manufactures  brass 
cartridges  and  cannon  shells.  In  stamping  out  these 
shells  the  brass  must  be  annealed  several  times,  and 
after  each  annealing  the  scale  must  be  removed. 
The  shells  are  washed  with  hot  water  and  dilute 
sulfuric  acid  after  each  annealing,  1600  lbs.  of  acid 
and  120,000  gallons  of  water  being  used  per  day  for 
this  purpose.  The  waste  goes  into  catch  basins,  in 
which  some  of  the  solid  particles  are  removed,  but 
the  residual  acid  wastes,  containing  copper  and  linc 
sulfates,  go  into  the  sewer.  Here  the  acid  is  neu- 
tralized by  the  bicarbonates  in  the  sewage,  and  the  cop- 
per sulfate  is  changed  to  the  basic  carbonate: 

2CUSO4  -I-  2Ca(HC0,), 

=  CuCO,.Cu(OH),  +  aCnSO,  +  3CO,  +  H,0. 

This  basic  carbonate  is  gradually  changed  to  the  hy- 
droxide: 

CuC0..Cu(OH),  -f-  H,0  -  2Cu(0H),  -|-  CO,. 

Ellms'  has  shown  that  the  presence  of  carbon  dioxide 
untl  organic  matter  greatly  retards  the  precipitation. 
He  found  that  quantities  as  great  as  5  p.  p.  m.  of  cop- 
per may  be  retained  in  solution  by  organic  matter 
for  long  periods  of  time.  Since  the  sewage  from  the 
munitions  factory  reaches  the  Experiment  Station  in  op- 
proximiilely  i  hour,  it  is  probable  that  mo.st  of  the 
copper  is  still  in  solution.       Its  germicidal  power  is  in- 

•  J.  N.  lint.  H»Ht  irorki  Aim  .  It  (1«0.^).  4«9. 
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creased  by  the  high  temperature  of  the  sewage,  aver- 
aging 84°  F.  during  August. 

There  is  a  noticeable  correlation  between  the  num- 
ber of  bacteria  and  the  amount  of  copper,  as  shown  in 
Table  III.  In  order  to  determine  whether  the  disin- 
fecting action  is  greatest  at  the  time  when  the  copper 
content  is  greatest,  samples  were  collected  at  the  Ex- 
periment Station  from  6  a.m.  to  9  p.m.,  on  August  10. 
Four-ounce  samples   were   incubated   at    20°    C.    with 


^  v 


-y 


%  7  f  ?  It 

AM 


Liiokdia^ma. 


Qnp.isc 


Melh^eMus. 


>\ 


^ 


?      ^     i      7      f      y 

PM. 


methylene  blue,  the  time  required  for  decolorization 
being  a  rough  measure  of  the  strength  of  the  disin- 
fecting action.  Diluted  samples  were  also  incubated, 
and  bacterial  counts  made  (Table  V  and  Fig.  III). 


Tabub  V- 

— DiSINPECTION   OF 

Sbwacb 

BY  Copper,  Aug. 

0.   1917 

Par 

IS  Per  Million                 Hours 

Bac- 
teria 
per  cc. 

Gas 
Formers 
per  cc. 

Chlor- 

Alka- 

Cop- 

Undi- 1 

sewage 

Time 

ine 

linity 

Iron 

per 

luted  2 

water 

20°  C. 

37°  C. 

6  A.U 

30 

94 

0.1 

0.56 

6 

120         3 

700,000 

100,000 

7 

3750 

136 

0.2 

1.52 

6 

24 

8 

3100 

160 

5.0 

1.36 

24 

72          2 

500,000 

1.000,000 

9 

2900 

101 

1.8 

2.88 

48 

120 

10 

2800 

43 

0.3 

4.80 

168 

192 

19,000 

100 

11 

2750 

114 

0.4 

2.72 

60 

144 

12 

2800 

98 

0.2 

4.00 

144 

168 

559,000 

1,000 

1   P.M 

3075 

6 

5.5 

5.60 

240 

240 

2 

3200 

K6 

0  6 

1.92 

24 

72 

187,000 

10,000 

3 

3325 

91 

0.7 

1.60 

24 

120 

4 

3375 

88 

0.2 

1.92 

48 

96 

39.000 

100 

5 

3450 

98 

0.1 

3.52 

150 

144 

6 

130 

103 

0.4 

2.88 

216 

100 

45,000 

1,000 

7 

95 

63 

1.4 

1.28 

72 

80 

8 

52 

92 

0.2 

0.64 

24 

96 

33,000 

1,000 

9 

50 

96 

0.0 

0.44 

6 

24 

The  time  of  decolorization  varies  directly  and  the  alka- 
linity and  bacterial  content  vary  inversely,  with  the 
amount  of  copper.  The  physical  appearance  and 
tests  showed  markedly  the  effect  of  the  copper.  The 
samples  collected  at  6  a.m.,  8  p.m.,  and  9  p.m.  became 
septic  within  a  few  days,  developed  a  strong  odor 
and  lost  their  colloidal  appearance.  The  remaining 
samples,  with  the  exception  of  the  one  collected  at 
I  P.M.,   retained  their  original  odor,  that  of  fresh  sew- 


age, and  remained  colloidal  and  opalescent.  The 
relatively  high  iron  content  of  the  one  o'clock  sample 
produced  a  floe  of  iron  hydroxide  which  coagulated 
the  suspended  matter  and  clarified  the  sewage.  The 
results  obtained  by  incubating  diluted  samples  show 
that  in  some  cases, notably  at  5 p.m.  and  6  p.m., the  diluted 
samples  were  decolorized  before  the  undiluted  ones. 
This  shows  how  impossible  it  is  to  apply  the  "dilu- 
tion method"  for  the  determination  of  the  oxygen 
demand  of  this  sewage.  By  incubating  the  composite 
sample  of  raw  sewage  with  methylene  blue,  however, 
it  is  possible  to  obtain  a  rough  measure  of  the  amount 
of  germicide  present.  The  Sunday  sewage  will  re- 
duce the  methylene  blue  to  the  leuco-base  within  6 
hrs.;  some  week-day  composites  have  not  produced 
the  colorless  compound  for  more  than  20  days. 

The  effect  of  the  copper  on  the  various  processes 
being  studied  remains  to  be  seen,  since  operation  has 
not  been  continued  sufficiently  long  to  allow  any  con- 
clusions to  be  drawn.  The  company  producing  the 
copper-bearing  wastes  has  investigated  the  recovery 
of  the  copper  and  acid,  and  claims  that  such  recovery 
would  not  be  profitable  because  of  the  great  concen- 
tration necessary.  If  the  wastes  interfere  seriously 
with  the  solution  of  the  sewage  disposal  problem, 
their  removal  will  probably  be  considered  again. 

The  writer  wishes  to  express  his  thanks  to  Mr. 
Sturges  for  the  bacterial  data  contained  herein,  and  to 
Prof.  Winslow  for  suggestions  and  advice. 

Sewage  Experiment  Station 
New  Haven,  Connecticut 


TANNIN  CONTENT  OF  PACIFIC  COAST  TREES 

By  H.  K.  Benson  and  Frank  M.  Jones 
Received  August  28,  1917 

In  a  previous  article  it  was  shown'  that  the  tannin 
content  of  Douglas  fir  slabwood  when  properly  selected 
contained  sufficient  tannin  to  be  considered  a  suitable 
raw  material  for  the  extract  industry.  In  order  to  as- 
certain what  other  species  common  to  the  Pacific  North- 
west might  be  available  for  extract  manufacture  this 
study  was  undertaken. 

METHODS  or  extraction  and  analysis — The  sam- 
ples in  each  case  were  taken  from  four  or  five  trees  of 
the  same  species,  were  first  chipped  in  a  Mitts  &  Mer- 
rill "hog",  carefully  quartered  and  the  final  sample 
finely  ground  in  a  Koerner  drug  mill.  The  extractor  was 
of  the  same  type  as  used  in  the  previous  study,  extrac- 
tion carried  on  for  i6  hours  and  analyzed  according  to 
the  method  of  the  American  Leather  Chemists'  Asso- 
ciation (1914).  All  calculations  are  made  on  a  moisture- 
free  basis. 

EFFECT    OF    SEASONING    ON    DOUGLAS  FIR 

The  sample  of  sawmill  slab  reported  in  the  previous 
study  (/.  c.)  was  still  available,  having  been  kept  in  a 
loosely  stoppered  jar.  It  was  thought  of  interest  to 
ascertain  its  tannin  content  after  a  year's  storage. 
The  average  of  seven  analyses  is  given  in  Table  I  for 
comparison  with  previous  results. 

From  these  results,  it  would  seem  that  the  effect  of 
seasoning   is   to   bring   about   hydrolysis   and   possibly 

'  This  Journai.,  7  (1915).  915. 
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Tablb  i-ekfbct  op  Seasoning  on  Tannin  contbnt  op  dodolas  Fm  ^j^jg  species  ranks  second  in  quantity  of  the  Standing 

Anaiyz^Jby           Same  sample  analyzed  timber  of  Oregon  and  Washington.     The  bark  on  old 

PERCENTAGES             Thompson  in  1914          by  Jones  one  year  later  trecsis   often     3     tO     4    in.   thick.        The     yelloW     pine    is 

Total  Solids 14.92                                         15.8  .                                o              t                                                 J                  f 

Soluble  Solids 13.02                              13.7  chiefiy  used  in  making  boxes,  but  both  the  quantity  of 

Non-Tannins.'. !!!'.'. '.'..'.    7^10                             6!2  the  bark  and  of  the  tannin  in  the  bark  and  wood  make 

MS^tare. '.'.'.'.'.'.'.'.'. '.'.'.'.'.    6191                            io!o  the  use  of  the  sawmill  waste  of  this  spccies  feasible  fof 

tannin  extract  manufacture, 

oxidation,  thereby  increasing    the    tannm  content  by  ,^             „            ,  -,,  s      -.r     ■ 

^   ,                     ..r^i-r            \       n-i.     ^  ^  ^  WESTERN    HEMLOCK    (Tsuga    Heterophillo) — Vanous 

1.6  per  cent  (27  per  cent  of  the  former).     The  total  , ,.  ,     ,         ,            ,    ,         *           ,,,,,, 

,. /          .              J       J  ^.             X        ■     J              J         -L.  published  analyses  of  the  western  hemlock  bark  show 

solids  are  increased  and  the  non-tannin  decreased,  each  f,    ,    ,              .                      ,    ,                            .      . 

that  the  tannin  content  of  the  western  species  is  equal 

to  or  exceeds  that  of  the  eastern  species.     The  bark  of 

PART    I CONIFERS  .,                ^           uiiuu                      ii               ju^ 

the  western  hemlock  has  been  regularly  used  by  tan- 

WESTERN    LARCH    {LcHx   occidenlalis)— The   sample  ^^^-^^  ^^  ^^^  p^^j^^  Coast.     Inasmuch  as  considerable 

was  taken  from  four  trees,  averaging  28  in.  in  thickness,  g^^^nd  growth  hemlock  occurs  on  the  logged  off  lands 

growing  in  the  Whitman  National  Forest  m  Oregon,  of  the  Northwest,  a  composite  sample  of  four  trees  taken 

The  trees  were  felled  in  December,   1910,  and  trans-  f^^^  ^^^  University  campus  was  prepared.     One  tree 

ported  by  skidding  and  log  train  to  the  station.     The  ^^^  ^g  in.  in  diameter  and  the  other  three  averaged  9 

cross-sections   were  cut    18  in.  from  the  ground   and  ;„      ^j^^  ^ark  was  V.  in.  thick.     The  trees  were  felled 

showed  a  very  wet  and  pitchy  surface.     The  wood  is  ^   ^^^^^^  before  extraction.       The  tannin  content  is 

dull  red  in  color  and  the  bark  averaged  2 'A  m.  in  thick-  1^33  ^j^an  that  found  by  other  investigators,  due  prob- 

ness.     The  sample  was  dried  for  one  week  at  40°  C.  ^bly  to  the  difference  in  the  ages  of  the  trees, 
before  extraction.     The  analyses  were  made  in  March, 

J       5  PART    H DECIDUOUS    SPECIES 

The  tannin  content  of  this,  as  well  as  of  the  other  dogwood  {Cornus  nullalli) — The  western  dogwood  is 
species  tested,  is  given  in  Table  II.  essentially  the  same  as  that  of  the  East.    The  wood  is  a 
The  wood  extract  was  bright  red  in  color  and  un-  dull  pink  and  the  bark  a  reddish  black.     Its  dye  pos- 
important  from  the  standpoint  of  either  tannin  content  sibilities  have  been  utilized  by  the  Pacific  Coast  Indians 
or  dye.    The  extract  from  the  bark  was  a  dull  red  and  for   coloring   clothing    and     moccasins   deep   red.      It 
gave  a  pleasing  light  red  color  to  the  tanned  hide.  ranges  from  the  southern  coast  of   British   Columbia 
Inasmuch  as  this  species  ranks  ninth  in  the  order  through    Washington,  Oregon  and  California,  usually 
of  most  prevalent  trees  in  the  states  of  Oregon  and  thriving  in  low  altitudes  and  damp  soils  and   mixed 
Washington,  often  occurring  in  pure  forests  in  North-  singly  or  in  groups  under  all  the  trees  of  the  Pacific 
eastern    Washington,    Northern    Idaho,    and    North-  slope  except  the  yellow  and  sugar  pines, 
western  Montana,  is  a  prolific  seeder  and  well  adapted  For  the  sample,  cross-sections  of  five  trees  on  the 
to  reforest  burned-over  areas,  its  importance  as  a  source  University   campus   were   cut   3   ft.   from   the  ground. 
,of   tannin    must    not    be    overlooked.      Investigations  They  ranged  from  8  to  24  in.  in  diameter,  and  were 
carried  on  in  the   U.   S.   Forest  Products   Laboratory  air-dried  for  6  months.     The  bark  averaged  less  than 
also  show'  that  this  species  produces  a  high  yield  of  Vj  in-  in  thickness  and  was  not  easily  peeled.    The  ex- 
alcohol  by  hydrolysis.  tract  is  reddish  brown  in  color  and  imparts  a  light  red- 
Considering  the  high  tannin  content  of  its  bark  and  dish  brown  color  to  the  tanned  hide  in  the  case  of  the 
the  exceptional  yield   of   alcohol,  it  would  seem  that  wood  extract  and  a  deeper  red  from  the  bark.      It  is 
this  species   might   be  especially   adapted  to  chemical  believed    that    dogwood   extract   might   be  used   with 
utilization,  rather  than  for  lumber  and  timber  purposes,  other  tanning  extracts  to  furnish  the  dye  property. 

Tadlb  II— Tannin  Contbnt  of  Pacii'ic  Coast  Spbciss  COTTONWOOD  (Populis  Irichocarpa) — The  COttOnWOOd 

Total  Soluble              Tan!    Tan-    MoU-  *'"«^  '^  found  growing  in  damp,  sandy  land  from  Alaska 

pbrcbntaobs:              Soiidi    Solids     Reds     nins     nins      ture  to  Mcxico.     It  is  a  vcry  rapid  growcr,  a  trcc  growing 

Western         (  Wood(o) 28. 9»     27. 6»     None*    23. 9»       6.7»       7.8«  .               .        •                                                 rp,                    ,                    i.     ■       j 

Larch         i  Bark (6) 20. s      17.0       3.5       6.4     10.6     11.0  to  IS  in.  in  as  many  years.     The  sample  was  obtained 

yif'"";,,      S'"?'!*?'    ••  •  -l??     JS?       11       !•?     .5-2      ••■  from  a  tree  2  ft.  in  diameter,  felled  3  months  before  ex- 
Yellow  Pine)  Bark  (c) 22.3      19.3        3.1        8.3      10.9        4.0  '' 

Western      ( Wood(c) 4.2       4.1       0.1       3.1       10      9  5  traction.     The  bark  ranged  from  '/j  to '/i  m.  in  ihick- 

Hemlock       i  HarkCO 20.8       19.5          1.3         8. 37     10.93       9.8  ^    „,, 

DoBwood       j^°"'' *•'         ^l  '-^         5-8         '-3         50 

'"'"'' "-^       ^•'      "•*       *-2       '-7       5  0  Ai.DER    (Alniis   Oreeotia) — This  species   occurs   to   a 

„  ,.             .(Wood 10.8         9.1          1.7         7.3         1.8         6. J  •,         .,                                                  ■                  ,               ,       .             j 

Cottonwood  j  „„r|, 253     24.3       1.0     19.6      4.7       2.0  Considerable  extent  as  a  second  growth  on  the  logged 

Alder          |JJ'°^''         :  .  loi       96      0  6       6  2       3  3       9  8  off  lands  of  Oregon  and  Washington.     Four  trees  were 

(o)  Results  ore  avrruurs  o(  2  sitractions.     •  Analysis  by  w.  15.  Galley,  cut  on  the  University  cainpus  0  months  bcforc  cxtrac- 

ib)  Results  arc  nvcranea  of  H  extractions.  ..              /-»                    ..                          *     1     _       1         ^         /.     /             *i 

(t)  Results  are  avrr^iKC!.  oH  eitractions.  tlOH.       CroSS-SCCtlOnS    WCrc    takCH    aboUt    2    ft.froni    the 

,  „.                 .          ,     „,,  .  ground.     The  average  diameter  of  the  tree  was  lo  in., 

YELLOW  PINK.   (I'tiius  pondtrosa) — This  sample  was  »i      u     i                •       i      •       ■     .1  •  i               ti            i-. 

.      .      ,  ,           ,„,,.»,..                ■••! '^   "»=  t,hc  bark  averaginK  '/«  in.  in  thickness.     The  quahty 

obtained  from  the  Whitman  Naliona   Forest,  the  cross-  r  .1     .                   r  1     i  .f  1       1 

,    .                „  •      .      ,.                                    >-■""  Qf  (|,p  tannin  is  of  doubtful  value, 
sections  being  cut  18  in.  in  diameter.      1  he  bark  aver- 
ages 2  in.  in  thickness.    The  trees  were  felled  4  months  conclusions 

before  cxtriiction.  I— Douglas   fir   slabwood,   selected   for   tanning   cx- 

•  Till*  joiraNAt..  T  (\'>\i).  922.  tractioH,  Can  advantageously  be  seasoned  for  one  year. 
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II — In  addition  to  the  western  hemlock  bark,  that 
of  the  western  larch  and  western  pine  seems  to  yield 
extract  satisfactory  both  in  quantity  and  quality. 

Ill — Of  the  deciduous  species  examined,  the  dogwood 
alone  appears  suitable  for  use  in  extract  manufacture 
but  only  as  a  dye. 

Laboratory  op  Industrial  Chemistry 

University  of  Washington 

Seattle.  Washington 


SATURATED    HYDROCARBONS  IN  BASKING-SHARK 
LIVER  OIL 

Uy  Mitsumaru  Tsujimoto 
Received  July  25.  1917 

Basking-shark  (Japanese:  "Uba-zam6"),  Ceiorhinus 
maximns  (Gunner),  {Cetorhinidae),  is  tl  largest  of  all 
living  sharks  and  indeed  of  all  fishes.  It  reaches  a 
length  of  14  meters  and  has  an  enormous  weight. 
This  shark  is  a  dull  and  sluggish  animal  of  the  arctic 
seas,  being  occasionally  found  off  the  coast  of  Japan. 
The  liver  of  basking-shark  is  very  heavy,  often  weigh- 
ing as  much  as  i  ton  and  yielding  some  5  cwt.  of 
oil.> 

Three  authentic  samples  of  basking-shark  liver  oil 
examined  by  the  writer  were  pale  yellow  to  orange- 
yellow  liquids  of  low  specific  gravity  and  contained 
41.92-55.51  per  cent  of  unsaponifiable  matter.  They 
contained  squalene,  CsoHjo,  a  highly  unsaturated 
hydrocarbon  found  by  the  writer  in  certain  Japanese 
shark  liver  oils.^  This  is  important  as  an  instance 
showing  that  the  occurrence  of  squalene  is  not  limited 
to  the  liver  oils  from  the  sharks  belonging  to  the  family 
Squalidae.  The  experimental  details  concerning 
squalene  will,  as  the  writer  hopes,  be  published  shortly 
in  another  paper,  together  with  the  results  of  the 
experiments  performed  on  the  liver  oils  obtained 
from  some  twenty-three  species  of  Japanese  sharks. 
In  the  present  paper,  the  writer  describes  the  re- 
markable occurrence  of  saturated  hydrocarbons  in  a 
sample  of  basking-shark  liver  oil. 

Of  the  three  samples  of  the  oil  above  referred  to,  the 
one  from  the  Province  Hidachi  had  the  following 
properties: 

Specific  gravity  at  15V4°  C 0.8839 

Acid  value 1 .  09 

Saponification  value 102.45 

Iodine  value  (Wijs) 178.30 

Refractive  index  at  20°  C 1 .  4773 

Butyro-refractometer  at  20°  C 78,2 

Unsaponifiable  matter 41 .  92  per  cent 

The  unsaponifiable  matter  was,  for  the  most  part,  a 
liquid.  One  hundred  grams  of  the  oil  were  distilled 
under  s  mm.  pressure.  At  the  temperature  of  170- 
190°  C.  (the  temperature  of  the  oil  bath,  250-270°  C), 
10  g.  (or  10  per  cent)  of  a  pale  yellow  liquid  distilled 
over.  It  had  the  refractive  index  1.4775  s-t  20°  C. 
This  substance  was,  therefore,  different  from  squalene. 
On  changing  the  receiver  and  raising  the  temperature 

'  L.  E.  Andes.  "Animal  Fats  and  Oils,"  1898,  p.  194. 

*  This  Journal,  8  (1916).  889,  Spinacene.  :i  hydrocarbon  found  by 
C.  Chapman  [J.  Chem.  Soc.  t6  (1917).  Ill),  in  a  Portuguese  .■shark  liver  oil 
appears  to  be  identical  with  squalene.  The  writer  has  already  prepared 
(qualene  hexahalogen  hydrates  of  the  general  formula  CioHiobllX.  which 
ciystallize  well  and  serve  for  the  convenient  identification  of  squalene. 


of  the  oil  bath  to  290-315°  C,  a  further  distillate  was 
obtained  at  the  boiling  temperature  of  244-260°  C, 
amounting  to  25  g.,  or  25  per  cent  of  the  original  oil. 
This  latter  distillate  was  found  to  consist  mainly  of 
squalene. 

The  first  distillate  was  washed  with  aqueous  NaOH 
solution  to  remove  free  fatty  acids,  and  then  8  g.  of 
this  purified  substance  were  distilled  under  13  mm. 
pressure.  It  distilled  over  at  160-166°  C,  mainly  at 
164°  C.  (the  temperature  of  the  oil  bath,  200-205°  C.), 
leaving  a  small  residue.  The  distillate  was  a  colorless, 
mobile  liquid  which  did  not  solidify  even  when  cooled 
to  below  0°  C.  It  had  the  specific  gravity  0.7868  at 
15°  C,  0.7815  at  20°  C,  0.7789  at  28°  C.  (water  at 
4°  C.  =  i),  and  the  refractive  index  1.4398  at  20°  C. 
Its  iodine  value  was  determined  to  be  only  4.40,  so 
that  it  was  nearly  saturated.  It  dissolved  in  alcohol; 
when  mixed  with  concentrated  sulfuric  acid,  the  acid 
layer  turned  brown,  and  on  raising  the  temperature 
to  about  100°  C,  the  coloration  became  darker,  but 
the  distillate  on  the  upper  layer  was  not  readily  at- 
tacked. No  insoluble  hydrochloride  was  formed  by 
passing  dry  HCl  into  the  well-cooled  ethereal  solution 
of  the  substance. 

When  heated  under  766  mm.  pressure,  the  sub- 
stance began  to  boil  at  about  294°  C,  and  mainly 
distilled  over  at  296°  C.  The  distillate  thus  ob- 
tained had  the  refractive  index  1.4395  at  20°  C,  which 
was  nearly  identical  with  that  of  the  original  sub- 
stance. 

0.201 1  g.  original  substance  (distilled  under  13  mm. 
pressure)  gave  0.6223  CO2  and  0.2700  H2O: 

C  =  84.39  per  cent;  H   =   15.02  per  cent. 

Molecular  weight  determined  by  the  depression  of  the 
freezing  point  of  benzene  solution,  (i)  265,  (2)  252, 
mean  259. 

C  H  MoU  wt. 

CwHjs  requires 84.89percent  15.11  percent      240,3 

CijHi,  requires 84.96  15.04  254.3 

CijH.o  requires 84.98  15.02  268.3 

The  substance  was,  therefore,  a  hydrocarbon  or  a 
mixture  of  hydrocarbons,  the  percentage  of  carbon  and 
hydrogen  amounting  to  99.4  per  cent.  Its  elementary 
composition  corresponded  to  any  of  the  above-men- 
tioned three  paraffins.  It  is  not  safe  to  say  that  the 
substance  was  a  single  chemical  compound,  but 
judging  from  its  boiling  point  and  molecular  weight,  it 
appears  to  be  very  probable  that  it  consisted  mainly 
of  CigHss  or  an  octadecane.  But  as  the  normal 
octadecane  is  a  solid  at  the  ordinary  temperatures, 
the  substance  must  be  at  least  an  iso-octadecane. 
Its  comparatively  low  boiling  point  may  be  attributed 
to  this  cause.  A  quite  similar  relation  has  already 
been  observed  between  solid  triacontane  and  the 
hydrogenation  product  of  squalene,  CsoHjj,  a  liquid 
not  solidifying  even  at  — 20°  C 


Melting     Boiling 
Point  Point 

°  C,      °  C.  (mm.) 


Specific 
Gravity 

Compound  °  C,     °  C.  (mm.)  — /4°  C. 

Normal  Heptadecanc.  CitHh,.     22,5     303(760)  0, 7768  (22.5°  C.) 

Normal  Octadecane.  CisHjs.,,      28  181.5(15)         0, 7768  (28°  C.) 

317  (760) 
Normal  Nonadecane.  Ci.H.o., .   32         193  (15) 

330(760)  0.7774  (32°  C.) 

>  Loc.  cii. 
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Employing   the   n"^   formula,   the   specific    refraction  Xo  glycerol  was  found  in  any  sperm  oil  tested, 

of    the    saturated    hydrocarbon    of   the    basking-shark  Samples  R-i,  R-2,  and  R-3  (received  Dec.   i,  1916) 

liver  oil  is  0.3283,  and  the  molecular  refraction  (adopt-  were  supplied  by  the  same  manufacturer.     The  manu- 

ing  the  formula  CigHss)  83.4.     The  calculated  molecu-  facturer  stated  that  the  oil  was  probably  taken  from 

lar  refraction   for   CigHas    (adopting   Eisenlohr's   num-  one  or  two  different  lots  of  Atlantic  Ocean  Sperm  Oil. 

bers)  is  85.3.  The  oil  was  all  from  the  Sperm  or  Cachalot   Whale. 

The  saturated   hydrocarbons   in  the  sample   of  the  The  head  and  body  oils  were  thoroughly  mixed.     The 

basking-shark  liver  oil  were  not  due  to  some  adultera-  "boats  catch  this  oil  in  moderately  warm  waters,  say 

tion,  inasmuch  as  their  properties  differed  considerably  from  about  as  far  north  as  the  Azor>.s  to  as  far  south 

from  petroleum  or  other  hydrocarbons,  more  especially  as  the  coast  of  Brazil."     Samples  R-2  and  R-3   were 

from    Japanese    petroleum    which    consists    chiefly    of  entirely  satisfactory  as  burning  oils.     Sample  R-i,  the 

naphthenes.     Then,   the   occurrence   of   about    10   per  Natural  Winter  Oil,  was  not  satisfactory  for  burning. 
cent  of  saturated  hydrocarbons  in  a  shark  liver  oil  is  a  Samples  F-i,  F-2,  and  F-3  (received  December  ii, 

fact   hitherto  unknown.      However,   the  hydrocarbons  ^g^g)    were   all    supplied    by   a   second    manufacturer, 

appear  not  to  be  the  essential  constituents  of  basking-  The  oils  were  from  the  Sperm  or  Cachalot  Whale,  and 

shark  liver  oil,  since  they  were  not  found  in  the  other  ^ere  mixtures  of  head  and  body  oils.     No  further  in- 

two  samples  of  the  oil  examined  by  the  writer.  formation  was  available.     Samples  F-2  and  F-3  were 

Imperial  Industrial  LABORATORY  entirely   Satisfactory   as   burning   oils.      Even    Sample 

Yetchiu-Shima.  Tokyo.  Japan  t>  i        xt  .    ttC.  ^■,    ,  ■    . 

Jb-i,  the  Natural  Winter  Oil  (containing  2.28  per  cent 
free  oleic  acid),  gave  fairly  good  results,  although  show- 
SOME  DATA  ON  SPERM  OILS  USED  FOR  BURNING         ■       ^  35;  ^t  tendency  to  incrust  the  wick. 
PURPOSES  -, 

bamples  N-i,  N-2,  N-3,  and  N-4  (received  January  4, 

By  Abraham  G.  Blaeblsy  and  Edmund  A.   Reilly  \  i-ji_  ^i-j  e      ,  ^. 

1917)  were  supplied   by   a  third   manufacturer.      The 

Received  September  10.  1917  manufacturer  Stated  that  the  oils  were  all  from  the 

A  considerable  quantity  of  sperm  oil  is  used  as  a  same  cargo.     The  oil  is  bought  from  the  whalers  in 

burning  oil  in  Miners'  Safety  Lamps  of  the  Davy  type.  original  casks.     The  oil  in  these  casks,  in  refining,  is 

Some    trouble    experienced    with    a   shiprnent    of   sup-  put  into  a  press,   and  in  one  pressing  there   may   be 

posedly  pure  sperm  oil  led  the  writers  to  conduct  an  three  or  four  different  casks  of  oil.     These  casks  may 

investigation,  results  of  which  are  given  in  Table  I.  contain  head  and  body  oil  from  two  or  three  different 

Table  I 

Abbreviations;  N  W,  Natural  Winter;  B  W.  Bleached  Winter;  EWE.  Extra  Winter  Bleached 
Description  op  Sample 

Sample  No.; Rl  R-3  R-,1  F-1  F-2  F-3  N-1  N-2  N-.1  N-4  S-1  F4         T-1         T-2 

Kind  of  Oil: NW  BW  BW  NW       BW  BW  NW  BW      BW  B  W'  E  W  B      (o)  (M  (6) 

"Cold  Test"; 45  45  38  45  45  38  Below  38  42  42  

Specific  Gravity  at  15.6°  C 0.882  0.876  0.877  0.881  0.879  0.870  0.88.1  0  881  0  882  0  879  0.883  0.870     0.884     0  881 

Refractive  Index  at  15.6°  C 1.4649  1.4649  1.4649  1.4665  1.4661  1.4665  1.4649  1.4650  1.4650  1.4644  1.4669  1.4665    1.4593   1.4600 

Flash  Point.  °  C 245  260  260  245  255  250  260  255  265  255  265  250          250          270 

Fire  Point,  °  C 285  295  300  285  295  290  290  295  295  295  .300  295          285          .100 

•Saponification  Value 142.1  128.9  130.2  136.1  130.1  130.6  142.2  135.0  139.6  127.7  133.8  190.8      145.7      142.7 

Iodine  Value  (//anus) 86.6  86.4  89.6  83.1  86.3  85.7  89.3  87.9  87.1  88.1  85. 3  85.6       64.7       62.4 

Per  cent  Free  Acid  (calculated  as  oleic) 3.60  0.21  0.20  2.28  0.46  0.14  1.34  0.03  0.58  0.04  0.19  0.23       1.42       1.37 

Flalce  Test.  »  F 52  51  42  50  43  39  39  38  38  37  43      

Cloud  Tost.  °  F 46  46  35  45  39  34  .36  34  35  34  38      

Pour  Test.  °  F 35  30  25  36  31  25  31  29  .10  24  38  29           37           37 

Viscosity  (yogjtoiiuf) :   at    70°  F 110  107  105  112  108  105  109  106  112  116  114     III      

at  212°  F 91  93  94  93  90  88  93  97  93  92  96      86      

Viscosity  (.Soydo/I):        at  100°  F 117  110  111  117  110  III  127  118  120  119  118     

at  130°  F 82  82  83  79  76  76  80  74  80  74  88      

at  210°  F 52  48  48  49  50  48  47  47  49  47  46     

Pbrcbntaoss:     Fatty  Anhydrides 63.1  59.8  59.6  55.5  61,3  56.3  63.0  52.4  64.1  58.0     63.7       60.1       59. 9 

Alcohols 35.2  39.1  39.9  43.3  37.1  43.2  35.4  46.2  33.6  41.4  33.6  35.2       36.3       37.8 

Fatty  Acids: 

Specific  Gravity  at  15.6°  C 0,899  0,896  0.897  0,897  0.895  0,804  0  806  0  800  0  896  0,894  0  895  0.893     0,895     0.895 

Refractive  Index  at  15.6°  C 1,4623  1,4609  1,4600  1,4595  1,4595  1.4595  1.4587  1,4600  1    4585  1,4580  1,4609      

Neutralization  Value 216,2  208.9  206,2  201,6  201,2  194,3  204,3  108,8  201    3  188.6  197,7  186.8     224.8     222,8 

Iodine  Value  (//anus) 88,8  82.2  86.5  86,6  87,7  88,1  86,0  85,6  84,8  85.9  91    8  86.7        64.9       66.3 

TitcrTest.  °C 13.6  11,5  10.5  12.9  10,6  10,1  7.9  7,7  9.6  6,2  13,2  II. 0       11.0       II. O 

Alcohols: 

Refractive  Index  at  60°  C 1.4475  1.4450  1. 4455  1.4405  1.4490  1,4490  1,4461  1.4484  1.4465  1.4464  I    4.183      

Iodine  Value  (//OBIIJ) 67.4  65.9  70.2  68,9  72  3  73   2  71,4  74.1  74    1  72,5  71,6  63,9       41,4       39  J 

Melting  Point,  °C 27.0  25.5  25.0  23,5  24  0  22   5  .'4  0  20  0  23   5  25  0  23,2  24  0       34  0       .15,0 

Saponification  Value  of  Acetate 193.2  216.0  203,3  202,0  193,4  200   1  204  6  197,9  197  3  215,4  189,6  189. S            198  3 

■  Low  acidity.  (a)  Sample  rcprcsenlini:  shipment.     i.b)  Oil  which  gave  trouble. 

The  Flake  Test  indicates  the  temperature  at  which  whales.     The  cargo  from  which  the  four  samples  were 

occurs  a  separation   of  solid   matter.     This  test  cor-  prepared   consisted   of  sonic    16,000  gallons   of   oil   of 

responds  to  the  "cold   test"  of  the  sperm  oil   manu-  "very  fine  quality."     The  oil  is  nil  strictly  pure  sperm 

facturer.     The  cloud  test  indicates  the  temperature  at  oj,  fro„,  ti,e  Sperm  or  Cachalot  Whale.  '  Sample  N-i 

whi.h   the  lower  half  of  the  sample  becomes  opaque,  represents  the  Natural  Winter  Oil.    Sample  N-2  rcprc- 
The   pour  test  indicates  the   temperature  at  which   a  .     .,  -i     /•■       ..         ••  ••  1  1       1  •       .         j 

, ,  '  .^    ,    ..  sents  the  same  oil  after    'caustic     bleacliinK  to  reduce 

sample  of  oil  in  cylindrical  form  of  specified  diameter  ,  .  ,      ^         .    »,  <^         1    ».      1  •       ..   j 

„,   ,       .u       n    •     ■    ii  I  11         J-.'        I  free  acid.    Sample  N-.i  represents  Sample  N-i  blenched 

and  length  will  just  How  under  specified  conditions.'  '  ••      ■  ,.,,., 

The    i.Hline    values    were    determined    by    the    Hanus  ^'V  '"''^''""«  '•'"•""«''  f"""  "  «'"'■"'  *"  '""'"'  '^  "^  ''«''* 

method.     The  melting  points  were  determined  by  the  '^«'<"'-     Sample   N-4  represents  Sample   N-3  "caustic" 

ordinary  capillary  tube  method.  blenched;  that  i.s,   this  sample  had  l>cen  treated  both 

'  ;vc.£r»rf<M|i  o/i»» /I.  s.  7,  .1/..  II  (1915).  Part  1.  pp.  .'81-282.  to  fcducc  colof   and   to  redut,-e  acidity.     Samplcii  N-3 
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and  N-4  gave  entirely  satisfactory  results  in  burning. 
Sample  N-2  was  satisfactory  but  inferior  to  samples 
N-3  and  N-4.  Sample  N-i,  the  Natural  Winter  Oil, 
was  fairly  good  as  a  burning  oil. 

Sample  S-i  represents  an  oil  sample  submitted  by  a 
fourth  company.  No  information  was  furnished  with 
this  oil.  The  oil  gave  satisfactory  results  as  a  burning 
oil. 

Sample  F-4  represents  an  oil  shipment  which  was 
entirely  satisfactory.  Samples  T-i  and  T-2  are  from 
two  different  barrels  of  the  shipment  which  caused  con- 
siderable trouble.  These  oils  encrusted  the  wicks  very 
badly  and  were  altogether  unsatisfactory. 

The  nature  of  the  adulteration  in  the  unsatisfactory 
oils  has  not  been  determined.  The  table  shows  abnor- 
mal figures  for  refractive  index  (saponification  value) 
and  iodine  value  of  the  oil  as  well  as  for  iodine  values 
of  fatty  acids  and  alcohols,  and  for  melting  point  of 
alcohols. 

Results  for  the  constants  of  the  genuine  sperm  oils 
agree,  in  the  main,  with  results  given  in  the  literature. 
For  some  constants,  the  writers  have  found  a  somewhat 
wider  variation  than  is  generally  noted  in  the  technical 
literature  {see  Table  II). 

Table  II 

Data  given  in  Data  from 

Literature  Authors'  Tests 
Spbrm  Oils: 

Refractive  Index  {15.6°  C.)  1 .4664  to  1 .4673  1 . 4649  to  1 .  4669 
Fatty  Acid3: 

Specific  Gravity  (15.6°  C.)  0.899  0.893    to  0.899 

Neutralization  Value 183             to  199  186.8        to  216.2 

Titer  Test.  °  C 11.1         to     11.9  6.2        to     13.6 

Alcohols: 

Iodine  Value 64.6         to    65.8  63.9        to    74.1 

Melting  Point.  "  C 25.5         to    27.5  20.0        to    27.0 

Saponification  Value 

of  Acetate 161             to  190  189.5         to216.0 

In  connection  with  the  writing  of  Specifications  for 
Sperm  Oil  it  has  been  the  general  custom  to  include  re- 
quirements as  to  the  maximum  percentage  of  free  acid 
allowed.  In  order  to  determine  the  effects  of  free  acid 
upon  the  burning  properties  of  sperm  oil,  experiments 
were  made  with  sperm  oil  to  which  had  been  added 
varying  amounts  of  pure  oleic  acid.  The  oil  was  in 
each  test  burned  in  a  Davy  Miners'  Safety  Lamp. 
It  was  found  that  sperm  oil  containing  1,2,3  and  up  to 
4  per  cent  added  oleic  acid  caused  a  slight  crust  to  form 
on  the  wick,  but  that  oil  with  even  4  per  cent  oleic  acid 
gave  fairly  satisfactory  results.  The  addition  of  s  per 
cent  oleic  acid  caused  heavier  crust,  while  the  addition 
of  6  per  cent  made  the  sperm  oil  entirely  unsatisfactory 
for  burning  in  a  Davy  Safety  Lamp.  It  must  be  ad- 
mitted that  free  acid  has  a  harmful  effect  upon  a  burn- 
ing oil,  but  it  seems  also  that  this  effect  has  been  some- 
what overestimated  in  the  case  of  sperm  oil. 

In  judging  the  suitability  of  a  sperm  oil  for  burning 
purposes,  one  would  do  well  to  consider  the  iodine  value 
and  refractive  index  as  well  as  the  other  constants  and 
the  free  acid. 

Some  of  the  work  above  tabulated  was  done  by  Mr. 

Donald  Thorn,  to  whom  the  authors  would  acknowledge 

indebtedness. 

Philadblpiiia  81  Reading  Coal  &  Iron  Company 
PoTTsviLLE.  Pennsylvania 


SOME  EFFECTS  OF  CERTAIN  SOLVENTS  ON  TARS  IN 

THE  "FREE  CARBON"  DETERMINATION 

By  G.  S.  Monroe  and  H.  J.  Broderson 

Received  July  2,  1917 

The  work  to  be  described  was  carried  out  in  order 
to  obtain  some  additional  data  which  might  throw  some 
light  on  the  probable  condition  of  free  carbon  in  tars, 
and  the  extent  to  which  it  or  other  substances  in  the 
tar  might  react  with  solvents  used  in  the  free  carbon 
determination.  There  is  much  uncertainty  as  to  the 
physical  and  chemical  nature  of  free  carbon  as  it  exists 
in  the  original  untreated  tar.  The  fact  that  only  part 
of  the  free  carbon  existing  in  tars,  as  shown  by  analysis, 
can  be  removed  by  filtration  suggests  the  probability 
that  it  is  present  in  a  finely  divided  state.  According 
to  Abderhaldeni  this  free  carbon  exists  in  the  tar  as  an 
emulsion,  the  emulsifying  agent  being  the  pitch  oils 
present  in  the  tar. 

The  first  series  of  determinations  was  made  to  show 
the  effect  on  the  free  carbon  content  of  tars  when  the 
latter  are  allowed  to  stand  in  contact  with  the  solvent 
at  room  temperature  for  different  periods  of  time. 
The  results  showed  a  gradual  increase  in  free  carbon 
when  benzene,  bromobenzene,  and  chloroform  were 
used.  The  numerical  data  are  not  given  for  this  series 
of  determinations  as  the  results  were  of  the  same 
general  nature  as  those  recorded  by  Weiss.' 

The  next  series  of  experiments  was  made  to  show 
the  effect  on  the  free  carbon  content  of  tars  by  digesting 
the  tars  with  the  solvent  for  different  periods  of  time. 
In  each  determination  lo  g.  of  tar  were  added  to  loo 
cc.  of  solvent  in  an  Erlenmeyer  flask  and  digested  on 
the  water  bath  for  a  certain  period  of  time,  after  which 
the  tar  solution  was  filtered  through  a  weighed  extraction 
thimble.  This  thimble  was  then  placed  in  a  Soxhlet 
extractor,  extracted  with  the  same  solvent  as  that 
used  in  digestion,  then  dried  and  the  insoluble  residue 
weighed  as  free  carbon.  When  chloroform  was  used  as 
solvent,  analyses  were  made  for  halogen  in  the  free  car- 
bon residues  by  the  peroxide  method.'  These  analyses 
were  not  made,  however,  in  case  of  water-gas  tar  be- 
cause the  free  carbon  residues  obtained  were  too  small 
to  work  with  conveniently.  The  results  obtained  by 
hot  extraction  are  given  in  Table  I. 

Tabls  I — Free  Carbon  by  Hot  E.xtraction 


Material  Solvent 

Treated  Used 

Water-Gas  Tar  Benzene 


Gas-House  Tar  Bcnze 


Cokc-Oven  Tar         Benzene 


Water-Gas  Tar  Chloroform 

Gas- House  Tar         Chloroform 


'  J.  Cas  Light..  123  (1913).  46-47. 
J  This  Journal.  6  (1914).  279-83. 

•  J.  F.  Lemp,  "A  Method  for  the  Determination  of  Halogens  i 
Compounds."  Senior  Thesis,  University  of  Illinois.  1917. 


Period 

Per  cent 

Per  cent  CI 

of 

Free      i 

n  Free  Carbon 

Digestion 

Carbon 

Residue 

I  hr. 

1.06 

4hrs. 

1  .  33 

7  hrs. 

1.13 

43  hrs. 

1.17 

1  hr. 

4.28 

4  hrs. 

4.47 

40  hrs. 

5.16 

96  hrs. 

4.68 

1  hr. 

6.13 

4  hrs. 

6.73 

50  hrs. 

9.33 

98  hrs. 

9.46 

8  days 

11.83 

1  hr. 

0.77 

4  hrs. 

0.68 

45  hrs. 

0.97 

1  hr. 

3.77 

0.55 

42  hrs. 

4.63 

1.34 

3  days 

5.76 

2.64 
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The  results  given  above  show  that  in  case  of  water- 
gas  tar  and  gas-house  tar  the  free  carbon  percentages 
gradually  approached  a  maximum  value  and  then  de- 
creased when  benzene  was  used  as  solvent.  The  same 
general  behavior  was  observed  in  determination  of 
free  carbon  in  gas-house  tar  when  toluene  was  used  as 
solvent.  In  case  of  coke-oven  tar,  however,  no  maxi- 
mum point  was  reached.  This  is  due  perhaps  to  the 
possibility  that  digestion  was  not  continued  long 
enough  to  reach  the  maximum  point.  It  hardly  seems 
wise  to  theorize  as  to  the  explanation  of  this  maximum 
point  until  more  data  of  this  kind  are  available. 

In  the  determination  of  free  carbon  made  with 
chloroform  as  solvent  no  maximum  value  was  observed, 
but  the  amount  of  free  carbon  gradually  increased. 
This  variation  in  free  carbon  which  takes  place  when 
benzene,  toluene,  chloroform,  etc.,  are  used  as  solvents 
has  been  thought  to  be  due  to  chemical  reactions' 
between  the  solvent  and  some  of  the  tar  constituents 
producing  insoluble  compounds  which  are  continuously 
precipitated.  That  chemical  reaction  does  take  place 
in  case  of  chloroform  is  shown  conclusively  by  the 
fact,  as  observed  by  Weiss,  that  small  crystals  of  amber 


\t  Hrs. 


color  were  found  throughout  the  free  carbon  residue 
when  gas-house  tar  was  digested  with  this  solvent  for 
three  days.  The  amount,  however,  of  this  substance 
was  too  small  to  account  for  the  observed  increase  in 
weight.  The  probability  of  chemical  reaction  in  the 
tar  solution  in  case  of  chloroform  is  also  indicated  by 
the  presence  of  chlorine  in  the  free  carbon  residues 
from  gas-house  tar,  although  the  same  might  be  ex- 
plained in  part  on  the  basis  of  adsorption  of  some  of 
the  solvent  by  the  free  carbon  present  in  the  tar.  This 
is  esijecially  true  wiu-n  it  is  considered  that  there  is  no 
definite  relation  between  the  amount  of  chlorine  found 
and  the  total  amount  of  so-called  free  carbon. 

If  the  theory  of  chemical  reaction  is  to  explain  partly, 
if  not  completely,  the  variations  observed  in  the  free 
carbon  content  of  tars  by  continuctl  digestion,  there 
should  be  a  (luctiiation  in  the  boiling  tcmpcrnturcs  of 
such  solutions  on  digestion  due  to  tlie  change  in  the 
chemical  nature  of  the  constituents  in  the  tar  solution. 
The  following  experiments  were  not  designed  to  predict 

I  WtlM.  Tliin  JiniKNAI..  •  (1V14).  J7»-H.t. 


the  nature  of  the  chemical  reactions,  if  such  take  place, 
but  to  show  whether  such  chemical  changes  do  occur. 
The  experiments  were  performed  in  the  following 
manner:  In  each  case  5  g.  of  tar  diluted  with  50  cc.  of 
solvent  were  placed  in  a  standard  type  of  apparatus 
used  in  determining  the  molecular  weights  of  compounds 
by  the  boiling  point  method.  To  prevent  the  escape 
of  solvent  the  condenser  attached  to  the  inner  tube  was 
closed  with  a  mercury  seal.  The  boiling  points  of  solu- 
tions of  tars  with  different  solvents  were  observed  at 
different  intervals  with  a  Beckmann  thermometer. 
The  barometric  pressure  was  observed  at  the  different 
intervals  but  was  not  found  to  be  great  enough  to 
make  any  appreciable  difference  in  the  boiling  tem- 
perature. The  actual  boiling  temperatures  were  not 
observed  but  simply  the  changes  in  such  temperatures. 
The  results  are  shown  by  the  curves  in  Fig.  I.  The 
Curves  i,  2,  3,  representing  the  digestions  of  water- 
gas  tar,  gas-house  tar,  and  coke-oven  tar,  respectively, 
are  horizontal  and  show  no  fluctuations,  hence  no  ap- 
preciable chemical  reaction  takes  place  between  the 
tars  and  benzene.  The  experiment  using  carbon  bi- 
sulfide as  solvent  shows  the  same  probability  as  men- 
tioned in  case  of  benzene  (Curve  4).  The  rapid  rise  ob- 
served in  the  first  portion  of  the  curve  is  perhaps  due 
to  the  possibility  that  temperature  equilibrium  was 
not  reached  between  the  tar  solution  and  the  surround- 
ings. 

In  the  case  where  chloroform  was  used  as  solvent  the 
boiling  point  showed  a  continuous  rise,  thus  showing 
that  chemical  reaction  took  place  appreciably  in  the 
tar  solution  (Curve  5).  Unfortunately,  only  one  tar 
(gas-house  tar)  was  investigated  using  chloroform  as 
solvent,  but  it  is  reasonable  to  suppose  that  other  tars 
would  give  similar  results. 

CONCLUSIONS 

The  results  thus  far  obtained  are  not  sufficient  to 
warrant  any  general  conclusion  as  to  what  happens 
between  the  tars  or  parts  of  the  tar  and  the  solvent  but 
the  following  are  some  of  the  indications: 

I — Variations  in  percentages  of  free  carbon  for  dif- 
ferent periods  of  digestion  should  not  be  entirely  at- 
tributed to  chemical  reactions  between  tar  and  solvent, 
thereby  producing  insoluble  material  which  is  gradually 
precipitated.  It  may  be  that  due  to  dilution  some  of 
the  free  carbon  which  may  have  been  in  the  colloidal 
condition  has  been  precipitated. 

II — While  it  is  very  probable  that  chemical  reactions 
take  place  between  tar  and  chloroform  when  the  lottcr 
is  used  in  determining  free  carbon  in  tars,  such  reactions 
cannot  account  completely  for  the  gradual  increase  in 
free  carbon  on  continued  digestion. 
'  III — If  the  selection  of  a  solvent  which  when  added 
to  tar  will  not  give  rise  to  chemical  reactions  is  the 
proper  criterion  in  devising  a  mcthoil  for  the  dctcrniina- 
tion    of    free    carbon,    benzene,    toluene,    and    carbon 

bisuHiile    shoulil     be    sclcctr.l    m    i.nl.r.n.i-    to    .lil.iro- 

forni. 
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THE  ESTIMATION  OF  PHENOL  IN  CRUDE  CARBOLIC 
ACID  AND  IN  COAL-TAR  OILS 

By  F.  W.  Skirrow 
Received  September  5,  1917 

Until  quite  recently  no  satisfactory  method  was  to 
be  found  in  the  literature  for  the  estimation  of  phenol 
in  tar  oils  or  in  crude  carbolic  acid.  In  a  recent  paper, 
Masse  and  Leroux'  give  a  method  based  on  prelim- 
inary fractionation  of  the  crude  carbolic  acid  and  sub- 
sequent estimation  of  the  phenol  from  determinations 
of  the  solidifying  point.  This  method  suffers  from  the 
disadvantage  that  the  cresols  and  other  higher  boiling 
bodies  may  vary  in  the  fraction  containing  the  phenol, 
while  they  assume  a  constant  and  arbitrary  ratio  of 
the  cresols  to  be  present. 

More  recently  Weiss  and  Downs'  have  published  a 
method  in  which  the  crude  carbolic  acid  is  fractionated 
in  such  a  way  as  to  obtain  the  whole  of  the  phenol  in 
a  fraction  supposed  to  contain  only  phenol  and  the 
cresols,  and  in  this  fraction  the  phenol  is  then  esti- 
mated by  simultaneous  determination  of  the  specific 
gravity  and  the  solidifying  point,  whence  by  reference 
to  graphs  the  amount  of  phenol  present  is  deduced. 
These  graphs  also  are  drawn  up  with  fixed  ratios  of 
meta-  and  para-cresoL. 

In  1909  the  author  worked  out  a  method  for  the 
estimation  of  phenol  in  coal  tar  which  depended  on 
quite  other  properties  of  the  constituents  for  their 
estimation,  and  which  gave  a  fair  indication  of  the 
amount  of  the  cresols  also  present.  The  method  gave 
satisfactory  results  and  was  used  in  the  author's  lab- 
oratory for  some  years,  but  was  not  at  that  time 
published.  It  is  thought  that  the  method  of  attack 
may  not  be  without  interest  at  the  present  time,  and 
the  author  desires  to  thank  the  Directors  of  Messrs. 
Hardman  and  Holden,  Ltd.,  of  Manchester,  England, 
for  permission  to  publish  the  results. 

In  a  paper  on  the  determination  of  phenols  in  gas 
liquor,'  the  author  determined  the  "Oxygen  Ab- 
sorption" due  to  the  various  constituents  of  the  eflfluent 
from  a  sulfate  of  ammonia  works  and  incidentally  of 
the  phenol  and  cresols,  respectively,  in  that  effluent. 
This  suggested  the  possibility  that  the  oxygen  ab- 
sorption might  furnish  a  means  to  estimate  the  amount 
of  phenol  in  a  mixture  of  phenolic  bodies, 

OxYGBN  Absorption  of  Phunoi,  o-.  m-  and  />-Cresoi, 
Solutions  Required 
Standard  Potassium  Permanganate.  .      0.79  g.  in  2  liters 

Standard  Sodium  Thiosulfate 7  .  00  g.  crystals  in  1  liter 

Dilute  Sulfuric    Acid     (1:3)     faintly 
tinged  with  Permanganate 

Potassium  Iodide  Solution 10  per  cent 

Starch  Solution 4  g.  in  1  liter 

The  phenol,  etc.,  was  diluted  so  that  50  cc.  of  the 
solution  contained  0.002  g.  of  the  particular  phenol 
or  crcsol. 

METHOD 

Portions  (50  cc.)  of  the  permanganate  were  measured 
.nto  stoppered  bottles  and  15  cc.  of  the  dilute  sulfuric 
acid  added  to  each.     These  bottles  were  placed  in  a  rack 

1  Compt.  rend..  16S  (1916).  361. 
>  This  Journal.  9  (1917).  569. 
»  J.  Soc.  Chtm.  Ind..  Januarj-.  1908. 


in  a  thermostat  which  was  maintained  at  ,23 °C.  The 
solutions  of  the  tar  acids  were  also  brought  to  the  tem- 
perature of  the  thermostat:  50  cc.  of  the  tar  acid 
solution  were  then  run  into  the  permanganate  solu- 
tion from  a  pipette  also  warmed  to  23°  C,  and  the 
time  noted  when  the  first  drop  entered  the  perman- 
ganate. When  the  whole  had  been  added,  the  bottle 
was  quickly  shaken  to  insure  uniformity.  At  the 
end  of  3  min.  the  action  was  stopped  by  quickly  add- 
ing I  cc.  of  the  potassium  iodide  solution.  The  lib- 
erated iodine  was  then  titrated  with  the  thiosulfate 
solution.  SuflScient  excess  of  permanganate  was  used 
so  that  30  to  40  per  cent  of  the  permanganate  re- 
mained at  the  end.  The  results  were  then  calculated 
to  grams  of  oxygen  absorbed  by  i  g.  of  the  respective 
tar  acid.  The  concordance  of  the  results  is  shown 
in  the  case  of  the  phenol,  the  others  being  equally 
good. 

TablB  I — Grams  Oxygen  Absorbed 

Phenol 1-435),,  o-Cresol 1.170), 

1.434  I.  Mean  m-Cresol 1.156 '-Mean 

1.434)14.34  p-Cresol 1. 062*  Values 

OXYGEN    ABSORPTIOX    OF    MIXTURES 

In  order  to  see  if  any  considerable  difference  would 
be  found  in  the  rate  of  oxidation  of  phenol  if  cresols 
were  simultaneously  undergoing  oxidation,  known 
mixtures  were  made  up  containing  varying  propor- 
tions of  phenol  to  cresols,  the  cresol  taken  being  a 
mixture  of  equal  proportions  of  orlho,  mela  and  para. 

Table  II — Oxygen  Absorbed 

Per  cent  Phenol 11,1            25.0       50.0  75.0  88.9 

Oxygen          (Calculated..          1.163         1.205     1.281  1.358  1.400 

Absorbed:  1  Found 1.167          1.212      1,281  1.364  1.405 

Difference +0.004     +0.007     0.000  +0.006  +0.005 

There  appears  to  be  slightly  increased  oxidation  in 
most  of  the  cases,  but  this  is  not  sufficient  to  cause 
serious  error  in  the  use  of  the  oxygen  absorptions. 

The  rate  is  naturally  dependent  on  the  temperature 
and  it  is  necessary  to  work  in  a  thermostat.  Attempts 
were  made  to  work  with  solutions  ten  times  as  concen- 
trated as  the  solutions  quoted,  but  the  results  were 
much  less  steady  owing  no  doubt  partly  to  the  con- 
siderable temperature  disturbance  due  to  the  increased 
heat  of  reaction. 

The  phenol  can  thus  be  estimated  with  reasonable 
accuracy  provided  that  the  ratio  of  the  cresols  to  one 
another  be  known.  The  difference  in  the  rate  of  oxida- 
tion of  the  three  cresols  from  one  another,  while  much 
less  than  the  difference  between  the  rate  of  oxidation 
of  any  one  cresol  and  the  rate  of  oxidation  of  phenol, 
is  still  much  too  great  to  allow  of  estimation  in  this 
way  unless  the  ratio  of  the  cresols  present  is  known. 
It  is  thus  necessary  to  get  some  idea  as  to  the  ratio 
of  cresols  present  in  order  to  proceed. 

FRACTIONATION    EXPERIMENTS 

It  is  obvious  that  in  dealing  with  a  mixture  of  phenol, 
cresols  and  higher  boiling  phenolic  bodies,  which  are 
present  in  a  crude  carbolic  acid,  preliminary  frac- 
tionation would  have  to  precede  any  attempt  at  titra- 
tion, and  experiments  were  carried  out  in  this  direc- 
tion on  crude  carbolic  acid,  which  was  the  average 
from  a  very  large  amount  of  tar  from  widely  differing 
sources.     This    crude    carbolic    acid    was    fractionated 
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through  still  heads  of  various  types  and  the  progress 
of  the  fractionation  observed  by  taking  the  oxygen 
absorption  of  the  fractions. 

OXYGEN     ABSORPTION    OF     HIGHER     BOILING    BODIES 

A  large  sample  of  higher  boiling  bodies  was  obtained 
which  had  had  most  of  the  phenol  and  cresols  removed 
in  a  works  column  still.  This  was  freed  from  HjS 
and  was  fractionated  several  times  in  the  laboratory 
to  remove  any  phenol  and  cresols  which  might  still 
remain.  Fractions  were  then  collected  and  their  oxy- 
gen absorption  measured  with  the  results  given  in 
Table  III 

Table  III 

Fraction 205  to  210°  C.    210  to  215°  C.    215  to  220°  C. 

Oxygen  Absorption 0,942  0.879  0.831 

The  oxygen  absorption  decreases  steadily  with  in- 
creasing boiling  point  and  will  thus  throw  light  on  the 
progress  of  the  fractionation. 

COMPARISON    or    THE     EFFICIENCY    OF    STILL    HEADS 

The  two  still  heads  giving  the  best  results  with  crude 
carbolic  acid  were  found  to  be  the  "LeBel"  bulbs  and 
the  "Pear"  bulbs.  The  Hempel  column  was  not  so 
efficient  and  had  the  disadvantage  that  a  large  amount 
of  liquid  is  held  up  in  the  glass  beads.  The  Young 
dephlcgmator,  although  excellent  for  lower  boiling 
liquids,  did  not  give  as  good  results  in  the  author's 
hands  as  did  the  Pear  bulbs. 

COMPARISON     OF    A    4-BULB    LeBeL    WITH    A     I2-BULB 

PEAR  STILL  HEAD — The  total  length  of  the  two  col- 
umns to  the  side  tube  was  practically  the  same.  In 
both  cases  looo  cc.  of  the  crude  carbolic  acid  was  taken 
in  a  copper  flask  and  distilled  through  the  respective 
head.  An  air  condenser  was  used  leading  into  re::eiv- 
ers  closed  with  a  calcium  chloride  tube.  Any  mois- 
ture was  first  distilled  off  and  the  temperature  carried 
to  180°  C.  The  phenol  was  recovered  from  this, 
dehydrated,  and  returned  to  the  distilling  flask  and 
the  fractionation  then  proceeded  with  The  rate  of 
distillation  was  regulated  carefully  to  one  d/op  per 
second,  a  seconds  pendulum  being  placed  behind  the 
receiver.  The  flask  was  protected  by  a  shield  of  as- 
bestos paper  and  the  column  enclosed  in  one  thickness 
of  glazed  paper  to  prevent  draughts  and  to  diminish 
somewhat  the  railiation  from  the  column.  Under 
these  conditions  extremely  steady  conditions  were 
easily  maintained.  A  small  Anschutz  thermometer 
grailualed  in  tenths  was  used  and  this  was  compared 
with  a  standard  "N.  I'.  L."  thermometer. 

The  oxygen  absorption  of  each  fraction  was  meas- 
ured and  the  fractions  then  submitted  to  a  second 
and  to  a  third  systematic  fractionation.  The  oxygen 
absori)tion  of  the  fractions  of  the  second  and  of  the 
third  fractionations  were  also  measured.  Table  IV 
contains  the  results  so  obtained.  The  two  first  tem- 
perature intervals  in  the  first  fractionation  arc  differ- 
ent from  those  in  the  second  and  third  fractionations, 
but  in  all  siilisequent  work  llie  latter  intervals  were 
uHed. 

If  wo  examine  these  fractionations  we  see  that  the 
oxygen  absorption  of  the  fractions  is  much  the  same 
whellier     the     "Pear"     or     the      "LeHol"     column     is 


used,  being  a  little  to  the  advantage  of  the  "Pear" 
form  but  that  with  the  Pear  a  greater  volume  accumu- 
lates in  the  first  fraction  which  contains  the  largest 
proportion  of  phenol.  The  use  of  the  Pear  head  is 
further  to  be  preferred  on  account  of  the  smaller  amount 
of  liquid  remaining  after  a  distillation.  In  all  subse- 
quent work  the  Pear  form  was  used.  This  superiority 
of  the  Pear  still  head  was  also  established  by  Weiss 
and  Downs.' 

It  will  further  be  seen  by  comparing  the  second  and 
the  third  fractionations,  confining  our  attentions  now 
to  the  values  for  the  Pear  head  only,  that  the  "quality" 
of  the  fractions  does  not  alter  very  materially  after 
the  second  fractionation,  but  that  the  chief  difference 
is  in  the  volume  of  the  first  fraction.  From  this  it 
was  inferred  that  more  than  two  fractions  would  not 
bring  any  commensurate  advantage,  and  that  with 
two  fractionations  a  steady  state  of  affairs  had  been 
reached  which  would  be  easily  reproducible.  The 
examination  of  these  fractions  was  then  proceeded  with, 
to  ascertain  the  amount  of  phenol  in  each. 

The  oxygen  absorption  of  the  fractions  obviously 
gives  us  no  quantitative  measure  of  the  amount  of 
phenol  which  they  contain  as  we  have  no  information 
as  to  the  ratio  in  which  the  cresols  exist  in  each. 

MATCHING    EXPERIMENTS 

In  order  to  establish  definitely  the  percentage  of 
phenol,  ortho-,  meta-  and  para-cresol  in  these  frac- 
tions, use  was  made  of  a  fact  previously  observed  by 
the  author  in  the  course  of  work  on  the  phenols  in 
gas  liquor'  but  not  at  that  time  alluded  to,  viz..  that  if 
the  Messinger  and  Vortman  method  for  the  estima- 
tion of  phenol  be  applied  to  solutions  of  0-,  m-  and 
^-cresol,  respectively,  the  end-product  obtained  (tri- 
iodophenol  etc.)  has  widely  different  colors  in  each 
case.  The  colors  of  these  end-products  are  extremely 
characteristic  and  may  be  described  as  follows: 

PlIBNOL  o  Crbsoi.  m-CRSSOL  pC««soi. 

Bright  Rose-Pink  Urown  SUtc-Bliic         Dirty  YeUow 

Preliminary  experiments  showed  that  if  a  known 
mixture  of  phenol  and  the  cresols  be  taken,  the  per- 
centage of  each  constituent  could  be  determined  with 
good  accuracy  by  first  measuring  the  oxygen  absorp- 
tion of  the  mixture  and  then  making  up  mixtures  with 
the  same  oxygen  absorption,  forming  the  iodo-cora- 
pounds,  and  by  the  method  of  trial  and  failure  gradually 
approaching  the  exact  shade  of  the  so-called  tri-iodo- 
compound  of  the  mixture  to  V>c  analyzed.  (The  end- 
product  in  the  case  of  the  cresols  is  by  no  means  ex- 
actly the  tri-iodo  compounds.) 

The  iodo  compound  was  prepared  in  cnch  case  as 
follows:  JOG  cc.  of  water  und  .r  S  cc.  N  NaOH  were 
mixotl;  I  g.  of  the  tar  acid  w;is  dissolved  in  500  cc. 
of  water  and  i$  cc.  of  this  solution  were  oddetl  to  the 
dilute  .sodium  hydroxido  solution.  This  was  heated 
ti.  70°  C.  in  n  stoppered  flask  and  i$  cc.  of  o.ot  A' 
iodine  .solution  ad<lp(l  and  well  shaken.  After  stand- 
ing for  5  mins.  the  llnsk  was  cooled  under  the  tap, 
the  mixture  slightly  acidified  with  sulfuric  acid  and  the 
excess  of  iodine  rcmovcil  with  a  sli|{ht  excess  of  sodium 

<  Lo€  tU. 
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(I) — FrasT  Fractionation 

12-Bui.B  Pear  4-Bulb  LeBei. 


Table  IV — Comparison  op  4-Bni,B  LbBbl.with  a   I2-Boi,b  Pear  Still  Head 


Temperature 

Vol. 

0 

Vol. 

0 

"C. 

Cc. 

Abs. 

Cc. 

Abs. 

To  185. 5 

26 

1.293 

27 

1.292 

185.5  to  187 

155 

1.305 

112 

1.300 

187       to  190 

234 

1.257 

243 

1.266 

190      to  193 

103 

1.204 

130 

1.214 

193      to  196 

69 

1.159 

81 

1.166 

196      to  199 

61 

1.117 

62 

1.125 

199      to  202 

67 

1.074 

69 

1.079 

202      to  205 

57 

1.037 

51 

1.036 

205      to  208 

35 

1.003 

31 

0.999 

9J. 

thiosulfate  solution.  The  precipitated  iodo  compound 
was  allowed  to  settle,  washed  once  by  decantation  and 
placed  in  a  small  clear  glass  weighing  bottle  for  com- 
parison. It  is  essential  that  the  compound  be  freshly- 
prepared  as  it  becomes  lighter  in  color  after  standing 
one  or  two  hours.  The  method  is  clearly  cumber- 
some but  it  was  used  only  to  establish  the  percentages 
present  in  the  fractions  once  and  for  all,  i.  c,  as  a  method 
of  standardization. 

In  this  way  the  percentages  of  phenol,  0-,  m-,  and 
/"-cresol  were  determined  in  the  fractions  through  the 
Pear  still  head  for  the  second  and  third  fractionations 
quoted  in  Table  IV,  (2)  and  (3). 

Table  V — Results  op  Matching  Experiments 


femperature 

Vol. 

0 

Vol. 

0 

Cc. 

Abs. 

Cc. 

Abs. 

180  to  184 

143 

1.342 

124 

1.337 

184  to  187 

179 

1.293 

174 

1.299 

187  to  190 

75 

1.233 

114 

1.236 

190  to  193 

78 

1.188 

79 

1.189 

193  to  196 

ftS 

1.133 

66.5 

1.139 

196  to  199 

66 

1.098 

69 

1.099 

199  to  202 

61 

1.068 

54 

1.060 

202  to  205 

62 

1.028 

44 

1.022 

205  to  208 

23 

0.972 

23 

0.978 

(3) — Third  Fractionation 

12-BuLB  Pear  4-Bulb  LeBel 
Temperature    Vol.         O         Vol.       O 


°c. 

Cc. 

Abs. 

Cc. 

Abs. 

180  to  184 

202 

1.351 

165 

1.340 

184  to  187 

100 

1.297 

126 

1.297 

187  to  190 

87 

1.240 

90 

1.236 

190  to  193 

56 

1.183 

64 

1.185 

193  to  196 

53 

1.140 

66 

1.137 

196  to  199 

85 

1.104 

67 

1.094 

199  to  202 

71 

1.060 

71 

1.058 

1 

— Second  F 

ractionation 

2 

—Third  Fr 

actionation 

. — Percentages — . 

. Percentaces- 

— , 

Vol 
Cc. 

Phe- 
nol 

J~ 

Cresol . 

p         m 

0 
Abs. 

Vol. 
Cc. 

Phe- 
nol 

No 

0 

P 

~~m 

1 

143 

71.0 

14.8 

14.2       0 

1.117 

202 

73.5 

14.5 

12.0 

0 

2 

179 

56.0 

20.8 

23.2       0 

1.114 

100 

57.1 

21.4 

21.4 

0 

3 

75 

40.5 

18.7 

40.8       0 

1.096 

87 

40.5 

25.5 

34.0 

0 

4 

78 

30.0 

22.2 

47.8       0 

1.083 

56 

25.0 

25.0 

50.0 

0 

5 

65 

15.9 

18.7 

65.4       0 

1.076 

53 

15.4 

21.1 

63.5 

0 

6 

66 

6.9 

18.6 

65.7       8.8 

1.073 

85 

3.2 

19.8 

68.5 

9.0 

7 

61 

0 

11.3 

72.8      15.9 

1.068 

70 

0 

11.3 

72.8 

15.9 

The  mixtures  were  made  up  to  have  the  same  oxy- 
gen absorptions  as  the  respective  fractions  with  the 
exception  of  the  higher  fractions — where  it  was  found 
that  better  matches  could  be  obtained  by  making  mix- 
tures with  slightly  higher  oxygen  absorptions  than 
the  fractions.  This  was  probably  due  to  the  small 
amounts  of  higher  boiling  bodies  in  the  higher  frac- 
tions. (The  color  of  the  "iodo-compounds"  of  the 
higher  boiling  bodies  is  not  pronounced,  while  their 
oxygen  absorptions  are  progressively  less  than  the 
cresols.)  Table  V  gives  the  results  of  these  matching 
experiments.  The  last  column  gives  the  mean  oxy- 
gen absorption  of  everything  except  phenol  in  the  frac- 
tions, calculated  from  the  oxygen  absorption  of  the 
fraction,  the  oxygen  absorption  of  pure  phenol  and 
the  found  percentage  of  phenol  in  the  fraction.  Here 
we  see  more  definitely  that  the  percentage  of  phenol 


in  the  third  fractionation  has  not  changed  very   ma- 
terially from  that  in  the  second  fractionation. 

RESULTS    OBTAINED    WITH    OTHER    MATERIALS 

The  preceding  results  were  obtained  with  a  large 
stock  sample  of  crude  carbolic  acid  representing  the 
total  extract  from  a  very  large  amount  of  tar.  Sim- 
ilar experiments  were  then  carried  out  with  other  ma- 
terials as  follows: 

A — For  comparison:     Material  already  quoted 
B — Sample  of  Refined  Cresylic  Acid 
C— Sample  of  "60's"  Carbolic  Acid 

D — Another  sample  of  Refined  Cresylic  Acid  of  different  origin 
E — Another  sample  of  Crude  Carbolic  Acid  of  different  origin  to  that 
quoted  in  "A" 

These  were  submitted  to  preliminary  purification 
to  free  them  from  HjS,  etc.,  and  were  then  fractionated 
twice  in  the  manner  described.  In  A  the  volume  of 
the  fractions  was  measured;  in  all  subsequent  opera- 
tions the  fractions  were  weighed  to  the  nearest  deci- 
gram.    Results  are  given  in  Table  VI. 

In  Table  VII  is  given  the  mean  oxygen  absorption 
of  everything  except  the  phenol  in  the  fractions,  cal- 
culated as  before  indicated  from  the  oxygen  absorption 
of  the  fraction,  the  oxygen  absorption  of  pure  phenol 
and  the  found  percentage  of  phenol  in  the  fraction. 
From  these  data  we  see  that  the  mean  oxygen  absorp- 
tion of  the  cresols,  etc.,  in  the  fractions  is  very  con- 
stant for  one  and  the  same  fraction  and  varies  very 
little  with  the  nature  of  the  material  distilled.  Thus 
it  seems  evident  that  the  larger  variation  of  the  oxy- 
gen absorption  of  the  fractions  themselves  is  caused 
principally  by  variation  in  the  percentage  of  phenol 
present. 

METHOD  OF  ANALYSIS  ADOPTED 

Thus  the  method  adopted  for  the  analysis  of  any 
unknown  sample  of  crude  carbolic  acid  was  to  frac- 
tionate about  a  liter  of  the  sample  in  the  manner  out- 
lined and  then  determine  the  oxygen  absorptions  of 
the  fractions   of  the  second   fractionation.     The  per- 


Table  VI — Results  with 

Various  Materials 

Temp. 
°C. 

A 

B 

'^""° 

0 

E 
G. 

2. 

A 

Oxygen 
B 

No. 

Cc. 

G. 

G. 

G. 

No. 

C 

D 

E 

1 

180  to  184 

143 

41.6 

377 

3 

7.4 

44.9 

1 

1.342 

1.332 

1.355 

1.272(<j)    1.327 

2 

184  to  187 

179 

173.8 

152 

58.3 

183.0 

2 

1.293 

1.294 

1.297 

1.287 

1.302 

3 

187  to  190 

75 

200.6 

68 

171.2 

104.3 

3 

1.233 

1.235 

1.238 

1.245 

1.251 

4 

190  to  193 

78 

115.5 

45 

151.1 

76.0 

4 

1.188 

1.175 

1.172 

1.195 

1.207 

5 

193  to  196 

65 

109.6 

37 

128.3 

70.1 

5 

1.133 

1.132 

1.130 

1.147 

1.150 

6 

196  to  199 

66 

104.2 

23 

125.5 

56.9 

6 

1.098 

1.099 

1.087 

1.103 

1. 101 

7 

199  to  202 

61 

106.1 

22 

6 

147.4 

63.7 

7 

1.068 

1.065 

1.070 

1.071 

1.066 

Pbrci 

tNTAOES 

in:         Fractions 

PROM    B 

Fractions  prom  C 

NTS 

Fraction 

S    PROM 

D 

Fractions  prom 

E 

Phe- 

,  

Cresols — 

-^ 

Phe- 

— 

-Cresols — 

-^ 

Phe-        . 

-Cresols- 

Phe- 

.  Cresols 

. — — , 

No. 

nol 

0 

P 

m 

nol           0 

P 

m 

nol          0 

P 

m 

nol 

0               t 

m 

8  3 

>       i 

67.5 

17.5 

15.0 

0 

75.0        13 

0 

12.0 

0 

50 

0(a)  22.2 

27.8 

0 

66.5 

16.1       17.4 

0 

tec 

T- 

55.6 

23.1 

21.3 

0 

57.3       20 

1 

22.6 

0 

54 

2       21.5 

24.3 

0 

58.6 

20.3       21.1 

0 

S  "5 

40.5 

18.7 

40.8 

0 

40.9        17 

5 

41.6 

0 

44 

0       23.3 

32.7 

0 

45.4 

18.7       35.9 

0 

HI 

§t2    * 

26.7 

18.2 

55.1 

0 

26.7        18 

2 

55.1 

0 

31 

0       28.1 

40.9 

0 

35.5 

23.3       41.2 

0 

£(-'     5 

15.2 

17.6 

61.4 

5 

8 

15.0       26 

7 

33.3? 

25? 

18 

1        23.1 

51.9 

6.9 

20.6 

14.1       61.9 

3.4 

0:  a 

-8     6 

5.8 

17.1 

60.5 

6 

6 

4.7        19 

2 

57.3 

18.8 

9 

4        17.5 

61.8 

11.3 

10.6 

21.2       59.9 

8.3 

P.5 

(0)  On  the"first  fractionation  the  volume  of  the  first  fracti 


1  was  so  small  that  it  could  be  distilled  only  through  a  3-buIb  Pear-head. 
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TabivE  VII — Mean  Oxygen  Absorption  op  the  Cresols.  Etc. 

No.  ABC              D  E  Mean 

1 1.117      1.120      1.118  (1.110)  1.114  1.117 

2 1.114      1. 119      1.113       1.113  1.115  1.115 

3 1.096      1.099      1.102       1.097  1.099  1.099 

4 1.083      1.081      1.077       1.088  1.082  1.082 

5 1.076      1.078      1.076       1.084  1.076  1.078 

6 1.073      1.078      1.070       1.069  1.062  1.070 

centage  of  phenol  in  each  fraction  was  then  calculated 
from  the  oxygen  absorption  of  pure  phenol  and  the 
oxygen  absorption  of  the  cresol,  etc.,  in  that  fraction 
as  given  in  Table  VII.  In  Table  VIII  comparison  is 
made  of  the  percentages  of  phenol  found  in  the  ma- 
terials A,  B,  C,  D  and  E. 

(i)   By  direct  matching  of  the  fractions. 

(2)  By  calculation,  as  described,  from  the  mean 
oxygen  absorptions  of  the  cresols,  etc.,  in  the  respec- 
tive   fraction. 

These  results  are  not,  of  course,  independent,  as 
the  results  in  the  second  case  also  depend  on  the  match- 
ing experiments,  but  the  result  indicates  how  far  the 
mean  oxygen  absorption  of  the  cresols,  etc.,  in  the 
fractions  may  be  regarded  as  fixed  points,  thus  avoid- 
ing the  necessity  for  the  tedious  matching  experiments 
in  each  case  dealt  with. 

Tablb  VIII — PbrcEntagbs  Phbnoi, 

By  Direct  By 

Material  Matching  Calculation 

A 30.0 


27.7 

C 44.0 

D 20.5 

E 24.6 


30.0 
28.0 
43.9 
20.7 
24.5 


SOURCES  OF  ERROR  IN  THE  PRECEDING  WORK 

I — It  has  been  noted  that  in  the  case  of  the  higher 
boiling  fractions  better  matches  were  obtained  when 
mixtures  were  made  up  having  slightly  higher  oxygen 
absorption  than  the  fractions  to  be  matched,  and  it 
was  pointed  out  that  this  was  probably  due  to  increas- 
ing amounts  of  higher  boiling  bodies  in  these  frac- 
tions. It  would  undoubtedly  have  been  better  to  have 
taken  some  of  this  higher  boiling  material  as  well 
as  phenol  and  the  cresols  in  the  matching  experiments. 

2 — It  was  found  after  the  method  had  been  in  use 
for  some  time  that  in  practically  all  experiments  with 
crudes  a  disturbing  factor  was  present  in  the  form  of 
small  amounts  of  pyridine. 

3 — It  was  further  observed  that  crude  carbolic  acid 
tenaciously  retains  small  amounts  of  dissolved  sodium 
phenate  when  water  is  also  present.  Thus  water  is 
much  more  soluble  in  crude-tar  acids  in  presence  of 
sodium  phenate,  and,  on  the  other  hand,  sodium 
phenate  is  considerably  soluble  in  tar  acids  in  presence 
of  water.  This  sodium  phenate  remains  in  the  dis- 
tilling flask  when  the  mixture  is  distilled.  It  was 
found  necessary  to  treat  the  crude  carbolic  acid  with 
successive  washes  of  dilute  sulfuric  acid,  followed  by 
washes  of  water  to  remove  pyridine  and  decompose 
the  dissolved  sodium  phenate.  The  tur  acids  in  the 
acid  and  water  washes  were  recovered  and  rcturnt-d 
to  the  bulk. 

When  these  disturbing  factors  were  iliscovered, 
time  was  not  available  to  repeat  the  work  herein  re- 
corded, but  the  cdects  were  partially  eliminated  by 
usinK  the  constants  already  determined  on  a  scries 
uf  synthetic  mixtures  with  known  amounts  of  phenol 


and  varying  and  known  amounts  of  the  cresols  and 
higher  boiling  bodies.  In  that  way  a  correction  was 
found  to  be  applied  to  all  results  as  so  obtained. 

The  resulting  corrections  when  plotted  against  the 
percentage  of  phenol  found  gave  a  smooth  curve. 
Typical  points  from  this  curve  are  given  in  Table  IX. 

TABtE    IX 

Per  cent  Phenol  Taken 10.00     25.00     50.00     7S.00 

Found 9.62     23.98     47.50     70.54 

Correction  (per  cent) 0.38        1.02       2.50       4.46 

Duplicate  determinations  when  carried  out  with  the 
precautions  mentioned  on  the  same  sample  of  material 
gave  results  with  a  maximum  variation  of  not  more 
than  about  o.  2  to  o.  3  per  cent  and  with  the  above  cor- 
rections applied  were  not  very  much  farther  than  that 
from  the  truth. 

OXYGEN   ABSORPTION    OF    THE    FRACTIONS    OF    TAR    ACIDS 
FROM    VARIOUS   KINDS    OF    TAR 

The  method  was  also  used  to  estimate  the  phenol 
in  the  tar  acids  from  inclined  retorts,  vertical  retorts, 
blast  furnace  creosote  and  producer  gas  tar.  In 
Table  X  are  quoted  the  oxygen  absorption  of  the  frac- 
tions of  the  second  fractionation  of  these  materials. 
The  first  column  contains  results  already  given  which 
were  largely  for  the  material  from  horizontal  retorts. 
With  the  exception  of  the  first  column  the  tar  acids 
received  the  preliminary  treatment  with  dilute  sul- 
furic acid,  and  were  further  carefully  freed  from  any 
neutral  oils  by  conversion  to  phenate  and  extraction 
with  benzene,  with  all  necessary  precautions  to  re- 
cover any  phenol  which  was  so  washed  out. 

It  will  be  seen  that  these  oxygen  absorptions  all 
lie  in  much  the  same  range. 

Tablb  X — OxvoBN  Absorption  or  Fractions 

No.                                Horiiontol  Inclined  Vertical  Blast     Producer 

1 1.342  (1.288) 

2 1.293  1.293  (1.256) 

3 1.233  1.244          1.243  (1.198)       (1.187) 

4 1.188  1.202          1.201  1.175          1.195 

5 1.133  1.155         1.152  1.123         1.128 

6 1.098  1.102         1.105  1.095         1.101 

The  figures  given  in  parentheses  were  for  very  small 
fractions  which  could  not  be  handled  through  the  i3 
bulbs. 

REMARKS 

It  will  be  noted  from  the  matching  experiments  that 
the  fraction  from  igg  to  202°  always  contains  definite 
and  easily  detectable  percentages  of  phenol,  but  that 
in  the  fraction  above  202°  no  phenol  was  ever  de- 
tected. Weiss  and  Downs  also  distilled  twice,  but 
collected  only  two  fractions,  vie.,  "to  190°"  and  "190 
to  202°"  on  the  first  fractionation  while  on  the  sec- 
ond they  collected  everything  up  to  107°.  It  seems 
certain  tiiat  under  these  conditions  some  phenol 
must  have  been  left  in  the  distilling  flask,  while  some 
of  the  higher  boiling  bodies  must  have  inevitably  ap- 
peared in   the  distillate. 

Another  point  which  is  of  interest  in  connection 
with  the  work  of  Weiss  and  Downs  is  to  be  found  in 
tlic  amount  of  m-cresol  present  In  the  materials 
investigated  by  the  author  the  amount  of  M-cresol 
in  the  fractions  up  to  301°  was  invariably  far  less 
than  the  omount  of  o-crcsol  or  of  ^-cre.sol.  Thus 
from  the  figures  in  Tables  IV,  V  and  VII  the  following 
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ratios  may  be  calculated  for  the  materials  designated 
"A,"  "B"  and  "C." 

A  —  0  :  p  :  m  =  6.5:12.8.  l 

B  —  0  :  p  :  m  =  6.0:13.0:1 

C  —  o:^;w  =  8. 3:11. 5:1 

As  meta-cresol  boils  only  3°  higher  than  p-cresol,  it 
seems  certain  that  in  the  original  materials  dealt  with 
the  amount  of  /)-cresol  must  much  exceed  the  amount  of 
w-cresol.  Weiss  and  Downs  in  the  preparation  of 
their  graphs  made  up  synthetic  mixtures  in  which  the 
ratio  of  para  to  meta  was  fixed  at  about  i  :  i  and 
they  state  that  that  is  the  approximate  ratio  in  which 
they  exist  in  their  oils. 

The  question  arises  whether  their  method  would  give 
reliable  results  when  applied  to  the  tar  acids  dealt  with 
by  the  author.  In  the  present  method  such  varia- 
tion in  the  ratios  of  the  cresols  present  would  be  elim- 
inated, at  any  rate  to  a  considerable  extent,  although 
the  ratio  of  cresols  worked  with  in  the  preparations 
of  the  synthetic  mixtures  was  not  varied  as  far  as  to 
include  a  ratio,  m:  p  =  i  :  i,  so  that  definite  figures 
cannot  be  given. 

It  would  be  interesting  to  follow  up  this  and  the 
other  points  raised  at  greater  length  but  the  author 
has  not  now  access  to  the  necessary  crude  materials. 

cliemicai.  dupartmbnt.  mcglll  university 
Montreal,  Canada 

ANALYTICAL  CONTROL  OF  THE  AMMONIA  OXIDATION 

PROCESS' 

By  Guy  B.  Taylor  and   Jos.  D.  Davis 
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In  the  manufacture  of  nitric  acid  from  ammonia,  a 
mixture  of  air  and  ammonia  gas  is  passed  over  a  suit- 
able catalytic  material  heated  to  temperatures  above 
red  heat.     Two  reactions  occur: 

4  NHs  +  s  02  =  4  N0-f6  H2O  d) 

4  NH3  +  3  02  =  2  N2  +  6  HjO  (2) 

It  has  been  suggested  that  reaction  (2)  may  come 
about  by  means  of  the  intermediate  reaction,^ 

4  NH3  +  6  N0  =  5  N2  +  6  H2O.  (3) 

In  testing  out  a  particular  type  of  commercial 
oxidizer,  the  authors  believe  they  have  found  evidence 
that  under  certain  conditions  this  reaction  does  occur. 
The  oxidizer  in  question  was  so  constructed  that  the 
burned  gases  remained  hot  for  some  time.  Further, 
there  was  irregular  local  cooling  of  the  catalyst  due  to 
eddy  currents  in  the  burned  gases.  Consequently, 
there  must  have  been  considerable  ammonia  passing 
such  points  unburned.  In  fact,  analysis  of  samples 
taken  from  points  near  the  cold  spots  showed  ammonia 
while  in  samples  taken  outside  the  catalyst  chamber 
the  ammonia  content  was  very  low.  The  authors  believe 
that  most  of  the  NHs  passing  through  the  cold  spots 
was  subsequently  "burned"  by  the  hot  NO.  Results 
with  this  apparatus  were  uniformly  about  10  per  cent 
lower  than  those  obtained  with  the  same  lot  of  cata- 
lytic material  in  a  differently  constructed  oxidizer. 

The  nitric  oxide  is  converted  into  nitric  acid  by 
passing  the  gases  through  suitable  absorption  towers, 

'  Published  by  permission  of  Director  of  U.  S.  Bureau  of  Mines. 
»  Rcinders  and  Cats.  Chem.  Weekblad.  9  (1912),  47-58. 


much  the  same  as  in  the  arc  process  of  direct  fixation  of 
atmospheric  nitrogen. 

The  efficiency  of  an  ammonia  converter  depends  upon 
establishing  conditions  favorable  to  reaction  (i)  and 
suppressing  as  far  as  possible  reaction  (2).  If  the  ulti- 
mate product  desired  is  nitric  acid,  little  or  no  free 
ammonia  should  be  allowed  to  pass  the  converter  un- 
changed. 

In  order  to  test  the  efficiency  of  conversion,  analyses 
of  the  entering  ammonia-air  mixture  and  the  exit  nitrose 
gases  must  be  made.  The  former  offers  no  special  dif- 
ficulties but  the  nature  of  the  acid  gas  creates  a  special 
problem.  As  soon  as  the  gas  sample  cools,  the  nitric 
oxide  begins  to  react  with  the  excess  oxygen  present  to 
form  NO2,  which  partially  dissolves  in  the  condensed 
water,  so  that  the  gas  taken  into  any  sampling  device 
consists  of  a  mixture  of  nitrogen,  oxygen,  and  nitrogen 
oxides  of  indeterminate  molecular  species. 

The  principle  upon  which  the  efficiency  calculation  is 
based  is  as  follows:  the  ratio  of  the  nitrogen  combined 
as  ammonia  to  total  nitrogen  in  the  intake  gas  is  equal 
to  the  ratio  of  the  nitrogen  derived  from  the  ammonia 
to  total  nitrogen  in  the  exit  gas. 
Let  a  =  nitrogen  combined  as  NH3  1  in  the  air-ammonia 

6  =  free  nitrogen  J  sample 

and  c  =  nitrogen  combined  as  nitrogen  oxides  ]     .       , 
d  =free  nitrogen  ' 


/  =  nitrogen  combined  as  ammonia  escap- 


exit  gas 
sample 


ing  oxidation 

The  nitrogen  in  each  sample  must  of  course  be  ex- 
pressed in  terms  of  the  same  unit.     Then 

^         =    c  +  f  +  X 
a  +  b  c  +  d  +  f 

where  x  is  the  free  nitrogen  derived  from  the  reaction 
expressed  by  Equation  (2).  The  efficiency  is  then 
expressed  by  the  relation 

~— '-—  =  Yield  (4) 

c  +  J  +  X 

or,  substituting  the  value  of  x  from  (3), 
cia  +  b) 


X  100  =  Per  cent  Yield. 
a{c  +  d+  f) 

EXPERIMENTAL    METHODS 


(s) 


In  the  course  of  some  experiments  on  ammonia 
oxidation,  several  methods  of  procedure  were  developed: 

METHOD  I — The  apparatus  is  sketched  in  Fig.  I.  Air 
was  passed  through  the  meter  A,  the  water  seal  and 
pressure  gauge  B,  and  the  bottles  C  containing  am- 
monia liquor  (7  to  8  per  cent  NH3).  The  ammonia- 
air  mixture  passed  over  the  catalyzer  in  D  and  the  acid 
gases  out  through  E. 

The  tubes  H  H',  capacity  about  1200  cc,  were  filled 
with  water.  K  contained  20  cc.  iV/s  H2S04  and  K' 
15  cc.  N/2  NaOH  plus  3  cc.  of  3  per  cent  hydrogen 
peroxide. 

The  ammonia-air  sample  was  drawn  through  K  by 
allowing  a  measured  volume  of  water  to  flow  from  H. 
Before  drawing  the  acid  sample  the  air  in  K'  was  dis- 
placed by  pure  oxygen  passing  in  at  G  and  out  at  F. 
The  two  samples  were  then  drawn  simultaneously  so 
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that  about  one  liter  of  gas  was  taken  into  each  sample 
in  about  one  hour.  The  excess  acid  in  K  was  titrated 
with  N / $  alkali  for  the  determination  of  the  value  of  a. 
The  gas  in  K"  was  displaced  with  oxygen  into  H', 
noting  the  total  volume  of  water  drawn  therefrom. 
The  two  tubes  H  H'  were  then  detached  and  immersed 
in  a  large  tank  of  water,  a  manometer  attached  and  the 
temperature  and  pressure  noted.  The  gas  in  H'  was 
analyzed  for  nitrogen  by  absorbing  the  oxygen  in  alka- 
line pyrogallol.  The  composition  of  the  air  in  H  was 
taken  as  79  per  cent  nitrogen.  This  furnished  the  data 
necessary  for  the  calculation  of  the  values  b  and  d. 

For  determination  of  the  value  c  the  contents  of  K" 
were  washed  into  a  small  Erlenmeyer  flask  and  boiled 
for  about  5  minutes,  then  thoroughly  cooled  and  the 
excess  alkali  titrated  with  N / s  NaOH,'  methyl  orange 
indicator  and  a  companion  flask.  The  nitrite  present 
tended  to  destroy  the  indicator  in  acid  solution,  turning 
the  color  a  permanent  yellow,  unaffected  by  either  acids 
or  alkalies.  By  taking  care  not  to  run  over  the  end- 
point,  noting  the  first  change  in  shade  from  the  color  of 
the  companion  flask,  this  titration  was  accurate  and 
satisfactory.  The  boiling  and  cooling  was  found  to  be 
absolutely  necessary  in  order  to  recognize  the  end-point 
at_all.  Carpenter'  condemned  the  alkali  H2O2  reagent 
for  absorbing  nitrous  gases  on  account  of  the  difficulty 


Via.  I — Analttical  Contkol  op  Auhonia  Oxidation 

of^^the  end-point  and  proposed  the  use  of  a  solution  of 
hydrogen  peroxide  alone,  but  we  have  not  found  it  as 
efficient  as  the  alkali,  when  the  gas  is  bubbled  through  it. 

When  methyl  red  or  sodium  alizarine  sulfonate  is 
used  as  an  indicator,  the  boiling  is  not  necessary,  both 
indicators  working  fairly  well  in  the  presence  of  nitrites. 
Sodium  alizarine  sulfonate  is  rather  the  better  indicator 
to  use,  being  more  sensitive.  Methyl  red  is  destroyed 
to  some  extent  by  the  nitrite  but  the  end-point  is  suf- 
ficiently sharp  even  when  iV/io  solutions  are  used. 

Since  no  appreciable  ammonia  escaped  oxidation  in 
tests  where  this  method  was  used,  the  value  of /is  zero. 
The  absorption  of  the  acid  in  K'  was  practically  com- 
plete. The  water  drawn  from  H'  was  never  acid  and 
that  remaining  in  the  tube  was  titrated  after  shaking 
when  especial  accuracy  was  required.  This  rarely  in- 
creased the  value  of  c  more  than  one  per  cent. 

MKTiioD  II—  This  method  was  essentially  the  same  as 
Method  I,  except  that  the  nitrogen-oxygen  mixture, 
after  absorption  of  the  acid,  was  drawn  over  hot  copper 
to  remove  the  oxygen,  thus  eliminating  the  analysis  of 
the  gas  collected  in  //'.  A  small  Meyer  sulfur  bulii  was 
useil  as  nn  absorber  and  n  .(-liter  aspirator  l>olllc  sub- 
stituted for  //',  Fig.  I. 

>  "Not*  OD  Soma  Comllllon  AIT(C(in|  the  Oildallon  of  Nltroui  Arid 
to  Nitric  Add,"  J   Sot.  Clum.  Int..  I  (1886).  2tM. 


The  above  methods  were  especially  useful  in  small 
scale  experiments  where  sampling  into  evacuated  bottles 
as  described  below  would  have  seriously  interfered  with 
the  constancy  of  the  gas  flow  through  the  catalyzer 
tube. 

METHOD  III — For  larger  scale  experiments  samples 
taken  into  evacuated  bottles  have  been  found  con- 
venient. This  is  the  only  method  permitting  deter- 
mination of  the  ammonia  escaping  oxidation,/.  Bottles 
of  known  volume,  i  to  2.5  liters  capacity,  were  provided 
with  single  capillary  stopcocks  and  evacuated  to  less 
than  2  mm.  pressure.  Ground  glass  stoppers  were  more 
satisfactory  but  soft  rubber  stoppers  served  well 
enough  when  the  samples  were  drawn  immediately 
after  evacuating. 

Sufficient  iV/5  HjSOi  was  admitted  to  the  ammonia 
sample  and  a  measured  volume  of  water,  after  absorbing 
the  ammonia,  until  the  residual  air  was  at  atmospheric 
pressure. 

Enough  condensation  occurred  in  the  acid  sample  to 
permit  sucking  in  a  measured  volume  of  water  contain- 
ing hydrogen  peroxide  to  absorb  the  acid  fumes.  The 
volume  of  the  bottle  minus  that  of  solution  introduced 
gave  the  volume  of  the  oxygen-nitrogen  gas  which,  to- 
gether with  its  analysis,  furnished  the  necessary  data 
for  calculating  the  free  nitrogen.  The  acid  solution  was 
titrated  with  A'^/5  NaOH  for  free  acid  and  then  distilled 
with  caustic  into  iV/'s  H.SOi  for  determination  of  am- 
monia /.  Since  this  ammonia  was  present  as  nitrate, 
its  equivalent  was  added  to  the  free  acid  already  found 
for  the  calculation  of  c.  While  this  method  requires 
rather  more  manipulative  skill  than  the  average  works 
chemist  possesses,  the  authors  consider  it  the  best 
available  and  have  used  it  quite  extensively  for  control 
work  with  very  satisfactory  results.  Duplicate  de- 
terminations on  samples  taken  at  the  same  instant 
should  agree  within  i  per  cent,  but  in  practice  agree- 
ment so  close  will  hardly  be  consistently  obtained  un- 
less the  gas  flow  is  very  uniform.  It  is  desirable  to 
check  the  analysis  method  and  the  standard  solution 
used  by  the  analysis  of  gas  samples  containing  a  known 
amount  of  nitric  oxide.  The  NO  required  may  be  con- 
veniently prepared  by  means  of  a  nitrometer. 

It  is  often  desirable  to  know  whether  or  not  there  has 
been  a  leak  between  the  point  where  the  NHj  sample 
was  taken  and  the  point  where  the  nitrous  gnscs  were 
sampled.  To  determine  this  it  is  only  necessary  to 
measure  the  amount  of  oxygen  admitted  to  the  sample 
of  nitrous  gases  and  use  water  to  which  a  known  amount 
of  standard  HjO,  has  been  added  for  absorption.  AH 
the  combined  nitrogen  in  the  sample  will  now  be  present 
as  nitric  acid.  After  the  excess  oxygen  gas  has  been 
determined  the  liquid  is  divided  into  two  parts.  In  one 
part  the  acid  is  dolertnined  by  titration  with  standard 
alkali  and  in  the  other  jiart  the  excess  HtOi  is  deter- 
mined by  lilrution  with  permanganate.  The  oxyncn 
used  is  now  known  and  the  amount  required  for  the 
oxidation  of  the  ammonia  converted  may  be  calculolcd, 
any  excess  being  duo  to  leakage.  Obviously,  the  yield 
may  be  calculated  from  a  knowledge  of  the  relation  of 
combined  nitrogen  to  oxygen  in  both  the  NHj  air  sample 
and  the  sample  of  nitrous  gas.     A  few  such  calculations 
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were  made  with  results  agreeing  fairly  well  with  those 
by  the  regular  method  of  calculation. 

The  vacuum  method  offers  a  convenient  means  of 
following  the  reactions  in  an  absorption  system;  for 
example,  it  is  a  simple  matter  to  determine  the  efficiency 
of  a  given  tower  by  sampling  and  analyzing  the  gas  on 
both  sides  of  it.  Ordinarily  the  leakage  will  not  be 
great  enough  to  interfere. 

OTHER  METHODS — Analysis  of  the  ammonia-air  intake 
gas  may  be  made  by  ordinary  gas  analysis  methods  by 
taking  proper  precautions.  In  common  gas  analysis 
practice  it  is  customary  to  make  all  volume  readings 
with  the  gas  saturated  with  water  vapor.  When  mer- 
cury is  used  as  a  confining  liquid,  the  walls  of  the 
burette  are  always  kept  wet.  This  precaution  is  essen- 
tial because  of  the  very  different  vapor  pressures  of  the 
solutions  used  as  selective  absorbents. 

In  dealing  with  ammonia  gas  it  is  obviously  necessary 
to  have  the  walls  of  the  burette  dry  and  to  absorb  the 
ammonia  in  a  reagent  whose  vapor  tension  is  equal  to 
the  partial  pressure  of  the  water  vapor  in  the  sample. 
Now  this  result  is  accomplished  if  the  gas  is  thoroughly 
dried  and  the  absorption  made  in  a  reagent  whose 
vapor  tension  is  practically  zero. 

The  apparatus  employed  consisted  of  a  special  bulb 
form  of  compensated  burette  with  graduations  extend- 
ing from  140  to  165  cc,  easily  readable  to  ='=0.02  cc. 
Clean,  dry  mercury  was  used  as  a  confining  liquid  and 
the  ammonia  was  absorbed  in  concentrated  sulfuric 
acid.  The  sample  was  introduced  into  the  burette 
through  a  U-tube  filled  with  pieces  of  solid  potassium 
hydroxide,  which  thoroughly  dried  it. 

This  method  proved  very  satisfactory  in  practice, 
and  checked  the  vacuum  bottle  method.  Its  advantages 
are  ease  of  manipulation  and  simplifying  of  the  calcula- 
tion, since  no  temperature  or  barometer  observations 
are  required  and  no  titrations  are  made.  The  calcu- 
lation follows: 

a  =  contraction  in  volume  of  the  sample 
6  =  volume  after  contraction  X0.79  X2. 

An  equally  simple  method  suggested  itself  for  analysis 
of  the  nitrous  gases.  It  was  thought  that  a  sample  of 
the  nitrous  gases  drawn  into  a  nitrometer  containing 
mercury  and  sulfuric  acid,  and  then  shaken,  would 
convert  all  the  nitrogen  oxides  to  NO  and  cause  the 
excess  oxygen  to  disappear.  Analysis  of  the  remaining 
mixture  of  nitrogen  and  nitric  oxide  would  give  the 
values  for  c  and  d  in  volumes  as  in  the  burette  method 
for  the  NHj-air  mixture. 

In  experiments  with  this  method  it  was  found  that  a 
concentrated  solution  of  chromic  acid'  rapidly  absorbed 
NO  and  effected  quantitative  separation  of  this  gas 
from  artificially  prepared  mixtures  of  nitrogen  and 
nitric  oxide.  When  the  method  was  applied  to  the 
nitrous  gases  the  results  were  always  low.  A  series  of 
experiments  was  then  made  by  introducing  a  measured 
volume  of  air  into  the  decomposition  bulb  of  a  duPont 
nitrometer  and  adding  a  known  quantity  of  nitric  acid 
dissolved  in  concentrated  sulfuric  acid.  After  shaking 
several  minutes  the  residual  gas  was  measured,  trans- 
ferred to  a  gas  analysis  burette  and  the  NO  absorbed 

'  Bohmer.  Z.  anal.  Chem..  21  (1882).  212. 


by  passing  into  a  pipette  containing  the  chromic  acid 
reagent.  Mercury  was  used  as  a  confining  liquid  and 
the  walls  of  the  burette  were  kept  wet.  The  results  in 
every  case  showed  that  the  residual  gas  measured  cor- 
responded to  that  calculated,  assuming  disappearance 
of  the  oxygen  in  the  volume  of  air  used  and  evolution 
of  nitric  oxide  from  the  nitric  acid  introduced.  How- 
ever, analysis  of  this  gas  always  showed  a  considerably 
less  percentage  of  NO  than  that  calculated  as  well  as  a 
small  amount  of  oxygen  as  determined  by  absorption  in 
alkaline  pyrogallol.  Evolution  of  the  NO  in  the  nitrom- 
eter bulb  in  the  presence  of  nitrogen  instead  of  air 
gave  more  nearly  the  correct  percentage  of  NO  in  the 
residual  gas.  In  view  of  these  results  the  nitrometer 
method  appeared  unavailable. 

A  second  method  for  eliminating  titrations  was  de- 
vised. Fig  II  shows  the  essential  details  of  the  appa- 
ratus. The  ammonia  air  sample  is  drawn  into  the  gas 
burette  (2)  through  the  drying  tube  (i)  containing  pieces 
of  solid  potassium  hydroxide.  Burette  (2)  is  provided 
with  a  right  angle  two-way  stopcock  at  the  top  and  a 
leveling  tube  below  not  shown  in  figure.    It  is  filled  with 


Fig.  II — Analytical  Control  of  Ammonia  Oxidation 


dry  mercury.  Bulb  (3)  is  detached  from  the  apparatus 
and  completely  filled  with  water  containing  hydrogen 
peroxide  and  indicator.'  A  small  leveling  bottle  is 
attached  by  means  of  a  flexible  rubber  tube  at  the  bot- 
tom. About  10  cc.  of  pure  oxygen,  which  need  not  be 
measured,  are  introduced  into  the  bulb  through  one 
branch  of  the  T  tube.  The  nitrous  gases  are  then 
drawn  from  the  oxidizer  into  the  bulb  through  the  same 
tube  by  allowing  70  to  80  cc.  of  water  to  run  out  into 
the  leveling  bottle.  This  can  be  done  without  loss  of 
acid  since  the  indicator  shows  plainly  the  diffusion  of 
any  acid  through  the  water  while  the  sample  is  being 
taken.  The  bulb  is  then  shaken  until  all  the  nitrogen 
oxides  are  absorbed.  It  is  then  restored  to  its  position 
(Fig.  II)  and  the  residual  gas  transferred  to  the  mercury- 
filled  burette  (5).  The  walls  of  this  burette  are  kept 
wet.  The  gas  is  now  passed  into  alkaline  pyrogallol  in 
the  Williams  pipette  (4),  the  residual  nitrogen  brought 
back  into  the  burette  and  measured.  This  volume  is 
called  d,  and  is  discarded.    The  ammonia  sample  in  (2)  is 

^  Methyl  red  or  sodium  iiltzarinc  sulfonate. 
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now  bubbled  slowly  into  the  acid  liquid  in  (3)  until 
neutral,  noting  the  volume  required.  The  air  from  (3) 
is  measured  in  burette  (5)  and  this  volume  multiplied 
by  0.79  corresponds  to  the  nitrogen  volume  b. 

In  calculating  the  yield  by  the  general  formula 
c{a  +  h) 
a{c  +d  +  /)' 
neglecting  /,  since  by  the  above  procedure  a  and  c  are 
equal,  we  have 

a  +  b 
a  +  d' 
The  volume  of  dry  gas  introduced  from  (2)  into  (3) 
corrected  to  moisture  saturation,  minus  the  volume  of 
air  measured,  gives  the  volume  of  ammonia.  This 
volume  must  be  divided  by  two  to  obtain  the  cor- 
responding volume  of  nitrogen,  a,  to  be  applied  in  the 
formula.  When  the  yield  is  known  to  be  in  the  neigh- 
borhood of  go  per  cent  approximate  results  may  be 
obtained  by  simple  division  of  the  measured  nitrogen 
volumes,  i.  e.,  b/d. 

While  the  method  has  not  been  thoroughly  tested 
experimentally,  it  is  presented  here  because  the  prin- 
ciple involved  offers  possibilities  for  development  of  a 
rapid  method  of  works  control. 

DISCUSSION 

It  was  realized  at  the  beginning  of  this  investigation 
that  no  method  of  determining  the  efficiency  of  an  in- 
dustrial process  appeals  to  a  manufacturer  more  than 
pounds  put  in  to  pounds  taken  out.  In  order  to  put 
our  analytical  results  upon  an  unquestionable  founda- 
tion, the  method  was  checked  by  experiments  in  which 
the  ammonia  input  was  determined  by  weight  and  the 
total  acid  produced  absorbed. 

These  experiments  were  carried  out  as  follows:  two 
tared  flasks  containing  a  known  weight  of  carefully 
analyzed  ammonia  solution  were  connected  in  series  so 
that  air  could  be  blown  through  them,  the  air-ammonia 
mixture  passing  over  a  catalyzer  in  a  glass  tube.  The 
acid  gases  were  absorbed  in  a  series  of  wash  bottles 
containing  water  and  finally  in  the  last  ones  10  per  cent 
NaOH  solution.  The  ammonia  was  determined  by 
weighing  the  flasks  and  re-analyzing;  the  acid,  by  titrat- 
ing the  HNOj  absorbed  in  the  water  and  analyzing  the 
alkaline  solutions  for  nitrate  and  nitrite.  Although  the 
absorption  system  was  quite  elaborate  some  acid  passed 
through  unabsorbed.  This  was  estimated  by  frequent 
samples  of  the  issuing  gas.  Method  II  was  used  for 
checking  the  above  outlined  procedure  because  the  time 
in  drawing  the  samples  could  be  made  to  coincide  more 
nearly  with  the  length  of  the  run.    The  results  follow: 
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There  is  no  doubt  in  our  minds  that  the  analysis 
method  gives  tlic  true  cfliciency  of  conversion.  The 
complete  absorption  of  the  acid  koscs  was  exceedingly 
difTicult  and  losses  tiiiduuhtcilly  occurred  through  leaks 
at   rubber  connections.     These  facts  account  for  the 


slightly  lower  results  of  the  total  absorption  method. 
Had  we  cared  to  elaborate  the  train,  no  doubt  all  the 
acid  could  have  been  absorbed  and  the  agreement  would 
have  been  better. 

In  a  recently  published  article  Fox^  has  raised  the 
question  of  possible  oxidation  of  ammonia  to  ammonium 
nitrite  by  hydrogen  peroxide.  This  point  was  carefully 
tested  in  a  number  of  experiments  and  no  evidence  se- 
cured of  any  such  oxidation  in  significant  quantity  under 
the  conditions  obtaining  in  the  above  outlined  proce- 
dures.   The  following  experiment  seems  to  be  conclusive. 

A  sample  of  the  nitrose  gases  was  drawn  into  a  2 -liter 
evacuated  bottle  from  an  experimental  converter  run- 
ning at  low  velocity  so  that  no  unchanged  ammonia 
passed  the  catalyzer.  A  solution  containing  40  cc. 
N/s  NaOH,  15  cc.  3  per  cent  hydrogen  peroxide  and 
3.5  cc.  N/s  NH4OH  was  introduced  into  the  bottle 
immediately,  followed  by  100  cc.  distilled  water.  The 
NaOH  was  in  excess  of  that  needed  to  neutralize  the 
acid  present.  After  vigorous  shaking  the  bottle  was 
allowed  to  stand  several  minutes.  Then  an  excess  of 
N/i  HoSO*  was  added  to  fix  the  ammonia.  The  con- 
tents of  the  bottle  were  transferred  to  a  Kjeldahl  distilla- 
tion apparatus,  made  alkaline  with  NaOH,  and  the 
ammonia  distilled  into  N/5  acid.  Exactly  that  amount 
of  ammonia  taken  was  recovered.  No  ammonia  was 
oxidized. 

We  have  further  evidence  pointing  to  the  fad  that 
under  the  conditions  of  analysis  the  use  of  HjOj  in 
alkaline  solution  does  not  affect  the  accuracy  of  the 
results  by  oxidation  of  NHi  to  nitrite. 

Two  chemists  using  the  vacuum  method  described 
above  made  a  number  of  analyses  of  parallel  samples, 
one  using  alkali  with  HjOt  and  the  other  using  water 
with  H202  for  absorbing  the  nitrous  gases.  The  results 
agreed  very  well,  showing  that  there  could  not  have 
been  appreciable  oxidation  of  NHj  by  HjOj  in  alkaline 
solutions. 

Moreover,  Hoppe-Seyler'  found  no  evidence  of  oxida- 
tion of  ammonia  in  solutions  of  ammonia,  or  am- 
monium carbonate,  or  when  a  fixed  alkali  was  present, 
by  dilute  hydrogen  peroxide  on  24  hrs.  standing.  It 
was  necessary  to  concentrate  such  solutions  by  evapora- 
tion to  small  volume  before  nitrite  could  be  detected 
by  colori metric  methods.  The  statements  of  Sch6n- 
bein,  Wcith,  and  Wcbcr'  are  not  to  be  taken  to  mean 
that  ammonia  is  oxidized  by  hydrogen  peroxide  "abun- 
dantly" under  all  conditions. 

Fox's,*  analytical  method  is  based  on  the  assumption 
that  NO  in  the  presence  of  an  excess  of  oxygen  reacts 
immediately  to  NOt  (or  N1O4).  It  has  been  shown 
by  a  number  of  investigations*  that  the  reaction 
2  NO  +  Oi  "^~^  3  NOt  occurs  in  measurable  time  and 
that  a  mixture  of  NOi  and  NO  behaves  toward  alkali  as 
N|Oi,  being  rapidly  absorbed  as  nitrite.  In  Fox's 
method    all    the    acid    would    bo   absorbed    but   it   is 

'  Tiim  JounNAi..  •  (1117),  7.17-41. 

•  lirt..  !•  (1811,1).  1<I|7-I4. 

•  Ihld..  T  (1874).  I74J, 

•  /.....  r.7 

>  llolwnh.  /.  «ii(np  Clum  .  tt  (I''>'m.  .'KI.  i.<-  iiUn.-  /  tutt  .  tt 
(1-MV.).  .141,  Potnlrt  rtnii  Koch.  X  <■■(>*.  Cktm..  tl  (1908),  2161  and  7209. 
I'omlcr  itn.l  nilch.  II>H..  U  (1410).  2017. 
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extremely  doubtful  that  the  NO  could  go  completely  to 
NO2  in  his  apparatus,  in  which  case  results  calculated 
by  the  formula  given  would  be  too  low. 
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A  VOLUMETRIC  METHOD    FOR  THE  DETERMINATION 
OF  FORMIC  ACID    OR   FORMATES    IN   THE 
PRESENCE  OF  HYDROXIDES,  CARBON- 
ATES, OXALATES  AND  ACETATES 
By  F.  TsiRoriNAs 
Received  August  16.  1917 

This  method  is  based  upon  the  well-known  fact  that 
formic  acid  is  quantitatively  oxidized  to  carbon  dioxide 
by  chromic  acid  in  boiling  solution,  and  that  therefore 
every  44  parts  by  weight  of  carbon  dioxide  correspond 
to  46  parts  of  formic  acid  according  to  the  equation, 
aCrOs  +  3HCOOH  =  CroOa  +  3H2O  +  3CO2. 
APPARATUS — The  accompanying  sketch  shows  the 
arrangement  of  the  apparatus  used:  A  is  an  Erlen- 
meyer  flask  of  resistant  glass  with  a  capacity  of  about 
500  cc;  B  is  a  thermometer  for  the  control  of  the 
temperature  of  the  contents  of  the  flask;  C  is  a  is-in. 
Liebig  reflux  condenser,  for  the 
condensation  of  the  vapors  pro- 
duced during  the  boiling  of  the 
liquid  and  is  connected  by  means 
of  a  glass  tube  and  heavy  rubber 
tubing  to  D,  the  gas  collector. 
The  latter  consists  of  a  glass 
tube,  about  1.5  in.  in  diameter, 
having  a  capacity  of  approximately 
600  cc.  and  is  graduated  in  cc.'s; 
connected  to  this  gas  collector  by 
means  of  a  rubber  tube  is  the 
reservoir  E,  by  means  of  which 
the  air  in  the  collector  may  be 
discharged  and  the  water  level 
obtained,  when  the  CO2  gas  has  been  collected  in 
the  graduated  tube.  To  prevent  the  absorption  of 
gas  by  the  water  used  for  leveling  purposes,  a  i-in. 
layer  of  paraffin  oil   is    floated  upon  the  surface. 

REAGENT — 50  g.  of  C.  P.  sodium  bichromate  are 
dissolved  in  500  cc.  of  distilled  water,  80  cc.  of  C.  P. 
concentrated  sulfuric  acid  added  and  the  liquid  boiled 
for  5  minutes  to  expel  all  dissolved  gases;  then  it  is 
allowed  to  cool  to  room  temperature. 

PROCEDURE  (i) — In  the  absence  of  other  substances 
which  give  CO2  when  boiled  with  chromic  acid,  the 
procedure  is  as  follows:  A  solution  is  prepared,  so 
that  50  cc.  of  the  same  will  contain  from  0.5  to  i.o  g. 
of  formic  acid;  50  cc.  of  this  solution  are  emptied  by 
means  of  a  pipette  into  the  clean  Erlenmeyer  flask 
and  if  alkaline,  2  to  3  drops  of  methyl  orange  are  added, 
and  the  solution  made  acid  with  dilute  sulfuric  acid 
(i  :   i);    400  cc.  of    the    chromate    solution    are    now 


F, 


added  and  the  flask  attached  to  the  condenser;  the 
stopper  at  the  top  of  the  condenser  is  removed  and 
the  reservoir  raised  until  the  graduated  tube  is  filled 
to  the  zero  mark.  The  stopper  is  now  firmly  replaced 
and  a  reading  is  made  upon  the  graduated  tube  for 
correction  of  the  air  displaced  by  the  stopper.  The 
reservoir  is  then  lowered  and  observation  is  made  to 
assure  that  the  apparatus  is  air-tight.  If  no  leakage  is 
observed,  the  reservoir  is  again  raised  to  a  level  slightly 
below  that  of  the  liquid  in  the  collector,  the  cooling  water 
turned  on,  and  the  contents  of  the  flask  are  heated  to 
boiling.  As  the  gas  collects,  the  reservoir  is  lowered 
from  time  to  time  so  that  atmospheric  pressure  is 
maintained.  The  boiling  is  continued  until  the  volume 
of  the  gas  is  practically  constant,  which  requires  from 
15  to  20  minutes.  The  flame  is  now  removed  and  the 
flask  placed  in  a  water  bath  and  cooled  until  the 
temperature  is  reduced  to  that  at  which  the  operation 
was  started;  the  reservoir  is  brought  to  the  same  level  as 
the  liquid  in  the  collector  and  the  volume  of  the  gas 
noted.  A  correction  is  made  for  the  air  displaced 
by  the  stopper  at  the  beginning  of  the  operation  and 
atmospheric  pressure  and  room  temperature  are  re- 
corded. The  volume  of  the  gas  must  now  be  reduced 
to  normal  barometric  pressure  and  a  temperature  of 
0°  C.  according  to  the  following  well-known  formula, 
V(C  —  h) 
760  (i  -\-  at)' 

where  Vi  =  reduced  volume,  V  =  volume  actually 
found,  C  =  barometric  pressure,  /;  =  tension  of  water 
vapor  at  temperature  t,  a  =  0.00366,  and  t  =  room 
temperature. 

Taking  the  results  of  Guye,  the  weight  of  i  cc.  of 
CO2  gas  at  760  mm.  and  at  0°  C.  is  0.0019768  g.  There- 
fore, the  number  of  cc.  multiplied  by  0.0019768  gives 
the  weight  of  carbonic  acid  gas  generated.  This 
result  calculated  to  100  g.  of  material  and  multiplied 
by  46/44,  or  1.04545,  will  give  the  percentage  of  formic 
acid. 

Trial  experiments  with  known  quantities  of  C.  P. 
sodium  formate  (recrystallized  from  alcohol)  gave  the 
following  results: 

(0.5  Gram  Sodium  Formate  Used  in  Each  Case) 
Cc.  OF  CO; 

Pressure      Generated       HCOONa  Difference 
Temp.  "  C.        Mm.     Actual  Corrected      Found  Gram 

23°  C.  747  187  163.1  0.4988  — 0.0012 

21"  C.  743  185  163.7  0.5001  +0.0001 

26 »  C.  743          188         162.2         0.49SS  — 0.004S 

27°  C.  743  190  163.0         0.4979  —0.0021 

PROCEDURE  (2) — In  the  presence  of  carbonates, 
bicarbonates,  oxalates  and  acetates,  the  following 
procedure  is  to  be  followed:  take  sufficient  material 
that  the  formic  acid  content  will  range  between  2.5  and 
5.0  g.  Dissolve  in  50  cc.  of  water,  boil  a  few  minutes, 
make  alkaline  with  NaOH  if  bicarbonates  are  present 
and  add  a  10  per  cent  solution  of  calcium  chloride  in 
sufficient  quantity  to  precipitate  all  of  the  carbonates 
and  oxalates.  Allow  the  precipitate  to  settle,  filter 
into  a  250  cc.  graduated  flask,  wash  thoroughly  with 
boiling  water,  cool  to  room  temperature  and  fill  to  the 
mark.  Take  50  cc.  of  the  filtrate  and  proceed  as 
directed  under  Procedure  (i).  Trial  experiments  with 
known  quantities  of  C.  P.  sodium  formate  mixed  with 
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different  quantities  of  sodium  carbonate,  oxalate  and 
acetate  (which  is  not  oxidized  by  the  chromate  solu- 
tion) gave  the  following  results: 

(0.5  Gram  Sodium  Formate  Used  in  Each  Case) 


Cc.  OF 

CO, 

ressur 

e       Generated 

HCOONa 

Difference 

Mm. 

Actual 

Corrected   Found 

Gram 

739 

186 

162.9 

0.4976 

—0.0024 

739 

188 

162.2 

0.4955 

—0.0045 

737 

184 

163.9 

0.5005 

+  0,0005 

737 

183 

163.0 

0.4979 

—0.0021 

748 

190 

163.2 

0.4985 

—0.0015 

748 

189 

163.3 

0.4989 

— O.OOII 

746 

180 

163.8 

0.5004 

+  0.0004 

746 

183 

163.4 

0.4974 
0. 

—0.0026 
4982 

SUMMARY 

I — From  the  above  results  it  can  be  seen  that  this 
method  is  an  accurate  and  reliable  one  for  the  technical 
determination  of  formic  acid  or  formates  in  the 
presence  of  carbonates,  oxalates  and  acetates. 

II — An  added  advantage  is  that  the  time  required 
for  an  analysis  does  not  exceed  one  hour  and,  further- 
more, it  requires  but  little  attention;  and  preparations 
for  subsequent  determinations  can  be  made  during  the 
intervening  time. 

NOTE — Thorpe  in  his  "Dictionary  of  Applied  Chem- 
istry" calls  attention  to  a  method  devised  by  Rupp  and 
published  in  the  Archiv.  der  Pliarmazie,  243,  69  for  the 
determination  of  formates.  Rupp  uses  sodium  hypo- 
bromite  as  the  oxidizing  agent  and  not  potassium 
bichromate,  as  stated  by  Thorpe. 

Industriai,  Chemical  Institute  op  Milwaukee 
Milwaukee.  Wisconsin 


A  STUDY  OF  THE  ESTIMATION  OF  FAT  IN  CON- 
DENSED MILK  AND  MILK  POWDERS' 

By    C.    II.    IllUSTl-KFKI.l)    AND    O.    L.    EvKNSON 

It  was  found  by  Rose^  that,  if  whole  milk  was 
treated  with  ammonia  and  alcohol,  the  casein  was 
dissolved  to  such  an  extent  that  the  fat  could  be  re- 
moved quantitatively  by  a  mixture  of  equal  volumes 
of  ethyl  and  petroleum  ethers.  Subsequently,  E. 
Gottlieb''  failed  to  corroborate  the  results  of  Rose, 
but  found  that  if  he  extracted,  after  the  treatment 
with  ammonia  and  alcohol,  first  with  ethyl  ether  and 
then  with  petroleum  ether,  he  was  able  to  obtain  more 
accurate  results  than  he  could  by  the  procedure  out- 
lined by  Rose.  Harding  and  Parkin*  claim  that  re- 
sults from  the  application  of  the  Rose-Gottlieb  pro- 
cedure to  evaporated  milk  or  milk  powders  show  that 
the  fat  is  not  completely  extracted.  For  the  fat 
determination  in  evaporated  milk  they  proposed  to 
dissolve  the  protein  in  acetic  acid  and  the  fat  in  a 
mixture  of  alcohol  and  carbon  tetrachloride  before 
extracting  the  fat  with  petroleum  ether.  During 
shaking  and  ccnlrifuging,  riil)ber  stoppers  wore  used 
in  contact  with  the  solvents.  The  action  of  the 
solvents  on  the  rubber  stoppers  would  seem  to  be  the 
cause  of  the  higher  results  obtained  by  Harding  and 
Parkin   when  the  fat  was  cxtrncled  by  the  procedure 

■  I'ubllahril  hy  pcrmlulon  o(  the  Srcrctitry  o(  Afrlcullun.  PrcKiilril 
a(  the  54tli  Mrrtinn  n(  llie  Alnericnn  I'licnilml  Sorlrly  In  Kahuu  Clly. 
Mo..  April  II)  In  14.   I'll; 

•  Z.  antiw   Chrm  .  ISU.  IIX). 

•  Ijnidvi.  Vtr.SIa  .    M  (1892).  I. 
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they  outline  rather  than  when  it  was  extracted  by  the 
Rose-Gottlieb  method.  O.  Laxa's^  work  on  separator 
slime  indicates  that  a  small  amount  of  fat  adheres 
tenaciously  to  the  protein.  It  would  probably  adhere 
none  the  less  tenaciously  in  evaporated  milk  or  milk 
powder.  The  presence  of  free  fatty  acids  would  not 
be  expected  in  any  appreciable  quantity  in  condensed 
milk,  but  milk  powder,  on  account  of  its  tendency  to 
develop  rancidity,  might  have  appreciable  quantities, 
as  shown  by  Eccher.^  Hence,  the  Rose-Gottlieb 
method,  which  extracts  only  neutral  fats,  might  fail 
to  show  the  original  fat  content  of  the  powder. 
Hunziker'  used  dilute  acetic  acid  to  dissolve  casein  in 
condensed  milk  before  extracting  the  fat  with  ether. 
It  has  been  shown*  that  acetic  acid  does  not  react 
chemically  with  butter  fat. 

In  the  work  recorded  here,  the  errors  in  the  Rose- 


MuDirisn  ROiiriu  Tubk  (Bin  (crlcld) 
HciRht  of  tube,  over  all  (not  including    stopper),   .17  cm.,  about. 
Narrow  part  (below  spigot).  19  mm.  outside  dia  meter. 
Capacity  of  narrow  port,  to  middle  line  of  spigot,   .^8  cc 
Upper  part  (above  spigot).  27  mm   outside  diaraeler. 
Tube  must  have  a  tight-litting  glass  stopper 
No  vent  hole  in  neck.      No  graduations. 

Gottlieb'  method  have  been  studied  and  the  inolhod 
compared  directly  with  a  modified  method  in  which 
a  small  amount  of  acetic  acid  as  an  aid  in  separating  the 
fat  from  the  casein,  mixtures  of  petroleum  ether, 
ethyl  ether  and  ethyl  alcohol  (which  are  recoverable 
for  repeated  use)  and  a  niodifieil  Rohrig  tube,  have 
been  used. 

The  two  mixtures,  which  must  be  kept  separate,  arc 
used  as  solvents.  The  proportions  for  Mixture  i  are 
400  cc.  of  petroleum  ether,  joo  cc.  of  ethyl  ether  and 
10  cc.  of  OS  per  cent  ethyl  alcohol.     For  Mixture  i  the 

>  M,lik<riiiu)i»fl   T.tntf  .  U  (191.1).  Ml. 
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proportions  are  350  cc.  of  petroleum  ether,  280  cc.  of 
ethyl  ether  and  63  cc.  of  95  per  cent  ethyl  alcohol. 
The  ethyl  ether  of  commerce  was  washed  with  water, 
and  the  petroleum  ether  redistilled  slowly  and  the 
portion  boiling  below  65°  C.  was  reserved  for  this 
work. 

A  larger  tube  than  Rohrig's'  is  necessary  because 
the  amount  of  alcohol  used  is  so  much  greater  than  has 
been  used  previously.  A  modification  devised  by  Mr. 
Biesterfeld  is  shown  in  the  accompanying  photograph. 
Its  large  capacity  permits  vigorous  and  rapid  mixing 
and  affords  sufficient  volume  for  the  ethers  to  boil 
quietly  during  the  heating  with  little  danger  of  me- 
chanical loss.  It  may  also  be  adapted  to  the  Rose- 
Gottlieb  method  by  increasing  proportionately  the 
quantities  in  that  method. 

To  recover  the  ethers  and  use  them  again  separately 
would  require  laborious  fractionation.  Mixed  ethers 
cannot  very  well  be  used  with  the  Rose-Gottlieb  pro- 
portions, as  extraction  is  incomplete,  due  to  the  lack  of 
sufficient  alcohol.     The  problem  here  is  to  obtain  a 


proportion  in  which  the  two  are  mixed.  Practically, 
however,  the  mixtures  prepared  in  the  quantities 
stated  have  been  used,  as  described  below,  until  a 
volume  of  50  cc.  remained  and  such  a  disturbance  in 
proportions,  if  it  has  occurred,  has  not  produced  any 
observed  differences  in  the  final  results. 

In  a  Biesterfeld  tube,  4  to  4.5  g.  of  evaporated  milk, 
or  7  to  7.5  g.  of  a  40  per  cent  emulsion  of  sweetened 
condensed  milk,  were  diluted  to  a  volume  of  9  cc. 
with  water  and,  after  mixing  with  1.5  cc.  of  con- 
centrated ammonium  hydroxide,  15  cc.  of  95  per  cent 
alcohol  were  added  and  the  whole  mixed  again.  It 
was  then  shaken  vigorously  for  two  minutes  with  50 
cc.  of  Mixture  i.  After  standing  for  10  min.  the 
ethers  were  filtered  through  a  4  cm.  Dreverhoff  No. 
86  fat-free  filter  paper  into  a  100  cc.  Erlenmeyer  flask, 
previously  dried  and  weighed  with  a  similar  flask  as 
counterpoise.  The  tip  of  the  spigot  and  the  paper 
were  washed  with  a  few  cc.  of  Mixture  i  and  the 
funnel  with  the  paper  set  aside  for  future  use.  The 
ethers  were  distilled  on  a  hot  plate,  using  cork  stoppers 
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Taken        Gottlieb          Acid  Treatment 

Grains 

Fat 

Grams  tions 

Fat 

Fat 

Grams       Fat 

Grams 

Fat 

Fat 

Grams     Extractions    Gram 

Per  cent 

7.2550 

10.05 

10.7731 

3 

10.01 

-f0.04 

4.2443     8.01 

4.4234 

7.99 

4-0.02 

4.6815 

3 

0.0053 

4-0. U 

7 . 4945 

10.45 

10.6182 

3 

10.40 

-t-0.05 

4.4698     7,98 

4,2455 

7.98 

4-0.00 

5.2980 

3 

0.0030 

4-0.06 

4.5526     8.07 

4,4469 

8.02 

4-0,05 

5.3470 

3 

0,0018 

4-0.03 

7.5570 

7.94 

10.9948 

3 

7.88 

4-0.06 

4.2029     9.05 

4,2110 

9.02 

4-0,03 

5.0120 

3 

0,0025 

4-0.05 

7.6284 

9.47 

10.5559 

3 

9.45 

4-0.02 

4.0204     7.97 

4,1455 

7.92 

4-0,05 

4.7290 

3 

0.0021 

4-0.04 

7.9267 

7.95 

10.7370 

3 

7.90 

-t-0.05 

4.4006     7.56 

4.5140 

7.51 

4-0,05 

5 .  4065 

3 

0,0032 

4-0.06 

4.5701      6.78 

4,5376 

6.77 

4-0.01 

5.8110 

3 

0,0021 

4-0.03 

6.7503 

10.20 

10.6095 

3 

10.18 

4-0.02 

4.2514     8.05 

4,3135 

7.97 

4-0,08 

5.4350 

3 

0,0038 

4-0,07 

7.1397 

10.32 

10.6489 

3 

10.26 

4-0.06 

4.6008     7.92 

4,5975 

7.88 

4-0.04 

4,7598 

6 

0.0012 

4-0.02 

7.2141 

10.04 

10.6880 

9.97 

4-0.07 

4.6910     7,89 

4.7650 

7.87 

4-0,02 

4,0000 

4 

0,0017 

4-0.04 

4.6818     8.06 

4.4123 

8.01 

4-0,05 

5 , 0000 

4 

0.0026 

4-0.05 

7.0509 

10.68 

10.9410 

6 

10.68 

±0.00 

4.4807     8.30 

4,5186 

8,27 

4-0,03 

4,3000 

3 

0.0021 

4-0.05 

6.9584 

10.03 

10.6125 

3 

9.97 

4-0.06 

4.1328     8.29 

4.6730 

8,23 

4-0.06 

4,4627 

3 

0.0027 

4-0.06 

7.0508 

10.22 

10.7829 

6 

10.25 

—0.03 

4.1293     8.26 

4.3654 

8,23 

4-0.03 

5,4285 

3 

0.0021 

4-0.04 

7.3238 

8.21 

10.8739 

3 

8.15 

4-0.06 

4.6575     7.50 

4.7469 

7.44 

4-0.06 

10, 3950(a) 

3 

0.0018 

4-0.04 

7.5140 

9.94 

10,8006 

9.91 

4-0.03 

4,1668     7,89 

4. 1738 

7.83 

4-0.06 

10,  1945(a) 

3 

0.0007    ^ 

4-0.02 

7.3009 

9.13 

10.7248 

3' 

9.12 

4-0.01 

4.6525     8.09 

4.5167 

8.06 

4-0.03 

9.8425(a) 

3 

0.0019 

4-0.  OS 

7.3343 

9.00 

10.6195 

3 

8.96 

4-0.04 

4,0960     8.40 

4.6118 

8.34 

4-0,06 

9.5320(0) 

3 

0.0021 

4-0.05 

7.2240 

9.64 

10.2432 

3 

9.53 

4-0.11 

4.0236     8.12 

4,3327 

8.08 

4-0,04 

9.6965(a) 

3 

0.0021 

4-0.05 

7.9940 

8.00 

10.8825 

3 

7.93 
Average. 

4-0.07 
4-0.04 

4.1875     8.45 

4.2732     8.42 
Average 

4-0,03 
.   4-0.04 

9.8945(a)        3 
(a)  Sweetened. 

0.0022 
Average. 

4-0.05 

4-0.048 

mixture  of  the  two  ethers  and  alcohol  which  will 
readily  give  a  large  percentage  of  pure  fat  in  the  first 
extraction.  C.  H.  Biesterfeld  found  that  by  diluting 
the  quantity  of  milk  taken  to  10.5  cc.  with  water  and 
adding  1.5  cc.  of  ammonium  hydroxide,  as  in  the 
Rose-Gottlieb  method,  and  increasing  the  alcohol  to 
IS  cc,  a  mixture  of  equal  parts  of  ethyl  and  petroleum 
ethers  extracted  fat  very  easily.  A  method  was  de- 
veloped  accordingly. 

As  the  method  was  studied  further  it  was  found  that 
in  the  sweetened  condensed  milk  the  extra  alcohol 
tends  to  extract  a  small  amount  of  impurity  with  the 
fat.  Although  a  mixture  of  equal  parts  of  the  two 
ethers  is  to  be  preferred  for  the  unsweetened  con- 
densed milk,  the  proportion  of  petroleum  ether  was 
increased  in  order  to  obtain  a  method  applicable  to  the 
sweetened  condensed  milk  as  well. 

Theoretically,  it  would  appear  that  a  mixture  of 
ethyl  and  petroleum  ethers  should  have  a  definite  rate 
of  solubility  for  the  separate  ethers,  and  hence,  re- 
peated use  of  a  mixture  of  this  kind  should  disturb  the 

■  Z.  Nahr.Cenussm..  9  (1905).  531. 


covered  with  tin  foil  for  connecting  with  the  con- 
densers, until  approximately  4  cc.  remained.  The 
recovered  ethers  were  returned  to  Bottle  i.  The 
liquid  in  the  tube  was  mixed  with  3  cc.  of  glacial 
acetic  acid.  The  tube,  immersed  in  water  at  60  to 
65°  by  a  wire  so  that  the  tip  of  the  spigot  was  just 
above  the  water,  was  heated  to  80°  in  about  10  min. 
The  tube  was  removed  and  cooled  in  running  water. 
It  was  then  shaken  vigorously  for  about  2  min.  with 
50  cc.  of  Mixture  2.  After  standing  a  few  minutes 
the  ethers  were  filtered  through  the  reserved  filter 
paper  into  an  unweighed  100  cc.  Erlenmeyer  flask, 
distilled  and  returned  to  Bottle  2.  This  extraction 
was  repeated  with  50  cc.  of  Mixture  2  and  the  ethers 
filtered  into  the  same  unweighed  flask.  The  tip  of  the 
spigot  and  filter  paper  were  washed  with  Mixture  2 
and  the  ethers  distilled  as  before.  This  flask  was 
freed  from  the  residual  liquid  and  acetic  acid  vapors 
and  dried  completely  by  heating  on  a  steam  bath 
while  applying  suction.  The  fat  was  then  dissolved 
with  25  cc.  of  petroleum  ether,  using  small  quantities 
at  a  time,  and  filtered  through  the  same  filter  as  before 
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into  the  weighed  flask  containing  the  first  extract. 
This  petroleum  ether  was  recovered  and  used  again. 
The  fat  was  dried  at  100°  to  constant  weight,  weighing 
with  the  same  counterpoise  flask. 

As  the  solvents  were  used  repeatedly,  the  pro- 
portion of  alcohol  changed  to  such  an  extent  that 
after  a  time  the  line  of  separation  between  the  aqueous 
and  ethereal  liquids  reached  the  spigot.  When  this 
occurred  the  solvent  mixture  in  Bottle  i  or  Bottle  2, 
as  the  case  might  be,  was  shaken  with  water  in  a 
separatory  funnel.  For  each  50  cc.  of  mixed  solvent, 
2  cc.  of  water  were  used.  A  portion  of  the  alcohol 
was  removed  in  this  manner. 

A  comparison  of  the  results  obtained  by  the  method 
here  described  in  which  the  solvents  are  recovered  and 
the  Rose-Gottlieb  method  is  shown  in  Tables  I  and 
II.  As  may  be  seen  from  these  tables  the  former 
method  averages  0.4  per  cent  higher  on  both  the 
sweetened  and  the  unsweetened  milk. 

Some  observations  were  then  made  on  the  Rose- 
Gottlieb  method  to  ascertain  if  any  residual  fat  re- 
mains after  the  third  extraction,  and  the  results 
obtained  on  different  brands  of  milk  are  shown  in 
Table  III. 

The  residual  fat  was  obtained  by  adding  3  cc.  of 
concentrated  acetic  acid  to  the  liquid  remaining  in 
the  tube,  heating  for  10  min.  near  80°  and  re-extracting 
with  15  cc.  each  of  ethyl  and  petroleum  ethers,  as 
usual.  The  ethers  were  filtered  through  a  fat-free 
filter  paper  into  an  unweighed  flask,  distilled  and  the 
flask  freed  from  acetic  acid  vapors  and  dried  completely. 
The  fat  was  then  dissolved  out  with  petroleum  ether 
and  filtered  into  a  weighed  flask.  This  avoided  the 
introduction  of  any  impurity  resulting  from  the  acid 
treatment.  The  average  residual  fat  obtained  is 
nearly  0.05  per  cent.  These  milks  were  old  and  some 
were  not  in  good  condition.     In  Table  IV,  however, 

Tadlb  IV — Fat  Extraction:     Condensed  Milk 


'Solvents 

Rbcovkruu" 

M  KTHOn 

ROsu-GoTTLiEn  Method 

Pk 

R  CKN- 

Ra.-ilD- 

Fat  Extracted 

UAL  Fat 

Weight    Extractions 

Total 

Weight 

Per  CENT        Acid 

Total 

of       1 

Ammo 

n 

Per 

Fat 

Extraction 

Per 

Sample 

iind 

2nd 

cent 

Sample 

(J  Exirae 

-  WciKht 

Per 

Grams 

1  Acid 

Acid 

Fat 

Grams 

lions) 

Cram 

ecut 

Fat 

4.1446 

8.08 

0.06 

8.  14 

4.0207 

8.16 

0.0017 

0.04 

8,20 

4.2962 

R.13 

0.02 

«.  15 

4.1573 

8.08 

0.0025 

0.06 

8,14 

4.2220 

7.73 

0.02 

7.75 

4.2198 

7.71 

0.0021 

O.OS 

7,76 

4.2188 

7.74 

0.03 

7.77 

4.1394 

7.72 

0.0018 

0.04 

7.76 

4.2017 

7,72 

0.04 

7.76 

4.1977 

7.71 

0.0021 

0.05 

7.76 

4.2760 

8.19 

0.03 

8.22 

4   2676 

8.17 

0.0010 

0.02 

8.19 

4. 18Q7 

8.3.1 

4. 09 24 

8.30 

0.(K)I9 

0.05 

8,35 

4.10.^0 

7.73 

0.03 

7.76 

4    2536 

7.73 

0  on  14 

0  03 

7,76 

4. 1594 

8.19 

0.03 

8.22 

4   4424 

8.18 

0  0012 

0  03 

8.21 

4.20S4 

8.  .34 

4   2687 

8  35 

0  noio 

0  02 

8,37 

7. 9267  (a; 

)  7.93 

0  02 

7   9S 

10   7370(^ 

a)    7  90 

0  OOIS 

0  04 

7.94 

7.SJ70(o 

)  7.93 

0  01 

7   94 

10  ')94H( 

0)    7   H8 

0  0022 

0  05 

7,9.1 

7.9940(0 

i  7.97 

0.02 

7.99 

10   K!(.>S(. 
4 .  R694 
4 .  2902 
4.3810 

0)    7  93 
H    10 
8.  19 
6.71 

0  0010 
0  00 1  7 
0  0032 
0,0030 

Average. 

0  02 
0  04 
0.08 
0.07 

0.04 

7.9J 

(a)  Sweetened. 

is  shown  the  residual  fat  obtained  in  like  ni.inncr  from 
milks  in  good  condition.  Here  the  average  is  0.04 
per  cent.  The  results  obtained  by  the  method  in 
which  the  solvents  are  recovered  nrc  also  shown. 

The  per  cent  of  fat  recovered  by  the  second  ex- 
traction in  presence  of  acid  is  here  given  separately  to 
show  that  two  extractions  remove  all  but  tlio  lost 
traces  of  fat. 


The  error  of  the  Rose-Gottlieb  method  then,  when 
applied  to  condensed  milk,  is  small,  the  usual  range 
being  from  0.02  to  0.06  per  cent.  This  residual  fat 
may  be  recovered  by  an  acid  extraction  in  the  same 
manner  as  described  before. 

In  Table  V  are  shown  the  results  obtained  with  the 
two  methods  on  different  products.  The  powders 
used  had  been  kept  in  the  laboratory  for  several  years. 
In  the  method  in  which  the  solvents  are  recovered,  the 
weight  of  the  powder  taken  was  stirred  with   1.5  cc. 

Table  V — Rbsults  on  Different  Products 

"Solvents  Recovered"  ROse-Gottueb'Metbod 
Method  (J  Extractions) 

(3  Exiraclicns)  Per  Cent 

Per  Fat 

Charge   cent        Charge      Reg.   .Acid  Totai, 
No.  Sl-bstance  Grams     Fat  Grams    Meth.   Eitr.    Fat 

1  Lard 0.1217  99.89       0.1329     96,26  3.68  99.94 

2  Condensed        Milk         + 

2.3%  Oleic  Acid 4,2041  10,65  4.1803  9,30    1,18  10.48 

3  Milk  Powder* 1.0000  11.72  1.0000*10,82  0,70  11,52 

4  Cereal  Milk  Powder 1,0000  4,80  1. 0000  4.50  0,26  4,76 

5  Milk  Powder 1,0000  2,56  1,0000  2,19  0,27  2,46 

6  Milk  Po%vder 1.0000  1,68  1,0000  1,53  0,24  1,77 

7  Cream 2,1580  20.15  1,8807  20,08  0.13  20.21 

8  Cream 2.2870  19.89  2.5005  19.76  0,12  19,88 

9  Cream 1,8592  19,50  1.8488  19,31   0,14  19, 4S 

10  Cream 2,9554    19.44        2.8740  19,30  0.10   19,40 

11  Cream 1.4209  35,49        1.6219  35,20  0,28  35.48 

12  Cream 1,4050.36,04^1,5011  36,00  0.23  36.23 

*  Four  extractions. 

of  ammonium  hydroxide  and  8  cc.  of  water  and  digested 
on  a  steam  bath  until  the  casein  was  well  softened 
before  adding  15  cc.  of  alcohol  and  proceeding  with 
the  extraction.  In  the  Rose-Gottlieb  method  the 
same  procedure  was  followed,  using  1.5  cc.  of  ammonium 
hydroxide,  9  cc.  of  water  and  10  cc.  of  alcohol.  The 
effect  of  free  fatty  acids  is  most  plainly  seen  in  Expt. 
2  where  oleic  acid  was  added  to  condensed  milk. 
Numbers  7  to  10,  inclusive,  are  samples  of  manu- 
factured cream  made  from  condensed  skimmed  milk 
and  butter.  The  results  obtained  on  the  powders  as 
well  as  on  the  cream  show  that  the  Rose-Gottlieb 
method  may  fail  to  remove  the  fat  quantitatively. 
The  method  in  which  the  solvents  are  recovered  ap- 
pears to  give  higher  results  but  a  sufficiently  large 
number  of  determinations  have  not  yet  been  made 
to  show  that  it  may  universally  be  applied  to  milk 
powder. 

As  a  result  of  his  work  on  the  Harding- Parkin' 
method,  Biesterfeld  came  to  the  conclusion  that  the 
higher  results  obtained  with  this  method  were  due 
to  the  use  of  rubber  stoppers  in  contact  with  the 
solvents.  In  Table  V'l  data  are  given  showing  the 
effect  of  using  rubber  stoppers. 

Table  VI — SHO«iHa  Till   ErrxcT  or  V'hno  Ri'Vkkr  .STorrkU*  in  the 
IIardino-Pahein  Method 

Method: IIahdino-Paiisin  ROse  Gottlieb 

Pat  Fat 

No.  Sample  («,)         Percent     Sample  ic  1   Prt  cml 

1 2.0*S»  8,14  6  2.1.10         7.SS 

2 2.1077  8,11  5  0940         7,M 

J 1.6810  7,96  .1   0462  1.S9 

4 I,60.'0(«)  7,7.'l,J^  5    4000  7.7i 

l,SM0(^^  '  •'•  5  0«20         7.7i 

(a)   Without  rubber  iilop(>eni. 
(6)    With  rubber  iloppen 

With  the  last  8am]>lc  llic  ILtrdinR-Purkin  pro- 
cedure was  conducted  with  ond  without  rubber  stop- 
pers. It  is  believed  Ihot  the  ^rcal  difference  in  re- 
sults obtained  by  the  two  methods  as  reported  by 
Harding  and  Parkin  is  to  be  explained  by  the  error 
arising  from  the  use  of  rubber  stoppers. 

'  Im.  tU. 
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SUMilARY 

I — The  error  of  the  Rose- Gottlieb  method  as  ap- 
plied to  condensed  milk  is  small,  the  average  being 
about  0.04  per  cent;  the  method  may  also  give  low 
results  when  applied  to  milk  powder  or  cream.  This 
error  may  be  corrected  by  an  extraction  in  the  presence 
of  acetic  acid. 

II — The  method  in  which  the  solvents  are  re- 
covered, by  its  acid  treatment  extracts  free  fatty 
acids  and  more  completely  separates  fat  from  protein, 
in  this  manner  recovering  a  trace  of  fat  not  obtained 
by  alkaline  extraction.  Moreover,  it  is  economical 
in  the  use  of  solvents. 
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The  determination  of  lime  by  weighing  as  sulfate 
possesses  distinct  advantages,  and  its  accuracy  is 
vouched  for  by  several  authentic  texts.  The  use  of  a 
factor  and  the  constancy  of  the  sulfate  commend  the 
method  to  analysts. 

Treadwell-Hall'  state  that  the  technic  is  well  adapted 
to  the  determination  of  lime  occurring  as  organic  salts 
in  the  absence  of  other  bases.  Fresenius-.Cohn^  out- 
line a  method,  by  which  lime  salts  are  converted  to  the 
sulfate  by  the  addition  of  a  slight  excess  of  sulfuric 
acid  and  then  precipitated  by  increasing  the  volume 
fourfold  with  ethyl  alcohol.  The  precipitate  is  then 
filtered  and  washed  free  of  the  salts  of  other  bases,  and 
gently  ignited.  Glassen-Harriman'  dissolve  the  salts 
of  calcium  and  other  bases  in  an  ether-alcohol  solution 
and  then  efifect  the  sulfate  precipitation  by  adding 
sulfuric  acid.  The  filtered  and  washed  precipitate  is 
then  gently  ignited.  Olsen^  prescribes  a  similar  pro- 
cedure, stipulating  a  strength  of  35  to  40  per  cent 
for  the  alcohol  washing  solution.  All  of  the  foregoing 
schemes  of  manipulation  effect  the  precipitation  of 
lime  as  sulfate.  It  is  quite  feasible,  however,  to  make 
the  usual  oxalate  precipitation  and  then  convert  this 
to  the  sulfate.  Gooch^  utilizes  the  sulfate  conversion 
method,  using  H2SO4,  in  a  procedure  involving  the 
separation  of  strontium  salts  from  those  of  calcium. 
Crookes'  recommends  the  use  of  a  conversion  solution 
made  by  neutralizing  i  :  i  sulfuric  acid  with  ammo- 
nium hydrate  and  adding  ammonium  chloride.  The 
necessity  for  more  definite  provision  for  a  positive 
excess  of  SO3  will  be  shown  by  the  data  given  in  this 
article.  The  necessity  for  evaporation  of  the  con- 
version solution  is  also  an  undesirable  feature  of  this 
procedure.  Fresenius-Cohn'  state:  "The  calcium 
oxalate  may  also  be  converted  into  sulfate.  Schrotter 
ignites    in    a    covered    platinum    crucible    with    pure 

>  "Analytical  Chemistry."  1st  Ed.,  S  (1904).  66. 
•"Quantitative  Chemical  Analysis."  1  (1906).  269. 
•"Quantitative  Analysis.  '  5th  Ed..  1902,  p.  102. 
•"Quantitative  Chemical  Analysis,"  2nd  Ed..  1906,  p.  173. 

'"Methods  in  Chemical  Analysis."  1st  Ed..  1912,  p.  166. 

'"  Select  Methods  in  Chemical  Analysis."  1st  Ed.,  1886,  p.  47. 
"Quantitative  Chemical  Analysis."  1  (1903),  272. 


ammonium  sulfate.  Or  one  may  ignite  in  a  covered 
platinum  dish  till  the  precipitate  is  for  the  most  part 
converted  into  oxide,  add  a  little  water,  then  hydro- 
chloric acid  to  effect  solution,  then  pure  sulfuric  acid 
in  excess,  evaporate  and  ignite  moderately.  This 
process  is  also  quite  accurate."  Lincoln  and  Walton' 
give  essentially  the  same  directions  as  in  the  pre- 
ceding scheme.  They  direct,  however,  that  the  addi- 
tion of  acid  and  the  gentle  ignition  be  repeated.  An 
unpublished  modification  of  the  procedures  given  by 
Lincoln  and  Walton,  as  advanced  by  Dr.  Paul  Potter, 
has  been  used  by  the  writer  for  a  number  of  years. 
In  this  modification  ethyl  alcohol  is  added  to  the 
oxide-carbonate  residue  before  the  addition  of  hydro- 
chloric acid,  in  order  to  eliminate  spattering  when  the 
determination  is  carried  out  in  a  small  platinum 
crucible.  The  alcohol  and  hydrochloric  acid  are  then 
driven  off.  The  CaClj  is  next  dissolved  in  water, 
and  a  few  drops  of  sulfuric  acid  are  then  added.  The 
excess  of  acid  is  dispelled  and  the  containing  crucible 
gently  ignited.  This  method  is  extremely  accurate  if 
carefully  carried  out  with  absolutely  pure  chemicals. 
Both  the  Lincoln  and  Walton  and  the  Potter  procedures 
require  an  evaporation  in  order  to  remove  either  water 
or  alcohol.  This  evaporation  consumes  considerable 
time  and  necessitates  great  care  to  prevent  mechanical 
loss.  In  order  to  obviate  this  feature  we  substituted 
powdered  ammonium  chloride  for  hydrochloric  acid, 
and  effected  the  preliminary  conversion  to  chloride 
by  means  of  a  dry  melt. 

However,  in  using  the  ordinary  "C.  P."  sulfuric 
acid  this  modification  is  often  uncertain,  as  regards  the 
attaining  of  constant  weight  of  ignited  calcium  sulfate. 
In  making  determinations  of  large  amounts  of  lime  it 
was  found  that  even  with  careful  and  moderate  heat- 
ing, during  the  initial  conversion  to  sulfate,  it  was 
generally  necessary  again  to  add  sulfuric  acid  and 
repeat  the  ignition.  The  reason  or  reasons  for  the 
irregularities  in  weights  were  then  considered. 

CONCERNING   LOSS  OF  SULFUR  UPON  IGNITION   OF 

CaSO., 
It  has  been  pointed  out  that  heating  CaS04  to  a 
bright  red  will  cause  a  considerable  loss  in  weight. 
Treadwell-Hall''  attribute  this  to  the  dissociation  of 
the  CaS04  and  loss  of  SO3.  Mitscherlich'  states  that 
no  loss  of  SO3  occurs  at  a  dull  red  heat  but  fusion  with 
loss  of  SO3  ensues  with  ignition  to  bright  red  heat. 
Boussingault*  asserts  that  continued  heating  at  white 
heat  for  a  long  period  results  in  the  loss  of  all  the  com- 
bined SO3.  While  it  is  undoubtedly  true  that  loss  of 
SO3  does  take  place,  it  appears  that  the  loss  of  weight 
incurred  in  carrying  out  the  sulfate  ignition  may  also 
be  attributed  to  other  causes.  In  carrying  out  the 
conversion  of  the  ignited  lime  residue  by  the  use  of 
concentrated  H2SO4  it  was  noted  that  wherever  a 
result  was  apparently  low  and  where  an  increased 
weight  would  occur  with  a  second  addition  of  acid  an 
unmistakable    odor    of    hydrogen  sulfide  followed  the 

'  "Elementary  Quantitative  Agricultural   Chemical   Analysis."     1907, 
p   33. 

•  "Analytical  Chemistry."  1st  Ed..  S  (1904).  66. 

•  J.  prakl.  Chem..  83,  485. 

•  Z.  anal.  Chem  .  7,  224. 
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second  addition  of  acid.  The  ignited  lime  precipitate 
was  of  course  free  of  organic  matter  prior  to  the  first 
addition  of  H;S04  as  a  result  of  the  ignition  as  well 
as  the  second  heating  to  remove  traces  of  the  added 
alcohol.  The  only  source  of  organic  matter  for  possible 
reduction  of  the  sulfate  would  therefore  be  the 
"C.  P.''  acid  itself.  This  objectionable  feature  of  the 
conversion  to  sulfate  by  means  of  H2SO4  led  to  a 
study  of  the  substitution  of  ammonium  sulfate  for  the 
acid. 

PRELIMINARY  OBSERVATIONS 

Qualitative  sulfate  conversion  tests  were  made  with 
recrystallized  ammonium  sulfate  without  obtaining  any 
indication  of  the  formation  of  calcium  sulfide  upon 
ignition  of  the  chloride.  With  heavy  occurrences  of 
lime  it  is  essential  to  make  the  preliminary  conversion 
to  the  soluble  chloride,  when  effecting  the  sulfate 
conversion  by  means  of  sulfuric  acid.  The  same  idea 
was  at  first  followed  in  the  substitution  of  ammonium 
sulfate.  The  chloride  and  sulfate  radicals  were  intro- 
duced simultaneously  by  the  use  of  a  mixture  of  the  two 
ammonium  salts.  It  was  thought  that  the  use 
of  the  mixture  might  make  possible  the  use  of  a 
smaller  excess  of  sulfate.  In  further  tests  it  was 
found  that  while  the  use  of  ammonium  chloride  in  the 
fusion  mixture  is  to  be  desired,  it  is  not,  however, 
necessary  chemically  in  that  a  complete  conversion 
to  the  sulfate  is  accomplished  by  the  ammonium 
sulfate  melt  without  the  preliminary  conversion  to  the 
chloride.  The  presence  of  ammonium  chloride  is 
particularly  justified  because  of  its  mechanical  effect, 
more    especially    in    determinations    of    heavy    lime 

Table  I — A  Study  op  tub  Conversion  op  thb  Ionitbd  Caucium 

Pkbcipitatb  to  Calcium  Sulpatb,  as  Inplubncbd  by  Varying 

Ratios  op  Sulpatb  and  Ghloridb 

CttSOi 
Fusion  Mixture    Reagent     CaCOi         Formation         Conver- 
CharKc  in  Grams       Blank       Charge    Theory     Actual*       sion 
No.  NH.Cl      (NIIi)jSO«     Gram       Gram       Gram       Gram        Percent 

1 1.5  0.3  0.0002     0.2000     0.2721      0.2597       95.44(a) 

96.76 

2 1.5      0.5    0,0003  0.2000  0.2721  0.2721   100.00 

0  2720   99.96 
0  2720   99.96 

3 1.5       0.7    0.0003  0.2000  0.2721   0.2719   99.93 

0,2721   100.00 

4 0.25      0.7    0.0002  0.2000  0.2721  0.2721   100  00 

0.2721   too  00 

5 0  5  0.7         0  0002     0.2000     0.2721     0.2721      100.00 

6 0.75  0.7  0  0002     0.2000     0.2721      0.2723      100.07 

•  Corrected  for  blank. 

(a)  Test  ileinonstratcd  prcKencc  uf  CaCli. 


occurrences.  When  using  the  ammonium  chloride  and 
ammonium  sulfate  mixture  the  sulfate  melt  goes  down 
evenly  and  there  is  ohlained  a  skeletal  mass  which  in 
the   most  part   is  readily  removed   mechanically  from 

Tahle   II-   TiiK    Dktiikminatkin   op  tub   Minimum    F.xcriui  op   Fuiiion 

MixTumi  Emiintiai.  ti>  the  Coui-letr  Convkhmon  op  the  Ionited 

l.iMii  I'hucipitate  into  CnSOi 

Fusion  MixTtiRK     Hcnucnl  Ca(C(Ki)i     Gram  C«S04  Formed 

Charlie  In  Gruni          lllank          Charne  fiirrci-leil  |>rr  0. 1 500  ( . 

No.               NIIiCI      (Nll4)>SU4     Gram             Gram   lor  lllank  Ca(C()U)i 

1 0.73              0  73          0  0002          O.IJOO     0.1376  0   1376 

0  4133  0    I37H 

2 0.73             0.75         0  0002         0.4300     0.4131  0   1377 

0  6834  0   1.167  (u) 

3 0.75             (f.7S         0.0002         0.7500     0.6631  0   1326 

0  1313  0.1313 

4 0.23             0.25         0.0001         0.1500     0.1338  0  133H 

0.1376  0   1376 

J 0.30             0.30         0.0002         0.1500     0  1375  0.1375 

0  0689  0   1378 

6 0.25             0.25         0.0001         0.0750     0.0690  0.1380 

(a)  RF-liinlteil  aflrr  •(lillllon  of  ll>SO< 0.6893  0.1379 


the  crucible.  In  effecting  the  conversions  of  the  lime 
residues  to  the  sulfate,  there  is,  of  course,  a  con- 
siderable loss  of  ammonium  sulfate  by  sublimation. 
This  necessitates  the  assurance  of  a  workable  excess 
of  the  ammonium  salt.  In  using  the  mixture  of 
ammonium  salts,  it  was  therefore  necessary  to  de- 
termine the  excess  of  sulfate  which  would  constitute 
a  safe  working  basis.  The  only  reference  found, 
where  the  use  of  the  solid  sulfate  is  suggested,  is  that 
of  Fresenius*  who  mentions,  without  citation,  the 
technic  of  Schrotter.  We  have  been  unable  to  find 
the  original  in  order  to  ascertain  whether  any  specific 
directions  and  amounts  are  given  by  Schrotter.  As  a 
matter  of  fact  the  modification  was  worked  out  inde- 
pendently and  the  details  perfected  before  our  knowledge 
of  the  somewhat  obscure  reference  mentioned  by 
Fresenius,  or  the  indefinite  directions  given  by 
Crookes.2 

In  addition  to  determining  the  necessary  excess  of 
sulfate,  it  was  essential  to  determine  the  most  de- 
sirable proportion  of  chloride  to  sulfate  in  the  con- 
version mixture.  The  data  presented  in  Tables  I 
and  II  were  obtained  in  the  determination  of  these 
points. 

DISCUSSION    OF    RESULTS 

The  analyses  given  in  Table  I  were  made  upon 
aliquots  obtained  from  an  HCl  solution  of  Iceland 
spar.  The  results  with  a  constant  charge  of  chloride 
show  that  an  excess  of  less  than  0.3  g.  of  sulfate  over 
the  0.2  g.  charge  of  CaCOs  fails  to  afford  a  safe  working 
margin  for  a  charge  of  this  amount.  The  proportion 
of  chloride  to  sulfate  is  also  shown  to  be  immaterial, 
insofar  as  the  completeness  of  the  conversion  is  con- 
cerned. 

The  results  given  in  Table  II  were  secuffed  upon 
charges  of  calcium  oxalate,  which  was  made  in  the 
laboratory  from  "C.  P."  chemicals.  The  salt  was 
dried,  but  was  not  heated  sufficiently  high  to  dispel 
the  water  of  crystallization.  The  results  of  determina- 
tions I,  2  and  3,  made  with  constant  amounts  of  the 
mixture,  but  with  increasing  amounts  of  salt,  show 
that  the  charge  is  sufficient  for  the  two  smaller  charges, 
but  that  insufficient  excess  of  the  mixture  is  present 
for  conversion  of  the  o.7soo-g.  charge.  It  is  evident 
from  the  results  given  in  Table  II,  No.  3,  that  ap- 
proximately 0.1  g.  of  (NH«)5S04  in  excess  of  that 
theoretically  required  to  convert  0.7500  g.  of  (CaCOO)i 
to  sulfate  is  insufficicnl  for  complete  conversion.  In 
No.  4  it  is  shown  that  the  same  absolute  amount  was 
found  insufficient  to  convert  0.1500  g.  (CaCOO)i 
entirely  to  the  sulfate,  although  in  the  latter  case  there 
is  nearly  too  per  cent  excess  of  (NH4):SOi,  as  com- 
pared with  only  about  15  per  cent  excess  in  the  former 
case.  The  results  in  Nt).  1  show  an  instance  where 
ft  too  per  cent  excess  of  (NH4)tSO»  was  sufficient. 
It  seems,  therefore,  that  an  absolute  minimum  excess 
of  {NH|^|S04  is  necessary  for  the  successful  use  of  the 
methiid.  These  and  additional  data  have  led  to  the 
adoption  of  the  amount  of  the  mixture  designated 
in  the  procedure  outlined  below. 

'    Uuanlllalln  Chcmkiil  AoalriU."  t  (I90»).  272 
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TECHNIC    OF    THE    METHOD 

The  detail  of  the  procedure  is  as  follows:  Carefully 
precipitate  the  lime  as  oxalate,  reprecipitating,  as  is 
usually  done,  where  the  magnesium  content  is  ap- 
preciable. Ignite  in  a  small  platinum  dish  (or  platinum 
or  porcelain  crucible)  over  a  Bunsen  burner  (or  in  a 
muffle)  until  the  filter  is  completely  incinerated.  For 
each  approximate  0.2  g.  of  CaCOa  add  enough  of  an 
equal  part  and  finely  ground  and  dried  mixture  of 
ammonium  sulfate  and  ammonium  chloride  to  insure 
an  excess  of  approximately  0.3  g.  of  sulfate.  Effect  a 
thorough  mixture  of  the  fusion  salts  with  the  lime 
residue  in  the  crucible  by  means  of  a  small  glass  rod, 
enlarged  and  flattened  at  one  end.  Quantitative 
comparisons  indicate  that  it  is  decidedly  preferable 
that  the  mixing  be  done  in  the  crucible,  rather  than  by 
transfer  to  a  mortar.  The  volatilization  of  the  excess 
of  salts  may  be  efficiently  carried  out  as  follows: 
insert  the  crucible  in  a  circular  opening  cut  in  a  piece  of 
asbestos  board,  placed  horizontally.  The  upper  half 
of  the  crucible  should  extend  above  the  upper  surface 
of  the  asbestos.  Direct  a  nearly  horizontal  flame  from 
a  small  Bunsen  burner  across  the  surface  of  the  crucible 
in  such  a  manner  as  to  have  the  side  of  the  crucible 
nearest  the  flame  intensely  heated.  The  conducted 
heat  will  effect  volatilization  without  spattering. 

Should  duplicates  fail  to  agree  within  a  few  tenths 
of  a  milligram,  the  analyst  may  verify  the  results  by 
moistening  the  ignited  CaS04  with  a  few  drops  of 
I  :  10  H2SO4,  evaporating  excess  of  water  and  again 
igniting. 

The  above  procedure  has  been  tested  thoroughly 
against  reagents  of  known  purity  and  as  to  ease  in 
close  duplication  of  results  in  a  large  number  of  un- 
knowns, and  has  given  complete  satisfaction.  We 
have  found  the  modification  to  be  especially  well 
adapted  to  high  occurrences  of  lime  and  to  sets  con- 
taining widely  varying  percentages. 

SUMMARY 

I — Though  not  in  general  use,  the  determination 
of  lime  as  CaSOi  is  authoritatively  stated  in  accepted 
texts  to  be  accurate. 

II — The  procedure  generally  given  calls  for  the  use 
of  H2S04  as  the  converting  agency. 

Ill — In  addition  to  loss  of  weight  as  a  result  of  the 
dissociation  of  sulfate  because  of  high  temperature, 
there  occurs  a  loss  due  to  the  reduction  of  sulfate  to 
sulfide,  as  induced  by  the  small  amount  of  organic 
matter  contained  in  "C.  P."  H2SO4. 

IV — The  use  of  recrystallized  ammonium  sulfate 
eliminates  this  objectionable  feature. 

V — It  was  found  that  a  mixture  of  ammonium 
chloride  and  ammonium  sulfate  afforded  a  very  satis- 
factory conversion  mixture  which  gives  very  accurate 
results. 

VI — The  detail  of  the  procedure,  as  perfected,  is 
given. 

Agricultural  Expbrimbnt  Station 
Univbssitv  of  Tsnnessbd.  Knoxvills 
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In  the  preparation  of  phosphoric  acid  from  phos- 
phate rock  by  the  sulfuric  acid  method  there  may  be 
found  as  impurities  in  the  acid  any  of  the  constituents 
of  the  raw  materials  used.  In  the  volatilization 
method,  however,  which  consists  in  smelting  the  rock 
with  silica  and  coke  in  an  electric  or  other  furnace, 
the  impurities  may  be  limited  to  those  constituents 
of  the  charge  which  are  volatile  at  the  temperature 
used  in  the  process.  The  most  important  of  these 
volatile  constituents  are  the  alkalies,  sulfur,  chlorine 
and  fluorine.  The  last  mentioned  is  usually  the  most 
abundant  and  is  found  associated  with  lime  phosphate 
in  all  mineral  deposits  and  in  the  bones  of  animals. 

In  the  scrubbing  tower  method  of  recovering  the 
phosphorus  oxide  fumes  evolved  in  the  heat  treat- 
ment of  phosphate  rock  no  separation  of  hydrofluoric 
from  the  phosphoric  acid  takes  place  since  both  are 
absorbed  in  the  process.  In  experiments  made  in 
this  laboratory  it  has  been  shown^  that  by  use  of  the 
Cottrell  process  of  electrical  precipitation  in  place  of 
the  scrubbing  tower  method  much  more  efficient 
and  economic  recovery  of  the  acid  is  possible,  and  in 
addition  a  separation  of  the  hydrofluoric  acid  from 
the  phosphoric  acid  may  be  brought  about  at  the 
same    time. 

In  carrying  out  this  process  the  phosphorus  pentoxide, 
as  it  is  evolved  from  the  furnace,  quickly  combines 
with  the  moisture  driven  off  from  the  charge  or  with 
that  present  in  the  current  of  air  which  is  passed 
through  the  furnace  for  the  oxidation  of  the  evolved 
phosphorus,  and  is  thus  precipitated  in  the  form  of  a 
solution  of  phosphoric  acid.  If  the  temperature  of 
precipitation  is  below  ioo°  the  strength  of  the  solu- 
tion will  depend  on  the  amount  of  moisture  associated 
with  the  acid.  When  the  precipitation  is  made  at  a 
temperature  above  ioo°,  however,  the  strength  of  the 
acid  will  be  independent  of  the  moisture  with  which 
it  is  associated.  Under  these  conditions  any  excess 
moisture  will  remain  in  the  gaseous  state  while  passing 
through  the  precipitator  pipes  and  will  consequently 
escape  without  being  precipitated.  By  use  of  a  proper 
temperature  for  precipitation,  acid  may  thus  be  re- 
covered directly  of  such  a  concentration  that  it  will 
crystallize  to  a  solid  mass  on  cooling. 

The  same  conditions  which  bring  about  a  recovery 
of  the  phosphoric  acid  in  concentrated  form  also  con- 
tribute toward  its  purification  from  such  volatile 
constituents  as  hydrofluoric  acid  with  which  it  is 
initially  associated  as  it  escapes  from  the  furnace. 
At  a  temperature  above  ioo°  these  constituents  will 
remain  in  the  gaseous  state  in  passing  through  the  treater 
pipes  and  will  therefore  undergo  no  precipitation  ex- 
cepting that  portion  represented  by  the  solubility 
of  the  respective  constituents  in  the  phosphoric  acid 
under  the  conditions  of  the  precipitation.     As  referred 

*  Published  by  permission  of  the  Secretary  of  Agriculture. 

•  Ross.  Carothers  and  Merz.  This  Journal.  9  (1917).  26. 
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to  in  experiments  which  are  to  be  described  more  in 
detail  in  a  later  publication  complete  removal  of  the 
hydrofluoric  acid  or  other  impurities  may  subse- 
quently be  effected  in  one  of  several  ways,  as  by  bub- 
bling hot  air  through  the  acid,  by  recrystallization 
or  by  chemical  means. 

In  carrying  out  the  work  thus  outlined  on  the  prepara- 
tion of  crystallized  phosphoric  acid  free  from  hydro- 
fluoric acid,  it  was  found  necessary  to  make  numerous 
analyses  for  fluorine  when  present  in  phosphoric  acid 
in  widely  varying  amounts.  No  ofiScial  method  is 
available  for  the  quantitative  determination  of  fluorine 
and  the  methods  given  in  the  literature  were  found 
to  be  of  limited  application.  Accordingly  an  attempt 
was  made  to  devise  a  suitable  method  for  the  deter- 
mination of  fluorine  in  the  presence  of  phosphates  or 
phosphoric  acid.  The  object  of  the  present  paper 
is  to  give  an  account  of  the  results  obtained. 

PROPOSED   METHODS   FOR  THE  ANALYSIS   OF  FLUORINE 

The  various  methods  which  have  been  proposed 
for  the  determination  of  fluorine  may  be  conveniently 
divided  into  four  classes  as  follows: 

I — Gravimetric  methods,  as  the  Berzelius-Rose  method 
in  which  the  fluorine  is  weighed  as  calcium  fluoride. 

2 — Etching  methods,  in  which  comparative  tests  are 
made  of  the  action  of  hydrofluoric  acid  on  glass  or  quartz. 

3 — Colorimelric  methods. 

4 — Volatilization  methods,  as  the  OfTermann  method, 
in  which  the  fluorine  is  distilled  as  silicon  fluoride  and 
collected  in  water. 

I.  GRAVIMETRIC  METHODS — In  the  Berzelius'  method  as 
modified  by  Rose''  and  by  Treadwell  and  Koch,'  the  sample  is 
fused  with  sodium  and  potassium  carbonates,  the  silica  precipi- 
tated with  amjTionium  carbonate  and  ammoniacal  zinc  oxide, 
phosphates  removed  from  the  neutral  solution  by  silver  nitrate, 
the  excess  of  silver  taken  out  by  sodium  chloride,  and  CaFj  -|- 
CaCOs  precipitated  with  a  large  excess  of  calcium  chloride. 
Calcium  carbonate  is  dissolved  after  igniting  the  mixed  precipi- 
tate in  1  .$  N  acetic  acid  and  the  calcium  fluoride  weighed. 
The  method  gives  low  results  on  account  of  tlie  solubility  of 
calcium  fluoride  in  water  and  acetic  acid.  If  phosphates  are 
present  the  solution  becomes  acid  when  silver  nitrate  is  added, 
as  indicated  in  the  equation 

Naalll'O.  -1-  jAgNOj  *•  zNaNO,  +  AgjPO,  +  HNO,. 

This  acidity  prevents  complete  i)recipitation  of  silver  phosphate 
and,  furthermore,  will  cause  volatilization  of  fluorine  when  the 
solution  is  heated,  unless  the  acidity  is  neutralized.  This  is  a 
point  that  seems  to  have  escajjed  notice  in  texts  on  the  subject 
and  could  easily  be  overlooked  by  an  analyst  working  on  an  un- 
known sample. 

Uitle*  and  Deussen  and  Kcssler*  have  devised  methods  de- 
pcndinK  upon  the  rorniaticm  of  calcium  fliiori<le  in  a  fusion,  the 
remainder  of  the  melt  being  removed  later  by  .solution.  Hin- 
widdie*  proposed  |)recipitation  of  calcium  fluoride  with  pow- 
dered calcium  sulfate  and  treatment  of  the  combined  precipi- 
tate with  sulfuric  aclrl.  Such  a  inivture  liltcrs  much  more 
ea.<iily  than  a  calciiun  fluoride  carlioiiale  mixture.  Starck  and 
Thorin'  suggested  precipitation  of  calcium  fluoride  and  oxalate. 

■  Poll-  /liH.,  1,  fi'i;  Schwrtii.  Jour..  16  (IRI6),  426. 

•  Lleblii'a  Ann..  71  (184')).  .H.^;  IbiJ..  Tt,  IM. 
•Z.  anal.  Ch/m  .  41  (IW4K  469. 

tComfil.  rfti.l  .  BO  (IH75).  .161. 

•  Mnnallh.  Chtm  .  IS  (l<J07).  163. 

•  Am.  J.  Scl..  |t|  U  (1916).  464. 
'  Z.  aoiU.  Cktm,  H  (1912).  14. 


Heintz'  precipitated  calcium  fluoride  and  phosphate,  determined 
the  weight  of  CasCPOi)?,  and  got  CaFj  by  difference.  Kneeland* 
used  Berzelius'  method,  but  determined  limp  in  the  precipitate. 
Jannasch'  distilled  hydrofluoric  acid  from  the  sample  in  a  plat- 
inum retort  and  then  used  Berzelius'  method  on  the  neutralized 
distillate.  Pisaui*  claimed  excellent  results  by  precipitating 
ThF4,4H20  and  igniting  to  thorium  dioxide.  Starck*  precipi- 
tated PbFCl  with  saturated  lead  chloride  solution. 

Of  the  various  methods  referred  to  in  this  class  that  of  Ber- 
zehus-Rose  is  the  jOnly  one  commonly  used  when  phosphates 
are  present.  The  method,  however,  is  applicable  only  when 
the  percentage  of  fluorine  with  respect  to  the  phosphate  present 
in  the  sample  is  not  below  a  certain  limiting  amount.  For  the 
determination  of  small  amounts  of  fluorine  in  phosphoric  acid, 
the  method  was  found  to  be  entirely  impractical  and  therefore 
could  not  be  used  in  oiu"  work. 

2.  ETCHING  METHODS — The  methods  of  this  class  are  depen- 
dent upon  the  corrosive  action  of  hydrofluoric  acid  on  glass  or 
quartz.  Carles,*  Ost,'  and  Woodman  and  Talbot'  compared 
the  extent  to  which  a  glass  surface  is  attacked  with  that  residting 
from  the  use  of  a  known  amount  of  fluorine.  Westerberg'  and 
Kobell'"  determined  the  loss  in  weight  of  a  watch  glass  exposed 
to  the  action  of  the  hydrofluoric  acid  evolved  from  a  sample. 
Many  other  minor  modifications  of  apparatus  and  procedure 
have  been  proposed  but  none  seem  to  take  into  account  the 
effect  of  silica  in  the  sample."  When  a  sample  containing  silica 
is  treated  with  acid  a  greater  or  less  proportion  of  tlie  fluorine, 
depending  on  tlie  amount  of  silica  present,  will  pass  off  as  silicon 
fluoride.  Therefore  unless  due  precautious  are  taken  for  the 
initial  removal  of  the  silica  a  negative  test  may  frequently  be  ob- 
tained even  when  considerable  fluorine  is  present.  Phosphoric 
acid  prepared  by  the  volatilization  method  always  contains 
silica  and  to  remove  this  constituent  completely  without  danger 
of  losing  some  of  the  fluorine  would  be  ver>'  diflicult  if  not  un- 
possible.  The  use  of  etching  methods  for  the  determination  of 
fluorine  in  phosphoric  acid  was  therefore  considered  impractical. 

3.  coLORiMETRic  METHODS — The  Steiger"-Merwin"  method 
depends  upon  the  fact  that  fluorides  bleach  oxidized  titanium 
solutions.  Another  method  proposed  by  Gautier  and  Claus- 
mann'*  depends  upon  tlie  formation  of  lead  fluoride  and  its  trans- 
formation into  lead  sulfide.  The  turbidity  caused  by  distilling 
hydrofluoric  acid  into  a  solution  of  a  calcium  salt  has  been 
recommended  by  Petersen"  as  a  means  of  determining  fluorine. 

The  metliod  of  Stcigcr  and  Merwin  is  the  best  known  of  this 
class  and  gives  good  results"  for  tlic  determination  of  fluorine 
in  the  absence  of  sudi  constituents  as  phosphoric  acid,  which 
have  a  bleaching  effect  on  the  titanium  solution.  All  colon- 
metric  methods,  moreover,  are  applicable  only  when  working 
with  small  amounts  of  fluorine  and  .ire  therefore  not  of  convenient 
application  to  the  analysis  of  phosphate  uiutcrials  containing 
varying  amounts  of  fluorine. 

4.  voLATH.izATioN  MKTMODS^In  this  closs  «re  to  be  found  a 

'  Pout.   Ann..  TT,   267. 
<  Efii.  and  .Uin.  Jour..  M  (1903),  1212. 
'Z.  anort.  Chtm..  t  (IS'IJ).  267. 
'Comfl.  rtx.i..  le*  (l')U.).  791. 
•/.  anort.  Chtm..  TO  (|9M).  173. 

•  ComCI.  rtnd..  1«4  (1907).  37. 
'  nrr..  1$  (1893).    131. 

•  J.  Am.  Chtm.  So<..  11  (1906).  1437. 
»Chtm.   //«..  M  (I'M).'),  967. 

»  J.  frakl.  Chtm  .  [I|  M  (11164).  3R5. 

■>  The  samr  ovrnlnlil  U  apiorcnl  In  in*nr  Intt  nn  Ihr  ■ul<i<>cl.  sa  m»y 
\yr  nnlril.fnrctuinplc.  In  Ihr  richlnii  IMU  (Wen  In  Sco(t'>".'iUntl«nl  Mxbod* 
o(  Chrinlcnl  AnnlyiU  ' 

■•  J.  Am.  Chtm  .'int..  M  (I90II).  219.  Sm  mlto  tt.  Prntoo,  J.  Cktm. 
So(..  M   (1900).    I0<.4. 

"  Am.  J.  .Sr<..  14 1  U  (1909).  1(9. 

<•  Comfl.  rtnd  .  IM  (I9|2).  I4«9.  1670,  I7S3. 

•  Z.  anal.  Chtm..  M  (1*96).  SII3. 

«  Ailolph.  J.  Am.  Clum.  Sot..  tT  (1913).  230a 
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large  number  of  methods  and  modifications  dependent  on  the 
volatilization  of  fluorine  as  silicon  fluoride.  Oettel'  measured 
the  volume  of  silicon  fluoride  formed.  Fresenius'  observed  the 
gain  in  weight  of  a  tube  filled  witli  moist  pumice  when  silicon 
fluoride  was  passed  through  it.  Wohler'  recommended  volatil- 
izing the  silicon  fluoride  and  noting  the  loss  in  weight  of  the  flask 
and  contents.  Daniel's*  method  is  a  combination  of  the  two. 
Penfield'  distilled  silicon  Ituoride  into  water,  added  potassium 
chloride  and  alcohol,  and  titrated  with  ammonia  the  hydro- 
chloric acid  set  free.  OfTcrmann'  titrated  the  aqueous  solution 
with  potassium  hydroxide  using  phenolphtlialein.  OfTermann's 
method  has  been  modified  somewhat  in  the  manner  of  procedure 
by  Drawe,'  Hileman'  and  Adolph.'  Browning'"  suggested  de- 
composing silicon  fluoride  on  moist  black  paper  and  noting  the 
amount  of  silica  formed.  KorovaefT,"  Stadeler'-  and  Weinland" 
observed  the  loss  in  weight  due  to  volatilization  of  silicon  fluoride. 
Caniot'*  pa.ssed  silicon  fluoride  into  a  solution  of  potassium 
fluoride  and  weighed  the  precipitate  of  potassium  silico-fluoride. 
Carnot's  method  was  modified  in  some  respects  by  Prost  and 
Balthasar'*  and  by  Burk."  Somewhat  similar  methods  had  been 
proposed  previously  by  Stolba,"  I.iversidge'*  and  Tammann." 
Bein^"  collected  and  weighed  the  silica  formed  when  silicon 
fluoride  is  decomposed  by  water.  Lasne-'  and  Schneider--  dis- 
tilled silicon  fluoride  into  water  and  after  removing  silica  pre- 
cipitated CaF.  +  CaCOs  and  weighed  the  CaFj.  Hileman" 
made  use  of  an  entirely  different  action  of  HgSiFe  when  he 
titrated  the  iodine  liberated  in  a  solution  of  KI  +  KIO3  by 
fluosilicic  acid.'* 

EXPERIMENTAL 

The  volatilization  methods,  unlike  the  methods  of 
the  preceding  classes,  are  all  applicable  to  the  analysis 
of  phosphates  as  well  as  other  materials.  The  methods 
of  this  class,  however,  which  are  based  on  a  determina- 
tion of  loss  in  weight  due  to  the  volatilization  of  silicon 
fluoride,  are  not  suited  to  the  analysis  of  material 
containing  a  low  percentage  of  fluorine.  The  princi- 
ple of  all  the  remaining  methods  consists  in  passing  the 
volatilized  silicon  fluoride  into  water  and  then  deter- 
mining, either  volumetrically  or  gravimetrically,  the 
amount  of  hydrofluosilicic  acid  formed.  This  pro- 
cedure should  be  applicable  to  the  determination  of 
fluorine    in    amounts    varying    between    rather    wide 

1  Z.  anal.  Chem..  25  (1886).  505. 

'Ibid..  6  (1866).  190. 

>  Poee.  Ann..  48  (1839).  87. 

<  Z.  anorg.  Chcm..  38  (1904).  257. 

'  .4m.  Chcm.  J..  1  (1879).  27;  Z.  anal.  Chem..  SI  (1882),  120. 

•  Z.  angew.  Chem..  3  (1890).  615. 
'  Ibid..  26  (1912).  1.171. 

«  Z.  anorg.  Chem..  61  (1906),  157;  Am.  J.  Sci.,  14)  22  (1906),  329. 

•  Loc.  cit. 

"  Am.  J.  Sci.,  [4]  32  (1911).  249. 

■'  J.  prakl.  Chem..  [1]  86  (1862),  442. 

"Ibid..  [1]  99  (1866),  66. 

"  Z.  anorg.  Chem..  21  (1899).  45. 

'•  Bull.  sac.  chim..  [3)  9,  71;  Z.  anal.  Chem..  36  (1896),  580;  Compl.  rend.. 
Ill  (1892).  750. 

"  Bull,  assoc.  btlg.  chim..  13  (1899).  453. 

"  J.  Am.  Chem.  Sac.  23  (1901),  825, 

"  J.  prakt.  Chem..  [1189  (1863).  129. 

'•  Chem.  News.  24  (1871),  226. 

>•  Z.  anal.  Chcm..  24  (1885),  328;  Z.  physiol.  Chem..  12  (1888).  322. 

»°  Z.  anal.  Chem..  26  (1887),  733. 

•■  Ann.  chim.  anal..  2  (1897).  182. 

n  Oeslerr.  Z.  Berg.HUIIenw..  61,  365;  C.  A..  7  (1913),  3582. 

»  Am.  J.  Set..   14]  22  (1906).  383. 

**  A  volumetric  method,  belonging  to  none  of  these  four  classes,  de- 
veloped by  Guyot  {Compt.  rend..  71  (1870),  274;  73  (1871),  273]  and  Greef 
[Ber..  46  (1913).  2511)  depends  on  the  precipitation  of  NajFeFt  in  neutral 
solution  by  standard  FeCli.  As  modified  by  Bellucci  [.Ann.  chim.  applicala. 
1  (1914),  441 1.  it  gives  good  results  for  soluble  fluorides,  but  is  not  applicable 
to  the  analysis  of  phosphates,  since  FcPO*  would  be  precipitated  along  with 
the  fluorine  compound. 


limits.  A  comparative  study  was  accordingly  under- 
taken to  ascertain  the  most  satisfactory  details  to  be 
followed  in  the  determination  of  fluorine  according  to 
this  general  scheme. 

In  carrying  out  these  experiments  use  was  made  of  a 
special  double-trapped  generating  flask,  designed  by  the 
Victor  Chemical  Co.,  for  the  volatilization  of  silicon 
fluoride.  This  flask  (C),  shown  in  Fig.  I,  was  called  to  our 
attention  by  Dr.  H.  E.  Patten  of  the  Bureau  of  Chem- 
istry. The  remainder  of  the  equipment  and  the  pro- 
cedure followed  in  the  preliminary  experiments  were 
in  principle  the  same  as  that  used  by  Oflermann,' 
Adolph,'  and  others.  The  sample  to  be  analyzed 
was  mixed  with  a  small  proportion  of  ground  quartz 
and  then  treated  in  the  generating  flask  with  98.5  per 
cent  sulfuric  acid.  A  current  of  carbon  dioxide 
washed  with  sulfuric  acid  served  to  carry  the  silicon 
fluoride  evolved  in  the  generating  flask  through  a 
U-tube  filled  with  glass  beads,  to  remove  accompany- 
ing fumes  of  sulfur  trioxide,  and  then  through  water 
in  a  large  test-tube,  where  decomposition  of  the  silicon 
fluoride  took  place  as  represented  in  the  equation 

3SiF4  +  2H2O  =  2H2SiFs  -f  SiOz. 
The  solution  thus  obtained  was  boiled  to  expel  dissolved 
carbon  dioxide  and  sulfur  dioxide,  and  the  hydro- 
fluosilicic acid  determined  both  volumetrically  by 
titrating  with  standard  sodium  hydroxide,  using  phenol- 
phthalein  as  indicator,  and  gravimetrically  by  pre- 
cipitating  with   saturated  lead   chloride  solution. 

Satisfactory  results  were  sometimes  obtained  by 
this  procedure,  but,  as  a  rule,  and  particularly  when 
working  with  small  amounts  of  fluorine,  the  values 
obtained  were  very  greatly  in  error.  After  numerous 
tests  had  been  made,  the  principal  sources  of  error 
were  ascertained  to  be  as  follows: 

(i)  Glass  beads  were  found  to  be  only  moderately 
efficient  in  removing  the  sulfur  trioxide  fumes  carried 
over  from  the  generating  flask.  The  result  is  that  a 
portion  of  the  fumes  which  escape  passes  into  solu- 
tion in  the  absorbing  tube  and  thus  gives  high  results 
whether  the  hydrofluosilicic  acid  is  determined  volu- 
metrically or  gravimetrically. 

(2)  Sulfur  dioxide,  which  also  escapes  from  the 
generating  flask,  is  partly  taken  up  by  the  solution  in 
the  absorbing  tube  and  a  portion  there  undergoes 
oxidation  to  sulfuric  acid.  This  gives  high  results 
in  the  same  way  as  with  sulfur  trioxide. 

(3)  When  the  solution  of  hydrofluosilicic  acid  was 
boiled  to  expel  carbon  dioxide  and  sulfur  dioxide 
preparatory  to  the  determination  of  the  fluorine 
either  gravimetrically  or  volumetrically,  loss  of  fluorine 
was  found  to  result  when  using  the  volume  of  solution 
ordinarily  specified. 

(4)  Any  chlorides  or  nitrates  in  the  sample  analyzed 
will  result  in  the  evolution  of  the  corresponding  acid 
and  its  absorption  in  the  solution  of  hydrofluosilicic 
acid.  This  will  give  high  results  when  the  fluorine 
is  determined  volumetrically. 

METHODS  FOR  THE   ABSORPTION   OF   SULFUR  TRIOXIDE 

IN    FLUORINE   ANALYSIS — When   the   sulfuric    acid   is 
boiled  in  the  generating  flask  sulfur  trioxide  is  carried 

*  Loc.  cit. 
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over  as  a  white  fume  which  is  difficult  to  condense. 
The  proportion  retained  by  the  glass  beads  in  the  U-tube 
will  depend  on  the  rate  at  which  the  carbon  dioxide 
is  passed  through  the  apparatus,  but  even  when  the 
flow  of  gas  is  as  slow  as  it  is  expedient  to  use,  a  white 
fume  may  still  be  seen  to  issue  from  the  end  of  the 
tube  containing  the  glass  beads.  It  was  found,  how- 
ever, that  complete  absorption  of  the  fumes  could  be 
effected  by  joining  in  the  apparatus,  in  addition  to 
the  tube  containing  glass  beads,  a  straight  piece  of 
glass  tubing  (F),  filled  with  glass  wool  as  shown  in  Fig. 
I.  A  perceptible  coloration  of  the  glass  wool  on  heat- 
ing to  100-130°  will  indicate  the  depth  to  which  the 
fumes  have  permeated.  Care  should  be  taken  to  re- 
place the  tube  before  the  glass  wool  becomes  completely 
saturated. 

METHODS    FOR    THE    ABSORPTION    OF    SULFUR    DIOXIDE 

IN  FLUORINE  .'iNALYSis — When  the  fluorine  treated 
in  the  generating  flask  is  considerable,  the  greater 
part  of  it  passes  over  before  the  acid  in  the  flask  be- 
gins to  boil  and  before  an  appreciable  dissociation 
of  the  sulfuric  acid  takes  place.     It  was  also  noted  that 


hydrochloric  acid  were  used.  Table  I  shows  some 
results,  obtained  when  using  the  volumetric  method  of 
determining  the  hydrofluosilicic  acid. 

It  was  observed,  however,  that  when  organic  matter 
to  the  extent  of  o.  i  gram  or  more  is  contained  in  the 
sample  analyzed,  sulfuric  acid  then  appears  in  the 
solution  after  boiling  out  dissolved  gases,  even  though 
hydrochloric  acid  had  previously  been  added.  So 
much  sulfur  dioxide  is  evolved  under  these  conditions 
that  the  hydrochloric  acid  present  cannot  prevent 
the  oxidation  of  a  part  of  it.  It  is  well  known  that  solu- 
tions of  sulfur  dioxide  are  rapidly  oxidized  by  exposure 
to  air  and  some  work  has  been  done  on  preventive 
measures.  Thus  Saillard'  found  that  a  solution  of 
sucrose  exerted  an  inhibitive  effect  on  this  oxidation. 
Accordingly  30  per  cent  and  60  per  cent  sucrose  solu- 
tions were  made  up  and  used  in  place  of  water  in  the 
absorption  tube.  The  eflect  was  very  much  less  than 
that  produced  by  hydrochloric  acid. 

An  oxidizing  solution*  was  then  prepared  consisting 
of  chromium  trioxide  in  98.5  per  cent  sulfuric  acid. 
This  was  placed  with  an  excess  of  the  trioxide  in  the 


when  using  pure  samples  of  sodium  fluoride  in  the 
generating  flask,  little  or  no  sulfuric  acid  was  formed 
in  the  absorbing  tube  when  the  fluorine  taken  amounted 
to  0.0x5  gram  or  more.  From  these  observations  it 
was  thought  possible  that  the  hydrogen-ion  concen- 
tration affected  the  oxidation  of  the  sulfur  dioxide. 
This  would  be  expected  if  the  oxidation  depends  on 

Tabls  I — Rktakdation  of  tub  Oxidation  or  Sulpur  Dioxiob  in  Acid 
Solutions 

Crams  Cc.  N/\0  IICl     ^Cc.  jV/IO  NttOH- 

N»P  Adilc<l  to          Hqtiivalcnt  o( 

Taken  Absorption  Tube   N«F  +  HCl 

None  None                  None 

None  1.00                    1.00 

None  3.00                     3.00 

None  .1  00                     5  00 

None  ICl  00                  10.00 

None  in  00                   10.00 

0.0346  H>  00                   18  24 

0.0194  10. OU                   14.62 

the  amount  of  SO/  i)rcscnt,  for  sulfurous  iicid  is  very 
slightly  dissociated  into  iW*  -\-  S(J|  .  The  larger 
part  of  it  is  in  the  form  of  H*  -|-  HSO,'  and  the  pres- 
ence of  an  acid  would  therefore  force  back  the  di.sso- 
cialion  of  HSO',  — »•  H  *  -|-  SO,.'  Several  de- 
terminations were  run  using  varying  (lunntilics  of  ;V/io 
hydrochloric  acid  in  the  absorption  lube.  It  wns 
found  thai  the  amount  of  sulfuric-  acid  formed  de- 
creased sle.'nlily  with  increasing  nmounts  of  acid  until 
practically    none    wns   formed    when    lo   cc.    of    N / \o 


>n^ 

lllSOl  FORUUD 

Re- 

ICxpressecl  us  Cc. 
of  A// 10  Solution 

(|uire<l 

0.75 

0.7S 

I.6S 

0.65 

3.30 

0.30 

-VIS 

0.15 

10.01 

0.01 

10.06 

0.06 

1H.31 

0.07 

14.40 

None 

Bowen  potash  bulb  (£,  Fig.  I).  When  no  organic 
matter  was  used  in  the  generating  flask  the  quantity 
of  sulfur  dioxide  that  escaped  was  found  to  undergo 
such  complete  oxidation  in  the  trioxide  solution  that 
the  amount  carried  over  was  too  small  to  give  rise  to 
any  appreciable  quantity  of  sulfuric  acid  in  the  ab- 
sorption tube.  Wlien  the  sample  analyzed  contains 
a  large  proportion  of  organic  matter,  however,  so  much 
sulfur  dioxide  is  then  evolved  that  quick  reduction 
of  the  trioxide  takes  place.  In  this  case  the  most  con- 
venient procedure  is  first  to  remove  the  greater  part 
of  the  organic  matter  by  ignition  at  a  temperature 
below  the  melting  point  of  the  material.  The  com- 
plete combustion  of  certain  phosphate  materials  is, 
however,  sometimes  diffioull  and  if  in  such  cases  some 
carbonaceous  material  remains  unburncd  in  the 
sample,  the  sulfur  tlioxiile  evolved  may  be  sufficiently 
great  to  escape  complete  absorption  in  the  chromium 
solution.  In  the  analysis  of  such  materials  standard 
hydrochloric  acid  solution  should  be  u.-sod  in  the  ab- 
sorption tube  as  an  added  precaution.  The  effective- 
ness of  the  chromium  trioxide  solution  in  the  absorp- 
tion of  sulfur  dioxide  is  shown  by  the  results  given  in 
Table  11. 

•  Rn   n»    .kirn.  1«  (l«l.t).  412. 

•U.  Tummann.  /    anal    Cktm.  t4  (IMS).  S2S. 
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None 

None 

None 

16.82 

None 

1.19 

10.00 
10.00 

10.84 
10.84 

Tablb  II — Absorption  01"  Sulfur  Dioxide  in  Sulfuric  Acid  Solution 
OP  Chromium  Trioxids 

Cc.  N/\0  HCl     . Cc.  A^/10  NaOH .  HjSO.  Formed 

SamplB         Added  to       Equiv.  of  Required       (Cc.  Af/10  Solution) 

Takkn         Abs.  Tube  NaP  +  HCl      +CtPt    No  CrOi      +CrO>   No  CrOi 

None  None  None  None          0.75  None       0.75 

0.0214  g. 

NaiSiF« 

0.0050  g. 

NaF 

NaF  + 

Starch 

(ignited) 

LOSS   OF  FLUORINE  IN   BOILING  SOLUTIONS   OF   HYDRO- 

FLUosiLicic  ACID — When  proper  precautions  were 
taken  to  prevent  the  formation  of  sulfuric  acid  in  the 
absorption  tube,  low  results  for  fluorine  were  frequently 
obtained,  as  Adolph'  observed  in  his  experiments  with 
the  Offermann  method.  This  was  finally  traced  to  a 
loss  of  fluorine  on  boiling  the  hydrofluosilicic  acid  solu- 
tion to  expel  dissolved  carbon  dioxide  and  sulfur  di- 
oxide. As  the  volume  of  the  solution  was  increased, 
the  loss  of  fluorine  decreased,  and  beyond  a  A^/iooo 
concentration  of  the  hydrofluosilicic  acid  no  loss  of 
fluorine  took  place,  as  shown  by  the  results  given  in 
Table  III: 

Table  III — Loss  op  Fluorinb  on  Boiling  a  Solution   op  Hydrofloo- 


silicic 

Acid 

Cc.  Acid 

Cc.  N/\0  NaOH . 

Solution 

Boiling  Period 

'^ 

uivalent  to 

Re- 

Taken 

Min. 

HjSiFj  Taken 

quired 

100 

10 

11.14 

10.95 

100 

15 

11.14 

10.85 

100 

20 

11.14 

10.75 

150 

20 

11.20 

10.96 

175 

20 

11.20 

11.13 

250 

20 

11.20 

11.18 

DETERMINATION   OF   FLUORINE   IN   PRESENCE   OF 

CHLORIDES  AND  NITRATES — In  most  phosphatic  ma- 
terials a  limited  amount  of  chlorides  is  usually  pres- 
ent. On  treating  such  material  in  the  generating 
flask  hydrochloric  acid  would  be  evolved  along  with 
the  silicon  fluoride  and  would  be  taken  up  by  the  solu- 
tion in  the  absorption  tube.  This  would  interfere 
with  the  volumetric  determination  of  the  hydrofluo- 
silicic acid.  With  a  view  to  preventing  any  hydro- 
chloric acid  reaching  the  absorption  tube,  the  gases 
from  the  generating  flask  were  made  to  pass  through 
a  Schmitz  tube  {D,  Fig.  I)  containing  a  solution  of 
silver  sulfate  in  98.5  per  cent  sulfuric  acid.  Glass  beads 
were  placed  in  the  small  arm  of  the  tube  and  as  thus 
equipped  it  took  the  place  of  the  U-tube  used  in  the 
preliminary  experiments.  That  a  solution  of  silver 
sulfate  in  sulfuric  acid  is  able  to  absorb  effectively 
any  hydrochloric  acid  given  off  from  the  generating 
flask  without  interfering  in  any  way  with  the  de- 
termination of  fluorine  is  shown  by  the  results  given 
in  Table  IV.  In  carrying  out  these  experiments  the 
acidity  of  the  solution  in  the  absorption  tube  was  de- 
termined volu metrically  after  the  precautions  already 
noted  were  taken  to  prevent  the  formation  of  sulfuric 
acid  or  loss  of  fluorine  through  boiling. 

When  nitrates  are  present  in  the  sample  analyzed, 

Tabls  IV — Dbtbrmination  of  Fluoridb  in    Prsssncs    of    Cblosidss 
and  Nitrates 

c.  N/W  NaOH . 


Grams  Reagent  Taken 
NaF                NaCl           NaNOi 

Equivalent  to 
NaF  Taken 

Re- 
quired 

None 

0.2 

None 

None 

0.05 

0.0093 

0.05 

None 

2.21 

2.22 

None 

None 

0.2 

None 

0.0 

0.0050 

None 

0.5 

1.19 

1.20 

Loc.   (it. 

nitric  acid  will  be  evolved  at  first,  but  as  the  tempera- 
ture is  raised,  this  will  decompose  to  give  nitrogen 
dioxide.  In  either  case  the  product  evolved  will  be 
taken  up  by  the  solutions  in  the  Schmitz  and  Bowen 
tubes  and  consequently  no  nitric  acid  will  be  formed 
in  the  absorption  tube  as  shown  by  the  results  given  in 
Table  IV. 

DETAILS    OF    PROCEDURE    IN    THE    MODIFIED    METHOD    OF 
DETERMINING    FLUORINE 

APPARATUS — The  equipment  finally  adopted  in  the 
analysis  of  fluorine  is  represented  in  Fig.  I.  A  \s  a. 
cylinder  of  compressed  carbon  dioxide  or  nitrogen  fitted 
with  a  reducing  valve  or  other  safety  device  for  regulat- 
ing the  flow  of  gas.  BB  are  wash  bottles  containing 
concentrated  sulfuric  acid  for  washing  the  gas. 
C  is  a  generating  flask  of  250  cc.  capacity  provided  with 
2  traps  containing  98.5  per  cent  sulfuric  acid,  that 
next  the  flask  being  half  full  while  the  acid  in  the  sec- 
ond is  just  sufficient  to  make  a  seal.  Z?  is  a  Schmitz 
tube  having  a  lo  per  cent  solution  of  silver  sulfate  in 
98.5  per  cent  sulfuric  acid  in  the  bulbed  arm  of  the 
tube  and  glass  beads  in  the  other.  £  is  a  Bowen  bulb 
containing  a  saturated  solution  of  chromium  trioxide 
in  98.5  per  cent  sulfuric  acid.  F  is  a  straight  piece 
of  glass  tubing  filled  with  glass  wool.  G  is  an  absorp- 
tion tube  consisting  of  a  large  test-tube  containing 
about  50  cc.  of  water. 

On  account  of  the  pressure  that  must  be  generated 
in  the  apparatus  to  cause  a  flow  of  gas  against  the  head 
of  sulfuric  acid,  great  care  must  be  taken  in  assembling 
the  apparatus  to  make  all  joints  tight.  Ends  of  glass 
tubing  must  be  brought  together  and  the  rubber  tub- 
ing used  should  be  a  good  grade  of  heavy-walled  gum 
tubing.  As  a  precaution  against  diffusion  of  gas 
through  the  joints  the  rubber  tubing  may  be  covered 
with  a  good  coating  of  shellac.  Glass  stopcocks 
should  be  paraffined  also.  An  asbestos  screen  may  be 
used  under  the  flask  and  to  minimize  the  danger  of 
breaking  the  flask  a  ring  of  asbestos  paper  should  be 
placed  around  it  for  protection  against  cold  air  cur- 
rents. A  mantle  of  asbestos  over  the  bulb  of  the  flask 
must  also  be  used  to  prevent  burning  the  rubber  con- 
nection at  the  top  of  the  flask.  The  exclusion  of 
every  trace  of  water  from  all  parts  of  the  apparatus 
is  essential.  The  following  additional  reagents  are 
required: 

(i)   Anhydrous  copper  sulfate. 

(2)  Ground  quartz. 

(3)  98.5  per  cent  sulfuric  acid  prepared  by  boiling 
C.  P.  concentrated  sulfuric  acid  for  about  20  minutes 
in  an  open  vessel. 

(4)  A  10  per  cent  solution  of  silver  sulfate  in  98.5 
per  cent  sulfuric  acid.  The  silver  sulfate  should  be 
ignited  with  an  excess  of  sulfuric  acid  before  using 
to  drive  off  any  volatile  acids  present. 

(s)  A  saturated  solution  of  chromium  trioxide  in 
98.5  per  cent  sulfuric  acid. 

(6)  N/io  sodium  hydroxide,  preferably  standard- 
ized against  chemically  pure  sodium  fluosilicate. 

(7)  N/io  hydrochloric  acid,  carefully  standardized 
against  the   N/10  sodium  hydroxide. 
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DETERMINATION — The  Sample  to  be  analyzed   must 
be    carefully    dried.     A    quantity   containing   between 
o.ooi  and  o.  i  g.  of  fluorine  is  weighed  into  the  generat- 
ing fiask  with  o.  i-i.o  g.  of  silica  and  5  g.  of  anhydrous 
copper  sulfate:  100  cc.  of  98.  5  per  cent  sulfuric  acid  are 
then  added,  allowing  the  first  portions  to  run  into  the 
traps,  and  the  flask  quickly  connected  to  the  source 
of  carbon  dioxide.     The  valve  of  the  carbon  dioxide 
cylinder  is  adjusted  to  give  a  flow  of  gas  through  the 
absorption  bulbs  at  a  rate  of  about  2  or  3  bubbles  per 
sec,    and   this   rate   should   be    maintained    the    same 
throughout   the   course   of   the  experiment.      The  con- 
tents of  the  flask  are  shaken  until  well  mixed  and  then 
heated   gradually   to   boiling.     At  this   point   a   white 
scum  indicating  fluorine  will  appear  on  the  inside  of 
the  flask.     The  flame  under  the  flask  should  then  be 
adjusted    so    that    the    condensing    sulfuric    acid    will 
wash  this  scum  freely   and  completely  into   the  first 
trap.     Care  should  be  taken,  however,  to  avoid  heat- 
ing so  strongly  that   white  fumes  will  be  evolved  in 
noticeable   quantity,    nor   should   the   acid  in  the  first 
trap  be  made  to  boil.     When  the  second  trap  is  half 
full  of  acid  the  heating  is  discontinued.     On  turning 
off' the  flame,  particular  pains  must  be  taken  to  regulate 
the  flow  of  gas  so  that  the  relatively  cool  acid  from 
the  traps  does  not  flow  back  into  the  flask  and  thus 
cause  it  to  break.     The  valve  in  the  carbon  dioxide 
cylinder  must  therefore  be  sensitive  enough  to  admit 
of  quick  adjustment.     After  a  minute  or  two  of  ad- 
justment the  valve  may  be  set  to  give  as  before  a  uni- 
form flow  of  carbon  dioxide,  which  is  continued  from 
25  to  30  minutes,  so  as  to  wash  all  silicon  fluoride  into 
the  absorption  tube.     The  latter  is  then  removed,  its 
contents   transferred   to   a   350   cc.    Erlenmeyer   flask, 
the  solution  made  up  to   200-250  cc.  and  boiled  gently 
for  10  to   15   minutes  to  expel  dissolved  gases.     This 
operation  should   consume  as  little  time   as  possible, 
because  any  prolonged  exposure  to  the  air  before  boil- 
ing leads  to  oxidation  of  the  sulfur  dioxide  in  solution. 
The  solution  is  allowed  to  cool  somewhat   and   then 
titrated  with   N / 10  sodium  hydroxide,  using  phenol- 
phthalein  as  indicator.      The  end-point  must  be  ap- 
proached slowly  but  is  fairly  sharp  when  the  fluorine 
present   amounts  to  less  than   0.02   g.     The   reaction 
occurring  is  represented  by  the  equation 
HjSiF,  -I-  6NaOH  — *■  6NaF  -f  2H,0  -f-  Si(0H)4. 
It  will  require  about  an  hour  to  make  one  determina- 
tion. 

If  an  appreciable  amount  of  organic  matter  is  pres- 
ent in  the  sample  to  be  analyzed,  it  must  first  be  re- 
moved by  burning.  This  is  done  by  adding  sufficient 
sodium  carbonate  to  make  the  material  alkaline  and 
then  igniting  in  a  mufllc  furnace  at  a  dull  red  heat 
until  a  while,  or  nearly  while,  ash  remains.  Care  must 
be  taken  that  the  temperature  docs  not  get  high 
enough  at  any  lime  to  mell  the  material  or  to  volatilize 
sodium  (luorifle. 

In  the  determination  of  fluorine  in  phosphoric  acid 
the  latter  must  first  be  prepared  for  analysis  by  making 
neutral  to  phcnolphthalein  with  sodium  hydroxide 
and  then  drying. 

In  the  analysis  of  samples  free  from  organic  matter, 


it  will  be  found  unnecessary  to  add  standard  hydro- 
chloric acid  to  the  water  in  the  absorption  tube,  pro- 
viding the  fluorine  in  the  sample  is  equivalent  to  10 
cc.  or  more  of  iV/io  acid.  If  the  fluorine  taken  is 
less  than  this,  or  if  there  is  any  possibility  of  organic 
matter  being  present,  then  10  cc.  of  .V/io  hydrochloric 
acid  should  be  added  as  a  precaution  against  oxida- 
tion of  sulfur  dioxide  to  sulfuric  acid.  To  insure  that 
no  error  has  been  introduced  from  this  source,  the  solu- 
tion, after  titrating,  may  be  concentrated  to  about  50 
cc,  acidified  with  hydrochloric  acid  and  a  small 
amount  of  barium  chloride  solution  added.  In  case 
a  precipitate  of  barium  sulfate  occurs,  this  may  be  fil- 
tered off,  ignited  and  weighed,  and  the  proper  deduc- 
tion made  from  the  volume  of  sodium  hydroxide  re- 
quired. 

When  undertaking  a  second  determination,  a  portion 
of  the  acid  in  the  trap  equivalent  to  that  which  dis- 
tilled over  in  the  preceding  determination  must  be  re- 
turned to  the  flask.  This  may  be  done  by  removing 
the  stopper  in  the  Schmitz  tube  and  simply  lowering 
the  flask  into  the  proper  position.  Whether  or  not 
the  contents  of  the  flask  should  be  changed  with  each 
determination  will  depend  on  the  character  of  the  sam- 
ple taken  for  analysis.  Using  samples  containing  lit- 
tle carbon  and  weighing  2  g.  or  less,  the  same  acid  may 
be  used  in  making  several  determinations.  In  this 
case  the  sample  to  be  analyzed,  mixed  with  the  proper 
amount  of  silica,  is  placed  in  a  thin-walled  glass  cap- 
sule, dropped  into  the  flask  and  the  latter  then  quickly 
connected  with  the  source  of  carbon  dioxide  as  before. 
In  this  way  little  time  is  lost  between  successive  de- 
terminations. The  copper  sulfate  may  be  renewed 
with  each  change  of  acid.  Its  purpose  is  to  serve 
as  a  dehydrating  agent  and  to  prevent  bumping. 

The  accuracy  of  the  method  described  and  its  range 
of  application  is  shown  by  the  results  given  in  Table 
V.  For  the  sake  of  comparison  some  results  obtained 
with  the  Berzelius-Rose  method  arc  also  given. 

TaDLS  V — RSSULTS  OUTAINBD  IN  TUB  ANALYSIS  OV   PlUOKINK  COHrOUNIM 

Cc.  A'/ 10  Pbr  cbnt  Fli'o«in«  in  SAMri.B 

HCI  I'scd  iD  Mndificil      BcncUua-  u 

Sample             Grams  Abson>tion  VolmiUxation     Row  Calru- 

Used                 Taken  Tube  Method  Method  Utcd 

NaK 0.0.H6  10  00  4i.M  ...  45.24 

0.0J02  10  00  44.49  ...  4i ,  24 

0..000  None  4.S.06  ...  45.24 

0.2000  ...  .«.  4J.2I  45.24 

0.2000  ...  ...  42.95  45.24 

NaF  +  Coad'OOi    0.4614  10  00  4.48  ...  4.52 

0.42?0  10  00  4.52  ...  4.52 

0  5000  None  4.54  ...  4.52 
0.5000  None  4.45  ...  4.52 
I.OOOO  ...  ...  2.92  4.52 

1.0000  ...  ...  2.62  4.52 

I.IOj)  10  00  0.458  ...  0.452 

)    IMO  10.00  0.454  ...  0.452 

1.0000  ...  ...  0.50  0.452 

1  nooo  ...  ...  0.  IS  0.452 

5.0000  10.00  0  057  ...  0  04S 

5.nO(X)  10  00  0  Ml  ...  0  045 

10.0000         10  00  0.015  ...  0  009 

Nai.SIP>  -t-     I  0..\t4l  10  00  6.01  ...  6.05 

Ca<(POi)i  I  0.;647  10  00  6.04  ...  6  05 

In  Table  VI  arc  given  some  results  ohloincd  sep- 
arately by  each  of  us  in  the  analysis  of  some  commercial 
materials  which  arc  ordinarily  supposed  to  offer  special 
diflkully  in  the  determination  of  fluorine. 

An  examination  of  the  results  given  in  Tables  V 
and  VI  will  show  values  obtoined  for  the  fluorine  in 
ililTcrcntJmnterials  ranging  from  o.oi  to  45.  2  per  cent. 
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In  general,  the  method  may  be  expected  to  give  re- 
sults accurate  to  within  0.0005  g-  of  fluorine,  and,  if 
organic  matter  is  carefully  excluded,  even  greater  ac- 
curacy may  be  secured.  The  lowest  limit  for  the  de- 
termination of  fluorine  to  which  the  method  is  applica- 
ble may  be  taken  as  o.oi  per  cent. 

The  concentration  of  fluorine  which  admits  of  most 
convenient  analysis  ranges  from  about  0.5  to  10  per 
cent  and  it  is  between  these  limits  that  the  most  ac- 
curate results  are  usually  obtained. 

In  the  analysis  of  high-grade  material  like  sodium 
fluoride  a  slight  error  in  weighing  may  produce  a  con- 
siderable variation  in  the  results.  The  source  of  error 
may  be  minimized  by  diluting  the  material  with  a 
known  amount  of  an  inert  substance  like  calcium 
phosphate,  or  by  taking  a  sample  containing  a  larger 
amount    of    fluorine    than    that    ordinarily    used.      In 

Table  VI — Miscellaneous  Fluorine  .\nalyses 

Cc.  A710  HCl  Per  cent 

Added  to  Fluorine  Found 

Sample                            Absorption  Tube  Sample  A     Sample  B 

Phosphate  Rock 10  00  1.58             1.47 

None  3.74              3.85 

Phosphoric  Acid 10.00  0.40              0.47 

None  0.67               0.70 

Monocalcium  Phosphate  (commercial)  1 0 .  00  O.M              0.73 

10.00  0.0,11            0.032 

Baking  Powder 10.00  0  014            0.023 

10.00  0.043            0.040 

the  latter  case  care  must  be  taken  to  use  a  delivery 
tube  sufficiently  flared  at  the  point  where  it  meets 
the  surface  of  the  water  in  the  absorption  tube  to  pre- 
vent its  being  stopped  up  by  the  silica  that  is  deposited. 

The  sodium  fluoride  used  in  testing  the  accuracy 
of  the  method  as  represented  in  Table  V  was  prepared 
by  neutralizing  C.  P.  sodium  bicarbonate  with  an  ex- 
cess of  hydrofluoric  acid,  igniting  to  drive  off  the  ex- 
cess of  acid  and  then  recrystallizing  several  times. 
The  purity  of  the  product  finally  obtained  was  verified 
by  changing  it  into  the  sulfate  and  noting  the  increase 
in  weight. 

The  sodium  fiuosilicate  used  was  prepared  from 
"Baker's  analyzed"  product  by  heating  to  400°  for  5 
minutes,  filtering  off  the  insoluble  residue,  recrystal- 
lizing three  times  in  a  large  platinum  dish  and  finally 
drying  at  130°.  The  purity  of  the  product  thus  pre- 
pared was  established  by  titrating  with  a  standard 
solution  of  sodium  hydroxide. 

DETERMINATION     OF     HYDROFLUOSILICIC    ACID    GRAVI- 

METRICALLY — The  results  so  far  given  in  the  analysis 
of  fluorine  are  all  based  on  the  volumetric  determina- 
tion of  the  hydrofluosilicic  acid  in  the  absorption  flask. 
If  desired,  the  results  thus  obtained  may  be  checked 
by  means  of  a  gravimetric  determination  of  the  acid. 
In  carrying  out  this  procedure  the  solution  obtained 
after  titration  with  standard  sodium  hydroxide  is 
concentrated  to  about  50  cc.  and  the  fluorine  precipi- 
tated by  adding  200  cc.  of  a  saturated  solution  of 
lead  chloride,  as  directed  in  Starck's  method.  After 
standing  over  night  the  precipitate  is  filtered  through 
a  Gooch  crucible,  washed  with  saturated  lead  chloride 
solution  or,  better,  with  saturated  lead  fluochloride, 
and  finally  with  a  few  cc.  of  water,  dried  at  120°  and 
weighed  as  PbFCl. 

In  Table  VII  the  results  obtained  by  this  method  are 
compared   with   those   found   volumetrically. 


The  values  given  in  Table  VII  show  that  when  the 
weight  of  fluorine  taken  is  below  o.oi   g.  the  gravi- 
metric method  gives  lower  results  than  the  volumetric 
Table   VII — Comparison   of   Results   Obtained  in   the   Volumetric 
AND  Gravimetric  Determination  op  Hydrofluosilicic  .A.crD 
Grams  Fluorine  Grams  Fluorine  Grams  Fluorine 

No.       Vol.  Grav.  No.      Vol.  Grav.        No.        Vol.  Grav. 

1  0.02,395  0.02410    5  0.00818  0.00798    9  0.00467  0.00462 

2  0.02270  0.02295    6  0.00762  0.00758   10  0  00388  0.00382 

3  0.02185  0.02235    7  0.00589  0.00498   11  0.00306  0.00295 

4  0.00988  0.00982    8  0.00560  0.00457   12  0.00185  0.00170 

and  where  the  weight  of  fluorine  is  over  0.02  g.  the 
gravimetric  results  are  usually  higher.  Although 
not  definitely  proved,  it  seems  probable  that  this  re- 
sult is  due  to  two  factors,  the  solubility  of  lead  fluo- 
chloride and  the  adsorption  of  the  silicic  acid  set  free 
by  the  titration  of  the  hydrofluosilicic  acid.  For 
small  amounts  of  fluorine  the  solubility  of  the  lead 
fluochloride  more  than  offsets  the  adsorption  of  silicic 
acid,  but  for  larger  amounts  the  reverse  is  true.  This 
appears  reasonable  from  the  fact  that  the  weight 
of  lead  fluochloride  remaining  in  solution  will  be  prac- 
tically the  same  whether  little  or  much  fluorine  is 
present,  but  the  weight  of  silicic  acid  carried  down  will 
increase  with  increasing  concentration  of  fluorine. 
For  an  intermediate  amount  varying  between  0.0075  g. 
and  0.0150  g.  of  fluorine,  the  two  errors  practically 
balance  each  other  and  within  these  limits  results  by 
the  two  methods  closely  agree. 

The  procedure  of  precipitating  the  fluorine  with 
saturated  lead  chloride  solution  may  thus  be  used  as 
a  check  on  the  results  obtained  by  the  volumetric 
method,  and  it  serves  as  a  visible  means  of  identifying 
fluorine  in  solution.  In  the  case  of  routine  analyses, 
however,  it  is  apparent  from  the  results  given  that 
there  is  nothing  to  be  gained  by  lengthening  the  method 
beyond  the  volumetric  determination  of  the  hydro- 
fluosilicic acid. 
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SUMMARY 

An  experimental  study  has  been  made  of  the  various 
processes  that  have  been  proposed  for  the  determina- 
tion of  fluorine  in  the  presence  of  phosphates.  Prom 
the  results  obtained  it  would  appear  that  the  procedure 
which  offers  most  promise  for  the  determination  of 
fluorine  over  a  wide  percentage  range  consists  in  vola- 
tilizing the  fluorine  as  silicon  fluoride  and  then  col- 
lecting the  latter  in  water  to  form  hydrofluosilicic 
acid.  When  sulfuric  acid  is  used  to  bring  about  the 
volatilization  of  the  silicon  fluoride  there  is  evolved 
at  the  same  time  sulfur  trioxide,  sulfur  dioxide  and 
also  such  other  products  which  may  be  present  as 
hydrochloric  and  nitric  acids.  It  was  found,  however, 
that  by  use  of  various  reagents  a  selective  removal  of 
these  products  from  the  silicon  fluoride  may  be  ef- 
fected, yielding  a  solution  of  hydrofluosilicic  acid  en- 
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tirely  free  from  other  acid  constituents.  By  titrating 
this  solution  with  standard  sodium  hydroxide,  using 
phenolphthalein  as  indicator,  closely  agreeing  results 
for  the  fluorine  in  the  samples  analyzed  may  be  ob- 
tained. In  the  case  of  samples  freed  from  water  and 
from  organic  matter  (by  burning)  a  complete  analysis 
by  this  procedure  may  be  made  in  the  course  of  an 
hour.  The  method  is  applicable  to  the  analysis  of 
material  having  a  fluorine  content  as  low  as  o.oi 
per  cent. 
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A  WOOL  FAT  (LANOLIN)  SUBSTITUTE  AND  THE 
PREPARATION  OF  CETYLIC  ALCOHOL 

By  Sol.  Axelrad 
Received  October  17.  1917 

The  question  of  substitutes  for  various  materials  has 
been  one  of  prime  importance  during  these  war  times, 
especially  those  substances  and  chemicals  used  in  medi- 
cine and  pharmacy.  A  year  and  a  half  ago  the  supply 
of  wool  fat  was  very  limited  and  the  price  asked  was 
four  times  more  than  that  under  normal  conditions.  A 
substitute  called  "Eucerin"  imported  from  Germany 
was  also  scarce  and  the  agency  for  this  product  had 
only  four  ounces  left.  It  was  claimed  that  "Eucerin" 
was  made  from  the  washings  obtained  in  the  manu- 
facture of  wool  fat.  The  uses  of  lanolin  are  many, 
especially  in  pharmacy;  as  a  vehicle  for  ointments, 
in  the  preparation  of  bougies,  suppositories,  cold  creams 
and  plasters  of  various  kinds,  etc. 

This  investigation  on  a  wool  fat  substitute  was  under- 
taken with  the  idea  of  making  a  fatty  composition  which 
would  have  all  of  the  desirable  properties  of  lanolin, 
such  as  body,  tenacity,  power  of  absorbing  water 
readily,  taking  up  solutions  of  various  chemicals  used 
in  pharmacy,  dry  powders,  etc.,  etc. 

Liebreich  claimed  that  the  absorbing  power  of  wool 
fat  was  due  to  the  cholcsterin  ethers  it  contained. 
Lifschuetz'  isolated  the  cholesterin  ethers  of  Liebreich 
and  proved  that  they  had  very  little  power  of  absorbing 
water.  He  concluded  from  his  experiments  that  the 
absorbing  power  of  wool  fat  was  due  to  the  fatty  alco- 
hols of  iso  and  oxycholesterols.  He  separated  from  the 
alkaline  washings  of  partially  saponified  wool  fat  two 
saturated  alcohols  and  one  unsaturated  alcohol.  His 
experiments  further  proved  that  the  more  purified 
lanolin  was,  the  lower  was  its  power  to  absorb  water, 
owing  to  the  fact  that  during  its  purification  the  iso 
and  oxycholesterols  were  partly  removed. 

Unna,'  in  his  paper  "Ointment  Bases,"  states  that 
"Eucerin"  is  a  mixture  of  alcohols  of  the  iso  and  oxy- 
cholcsterin  group  with  petrolatum.  He  docs  not, 
however,  give  a  commercial  method  for  the  preparation 
of  tlicsc  alcohols.  The  absorbing  power  of  "Eucerin" 
is  due  to  llic'se  alcohols,  hut  Rocnier  (sec  below)  claims 
that  with  the  employment  of  cliolcstcrols  for  ointment 
bases,  hydrocarbons,  such  as  mineral  nil,  benzol,  etc., 
are  essential,  for  it  is  due  to  Ihcm  in  conibination  that 
the  absorbing  properly  is  imparled.     Rocnier,'  in  his 

'  lltr..  1(,  ?H00. 
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paper  on  "The  Pharmacy  of  the  Oxycholesterine  Oint- 
ment Bases,"  confirms  to  a  certain  extent  the  work  of 
Unna,  but  he  also  fails  to  give  a  method  for  the  prepara- 
tion of  the  alcohols. 

Unna'  states  that  "Eucerin"  has  been  used  in  skin 
preparations  in  Germany,  especially  in  pure  form,  for 
ichthyosis.  According  to  the  U.  S.  Dispensatory,  19th 
Edition,  page  97,  experiments  have  been  carried  on  in 
reference  to  the  absorption  of  wool  fat  by  the  skin. 
Patschkowski  and  Kaspar  claim  that  the  skin  readily 
absorbs  lanolin,  but  Ritter  and  Pfeiffer  in  a  long  series 
of  experiments  were  unable  to  verify  these  results. 
Grimm'  recommends,  in  his  paper  "Ueber  die  Ver- 
wendung  von  Aethal  in  der  Hautpflege,"  cetyl  alcohol, 
CisHsiOH,  for  skin  preparations  on  account  of  its  ab- 
sorptioo  by  the  skin  and  he  further  states  that  he  has 
found  it  useful  in  the  treatment  of  prurigo,  weeping 
eczema  and  other  skin  infections. 

In  view  of  the  fact  that  Unna  and  Roemer  have  writ- 
ten about  the  cholesterols,  which  are  aliphatic  higher 
alcohols,  and  Grimm  has  given  a  favorable  report  on 
the  use  of  cetyl  alcohol,  the  writer  came  to  the  con- 
clusion that  the  use  of  this  alcohol  was  advantageous 
in  a  substitute  for  wool  fat.  ' 

A  review  of  the  literature  failed  to  show  anj'  com- 
mercial method  for  the  preparation  of  cetyl  alcohol. 
There  were  many  references  as  to  its  preparation  from 
spermaceti  by  saponification  with  caustic  potash  and 
shaking  the  aqueous  soap  solution  with  petroleum 
ether,  this  being  analogous  to  the  extraction  of  unsaponi- 
fiable  matter.  Spermaceti  is  essentially  the  cetylic 
ester  of  palmitic  acid.  Chevreul  in  1818  isolated  the 
alcohol  by  the  above  method.  KraflFl'  prepared  this 
substance  by  the  reduction  of  palmitic  acid  to  the  alde- 
hyde and  heating  it  with  barium  formate.  He  also 
made  the  alcohol*  and  by  heating  the  palmitic  alde- 
hyde with  zinc  dust  and  acevic  acid  and  hydrolyzing 
the  acetate  formed. 

Levene'  made  this  alcohol  by  the  reduction  of  ethyl 
palmitatc  with  sodium  and  absolute  alcohol.  Schor- 
lemraer*  distilled  a  dry  mixture  of  barium  oxide  with 
sebacic  acid.  A  method  given  in  several  text  books  for 
the  preparation  of  cetyl  alcohol  was  the  saponification 
of  spermaceti  with  alcoholic  potash,  evaporating  the 
alcohol,  taking  up  the  residue  with  water,  adding  cal- 
cium chloride  solution  to  form  calcium  soap  and  ex- 
tracting with  suitable  .solvents.  The  above  methods 
are  useful  for  preparing  small  ()uantitics  of  cetyl  alcohol, 
but  for  commercial  quanlitics  these  methods  fall  down 
for  obvious  reasons. 

The  method  of  Schorlcmmcr  was  found  impracticable 
on  account  of  sebacic  acid  not  being  a  commercial 
substance.  The  extraction  process  causes  u  consider- 
able loss  of  the  solvent  employed  and  formation  of 
troublesome  emulsions. 

It  has  been  found  that  cetyl  alcohol  distills  at  about 
J40  to  i$o°  V.  without  decomposition  and  the  writer's 
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Fig,  I — Hydrous  Lanolin  X  100 

(Wool  Fat  with  30  Per  Cbnt  Watsr) 

Average  cost  per  pound    40  cents 

method  is  based  upon  the  distillation  of  the  calcium 
soap  of  spermaceti.  Various  experiments  were  performed 
with  the  following  purposes  in  view. 

I — Greatest  yield  of  cetyl  alcohol. 

2 — Cheapest  process. 

3 — Most  practical  method. 

EXPERIMENT  I — Spermaceti  (20  grams)  was  saponi- 
fied with  alcoholic  potash,  the  alcohol  evaporated  and 
the  residue  heated  in  a  distilling  flask  to  340°  C. 

EXPERIMENT  II — Spermaceti  (20  grams)  was  saponi- 
fied with  alcoholic  potash,  the  alcohol  evaporated  and 
the  soap  dissolved  in  water.  To  the  soap  solution  was 
added  an  excess  of  a  10  per  cent  calcium  chloride  solu- 
tion. The  calcium  soap  was  separated  and  dried  at 
100°  C.  and  finally  distilled  at  340°  C. 

EXPERIMENT  III — The  method  employed  was  the 
same  as  in  Experiment  11,  except  that  the  soap  solution 
was  saturated  with  sodium  chloride.  The  soap  was 
filtered,  dried  at  100°  and  distilled.  Many  minor  ex- 
periments were  performed  by  this  method  but  they  did 
not  show  results  of  such  value  as  to  warrant  their 
description. 

EXPERIMENT  IV — Twenty  grams  of  calcium  oxide 
containing  about  5  per  cent  water  were  added  to  15 
grams  of  melted  spermaceti.  The  mixture  was  heated 
for  about  6  hours,  with  occasional  stirring.  When 
cooled,  the  mass  assumed  a  brown-yellow  color.  On 
distilling  same,  frothing  occurred  at  100°  C.  due  to  the 
escape  of  water.  When  the  water  had  all  been  driven 
ofif  the  temperature  was  raised  to  340°  when  the  cetyl 
alcohol  distilled  as  white  fumes  and  on  cooling  formed 
oily  drops,  which  became  pure  white  upon  solidifica- 
tion, the  melting  point  being  49.5°  C.  The  yield  ob- 
tained was  over  6  grams,  this  being  over  40  per  cent  of 
the  actual  spermaceti  taken.  The  theoretical  yield 
(calculated)  was  about  45  per  cent. 

This  method  gave  a  larger  yield  than  the  other  three 
preceding   methods,   and,   calculating  the  cost  of  the 


Fig.  II — Wool  Fat  Sdbstitutb  X  100 
55  to  75  Per  Cent  Cheaper  than  Hydrous  Lanolin 

alcohol  obtained  on  a  40  per  cent  basis,  was  also  cheaper 
than  the  others.  The  ideal  temperature  for  the  distilla- 
tion of  cetyl  alcohol  is  330  to  350°,  as  above  this 
temperature  a  yellow  liquid  distills,  being  strongly  acid 
and  having  a  pungent  odor;  its  value  commercially 
will  be  investigated  at  a  later  date. 

A  copper  still,  manufactured  by  Sargent  &  Co., 
Chicago,  for  the  distillation  of  oils,  etc.,  at  high  tem- 
peratures, was  found  to  be  of  most  service.  Glass  stills 
are  apt  to  crack,  due  to  the  "caking"  of  the  residue 
which  can  readily  be  removed  from  the  copper  still 
after  each  distillation. 

Mixtures  were  made  having  different  quantities  of 
base,  cetyl  alcohol,  lanolin  and  water.  The  formula 
finally  selected  as  being  the  best  suitable  for  pharma- 
ceutical compounding,  was  the  following:  70  parts 
petrolatum,  20  parts  paraffin,  (m.  p.  about  60°  C), 
10  parts  cetyl  alcohol,  5  parts  lanolin  (anhydrous), 
100  parts  water.  This  preparation  stood  in  the  labora- 
tory for  17  months  with  absolutely  no  change  in  ap- 
pearance or  working  qualities.  The  properties  of  this 
mixture  are  the  same  as  wool  fat;  viz.,  taking  up  solu- 
tions of  salts,  powders,  etc.,  etc.  The  advantage  over 
wool  fat  is  that  it  will  not  become  rancid  and  is  con- 
siderably cheaper.  The  reason  for  using  5  parts  of 
lanolin  in  the  mixture  was  to  have  the  "unctuous" 
property  of  wool  fat.  This,  however,  is  a  minor  physical 
property. 

A  cold  cream  having  very  desirable  properties  can 
be  made  by  using  the  above  formula  except  for  the  ad- 
dition of  250  parts  of  water  instead  of  100.  The 
method  of  mixing  the  various  substances  is  of  prime 
importance.  The  petrolatum,  alcohol,  lanolin  and 
paraffin  are  melted  together.  The  water  is  warmed  to 
the  same  temperature  as  the  melted  fats  and  added 
slowly  with  constant  grinding  so  as  to  get  a  smooth 
mixture. 

Microphotographs  of  hydrous  wool  fat,  the  substitute 
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and  cold  cream  have  been  taken  and  are  shown  in  Figs. 
I,  II  and  III. 

The  writer  believes  that  the  wool  fat  substitute 
described  in  this  paper  will  stand  competition  with 
wool  fat  and  "Eucerin,"  both  now  and  under  normal 
conditions. 


Fig.  Ill— Cold  Cream  X  100 
80  to  90  Per  Cent  Cheaper  than  Hydrous  Lanolin 

A  further  investigation  is  under  way  to  determine  the 
value  in  the  preparation  of  a  wool  fat  substitute,  of 
ceryl  alcohol,  CjtHjsOH,  from  Chinese  wax  and 
myricyl  alcohol,  CaoHjiOH,  from  Carnauba  wax. 

In  conclusion,  due  credit  is  hereby  given  to  Mr.  Sol. 
Bernstein,  who  spent  considerable  time  in  performing 
experiments  and  assisting  in  general  to  bring  this  paper 
to  a  successful  issue. 

OTHER  REFERENCES 

'■Technology  of  Oils  and  Fats."  I.cwkowitsch,  239. 

Allen's  "Organic  Analysis."  4th  Ed.,  479. 

JahresberichU.  1862,  41.1. 

J.  prakl.  Chrm..  9,  M\;  43,   148. 

Ann.,  131,  ^2H^■,  83,  16. 

Ber..  28,  il.M;  29,  r,l8.  1474;  31,  97,  1122. 

Apolh.  Zeil..  20,  857. 

J.  Soc.  Chem.  1ml. ,  11,  I.VI;  18,  14. 


HoCMSTADTitR    I.,AnOKATORlU3 

227  Front  St.,  New  Yokk  City 


THE  RENNETIC  PROPERTIES  OF  PEPSIN 

lly  llowAHi)  T.  Uraiirr 
Rccclvc<l  Auxuat  29,  1917 

Physiological  chemistries  teach  us  tlmt  liie  gastric 
juice  consists  of  hydrochloric  acid,  inorganic  chlorides 
and  phosphates,  together  with  mucin  and  the  enzymes 
licpsin,  gastric  lipase  and  gastric  rcnnin. 

The  theory  as  to  tlic  source  of  the  proteolytic  activity 
and  the  miik-curilling  property  of  the  juice  has  not 
been  explained  satisfactorily  so  as  to  be  acceptable  to 
all. 


Some  physiologists  claim  that  these  two  properties 
reside  in  a  single  substance  and  that  the  milk-curdling 
and  protein-hydrolyzing  activities  are  present  in 
definite  and  distinct  side  chains  of  a  single  mammoth 
molecule;  others  claim  that  the  two  properties  are 
due  to  two  definite  and  distinct  enzymes  secreted  by 
separate  and  distinct  glands. 

The  scarcity  of  the  calf  rennet,  both  in  extract  and 
powder  forms,  due  to  the  foreign  situation,  made  it 
imperative  that  a  substitute  be  obtained  if  the  cheese- 
making  industry  were  to  be  perpetuated.  It  was 
natural  to  turn  to  pepsin  from  the  hog  stomach  for 
such  a  substitute.  The  first  experiments  were  some- 
what disappointing.  Our  custom  had  been,  in  the 
assaying  of  the  calf  rennet,'  to  determine  the  amount 
of  rennet  necessary  to  curdle  a  definite  quantity  of 
sweet,  unpasteurized  milk  in  a  definite  period  of  time  at 
a  definite  temperature. 

When  this  same  technique  was  applied  to  the  assay 
of  pepsin  for  its  rennetic  power,  it  was  found  that  our 
results  were  not  comparable.  A  pepsin  solution  which 
has  a  rennetic  value  of  loo  per  cent  by  our  arbitrary 
standard  did  not  have  a  strength  of  50  per  cent  when 
it  was  diluted  50  per  cent  with  distilled  water,  and  in 
like  manner  a  pepsin  scale  having  a  power  of  100  per 
cent,  diluted  50  per  cent  with  milk  sugar  or  other 
similar  diluent,  did  not  possess  a  rennetic  power  of 
50  per  cent  its  original  strength. 

This  was  contrary  to  the  action  of  the  calf  rennin, 
which  always  showed  an  activity  in  proportion  to  its 
dilution. 

Inasmuch  as  acid  is  an  activator  for  the  proteolytic 
hydrolyzing  power  of  pepsin,  it  was  natural  to  assume 
that  our  lack  of  uniformity  in  our  rennetic  assays  was 
due  to  variations  in  the  acid  concentrations  of  the 
solutions  being  assayed.  Experiments  proved  this 
theory  correct  and  it  was  found  that  when  the  pepsin 
dilutions  were  brought  back  to  the  original  acidity  of 
the  undiluted  solutions  our  results  became  more 
concordant.  The  next  step  was  to  consider  the  re- 
action of  the  milk  and  to  adjust  it  to  a  definite  acid 
concentration.  When  this  precaution  was  taken,  the 
results  proved  to  be  as  comparable  for  judging  the 
rennetic  property  of  pepsin  as  for  calf  rennet. 

The  technique  observed  now  in  judging  a  sample  of 
pepsin  for  its  milk  coagulative  power  is  the  same  as 
previously  published  for  rennet,  with  the  addition  that 
the  acidity  of  the  sweet,  unpasteurized  milk  is  brought 
to  0.185  by  the  addition  of  q.  s.  pure  lactic  acid. 

To  illustrate  the  above  points,  I  have  appended 
the  following  experiments.  These  experiments  in- 
clude the  determinations  of  the  E.  M.  F.  and  P^* 
values,  as  well  as  the  acid  titrations,  of  the  sweet  and 
odjusted  milk,  together  with  the  period  of  coagula- 
tion. 

EXPERiMF.NT  I—  Thc  milk  had  developed  a  high  state 
of  acidity  before  reaching  thc  laboratory.  Thc  acidity 
O.304  developed  during  a  thunderstorm  while  the 
milk  was  held  in  thc  ice  box. 
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Sweet  (Unadjusted  or  Unpasteurized  Milk) 


Acidity 

Coag. 

Per 

1  :  30.000 

pH 

cent 

<^ 

Strength 

Min. 

5.277 

0.22 

4415 

No.  2 

1  :  3000 

3.75 

4416 

No.  4 

1  :  3000 

2.75 

6.581 

0.  16 

4893 

1  :   10.000 

0.9 

4893 

No.  1 

2.8 

4893 

No   2 

6.56 

0.  135 

5532 

1  :  3000 

Inert 

5528 

No.  2 

1  :  3000 

Inert 

5470 

1  :  3000 

Inert 

Elix. 

Pepsin 

Inert 

6.3J 

0. 1425 

4468 

1  :  3000 

Inert 

Elix. 

Pepsin 

3.61 

Elii. 

Pepsin 

3.12 

6.49 

0.1475 

Scale 

No.  1 

1  :  3000 

Inert 

Elix. 

5446 

Inert 

Elix. 

5447 

Inert 

6.41 

0.15 

5579 
5580 

1  :  3000 

30 
Inert 

5.70 

0.1525 

4422 

No.  6 

1  :  3000 

Inert 

4420 

No.  3 

1  :  3000 

Inert 

6.3 

0.14 

5520 

No.  7 

1  :  3000 

Inert 

No.  8 

1  :  3000 

Inert 

4420 

No.  3 

1  :  3000 

Inert 

4422 

No.  6 

1  :  3000 

Inert 

5808 

No.  2 

1  :  3000 

30 

5627 

1  :  3000 

20 

5579 

I  :  3000 

30 

0.13 

Sol. 

No.  I 
No.  2 
No.  3 
No.  4 

Inert 
Inert 
Inert 
Inert 

0.  145 

4420 

No.  3 

No.  4 

1  :  3000 

Inert 
Inert 

1 9/7 

2 9/8 

3 9/15 

4 9/18 

5 9/19 

6 9/20 

7 9/22 

8 10/2 

9 10/4 

10 10/6 

II 10/20 


EXPERIMENT  2 — This  tcst  illustrates  the  question  of 
dilution.  When  the  i  :  10,000  pepsin  was  diluted 
with  7  parts  milk  sugar,  it  was  apparently  inert  when 
tested  on  sweet  milk  of  0.16  per  cent  acidity,  but  when 
the  same  milk  was  brought  to  an  acid  concentration 
of  0.19  per  cent 'lactic  acid  the  pepsin  dilution  was 
found  to  test  1/8  as  strong  as  the  original. 

EXPERIMENT  3 — In  this  assay  the  three  scales  were 
apparently  inert  in  milk  of  0.135  per  cent  acidity,  also 
one  fluid  drachm  of  the  elixir  failed  to  coagulate  one 
quart  of  milk.  When  the  acidity  of  the  milk  was 
brought  to  0.17  per  cent,  coagulation  readily  took 
place. 

Strengths  of  Mixtures  Used 


Coag. 


1.5 

4.0 

1.75 

2.0 

1.25 

2.0 

1.5 

1.0 

0.75 

2.75 


8.25 
6.25 
1.25 
1.0 


1.0 

14.5 

6.5 

9.25 

Less  than  1 

Less  than  1 

Less  than  1 

Less  than  1 

1.75 

2.25 


Milk  Adjusted 

Acidity 

Per 

cent 


Exp.  2. 


Rx   4893    No. 
Rx  4893  No. 


1  part  4893  +  2  parts  Milk  Sugar 
1  part  4893  +  7  parts  Milk  Sugar 
Exps.  3.  4  AND  10.     Elixir   Pepsin  =  I   fluid  drachm   contains   2.5    grs. 

1  :  3000  Pepsin. 

Rx  5580=1  part  1  :  10.000  Pepsin  +  7  parts  Milk  Sugar. 

Rx  4420  No.  4=1  part  4420  No.  3  +  4  parts  Milk  Sugar 


Exp.    6. 
Exp.  U. 


CONCLUSIONS 


The  foregoing  experiments  seem  to  indicate  that  the 
substance  which  gives  the  rennetic  property  to  pepsin 
is  not  the  same  substance  which  gives  this  property 
to  the  calf  rennin.  It  has  been  shown  that  it  is  neces- 
sary to  activate  the  pepsin  by  means  of  acid  before  it 
shows  its  rennetic  power  in  its  proper  degree.  The 
adjustment  of  the  milk  to  a  definite  acid  concentra- 
tion also  aids  the  coagulation  by  calf  rennet,  but  the 
great  difference  between  pepsin  and  calf  rennin  in  this 
respect  is  that  calf  rennin  never  fails  to  coagulate 
sweet  milk  or  to  give  comparable  results  upon  dilution, 
while  pepsin  fails  more  often  than  it  produces  coagula- 
tion on  perfectly  sweet  milk.  Another  great  difference 
is  that  pepsin  acts  best  on  very  ripe  milk,  even  to  an 
acidity  of  0.2  per  cent  or  more,  while  rennin  is  not 
favored  by  such  a  high  acid  concentration. 

Considering  the  above  facts,  together  with  the 
additional  notation  that  in  pepsin  these  two  properties, 
the  milk-curdling  and  proteid-hydrolyzing,  have  never 
been   isolated,   so   that   we   have   in   the   one   case    an 


enzyme  of  high  curdling  power  with  no  proteolytic 
strength,  and  in  the  other  a  high  proteolytic  power 
with  no  coagulative  strength  leads  me  to  accept  the 
theory  that  these  two  activities  are  closely  bound 
in  a  single  molecule,  and  that  under  the  proper  condi- 
tions of  temperature,  etc.,  it  is  only  necessary  for  this 
large  molecule  (pepsin)  to  come  in  contact  with  milk 
and  acid,  or  protein  and  acid  when  the  respective 
activities  of  milk  coagulation  or  protein  hydrolysis 
takes  place. 

Research  L.\boratorv 

Digestive  Fermknts  Company 

Detroit.  Michigan 


A  METHOD  FOR  THE  DETERMINATION   OF   ALCOHOL 

By  C.   J.   Haines  and  J.    W.   Marden 
Received  June  21.  1917 

The  fact  that  so  many  methods  have  been  suggested 
for  the  determination  of  alcohol  is  indicative  of  much 
to  be  desired  in  the  speed  and  ease  with  which  deter- 
minations can  be  made.  The  specific  gravity  method 
with  which  accurate  results  can  be  attained  and  which 
is  most  popular  cannot  in  general  be  applied  to  liquids 
other  than  pure  alcoholic  solutions.  This  paper  has 
been  prepared  suggesting  a  method  which  does  not 
require  in  many  cases  the  distillation  necessary  to 
specific  gravity  determinations,  in  the  hope  that  the 
results  may  be  of  value  in  analytical  chemistry. 

Frary'  and  others  have  observed  that  potassium 
fluoride  or  potassium  carbonate  when  added  to  alco- 
holic solutions  will  cause  the  alcohol  to  separate  from 
the  remainder  of  the  solution,  that  is,  that  aqueous 
solutions  of  potassium  fluoride  or  potassium  carbonate 
are  immiscible  with  alcohol.  Frary  has  suggested  a 
method  based  on  these  observations  for  the  determina- 
tion of  ethyl  alcohol  by  the  use  of  potassium  fluoride. 
The  method  is  to  add  sufficient  of  the  salt  (carefully 
weighed  out)  to  an  alcoholic  solution  in  a  glass-stop- 
pered cylinder  to  cause  the  alcohol  to  separate,  add  an  in- 

■  "Studies  in  Chemistry.  No.  I."  University  of  Minnesota.  19U. 
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dicator  (phenolphthalein)  which  colors  the  alcoholic 
solution  and  then  gradually  add  water  with  frequent 
shaking  till  the  two  layers  just  disappear  and  the  two 
liquids  become  completely  miscible.  From  the  weight 
of  liquid  (which  is  then  determined)  and  the  weight  of 
the  salt,  Frary  finds  the  percentage  of  alcohol  from  a 
table  which  he  has  prepared.  He  finds  that  the  separa- 
tion of  alcohol  by  means  of  potassium  fluoride  is  ap- 
parently quite  independent  of  ordinary  laboratory 
temperature   conditions. 

There  are  various  objections  to  this  method.  The 
potassium  fluoride  must  be  perfectly  dry  and  pure. 
Also,  after  the  analyst  has  made  such  a  titration  as  is 
suggested  above,  made  the  weighings  and  used  the 
table  he  has  consumed  much  time.  It  seemed  at  the 
outset  of  the  present  work  that,  if  the  salting  out  of 
the  alcohol  was  quantitative,  the  entire  volume  of 
alcohol  could  be  separated  and  that  the  process 
would  be  much  simpler  if  the  percentage  by  volume 
were  read  off  directly. 

METHOD    OF    DETERMINATION 

The  determinations  were  made  at  first  in  graduated 
tubes  of  IS  cc.  capacity  which  had  been  prepared  by 
cutting  off  50-cc.  gasometer  tubes  and  later  in  centrifuge 
tubes  of  the  same  capacity.  The  tubes  were  all  gradu- 
ated to  0.1  cc.  and  before  use  were  carefully  calibrated 
with  water.  In  every  case  the  readings  were  estimated 
to  o.oi  cc.  In  a  determination,  10  cc.  of  alcoholic 
solution  at  15.6°  were  used  where  the  concentration 
was  less  than  about  50  per  cent,  but  where  the  concen- 
trations of  alcohol  were  greater  than  this,  5  cc.  were 
taken  and  the  volume  made  up  to  10  cc.  in  the  tube. 
Potassium  fluoride  was  then  added  till  the  tube  read 
about  13  cc.  It  was  found  by  trial  that  this  gave  suf- 
ficient of  the  salt  to  saturate  the  solution.  A  small 
crystal  of  malachite  green  was  dropped  in  which  served 
to  color  the  alcohol  layer  so  that  the  volume  could  be 
easily  read.  Various  substances  could  be  used  for  this 
purpose  such  as  a  small  piece  of  phenolphthalein,  iodine, 
etc.,  but  the  malachite  green  proved  quite  satisfactory 
giving  no  color  to  the  aqueous  potassium  fluoride  so- 
lution. The  tubes  were  then  closed  with  a  tight-fitting 
stopper  and  shaken  vigorously  for  perhaps  2  minutes. 
If  the  potassium  fluoride  is  dry  the  solution  warms  u]) 
but  when  placed  in  the  centrifuge  for  2  or  3  minutes, 
cools  down  to  about  room  temperature.  The  alcohol 
separates  in  the  upper  layer  while  the  excess  of  solid 
salt  settles  to  tlic  bottom  of  the  tube.  From  the 
volume  of  alcohol  observed  and  the  volume  of  alcoholic 
liquid  used  for  the  dctiTminalion,  liic  percentage  of 
alcohol  by  volume  is  readily  found.  Since  one  cc.  of 
this  alcohol  chanv;es  about  o.ooi  cc.  per  degree  Centi- 
grade at  room  temperatures,  the  volume  can  be  cor- 
rected to  15.6°  if  so  desired.  It  was  found  by  experi- 
ment that  the  potassiunj  fluoride  did  not  precipitate 
(|uilc  the  last  traces  of  alcohol  ancl  when  the  readings 
were  made  from  the  bottom  of  the  meniscus  it  was 
ncce.tsary  to  add  0.15  I'c.  to  observed  readings  to  allow 
for  this  and  the  amount  of  alcohol  adhering  to  the  sides 
of  the  tube. 


ANALYTICAL    RESULTS 

Tables  I  and  II  are  given  to  show  the  results  obtained 
by  this  method  of  analysis.  The  first  series  of  deter- 
minations was  made  on  pure  aqueous  alcoholic  solu- 
tions, the  concentrations  of  which  had  been  carefully 
determined  by  the  specific  gravity  method  at  15.6°, 
Table  I.  A  one  per  cent  alcoholic  solution  just  shows 
the  presence  of  alcohol  by  this  method. 

Table  I — Alcohol  Determinations  in  Aqueous  SoLtmoKS  by 

Potassium  Fluoride  Method  Corrected  to  15.6°  C. 

^Alcohol  Used — .         Cc.  100  Per  cent  Alcohol  Per  cent 

Strength       Actual      In  volume      As                 Dif-  Alcohol 

No.     %  by  volume      Cc.              used       Found           fnence  Found 

1 95.34            5  cc.              4.77          4.71              —0.06  94.2 

2 82.0              5  cc.              4.10         4.11               -j-O.Ol  82.2 

3 75.71            Sec.              3.79         3.87               -1-0.08  77.4 

4 67.69            5  cc.              3.38         3.40              -1-0.02  68.0 

S 57.84            5  cc.              2.89          2.84              —0.05  56.8 

6 41.84            5  cc.              2.09          2.07              — 0.02  41.4 

7 30.4            lOcc.              3.04         3.09               -1-0.05  30.9 

8 18.48          10  cc.              1.85          1.88              -1-0.03  18.8 

9 12.4            lOcc.              1.24          1.28               4-0.04  12.8 

10 5.0           lOcc.             0.50         0.53              -1-0.03  5.3 

11 1.26          lOcc.              0.12         0.15               -1-0.03  1.5 

Values  read  from  bottom  of  meniscus  and  0.15  cc.  added. 

Table  II  shows  the  analysis  of  various  substances  for 
alcohol.  In  nearly  all  cases  the  alcohol  was  determined 
directly,  but  in  several  analyses  precipitates  were  formed 
when  the  fluoride  was  added.  In  such  cases  the  alcohol 
was  distilled  and  the  determinations  made  on  the 
distillates.  Whiskey  was  successfully  analyzed  after 
clarifying  with  alumina  cream. 

Table   II — .\lcohol   Dbtbrmination   in    Different   Substances  Cor- 
rected to  15.6°  C. 

%  Alcohol 
lOOTo  Alcohol  Found 
Found  by  by 

Substance  Cc.        KjFi  Method     Sp.  Gr.     Diftrtnct 

No.             .\NALYzaD                 Used     Cc       %  by  vol.  Method  Per  cent 

1  Alcohol  (denatured)..  ..      5         4.7            94.0            ...  ■.  . . . 

2  Beer(o) 10         0.43            4.3            4.1  -f-0.2 

3  Beer(o) 10         0.45            4.5            4.2  -1-0.3 

4  Cidcr(a) 10         0.50           5.0           5.28  — 0.28 

5  Hairtonic(o) 5          1.45            2.0         29.4  —0.4 

6  Tincture  of  lodme(a)...      5          4.55         91.0            ...  

7  "  "  5  4.73         94.6         95.0  —0,4 

8  "  "  10         4.74  47.4         47.5  — 0. 1 

9  "  "  10         2.35         23.5         23.75         —0.25 

10  Tincture  of  Iron(ft) 5  4.73         94.6         95.0  —0.4 

11  10         4.74         47.4  47.5  —0.1 

12  Vanilla  Extract(a) 5         1.35         27.0  27.65  —0.65 

13  Whiskcy(6) 5         2.50         50.0  ...  

14  Whiskey(o) 5  2.50         50.0  50.0  

(u)  .\ftcr  distillation.     (6)  Before  distillation. 

CONCLUSIONS 

I-  A  method  has  been  proposed  for  the  easy,  rapid 
determination  of  ethyl  alcohol  which,  if  care  is  observed 
in  reading  the  tubes,  gives  a  fair  degree  of  accuracy. 
The  potassium  fluoride  used  is  inexpensive  and  need 
not  be  purified.  It  is  best  to  dry  this  substance  but 
small  amounts  of  moisture  in  it  do  not  affect  the  re- 
sults. 

II — The  method  cannot  be  used  for  solutions 
containing  less  than  i  or  3  per  cent  of  alcohol  or  where 
other  organic  liquids  arc  present  such  as  acetone, 
essential  oils,  etc. 

It  might  be  pointed  out,  however,  thai  in  a  solution 
such  as  the  tincture  of  iodine  the  tlctcrmination  is  very 
simple.  The  iodine  solution  is  placed  in  the  lube,  the 
potassium  fluoride  addeil.  the  tube  shaken,  ccntrifuged, 
and  the  volume  of  the  alcohol  (which  contains  the 
iodine  in  solution)  read.  The  iodine  in  the  solution 
seems  to  have  litlle  effect  on  the  volume  of  the 
aUohol. 

('niv«r>ity  or  MiMMji'ii 
I'oLUHHiA.  Mimouat 
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"DOING  OUR  BIT"! 

By  Bernhard  C.  Hesse 
The  American  chemist,  in  common  with  all  other  good  Ameri- 
cans, has  his  "bit"  to  do  not  only  during  the  period  of  tlie  war 
but  also  when  peace  returns.  It  is  more  than  likely  that  we 
shall  find  new  conditions  when  this  war  is  over  and  to  meet 
them  we  chemists  will  have  to  work  along  lines  quite  different 
from  those  to  which  we  had  theretofore  been  accustomed.  There- 
fore, it  can  be  only  prudence  and  good  policy  to  discuss  now, 
in  a  more  or  less  general  way,  just  what  these  conditions  may  be 
and  what  may  be  the  general  modes  of  meeting  them,  and  it  is 
with  this  problem  tliat  we  are  now  concerned. 

THE   PUBLIC   AND    SCIENCE 

The  general  public  has  now  realized  as  never  before  the  im- 
portant part  that  can  be  and  in  fact  is  played  in  matters  of 
national  aggression  and  of  national  defense  by  those  who  create, 
disseminate  and  apply  science.  There  is  hardly  a  single  one  of 
tlie  many  divisions  and  subdivisions  of  our  Council  of  National 
Defense  and  of  our  National  Research  Council  that  does  not  call 
for  a  new  application  of  some  branch  of  science  in  one  form  or 
anotlier.  Every  branch  of  our  varied  activities  which  pertains 
to  the  transporting,  housing,  feeding  and  equipping  of  our  soldiers 


PUBLIC    OPLNION   AND   NATIONAL   EFFORT 

In  our  democratic  government  public  opinion  is,  in  general 
and  usually,  the  source  and  fountain-head  of  all  our  governmental 
and  national  activities;  whatever  governmental  machinery  we 
have  is  here  for  the  benefit  of  the  public  and  the  public  is  not 
at  all  here  for  the  benefit  of  any  of  our  governmental  machinery. 
Except  in  times  of  stress  we  do  not  take  orders  from  our  govern- 
ment; it  is  our  habit  to  give  orders  to  our  government. 

We  can  give  orders  only  if  we  have  a  well  grounded  and  well 
founded  public  opinion  upon  which  to  base  them  and  by  which 
to  give  those  orders  force  and  effect. 

The  public  is  now  in  more  sympathetic  attitude  towards 
science  than  ever  before  and  it  has  singled  out  the  science  of 
chemistry  as  one  of  its  especial  hopes  and  supports,  both  in  war 
and  in  peace.  Every  one  of  us  must  take  hold  with  a  will  and 
do  his  level  best  to  the  end  that  this  valuable  national  asset  of  a 
sympathetic  public  opinion  and  a  favorable  public  attitude  of 
mind  be  not  withdrawn  from  us.  We  are  the  custodians  of  a 
most  valuable  trust  and  oiu"  responsibilities  are  co-extensive 
with  our  opportunities. 

THE   CHEMIST   IN   THE    LIFE   OF   THE   NATION 

Impressed  as  we  are  with  the  magnitude  of  our  task  and  with 


TABLE  I— ORGANIZATION  OF  THE  NATIONAL  COUNCIL  OF  DEFENSE  AND  THE  ADVISORY  COMMISSION 
COUNCIL  OF  NATIONAL  DEFENSE  ADVISORY  COMMISSION 


Director  o 

V  Council  and 

Commission 

Sections 

and  Boards  of  the 

Council 

1 

Divisions  of  Advisory 

Commission 

General  Munitions  Board 

Munitions  Standards  Board 

Aircraft  Production  Board 

Medical  Section 

Commercial  Economy  Board 

Interdepartmental  Advisory  Committee 

Cooperative  Committees  on  Purchase  of  Army  Supplies 

(U.  S.  Chamber  of  Commerce) 
Inventions  (Naval  Consulting  Board) 
National  Research  Council 
Committee  on  Shipping 
Committee  on  Women's  Defense  Work 
Committee  on  Coal  Production 
Section  on  Cooperation  with  States 

both  here  and  abroad  has  to  meet  new  and  untried  conditions; 
many  of  these  are  themselves  the  direct  offspring  of  scientific 
knowledge,  and  have  to  make  a  demand  upon  sciences  not  only 
in  their  applied  forms  but  in  many  cases  in  their  pure  forms; 
among  the  sciences  so  called  upon,  chemistry  has  been  prominent. 
It  is  inevitable  that  when  peace  does  return,  this  new 
realization  of  the  general  public  will  not  he  at  once  laid  aside. 
Further,  it  is  inconceivable  that,  impressed  as  it  now  is  witli  the 
potential  and  actual  power  of  science  in  war,  the  public  will  not 
conclude  that  science  must  have  equally  great  potential  bene- 
ficial effect  on  peace-time  pursuits  and  development  and  demand 
the  full  realization  of  those  potentialities.  This  attitude  of  tlie 
public  mind  is  of  great  importance  and  is  something  which 
should  not  be  permitted  to  perish  or  to  fall  into  decay.  Unless 
those  of  us  who  are  engaged  in  creating  or  in  disseminating  or  in 
applying  science  make  every  effort  to  realize  these  fundamentally 
correct  expectations  of  the  public  we  can  hardly  expect  their 
continuance,  and  the  result  will  be  that  sooner  or  later  and,  as  a 
nation,  we  shall  be  at  a  disadvantage  with  respect  to  those 
peoples  who  are  not  remiss  in  that  direction. 

>  Address  before  the  Chemical  Society.  Massachusetts  Institute  of  Tech- 
nology, Boston,  Mass.,  November  22,  I9I7. 
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the  seriousness  of  our  responsibilities  let  us  consider  the  situation 
in  some  detail.    Now  as  to  the  problem  and  its  scope. 

In  the  first  place,  what  is  our  position  in  the  general  scheme  of 
affairs  of  our  nation?  The  diagram  of  the  earlj^  organization  of 
the  Council  of  National  Defense  is  probably  the  most  complete, 
authoritative  and  effective  answer  we  can  to-day  obtain.  A 
skeleton  of  it  is  given  in  Table  I. 

In  the  second  place,  what  is  the  general  position  of  the  chemist 
in  tlie  industrial  activities  of  our  nation?  Broadly  and  fairly 
speaking  it  can  be  said  tliat  tlie  chemists  make  up  about  one  Uii- 
Ihousandth  of  our  population  and  tliat  in  their  various  industrial 
activities  they  are  connected  with  industries  that  employ  roughly 
one-sixth  of  our  industrial  wage-earners,  produce  about  one- 
fourth  of  the  value  of  our  manufactured  products  and  about  one- 
fifth  of  the  value  added  by  manufacture;  in  our  foreign  trade  in 
1913  with  Germany  alone  in  products  of  and  for  chemical  in- 
dustries these  made  up  one-twenlieth  of  our  total  international 
trade  and  provided  one-scvcvth  of  our  balance  of  trade. 

To  take  only  a  very  few  from  a  great  many  striking  examples  of 
the  chemist's  activities  it  may  be  said  tliat  he  has  added  between. 
$10  and  $12  to  the  value  of  each  bale  of  cotton  grown,  has  in- 
vented or  discovered,  made  and  marketed  over   100  different 
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commercial  products  from  corn  and  for  these  he  uses  as  much 
corn  as  is  produced  in  North  Carolina  or  is  produced  by  the 
nine  states  of  Maine,  New  Hampshire,  Vermont,  Massachusetts, 
Rhode  Island,  Connecticut,  New  York,  New  Jersey  and  Dela- 
ware combined. 

Many  industries  flourished  for  centuries  before  chemical 
knowledge  and  chemical  treatment,  as  we  understand  them  to-day, 
were  applied  to  them  and  these  are  to-day  brought  to  an  efficiency, 
•economy  and  diversity  of  production  by  the  chemist,  which 
without  the  chemist  would  have  been  impossible;  such  are  those 
of  leather,  soap,  iron,  copper,  textiles  of  all  kinds,  paints, 
varnishes,  fats,  paper,  glass,  stoneware  and  porcelain;  there  is 
also  a  large  number  of  industries  which  were  literally  created 
by  the  chemist  during  the  past  75  years,  such  as  artificial  fertil- 
izers, fuel-gases,  gas-lighting,  photography,  explosives,  illuminat- 
ing oils,  carbide,  aluminum,  carborundum,  dyes,  medicines  and 
in  all  but  a  very  few  of  these  the  American  chemist  has  taken  a 
leading  part  and  there  is  no  reason  why  he  should  not  keep  right 
at  it. 

What  the  limits  of  chemical  industry  are,  must  in  the  very 
nattu-e  of  things  be  vague  but  nevertheless  more  or  less  closely 
following  that  undefined  thing  called  usage.  One  thing  is  certain, 
it  does  not  include  every  industry  making  or  using  products  of 
■chemical  change  for  that  would  include  almost  all  human  activi- 
ties; it  can  no  more  be  so  inclusive  than  could  every  industry 
that  employs  or  profits  by  the  use  of  arithmetic  be  called  a  mathe- 
matical industry.  Of  course,  there  are  many  different  accepted 
usages,  but  for  present  purposes  the  usage  of  the  United  States 
Census  will  be  followed. 

Coming  now  to  more  precise  matters  and  taking  the  classifica- 
tion of  the  U.  S.  Census  for  1909  as  a  criterion  of  what  constitutes 
chemicals  and  allied  products  we  find  that  these  are  nine  in 
number,  namely: 

1 — Paint  and  Varnish 

2 — Chbmicaus 

3 — Fbrtilizers 

4 — Explosives 

5 — DvBsTuprs  AND  Extracts 

6 — Sulfuric.  Nitric  and  Mixsd  Acids 

7 — Wood  Distillation  (not  including  Rosin  and  Torpentinb) 

8 — Essential  Oils 

9 — BoNB,  Carbon  and  Lampblack 

From  the  1909  census  data  it  appears'  that  "if  we  compare  the 
average  chemical  plant  with  the  average  plant  in  all  domestic 
industries  that  the  average  chemical  plant,  when  so  contrasted, 
costs  330  per  cent  of  that  general  average,  employs  144  per  cent 
as  many  persons  of  which  the  salaried  employees  are  264  per  cent 
of  the  general  average  and  the  wage  earners  134  per  cent;  the 
output  value  is  261  per  cent  of  the  general  average  and  its  en- 
hancement in  value  is  248  per  cent.  Therefore,  as  a  unit,  the 
average  domestic  chemical  jjlant  costs  more,  produces  more, 
enhances  more,  employs  more  salaried  persons  and  more  wage 
earners  than  the  average  inihistrial  plant. 

"A  dollar  invested  in  our  chemical  industries  is  not  so  productive 
as  in  our  industries  as  a  wliole;  it  spends  less  for  wages,  salaries 
and  materials  and  produces  less  product-value  and  less  enliance- 
ment-valuc. 

"I'er  Slot)  of  product,  the  general  average  and  the  average 
domestic  chemical  plant,  respectively,  expend  f  i'"..-;**  and  $9.09 
for  .wages,  54. .S4  and  ?.5/)5  for  salaries,  or  $21.12  and  ?I4.74  for 
services. 

"Per  individuid  wage  earner  the  aniuial  output  of  product  is 
?J.'25  for  the  general  average  and  $6,035  fof  t''^'  average  domestic 
chemical  plant. 

"Per  individual  salaried  employee,  the  annual  output  of  product 
is  ?••'>. 1.17  for  'lie  Kciieral  average  and  >25,733  for  the  avcroge 
doincstic  cheuiical  plant, 

"The  average  salarici arc $1 188 and 5i45.s,  respectively,  for  our 
■  Tun  jouiNAL,  a  (l'<t6),  lOJO. 


industries  as  a  whole  and  our  domestic  chemical  industries;  the 
average  wages  are  S518  and  S549,  respectively;  in  the  industries 
as  a  whole  there  are  8  wage  earners  to  each  salaried  employee 
and  in  our  chemical  industries  there  are  4  wage  earners  to  each 
salaried  employee. 

"Relatively,  our  chemical  establishments  are  0.79  per  cent  of 
all  our  industrial  estabUshments  and  the  number  of  persons 
employed  is  1.15  per  cent  of  aU  persons  employed  in  manufacture. 

"Hence  while  an  average  chemical  plant,  as  such,  is  of  greater 
importance  to  the  community  than  the  average  industrial  plant, 
yet  the  capital  so  invested  is  not  so  productive  as  in  the  average 
industries." 

PEACE   TIME   GROWTH   OP   OXTB.   CHEMICAL   INDUSTRIES 

That  these  nine  branches  of  the  U.  S.  industries  of  chemicals 
and  allied  products  are  increasing  actually  as  well  as  relatively 
to  our  entire  industrial  activities  as  a  whole  is  one  of  the  gratify- 
ing facts  shown  by  the  U.  S.  Census  figures  for  1914  only  recently 
available.  The  actual  figiu-es  are  given  in  Table  II;  the  growth 
is  evidenced  by  the  percentages. 

Another  gratif>'ing  disclosure  of  the  1914  census  is  that  the 
groups  of  chemicals  and  allied  products  have  been  increased  in 
number  and  scope  and  to  the  nine  groups  above  enumerated  and 
considered  the  following  17  have  been  added: 

1 — Baking  Powders  and  Yeast 

2 — Blacking.  Stains  and  Dressings 

3 — Bluing 

4 — Candles 

5 — Cleansing  and  Polishing  Preparations 

6 — Coke  (not  including  Gas-house  Coke) 

7 — Drugs  (including  Drug  Grinding.  Druggists'  Preparations.  Patent 
Medicines  and  Compounds.  Perfumery  and  Cosmetics) 

8 — Gas.  Illuminating  and  Heating 

9 — Glue,  not  elsewhere  speci6ed 
10 — Greases  (including  Grease  and  Tallow,  Lubricating  Greases  and 

Soap  Stock) 
1 1 — Printing  Ink 
12 — Writing  Ink 
13 — Cottonseed  Oil  and  Cake.   Linseed  Oil.  Fish  Oils.   Oleo  and  oU 

other  oils  have  been  added  to  Essential  Oils 
14 — Petroleum,  refining 
15— Salt 
1 6 — Soap 
17' — Turpentine  and  Rosin 

This  is  a  very  gratifying  state  of  affairs  particularly  if  we  bear 
in  mind  that  the  1914  census  covers  tlie  fiscal  year  ending  with 
June  30,  19 14,  or  about  one  month  before  the  present  war  broke 
out.  It  shows  that  domestic  capital  before  tlie  war  was  taking 
more  to  these  chemical  and  allied  industries  Uian  to  our  industries 
in  general ;  that  tlie  compilers  of  tlie  census  have  become  con- 
vinced Uiat  the  chemical  and  allied  industries  had  therefore  been 
too  luimnvly  dclincd.  That  can  only  mean  that  prior  to  this 
war  we  had  obtained  greater  oflicial  and  hence  public  recognition 
of  the  chemist's  influence  in  the  nation's  business  and  Ihot 
domestic  capital  had  of  its  own  accord  increased  its  confidence 
in  our  business  as  a  busine.-w. 

To  give  an  idea  of  what  this  clas.sificntion-cxpansion  of  "Chem- 
ical Industries"  means  to  the  U.  S.,  statistical  iiosition  of  the 
"Clu'tnical  Industries,"  Table  III  hos  l>een  compiled. 

Hccause  t)f  the  absence  of  iiiformation  as  autlicntic  and  as 
carefully  checked,  sifted  and  arrau«cd  iu»  ore  thc«;  figures 
from  the  I'.  S.  Census  reports  no  profitable  cITorl  can  now  be 
made  to  measure  the  present  effect  of  tlic  war  on  these  industries; 
to  do  so  we  must  wait  until  such  data  are  available. 

(INK    KFFIiCT  or   TIIK    WAR 

Since  the  outbreak  of  the  war,  in  oddition  to  the  many  dcport- 
mciils  of  the  I'edrr.il  Government  which  previously  were  cngaiced 
in  applying  and  dcvclopiiiK  ^■llCIIli^trv  niul  our  chcmioal  iiidustliM 
for  national  licnclit,  there  have  l)mi  crrutcd  A  nuinl>cr  of  I'ctlcral 
aKTiicics  of  national  scope  whoso  aim  is,  among  others,  to  bring 
out  promptly  and  cniciently  the  whole  of  our  dicinical  acicncc 
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Table  II — Growth  op  American  Chemical  Industries  1909  to  1914 

Per  cent  Per  cent  Per  cent  Increase 

Increase  of  the  Whole  in  1914  over 

Chemical  AND               1914  over  1909  in  Chemicals  1909  of  Per  cent 

All  Industries                           Allied  Products           All        Chemical  &  Allied  of  Whole  in 

• ^                            . • ■        Indus-      &  Allied  Products  Chemical  &  Allied 

Item                                                    1909                         1914                         1909                   1914         tries        Products  1909     1914  Products  in  1909 

1  is'o.  of  Establishments 268.491                    275.791                     2.140                 2.461            3                   15  0.79     0.89  13 

2  No.  of  Wage  Earners  (Av.) 6.615.046                7.036.337                  70.426               86.788           6                  23  1.06     1.23  16 

3  Capital 518,428.269.706   $22,790,979,937      $483,729,410  $722,989,000         24                  49  2.62     3.17  21 

4  Wages 3.427.037.884        4,078.332.433          38.658.201       53.021.000          19                  37  1.13      1.30  IS 

5  Materials 12.142.790.878      14.368.088.831         258.115,975     340.218.000         18                  32  2.13     2.37  11 

6  Value  of  ProducU 20,672.051.870      26,246.434.724        425,084.540     547.802. 00l>          17                  29  2.06     2.09  1 

7  Value  Added  by   Manufacture 

(Item  6  less  Item  5) 8.530,261,000  9.878,345.893        166,968,565     206,864.000         16                 24             1.96     2.10                         7 

Column A                              B                              CDEFGH                              J 

Note— Percentages  given  above  ^  _  (B  —  A)  X  100                      (D  —  C)  X  100                 _  C  X  100                 _  D  X  100                      (H  —  G)  X  100 

were  obtained  as  follows:            |  ^  ~                f^           "              ^  "                q                          "^""a                    ^  ~           B  ^  "                 G 

and  industries  for  the  good  and  the  safety  of  the  nation.    Among  promptness  and  efficiency 

these  are  the  National  Defense  Council,  the  National  Research  aU  of  our  efforts  are,  however,  bound  to  be  vitiated  if  we  are 

Council,  the  Naval  Consulting  Board,  the  War  Trade  Board,  not  at  all  times  mindful  of  the  fact  that  unless  we  and  each  of 

the  Tariff  Commission  and  others  all  supplied  with  chemical  us  do  our  share  promptly  and  efficiently  that  the  whole  national 

advisers,  while  all  the  earlier  Federal  agencies  have  intensified  effort  cannot  fully  succeed;  the  net  result  can  hardly  be  better 

their  efforts  and  enlarged  their  scope.    In  addition  thereto,  mem-  than  its  poorest  component  nor  completed  faster  than  its  slowest 

bers  of  the  chemical  faculties  of  almost  every  one  of  our  universi-  part.    Hence,  our  watchword  should  be  at  all  times:    "Accuracy, 

tics,   technical  schools  and  colleges  are  working  with   govern-  Comi>leteness  and  Despatch."     The  student  in  the  classroom  is 

mental  departments  and  with  industrial  enterprises  in  positions  no  more  exempt  from  it  than  is  the  faculty-member,  the  corpora- 

and  on  subjects  and  in  a  manner  heretofore  never  known  and  the  tion  head  or  the  government  official;  in  that  respect  we  are  each 

American  chemist  is  to-day  in  better  position  than  ever  before  to  g^d  all  of  us  in  the  very  same  boat 

obtain  sympathetic  interest  and  action  in  any  proposition  he  may  Having  thus  briefly  summarized  the  position  of  the  chemist  in 

have  that  looks  toward  national  benefit.      Most,  if  not  all,  of  the   public   mind,  in    the   government's   view,    in   the   view   of 

our  states,  and  many  of  our  cities,  have  similarly  provided  for  domestic  capital  and  in  our  national  industrial  life  and  having 

intensified  chemical  aid.    We  have  therefore,  through  this  war,  described  the  avenues  through  which  the  chemist  can  work  and 

progressed  along  the  line  of  cooperation  between  our  govern-  the  agencies  upon  which  he  can  draw,  what  is  he  to  do?    What  is 

mental  agencies.  Federal,  state  and  municipal,  our  universities  the  problem' 

and  our  industries  to  an  extent  almost  inconceivable  in  its  power  "our  bit" 

For  the  period  of  the  war  all  our  national  activities  will  be  di- 

CHEMICAL  SOCIETIES  AND  THE  GOVERNMENT  rected    toward    immediate    national    needs    largely,    with    only 

On  the  other  hand,  aU  our  chemical  and  allied  associations  and  "•^'-''ti^ely  small  attention  to  after-the-war  matters,  and  for  these 

societies,  whether  business,  scientific  or  technical  in  their  aims  sufficient  directing  machinery  exists  and  it  is  merely  a  question  of 

and  objects,  have  whole-heartedly  placed  all  their  resources  and  selecting  the  right  means. 

information  at  the  disposal  of  our  various  governmental  agencies;  ^"  '^«  P^""^  after  the  war  and  in  the  rush  and  stress  of  re- 

not  the  least  among  these  societies  is  the  American  Chemical  '^"''^'"8  ^"^  making  up  for  lost  opportunities  in  the  multitudinous 

Society   with   a  membership  well  beyond    .0,000.   meeting   in  directions  offered,  the  chemist  is  likely  to  be  lost  sight  of  unless 

53  Local  Sections  throughout  the  country  and  conducting  its  ^^  systematically  and  continuously  plans  ahead  and  prepares 

affairs  in  8  technical  and  similar  Divisions.    In  order  to  assure  as  ''^'^'^ordingly.      Broadly  considered,  our  future  activiUes  can  be 

far  as  possible  that  in  such  a  multitude  of  organizations  there  classified  as  relatmg  to: 

shall  be  a  minimum  of  duplication  of  effort  and  lost  motion  the  i— Matters  of  national  defense. 

American  Chemical  Society  has  recently  created  a  special  com-  2— Development  of  our  natural  resources. 

mittee  to  direct  the  participation  of  that  Society  in  all  matters  3— The  highest  national  independence  possible  in  chemicals 

of  national  scope  and  witli  this  committee  the  expectation  is  tliat  ^""  allied  products. 

the  President  of  the  American  Chemical  Society  will  be  in  better  keeping  public  interest  alive 
position  than  otherwise  to  give  prompt  effect  to  any  meritorious  j,,  order  to  accomplish  the  above-mentioned  ends  we  must  make 
suggestions  that  may  be  made  to  him.  There  are  therefore  many  ^ure  that  we  do  not  lose  our  place  in  public  opinion  nor  the  con- 
avenues  through  which  the  individual  American  chemist  can  get  ildence  of  capital  nor  the  helpful  attitude  of  our  governmental 
national  action  on  his  suggestions.  Other  societies  have  made  agencies,  legislative  as  well  as  administrative.  To  retain  our 
similar  provision.  place  in  public  opinion  we  must  take  the  public  into  our  con- 
Thus  it  is  clear  tliat  not  only  did  we  have  in  1914  a  wider  public  lidence  much  more  than  we  have  heretofore,  and  in  this  delin- 
recognition  and  a  greater  confidence  of  capital  in  us  than  in  1909  ciuency  we  are  not  alone;  other  countries  and  other  sciences  have 
and  that  both  have  grown  greatly  since  the  outbreak  of  the  war  been  afnicted  with  the  same  shortsightedness.  We  must  inform 
but  also  that  all  our  governmental  and  private  agencies  have  the  ])ublic  of  such  of  our  problems  as  are  of  public  bearing  in 
since  tlien  immensely  increased  tlie  points  of  contact  and  the  language  as  free  from  technicalities  as  possible  and  as  a  very 
avenues  of  communication  between  the  chemist,  tlie  public  and  valuable  aid  in  that  direction  we  now  have  through  the  Press 
our  governmental  agencies.  As  individuals  we  also  have  added  and  PunLiciTv  Committee  OF  THE  American  Chemical  Society 
machinery  in  our  hands  wherethrough  to  direct  and  shape  the  the  interested  attention  of  a  great  many  influential  daily  and  other 
course  of  events  and  to  prevent  what  might  ultimately  become,  papers.  Our  scientific  and  technical  societies  everywhere  should 
first,  a  chemical  bureaucracy  and  finally  a  chemical  autocracy  in  make  an  effort  as  does  tlie  American  Chemical  Society  to  have 
this  country.  We  thus  have  each  of  us  our  clear  and  well-defined  at  least  one  meeting  a  year  at  which  technical  topics  of  interest 
duties,  responsibilities  and  opportunities.  to  that  ubiquitous  and  powerful  person  "the  man-in-the-street" 
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Table  III 

1914  Returns  Increase 

Based  on  Classification  of  Due  to  New  Classification 

1909  1914  Actual  Per  cent 

1  No.  of  Establishments 2.461                                  12.374                                  9.913                403 

2  No.  of  Wage  Earners  (Av.) 86.788                              299.569                             212.781                 245 

3  Capital $722,989,000                  $3,034,209,000                $2,311,220,000                320 

4  Wages 53.021,000                       167.494.000                     114.473.000                216 

5  Cost  of  Materials 340.218.000                    1.289.348.000                     949.130.000                279 

6  Value  of  Products 547,802,000                    2.001.634.000                  1,453.834.000                265 

7  Value  Added  by  Manufacture 206.864,000                       712,286.000                    505,422,000                244 

are  presented  in  such  a  way  as  to  receive  and  to  hold  his  attention,  if  sooner  or  later  the  old  conditions  return.    It  is  our  job  to  make 

and  a  readable  digest  of  those  proceedings  will  no  doubt  be  very  the  public  take  an  interest  in  us;  that,  to  my  mind,  is  one  of  these 

welcome  in  the  editorial  offices  of  most  newspapers;  if  they  are  war-lessons  we  should  never  forget;  we  have  paid  too  high  a  price 

not  welcome  then  there  must  be  something  wrong  with  the  meet-  ever  to  let  itget  away.    As  I  see  it,  it  is  of  the  greatest  importance 

ing,  with  the  digest  or  with  both,  and  the  only  thing  to  do  is  to  that,  even  in  our  college  days,  we  should  lay  the  foundations  for 

go  at  it  again.  these  view-points  and  these  rules  of  conduct. 

Now,  telling  a  technical  story  in  non-technical  language  or  THE  NEED  OF  A  comprehensive  plan 
thought  is  no  easy  matter,  but  all  of  us  should  endeavor  so  to  frame  gyt  ^\\  this  will  be  of  no  avail  unless  we  show  vision,  imagina- 
our  technical  stories  that  they  are  free  from  such  matter  because  tjon,  foresight,  iniUative,  enterprise  and  strength  of  purpose  on 
we  can  none  of  us  tell  when  we  may  be  in  position  to  render  good  ^ui  own  account.  We  shall  have  to  inform  ourselves  very  thor- 
service  by  such  a  story  told  in  such  a  way.  Personally,  I  very  oughly  of  the  country's  requirements  of  chemicals  and  tlie  like  in 
much  suspect  that  we  have  not  really  mastered  a  technical  sub-  ^^ar  and  in  peace  as  to  quantities  and  values  and  their  uses  and 
ject  unless  and  until  we  can  make  it  understood  by  the  willing  -ilso  their  modes  of  manufacture  and  their  needful  raw  materials; 
but  non-technical  "average  man."  That  ability  is  indispensable  further,  of  our  suitable  natural  resources,  their  nature,  extent 
in  creating  and  in  holding  puWic  interest  in  any  technical  sub-  and  location  whether  of  vegetable,  animal  or  mineral  origin.  Then 
ject  like  ours,  and  since  public  opinion  is  formed  wherever  there  „.£.  ^ust  plan  wisely  for  the  most  efficient  development  and  set 
is  a  public  it  behooves  all  of  us  to  cultivate  that  ability  to  our  ah^ut ,(  Sounds  simple,  does  it  not?  But  it  is  one  of  tlie  tallest 
utmost  since  we  can  never  know  when  or  wliere  we  can  make  it  orders  10,000  men  ever  had  handed  to  them. 
tell.  For  example,  at  any  one  of  the  National  Expositions  of  the  a  start  has  been  made  in  the  Norton  DyestufT  Census  pub- 
Chemical  Industries,  which  promise  to  become  a  fixture  in  New  Ughed  a  year  ago  by  the  Department  of  Commerce.  That  teUs 
York  City  every  September,  large  opportunities  of  legitimately  yg  about  the  amounts,  values  and  kinds  of  coal-tar  dyes  used  and 
and  helpfully  adding  to  the  public  understanding  and  api)reciation  puts  us  in  the  way  of  getting  at  their  raw  materials  and  their 
of  the  chemist's  efforts  arc  offered  and  the  cumulative  effect  of  uses  Xhe  reasonable  expectaUon  is  that,  Uirough  the  initiative 
such  additions,  if  sound  and  clearly  made,  cannot  help  but  be  of  the  Ami:ric.\n  Chemical  Society,  in  about  six  monUis  or  a 
advantageous.  Each  of  us  in  our  ordinary  routine  has  almost  yg^r  from  now  we  shall  have  a  printed  compilation  giving  us  the 
daily  opportunity  to  aid  the  public  thought  in  these  matters.  It  names,  quantities  and  values  of  ever>-  chemical  oUier  than  coal- 
should  be  our  aim  to  prevent  recurrence  of  any  public  apathy  tar  dyes  imported  into  Uie  United  .States  from  any  country  during 
like  that  in  Ivngland  towards  the  dangers  of  synthetic  indigo  to  the  fiscal  year  ending  with  June  30,  1914.  Uic  last  peace-year  be- 
the  British  indigo  growing  interests  or  in  our  own  country  when  fo^e  the  present  war.  Then  comes  the  rest  of  it ;  tlic  manufactur- 
we  were  apprised  in  191 2  of  foreign  advances  in  fixing  atmos-  i„g  methods,  the  needful  raw  materials  and  where  they  are 
pheric  nitrogen.  This  is  merely  preventing  the  chemist  from  located  in  Uiis  country  and  elsewhere,  and  in  what  industries 
crawling  into  his  shell,  /.  c,  keeping  him  a  human.  these  chemicals  are  used.  Through  the  initiative  of  the  American 
RBTAiNiNc:  THE  CONFIDENCE  OF  CAPITAL  Chemic.\l  SOCIETY  it  is  cxpectcd  that  this  will  ulso  bc  completed 
„,,,,.,  ,  .  ,  ,  within  a  reasonable  additional  time.  After  that,  plans  have  to  be 
We  shall  retain  the  conhc  ence  of  capital  so  long  as  we  do  not  ,  .  ,  ,  1  1  .1  ,:„..„  .1,:.,,.  oK»n  \^ 
.  .  '^  made  as  to  how,  when  and  where  these  various  things  shall  lie 
indulge  in  any  wild  schemes,  so  long  as  we  keep  our  promises,  ,  1  •  1  j-  .1  .  .1  ■  .1.  r..,<i. .,  ^..^^ti,^.^ 
.  »  I  I  •  made,  and  m  deciding  that  there  comes  in  Uic  further  question 
promise  no  more  than  we  can  do,  expose  and  condemn  hare-  ,  .■  •  .  r  .1  ■  i-  ■  1  1  „i,  ..,;,.i.  .„  .i,„  .,„<;„n-c 
.  '  as  to  the  importance  of  the  indivulual  chemicals  to  the  nation  s 
brained  schemes,  of  which  there  are  plenty,  and  in  general  behave  ir  .1  •  .  •  .1  i  ,f  .1. .;,  ;.,....„<,..,.>_ 
I         '■              "  welfare,  their  arrangeiiient  in  the   order   of    their    iinivirtance, 

in  a  leveMieadcd  but  optimistic  ami  perhaps  even  enthusiastic  ,  n-   ■     .     1         e       t  •       .1    1,  ,..,        -ri,,.!  ;.  ....;.>«  •#» 

'                          '          '  and  an  eflicieiit  plan  of  making  them  at  home.     1  liai  is  going  10 

manner.     Most  business  ventures  contain  hazards  but  there  are  .   ,                ..     •  1   ■  1  .    1     .  •  •.     •• 

take  some     inulnight  electricity, 
reasonable  and  unreasonable  hazards,  and  we  must  exercise  good 

judgment  there;  so  long  as  we  do  that,  capital,  that  is  desirable  c.ovkrnmknTal  help 

„„.,;,  1       ■„       i      ■.,   ,          .,            r  1           ••  1  I'lirther,  it  is  not  inconccivab  e  that  some  of  these  imptirtant 

capital,  will  not  withdraw  the  confidence  it  has  now  given  lis.  ....^..v.,                                                                                     , 

Ti,;.:  ;.■„„,   1     ,  .                       11  things  will  not  l>c  made  without  added  govemmental  help,  as, 

I  Ills  IS  nierelv  common-sense  behavior.  ......        ...          . 

for  example,  by  increased  tariff  protection.     This  will  not  l>c  ns 

our  governmental  agEnciKS  difficult  as  heretofore  for  the  very  iiiiiH.rt.iiit  re.ison  that  »>oth 

Having  imblic  opinion  calling  for  a  complete  and  independent  principal  political  parties.  Republican  and  PeiiioiTalic,  have  by 

domestic  chemical  industry  and  capital  in  good  standing  behind  enacting  the  present  dycstuff  tariff  cmphiiticnlly  aflirnic<l  sweep- 

us,  with  a  fair  and  frank  aiiproach  to  them,  oiir  standing  with  ing,  and  let  us  ho|H.-  lasting,  changes  in  their  heretofore  views  of 

our  various  governniental  agencies,  legislative  and  udininistralive.  tariff  legislation.     The  Republicans  have  in  the  past  refused  to 

ought  not  and  will  not  be  a  nialler  of  conjecture.    This  is  merely  help  chemicals  Ixx-ausc  tlicy  did  not  employ  enough  lalmr  or  l)e- 

eivic  eandiir.  cause  llieir  prinlucts  were  "raw  materials"  for  nuiuy  induNtrics 

These    sound    Irile    and    sophomoric,    and    no    doubt     they  that  stood  well  in  the  eyes  of  that  patty  largely  Uviiuse  they  did 

are.      1    should    not    have    made    these    statements    if.    as    a  employ  much  lubor.     Now  the  Rrpiiblicaii.s  admit  that  there  arc 

matter  of  fact,  it  hail  not  taken  this  culossal  iiightinare  of  a  war  industries  which  arc  "key  industries"  liocaiisc  their  prtHlucIs  arc 

to  shake  us  all  awake  and  to  bring  ns  to  our  .senses.    \Vc  thought  "raw  inaterials"  for  many  industries  and  hence  they  should  l>c 

the  public  to  blame  and  the  public  said  we  were  to  blame.     I'cr-  made  in  llii.i  country  and  protected  by  tariff,  if  need  l)e.     The 

haps  bolli  were  right.     However,  if  we  as  a  body  refrain  from  DemtK-rats   by   levying   for,    I    believe,   the   lir>l    time,   a   tariff 

acting  along  these  simple  geiienil  lines  we  need  not  be  surprised  avowedly  for  the  puri>o»e  of  creating  an  industry  in  this  ctuintiy 
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and  necessarily  thus  potentially  depriving  the  U.  S.  Treasury 
of  a  corresponding  amount  of  revenue  have  also  endorsed  the 
"key  industry"  view-point. 

But  right  in  this  comparative  ease  is  where  diflSculties  are 
going  to  come  for  us  chemists.  "Key-industries"  is  a  new  ex- 
pression; just  exactly  and  precisely  where  it  begins  and  ends,  no 
one  yet  knows.  Merely  because  the  Republicans  and  the  Demo- 
crats have  agreed  that  because  coal-tar  dyes  constitute  a  "key- 
industry"  and  hence  should  be  protected  is  a  very  long  way  from 
saying  that  they  have  agreed  that  every  "key-industry"  should 
be  so  protected,  but  it  is  a  very  tempting  inference.  It  would  be 
a  peculiar  kind  of  a  product,  chemical  or  otherwise,  for  which  a 
more  or  less  plausible  argument  of  "key  industry"  could  not  be 
constructed.  Unless  we  are  very  cautious  we  may  find  this  "key- 
industrj-"  notion  a  very  unwholesome  and  treacherous  thing.  In 
presenting  to  Congress  or  to  the  Tariff  Commission  the  "key- 
industry"  claims  of  any  particular  thing,  we  shall  have  to  be  very 
circumspect  and  very  frank  and  straightforward.  I  very  much 
suspect  that  there  may  be  times  when  this  will  be  a  severe  test 
of  our  civic  candor.  Whenever  we  are  sure  tliat  any  such  product 
really,  or  fairly  so,  is  a  "key-industry"  in  the  sense  of  coal-tar 
dyes  and  in  the  manner  that  the  64th  Congress  viewed  them  then 
we  must  have  sufficient  strength  of  piu-pose  to  keep  at  Congress 
or  the  Tariff  Commission  or  at  both  until  they  "see  the  light," 
for  surely  that  is  what  public  opinion  now  wants.  When  we  be- 
lieve that  the  country's  welfare,  as  viewed  by  that  public  opinion, 
demands  our  industry  and  there  is  opposition  to  it,  we  must 
seek  out  that  opposition  and  bring  it  down;  that  is  not  merely 
oiu-  privilege,  it  is  our  civic  and  professional  duty. 

THINKING    IN   TERMS   OP   THE   NATION 

In  this  same  connection  we  shall  all  have  to  learn  to  think  in 
terms  of  the  Nation  and  have  the  map  of  the  world  in  our  minds 
as  we  study  our  chemistry  and  apply  it  to  our  industries.  In 
order  to  do  that  our  publications  will  have  to  make  a  change. 
None  of  our  chemical  journals  systematically  and  in  a  form  that 
lends  itself  to  preservation,  presents  its  readers  with  world-in- 
formation, both  detail  and  general,  at  any  stated  periods  or  in 
any  correlated  or  coordinated  way.  In  that  respect  we  have 
much  to  learn  from  foreign  chemical  journals  and  particularly 
the  German  journals  which,  while  they  did  it  far  better  than 
others,  still  left  a  very  great  deal  to  be  desired.  Then,  after  our 
journals  have  made  such  a  change  you  and  I  and  all  the  rest  of 
us  will  have  to  learn  to  read  those  statements.  They  are  dry; 
but  there  is  no  help  for  it.  It  is  a  new  language  and  a  new  job, 
but  we  have  simply  got  to  master  it.  Perhaps  the  American 
Chemical  Society  may  be  able  to  find  a  way  to  sugar-coat  that 
pill  and  if  it  does,  more  of  us  may  be  induced  to  take  it. 

The  Superintendent  of  Documents,  Government  Printing 
Office,  Washington,  D.  C,  will  supply  for  cash  or  money  order 
(stamps  will  not  be  received)  any  of  the  Government  publica- 
tions dealing  with  our  domestic  and  foreign  commerce.  For 
domestic  production  the  714-page  cloth-bound  pubhcation, 
entitled  "Abstract  of  the  Census  of  Manufactures — 1914" 
(price,  65  cents);  for  our  foreign  import  business,  the  90-page 
paper-boimd  publication,  known  as  "Smnmary  Table  No.  9 
of  the  Annual  Report  on  Commerce  and  Navigation"  (15  cents) 
and  for  all  the  U.  S.  activities  and  as  a  whole  the  749-page 
paper-bound  publication  entitled  "Statistical  Abstract  of  the 
United  States"  (50  cents)  make  a  good  starting  point,  not  only 
for  individual  study  in  college  or  after,  but  for  the  majority 
of  our  chemical  publications  as  well.  If  then  we  apply  only 
a  very  small  fraction  of  the  industry  we  usually  put  on  the 
statistics  of  our  baseball  ijlayers  we  ought  very  soon  to  show 
a  marked  increase  in  our  knowledge  and  appreciation  of  the 
place  chemical  industry  holds  in  the  business  and  economic 
affairs  of  our  Nation  and  of  the  world.  All  our  publications 
must  more  systematically  than  heretofore  help  to  disseminate 
in   coordinated   and   more   readily   appreciated    and    preserved 


form  the  vast  amount  of  fundamental  and  valuable  information 
collected  by  our  Government.  The  Government  cannot  do 
it  all;  we  as  individuals  have  a  share  to  perform. 
our  educational  institutions 
But  even  with  all  this  our  task  is  not  yet  done.  All  these 
efforts  will  be  of  short  life,  from  the  point  of  view  of  the  Nation, 
if  we  overlook  or  fail  to  encourage  the  science  of  chemistry  in  its 
purest  forms  as  well  as  in  its  applied  forms  at  our  universities, 
colleges,  and  technical  schools  or  if  we  overlook  keeping  them  in 
the  very  forefront  of  educational  efficiency.  We  must  test  and 
examine  every  scientific  advance  made  anywhere  as  to  its  poten- 
tial value  for,  or  harm  to,  this  country  and  act  accordingly.  It 
goes  without  saying  that  our  chemical  industries  must  each  and 
all  have  their  own  research  laboratories,  whether  individually  or 
in  groups,  and  these  must  be  as  well  equipped  and  manned  as 
any  for  it  is  not  inconceivable  that  publication  of  research  results 
in  foreign  countries  hereafter  may  not  be  as  unrestricted  as  it 
was  before  the  war.  Chemical  fellowships  Uke  those  of  the 
Chemists'  Club  will,  no  doubt,  be  a  welcome  help  in  this  direction. 

OUR  government  officials 

Nor  would  we  be  fully  utilizing  our  opportunities  of  aid  and 
help  were  we  to  overlook  the  various  Federal  governmental  de- 
partments or  committees  of  the  American  Chemical  Society  or 
other  chemical  societies  that  cooperate  with  them.  Our  Federal 
officials  are  more  than  ready  at  all  times  to  help  the  Nation  and 
if  they  have  not  in  times  past  done  all  that  we  now  think  they 
should  have  done  the  blame  for  that  rests  squarely  on  our  own 
shoulders — we  simply  have  not  told  them,  and  perhaps  have  not 
even  tried  to  tell  them,  how  they  could  help  or  where  and  in  what 
way  we  needed  help  in  any  such  fashion  as  to  make  help  on  their 
part  practical  or  practicable. 

Successful  chemical  industry  calls  for  dependable  labor  and 
therefore  labor  laws,  workmen's  compensation  acts  and  the  like 
will  call  for  a  good  deal  of  our  attention.  Should  we  also  have 
an  eye  on  export  business  additional  competent  chemical  mem- 
bers of  our  foreign  trade  and  consular  service  will  also  be  required. 

COOPERATION  the  ONLY  WAY 

From  tliis,  of  necessity  sketchy  and  fragmentary  outline,  it 
is  obvious  that  the  American  chemist  has  and  will  have  a  multi- 
tude of  new  things  to  engage  his  attention  and  that  the  only 
practicable  way  of  handling  them  is  through  cooperation.  Un- 
less all  signs  fail  there  will  be  more  of  national  cooperative  effort 
throughout  the  world  than  ever  before  and  we  must  shape  our 
course  accordingly.  As  a  first-step  student  chemical  societies  like 
tliis  one  at  "Tech"  are  to  be  highly  commended  and  supported 
either  as  independent  organizations  or  as  sections  of  the  American 
Chemical  Society  which  has  done  so  much  to  coordinate  the 
efforts  of  American  chemists  in  so  many  different  ways  and  which 
is  the  best  organized  and  the  largest  chemical  society  in  the  world. 
The  trial  now  being  made  by  tlie  section  of  the  American  Chem- 
ical Society  at  Buffalo,  New  York,  of  affiliating  and  meeting  with 
otlier  local  technical  societies  is  a  step  forward  and  in  the  right 
direction.  We  should  also  seek  out  opportunities  for  cooperative 
effort  with  our  educational  and  govermnental  institutions  as  well 
as  with  strictly  commercial  organizations  such  as  Boards  of 
Trade,  Chambers  of  Commerce,  Merchants'  Associations,  and  the 
like,  of  local,  state,  national  and  of  international  scope.  We  must 
widen  our  horizon  in  every  direction  and  we  can  do  that  only 
through  cooperative  effort,  intelligent  and  persistent. 

"THERE  are  others" 
It  must  not  be  forgotten  that  tlie  cliemist  is  not  the  only  one 
who  was  shown  to  be  behindhand  as  a  result  of  this  war.  A  very 
good  index  of  that  is  supplied  by  a  recent  and  dependable  state- 
ment that  of  the  some  650  British  enemy-owned  patents  under 
which  license  to  operate  had  been  granted  British  manufacturers 
under    tlie   Britisli   Trading-with-the-Enemy   Act,   only   "some 
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scores"  applied  to  the  dyeing  industry,  while  the  remainder 
dealt  with  the  following  twenty  arts,  namely:  leather  substitutes; 
sewing  machines  for  boots,  etc.;  wood  impregnation;  taximeters; 
tiu"bine  compressors  and  pumps;  explosive  engines;  magnetic 
separators;  treatment  of  waste  paper  and  fibrous  materials;  re- 
duction of  ores;  aluminum  alloys;  speed  indicators;  electric  igni- 
tion apparatus;  incandescent  gas  lamps;  elastic  bandages;  em- 
broidering machines;  calculating  machines;  electricity  meters; 
talking  machines;  internal  combustion  engines  and  printing 
machines.  Quite  a  formidable  list.  It  will  be  most  instructi^-e 
similarly  to  follow  the  course  of  events  under  our  own  recently 
enacted  Trading-with-the-Enemy  Law. 

PATENTS   AND   INVENTIONS 

The  proper  lesson  for  us  to  learn  from  this  seems  to  me  to  be 
that  whenever  a  foreigner  patents  anything  anywhere  we  should 
really  invent  and  make  something  better  or  just  as  good  our- 
selves. It  may,  and  no  doubt  will  be  expensive,  but  will  it  be 
more  expensive  to  the  Nation  than  our  present  situation  has  turned 
out  to  be?  I  say  decidedly  not.  And  this  applies  to  others  be- 
sides us  chemists.  It  will  certainly  be  better  than  tinkering  with 
our  patent  laws.  The  proper  answer  to  an  invention  is  another 
invention  and  not  a  hamstringing  or  a  boomeranging  change  in 
our  patent  laws. 

CONCLUSION 

This,  tlien,  presents,  in  rough  outline,  as  I  at  present  see  it, 
our  future  and  the  work  it  holds  for  us;  our  work  may  fairly 
be  said  to  be  stupendous  and  it  is  made  so  wholly  by  tlie  national 
complacence,  not  to  say  indifTercnce,  of  our  entire  country's  past. 
We  must  all  make  up  for  lost  time  and  for  lost  opportunity. 
With  an  enlightened  public  opinion  and  a  truly  national  spirit 
in  our  Federal  legislation,  the  American  chemist  can  safely  and 
confidently  be  depended  upon  to  do  his  full  share,  and  more, 
toward  making  this  country  as  independent  of  any  other  nation 
on  earth  as  it  is  possible  to  be,  and  toward  making  our  demo- 
cratic government  lastingly  as  cflicient  and  as  far-sighted  as  any 
autocratic  government  ever  dreamed  of  being. 

25  Broad  Strebt 

New  York  City 

MERCHANDISE  CONTROL  LABORATORIES 

By    EtLWOOD    HSNDRICK 

Received  Septt-nibcr  5.    1917 

An  episode  in  the  history  of  the  lUireau  of  Chemistry  of  the 
U.  S.  Department  of  Agriculture  may  throw  a  little  light  on 
the  progress  and  workings  of  ])rivate  laboratories  in  the  few 
mercantile  concerns  that  have  adopted  chemical  control. 

The  I'ure  I'ood  Law  was  passed  and  it  was  necessary  to  have 
means  to  enforce  it.  The  law  and  the  courts  were  in  existence 
but  other  machinery  was  needed.  In  the  Bureau  of  Chemistry 
more  inspectors  were  appointed,  happily  under  civil  service 
rules,  for  at  the  first  examination  for  inspectors  only  16  out  of 
I4i«)  applicants  passed.  They  then  went  ul)out  collecting  sam- 
ples and  brought  them  into  the  drpartnient  for  analysis.  They 
looked  for  breaches  of  the  law  and  they  found  them;  found  them 
with  increasing  facility  as  they  developed  the  art  of  search. 
Convictions  were  freiiuent.  The  question  then  arose  whether 
increasing  the  number  of  convictions  was  Uic  best  and  most 
useful  work  that  the  Hureau  could  do.  The  conclusion  was 
reached  that  while  this  was  a  iiecessiiry  part  it  wa.s  not  the  whole 
duty  of  the  Department  of  Chemistry  in  the  interest  of  Keneral 
welfare.  Various  industries  were  studied  from  the  stan(l|>oiiit  of 
dieinicul  control  and  producers  of  foods  were  informed  how  to 
avoid  error  and  how  to  gel  the  licst  re.Nulls.  Vigilant  in- 
spection makes  ailiiltrratinii  dangerous  while  eheinical  super- 
vision and  aid  improvi";  the  pioduct.  The  Koveriimrut  is  not 
the  enemy  of  honest  prodiiceis  but  r.ilhi-i  Ihtii  (mud  Chemical 
control  goes  far  beyond  police  duty. 


Now  the  introduction  of  chemical  aid  in  mercantile  establish- 
ments seems  to  develop  in  a  similar  manner  as  time  and  ex- 
perience enrich  their  laboratory-  records.  Foods  and  drugs  are 
standardized  by  law;  they  are  already  under  chemical  control 
and  we  shall  not  even  discuss  the  pharmaceutical  trade  for  the 
obvious  reason  that  it  is  already  established  in  chemical  tech- 
nology. The  same  holds  good  in  regard  to  the  preparation  and 
handling  of  meats,  the  great  packing  houses  being  models  of 
efficiency  in  the  administration  of  materials.  The  fisheries  are 
in  sore  need  of  chemistrj-  but  the  possibilities  in  tlie  utilization 
of  these  products  would  not  be  within  the  scope  of  an  article 
on  merchandising. 

In  order  to  determine  what  advances  have  been  made  in  this 
respect  a  number  of  large,  progressive  houses  were  visited.  Of 
these  several  were  entirely  willing  to  display  their  laboratories 
and  metliods  in  the  interest  of  science,  but  insisted  that  no 
special  praise  be  accorded  them  for  tlieir  accomplishments  on 
the  ground  that  it  would  smack  of  gratuitous  advertising.  I 
shall  therefore  make  the  record  as  impersonal  as  possible. 

Foods,  drugs  and  insecticides  are  under  government  super- 
vision while  most  otlier  merchandise  is  not,  but  as  we  proceed, 
I  think  it  will  be  borne  out  that  wherever  efficient  chemical 
control  is  instituted,  there  it  stays,  law  or  no  law;  and  Uiat  those 
who  maintain  it  would  not  do  without  it.  A  guaranty  is  a  good 
thing  in  its  way;  it  is  a  kind  of  free  insurance  policy  thrown  in 
with  the  goods.  WTiat  is  wanted  of  it  is  that  it  shall  be  passive, 
for,  as  a  general  rule,  the  better  a  guaranty  is  the  less  frequently 
is  it  brought  into  action.  It  is  always  an  endorsement  and  there- 
fore a  liability.  Chemical  control  on  the  other  hand  determines 
the  status  of  the  goods  warranted;  it  fixes  credit  by  the  estab- 
lishment of  fact  and  it  is  therefore  an  asset. 

A  leading  wholesale  grocer)-  house  was  good  enough  to  give 
me  the  following  outline  of  the  functions  of  their  laboratory, 
which  speaks  for  itself: 

I — Without  a  competently  conducted  laborator>'  we  should 
not  of  our  own  knowledge  know  what  we  are  selling. 

2 — Our  laboratory  is  maintained  for  the  protection  of  our 
customers,  and  in  order  to  keep  our  qualities  unifonn. 

3 — Raw  materials  differ  greatly  in  percentages  of  essential 
parts,  so  that  to  buy  intelligently  the  make-up  of  each  lot  must 
be  studied. 

4 — The  greatest  function  of  the  laborator>'  is  to  safeguard 
purity  and  wholesomeuess.  The  enforcement  of  I-'edcral  and 
State  F'ood  Laws  must  neces-sarily  be  based  uiHin  standards 
and  these  cannot  but  be  of  a  technical  nature.  We  must  be 
certain  that  all  fooil  products  meet  legal  requirements  and  Uius 
confomi  with  the  iron-clad  guaranty  of  the  house  that  all  its 
goods  comply  with  all  I'ood  Laws.  With  a  Iaborator>-  any  con- 
taminations are  discovered. 

5 — The  laboratory  iUk-s  creative  work.  New  fowl  products 
arc  constantly  sought  and  many  good  ones  arc  disco\-crcd. 
These  are  both  simple  and  complex.  In  the  latter  class  various 
food  substances  are  mixed  together.  During  the  past  three  years 
several  very  successful  combinations  have  been  worked  out. 

6 — The  laboratory  maintains  recorils  of  all  our  drug  supplies. 
The  value  of  this  is  shown  by  a  recent  instance.  A  physician  in  a 
small  town  purchased  of  a  customer  several  half  pint  luHtles  of 
Castor  Oil.  Me  complaineil  that  it  was  not  V .  S.  V.  I'rom  the 
markings  on  the  bottle  labels  the  lot  was  traced  back  to  the 
identical  original  package  for  which  there  was  complete  analysis 
This  analysis  was  submitted  to  the  physician  with  the  suKgestion 
that  he  alsii  analy/e  the  oil.  and  make  a  comiKinson,  The  result 
was  a  complete  vindication  of  the  pro<luct 

7 — Anotlur  instance  showing  the  value  of  the  lulionitory  i.< 
the  case  of  a  eustomer  who  claimed  to  l>c  able  to  purchase  Purr 
Black  Pepper  at  a  cousidrtably  lower  price  than  wr  were  quoting. 
A  sample  was  iir<K-iirr<l.  and  analysis  showed  the  coiii|H-tinK  article 
to  consist  in  large  part  of  /'i/vr  li'H(um  instead  o(  /'i/vr  nigrum. 
On  our  liiborulory  report  the  business  of  this  customer  was  rr- 
taiiicd. 

The  creative  or  synthetic  woik  calls  for  var>-inK  ilrRTCcs  of 
Si-ieiitilic  application.  To  mix  up  fruits  and  spii-cs  until  a  swrrt- 
meat  is  achieved  that  roniiiiamis  a  siuvessful  Side  may  l)c  more 
the  job  of  a  candv  man  than  of  a  chemist.  1ml  you  nevxr  can 
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tell.  Tlie  line  is  hard  to  draw.  It  requires  a  chemist  to  prepare 
a  permanent  mayonnaise  dressing  in  which  the  oil  does  not 
separate  out,  of  which  great  quantities  are  now  sold  for  salads 
as  well  as  a  substitute  for  butter  for  making  sandwiches  and  the 
like  in  hotels  and  restaurants.  Thirty-five  cents  worth  of  this 
mayonnaise  has  the  spreading  value  of  seventy  cents  worth 
of  butter. 

ADVANTAGES   OF    CHEMICAL    CONTROL 

Chemical  control  saves  the  day  occasionally.  A  very  large 
order  for  vanilla  powder  was  given  by  a  consumer  who  buys  on 
specification  and  analyzes  the  product.  For  good  measure  and 
safety  the  goods  were  made  up  a  little  above  specification  in 
vanilla,  but  the  whole  shipment  was  declined  on  the  ground  that 
it  was  not  up  to  standard.  Details  were  not  available  except 
that  analysis  showed  that  the  powder  failed  to  reach  specifi- 
cations, but  the  refusal  was  very  clear.  A  visit  by  the  chemist 
to  the  purchaser's  chemist  and  investigation  into  his  methods 
brought  out  the  fact  that  he  had  made  the  test  for  sucrose  and 
let  it  go  at  that.  The  discovery  that  the  vanilla  content  was 
above  specification  made  the  delivery  acceptable. 

Maple  syrup,  jams,  preserves,  olive  oil  and  many  other  goods 
require  constant  supervision  to  substantiate  guaranties  and 
make  tliem  not  only  acceptable  to  the  purchaser  but  profitable 
to  the  seller.  One  firm  is  planning  to  print  the  food  value  in 
calories  on  every  package. 

A  good  control  laboratory  is  usually  available  for  consultation 
to  all  department  heads  in  addition  to  routine  work  in  testing 
those  classes  of  merfhandise  that  may  be  accidentally  or  in- 
tentionally adulterated.  To  a  concern  that  does  a  jobbing 
business,  chemical  control  is  of  signal  value. 

Most  manufacturers  are  conscientious  and  do  the  best  they 
can,  but  the  presence  of  the  laborator>'  is  like  the  policeman  on 
the  block;  the  occasional  crook  is  more  likely  to  try  a  house  in 
some  other  locality  than  where  the  policeman  is  stationed. 

A  first-class  house  is  very  jealous  of  its  good  name  and  would 
rather  spend  a  large  sum  than  have  its  goods  confiscated  for 
deficiency  in  standard.  .  The  value  of  the  laboratory  comes  in 
time  and  again  to  provide  for  the  avoidance  of  this.  For  instance, 
whether  an  added  chemical  preser\-ative  is  deleterious  or  not  is 
not  the  question;  if  the  label  does  not  state  that  a  parcel  of 
goods  contains  it,  it  must  not  be  present.  In  a  certain  state 
not  long  ago  the  charge  was  made  of  the  presence  of  borax  in 
mince  meat  and  under  the  rigid  control  exercised  it  was  known 
that  none  had  gone  in.  The  Commissioner  held  to  his  point. 
The  analysis  was  followed  up  and  the  trace  of  borax  proved, 
but  the  cause  was  found  to  be  the  raisins  which  were  grown  in  an 
alkali  soil  in  California,  and  such  raisins  are  not  taboo.  The 
house  demonstrated  that  borax  had  not  been  used  as  a  preserva- 
tive and  avoided  the  penalty. 

A  good  laboratory  also  works  the  otlier  way.  Last  Spring 
the  demand  for  macaroni  was  not  only  high  but  rampant.  The 
market  was  bare.  A  manufacturer  offered  some  for  sale  that 
had  just  the  color  of  durum  wheat,  but  alas,  analysis  showed 
coloring  matter  that  docs  not  grow  in  that  cereal.  The  manu- 
facturer knew  better,  and,  being  an  emotional  man,  he  offered 
to  jump  out  of  a  seventh  story  window  if  the  presence  of  foreign 
coloring  matter  could  be  proved  to  him.  He  was  urged  to  spare 
his  life  while  this  factory  was  investigated.  His  foreman  finally 
acknowledged  that  he  had  "just  tried  out  a  little  color"  on  that 
particular  batch. 

Maple  sugar  is  a  stormy  petrel  in  groceries  but  it  has  greatly 
improved  since  the  Pure  Food  Law  went  into  effect.  The  ash 
is  characteristic,  the  acid  is  malic  and  the  base  is  lime,  but  it 
can  be  imitated  through  the  use  of  sucrose,  glucose,  burnt  corn 
cobs  and  commercial  maple  flavoring  extract.  Grape  juice 
calls  for  testing  for  added  sucrose,  glucose,  preservatives  and 
water.  A  few  pails  of  water  in  a  barrel  of  grape  juice  is  easy 
money. 


It  has  been  found  profitable  to  keep  very  complete  records 
of  analyses  to  meet  a  certain  shortening  of  the  memory  from 
which  some  retailers  occasionally  suffer,  when,  under  attacks 
of  absent-mindedness,  unsatisfactory  goods  are  returned  that 
were  procured  from  other  sources. 

While  the  standard  of  25,000,000  per  cc.  has  been  fixed  as 
the  bacterial  count  for  tomato  products  by  the  Department  of 
Agriculture,  the  ordinances  stop  here.  It  seemed  wise  to  one 
organization  in  particular  to  get  ahead  of  the  game  and  apply 
laboratory  cleanliness  to  their  own  manufacture  of  preser\-es, 
jams  and  jellies.  Few  manufacturers  are  clean  in  the  laboratory 
sense.  A  good  kitchen  standard  is  as  high  as  most  of  them  reach, 
and  spores  multiply.  The  result  of  this  forward  step  has  been 
salutar>'.  The  factory  staff  now  knows  and  understands  moulds 
and  ferments  as  it  never  did  before;  the  quality  of  the  goods 
has  markedly  improved  and  certain  economies  have  been  estab- 
lished. Figs,  for  instance,  ferment  so  easily  and  persistently 
that  large  stocks  of  this  raw  fruit  are  never  carried.  Fruits  are 
generally  bought  in  season  and  placed  in  cold  storage,  but  the 
demand  can  never  be  gauged  with  sufficient  accuracy  to  deter- 
mine whether  the  stock  will  last  through  the  season  or  be  used 
up  by  Christmas.  It  has  been  observed  also  that  fruits  change 
as  the  season  progresses,  even  in  cold  storage ,  which  has  an  im- 
portant bearing  on  the  making  of  jellies.  A  jelly  that  grows 
fluid  is  sure  to  be  returned,  whereas  if  it  is  too  hard  the  housewife 
is  very  likely  to  refuse  it  on  the  ground  that  it  is  made  with 
gelatin  even  though  it  does  not  contain  gelatin.  Control  of 
this  factor  based  on  research  enables  jellies  to  be  made  and 
shipped  within  24  hours  and  by  freight  at  that,  with  all  the 
rough  handling  that  goes  with  it.  The  absolute  control  of  jellies 
is  thus  an  accomplished  fact. 

Research  plays  an  important  part  in  meeting  legislative  whim- 
sies as  well  as  in  matters  of  general  importance.  For  instance, 
when  bone-dry  laws  came  into  force,  soft  drinks  were  suspect, 
being  made  with  alcoholic  flavors.  In  the  present  temper  of  the 
public  mind  one  molecule  of  alcohol  will  almost  ring  the  alarm. 
The  0.25  per  cent  content  of  alcohol  in  ginger  ale  might  have 
been  a  tragedy.  So  the  whole  list  from  sarsaparilla  to  harvest- 
pop  has  had  to  be  worked  out  to  stand  bone-dry  laws. 

From  the  foregoing  it  will  be  observed  that  the  wholesale 
grocery  trade  is  already  acquainted  with  chemical  control, 
though  the  practice  is  by  no  means  general.  Many  large  houses 
depend  upon  occasional  analyses  or  the  guaranties  of  manu- 
facturers. But  of  those  with  which  I  am  acquainted  and  which 
have  established  laboratories  with  competent  men  in  them, 
not  one  could  be  induced  to  do  without  such  laboratories.  Let 
us  note,  then,  that  there  is  legal  prgtection  to  the  purchaser  of 
foods  and  drugs,  that  the  Pure  Food  Law  makes  it  difficult  for 
manufacturers  to  escape  its  searchings  and  that  under  it,  dealers 
have  recourse  against  manufacturers;  nevertheless  dealers  of 
the  first  rank  in  foods  and  drugs  find  it  profitable  to  maintain 
chemical  control.  Observ-e  also,  however,  that  other  merchandise 
knows  no  law  and  everything  goes.  The  manufacturer  produces 
and  "finishes"  his  wares,  an  agent  sells  them,  a  wholesaler  buys 
them,  a  jobber  distributes  them  and  a  retailer  guarantees  them. 
In  hard,  soft,  wet  and  dry  goods,  trade  is  pretty  wild  and  the 
real  nature  of  the  materials  is  known  only  when  the  articles  are 
worn  out  or  used  up  instead  of  when  it  should  be  known,  at  the 
time  of  purchase.  Here  is  where  chemical  control  comes  in 
and  it  is  a  new  thing,  far  from  its  complete  development,  but  it 
bids  fair  to  call  for  a  large  number  of  chemists  as  soon  as  standards 
are  established.  Until  tlien,  any  chemist  who  overguesses  his 
own  knowledge  in  such  an  undertaking  is  likely  to  do  more 
harm  than  a  hundred  good  men  can  repair. 

The  only  general  trade  into  which  chemical  control  appears 
to  have  entered  is  that  of  certain  mail  order  houses  and  these 
have  indeed  blazed  the  trail  in  scientific  merchandizing.  Mail 
order  hou.ses  claim   to  sell   to  the  consumer  at  approximately 
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jobbers'  prices  plus  transportation  and  the  free  return  of  un- 
satisfactory goods  is  a  necessary  condition  of  successful  merchan- 
dizing by  mail.  If  a  customer  returns  merchandise  the  transac- 
tion is  more  expensive  to  a  mail  order  house  than  an  unsuccessful 
sale  made  over  the  counter  is  to  a  local  retailer.  If  a  mail  order 
customer  is  dissatisfied  he  is  likely  to  remain  so  because  he  is 
too  far  away  to  be  jollied  around.  It  is  therefore  of  very  great 
importance  that  dealers  who  sell  by  catalogue  be  able  to  make 
descriptions  of  their  wares  that  shall  be  correct. 

OPERATION   OF   MAII,  ORDER  LABORATORIES 

The  arrangement  of  a  laboratory  for  general  merchanthse 
control  would  be  hard  to  determine  without  specifications,  but 
the  following  division  of  the  work  is  employed  in  the  laborator>' 
of  a  house  that  sells  nearly  everything: 

I — Textiles  of  all  kinds.  Furs,  Paper,  Dyes. 

II — Foods,  Drugs,  Insecticides,  Cosmetics,  Detergents. 

Ill — Feeds,  Fertilizer  Materials. 

IV — Iron  and  Steel,  Non-ferrous  Metals  and  Alloys,  Physical 
Testing  and  Metallography. 

V^ — Oils,  Paints,  Varnishes,  Japans,  Asphalts. 

VI — Miscellaneous  Products  (including  Rubber,  Leather, 
Wood,  Earthenware,  Glue,  etc.)  and  Experimental. 

Another  arrangement  that  is  in  successful  operation  with 
staff  consisting  of  a  chief  chemist  and  a  corps  of  assistants  is : 

I— Textiles. 

II — Foods. 

Ill— Drugs. 

IV— IVIetals. 

V — General  (including  paper,  leather,  shoes,  etc.). 

Physical  tests  are  very  important  in  determining  the  endurance 
of  mechanical  devices,  and  apparatus  are  required  for  testing 
the  hardness,  elasticity,  and  tensile,  transverse  and  torsional 
strengths  of  materials.  The  range  of  materials  that  come  under 
observation  is  very  wide  and  extends  from  cotton  tape  to  canvas 
belting,  from  thread  to  hemp  ro|)c  and  from  piano  wire  to  steel 
cable. 

Of  special  value  is  raetallographical  and  metallurgical  control 
in  relation  to  agricultural  and  mechanical  implements  and  tools. 
Steel  is  chemically  tested,  its  tensile  strength  and  iKuding  strain 
taken  and  its  true  nature  dclcrniined  under  the  microscope. 
Or,  specifications  are  made  for  the  various  parts  of  tools  and 
machinery  to  ensure  the  greatest  measure  of  strength  and  endur- 
ance in  accordance  with  customs  in  vogue  among  progressive 
manufacturers. 

Food  control  we  have  already  considered.  Mail  order  houses 
are  large  distributors  of  foods  and  the  operation  of  I  heir  labora- 
tories in  this  connection  is  similar  lo  that  of  wholesale  grocers. 

Rubber  goods,  more  particularly  boots  and  overshoes,  are 
usually  appraised  as  to  quality  by  the  price  charged.  This  is 
not  a  satisfactory  practice.  From  a  chemical  standpoint  the 
problem  is  not  simple  save  to  the  man  with  experience,  and  yel 
it  is  very  important  for  the  seller  to  know  whether  a  pair  of 
rnl)'iers  lli;il  he  offers  contains  a  siiHicient  quantity  of  good  gum 
or  is  filled  in,  tmder  a  finished  exterior,  with  an  excess  of  subsli 
tiites.  The  buyer  has  an  interest  in  this  too,  but  usually  neither 
of  them  knows.  The  advantage  of  this  general  control  lo  cus- 
tomers is  very  marked. 

Specifications  for  many  kinils  of  goods  are  reciuired  of  genrrul 
merchandise  control  lahoratoiies.  An  important  item,  for  in 
stance,  is  paints,  because  the  average  house  owner  it  more 
particular  about  the  endiiritig  (lUidilies  of  the  dress  for  his  house 
anil  barn  than  he  is  of  almost  any  otiirr  purchase.  His  gi'icf  is 
said  to  be  more  iHiigtiant  and  his  lainenlations  more  |K>rsevrrinK 
if  he  has  any  cause  to  complain.  And  no  painl  is  everlustiMK — 
altluiUKh  .sometimes  this  seems  expected. 


TEXTILE  FABRICS  NEED  LABORATORY  CONTROL 

A  subject  of  vast  importance  is  that  of  textile  fabrics.  Cloth 
is  one  of  those  half-way  things:  its  chemical  aspect  is  important 
and  so  is  its  physical  nature  and  again,  from  another  standpoint, 
it  travels  on  its  looks.  The  chief  chemist  of  a  great  establish- 
ment told  me  that  the  first  thing  he  did  on  entering  upon  his 
engagement  was  to  look  out  for  weak  spots  as,  for  instance,  in 
the  men's  clothing  department,  where  goods  supposed  to  be  all 
wool  were  sometimes  not.  His  first  professional  interview  with 
a  woolen  goods  buyer  resulted  in  a  resolution  on  the  part  of  that 
gentleman  never  to  travel  without  a  microscope  again.  I  can 
do  no  better  than  quote  liberally  from  a  paper  on  "Laboratory 
Control  of  Textile  Merchandise,"  read  by  Mr.  D.  M.  Xelson 
before  the  Chicago  Section  of  the  American  Chemical  So- 
ciety. 

"In  making  a  selection  between  a  number  of  fabrics  for  sale, 
the  buyer  for  a  distributing  house  is  guided  chiefly  by  appearance 
or  price.  Under  appearance  he  considers  the  pattern,  color, 
weave  and  finish  and  the  clearness  or  brightness  of  the  sample, 
as  well  as  the  firmness  of  the  weave,  the  draping  qualities  and 
the  softness  of  the  feel.  The  determination  of  these  charac- 
teristics can  be  made  only  by  the  experienced  buyer,  who  has 
in  mind  the  customer.  Usually  the  customer  buys  for  appearance 
alone,  having  little  knowledge  of  the  composition  of  the 
stuff  and  relying  principally  on  his  confidence  in  the 
retailer  or  manufacturer  for  the  service  he  expects.  The 
responsibility  of  the  distributer  ceases  only  when  the  customer 
gets  the  service  he  has  a  right  to  expect,  and  here  the  laboratory 
inspection  may  be  a  large  factor  in  supplementing  the  buyer's 
off-hand  examination.  The  buyer,  through  long  experience,  is 
able  to  judge  with  surprising  accuracy,  but  it  is  possible  to  fool 
the  most  experienced  in  this  respect." 

The  accuracy  of  the  buyer  is  surprising  because  he  guesses;  if 
he  were  a  chemist  and  his  guess  as  to  the  content  were 
taken  as  an  analysis  he  would  not  be  praised  at  all. 

The  situation  in  regard  to  textiles  is  probably  less  orderly  and 
less  reliable  than  anytliing  else  that  is  sold.  There  are  no  stand- 
ards. A  thing  may  be  all  wool  and  yet  be  mostly  felted  dust,  or 
sold  as  wool  and  be  2  to  100  per  cent  cotton.  "Manufacturing 
routine  in  the  textile  industry,"  said  Mr.  Nelson,  "is  largely  car- 
ried on  by  rule  of  thumb  and  is  conducted  with  the  idea  of  giving 
the  fabric  as  good  an  appearance  and  as  good  handle  as  possible, 
even  at  the  expense  of  quality  if  need  be."  We  must  not  blame 
the  manufacturer  for  this.  The  trouble  is  witli  tlic  rest  of  us 
who  arc  so  dead  set  after  style  that  we  will  have  none  of  his 
goods  unless  he  gives  them  an  imitation  million  dollar  look. 
On  the  other  hainl,  "manufacturers  are  able  by  cx(>ort  finisliing 
to  disguise  the  cheaper  fibres  and  make  very  successful  imita- 
tions of  more  expensive  fabrics  tliat  almost  defy  detection  iu  an 
olT-hand  examination."    How  true  this  is! 

A  chemist  in  one  of  the  lubonitories  visited  observed  lliat 
mercerized  cotton  is  strengthened  by  the  process  alUiough  llic 
primary  demand  for  it  is  because  of  its  looks,  that  is,  Invausc  of 
its  lustre  and  its  smoothness.  Now  nierceri/alion  may  l>c  cleverly 
imitated  by  calendering,  but  the  first  wa.sliing  will  destroy  the 
lustre  produced  by  this  process  whereas  the  true  mercerized 
cotton  will  retain  it.  The  same  holds gtxHl,  for  instamx.  in  regard 
to  silk  hosiery;  unweighted  silk  has  a  fur  Ix-ttcr  lustre  and  sheen 
after  wa.shinK  tlmn  has  weighted  silk.  Ap|>curanccs,  which 
are  usually  of  primary  value  in  textile  k>'«hIs,  do  uol  deceive  tlic 
laboratory  as  they  frequently  do  deceive  the  senses. 

These  lalHiralory  rc|Mirts  on  the  nature  iitid  content  of  textile 
fabrics  mark  a  distinct  step  in  advance  in  incrchandisini!.  I 
know  of  no  dry  koihIs  houv  or  ilc|>artmrnt  store  that  maintain.* 
this  control  idthoiigh  I  sikmW  with  very  slight  kmnvletlgc  of  tlicir 
practiifs.  In  preliminary  cntrespondencr  in  rcganl  to  Otis 
article  one  firm  re|>urte<l  that  they  arc  now  orgaiiixiiiK  a  tal>unitury 
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but  that  it  was  not  yet  in  working  order.  Two  great  mail  order 
houses  at  least  have  established  themselves  in  advance  of  the 
times  in  this  respect  and  they  certainly  have  found  it  profitable. 
On  the  basis  of  an  ofl-hand  examination,  no  buyer  alive  can  be 
sure  of  the  precise  content  of  every  piece  of  goods.  His  guess 
is  indefinite.  The  laboratory  report  is  definite.  On  the  other 
hand,  without  more  experience  than  is  available  today,  the 
laboratory  report  will  not  take  the  place  of  knowledge  and  ex- 
perience as  a  complete  guide  to  wearing  qualities.  The  merchant 
with  a  good  buyer  and  no  laboratorj'  control  is  better  off  than 
the  one  with  a  dunderhead  for  a  buyer  and  a  good  laboratory. 
The  two  must  work  together,  as  men  of  successful  experience, 
insist  and  repeat  and  then  insist  again.  The  use  to  which  goods 
are  to  be  put  is  another  factor  which  must  be  known,  and  here 
again  experience  is  needed  until  standards  are  established.  It 
is  doubtful  if  all  the  Nobel  Prize  chemists  together  could  pass 
satisfactory  judgment  on  the  wearing  requirements  of  women's 
dress  goods. 

An  old  established  house  dealing  in  various  kinds  of  merchan- 
dise whether  in  wholesale,  retail  or  mail  order  trade  will  naturally 
go  right  on  whether  there  is  a  laboratory  upstairs  or  not.  Buyers 
have  grown  up  in  the  business  and  they  do  not  care  to  have 
somebody  who  is  not  as  well  informed  as  they  are,  criticize 
their  transactions.  But  the  expert  buyer  cannot  go  below  the 
surface  of  things.  Of  values,  of  demand  and  selling  qualities, 
he  knows  a  hundredfold  more  than  the  chemist;  but  the  chemist 
can  impart  to  him  information  of  the  greatest  value,  and  surprise 
him  time  and  again. 

Right  here  we  meet  a  psychological  turn  that  has  nothing 
whatever  to  do  with  chemistry,  except  that  it  has  the  power  to 
make  chemical  control  possible  or  to  kill  it.  If  the  buyers  come 
to  the  chemist  asking  information  all  is  well  and  good;  together 
they  will  know  far  more  than  either  would  know  alone.  If  the 
chemist  criticizes  the  buyers  and  condemns  their  purchases 
against  their  own  judgment,  there  will  be  trouble  in  the  air  and 
chemical  control  of  that  establishment  is  likely  to  enter  into 
eclipse.  I  have  yet  to  meet  a  successful  chemist  in  a  mercantile 
establishment  who  does  not  insist  that  he  must  work  in  harmony 
with  buyers  so  that  the  wisdom  of  both  may  be  available  to  the 
house. 

Another  point  that  needs  emphasis  is  the  possible  development 
of  a  practice  that  is  certain  to  end  in  failure;  we  refer  to  over- 
advertising  or  false  advertising  of  the  laboratory  control  of 
merchandise.  It  cannot  be  too  strongly  stated  that  the  art  of 
laboratory  control  is  not  far  enough  advanced  to  be  exploited 
in  the  maimer  customary  among  many  writers  of  advertisements. 
Its  purpose  is  to  protect  the  merchant,  to  substantiate  his 
guaranty  and  to  bring  his  customer  into  more  intimate  under- 
standing of  the  wares  sold,  but  it  is  of  no  value  whatever  in 
aiding  the  sale  of  defective  merchandise. 

To  return  to  Mr.  Nelson's  paper,  he  proposes  a  more  elaborate 
examination  than  has  been  reached  yet  for  textiles,  and  with 
definite  standards  fixed  for  various  purposes  the  ability  to  pur- 
chase according  to  quality  should  be  greatly  augmented. 
I— MICROSCOPIC 

I— IDBNTITY  OF  FiBBRS 

a — Length  of  fibres 
2 — Qhauty  op  Stock  \  b — Diameter  of  fibres 

c — Uniformity  of  fibres 


11— CHEMICAL 
1 — Pbrcsntagb  Composition 


/  a — Fibre  composition 
\  b — Weighting  or  sizing 


j  o — Washing 

2 — Fastness  op  Dybstdpf  \        „,  \ 

I  c — Rubbing 

[  d — Special  US1 


HI— PHYSICAL 

i — Breaking  Strength  and  Elongation 
2 — Weight  per  Yard  op  a  Specified  Width 
3 — Picks  and  Ends  per  Inch 

4-yARN    STROCTLRE  (  "^'"^''^  °'  ''°""^ 

\  0 — Amount  and  character  of  twist 
5 — Count  or  Size  op  Yarn 
6 — Shrinkage  in  Sponging  or  Washing 

In  made-up  goods  it  is  sometimes  difficult  to  distinguish  exact 
qualities  of  material,  as,  for  instance,  in  wool,  to  know  quanti- 
tatively the  fleece,  pulled  wool  or  shoddy  in  the  stock.  The 
composition  of  a  fabric  as  to  different  kinds  of  fibre  is  in  most 
cases  easily  determined.  Cotton  and  wool  are  quickly  separated 
by  boiling  in  a  5  per  cent  sodium  hydroxide  solution.  A  simple 
way  to  determine  silk  is  by  ravelling  out  and  weighing. 

In  fastness  of  dyestuffs  again,  the  use  of  the  fabric  determines 
the  quality  of  fastness  needed.  In  millinerj'  goods,  for  instance, 
it  is  especially  fastness  to  light  that  is  desired  while  rubbing 
and  washing  tests  are  negligible.  In  all  goods  the  nature  of  the 
test  is  indicated  by  their  prospective  uses. 

Breaking  strength  and  elongation  are  factors  that  throw  most 
light  on  the  question  of  durability,  although  here  again  we  lack 
standards.  The  results  are  comparative  rather  tlian  absolute. 
But  minimum  breaking  strengths  can  be  established  which 
will  serve  to  draw  the  line  between  what  is  desirable  and  what  is 
not.  The  test  is  of  special  value  in  checking  deliveries  from 
factories  because  a  decrease  in  strength  indicates  a  lower  quality 
of  stock  or  less  care  in  manufacture.  The  moisture  content  of 
the  sample  plays  a  very  important  role ,  but  40  per  cent  increase  in 
relative  humidity  will  increase  the  tensile  strength  of  cotton 
j'arns  16  per  cent  and  decrease  that  of  woolen  yarns  about  18 
per  cent.  More  research  on  this  subject  is  needed.  jSIr.  Nelson 
noted  two  general  methods  of  controlling  the  moisture  factor: 
to  break  the  sample  bone  dry  and  to  break  it  in  a  standard 
atmosphere  of  constant  humidity  and  temperature;  the  latter 
more  nearly  appro>dmates  usual  conditions,  but  is  more  difficult 
to  control.  The  type  of  apparatus,  the  speed  of  moving  jaws 
and  the  length  of  test  sample  between  jaws  are  all  factors  that 
affect  the  result  of  the  test. 

In  conversation  with  Mr.  Yundt,  he  noted  the  special  value 
of  the  thread  count  in  silk  or  linen  dress  goods  in  determining 
quality.  The  only  method  of  determining  shoddy  content  is  by 
microscopic  examination  and  the  nearest  one  can  conveniently 
come  is  an  estimate.  Dye  tests  are  for  fastness  to  light,  wash 
and  spotting  from  mud  and  rain.  Exposure  is  the  best  with 
regard  to  light  but  the  peroxide  test  will  give  an  indication  in  a 
hurry.  The  mud  test  Mr.  Yundt  makes  with  lime  water  and 
the  wash  test  with  soap.  Silks  are  tested  for  weighting  as  well 
as  for  quality  and  whether  natural  or  artificial.  The  artificial 
fabric,  generally  speaking,  breaks  more  easily  than  the  natural 
product. 

In  this  connection  the  value  of  the  microscope  and  a  trained 
eye  is  of  leading  importance.  Indeed,  although  the  man  in  the 
laboratory  must  have  a  sound  chemical  training  to  pass  on  textile 
goods,  he  must  also  have  training  as  a  textile  microscopist. 
Thus  he  can  gain  rapid  and  wide  information  from  a  small  clip- 
ping from  the  seam  of  a  suit  or  a  shirt.  Recovered  wool  may 
show  fraying  ends,  possibly  indicative  of  brittleness  due  to  im- 
proper carbonization  or  more  likely  to  the  tearing  apart  of  the 
fibres  in  milled  goods.  Pulled  wool  will  show  the  roots  of  the 
fibres  in  raw  stock.  In  manufacturing  the  roots  are  usually  torn 
off.  Lamb's  wool  shows  the  natural  end,  which  is  easily  dis- 
tinguishable from  the  wool  of  a  sheep  that  has  been  sheared.  ^^ 
It  occurs  with  increasing  frequency  that  jobbers  take  the  re- 
ports of  these  mail  order  house  laboratories  when  they^have 
earnest  and  serious  questions  to  ask  of  manufacturers.  The  case 
was  related  of  a  hnen  manufacturer  who  bought  his  yams  and 
guaranteed  his  products  to  be  all  linen.    He  was  an  honest  man 
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and  a  good  manufacturer,  nevertheless  his  product  was  half 
cotton.  He  couldn't  and  wouldn't  believe  it  until  he  saw  the 
test,  and  even  then  he  could  hardly  believe  his  own  eyes.  It 
proved  that  his  yarn,  that  he  bought  for  all  linen,  was  o:iIy  half 
of  flaxen  origin.  The  rest  was  cotton.  He  had  been  buying  it 
and  guaranteeing  it  for  years. 

In  the  extensions  under  way  in  the  laboratories  of  the  mail 
order  houses  examined,  provision  is  made  for  the  separation  of 
the  respective  departments,  with  a  view  to  greater  efficiency. 
Under  pressure  of  work  a  man  from  one  department  may  be 
assigned  to  work  in  another  but  the  chief  chemists  are  unanimous 
in  favor  of  this  separation  and  are  resolved  upon  it. 

The  proof  of  the  pudding  is  in  the  eating.  A  question  directed 
to  any  one  of  the  establishments  visited  as  to  the  value  of  chemical 
control  would  bring  but  one  kind  of  reply.  "The  trouble,"  as 
one  chemist  says,  speaking  of  the  use  of  the  laboratory  by  the 
many  departments  of  the  concern  with  which  he  is  connected, 
"is  to  hold  them  back."  Chemical  and  technical  control  do  not 
come  ready  made.  But  their  value  is  beyond  measuring.  It 
discounts  the  trademark  premium  on  goods  in  buying.  It 
strengthens  and  augments  guaranties,  because,  as  we  have  already 
intimated,  if  it  is  known  that  a  merchant  knows  what  he  is  selling, 
his  guaranty  is  better  than  if  it  is  merely  an  assurance  of  "your 
money  back  if  dissatisfied."  Usually,  when  one  makes  a  purchase, 
he  does  not  want  his  money  back  but  he  does  want  to  be  satisfied. 

SUCCESS   OF   CONTROL  LABORATORIES   NOW   ESTABLISHED 

In  proof  of  the  value  of  a  well-conducted  laboratory  by  the 
right  man,  I  am  permitted  to  go  behind  the  scenes  a  little  and 
quote  parts  of  a  letter  written  by  a  general  manager  to  another 
officer  of  the  same  company  in  regard  to  a  proposal  that  their 
laboratory  facilities  be  increased  and  extended. 

"I  am  very  much  impressed  with  the  good  that  has  come  and 
can  come  from  the  fact  that  we  have  a  complete  laboratory  and 
our  merchandise  gets  a  thorough  examination  from  a  scientific 
standpoint  before  we  make  any  claim  in  our  catalogue  :is  to  its 
qualifications.  There  is  no  question  in  my  mind  tliat  in  time 
there  will  be  legislation  on  textile  merchandise  somewhat  similar 
to  the  Pure  Food  Laws,  making  it  necessary  that  we  state  of 
every  article  whether  it  be  made  from  cotton,  wool,  etc.,  and  if 
made  from  a  mixture  of  cotton  and  wool,  just  how  much  cotton 
and  how  much  wool  it  contains.  It  is  a  known  fact  tliat  the 
statement  that  an  article  is  pure  wool  has  been  much  abused, 
and  I  am  sure  it  is  only  a  question  of  time  when  legislation  of  a 
national  nature  will  control  this  condition. 

"I  believe  we  should  anticipate  this;  the  nature  of  our  business 
should  compel  us  to  do  so.  I  positively  believe  we  should  not 
put  any  article  in  our  catalogue,  no  matter  what  its  nature, 
without  having  it  go  through  our  laboratory  to  be  i)assed  on 
scientifically;  in  other  words,  we  should  not  take  tlie  word  of 
salesmen  or  manufacturers,  liut  should  obtain  an  absolute 
knowledge  of  it  ourselves  before  making  any  claims. 

"I  further  believe  you  cannot  put  a  dollar  and  cent  value  on  the 
good  that  willre.sult  from  this  work;  it  is  work  along  lines  so  good 
and  wholesome  tliat  it  cannot  help  but  make  our  future  assured." 
acknowi,ei>i;mknt 

In  conclusion,  and  desi)ite  tlic  stipulation  of  certain  houses 
visited  that  this  article  be  prepared  in  the  interest  of  chemistry 
and  that  it  in  no  wise  partake  of  the  nature  of  that  quality  of 
publicity  which  is  akin  to  advertising,  candor  niid  chemical 
con.science  rcciuirc  tliat  I  make  the  following  iicknowleilKmeiit : 

I  am  indebted  to  Messrs.  Austin,  NIeliol.t  &•  Co.,  of  New  York, 
and  Messrs.  Sears,  Ktiebuck  &  Co.,  MontKoiiicry  Ward  &■  Co., 
and  Sprague  Warner  &.  Co.,  of  CliicaKo  (in  the  ortlcr  visited), 
and  to  their  respective  chief  eliemists,  Dr.  J.  A.  Richc,  Messrs. 
A.  V.  II,  Mory,  C.  K.  Yundt,  iitul  Dr.  I'lUil  I).  Potter  for  u  Rrcut 
deal  of  the  information  above  set  forth. 
\y>  Uakt  40TII  Stmrkt 
Nkw  Yoi<«  Citv 


THE  PRODUCTION  OF  SCIENTIFIC  KNOWLEDGE' 

By  C.  E.  Kenneth  Mees 

The  great  value  of  scientific  research  both  to  the  industries  and 
to  the  nations  at  large  is  now  generally  recognized  throughout  the 
world  and  in  the  last  few  years  there  has  been  a  remarkable  increase 
in  the  efforts  made  to  stimulate  the  production  of  scientific  knowl- 
edge. In  1914  the  American  Association  for  the  Advancement  of 
Science  appointed  a  Committee  of  One  Hundred  to  inquire  into 
the  steps  which  should  be  taken  for  the  increase  of  scientific  re- 
search in  the  United  States  and  the  work  of  this  committee  has 
been  continued  and  expanded  by  the  National  Research  Council. 
Among  the  European  nations  there  is  a  great  awakening  to  the 
national  value  of  scientific  research.  The  British  government  has 
appointed  a  Department  of  the  Privy  Council  to  deal  with  the  sub- 
ject, while  it  is  announced  that  in  France  a  new  national  labora- 
tory on  a  very  large  scale  has  been  projected.  In  AustraUa  the 
government  has  appointed  a  special  department  to  consider  what 
steps  should  be  taken  for  the  organization  and  development  of  re- 
search work  in  the  Commonwealth,  and  in  Canada  the  matter  has 
been  the  subject  of  government  inquiry  and  solicitude. 

The  increase  of  scientific  knowledge  can  be  divided  into  three 
steps : 

I — The  production  of  new  knowledge  by  means  of  laboratory 
research. 

II — The  publication  of  this  knowledge  in  the  form  of  papers 
and  abstracts  of  papers. 

Ill — The  digestion  of  the  new  knowledge  and  its  absorption 
into  the  general  mass  of  information  by  critical  comparison  with 
other  ex[)eriments  on  the  same  or  similar  subjects. 

The  whole  process,  in  fact,  may  be  likened  to  the  process  of 
thought.  We  have  first  the  perception  by  means  of  the  senses. 
The  precept  is  then  stored  in  the  memory  and  in  the  mind  is 
compared  with  other  previously  stored  precepts,  and  finally 
forms  with  them  a  conception. 

I  desire  in  this  pajier  to  consider  the  methods  by  which  these 
three  sections  of  the  production  of  knowledge  may  be  carried  on, 
to  suggest  an  arrangement  of  laboratories  to  produce  experimental 
results  dealing  with  any  branch  of  science,  then  to  consider  how 
the  knowledge  so  obtained  may  best  be  stored  and  classified  and 
finally  the  methods  to  be  employed  to  make  the  results  of  scien- 
tific research  available  for  application. 

I — RESEARCH    WORK 

The  agencies  engaged  in  scientific  research  are  of  several  kinds. 
The  traditional  home  of  research  work  is  in  the  university,  and 
the  bulk  of  the  scientific  production  of  the  world  comes  from 
institutions  connected  with  leaching.  Tlie  industries  arc  more 
and  more  supporting  research  laboratories,  n  large  numlxjr  of 
which  contribute  to  the  general  fund  of  scientific  knowledge  by 
publishing  the  results  which  they  obtain,  and  some  of  which  one 
engaged  u|)on  purely  scientific  work  of  no  ine.in  order.  Consulting 
and  technical  laboratories  engaged  in  industrial  work  make 
frequent  contributions  to  science,  and  there  arc  some  \'cry  im- 
portant laboratories  engaged  in  pure  research  work  which  arc 
supported  by  philanthropic  foundations. 

The  cla.ssiticalion  of  research  laUiratorics  is  not  altogether  nil 
easy  task.  They  may  obviously  be  classified  according  to  the 
source  of  the  funds  which  supimrt  them;  1.  c,  wt  may  cla<sify 
them  as  university  lalMiratorirs,  industrial  lalHjratorios.  Ro\xm- 
ment  liilioratories,  institution  lalHirutories,  and  so  nn.  but  if  we 
l<Hik  at  them  simply  in  the  light  of  the  rcsrarrh  iindertakrn.  this 
does  not  seem  to  Xrc  altogether  u  logical  clasMliealiou  sinix  there 
is  lillle  distinction  U-tween  the  work  done  in  s«inir  university 
lalK>ralori('s  and  in  some  industrial  lalxiralories,  and  the  work  of 
the  governiiu-nt  anil  in.stitution  laltorutorics  agixm  o\xrlap<<  that 
of  the  two  forinrr  classes 

The  Univrrsity  of  PiltsbiirKh,  for  instance,  has  an  indiivtrial 
•  Adilma  l>T(ur*  thr  Knchniri  SKliun  or  the  Opilral  Sodf  Ir  of  Amrrtc*. 
Octob«r  ii.  1017. 
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laboratory  whtre  definitely  technical  problems  are  dealt  with. 
The  research  work  on  photometry  done  at  Nela  Park  and  at 
Cornell  University  would  seem  to  be  similar  in  kind,  and  work 
on  physical  chemistry  or  on  the  structure  of  chemical  com- 
pounds is  of  the  same  type,  requires  the  same  class  of  workers, 
and  produces  the  same  results,  whether  it  be  done  in  a  university, 
in  a  laboratory  of  the  Carnegie  Institution  or  in  such  an  industrial 
laboratory  as  that  of  the  General  Electric  Company.  It  is  equally 
difficult  to  classify  laboratories  according  to  the  purpose  for  which 
researches  are  avowedly  carried  on.  Most  university  laboratories 
are  willing  to  undertake  work  of  industrial  value,  and,  indeed, 
some  specialize  in  such  problems;  while  many  industrial  labora- 
tories are  quite  willing  to  carry  out  a  research  of  purely  academic 
and  theoretical  interest  provided  the  problems  involved  bear  a 
relation  to  the  general  work  of  the  laboratory. 

A  useful  classification  of  laboratories  can,  however,  be  obtained 
if  we  consider  whether  the  problems  investigated  in  a  laboratory 
are  all  connected  with  one  common  subject  or  whether  the  prob- 
lems are  of  many  kinds,  having  no  connecting  bond  of  interest. 


problems  carried  on  in  the  same  laboratory  are  not  necessarily 
related  in  any  way  whatever. 

The  greater  number  of  university  and  industrial  laboratories 
are  necessarily  of  this  type.  It  would  be  a  disadvantage  for  a 
university  laboratory,  whose  primary  business  is  training  stu- 
dents, to  be  too  narrowly  specialized.  Specialized  university 
laboratories  are  only  desirable  in  the  case  of  post-graduate  stu- 
dents, and  it  would  be  very  inadvisable  to  allow  the  laboratories 
responsible  for  the  general  training  of  scientific  men  to  specialize 
in  one  branch  of  science,  since  as  a  result  the  students  would 
acquire  a  proper  acquaintance  with  only  a  limited  portion  of 
their  subject. 

Industrial  laboratories,  on  the  other  hand,  must  necessarily 
be  prepared  to  deal  with  any  problems  presented  by  the  works, 
and  as  these  will  be  of  all  kinds,  covering  generally  the  whole 
field  of  physics,  chemistry  and  engineering,  it  is  impossible  for 
the  usual  works  laboratory  to  specialize  except  in  so  far  as  it 
deals  with  the  works  processes  themselves. 

In    the    "convergent"    laboratories,    however,    although    the 
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I  would  suggest  that  the  first  type  of  laboratory  might  be  called 
"convergent"  laboratories  and  the  second  "divergent." 

In  the  "divergent"  group  of  laboratories  are  included  all  those 
research  institutions  which  are  interested  in  science  in  general  or 
in  science  as  applied  to  industry  and  which  will  attack  any 
problem  which  may  seem  to  promise  progress  in  knowledge  or, 
in  the  case  of  an  industrial  laboratory,  financial  return.  Most 
university  laboratories  are  of  this  type.  When  they  devote 
themselves  to  special  problems  it  is  usually  because  of  the  pre- 
dilection of  some  professor,  and  as  a  general  rule  a  student  or 
instructor  may  choose  any  problem  in  the  whole  field  of  the 
science  in  which  he  is  working  and  may  carry  out  an  investigation 
on  that  problem  if  he  be  interested  in  it  without  regard  to  the 
relation  of  his  work  to  the  other  work  which  is  carried  on  in  the 
same  laboratory. 

Correspondingly,  in  most  industrial  laboratories  the  problems 
investigated  are  those  which  present  themselves  as  a  result  of 
factory  cxijeriences  or  of  suggestions  from  the  men  working  in  the 
laboratory  and  which  promise  financial  return,  and  the  different 


actual  investigations  may  cover  as  great  a  range  of  science  as 
those  undertaken  in  a  "divergent"  laboratory,  yet  all  those  in- 
vestigations are  directed  toward  a  common  end ;  that  is,  towards 
the  elucidation  of  associated  problems  related  to  one  subject. 
Thus,  the  staff  of  the  Geophysical  Laboratory,  which  includes 
physicists,  geologists,  crystallographers,  mineralogists  and 
chemists,  works  on  the  structure  of  the  rocks,  and  although  the 
field  of  the  actual  investigations  range  from  high  temperature 
photometry  to  the  physical  chemistry  of  the  phase  rule,  yet  the 
results  of  all  the  work  carried  out  are  converged  on  the  problem 
of  Ihc  structure  and  the  origin  of  the  earth's  crust. 

The  Nela  Park  Laboratory,  in  the  same  way,  is  studying  the 
production,  distribution  and  measurement  of  illumination,  and 
all  its  work,  which  may  involve  physiology,  physics  and  chemistry, 
is  related  to  that  one  subject.  Such  convergent  laboratories 
sometimes  develop  in  universities  owing  to  the  intense  interest 
of  a  professor  in  a  single  subject  and  to  the  enthusiasm  which 
inspires  students  and  assistants  to  collaborate  with  him  and  to 
concentrate  all  their  energies  on  the  same  group  of  problems. 
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There  are  many  examples  of  such  laboratories,  such  as  the 
laboratories  dealing  with  radioactivity,  and  those  which  are  con- 
cerned chiefly  with  spectroscopy.  Among  others  may  be  men- 
tioned the  Cavendish  Laboratory  at  Cambridge  and  several  of 
the  larger  university  laboratories  which  deal  with  the  physical 
chemistry  of  solutions. 

But  these  university  laboratories  are  rarely  able  to  concentrate 
onto  the  group  of  problems  which  they  are  studying,  specialists 
from  such  different  branches  of  science  as  are  available  for 
similar  laboratories  outside  the  universities,  owing  to  the  fact  that 
it  is  very  difficult  to  obtain  inter-departmental  cooperation  in 
research  in  a  university.  In  a  specialized  laboratory,  on  the  other 
hand,  workers  in  all  branches  of  science  may  well  collaborate  in 
the  investigation  of  problems  representing  different  points  of 
view  of  one  general  subject. 

In  addition  to  the  examples  of  industrial  and  institutional 
laboratories  mentioned  above  I  should  like  to  illustrate  the 
structure  of  a  convergent  laboratory,  if  I  may  be  forgiven  for 
doing  so,  by  referring  to  the  organization  of  the  research  labora- 
tory with  which  I  am  connected — that  of  the  Eastman  Kodak 
Company. 

The  purpose  of  this  laboratory  is  the  investigation  of  the 
scientific  foundations  of  photography  and  its  applications,  every- 
thing relating  to  photography  in  all  its  branches  and  applications 
being  of  interest.  The  branches  of  science  which  are  of  chief 
importance  in  photographic  problems  are  those  of  optics  in 
physics  and  of  the  colloidal,  physical  and  organic  branches  of 
chemistry,  and  the  relation  of  these  sciences  to  photographic 
problems  are  shown  in  graphic  form  in  Fig.  I. 

Optics  deals  on  its  geometrical  side  with  the  materials  used  in 
photography — cameras,  lenses,  shutters,  etc. — and  on  its  physical 
side  with  such  materials  as  color  filters  and  illuminants,  but 
especially  with  the  study  of  the  relation  of  the  photographic 
image  to  the  light  by  means  of  which  it  was  produced — a  study 
which  is  known  by  the  name  of  sensitometry.  The  manufacture 
of  the  sensitive  material  itself,  which  in  the  case  of  modern  photo- 
graphic plates,  films  and  paper  is  called  the  emulsion,  is  a  province 
of  colloid  and  physical  chemistry,  colloid  chemistry  dealing  with 
the  precipitation  and  nature  of  the  sensitive  silver  salts  formed  in 
their  gelatine  layer,  while  physical  chemistry  informs  us  as  to  the 
nature  of  the  reactions  which  go  on,  both  in  the  formation  of  the 
sensitive  substance  and  in  its  subsequent  dcveloinnent  after  ex- 
posure. 

The  organic  chemist  prepares  the  reducing  agents  required  for 
development  and  the  dyes  by  which  color  sensitiveness  is  given 
to  the  photographic  materials  and  by  which  the  art  of  color 
photograi)hy  can  lie  carried  on,  and  while  the  physicist  therefore 
deals  with  sensitometry  and  the  theory  of  exposure,  the  chemist 
must  deal  at  the  same  time  with  the  theory  of  development  and 
with  the  conditions  relating  to  the  development  of  photographic 
images. 

A  laboratory,  therefore,  for  the  study  of  photographic  problems 
must  be  arranged  with  a  number  of  sections  such  as  are  shown  in 
Fig.  II.  In  physics  we  re(|uire  departments  dealing  with  sensi- 
tometry and  with  ilhiniination,  reflection  and  al)sorption.  colorim- 
elry,  spectroscopy  and  geonielrieal  optics.  We  need  a  depart- 
ment of  colloid  chemistry,  one  of  physical  clieniistry.  one  of 
organic  chemistry,  one  of  phutiKheinistry  to  deal  with  the  action 
of  light  upon  the  plate,  and  finally  a  nnmU'r  of  photogmpliic 
departments,  dealing  with  photographic  chemistry,  with  jror- 
traiture.  color  |>liotogriiphy.  photo-engraving,  motion  picture 
work  und  X-ray  work,  and  ull  these  deparlnients  arc  converged 
together  ui>on  first,  llic  theory,  ond  then  upon  the  practice,  of 
photography. 

ICach  research  specialist  in  the  laboratory  is  given  work  cor- 
respon<litig  In  a  limited  field  of  science,  so  that  while  his  siK-cial 
attention  is  devoted  to  that  one  department  his  field  nf  activity 
just  overlaps  that  of  the  dcparlineiits  on  each  side  of  him,  while 


his  general  knowledge  of  the  subject  shotdd,  of  course,  cover  a 
much  wider  range.  It  is  important  that  each  man  should  have 
his  own  special  field  of  work  and  that  overlapping  should  not  be 
complete  since  such  complete  overlapping  will  inevitably  produce 
friction  destructive  of  cooperation  and  harmony.  The  way  in 
which  such  a  subdivision  is  arranged  may  perhaps  be  best  illus- 
trated by  Fig.  Ill,  which  shows  the  range  of  the  specific  investi- 
gations of  those  who  in  our  laboratory  cover  the  range  of  research 
work  between  sensitometry  and  pure  physical  chemistry.  There 
are  five  workers  in  this  range;  the  first.  A,  being  a  pure  physicist; 
■B,  a  physicist  with  a  considerable  experience  ot  chemistry;  C, 
a  physical  chemist  who  has  specialized  in  photography ;  D,  a  phy- 
sical chemist  who  has  specialized  in  photographic  theory;  and  E, 
a  piu-e  physical  chemist.  The  interest  of  each  of  these  workers 
overlaps  the  field  of  the  other  workers  but  nevertheless  each  of 
them  has  his  own  specific  problem,  his  own  equipment  and  ap- 
paratus. Thus,  A  and  B  use  sensitometric  apparatus  chiefly;  C, 
both  sensitometric  apparatus  and  the  thermostatic  and  electrical 
equipment  of  physical  chemistry ;  D,  microscopic  apparatus  and 
chemical  apparatus  dealing  with  the  precipitation  of  silver  salts; 
and  E,  the  analytical  and  solubility  apparatus  of  chemistry. 

The  whole  of  this  range  is  also  connected  with  colloid  chemistry 
and  especially  the  overlap  of  the  different  sections  involves  col- 
loid problems,  so  that  we  can  consider  colloid  chemistry  as  dealing 
with  the  inter-relations  of  the  different  sections  of  photographic 
chemistry  and  can  represent  its  pro\'ince  in  the  diagram  by  shad- 
ing the  overlapping  areas.  The  colloid  division  of  the  laboratory 
will  therefore  be  interested  in  the  work  of  each  of  the  specific  in- 
vestigators and  will  be  of  assistance  to  all  of  them. 

These  charts,  prepared  for  a  photographic  laboratory,  are  equally 
applicable  in  form  for  almost  any  other  convergent  laboratory, 
so  that  if  we  have  to  work  out  the  organization  of  a  research 
laboratory  which  is  to  study  any  inter-related  group  of  problems, 
we  can  do  it  by  the  construction  of  charts  similar  to  these.  Thus. 
considering  Fig.  I,  we  place  first  at  the  bottom  of  the  chart  the 
general  subject  considered  and  its  various  branches  and  then 
above  these  the  scientific  problems  involved,  separating  out  on 
opposite  sides  of  the  chart  those  problems  which  would  involve 
different  branches  of  pure  science.  Thus,  we  can  place  on  one 
side  biological  problems,  then  physical  problems,  then  chemical 
problems,  and  so  on,  thus  reconstructing  a  chart  similar  to  Fig. 
I  from  the  bottom  up  until  at  the  top  we  have  the  various  branches 
of  pure  science  involved,  subdividing  these  branches  \mtil  each 
subdivision  represents  the  work  capable  of  being  handled  by  one 
man  in  the  laboratory. 

It  will  now  be  possible  to  draw  Fig.  II,  showing  on  the  circum- 
ference the  different  sections  of  the  laboratory  for  which  accom- 
modation, apparatus  and  men  must  be  provided  and  showing  the 
relation  of  these  sections  to  the  problem  as  a  whole,  and  having 
worked  this  out  it  is  easy  to  find  the  amount  of  space  und  the 
number  of  men  which  will  lie  required  or  which  the  funds  available 
will  allow  for  each  part  of  the  work. 

Specialized  lalioralories  may  originate  in  %-arious  ways,  but  it 
seems  clear  that  with  an  increasing  total  amount  of  research  and 
with  an  increasing  realization  of  the  imiwrtaiux-  of  research  mort 
laboratories  will  \k  developed  and  no  <loubt  luUmitorics  which 
originally  were  nf  the  (Uvergeut  ty|>o  will  with  their  growth  tend 
to  split  into  a  linked  group  of  convergent  lalviralorics.  Con- 
sider, for  instam-e.  a  very  large  industrial  research  lalHimtory 
covering  a  wide  lield  of  research  and  dealing  with  many  iliffcrrnt 
ty|ies  of  problems  There  arc  two  ty|Hs  of  orijaniration  |Hissiblc 
to  such  a  lalMiraliuy.  It  might  l>c  divided  aci-ording  to  the 
bronches  of  science  in  which  the  workers  were  proficient.  It 
might  have,  for  instance,  chemical  divisions,  physical  dix-isions. 
anil  Ml  on.  but  if  the  groups  of  problems  dealt  with  were  reasonably 
|x-rinanent  in  their  chaiactcr  it  would  more  prolwblv  doxlop  into 
u  group  of  cimxTrgrul  lalxiriitories  in  which  men  from  differrnt 
branches  of  stcicncc  -vhemists.  physicists,  and  so  on   -wnkrd 
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together  (and  probably  even  had  their  working  places  in  proxim- 
ity) because  they  were  working  on  the  same  general  problem. 
Any  national  laboratory  which  is  developed  for  industrial  re- 
search, for  instance,  should  almost  certainly  be  organized  as  a 
group  of  convergent  laboratories  rather  than  as  a  group  of 
separate  physical,  chemical,  engineering,  etc.,  laboratories. 

We  may  expect  then  that  the  general  organization  of  scientific 
research  will  tend  towards  the  production  of  numbers  of  special- 
ized laboratories,  each  of  which  will  be  working  on  an  inter- 
related group  of  problems  and  attacking  it  from  various  stand- 
points. 

Some  of  the  questions  relating  to  the  internal  organization  suit- 
able for  these  convergent  laboratories  have  already  been  dis- 
cussed in  a  former  paper'  and  I  need  add  here  only  that  the  "con- 
ference" system  described  there  as  a  method  of  actually  carrying 
on  the  scientific  work  of  the  research  laboratory  has  continued  to 
prove  quite  satisfactory. 

n THE    CLASSIFICATION     OF    SCIENTIFIC    KNOWLEDGE 

The  work  of  the  research  laboratories  is  published  by  various 
methods  in  the  form  of  scientific  papers,  and  with  the  increasing 
amount  of  research  done  the  number  of  technical  journals  is  in- 
creasing steadily,  so  that  the  workers  in  most  branches  of  science 
find  it  difficult  to  keep  up  adequately  with  the  current  literature 
and  especially  those  who  become  interested  in  the  hght  thrown 
upon  their  own  problem  by  other  branches  of  science  find  it  a 
task  of  great  magnitude  to  acquaint  themselves  adequately  with 
the  literature.  In  order  to  meet  this  difficulty  the  various  scien- 
tific societies  publish  journals  giving  abstracts,  in  a  conveniently 
indexed  form,  of  all  the  important  papers  published;  these  ab- 
stract journals  are  of  great  value  in  searching  for  information  on 
special  subjects. 

'  "The  Organization  of  Industrial  Scientific  Research."   Science.    1916. 
763. 
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In  spite  of  these  abstract  journals  the  task  of  obtaining  all  the 
references  to  the  literature  on  a  given  subject  is  still  a  formidable 
one  and  might  be  very  much  simpUfied  by  the  adoption  of  some 
radical  changes  in  the  organization  of  the  abstraction  and  classi- 
fication of  scientific  knowledge. 

In  the  first  place,  there  seems  to  be  no  reason  why  abstracts 
of  scientific  papers  should  be  prepared  by  the  national  societies. 
At  present,  for  instance,  there  are  at  least  four  complete  sets  of 
abstracts  of  chemical  papers  prepared  in  different  countries,  to- 
gether with  a  number  of  less  complete  sets,  and  this  represents  a 
great  overlapping  and  duplication  of  effort.  On  the  other  hand, 
sciences  which  have  not  so  many  or  so  wealthy  workers  as  chem- 
istry cannot  afford  to  produce  any  complete  abstract  journals, 
so  that  in  these  sciences  reference  to  the  literature  is  much  more 
difficult.  There  seems  to  be  no  reason  why  an  interchange  of 
abstracts  between  different  countries  could  not  be  arranged  and, 
indeed,  it  might  be  the  best  method  of  obtaining  abstracts  to  have 
the  author  of  a  paper  supply  an  abstract  suitable  in  form  and 
length  for  the  abstract  journal  at  the  same  time  that  he  sends  his 
paper  in  to  the  journal  which  publishes  it.  The  editor  of  that 
journal  could  suggest  modifications  in  the  abstract  which  in  his 
opinion  were  desirable  and  forward  both  the  corrected  and  un- 
corrected abstract  to  the  editor  of  the  abstract  office,  where  it 
would  be  re-edited  for  insertion  in  the  international  abstract 
journals  and  these  journals  would,  ofcourse,  be  supported  by 
subscriptions,  either  through  the  societies  or  by  individuals  in 
the  same  way  as  the  abstract  journals  which  are  at  present  pub- 
lished. 

Whether  such  an  ambitious  scheme  of  international  scientific 
abstracts  is  capable  of  realization  or  not,  reference  to  the  abstract 
journals  would  be  made  much  simpler  if  some  method  of  numerical 
classification  could  Ix;  adopted. 

In  this  connection,  an  experiment  has  been  made  in  the  last 
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two  years  at  the  laboratory  of  the  Eastman  Kodak  Company 
which  has  proved  successful  and  which  seems  to  be  worth  trying 
on  a  larger  scale.  The  laboratory  publishes  each  month  for  the 
use  of  the  employees  of  the  company  an  abstract  bulletin  of  the 
photographic  journals,  including  also  abstracts  from  other  scien- 
tific journals  which  have  any  relation  to  photographic  problems 
or  manufacture,  the  abstracts  being  made  by  the  laboratory 
staff,  and  attached  to  each  abstract  is  a  reference  number.  These 
numbers  refer  to  a  numerical  classification  of  photography  based 
somewhat  on  a  decimal  system  but  adapted  to  the  special  needs 
of  the  subject.  Each  month  as  the  bulletin  is  issued  the  abstracts 
are  clipped  out, pasted  on  cards  and  filed  under  the  number  printed 
on  them  in  numerical  order  so  that  each  recipient  of  the  bulletin 
can  prepare  for  himself  a  file  either  of  all  photographic  literature 
or  of  any  portion  of  it  in  which  he  may  be  specially  interested. 
For  example,  in  the  classification,  photographic  apparatus  com- 
mences with  the  number  "2",  and  if  any  particular  worker  is  not 
interested  in  anything  but  apparatus,  if  he  has  no  interest  in 
materials  or  in  photographic  processes  or  in  applications  of  pho- 
tography, then  he  need  file  only  the  cards  starting  with  "2", 
while,  if  his  interests  are  even  more  limited,  if,  for  instance,  he  is 
interested  only  in  photographic  shutters,  he  can  file  the  cards 
starting  with  "262"  thus  obtaining  only  a  very  limited  file  which 
is,  however,  complete  for  the  subject  in  which  his  interest  lies. 

If  the  abstract  journals  would  print  such  a  numerical  classifi- 
cation attached  to  each  abstract,  adopting  as  their  basis  either 
the  numerical  classifications  of  the  international  catalogue  of 
scientific  literature,  which  have  proved  themselves  satisfactory 
after  trial,  or  some  different  classification  adopted  after  due  con- 
sideration, then  each  recipient  of  the  abstract  journals  could  pre- 
pare for  himself  card  index  files  of  the  scientific  literature  in 
which  he  was  interested. 

To  prepare  a  card  index  of  all  science  or  even  a  complete  index 
of  one  large  branch  of  science  in  this  way  would  lie  too 
forini<Iable  an  utidertakiiig  oil  her  for  an  individual  <ir  even  for  a 
small  library,  but  it  should  certainly  be  possible  for  large  libraries 
such  as  those  of  the  scientific  societies  or  of  large  cities  to  keep 
such  numerically  indexed  files  to  which  reference  could  be  made 
l)y  correspondence  from  any  research  worker.  Thus,  adopting 
the  classification  of  the  international  catalogue,  a  worker  who 
became  interested  in  (lucstions,  e.  j;.,  of  catalysis,  could  apply  for 
a  copy  of  the  reference  cards  on  this  subject,  which  would  include 
all  those  indexed  under  7(i(>5  and  could  be  supplied  with  a  com- 
plete file  or  with  a  partial  file  covering  any  period  of  time;  the 
copies  could  easily  be  made  by  photographing  the  cards  with  such 
a  camera  as  the  "Photostat." 

Ill-^IIB   UTILIZATION   OI'   SCIUNTU'IC   KNOWLItDOG 

The  actual  application  of  science  to  industry  is  so  vast  a  sub- 
ject that  it  cannot  be  considered  here,  but  it  Is  not  !MUisfncfory  to 
leave  the  results  of  research  iit  the  |H>ti>t  where  they  are  published 
in  paiKrs  and  filed  in  the  abstract  journals.  In  order  to  niukc 
them  available  as  u  part  of  ficiciitific  knowlrdgc  the  new  infor- 
ination  as  it  is  obtained  must  be  lncor|H>ratrd  in  lMM>ks. 


15  FRY 

CHEMISTRY 


There  are  three  classes  of  books  deaUng  with  scientific  work 
which  require  separate  consideration.  The  first  class  comprises 
the  dictionaries,  in  which  almost  all  the  progress  in  some  branches 
of  science  can  conveniently  be  summarized.  Beilstein's  "Hand- 
book of  Organic  Chemistry"  is  a  good  example  of  the  way  in 
which  almost  all  the  facts  of  a  science  can  be  absorbed  in  a  classi- 
fied form  and  made  available  for  ready  reference.  These  dic- 
tionaries, in  fact,  represent  the  critical  and  discriminating  sum- 
mary of  the  scientific  publications  on  the  subjects  with  which  they 
deal  and  the  preparation  of  such  dictionaries  should  be  ensured  by 
international  cooperation  of  the  national  societies. 

Other  sciences,  however,  do  not  by  their  nature  lend  themselves 
to  the  convenient  preparation  of  dictionaries  and  what  is  wanted 
in  this  case  are  critical  and  well  arranged  handbooks  covering 
the  whole  science  and  resuming  impartially  but  critically  the 
various  additions  which  are  made  from  time  to  time  in  the  dif- 
ferent branches  of  the  subject.  These  handbooks,  as  well  as  the 
dictionaries,  would,  of  course,  require  the  addition  of  supple- 
mentary volumes  from  time  to  time  and  occasional  complete 
revision. 

The  preparation  of  both  dictionaries  and  handbooks  would,  of 
cour.se,  be  greatly  facilitated  by  the  existence  of  a  numerically 
classified  card  index  to  the  literature  concerned,  and  the  prepara- 
tion and  revision  of  such  books  might  well  be  undertaken  in  con- 
nection with  the  large  libraries  having  in  their  possession  the 
complete  classified  card  indexes. 

On  the  other  hand,  for  the  assistance  of  advanced  students  of 
science,  what  is  required  is  a  steady  supply  of  monograplis  cor- 
relating critically  and  comprehensively  all  the  literature  in  a 
special  field,  and  these  must  be  brought  up-to-date  from  time  to 
time.  Such  monographs  arc  especially  required  in  connection 
with  rapidly  developing  new  branches  of  science;  it  is  difficult  to 
overestimate  the  importance  and  value  for  progress  in  research 
of  such  a  book  as  Hragg's  "X-Rays  and  Crystal  Structure"  for 
instance,  and  while  nothing  should  be  done  to  hinder  individual 
initiative  in  publishing  such  iKwks,  it  would  seem  that  when  it 
was  apparent  that  some  branch  of  science  required  such  a  mono- 
graph a  national  society  might  very  well  approach  well-known 
workers  in  the  field  and  request  them  to  write  such  a  l>ook,  offer- 
ing its  assistance  in  the  matter  of  bibliojjraphy  and  also  offering 
to  arrange  for  the  publication  of  the  tnaiuiscript  The  initiatiN-c 
in  indicating  the  need  for  such  a  book  might  come  in  the  form  of 
suggestions  from  nieinlK'rs  of  the  Society  or  other  scicntilic  men 
It  is  quite  true  that  at  the  present  time  the  scietitilio  publishers 
are  extremely  active  in  searching  (or  suitable  Ixwks  to  publish, 
but  necessarily  they  n\ust  consider  the  probable  demand  rather 
than  the  actual  need  for  a  l><>ok.  and  this  lends  to  an  overproduc- 
tion of  l«H)ks  dealing  with  those  fields  of  sciciuf  which  ha\T  a 
large  following  and  an  insunicicnt  supply  of  lxx>ks  in  those  ticlds 
where  the  workers  air  few,  though  for  progrr.is  the  more  sparsely 
worked  licUls  would  seem  to  rcqtiire  almost  as  much  rcprrsjnln- 
tion  in  liternttirr  as  those  which  nrr  of  wider  interest, 
KimiiAiicn  Laiidiiatuiit 
liAsTUAN  Kodak  (.'oiirANT 
HiKiiKoTSii.  Naw  VoiiK 
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FRANCE  AND  AMERICA  IN  SCIENTIFIC  UNION 

On  the  evening  of  October  19,  1917,  honorary  membership 
in  The  Chemists'  Club  of  New  York  City  was  conferred  upon 
Prof.  Victor  Grignard  of  the  French  Mission.  The  ceremony 
took  place  at  the  regular  joint  meting  of  the  New  York  Sections 
of  the  Society  of  Chemical  Industry,  American  Chemical  Society 
and  the  American  Electrochemical  Society.  Dr.  M.  C.  Whitakcr, 
president  of  the  Club,  introduced  Dr.  L.  H.  Baekeland  who 
oflficially  informed  Prof.  Grignard  of  the  action  of  the  Club. 
In  accepting  the  honor.  Prof  Grignard  replied  in  French.  Dr. 
Baekeland  has  prepared  a  translation  of  the  address,  which 
follows. —  [Editor.] 

ADDRESS 

By  Prof.  Victor  Grignard 

Gentlemen — I  feel  truly  perplexed  before  all  the  marks  of 
sympathy,  all  the  honors,  which  have  come  to  me  like  an  ava- 
lanche since  I  put  my  feet  on  this  beautiful  land  of 
America. 

From  the  moment  I  arrived,  even  on  the  ship  itself,  already 
two  of  your  eminent  representatives,  Dr.  Baekeland  and  Pro- 
fessor Bogert,  kindly  put  themselves  at  the  disposal  of  Mr. 
Engel  and  myself  and  offered  the  hospitality  of  this  House. 

Since  then,  everywhere  we  present  ourselves,  we  have  en- 
countered the  same  enthusiastic  welcome,  the  same  sincere  de- 
sire of  being  of  service  to  us. 

Then  again,  at  the  beginning  of  the  month  of  August,  a  charm- 
ing and  unforgettable  banquet,  even  more  touching  by  its 
intimate  cordiality  than  any  great  official  galas  which  often  are 
more  arranged  for  the  gallery  than  for  the  participants,  brought 
us  together  in  this  same  place. 

Then  again,  that  important  meeting  in  Boston  where  Pro- 
fessor Stieglitz  aimounced  so  kindly  the  great  honor  which  was 
conferred  upon  me  by  the  American  Chemical  Society  and 
which  has  been  appreciated  as  much  as  it  was  unexpected. 

.And,  to-day,  gentlemen,  you  open  to  me  all  the  big  doors  of 
your  Great  House,  you  welcome  me  in  the  intimacy  of  your 
Home,  in  a  word,  you  adopt  me  as  a  member  of  your  great 
family. 

Let  me  tell  you  that  this  honor  impresses  me  even  more  than 
the  preceding  ones  because  there  is  in  this  something  which 
touches  me  more  particularly  in  a  personal  way. 

Undoubtedly,  I  am  happy  and  proud  to  have  been  for  you 
an  occasion  to  manifest  your  sympathies,  even  your  admiration, 
for  France  in  general  and  for  French  chemistry  in  particular. 
But,  believe  me,  I  would  be  less  impressed  when  bringing  home 
from  here  honor  certificates  and  diplomas,  if  I  did  not  know 
I  am  taking  home  to  my  country  also  somewhat  of  your 
hearts. 

This  ceremony  proves  to  me  that  I  am  not  mistaken  in  this. 
Therefore,  gentlemen,  I  desire  to  express  more  particularly  my 
profound  gratitude,  my  great  happiness,  to  have  been  able, 
notwithstanding  my  lack  of  knowledge  of  the  English  language, 
to  bring  to  you  the  impression  that,  in  spite  of  the  sorrows  of 
the  present  hour,  French  chemistry,  like  all  France,  lives  and 
works;  and  only  desires  to  live  and  work  still  more  and  we  look 
upon  our  big  American  sister  as  particularly  qualified  to  help 
us  in  this  work  of  reconstruction. 

Indeed,  gentlemen,  you  possess  all  that  is  necessary  for  this. 
Thanks  to  the  immensity  of  your  magnificent  territory,  you 
have  natural  forces  and  mineral  riches  of  the  most  varied  nature, 
of  greatest  abmidance  and  of  the  most  precious  kind  which 
nature  has  been  able  to  give  to  any  people. 

You  have  the  confidence  and  enthusiasm  of  youth;  you  have 
also  the  audacity  thereof,  and  fortune,  which  loves  the  audacious, 
smiles  upon  you.  Have  you  not  shown  excellent  proof  of  this 
in  the  creation  and  the  prosperity  of  the  Chemists'  Club?     You 


have  banking  organizations  which  know  how  to  favor  beginning 
enterprises;  you  do  not  let  yourself  be  held  back  by  timid  men 
or  by  skeptics,  and  you  know  how  to  look  forward  on  a  large 
scale — large  like  your  beautiful  land. 

Many  of  your  projects  surj'ass  by  their  audacity  the  limits 
of  our  immediate  comprehension.  Thus  it  has  frequently  hap- 
pened in  France,  at  least  in  certain  circles,  to  tr>'  to  class  such 
enterprises  by  saying,  "It  is  American  bluff."  But,  nothing  of 
the  kind.  We  have  to  admit  it.  The  bluff  resides  merely  in 
our  imagination.  It  is  not  in  yours;  you  look  at  the  world  in 
all  the  boldness  of  your  imagination  and  you  dream  of  realities 
which  sometimes  seem  to  surpass  the  possibilities  of  the  moment. 
You  have  the  vision  of  grandeurs  of  the  future — that  is  all. 
But  do  not  let  us  call  this  bluff;  let  us  admire  it. 

M^hat  can  your  older  little  sister  bring  you  to  complete  such 
a  powerful  ensemble?  Truly,  very  little,  but,  nevertheless, 
something:  A  finer  sense  of  truly  scientific  ways,  due  to  a  tra- 
dition and  an  education  of  older  duration;  after  all,  the  privilege 
of  seniority  is  not  always  enviable,  but  it  may  often  render  its 
services. 

France  owes  it  to  this  that  in  many  directions,  and  more 
particularly  in  chemistry,  she  was  an  innovatrix,  and  this  privi- 
lege would  have  been  still  more  obvious,  even  to  the  minds  of 
those  w'ho  are  less  informed,  if  our  laboratory  men,  if  our  engi- 
neers, had  had  behind  them  sufficient  backing,  well  equipped 
laboratories,  more  elastic  budgets,  well  informed  manufacturers, 
daring  capitalists. 

Many  new  ideas  which  germinated  in  France  might  have 
grown  up  there  and  might  have  contributed  to  make  the  halo 
of  French  science  still  more  brilliant. 

For  instance,  to  speak  of  a  question  of  burning  actuality, 
the  synthesis  of  ammonia  which  at  this  moment  preoccupies 
all  the  Allies,  the  so-called  Haber  process,  is  called  thus  because 
it  has  been  studied  and  put  in  shape  in  the  laboratory  of  Haber 
by  a  Frenchman,  Rossignol.  It  is  probable  that  if  Rossignol 
had  possessed  in  France  a  laboratory  which  commanded  the 
resources  of  that  of  Haber,  France  would  not  be,  at  this  moment, 
anxious  to  procure  ammonia  and  Germany  might,  perhaps, 
have  been  short  of  it  long  ago.  Furthermore,  the  principle  of 
this  process,  that  is  to  say,  the  combination  of  nitrogen  and 
hydrogen  under  pressure  at  a  sufficiently  high  temperature  and 
in  presence  of  a  catalyzer,  was  discovered  a  long  time  ago  in 
Paris  by  our  eminent  chemist  Le  Cha  teller. 

Unfortunately,  the  gaseous  mixture  at  one  of  the  tests  was 
ill-prepared  and  still  contained  oxygen,  and  caused  the  explosion 
of  the  apparatus  and  the  experiments  did  not  go  further.  We 
should  not  think,  of  course,  that  when  an  apparatus  blows  up, 
it  is  the  French  scientist  who  retreats.  No,  alas,  it  is  simply 
his  budget  which  blows  up! 

And  thus  was  it  that  the  synthesis  of  ammonia,  which  ought 
to  have  been  a  French  conquest,  has  taken  the  aspect  of  a  Ger- 
man discovery. 

Well!  We  know  at  present  in  what  soil  we  shall  have  to  plant 
the  good  seed;  whenever  the  old  French  humus  will  no  longer 
be  deep  nor  rich  enough  to  permit  a  rapid  and  powerful  growth, 
do  not  let  us  lose  our  way  among  our  rapacious  eastern  neighbors, 
who  are  always  on  the  alert  for  some  new  plunder;  let  us  take 
it  to  you  where  we  shall  find  the  confidence,  the  daring  perse- 
verance, with  all  the  material  and  financial  resources  which  can 
assure  success. 

In  this  way,  long  ago,  the  inventor  of  the  triple  effect  evap- 
orator, when  he  was  misunderstood  in  his  own  countrj-,  brought 
to  your  sugar  refiners  his  ingenious  discovery,  which  since  then 
has  had  a  splendid  development  in  many  industries.  It  is 
necessary  that  a  close  cooperation  on  sicentific  and  industrial 
lines  should  be  organized  more  and  more  between  our  two  coun- 
tries. 
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The  horrible  war  which  has  been  imposed  upon  us,  has  aheady 
made  a  big  step  in  that  direction. 

In  order  to  save  the  world  from  Prussian  hegemony,  in  order 
to  stop  the  grasping  hand  of  Germany  over  every  liberal  thought 
and  generous  instinct,  we  cannot  have  enough  of  the  support 
of  the  United  States  alongside  that  of  the  European  Allies. 
And  this  brotherhood  of  our  armies  has  made  indispensable, 
more'  particularly  between  our  two  countries,  the  scientific 
and  industrial  alliance  which  is  necessary  to  conduct  this  war, 
— a  war  more  scientific  than  anyone  ever  might  have  imagined. 

Without  citing  too  many  examples,  our  metallurgists  have 
akeady  brought  to  you  precious  improvements  in  the  manu- 
facture of  steel;  from  your  side,  you  bring  us  a  solution,  and 
perhaps  two  solutions,  to  the  worrying  nitric  acid  problem. 

This  fecund  collaboration  should  continue  after  our  victory. 


Yesterday  we  exchanged  professors;  to-morrow  we  shall  exchange 
students.  Thanks  to  the  zeal  of  my  devoted  collaborator, 
Engel,  thanks  to  the  friendly  efforts  of  some  among  you,  quite  a 
number  of  American  chemists  have  already  subscribed  their 
names  for  membership  in  the  Societe  de  Chimie  Industrielle 
which  recently  has  been  founded  in  Paris,  and  I  hope  that  at 
our  return  in  France,  we  shall  be  able  to  reciprocate  and  to  in- 
crease the  number  of  members  of  the  American  Chemical  Society. 

In  this  way,  the  field  shall  have  been  well  prepared  for  the 
exchange  of  ideas  which  will  precede  our  common  efforts. 

In  their  own  turn,  other  elements  of  intimate  collaboration 
will  present  themselves  to  reinforce  all  that  exists  already,  and 
if  I  am  enabled,  within  a  few  years,  to  visit  again  your  beautiful 
land,  I  have  the  firm  con\-iction  that  I  shall  be  able  to  bring  then 
the  greetings  of  a  newer  France  to  a  still  greater  America. 
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ESTIMATION  OF  TIN  IN  LOW-GRADE  STUFF 
Mr.  A.  Adair  contributes  to  a  recent  issue  of  the  Soulb  African 
Mining  Joiiriiul  a  method  of  estimating  tin  in  low-grade  ores, 
tailings  and  slimes.  The  method  is  stated  to  have  been  de- 
vised on  account  of  the  difficulty  which  the  sodium  peroxide  and 
other  fusion  methods  present,  owitig  to  the  trouble  experienced 
in  separating  the  tin  from  the  excessive  amounts  of  gelatinous 
silica  produced,  for,  in  practice,  evaporation  with  hydrochloric 
acid  to  render  the  silica  insoluble  results  in  large  losses  of  tin  as 
stannic  chloride.  The  method  described  depends  on  converting 
the  stannic  oxide  into  its  phosphide  without  fluxing  the  gangue. 
The  metal  is  then  dissolved  and  readily  separated  from  the  non- 
gelatinous  silica.  The  ore  is  roasted  or  treated  with  nitric  acid 
and  washed  free  from  pyrites.  It  is  then  groimd  to  impalpa- 
bility and  mixed  with  0.4  its  weight  of  dry  ammonium  phosphate 
and  0.2  charcoal,  both  ground  finely  and  well  mixed.  For  5 
g.  ore  take  an  annealing  cup  and  grind  a  lid  to  it  till  it  closes 
all  around.  The  inside  is  welted  and  rubbed  with  a  little 
black  lead  to  get  a  good  coating  for  polishing  when  dry.  A  kero- 
sene blast  lamp  and  jacket  arc  used,  first  heating  gently  for  20 
min.  and  then  at  a  red  heat  for  one-half  hour,  cooling  off  with 
the  vapor  of  the  lamp.  Any  charcoal  remaining  is  blown  off 
and  the  ignition  transferred  to  a  porcelain  crucible  and  ground 
to  the  finest  powder.  It  is  transferred  to  a  flask  and  wetted 
with  alcohol.  25  cc.  of  boiled  hydrochloric  acid  are  added  and 
the  mixture  left  in  a  warm  place  over  night,  by  which  time  the 
tin  is  in  solution  and  easily  filtered  from  the  gangue  and  charcoal. 
Results  on  a  sample  of  ore  containing  i  .5  per  cent  stannic  oxide, 
from  seven  successive  tests,  gave  an  average  value  of  i .  2 1 
Ijer  cent. — A.  McMillan. 


COCONUT  INDUSTRY 

From  a  recent  report  it  would  appear  that  the  coconut  industry 
of  Trinidad  and  Tobago,  which  has  been  affected  liy  prolonged 
droughts  in  previous  years,  has  now  recovered.  The  export 
figures  for  1916  show  an  increase  of  3,000,000  nuts  above  the 
number  exported  in  1915.  On  the  other  liatui,  however,  the  ex- 
port of  copra  has  decreased  by  about  i,(km>,(x«)  lbs.,  which  works 
out  at  about  2,500,000  nuts,  so  that  the  real  increu.sc  for  1916 
is  only  sw.ooo  nuts.  The  cultivation  is  being  rapidly  extended. 
The  following  figures  show  the  distribution  of  the  coconuts 
among  the  various  countries: 

Null  Copra  (Ibi.) 

Unitnl  Sliitn IS..'(76.S9S         2,928,944 


Itnltcd  KiiiK'lo 


4H4,WKI 
l,r>04 
2,H44 

ToTAt, 17,849,207 

Valu* (484,270 


410,904 


J.3.W.R4S 

f22S.6A5 

— M. 


STARCH  SUBSTITUTES  IN  GERMANY 
In  all  countries,  says  tlie  Oil  and  Color  Trade  Journal,  52  (1917), 
985,  articles  which  were  quite  common  prior  to  the  war  have  now 
had  to  be  replaced  by  others,  either  because  the  importation  of 
the  necessary  raw  materials  from  foreign  countries  has  ceased 
or  because  such  raw  materials  are  being  employed  for  other  pur- 
poses to  better  advantage.  Some  interesting  data  regarding 
starch  substitutes  have  recently  been  published  by  Dr.  R. 
Koenig,  who  has  investigated  several  types.  At  tlie  beginning 
of  the  war  starch  substitutes  in  Germany  consisted  chiefly  of 
potato  flour  mixed  with  chalk  ground  as  fine  as  possible.  \\"hen 
potato  flour  was  no  longer  available,  admixtures  of  powdered 
gelatine,  white  glue  and  fine  white  chalk  were  used.  The  per- 
centage of  chalk  increased  very  rapidly  as  gelatine  advanced  in 
price  so  that  in  one  instance  it  was  found  tliat  the  percentage 
of  chalk  increased  from  20  to  ,^5  per  cent  in  14  days.  Although 
these  products,  as  long  as  tlie  glue  was  not  of  a  yellowish  color, 
were  fairly  satisfactory,  still  their  price  was  generally  out  of  all 
proijortion  to  their  actual  value.  Other  preparations  placed 
on  the  market  consisted  of  crystallized  bitter  or  "cat"  s;ilis, 
water  and  burnt  magnesia.  The  latter  was  afterwards  sold  as 
"fatless"  washing  medium.  This  contained  70  jx-r  cent  hitter 
salt,  23  per  cent  water  and  70  per  cent  magnesia.  The  salt  was 
di.ssolved  in  water  and  the  magnesia  thoroughly  stirred  in  till 
dissolved,  whereupon  it  was  allowed  to  stand  in  moulds  for 
some  hours  till  it  stiffened  through  the  formation  of  o!s>t!uI- 
fate.— M. 

SALTPETER  PRODUCTION  IN  INDIA 
From  the  bulletin  issued  by  the  Agricultural  Institute,  Piisa, 
it  would  appear  that,  subject  to  certain  conditions  )>cing  realized, 
there  is  a  good  opportunity  for  developing  the  pnxluclion  of 
saltpeter  in  India.  The  gcnenil  conclusions  arrivctl  at  arc  iis 
follows:  (i)  The  present  .sources  of  siiltjH'tcr  are  not  fully 
utilized  on  account  of  the  drawbacks  at  present  as,s»ciatcd  with 
tlie  tiuiiiiih'i  business  and  the  low  price  of  cnulc  s;ilt|>etcr;  (}) 
artificial  nitcrbcds.  on  accomit  of  the  favorable  soil  and  cli- 
matic conditions  in  Kiliar  would  pnMwibly  form  a  useful  added 
source  of  sjiltjieter.  (.0  the  present  mctho<ls  do  not  allow  of  re- 
covery of  all  the  nitrate  present  in  the  earth  worked.  It  is  to 
be  determined  whether  a  In-ttcr  methixl  of  cxtruction  could  l>e 
devi.sed  capable  of  being  carried  out  and  whether  the  efficiency 
of  this  methiHl  would  nccc-.-vUilv  tlr|H-nd  u|M>n  some  tcliixation 
or  revision  of  the  restrictions  at  ptrsent  ini|Hisrd  by  thcSnIt  l>c- 
purtnient;  (4)  the  present  conditions  o(  trade  in  this  ronuno<lity 
require  exiiminutioii  to  determine  whether  n  Rteiil  dcninnd  (or 
Indian  s<ilt|H-ler  would  lesnlt  from  orgiinizetl  efforts  to  improve 
them  such  iis  the  eliniiniitiiMi  of  the  iniddlemnn  and  Uir  stand- 
iirdizution   of   the   prinluct    itself.     M. 
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CERAMICS 

In  an  instructive  paper  on  "Ceramic  Objects  of  Pure  Materials" 
published  in  Zeitschrijt  fiir  angewandte  Chemie,  the  author  insists 
on  the  finest  subdivision  of  the  materials  when  it  is  intended 
to  prepare  "tun-walled"  refractory  objects.  His  materials  are  the 
rare  earths,  magnesia,  alumina,  carbides,  silica,  etc.,  and  especially 
also  the  nitrides  of  boron  and  titanium  which  he  has  been  study- 
ing. The  calcined  materials  should  be  crushed  to  grains  of 
I  mm.  and  then  ground  down  in  steel  mills  to  powders  of  parti- 
cles of  from  o.ooi  to  0.005  mm.  Though  this  extreme  sub- 
division seems  to  undo  what  has  been  gained  by  calcination  of 
the  briquetted  materials,  he  considers  that  the  uniformity  ob- 
tained increases  the  strength  of  the  objects  and  reduces  the 
tendency  to  shrinkage.  As  binding  materials,  he  recommends 
water,  colophony,  oils  of  turpentine,  celloidin  in  amyl  acetate, 
bakelite  varnish,  glycerine,  and  caramel.  The  last  two  he  pre- 
fers, for  example,  for  thoria,  and  describes  how  zirconia  can  be 
provided  with  a  glazing  of  thoria.  The  preparation  of  boron 
nitride  from  boric  anhydride  and,  similarly,  of  titanium  nitride, 
is  an  elaborate  process.  The  oxide  turns  into  the  mtride  when 
heated  at  1200°  C.  in  an  atmosphere  of  ammonia,  but  the  pres- 
ence of  water,  which  is  diflficult  to  expel,  interferes  with  the  re- 
action and  the  first  formed  superficial  coating  of  nitride  pre- 
vents further  access  of  ammonia;  high  pressure  also  accelerates 
the  reaction.  Mi.xed  with  paraffin,  the  nitride  can  be  squirted 
into  threads  o.i  mm.  in  diameter.  The  resulting  nitride  stands 
2,000°  C.  quite  well,  and  is  used  for  making  the  tubes  in  which 
granular  carbon  resistances  are  baked.  The  boron  nitride, 
density  1.92,  does  not  melt  in  the  arc  burning  in  an  atmosphere 
of  nitrogen:  it  is,  however,  attacked  by  oxygen  and  also  by 
boiling  water,  especially  if  a  little  boron  anhydride  should  still 
be  left  in  it.— M. 


BRITISH  BOARD  OF  TRADE 

During  the  month  of  September  the  British  Board  of  Trade 
received  inquiries  from  firms  in  the  United  Kingdom  and  abroad 
regarding  sources  of  supply  for  the  following  articles.  Firms 
which  may  be  able  to  supply  information  regarding  these  things 
are  requested  to  communicate  with  the  Director  of  the  Commer- 
cial Intelligence  Branch,  Board  of  Trade,  73  Basinghall  St., 
London,  E.  C. 


CnEMicAi.s: 

Aluminate  of  soda 
Chromic  acid 
Monochlornaphtlialene 
Sodium  sulfide 

Machinery  and  Plant: 

Complete  cork  preparing  plant 

For  making  plough  chains 

For  manufacturing  fret  ^ws 

For  peeling  lemons 

For  making  toy  marbles 

Flexible  shaft-driven  portable  tools 

Machines  for  cutting  click  gears 

Articles  for    West  African     native 
trade 

Buckle     frames,     metal     or     card- 
board 

Celluloid   marking  rings  for  pigeons 

Chain  coat-hangers 


Chamois  leather 

Curling  irons,  cheap 

Electric    driven      machinery     for 

floor-polishing 
Eucalyptus  red  gum 
Glove  makers*  waste 
Leather      waste,      i.     e., 

chamois,  suede,  etc. 
Manioc  flour 
Paper  knives,  bone  and 
Piercing  saws  for  metal 
making  beer 


bucks. 


ivory 


Powde 
Skins,   kid 
Soap  bo 

Synthetic  i 


,  metal 

ssential  oil  of  mustard 
Thimbles,  steel  and  silvered 
Wood  preservative  not  containing 

coal-tar  oils 
Wooden     shovels    for    margarine 
factories 

— M. 


MANGANESE  STEEL 
A  catalog  issued  by  Allen  &  Co.,  of  Sheffield,  England,  relates 
to  their  Imperial  manganese  steel  and  to  its  use,  especially  for 
parts  of  dredgers,  crushing  machines  and  conveyors  where  great 
resistance  to  wear  and  abrasion  are  required.  This  steel  is  so 
hard  that  it  cannot  be  machined  and  must  be  finished  by  grind- 
ing and,  at  the  same  time,  is  so  tough  that  it  may  be  bent 
double  while  cold  without  fracture.  It  has  a  tensile  strength 
of  55  tons  per  sq.  in.,  or  over,  with  an  elongation  of  about  40 
per  cent  in  4  in.,  and  is  non-magnetic.  It  is  supplied  in  cast- 
ings, rolled  bars,  sheets,  forgings  and  patent  rolled  rails. — M. 


HARDENING  OF  ALUMINUM  BRONZE 
According  to  an  article  in  the  Giesseri  Zeilung  for  June  i, 
aluminum  bronzes  can  be  improved  by  thermal  treatment. 
When  they  contain  less  than  7  per  cent  copper,  the  thermal 
treatment  will  not  afl'ect  the  properties  much.  Higher  grade 
bronzes  can  be  hardened,  however,  and  by  the  further  addition 
of  iron,  silicon  and  other  elements,  the  mechanical  properties 
of  the  alloys  can  be  much  varied.  Tnus,  e.  g.,  bronzes  can  be 
prepared  having  a  BriimeU  hardness  of  100  without  being  brittle. 
An  aluminum  bronze  resembling  in  its  mechanical  properties 
a  0.35  carbon  Swedish  steel  was  given  hardness  values  ranging 
from  100  to  260  by  various  thermal  treatments;  sudi  bronzes 
of  great  hardness  will  answer  as  bearing  metals  even  for  high 
speeds.  The  following  figures  are  given  as  to  the  properties 
of  a  10  per  cent  aluminvun  bronze  containing  some  titanium, 
the  percentage  of  which  is  not  quoted: 


Limit  of  Elasticity.. 
Tensile  Strength .  .  . 

Elongation 

Contraction  of  .Area 
Brinnell  Hardness.. 


Bronze 
as  cast 
9.6 
51.8 
19.5 
33.7 
100 


19.8 
73.6 
1.0 
0.8 
262 


After  Thermal  Treatment 
at  DifTerent  Temperatures 
27.7  to  19.  2  kg.  per  cm*. 
67  .  7  to  64  kg.  per  cm*. 
5  .  5  to  1.4  per  cent 
9  to  18.5  per  cent 
158  to  140 

— M. 


POTASH  FROM  FLUE  DUST 

A  recent  article  by  Mr.  H.  T.  Cranfield  in  the  Journal  of  the 
Board  of  Agriculture,  deals  with  the  extraction  01  potash  salts 
from  blast  furnace  flue  dust.  The  number  of  furnaces  in  full 
blast  in  Britain,  the  author  reckons  to  be  300,  and  the  quantity 
of  flue  dust  produced  per  week  works  out  at  20  tons  black  dust, 
5  tons  red  and  i  ton  cream  colored.  On  the  assumption  that 
the  black  dust  contains  2  . 5  per  cent,  the  red  7  per  cent,  and  the 
cream  10  per  cent,  each  furnace  would  yield  about  50  tons  of  pot- 
ash per  annum,  giving  an  annual  production  of  15,000  tons. 
At  least  50  per  cent  of  this  would  represent  soluble  potash. 
From  these  figures,  this  may  be  regarded  as  an  important  source 
of  potash  and  until  arrangements  can  be  made  and  plant  erected 
for  the  extraction  of  the  water-soluble  potash  salts,  Mr.  Cran- 
field suggests  that  the  raw  flue  dust  might  be  used  on  land  de- 
ficient in  potash  in  the  past  two  years. — M. 


A  NEW  TEST  PAPER 
A  very  delicate  test  paper  has  been  prepared  in  Japan  from 
the  fruit  of  the  Tama-tsubaki,  which  has  a  violet  color  and  is 
turned  to  greenish  blue  by  a  mere  trace  of  alkali  and  to  red  by 
an  extremely  dilute  acid  solution.  The  plant  is  also  known  in 
Japan  as  Neziunimochi  or  Teratsubaki.  The  inventor  noticed 
that  the  color  of  its  fruits  never  fades,  while  the  color  of  the 
flowers  quickly  fades.  He  squeezed  the  fruit  and  dyed  a  filter 
paper  witli  the  juice  which  gave  a  violet  shade. — M. 

FERRO-CONCRETE  SHIPS 

During  the  past  three  months,  says  the  Times  Engineering 
Supplement,  No.  515,  the  Committee  of  Lloyd's  Register  of 
Shipping  have  approved  plans  for  the  construction  in  ferro- 
concrete of  a  number  of  non-propelled  barges,  some  designed  to 
carry  500  tons  dead  weight,  and  also  of  a  motor  vessel.  These 
vessels  will  be  built  in  tlie  United  Kingdom  and  in  Norway, 
under  the  inspection  of  the  Society's  surveyors,  and  are  intended 
for  tlie  British  and  Scandinavian  coastal  trade.  Plans  of  other 
ferro-concrete  vessels  of  larger  capacity  for  certain  sea  trades 
are  at  present  under  consideration.  One  of  the  society's  prin- 
cipal surveyors  recently  made  a  tour  of  inspection  in  Scandi- 
navia, where,  owing  to  circumstances  arising  from  the  war 
and  other  causes,  the  use  of  ferro-concrete  for  ship  construction 
has  so  far  been  most  developed  and  the  report  of  his  visit  has 
naturally  placed  the  Committee  of  Lloyd's  Register  in  possession 
of  valuable  data  on  the  subject. — ^M. 
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RUSSIAN  COTTONSEED  OIL  INDUSTRY 

The  Russian  cottonseed  oil  industrj-  is  established  for  the 
most  part  in  the  Ferghana,  Murgal  and  Merw  districts.  The 
cottonseed  from  the  first-named  district  contains  a  high  per- 
centage of  oil  specially  suitable  for  refining.  It  is  stated,  says 
the  Chemical  Trade  Journal,  that  in  the  Ferghana  mills  there  are 
more  than  thirty  i6-in.  hydraulic  presses,  seven  12-in.  presses 
and  several  small  ones.  The  total  quantity  of  cottonseed 
formerly  treated  was  about  144,000  tons  per  annum,  the  working 
year  being  250  days.  The  yield  of  oil  was  approximately  2 1 ,600 
tons  in  addition  to  48,000  tons  oil-cake.  Just  lately,  two  new 
mills  have  been  established  and  the  old  mills  have  been  enlarged. 
The  output,  therefore,  is  considerably  increased  and  the  total 
quantity  of  cottonseed  dealt  with  is  now  about  192,000  tons. 
The  export' of  cottonseed  from  Turkestan  in  19 13  was  about  20- 
320  tons.  It  is  said  that  36  lbs.  cottonseed  of  first  quality  yield 
18  per  cent  unrefined  cottonseed  oil,  40  per  cent  oil-cake  and  50 
per  cent  husks,  the  remainder  consisting  of  linters  and  other 
waste. — M. 

JAPANESE  PAPER-MAKING  INDUSTRY 

Among  the  trades  in  which  Japan  is  sure  to  make  great  efforts 
to  maintain  a  permanent  position  after  the  war  is  the  manu- 
facture of  "European"  paper,  says  the  Chamber  of  Commerce 
Jounial.  Before  the  war  a  heavy  import  duty  compelled  most 
publishers  to  use  Japanese-made  paper  although  it  was  both 
dear  and  bad  and  export  was  hardly  dreamed  of.  Now  a  large 
part  of  the  Asiatic  trade  is  in  Japan's  hands  and  the  new  energy 
put  into  the  business  may  bring  it  up  to  European  level.  Sag- 
halien  makes  important  pulp  contributions — a  welcome  sign 
of  development  of  a  ratlier  neglected  territory.  Without  the 
war,  it  is  doubtful  whether  paper  manufacture  would  ever  have 
been  a  success,  but  extraordinary  circumstances  have  justified 
this  and  various  other  protected  industries.  They  have,  how- 
ever, a  time  of  severe  trial  before  them,  for  in  many  cases  they 
are  far  from  working  as  cheaply  as  Eiu'ope  in  spite  of  low  wages. 

The  Japanese  demand  for  paper  in  1915  was  145,000  tons, 
of  which  60,000  tons  were  ground  pulp  and  85,000  tons  chemical 
pulp.  The  ground  pulp  was  chiefly  supplied  by  home  producers, 
only  a  small  i)ortion  being  imported.  Of  chemical  pulp  about 
60,000  tons  came  from  abroad,  the  home  production  Ijeing  limited 
to  25,000  tons  of  lower  grade  material  and  7,500  tons  of  superior 
grade.  The  total  cessation  of  imports  to  Japan  since  the  war 
began  and  tlic  enormous  rise  in  prices  have  stimulated  the 
Japanese  pulp  industry.  Many  producers  are  now  exploiting 
the  timber  resources  of  the  Saghulicii  forests  and  several  chemical 
paper  factories  have  been  established  recently  in  Saghalicn. 
With  a  view  to  encouraging  the  pulp  industry  in  Japan,  the 
Japanese  Investigation  Committee  suggests  that  timber  for 
pulp-making  should  be  supplied  at  the  lowest  possible  price, 
and  th.it  all  possible  facilities,  for  the  transport  of  material, 
timber  and  pulp,  should  be  given  to  producers.— M. 


APPLICATION  OF  RADIO-ACTIVE  SUBSTANCES  FOR 
BATTERIES 

A  recent  I'Vench  patent  is  innccrneil  with  the  use  of  rndio- 
activc  material  for  the  purpose  of  facilitating  the  chemical 
nctioii  taking  place  in  accumulators.  For  this  purpose  rndiiiin 
barium  sulfate  is  used.  The  material  is  in.soliiblc  in  the  elec- 
trolyte and  dues  not  appear  to  enter  into  clicniicul  action  witii 
the  lead  oxide  or  the  metallic  lead  of  the  plates.  Its  presence  is 
Hssunied  to  render  the  chemical  .letion  more  cuniplctc  during 
cliiirge  and  discharge,  otherwise  the  process  is  normal.  About 
0  .•  inicrogram  of  radium  per  lb.  of  Iciiil  oxide  i.s  u.scd,  the  radium 
coiiipiiiiiul  being  merely  incori«)riitr(l  in  the  oxide  used  on 
the  Kfid  of  the  plates. — M. 


LINING  WHITE  METAL  BEARINGS 

In  order  to  enstu-e  uniformity  of  composition  in  white  metal 
alloys  used  for  lining  bearings  the  Monometer  Manufacturing 
Company  of  Aston,  Birmingham,  has  introduced  a  melting 
furnace  which  is  provided  with  a  device  for  thoroughly  mixing 
the  components  of  white  Babbitt  and  similar  alloys.  This 
device  takes  the  form  of  a  propeller,  carried  on  ball  bearings  to 
reduce  friction,  the  blades  of  which  are  rotated  in  the  melting 
pot  by  means  of  a  handle.  The  alloy  is  drawn  off  from  the  melting 
pot,  which  is  enclosed,  through  an  outlet  at  the  bottom  controlled 
by  a  screw  valve,  and  a  thermostatic  regulator,  which  acts  on 
the  fuel  supply  and  can  be  set  to  suit  any  particular  alloy,  main- 
tains the  metal  at  the  proper  temperatm-e  for  running  into  the 
bearings.  An  oven  for  heating  the  shells  of  the  bearings  before 
they  are  tinned,  made  by  the  same  firm,  is  fitted  with  a  similar 
automatic  controller  which  keeps  the  temperature  at  the  correct 
point  for  tinning,  and  the  shells  need  simply  to  be  rubbed  with  a 
stick  of  tin  as  tliey  are  withdrawn.  Automatic  temperature  con- 
trol is  also  provided  in  a  die-casting  machine  for  use  in  connection 
with  small  bearings. — M. 

ARTIFICIAL  WOOD 

The  Austrian  paper,  Kunststoffe,  states  that  leaves  are  now  being 
used  for  the  production  of  artificial  wood,  which  has  for  some 
time  been  manufactured  from  sawdust,  subjected  to  high  pressure 
either  with  or  without  a  binding  material.  The  leaves  are  dried 
and  boiled  in  water  or  lye,  mixed  with  a  binding  material  such 
as  glue,  resin,  waterglass,  etc.,  and  squeezed  into  blocks  under 
a  pressure  of  300  to  400  atmospheres.  Any  desired  color  can  be 
obtained  by  appropriate  additions.  It  is  claimed  that  artificial 
wood  so  produced  can  be  worked  like  natural  wood  and  can  be 
used  for  tlie  most  varied  purposes. — M. 


PAINTS  AND  VARNISHES  FOR  SIAM 

Siam  is  a  prosperous  country,  says  a  contemporary,  and  the 
bountiful  rice  crop,  the  staple  product,  which  has  been  recently 
gathered  in,  should  be  favorable  to  the  import  of  manufactured 
goods.  There  is  a  growing  demand  among  the  iieople  of  Siara  for 
paints  and  varnishes  for  the  decoration  of  tlieir  houses.  These 
goods  arc  not  made  in  the  country  and  the  trade  should  be  noted 
by  manufacturers  of  these  articles.  The  sending  of  catalogues 
and  price  lists  to  the  leading  importers  in  Bangkok  is  recom- 
mended, but  a  better  means  of  gaining  a  business  coimection 
would  uiiddubledlv  bi-  tlie  visit  of  a  representative. — M. 


COTTON  TRADE  IN  JAPAN 

The  British  Attache  at  Vnkohama  writc.-s,  drawing  attention 
to  schemes  which  are  being  devised  for  tlie  amalgamation  on 
a  large  scale  of  the  various  cotton  spinning  interests  in  Japan 
with  a  view  to  consolidating  the  position  of  the  cotton  textile 
industry  in  that  country  aiul  enabling  the  mills  to  retain  tlicir 
hold  of  British,  .Vmerican  and  (lernian  gixxls  which  will,  no 
doubt,  siiiwrvcnc  at  the  close  of  the  war.  .\  limier  fiwling  has 
been  gained  by  Japanese  manufacturers  in  many  oriental  markct.s 
which  were  considered  to  be  llie  |>ermttiicnl  markets  of  Britisli 
or  (>erman  .spinners.  It  is.  therefore,  nece.ss;iry  to  impnn-c 
Uic  linancial  position  of  the  industry'  to  retain  this  hold.  Not 
only  spitming  nulls  but  weuvitiK.  printing.  blenchiiiK  ami  dvcinx 
mills  will  l>c  included  in  the  otimbmation.  One  such  amalgama- 
tion, it  is  said,  will  have  a  total  of  j40,tK)o  spindles  in  O|<crntion. 
The  reixirl  also  states  that  the  cotton  industry  is  by  for  the 
best  oigani/rd  in  ju|>an  anil  that  the  omalKaination  of  these 
largo  iiinccrns  will  i-crtainlv  tend  to  reduce  expense*  and  obviate 
needleits  c<>mi<etition.  — M. 
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NOTL5  AND  CORRL5PONDLNCL 


HYDROGENATION  OF  OIL 

[The  following  opinion  was  rendered  Oct.  3,  1917,  by  Judge 
Augustus  N.  Hand,  of  the  U.  vS.  District  Court  (Southern  Dis- 
trict of  N.  Y.)  on  the  Burchenal  Patent  No.  1,135351  in  case 
of  Proctor  and  Gamble  Co.  (Complainant)  vs.  Berlin  Mills  Co. 
(Defendant).  Kerr,  Page,  Cooper  and  Hayward  w^ere  Solici- 
tors for  the  Complainant  with  Alfred  N.  Allen,  Livingston 
Gifford  and  Thomas  B.  Kerr  as  Counsel.  For  the  Defendant, 
John  C.  Pennie  was  Solicitor,  with  Marcus  B.  May  and  Mr. 
Pennie  as  Counsel.] 

This  suit  is  for  infringement  of  patent  No.  1,13  ,351,  granted 
to  the  Complainant  as  assignee  of  John  J.  Burchenal,  on  April 
13.  1915-  The  application  for  the  patent  was  filed  November 
10,  1910.  The  specification  states  that  the  invention  is  for 
a  food  product  consisting  of  a  vegetable  oil,  preferably  cotton- 
seed oil,  partially  hydrogenized  and  hardened  to  a  homogeneous 
white  or  yellowish  semi-solid  clearly  simulating  lard. 

Claims  i  and  2  alone  are  in  issue  and  read  as  follows: 

1  —  A  homogeneous  lard-like  food  product  consisting  of  an  incom- 
pletely hydrogenized  vegetable  oil. 

2 — A  homogeneous  lard-like  iood  product  consisting  of  incompletely 
hydrogenized  cottonseed  oil. 

The  special  object  of  the  invention  is,  according  to  the  speci- 
fication : 

*  *  *  to  provide  a  new  food  product  for  a  shortening  in  cooking 
in  which  the  lability  to  become  rancid  is  minimized  and  in  which  the  com- 
ponents of  such  vegetable  oils  which  are  inferior  and  detrimental  to  use  as 
such  a  food  product  have  been  to  a  large  extent  converted  into  a  higher 
and  more  wholesome  form.  All  such  vegetable  oils  contain  glycerids  of 
unsaturated  fatly  acids  and  among  these  notable  quantities  of  fatty  gly- 
cerids of  lower  saturation  than  olein.  It  is  the  presence  of  these  glycerids 
of  lower  saturation  that  seriously  affects  the  rancidity  of  the  material. 
Oxidation  is  largely  the  cause  of  rancidity,  which  oxidation  weakens  the 
fat  at  the  point  of  absorption  at  the  double  bonds,  and  these  glycerids  of 
lesser  saturation  readily  absorb  oxygen  fiom  the  air  at  ordinary  tempera- 
tures while  the  more  highly  saturated  glycerias.  as  clein.  only  absorb  oxy- 
gen at  elevated  temperatures.  It  is  evident,  therefore,  that  oils  or  fats 
containing  notable  quantities  of  glycerids  of  linolic  acid  or  of  lesser  satura- 
tion are  distinctly  inferior  as  an  edible  product  to  those  containing  a  min- 
imum of  these  glycerids  with  a  larger  per  cent  of  olein.  On  the  other  hand. 
while  it  is  important  to  get  rid  of  the  readily  oxidizable  glycerids  of  lower 
saturation,  it  is  also  important  not  to  supply  too  large  a  per  cent  of  fully 
saturated  glycerids. 

*  *  *  In  manufacturing  this  product,  cottonseed  or  other  vege 
table  oil  is  caused  to  chemically  absorb  a  limited  amount  of  hydrogen  by 
reacting  on  the  oil  with  hydrogen  in  the  presence  of  a  catalytic  agent  and 
at  an  elevated  temperature.  The  oil  is  preferably  agitated  in  a  closed 
vessel  in  the  presence  of  an  atmosphere  ot  compressed  hydrogen,  a  catalyzer 
of  finely-divided  nickel  carried  by  kieselguhr  being  maintained  in  suspension 
in  the  oil  and  its  temperature  being  raised  to  about  155°  C. 

According  to  the  present  invention,  the  amount  of  hydrogen  absorbed 
is  carefully  regulated  and  limited.  In  practice,  the  operation  is  stopped 
when  the  oil  has  been  converted  into  a  product  which  cools  to  a  white  or 
yellowish  semi-solid  more  closely  resembling  lard  than  do  the  commercial 
mixtures  of  cottonseed  oil  and  animal  oleo-stearin  while  in  many  respects 
the  product  is  superior  to  the  best  leaf  lard  as  a  shortening.  It  is  not  so 
liable  to  become  rancid  and  the  product  can  be  heated  to  a  considerably 
higher  temperature  than  lard  without  smoking  or  burning.  The  high  tem- 
perature to  which  my  product  can  be  raised  without  smoking  or  burning 
makes  the  product  ideal  for  trying  inasmuch  as  a  crust  forms  almost  in- 
stanUy  on  the  food  fried,  which  prevents  any  ab'^orption  of  the  shortening. 
A  lard-like  product  thus  prepared  from  cottonseed  oil  has  a  saponification, 
value  of  about  195  and  an  iooin  value  ranging  Irom  about  55  to  about  80. 
The  product  having  an  iodin  value  of  55  has  a  titer  of  about  42°  and  a  melt- 
ing point  01  about  40°  C.  that  having  an  iodin  value  of  80  has  a  titer  of 
about  35°  and  a  melting  point  of  about  33°  C.  While  but  partially  hydro- 
genized, containing  from  about  1  5  per  cent  to  2.5  per  cent  of  additional 
hydrogen  more  than  in  the  non-hyorogenized  material,  it  shows  no  free 
cottonseed  oil  when  subjected  to  the  Halphen  test,  thereby  difTering  from 
all  commercial  lard  substitutes  containing  this  oil.  It  contains  from  twenty 
to  twenty-five  per  cent  of  fully  saturated  glycerids.  from  five  to  ten  per 
cent  linolin.  and  from  sixty-five  to  seventy-five  per  cent  olein;  and  an 
average  of  a  number  of  samples  gives  twenty-three  per  cent  of  saturated 
fats,  seven  and  five-tenths  per  cent  linolin  and  sixty-nine  and  five-tenths 
per  cent  olein.  while  the  cottonseed  oil  before  treatment  contained  seven- 
teen per  cent  saturated  lats,  thirty-seven  per  cent  linolin  and  forty-six 
per  cent  olein      It  will  thus  be  seen  that  I  have  produced  an  ideal  food 


product  which  is  high  in  olein.  low  in  linolin  and  lesser  saturated  fats  and 
with  only  enough  stearin  to  make  the  product  congeal  at  ordinary  tem- 
peratures 

The  complainant  urges  that  Burchenal  first  taught  the  art 
that  a  partially  hydro:^'enated  vegetable  oil,  preferably  cotton- 
seed oil,  was  edible  and  was  a  useful  lard  substitute.  It  con- 
tends that  prior  to  Burchenal's  conception  it  was  not  known 
that  hydrogenated  cottonseed  oil  was  edible  and  that  the  only 
processes  then  in  use  aimed  at  complete  saturation  and  produced 
a  hard  non-edible  product.  Before  discussing  the  prior  art,  I 
would  say  in  general  that  Normann,  whose  patent  will  later  be 
referred  to,  had  already  disclosed  a  method  of  hydrogenating 
oils,  and  had  set  forth  in  his  specification  that  the  process  was 
progressive  and  involved  "no  secondary  reaction."  The  method 
of  adding  cottonseed  oil  to  beef  stearin  for  use  as  a  lard  com- 
pound was  well  known  and  much  used,  as  it  still  is.  The  hydro- 
genation  of  cottonseed  oil  resulted  in  a  reduction  of  the  fluid 
and  substitution  of  the  solid  fats.  Normann's  patent,  as  well 
as  various  experiments  of  scientists,  indicated  that  the  addition 
of  hydrogen  to  cottonseed  oil  would  result  in  the  reduction  or 
elimination  of  the  fluid  and  substitution  of  solid  or  partially 
solid  fats.  No  one  has  shown  that  the  product  resulting  from 
such  hydrogenation  was  ever  non-edible  or  unsanitary  in  any 
respect. 

The  British  patent  No.  0,783  (1887),  to  Joseph  Sears,  was  for 
a  lard  substitute  composed  of  refined  unbleached  cottonseed  oil 
and  a  fat  adapted  to  give  a  stiffness  to  the  compound  correspond- 
ing substantially  to  that  of  refined  lard.  The  specification  pro- 
vided that  the  temperature  should  be  raised  sufficiently  to  melt 
the  fat  or  stearin,  the  heated  ingredients  mi.xed  and  then  chilled 
rapidly  so  as  to  prevent  crystallization  and  separation.  This 
general  process  was  well  known  in  the  art  before  the  date  claimed 
for  the  invention  of  Burchenal  and  indeed  is  referred  to  in  the 
patent  in  suit.  A  very  large  market  for  such  lard-like  com- 
pounds exists  at  the  present  time  and  has  existed  many  years 
past. 

The  British  patent  No.  1515  of  1903,  to  Normann,  discloses 
a  process  for  the  reduction  of  glycerines  resembling  that  of  the 
patent  to  Biurchenal.     Normann's  patent  says  that: 

The  property  of  finely  divided  platinum  to  exercise  a  catalytic  action 
with  hydrogen  *  +  *  jg  already  known.  *  *  *  Recently  Sabatier 
and  Senderens  of  Paris  have  discoveied  that  other  finely  divided  metals 
will  also  exercise  a  catalytic  effect  on  hydrogen;  viz..  iron,  cobalt,  copper 
and  especially  nickel. 

By  causing  acetylene,  ethylene  or  benzene  vapor  in  mixture  with  hydro- 
gen gas  to  pass  over  one  of  the  said  metals  (which  had  just  been  reduced 
in  a  current  of  hyorogen)  the  said  investigators  obtained  from  the  unsatura- 
ted hydrocarbons,  saturated  hydrocarbons,  partly  with  simultaneous  con- 
densation. 

I  have  found  that  by  this  catalytic  method  it  is  easy  to  convert  un 
saturated  fatty  acids  into  saturated  acids. 

This  may  be  effected  by  causing  fatty  add  vapors,  together  with  hy- 
d/ogen.  to  pass  over  the  catalytic  metal,  which  is  preferably  distributed 
over  a  suitable  support  such  as  pumice  stone.  It  is  sufficient,  however, 
to  expose  the  fat  or  the  fatty  acid  in  a  liquid  condition  to  the  action  of  hy- 
drogen and  the  catalytic  substance. 

For  instance,  if  fine  nickel  powder,  obtained  by  reduction  in  a  hyoro 
gen  current,  is  added  to  chemically  pure  oleic  acid,  the  latter  heated  over 
an  oil  bath  and  a  strong  cuTent  of  hydrogen  is  caused  to  pass  through  it 
for  a  considerable  time,  the  oleic  acid  may  be  completely  converted  into 
stearic  acid. 

The  quantity  of  the  nickel  thus  added  ana  the  temperature  are  imma- 
terial ana  will  only  affect  the  ouration  of  the  process.  Apart  from  the 
formation  of  small  quantities  of  nickel  soap,  which  may  be  easily  decom- 
posed by  dilute  mineral  acids,  the  reaction  passes  off  without  any  secondary 
reaction.  The  same  nickel  may  be  used  repeatedly.  Instead  of  pure  oleic 
acid,  commercial  fatty  acids  may  be  treated  in  the  same  manner.  The 
fatty  acid  of  tallow  which  melts  between  44  and  48°  C.  has  an  iodine  num- 
ber 35.1  and  a  yellow  color  will  after  hydrogenation  melt  between  56  5 
and  59°.  while  its  iodine  number  is  98  and  its  color  slightly  lighter  than  be- 
fore, and  it  will  be  very  hard. 

The  same  method  is  applicable  not  only  to  free  fatty  acids,  but  also 
to  the  glycerines  occurring  in  nature,  that  is  to  say.  the  fats  and  oils.  Olive 
oil  will  yield  a  hard  tallow-like  mass;  linseed  oil  and  fish  oil  will  give  similar 
results. 

By  the  new  method  all  kinds  of  unsaturated  fatty  acids  and  their  glyc- 
erides  may  be  easily  hydrogenized. 

The  Normann  patent  clearly  discloses  that  oils  may  be  com- 
pletely hydrogenized,  that  the  process  is  progressive  and  that  it 
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involves  "no  secondary  reaction,"  in  other  words,  that  cotton- 
seed oil  which  starts  edible  remains  so.  The  experiments  and  arti- 
cles of  Paul  and  Roth,  which  were  alluded  to  at  the  trial,  show 
that  hydrogenization  of  oils  including  cottonseed  oil  was  under- 
stood in  the  prior  art. 

Such  being  the  state  of  the  art,  Edwin  Cuno  Kayser  wrote 
Procter  &  Gamble  from  England  that  he  had  a  process  of  con- 
siderable value  and  would  like  to  talk  to  them  about  it;  there- 
after he  came  to  America,  about  November,  1907,  bringing  sam- 
ples of  hydrogenized  cottonseed  oil.  He  showed  these  to  Bur- 
chenal,  the  superintendent  of  Procter  &  Gamble.  As  a  result 
of  his  visit,  he  made  an  arrangement  under  a  preliminary  contract 
of  January,  1908,  to  experiment  upon  the  hydrogenized  cotton- 
seed oil  as  a  substitute  for  lard.  The  first  project  was  apparently 
to  use  hydrogenated  cottonseed  oil  as  a  compound  to  be  added 
to  a  percentage  of  beef  stearin  and  cottonseed  oil.  Burchenal 
says  he  had  done  no  work  in  connection  with  hydrogenizing 
cottonseed  oil  before  he  saw  Kayser.     He  testified  that: 

'Mr.  Kayser  went  out  to  our  factory  and  made  sketches  as  to  the  ap- 
paratus that  would  be  necessary  to  carry  on  this  work,  and  the  apparatus 
was  ordered  at  once;  a  little  plant  was  installed  for  experimental  purposes 
and  I  think  it  was  ready  to  operate  sometime  in  January  or  February. 
1908"   (Deposition  of  Burchenal.  page  11). 

The  defendant  succeeded  in  obtaining  contemporaneous 
memoranda  as  to  some  of  Kayser's  experiments  from  the  records 
of  Procter  &  Gamble.     The  first  experiment  was  as  follows: 

Fat  HAKDENtNG  Process  by  E.  C.  Kayser 

First  experimental  lot  was  completed  January  17.  1908.  Fat  treated 
— Summer  Yellow  Cottonseed  Oil.  Used  Nickel  Sulfate  and  Kieselguhr 
OS  described.  Experiment  was  conducted  by  Mr.  Kayser  alone.  He 
claims  to  have  used  about  1  per  cent  Nickel  Metal  and  2  per  cent  Kieselguhr. 

M.  p.  of  fat  after  3  hrs..  55"A°  C. 

M.  p.  of  fat  after  6'/)  hrs..    60.3°  C. 

Dr.  Bender  reports  as  follows: 

Melting  point  of  fat.  60.3°  C. 

Hydrocarbons.  0.33  per  cent. 

Iodine  value  of  fat,  7.14  per  cent. 
The  fat  does  not  contain  free  fatty  acids.  This  material  is  much  supe- 
rior to  the  samples  irom  J.  Crossfield  &  Sons,  which  showed  an  iodine  value 
of  52.26  and  a  melting  point  of  39.3°  C.  (The  laboratory  sample  melted 
at  49.9°  C).  Their  samples  contained  5.12  per  cent  free  fatty  acids  and 
2  per  cent  hydrocarbons. 

Mr.  Kayser  reports  as  follows:  "The  melting  point  of  fatty  add.  pre- 
pared from  first  lot  haroenea  cottonseed  oil.  is  62°  C.  This  is  several 
points  higher  than  I  ever  got  before.  Presumably  the  composition  of  your 
oil  differs  somewhat  Irom  that  of  the  oil  I  handled  formerly." 

Another  experiment  by  Kayser  of  the  date  of  March  5,  1908, 
was  also  obtained  from  the  Procter  &  Gamble  records,  in  which 
the  following  melting  points  appeared: 

5  hrs.  at  ordinary  pressure,  42°  C. 
n/i  hrs.  at  60  lb.  pressure,  43®  C. 

Von  Phul  testified  that  Kayser  told  hrm  in  1907  that  he  was 
getting  up  a  patent  for  a  foofl  product  and  even  Rurchenal's 
own  testimony  shows  that  Kayser  supposed  that  the  product 
he  was  making  was  edible.  If  Kayser  at  first  told  him  it  was  not 
edible,  he  did  .so  when  they  were  ncROtiating  and  he  wished  to 
keep  his  process  in  the  dark  until  he  had  arranged  his  terms. 
That  Kayser's  statement  that  it  was  not  edible  was  not  taken 
seriously  by  either  party  is  shown  by  the  following  testimony: 

Q.  887.  But  you  did  not  know  as  a  matter  of  fact  wliclhrr  it  would 
be  edible  or  not?  A.  1  did  not.  Mr.  Kayser  stated  that  it  would  not  be, 
but  that  was  his  method  of  talking. 

Both  of  these  men  were  proceeding  soon  after  Kayser's  arrival 
in  this  country  to  develop  liydnii;cnatcd  cottonsccil  oil  as  a 
food  product.  ICven  if  the  lliouglit  first  occurred  to  Hnrch'^nn! 
I  cannot  sec  that  he  did  anything  to  carry  it  out  in  practice. 
Kayser's  patent  No.  i,<kh,(),vs,  application  for  which  was  tiled 
March  20,  1908,  disclosed  tlie  process  which  was  employed  to 
make  the  product  covered  by  the  p;itcnt  in  suit,  and  the  si>cci- 
fication  fur  this  Kayser  patent  contains  the  stutcincnl  that,  "The 
time  of  treatment  will  vary  with  the  progress  reali/.e<l  and  with 
tht  degree  of  .saturation  aimed  at."  It  is  to  be  remcnibered 
that  Ittirclu'ti.'il  distinctly  discliiimed  in  lii«  testinionv  that  he 
had  anything  to  do  with  the  invciitloii  of  the  process  covered 
by  the  Kavscr  patents  and  we  thus  have  a  situation  where  Kayser 
invented  the  process  and  developed  the  product  lo  the  point 
where  it  wa.s  applicable  to  use  as  a  food  product,  lie  came  to 
Aineric.i  with  a  sample  which,  us  appears  front  the  written  record 
taken  from  tlie  files  of  the  complainant,  hiul  n  mcltini;  point  of 


only  39°  and  developed  other  samples  with  melting  points  of 
but  42  °  and  43  °  in  his  March  5,  1908,  experiments. 

Moreover,  it  is  to  be  remembered  that  Crossfield  had  em- 
ployed Kayser  to  experiment  in  hydrogenating  oil,  that  the  for- 
mer had  been  in  close  communication  with  Xormann,  who  had 
patented  only  four  years  before  the  process  I  have  mentioned 
and  that  Crossfield  had  so  strenuously  objected  to  the  use  by 
Procter  &  Gamble  of  tlie  processes  of  Kayser  tliat  they  were 
obliged  to  purchase  their  rights  to  them.  It  is  also  noteworthy 
that  Kayser  refused  to  testify  in  this  case  and  that  the  witnesses, 
as  to  the  work  of  Kayser  in  .America  are  officers  or  employees 
of  the  complainant.  Under  such  circumstances  the  meagemess 
of  the  evidence  which  has  been  adduced  to  show  that  Burchenal 
had  anything  to  do  with  the  development  of  the  lard-like  food 
product  which  is  the  subject  of  the  patent  in  suit,  coupled  with 
his  admission  that  the  entire  process  under  which  it  was  made 
was  the  work  of  Kayser,  is  most  significant  and  makes  it  im- 
possible to  find  that  Biu-chenal  invented  anything.  The  de- 
fendant has  been  embarrassed  in  its  defense  by  many  diflSculties 
and  has  been  obliged  to  go  into  the  enemy's  camp  to  secure 
almost  all  its  ammunition.  In  spite  of  this,  it  has  been  established 
that  Kayser  at  the  very  beginning  had  developed  not  only  a 
process  but  a  product  little  differing  from  Crisco.  Kayser 
remained  with  Procter  S:  Gamble  until  well  into  19 10.  and  did 
not  leave  America  until  about  July  of  that  year.  While  there 
is  some  general  evidence  of  what  Burchenal  and  others  did.  or 
directed,  I  can  find  no  real  proof  tliat  anyone  but  Kayser  did 
anything  of  substantial  moment.  No  step  was  taken  by  Bur- 
chenal that  could  possibly  amount  to  invention. 

Complainant  urges  that  the  experiments  of  Kayser  and  the 
patents  of  Nermann  and  Kayser  aimed  at  complete  satura- 
tion and  that  neither  realized  the  importance  of  a  partially 
hydrogenized  product.  But  the  process  under  which  their 
products  were  made  involved  in  its  progress  partial  hydrogena- 
tion,  and  Kayser's  patent,  No.  1,004,035,  distinctly  stated  that 
"The  time  of  treatment  will  vary  with  tlie  progress  realized 
and  with  the  degree  of  saturation  aimed  at."  Kayser,  as  far 
as  I  can  see,  did  everything  that  was  done  to  develop  Crisco, 
and  if  his  work  fell  short  of  this,  he  achieved  enough  so  that 
the  final  step  was  inevitable  to  one  skilled  in  the  art.  Ka>-ser's 
process  was  the  complainant's  process  and  his  product  involved 
a  progressive  reaction  fitted  for  any  purpose.  The  broad  dis- 
covery as  between  him  and  Burchenal  certainly  belongs  to  him. 

Furthermore,  under  any  fair  interpretation  of  the  patent, 
there  is  no  infringement.  The  file  wrapper  indicates  that  the 
examiner  rejected  tlic  claims  as  originally  filed,  saying: 

•  •  •  If  the  problem  of  simulating  lard  from  cottonseed  oil  were 
presented  to  an  oil  chemist,  an  incomplete  hydrogenization  of  the  cotton- 
seed oil  would  at  once  suggest  itself  to  him  as  a  solution  of  the  prot>lcm.  All 
the  claims  arc  accordingly  rejected  on  the  •  •  •  |;round  of  lack  of 
invention. 

Thereafter  new  claims  were  rejected  upon  tlic  Ka\T!er  patents 
for  tlie  reason  that  his  process  cotM  be  arrested  at  any  lime  lo  pro- 
duce an  incomplrtcly  hydrogenized  product.  Then,  and  for  the 
first  time.  Burchenal  filed  an  amendment  .setting  fortli  certain 
percentages  of  linolin,  olcin  and  stearin  which  his  pnxltict 
should  contain.  It  seems  quite  evident,  therefore,  that  Claims 
I  and  2  of  his  patent  would,  under  such  circumstances,  if  valid 
at  all.  be  limited  to  substantially  the  chemical  coni|iosition 
described  in  the  amended  si)ccification.  Indeed,  the  six-cifica- 
tion  closes  with  the  statement  that  the  inventor  Inus  producnl  a 
product  which  'is  high  in  olcin.  low  in  linolin  and  lesser  satiim- 
ted  fats  and  with  only  enough  stearin  to  make  the  product 
congeal  at  ordinary  temperatures." 

I'nder  .such  circumstances  it  is  impos-siblc  to  treat  the  melting 
point  as  practically  the  dcterniining    actor,  and  if  this  is  not 
done  the  defetid.ints'  priNluct   Krcain   Krisp  i1ik-s  not  infriiiKV. 
After  the  cxaniiner  had  held  that  an  incomplete  hvdrogcnntion 
would  suggest  itself  to  any  chemist  seeking  lo  sinuilate  lard  and 
reiccted  the   claims  on  Kayser.  the  patentee,  as  I  have  shown 
amended  liv  s|>ccifyinK  a  particiil.ir  pnxluct  and  dwellim:  upon 
the  advantages  of  a  small  pcri-entage  of  linolin  to  avoid  raiu  1 'u;  \ 
If,   thercfoiT.   the  inventor  contributed  nnythiiiR  to  thr      it    k 
was  this  special  chemical  com|>osition  which  his  put.  •••    '■ 
Claims  i  and  j  shoidd  consennrntlv  l>e  coi\strtie<l  1 
the  priKTcdings  of  llurchenal  iH-torc  the  J'atcnt  >  t 

given  a  sc<)|>c  wliich  would  Miono|Mi|i7i-  nn  art  in  win. .,  .>,',  m  ,1111. 
Kayser  and  others  had  Ih-cu  the  ical  pionrt-n!. 

Krcani  Krisp  ha.i  n  chemical  r<tin|Hisition  extremely  remote 
fnim  that  demTil)ol  in  the  s|>ccificntion  of  Htirvhenul  The 
followiiiK  arc  the  relative  pcnxntaif* 
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Per  cbnt  Burchenal  Kream  Krisp 

Saturated  fats 20  to  25  28.0 

Ok'in 65  to  75  34.3 

Linolin 5  to  10  37.7 

Thus  it  appears  that  Kream  Krisp,  instead  of  beint;  low  in 
linolin,  is  extremely  high,  and  that  instead  of  being  high  in 
olein  as  specified  in  the  Burchenal  patent,  it  has  a  percentage 
of  olein  which  differs  but  little  from  that  existing  in  refined  cot- 
tonseed oil  unhydrogenated.  In  fact,  Kream  Krisp  seems  to 
present  many  of  the  objections  referred  to  in  Burchenal's  speci- 
fication and  to  lack  the  very  things  upon  which  the  latter  based 
his  right  to  receive  a  patent.  Indeed,  the  composition  is  much 
closer  to  the  lard  compound  Jewel  made  out  of  stearin  and  cot- 
tonseed oil  than  to  Crisco. 

The  bill  should  be  dismissed  with  costs  because  the  patent  is 
void  for  lack  of  invention  and  for  the  further  reason  that  Claims 
I  and  2,  if  properly  construed,  are  not  infringed  by  the  defendant. 


THE  AMERICAN  COAL-TAR  PRODUCTS  INDUSTRY 

PRODUCTION  TO  BE  ASCERTAINED  BY  THE 

UNITED  STATES  TARIFF  COMMISSION 

The  United  States  Tariff  Commission  is  planning  to  ascertain 
the  production  within  the  United  States  during  1917  of  all  sub- 
stances treated  in  Title  V  of  the  Special  Tariff  Act  of  September 
8,  1916.  The  substances  there  enumerated  may  be  classed  under 
the  general  name  Coal-Tar  Products  and  are  divided  into  three 
groups. 

Group  I  includes  "all  products  that  are  found  naturally  in 
coal  tar,  whether  produced  or  obtained  from  coal  tar  or  other 
source"  except  phenol.  These  substances  are  admitted  free  of 
duty. 

Group  II  includes  the  so-called  Intermediates  and  are  made 
dutiable  at  15  per  cent  plus  2V2  cents  per  pound. 

Group  in  includes  "all  colors,  dyes,  or  stains,  whether  soluble 
or  not  in  water,  color  acids,  color  bases,  color  lakes,  photographic 
chemicals,  medicinals,  flavors,  synthetic  phenolic  resins  or  ex- 
plosives, not  otherwise  specially  provided  for  in  this  title,  when 
obtained,  derived  or  manufactured,  in  whole  or  in  part  from  any 
of  the  products  provided  for  in  Groups  I  and  II."  These  articles 
arc  dutiable  at  30  per  cent  plus  5  cents  per  pound  with  certain 
exceptions  which  are  dutiable  at  30  per  cent. 

Under  the  law  the  duties  are  made  dependent  on  the  growth  of 
the  industry  within  the  United  States.  It  is  therefore  the  in- 
tention of  the  Commission  to  follow  this  growth  from  year  to 
year  in  order  to  report  the  facts  to  Congress. 

The  Tariff  Commission  is  planning  to  send  to  each  manufac- 
turer a  questionnaire  calling  for  information  in  regard  to  his  pro- 
duction during  1917  of  each  separate  commodity,  as  well  as  for 
certain  other  data.  This  information  will  be  published  in  such  a 
form  that  the  operations  of  individual  firms  will  not  be  disclosed. 
A  preliminary  questionnaire  has  recently  been  sent  out,  designed 
to  aid  in  perfecting  the  mailing  list.  Any  individual  or  firm  en- 
gaged in  the  manufacture  of  any  of  these  articles  which  did  not 
receive  a  copy  of  the  preliminary  questionnaire  is  requested  lo 
write  to  the  United  States  Tariff  Commission,  Washington,  D.  C, 
to  insure  being  placed  on  the  mailing  list. 

U.  S.  Tarif?  Commission  F.  W.  TAUSSIG,   Chairman 

Washington.  November  5,  1917 

SAMPLING  FATS  AND  OILS— CORRECTION 

In  the  "Tentative  Standard  Methods  for  the  Sampling  and 
Analysis  of  Commercial  I'ats  and  Oils  other  than  those  of  the 
Coconut,  Butter  and  Linseed  Groups"  as  published  in  Tins 
Journal,  9  (1917),  1066,  tlie  strength  acid  for  acidifying  imder 
determination  of  titer,  page  1068  (ist  column,  4th  line  above 
foot-notes),  .should  read  "30  per  cent"  instead  of  "50  per  cent." 

November  17.  1917  W.   D.   RiCHARDSON 


CONCERNING  THE  MANUFACTURE  OF  PHTHALIC 
ACID  AND  PHTHALIC  ANHYDRIDE 

The  Department  of  Agriculture  announced  on  June  16,  1917, 
that  the  Color  Investigation  Laboratory  of  the  Bureau  of  Chem- 
istry of  this  Department  had  perfected  on  a  laboratory  scale  a 
new  process  for  the  manufacture  of  phthalic  acid  and  phthalic 
anhydride,  and  invited  cooperation  with  the  manufacturers  for 
the  purpose  of  testing  this  laboratory  process  upon  a  commercial 
scale.  It  was  also  stated  in  the  announcement  that  the  offer  of 
assistance  would  not  bf>  held  open  by  the  Department  for  an  in- 
definite period. 

Arrangements  h,avf  been  made  with  several  concerns  to  test 
this  process  on  a  commercial  scale  and  the  Color  Investigation 
Laboratory  is  not  in  a  position  to  receive  or  handle  any  additional 
offers  of  cooperation.  The  offer  made  on  June  16,  1917,  therefore, 
is  withdrawn  and  no  additional  offers  of  cooperation  can  be  con- 
sidered. 

Department  of  Agricultoeb  D.  F.  HOUSTON,  Secretary 

Washington.  November  1.   1917 


CHICAGO  CHEMICAL  EXPOSITION  PLANS  ABANDONED 

After  serious  consideration  and  correspondence  with  all  e.xhibi- 
tors,  the  managers  of  the  Chemical  Exposition  have  decided  to 
abandon  plans  to  hold  a  Chemical  Exposition  in  Chicago  in  the 
Spring.  This  action  was  taken  because  of  insuflBcient  support 
secured  to  make  a  large  and  representative  exposition,  all  the 
exhibitors  wishing  to  confine  their  efforts  toward  making  the 
Fourth  National  Exposition  of  Chemical  Industries  in  New  York, 
week  of  September  23,  19 18,  the  greatest  event  in  the  history  of 
American  Chemical  Industry,  it  being  their  intention  to  show 
there  the  many  advances  they  are  making  as  a  result  of  their 
researches. 


NITRIC  ACID  SOPHISTICATION— CORRECTION 

The   following   corrections   should   be   made    in    my    article 
printed  in  This  Journal,  9  (1917),  771: 

Page  775,  2nd  col.,  line  44, 

"at  7'Ac 7.28"  should  read  "at  7V1C 725" 

P.  776,  ist  col.,  line  18, 

"127  lbs $10.16"  should  read  "127.77  lbs $10.22" 

line  19,  "1.82"  should  read  "$1.88" 

line  21,  "1.51"  should  read  "$1.54" 

line  23,  "0.51"  should  read  "$0.53" 
October  29.  1917  JamES  R.   WiTHROW 


THE  DETERMINATION  OF  SULFUR  DIOXIDE- 
CORRECTION 

The  following  corrections  should  be  made  in  my  article 
printed  in  Tins  Journal,  9  (1917),  949: 

Page  949,  2nd  col.,  line  34,  omit  "Both  Dyraond  and  Hughes 
and  the  Selby  Smelter  Commissiom  used  sodium  sulfite  for  their 
standard." 

Page  950,  1st  col.,  first  line  under  heading  apparatus 
should  read  "One  extra  heavy  24-liter,  or  larger,  bottle  such  as 
a  carboy,  carefully  housed  to  avoid  serious  trouble  from  collapse 
and,  etc." 

Page  950,  first  line  imder  heading  method  op  procedure 
should  read  "Large  sample  bottle  is  evacuated  to  about  380 
mm.  and  the  pressure,  etc." 

November  8.  1917  JaMES   R.    W'ITHROW 
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DEMAND  FOR  CHEMICALS  NOW  GREATER  THAN  SUPPLY 

Despite  the  concerted  action  of  many  of  the  nation's  most 
capable  chemists  the  demand  for  many  essential  articles  is  out- 
stripping the  supply.  Most  of  the  men  in  Washington  who  are 
working  on  chemical  problems  are  willing  to  admit  that  the 
shortage  of  many  chemicals  threatens  to  become  exceedingly 
serious.  Much  has  been  accomplished  in  speeding  up  the  pro- 
duction of  chemicals,  but  the  point  is  being  reached  where  the 
sptu-  is  less  effective.  Many  plants  are^ reaching  the  maximum 
of  their  production  while  requirements  are  exceeding  even  the 
highest  estimates. 

NEW  WAR  POLICY  NECESSARY  TOWARD  CHEMISTS  OF  MILITARY  AGE 

The  situation  has  reached  a  degree  of  seriousness  which  at 
last  is  arousing  the  military  authorities  to  the  need  of  a  more 
practicable  policy  with  regard  to  the  disposition  of  chemists  of 
military  age.  Plans  are  now  practically  ready  for  announce- 
ment of  a  new  policy  with  regard  to  chemists.  A  sweeping  order 
such  as  that  which  gave  a  blanket  exemption  to  all  men  engaged 
in  the  shipbuilding  industry  hardly  is  expected  at  this  time,  but 
it  is  believed  that  certain  classes  of  chemists  will  be  hiuried  back 
from  military  camps  and  again  placed  at  their  regular  work. 

Requirements  of  sulfuric  acid  for  1918  bid  fair  to  exceed 
those  of  the  current  year  by  1,500,000  tons.  Unmistakable 
signs  have  come  from  Chile  that  that  country  intends  to  take 
advantage  of  the  world  situation  to  squeeze  the  greatest  possible 
profit  from  her  nitrates.  Apparently  importers  of  manganese 
and  those  who  are  pinning  more  faith  on  increasing  the  domestic 
production  are  in  deadlock.  After  much  pulling  and  hauling 
on  the  part  of  each  faction  in  an  effort  to  influence  the  Shipping 
Board,  Chairman  Hurley  apparently  has  shunted  the  responsi- 
bility to  the  War  Industries  Board.  The  result  is  an  uncertainty 
which  is  retarding  domestic  production  and  is  causing  much  con- 
cern to  the  steel  makers.  The  iron  pyrite  situation  is  substan- 
tially in  the  same  position.  Visible  supplies  of  platinum,  so 
imperatively  needed  as  a  catalyzer,  arc  entirely  inadequate  for 
war  uses.  The  situation  has  become  more  complicated  by  the 
attitude  of  Colombian  producers  whose  tendency  to  hold  back 
shipments  to  this  country  is  believed  to  be  meeting  with  ofiicial 
favor  in  that  country.  Regardless  of  the  seriousness  of  this 
situation,  heavy  articles  of  jewelry  made  of  this  metal  continue 
to  appear  for  sale.  Those  who  are  charged  with  responsibilities 
in  connection  with  the  ammonia  situation  are  working  day  and 
night  in  their  efforts  to  keep  the  supply  in  advance  of  the  demand. 
Arsenic  is  becoming  harder  and  harder  to  obtain,  while  the  Ex- 
plosives Act  has  added  to  the  difliculties  of  those  handling  its 
ingredients.  These  are  just  a  few  of  the  problems  which  are  con- 
fronting the  government's  clieinical  specialists  and  those  who  have 
come  here  to  aid  in  coordinating  the  country's  industries  looking 
to  the  most  effective  conduct  of  the  war. 

Some  one  high  in  authority  seems  to  have  fallen  under  the 
si)ell  of  the  Alabama  Senators  and  there  no  longer  is  a  question 
that  the  most  ambitious  plans  of  the  Muscle  Shoals  promoters 
have  begun  to  be  carried  out.  Members  of  the  Senate  and  of 
the  House  of  Kepre.seutatives  who  favor  the  manufacture  of 
nitrates,  iti  accordance  with  the  rceoMiniendations  of  the  nitrate 
board,  are  marshalling  their  facts  and  n  battle  royal  lictwccn  the 
two  camps  is  certain  to  be  staged  at  the  approaching  scwsion  of 
Congress.  In  the  meantime,  the  imcerlainty  is  pushing  further 
into  the  future  the  day  when  the  I'liiled  Stales  will  be  able  to 
contribute  to  the  amount  of  nitrates  it  is  con.MuninK,  and  plans 
for  the  Chilean  monopoly  arc  reported  to  Ik  progrcssiuK  rapidly 
toward  eon.sununation. 


COMMITTEE   ON    CHEMICALS   DISBANDED 

Fiu-ther  inpediment  of  the  efforts  being  made  to  secure  the 
maximum  production  of  chemicals  and  in  the  general  work  being 
done  in  the  handling  of  the  chemical  problems  which  the  war 
has  thrust  to  the  fore  has  come  with  the  reorganization  of  the 
Council  of  National  Defense.  The  Committee  on  Chemicals, 
of  which  Dr.  W.  H.  Nichols  is  the  head,  has  been  instructed  to 
terminate  its  work  as  an  official  division  of  the  Coimcil  of  National 
Defense.  No  conclusions  as  to  the  future  plans  of  the  committee 
have  been  announced.  It  is  very  e\-ident,  however,  that  the 
War  Industries  Board  expects  to  take  a  leading  part  in  the 
handling  of  the  entire  chemical  situation.  The  naming  of  a 
director  of  chemicals  by  this  body  is  expected  to  be  one  of  the 
developments  of  the  near  future.  The  director  of  chemicals  will 
be  incorporated  in  the  raw  materials  division  of  the  War  In- 
dustries Board.  L.  L.  Summers  and  M.  F.  Chase  already  have 
the  chemical  work  of  the  War  Industries  Board  well  started. 
The  Board,  however,  is  not  yet  prepared  to  outline  officially 
the  plans  of  its  chemical  division.  Mr.  Siunmers,  who  demon- 
strated unusual  ability  in  the  handling  of  munitions  purchases 
for  J.  P.  Morgan  and  Co.,  when  that  concern  was  doing  the 
piu-chasing  for  the  Allies,  has  been  connected  with  Bernard 
Baruch's  committee  on  raw  materials  since  the  formation  of  the 
Council  of  National  Defense.  Mr.  Chase  comes  from  the  staff 
of  the  Commercial  Acid  Company,  of  St.  Louis.  He  is  well 
known  among  eastern  chemists,  due  to  his  long  connection  with 
the  New  Jersey  Zinc  Company. 

ADVISORY    BOARD    FOR    BUREAU   OF    MINES 

Because  of  the  great  amount  of  war  work  being  done  by  the 
Bureau  of  Mines,  Secretary  of  the  Interior  Lane  has  asked  six 
of  the  prominent  chemists  of  the  country  to  act  as  an  advisory 
board  to  the  bureau. 

The  numbers  of  this  board  are:  Dr.  Wm.  H.  Nichols,  General 
Chemical  Company,  New  York,  Chairman  of  the  board;  Prof. 
H.  P.  Talbot,  head  of  the  chemical  department  of  Ma.ssachu- 
setts  Institute  of  Technology,  Boston.  Mass.;  William  Hoskins, 
consulting  chemist,  Chicago,  III.;  Prof.  F.  P.  Venable,  head  of 
the  chemistr>'  department.  North  Carolina  I'nivcrsity,  Chapel 
Hill,  N.  C;  IC.  C.  Franklin,  professor  of  chemistr,-.  Leiand 
Stanford  I'nivcrsity,  Stanford,  Cal.;  and  Dr.  Charles  L.  Parsons, 
chief  chemist  of  the  Bureau  of  Mines. 

The  board  will  discuss  and  ad^^se  upon  gas  warfare  research, 
the  minerals  especially  needed  for  munitions,  ojid  the  rcccnOy 
enacted  law  for  the  regulation  of  explosives. 

An  important  expansion  in  tlie  exports  of  chemicals  was  reg- 
istered in  Si'ptenilKT,  as  compared  with  Si-ptemljcr  of  1Q|6. 
The  iiicrea.ses,  however,  were  confined  to  shipments  to  the  coun- 
tries a.s.sociated  with  the  Inited  States  in  the  war.  As  the  ex- 
port licensing  plan  was  in  effect  tliroughout  the  month  of  Sep- 
tember, shipments  to  neutral  countries  were  curtailed.  To 
France,  however,  sliipments  of  chemicols  incicascd  from  f.<2,o76 
worth  to  5j,si.ci,s<)  worth.  To  the  I'nited  Kingdom,  the  increase 
was  from  5i.u..»74  worth  to  $ij.?,ojf>  worth.  lixjKuts  to  Italy 
iiicrea.sed  from  ffij,7i)4  to  $<jH,.uf>-  The  exjiorts  of  acids  did 
not  greatly  iiicrea.se,  a.s  4,<>(>i,gj<i  lbs.  were  forwarded  in  Sci>- 
teml>cr  of  this  year,  while  the  shipment!*  of  the  corrrsixinding 
month  of  last  year  were  4,4}4,j<).s  llw.  Notable  increa'«es  werr 
made  in  the  cxiwirts  of  calcium  carbide.  In  Scptcnilicr  of  loi'i. 
exports  were  2,i(k).64<)  IIxi,  In  Scptcml>cr  of  this  year  they  wxre 
.^.47S.n>R  ll».  Fx|Hirts  of  cop)>cr  stiUatc  incrraM-d  from  <X>.S<>j 
lbs.  to  ij(f,^>ii  lb!i.  lixports  of  sulfur  showed  a  fnllmg  olT, 
a.1   10,033   ton*  were  shipped  abroad  thiji  )Tar   in  September, 
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whereas  the  record  for  last  year  shows  forwardings  of  19,424 
tons.  The  first  exports  of  chemical  glassware  in  years  are  now 
being  made.  In  September,  the  value  of  such  ware  exported 
was  $5,650. 

That  full  advantage  may  be  taken  of  America's  petroleum  in 
war  operations,  steps  are  being  considered  by  the  government 
which  will  place  more  tank  ships  in  the  transatlantic  service. 
It  is  regarded  as  probable  that  the  vessels  now  engaged  in  trans- 
porting crude  oil  from  Tampico  will  be  drawn  upon.  An  effort 
now  is  being  made  to  ascertain  just  how  many  of  these  ships  can 
be  diverted  to  transatlantic  service  without  crippling  any  essential 
domestic  petroleum  activity.  One  of  the  suggestions  made  in 
this  connection  is  that  imports  of  Mexican  oil  all  be  made  through 
Galveston  for  delivery  in  tank  cars,  instead  of  using  ships  to  carry 
crude  oil  from  Tampico  to  practically  every  important  port  as 
far  north  as  Portland,  Maine.  It  is  believed  that  sufficient  tank 
cars  can  be  secured  to  take  care  of  the  distribution  within  the 
United  States,  thereby  releasing  a  number  of  ships.  As  the  situa- 
tion stands  at  present,  it  is  tank  ship  space,  rather  than  pro- 
duction, which  is  limiting  the  forwardings  of  petroleum  products 
destined  for  use  in  Europe.     It  is  probable  that  the  use  of  ships 


to  bring  asphalt  to  the  United  States  from  Trinidad  and  Venezuela 
will  be  curtailed  entirely,  as  it  is  believed  that  domestically  pro- 
duced asphaltic  materials,  while  inferior  to  the  imported  article, 
can  be  made  to  sufiice  very  well. 

SHORTAGE   OF   CYANIDE   IN   MEXICO 

A  serious  situation  has  been  precipitated  in  Mexico  by  the 
curtailment  of  exports  of  cyanide.  Numerous  large  plants  have 
been  forced  to  suspend  operation,  on  accoimt  of  its  shortage. 
The  trouble  has  been  remedied  in  part  by  the  War  Trade  Board, 
which  is  allowing  some  cyanide  to  go  to  Mexico.  Until  this  step 
was  taken,  serious  disorders  were  threatened  by  the  large  num- 
bers of  workmen  whose  enforced  idleness  was  caused  by  the  lack 
of  cyanide.  It  is  probable  that  the  policy  of  the  War  Trade 
Board  in  regard  to  the  amount  of  cyanide  exports  will  not  be 
defined  formally  until  more  definite  information  is  available  as 
to  the  possibility  of  meeting  all  domestic  requirements.  It  is 
probable  that  one  of  the  conditions  under  which  exports  of  cy- 
anide will  be  permitted  will  be  the  formation  of  an  association  of 
all  consumers  which  will  guarantee  complete  equity  in  its  dis- 
tribution. 


PERSONAL  NOTL5 


The  United  States  Department  of  Labor  recently  created, 
as  a  part  of  its  employment  service,  a  Division  whose  function 
it  is  to  aid  the  employer  in  obtaining  suitable  help,  and  pro- 
fessional persons  in  securing  suitable  employment.  This  is 
known  as  the  Teachers  and  Professional  Service  Division.  While 
intended  to  embrace  all  professions,  attention  has  thus  far  been 
confined  to  the  teaching  and  engineering  professions.  The 
services  of  the  Division  are  absolutely  free  to  both  employer 
and  employee,  all  expenses  being  borne  by  the  United  States 
Govermnent.  Its  methods  are  quite  thorough,  and  no  service 
is  rendered  the  applicant  until  the  Division  has  learned,  from 
persons  familiar  with  the  applicant,  that  he  is  qualified  as  to 
training,  experience,  and  personal  qualities  for  the  position  he 
seeks.  When  an  applicant  is  recommended  for  a  reported 
vacancy,  the  employer  is  given  an  opportunity  to  examine  the 
data  gatliered  in  the  course  of  this  investigation,  thus  effectually 
preparing  for  the  final  and  most  important  step,  the  personal 
interview,  and  for  this  ample  facilities  are  provided  in  the  offices 
of  the  Division  where  employers  may  meet  with  prospects  on 
appointment. 

Employers  and  professional  engineers  everywhere  are  invited 
to  avail  themselves  of  the  services  of  this  Division  which,  as 
stated  above,  are  entirely  free.  Employers  in  reporting  posi- 
tions are  asked  to  state  the  nature  of  the  position,  its  duties, 
requirements,  etc.,  the  probable  salary,  and  probable  duration 
of  employment.  Applicants  for  registration  should  indicate 
in  the  first  letter  the  nature  of  the  position  desired  so  that  the 
proper  blank  may  be  furnished.  AH  communications  should  be 
addressed:  Teachers  and  Professional  Service  Division,  U.  S. 
Employment  Service,  845  South  Wabash  Avenue,  Cliicago, 
Illinois. 

Dr.  Andrew  Bender,  chief  chemist  of  the  Carnegie  Plant 
of  the  Aetna  Explosives  Company,  has  been  transferred  to  the 
Company's  New  York  office  as  technical  assistant  to  the  General 
Manager  of  the  Company. 

Prof.  E.  Bartow  of  the  University  of  Illinois  has  been  com- 
missioned as  a  Major  in  the  Army  Reserve  Corps.  He  wiU 
go  to  France  to  take  charge  of  the  sanitary  condition  of  our  army 
camps. 

Dr.  W.  L.  Lewis,  associate  professor  of  chemistry  at  North- 
western University,  has  been  commissioned  a  Captain  in  the 
Officers  Reserve  Corps.     He  is  to  be  engaged  in  research  work. 

Dr.  L.  M.  Henderson,  instructor  in  chemistry  at  the  University 
of  Miimesota,  is  located  at  the  American  University  at  Wash- 
ington. He  is  in  the  instruction  department  of  the  Government 
service. 

Dr.  Chas.  S.  Palmer,  fellow  in  the  Mellon  Institute  of  In- 
dustrial Research,  Pittsburgh,  Pa.,  has  disposed  of  his  patent 
petroleum  cracking  process  to  the  Standard  Oil  Company  of 
Indiana,  which  also  owns  the  Burton  process. 


Mr.  Oscar  Charles  Sumner  Carter,  for  37  years  professor  of 
chemistry,  geology  and  mineralogy  at  Central  High  School. 
Philadelphia,  died  November  8th,  at  his  home. 

Dr.  Charles  L.  Reese,  chemical  director  of  the  du  Pont  Powder 
Company,  has  been  elected  a  member  of  the  board  of  directors 
of  that  company. 

Miss  Leola  E.  Marrs,  for  the  past  six  years  Assistant  Editor 
of  This  Journal,  has  accepted  the  position  of  Managing  Editor 
of  the  Color  Trade  Journal.  Miss  Marrs  takes  up  her  new 
duties  on  December  3rd  at  200  Fifth  Avenue,  New  York  City. 

Professor  H.  Lewis  Jackson,  state  chemist  of  Idaho  for  four 
and  a  half  years,  has  accepted  the  position  of  professor  of  industrial 
chemistry  at  North  Dakota  Agricultural  College,  Fargo,  N.  D. 
He  will  also  be  in  charge  of  the  paint  and  oil  laboratory  and 
paint  investigational  work. 

The  chemists  of  Duluth,  Minn.,  Superior,  Wis.,  and  the  range 
towns  have  organized  a  Chemists'  Club,  for  the  purpose  of 
promoting  the  interests  of  chemistry,  and  stimulating  friendship 
and  sociability  among  its  members.  The  organization  has  been 
perfected,  and  meetings  will  be  held  monthly  at  the  Duluth 
Commercial  Club  or  at  various  plants  in  the  city.  The  officers 
for  the  ensuing  year  are:  President,  Walter  H.  Bensou,  Vice- 
President,  A.  D.  W^healdon;  Secretary-Treasurer,  Max  Latshaw. 

Mr.  Lawrence  Addicks,  consulting,  metallurgical  engineer 
of  New  York  City,  has  sailed  for  Burma  to  make  a  metallurgical 
investigation  of  the  ores  of  the  Baldwin  Mines. 

Dr.  James  J.  Johnson,  Newark,  N.  J.,  formerly  connected 
with  the  Maas  and  \\'aldstein  Company  in  the  capacity  of  chief 
chemist,  has  been  commissioned  a  Captain  in  the  Ordnance 
Department,  to  serve  in  the  gun  division.  Dr.  Johnson  is  an 
expert  on  high  explosives,  having  been  formerly  associated  with 
the  du  Pont  plants  and  also  at  the  Picatinny  Arsenal. 

Messrs.  Philip  A.  Singer  and  Harris  Perlstein,  formerly  of 
the  Industrial  Chemical  Institute  of  Milwaukee,  have  as.sociated 
as  Singer-Perlstein  Company,  chemical  and  industrial  engineers, 
with  offices  in  the  Railway  Exchange,  Milwaukee.  Mr.  Singer 
was  for  many  years  with  the  Corn  Products  Refining  Company 
as  member  of  the  Manufacturing  Committee  and  superintendent 
of  various  departments  of  that  corporation's  plants.  He  has 
also  made  contribution  to  the  technique  of  the  ethyl  alcohol 
from  wood  waste  and  other  chemical  industries.  Mr.  Perlstein 
has  been  connected  with  Mr.  Singer  in  a  number  of  recent  enter- 
prises. 

The  Pfaudler  Co.  announces  the  establishment  of  a  branch 
sales  office  at  440  Pierce  Building,  St.  Louis,  Mo.,  with  Mr. 
George  E.  Gray,  formerly  of  their  Chicago  offices,  in  charge. 
The  Atlanta  agency  has  been  granted  to  C.  M.  Jackson  Co. 
of  that  city. 
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Mr.  W.  G.  Gaessler  has  been  appointed  acting  chief  of  the 
Chemical  Section  of  the  Iowa  State  College  Agricultural  Experi- 
ment Station,  filling  the  position  left  vacant  by  Dr.  A.  W.  Dox, 
who  has  been  appointed  Captain  of  the  Sanitaiy  Corps. 

Mr.  G.  P.  Plaisance,  formerly  of  the  Iowa  State  College 
Agricultural  Experiment  Station,  has  been  appointed  chief 
chemist  of  the  Oklahoma  Experiment  Station  at  Stillwater,  Okla. 

Dr.  J.  M.  Crafts,  formerly  president  of  the  Massachusetts 
Institute  of  Technology,  was  elected  honorary  member  of  La 
Societe  Chimique  de  France  on  July  13,  1917. 

Dr.  John  Charles  Hessler,  professor  of  chemistry  in  the  James 
Millikin  University  at  Decatur,  Illinois,  has  been  elected  to  the 
presidency  of  the  Illinois  State  Academy  of  Science. 

Mr.  Victor  K.  LaMer,  formerly  chemist  at  the  Carnegie  In- 
stitution, Cold  Spring  Harbor,  Long  Island,  has  received  a 
commission  of  First  Lieutenant  in  the  Sanitary  Corps. 

Professor  Clarence  A.  Morrow,  formerly  professor  of  chemistry 
in  the  Nebraska  Wesleyan  University,  has  been  elected  assistant 
professor  of  agricultural  biochemistry  in  the  University  of 
Minnesota. 

Mr.  E.  J.  Barth,  formerly  with  the  Texas  Company,  has 
accepted  the  position  of  chief  chemist  with  the  Freeport  Mexican 
Fuel  Oil  Corporation  at  Meraux,  La. 

Mr.  O.  W.  Palmenberg,  50  Church  St.,  New  York  City, 
reports  the  following  platinum  ware  to  have  been  stolen  from 
his  laboratory:  4  cnicibles  (marked  E.  &  A.)  weighing  about 
22  g.  each;  3  covers  weighing  about  7  g.  each;  lipped  dish  (marked 
E.  &  A.)  weighing  about  48.9  g.;  gauze  cylindrical  anode  weigh- 
ing S'/s  g.,  for  electrolytic  deposits;  and  spiral  wire  weighing 
7.10  g. 

Mr.  L.  Drew  Betz,  formerly  chemist  with  the  Animal  Oil 
Company,  has  recently  been  appointed  chemical  director  of  the 
Philadelphia  Plant  of  E.  F.  Drew  and  Company. 

The  U  S.  Civil  Service  Commission  announces  an  open 
competitive  examination  for  junior  chemical  engineer,  for  men 
only,  on  December  5,  191 7.  Applicants  should  at  once  apply 
for  Form  1312,  stating  the  title  of  the  examination  desired,  to 
the  Civil  Service  Commission,  Washington,  D.  C.  The  salary 
ranges  from  $1200  to  $1500  a  year. 

Mr.  F.  L.  White  has  resigned  from  the  laboratory  staff  of 
the  National  Carbon  Company,  Inc.,  to  accept  the  position  of 
chief  chemist  in  the  K-W  Ignition  Laboratory,  Cleveland,  Ohio. 

Dr.  Benjamin  T.  Brooks  formerly  with  the  Bayway  Chemical 
Co.  is  now  connected  with  the  Commercial  Research  Co.,  Flush- 
ing, L.  I. 


Mr.  R.  P.  Noble,  of  Indianapolis,  is  now  with  the  Government 
and  is  located  in  Washington.  H.  E.  Cory  and  J.  R.  Keubler, 
both  of  Indianapolis,  are  now  in  training  with  the  National 
Army. 

Mr.  Geo.  G.  Schmidt,  formerly  engineer  for  the  Metropolitan 
Street  Railway  Company,  piping  engineer  for  the  Pennsylvania 
Railroad  Co.,  Belmont  Tunnels  and  the  Ashokan  Dam,  is  now 
with  the  Carrier  Engineering  Company  as  piping  engineer. 
Mr.  Schmidt's  department  has  its  headquarters  at  the  main 
offices  of  the  company,  39  Cortlandt  Street,  New  York,  and  will 
have  charge  of  all  work  cormected  with  the  layout  and  installa- 
tion of  piping  on  installations  of  Carrier  Air  Conditioning  Ap- 
paratus. 

Mr.  Edwin  G.  Pierce,  Youngstown,  Ohio,  has  been  named 
consulting  chemist  for  the  Republic  Motor  Truck  Co.  of  Alma, 
Mich.  He  has  equipped  a  laboratory  at  that  city  for  general 
chemical  work  and  testing  materials.  The  laboratorj'  is  under 
the  immediate  charge  of  Mr.  Clyde  S.  Morgan,  a  graduate  of 
the  University  of  Wisconsin. 

Dr.  R.  B.  Owens,  secretary  of  the  Franklin  Institute,  now  in 
France  on  leave  of  absence,  acting  as  head  of  the  Army  Intelli- 
gence Bureau,  has  been  elevated  to  the  rank  of  Major.  He  is 
serving  under  General  Pershing. 

Dr.  B.  A.  Stagner  has  resigned  his  position  as  head  of  the 
chemistry  department  of  the  Fresno,  California.  Junior  College, 
to  accept  a  position  in  the  Mellon  Institute  of  Industrial  Research. 

Mr.  W.  R.  Gildard  has  resigned  from  the  research  staff  of 
the  Pittsburgh  Plate  Glass  Co.  to  become  Director  of  Research 
for  the  Lancaster  Lens  Co. 

Dr.  F.  B.  Kingsbury,  assistant  professor  of  physiological 
chemistry  in  the  University  of  Minnesota,  has  been  granted 
leave  of  absence  for  the  duration  of  the  war.  He  has  been  com- 
missioned First  Lieutenant  in  the  sanitary  corps  of  the  Army 
and  will  be  directly  under  Major  John  R.  Murlin.  of  the  Food 
Division. 

Mr.  Richard  K.  Meade,  Consulting  Chemical  and  Industrial 
Engineer,  Law  Building,  Baltimore,  Md.,  announces  that  he 
has  formed  a  partnership  with  Mr.  Howard  C.  Tompkins,  one 
of  his  associates,  under  the  name  of   Richard  K.  Mcadc  &  Co. 

Prof.  Alexander  Silverman,  of  the  University  of  Pittsburgh, 
gave  a  lecture  to  the  chemists  and  engineers  of  Delaware  on 
Thursday  evening,  November  15.  in  Wilmington.  The  sub- 
ject was  "The  Chemistry  and  the  Manufacture  of  Glass." 

W.  H.  Doran,  of  the  Alcau  Hirsch  Laboratories,  is  leaving 
for  Japan  on  December  7.  to  act  as  construction  engineer  of 
the  Japan  DycstufT  Manufacturing  Company. 


INDUSTRIAL  NOTL5 


We  learn  from  Oil,  Paint  and  Drug  Reporter  that  plans  are 
under  way  for  the  establishment  of  a  casinghcad  gasoline  plant 
in  the  Viking  field  of  Northern  Alberta,  where  a  ccmsidcrabic 
gas  production  has  Ijecn  developed  by  the  Nortlurn  Alberta 
Natural  Gas  and  Development  Company.  The  casinghcad 
proposition  is  backed  by  Montreal  capitalists,  who  arc  planning 
to  commence  actual  development  work  next  spring. 

Experiments  have  recently  been  conducted  in  Sweden  in  the 
production  of  potash,  iodine  and  bromine  from  seaweed.  It  is 
sai<l  that  the  experiments  have  been  attended  by  good  results, 
and  that  two  factories  are  to  be  erected  for  the  purpose  of  ex- 
tracting the  materials  mentioned. 

Work  has  been  started  on  the  new  potash  recovery  plant 
of  the  Clinclifield  Portland  Cement  Corporation  at  Kingsport, 
Tenn.  This  plant  will  employ  the  Cottrell  or  electrical  pre- 
cipitation system  in  its  latest  form  and  will  include  a  wet  treatcr 
by  means  of  wliicli  potash  salts  will  be  obtained. 

Under  the  provisions  of  a  new  federal  law  which  became 
cITectivc  November  i.stb.  all  persons  manufacturing,  distributing 
or  using  explosives  nuist  be  licensed. 

The  largest  plant  in  the  world  for  (lie  maiiuracttire  of  nitrous 
oxide  is  to  be  I'stablishcd  in  France  under  the  direction  of  clirui- 
isls  from  Cleveland,  ().  The  Ohio  Chrmlcal  ntiil  Mnimractiiring 
Com|)any  hud  a  fsd.oix)  contract  from  the  Red  Cross  for  this 
gas,  wliiili  Dr.  George  W.  tVile,  of  Cleveland,  has  taught  French 
physicians  to  use  as  an  anesthetic. 


The  British  Connnercial  Gas  Assi>ciation  has  l)cen  carefully 
investigating  the  question  of  driving  motor  vehicles  with  coal 
gas  as  a  substitute  for  gasoline,  and  in  its  report  declares  that 
coal  gas  in  the  present  emergency  may  be  advantageously  used 
as  a  gasoline  substitute  by  providing  a  large  flexible  holder  in 
which  the  gas  is  stored  approximately  luidor  atmospheric  pressure. 
ExiJeriments  led  to  the  conclusion  that  the  equivalent  of  one 
gallon  of  gasoline  is  about  31  ki  cu.  ft.  01  gus,  but  other  experi- 
ments have  given  only  250  cu.  ft.  or  less,  deiK-nding  on  the  quality 
of  the  gas.  In  practice  it  seems  that  coal  gas  will  show  appreci- 
able economy  con\pared  with  gasoline,  as  at  normal  prici'S  gas 
worth  i(>  cents  would  do  the  work  of  a  gallon  of  gasoline.  The 
one  ground  for  complaint  with  reference  to  the  new  fuel  is  that 
it  is  inconvenient  because  of  the  large  amount  of  space  required 
for  the  bulky  containers. 

The  Paris  Academy  of  Sciences  is  to  establish  a  national 
physical  and  mechanical  labomtury,  fur  scientific  industrial 
research. 

The  Canadian  Advisory  Coimcil  for  Scientific  and  Industrial 
Research  has  appointed  a  conuniltce  of  twenty  incnil>ets  to 
assist  the  devclopincnt  of  the  Can^idiuii  chemical  iuiliistrics  and 
a  commilti-o  of  the  same  niinilicr  to  promote  the  inrlalliirKical 
and  iiiiiiiiiK  iiulustrirs.  The  Council  has  also  lakrii  nx-er  the 
exhibit  of  natural  resources  started  by  the  Arthur  IV  Little 
Company  of  Montreal 

A  pnx-ess  of  electrolytic  printing  on  Inilh  siilcs  of  paper 
by  means  of  electroilr  plates  has  Ikx-ii  (wtentcd  in  (icrniany. 
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It  is  reported  that  the  United  States  Government  has  struck 
a  deposit  of  potash  in  the  exploration  well  which  it  has  been 
boring  near  Ciiffsidc,  Texas,  during  the  past  two  years.  The 
exploration  work  will  be  extended  to  the  territory  lying  85  to 
100  miles  south  of  the  present  well  and  bordering  New  Mexico, 
where  brackish  water  is  found  in  many  wells,  and  there  are  salt 
lakes  which  show  strong  indications  of  the  near  presence  of  potash. 

The  entire  stock  of  dyestuffs,  colors  and  chemicals  of  the 
Badische  Company  of  New  York  has  been  taken  over  by  a  re- 
cently organized  company  known  as  Kuttroff,  Pickhardt  &  Co., 
Inc.,  which  will  continue  the  business  of  the  Badische  Company, 
with  offices  at  128  Duane  Street.  New  York  City.  The  new 
concern  was  recently  incorporated  under  the  laws  of  the  State  of 
New  York  and  has  taken  over  the  staff  of  employees  and  the 
laboratories  of  the  old  concern. 

As  soap  is  not  obtainable  in  Germany  there  are  many  substi- 
tutes consisting  of  earths,  chalk,  alkali  carbonates,  sodium  sul- 
fate, sodium  silicate,  etc.,  bound  together  with  some  binding 
material  such  as  gelatine.  Salicylic  acid  or  some  other  preserva- 
tive is  required  also.  In  some  of  the  washing  powders  sodium 
peroxide  and  sodium  perborate  are  used  and  as  accidents  have 
resulted  from  their  use  a  warning  has  been  issued  to  the  public. 

The  National  OH  Products  Company  of  Chicago  has  been 
incorporated  under  the  laws  of  Illinois  with  a  capital  stock 
of  $100,000. 

The  United  States  Potash  Products  Company  has  been  in- 
corporated under  the  laws  of  Delaware,  with  a  capital  stock  of 
$5,500,000.  Incorporators,  D.  T.  Connet,  White  Plains,  N.  Y.; 
J.  F.  Roach  and  E.  C.  Bahn,  of  New  York. 

The  Standard  Asphalt  and  Refining  Company  of  Chicago 
has  purchased  the  plants  and  trade  marks  of  the  Sarco  Petro- 
leum Products  Company.  The  Cities  Service  Co.,  of  New  York 
City,  is  the  new  interest  back  of  the  company,  although  the  man- 
agement will  remain  practically  the  same  as  in  the  old  company. 

The  Aircraft  Fireproofing  Corporation  has  been  incorporated 
at  Portland,  Me.,  to  manufacture  chemicals  and  paints.  Capital 
$600,000. 

A  coke  plant  that  will  cost  $10,000,000  will  be  erected  in  East 
St.  Louis  by  the  American  Coke  and  Chemical  Company  of 
Chicago.  The  secretary  of  the  company  says  his  company  will 
londertake  an  innovation  in  the  way  of  coking  Illinois  coal. 
The  erection  of  the  plant  will  require  a  year  under  favorable 
circumstances. 

Virginia  sulfides  will  be  mined  by  the  American  Sulfides  Cor- 
poration, Charlottesville^  Va.,  incorporated  with  $400,000  capital. 

A  Norwegian  electrical  company  has,  after  successful  experi- 
ments, erected  a  plant  for  preparing  aluminum  sulfate  from 
labradorite,  a  mineral  which  occurs  in  Western  Norway.  The 
plant  is  expected  to  supply  the  entire  Norwegian  demand  for 
alum  for  the  paper  industry,  which  has  hitherto  been  obtained 
from  other  countries. 

Statistics  compiled  under  the  supervision  of  the  U.  S.  Geo- 
logical Survey,  Department  of  the  Interior,  show  that  the  volume 
of  natural  gas  commercially  utilized  in  the  United  States  in 
1916  was  greater  than  that  so  utilized  in  any  other  year  in  the 
history  of  the  natural-gas  industry.  The  general  increase  in 
the  production  of  natural  gas  in  the  United  States  is  attributed 
principally  to  an  enormous  expansion  of  the  casinghead  gasoline 
industr>'  in  all  natural  gas  producing  States  and  to  a  greatly 
augmented  demand  for  natural  gas  aS  fuel  by  industries  engaged 
in  the  manufacture  of  the  munitions  of  war. 

The  Lenz  Apparatus  Co.,  Inc.,  of  New  York  City,  announces 
that  their  capital  stock  has  been  increased  to  $50,000,  of  which 
increased  capital  stock  $35 ,000  have  been  subscribed  and  actually 
paid  for  in  cash,  thus  giving  the  company  ample  working  capital 
to  conduct  its  business  profitably. 

It  is  reported  that  Swift  and  Company  of  Chicago  are  to  erect 
a  sulfuric  acid  plant  at  New  Orleans  costing  $250,000  and  having 
a  daily  capacity  of  60  tons. 

Vice-Consul  Arthur  E.  J.  Rcilly  reports  from  Stockholm 
that  a  company  has  been  formed  to  finance  a  Swedish  dyestuff 
establishment  to  compete  with  the  German  manufacture  at 
home  and  abroad.  The  founding  of  the  Company  follows 
about  two  years  of  experimenting  and  the  movement  is  sup- 
ported by  the  country's  scientific  and  technical  experts. 


The  fuel  oil  stringency  on  the  West  Coast  has  pressed  the  South- 
ern Pacific  Railroad  into  a  driving  campaign  for  the  develop- 
ment of  its  California  producing  properties  with  the  hope  of 
covering  its  needs. 

The  Fuelite  Corporation  of  Manhattan,  to  handle  compounds 
and  chemicals  for  the  treatment  of  coke,  has  been  incorporated 
under  the  laws  of  New  York  by  A.  R.  Bremer  and  E.  A.  and  C. 
Alexander  of  Yonkers. 

Mr.  W.  H.  Thurston,  connected  with  Clarence  Whitman  & 
Co.,  of  New  York,  has  answered  a  call  from  the  Government 
to  go  to  Washington  to  serve  under  Major  Tilt  in  the  Depart- 
ment of  Aircraft  development.  Mr.  Thurston  is  to  take  charge 
of  balloon  and  airplane  fabrics. 

The  E.  Virgil  Neal  Chemical  Works,  no  West  40th  Street, 
New  York,  has  plans  prepared  for  the  construction  of  a  new 
addition  to  their  chemical  manufacturing  plant  at  Var  Dam 
Street  and  Borden  Avenue,  Long  Island  City. 

Imports  of  colors  and  dyes  for  the  eight  months  ending  August 
31  aggregate  in  value  $1,825,434  as  against  83,071,213  during 
the  same  period  last  year.  Included  in  these  imports  were  2240- 
pounds  of  alizarines,  valued  at  $10,545. 

The  United  States  Industrial  Chemical  Company  has  been 
incorporated  under  the  laws  of  Maryland  with  a  capitalization 
of  $24,000,000.  It  will  manufacture  fertilizers  and  chemicals 
at  Curtis  Bay,  a  suburb    of  Baltimore. 

A  new  fertilizer  plant  at  Greenville,  Mich.,  owned  by  the 
Michigan  Fertilizer  Company,  was  destroyed  last  Wednesday 
by  fire. 

The  Color  Service  Corporation,  Inc.,  has  been  incorporated 
with  a  capital  of  $50,000,  to  manufacture  chemicals,  dyes  and 
kindred  products.  The  incorporators  are  M.  M.  Clancy,  Wil- 
mington, and  C.  M.  Egner,  Elkton,  Md. 

The  manufacture  of  soap  from  sewer  fat  in  Sweden  has  beea 
taken  up  by  the  Happach  Soap  Company  of  Stockholm,  which 
has  worked  out  a  new  method  for  the  purpose.  There  are  also 
plans  for  using  native  vegetable  fats,  such  as  beechmast,  horse 
chestnuts,  etc.  All  this  is  due  to  the  shortage  in  raw  materials 
for  the  soap  and  soft  soap  industry. 

Negotiations  have  been  completed  through  the  Tulsa,  Okla., 
office  of  the  Tidal  Oil  Company,  whereby  the  Company  is  to 
purchase  the  Maple  OU  Company  in  the  Irvine  Field  of  Ken- 
tucky. 

One  of  the  most  prominent  of  the  Japanese  industries  that 
have  developed  since  the  outbreak  of  the  war  is  the  manufac- 
ture of  chlorate  of  potash.  The  Japan  Chronicle  refers  to  the 
fact  that  in  the  early  stages  of  the  war  the  suspension  of  imports 
sent  prices  up  greatly,  and  states  that  established  manufac- 
turers of  chlorate  of  potash  extended  their  equipment,  while 
numerous  new  manufacturing  plants  came  into  existence.  The 
output  was  so  great  that  prices  fell  considerably.  Efforts  were 
then  made  to  ship  the  product  abroad,  and  it  is  said  that  the 
quantity  shipped  to  this  country  since  the  beginning  of  the  war 
exceeds  10,000  barrels. 

Manganese  properties  in  Virginia  will  be  developed  by  the 
Virginia  Manganese  Mining  Corporation  of  Attaway,  \'a.  This 
company  has  been  chartered  with  a  capitalization  of  $50,000,000 
and  the  following  officers:  President,  J.  W.  Ruff,  of  Blue- 
field,  W.  Va.;  Secretary,  J.  L.  Phillips,  of  Attaway. 

A  fire  of  mysterious  origin  destroyed  the  large  potash  plant 
of  the  Mineral  Products  Corporation  at  Alunite,  Utah,  on 
Thursday  night,  causing  $250,000  loss.  The  fire  originated  in 
the  coal  dryer  and  was  preceded  by  an  explosion. 

The  Superior  Oil  Corporation  has  been  incorporated  under 
the  laws  of  Delaware,  capital  $10,000,000,  by  Arthur  W.  Britten, 
S.  B.  Howard  and  G.  C.  Reilly.  all  of  New  York. 

Lyster  Bros.,  Inc.,  dealing  in  drugs,  chemicals,  etc.,  has  been 
incorporated  under  the  laws  of  New  York  with  a  capital  stock 
of  $50,000.  Incorporators,  H.  W.,  M.  J.  and  B.  R.  Lyster,  New 
Rochelle. 

The  Compound  Specialty  Co.,  of  Queens,  makers  of  chemical 
compounds,  has  been  incorporated  with  a  capital  stock  of  $50,000- 
by  S.  Baer,  M.  L.  Schalleck,  J.  R.  Roth,  104  St.  Nicholas  Avenue. 

The  Illinois  Platinum  Corporation,  of  Eddyville,  has  beea 
incorporated  under  the  laws  of  New  York;  3,500  shares  common 
stock,  no  par  value,  active  capital  $17,500. 
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By  R.  S.  McBridb,  Burei 

HOTICE — Publications  for  which  price  is  indicated  can  be 
purchased  from  the  Superintendent  of  Documents,  Government 
Printing  Office,  Washington,  D.  C.  Other  pubHcations  can 
usually  be  supplied  from  the  Bureau  or  Department  from  which 
they  originate.  Commerce  Reports  are  received  by  all  large 
libraries  and  may  be  consulted  there,  or  single  numbers  can  be 
secured  by  application  to  the  Bureau  of  Foreign  and  Domestic 
Commerce,  Department  of  Commerce,  Washington.  The  regu- 
lar subscription  rate  for  these  Cormnerce  Reports  mailed  daily  is 
$2.50  per  year,  payable  in  advance,  to  the  Superintendent  of 
Documents. 

^  GEOLOGICAL  SURVEY 

Geology  of  Massachusetts  and  Rhode  Island.  B.  K.  Emer- 
son. Bulletin  597,  289  pp.  This  report  includes  a  general 
•discussion  of  the  geologic  conditions,  and  is  accompanied  by  a 
large  map  giving  full  information. 

The  Enrichment  of  Ore  Deposits.  W.  H.  Emmons.  Bulletin 
^25,  530  pp.  This  report  is  an  amplification  of  an  earlier  Survey 
Bulletin  on  the  enrichment  of  sulfide  ores  (Bulletin  529).  Fifteen 
elements  and  their  compounds  not  considered  in  the  earlier 
report  are  discussed  with  reference  to  their  reactions  in  the  zone 
of  oxidation.  All  recent  important  advances  in  the  subject  have 
been  incorporated  and  the  general  treatment  has  been  con- 
siderably broadened. 

The  geologic  conditions  favorable  and  unfavorable  to  the 
formation  of  enriched  mineral  deposits  are  described  and  the 
■criteria  by  which  such  deposits  may  be  recognized  are  outlined. 
The  natural  chemical  processes  by  which  enrichment  is  pro- 
duced are  fully  discussed  and  the  behavior  of  each  metal  is 
considered  separately  and  is  illustrated  by  descriptions  of  many 
of  its  known  valuable  enriched  ore  bodies. 

The  Bull  Mountain  Coal  Field,  Musselshell  and  Yellowstone 
Counties,  Montana.  L.  H.  Woolsev,  R.  W.  Richards  and 
C.  T.  LuPTON.     Bulletin  647,  218  pp.     Paper,  50  cents. 

Notes  on  the  Greensand  Deposits  of  the  Eastern  United 
States.  G.  H.  Ashley.  Hulktin  660-B,  from  Contributions 
to  Economic  Geology,  191 7,  Part  I.  30  pp.  Issued  August  28. 
No  attempt  was  made  at  a  detailed  survey  of  the  groonsands  but 
samples  were  collected  from  tlic  most  accessible  of  the  deposits 
and  analyzed  to  determine  their  percentage  of  potash.  The 
results  of  the  study  show  that  the  richest  and  largest  deposits 
of  greensand  occur  in  New  Jersey,  extending  down  into  Dela- 
ware. Lower  grade  greensands  occur  abundantly  in  Maryland 
and  less  abundantly  in  Virginia,  North  Carolina.  Arkansas, 
Texas,  and  doubtless  the  other  Southurn  .Stales. 

The  richest  deposits  show  a  potash  content  around  7  per  cent, 
■which  is  close  to  the  percentage  of  potash  in  glauconitc,  of  which 
the  best  greensands  arc  almost  entirely  made  up.  These  green- 
sands  occur  in  the  basal  part  of  tlic  Cretaceous  formation  of 
New  Jersey  and  Delaware  and  in  the  upper  i)art  of  the  Eocene. 
Those  of  New  Jersey  are  entirely  in  the  Cretaceoiis.  while  those 
of  Maryland  arc  in  both  Cretaceous  and  Ivocene, 

The  i)aper  also  contains  a  contribution  on  "Methods  of 
Analysis  of  Greensands"  by  Wiu.iam  B.  HicKa  and  R.  K. 
Baiurv,  (llscussing  the  nietliods  u.sed  in  making  these  analyses, 
which  differ  somewhat  from  inetliods  jireviously  used. 

Manganese  Deposits  of  the  Caddo  Gap  and  De  Queen  Quad- 
rangles, Arkansas.  H.  1).  Misrr.  Bulletin  66o-C.  fi.i  pp 
I'lom  Conlribntiiins  to  Economic  Geology,  1917,  Part  I.  I'nb- 
listiid   Spteniber    IJ,    I917. 

The  Irvine  Oil  Field,  Estill  County,  Kentucky.  E.  W.  Shaw. 
Itullelin  661I),  from  Cnntribiifioiis  to  luonomic  Geology, 
1917,    Part    II.     50   i)p.     I'ubli.shcd    September   5,    1917.     The 


.u  of  Standards,  Washington 

Irvine  oU  field  is  by  far  the  most  productive  yet  developed  in 
Kentucky.  In  fact,  its  output  in  1917  will  be  more  than  twice 
as  great  as  that  of  the  dozens  of  other  oil  fields  in  the  State, 
some  of  them  long  productive;  and  it  will  probably  produce 
much  more  in  1918.  The  field  is  in  a  region  where  oil  showings 
have  long  been  known  and  oil  has  long  been  sought,  and  yet 
somehow  this  great  pool  10  miles  long  and  2  miles  wide  was 
missed.  The  west  side  of  the  Ir\-ine  field  is  within  a  mile  of 
outcrops  of  the  oil-bearing  bed,  which  may  be  seen  at  several 
places  in  and  around  Irvine.  Some  of  the  wells  are  less  than 
100  ft.  deep  and  yet  frunish  good  yields,  even  the  oldest  showing 
a  relatively  low  rate  of  decline. 

The  Corsicana  Oil  and  Gas  Field,  Texas.  G.  C.  Matson 
and  O.  B.  Hopkins.  Bulletin  661-F,  from  Contributions  to 
Economic  Geology,  1917,  Part  II.  41  pp.  Published  August 
30,  1917- 

The  Bowdoin  Dome,  Montana.  A  Possible  Reservoir  of 
Oil  or  Gas.  A.  J.  Collier.  Bulletin  661-E,  from  Contribu- 
tions to  Economic  Geology,  1917.  Part  II.  16  pp.  Published 
July  27.  The  dome  is  a  broadly  arched  portion  of  the  earth's 
crust  from  which  the  strata  dip  away  on  all  sides,  its  structure 
being  a  type  known  to  be  favorable  for  the  accumulation  of 
oil  or  gas  in  many  fields.  A  well  drilled  here  for  water  several 
years  ago  has  been  yielding  a  small  flow  of  gas,  sufficient  proba- 
bly for  domestic  use  in  one  family,  ever  since,  and  it  is  thought 
that  the  region  offers  a  chance  of  success  to  the  driller  of  deeper 
wells.     In  19 1 5  a  large  gas  well  was  drilled  at  Ha%Te. 

Geology  of  the  Navajo  Cotmtry.  A  Reconnaissance  of 
Parts  of  Arizona,  New  Mexico,  and  Utah.  H.  E.  Gregory. 
Professional  Paper  93.      161  pp.     Paper,  40  cents. 

The  Geology  and  Ore  Deposits  of  Ely,  Nevada.  .\.  C. 
Spencer.     Professional  Paper  96.     189  pp.     Paper,  40  cents. 

Shorter  Contributions  to  General  Geology,  1916.  D.  White. 
Professional  Paper  98.  39.5  pp.  This  includes  about  t^veuty 
short  papers  which  have  been  issued  separately  in  advance. 

Hydraulic-Mining  Debris  in  the  Sierra  Nevada.  G.  K. 
Gilbert.     Professional   Paper   105       14;   pp. 

Mineral  Resources  of  the  Kantishna  Region,  Alaska.  S.  R. 
Capps.  Bulletin  662-E,  from  Contributions  to  Mineral  Re- 
sources of  Alaska,  1916-E.     53  pp. 

Secondary  Metals  in  1916.  J.  P.  Dunlop.  Pages  39  to  52 
of  Mineral  Resources  of  the  United  States,  ioi6,  Part  II.  Pub- 
lished October  6.  The  much  higher  prices  for  all  metal  products 
and  for  maiuifacturcd  articles  made  wholly  or  in  part  from  waste 
material  h.as  nuide  a  deep  impression  as  to  the  importance  of 
tlie  waste-trade  industry.  The  collection  of  old  metals.  V'iiper 
bags,  foil,  rags,  felt,  and  other  things  has  In-cn  stimulated  by 
appeals  from  many  sources.  Collections  of  metal  ha\-c  been  so 
large  that  it  has  been  difficult  to  obtain  labor  projKTly  to  break, 
segregate,  and  ship  the  varied  clas.so,s  of  material.  In  fact,  the 
public  has  been  educated  sufficiently  to  apjirvciatc  the  imiKW- 
tiuicc  of  waste;  even  the  fanners  in  n-mote  regions  arc  In-ing  oskrd 
to  collect  and  ship  scrap  iron,  stifl,  luid  other  metals.  EtTorts 
arc  now  being  made  to  have  the  housckc<")HTs  and  small  deal- 
ers projierly  segregate  the  different  wa.stes.  for  by  so  doing  bet- 
ter prices  can  be  obtained  and  an  immrnsr  amount  of  lat>or  con 
be  saved.  The  large  manufacturing  plants,  foundries,  and  smel- 
ters ha\T'  increo-sed  their  facilities  for  sjiving  and  srgrrgatiitg 
scrap  metals  nnd  have  aNo  adopted  mctluxls  for  <le»-rca»iiig 
melting  lositcs.  They  haw  rralizrd  that  more  scrap  mctnis  can 
l)c  used  if  greater  carr  i.s  taken  in  removing  dclctrrious  substances 
and  in  letter  smelting  practicfa 
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Dealers  in  and  refiners  and  smelters  of  waste  metals  did  a  large 
and  profitable  business  in  1916.  Stocks  of  many  new  metals 
were  small,  and  spot  shipments  frequently  were  not  available. 
The  scarcity  and  the  high  prices  demanded  for  new  pig  metals 
stimulated  the  sale  of  scrap  metal.  Frequently  higher  prices 
were  paid  for  prompt  shipments  of  scrap  metals  than  were  ob- 
tained for  hew  metals  sold  under  contract.  There  was  also  a 
large  increase  in  the  sale  of  guaranteed  composition  ingots  made 
from  scrap. 

The  value  of  the  secondary  metals,  exclusive  of  gold,  silver, 
platinum,  iron,  steel,  and  ferro-alloys,  recovered  in  the  United 
States,  increased  from  $114,304,930  in  1915  to  $265,377,856  in 
1916.  The  increase  was  partly  due  to  larger  use  and  partly  to 
much  higher  average  prices. 

The  value  of  the  secondary  platinum,  iridium,  and  palladium 
recovered  in  19 16  amoimted  to  about  $4,000,000,  and  the  value 
of  old  jewelry,  dental  waste,  silver  spoons,  ornaments,  and  other 
material  containing  gold  or  silver,  remelted  and  refined,  was 
probably  more  than  $20,000,000.  It  is  difficult  to  estimate 
the  value  of  ferrous  scrap  remelted  in  1916.  Some  of  the  scrap 
ferrous  metal  contained  nickel,  tungsten,  manganese,  or  other 
alloys,  which  made  it  many  times  more  valuable  than  the  more 
ordinary  commercial  products.  Old  rails,  car  wheels,  pipe,  and 
other  iron  and  steel  shapes,  were  often  sold  at  prices  in  excess 
of  the  original  cost.  Iron  and  steel  scrap  is  used  by  all  foundries 
and  rolling  mills,  and  hundreds  of  thousands  of  tons  are  collected, 
sorted,  and  shipped.  Prices  of  iron  and  steel  scrap  have  in- 
creased to  record  figures.  The  value  of  all  other  waste  ma- 
terials has  increased  so  greatly  that  the  total  value  of  waste 
metals  and  other  junk  was  100  per  cent  more  in  1916  than  in 
1915. 
Secondary  Metals  Recovered  in  the  United  States  in  1915  and  1916 

, 1915 ,      . 1916 . 

Quantity  Quantity 

(Short  tons)         Value         (Short  tons)         Value 
Secondary    copper,  in- 
cluding that  in  alloys 

other  than  brass 99,937       $33,498,882        140.000       $68,880,000 

Remelted  brass 137,500         40,788,000       300,000        127,440,000 

Secondary  lead 36,400)  ■,.,/,  ^nn\  56.700  1  ,,,„„,„„ 

Recovered  lead  in  aUoys  42.500    J  7,416.600j  39,600  ]  '3,289,400 

Secondary  spelter 52.900    1  f  50,700  1 

Recovered  zinc  in  alloys  [  14,433,600  j  [  14,284,400 

other  than  brass 5,300    J  (         2,600  J 

Secondarytin 5.250)  ,„   „.,«„(          7,600)  ,-,,,„4„ 

Recovered  tin  in  alloys.  8,400    )  10.554, 180(           g  goO  (  15.131,040 

Secondary  antimony. .  -                 2  1                            f                80  ) 

Recovered  antimony  in  f       l,811.568i                                2,270,016 

alloys 3.100  J                             [         4,400  J 

Secondary  aluminum..        5,700  12,900 

Recovered  aluminum  in  \      5,802, 100  i  (    23,430,200 

alloys 2,800  )                            |         6,400  ) 

Secondary  nickel   (0 16  ] 

Recovered  nickel  in  al-  }  652,800 

loys(') 800  ) 

$114,304,930  $265,377,856 

(0  Recoveries  made  by  International  Nickel  Company  from  scrap  nickel 
or  alloys  and  from  nickel  in  scrap  ferrous  alloys  from  any  source  are  not 
included. 

A  reprint  of  the  classification  standards  for  old  metal  as  adopted 
by  the  National  Association  of  Waste  Material  Dealers  for  the 
year  beginning  July  i,  1917,  is  included;  and  there  are  detailed 
statistics  for  each  of  the  several  classes  of  metals  summarized 
in  the  preceding  table. 

BITKEAU  OF  FISHERIES 
Fish   Isinglass   and   Glue.     G.    F.    White.     Document   852. 
15  pp.     Paper,  5  cents. 

BUREAU  OF  MINES 

Bibliography  of  Recent  Literature  on  Flotation  of  Ores. 
July  to  December,  1916.  D.  A.  Ia'on,  O.  C.  Ralston,  F.  B. 
Lanby  AND  R.  S.  Lewis.  Tcclmical  Paper  i  76.  27  pp.  Paper, 
5  cents.  This  bibliography  is  a  continuation  of  that  given  in 
Technical  Paper  135  of  the  Bureau  of  Mines,  which  covered  the 
first  half  of  19 16.  The  present  paper  includes  references  to 
articles  that  appeared  from  July  i  to  December  31,  1916. 


Abstracts  of  Current  Decisions  on  Mines  and  Mining.  Re- 
ported from  January  to  April,  1917.  J.  W.  Thompson.  Bulletin 
152.     77  pp.     Paper,  10  cents. 

Coking  of  Illinois  Coals.  F.  K.  OviTZ.  Bulletin  138.  71  pp. 
Paper,  20  cents.  In  its  endeavor  to  promote  a  more  efficient 
use  of  coal  the  Bureau  of  Mines,  in  cooperation  with  the  Illinois 
State  Geological  Sur\'ey  and  the  University  of  Illinois,  has 
undertaken  an  investigation  of  the  coking  of  Illinois  coals.  The 
investigation  was  started  by  collecting  from  various  sources  the 
data  regarding  experiments  already  made  by  others;  these  data 
have  been  compiled  and  are  presented  herein. 

The  first  part  of  this  report  outlines  the  present  factors  in  the 
problem  of  coking  Illinois  coals  and  points  out  tie  future  pros- 
pects. The  quality  of  coke  from  Illinois  coals  alone,  and  from 
mixtures  of  Illinois  coals  with  low-volatile  coals  is  described, 
and  the  uses  for  which  the  coke  is  suitable  are  discussed.  The 
gas-making  properties  and  the  value  of  the  coals  for  making  by- 
products are  noted.  Desirable  methods  of  preparation  of  the 
coals,  the  impurities  in  them,  and  the  effect  of  the  impurities 
on  the  value  of  the  coals  for  coke  and  gas  making  are  considered. 

The  second  part  of  the  report  deals  with  the  character  of 
Illinois  coals,  their  natiu'e,  physical  properties,  and  chemical 
composition.  The  nonhomogenous  structure  of  the  coal,  the 
variation  in  composition  of  different  beds,  and  even  of  the  same 
bed  in  different  localities  are  pointed  out.  Those  districts  in 
which  the  coals  contain  the  smaller  amounts  of  impurities  and 
are  more  favorable  for  coking  are  grouped  together. 

The  last  part  describes  the  tests  made  and  gives  detailed  re- 
sults. The  tests  are  considered  under  three  classes — those  with 
beehive  ovens,  those  with  by-product  ovens,  and  those  with  gas 
retorts.  The  details  are  as  complete  as  the  material  available 
permits.  The  results  of  a  few  tests  of  the  coke  for  fiuTiace  or 
other  use  are  given. 

Extraction  of  Gasoline  from  Natural  Gas  by  Absorption 
Methods.  G.  A.  Burrell,  P.  M.  Biddison  and  G.  G.  Ober- 
FELL.  Bulletin  120.  71  pp.  10  cents.  The  Bureau  of  Mines 
is  conducting  a  series  of  investigations,  with  a  view  to  ascertain- 
ing the  most  efficient  methods  of  obtaining  gasoline  from  petro- 
leum and  natural  gas.  This  report  deals  with  a  method  of 
extracting  gasoline  from  natural  gas  by  absorbing  the  gasoline 
in  oil  and  subsequently  separating  it  from  the  oil  by  distillation. 
The  process  is  quite  different  from  those  of  compression  and 
condensation  whicli  have  been  used  for  a  number  of  years  for 
extracting  gasoline  from  casing-head  natiu-al  gas,  and  has  not 
heretofore  been  described  in  the  literature. 

A  description  of  the  methods  employed  in  the  manufacture 
of  casing-head  gasoline  and  a  discussion  of  tests  to  determine 
whether  a  natm-al  gas  contains  enough  gasoline  to  warrant  the 
installation  of  an  extracting  plant  is  contained  in  Bulletin  88 
and  Technical  Paper  87. 

Deterioration  in  the  Heating  Value  of  Coal   during  Storage. 

H.  C.  Porter  and  F.  K.  Ovitz.      Bulletin  136.      28  pp.     Paper, 
10  cents. 

Absorption  of  Methane  and  Other  Gases  by  Coal.  S.  H. 
Katz.     Technical  Paper  147.     i6  pp.     Paper,  5  cents. 

Laboratory  Determination  of  the  Explosibility  of  Coal  Dust 
and  Air  Mixtures.  J.  K.  Clement  and  J.  N.  Lawrence. 
Teclinical  Paper  141.  27  pp.  Paper,  10  cents.  "The  labora- 
tory method  described  in  this  paper  is  capable  of  measuring  the 
inflammability  of  the  least  inflammable  dusts  that  will  propagate 
an  explosion  in  the  mine.  A  relation  has  been  established  be- 
tween the  results  of  tests  on  a  large  scale  at  the  experimental 
mine  and  the  results  of  laboratory  tests,  so  that  it  is  now  possi- 
ble to  determine  from  laboratory  tests  alone  whether  or  not  a 
given  dust  may  give  rise  to  or  propagate  explosions." 
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BUREAU  OF  STANDARDS 

Rules  and  Regulations  Promulgated  under  Authority  of  the 
Federal  Standard-Barrel  Law.  Circular  71.  Issued  September 
18,  1917.     7  pp. 

Some  Unusual  Features  in  the  Microstructure  of  Wrought 
Iron.  H.  S.  Rawdon.  Technologic  Paper  97.  25  pp.  Paper, 
5  cents.     Issued  September  20,  1917. 

An  Aneroid  Calorimeter  for  Specific  and  Latent  Heats.  N.  S. 
Osborne.  Scientific  Paper  301.  24  pp.  Issued  September  13, 
19 1 7.  Paper,  10  cents.  The  calorimeter  here  described  has  been 
designed  primarily  for  the  measurement  of  the  specific  heats  and 
latent  heats  of  a  certain  class  of  materials  adapted  for  use  in  the 
production  of  artificial  refrigeration.  These  materials  include 
ammonia,  carbon  dioxide,  sulfur  dioxide,  methyl  chloride,  and 
ethyl  chloride.  At  temperatures  where  the  thermal  properties 
are  of  importance  to  the  engineer  the  vapor  pressures  of  these 
materials  range  from  less  than  i  atmosphere  to  over  70  atmospheres. 

Effects  of  Heat  on  Celluloid  and  Similar  Materials.  H.  N. 
Stokes  and  H.  C.  P.  Weber.  Technologic  Paper  98.  37  pp. 
"In  1907,  at  the  request  of  the  Steamboat-Inspection  Service, 
the  Biu-eau  of  Standards  made  a  careful  study  of  the  literature 
of  celluloid  and  other  pyroxylin  plastics  and  afterwards  carried 
out  an  investigation  of  their  properties  with  special  reference 
to  the  hazard  connected  with  their  use  and  transportation.  The 
results  of  the  work  are  given  in  detail  in  this  paper.  In  view  of 
the  present  widespread  interest  in  nitrocellulose  products  it 
seemed  desirable  to  publish  this  paper,  even  though  no  account 
is  taken  in  it  of  any  advances  that  may  have  been  made  since 
1908." 

DEPARTMENT  OF  AGRICULTURE 

The  Presence  of  Arsenic  in  Hops.  W.  W.  Stockberger  and 
W.  D.  Collins.  Department  Bulletin  568.  7  pp.  Issued 
August  8,  1917.     Paper,  5  cents. 

The  By-Products  of  Rice  Milling.  J.  B.  Reed  and  F.  W. 
LlEPSNER.  Department  Bulletin  570.  16  pp.  Issued  August 
II,  1917.     Paper,  5  cents. 


Articles  from  the  Journal  of  Agric\iltur&l  Research 

Effect  of  Three  Annual  AppUcations  of  Boron  on  Wheat. 
F.  C.  Cook  and  J.  B.  Wilson.     10,  591-597  (September  17). 

Energy  Values  of  Hominy  Feed  and  Maize  Meal  for  Cattle. 
H.  P.  Arjisby  and  J.  A.  Fries.     10,  599-613  (September  17). 

Study  of  the  Proteins  of  Certain  Insects  with  Reference  to 
Their  Value  as  Food  for  Poultry.  J.  S.  McHargue.  10,  633- 
637  (September  17). 

Formation  of  "Black  Alkali"  (^Sodium  Carbonatej  in  Calcareous 
oils.     J.  F.  Breazeale.     10,  541-590  (September  10). 

Quassia  Extract  as  a  Contact  Insecticide.  N.  E.  McIndoo 
AND  A.  F.  Sie\'ERS.     10,  497-531  (September  3). 

Some  Factors  Affecting  Nitrate-Nitrogen  Accumulation  in 
Soil.     P.  L.  Gainey  AND  L  F.  Metzier.     ii,  43-63  (October  8). 

Occurrence  of  Manganese  in  Insect  Flowers  and  Insect  Flower 
Stems.  C.  C.  McDonnell  and  R.  C.  Roark.  ii,  77-81 
(October  15). 

Effect  of  Sulfur  on  Different  Crops  and  Soils.  O.  M  Shedd. 
II,  91-103  (October  22). 

Some  Notes  on  the  Direct  Determination  of  the  Hygroscopic 
CoeflBcient.  F.  J.  Alway,  M.  A.  Kline  and  G.  R.  McDolB. 
II,   147-165   (October  22). 

BUREAU  OF  FOREIGN  AND  DOMESTIC  COMMERCE 

Report  on  Cost  of  F'roduction  of  Glass  in  United  States. 
Miscellaneous  Series  Publication  Xo.  60.  430  pp.  Paper,  35 
cents.  A  report  on  conditions  in  glass  industry  and  cost  of  pro- 
duction in  its  various  branches.  Ninth  of  series  of  reports 
issued  by  Bureau  regarding  cost  of  production  in  different  indus- 
tries. Contains  principal  cost  of  production  data.  In  addition, 
information  is  given  concerning  labor  and  industrial  conditions, 
factory  equipment,  selling  methods,  and  suggestions  regarding 
better  general  accounting  and  more  accurate  cost-finding  meth- 
ods. A  comprehensive  biliography,  prepared  in  the  Library  of 
Congress,  is  appended. 
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Elements  of  Mineralogy,  Crystallography  and  Blowpipe  Analysis. 

By  Alfred  J.  Moses  and  Charles  Lathroi'  Parsons.     D. 

Van  Nostrand  Co.,  New  York.     Price,  $3.00. 

This  fifth  edition  is  considerably  enlarged,  and  contains 
several  new  changes  from  the  preceding  editions,  which  make  the 
volume  more  valuable  to  the  student  and  mineralogist.  The 
general  arrangement  of  the  volume  from  a  dcternunative 
mineralogical  standpoint  is  excellent,  and  the  illustrations, 
which  are  most  satisfactory,  show  in  nearly  all  instances  very 
strikingly  the  points  that  the  authors  have  wished  to  emphasize. 
The  volume  is  not  only  an  excellent  textbook  for  use  in  colleges 
and  universities,  but  it  makes  a  very  good  general  book  on 
determinative  mineralogy  that  can  be  used  to  advantage  in  the 
laboratory  and  in  the  field. 

While  more  particular  attention  is  given  in  this  volume  to 
the  physical  properties  of  minerals,  yet  that  part  of  the  volume 
relating  to  the  chemical  properties  of  minerals  has  been  very 
carefnlly  worked  out. 

In  considering  this  volume  in  more  detail.  Part  I,  reloting 
to  Crystallography,  gives  n  very  comprehensive  idea  of  crystal- 
lography, and  is  arranged  in  such  a  way  that  the  student  should 
readily  obtain  a  knowledge  of  this  subject  lliut  will  enable  him 
to  use  the  cryslullogruphic  properties  of  minerals  to  a  considerable 
cxlent  in  their  Idcntificolion.  The  nietlmd  of  presenting  this 
subject,  which  is  always  a  rather  ililliiiill  (Hic,  has  been  done  in 
such  an  uuderstundablc  and  simple  niaiuicr  that  it  can  be  com- 
prehended even  without  an  instructor.     A  very  valuable  addi- 


tion to  the  part  on  crystallography  is  the  chapter  relating  to 
crystallo-optics ;  this  is  a  very  much  needed  side  of  determinative 
mineralogy  that  has  too  often  l)een  eliminated  in  textbooks 
on  this  subject.  This  chapter  shows  very  careful  thought  and 
discrimination  in  bringing  together  such  material  as  is  necessary 
to  give  the  student  a  sufficient  knowledge  of  this  subject  to  aid 
him  in  determining  minerals,  without  at  the  same  time  burdening; 
him  with  tlie  more  complex  i)hasos  of  optical  mincrologj". 

Part  II  on  Blowpipe  Analysis  has  also  been  developed  in 
such  a  manner  that  the  student  can  readily  get  a  very  dear  idea 
of  the  various  reactions  and  tests  that  can  be  made  with  the 
blowpipe  in  testing  the  various  elements  and  comjwunds  of 
which  minerals  arc  composed.  The  use  of  the  spc^-trcicopc  is 
not  described  in  any  great  detail,  but  sufticicnt  information  is 
given  regarding  its  use  to  enable  the  student  to  identify  by  a 
flame  test  many  of  the  simpler  elements  that  occur  in  mincnUs. 
This  method  of  identification  is  coming  more  and  more  in  u.sc, 
and  in  the  future  our  determinative  mincr.ilogics  will  include 
this  subject  to  a  still  greater  extent.  Chapters  13  and  14  of 
Part  II  arc  in  their  urrangenicnt  of  very  great  assistance  in 
familiarizing  the  student  with  the  various  reactions  that  may 
be  cxi)ccfcd  when  certain  elements  are  present  in  a  mineral. 

Part  III  on  Mineralogy  has  l>cen  arranged  in  as  comprt- 
hensivc,  complete  and  instructive  maimer  as  one  could  Concei\x 
possible  in  presenting  Ihi't  subject.  The  discussions  of  forma- 
tions and  (K^-urrenccs  add  a  great  deal  to  the  value  of  Ibis  part, 
and   will   make   the  student   reolixe   how  ctcMcly   geology  and 
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mineralogy  are  connected  with  each  other.  The  grouping  of  the 
minerals  from  an  economic  standpoint  brings  out  more  clearly 
than  any  other  grouping  the  relation  of  mineralogy  to  our 
industrial  development. 

Part  IV,  on  Determinative  Mineralogy,  gives  tables  for  the 
determination  of  the  common  minerals,  which  are  efficient  for 
the  identification  of  minerals,  but  are  rather  complicated  in  use. 

Taking  the  volume  as  a  whole  it  is  in  its  pre.sent  form  one 
that  should  find  very  wide  use  by  all  who  are  interested  in 
determinative  mineralogy. 

Joseph  Hyde  Pratt 

Portland    Cement    Industry.    By    William    Alden    Brown, 

Works   Manager,  Aberthaw    and    Bristol    Channel    Portland 

Cement  Co.,  South  Wales.     Pp.    153.     New  York:   D.  Van 

Nostrand  Co.,   191 7.     Price,   $3.00. 

Probably  no  other  industry  has  had  so  little  written  about 
its  practices,  in  book  form,  as  the  Portland  cement  industry. 
Numerous  articles  appear  from  time  to  time  in  the  various  trade 
journals  upon  its  many  phases,  but  those  who  have  the  knowledge 
to  write  a  general  treatise  have  either  not  had  the  inchnation 
nor  the  time  to  write  on  the  subject  as  a  whole. 

Ranking  with  the  first  eight  extractive  industries  and  during 
the  past  twenty-five  years  showing  a  development  quite  as 
spectacular  as  that  of  iron  and  steel,  it  is  peculiar  that  more 
books  have  not  been  written;  the  few  that  have  appeared  may 
be  counted  upon  one's  fingers. 

As  a  textbook  on  Portland  cement,  Meade's  "Portland 
Cement"  has  been  the  only  one  available,  although  students  of 
the  industry  were  able  to  find  additional  data  in  several  other 
less  known  treatises.  There  now  appears  a  book  which  gives  a 
most  comprehensive  review  of  the  entire  process  of  cement 
manufacture  and  its  contents  indicate  that  its  author  has  a 
thorough  knowledge  whereof  he  writes. 

It  is  unfortunate  that,  in  a  book  of  this  kind,  the  author 
confines  himself  so  strictly  to  the  English  view-point  and  prac- 
tices, as  his  former  experience  in  an  American  plant  would 
permit  his  making  it  more  general.  As  his  purpose  seems  to 
be  to  spur  on  his  home  industry  to  the  adoption  and  adaptation 
of  more  modem  practices,  this  omission  may  be  excused. 

In  the  different  chapters  the  author  has  brought  together 
many  data  which  have  been  published  in  various  media  from  time 
to  time  but  never  before  collected.  His  chapter  on  "Power 
Plants"  is  most  thorough  and  comprehensive. 

One  feature  which  should  be  of  interest  to  American  manu- 
facturers is  that  all  operation  data  are  figured  on  a  5  '/j-day  week 
excepting,  of  course,  that  pertaining  to  the  burning  department. 
This  is  a  goal  towards  which  our  manufacturers  have  been 
striving  for  several  years. 

In  his  chapter  on  the  design  and  construction  of  plants,  the 
author  utters  these  words  of  wisdom,  to  the  truth  of  which  many 
American  investors  will  subscribe  from  unpleasant  past  ex- 
periences: "Business  men  building  a  cement  plant  should  see 
that  the  engineers  engaged  to  design,  construct  and  equip  a 
plant  are  those  who  have  gained  their  knowledge  after  years  of 
practical  experience  in  cement  making,  and  not  those  who  have 
visited  a  few  cement  plants,  gleaming  information  from  owners 
and  managers  that  often  proves  very  expensive  to  those  who  have 
speculated  in  cement,  causing  them  disappointment  and  regret 
at  having  interested  themselves  in  the  industry.  Many  esti- 
mates of  engineers  have  come  very  wide  of  the  mark,  and  plants 
have  been  turned  over  to  the  owners  by  engineers  erecting  them, 
only  for  the  former  to  find  £10,000  to  £50,000  must  be  spent  in 
order  to  make  the  changes  necessary  to  a  successful,  economical 
operation  of  the  plant." 

The  book  is  a  welcome  addition  to  the  bibliography  of  the 

Portland  cement  industry. 

C.  N.  Wiley 


Fats  and  Fatty  Degeneration.     By  Martin  H.  Fischer  and 

Marian  O.  Hooker.     23  x  16  cm.    ix  +  155  pp.     New  York: 

John  Wiley  and  Sons,  1917.     Price,  $2.00. 

The  chapters  are  entitled:  the  argument;  on  the  making  of 
emulsions;  on  the  breaking  of  emulsions;  on  the  normal  fat 
content  of  cells;  on  fatty  change  (fatty  infiltration  and  fatty 
degeneration);  the  adhesive  tissues  and  the  fatty  secretions; 
on  the  natural  and  artificial  production  of  milk;  on  the  mimicry 
of  mucoid  secretion;  on  the  mimicry  of  some  anatomical  struc- 
tures; concluding  paragraphs. 

From  the  text  the  unsophisticated  reader  wiU  get  the  im- 
pression that  the  senior  author  has  made  valuable  contributions 
to  the  theory  of  emulsions.  As  a  matter  of  fact  he  has  made  one 
contribution  which  is  not  sound  and  he  has  put  forward  again  a 
statement  which  everybody  should  know  is  wrong.  When  oil  is 
emulsified  in  water  by  means  of  a  third  substance,  one  has 
drops  of  oil  each  coated  by  a  gelatinous  film  and,  outside  of  that, 
water  containing  some  of  the  emulsifying  agent.  If  we  cut 
down  the  water  sufficiently  we  shall  get  a  limiting  case  where  we 
have  merely  drops  of  oil  surrounded  by  gelatinous  films  which 
then  coalesce  more  or  less  completely.  The  authors  consider 
that  the  emulsifying  agent,  gum  acacia,  soap,  or  something  like 
that,  forms  a  compound  with  water  and  that  the  oil  is  emulsified 
in  hj'drated  acacia,  hydrated  soap,  etc.  (pp.  21,  29,  38).  Insofar 
as  an  emulsion  of  oil  in  water  is  stabilized  by  a  hydrophilic 
colloid,  there  is  nothing  new  about  this.  The  author's  con- 
tribution is  that  we  are  dealing  with  colloid  hydrates  and  he 
considers  that  the  colloid  must  bind  all  the  water.  The  author 
offers  no  evidence  for  the  existence  of  these  alleged  compounds 
for  the  very  simple  reason  that  there  are  no  criteria  which  these 
alleged  compounds  could  satisfy. 

The  author  also  puts  forward  the  statement  that  a  change 
in  the  relative  amounts  of  the  water  and  oil  causes  an  emulsion 
to  change  from  the  oil-in-water  to  the  water-in-oil  type  (pp. 
12,  41,  80,  94).  Pickering  showed  a  number  of  years  ago  that 
with  kerosene,  water,  and  soap,  only  one  type  of  emulsion  can 
be  obtained,  that  of  oil  in  water,  no  matter  what  the  relative 
amounts  of  kerosene  and  water.  Pickering's  results  have  been 
confirmed  and  generalized  since  then.  It  is  also  interesting  to 
note  that  the  author  does  not  cite  Pickering's  first  paper  though 
he  must  be  familiar  with  it.  It  is  a  little  difficult  to  characterize 
the  author's  methods  and  yet  keep  within  parliamentary  limits. 
It  is  certainly  being  over-charitable  to  say  that  the  author 
has  the  unhappy  gift  of  remembering  what  he  has  read  but  of 
forgetting  that  he  has  read  it. 

The  second  part  of  the  book  on  the  biological  emulsification 

of  fats  is  interesting  but  suffers  from  the  double  defect  that  the 

underlying  conception  is  wrong  and  that  it  is  impossible  to  tell 

from  the  text  just  what  the  author  has  worked  out  for  himself 

and  what  he  has  appropriated  in  an  absent-minded   fashion. 

The  author's  books  are  all  interesting  reading  and  this  one  is  no 

exception;  but  they  should  be  considered  as  advertising  matter 

in  the  guise  of  scientific  fiction. 

Wilder  D.  Bancroft 

Annual  Chemical  Directory  of  the  United  States.  By  B.  F. 
Lovelace,  Editor.  Williams  &  Wilkins  Company,  Pub- 
lishers.    Price,  $5.00. 

There  is  a  very  big  need  for  a  book  of  the  kind  this  title  indi- 
cates, and  the  one  before  us  is  a  start  in  the  right  direction. 

The  essential  part  of  the  book  consists  of  two  complete  lists, 
one  being  a  list  of  American  manufacturers  of  chemicals  and 
dealers  in  chemicals,  and  the  second  a  list  of  American  manu- 
facturers of  and  dealers  in  apparatus  and  equipment  for  labora- 
tories and  industrial  plants.  Following  this  there  are:  (i)  a  list 
of  professional  chemical  firms;  (2)  a  list  of  Federal,  State,  Muni- 
cipal, industrial  and  professional  laboratories;  (3)  a  list  of  col- 
leges, American  and  Foreign,  offering  courses  in  chemistry;  (4) 
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a  list  of  Experiment  Stations;  and  other  lists  that  might  be 
interesting  to  the  man  interested  in  chemicals,  chemistry,  or 
chemical  equipment. 

This  booli  will  no  doubt  be  of  great  value  to  anyone  who  is 
interested  in  having  these  various  classified  lists,  and  as  the 
publishers  have  determined  to  make  the  Directory  an  annual 
affair,  and  invite  criticism,  there  is  no  doubt  it  will  improve 
greatly  from  year  to  year.     It  is  a  good  start. 

The  two  chief  criticisms  at  present  would  probably  be  its  lack 
of  completeness,  and,  to  a  certain  extent,  a  lack  of  proportion. 
It  is  questionable  whether  such  headings  as  "Acids,  all  kinds," 
"Chemicals,  all  kinds,"  "Chemicals,  technical,"  "Chemicals, 
industrial,"  have  sufficient  value  to  warrant  the  amount  of 
space  devoted  to  them,  particularly  as  these  lists  are  very  far 
from  complete.  In  the  matter  of  proportion  and  need  of  techni- 
cal supervision,  two  or  three  instances  will  indicate  what  is 
meant.  If  one  wants,  for  example,  methylanthranylate,  there 
is  a  list  of  five  names  from  which  to  choose,  but  if  he  wants 
acetate  of  lime  he  finds  only  two  names  out  of  the  scores  making 
and  marketing  this  product,  hsted  under  "Calcium  Acetate," 
and  one  of  these  is  repeated  under  "Lime  Acetate."  Nitre  cake 
is  another  product  that  is  certainly  very  generally  and  widely 
manufactured  in  this  country,  but  one  finds  only  one  name 
Usted  under  that  heading,  and  four  more  under  the  heading 
"Cake,  Nitre"  out  of  the  scores  of  manufacturers  and  dealers. 
On  the  other  hand,  if  one  is  interested  in  chlorine  he  finds  four 
under  that  heading,  one  under  the  heading  "Chlorine,  Elec- 
trolytic" and  twelve  under  the  heading  "Chlorine,  Liquid," 
to  represent  the  three  or  four  manufactiu'ers  in  the  United 
States.  It  is  not  quite  obvious  why  these  three  headings  are 
needed  for  the  one  material,  "Chlorine,"  or  two  headings  for 
"Nitre  Cake,"  or  why  the  headings  "Chlorbenzene"  and  "Mono- 
chlorbenzol"  are  both  necessary  to  indicate  one  product,  all 
without  any  cross-references. 

It  is  also  interesting  to  see  that  there  are  only  five  Consulting 
Chemists  listed  in  New  York  City.  One  sometimes  gathers  the 
impression  that  the  town  is  full  of  them,  and  it  is  difficult  to 
see  just  what  basis  of  selection  has  been  used. 

These  few  samples  indicate  the  direction  of  criticism  that 
should  be  carefully  considered  in  preparing  succeeding  issues. 
It  would  be  well,  also,  to  have  the  lists  distinguish  clearly  between 
manufacturers  and  dealers. 

The  book  is  valuable  as  it  exists,  and  no  doubt  will  improve 
yearly.  J.  E.  Teeplb 

Technical  Chemists'  Handbook.    By  George  Lunge,  Ph.D. 

2nd  Ed.     Published  by   D.  Van  Nostrand  Co.,   New  York 

City.     Price,  $3.50  net. 

This  .second  edition  of  the  Technical  Chemists'  Handbook 
follows  the  fifth  German  edition  which  appeared  in  1914,  under 
the  title  "Taschcnbuch  fucr  die  anorganish-chemischen  Gross- 
industrie."  Originally  known  as  the  "Taschcnbuch  fucr  die 
Sodaindustrie,"  the  subsequent  German  editions,  as  in  the 
fourth  and  fifth,  were  revised  and  extended  to  a  wider  range  of 
subject. 

As  sit  forth  in  the  prefaces,  the  German  work  and  the  ICnRlish 
edition,  the  second  of  which  is  the  subject  of  lliis  notice,  have  re- 
tained throughout,  as  a  cardinal  feature,  such  selection  of  njcthods 
of  analysis  for  works  control  and  the  testing  of  market  products 
that  acceptable  reliability  and  uniformity  may  be  attained, 
particularly  by  the  analyst  in  discussions  between  buyer  and 
seller.  To  this  end  u  single  analytical  process,  with  few  ex- 
ceptions, is  presented.  The  new  methods  described  in  current 
literature  us  the  result  of  recent  investigations  arc  permitted  to 
replace  those  tried  by  long  experience  only  after  critical  ex- 
nniiiiatidii  with  evidence  of  advanrage.     This  treatment  of  the 


subject  matter  has  developed  in  the  minds  of  the  older  practi- 
tioners concerned,  in  the  course  of  the  34  years  since  the  first 
German  edition,  a  sense  of  keen  regard,  almost  of  indispen- 
sability. 

The  new  edition  maintains  in  all  respects  the  high  standards 
set  in  the  older  issues  and  the  same  principle  in  the  choice  of 
material.  Its  chief  ptu-pose  has  been  to  revise  the  nimierical 
data  of  the  work  on  the  basis  of  the  report  for  1916  of  the  Inter- 
national Committee  on  Atomic  Weights.  This  has  been  felt  a 
necessity  by  the  author  in  view  of  the  significance  of  such  revision 
in  some  instances,  even  for  practical  purposes.  In  the  matter  of 
contents,  as  concerns  detail  and  range  of  subject,  the  present  is 
identical  with  the  first  edition.  The  general  tables  led  off  by 
the  1916  table  of  atomic  weights  contain  a  compilation  covering 
mainly  physico-chemical  data,  but  include  also  mathematical 
features  and  abstracts  from  the  patent  laws  of  all  nations. 
This  collection  is  emphatically  of  value  to  the  technical  chemist 
and  chemical  engineer  whatever  his  activities.  The  special  part 
comprehends  a  selective  analytical  method  digest  for  nearly 
every  branch  of  the  alkali,  acid  and  related  chemical  industries. 

The  publishers  present  the  work  as  before  in  distinctive  man- 
ual form,  in  excellent  typography  and  bound  in  flexible  covers. 

E.  S.  Johnson 

Talks  to  Platers.  By  F.  C.  Stanley.  •  i6mo.  82  pp.  Pub- 
lished by  the  Bridgeport  Branch  of  the  American  Electro- 
l)laters'  Society.     Price,  50  cents. 

The  electroplating  industry  of  to-day  is  in  the  midst  of  a 
transition  from  the  stage  of  empiricism  and  secrecy,  to  that  of 
scientific  research  and  dissemination  of  knowledge.  Foremost 
among  the  agencies  in  this  movement  is  the  American  Electro- 
platers'  Society,  an  educational  society  with  numerous  branches, 
many  of  which  are  conducting  classes  and  laboratories.  In  the 
conduct  of  such  classes,  the  importance  of  a  study  of  the  funda- 
mental principles  of  chemistry  cannot  be  too  strongly  em- 
phasized. 

The  first  portion  of  this  booklet  is  therefore  very  properly 
devoted  to  an  explanation  of  the  principles  of  chemistry  and  the 
use  of  chemical  formulae,  equations,  etc.  This  section  of  the 
book  contains  in  clear,  condensed  form  a  large  amount  of  useful 
information.  It  is  difficult  to  understand,  however,  why  the 
author  uses  (though  not  consistently)  such  archaic  tenns  as 
sodic,  calcic,  ammonic.  etc. 

The  major  portion  of  the  btwik  is  devoted  to  a  description  of 
methods  for  the  analysis  of  various  plating  solutions,  in  which 
in  general  the  chemical  |)rinciplcs  are  so  simply  and  clearly 
stateil  that  with  some  practice  the  platers  shouUl  have  no 
(lilficulty  in  obtaining  approximate  results. 

The  unpardonable  fault  of  the  IkkjU  is  the  heterogenous 
mixture  of  metric  and  luiglish  units,  e.  g.,  "Dissolve  i  oz.  of 
cyanide  in  a  liter  of  water,"  etc.  Apparently  the  author  has 
assumed  that  although  platers  are  willing  and  able  to  learn  the 
principles  of  chemistry,  they  are  unable  to  use  the  nicuic  system. 
Surely  the  advantages  of  the  metric  system  warrant  its  use 
throughout,  at  least  up  to  the  point  where  the  cominwition  is 
determined  in  grams  \vr  liter.  If  then,  as  will  prolwbly  be  the 
case  for  a  long  time  to  come,  the  plater  desires  to  convert  this 
result  to  ounces  iwr  gallon,  it  is  much  easier  to  use  the  factor 
o.i.»4,  than,  as  riiommended  by  the  author,  to  titrate  .^S  cc. 
(l  /!<«'  gallon)  and  to  divide  the  result  tin  grams)  by  »..>8,A.s  to 
obtain  ounivs  per  gallon.  (Inciilcntally  the  author  has  no 
conception  of  signiticant  figures,  when,  ?.  j  ,  he  refers  to  o.ij6j68 
g.  of  zinc,  or  o  o(>Q7g3  g  nickel.)  There  is  no  ho|x!  for  the 
generul  adoption  of  the  metric  svslcm  when  iU  advocates  (or 
those  familiar  with  it.  who  should  Ik:  it.n  udviK-atcs)  do»Ige  iU 
use  on  every  iKv-isible  oci-«sioii.  Wiij.iaM  Uli'M 
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Examination  of  Water:     Chemical  and  Bacteriological.      By 

William  P.  Mason.    Revised,    stb  Ed.    vi  +  186  pp.    5X 

7'/*  in.     John  Wiley  &  Sons,  Inc.,  New  York,  N.  Y.     Cloth, 

$1.25  net. 

This  new  edition  (fifth)  of  Professor  Mason's  excellent  little 
laboratory  textbook  has  been  printed  from  entirely  new  plates 
with  a  heavier,  blacker,  and  theiefore  more  distinct  type;  this 
change  will  be  welcomed  by  all  readers  since  a  more  readable 
page  has  resulted. 

In  general  the  new  edition  follows  closely  the  former  editions 
in  arrangement,  matter  presented  and  actual  text.  The  book 
consists  of  three  chapters  and  two  appendices  as  follows: 

CHAPTER  I — Introduction,  Misconception  as  to  the  Character 
of  Water  Analysis,  Knowledge  of  the  Source  of  the  Sample 
Necessary  (7  pp.). 

CHAPTER  11 — Chemical  Examination  of  Water  (112  pp.). 
Sampling,  Sanitary  Surveys,  Keeping  vSamples,  Reports,  Equip- 
ment of  the  Laboratory,  Turbidity,  Odor,  Taste,  Temperature, 
Reaction,  Color,  Solids,  "Comparates,"  Hardness,  Chlorine, 
Nitrites,  Nitrates,  Free  and  Albuminoid  Ammonia,  Required 
O.xygen,  Lead,  Copper,  Iron,  Zinc,  Arsenic,  Chromium,  Phos- 
phates; Analysis  Mineral  Residue,  Manganese,  Dissolved  Oxygen, 
Carbon  Dioxide,  "Putrcscibility,"  "Relative  Stability."  Lime 
Value.  Soda  Value.  Free  Chlorine,  Hypochlorite.  Table 
Conversion  parts  per  million  into  Grains  per  U.  S.  Gallon. 

CHAPTER  in— Bacteriological  Examination  of  Water  (33  pp.). 
Preparation  of  Media;  Nutrient  Broth;  Nutrient  Gelatine; 
Sugar  Media;  Nutrient  Agar;  Sampling,  Sowing  Media,  etc.. 
Counting  Colonies.  Gas  Forming  Bacteria.  Tests  for  Bacillus 
coli.  Bacillus  typhosus.  Diagnostic  Value  of  the  "Colon 
Group."     Enumeration  of  Organisms  not  Bacterial. 

APPENDIX  A — (12  pp.).  Interpretation  of  a  Water  Examina- 
tion. 

APPENDIX  B— (2  pp.).  Method  of  Treating  Oysters  for  Bacillus 
coli. 

INDEX. 

The  typography,  including  plates  and  cuts,  is  excellent  and 
remarkably  free  from  errors.  The  text  is  clearly  and  forcefully 
written  and  the  directions  easily  followed  and  understood  by 
students.  In  only  one  instance  has  the  reviewer  found  the  text 
confusing:  on  page  77  are  found  the  directions,  "Add  50  cc.  of 
normal  NaOH  sodium  carbonate  and  proceed  as  usual." 

A  full  index  with  cross  references  adds  greatly  to  the  usefulness 
of  the  book. 

The  variations  from  the  last  edition  consist  in  the  suppression 
of  a  few  unimportant  paragraphs  here  and  there  and  the  in- 
sertion of  short  sentences  under  various  methods,  either  making 
them  conform  more  closely  to  the  A.  P.  H.  A.  Standard  Methods 
or  rendering  the  methods  more  easily  followed  by  the  .student. 
In  the  latter  respect  the  fifth  edition  is  a  decided  improvement 
over  former  editions.  The  methods  described  are,  in  most 
instances,  those  proposed  by  the  Committee  of  the  American 
Public  Health  Association  (3rd  Ed.).  UTiere  the  author  has 
deviated  from  the  "Standard"  most  water  analysts  will  agree 
that  the  changes  are  well  advised. 

In  the  chapter  devoted  to  the  bacteriological  examination  of 
water,  it  is  a  pity  that  Professor  Mason  has  substituted  the 
A.  P.  H.  A.  culture  media  instead  of  retaining  those  described 
in  earlier  editions  of  his  textbook.  The  old  media  are  far  more 
reliable  and  have  been  repeatedly  shown  to  be  superior.  Media 
made  from  beef  extract  with  the  addition  of  only  0.5  per  cent 
peptone  are  unreliable  for  general  diagnostic  purposes  and  are 
not  adapted  to  the  study  of  many  waters. 

It  is  also  to  be  regretted  that  the  author,  who  is  one  of  the 
most  experienced  American  water  experts  and  is  thoroughly 
conversant  '.vith  the  vagaries  of  water  bacteriology,  has  not 
given   the   beginner  a  more   comprehensive   discussion   of  the 


problems  confronting  the  analyst  in  the  interpretation  of  his 
bacteriological  findings.  At  the  present  time,  when  there  is 
danger  of  water  analysts  drifting  back  to  strictly  rule-of-thumb 
methods,  a  brief  outline  of  the  broad  field  of  bacterial  water 
examination  and  the  importance  of  a  knowledge  of  the  char- 
acteristics and  habitats  of  the  great  groups  of  the  misnamed 
"water  bacteria"  could  have  accomplished  untold  good. 

The  pages  devoted  to  "hardness"  have  been  materially 
changed  and  with  the  exception  of  the  questionable  expediency 
of  determining  "alkalinity"  with  tenth  normal  HCl,  the  methods 
as  described  are  better  than  before.  Especially  to  be  com- 
mended is  the  change  in  the  preparation  of  the  standard  calcium 
chloride  solution  without  the  addition  of  ammonium  hydroxide. 
Other  revisions  of  importance  are  to  be  found  under  the 
determination  of  nitrates,  the  discussion  of  the  interpretation 
of  results,  and  in  the  insertion  of  new  matter  such  as  the  estima- 
tion of  "relative  stability"  and  "putrcscibility"  by  methylene 
blue,  the  detection  of  "free"  chlorine  by  ortho-tolidine  and  the 
tabulation  of  the  analytical  results  of  a  larger  number  of  typical 
waters. 

There  appears  in  this  little  manual  one  of  the  oversights  so 
frequently  encountered  in  American  texts  devoted  to  sanitary 
problems — the  comparison  of  results  obtained  by  one  method 
of  analysis  with  those  obtained  by  an  entirely  different  one. 
In  this  new  edition,  for  example,  the  author  has  changed  from 
Ammonia  (NH3)  as  Free  and  as  Albuminoid  Ammonia  to  Nitro- 
gen (N)  as  Free  and  as  Albuminoid  Ammonia.  Yet  in  the 
tables  of  "Comparates"  the  results  are  the  same  as  in  the  fourth 
edition.  Again,  we  find  that  the  time  for  boiling  with  per- 
manganate in  "Oxygen  consumed"  has  been  raised  from  fifteen 
minutes  to  a  full  thirty  minutes'  boiling  in  a  casserole.  Yet  here 
also  the  "comparates"  which  are  supposed  to  serve  as  guides  in 
the  interpretation  of  results  have  not  been  recalculated  but 
remain  the  same  as  before.  One  cannot  avoid  asking  oneself 
the  question:  "if  the  results  obtained  by  ten,  fifteen  and  thirty 
minutes'  boiling  with  permanganate  can  all  be  compared,  why 
continue  the  boiling  for  the  full  half  hour?"  It  is  true  that  the 
author  states  very  definitely  that  the  figures  given  under  "Com- 
parates" are  to  serve  as  a  guide  in  a  very  broad  way  only.  Water 
experts  will  doubtless  find  no  ground  for  criticism,  for  in  their 
diagnosis  they  consider  the  analysis  as  a  whole.  It  must  be 
remembered,  however,  that  beginners  and  laymen  read  into  these 
discrepancies  evidence  of  a  carelessness  in  our  work,  and  a  laxity 
in  our  view-points  always  difficult  to  explain. 

E.  M.  Chamot 

The  Aniline  Color,  Dyestuff  and  Chemical  Conditions  from  1914 
to  1917.     By  I.  F.  Stone. 

This  volume  consists  of  a  series  of  addresses  and  articles 
compiled  by  Mr.  Stone.  While  a  large  part  of  the  book  con- 
sists of  Mr.  Stone's  own  addresses  on  various  subjects  related 
to  the  dyestuff  industry',  the  author  has  also  included  other 
important  articles  from  various  sources  relating  to  the  same 
subject.  The  volume,  in  fact,  is  a  very  welcome  and  success- 
ful attempt  to  put  into  permanent  form  the  literature  relating 
to  the  develoi^ment  of  the  American  Dyestuff  Industry,  being 
collated  from  numerous  journals,  addresses  before  societies  and 
organizations  and  tariff  committees.  Mr.  Stone  has  done  a 
good  piece  of  work  in  collecting  all  this  matter  together  in  one 
volume  for  the  benefit  of  chemists  and  all  others  interested  in 
dyestuff s,  and  he  deserves  the  thanks  of  his  fellow  chemists  for 
his  generosity  in  publishing  this  book  for  free  distribution 
among  those  interested  in  the  subject.  This  volume  will  prove 
a  valuable  and  useful  reference  book  for  those  connected  with  the 
dyestuff  industry  and  for  those  interested  in  tariff  matters 
related  to  this  subject. 

J.  Merritt  Matthews 
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WHOLBSAtB   PRICES   PRBVAILING   IN 
INOBQANIG  CHEMICALS 


Acetate  of  Lime 100  Lbs. 

Alnm,    Ammonia,  lump 100  Lbs. 

Aluminum  Sulfate,  bigh-grade Ton 

Ammonium  Carbonate,  domestic Lb. 

Ammonium  Chloride,  white Lb. 

Aqua  Ammonia,  26®,  drums Lb. 

Arsenic,  white Lb 

Barium  Chloride Ton 

Barium  Nitrate Lb. 

Barytes,  prime  white,  foreign Ton 

Bleaching  Powder,  35  per  cent 100  Lbs. 

Blue  Vitriol Lb. 

Borax,  crystals,  in  bags Lb. 

Boric  Acid,  powdered  crystals Lb. 

Brimstone,  crude,  Jomestic Long  Ton 

Bromine,  technical,  bulk Lb. 

Calcium  Chloride,  lump,  70  to  75%  fused Ton 

Caustic  Soda.  76  per  cent 100  Lbs. 

Chalk,  light  precipitated Lb. 

China  Clay,  imported Ton 

Feldspar Ton 

Fuller's  Earth,  foreign,  powdered Ton 

Fuller's  Earth,  domestic Ton 

Glauber's  Salt,  in  bbls 100  Lbs. 

Green  Vitriol,  bulk 100  Lbs. 

Hydrochloric  Acid,  commercial,  20" Lb. 

Hydrochloric  Acid,  C.  P..  cone,  22° Lb. 

Iodine,  resublimed Lb 

Lead  Acetate,  white  crystals Lb 

Lead  Nitrate Lb 

Litharge,  American Lb 

Lithium  Carbonate Lb. 

Magnesium  Carbonate,  U.  3.  P Lb 

Magnesite,  "Calcined" Tod 

Nitric  Acid,  40° .  .Lb. 

Nitric  Acid.  42° ..Lb. 

Phosphoric  Acid,  sp.gr.  1.710 Lb. 

Phosphorus,  yellow Lb. 

Plaster  of  Paris Bbl. 

Potassium  Bichromate,  casks Lb. 

Potassium  Bromide,  granular Lb 

Potassium  Carbonate.  Calcined,  80  ©85% Lb. 

Potassium  Chlorate,  crystals,  spot Lb. 

Potassium  Cyanide,  bulk.  98-99  per  cent Lb. 

Potassium  Hydroiide,  88  @  92% Lb. 

Potassium  Iodide,  bulk Lb. 

Potassium  Nitrate Lb. 

Potassium  Permanganate,  bulk Lb. 

Quicksilver,    flask 75  Lbs. 

Red  Lead.  American,  dry Lb. 

Salt  Cake,  glass  makers' .Ton 


Silver  Nitrate. 


.Oi. 


Soapstone,  in  bags Ton 

Soda  Ash.  58%,  in  bags IGO  Lba. 


Sodiun 
Sodiun 
Bodlun 
Sodiun 
Sodiun 
Sodiun 
Sodiun 


Acetate. 


.Lb. 


1  Bicarbonate,  domestic 100  Lbs. 

1  Bichromate Lb 

I  Chlorate Lb. 

I  Fluoride,  commercial Lb. 

1  Hyposuiete 100  Lbs. 

I  Nitrate,  95  per  cent,  spot 100  Lbs. 

Sodium  Silicate,  liquid,  40°    Bi 100  Lbs. 

Sodium  Sul6de  .60%.  crystals,  in  bbls Lb. 

Sodium  Bisulfite,  powdered Lb. 

Strontium  Nitrate Lb 

Sulfur,  flowers,  sublimed 100  Lbs 

So""'-,  roll ;    'lOo  Lbs. 

Sulfuric  Acid,  chamber.  66' Bi Ton 

Sulfuric  Acid,  oleum  (fuming) Ton 

Talc,  American  white Ton 

Terra  Alba.  American,  No.  1 100  Lbs 

Tin  Bichloride,  50° 100  Lbs 

Tin  Oxide '.'.'.'....  .Lb.' 

White  Lead.  American,  dry Lb. 

Zinc  Carbonate Lb 

Zinc  Chloride,  commercial Lb 

Zinc  Oxide,  American  process  XX Lb. 

OBQANIC  CHEMICALS 

Acetanllid.  C.  P..  In  bbls Lb. 

Acetic  Acid.  56  pet  cent.  In  bbls ..Lb. 

Acetic  Add.  glacial.  99Vi%.  in  carboys  .......Lb. 

Acetone,  drums Lb 

Aloohol.  denatured.  1 80  proof G^ 
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Alcohol,  sugar  cane,  188  proof QgX. 

Alcohol,  wood.  95  per  cent,  refined GaL 

Amyl  Acetate GbL 

Aniline  Oil,  drums  extra Lb 

Benzoic  Acid,  ex-toluol Lb 

Benzol,  Pure .'.!.'.'.'.'.'.'.'.'.* .Gal. 

Camphor,  refined  in  bulk,  bbls Lb. 

CarboUc  Acid,  U.  S.  P.,  crystal,  drums Lb. 

Carbon  Bisulfide r  b 

Carbon  Tetrachloride,  drums.  100  gals Lb. 

Chloroform ry. 

Citric  Acid,  domestic,  crystals Lb 

Creosote,  beechwood Lb 

Cresol,  U.  S.  P Lb 

Dextrine,  com  (carloads,  bags) Lb. 

Dextrine,  imported  potato Lb 

Ether.  U.  S.  P     1900 !......!  ^Lb 

Formaldehyde.  40  per  cent Lb 

Glycerine,  dynamite,  drums  included Lb. 

Oxalic  AJd   in  casks Lb 

Pyrogallic  Acid,  resublimed,  bulk Lb! 

Salicylic  Acid t  t 

Starch,  cassava r  h 

Starch,  corn  (carioads.  bags)  pearl 100  Lbs. 

Starch,  potato i  ^ 

Starch,  rice j  t^' 

Starch  :  sago  flour r  u 

Starch,  wheat '  Hj' 

Tannic  Acid,  commercial Lb 

Tartaric  Acid,  crystals Lb 


OILS,  WAXES,  ETC. 

Beeswax,  pure,  white Lb 

Black  Mineral  Oil.  29  gravity " ' . .  .Gal 

Castor  Oil,  No.  3 ju 

Ceresin,  yellow j^ 


Corn  Oil,  crude. 


.Lb. 


Cottonseed  Oil.  crude,  f .  o.  b.  m<ll Gal. 

Cottonseed  Oil,  p.  s.  y Lb  ' 

Menhaden  Oil,  crude  (southern) Gal 

Neafs-foot  Oil,  20° Gal 

Paraffin,  crude,  118  to  120  m.  p Lb.' 

Paraffin  Oil,  high  viscosity Gal. 

Rosin,  "F"  Grade,  280  lbs .BW 


Rosin  Oil,  first  run. 


.Gal. 


5.25 
1.30 
5.25 


7Vl  @ 


7'/. 


80 
78./. 


13V. 
25./. 


6./. 
6'/. 


2.30 
8V. 


Shellac,  T.  N ^b  ' 

Spermaceti,  cake n, 

Sperm  Oil.  bleached  1  winter,  38° Gal. 

Spindle  Oil,  No.  200 Gal' 

Stearic  Acid,  double-pressed Lb 

Tallow,  acidless Gal 

Tar  Oil.  disUUed .Gal. 

Turpentine,  spirits  of Qal. 

METALS 


Aluminum,  No.  1.  ingots Lb. 

Antimony,  ordinary t  b 

Bismuth,  N.  Y l,b 

Copper,  electrolytic Lb 

Copper,  lake t  b 

Lead,  N.  Y Lb 

Nickel,  electrolytic '  [   Lb 

Platinum,  refined,  soft qz 

SUver .'.".".'.".'.'.'.'.'  ."oi." 

Tin,  Straits jj 

Tungsten  (WC) '.V.V.V.V.'.V.'.V.Per'  Unit ' 

Zinc,  N.  Y ,u 


FEBTILIZEB  MATEBIALS 

Ammonium  Sulfate 100  Lbs 

Blood,  dried,  f.  o.  b.  Chicago Unit 

Bone.    3  and    50,   ground,  raw Ton 

Calcium  Cyanamid Unit  of  Ammonia 

Calcmm  Nitrate,  Norwegian 100  Lbs 

Castor  Meal ^^{^ 

Fish  Scrap,  domestic,  dried,  f.  o.  b    works Unit 

Phosphate,  acid.    16  per  cent Ton 

Phosphate  rock,  f.  o.  b.  mine: 

Florida  land  pebble.  68  per  cent Ton         3   1 5 

Tennessee.  78-80  per  cent Too         5.50 

Potassium  ■muriate."  basis  80  per  cent Ton     330.00 

Pyrites,  furnace  site,  imported Unit  c 

Tankage,  high-grade,  f.  o.  b.  Chicago ..Unit         3  90 
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^  35.00 
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3.25 
6.00 
350.00 
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Program   of   Papers 985 

Adjourned  Meeting  with  the  American  Association  for  the  Ad- 
vancement of  Science,  New  York  City,  December  27  to  28,  1916. 

Program  of  Papers 108 

American   Electrochemical  Society: 

32nd  General  Meering,  Pittsburgh,  October  3  to  6,  1917: 

General  Program,  808;  Program  of  Papers 1070 

American  Institute  of  Chemical  Engineers: 

9th  Annual  Meeting,  New  York  City,  Jan.  10  to  13,  1917; 

Editorial  (Intellect  Conquers  Appetite)  on  Dr.  Bucher's  Lecture. .      121 
Presidential  Address:  Unpreparedness.     G.   D.  Rosengarten.  .  .  .      202 
Secretary's  Report  of  Meetings  and  Excursions.     J.  C.  Olsen.  .      201 
9th  Semi-Annual  Meeting,  Buffalo,  June  20  to  22,  1917: 

Program  of  Excursions  and  Papers 622 

Secretary's  Report  of  Meetings  and  Excursions.     J.  C.  Olsen.  .  .      808 
American  Leather  Chemists'  Association:     14th  Annual  Meeting 

Atlantic  City,  June  7-9,  1917.     Program  of  Papers 622 

American  Society  for  Testing  Materials:     Coal  Analysis — Final 
Report  of  the  Joint  Committee  of  the  American  Society  for  Testing 

Materials  and  the  A.  C.  S.      W.  A.  Noyes 100 

Amino  Acids,  Improvements  in  the  Copper  Method  for  Estimating. 

P.  A.  Kober 501 

Ammonia  and  Nitrates  in  the  Soil,  Effect  of  Paraffin  on  the  Accumula- 
tion of.     P.  L.  Gainey.     Gov.  Pub 997 

Ammonia  Oxidation  Process,  Analytical  Control  of  the.     G.  B.  Taylor 

and  J.  D.  Davis 1 106 

Ammonia  Oxidation,  The  Chemical  Control  of.     P.  J.  Fox 737 

Ammonia,  Sulfate  of,  in  India.     Note 903 

Ammoniacal  Liquor,  Effect  of.  on  Concrete.     Note 904 

Ammonium    Citrate    Solution,    Some    Suggestions    Concerning    the 
Preparation   of.    and    the    Determination   of   Insoluble    Phosphoric 

Acid.      P.  McG.  Shuey 1045 

Ammonium  Sulfate.  The  Action  of  Solutions  of,  on  Muscovite.     R. 

F.  Gardiner  and  E.  C.  Shorey 589 

Anaesthesia,  The  Determination  of  Alcohol  and  Water  in  Ether  for. 

R.  L.  Perkins,  521;  Correction 720 

Analytical  Chemistry,  Our,  and  Its  Future.     W.  F.  Hillebrand 170 

See  also  An  Institute  for  Analytical  Research.     Editorial 122 

Analytical  Chemistry,  The  Teaching  of.     P.  H.  M.-P.  Brinton 716 

Analyzed  Chemicals,  Action  of  California  Section  of  A.  C.  S.     Note.  .      109 

Analyzed  Samples,  Bureau  of  Standards'.     Note 720 

Anhydride.  Phthalic,  and  Phthalic  Acid,  Concerning  the  Manufacture 

of.     D.F.Houston.     Note 1148 

Aniline,  A  Method  for  the  Colorimetric  Estimation  of  Small  Amounts 

of.     E.  Elvove 953 

Aniline  Stripper,  An  Explosion  of  an.      R.  S.  Bicknell 720 

Antimonial  Lead,  Analysis  of.     C.  R.  McCabe 42 

Antimony  in  1915.     F.  L.  Hess.     Gov.  Pub 628 

Apparatus  (see  separate  heading  below). 

Argentina.  Petroleum  Production  in.     Note. 621 

Arsenates,  Toxic  \'alue  and  Killing  Efficiency  of  the.     A.  L.  Lovett 

and  R.  H.  Robinson.     Gov.  Pub 997 

Arsenic,  A  Rapid  Method  for  the  Determination  of  Water-Soluble  in 

Lead  Arsenate.     H.  A.  Scholz  and  P.  J.  Waldstein 682 

Arsenic  in  Hops.  The  Presence  of.     W.  W.  Stockberger  and  W.  D. 

Collins.     Gov.  Pub 1I5S 

Arsenic  in  1915.     F.  L.  Hess.     Gov.  Pub 628 

Arsenical  Injury  through  the  Bark  of    Fruit  Trees.     D.  B.  Swingle 

and  H.  E.  Morris.     Gov.  Pub 420 

Asbestos.     J.  S.  Diller.     Gov.  Pub 631,     995 

Asbestos,  Blue.     Note 712 

Asbestos- Cement  Roofing.     Note 983 

Asbestos  Packing.      Note 618 

Asbestos.  Purification  of.     Note 714 

Ash:     Utilization  of  Wood-Ash.     W.  D.  Sterrett.     Gov.  Pub 916 

Asphalt,  Native  and  Artificial.     Note 319 

Asphalt.   Related   Bitumens,  and   Bituminous  Rock  in    1916.     J.   D. 

Northrop 1078 

Asphalt,  The  Effect  of  Sulfur  on  the  Oxidation  of  Hydrocarbons  with 

Particular  Reference  to.      B.  T.  Brooks  and  I.  W.  Humphrey 746 

Asphalts,  Some  Relations  of  the  Effect  of  Overheating,  to  Certain 
Physical  and  Chemical  Properties  of.     A.  W.  Hixson  and  H.  E. 

Hands 651 

Australia,  Tarpaulins  In.     Note 621 

Aviation  and  the  Chemist.     Editorial.  826.     See  Note 1073- 
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Apparatus : 

Air   Bath,   An    Electrically    Heated    and    Controlled    Air   Bath.     W. 

P.  Schiick 973 

Burette,  Weighing,  for  Liquids.     W.  E.  Burkhard 873 

Bunsen  Diffusion  Apparatus,  An  Improved.     J.  S.  Marcus 603 

Calorimeters,   Bomb,  The    Use    of    a    Condenser    to  Prevent  Arcing 

in.      F.  F.  Flanders 390 

Carbon  Dioxide  Absorption  Apparatus.     L.  G.  Wesson 59 

Digestion    Apparatus,   Fumeless,   An    Improved    Form    of    a.     J.   S. 

McHargue 686 

Distilling  Head,  Useful.      O.  Stearns 972 

Drying    Rack    for    New    Laboratory    Glassware.     A.  E.  Perkins 58 

Electrometric     Titration,     A     Convenient     Apparatus     for.     G.    L. 

Kelley,  J.  R    Adams  and  J.  A.  Wiley 780 

Evaporating  Bath  of  Sea  Sand  Heated  by  Steam.     P.  P.  Peterson 686 

Filter  Flask,  A  New.     J.  A.  Shaw,  793;  Correction 909 

Filtration:      Handling     Laboratory     Solutions     by     Suction.      C.    L. 

Heals 603 

Gas  Analysis.  An  Improved  Compensator  for.      E.T.Gregg 528 

Gas  Density,  Determination  of.      J.  D.  Edwards 790 

Gas  Illuminating,  A  New  Model  of  the  Burrell  and  Oberfell  Ap- 
paratus for  the  Analysis  of.      J.  R.  Suydam,  Jr 972 

Hydrogen   Sulfide    I'recipitation    under    Pressure.      A.   V.   Fuller 792 

Hydrometer     for     Determination     of     Carbonates,     Limestone    and 

Other  Materials.      J.  F.  Barker 786 

Illuminator,  New,  for  Microscopes.     A.  Silverman 971 

Kjeldahl  Flask,   A  New.     A.  E.  Perkins 57 

Mercury.    An    Apparatus    for    Purification    of.       H.   E.    Patten   and 

G.  H.  Mains 600 

Photometer     for     the    Measurement     of     the    Translucent    Effect    of 

Paper.      C.  F.  Sammet .  .  .    784 

Pipette,   Ordinary,  A    Note    on    an    Automatic  Suction  Attachment 

for  an.     J.  P.  Schroeder 687 

Pipette,  Safety.  A  New  Form  of.      A.  S    Behrman 1047 

Pipettes.   A    Convenient     Automatic   Device    lor    Rapidly   Washing. 

A.  V.  Fuller 1046 

Pipettes    for    Sampling  Milk    and    Milk  Products,  Two  Convenient. 

A.  E.  Perkins 58 

Refractometer:     A    New     Direct    Reading     Precision   Refractometer 

with  Uniformly  Divided  Scale.     G.  W.  MofBtt 305 

Sampling  Press.      W.  B.  Clark 788 

Stirrer,  Mechanical,  for  Carbonation   Direct  in  Bottle.     H.  E.  Patten 

andG.  H.  Mains 787 

Stopper,  An  Asbestos.      J.  B.  Nichols 1047 

Viscosimeter,  A  Suggested  Form  of.      W.  C.  Cope 1046 

Washing,    Automatic     and     Intermittent,    of     Precipitates.       R.    C. 

Lathrop ' 527 

Weighing  Burette  for  Liquids.     W.  E.  Burkhard 873 

BACTERIA,  Pathogenic,  Transportation  of  Living  Cultures  of.     Gov. 

Pub 328 

Banana   Stalks  as   a  Source   of   Potash.     H.   E.   Billings  and   A.   W. 

Christie 153 

Barium  and  Strontium.     J.M.Hill.      Gov.  Pub 819 

Barium  Hydrate,  Handling  a  Standard  Solution  of.     W.  G.  Haynes.  .  58 

Barium  Plant  Burned.      M.  Toch.     Note 414 

See  Plant  Precautions       Editorial 337 

Barium-Radium  Carbonates.     Note 530 

Barium.  Removal  of,  from  Brines  Used  in  Manufacture  of  Salt.     W. 

W.  Skinner  and  W.  F.  Baughman 18 

Barytes    and    Strontium,    Production    in    1915.     J.    M.    Hill.      Gov. 

Pub Ill,  1078 

Batteries,  Application  of  Radio- Active  Substances  for.     Note 1 145 

Bauxite  and  Aluminum.     J.  M.  HUl.     Gov.  Pub 725 

Bauxite,  French.      Note ' 620 

Beef.  Changes  in  Fresh,  during  Cold  Storage    above    Freezing.     R. 

Hoagland,  e/ 0;.     Gov.  Pub 540 

Beer,  Temperance.     Gov.  Pub 209 

Beers  and  Ales,  American,  A  Study  of.     L.  M.  Tolman  and  J.  G. 

Riley.     Gov.  Pub 627 

Beet-Sugar  House  Waste  Liquors,  The  Recovery  of    Potash  from. 

H.  R.  Zitkowski 692 

Beet-Sugar  Industry.      Note 530 

Beet-Sugar  Industry  in  the  U.  S.,  Report  on.     Gov.  Pub 914 

Beet-Sugar  Manufacture  in  Japan.      Note 904 

Benzene,    The    Thermal    Decomposition    of.     J.    E.    Zanctti    and    G. 

RglofI 350 

Benzol  in  Gas,  Estimation  of.     Note 984 

Benzol,  Swedish  Substitute  for.     Note 905 

Biological  Products.     Gov.  Pub 628,  914 

Biology:     lifTcct  of  Sodium  Salts  in  Water  Cultures  on  the  Absorption 

of  Plant  Food  l)v  Wheat  Seedlings.     J    F.  Brcazcale.      Gov.  Pub..  113 
Biology:     Growth    of    Parasitic    Fungi    in    Concentrated    Solutions. 

L.  A    Hawkins.     Gov.  Pub 113 

Bismuth  in  1915.     F.  L.  Hess.     Gov.  Pub 538 

Bitumens,  Fluid,  The  Effect  of  Exposure  on  Some.     C.  S.  Reeve  and 

R.  H.  Lewis 743 

Bituminous    Aggregates,    Toughness   of.     C.    S.    Reeve    and    R.    H. 

Lewis.     Gov.  Pub 997 

Bituminous  and  Tarry  Substances  and  Hydrocarbon  Oils,  Observa- 
tions on  the  Action  of  Sulfur  Monochloridc  on.      J.  V.  Meigs 655 

Blast-Furnucc  Gas,  Asphyxiation  from.      F.  H.  Willcox.     Gov.  Pub.  .  628 
Board  of   Control   for   American   Chemical   Society.     The  American 

Chemical  Society  and  the  Nation.      B.  C.  Hesse 337 

Sff,  A  Tiuu'ly   Proposal.      ICditorial 336 

Dolivian  Mineral  lixports.      Note 199 

Bombs,  Projection  of.      Note 984 

Book  Uiivmws  (see  separate  hradint  Mow). 

Borax  in  1915.      Yule.      Gov.  Pub 213 

Bordeaux  Mixture,  Influence  of,  on  the  Rates  of  Transpiration  from 

Abscisacd  Leaves  and  from  Potted  Planls.     W.  II.  Martin.     Gov. 

Pub .124 

Boron,  Cusc-llardeninK  by.     Note 806 

Boron,   ICIIcri   of  Three  Annual  Applications  of,  on   Wheat,     P.  C. 

Cook  and  J,   II.  Wilson.     Gov,  Pub 1155 

Brandy,  liirnipiions  Applied  to  Dlslilleri  of.     Gov.  Pub 209 

Brass  Alloys.  Cold  Work  on.      Note 805 

Brass.  The  Ellect  of  Corrosion  on  the  Ductility  and  Strength  of.     P. 

D.  Mcrica.      Gov.  Pub 113 

Brass,  The  Pullurr  of.     P.  D.  Merica  and  R.  W.  Woodward.    Gov.  Pub.  113 
Bread:     The  Utilization  of  Ammonium  Chloride  by   Yeast.     C.  H. 

HolTman M8 

Brick,  Kand-Unie.  In  1916.     J    Middleton.     Gov.  Pub 914 


of.  W.  E.  Emley. 
O.  R.  Sweeney  and 
Note 


Brick.   Sand-Lime,    Manufacture  and   Propertiej 

Gov.  Pub 

Brines,  Natural,  The  Chemical  Examinations  of. 

J.  R.  Withrow 

Briquette  Making,  Transport  of  Hot  Fluid  Pitch  for. 
British  Board  of  Trade.     Notes: 

99.   199,  320,  412,  619,  714,  804.  906.  984.   1065, 

British  Contraband  Articles.     Note 

British  Department  of  Scientific  and  Industrial  Research.     Note.  .  .  . 

British  Engineering  Imports  and  Exports.     Note 

British  Mineral  Output  for  1915 

Bromine,  in   1916.     R.W.Stone.     Gov.  Pub 630, 

Bronze,  Aluminum,  Hardening  of.     Note 

Bronze,  Manganese,  Initial  Stress  Produced  by  the  "Buming-in"  of. 

P.  D.  Merica  and  C.  P.  Karr.     Gov.  Pub 

Bronze,  Phosphor.     Note 

Bureau  of  Fisheries.     Gov.  Pub 

Bureau  of  Foreign  and  Domestic  Commerce.     Gov.  Pub.  .  .211.  916, 

Bureau  of  Labor  Statistics.      Gov.  Pub 

Bureau  of  Alines:      Director's  Annual  Report 

Government  Publications  by 210,  325.  421,  628.  915.  996. 

Bureau  of   Standards':     Analyzed   Samples.     Note 

Annual  Repoit  of  the  Director 

Government  Publications  by.  .  .113,210,419,538,724,818.915,996, 

Bureau  of  Supplies  and  Accounts.     Gov.  Pub 

Bureau  of  the  Census.      Government  Publications  by.  .420,  627.  915, 

Butter,  Cheese  and  Condensed  Milk.     Gov.  Pub 

Butter:      Measurement    and    Specification    of    the    Physical    Factors 

which  Determine  the  Saturation  of  Certain  Tints  of  Yellow.     I.  G. 

Priest  and  C.  G.  Peters 

Book  Reviews 215.  422.  821,  917,  998, 

American    Institute    of    Chemical    Engineers,    Transactions.     J.    R. 

Withrow 

Bituminous  Materials,  Laboratory  Manual  of,  by  Hubbard.     K.  H. 

Blanchard 

Cane-Sugar  Factories,  Calculations  Used  in.  by  Morse.      C.  E   Coates. 

Cement  Industry,  The  Portland,  by  Brown.      C.  N.  Wiley 

lical   Analysis,   Standard   Methods  of.   edited  by   Scott.     W.   T. 


Hall. 


Chemical  Directory,  Annual,  of  the  United  States,  edited   by  Lovelace. 

J.  E.  Teeple 

Chemists  Handbook,  Technical,  by  Lunge.     E.  S.  Johnson 

Coal  Tar  and  Ammonia,  by  Lunge.      D.  W.  Jayne 

Copper  and  Its  Ores  and  Alloys.  Analysis  of,  by  Heath.     T.  T.  Read.  . 
Dictionary    for    Chemists,    German-English,    by    Patterson. 
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Dyes:  The  .\niline  Color,  DyestufI  and  Chemical  Conditions  from 

1914  to  1917,  by  Stone.      J.  M.  Matthews 

Engineering  Chemistry,  by  StiUman.     H.  L.  Wells 

Essence  Industry,  Manual  for  the,  by  Walter.      P.  C.  Mcllhiney 

Explosives,  by  Marshall.     C.  E.  Munroc 

Fats  and  Fatty  Degeneration,  by  Fischer  and  Hooker.     W.  D.  Ban- 


croft. 


Fertilizer  Handbook,  American,  by  Ware  Bros.  Co.      F.  B.  Carpenter. 

Founder's  Manual.  The.  by  Payne.     J.  O.  Handy 

Furnace  Efilciency.  How  to  Build  Up.  by  Havs.     O   W.  Palmenbcrg.  . 

Industrial  Chemistry,  Elements  of,  by  Rogers.      J.  R.  Withrow 

Mineralogy.  Crystallography  and  Blowpipe  Analysis  from  a  Practical 

Stantipoint.  Elements  of,  by  Moses  and  Parsons       J.  H.  Pratt 

Paints,  Chemistry  and  Technology  of.  by  Toch.  P.  C.  Mcllhiney.  .  . 
Popular  Chemistry:     Modern  Chemistry  and  Its  Wonders,  by  Martin. 

A.  C    Neish 

Platers,  Talks  to.  by  Stanley.      W.  Blum 

Steel,  the  Microscopic  Examination  of,  by  Fay,     R.  H.  Sherry 

Vinegar:     lu  Manufacture  and  Examination,  by  Mitchell.     R    H. 

McKee ■  • 

Water.  Examination  of:  Chemical  and  Bacteriological,  by  Mason. 

E.  M.  Chamot 

Water  Supply,  by  Mason.     E.  Bartow 


Cadmium,  a  New  Method  of  Separating  Zinc  from,  ond  the  De- 
termination of  Cadmium  lodometrically.    K.  J.  Ericson 

Cadmium  in   1915.     Production  and  Resources.      C.    E.   Siebenthal. 

Gov.  Pub 

Calcium  Carbide  Industry       Note 

Calcium  Carbonate,  Action  of.  on  Acid  Phosphate.     E.  W.  Mapsruder 
Calcium  Chloride.  Ilrominc  and  Salt      R.  W.  Str.nc.     Gov  Pub    .630, 
Calcium  Sulfate    A  Rapid  Method  lor  the  Determination  of  Lime  a*. 

L.  G.  Willis  and  W.  II.  Maclnlirc ■  ■ 

Cai-kndar  of  MniiTiNCS 412,  5.U,  621.  716,  807. 

California,   Southern    Development  of  Chemical   Industrie*  in,  since 

January  I,  1916       A    W.  Kinney ■  .     ■  ■  ■ 

Calorimeter,    An   Aneroid,   lor  Specific  and   Latent   Heals.     N.   b. 

Osborne.     Gov.    Pub •  ■  ■  ■ 

Calorimeters.  liomb.  The  Standardization  of.     Gov.  Pub ~-     f' 

Camphor    Factors  Causing  Variation  in  the  Yield  of.  in  the  Florida 

Camphor  Tree.     S    t .  Hood 

Camphor  Refining  nt  Forniosii.     Note •.•;;••' 

Canada,  Chemical  Industry-  in.     H.  E.  How*.     AddlCM 

Canada     Industry  in       Nolc 

Canadian    Chemical    Journal       Editorial 

Canned  Food  Iniliiilrv.  The  Chemist  in  the       W    P.  Rlitelow 

Canned  Foo.ls    Adsorption  ol  Tin  by  Proteins  and  Its  Relation  10  the 

Solution  iif  'i'lu  l>v       ».  C    Goss      •  ■ 

Canned  Salmon.  The  Exaininnlion  of,  for  Bacteria  and  Tin.      L.  D. 

Kushnrll  and  C.  A    A    I'tt      ^. 

Canning  and  Preserving.  Syruin  for        J.  B    McNair.  •■■•■•■■•  ■  •  ■ 
Cunning  Faitories.  Tomato.  The  .Sanitary  Control  ol.     B.  J.  Howactl. 

et  at      Gov    Pub       

Carbide.  Svnihclic  Rubber  from.     Note :  ■  •  •  V i.',.' '    ■. 

Carbolic  Aci.l.  Crude,  and  Coal-Tar  Djrea.  The  RaUmatkm  oT  Phmol 

in.      F    W    Skiirow ;.;.•••.•■.■■ 

Carbolic  Aci.l.  Crude,  ond  Tar  t>lU.  The  Delrrmlnallon  of  Phenol  In. 

J    M    \Vei«s  and  C    K    Downs 

Carbon  I  >i«"lfule  OS  on  Insecticide      W    K.  Minds      Gov.  Pub    .  .       .. 
Carbon   Monoxide  roi«oninB  in  the  Sleel  Industry.     J    A.  Walklna. 

Carbon  (ir>;anlc.  The  Induence  o(  Colcilc  Inclusions  on  the  Deler- 
nilnoilon  ol.  in  Soils      I\   C    Shiitcy  ond  W    II    Pry    ..       ■    ;  ■ 

Carbnnulra.  nrterminalioii  o(.  in  l.imrilt.nr  ond  other  Molrrials  J 
V    llalkrr 
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Carbonation    Studies:     I — A    Mechanical    Stirrer    for    Carbooation 

Direct  in  the  Bottle.     H.  E.  Patten  and  G.  H.  Mains 787 

Catalogue,  International,  of  Scientific  Literature.     Gov.  Pub 324 

Catalogue,  The  Chemical  Engineering 207 

Celluloid  and  Similar  Materials,   Effects  of  Heat  on.     H.  N.  Stokes 

and  H.  C.  P.  Weber.     Gov.  Pub 1155 

Celluloid  Cement,  A  New.      Note 408 

Celluloid,  Plastic.     Note 408 

Cellulose  Ester  Lacquers  for  Leather  Trade.     Note 1064 

Cellulose  from  Spinach.     Note 320 

Cement  from  Sugar  Beet.     Note 1064 

Cement.  Industries.  Portland,  Science  as  an  Agency  in  the  Develop- 
ment of.     J.  P.  Beck 86 

Cement  Industry  in  Japan.     Note .". 98 

Cement  Industry,  The  Recovery  of  Water-,Soluble  Potash  as  a  By- 
product in  the.     W.  H.  Ross  and  A.  R.  Merz 1035 

Cement,  Litharge-Glycerine,  The  Setting  of.     H.  E.  Merwin 390 

Cement  Materials,  The  Volatilization  of  Potash  from.     E.  Anderson 

and  R.  J.  Nestell 253 

Cement  Mill  Potash,  The  Nature  of.     R   J.  Nestell  and  E.  Anderson, 

646;  Correction 814 

Cement.  Normal  Portland,  Properties  of  the  Calcium  Silicates  and 
Calcium  Aluminate  Occurring  in.      P.  H.   Bates  and  A.  A.  Klein. 

Gov.  Pub 818 

Cement,  Portland.     E.  F.  Burchard.     Gov.  Pub 993 
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Hazard,  Frederick  Rowland.      Obituary.     J.  D.  Pennock 413 
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Insecticides,    Important,    Directions   for   their   Preparation   and    L'se. 
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Substances  on  the   End-Point   in  the,     A.  R.  Jayson  and  R.   E. 

Oesper 

Irish  Chemical  Industries.     Note 

E.  F.   Burchard.     Gov.  Pub 

Iron,  Assimilation  of,  by  Rice  from  Certain  Nutrient  Solutions.     P.  L. 
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Iron  Ores  and  Geology  of  the  Cuyiinn  District,  Minnesota,  Not»  on 

the.      E.  C.  Harder  nnd  J    W.  Johnston.      Gov.  Pul. 

Iron,  Pig,  I'rodurtion  (1915).     P..  K.  Hurchord.     Gov.  Pub 

on  Plates.  Rcniovlnij  Ku»t  from.     Note 

on.    Pure,    Tlicrmorlectric    Mennnremenl    of    Critical    Rftngca    of, 

G.  K.  Hurgess  iind   11.   .Srotl.     Gov.   Puh 

on.  Separation  of  Aluininnm  from,  hv  Means  of  Ether.     S.  Polkln. 

on.    Sponlnnruns   Cumliustion    of   Oleic    Acid    CoiilalnlnK.     C.    U. 

Swett  and  W.  S    lluKhrs.      Note 

on  Work,  Tnr  Varnish  for.      Note 

Wrought,. Some  IliiuaunI  Features  In  the  Mlcroilnuliire  of.    H   S 
*>lon.     Gov.      I'uh 


916 
627 
407 


638 
391 


997 

113 

916 

997 
806 
1064 
210 
226 
715 


975 
1063 
994 


1074 
342 
713 


820 
112 
903 


Isakovics,  Alois  von.     Obituary.     W.  Dreyfus 716 
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Laboratories,  Merchandise  Control.      E.  Hendrick 1 133 

Laboratories,    Scientific   and    Technical,    Organic    Chemical   Reagents 
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Lanolin  Substitute  and  Preparation  of  Cetylic  Alcohol.     S.  Axelrad...  1123 

Laurdrv  Work.  Advantages  of  Softened  Water  In.     J.H.Ryan 397 
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Criticisms  of  Chemical  Legislation  which  Are  Not  Wise  but  Other- 
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Litharge-Glycerine  Cement,  The  Setting  of.      H.  E    Merwin 390 

Lithium  and  Strontium  in  Water,   Note  on  the   Determination  of. 
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Milk,  Application  of  the  Cryoscopic  Method  for  Determining  Added 

Water  in.     J.  T.  Keister 862 
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Y.  Henderson  and  J.  W.  Paul.      Gov.  Pub 628 

Mines   and    Mineral    Resources.     Congressional    Committee    Report. 

Gov.  Pub 324 

Mines  and  Mining,  Abstracts  of  Current  Decisions  on.  J.  W.  Thomp- 
son. Gov.  Pub.   May  to  August,  1916,  421;  January  to  April,  1917,    1154 

Mineral  Lands.     Gov.  Pub 993 

Mineral   Oils,   The   Oxidation  of,   by   Air.     I — The   Effect  of  Sulfur 

on  the   Oxidation   of   Hydrocarbons   with    Particular  Reference  to 

Asphalt.     B.  T.  Brooks  and  I.  W.  Humphrey 746 

Mineral  Output  for  1915.  British.     Note 618 

Mineral  Output  in  Canada.     Note 905 

Mineral  Production  of  Spain.     Note 320 

Mineral  Production  of  the  U.  S.  in  1915.     H.  D.  McCaskey.     Summary 

by  M.  B.  Clark.      Gov.  Pub 632 

Mineral  Products  of  the  United  States.     Gov.  Pub 211 

Mineral  Resources  of  the  Kantishna  Region,  Alaska.     S.  R.  Capps. 

Gov.  Pub 1153 

Mineral  Supplies.  Alaska's.     A.  H.  Brooks.     Gov.  Pub 993 

Minerals  of  the  V.  S.,  Useful.  F.  C  Schrader,  el  al.  Gov.  Pub.  .  .  .  420 
Minerals:  Yukon-Koyukuk  Region.  Alaska.  H.  M.  Eakin.  Gov.  Pub  HI 
Mining   Districts  in  Eastern  Nevada,   Notes  on  Some.     J.    M.   Hill. 

Gov.    Pub Ill 

Mining  Industry  in  the  Territory  of  Alaska  during  the  Calendar  Year, 

1915.     S.S.Smith.     Gov.  Pub 915 

Molybdenum.      Note 530 

Molybdenum  in  1915.     F.  L.  Hess.     Gov.  Pub 539 

Molybdenum:  Its  Ores  and  Their  Concentration  with  a  Discussion  of 

Markets,  Prices  and  Uses.     F.  W.  Horton.     Gov.  Pub 325 

Molybdenum  Residues,  Recovery  of.  V.  Lenher  and  M.  P.  Schultz.  .  684 
Molybdic  Acid,  Recovery  of.  P.  Rudnick  and  R.  D.  Cooke.  Note..  109 
Monazite.     W.  T.  Schaller.     Gov.  Pub 994 


Monazite  Sand.     Note ]  064 

Motor  Engines,  Starting  from  Cold.     Note 407 

Motor  Spirit  from  Kerosene.     Note 904 

Motors,  Crane  and  Hoist.     Note 410 

Muscicides    and     Other     Fly-Destroying      Agencies,      Experimental 

Studies  with.      E.  B.  Phelps  and  A.  F  Stevenson.     Gov.  Pub 421 

Muscovite,  The  Action  of  Solutions  of  Ammonium  Sulfate  on       R 

F.  Gardiner  and  E.  C.  Shorey ."  589 

NATIONAL  Academy  of  Sciences.     Gov.  Pub 914 

National  Advisory  Committee  for  Aeronautics.     Annual  Report 724 

National  Exposition  of  Chemical  Industries,  New  York,  September 
24-29,    1917;    Editorial,    637;    Program,    List    of    Exhibitors     907- 

Editorial,  1004.  1 148;  Addresses 1005 

National  Museum.     Gov.  Pub 209,  420,  914 

National  Research  Council,  Financial  Support  for  the.     Editorial.  .  . .  828 

Natural  Gas  as  a  Boiler  Fuel.     Note 904 

Natural  Gas,  Extraction  of  Gasoline  from,  by  Absorption  Methods 

G.  A.  Burrell,  <?(  a/.     Gov.  Pub 1154 

Navy  Advisory  Committee  for  Aeronautics.     Gov.  Pub 209 

New  Journals 439,   823,  1 159 

New  PuBuicATio.NS.     I.  L.  F.  DeMatty: 

115.  221,  329,  439,  541,  633,  727.  823,  919.  999,   1081,    1159 
Niagara  Situation  and  the  Efficiency  of  a  Democracy.      Editorial.  ...       120 

Nichols  Medal  Not  Awarded  This  Year.     Note,  108;  Editorial 228 

Nichrome,  Cast,  Notes  on  the  Analysis  of.     E.  W.  Reid 488 

Nickel  and  Zirconium.   Notes  on  the  Analysis  of  Alloys  of.     G.   L. 

Kelley  and  F.  B.  Myers 854 

Nickel,  Cobalt,  or  Copper,  Corrosion  of  Ingot  Iron  Containing.     H. 

T.  Kalmus  and  K    B.  Blake.  123.     See  Letters 414 

Nickel  in  1915.     F.  L.  Hess.     Gov.  Pub 326 

Nickel  Production  in  Canada.     Note 97 

Nickel,  The  Influence  of  Superimposed  Alternating  Current  on  the 

Electrodeposition  of.     S.  H.  Tucker  and  H.  G.  Loesch 841 

Nitrate  Determinations  in  the  Presence  of  Chlorides.      W.  F.  Gericke.      585 
Nitrate  in  Sewage,  The  Determination  of,  by  Means  of  Ortho-Tolidine. 

E.  B.  Phelps  and  H.  L.  Shoub 767 

Nitrate-Nitrogen  Accumulation  in  Soil,  Some  Factors  Affecting.     P. 

L.  Gainey  and  L.  F    Metzier.     Gov.  Pub 1 155 

Nitrate  of  Soda.     Gov.  Pub 914 

Nitrate  Supply  Committee  Recommendations 829 

A  Statement  of  the  Action  Taken  and  Contemplated  Looking  to  the 

Fixation  of  Nitrogen 829 

Proceedings  of  the  Nitrate  Supply  Committee 831 

Nitric  Acid  Required  for  Munitions  by  the  War  and  Navy  Depart- 
ments.     Preliminary    Report.     C.  L.  Parsons 833 

Nitrogen  Fixation  for  America.     Statement    bv    War    Department     829 

Nitrogen  Industry,  Report  on.    C.  L.  Parsons,  839;  Correction 990 

Nitrates.     H.  S.  Gale.     Gov.  Pub 994 

Nitrates  and  Ammonia  in  the  Soil,  Effect  of  Paraflin  on  the  Accumula- 
tion of.     P.  L.  Gainey.     Gov.  Pub 997 

Nitrates  in  Soils,  Studies  of  the  Phenoldisulfonic  Acid   Method  for 

Determining.      C.  W.  Davis 290 

Nitrates  in  Waters  High  in  Magnesium  Salts,  A  Note  on  the  Phenol- 

sulfonic  Acid  Method  for.     M.  S.  Nichols 586 

Nitric    Acid    Sophistication.    A    Serious    Production    Menace.     J.    R. 

Withrow,  771;  Correction 1148 

Nitrification  in  Semiarid  Soils.     W.  P.  Kelley.     Gov.  Pub 324 

Nitrifying  Powers  of  Some  Humid  and  Some  Arid  Soils,  Comparison 

of.      C.  P.   Lipman,  el  al.     Gov.  Pub 113 

Nitrogen    Demand    and    Supply,    Our,    in    the    Event   of    War.     See 

Letters,  203;  Correction,  Childs 322 

Nitrogen   Determination  in  Substances  Used  in   Explosives.     W.   C. 

Cope  and  G.  B.  Taylor.     Gov.  Pub 996 

Nitrogen,  Fixation  of.     J.  E.  Bucher,  233;  Correction 417 

Nitrogen  Fixation  Plans.  Government.     Editorial 730,    1084 

Nitrogen,     Fixed:     Nitrate    Supply     Committee    Recommendations, 

829;  Correction 990 

Nitrogen  Industry,  German,  and  the  Future  of  German  Agriculture. 

Note 405 

Nitrogen  Industries,  1912-1916,  Literature  of.     H.  R.  Hosmer, 

424;  Correction 720 

Nitrogen  in  Fertilizers,  Some  Observations  on  the  Present  Status  of 

the  Subject  of  the  Availability  of.     C.  B.  Lipman 189 

Nitrogen  in  Sewage  Sludge,  Is  the  Recovery  of.  Practicable?     W.  R. 

Copeland 374 

Nitrogen,   Metabolic,  A  Study  of  Methods  of  Estimation  of.     E.  B. 

Forbes,  el  al.     Gov.  Pub 916 

Nitrogen.  Soil.  Relation  of  the  Transformation  and  Distribution  of, 

to  the  Nutrition  of  Citrus  Plants.     I.  G.  McBeth.     Gov.  Pub 916 

Norway,  Water-Power  In.     Note 621 

Norwegian  Whale  Oil  Production.     Note 619 

Notes  and  Correspondence: 

109,  203,  322,  414,  623,  716,  810,  909,  989,  1072,   1146 
Novocaine  and  Cocaine,  Pharmacological  Studies  with.     A  Compara- 
tive Investigation  of  These  Substances  in  Intact  Animals  and  on 

Isolated  Organs.     G.  B.  Roth.     Gov.   Pub 627 

Obituaries 321,  413,    715 

Occupational  Diseases.    Safeguarding  the  Eyes  of  Industrial  Workers.  683 

Oil:     Anticlines  in  Central  Wyoming.      C.  J.  Hares.     Gov.  Pub 211 

Oil:     Anticlines  in  the  Blackfeet  Indian  Reservation,  Montana.     E. 

Stebinger.     Gov.  Pub 326 

Oil:     Aromatic   Hydrocarbons  from   the   Thermal   Decomposition  of 

Natural  Gas  Condensate.     J.  E.  Zanetti  and  G.  Egloff 474 

Oil,  Cedarwood.     Note 618 

Oil,  Citronella,  Java.     Note 619 

Oilcloth  and  Linoleum      Gov.  Pub 1079 

Oil,  Coconut,  Detection  of.     Note 619 

Oil,  Cod-Liver,  Adulteration  of,  in  Norway.     Note 198 

Oil,  Cottonseed,  Incomplete  llvdrogenation  of.     H.  K.  Moore.  G.  A. 

Richter  and  W.  B  Van  Arsdel,  451;  Correction,  623.  See  Letters.  .  .  719 
Oil  (Cottonseed)  Industry,  Fuller's  Earth  and  Its  Valuation  for.     T. 

G.  Richert.  599;  Correction  624.  See  Letters 909 

Oil,  Cottonseed,  Russian  Industry.     Note 1 145 

Oil:     Cracking    of   an    Aromatic    Base   Oil — Temperature   Factor   at 

Constant  Rate  under  Pressure.     G.  Egloff  and  R.  J.  Moore 40 

Oil,  Crude:      Desulfuring  Petroleum.     Note 804 

Oil,  Crude:      Production  in  Japan  in  1915.      Note 200 

Oil  Emulsification,  Resistance  of  an  Oil  to.      W.  H.  Herschel.     Gov. 

Pub 419 


Dec,  1917 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


"73 


Oil  Field,  The  Corsicana,  Texas.     G.  C.  Matson  and  O.  B.  Hopkins. 

Gov.  Pub 1153 

Oil  Field,   The   De  Soto-Red  River,   La.     G.   C.   Matson   and  O.   B. 

Hopkins.      Gov.  Pub 993 

Oil  Field,  The  Irvine,  Estill  County,  Kentucky.     E.  W   Shaw      Gov 

Pub 1 153 

Oil-Field  Waters  in  San  Joaquin  Valley,  California,  Chemical  Rela- 
tions of.      G.  S.  Rogers.      Gov    Pub 629 

Oil:  Geology  of  the  Upper  Stillwater  Basin,  Stillwater  and  Carbon 
Counties.  Montana,  with  Special  Reference  to  Coal  and  Oil.  Cal- 
vert.    Gov.  Pub Ill 

Oil,  Hydrogenation  of:  Opinion  Rendered  by  Judge  Augustus  N. 
Hand  on  Burchenal   Patent  No.    1,135,351   in  Case  of  Procter  and 

Gamble  vs.  Berlin  Mills  Co 1 146 

Oil  Lands,  Leasing  of.      Gov.  Pub 914 

Oil,   Lemon-Grass,    Possibility   of   the   Commercial   Production  of.  in 

The  United  States.      S.  C.  Hood.      Gov.  Pub 420 

Oil,  Linseed;  Manufacture  and  Valuation  of  Linoleum.  A.  de  Waele  6 
Oil,  Menhaden:  The  Composition  of  Its  Fatty  Acids.  E.  Twitchell.  581 
Oil:     Method  for  the   Determination  of  the  Volatile  Oil  Content  of 

Citrus  Fruits.      C.  P.  Wilson  and  C    O.  Young 959 

Oil,  Olive,  Italian  Production.      Note 620 

Oil,  Olive,  Production  in  Portugal.     Note 906 

Oil,  Palm:      Color  Tests  for  Oils.     A.  H.  GiU 136 

Oil,  Peppermint,  The  EiJect  of  Cultural  and  Climatic  Conditions  on 

the  Yield  and  Quality  of.      F.  Rabak.      Gov.  Pub 210,      324 

Oil,  Sandalwood.      Note 199 

Oil  Shale  in  Northwestern  Colorado  and  Adjacent  Areas.     Winchester. 

Gov.  Pub 211 

Oil,  Shale:      Resources  of  Black  Shales  of  the  Eastern  U.  S.     G.  H. 

Ashley.     Gov.  Pub 629 

Oil,  Shark-Liver,  a  Highly  Unsaturated  Hydrocarbon  in.      Correction. 

M.  Tsujimoto 109 

Oil,  Shark- Liver  (Basking-),  Saturated  Hydrocarbons  in.  M.  Tsuji- 
moto     1098 

Oil  Shortage  in  Denmark.     Note 713 

Oil,  Sweet-Orange,  The  Production  of,  and  a  New  Machine  for  Peel- 
ing Citrus  Fruits.     S.  C.  Hood  and  G.  A.  Russell.     Gov.  Pub 324 

Oil  Testing,  Notes  upon.     A.  H.  Gill 136 

Oil  Trade  in  1916,  British.      Note 410 

Oil,  Whale.  Norwegian  Production.     Note 619 

Oils,  A  Method  for  Fractionating.     A.  Seidenberg 855 

Oils,  Commercial,  other  than  those  of  the  Coconut,  Butter  and  Linseed 
Groups;  Tentative  Standard  Methods  for  the  Sampling  and  Analysis 
of      A.  S.  T.  M.  and  A.  C.  S..  W.  D.  Richardson,  1066;  Correction.    1148 
Oils,  Hydrocarbon,  and  Bituminous  and  Tarry  Substances,  Observa- 
tions on  the  Action  of  Sulfur  Monochloride  on.     J.  V.  Meigs 655 

Oils,  Hydrocarbon:      Formation  of  Toluene  by  Action  of  Aluminum 

Chloride.     Note 406 

Oils,  Light:  The  Effect  of  Temperature  and  Duration  of  Reaction 
on  the  Formation  of  Light  Oils  in  Coal  Carbonization  at  Atmos- 
pheric Pressure.      M.  C.  Whitaker  and  W.  R.  Crowell 261 

Oils,    Mineral   Lubricating,    Emulsihcatiou   of.     Apparatus   and   Test 

Method.      P.  H.  Conradson 166 

Oils,  Mineral,  The  Oxidation  of.  by  Air.  I — The  Effect  of  Sulfur  on 
the  Oxidation  of  Hydrocarbons  with  Particular  Reference  to  Asphalt. 

B.  T.  Brooks  and  I.  W.  Humphrey 746 

Oils:      Pyrogcncsis  of  Hydrocarbons,      E.  L.  Lomax,  A.  E.  Dunstan 

and  F.  B.  Thole 879 

Oils:     Solvent  Gasoline.      C.  O.  North 1038 

Oils,    Sperra,    Used    for    Burning    Purposes,    Some    Data   on.     A.    G. 

Blakelcy  and  E.  A.  Reilly 1099 

Oils,  Sulfated,  The  Analysis  of,     R.   Hart 850 

Oils:     The  Detection  and  Determination  of  Sulfur  in  Petroleum.     C. 

K.  Francis  and  C.  W.  Crawford 479 

Oils:     The  Thermal  Decomposition  of  Benzene.     J.  E.  Zanetti  and  G. 

Egloff 350 

Oils,  The  Thermal  Values  of  the.      II — The  Sulfuric  Acid  or  Maumen6 

Number.     J.  W    Marden  and  M.  V.  Dover 858 

Oils,  Vegetable  Food,  Some  American.  Their  Sources  and  Method  of 

Production.     H.  S.  Bailey.     Gov.  Pub 540,     916 

Oilseed  Crops.      Note 409 

Oilseeds,  Indian  Safflower.     Note 408 

Oleic   Acid    Containing    Iron,    Spontaneous    Combustion   of.     C,    H. 

Swett  and  W.  S.  Hughes.     Note 623 

Olive  Pomace,  Utilization  of.      W.  V.  Cruess  and  A.  W.  Christie 45 

Oranges,  Effect  of  Fertilizers  on  the  Composition  and  Quality  of.     H. 

D.Young.     Gov.  Pub 420 

Ore   Deposits  and   Cieology  of  Ely,  Nevada.      A.   C.  Spencer.     Gov. 

Pub 1153 

Ore  Deposits  of  the  Mackay  Region,  Idaho.     J.  B.  Umpleby.      Gov. 

Pub 914 

Ore  Deposits,  The  Enrichment  of.     W.H.Emmons.     Gov.  Pub.  540,   1153 
Ore  Flotation,  Answers  to  Questions  on.      O.  C.  Ralston.      Gov,  Pub.  .      915 
Ore  Flotation,  Bibliography  of  Recent  Literature  on,  July  to  Decem- 
ber, 1916.      I).  A.  Lyon,  <•(  «;       Gov.  Pub 1154 

Ore  Flotation,  Chemicals  Used  in.      <).  C.  Ralston  and  L.  D.  Yundt.  .    1058 

Ore  Flotation,  The  Theory  of.      II.  P.  Corliss  and  C.  L.  Perkins 481 

Organic  Materials,  A  Method  of  Ashing  for  the  Determination  of 
Potassium.     P.  L.  Blumenlhal.  A.  M.  Peter,  D.  J.  Healy  ond  E.  J. 

Gott 753 

Orioinai.  PAPI1KS..6,  123,233,342,451,552,640,734,841,927,  1032,  1090 
Ortho-Tolidine,  The  Determinulion  of  Nitrate  in  Sewogc  by  Means  of. 

K.  B.  Phelps  and  H.  L.  Shoub 767 

Oxygen,  Available,  in  Pyrolusite,  The  Determination  of.  O.  L.  Bame- 
bcy,  961 ;  Correction '073 

PAINTS  and  Varnishes  for  Siuni.      Note 1 145 

Painis,  Water-Glnss,  llurilcning  of.      Note 982 

Paleozoic  Section  in  Southern  New  Mexico,  A  Comparison  of.     N.  H. 

Darton.     Gov.  Pub 819 

Panama,  Minerals  In.     Note 98 

Paper  anti  Tracing  Cloth,  Specification  of  the  Trautparency  of.     Gov. 

Pub 818 

Paper  and  Wood  Pnlp.     Gov.  Pub 915 

Paper  and  Wood  I'ulp,  The  World's  Centre  for.     Not* 904 

Paper,  A  New  Tent.      Note 1144 

Paper,  A  Photometer  for  the  Measurement  of  the  Translucent  BITrct 

of.      C.  V.  Kummcl 784 

Paper.  Ilrown.  tor  Lrallier.      Note 984 

Paper  Color,  Further  Studies  on  a  Numerical  Expression  for,  as  Given 

by  the  Ives  Tint  IMinlomrtrr.      O.  Kress  and  O    C    McNauRhton.  .  282 

Paper  Induslry,  Hook  paper       Gov.  Pub 914 


Paper  Industry,  Japanese.     Note 

Paper  Industry,  News-print       Gov.  Pub. 

Paper-Making  Material,  A  New.     Note. . 

Paper-Making  Material,  Hemp  Hurds  as. 

Pub. 


Dewey  and  Merrill.      Gov. 


1145 
914 
320 


Paper  Mills.      Congressional  Committee  Report.     Gov.  Pub 

Paper,  Paper  Products,  and  Printing  Machinery  in  Cuba  and  Panama, 

Markets  for.      R.  S.  Barrett.      Gov.  Pub 

Paper  (Paraffin-),  Waste,  The  Recover}-  of  Paraffin  and  Paper  Stock 

from.      W.  H.  Smith.     Gov.  Pub 

Paper.  Pulp  and  Other  Products  from  Waste  Resinous  Woods.     Gov. 

Pub. 


Sulfite,    Method    of    Staining    to    Distinguish    between 
d  Unbleached.     C.  G.  Bright. 


Paper-Pulp, 

Bleached 
Paper-Pulp,  Sulfite,  Removal  of  Pitch  from.     Note 

Paper  Pulps,  Studies  On.     W.  H.  Smith.     Gov.  Pub 

Paper.    Some    Obser\'ations    on    the    Influence    of    Humidity    on    the 

Physical  Constants  of.     O.  Kress  and  P.  Silverstein 

Paper  Structure.  The  Photomicrography  of.     M.  B.  Hodgson 

Paper,  The  Physical  Testing  of,  as  Affected  by  Humidity.     R.  Camp- 

beU 

Patent.  The  Giragossian:   Wonders  Will  Never  Cease.      Editorial.  .  . 
Patents,   Foreign,   Licenses  for  the   Preparation  of  Synthetic   Drugs 

Subject  to.      Editorial 

Patents,  United  States,  Status  of.  Unchanged.     Note 

Peanut  Butter.     Gov.  Pub 

Peat,  Fuel  from.     Note 

Peat  in  1915.     J.  S.  Turp.     Gov.  Pub 

Peppers    Red.     F.  M.  Boyles 

Pepsin.  The  Rennetic  Properties  of.      H.  T.  Graber 

Perfumes,  Synthetic,  Scarcity  of.     Note 

Perkin  Medal  Aw.\rd:  Announcement 

Introductory  Address.     J.  Alexander 

Presentation  Address.      C.  F.  Chandler 

Address  of  Acceptance.      E.  Twitchell 

The  Twitchell  Process  and  the  Glycerine  Trade.     A.  C.  Langmuir.. 

The  Twitchell  Process  in  the  Soap  and  Candle  Industry.       M.  H. 
Ittner 

An  Appreciation  of  Dr.  Twitchell.     H.  B.  Schmidt 

Permeameter,  Fahy,  An  Experimental  Study  of  the.     C.  W.  Burrows 

and  R.  L.  Sanford.     Gov.  Pub 

Personai.  NoTES.llO,  208,  323,  418,  534,  624,  722,  816,911,991,  1075, 
Petroleum  and  Natural  Gas.     Structure  of  the  Northern  Part  of  the 

Bristow     Quadrangle,    Creek     County,    Oklahoma.      A.    E.    Fath. 

Gov.  Pub ' 

Petrole 
Petrole 
Petrole 
Petrole 
Petrole 
Petroleum: 

Dunstan 
Petrol 


Cracking  of. 

Desulfuring. 

Production  i: 

Production  i: 

roduction 


Note 

Note 

Argentina.     Note 

Japan.     Note 

1915.     J.  D.  Northrop.     Gov.  Pub 32 

Pyrogenesis  of  Hydrocarbons.      E.  L.  Lomajt.  A.  E. 

and  K.  B.  Thole 

Analytical    Distillation    of. 


Rittman    and 


Petroleum,  The  Detection  and  Determination  of  Sulfur  in.  C.  K. 
Francis  and  C.  W.  Crawford 

Petroleum  Withdrawals  and  Restorations  Affecting  Public  Domain. 
Gov.  Pub 

Pharmacopoeia  and  the  National  Formulary.  Changes  in.  M.  1. 
Wilbert.     Gov.  Pub 

Phenol  in  Crude  Carbolic  Acid  and  in  Coal-Tar  Dyes,  The  Estimation 
of.     F.  W.  Skirrow 

Phenol  in  Crude  Carbolic  Acid  ond  Tar  Oils,  The  Determination  of. 
J.  M.  Weiss  and  C.  R.  Downs 

Phenol  Resins,  Synthetic.  L.  V.  Redman,  A.  J.  Wcith  and  F.  P. 
Brock.     Note.     207.    Set  Brown 

Phosphate.  Acid-  and  Raw  Rock,  The  Relative  Availability  of,  in 
Indiana  Field  Tests.     S.  D.  Connor 

Phosphate,  Acid-,  Reversion  of.     C.  C.  James 

Phosphate,  Acid-,  The  Action  of  Calcium  Carbonate  on  E.  W. 
Magruder 

Phosphate  Fields,  Garrison  and  Phillipsburg,  Montana.  J.  T.  Par- 
dee.    Gov.  Pub 

Phosphate  Rock:  Gov.  Pub.  1915:  Phalcn,  Ml.      1916:  Stone,  .s  .631, 

Phosphates,  A  Modified  Method  for  the  Determination  of  Fluorine, 
with  Special  Application  to  the  Analysis  of.  C  R.  Wagner  and 
W.  H.  Ross 

Phosphor- Bronze.     Note 

Phosphor-Tin  and  a  Volumetric  Method  for  Its  Analysis.  R.  U. 
Lee,  W.  11.  Fegely  and  F.  H.  Reichel 

Phosphoric  Acid:  A  Studv  of  the  Volumetric  or  Pcmberton  Method 
for  Determining  Phosphoric  Acid,  with  Some  Experiments  Show- 
ing the  Influence  of  Temperature  and  the  Sulfuric  .\cid  Radical 
on  Results.      P    Met"..  Shucy 

Phosphoric  Acid.  Insoluble,  in  Organic  Base  Goo<l.»       K.  t>.  Thomas. 

Phosphoric  Acid  Some  Suggestions  Concerning  the  Preparation  of 
Aniniouium  Citrate  Solution  and  the  l>eterminalion  of  Insoluble 
Phosphoric  Acid.      P.  McG.  Shuey 

Phosphoric  Acid.  The  I'se  of  the  Collrell  rrecipitator  in  Recover- 
ing that  Evolved  in  the  Volatiliiatiou  Method  ol  Trcaiinc  Phos- 
phate Rock.      W.  II.  Ross.  J    N.  Carothersand  A.  K.  Mers 

Phosphoric  Acid,  Valuation  ol  Water  Soluble  sj.  Citrate-Soluble. 
E.  J.  Prunke 

Phosphorus  Pro<luclion  In  Japan.     Note 

Photography,  Technical,  and  Its  Use  in  Induitrial  and  Commercial 

(>r«,..,i,„tions.     J.  H.  Graft 

dry.    llelero»hrom»lic.   An  "Averaiie   Hjre"  for    and  a  Com- 


324 

916 

419 

325 

1044 
806 
420 


730 
531 
325 
71» 
214 
301 
1125 
715 
108 
192 
193 
194 
195 


99J 
318 
804 
621 
620 
1077 

879 

325 

47» 

326 

627 

1102 

569 

Ml 


Flicke 


and 


E(|uallty.of-ltnKhtness    Photometer. 

Kirhlniycr.      Gov    Pub   

Iiility  of  the  Aver«(!e  Eye  to  Ujhl  of 


E.  C    Crillnidcn  niul  F 
Photomelrv     I'hr  Rclal.    .  .  ,  v        •        .      ., 

Hilleirnl    Culut*.    and    .'M>nir    PiDclical    Applications   to    Kadlatloa 

Problems.     WW  Cobleiiu  and  W   11.  Emerson      Ikiv,  Pub 

PholoiuicroKrophv  ol  Paper  Slruclure       M    H    Hodcson 

Phlhallc  Acid  and  Phlhalic  Anhydride,  Conceniing  the  Manufacture 

of       IV  F    llou>lou       Note    . 

Picric  Acid  Monulaclure  (loni  the  Medical  .>^landpolnt.      I- .  O.  West. 

Pigincnt.v  The  Influence  of.  on  Rubber       M    T»h    

Pineapple    I'lniils.    Manganese   as  a  Cause  ol  (he    I>eprTaai< 

Assiuiilutlou  of  Iron  by.      M.IV  lohnson 

Pitch,  Hot  Fluid,  tor  Hrimietle  Makiiin.  Transport  a< 
Pitches.  Wood-Tar,  The  Free  Carbon  ol      "'    " 


ol  (he 


II4« 
301 
694 


pilot  Tubes,  Invrsll|ation  ol.     Gov.  Pub 


II74 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY     Vol.  g,  No,  12 


Pituitary  Standardization.  The  Rdative  Value  of  Infundibular 
Extracts  Made  from  Different  Species  of  Mammals  and  a  Com- 
parison of  Their  Physiological  Activity  with  Thai  of  Certain  Com- 
mercial Preparations.     G.  B.  Roth.     Gov.  Pub 

Placer  Deposits  of  the  Manhattan  District,  Nevada.  H.  G.  Fer- 
guson.    Gov.  Pub.' 

Plant  Precautions.     Editorial ■ 

Plaster  and  Stucco  Construction,  Durability  of.  R.  J.  Wig,  el  ai. 
Gov.  Pub 

Plastic  Material.  New.     Note. 

Platinu 

Platinu 

Platinu 

Platinu 

Platinu 

Platinu 

Platinu 

Platinu 

Platin 


the  Steel  Industry,     j.  A.  Watkins. 
ufacture  of 


J.  M.  Hill.     Gov.  Pub 

and  Allied  Metals  in  1916.     J.  M.  Hill.     Gov.  Pub 

A  New  Source  of.     Note 

British  Control  of.     Editorial... 

Conservation  in  France.     Editorial 

in  Jewelry.    Editorial.  445;  C.  L.  Parsons.  622;  Editonal. . 

Mines,  Russian.     Note 

Production.     Note 

Situation,  The.     Editorial.     SiA  (,Correclion  inserted) 

Platinum  Substitutes: 

New  Alloys  to  Replace  Platinum.     F.  A.  Fahrcnwald 

On  the  Substitution  of  Perchloric    Acid  for  Chloro-Platimc    Acid 

in  the  Determination  of  Potassium.     E.  C.  Walker,  3rd 

Stellite  as  a  Platinum  Substitute.       E.  Haynes 

Ploughs,  Motor,  Engine  for.     Note 

Plumbago  in  Mysore.     Note 
Poisoning,  Carbon  Monoxid* 

Gov.  Pub 

Poisons:  Removal  of  Barium  from  Brines  Used  in  the  M: 

Salt.     W.  W.  Skinner  and  W.  F.  Baughman . .  .  .  . 

Porcelain,  Constitution  and  Microstructure  of.     A.  A.  Klem.     Gov. 

Pub , 

Potash  and  a  World  Emergency.     W.  C.  Ebaugh 

Potash,  Availability  of,  in  Certain  Orthoclase-Bearing  Sods  as  Affected 
by  Lime  or  Gypsum.     Gov.  Pub.     L.  J.   Briggs  and  J.  F.  Breaz- 

Potash,  CemenNMil'l-,' The  Nature  of!  R.  J.  Nestel'l  and  E.  Ander- 
son.    646      Correction 

Potash  Determination,  A  Practical  Revision  of  the  Cobalti-Nitrite 
Method  for.     C.  R.  Haff  and  E.  H.  Schwartz.     785;  Correction.. 

Potash  Determination.  A  Study  of.  Chiefly  Concerned  with  the 
I.indo-Gladding  Method.      P.  L.  Hibbard 

Potash  Extraction  from  Silicate  Rocks — II.     W.  H.    Ross 

Potash,  Importance  of  Developing  our  Natural  Resources  of.  F.  W. 
Brown.     Gov.  Pub 

Potash  in  1916.     H.  S.  Gale.     Gov.  Pub 725, 

Potash-  Note.s  on  the  Grcensand  Deposits  of  the  Eastern  United 
States      G.  H.  Ashlev.     Gov.  Pub 

Potash  Recovery  from  Alunite.     Waggaman  and  Cullen.     Gov.  Pub.. 

Potash  Recovery  from  Beet-Sugar  House  Waste  Liquors.  H.  E. 
Zitkowski 

Potash  Recovery  from  Flue  Dust.     Note 

Potash   Recovery   fr 


210 
983 
630 
994 
714 
731 
828 

1004 
410 
906 

1085 

590 

810 
974 
804 
712 


420 
814 
909 


Thing. 


Incinerator  Ash  of  the  Northwest.     C.   W. 

Potash,"  Recovery  of  Water-Soluble,  as  a  By-Product  in  the  Cement 
Industry.     W.  H.  Ross  and  A.  R.  Merz 

Potash  Source:  Banana  Stalks.     H.  E.  Billings  and  A.  W.  Christie.  .  . 

Potash  Volatilization  from  Cement  Materials.  E.  Anderson  and 
R,  J.  Nestell 

Potassium  and  Aluminum,  Recovery  of  Salts  of,  from  Mineral  Sili- 
cates,    A  New  Method.     J.  C.  W.  Frazer,  W.  W.   Holland  and  E. 


Mil 


Potassium  Determination,  A  Method  of  Ashing  Organic  Materials  for. 

P.  L.  Blumenthal,  A.  M.  Peter,  D.  J.  Healy  and  E.  J.  Gott 

Potassium  Determination,  On  the  Substitution  of  Perchloric  Acid  for 

Chloro-Platinic  Acid  in  the.     E.  C.  Walker,  3rd      Note 

Pottery  in  1916.     J.  Middleton.     Gov.  Pub 

Preparedness:  Chemists  and  Preparedness.     Editorial 

Preparedness,  National,  The  First  Report  upon  the  Chemical  In- 
dustries of  the  U.  S.  and  Their  Relation  to.     C.  A.  Browne,   177; 

A    Noteworthy    Contribution.     Editorial 

Printing    Machinery,    Paper   and    Paper    Products,    Markets   for,    in 

Cuba  and  Panama      R.  S.  Barrett.     Gov.  Pub 

Printing  Plates  from  Phenol  Resin  Compounds.     L.  V.  Redman,  A.  J. 

Weith,  F.  P.  Brock 

Proteins:  Improvements  in  the  Copper  Method  for  Estimating  Amino 

Acids.     P.  A.  Kober .  .  . 

Public    Health    Administration    in    South    Bend,    Indiana.     C.    Fox. 

Gov.  Pub 

Public  Health,  Court  Decisions  Pertaining  to.     J.  Waterman.     Gov. 


935 

753 

810 
1079 

332 

122 
916 
388 
501 

725 


Pub. 


Public  Health  Service.     Gov.  Pub 420,  628,  725,  914, 

Public  Health  Service  in  Annual  Conference  with  State  and  Terri- 
tori;d  Health  Authorities,  Washington,  April  30  and  May  1,  1917. 
Gov.  Pub 

Public  Health  Service  in  Time  of  War.  Executive  Order  Making  the 
U.  S.  Public  Health  Service  a  Part  of  the  Military  Forces  of  the 
United  States.     Gov.  Pub 

Public   SERV^CE   Symposium    (N.    Y.  Section  of  A.  C.  S.); 

Public  Service  in  the  U.S.     C.  A.  Beard 

Status  and  Compensation  of  the  Chemist  in  Public  Service.     F.  E. 

Breithut 

The  Chemist  in  the  Public  Service.     H.  W.  Wiley 

The  Chemist  in  the  Service  of  the  City  of  New  York.     O.  H.  Klein .  . 

Pyrites,  Determination  of  the  Explosibility  of,  as  Well  as  Its  Avail- 
able Sulfur  and  the  Sulfur  Content  of  Its  Cinders.  C.  R.  Gy- 
zander 

Pyrolusite,  The  Determination  of  Available  Oxygen  in.  O.  L.  Barne- 
bey.     96 1 ;  Correction 


776 
1073 


Quassia  Extract  as  a  Contact  Insecticide.     N.   E.   Mclndoo  and 

A.  F.  Sievers.     Gov.  Pub 1155 

Quicksilver  in  1915.     H.  D.  McCaskey.     Gov.  Pub 211 

Radiation  Equation,  Planck's  Calculation  of  the  Constants  of: 
An  Extension  of  the  Theory  of  Least  Squares.  H.  M.  Roeser. 
Gov.  Pub 818 

Radiation,  Luminous,  from  a  Black  Body  and  the  Mechanical  Equiv- 
alent of  Light.     W.  W.  Cobleutz  and  W.  B.  Jmcrson.     Gov.  Pub.  .      818 

Radio-Active  Substances  for  Batteries,  Application  of.     Note 1145 

Radium,    Barium-,   Carbonates.     Note 530 


Radium,  Uranium  and  Vanadium.     F.  L.  Hess.     Gov.  Pub 

Railway  Industrial  Agent,  The  Chemist  as.     Editorial 

Reagents,    Organic    Chemical,    for    Scientific    and    Technical    Labora- 
tories.    R    Adams 

Recent  Journal  Articles.     I.  L.  F.  DeMatty: 

115,   221,   329,   439,   541,   6.13,   727,   823,  919.  999,    1081, 

Research    Index    Suggestion:     Cooperation    in    Industrial    Research 
Work.     Note 

Research,  Scientific  and  Industrial.  British  Department  of.     Note.  . 

Research:     The  Production  of  Scientific  Knowledge.     C.  E.  K.  Mees. 

Research,  Validity  of  the  Survey  Method  of.     W.  J.  Spillman.     Gov. 


Pub. 


Reservoirs,  Storage,  as  a  Factor  in  the  Purification  of  Surface  Waters. 
S.  T.  Powell 

Resin  Compounds.  Phenol,  Printing  Plates  from.  L.  V.  Redman, 
A.J.  Weith,  F.  P.  Brock 

Resins.  Synthetic  Phenol.  L.  V.  Redman,  A.  J.  Weith  and  F.  P. 
Brock.     Note.     207      See  Brown 

Resinous  Products,  French.     Note 

Resources,  Economic,  of  the  Kansas  City  Zone.     A.  J.  Boynton.  .  .  . 

Resources,    Neglected.      Editorial.     731.     See  756    and 

Rice  Leaves,  Dye  from.     Note 

Rice  Milling,  The  By- Products  of.  J.  B.  Reed  and  F.  W.  Liepsner. 
Gov.  Pub 

Road-Building  Rock  in  1916,  The  Results  of  Physical  Tests  of.  In- 
cluding all  Compression  Tests.  P.  Hubbard  and  F.  H.  Jackson, 
Jr.     Gov.  Pub 

Road  Construction.  Concrete,  Portland  Cement,  Influence  of  Grading 
the  Value  of  Fine  Aggregate  Used  in.     F.  H.  Jackson.  Jr.     Gov 


Pub. 


Rocks,  SiUcate  and  Carbonate,  Analysis  of.   W.  F.  Hillebrand.  Gov.  Pub 

Rodent  Destruction  on  Ships.     Creel  and  Simpson.     Gov.  Pub 

Roeber,  E.  F.,  Editorial  on  Character  of 

Roofings.  Prepared.  Analysis  and  Testing  of.     H.  Abraham 

Rosin,  Pine    Substitute  for.     Note 

Rubber,    Aniline    Method   for    Determination   of   Mineral   Fillers   in. 

O.  H.  Klein,  J.  H.  Link  and  F.  Gottsch 

Rubber  Chemistry.  Industrial  Fellowships  In,  Municipal  University 

of  Akron,  Ohio.     Note 

Rubber.  Crude,  Effect  of  Copper  On.     C.  P.  Fox 

Rubber  Hose  for  Use  on  Aeroplanes.      P.  A.  Houseman 

Rubber  Industry:     Solvent  Gasoline  for.     C.  O.  North 

Rubber:     Report  of  Joint  Pubbeb  iNStjLATioN  Committee 

Rubber.   .Synthetic.     Note 

Rubber,  Synthetic,  from  Carbide.     Note 

Rubber,  The  Influence  of  Pigments  on.     M.  Toch 

Rubber:      Vulcanization.     Note 

Rubber,  Wet  Combustion  in  the  Nitrosite  Combustion  Method  for 

the  Direct  Determination  of.     L.  G.  Wesson  and  E.  S.  Knorr 

Russia.  To  Promote  Closer  Trade  Relations  with.     Note 

Russian  Metal  Trade.     Note 

Russian  Trade  Diversion,  War  and.     Note 

Russian  Water  Power.     Note 

Safety  code.  National  Electrical.      Gov.  Pub 

Saffron  Market,  French.     Note 

Salmon,  Canned,  The  Examination  of,  for  Bacteria  and  Tin.     L.  D. 

Bushnell  and  C    A.  A.  Utt 

Salt,  in   1916.     R.W.Stone.     Gov.   Pub 630. 

Salt.  Removal  of  Barium  from  Brines  Used  in  the  Manufacture  of. 

W    W.  Skinner  and  W.  F.  Baughman 

Saltpeter  Production  in  India.     Note 

Salvarsan.       Gov.  Pub 

Sand  and  Gravel.     R.  W.  Stone.     Gov    Pub 

Sandstone  Quarrying  in  the  United  States.     O.  Bowles.     Gov.  Pub. . 

Sanitary  Legislation.     Gov.   Pub 

Sanitation:     Artificial    Alkalinity    in    Water    for   Filtration.     A.    W. 


685 

1159 

322 
199 
1137 

915 

377 

388 

207 
617 
700 
770 
619 


997 
211 
1077 
1004 
1048 
1063 

140 

322 
1092 
356 
1038 
310 
98 
984 
694 
319 

139 
531 
712 
1065 
407 


Clark . 


Sanitation:     Electrolytic    Disinfecting   Fluid.     Note 

Scandinavia.  Dearth  of  Raw  Material  in.     Note 

Schlotterbeck.  Julius  O.     Obituary.     H.  V.  Amy 

Scientific  Knowledge.  The  Production  of.     C.  E.  K.  Mees 

Scientific  Societies 100,  412,  532,  621,  807,  907,  985, 

Searchlight  Projectors.     Note 

Selenium  and  Tellurium.     F.  L.  Hess.     Gov.  Pub 

Sewage  and  Water  Laboratory,  Kansas  State  Board  of  Health,  The 

Legal  Status  and  the  Character  of  the  Work  Done  by  the.     C.  C. 

Young • 

Sewage  at  the  New  Haven  Sewage  Experiment  Station,     Copper  in. 

F.  W.  Mohlman 

Sewage,  Grease  Recovery  from.     Note 

Sewage,  Purification  of,  by  Aeration  in  Presence  of  Activated  Sludge — 

III       E.  Bartow 

Sewage:     Re-aeration  as  a  Factor  in  the  Self-Purification  of  Streams. 

E.  B.  Phelps 

Sewage  Sludge:     Is  the  Recovery  of  Its  Nitro 

R,   Copeland 

Sewage,  Some  Remarks  on  the  Biochemical  Treatment  of,  with  Especial 

Reference  to  the  Activated  Sludge  Method.     G.  T.  Hammond.  .  .  . 
Sewage,  The  Determination  of  Nitrate  in,  by  Means  of  Ortho-ToUdine. 

E.  B.  Phelps  and  H.  L.  Shoub 

Sewage  Treatment  Works.  Stream  Inspection  in  Connection  with  the 

Operation  of.      C.  B,  Hoover 

Shark  Liver  Oil,  A  Highly  Unsaturated    Hydrocarbon    in.     Correc- 
tion.    M.  Tsujimoto 

Shark  Liver  Oil,   Basking-,  Saturated  Hydrocarbons  in.     M.  Tsujl- 


Practicable? 


56 
200 
619 
715 
1137 
1066 
318 
539 


845 
403 
374 
399 
767 
398 
109 


Shipbuilding    Returns.     Note 

Siberian  Metallurgy.     Note 

Silica  in   1916.     F.  J.  Katz.     Gov.  Pub 

Silicon-Coated  Metal,  A  Note  on.     W.  E.  Vawter 

Silver  and  Gold  in  1915.  H.  D.  McCaskey  and  J.  P.  Dunlop.  Gov. 
Pub 

Silver  Cleaning,  A  Study  of  the  Electrolytic  Method  of.  H.  L.  Lang 
and  C    F.  Walton.  Jr.     Gov.  Pub 

Silver  Films,  The  Deposition  of,  on  Glass.  A.  Silverman  and  R.  M. 
Howe 

Silver.  Gold,  Copper  and  Lead  Ores.     C.  H,  Fulton.     Gov.  Pub 

Silver  Production  (1915).  Gov.  Pub.  CaUfornia  and  Oregon;  Yale 
112.  South  Dakota,  Wyoming,  New  Mexico  and  Texas:  Hender- 
son, 112.  Utah;  llcikes.  112.  Colorado;  Henderson,  211.  Ari 
zona,  Montana  and  Nevada;  Heikcs,  211.     Washington;  Gerry 

Slate  in  1916.     G.  F.  Loughhn.     Gov.  Pub 


421 
113 


THE 


JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


II7S 


Dec,  1917 

smelter   Smoke:     An    Investigation    of    the    Wet    Thiogen    Process.     ^^^ 
Sm^eltfr  sSoke   Problem;  Results '  of  '  Receni'  investigations  of  the.     ^^^ 


_ .  Well 
Smithsonian  Institution 
Smokeless  Combustion 
Soap,  Petroleu 


Gov.  Pub 

^,„„ d  By-product  Recovery. 

Determination  of  Free  Alkali  :- 


Note 804 

Gov.  Pub 210 


Ps'S;c;ficatiins  ^i^and  Metl^d.  of^Tes^    J^^  .  ""^^'.-.-.-.^l^      995 
lorTcldhyand^Adsorptlon  In  Soils  as  Measured  by  the  Hydrogen 
35Sy:^W^i^^s^get^nSi^   fj^^-iitratusfor   ^ 

SnuSid^Fecal*irtrainfoftheCoion-Ae;ogenes   Group    in   Surface 
^Waters     Seasonal    Distribution    of.     M.    Greenfield    and    W.    N.     ^^^ 
sJ^^Siti^s;   iid    ^^r^eutraiyAction-of-Manga^ese-unde.      ^^^ 

So^;{.J^i"of'i^4|i^ne^??^^^^°»^^^^:    9ia 

I  the  Nitrates  and  Total 

420 
Soluble  sans  01.     c.  o.  ^'»"-'  -""'ih^' Korterisl  Activities  of  the. 
Soil    Effect  of  Season,  and  Water  on  the  Bacterial  /icrwi  ^^^ 

J.  E.  Greaves^  Wa^._   0°^^  P,"„b- j  ;^-  of 'Moisture  from  'th 
Pub 


Storax,  American  and  Oriental,  A  Comparison  of.  S.  Jordan.  770.  ^^^ 
5ee  Editorial V  \r    ir-^V  "n„„"p,',h 819 

Strontium  and  Barium.     J   M,  «■}'•     °°^u^"^oV 'Pub   .  . . .  .  . .  HI,    1078 

|irt-iuSTn1l\TS°ir\^ati^ot^*"on  fhT' Jetermir>ation  of.  ^^^ 
S.  D.  Averitt .  •••■•■•■ 

tr^cTrntAllt  ^o^LSSon:^Sy-of.-  -R.-  X;  ^^g.  ^'  _"<.     ^^ 


1077 


Pub. 


A    Simplified    Inversion 


Process    for   the    Determination   of 
H.  S.  Walker. 


Suga: 
Sug; 
Sugi 
Sug: 
Sug 


Sucrose" by  Double  Polarization.     H.  S.  Wallter ■  j490 

Beet,  Cement  from.     Isote 753 

Beet  Growing,  British.     Note jjq 

'    ■               ''"'"                                      904 

627 
915 
916 


Note. 


Beet-,   Industry.     Note 
Beet.  Manufacture  in  Japan.     -.-. 
Cane  Culture  for  Sirup  Production  in  the  U.  S 

Pub 

Sugar  Industry.     Gov.  Pub. 


P.  A.  Yoder. 


tain  Inorganic  Consrituents  of  the  Nitrates  ana  j 

Soil,  Effect  of  Irrigation  Water  and  M^°Y  Butt      oiv    Pub        . 
__  Soluble  Salts  of,_F.  S.  Hams  a„d  1^.  I.  Butt      pov^.^;^^3  „, 


Soil,  Factors  Affecting  the  Evaporat 

Sot'^r.:il-!fl$ZT.   N^V^ Water^ii^Bacteria.  AC-  ^^^ 

sjrilanUse^as^a  C^:ule\°(t|e  ge^re^n  o??he  AssimUation  of  ^^ 

sJrM^LS='l/rj^v|-J3£Mc^^ein,byMean,  ^^^ 

So^  t^v^e'iiTeTa^d  ^^srutip^of Tcfrre  in  the.     F.  S.  Harris  ^^^ 

Sr^iJJogr^,5&^|e&ormaricm^an^  ,,, 

Sotl-i^a'tVoii  oYr^Wper-^R'^^afningCapadty  of,  ^o  Its  Hygroscopic  ^^^ 
Sjirfmrkc^r    A|S3.%^|giA™.ation..^^. 


i;;^S?:^°iel'Sos?\"he   P?e°;onXant-  sugar-  oi'  Apple  Ji^ces.-  '  j.   R.  ^^^ 

Sug^^'Production-  in  the  U  '  s!  and'  Foreign  Countries.  P.  Elliott.  ^^ 
Su?a7sXs:Some-6ommVrcial- invert,  Sou™d-Com^^^^^^^ 

with  Notes  on  Sorghum  Syrup.     S.  Jordan  and  A.  L.  cnesiey.  /o  ^^^ 

See  Editorial.  .  .  .  .  .  ■  ■  - '  i,'- 'u  'J-V  ra.'.cfxH  hv  r)efecatioD  of 

Qi.crar-     The  Chemical  Changes  which  are  i_ausea  oy  i.^cici-ai.4" 

C.  E.  Coates .'  ■ ;  '  ; <j'  ', .  .  806 

rurfire"p"ul^ps.\=l"'^o^d°if"s^tui^ng         Dls^l-g^iish-between-Bleached  ^^ 

and  Unbleached.      C    G.  Bright 529 

i;il'f"r-:  L^nlSigauo°n°^f  t^Wet  Thiogen  Process'. "  A.  E.-  Weils.  ^^ 
SuUur'-  ^Determ'Jnation  of  the  Explosibiiity  of  Pyrites  as  Well  ^  Us 

Available  Sulfur  and  the  Sulfur  Content  of  Its  Cinders.     C.   R.  ^^^ 


Sulfi 


Gyzander .    .........  ■■-  ■  ■  ■  ■  ■  ■■  ■  b' •■",.; '  jj  '  E.  Outcault  and 

ilfur  Dioxide  Determination,     u.  K..  oweency,  ji.  *-.  j 


J.  R.  Withrow.  949;  Correction. 


148 


'  Connecrion  with  the  Use  of, 


ridle 


L.  Ga 


nd  L    F    Metzier.     Gov.  Pub 
Gc|v.  Pub. 


Soils  and  Fertilizers      G(^.  Pub.      .^.  . ' j j^^,;.'. ' (go^um'  Carbonate) 
Soils,  Calcareous,   I-orma|lon  of      Black  AlKan      l,ooiu  ^^^^ 

-  J.    F.    Breazeale. JGov.   P^b^.  g^—  -,-,•■  -Gov.Pub 420 

McBeth.     Gov.  Pub. 

'ub ,.,, 

Kelley.     Gov.Pub 324 

Acid  Method  for  Determining 


Sulfur,  Effect  of 

Pub 
Sulfur 


C.  K. 


1155 


Soils,  Calcium  Compounas  in.     n.  v_  ^""'=^/  "5^      p  ^ 628 

i°i!r  ^i^Z^.  ^tr-Sli^ed  itajs'^lol'^  Pu?°.: .  .  ., 324 

Soils,  Semiarid,  Nitrificat- 

Soils.  Studie; 

Soil""-"  '"•'   •■""'  "■='^""""='  "f 'a  mmonium  Sulfate  on  Muscovite, 


Important, 

■     ■  ■     Niitni - 

Phenoldisulfonic 

Action ^f'  Spfutions  of  Ammonium  Sulfate  on  Muscovite.     ^^^ 


290 


Gardi 
Soils,  The  Inll 
ganic  Garb' 


cTof  Calcite  Inclusions  oil'  the  Determination  of  Or- 
,       E    C.  Shorey  and  W.  H.  Fry ..  ... •,•;/•• 

Soils-  Use  of  Two  Indirect  Methods  for  the  Determination  of  the 
Hygroscopic  Coefficient  of  Soils.     Alway  and  Clark       ?,"  Rry^son 

Soils!  Variaiion  in  the  Chemical  Composition  of.     W.   O.   Robinson, 

Sorihum  ?u°ce  f^r  Syrup  'Manufacturc'The' ChemicaTchanges  which 

Sofghuliis'and'c'orn:  baiiy  'Variation  o'f^Water  and  Dry  Matter  in  the 
SoX"^°Gra{i.',  siu^iS^on  t?e°^Dire"stibiiityof.-  '  c'.f;  'Laogworihy     ^^ 

and  A.  D.  Holmes.     Gov    Pub.  .  .  .  .  .  . ;    ■  ;        9 

^J^^^l^^  K°^cSoret;:i?^ne: "  'Noie: ! ! ! ! ! ! ! ! •? 

^°^a-S:  ^tSf^^d^l  Refe^^-  io  its  iitiiizatiWn  for  Oii;  Cal^e 'and 

Other  Products.     C.  V.  Pip' 


Petroieuin.'The 'Detection  and  Determination  of. 

and  C.  W.  Crawford gig 

Sulfur  Supply  in  Germany    .^ote^  .  .  .  .  .  .  ■ -^^  ■  •/ •  •  ■ -j.^^- gg^j' „( 

Sumach.   Extraction  of.     Note.  .  •  .  .  •    ■  •  •  • ' ' 324 

Superintendent  of   Documents.     Gov.   PuD jjO 

Swede       "     '     --•" — "- —  ■-  ""  


Gov.  Pub 

Todiistrial  Combine  in.      Note y  •      JJy 


588 
113 


492 


997 


Sweden,  Mining  in.     Note.  .    . 
Switchgear.    Oil-break.     Note. 


1065 


TABULAR  Arrangement  for  Chemical  Factors,  An  Improved.     C.  ^^^ 

V.  Ekroth ■  ;i;;- '  x  i'  •ni'ii^' '  'c,iv  'piiij. ■.■.■.■.'.'.'.'.  .631.  995 

Talc  and  Soapstone  in  1916.     J.  S.  Dill«.     Gov    ruo  ^    ^^ 

Tannin  Content   of    Paci6c   Coast   Trees.     H.  r.    nen. ^^^^ 

Ta^nning  'MatciiiU^  liurmeM  M'y'rot>'aions  as.     Note '^ 

Tanning  Materials  in  Russia.     No»=- v  •  \.-,- '  " 

Tanning:     The  Extraction  of  Sumach.  _  NoK^ 


Wattle  Extract  Manufacture  in  Natal.     Note 


Tnnninc-     Wattle  Extract  iManuiaciiuc  im  »...—.    .--fi     .      ireliev 
?a"X'm   in    Alloy    Steels     The    Determinafo..   of.      G     L.    K^'^ .     ^^ 
F.  U.  Myers  and  C.  B.  Ilhngworth •  •  • 97 


Note. 
^''^'1?;::i^^-tr^^r]f^T^^^  ■  Govi'PubiV. ...     324 
l?Xr'i'n:[^sii'or'"w  B.°^ric?cLirm»nCommittee  on  Analysis  of  . 

Non-Fcrrous  Alloys.     Note. c™'-' H.t'.' on     'a   G   Blake- 
Sperm  Oils  Used  for  Burning  Purposes,  Some  Data  on.     A.  «^.  nia^c-   ^^^ 

ley  and  E.  A   Rcilly .  .  .  . ']',[      804 

ISrS-Ma-"'"' -•°'^-'^°"   ■«"'"'  ^"d  iieguiaVions  'promulgated 


320 
621 


?^J  S!Kfc?ude  Carbolic'  Acid.  'The  DeterminaUoc  o.   Phenol  in.     ^^^ 

J    M.  Weiss  and  C.  R.  Downs ;;'.....     903 

Tar  Varnish  lor  Iron  Work.     Notc^. .  .^  . .  •  ■  • ;  •  .Ij,^  'cirbon"  Dc- 

Tars,  some  Effects  of  '^.J^X^andTri.^JJ^a'^^  .^ ^^ 

Ta'ArComn°.issio'^a^nd"^heXre"l     ifditon...  "« 

Tariff  Commission,  Chemistry  and  t 

Tan  IT  Com  iiiission  ^»:' «'',^'l,  l^^":",  J^^V,;- ,.,7;; '  Editorial . 


1  Law    ifederal.  'RiilVs  and  Regulations  Promulgated   ^^^^ 


I'ub 


1  of  Com- 


Js-SK.;^r^:SrnaTj£,r3?.^■v.i::::::  ,„ 

Standard  Samples;    General  Information       Gov.  1  UD ^^^^ 

Starch  and  Glucose  Industry.     Gov.   I  ub...^.._.  .^^^.^-^j^^^^^^l^;— jj^^ 

597 
1143 

636 


terminatio  ^  ^  „„„..„. 

id  the       Editorial. 
Work  (or  the.      Editorial.. 

Tariff  ^NoTlriTcommissiouer  (or  Chemistry.     Editorial -^ 

rpaulins  in  Australia      Note  ^;^^^    '.iydrocarlion  Oiia.  6i>Uryatlon. 
Tarry  and  Uitum,no,isS..bst>ui«j^^^^  J.  V.  Meigs... •,  ■  ,     M* 

955 
539 
419 


1148 
997 
915 


^rn^heAclloT;^  Sulfur  N<o..->..oride  -,, .J^^.  Meip.  ^^,i„„ 
?^l^^¥e?:''\^'ril^  Magnetic  ai^-luju.^^^ 


ll^Jcl;  r  iSill'^^rili^'^  P^^cricJ-Metiiod  for  Determining  the 

Viscosity  o(.     G.  M  .  MncNider 

Starch  Substitutes  in  Germany.     Note . • 

ii-r^  ^v;;;ir7ppi.^r;..ct™m;.ric  T^ 

C.  I.  Killcy.  J.  K.  Adams  and  J.  A.  Wiley 
Sl.,1  I'.tr..  I'raiiium,  11.  W.  Gillctt  and  1 
St.il.  Hull  Speed,  VVollram  Ores  (or.  Note 
.Steel    llii'h    I'enaile  rt.  Mild.  ( 

Steal,   MiiiiKaiicsc.      Note 

Steel  I'roilmtion.  Norway's.  Note.. 
Steel  Proiluition  (1915).  Gov.  Pub. 
Steel,   quulilies  ot.     Not 


Telli 

Testing 

Testing   Miscelli 

Walker.     Gov    I'ub 
Textile   Conlercnce^     -  ,  

WashlnKton,  I     L  ..  V  •}•„  ilc    Fii.ers '  in    Micro«x>pie    Qualltallv. 

^•^li^^ic..^  Jlna^::;.  "n^p^^^h  'V '.,""'"  •:::::■::::•::; 

T-£ro7n"p.^"«'  wet:  A«  l«v»\i".'.tlon  „..     A.  B.  We.U.  87i.     G<.». 
Pub..  ..;. :•  ;■,„•.;  •'wi'T. SchiJlaf.     Gov.  Pub 


Supplies;  Some  Technical  Methods  ol. 
Second   Annual  Tei:hnicil'  Tiitilc  'Confa^oc!. 


996 
I07S 
7IS 


L.  Mack . 


Reinforced  Concrete.     Note. 


B.  P.  Burcbard 

iiiiiiti  '  In  '  Beiuicmer  anil   Open-Hearth 


Steel:     ^PcuilKTalurc    Mcusi 

I'racti.n.     C.    K.  Ilurgess.     Gov.  Pub.  .  .  .  . ■  • 

Steels    Alloy,   The    Delcrniimition   of    I  anlalum   in 

I'    It.  Myers  mill  C.  II.  Illlng 


O.   L.    Kelley. 


Thorium  Minerals  1"  >9  "J.  ._ 

i42       ^'."''rasorpllr  o.  "by  ?C'ci»..ud  i..  RaiaUon  to  th.  Sclnao.  of     ^^ 
M  Tin  liy  Canned  Foods.     »•  <- ,<^f"  V,  ,. ....     409 

'^  ?ls  ^-frs!; j:;;:::.  '"'^o^  •»""-■  •-  ■•^"'  ^r.-.^  ..* 

Ti°°E.;;;;!ition  „r  j«  uo.^u^^^»«:  no..;  ; ;;:;:;;:;;;;;::-  'iJJ 

?l;'"i»o    -Lrrv^!frNUthodiocM.A.^ 

I  ce   W    H    I'CBely  «»d  F    II.  Kcicnci ^ 

Till,  I'ojitloii  or      Note 


780 


144 

1063 

112 

713 

818 


TItu 


ign      !••    1.    lle»s.     Oov.  Pub.  .^.  ....••  ••••••• 

\.  Action  of  Almnlnum  Ohlorid..     NoU. . 


...uv.,    v..rio»loii  uiid  IClcctrkal  Properties  o(      N 
Stellitc  unil   •|imii»ten.   Kedectlilg    I'ower  o(.     W. 

W     II.   limcrwii.     Gov.   Pub •    

Stellltr  an  a  Substitute  (or  Platinum       h.  Ilayiies, 
Stone  ill  191.^.     C.  F,  l.oirKhliii.     Gov    rub 


w'.  Cobl.nti  and 


997 
974 
213 


iill^njr  1ml  Vhcn  Toluol  I      Hdllori^ 

r^   sicrl  "■..!""  <  Uullcilu  Ke..t,llnii      Oo»    Pub 

T^..   l.c(oie   nlnlrl.illK,  A  Coaltlig  (or 

•1-.K1I.    Machine.  In  J.pat.       "— 


KlMoauriac..     NoU. 


Note 


669 
M 
5S« 
406 
1002 
209 
7IS 
9t 


II76 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  9,  No.  i: 


Tracing  Cloth  and  Paper,  Specificatioo  of  the  Transparency  of.     Gov. 

Pub 818 

Trade  between  Japan  and  South  Africa.     Note 621 

Trade,  British  Board  of.     Notes: 

99,    199,  320,  412,  619,   714,  804,  906,  984,    1065,  1144 

Trinitrotoluene,  The  Inspection  and  Testing  of.     K.  K.  Stevens 801 

Tungsten  and  Stellite,  Reflecting  Power  of.     W.  W.  Coblcntz  and  W. 

B.  Emerson.     Gov.  Pub 997 

Tungsten :     Australian  Wolfram.     Note , 1063 

Tungsten    Deposits   of   Northwestern   Inyo   County,    California.     A. 

Knopf.     Gov.  Pub 420,  628 

Tungsten,  Emissivity  of  SUaight  and  Helical  Filaments  of.     W.  W. 

Coblentz.     Gov.  Pub 818 

Tungsten  Filaments.     Note 805 

Tungsten,  French.     Note 619 

Tungsten  in  1915.     F.  L.  Hess.     Gov.  Pub 539 

Tungsten  Minerals  and  Deposits.     F.  L.  Hess.     Gov.  Pub 914 

Tungsten  Ores  in  Rhodesia.     Note 983 

Tungsten;     Wolfram  Ores  for  High-Speed  Steel.     Note 99 

Turbo-Electric  Propulsion.      Note 200 

UNIVERSITY  Assistantships  and  Fellowships  in  Chemistry.  Prince- 
ton University.     Note 322 

University  Fellowships;     Industrial  Fellowships  in  Rubber  Chemistry 

Municipal  University  of  Akron,  Ohio.     Note 322 

University  of  Illinois;     Organic  Chemical  Reagents  for  Scientific  and 

Technical  I  ahoratories.     R.  Adams • 685 

Universities  and  the  Chemical  Industries.  Another  Possible  Form  of 

Cooperation  between.      Editorial,  638.     Note 1073 

Unpreparedness.     G.  D.  Rosengarten.      Editorial 202 

Uranium,  Ferro.     H.  W.  Gillett  and  E.  L.  Mack,  342.     Gov.  Pub 996 

Uranium,  Preparation  of  Black  Oxide  of.     C.  L.  Parsons 466 

Uranium,  Radium  and  Vanadium.     F.  L.  Hess.     Gov.  Pub 540 

Ure,  Dr.  Andrew,  A  Chemical  Letter  by.     C.  A.  Browne 718 

VACCINE  Virus.  Anonymous.     Gov.  Pub 725 

Vanadium,  Radium  and  Uranium.     F.  L.  Hess.     Gov.  Pub 540 

Vanillin,  A  New  Qualitative  Test  and  Colorimetric  Method  for  the 

Estimation  of.      C.  Estes 1 42 

Vapor  Pressures  of  Various  Compounds  at  Low  Temperatures.     G.  A. 

Burrell  and  I.  W.  Robertson.        Gov.  Pub 210 

Varnish  Analysis  and  Control.     II — Viscosity  of  Varnishes.      M.  Y 

Seaton.  E.  J.  Probeck  and  G.  B.  Sawyer 35 

Varnishes  and  Paints  for  Siam.     Note 1145 

Vinegar  Investigation  A  Study  of  the  Changes  that  Cider  Undergoes 
during  Fermentation  and  Prolonged  Storage  and  Its  Subsequent 
Conversion  into  Vinegar  in  Rotating  Generators.      B.  G.  Hartman 

and  L.  M.  Tolman 759 

Viscometers.    Standard    Substances    for   the    Calibration    of.      E.    C. 

Bingham  and  R.  F.  Jackson.     Gov.  Pub 538 

Viscosity  of  Starch  for  Mill  Purposes,  A  Practical  Method  for  Deter- 
mining the.     G.  M.  MacNider 597 

Viscosity;  The  Measurement  of  the  Absolute  Viscosity  of  Very  Vis- 
cous Media.     S.  E.  Sheppard 523 

Volcanic  Heat  Harnessed.     Note 198 

Vulcanization.     Note 319 

W.M<  M.'VTERIALS;     Maintenance   of   Health  in    Industries.     Its 

Relation  to  the   Adequate   Production  of   War  Materials.     J.   W. 

Schereschewsky      Gov.  Pub 726 

War  Service  of  Chemists.     J.  StiegUtz  and  C.  L.  Parsons 730,  1 002 

War  Service;   The  Chemist,  the  Draft  and  Patriotism.     Editorial..      108 

War  Service,  The  Present  Sta  tus  of  American  Chemists  and 639 

War.  The  Public  Health  Service  in  Time  of.     Executive  Order  Making 

the  U    S.  Public  Health  .Service  a  Part  of  the  Military  Forces  of  the 

United  States.     Gov.  Pub 725 

Wartime,  Chemistry  in.     R.  B.  Pilcher.     Note 411 

Wartime.  Chemists  in.     In  the  Light  of  Experience.     Editorial 544 

Washington  Letter.     Announcement.      Editorial 547 

Washington  Lktter.     P.  Wooton 721,  815,  910,  990,  1074,  1149 

Waste  Disposal,  Industrial.     H.  P.  Eddy 696 

Waste   Liquors;     The   Recovery   of   Potash  from   Beet-Sugar  House 

Waste  Liquors.     H.  E  Zitkowski 692 

Wastes,  Household,  Fertilizing  Value  of  Some.     P.  E.  Browning 1043 

Water  and  Sewage  Laboratory,  Kansas  State  Board  of  Health,  The 

Legal   Status  and   the   Character  of   Work   Done  by  the.     C.    C. 

Young 708 

Water,  Artesian,  for  Irrigation  in  Little  Bitter-Root  Valley,  Montana. 

O.  E.  Mcinzer.     Gov.  Pub 11 1 

Water  for  Filtration,  Artificial  Alkalinity  in.     A.  W.  Clark 56 

Water,  Ground,  in  San  Simon  Valley,  Arizona,  and  New  Mexico.     A. 

T.  Schwennesen.     Gov.  Pub 819 

Watcr-Meters  in  Their  Sanitary  Relations.     H.  Leffmann 395 

Water       Nitrate   Determinations  in  the  Presence  of  Chlorides.     W. 

F.  Gericke 585 

Water,  Note  on  the  Determination  of  Strontium  and  Lithium  in.     S. 

D.  Avcritt 584 

Water  Power;     France  Developing  Water  Power  to  Aid  Industries. 

Note 53 1 


Water-Power  in  Norway.     Note 

Water-Power,  Niagara  River.     Gov.  Pub 

Water;     Re-Aeration  as  a  Factor  in  the  Self- Purification  of  Streams 

E.B.  Phelps 

Water  Resources  and   Geology  of  Big  Smoky,   Clasrton,  and  Alkali 

Spring  Valleys.  Nevada.     O-  E.  Meinzer.     Gov.  Pub 

^\'ater  Sample  Shipping   Case.  A  New.     R.  R.   Spencer  and  H.  P 

Letton.     Gov  Pub 

Water,  Softened,  Advantages  of,  in  Laundry  Work.     J.  H.  Ryan 
Water;     Thermodine  Studies  at  Kensico  Reservoir.     F.  E.  Hale  and 

J.  E.  Dowd 

Watertown  Arsenal.     Gov,   Pub 

Waters  High  in  Magnesium  Salts,  A  Note  on  the  Phenolsulfonic  Acid 

Method  for  Nitrates  in.     M.  S.  Nichols 

Waters,  Mineral,  in  1915       R.  B.  Dole.     Gov.  Pub 

Waters,  Surface,  Seasonal  Distribution  of  Soil  and  Fecal  Strains  of  the 

Colon-Aerogenes  Group  in.      M.  Greenfield  and  W.  N.  Skourup,  675. 

See  Letters 

Waters,  Surface,  Storage  Reservoirs  as  a  Factor  in  the  Purification  of 

S.T.  Powell 

Weights  and  Measures  and  Weighing  and  Measuring  Devices,  Specifi- 
cations and  Tolerances  for.     Gov.  Pub 

Western  Chen)ic;i]  .Manufacturing  Company's  Industrial  Course.     P 


403 
819 


Quality.     L.  M.  Thomas. 


'rou)  for  Dynamos.     Note . . 
"npounds.  Regulations  Re- 


C  Skim 

Whaling  Industry,  Japanese.     Note 

Wheat,  Damp  and  Garlicky,  The  Drj    ig  of,  for  Milling  Purposes.     T. 

H.  Cox.     Gov.  Pub 

Wheat,  Effect  of  Three  Annual  AppUc      ons  of  Boron  on.     F.  C.  Cook 

and  J.  B.  Wilson.     Gov.  Pub 

Wheats,  American,  A  Comparison  of         eral  Class'is  of,  and  a  Con- 
sideration of  Some  Factors  Influe 

Gov.  Pub 

Windings  (Copper.  Aluminum,  Zinc  ani 
Wines,  Liqueurs,  Cordials  and  Simila 

lating  to  Domestic  and  Imported.     ( 
Wire,  Fencing,  for  South  America.     I 

Wolfram,  Austrahao,     Note 

Wood,  Artificial.     Note 

Wood  Creosote,  Crude,  A  Method  o' 

R.  C.  Judd  and  S.  F.  Acree 

Wood;     Cross-ties    Purchased    and 

Creight,     Gov.  Pub 

Wood   Decay,   Chemistry  of.     Pap* 

and  M.  W.  Lisse 

Wood-Destroying  Fungus,  on  Its  To; 

and  of  Some  of  Its  Constituents    j 

Comparison  with  Beechwood  Creo 

and  C.  J.  Humphrey 

Wood  in  Gas-Making,     Note 

Wood,  Kiln  Drying  of.  C.  P.  Winslo' 
Wood ;  Potash  from  Incinerator  Ash  t 
Wood  Preservatives,  Tests  of.  Gov,  1 
Wood-Pulp  Lyes,  Alcohol  from.  Note 
Wood  Seasoning.  H.  S.  Betts.  Gov. . 
Wood,  .Silified,  Remarkable  Occurrence 

Gov.  Pub 

Wood-Tar  Pitches,  The  Free  Carbon  of. 


989 

377 

114 

1073 
983 

324 

1155 


f  om  H_rdwood  Tar. 
V9V5.     A.''M.''Mc'- 
>•.      '■{.     R.  E.  Rose 

'_••'•  "^  Creosote, 

.^.iier  with  a 
'"    F.  Acree 


oO"  ■  .VI 
.?P«wo 


Da 


Ca'cite  in.     E.  T.  Wherry. 
K.  Benson  and  L.  L. 


209 
1065 
1063 
1145 

276 

916 

284 


566 
715 
826 
472 
210 
906 
997 


556 
624 

748 


916 
916 
683 


Wood,  The  Chemistry  of.     A.  W.  Schorger. 

I — Methods  and  Results  of  Analysis  of  Some  American  Species.  .  , . 

II — Discussion  of  Methods  and  Results,  561 ;  Correction 

Ill — Mannan  Content  of  the  Gymnosperms 

Wood;     Timber   Storage    Conditions   in    the    Eastern   and   Southern 

States    with    Reference    to    Decay    Problems.     C.    J.    Humphrey. 

Gov.  Pub 

Wood ;      Utilization  of  Ash.     W.  D.  Sterrett.     Gov.  Pub 

Workers,  Industrial,  Safeguarding  the  Eyes  of 

X-RAY  Apparatus  and  Supplies.     Gov,  Pub 1077 

Yeast,  the  Utilization  of  Ammonium  Chloride  by.     C.H.Hoffman..      148 

ZEPPELIN  Engine.     Note 713 

Zinc.     C.  E.  Siebenthal.     Gov.  Pub 914 

Zinc,  A  New  Method  of  Separating,  from  Cadmium,  and  the  Latter's 

Determination   lodometrically.     E.   J.   Ericson 671 

Zinc,  Electro-Metallurgy  of.     Note 319 

Zinc  Fields  of  Kansas-Oklahoma.  The  New.     W.  P.  Haynes 705 

Zinc  Production  and  Resources  in  1915.  C.  E.  Siebenthal.  Gov.  Pub.  724 
Zinc  Production  (1915).     Gov.  Pub        California  and  Oregon,   Yale, 

112       New  Mexico  and  Texas;  Henderson,  112.     Utah;  Heikes,  112. 

Colorado;     Henderson.     211.     Arizona,     Montana     and     Nevada; 

Heikes,  211.     Washington;  Gerry 211 

Zinc,  The  Electromctric  Titration  of.     F.  R.  v.  Bichowsky 668 

Zirconium  and  Nickel,  Notes  on  the  Analysis  of  Alloys  of.     G.  L. 

Kelley  and  F.  B.  Myers °54 

Zirkite.     Note *07 


■   ib  ' 

Jill  ./oC 


:-^  ./ 

-I    1! 

^V l^o" 

ibix 

us.  Format 

oox 

»aze 

MOV 

BINDING  SECT.     AUGlgtg®- 


TP 
1 

113 
V.9 

Engin . 


I&EC.  Industrial  and 
engineering  chemistry 


PLEASE  DO  NOT  REMOVE 
CARDS  OR  SLIPS  FROM  THIS  POCKET 

UNIVERSITY  OF  TORONTO  LIBRARY 


